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Abstract

Portal vein embolization (PVE) is currently considered the standard of care to
improve the volume of an inadequate future remnant liver (FRL) and decrease the
risk of post-hepatectomy liver failure (PHLF). PHLF remains a significant
limitation in performing major liver surgery and is the main cause of mortality
after resection. The degree of hypertrophy obtained after PVE is variable and
depends on multiple factors. Up to 20% of patients fail to undergo the planned
surgery because of either an inadequate FRL growth or tumor progression after
the PVE procedure (usually 6-8 wk are needed before surgery). The management
of PVE failure is still debated, with a lack of consensus regarding the best clinical
strategy. Different additional techniques have been proposed, such as sequential
transarterial chemoembolization followed by PVE, segment 4 PVE, intra-portal
administration of stem cells, dietary supplementation, and hepatic vein emb-
olization. The aim of this review is to summarize the up-to-date strategies to
overcome such difficult situations and discuss future perspectives on improving
FRL hypertrophy.
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Core Tip: Portal vein embolization (PVE) is actually considered the standard of care for inducing volume
augmentation of the future remnant liver. However, 20% of patients who have undergone PVE, reportedly
never undergo curative resection, due to either insufficient future remnant liver (FRL) growth with an
unacceptable risk of post-hepatectomy liver failure, or oncologic progression after PVE, while waiting for
the adequate FRL hypertrophy (6-8 wk or more). The management of PVE failure is still highly debated,
with different additional techniques that have been proposed, such as sequential transarterial chemoembol-
ization followed by PVE, segment 4 PVE, intra-portal administration of stem cells, dietary supple-
mentation, and hepatic vein embolization.

Citation: Cassese G, Han HS, Lee B, Cho JY, Lee HW, Guiu B, Panaro F, Troisi RI. Portal vein embolization
failure: Current strategies and future perspectives to improve liver hypertrophy before major oncological liver
resection. World J Gastrointest Oncol 2022; 14(11): 2088-2096

URL: https://www.wjgnet.com/1948-5204/full/v14/i11/2088.htm
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INTRODUCTION

The main goal of hepatic surgical oncology is to perform a R0 resection, by preserving a sufficient future
remnant liver (FRL) to prevent post-hepatectomy liver failure (PHLF). Indeed, PHLF is still a major
cause of mortality after major liver surgery[1]. To reduce the risk of PHLF it is necessary to preserve not
only a sufficient amount of liver parenchyma, but also ensure adequate liver function[2]. Owing to
advances in preoperative evaluation and optimization of the FRL, the postoperative mortality rate for
major liver resections (= 3 segments) is currently showed to be less than 5%[3,4]. The FRL volume is the
only factor that can be acted on, depending on the surgery and liver condition. An FRL > 20% of the
volume is considered safe in cases of healthy liver, 2 30% after chemotherapy, 40% in case of steatosis or
cholestasis, and = 50% in case of cirrhosis[5]. Prior to performing major hepatectomy, multiple patient
factors should also be considered to optimize FRL growth, such as an age higher than 65 years, obesity
or malnutrition, diabetes, chronic renal failure[4]. The degree of liver hypertrophy is also affected by
many liver related factors, with the eventual presence of chronic liver disease or previous chemotherapy
playing a fundamental role[6,7]. However, pooled data from a recent meta-analysis showed no
difference in the degree of hypertrophy between patients receiving neo-adjuvant chemotherapy com-
pared to patients who did not receive pre-procedural systemic treatment[8], despite a very high degree
of heterogeneity in the studies included[9,10].

Portal vein embolization (PVE) is seen as the standard of care for inducing hypertrophy of the FRL.
However, 20% of patients who have undergone PVE, reportedly never undergo curative resection, due
to either insufficient FRL growth with an unacceptable risk of PHLF, or oncologic progression after the
PVE procedure (6 wk or more before surgery)[11]. For patients with insufficient liver hypertrophy
following PVE, adjunctive techniques such as hepatic vein embolization, segment 4 embolization, intra-
portal administration of stem cells, dietary supplementation, and sequential transarterial embolization
followed by PVE, have been proposed. However, evidence regarding the appropriate management of
these patients after PVE failure is still lacking.

This review aims to summarize the up-to-date strategies available and future perspectives on the
management of patients scheduled for major hepatic resection with insufficient FRL hypertrophy after
PVE.

PVE: TECHNIQUE, INFLUENCING FACTORS AND LIMITATIONS

PVE was first described by Makuuchi et al[12] in 1984, in patients with cholangiocarcinoma (CCA)
undergoing major hepatectomy[13]. However, the principle of contralateral liver lobe hypertrophy after
hepatic vessel obliteration was first identified by James Cantlie 100 years before[14]. Currently, PVE is
the standard of care procedure to obtain FRL hypertrophy in patients requiring major liver surgery, in
case of marginal FRL. Reportedly, about 80% of patients are able to undergo the planned liver surgery
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after 6-8 wk[15].

PVE is a technique of interventional radiology, carried out under local anesthesia. Three approaches
have been classically reported for this procedure: trans-hepatic, trans-splenic and trans-ileocolic. The
trans-hepatic technique involves percutaneous access to the portal branches. The trans-ileocolic
technique consists of a mini-laparotomy to isolate and cannulate the ileocolic vein, to access the portal
vein. As it is a more invasive procedure, it is used when interventional radiology is not feasible. The
trans-splenic technique is more recent, providing the advantage of eliminating the risk of tumor
seeding. This access was initially thought to have a higher risk of bleeding complications; however, such
concerns have been addressed and this approach is being increasingly used[16]. In contrast, a meta-
analysis by Abulkhir et al[17] found that FRL hypertrophy was significantly higher using the trans-
hepatic technique. Recently, Yamao et al[18] described for the first time the round ligament approach,
suggesting its usefulness in elective cases for which it is difficult to safely perform trans-hepatic or
trans-ileocecal approaches. In their study on 50 patients undergoing major hepatectomy, the authors
observed no morbidity, neither mortality, related to the round ligament approach. The median
functional hepatic remnant rate before and after the procedure was 55.6% and 63.2%, respectively.

Response to PVE has been found to be an important predictor of PHLF. Abdalla et al[19] proposed a
degree of hypertrophy (DOH) cutoff of > 5% in case of healthy liver and > 10% in cirrhotic patients, to
safely perform a major hepatectomy. Chapelle ef al[20] investigated the hypertrophic response after PVE
using hepatobiliary scintigraphy (HBS) and found a cut-off value of 1.72% /min/m? of pre-PVE FRL-F
for safe resection (81.3% sensitivity and 82.4% specificity). The increase in volume after PVE is not
proportional to the increase in liver function (FRL-F), with a greater increase in FRL-F up to 3-4 wk after
PVE procedure[21]. All previous studies agree that the smaller the FRL pre-PVE, the larger the FRL
hypertrophy post-PVE[8,22,23].

PVE is contraindicated in cases of tumor invasion into the ipsilateral portal vein. A relative contrain-
dication is portal hypertension since PVE may increase portal vein pressure and worsen the liver
function and the clinical state[24].

Some previous studies suggested a negative impact of liver regeneration on long-term oncological
outcomes, as regard to both disease-free survival (DFS) and overall survival (OS). Margonis et al[25]
reported that a kinetic growth rate (KGR) higher than 1% could be related to an increased risk of
recurrence. However, a meta-analysis focusing on the oncological outcomes of PVE showed that the
procedure does not worsen the long term results of major liver surgery, without any higher risk in terms
of hepatic recurrence, 3-year OS, and 5-year OS after PVE[26].

The true weight of most factors involved in PVE failure remains unclear, apart from the presence of
the underlying liver disease. The main drawback of unresolved PVE: The 15%-25% rate of failure due to
inadequate FRL hypertrophy or oncologic progression[11].

Risk factors for PVE failure

Several factors can influence the efficacy of PVE procedure. Regarding embolization materials that can
be used for PVE, the combination of N-butil-cyanoacrylate (NBCA) with lipiodol is the most widely
used, leading to reliable FRL hypertrophy with efficient embolization, and low rate of vascular recanal-
ization[27]. Furthermore, recent reports showed similar results with resorbable materials, hypothesizing
the advantage to prevent an accidental contralateral embolization[28]. A recent meta-analysis by Soykan
et al[8] reported a significant difference in the degree of hypertrophy in favor of NBCA compared to the
other agents. In the same study, other risk factors were investigated, and showed that sex and previous
chemotherapy were not associated with a lower degree of hypertrophy, contrary to what has been
previously reported. It is reported that five predictive factors for insufficient FRL growth: Age, FRL%,
plasma indocyanine green detection rate (ICG-PDR), total bilirubin level, and a history of chemo-
therapy. A prediction formula was created using these parameters, and had a 100% sensitivity and
90.9% specificity for predicting an FRL < 20% after PVE. However, this finding has not been validated in
larger cohorts.

MANAGEMENT STRATEGIES AFTER PVE FAILURE

Insufficient FRL augmentation after PVE is a difficult issue to overcome because of two reasons: The
need to act quickly to avoid tumor progression and the need to prevent PHLF. Different strategies have
been suggested without consensus. In Figure 1, the authors propose their algorithm, which is discussed
below.

Segment 4 PVE

When right trisectionectomy is planned, additional embolization of segment 4 (S54) can be performed.
The first encouraging experience with this procedure was published by Kishi et al[29], which showed a
higher FRL hypertrophy, resulting in a median volumetric increase of 54% vs 26% after PVE alone,
without affecting post-procedural morbidity or perioperative outcomes. Recently, a larger Scandinavian
study showed similar results (median increase of 47% vs 38%, respectively; P = 0.02), but with a hetero-
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Figure 1 Proposed algorithm for future remnant liver augmentation and portal vein embolization failure. The asterisk (*) represents only if right
trisectionectomy is planned. PVE: Portal vein embolization; ALPPS: Associated liver partition with portal vein ligation for staged hepatectomy; LVD: Liver venous
deprivation; TACE: Trans-arterial chemoembolization; HVE: Hepatic vein embolization.
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geneous cohort, including patient with cirrhosis, CCA, and colorectal liver metastases (CRLM)[30].
Furthermore, the pre-PVE FRL was smaller in the S4 group (333 mL vs 380 mL; P = 0.01), which is
associated with a higher DOH. A Japanese, propensity score-matched study in patients with biliary
carcinoma also reported an improved FRL after PVE with S4 embolization[31]. In contrast, three other
studies showed no significant differences between PVE alone and PVE with S4 embolization[22,32,33].
Studies have always considered the time interval needed to obtain FRL increase after S4 portal
embolization similar to that after PVE, without the advantage of faster hypertrophy. Furthermore, when
the scheduled surgery is not a right trisectionectomy, this technique is useless[34].

Hepatic vein embolization
Hepatic vein embolization (HVE) was introduced to obtain an additional increase in FRL after PVE
failure. The first experience with sequential HVE after ipsilateral PVE was reported by Hwang et al[35]
in 2004, in order to obtain an additional FRL hypertrophy in 42 patients. Another study reported an FRL
augmentation rate of 28.9% after HVE (vs 13.3% after PVE alone), without significant complications[36].
The mechanism of action probably consists of a higher stress on the liver due to a major outflow
obstruction, showing at the same time a protective effect of the residual arterial flow against any
dangerous biliary ischemia. Similar outcomes were recently reported by Niekamp ef al[37] in nine
patients with CRLM who underwent salvage HVE following PVE failure. The standardized FRL
increased from 16% to 26% after HVE and 22% after PVE (P = 0.0005). HVE was performed after a
median of 40 d from PVE, and only four of the nine patients underwent hepatectomy. Thus, even
though HVE is safer and more effective, the sequential association of PVE and HVE requires a long
interval between them, without counteracting a possible progression of tumor disease. Hence, Guiu et al
[38] published the first reports about the liver venous deprivation (LVD) technique, consisting in a
simultaneous embolization of the hepatic vein(s) and ipsilateral portal vessels. LVD requires that both
the ipsilateral portal and venous branch (+/— accessory veins) are occluded with an Amplatzer plug,
placed approximately 1 cm from the ostium. NBCA is injected beyond the plug to close the intrahepatic
part of the vein(s), as well as any collaterals. The extended LVD (e-LVD) is a variation of the technique
in which the middle hepatic vein is also treated[39]. First data after 99 m-Tc mebrofenin hepatobiliary
scintigraphy (HBS) reported a 66% improvement in FRL-F 7 d after e-LVD procedure. After 3 wk, the
median volumetric gain was 63.3%, while the functional increase was 64.3%. Furthermore, subsequent
studies have shown also safe perioperative and oncological results after the completion surgery[40-42].
Thus, preliminary studies have shown that LVD can induce a higher FRL hypertrophy than PVE,
without adding additional periprocedural risks. However, to reach stronger conclusions, randomized
studies comparing LVD and PVE are awaited (HyperLiv 01 and Dragon 1 are currently still ongoing).

In essence, HVE seems to be a safe salvage option after PVE failure, but carries the risk of tumor
progression during the long waiting times. The LVD technique seems to be a better substitute for PVE,
and aims to replace PVE owing to its higher and faster hypertrophic effects[43].
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Salvage associating liver partition and portal vein ligation

Associating liver partition and portal vein ligation (ALPPS) was first described by Schnitzbauer et al[44]
in 2012 as a novel two-staged hepatectomy, with the main advantage of remarkably reducing the delay
between the first and second procedure. During the first stage, the lesions in the FRL are treated, and an
anticipated line of resection is transected with ligation of the contralateral first order portal branch.
After only 1-2 wk, completion surgery is performed after a sufficient FRL is confirmed using CT-based
volumetry[45]. The reported successful rate for the completion surgery was 99%, while the traditional
two staged hepatectomy reached only about 75%[46,47]. The shorter interval needed for FRL
augmentation could significantly decrease the risk of tumor progression. Furthermore, the two surgeries
could possibly be performed during the same hospitalization, affecting the costs and the organization.
However, there has been concern regarding the effective increase in FRL-F. Olthof et al[48] showed a
median increase of 29% in the FRL-F 7 d after ALPPS stage 1, compared to a volumetric increase of 78%,
in a study involving patients with perihilar cholangiocarcinoma (P < 0.01). Similar results have been
reported in patients with CRLMJ[49]. To this end, the efficacy of HBS in predicting PHLF after ALPPS
was proven by Tomassini et al[50]; patients presenting with a daily gain in FRL-F of < 2.7%/min/m?
indicated a high risk of PHLF development, which requires re-discussion of the second stage. The
ALPPS registry shows a mortality rate of 5% in a series which included only patients treated for
colorectal liver metastasis aged < 60 years old[45]. The main disadvantage of this fast post-procedural
hypertrophy is the risk for higher rates of perioperative morbidity and mortality[45].

ALPPS was proposed as a salvage procedure by Enne et al[51]. The study reported a mean FRL
increase of 88% in 20 patients who underwent ALPPS after PVE failure, with an exceptional 100%
success rate and no 90-d mortality. Similar results were reported by Sparrelid et al[49] in 11 patients
with CRLM: A median FRL growth of 61.8%, with no 90-d mortality or high-grade complications (= 3b-
complication according to Clavien-Dindo). Many variations of the original ALPPS procedure have been
reported in the literature (mini ALPPS, partial ALPPS, radio-frequency-assisted liver partition with
portal vein ligation, and Tourniquet modification), with the aim of reducing postoperative morbidity
and bring some technical advantages. However, none of these ones have been proposed as salvage
procedures. It may be beneficial to obtain data on this in the future. Additionally, Dondorf et al[52]
reported the possibility of obtaining a significant further increase in FRL after additional ligation of the
middle hepatic vein in combination with ALPPS (a sort of “surgical LVD”). Though higher morbidity
and mortality were observed, they were most likely associated with the underlying liver conditions.

Although the actual role of salvage ALPPS is still debated, we believe that it can be considered a
viable salvage option.

Sequential trans arterial chemoembolization and PVE

Herein, we present an option that can’t be performed after PVE failure, but in addition to PVE when
there are risk factors of failure, as proposed in our flow-chart. Indeed, the presence of an underlying
chronic liver disease is a risk factor for poor hypertrophy after PVE. One of the reasons could be the
presence of arterio-portal tumoral shunts, typical of hepatocellular carcinoma (HCC), which could
counteract the hemodynamic effect of PVE. Sequential trans arterial chemoembolization (TACE)
followed by PVE has been shown to achieve a higher DOH than PVE alone[53]. Ipsilateral PVE is
performed 7-10 d after the initial TACE, once the blood parameters have normalized. The benefits of this
dual technique include improved FRL hypertrophy relative to PVE alone and induction of an anti-
tumor effect in the embolized lobe[54,55]. Ogata et al[54] reported a mean FRL increase in the TACEPVE
group of 12% wvs 8% for the PVE alone group (P = 0.022), with a DOH of 10% vs 5%, respectively (P =
0.044). In the same study, the TACE + PVE group had a higher complete tumor necrosis incidence
(83.00% vs 0.05%; P < 0.001) and 5-year DFS (37% vs 19%; P = 0.041), owing to better local control of the
HCC nodule. A limitation of this strategy is the consequent inflammation of the hepatic pedicle, which
makes subsequent surgery more challenging. Furthermore, areas of residual segmental infarction were
found within the non-cancerous liver on histopathology; thus, TACE should be performed carefully,
since many of these patients have pre-existing liver dysfunction[55].

Intra-portal administration of stem cells

Fiirst et al[56] first reported caries in six patients undergoing PVE with CD133 (+) bone marrow stem
cells (BMSC) administration to improve FRL hypertrophy following PVE. In their study, a significantly
higher mean increase in FRL volume was reported (77.3% vs 39.1%, P = 0.039). The time to surgery was
also shorter in patients who received stem cell infusion (27 d vs 45 d, P = 0.057). Similarly, am Esch et al
[57] showed a median absolute gain of 138.66 in the PVE-BMSC group compared to 62.95 mL in the
PVE-alone group (P = 0.004). Post hoc analysis revealed better survival in the PVE-BMSC group (P =
0.028) than in the PVE-alone group (P = 0.094) and controls.

Despite the encouraging results, further issues need to be investigated prior to their routine use. Stem
cells have been reported to stimulate tumor growth in murine models of CRLM[58,59]. Furthermore, the
effectiveness of this technique in patients with chronic liver disease and prolonged chemotherapy
remains unknown[60].
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CONCLUSION

Owing to tremendous technological advances, appropriate FRL optimization can reduce the risk of
PHLF. Although PVE is considered the standard of care for FRL volume augmentation, up to 20% of
patients fail to undergo the planned surgery. An in-depth knowledge of all the risk factors for PVE
failure can help us to choose the most effective procedure. In our opinion, LVD could replace PVE in the
future, particularly in cases with negative predictive factors for FRL hypertrophy, once its validity has
been confirmed. Other strategies, such as the combination of PVE and TACE or segment 4 embolization,
can be carefully considered when appropriate. To date, after PVE failure, ALPPS is reportedly the most
effective salvage procedure to obtain a volumetric gain with only a short delay, thus preventing tumor
progression. However, prospective and large-scale studies on this challenging scenario are still needed.
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Abstract

BACKGROUND
Proteomic signatures of Ming's infiltrative gastric cancer (IGC) remain unknown.

AIM
To elucidate the molecular characteristics of IGC at the proteomics level.

METHODS

Twelve pairs of IGC and adjacent normal tissues were collected and their
proteomes were analyzed by high performance liquid chromatography tandem
mass spectrometry. The identified peptides were sequenced de novo and matched
against the SwissProt database using Maxquant software. The differentially
expressed proteins (DEPs) were screened using |log2(Fold change)| > 1 and P-adj
< 0.01 as the thresholds. The expression levels of selected proteins were verified
by Western blotting. The interaction network of the DEPs was constructed with
the STRING database and visualized using Cytoscape with cytoHubba software.
The DEPs were functionally annotated using clusterProfiler, STRING and DAVID
for Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathways. P < 0.05 was considered statistically significant.

RESULTS
A total of 7361 DEPs were identified, of which 94 were significantly up-regulated
and 223 were significantly down-regulated in IGC relative to normal gastric
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tissues. The top 10 up-regulated proteins were MRTO4, BOP1, PES1, WDR12, BRIX1, NOP2,
POLR1C, NOC2L, MYBBP1A and TSR1, and the top 10 down-regulated proteins were NDUFSS,
NDUFS6, NDUFAS, NDUFA5, NDUFC2, NDUFB8, NDUFB5, NDUFB9, UQCRC2 and UQCRCT1.
The up-regulated proteins were enriched for 9 biological processes including DNA replication,
ribosome biogenesis and initiation of DNA replication, and the cellular component MCM complex.
Among the down-regulated proteins, 17 biological processes were enriched, including glucose
metabolism, pyruvic acid metabolism and fatty acid p-oxidation. In addition, the mitochondrial
inner membrane, mitochondrial matrix and mitochondrial proton transport ATP synthase complex
were among the 6 enriched cellular components, and 11 molecular functions including reduced
nicotinamide adenine dinucleotide dehydrogenase activity, acyl-CoA dehydrogenase activity and
nicotinamide adenine dinucleotide binding were also enriched. The significant KEGG pathways
for the up-regulated proteins were DNA replication, cell cycle and mismatch repair, whereas 18
pathways including oxidative phosphorylation, fatty acid degradation and phenylalanine
metabolism were significantly enriched among the down-regulated proteins.

CONCLUSION

The proteins involved in cell cycle regulation, DNA replication and mismatch repair, and
metabolism were significantly altered in IGC, and the proteomic profile may enable the discovery
of novel biomarkers.

Key Words: Infiltrative gastric cancer; Proteomics; Molecular biological characteristics; Ming's classi-
fication; Bioinformatic analysis

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A total of 7361 proteins were identified and 317 proteins were significantly abnormally
expressed in infiltrative gastric cancer (IGC). Twenty hub proteins were found and some of them were
verified in IGC. Cell cycle regulation, DNA replication and mismatch repair, and metabolism were
significantly altered in IGC.
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INTRODUCTION

Gastric cancer (GC) is the fourth most prevalent malignancy worldwide and ranks third in terms of
mortality, especially in Asia[1,2]. It is divided into infiltrative GC (IGC) and expanding GC (EGC)
according to Ming’s system of classification, which is related to Bormann classification (protrusion and
ulcer type), Lauren classification (intestinal and diffuse type) and World Health Organization classifica-
tion (papillary adenocarcinoma, adenosquamous carcinoma, squamous cell carcinoma, carcinoid, etc.).
The incidence of IGC is 61.5%, and its prognosis is worse than that of EGC[3-5]. Although the IGC
classification is relevant in clinical diagnosis, treatment and prognosis assessment[6], the molecular
mechanism of IGC is not completely understood. In this study, we analyzed the proteomes of IGC and
normal gastric tissues using high performance liquid chromatography tandem mass spectrometry
(HPLC-MS/MS), and identified the differentially expressed proteins (DEPs). The key proteins were
screened and functionally annotated by Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analyses. This study is the first to profile the IGC proteome, and may help
unravel the molecular mechanisms and novel biomarkers of IGC.

MATERIALS AND METHODS

Clinical samples

Twelve pairs of IGC tissues and normal resection margin tissues were obtained from Zhongshan
Hospital Affiliated to Xiamen University. The samples were fixed in formalin and snap frozen at -80 °C.
The frozen tissue sections were stained with hematoxylin and eosin as per standard protocols, and
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examined by the chief surgeon and chief physician of the pathology department. All patients signed an
informed consent form, and the study was approved by the ethics committee of Zhongshan Hospital
affiliated to Xiamen University.

Peptide preparation

The frozen tissue samples were homogenized in liquid nitrogen, and ultrasonicated with lysis buffer (8
mol/L urea, 1% protease inhibitor and 2 mmol/L EDTA). The protein samples were reduced with 5
mmol/L dithiothreitol at 56 °C for 30 min, and then incubated with 11 mmol/L iodoacetamide for 15
min at room temperature in the dark. The urea concentration of the sample was diluted to less than 2
mol/L.

HPLC-MS/MS

The peptides were fractionated by high pH reverse HPLC using an Agilent 300 Extend C18 column (5
pm particle size, 4.6 mm inner diameter, 250 mm length), and a step gradient of 8% to 32% acetonitrile
at pH 9. Sixty components were separated in 60 min. The peptides were pooled into 6 components and
freeze-dried under vacuum. The lyophilized peptides were dissolved in 0.1% v/v aqueous formic acid
and then separated using the EASY-nLC 1000 ultra-high performance liquid system. Mobile phase A
consisted of 0.1% formic acid and 2% acetonitrile, and mobile phase B was an aqueous solution of 0.1%
formic acid and 90% acetonitrile. The gradient setting was as follows: 0-62 min, 5%-22% B; 62-82 min,
22%-35% B; 82-86 min, 35%-80% B; 86-90 min, 80% B. The flow rate was maintained at 450 nL/min.

The separated peptides were then injected into the NSI ion source and analyzed by the Q Exactive™
Plus mass spectrometer. The ion source voltage was set to 2 kV, and the peptide precursor ions and their
secondary fragments were detected and analyzed by high-resolution Orbitrap. The scanning range of
the primary mass spectrometer was set to 350-1800 m/z, the scanning resolution to 70000, and the
secondary scanning resolution to 17500. Data were acquired using a data-dependent scanning program.
The entire process of HPLC-MS/MS is briefly summarized and shown in Figure 1.

Database search

The secondary mass spectrum data were searched against the SwissProtHuman (20317 sequences)
database using Maxquant (version 1.5.2.8). The search parameters were as follows: restriction enzyme:
Trypsin/P; number of missing cleavage sites: 2; mass error tolerance of the primary precursor ion of the
first search and the main search: 20 ppm and 5 ppm, respectively; mass error tolerance of the secondary
fragment ion: 0.02 Da; fixed modification: cysteine alkylation; and variable modification: oxidation of
methionine and acetylation of the N-terminus. The false discovery rate for protein identification and
PSM identification was set to 1%.

Western blotting

Total protein was extracted using RIPA lysis buffer (Thermo Scientific, United Kingdom), and its
concentration was determined with an enhanced bicinchoninic acid assay kit (CWBio, China). Around
40 mg protein per sample was separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis,
and transferred to polyvinylidene difluoride membranes (CWBio, China). After blocking with 5% non-
fat milk for 1 h at room temperature, the membranes were incubated overnight with primary antibodies
targeting MRTO4 (1:2000, ab212044, Abcam, United States), BOP1 (1:3000, ab32053, Abcam, United
States), PES1 (1:5000, ab56701, Abcam, United States), NDUFS8 (1:3000, ab226760, Abcam, United
States), NDUFS6 (1:3000, ab226760, Abcam, United States), NDUFAS (1:3000, ab226760, Abcam, United
States) and B-actin (1:5000, ab8226, Abcam, United States) at 4 °C. The membranes were washed thrice
with TBST (Tris-buffered saline with Tween 60), and probed with horseradish peroxidase-conjugated
secondary antibody (1:5000) for 1.5 h at room temperature. The protein bands were visualized using an
enhanced chemiluminescence system, and the membranes were exposed to X-ray films (Bio-Rad, United
States). Densitometric analysis was performed using Image Pro-Plus software (Media Cybernetics,
United States), and relative protein expression levels were normalized to B-actin.

Protein-protein interaction network and hub protein screening

The protein-protein interaction (PPI) network was analyzed using STRING (https://string-db.org/,
version 11.0)[7] with Homo sapiens as the species. The DEPs were imported into the STRING website,
and the Cytoscape plug-in cytoHubba was used to screen for hub proteins. The data were from
experiments, databases, co-expression and co-occurrence, and the interaction score was 0.4. The TSV
format file of PPI results was imported into Cytoscape (version 3.8.2) software for visual editing and
network display.

GO and KEGG pathway enrichment analysis

ClusterProfiler enrichment analysis: The bioconductor, org.Hs.eg.db and clusterProfiler packages|[8]
were simultaneously installed in the R software. The gene names of the DEPs were converted to the
ENTERZID format using org.Hs.eg.db package. The enrichGO software was used for GO (biological
processes, BP; cell components, CC; molecular functions, MF) enrichment analysis and enrichKEGG for
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Figure 1 Schematic diagram illustrating the procedure of high performance liquid chromatography tandem mass spectrometry for
proteomic analysis. HPLC-MS/MS: High performance liquid chromatography tandem mass spectrometry.
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KEGG pathway enrichment analysis. P value < 0.05 was considered as a significant enrichment.

STRING enrichment analysis: The selected proteomic gene names were enriched and analyzed on the
STRING website (https://string-db.org/, version 11.0) using the full network mode with Homo sapiens
as the enriched species. The type of interactions between the proteins was indicated by the network
connection line. The data were retrieved from experiments, databases, and co-expression and co-
occurrence analyses. The interaction score was set at 0.4, and P value < 0.05 was considered significant.

DAVID enrichment analysis: The selected proteomic genes were enriched in DAVID version 6.8 (The
Database for Annotation, Visualization and Integrated Discovery; https:/ /david.ncifcrf.gov/)[9,10] with
Homo sapiens as the selected species. GO enrichment was analyzed by Gene_Ontology, and KEGG
pathways by KEGG_PATHWAY. P value < 0.05 was considered statistically significant.

Statistical methods and software

The difference in protein expression levels between IGC and normal tissues was analyzed by the paired
t test using R (version R4.0.3, https:/ /www.r-project.org/). The volcano graph was plotted using the
ggplot and ggrepel packages. The protein interaction network was visualized in Cytoscape (version
3.8.2, https:/ /cytoscape.org/) software[11]. The pictures were edited using Adobe Photoshop CS6
software.

RESULTS

Proteomic signature of IGC relative to normal gastric tissues

The proteomes of 12 pairs of histo-pathologically confirmed IGC and adjacent normal gastric tissues
(Figure 2A and B) were profiled. The representative MS/MS fragments are shown in Figure 2C, and the
expanded region of a single FTMS full scan with a mass range of 400-1800 m/z is shown in Figure 2D.
There were a total of 7361 DEPs between IGC and normal tissues (P < 0.01), of which 94 were up-
regulated and 223 were downregulated in the IGC samples (Figure 2E).

Proteomic signature of IGC tissues

The interaction networks of the upregulated and downregulated proteins in IGC are shown in
Figure 3A and C, respectively. According to the MCC algorithm, the top 10 up-regulated proteins were
MRTO4, BOP1, PES1, WDR12, BRIX1, NOP2, POLR1C, NOC2L, MYBBP1A and TSR1 (Figure 3B),
whereas NDUFS8, NDUFS6, NDUFAS, NDUFA5, NDUFC2, NDUFB8, NDUFB5, NDUFB9, UQCRC2
and UQCRCI were the key down-regulated proteins (Figure 3D). The expression levels of MRTO4,
BOP1, PES1 (Figure 3E), NDUFS8, NDUFS6 and NDUFAS (Figure 3F) were verified in IGC tissues by
western blotting.

Proteomic signatures of GO analysis in IGC

The significantly enriched GO terms for the up-regulated and down-regulated proteins and their
interactive networks are shown in Figure 4A-D. The biological processes enriched in the upregulated
proteins included DNA replication, ribosome biogenesis, and DNA replication initiation (Figure 4E),
and MCM complex was the key cellular component (Figure 4F). The molecular functions did not show
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Figure 2 Volcano map of significant differentially expressed proteins. A and B: Representative images of hematoxylin and eosin stained infiltrative
gastric cancer (IGC) (A) and normal gastric tissues (B); C: Base peak chromatogram of tissue sample on Orbitrap LTQ-LC/MS-CID activation; D: Expanded region of
a single FTMS full scan with a mass range of m/z 350-1800, and ion peaks with double or higher charge (612.30, Z = 3); E: Volcano map showing differentially
expressed proteins between IGC and normal tissues. P-adj: Corrected P value; Fold change: Ratio of expression levels in cancer and adjacent tissues.

co-enrichment (Figure 4G). Among the significantly down-regulated proteins, 17 biological processes
including glucose metabolism, pyruvate metabolism and fatty acid p-oxidation were significantly
enriched (Figure 4H). In addition, 6 cell components including the mitochondrial inner membrane,
mitochondrial matrix and mitochondrial proton-transporting ATP synthase complex (Figure 4I), and 11
molecular functions including reduced nicotinamide adenine dinucleotide (NADH) dehydrogenase
activity, acyl-CoA dehydrogenase activity and nicotinamide adenine dinucleotide (NAD) binding
(Figure 4]) were enriched.

Proteomic signatures of KEGG pathways in IGC

Three KEGG pathways were significantly enriched in the up-regulated proteins (Figure 5A), including
DNA replication, cell cycle and mismatch repair (Figure 5B). Among the down-regulated proteins, 18
KEGG pathways were enriched (Figure 5C), such as oxidative phosphorylation, fatty acid degradation,
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Figure 3 Protein interaction networks of differentially expressed proteins. A and B: The interaction network of the significantly up-regulated proteins
(A) in infiltrative gastric cancer (IGC) and the top 10 proteins (B); C: The interaction network of the significantly down-regulated proteins (C) in IGC and the top 10
proteins (D); E and F: Representative inmunoblots showing the expression levels of specific up-regulated (E) and down-regulated (F) proteins in IGC tissues. ?P <
0.05; °P < 0.001.

and phenylalanine metabolism (Figure 5D).

DISCUSSION

The top 20 hub proteins identified in the IGC tissues were MRTO4, BOP1, PES1, WDR12, BRIX1, NOP2,
POLR1C, NOC2L, MYBBP1A, TSR1, NDUFS8, NDUFS6, NDUFAS, NDUFAS5, NDUFC2, NDUFBS,
NDUFB5, NDUFBY, UQCRC2 and UQCRC1. PESI1 is highly expressed in GC tissues, and knocking
down PESI in GC cells inhibited their proliferation[12]. On the other hand, UQCRC2 is downregulated
in GC and its overexpression inhibited the migration and invasion of the tumor cells[13]. Therefore,
these proteins are promising prognostic biomarkers of IGC.

The proteins that were upregulated in IGC tissues showed significant enrichment of DNA replication,
ribosome biogenesis and DNA replication initiation, MCM complex, and the cell cycle and mismatch
repair signal pathways. This strongly suggests that these proteins exert a pro-proliferative and
oncogenic function in IGC, most likely by promoting DNA replication, cell cycle progression and
mismatch repair. Changes in the MCM complex have been previously reported in IGC cells, and are
regulated by miRNAs[14]. In addition, DNA replication and cell cycle signaling pathways are key
factors involved in the proliferation of GC cells[15,16], whereas the mismatch repair pathway affects
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Figure 4 Gene Ontology of differentially expressed proteins. A and B: Histograms showing the significant Gene Ontology (GO) terms of up-regulated (A)
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and down-regulated (B) proteins; C and D: Topological network diagram of the GO terms of up-regulated (C) and down-regulated (D) proteins; E-G: Venn diagrams
showing significantly enriched BP (E), CC (F) and MF (G) terms in the up-regulated proteins; H-J: Venn diagrams showing significantly enriched BP (H), CC (1) and
MF (J) terms in the down-regulated proteins.
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Figure 5 Enriched Kyoto Encyclopedia of Genes and Genomes pathways in differentially expressed proteins. A and B: Venn diagram of Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment in the up-regulated protein group (A) and significantly enriched KEGG pathways (B); C and D: Venn
diagram of KEGG enrichment in the down-regulated protein group (C) and significantly enriched KEGG pathways (D).

drug resistance and metastasis[17-21].

The down-regulated proteins were enriched in glucose metabolism, pyruvate metabolism,
phenylalanine metabolism, fatty acid p-oxidation, oxidative phosphorylation, mitochondrial inner
membrane, mitochondrial matrix, mitochondrial proton transport ATP synthase complex, NADH
dehydrogenase activity, acyl-CoA dehydrogenase activity and NAD binding. This is indicative of
aberrant mitochondrial metabolism in the IGC cells. Consistent with our findings, a previous study
reported dysregulated oxidative phosphorylation in GC[22].

The significant DEPs identified in our study are potential diagnostic and prognostic markers, as well
as therapeutic targets in IGC, and will have to be validated in a large cohort from multiple centers.
Furthermore, the proteomic signatures of IGC provide insights into the possible mechanisms
underlying IGC progression, which likely involve DNA replication, cell cycle, mismatch repair, and
energy metabolism pathways, and will also contribute to precision medicine for more accurate
diagnosis and better treatment effect.

CONCLUSION

This study has several limitations that ought to be considered. First, only 12 paired IGC and adjacent
normal tissues were analyzed, and the sample size will have to be increased by involving multiple
centers in the follow-up study. Second, few proteins could be verified, and the number will have to be
increased in future studies by mass spectrometry.
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ARTICLE HIGHLIGHTS

Research background
The prognosis of infiltrative gastric cancer (IGC) patients remains relatively poor. Therefore, it is
necessary to explore the molecular mechanisms underlying the occurrence and development of IGC.

Research motivation
The proteomic signatures of IGC remain unknown.

Research objectives
To profile the proteome of IGC.

Research methods

The proteins from IGC and normal tissue samples were analyzed by high performance liquid chromato-
graphy tandem mass spectrometry and searched against the database via Maxquant software. The
differentially expressed proteins (DEPs) were screened using |log2(Fold Change)| > 1 and P-adj < 0.01
as the thresholds. The expression levels of some proteins were verified by Western blotting. The
interaction network of DEPs was constructed using the STRING database, and the key proteins were
visualized using Cytoscape cytoHubba software. Finally, clusterProfiler, STRING and DAVID were
used for Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analysis of DEPs, with P < 0.05 as the threshold.

Research results

A total of 7361 DEPs were identified, of which 94 were significantly up-regulated and 223 were
significantly down-regulated in IGC relative to normal gastric tissues. The top 10 up-regulated proteins
were MRTO4, BOP1, PES1, WDR12, BRIX1, NOP2, POLR1C, NOC2L, MYBBP1A and TSR1, and the top
10 down-regulated proteins were NDUFS8, NDUFS6, NDUFA8, NDUFA5, NDUFC2, NDUFBS,
NDUEFB5, NDUFB9, UQCRC2 and UQCRC1. The up-regulated proteins were enriched for 9 biological
processes including DNA replication, ribosome biogenesis and initiation of DNA replication, and the
cellular component MCM complex. Among the down-regulated proteins, 17 biological processes were
enriched, including glucose metabolism, pyruvic acid metabolism and fatty acid p-oxidation. In
addition, the mitochondrial inner membrane, mitochondrial matrix and mitochondrial proton transport
ATP synthase complex were among the 6 enriched cellular components among the down-regulated
proteins, and 11 molecular functions including reduced nicotinamide adenine dinucleotide dehydro-
genase activity, acyl-CoA dehydrogenase activity and nicotinamide adenine dinucleotide binding were
also enriched. The significant KEGG pathways for the up-regulated proteins were DNA replication, cell
cycle and mismatch repair, whereas 18 pathways including oxidative phosphorylation, fatty acid
degradation and phenylalanine metabolism were significantly enriched among the down-regulated
proteins.

Research conclusions

The proteins involved in cell cycle regulation, DNA replication and mismatch repair, and metabolism
were significantly altered in IGC, which provides a basis for the future identification of novel
biomarkers.

Research perspectives
This study reveals the proteomic signature of IGC.

FOOTNOTES

Author contributions: Cai JC, Zhang LH and Zhuo HQ contributed conceptualization; Zhang LH, Zhuo HQ, Hou JJ,
Zhou Y and Cheng J contributed methodology; Hou JJ and Cheng J contributed data curation; Zhang LH, Hou JJ,
Zhou Y and Cheng ] contributed formal analysis; Zhang LH and Zhou Y contributed visualization; Zhang LH and
Zhuo HQ wrote the manuscript; Zhang LH, Zhuo HQ, Hou JJ, Zhou Y, Cheng ] and Cai JC contributed manuscript
review; Cai JC, Zhuo HQ and Hou JJ contributed supervision.

Supported by National Natural Science Foundation of China, No. 81871979; Natural Science Foundation of Fujian
Province, No. 2021J02056, No. 2021]J05276 and No. 2020CXB048; and Medical and Health Sciences Foundation of
Xiamen, No. 3502720199171 and No. 3502Z20204002.

Institutional review board statement: This research was conducted with the approval of the ethical review committee
of Zhongshan Hospital of Xiamen University (approval No. 2022-178) and in accordance with the guidelines of the
Declaration of Helsinki.

WJGO | https://www.wjgnet.com 2105 November 15,2022 | Volume14 | Issuell |



Zhang LH et al. Proteomic signatures of IGC

Jaishideng®

Informed consent statement: All study participants, or their legal guardian, provided informed written consent prior

to study enrollment.
Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

Data sharing statement: Technical appendix, statistical code, and dataset available from the corresponding author at

jlanchunfh2@sina.com.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by
external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-
NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license
their derivative works on different terms, provided the original work is properly cited and the use is non-

commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/
Country/Territory of origin: China

ORCID number: Li-Hua Zhang 0000-0002-0931-5039; Hui-Qin Zhuo 0000-0001-8322-4197; Jing-Jing Hou 0000-0001-9984-
9386; Yang Zhou 0000-0003-0406-3175; Jia Cheng 0000-0003-3116-4035; Jian-Chun Cai 0000-0002-0931-503X.

S-Editor: Gao CC
L-Editor: Webster |
P-Editor: Zhao S

REFERENCES

1 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. C4A Cancer J Clin 2018; 68: 394-424 [PMID: 30207593
DOI: 10.3322/caac.21492]

2 Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, Jemal A, Yu XQ, He J. Cancer statistics in China, 2015. C4
Cancer J Clin 2016; 66: 115-132 [PMID: 26808342 DOI: 10.3322/caac.21338]

3 Cimerman M, Repse S, Jelenc F, Omejc M, Bitenc M, Lamovec J. Comparison of Lauren's, Ming's and WHO histological
classifications of gastric cancer as a prognostic factor for operated patients. /nt Surg 1994; 79: 27-32 [PMID: 8063551]

4 Garnier P, Vielh P, Asselain B, Durand JC, Girodet J, Pilleron JP, Salmon RJ. [Prognostic value of the Lauren and Ming
classifications in gastric adenocarcinoma. Multidimensional analysis]. Gastroenterol Clin Biol 1988; 12: 553-558 [PMID:
3417082]

5 Ribeiro MM, Sarmento JA, Sobrinho Simdes MA, Bastos J. Prognostic significance of Lauren and Ming classifications
and other pathologic parameters in gastric carcinoma. Cancer 1981; 47: 780-784 [PMID: 7226025 DOI:
10.1002/1097-0142(19810215)47:4<780::aid-cncr2820470424>3.0.co;2-g]

6 Luebke T, Baldus SE, Grass G, Bollschweiler E, Thiele J, Dienes HP, Hoelscher AH, Moenig SP. Histological grading in
gastric cancer by Ming classification: correlation with histopathological subtypes, metastasis, and prognosis. World J Surg
2005; 29: 1422-7; discussion 1428 [PMID: 16222448 DOI: 10.1007/s00268-005-7795-7]

7  Szklarczyk D, Gable AL, Lyon D, Junge A, Wyder S, Huerta-Cepas J, Simonovic M, Doncheva NT, Morris JH, Bork P,
Jensen LJ, Mering CV. STRING v11: protein-protein association networks with increased coverage, supporting functional
discovery in genome-wide experimental datasets. Nucleic Acids Res 2019; 47: D607-D613 [PMID: 30476243 DOI:
10.1093/nar/gky1131]

8 YuG, Wang LG, Han Y, He QY. clusterProfiler: an R package for comparing biological themes among gene clusters.
OMICS 2012; 16: 284-287 [PMID: 22455463 DOI: 10.1089/0mi.2011.0118]

9 Huang da W, Sherman BT, Lempicki RA. Systematic and integrative analysis of large gene lists using DAVID
bioinformatics resources. Nat Protoc 2009; 4: 44-57 [PMID: 19131956 DOI: 10.1038/nprot.2008.211]

10 Huang da W, Sherman BT, Lempicki RA. Bioinformatics enrichment tools: paths toward the comprehensive functional
analysis of large gene lists. Nucleic Acids Res 2009; 37: 1-13 [PMID: 19033363 DOI: 10.1093/nar/gkn923]

11 Otasek D, Morris JH, Bougas J, Pico AR, Demchak B. Cytoscape Automation: empowering workflow-based network
analysis. Genome Biol 2019; 20: 185 [PMID: 31477170 DOI: 10.1186/513059-019-1758-4]

12 LiJ, Zhou X, Lan X, Zeng G, Jiang X, Huang Z. Repression of PES1 expression inhibits growth of gastric cancer. Tumour
Biol 2016; 37: 3043-3049 [PMID: 26423399 DOI: 10.1007/s13277-015-4069-8]

13 Wang DW, SuF, Zhang T, Yang TC, Wang HQ, Yang LJ, Zhou FF, Feng MH. The miR-370/UQCRC?2 axis facilitates
tumorigenesis by regulating epithelial-mesenchymal transition in Gastric Cancer. J Cancer 2020; 11: 5042-5055 [PMID:
32742452 DOI: 10.7150/jca.45553]

14  Cheng J, Zhuo H, Wang L, Zheng W, Chen X, Hou J, Zhao J, Cai J. Identification of the Combinatorial Effect of miRNA
Family Regulatory Network in Different Growth Patterns of GC. Mol Ther Oncolytics 2020; 17: 531-546 [PMID:
32637572 DOI: 10.1016/j.0mt0.2020.03.012]

15 Rozacky J, Nemec AA, Sweasy JB, Kidane D. Gastric cancer associated variant of DNA polymerase beta (Leu22Pro)
promotes DNA replication associated double strand breaks. Oncotarget 2015; 6: 24474-24487 [PMID: 26090616 DOI:
10.18632/oncotarget.4426]

16 Zhu L, Wang C, Lin S, Zong L. CircKIAA0907 Retards Cell Growth, Cell Cycle, and Autophagy of Gastric Cancer In

WJGO | https://www.wjgnet.com 2106 November 15,2022 | Volume14 | Issuell |


mailto:jianchunfh2@sina.com
https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-0931-5039
http://orcid.org/0000-0002-0931-5039
http://orcid.org/0000-0001-8322-4197
http://orcid.org/0000-0001-8322-4197
http://orcid.org/0000-0001-9984-9386
http://orcid.org/0000-0001-9984-9386
http://orcid.org/0000-0003-0406-3175
http://orcid.org/0000-0003-0406-3175
http://orcid.org/0000-0003-3116-4035
http://orcid.org/0000-0003-3116-4035
http://orcid.org/0000-0002-0931-503X
http://orcid.org/0000-0002-0931-503X
http://www.ncbi.nlm.nih.gov/pubmed/30207593
https://dx.doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/pubmed/26808342
https://dx.doi.org/10.3322/caac.21338
http://www.ncbi.nlm.nih.gov/pubmed/8063551
http://www.ncbi.nlm.nih.gov/pubmed/3417082
http://www.ncbi.nlm.nih.gov/pubmed/7226025
https://dx.doi.org/10.1002/1097-0142(19810215)47:4<780::aid-cncr2820470424>3.0.co;2-g
http://www.ncbi.nlm.nih.gov/pubmed/16222448
https://dx.doi.org/10.1007/s00268-005-7795-z
http://www.ncbi.nlm.nih.gov/pubmed/30476243
https://dx.doi.org/10.1093/nar/gky1131
http://www.ncbi.nlm.nih.gov/pubmed/22455463
https://dx.doi.org/10.1089/omi.2011.0118
http://www.ncbi.nlm.nih.gov/pubmed/19131956
https://dx.doi.org/10.1038/nprot.2008.211
http://www.ncbi.nlm.nih.gov/pubmed/19033363
https://dx.doi.org/10.1093/nar/gkn923
http://www.ncbi.nlm.nih.gov/pubmed/31477170
https://dx.doi.org/10.1186/s13059-019-1758-4
http://www.ncbi.nlm.nih.gov/pubmed/26423399
https://dx.doi.org/10.1007/s13277-015-4069-8
http://www.ncbi.nlm.nih.gov/pubmed/32742452
https://dx.doi.org/10.7150/jca.45553
http://www.ncbi.nlm.nih.gov/pubmed/32637572
https://dx.doi.org/10.1016/j.omto.2020.03.012
http://www.ncbi.nlm.nih.gov/pubmed/26090616
https://dx.doi.org/10.18632/oncotarget.4426

Jaishideng®

17

18

19

20

21

22

Zhang LH et al. Proteomic signatures of IGC

Vitro and Inhibits Tumorigenesis In Vivo via the miR-452-5p/KAT6B Axis. Med Sci Monit 2020; 26: €¢924160 [PMID:
32722658 DOI: 10.12659/MSM.924160]

An JY, Choi YY, Lee J, Hyung WJ, Kim KM, Noh SH, Choi MG, Cheong JH. A Multi-cohort Study of the Prognostic
Significance of Microsatellite Instability or Mismatch Repair Status after Recurrence of Resectable Gastric Cancer. Cancer
Res Treat 2020; 52: 1153-1161 [PMID: 32599987 DOI: 10.4143/crt.2020.173]

Dislich B, Blaser N, Berger MD, Gloor B, Langer R. Preservation of Epstein-Barr virus status and mismatch repair protein
status along the metastatic course of gastric cancer. Histopathology 2020; 76: 740-747 [PMID: 31898331 DOI:
10.1111/his.14059]

Kim SM, An JY, Byeon SJ, Lee J, Kim KM, Choi MG, Lee JH, Sohn TS, Bae JM, Kim S. Prognostic value of mismatch
repair deficiency in patients with advanced gastric cancer, treated by surgery and adjuvant 5-fluorouracil and leucovorin
chemoradiotherapy. Eur J Surg Oncol 2020; 46: 189-194 [PMID: 31500870 DOI: 10.1016/j.¢js0.2019.08.025]

Sugimoto R, Endo M, Osakabe M, Toya Y, Yanagawa N, Matsumoto T, Sugai T. Immunohistochemical Analysis of
Mismatch Repair Gene Proteins in Early Gastric Cancer Based on Microsatellite Status. Digestion 2021; 102: 691-700
[PMID: 33053554 DOI: 10.1159/000510679]

Verma R, Agarwal AK, Sakhuja P, Sharma PC. Microsatellite instability in mismatch repair and tumor suppressor genes
and their expression profiling provide important targets for the development of biomarkers in gastric cancer. Gene 2019;
710: 48-58 [PMID: 31145962 DOI: 10.1016/j.gene.2019.05.051]

Su F, Zhou FF, Zhang T, Wang DW, Zhao D, Hou XM, Feng MH. Quantitative proteomics identified 3 oxidative
phosphorylation genes with clinical prognostic significance in gastric cancer. J Cell Mol Med 2020; 24: 10842-10854
[PMID: 32757436 DOIL: 10.1111/jemm.15712]

WJGO | https://www.wjgnet.com 2107 November 15,2022 | Volume14 | Issuell


http://www.ncbi.nlm.nih.gov/pubmed/32722658
https://dx.doi.org/10.12659/MSM.924160
http://www.ncbi.nlm.nih.gov/pubmed/32599987
https://dx.doi.org/10.4143/crt.2020.173
http://www.ncbi.nlm.nih.gov/pubmed/31898331
https://dx.doi.org/10.1111/his.14059
http://www.ncbi.nlm.nih.gov/pubmed/31500870
https://dx.doi.org/10.1016/j.ejso.2019.08.025
http://www.ncbi.nlm.nih.gov/pubmed/33053554
https://dx.doi.org/10.1159/000510679
http://www.ncbi.nlm.nih.gov/pubmed/31145962
https://dx.doi.org/10.1016/j.gene.2019.05.051
http://www.ncbi.nlm.nih.gov/pubmed/32757436
https://dx.doi.org/10.1111/jcmm.15712

i

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4251/wjgo.v14.i11.2108

World Journal of
Gastrointestinal
Oncology

World | Gastrointest Oncol 2022 November 15; 14(11): 2108-2121

ISSN 1948-5204 (online)

Basic Study

ORIGINAL ARTICLE

Potential role of long noncoding RNA RP5-881L22.5 as a novel
biomarker and therapeutic target of colorectal cancer

Hua Zong, Jian-Qiang Zou, Jian-Peng Huang, Shi-Ting Huang

Specialty type: Gastroenterology
and hepatology

Provenance and peer review:
Unsolicited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B
Grade C (Good): C, C

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Batyrbekov K,
Kazakhstan; Ezenkwa US;
Manojlovic N, Serbia

Received: June 25, 2022
Peer-review started: June 25, 2022
First decision: August 30, 2022
Revised: September 13, 2022
Accepted: October 19, 2022
Article in press: October 19, 2022
Published online: November 15,
2022

Jaishideng®

WJGO | https://www.wjgnet.com

Hua Zong, Jian-Qiang Zou, Jian-Peng Huang, Shi-Ting Huang, Department of Gastrointestinal
Surgery, The Third People’s Hospital of Shenzhen, Shenzhen 518000, Guangdong Province,
China

Corresponding author: Hua Zong, Doctor, Department of Gastrointestinal Surgery, The Third
People’s Hospital of Shenzhen, No. 29 Bulan Road, Shenzhen 518000, Guangdong Province,
China. zonghua@mail.sustech.edu.cn

Abstract

BACKGROUND

The incidence of colorectal cancer in humans is high, and it is in the top five for
cancer-related morbidity and mortality. It is one of the main threats to human
health. The function of long noncoding RNAs in tumor occurrence and deve-
lopment has gradually gained attention in recent years. In increasing numbers of
studies, researchers have demonstrated that it plays an important role in the
pathogenesis of colorectal cancer.

AIM
To find out if long noncoding RNA RP5-881122.5 played a role in the patho-
genesis of colorectal cancer in relation to the tumor microenvironment.

METHODS

We analyzed the transcriptome data and clinical data in The Cancer Genome
Atlas-colon adenocarcinoma. The CIRBERSORT algorithm was applied to
evaluate these tumor-infiltrating immune cells in The Cancer Genome Atlas-colon
adenocarcinoma cancer tissue samples. Using the “estimate” package in R, we
assessed the tumor immune microenvironment. The expression level of RP5-
881L22.5 in tumor tissue and adjacent normal tissue samples from 4 pairs of
colorectal cancer patients was determined by quantitative reverse transcription
PCR. Colorectal cancer cells were tested for invasiveness using a transwell
invasion assay after RP5-881L22.5 expression was knocked down.

RESULTS

The expression of IncRNA RP5-8811L.22.5 was related to the clinical characteristics
of the tumors, and it was negatively related to the infiltration level of immune
cells in the tumor microenvironment and the expression of T cell inhibitory
receptors. A major function of its coexpressed mRNA was to regulate tumor
immunity, such as the immune response. When quantitative reverse transcription
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PCR was performed on tumor tissues from 4 pairs of colorectal cancer patients, the results showed
that RP5-881L22.5 was highly expressed. Subsequently, knocking down the expression of RP5-
881L22.5, the invasiveness of colorectal cancer cell lines was reduced, and the apoptosis rate was
increased.

CONCLUSION

RP5-881L22.5 plays a crucial role in the microenvironment of tumors as well as in the pathogenesis
of colorectal cancer. The relationship between RP5-881L22.5 and the tumor immune microenvir-
onment deserves further study.

Key Words: Colorectal cancer; Long noncoding RNA RP5-881L22.5; Tumor immune microenvironment;
Biomarker; Therapeutic target

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Long noncoding RNA RP5-881L.22.5 is related to the clinical characteristics of tumors, and it is
negatively related to the infiltration level of immune cells in the tumor microenvironment and the
expression of T cell inhibitory receptors. RP5-8811.22.5 may play an important role in the tumor immune
microenvironment as well as in the pathogenesis of colorectal cancer. The relationship between RP5-
881L22.5 and the tumor immune microenvironment deserves further study.
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INTRODUCTION

Among all malignant tumors, colorectal cancer is the most common worldwide. In total, 1148515 new
cases were diagnosed worldwide in 2020[1]. Although the diagnosis and treatment of colorectal cancer
have been continuously improved in recent years, the 5-year survival rate of colorectal cancer patients
has not changed significantly. Greater than 20% of patients have already experienced metastasis at
diagnosis, and approximately 50% of patients experience metastases during treatment[2]. Therefore,
more research on the pathogenesis, early diagnosis, early treatment and prognosis of colorectal cancer is
needed.

With the progression of research, it is increasingly recognized that tumors are a systemic disease, and
the tumor immune microenvironment is a key factor involved in the pathogenesis and mechanism of
tumors[3,4]. Innate immunity and adaptive immunity run through the whole disease process[5,6]. In the
early stage of tumorigenesis, natural killer (NK) cells can recognize specific ligands on the surface of
tumor cells, even if there are only a few tumor cells[3]. On the other hand, the activation of macrophages
and dendritic cells, especially T cells and B cells, in the tumor immune microenvironment produces a
large amount of additional cytokines, which further promotes the activation of CD8" cytotoxic T cells
and promotes immune memory[7]. However, given the long-term presence of tumors in the body,
tumor cells can resist or suppress anti-tumor immune responses, leading to immune evasion and
promoting tumor progression, which also represents a challenge for immunotherapy/[8].

Long noncoding RNAs (IncRNAs) have a length over 200 nucleotides and are involved in many
normal human physiological functions and pathogenic processes of disease[9,10]. In addition, extensive
studies have found that IncRNAs have a pivotal function in the formation of the tumor immune
microenvironment[11]. Therefore, we designed this study to explore whether IncRNAs can be used as
molecular markers for a more accurate prediction of colorectal cancer prognosis and whether the
molecular mechanisms of IncRNAs are the reasons for the differences in colorectal cancer prognosis as
well as their impact on the tumor immune microenvironment.

MATERIALS AND METHODS

Data preparation
We downloaded the transcriptome sequencing data and clinical data from the Colon Adenocarcinoma
(COAD) project in The Cancer Genome Atlas (TCGA) from the UCSC Xena (https:/ /xenabrowser.net/)

WJGO | https://www.wjgnet.com 2109 November 15,2022 | Volume14 | Issuell |


https://www.wjgnet.com/1948-5204/full/v14/i11/2108.htm
https://dx.doi.org/10.4251/wjgo.v14.i11.2108
https://xenabrowser.net/

Zong H et al. Potential role of IncRNA RP5-8811.22.5

Jaishideng®

website[12,13]. The data included HTseq-FPKM data [log2 (FPKM+1)] (https://gdc-hub.s3.us-east-
1l.amazonaws.com/download/TCGA-COAD. .htseq_fpkm.tsv.gz), survival data (https://gdc-hub.s3.us-
east-l.amazonaws.com/download/TCGA-COAD.survival.tsv) and clinical data (Phenotype including
pathological staging and other data) (https://gdc-hub.s3.us-east-1.amazonaws.com/download/TCGA-
COAD.GDC_phenotype.tsv.gz). The dataset contains 512 colon cancer tissues and adjacent normal
tissues, of which 448 colon cancer tissues have complete survival data and pathological stage data
(tumor stage was determined according to the UICC and AJCC TNM classification system).

Gene annotation and dataset construction

According to the human reference genome GRch38 file (release 22) provided on the GENCODE website
(https:/ /www.gencodegenes.org), we converted gene IDs from Ensembl to symbols. Then, according to
the annotation files provided by GENCODE, we extracted the mRNA and IncRNA expression datasets
from the TCGA-COAD sequencing data[14].

Differential expression analysis of mRNA and IncRNA

Genes with extremely low expression levels [log2 (FKPM+1) < 0.5] were removed, and the differential
expression of HTseq-FPKM data was analyzed with “limma” (R language, V4.1.1)[15]. We compared
mRNA and IncRNA expression differences between 471 COAD tumor specimens and 41 adjacent
normal tissue specimens. The IncRNA RP5-881L22.5 was selected as the research object, and a
comparison of RP5-881L22.5 expression across different stages of COAD was conducted. Kaplan-Meier
survival curves were drawn for patients grouped by different expression levels, and the survival
differences of all patients grouped by expression levels as well as the effect of the expression differences
of RP5-8811.22.5 in different stages on survival were compared.

Online analysis at the bioinformatics website

The expression of RP5-881L22.5 in 33 cancers in TCGA was acquired from the GEPIA2 (http://
gepia2.cancer-pku.cn/). The differential expression of RP5-881L22.5 between colon cancer tissue
(TCGA-COAD) and normal colon tissue (data involved the TCGA-COAD project and Genotype-Tissue
Expression (GTEx) database) were analyzed[16,17].

Assessment of immune infiltration

We downloaded the benchmark database file (LM22.txt) of 22 tumor-infiltrating immune cells (CD8* T
cells, CD4 naive T cells, regulatory reg cells, naive B cells, memory B cells, plasma cells, CD4 memory
resting T cells, CD4 memory activated T cells, follicular helper T cells, gamma delta T cells, resting NK
cells, activated NK cells, monocytes, macrophages M0/M1/M2, resting dendritic cells, activated
dendritic cells, resting mast cells, activated mast cells, eosinophils and neutrophils). The CIRBERSORT
algorithm was applied to evaluate these tumor-infiltrating immune cells in TCGA-COAD cancer tissue
samples[18]. Using the “estimate” package in the R language, we evaluated the tumor immune microen-
vironment[19]. All TCGA-COAD cancer tissue samples were divided into high expression and low
expression groups according to the median expression of RP5-881L22.5, and the differences in immune
components and immune cell infiltration between the two groups were compared. In addition, the
expression levels of the coinhibitory receptors LAG3, CTLA4, HAVCR?2, TIGIT and CD244 were
compared between the two groups[20].

Functional enrichment analysis

Pearson correlation analysis was performed using the “cor.test” function of the basic R package. Among
the differentially expressed mRNAs (logFC > 1 or logFC < -1, and adj.P.val < 0.05), the mRNAs
coexpressed with RP5-881L22.5 were screened out. Gene set enrichment analysis of coexpressed
mRNAs was performed using the “clusterProfiler” package in R language[21].

Clinical specimens

Colorectal cancer tissue specimens were obtained from the radical surgery specimens of colorectal
cancer patients admitted to the Gastrointestinal Surgery Department of the Second Affiliated Hospital of
Southern University of Science and Technology (Shenzhen Third People's Hospital) in August 2021. All
patients were diagnosed by pathological diagnosis of colonoscopy biopsy: (1) Patients with acute
infection, such as intestinal obstruction or intestinal perforation, were excluded; (2) Patients with HIV
infection, autoimmune diseases, inflammatory bowel disease and other immune system-related diseases
were excluded; (3) Preoperative neoadjuvant treatment patients were excluded; and (4) Patients with
severe heart and lung insufficiency who could not tolerate surgery were excluded. Finally, eight tissue
samples were obtained, which were colorectal cancer (3 cases of colon cancer, 1 case of rectal cancer),
and four tumor tissues and four adjacent normal intestinal tissues were saved and transferred to a -80
°C freezer for storage. The experiment was ethically approved by the Ethics Committee of Shenzhen
Third People’s Hospital (Shenzhen, China; license no. HE2022177).
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Cell culture and siRNA transfection

The colorectal cancer cell line DLD-1 was obtained from ATCC (Manassas, VA, United States). 1640
medium supplemented with 10% fetal bovine serum, 1% penicillin-streptomycin and 3% glucose
(HyClone, Logan, UT, United States) was used to incubate DLD-1 cells. Control siRNA and RP5-
881L22.5 siRNA were purchased from RiboBio Co., Ltd. (GuangZhou, China). Lipofectamine 2000
Transfection Reagent (Invitrogen, CA, United States) was used to transfect siRNA into DLD-1 cells.

RNA extraction and quantitative real-time PCR

TRIzol reagent (ELK Biotechnology, Wuhan, China) was used to isolate total RNA from colorectal
cancer tissues. On 1% agarose gels, degradation and contamination of RNA were monitored after
isolation. Synthesis of first-strand cDNA was performed using an M-MLV Reverse Transcriptase kit
(ELK Biotechnology, Wuhan, China). Quantitative real-time PCR was completed on a StepOne™ Real-
Time PCR machine (Life Technologies, CA, United States) with 3 replicate per sample using QuFast
SYBR Green PCR Master Mix kit (ELK Biotechnology, Wuhan, China). GAPDH was used as an
endogenous control gene. The reactions were incubated at 95 °C for 1 min, followed by 40 cycles at 95
°C for 15 s, 58 °C for 20 s and 72 °C for 45 s. Calculation of relative expression levels was performed
using the 2724<T value relative quantification. The primer sequences were as follows: RP5-881L22.5
(ENSG00000226812) Sense: 5'- TATTGAGCACCTACTATGTACCAGG -3’ and Antisense: 5'-
GTTAGAGCTCAGTCTCTCACAGCTC -3’; and GAPDH Sense: 5'- CATCATCCCTGCCTCTACTGG -3’
and Antisense: 5'- GTGGGTGTCGCTGTTGAAGTC -3'.

Transwell invasion assay

To prepare the transwell chamber for use, 50 pL of Matrigel (Corning, United States) and medium were
diluted 1:3 and added to the chamber. Cell suspension (1 mL) was centrifuged at 1500 rpm for 5 min
after being diluted to 105 cells/mL. The cell suspension was pipetted into a transwell chamber with 1
mL of serum-free medium. In a 24-well plate, 500 pL of complete medium containing 10% fetal bovine
serum was added, and the chamber was inserted. The plate was incubated at 37 °C in a CO, (5%
content) incubator for 24 h (adjusted according to the experiment). A 0.5% crystal violet solution (1:4)
was diluted into a 0.1% crystal violet staining solution with PBS solution. The medium was washed with
PBS, and the glue and cells in the upper chamber were wiped off with a cotton swab, fixed with
paraformaldehyde for 20 min, washed twice with PBS, stained with crystal violet for 10 min, and
washed to remove the crystal violet on the surface. The side devoid of cell seeding was photographed
under an inverted microscope (OLYMPUS).

Apoptosis assay

Precooled PBS was added at 4 °C, and an appropriate amount of binding buffer was diluted for use.
After washing with PBS once, the cells in the 6-well plate were digested with 400 pL of 0.25% trypsin.
The digestion was terminated by adding complete medium once the cells had become round and some
had fallen off. We collected samples in 1.5 mL EP tubes and centrifuged them at 300 x g for 5 min,
discarding the supernatant. One milliliter of PBS was added to resuspend the cells, they were
centrifuged at 300 x g for 5 min, and the supernatant was discarded. A 200 pL solution of Binding Buffer
was used to resuspend the pellet. Following this, 5 pL of Annexin V-FITC (Sungene Biotech, Tianjin,
China) were added, mixed well and incubated for 10 min in the dark. Next, 5 pL propidium iodide was
added, mixed well and incubated in the dark for 5 min. On-board inspection was performed within 1 h.

Statistical analysis

Comparing survival rates between groups was carried out using Kaplan-Meier survival curves and log-
rank tests. The immune scores, the infiltration of immune cells and the expression levels of each gene
were compared between groups using Wilcoxon tests. Differences were considered statistically

significant when P < 0.05. All statistical procedures and graphs were completed using R programmer
language (V4.1.1).

RESULTS

Differential expression analysis of mRNAs and IncRNAs

According to the GENCODE annotation file, we identified a total of 19712 mRNAs and 15878 IncRNAs
in TCGA-COAD database. Genes with very low expression levels [log2 (FKPM+1) < 0.5] were deleted,
and differential expression analysis was performed on the remaining 13285 mRNAs and 1850 IncRNAs.
There were 1612 differentially expressed mRNAs and 122 differentially expressed IncRNAs (logFC > 1
or < -1 and adjusted P value < 0.05) (Figure 1A and B).
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Figure 1 Volcano plot of the differentially expressed genes in The Cancer Genome Atlas-colon adenocarcinoma (LogFC >

1or<-1and

adjust P value < 0.05 were defined as significant difference) and results from GEPIA2 website query. A: Volcano plot of mRNA differential
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expression; B: Volcano plot of long noncoding (Inc) RNA differential expression. Red points referred to upregulated differentially expressed genes; green points
referred to downregulated differentially expressed genes; grey points referred to non-differentially expressed genes; C: RP5-881L22.5 expression in the 33 cancers of
The Cancer Genome Atlas. Log2FC > 1.0 or < -1.0 and q value < 0.05 were defined as a significant difference. Red points referred to tumor tissues; green points
referred to normal tissues; D: Expression level of RP5-881L22.5 among colon adenocarcinoma, rectum adenocarcinoma, stomach adenocarcinoma and esophageal
carcinoma (The Cancer Genome Atlas). Red referred to tumor tissues; blue referred to normal tissues (include data of GTEXx); “a” referred to log2FC > 1.0 and g
value < 0.01. ACC: Adrenocortical carcinoma; BLCA: Bladder urothelial carcinoma; BRCA: Breast invasive carcinoma; CESC: Cervical squamous cell carcinoma and
endocervical adenocarcinoma; CHOL: Cholangiocarcinoma; COAD: Colon adenocarcinoma; DLBC: Lymphoid Neoplasm Diffuse Large B-cell Lymphoma; ESCA:
Esophageal carcinoma; GBM: Glioblastoma multiforme; HNSC: Head and neck squamous cell carcinoma; KICH: Kidney chromophobe; KIRC: Clear cell renal cell
carcinoma; KIRP: Kidney renal papillary cell carcinoma; LAML: Acute myeloid leukemia; LGG: Brain lower grade glioma; LIHC: Liver hepatocellular carcinoma; LUAD:
Lung adenocarcinoma; LUSC: Lung squamous cell carcinoma; MESO: Mesothelioma; N: Normal; OV: Ovarian serous cystadenocarcinoma; PAAD: Pancreatic
adenocarcinoma; PCPG: Pheochromocytoma and Paraganglioma; PRAD: Prostate adenocarcinoma; READ: Rectum adenocarcinoma; SARC: Sarcoma; SKCM: Skin
Cutaneous Melanoma; STAD: Stomach adenocarcinoma; T: Tumor; TGCT: Testicular Germ Cell Tumors; THCA: Thyroid carcinoma; THYM: Thymoma; UCEC:
Uterine corpus endometrial carcinoma; UCS: Uterine carcinosarcoma; UVM: Uveal melanoma.

RP5-881L22.5 expression in TCGA pan-cancer analysis

By querying the expression of RP5-881L22.5 in all tumor tissues from the TCGA database on the
GEPIA2 website, we found that among all 33 malignant tumors, only COAD and READ had significant
differential expression (log2FC > 1.0, g value < 0.01) (Figure 1C) between cancer and normal tissues.
Additionally, we found similar differences in gastric and esophageal cancers, both of which are
malignant tumors of the digestive tract (Figure 1D).

Association between RP5-881L22.5 expression and clinical features

Based on the median expression of RP5-881L22.5 in 448 colon cancer tissue, we divided all samples into
two groups with 224 samples in each. The 62 specimens of patients in stage IV were divided into two
groups according to the median expression of RP5-881L22.5 with 31 samples in each group. Eighty
specimens of patients in the N2 stage were divided into two groups according to the median expression
of RP5-881L22.5 with 40 samples in each group. A positive correlation was found between RP5-8811.22.5
expression and TNM stage (UICC and AJCC TNM staging system) as well as N stage and M stage,
although no association was found with T stage (Figure 2A-D). However, after dividing all COAD
samples into high and low groups according to RP5-881L22.5 expression levels, no difference in survival
was noted between the two groups. For stage IV patients and patients with lymph node metastasis stage
N2, high expression was associated with better survival. No differences in survival were noted among
the other stages (Figure 2E-G).

Association between RP5-881L22.5 expression and the tumor immune microenvironment

To explore whether the expression of RP5-8811.22.5 is related to the tumor immune microenvironment,
we divided all samples from TCGA-COAD into high and low groups according to the median
expression of RP5-881L22.5 and compared the immune microenvironment differences. According to our
findings, the immune score and tumor stroma score in the high expression group were lower than those
in the low expression group, and the differences were significant (Figure 3A-C). Comparing the infilt-
ration of 22 types of immune cells in the high and low groups, four types of immune cells showed
significant differences, including CD8 T cells, MO macrophages, activated NK cells and neutrophils (P <
0.05) (Figure 3D). T cell exhaustion is one of the reasons for the formation of a tumor suppressive
immune microenvironment, and the coinhibitory receptors PDCD1 (PD-1), LAG3, CTLA4, HAVCR?2,
TIGIT, CD244, etc, related to T cell exhaustion were also significantly different between the two groups.
The expression levels of these genes in the RP5-881L22.5 high expression group were lower, and statist-
ically significant differences were found (Figure 3E-]).

Afterward, coexpression analysis was performed on the transcriptome data from TCGA-COAD, and
the genes coexpressed with RP5-881L22.5 among the differentially expressed mRNAs were selected.
Through gene set enrichment analysis, it was found that the genes coexpressed with RP5-881L22.5
among the differentially expressed mRNAs were mainly involved in immune biological processes or
pathways such as the immune response (Figure 4).

Quantitative reverse transcription PCR and cell function assay results using clinical specimens

Four pairs of tissue samples from colorectal cancer patients were assessed by quantitative reverse
transcription PCR. We found that RP5-881L22.5 was generally highly expressed in tumor tissues
compared with adjacent normal tissues (Figure 5A), which was consistent with the aforementioned
bioinformatics analysis results. The apoptosis assay showed that the apoptosis rate of colorectal cancer
cells increased after RP5-881L22.5 knockdown (Figure 5B-D). The transwell invasion assay revealed
reduced invasiveness (Figure 5E). These results indicated that RP5-881L22.5 is a significant contributor
to the occurrence and development of colorectal cancer.
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Figure 2 Association between the expression level of RP5-881L22.5 and clinical characteristics. A: Association between expression and TNM
stage; B: Association between expression and T stage; C: Association between expression and N stage; D: The association between expression and M stage; E:
Kaplan-Meier survival curve of the population at all stages; F: Stage IV; G: N2 stage. Red referred to the higher expression group, and blue referred to the lower
expression group (grouped by median expression of RP5-881L22.5).
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DISCUSSION

LncRNAs play important functions in many regulatory mechanisms, such as transcriptional silencing,
transcriptional activation, chromosome modification and intranuclear transport and play important
roles in the occurrence and development of cancer[22,23]. Liu et al[24] found that three IncRNAs,
LINCO00114, LINC00261 and HOTAIR, can accurately judge the prognosis of colorectal cancer. Zhang et
al[25] found that IncRNA-NEATT1 interacts with DDX5 to activate Wnt/B-catenin signaling, thereby
promoting the progression of colorectal cancer. Ni et al[26] found that IncRNA-GAS5 controls colorectal
cancer progression by regulating the phosphorylation and interpretation of YAP. This process is also
negatively regulated by the m6A methylation reader protein YTHDE3.

We observed significant differences in IncRNA expression between colon cancer tumor tissues and
normal colon tissues based on the analysis of TCGA dataset. This expression difference was also
observed in rectal cancer, gastric cancer and esophageal cancer. Moreover, its expression was correlated
with clinical features, such as the pathological stage of patients, and exhibited a significant correlation
with survival in specific populations. These findings illustrate that RP5-881L22.5 may be a unique
molecular marker in digestive tract cancer and may be involved in some important processes in the
pathogenic process of digestive tract cancer. Subsequent clinical specimen detection and cell function
experiments also verified this conclusion. All of these findings indicate that this IncRNA is likely to be
related to the pathogenic process of colorectal cancer.

In addition to tumor cell characteristics, the microenvironment of the tumor also plays a substantial
role in cancer[27]. Many IncRNAs show strong cell type-specific expression phenomena. Most mRNAs
are expressed in the vast majority of cell types, whereas more than half of the cells contain only a few
IncRNAs[28]. Cells with malignant characteristics had 9% of IncRNAs, lymphocytes had 11%, myeloid
cells had 6%, and epithelial cells had 5%[29]. In particular, immune-specific IncRNAs recruit proteins to
specific genomic loci to regulate target gene expression epigenetically and transcriptionally in most
cases, thereby controlling the activity and differentiation of immune cells. For example, H19, ROCKI,
Inc13 and HOXA-AS2 regulate target genes in immune cells by exerting protein recruitment functions
or controlling chromatin accessibility[30-33]. At the same time, the tumor immune microenvironment
can also be regulated by IncRNAs by targeting macrophages, dendritic cells, regulatory T cells and CD8*
T lymphocytes through a competing endogenous RNA mechanism, such as the SNHG1/miR-448/IDO
regulator network[34], the SNHG16/miR-16-5p/SMADG regulator network[35], the FENDR/miR-423-
5p/GADDA45B regulator network[36], the SBF2-AS1miR-122-5p/ XIAP regulator network[37] and the
NEAT1/miR-155/Tim-3 regulator network[38].

Of course, in addition to their role in immune cells, IncRNAs also modulate the presentation of
antigen or PD-L1 in tumor cells[39,40]. Li et al[41] identified a IncRNA, IncRNA inducing major
histocompatibility complex I and immunogenicity of tumor, in humans and mice. They proposed the
IncRNA inducing major histocompatibility complex I and immunogenicity of tumor-GBP-HSF1 axis as a
therapeutic target for immunotherapy to modulate major histocompatibility complex I expression based
on experimental validation in vivo and in vitro. In conclusion, increasing evidence indicates that the key
mechanisms by which IncRNAs regulate tumor immunity involve various aspects, such as antigen
presentation and T cell exhaustion.

In our study, RP5-881L22.5 expression in colorectal cancer was also strongly related to the tumor
immune microenvironment. There was a negative correlation between its expression and the presence
of CD8" T lymphocytes and activated NK cells in the tumor microenvironment, and it was negatively
correlated with the expression of various coinhibitory receptors on the surface of T lymphocytes. In
addition, RP5-8811L22.5 coexpressed genes were more involved in the pathways of tumor immune
microenvironment formation, such as immune response and immune signal transmission.

In particular, TCGA data analysis revealed that RP5-881L22.5 expression was related to some clinical
features of colorectal cancer patients but not to the T stage of the tumor, and no difference in survival
was noted between the high expression group and the low expression group. Furthermore, a subset of
advanced stage tumors showed better survival despite high marker expression. The expression of
inhibitory receptors in the RP5-881L22.5 high expression group decreased. Therefore, T cells showed
relatively stronger antitumor immune activity in the high expression group. This finding may explain
why advanced tumors with higher RP5-881L22.5 expression showed a better survival rate. Further
research on immunotherapy of advanced tumors using RP5-881L22.5 as a marker should be explored.

CONCLUSION

RP5-881L22.5 expression levels were significantly different between colorectal cancer tissues and
nontumor tissues , and RP5-881L22.5 expression in tumor samples was considerably higher. RP5-
881L22.5 expression levels were significantly correlated with clinicopathological stage and could predict
prognosis for colorectal cancer. Moreover, RP5-881L22.5 showed an obvious immune correlation in
colorectal cancer and might be a key molecule in the formation of the immunosuppressive microenvir-
onment, which deserves further research. The relationship between RP5-881L22.5 and the tumor
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Figure 3 Distribution of tumor microenvironment scores, 22 types of immune cells and expression of T lymphocyte coinhibitory receptor
genes between different groups. A: ImmuneScore, P = 5.8 x 10, B: StromalScore, P = 0.0047; C: EstimateScore, P = 2.7 x 10°%; D: The 22 immune cell
types were represented in columns, and the proportions of immune cells were represented in rows; E: Expression of CD244, P = 6.8 x 10°'%, F: Expression of CTLA4,
P=2.0 x 10% G: Expression of PDCD1, P = 1.3 x 10", H: Expression of HAVCR2, P = 2.7 x 10°%; I: Expression of LAG3, P = 8.0 x 10, J: Expression of TIGIT, P =
9.3 x 10""". Red referred to the high expression group, and blue referred to the low expression group (grouped by median of RP5-881L22.5 expression). NK: Natural
killer; exphigh: Expression high; explow: Expression low.
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Figure 4 Gene set enrichment analysis for the differentially expressed mRNAs.

immune microenvironment, as well as the different prognostic differences it represents in tumors with
different clinical characteristics, needs to further investigated in clinical tissue samples.
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Figure 5 Results of quantitative reverse transcription PCR for clinical specimens and cellular experiments. A: Expression level of RP5-
881L22.5 in tumor tissues and normal tissues among 4 patients’ surgical samples. Red referred to tumor tissues, and blue referred to adjacent normal tissues; B: The
apoptosis ratio difference between siRNA + negative control (NC) group and siRNA + RP5-881L22.5; C: Representative image of the siRNA + NC by flow cytometry;
D: Representative image of the sSIRNA+RP5-881L22.5 by flow cytometry; E: Effect of knockdown of RP5-881L22.5 on the transwell invasion assay of colorectal
cancer cells. Scale bars: 50 pm. The magnification is 100 times the original size. Left: Representative image of the siRNA + NC; Right: Representative image of the
siRNA + RP5-881L22.5.
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ARTICLE HIGHLIGHTS

Research background

Colorectal cancer is one of the most common malignant tumors in the world. Long noncoding RNAs
(IncRNAs) are involved in many normal human physiological functions and pathogenic processes of
diseases.

Research motivation

LncRNAs may be used as molecular markers for more accurate prediction of colorectal cancer
prognosis. The molecular mechanisms of IncRNAs involved can impact colorectal cancer prognosis and
impact the tumor immune microenvironment. Further research into these questions is needed.

Research objectives
To explore the differential expression analysis of mMRNAs and IncRNAs in the colorectal cancer and to
determine the association between RP5-881L.22.5 expression and the tumor immune microenvironment.

Research methods
We analyzed the immune cell microenvironment through the bioinformatics combined with clinical
data and cell experiments to verify the results.

Research results
RP5-881 L22.5 expression led to a difference in prognosis, which warrants further research on immuno-
therapy of advanced tumors with RP5-881 L22.5 as a marker.

Research conclusions
RP5-881 L22.5 plays an important role in the pathogenesis of colorectal cancer.

Research perspectives
RP5-881 L22.5 may be an important research target for the treatment of colorectal cancer.
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Abstract

BACKGROUND

Colorectal cancer (CRC) is one of the most common and fatal cancers worldwide.
Synaptophysin-like 2 (SYPL2) is a neuroendocrine-related protein highly
expressed in skeletal muscle and the tongue. The involvement of SYPL2 in CRC,
including its level of expression and function, has not been evaluated.

AIM
To evaluate the correlations of SYPL2 expression with lymph node metastasis
(LNM) and prognosis in patients with CRC.

METHODS

The levels of expression of SYPL2 in CRC and normal colorectal tissues were
analyzed in multiple public and online databases. The associations between
clinical variables and SYPL2 expression were evaluated statistically, and the
associations between SYPL2 expression and prognosis in patients with CRC were
analyzed using the Kaplan-Meier method and univariate/multivariate Cox
regression analyses. SYPL2 expression was assessed in 20 paired CRC tissue and
adjacent normal colorectal tissue samples obtained from Fuyang People’s
Hospital, and the associations between SYPL2 expression and the clinical charac-
teristics of these patients were investigated. Correlations between the levels of
expression of SYPL2 and key targeted genes were determined by Pearson’s
correlation analysis. The distribution of immune cells in these samples was
calculated using the CIBERSORT algorithm. Gene set enrichment analysis (GSEA)
was performed to evaluate the biofunction and pathways of SYPL2 in CRC.

RESULTS
SYPL2 expression was significantly lower in CRC tissue samples than in normal
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colorectal tissue samples (P < 0.05). High SYPL2 levels in CRC tissues correlated significantly with
LNM (P < 0.05) and a poorer patient prognosis, including significantly shorter overall survival
(OS) [hazard ratio (HR) = 1.9, P < 0.05] and disease-free survival (HR =1.6, P < 0.05). High SYPL2
expression was an independent risk factor for OS in both univariate (HR = 2.078, P = 0.014) and
multivariate (HR = 1.754, P = 0.018) Cox regression analyses. In addition, SYPL2 expression
correlated significantly with the expression of KDR (P < 0.0001, r = 0.47) and the BRAFV¢E
mutation (P < 0.05). Higher SYPL2 expression was associated with the enrichment of CD8 T-cells
and MO0 macrophages in the tumor microenvironment. GSEA revealed that SYPL2 was associated
with the regulation of epithelial cell migration, vasculature development, pathways in cancer, and
several vital tumor-related pathways.

CONCLUSION
SYPL2 expression was lower in CRC tissue than in normal colorectal tissue. Higher SYPL2
expression in CRC was significantly associated with LNM and poorer survival.

Key Words: Synaptophysin-like 2; Colorectal cancer; Lymph node metastasis; Prognosis; Immune
microenvironment; Bevacizumab

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this research, we reported the expression and biofunctions of synaptophysin-like 2 (SYPL2) in
colorectal cancer (CRC) for the first time. SYPL2 correlated with lymph node metastasis and a poor
prognosis (both overall and disease-free survival) in CRC. SYPL2 mainly influence CD8 T-cell and MO
macrophage enrichment in the tumor microenvironment. Gene set enrichment analysis indicated that
SYPL2 might also influence the tumor vasculature development. In addition, we found that SYPL2 was
correlated with the effect of bevacizumab therapy.

Citation: Zhao ZX, Liu QL, Yuan Y, Wang FS. Synaptophysin-like 2 expression correlates with lymph node
metastasis and poor prognosis in colorectal cancer patients. World J Gastrointest Oncol 2022; 14(11): 2122-2137
URL: https://www.wjgnet.com/1948-5204/full/v14/i11/2122.htm
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INTRODUCTION

Colorectal cancer (CRC), which is responsible for an estimated 8% of new cancer diagnoses and 8% of
cancer deaths annually, is the third-most common cause of cancer deaths worldwide[1]. The stage at
diagnosis is the most important predictor of survival, with 5-year relative survival rates of 90% for
patients diagnosed with localized disease compared to 14% for patients diagnosed with distant-stage
disease[2]. Complete mesocolic excision is the cornerstone of CRC treatment, showing good
pathological outcomes as well as improvements in overall survival (OS), disease-free survival (DFS) and
local recurrence[3]. Lymph node metastasis (LNM) is important in CRC staging and patient prognosis
[4], with regional LNM being one of the most important indications for adjuvant chemotherapy|5,6].
Risk factors for LNM include lymphovascular invasion, histological grade, submucosal invasion depth,
and tumor budding[7-9]. Although LNM of CRC is usually evaluated by radiologic methods, including
computed tomography, magnetic resonance imaging, and positron emission tomography/computed
tomography, these imaging methods cannot accurately evaluate LNM using criteria like short-axis
diameter, signal heterogeneity, shape, and boundaries[10,11]. Several key biomarkers, however, have
been reported to be predictive of LNM and prognosis in patients with CRC[12,13].

Immunotherapy and targeted therapy play important roles in the management of CRC. The
molecular targets of CRC identified to date include epithelial growth factor receptor (EGFR), vascular
endothelial growth factor (VEGF), human EGFR2, V-raf murine sarcoma viral oncogene homolog B1
(BRAF), Kirsten rat sarcoma (KRAS), P53 mutation, programmed cell death protein 1, and cytotoxic T-
lymphocyte-associated protein 4[14,15]. Targeting these proteins in clinical practice has provided
survival benefits for patients.

Synaptophysin-like 2 (SYPL2) is a neuroendocrine-related cytosolic protein enriched primarily in
skeletal muscles and the tongue. The role of SYPL2 in cancer, including CRC, has not been determined.
Thus, the present study comprehensively and systematically compared SYPL2 expression in CRC and
normal colorectal tissues. Survival (Cox regression) analyses were also performed to assess the
prognostic value of SYPL2 expression, along with other clinicopathological features. The correlation
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between SYPL2 expression and the expression of key targeted genes in CRC was analyzed. Moreover,
gene set enrichment analysis (GSEA) was performed to evaluate the SYPL2-associated biological
pathways involved in CRC pathogenesis, providing clues about the function of SYPL2.

MATERIALS AND METHODS

Data collection

The gene-expression profiles and associated clinicopathological data of patients with CRC were
downloaded from the Cancer Genome Atlas (TCGA) Genomic Data Commons Data Portal (https://
portal.gdc.cancer.gov/repository) on March 25, 2022. RNA-sequencing gene-expression HTSeq-FPKM
data for 571 CRC tissue samples and 44 normal adjacent tissue samples were collected for further
analysis. The GSE87211, GSE44076, GSE60331, and GSE103479 datasets were obtained from Gene
Expression Omnibus microarrays. In addition, CRC and normal adjacent tissue samples were collected
from 20 patients who underwent surgery for CRC at the Fuyang People’s Hospital. Demographic and
clinical characteristics of these patients, including their age, sex, cancer stage, and lymph node status,
were also recorded and analyzed. All participating patients provided written informed consent, and the
study protocol was approved by the ethics review committees of Fuyang People’s Hospital.

Gene Expression Profiling Interactive Analysis

Gene Expression Profiling Interactive Analysis (GEPIA) is a newly developed, interactive web server
that includes the RNA-sequencing expression data of 9736 tumors and 8587 normal samples from the
TCGA and Genotype-Tissue Expression datasets, utilizing a standard processing pipeline. GEPIA offers
customizable functions, such as tumor/normal differential expression analysis, profiling according to
cancer type or pathological stage, patient survival analysis, detection of similar genes, correlation
analysis, and dimensional reduction analysis. In the present study, GEPIA was used to perform differ-
ential expression, survival, and correlation analyses, the latter of which was performed with key
targeted genes using Pearson’s test.

Quantitative real-time polymerase chain reaction

Total RNA extracted from cells using RNAprep Pure Tissue kits (Tiangen, Beijing, China) was reverse-
transcribed to complementary DNA using the FastKing gDNA Dispelling RT SuperMix for quantitative
polymerase chain reaction (qQPCR) (Tiangen). The samples were subjected to quantitative real-time PCR
(qRT-PCR) using 2 x SYBR Green qPCR Master Mix (Tiangen) and primers specific for SYPL2 (forward,
5-CGCTGGTGGACTTCTGTG-3’; reverse, 5-GCTGGATGGTCGTGTGG-3") and GAPDH (forward, 5'-
AAGGTCGGAGTCAACGGA-3; reverse, 5’-TTAAAAGCAGCCCTGGTGA-3'), with all gene primers
obtained from Aoke Dingsheng Biotechnology (Beijing, China). Thermal cycling conditions consisted of
an initial denaturation at 95 °C for 15 s, followed by 40 cycles of denaturation at 95 °C for 15 s, annealing
at 55 °C for 30 s, and extension at 72 °C for 30 s. Relative messenger RNA expression levels were
calculated using the 2T method, with the average level of SYPL2 expression in the 20 normal
colorectal tissues defined as the reference for normalization and comparison with the 20 CRC tissues.

Cox regression analyses and immune cell enrichment analyses

Univariate and multivariate Cox analyses were used to investigate the association between SYPL2
expression and other clinical characteristics, such as age, sex, cancer stage, distant metastasis status, and
lymph node status. OS was assessed by univariate Cox regression analyses, with factors significantly
associated with OS subsequently entered into a multivariate Cox model. In addition, survival was
directly analyzed using the Kaplan-Meier method (KM plotter: http:/ /kmplot.com). The presence of 22
types of immune cells in the CRC microenvironment was assessed using the CIBERSORT algorithm[16].

GSEA

Datasets and phenotype label files from TCGA were generated and uploaded into the GSEA software
program. The phenotype labels were SYPL2 high expression and SYPL2 low expression (grouped
relative to the median SYPL2 expression). Gene set permutations were conducted 1000 times for each
analysis. Gene sets with ES > 0.6 and FWER P < 0.05 were considered enriched.

Statistical analysis

Survival curves were plotted using the Kaplan-Meier method and compared using the log-rank test.
Cox regression analyses were performed using the R “survival” package. Correlation analyses were
performed by determining Pearson’s correlation coefficients. Categorical variables were compared using
the chi-squared and Fisher’s exact tests, parametric continuous variables were compared using
Student’s t tests, and non-parametric continuous variables were compared using Mann-Whitney U tests.
Statistical analyses were performed using R version 4.1.0 (R Foundation for Statistical Computing,
Vienna, Austria), Bioconductor (https://www.bioconductor.org/), and GraphPad Prism 8 (GraphPad
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Software, San Diego, CA, United States), with P < 0.05 defined as statistically significant.

RESULTS

Expression of SYPL2 and its association with prognosis in CRC

GEPIA showed that the mean expression of SYPL2 was significantly lower in 275 colon cancer tissue
samples than in 349 normal colon tissue samples and was lower in 92 rectal cancer tissue samples
compared to 318 normal rectal tissue samples (P < 0.05, Figure 1A). Similar findings were observed
when SYPL2 expression was compared between 203 CRC and 160 normal colorectal tissue samples
(GSE87211) (P < 0.001, Figure 1B) and between 98 CRC samples, 98 adjacent normal colorectal tissue
samples, and 50 healthy normal tissue samples (P < 0.0001, Figure 1C). These findings were confirmed
by comparing SYPL2 expression by qRT-PCR in 20 freshly obtained CRC and adjacent normal tissue
samples (P < 0.05, Figure 1D). A high expression of SYPL2 was significantly associated with poorer OS
and DFS (P < 0.05, Figures 1E and 1F), with these results confirmed by Kaplan-Meier analysis (P < 0.05,
Figures 1G and 1H). Furthermore, high expression of SYPL2 was significantly associated with a worse
OS in both stage II and III CRC (Figures 11 and 1]).

Correlations of SYPL2 expression with clinicopathological characteristics of patients with CRC
Associations between SYPL2 expression and the clinicopathological characteristics of patients with CRC
were assessed by dividing CRC patients into two groups based on the median SYPL2 expression. High
expression of SYPL2 was significantly associated with greater tumor depth (P = 0.0140, y*= 6.078), LNM
(P =0.0312, y* = 4.644), and greater American Joint Committee on Cancer stage (P = 0.0228, y* = 5.182)
(Table 1). An analysis of the 20 paired CRC and normal colon tissue samples showed that SYPL2
expression was significantly correlated with LNM (P < 0.001, Figure 2B). Univariate Cox regression
analysis showed that high expression of SYPL2 was associated with poorer OS [hazard ratio (HR) =
2.078; 95% confidence interval (CI): 1.162-3.716; P = 0.014], older age (P < 0.05), and higher TNM stage (P
< 0.05) (Table 2), with multivariate Cox analysis revealing that high SYPL2 expression remained an
independent risk factor for OS (HR = 1.754; 95%CI: 1.103-2.790; P = 0.018).

Correlation between SYPL2 expression and the expression of key target genes

Correlation analyses were performed to determine whether SYPL2 could act as a biomarker to predict
the outcomes of targeted therapy in patients with CRC. SYPL2 expression correlated significantly with
the mutation of BRAFY® (P < 0.05) (Figure 3A) and the expression levels of KDR (P < 0.0001, r = 0.47),
EGFR (P < 0.0001, r = 0.33), CTLA4 (P < 0.01, r = 0.15), and PDCD1 (P < 0.01, r = 0.15) (Figure 3B). We
collected a total of 16 tumor samples entered into GSE60331 prior to undergoing treatment with
bevacizumab; the responder group included seven samples and the non-responder group contained
nine samples. Some detailed information can be retrieved from GSE60331[17]. Moreover, high SYPL2
expression was found to correlate with the response to bevacizumab treatment (P < 0.05, Figure 4).
Taken together, these findings indicate that SYPL2 may be a potential biomarker of response of CRC to
targeted therapy.

SYPL2 predicts the infiltration of immune cells into the CRC microenvironment

To assess the roles of SYPL2 in the tumor immune microenvironment, it was necessary to investigate the
types of infiltrating immune cells in CRC patients. CIBERSORT evaluation of the relative proportions of
22 types of immune cells in all CRC specimens from TCGA showed high infiltration of regulatory T-
cells and M0 macrophages in tumors with high SYPL2 expression (Figure 5A) and high infiltration of
CD8 T-cells, activated CD4 memory T-cells, activated natural killer cells, and activated dendritic cells in
tumors with low SYPL2 expression (Figure 5A). The level of SYPL2 expression had no effect on OS in
tumors enriched with CD8 T-cells (P > 0.05, Figure 5B), whereas high expression of SYPL2 was closely
associated with poorer OS in tumors unenriched with CD8 T-cells (P < 0.05, Figure 5C). High expression
of SYPL2 was also associated with poorer OS in tumors both enriched (P < 0.05, Figure 5D) and
unenriched (P < 0.05, Figure 5E) with MO macrophages. Collectively, these findings show that SYPL2
expression correlates with the level of infiltration of most immune cells, possibly indicating the state of
the tumor immune microenvironment and suggesting that SYPL2 might play different roles in different
immune microenvironments.

GSEA identified functions and signaling pathways

GSEA was performed to determine the biological characteristics shared by tissue samples displaying
different levels of SYPL2 expression and to identify the functions and pathways in which SYPL2 may be
involved. Gene Ontology (GO) enrichment analyses indicated that SYPL2 was associated with the
enrichment of genes involved in the positive regulation of vasculature development, epithelial cell
migration, development growth, JUN kinase activity, MAP kinase activity, phospholipase activity, and
single-organism cell adhesion (Figure 6A). In addition, Kyoto Encyclopedia of Genes and Genomes
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Table 1 Correlation between synaptophysin-like 2 level and clinicopathological characteristics in colorectal cancer

SYPL2 level
Characteristics P value
Low (n = 285) High (n = 286)
Age (yr) 68.00 +12.14 65.31 +13.37 0.1148
Gender
Female 125 128 0.8273
Male 145 143
Unknow 20 15
T
T1 + T2 61 37 0.0140"
T3 + T4 179 192
Unknow 45 57
N
NO 153 123 0.0312"
N1-2 87 105
Unknow 45 56
M
MO 185 164 0.0955
M1 29 39
Unknow 71 83
AJCC stage
I-1I 146 114 0.0228"
[I-1v 88 106
Unknow 51 66
ap < 0.05.

AJCC: American Joint Commission on Cancer; SYPL2: Synaptophysin-like 2.

Jaishideng®

(KEGG) analysis found that genes involved in basal cell carcinoma; cell-adhesion molecules;
extracellular matrix receptor interactions; the epidermal growth factor receptor, hedgehog, mitogen-
activated protein kinases (MAPK), NOTCH, transforming growth factor (TGF)-B, and WNT signaling
pathways; GAP junctions; and vascular smooth muscle contraction were significantly enriched in CRC
samples expressing high levels of SYPL2 (Figure 6B).

DISCUSSION

Members of the synaptophysin-like family, including SYPL1 and SYPL2, are synaptic vesicle membrane
proteins. SYPL1 was originally considered a neuroendocrine-related protein but was found to be
expressed in both neuronal and non-neuronal tissues[18]. A recent immunohistochemistry-based study
showed that SYPL1 was prognostic of poor outcomes in patients with hepatocellular carcinoma and was
associated with the epithelial-mesenchymal transition[19]. SYPL1 is also upregulated in pancreatic
ductal adenocarcinoma, with higher SYPL1 expression being associated with tumor cell proliferation
and poorer prognosis[20]. Serum SYPL1 may be a diagnostic marker for CRC, especially in patients with
low serum carcinoembryonic antigen concentrations[21]. SYPL2, also called MG29, is primarily
expressed in skeletal muscles and the tongue and is functionally thought to participate in cellular
calcium ion homeostasis[22]. In addition, the SYPL2 gene has been associated with morbid obesity and
may be involved in the development of excess body fat[23]. However, the roles and functions of SYPL2
in cancer and its related molecular mechanisms remain unknown.

The present study, using multiple public databases and donor-matched CRC and adjacent normal
tissues, showed that the level of SYPL2 expression was lower in cancerous tissues than in normal
tissues. An analysis of the associations between SYPL2 expression and clinical pathologic features
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Table 2 Cox regression analysis of synaptophysin-like 2 expression and clinical pathological characteristics

Univariate Cox Multivariate Cox
Characteristics

HR 95%Cl P value HR 95%CI P value
Age 1.037 1.015-1.059 0.0001° 1.051 1.027-1.075 0.0001°
Gender (male) 1.160 0.746-1.803 0.509 0.987 0.621-1.571 0.957
T
T1 1 1
2 0.819 0.169-3.953 0.804 0.354 0.069-1.805 0.212
T3 1.324 0.322-5.456 0.697 0.424 0.096-1.863 0.256
T4 4.661 1.082-20.075 0.039" 0.906 0.189-4.348 0.901
N
NO 1 1
N1 2.547 1.484-4.368 0.0001° 1.988 1.048-3.770 0.035"
N2 4195 2.479-7.099 0.0001° 2253 1.179-4.304 0.014°
M (M1) 4.482 2.829-7.100 0.0001° 2,585 1.468-4.660 0.001°
ACJ]
I 1
i} 1.474 0.548-3.961 0.442
III 2.858 1.086-7.627 0.033"
v 8.096 3.135-20.903 0.0001°
SYPL2 (high) 2.078 1.162-3.716 0.014° 1.754 1.103-2.790 0.018"
ap < 0.05.

AJCC: American Joint Commission on Cancer; SYPL2: Synaptophysin-like 2; HR: Hazards ratio; CI: Confidence interval.
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revealed that higher SYPL2 levels in CRC patients were associated with lymph node metastases (N
stage) and more advanced tumors (T stage), although qRT-PCR analysis found that higher SYPL2
expression was associated only with LNM. Univariate and multivariate Cox analyses and survival
analyses indicated that SYPL2 expression level is a potential independent marker of poor prognosis in
patients with CRC. Correlation analyses showed that the SYPL2 gene-expression level was significantly
associated with the expression of KDR (also called VEGFR) (R > 0.4) and EGFR (R > 0.3) and with
BRAFVE mutation (P < 0.05). Carvalho et al[24] reported that VEGFR expression is associated with the
effect of bevacizumab therapy, and Szablewski et al[25] found that EGFR overexpression and mutations
in KRAS and BRAF contribute to colorectal carcinogenesis. Moreover EGFR-directed molecular
treatments could be investigated in a subset of patients affected by intestinal-type adenocarcinoma.
These results of above studies were consistent with our research.

Agents targeting VEGFR or EGFR and multiple tyrosine kinase inhibitors play an important role in
CRC management[26]. The mutation of BRAF'** residue occurs in approximately 10% of CRCs, consti-
tuting a group with a particularly poor prognosis. And our result also found that SYPL2 was higher
expression in the BRAFV* mutation group, and associated with poor prognosis. The mutation of
BRAFY" is also extremely associated with targeted therapy of metastatic CRC[27]. Our result suggests
that SYPL2 may be a biomarker for predicting targeted treatment of CRC patients. We collected a total
of 16 tumor samples prior to bevacizumab treatment from GSE60331 for validation because there is
greater clinical practice value in predicting the treatment response by considering pre-treatment genes.
Our result revealed that the SYPL2 higher-expression group seemed more likely to respond to
bevacizumab. Existing evidence indicates that tumor progression may result from the escape of cancer
cells from host immunosurveillance[28]. Therefore, clarifying the infiltrating immune cells in the tumor
microenvironment may help to elucidate the underlying mechanism involving SYPL2 in CRC.
Moreover, SYPL2 may be involved in the immune microenvironment by enriching CD8 T-cells and M0
macrophages. These data indicate that SYPL2 might influence the infiltration of immunocytes and lead
to a worse prognosis in CRC.

GO enrichment analysis of the biological functions of SYPL2 in CRC indicated that SYPL2 might
regulate epithelial cell migration, vasculature development, MAPK kinase activity, and cell adhesion.
Furthermore, KEGG enrichment analysis found that SYPL2 might participate in cell adhesion; several
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Figure 1 Synaptophysin-like 2 expression levels and survival analyses in colorectal cancer. A: Synaptophysin-like 2 (SYPL2) expression in 275
colon cancer tissue and 349 normal colon tissue samples and in 92 rectal cancer tissue and 318 normal rectal tissue samples from Gene Expression Profiling
Interactive Analysis (GEPIA) (P < 0.05); B: SYPL2 expression in 203 colorectal cancer (CRC) tissue and 160 normal colorectal tissue samples from GSE87211 (P <
0.01); C: SYPL2 expression in 98 CRC samples, 98 adjacent normal samples, and 50 healthy colon tissue samples from GSE44076 (P < 0.001); D: SYPL2
expression in tumor tissues and adjacent normal colon tissue samples from 20 CRC patients who underwent tumor resection at Fuyang People’s Hospital (P < 0.05).
The average expression of SYPL2 in the 20 normal tissue samples was regarded as a reference; E: Associations of SYPL2 expression with the overall survival (OS)
of CRC patients from GEPIA (P < 0.05); F: Associations of SYPL2 expression with the disease-free survival (DFS) of CRC patients from GEPIA (P < 0.05); G:
Associations of SYPL2 expression with the OS of CRC patients from the Kaplan-Meier plotter (P < 0.05); H: Associations of SYPL2 expression with the DFS of CRC
patients from the Kaplan-Meier plotter (P < 0.05); I: Associations of SYPL2 expression with the OS of stage Il CRC patients from TCGA (P < 0.05); J: Associations of
SYPL2 expression with the OS of stage Il CRC patients from TCGA (P < 0.05). 3P < 0.05, °P < 0.01, °P < 0.001. SYPL2: Synaptophysin-like 2; HR: Hazards ratio.
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Figure 2 Correlations of tumor expression of synaptophysin-like 2 among the 20 colorectal cancer patients who underwent tumor
resection at Fuyang People’s Hospital. A: T stage; B: Lymph node metastasis. SYPL2: Synaptophysin-like 2; LNM: Lymph node metastasis. °P < 0.01.

cancer-related pathways, including pathways in basal cell carcinoma, renal cancer, and small-cell lung
cancer; and several vital tumor-related signaling pathways, including the hedgehog, MAPK, NOTCH,
and TGEF-f signaling pathways.

In this study, SYPL2 expression in tumor tissues was significantly lower than that in normal tissue.
However, higher SYPL2 expression was associated with worse survival in CRC. The paradox of the
opposite effect of SYPL2 expression might be due to the following reasons. First, compared to normal
tissue, tumor tissue can abnormally activate a series of signaling pathways and have special tumor
microenvironment[29,30]. Some genes (including SYPL2) may play roles in promoting or suppressing
cancer in specific signal pathways in the tumor microenvironment. Second, SYPL2 might work as a
biomarker in CRC. Higher expression of SYPL2 could be associated with some specific and powerful
activated oncogenic genes and enhanced malignant behavior of tumors. Finally, tumor-infiltrating
immune cells are closely related to tumorigenesis, angiogenesis, and tumor cell growth and metastasis,
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Figure 3 Correlations of levels of synaptophysin-like 2 expression with Kirsten rat sarcoma BRAF'®*¢, and P53 mutations from
GSE103479 and levels of expression of the key target genes KDR, epidermal growth factor receptor, vascular endothelial growth factor
A, CD274, PDCD1, and CTLA4 from Gene Expression Profiling Interactive Analysis. A: Association of synaptophysin-like 2 (SYPL2) expression with
KRAS, BRAF'SE P53 mutation; B: Association of SYPL2 expression with KDR, epidermal growth factor receptor, vascular endothelial growth factor A, CD274,
PDCD1, cytotoxic T-lymphocyte-associated protein 4. SYPL2: Synaptophysin-like 2; MT: Mutation type; WT: Wild type; EGFR: Epidermal growth factor receptor;
VEGFA: Vascular endothelial growth factor A; CTLA4: Cytotoxic T-lymphocyte-associated protein 4.
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Figure 4 Levels of synaptophysin-like 2 expression in colorectal cancer patients from GSE60331 who did and did not respond to
bevacizumab treatment. 2P < 0.05.
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Figure 5 Effects of synaptophysin-like 2 expression level on the immune microenvironment in colorectal cancer from the Cancer
Genome Atlas. A: Statistical chart after using the CIBERSORT method, showing the different proportions of immune cells in groups of patients with high (red) and
low (blue) synaptophysin-like 2 expression; B-E: Survival analyses of patient subgroups. SYPL2: Synaptophysin-like 2; HR: Hazards ratio.
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Figure 6 Enrichment plots from the Gene set enrichment analysis. A: Gene Ontology; B: Kyoto Encyclopedia of Genes and Genomes.
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which may in turn regulate the quantity and differentiation of immune cells[31]. CD8* T-cells are
typically thought to be a homogenous group of cytotoxic cells that produce interferon-y[32]. In addition,
CD8* T lymphocytes are the major anti-tumor effector cells[33]. In this study, CD8" T-cell counts in the
SYPL2 high-expression group were significantly lower than those in the SYPL2 low-expression group.
Therefore, SYPL2 might contribute to the poor prognosis of CRC by affecting immune cell infiltration.
However, the relevant molecular and pathway mechanisms still necessitate further experiments for
verification.

The present study was designed to evaluate SYPL2 gene expression in CRC and reveal the associ-
ations of SYPL2 with pathologic features and survival outcomes. This study used only GSEA to analyze
biological functions and the molecular mechanism of SYPL2 in CRC. Further studies of SYPL2 protein
expression and its associations with biological functions and molecular mechanisms in CRC are
warranted.

CONCLUSION

SYPL2 expression was lower in CRC than in adjacent normal tissue, suggesting that SYPL2 may be a
potential diagnostic and prognostic CRC-specific molecular marker. High SYPL2 expression was
significantly associated with lymph node metastases and poorer survival.

ARTICLE HIGHLIGHTS

Research background

Colorectal cancer (CRC) is the third-most common cause of cancer deaths worldwide and lymph node
metastasis (LNM) is important in CRC staging and patient prognosis. Risk factors for LNM include
lymphovascular invasion, histological grade, submucosal invasion depth, and tumor budding. In
addition, LNM of CRC is usually evaluated by radiologic methods, including computed tomography,
magnetic resonance imaging etc. However, these imaging methods cannot accurately evaluate LNM. It
was necessary to investigate key biomarkers to predict LNM and prognosis in patients with CRC.
Moreover, synaptophysin-like 2 (SYPL2) is a neuroendocrine-related cytosolic protein enriched
primarily in skeletal muscles and the tongue. The role of SYPL2 in cancer, including CRC, has not been
determined.

Research motivation

The role of SYPL2 in CRC has not been studied. The present study comprehensively and systematically
compared SYPL2 expression and potential functions. The relationship between SYPL2 expression and
clinicopathological characteristics was completed. And we found that high expression of SYPL2 was
significantly associated with LNM and worse prognosis. And we verified the results by experiment. In
addition, we analyzed the correlation between SYPL2 expression and the expression and mutation of
target genes.

Research objectives
This study aimed to investigate the SYPL2 expression, potential biological functions and pathways,
correlation clinicopathological characteristics and prognosis in CRC.

Research methods

The gene expression profiles and associated clinicopathological data of patients with CRC were
downloaded from multiple public and online databases {The Cancer Genome Atlas, GEO, Gene
Expression Profiling Interactive Analysis [gene set enrichment analysis (GSEA)]}. The associations
between clinical variables, prognosis and SYPL2 expression were analyzed statistically using the
Kaplan-Meier method, univariate/ multivariate Cox regression analyses, chi-squared and Fisher’s exact
tests. In addition, we collected 20 paired CRC tissue and adjacent normal colorectal tissue samples for
validation by quantitative real-time polymerase chain reaction (QRT-PCR). GSEA was performed to
evaluate the biofunction and pathways of SYPL2 in CRC.

Research results

SYPL2 expression was significantly lower in CRC tissue samples than in normal colorectal tissue
samples. High SYPL?2 levels in CRC tissues correlated significantly with LNM and worse prognosis.
High SYPL2 expression was an independent risk factor for overall survival in both univariate and
multivariate Cox regression analyses. SYPL2 expression correlated significantly with the expression of
KDR and high SYPL2 expression was correlate with the response to bevacizumab treatment. Higher
SYPL2 expression was associated with the enrichment of CD8 T-cells and MO macrophages. GSEA

WJGO | https://www.wjgnet.com 2134 November 15,2022 | Volume14 | Issuell |



Jaishideng®

Zhao ZX et al. SYPL2 LNM CRC

revealed that SYPL2 was associated with the regulation of epithelial cell migration, vasculature
development, pathways in cancer, and several vital tumor-related pathways.

Research conclusions
SYPL2 expression was lower in CRC than in adjacent normal tissue. However, high SYPL2 expression
was significantly associated with lymph node metastases and poorer survival.

Research perspectives

The SYPL2 gene expression and the correlations between clinical variables, prognosis were analyzed by
multiple public and online databases. Furthermore, we collected 20 paired CRC tissue and adjacent
normal colorectal tissue samples for validation by qRT-PCR.
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Abstract

BACKGROUND

Several genes, important for development, are reduced or silenced in adulthood,
and their abnormal expression has been related to the occurrence and deve-
lopment of malignant tumors. Human sine oculis homeobox homolog (SIX) pro-
teins belong to the homeobox family and play important roles in the development
of different organs. Importantly, SIXs are predicted to have chromatin-binding
and DNA-binding transcription factor activity with reported roles in cancers.
However, a comprehensive analysis of SIXs in colorectal cancers (CRCs) has not
been performed.

AIM

To explore the expression pattern of six SIX proteins in CRCs and their re-
lationship with the clinicopathological parameters of CRC patients as well as
investigate the potential utilization of SIXs as novel prognostic indicators in CRCs.

METHODS

The expression level of SIXs in normal tissues of different organs and related
cancerous tissues was analyzed in the Human Protein Atlas. Kaplan-Meier Plotter
and GEPIA2 were used to analyze the prognostic values of SIXs. To analyze the
potential signaling pathways with SIX family involvement, LinkedOmics was
used to perform Gene Ontology and Kyoto Encyclopedia of Genes and Genomes
analyses of SIX4-related genes. Subsequently, immunohistochemical experiments
were performed on CRC tissues and adjacent normal tissues, and we examined
the SIX4 expression level in 87 pairs of patients with tissue microarray. The
relationship between SIX4 and clinicopathological parameters in CRC patients
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was tested using the y? test and Fisher’s exact probability to verify the results of the database
analysis.

RESULTS

The RNA levels of SIX1-4 and SIX6 were relatively low in normal human tissues, while SIX5 was
highly expressed at both the RNA and protein levels. However, the protein level of SIX4 was
found to be elevated in various malignancies. In CRC tissues, SIX1, SIX2 and SIX4 were elevated in
cancer tissues compared with adjacent normal tissue. Among all SIXs, a high level of SIX4 was
found to be associated with poor overall and disease-free survival in patients with CRC. For
different clinicopathological parameters, increased SIX4 expression was positively correlated with
advanced CRC. The top 50 SIX4-related genes were involved with oxidative phosphorylation and
the respiratory chain signaling pathways.

CONCLUSION

The current results provided a comprehensive analysis of the expression and prognostic values of
SIX family members in CRC. Among different SIXs, SIX4 plays an oncogenic role in CRC to
promote the development of malignancy. In CRC, SIX4 mRNA and protein expression is higher
than that in normal tissues and associated with shorter CRC patient survival, suggesting that SIX4
may be a potential therapeutic target for treatment of CRC patients.

Key Words: Sine oculis homeobox homolog; Colorectal cancer; Development; Treatment; Expression;
Prognostic indicator

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study systematically analyzed the expression pattern and prognostic value of sine oculis
homeobox homolog (SIX) family members in colorectal cancer (CRC). It was found that the expression of
SIX4 in CRC tissues positively correlated with the development of CRC and negatively correlated with
overall survival. The top 50 SIX4-related genes were involved with oxidative phosphorylation and the
respiratory chain signaling pathways. SIX4 may be a novel and potential therapeutic target for CRC.

Citation: Fang ZX, Li CL, Wu Z, Hou YY, Wu HT, Liu J. Comprehensive analysis of the potential role and
prognostic value of sine oculis homeobox homolog family in colorectal cancer. World J Gastrointest Oncol 2022;
14(11): 2138-2156

URL: https://www.wjgnet.com/1948-5204/full/v14/i11/2138 . htm

DOI: https://dx.doi.org/10.4251/wjgo.v14.i11.2138

INTRODUCTION

Although the study of early human development is limited due to the small number of samples, it is
well known how the genome activates or silences transcriptional programs to govern organ formation
[1]. Gerrard et al[2] focused on histone modifications during human organogenesis and found that key
developmental gene sets are actively repressed outside of the appropriate organ. Interestingly, the
abnormal expression of organogenesis-related genes at inappropriate developmental stages has been
reported in different diseases, especially malignant tumors[3].

Human sine oculis homeobox homolog (SIX) proteins comprise a group of six family members that
act as key regulators of organogenesis in the kidney, limbs, eye, brain and craniofacial structure[4-7].
Defects in these genes result in hypoplastic disorders, such as autosomal dominant deafness type 23,
branchiootic syndrome type 3, holoprosencephaly type 2, branchiootorenal syndrome type 2 and
isolated microphthalmia with cataract type 2[8-12].

Colorectal cancer (CRC) is ranked third in incidence among malignant tumors worldwide and is the
second leading cause of cancer-related mortality[13]. In China, the annual average increase of new CRC
cases has been estimated to be 4.2%[14]. Although sex and regional differences are reported to be the
prognostic factors for CRC patients[15], the etiology of CRC oncogenesis and development is still
complex and unclear. The high mortality of patients with CRC and the limitations of the traditional
tumor-node-metastasis staging emphasize the need to explore key genes closely associated with CRC
development and prognosis[16].

Unsurprisingly, abnormal SIX levels have been reported to participate in the regulation of human
cancers. Several studies report that mutations or aberrant expression of the SIX family play an important
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role in colorectal tumorigenesis through multiple processes, such as transformation, proliferation,
angiogenesis, migration and metastasis[17-19]. Song et al[20] showed that SIX1 was highly expressed in
CRC patients who have short overall survival (OS) and enhances proliferation and migration of CRC
cells through activation of Wnt/f-catenin signaling. Human SIX2 levels are higher in non-metastatic
CRC, and targeting this gene can modulate CRC metastasis and immunity, thereby improving the
survival of CRC patients[18]. In glioblastoma, where SIX3 is transcriptionally silenced by DNA
hypermethylation, SIX3 functions as a tumor suppressor[21], and SIX4 promotes development and
progression in CRC through the PI3K-AKT signaling pathways[17]. SIX5 is an important paralog of SIX4
and promotes lung adenocarcinoma progression through transcriptional activation of LINC01468 and
its downstream pathways[22], and SIX5 cooperates with hypoxia-induced EYA3 and P3000 to mediate
tumorigenesis and cancer progression[19]. However, SIX6 is poorly studied in CRC than in other tumor
types. Hence, the current study conducted a comprehensive evaluation of the potential roles of SIX
family members and provided novel therapeutic targets for further investigation.

MATERIALS AND METHODS

The expression levels of SIXs in normal tissues and different types of cancers

The Human Protein Atlas (HPA) (https://www.proteinatlas.org/), a rich resource database with more
than 5000 types of human protein expression data and high-definition images of human normal and
cancerous cells[23], was used to obtain and analyze the mRNA and protein levels of SIX family
members in normal tissues and different types of cancers. RNA expression levels were evaluated using
consensus normalized expression (NX) combined with three transcriptome datasets (HPA, GTEx and
FANTOMS), as described before[24]. RNA expression was divided into four levels: Not detected (NX <
1), low expression (1 < NX < 15), medium expression (15 < NX < 30) and high expression (NX > 30)[24].
Similarly, protein expression was also categorized into four groups: Negative (-), low expression (+),
medium expression (++) and high expression (+++). The Cancer Genome Atlas (TCGA) datasets were
evaluated through the Tumor Immune Estimation Resource 2.0 online resource (http://timer.ci
strome.org/) for pan-cancer analysis[25] and the UCSC Xena database (https://genome-can
cer.ucsc.edu/)[26] for colon and rectal adenocarcinomas and related normal tissues.

The prognostic values of SIXs in patients with CRC

Kaplan-Meier Plotter (http://kmplot.com/analysis/), a dataset containing gene expression and survival
of cancer patients[27], was assessed for the prognostic value regarding OS of SIXs in patients with CRC.
For disease-free survival (DFS) analysis, GEPIA2 (http:// gepia2.cancerpku.cn/) information, containing
9736 tumors and 8587 normal samples[28], was used to detect the correlation between SIX levels and
DFS in CRC patients.

Signaling pathways involving SIX4

LinkedOmics (http://www .linkedomics.org), a multi-omics dataset that includes data from 32 TCGA
tumor types and 10 clinical proteomic tumor analysis cohorts[29], was used to predict potential SIX4-
related genes and explore their related signaling pathways through the Kyoto Encyclopedia of Genes
and Genomes (KEGG) and Gene Ontology (GO) analyses. The LinkFinder module in the LinkedOmics
dataset was applied to analyze the correlation between the expression level of SIX4 and clinicopatho-
logical parameters of CRC patients.

Patient information and ethics statement

A tissue microarray with 87 matched primary colon cancer tissues and their corresponding adjacent
normal colon tissue samples and 6 extra samples of cancer cases were purchased from the Shanghai
OUTDO Biotech Company (Shanghai, China). This study was approved by the Ethics Committee of
Shantou University Medical college (SUMC-2022-045).

Immunohistochemistry

Immunohistochemical staining of SIX4 was performed as described previously[30]. Deparaffinization in
xylene, hydration in graded alcohols and epitope retrieval by microwaving in EDTA (Fuzhou Maixin
Biotechnology Development Co. LTD, Fuzhou, China) was conducted sequentially on the tissue
microarray slide. After blocking endogenous peroxidase with 3% H,O,, the slide was incubated with
anti-SIX4 antibody (dilution: 1:400, bs-17503R, Bioss, China,) at 4 °C overnight. Stained tissues were
mounted by nuclear counterstaining with hematoxylin for visualization.

The sections were visualized and evaluated independently under a bright-field microscope
(PerkinElmer Vectra, PerkinElmer, United States) by two investigators with no prior knowledge of the
patient information. For evaluating SIX4 expression, the staining intensities with colorless, light yellow,
brown yellow and dark brown were labeled as 0, 1, 2 and 3, respectively, while the percentage of
positive cells corresponding to 0%, 1%-25%, 26%-50%, 51%-75% and 76%-100% were recorded as 0, 1, 2,
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Table 1 Expression levels of sine oculis homeobox homolog family members in human normal tissues

SIX1 SIX2 SIX3 SIX4 SIX5 SIX6
Organs
RNA Protein RNA Protein RNA Protein RNA Protein RNA Protein RNA Protein

Cerebral cortex + - + NE ++ NE + NE + + _ _
Thyroid gland + - + NE - NE + NE o+ 4+ _ _
Lung + - + NE - NE + NE + o - -
Esophagus + - + NE - NE + NE + + - -
Stomach ¥ - + NE - NE + NE ++ -+ - -
Colon/rectum - - + NE - NE + NE T+ ++ _ _
Liver - - - NE - NE + NE ++ ++ o -
Pancreas + + + NE + NE + NE 44+ + _ _
Kidney - - + NE + NE + NE ++ ++ - -
Urinary bladder + + + NE - NE + NE ++ ++ _ _
Testis + ++ + NE + NE + NE + ++ + =
Prostate + ++ + NE - NE + NE T+ ++ _ _
Ovary + - + NE - NE + NE +++ o - -
Endometrium - - + NE - NE + NE i ++ _ _
Uterine cervix + +++ + NE + NE + NE I _ _ _
Breast F - + NE + NE + NE -+ -+ - -
Skin - - + NE - NE + NE + - - -
Lymph node Sz - iz NE iz NE - NE * - - -
Bone marrow - - - NE - NE + NE + - - -

-: Not detected; +: Low levels; ++: Medium levels; +++: High levels; NE: Not examined; SIX: Sine oculis homeobox homolog.
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3 and 4, respectively. The final staining score for SIX4 expression was calculated as the sum of staining
intensity and percentage of positive cells and divided into low (0-4) and high (5-7) expression groups.

Statistical analyses

SPSS 25.0 statistical software was used to do the statistical analyses. The relationship between
expression levels of SIX4 in 87 paired CRC and paracancerous tissues was performed using the y? test. A
total of 93 case numbers from the tissue microarrays were recruited to analyze the relationship between
SIX4 and clinicopathological parameters of CRC patients using the y* or Fisher’s exact probability test.
To investigate the prognostic value of SIX4 in CRC patients, the Kaplan-Meier survival curve and log-
rank test were used. The difference was considered statistically significant at P < 0.05.

RESULTS

Expression of SIXs in normal tissues

As shown in Table 1, the results from the HPA database revealed that in normal tissues, SIX1-4 and SIX6
were expressed at relatively low levels, except for SIX1 in the testis, prostate and uterine cervix. SIX5
RNA and protein were highly expressed in the thyroid gland, stomach, colon/rectum, kidney, urinary
bladder, prostate, endometrium and breast tissues. The protein levels of SIX2-4 have yet to be examined.

Expression of SIXs in different types of malignant tumors

To explore the different expression patterns of SIXs in normal and malignant tissues, the expression
levels of SIXs in different types of malignant tumors was collected from the HPA (Table 2). Interestingly,
the levels of SIX1-3 and SIX6 were still relatively low in different types of cancers, except for SIX1 in
prostate, cervix uterine and breast cancers. It was found that the RNA levels of SIX5 were low, but the
protein levels of SIX5 were quite high in cancers of the thyroid gland, prostate, ovary and breast and
moderately in cancers of the colon/rectum, liver and endometrium. Although there is still no data on
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Table 2 Expression levels of sine oculis homeobox homolog family members in different types of malignant tumors

SIX1 SIX2 SIX3 SIX4 SIX5 SIX6
Organs
RNA Protein RNA Protein RNA Protein RNA Protein RNA Protein RNA Protein

Cerebral cortex - - - NE - NE - - - - - -
Thyroid gland + - + NE + NE + +++ + +++ + -
Lung + + + NE + NE + + + + + -
Esophagus - - - NE - NE - = = - -
Stomach - - + NE + NE + - + + + R
Colon/rectum + - + NE + NE + ++ + ++ + -
Liver + - + NE + NE + ++ + ++ + _
Pancreas + +* + NE + NE + + + ++ + -
Kidney + - + NE + NE + + + + + -
Urinary bladder + - + NE + NE + + + + + _
Testis + - + NE + NE + + + + + -
Prostate F ++ + NE + NE + ++ + o+ + -
Ovary + - + NE + NE + + + +++ + +
Endometrium + + + NE + NE + + + ++ + _
Cervix uterine + ++ + NE + NE + T+ + + + _
Breast + ++ + NE + NE + e+ + e+ + -
Skin - - - NE = NE - +++ - - - -
Lymph node - - - NE = NE = + - - - -
Bone marrow - - - NE - NE - - o o -

-: Not detected; +: Low levels; ++: Medium levels; +++: High levels; NE: Not examined; SIX: Sine oculis homeobox homolog.
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the protein level of SIX2 and SIX3, the protein level of SIX4 has been evaluated in a series of studies and
found to be high in cancers of the thyroid gland, breast and skin, moderately in cancers of the
colon/rectum, liver, prostate and uterine cervix and low in cancers of the lung, pancreas, kidney,
urinary bladder, testis, ovary, endometrium and lymph node.

To confirm the above findings, the Tumor Immune Estimation Resource 2.0 with TCGA datasets was
used to evaluate the expression of SIXs in different cancerous tissues and corresponding normal tissues
(Figure 1). SIX1 and SIX4 were highly expressed in almost all types of cancer tissues compared with
their corresponding normal tissues (P < 0.001), except for SIX1 in head and neck squamous cell
carcinoma, kidney renal papillary cell carcinoma and thyroid carcinoma and SIX4 in kidney renal clear
cell carcinoma, kidney renal papillary cell carcinoma and thyroid carcinoma. In contrast, almost no
difference was found in the expression of SIX6 in cancers, except for lung adenocarcinoma and lung
squamous cell carcinoma (P < 0.05). The expressions of SIX2, SIX3 and SIX5 were inconsistent in the
different types of cancer tissues compared with their corresponding normal tissues.

SIX1, SIX2 and SIX4 were highly expressed in CRC tissues compared with normal tissues

The expression patterns of SIXs in CRC were verified with the UCSC Xena database (Figure 2). In TCGA
colon and rectal cancer cohort (1 = 736), the expression of SIX1, SIX2 and SIX4 in CRC tissues was higher
than that in normal tissues (P < 0.001), while no significant difference was found for the levels of SIX3
and SIXe.

Prognostic value of SIXs in CRC patients

To estimate the prognostic function of SIXs in CRC patients, OS and DFS were analyzed. CRC patients
with high SIX4 levels had poor OS, with hazard ratio = 2.28 (1.04-4.99), predicting a potential oncogenic
role for SIX4 in CRC development (Figure 3). Although no statistical significance was found for the
other SIXs, CRC patients with high SIX1 or SIX5 tended to display poor OS, and the hazard ratio was
predicted to be 2.11 (0.96-4.6) and 2.54 (0.94-6.86), respectively.
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Figure 1 Sine oculis homeobox homologs in different cancerous tissues and corresponding normal tissues

; F: SIX6. 2P < 0.05, °P < 0.01, °P < 0.001.

Estimation Resource 2.0 database. A: Sine oculis homeobox homolog (SIX)1; B: SIX2; C: SIX3; D: SIX4; E: SIX5

SIX: Sine oculis homeobox homolog; TPM: Transcript count per million.
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Figure 2 Expression of sine oculis homeobox homolog family members in The Cancer Genome Atlas colon and rectal cancer tissues in

the UCSC Xena database. Red: Normal tissue; Blue: Cancerous tissue. One-way analysis of variance was utilized for statistical significance. °P < 0.001. SIX:
Sine oculis homeobox homolog; TCGA: The Cancer Genome Atlas.
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Figure 3 Overall survival of colorectal cancer patients estimated by individual expression of sine oculis homeobox homolog family
members. A: Sine oculis homeobox homolog (SIX)1; B: SIX2; C: SIX3; D: SIX4; E: SIX5; F: SIX6. HR: Hazard ratio; SIX: Sine oculis homeobox homolog.
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As shown in Figure 4, only the SIX4 expression level was found to be associated with progression of
CRC. High levels of SIX4 in CRC patients predicted short DFS, indicating that the expression of SIX4
might promote the recurrence or relapse of CRC. Interestingly, CRC patients with high SIX1 or SIX5 also
tended to have short DFS but were without statistical significance. As of now, no results have been

collected for SIX6.
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Table 3 The etiological and demographic information of colorectal cancer patients

Characteristic

Patients, n (M/F) 93 (44/49)

Type of tumor (colon tumor/ others) 93 (93/0)

age in yr, mean # SD (range) 67.7 9.8 (43-90)
Histologic type, 1 (carcinoma/adjacent) 93 (93/87)
Pathological stage,  (I/11/1II) 93 (1/77/15)
Primary tumor, n (T1/T2/T3/T4)" 92 (1/4/70/15)
Lymph node status, n (N0/N1/N2) 93 (58/26/9)
Survival state, 1 (life/ death) 93 (48/45)

One patient with an undetected primary tumor was excluded.
F: Female; M: Male; SD: Standard deviation.

Table 4 Expression of sine oculis homeobox homolog 4 in colorectal cancer tissues and paired adjacent tissue

Tissue type n Low (%) High (%) X Pvalue
Adjacent tissues 87 60 (69.0) 27 (31.0) 22.10 <0.0001
CRC tissues 87 29 (33.3) 58 (66.7)

CRC: Colorectal cancer.

Table 5 Relationship between the expression of sine oculis homeobox homolog 4 and clinicopathological parameters of colon cancer

patients

SIX4 expression

Clinicopathological parameter n X P value
Low High

Age

<60 yr 22 10 (45.5%) 12 (54.5%) 1.558 0.2120

> 60 yr 71 22 (31.0%) 49 (69.0%)

Sex

Male 44 17 (38.6%) 27 (61.4%) 0.6614 0.4161

Female 49 15 (30.6%) 34 (69.4%)

Maximum tumor diameter"

<5cm 37 13 (35.1%) 24 (64.9%) 0.0034 0.9563
25cm 55 19 (34.5%) 36 (65.5%)

Pathological stage

I-II 78 29 (37.2%) 49 (62.8%) - 0.2470
it 15 3 (20.0%) 12 (80.0%)

Primary tumor

T1-T2 5 2 (40.0%) 3 (60.0%) 0.0696 0.9658
3 70 24 (34.3%) 46 (65.7%)
T4 17 6 (35.3%) 11 (64.7%)
N
NO 58 24 (41.4%) 34 (58.6%) 3318 0.0685
Buishidenge WJGO | https://www.wjgnet.com 2146 November 15,2022 | Volume14 | Issuell |
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35 8 (22.9%) 27 (77.1%)

One patient with an undetected primary tumor was excluded.

SIX: Sine oculis homeobox homolog.

Jaishideng®

SIX4-related signaling pathways

The above results indicated that SIX4 could have a potential oncogenic role in CRC. Therefore, further
investigation was conducted to delineate potential roles. Potential SIX4-related genes were collected
through LinkedOmics (Figure 5A), and the top 50 positively- and negatively-correlated genes were
recruited for KEGG and GO analysis to identify related signaling pathways (Figures 5B and C).

In Figure 6, the top 50 positively- and negatively-correlated genes were analyzed. KEGG analysis
revealed that SIX4-related genes were mainly involved in oxidative phosphorylation, peroxisome,
pyruvate metabolism and carbon metabolism pathways (Figure 6A). For biological process annotation,
SIX4-related genes were associated with mitochondrial respiratory chain complex assembly,
mitochondrial gene expression, NADH dehydrogenase complex assembly and tricarboxylic acid
metabolic process (Figure 6B). In cellular component analysis, the respiratory chain was the significant
category for SIX4-related genes (Figure 6C), whereas for molecular function, structural constituent of
ribosome and rRNA binding were found to be associated with SIX4-related genes (Figure 6D).

Relationship between SIX4 mRNA level and clinicopathological parameters of CRC patients

Using the LinkFinder module in the LinkedOmics dataset, expression of SIX4 was found to be positively
related to tumor size and lymph node metastasis in CRC, meaning that the progression of CRC may be
driven by high expression of SIX4 (Figures 7A and B). However, no association was found between SIX4
expression and CRC patient metastasis status (Figure 7C). Importantly, considering the progression of
CRC, the expression of SIX4 was positively correlated with the stage of CRC patients, consistent with
the results for tumor size and lymph node status (Figure 7D).

The etiological and demographic information of CRC patients

The tissue microarray included 93 colon cancer patients, 87 of whom had corresponding adjacent tissue
(Table 3). There were 44 male patients and 49 female patients. The average age of the patients was 67.7 *
9.8 years-old. Among the pathological stages, stage II patients accounted for the largest proportion
(82.8%). Most patients did not have lymph node metastasis. During long-term follow-up, 45 of the
patients died of CRC.

SIX4 was highly expressed in CRC compared with adjacent normal tissues

As an important transcription factor involved in development, SIX4 was predicted to be subcellularly
located mainly in the nucleus but also in the cytosol. Immunohistochemical staining confirmed the
subcellular location of SIX4 (Figure 8). The protein level of SIX4 was consistently high in CRC tissues
compared with adjacent normal tissues (P < 0.0001) (Table 4).

SIX4 protein tends to promote lymph node metastasis in CRC patients

Further analysis of the expression pattern of SIX4 was conducted in 93 CRC patients (Table 5). However,
no statistical significance was found between SIX4 levels and clinicopathological parameters, such as the
onset age, sex, primary tumor characteristics and lymph node status (P > 0.05). Although no difference
was found, the percentage of patients with high SIX4 levels tended to be increased at advanced
pathological stage, while high expression of SIX4 tended to promote lymph node metastasis, which is
similar to the results from analysis of SIX4 mRNA levels.

SIX4 protein level is a predictor of poor OS for CRC patients

Survival analysis, based on the expression level of SIX4, was also conducted in 93 CRC patients
(Figure 9). Unsurprisingly, high levels of SIX4 predicted poor OS for patients with CRC, suggesting that
the SIX4 level is negatively correlated with the survival of CRC patients (P = 0.0263).

DISCUSSION

The SIX family members were originally identified as members of the homeobox family, SIX subfamily
and are required for organogenesis during human development. Previous reports have demonstrated
that members of the SIX family not only regulate progenitor cell proliferation and differentiation but
also contribute to tumorigenesis[31]. In this study, bioinformatics was used to comprehensively analyze
the expression and clinical significance of the SIX family in CRC.
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Figure 4 Disease-free survival of colorectal cancer patients estimated by individual expression of sine oculis homeobox homolog family
members. A: Sine oculis homeobox homolog (SIX)1; B: SIX2; C: SIX3; D: SIX4; E: SIX5. SIX: Sine oculis homeobox homolog.
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Members of the SIX family are homologs of the Drosophila sine oculis, optix and Dsix4 genes, which
play important roles in organ formation and mesoderm derivatives in Drosophila[32]. Interestingly, the
genes encoding SIXs are located at three loci:14q23.1 for SIX1, SIX4 and SIX6, 2q21 for SIX2 and SIX3 and
19q13.32 for SIX5, although they can be divided into three subgroups (SIX1 and SIX2, SIX3 and SIX6 and
SIX4 and SIX5) based on their SIX-type homeodomains and SIX domains[33]. All SIX proteins are
predicted to have DNA-binding transcription factor and chromatin-binding activity[34].

SIX1 has been reported to be a strong factor for many diseases, with important roles in tumorigenesis
[35]. Jiang et al[36] showed that SIX1 was highly expressed in gastric cancer patients who have short OS
and is the target by which the ginsenocide Rh4 suppresses metastasis of gastric cancer through
inhibition of the SIX1-stimulated transforming growth factor-p/Smad2/Smad3 signaling pathway. The
transforming growth factor-p/Smad2/3 signaling pathway also has been found to be the downstream
target of SIX2, which is strongly expressed in hepatocellular carcinoma and negatively related to the
prognosis of hepatocellular carcinoma patients[37].

In glioblastoma, where SIX3 is transcriptionally silenced by DNA hypermethylation, SIX3 functions
as a tumor suppressor. Elevated expression of SIX4 has been found in human hepatocellular carcinoma
and to be positively correlated with loss of tumor encapsulation, microvascular invasion, higher tumor-
node-metastasis stage and poor prognosis[38]. SIX5 is an important paralog of SIX4 and promotes lung
adenocarcinoma progression through transcriptional activation of LINC01468 and its downstream
pathways[22]. In T cell acute lymphoblastic leukemia, SIX6 has been shown to belong to a relevant
regulatory transcription factor in T cell acute lymphoblastic leukemia to regulate gene networks[39].
However, research about the function of the SIX family members is still limited, especially for the novel
family members.

The present study systematically analyzes the expression pattern of SIXs in normal and cancerous
tissues. It is interesting that the expression level of SIXs is relatively low in a majority of organs,
indicating they are relatively silent or suppressed in adults. In contrast, the expression of SIX1, SIX2 and
SIX4 was found to be higher in CRC than in corresponding normal tissues, based on analysis of the
UCSC Xena database, while the expression levels of SIX3 and SIX6 were not significantly different.
Further survival analysis, using Kaplan-Meier Plotter, showed that the OS and DFS of CRC patients
with high SIX4 expression were significantly worse, and there was no significant difference in other
members. Previous studies simply demonstrated that SIX4 promoted the development of CRC cells by
activating the PI3K-AKT pathway at the cellular level. To better understand the functional mechanism
of SIX4, we used the LinkedOmics database to show that SIX4 expression was positively correlated with
clinical stage, T stage and N stage in CRC, and the top 50 SIX4-related genes were involved in oxidative
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Figure 5 Sine oculis homeobox homolog 4-associated genes. A: All associated genes; B: Top 50 positively-correlated genes; C: Top 50 negatively-

correlated genes. SIX4: Sine oculis homeobox homolog 4.
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Figure 6 Kyoto Encyclopedia of Genes and Genomes and Gene Ontology analyses of sine oculis homeobox homolog 4-associated

genes. A: Kyoto Encyclopedia of Genes and Genomes; B: Biological process; C: Cellular component; D: Molecular function.
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Figure 7 Relationship between sine oculis homeobox homolog 4 level and clinicopathological parameters of colorectal cancer patients.
A: Tumor size; B: Lymph node status; C: Metastasis; D: Stage. SIX: Sine oculis homeobox homolog.
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Figure 8 Representative sine oculis homeobox homolog 4 staining in colorectal cancer and adjacent normal tissues from a patient. A:
Colorectal cancer tissue; B: Adjacent normal tissue.

phosphorylation and respiratory chain signaling pathways, suggesting that SIX4 is involved in
promoting the growth and metastasis of CRC.
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Figure 9 Kaplan-Meier analysis of sine oculis homeobox homolog 4 expression on overall survival of colorectal cancer patients. SIX: Sine
oculis homeobox homolog.
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CRC threatens the health and life quality of patients and needs more specific therapeutic targets and
novel treatment strategies[40]. Using different databases, the expression of SIX4 was found to be
increased in CRC tissues compared with adjacent normal ones. As a transcription factor, abnormal
increases in SIX4 may enhance the expression of downstream oncogenes, such as AKT, YAP1 and c-
MET([38,41]. SIX4 promotes activation of the STAT3 signaling pathway in breast cancer and plays an
important role in epithelial-mesenchymal transition. Furthermore, SIX4 has been reported to play a
carcinogenic role in CRC by activating the Akt signaling pathway[17]. KEGG and GO annotation
predicted SIX4 and its correlated genes to be involved in oxidative phosphorylation, respiratory chain
and metabolism, which are also related to classical signaling pathways, including AKT and YAP1.
Therefore, the Akt signaling pathway is extremely likely to be the mechanism of SIX4-enhanced
development of CRC.

The expression of SIX4 was also evaluated in clinical trials to provide solid evidence for the use of
SIX4 in clinical testing. Significantly, lymph node metastasis was found to be positively associated with
SIX4 level in CRC patients. The development of CRC may be at least partially due to high SIX4
expression and its transcription of downstream genes, subsequently promoting the migratory ability of
tumor cells through the lymph node. As a solid tumor, the recurrence and relapse of CRC could
severely affect patient survival[42]. The present study demonstrated that CRC patients with low SIX4
expression have longer survival, suggesting a novel therapy to inhibit or suppress SIX4 activity would
be useful in prolonging CRC patient survival. This study provides the first comprehensive analysis of
the potential role and prognostic value of the SIX family in CRC. However, the current study is limited
to analyzing the expression and clinicopathological parameters of SIXs in CRC, and the sample size is
relatively limited. Therefore, further in-depth analysis will be conducted in future studies. Although
SIX4 may be involved in oxidative phosphorylation, respiratory chain activity and metabolism, further
studies on these can be investigated.

CONCLUSION

Among the SIX family members, SIX4 was found to be a tumor-promoting factor in the intestinal tract
and could be a prognostic indicator and treatment target for patients with CRC. Further investigation of
novel therapeutic strategies targeting SIX4 in CRC patients could provide important potential for
treatment of CRC.

ARTICLE HIGHLIGHTS

Research background

Human sine oculis homeobox homolog (SIX) protein belongs to the homeobox family, which plays an
important role in different developmental organs, and the abnormal expression of most development-
related genes is closely related to the occurrence and development of malignant tumors. However, no
studies have comprehensively analyzed SIXs in colorectal cancer (CRC).
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Research motivation
SIXs has been found to be closely related to the occurrence and development of cancer. However, there
are few studies on SIXs in CRC. SIXs may become a new potential prognostic indicator of CRC.

Research objectives
To comprehensively analyze the expression and the prognosis of the SIX family in CRC tissues and to
explore the potential role of the SIX family as a new prognostic indicator of CRC.

Research methods

In this study, the RNA and protein expression levels of the SIX family in CRC were analyzed by various
online databases and immunohistochemically. Then the relationship between the SIX family and the
prognosis of CRC was further analyzed. In order to better understand the mechanism of SIX4, the
positive correlation between SIX4 expression and tumor-node-metastasis stage of CRC was analyzed.
Then, the relationship between SIX4 mRNA levels and clinicopathological parameters in CRC patients
was analyzed.

Research results

The expression levels of SIXs in most organs were relatively low in the Human Protein Atlas. UCSC
Xena database analysis showed that the expression levels of SIX1, SIX2 and SIX4 in CRC were higher
than those in corresponding normal tissue. Further survival analysis with Kaplan-Meier Plotter showed
that the relation between poor overall survival and disease-free survival of CRC patients and high SIX4
expression were significant. Using the LinkedOmics database, the expression of SIX4 was positively
correlated with the clinical stage, T stage and N stage of CRC, and the top 50 SIX4-related genes were
involved in oxidative phosphorylation and respiratory chain signaling pathway, suggesting that SIX4
was involved in promoting the growth and metastasis of CRC.

Research conclusions

As a member of the SIX family, SIX4 played a role in promoting tumor development in the intestine,
which may serve as a potential prognostic indicator and therapeutic target for CRC patients. Therefore,
targeting SIX4 may serve as a new therapeutic strategy for CRC patients, providing important potential
for the treatment of CRC.

Research perspectives

This is the first comprehensive analysis of the potential role and prognostic value of the SIX family in
CRC. However, the current research is limited, and future studies need to further explore the oxidative
phosphorylation, respiratory chain activity and metabolism of SIX4 in CRC.
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Abstract

BACKGROUND

Pancreatic adenocarcinoma (PAAD) is a cancerous tumor with an extremely poor
5-year survival rate. The exploration of biomarkers for the diagnosis and
treatment of PAAD is crucial in clinical practice. Kriippel-like factors (KLFs) are
involved in a variety of biological functions in cells. According to multiple
studies, KLF16 behave as an oncogene in prostate, breast and gastric cancers.
However, no research has been done on the significance of KLF16 in PAAD.

AIM
To explore the molecular mechanisms of KLF16 in PAAD.

METHODS

KLF16 was identified in the tumor specimens and normal tissues by GEPIA
database and verified by quantitative real-time PCR (qQRT-PCR). Knockdown or
exogenous expression of KLF16, combined with in vitro and in vivo assays, was
performed to show the functional significance of KLF16. The molecular
mechanism of KLF16 was demonstrated by qRT-PCR, western blotting, immuno-
precipitation assay and flow cytometry.
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RESULTS

We showed that KLF16 was highly expressed in PAAD patients based on the GEPIA database.
KLF16 silencing suppressed while KLF16 overexpression promoted the malignant function of
PAAD cells. Based on RNA sequencing, we discovered that KLF16 potentiated the expression of
SMADG6 in PAAD cells. SMAD®6 transcript abundance was increased and positively correlated with
KLF16 expression in PAAD samples. In addition, inhibiting SMAD6 was able to mitigate the
effects of KLF16 overexpression on PAAD cell processes, suggesting the importance of SMADG6 in
the development of KLF16-triggered PAAD.

CONCLUSION
KLF16/SMADS6 axis might be explored as a therapeutic target for PAAD therapy.

Key Words: KLF16; Pancreatic adenocarcinoma; SMADG6; Tumorigenesis; Therapeutic target

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Our study provided the evidence that KLF16 acted as an oncogene in pancreatic adenocarcinoma
(PAAD). We also identified that SMADG6 served as the downstream substrate of KLF16 and this signaling
cascade has never been reported. This mechanism indicated a novel insight into the pathological events
during the development of PAAD.

Citation: Mi W, Zheng Z, Lu JD, Duan SQ, Zhang J, Zhang HQ, Ding YX, Yin J, Cao F, Zhang J, Li F. KLF16
promotes pancreatic adenocarcinoma cell proliferation and migration by positively regulating SMAD6. World J
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INTRODUCTION

Pancreatic adenocarcinoma (PAAD) ranks fourteenth in incidence with about 496000 new cases (2.6%)
per year, but seventh in mortality with roughly 466000 (4.7%) deaths per year, according to
GLOBOCAN 2020[1]. Due to its dismal prognosis, experts expect that pancreatic cancer will rank third
in terms of fatality by 2025[2]. Currently, the only way to improve the outcomes of this condition is to
diagnose it early[3]. However, since the early signs of PAAD are not well-defined, it is difficult to
diagnose, even when it progresses fast to neighboring organs[4]. As a result, new unique and useful
biomarkers for the diagnosis and prognosis of PAAD are required.

Three zinc finger DNA binding domains distinguish the Kriippel-like factor (KLF) which belongs to
the SP/KLF transcription factor family[5]. KLF binds to GT or GC-rich regions and regulates
transcription as an activator or repressor, depending on the promoter type[6]. The KLF16 gene is located
on chromosome 19 that participates in various cellular activities such as proliferation, metabolism and
death[7]. Various studies on the role of KLF16 in cancer have been published in recent years with mixed
results. It has been reported that KLF16 promoted progression of breast cancer via activating MAGT1
[8]. Ma et al[9] found that KLF16 enhanced colorectal carcinoma progression by modulating nucleolar
homeostasis and translational reprogramming. On the other hand, in some malignancies, KLF16
functions as an oncogenic suppressor. It has been reported that KLF16 suppressed human glioma cell
proliferation and tumorigenesis by regulating TFAM[10]. Nevertheless, understanding the molecular
mechanisms of KLF16 in PAAD is still limited.

MATERIALS AND METHODS

The Cancer Genome Atlas provided clinical samples
A total of 350 cases which encompassed 171 normal and 179 tumor specimens were analyzed from the

database of Gene Expression Profiling Interactive Analysis (GEPIA) (http://gepia.cancer-
pku.cn/index.html) database, which combines the TCGA database and GEO database.

Cell culture
Shanghai Institutes for Biological Sciences (Shanghai, China) provided the AsPC-1 and MIA PaCa-2 cell
lines. Cells were incubated in Eagle’s minimal essential medium (MEM) with 10% fetal bovine serum
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(FBS), in a 37°C incubator supplemented with 5% CO,. L-glutamine and sodium pyruvate were both
supplied by Gibco and added to the medium to ensure constant cell growth.

Quantitative real-time PCR (qRT-PCR)

Cultivated cell lines were lysed in TRIzol (Ambion, Austin, TX, United States). To reverse transcribe 500
ng of RNA template, the Takara PrimeScript RT Reagent Kit was employed. The following primers were
used: KLF16-F: 5'-TGGGCAAACCCTGAAGACA-3' and KLF16-R, 5'-GTTGCACAGATGGGAAGAAA-
3’; SMADG6-F:5"- CCTCCCTACTCTCGGCTGTC-3', and SMAD6-R, 5'- GGTAGCCTCCGTTTCAGTGTA-
3’; and B-actin-F: 5’-CATGTACGTTGCTATCCAGGC-3’, B-actin-R, 5'-CTCCTTAATGTCACGCACGAT-
3’. RT-qPCR was conducted on real-time PCR system (7500 Fast; Life Technologies Holdings Pte Ltd,
Singapore). The expression of targeted genes was adjusted to p-actin.

Knockdown and overexpression assay
Specific small interfering RNAs (siRNAs) targeting KLF16 (siKLF16#1, siKIF16#2) and SMAD6
(siSMADG6#1, siSMAD6#2) and negative controls siRNA (siCtrl) were provided by Genechem
(Shanghai, China). For transient transfection, Invitrogen’s Lipofectamine RNAiMAX transfection
reagent was employed. The sequences used were as follows: siKLF16#1 (5'-GGGUUCUUC-
CAAAGAACAU-3), siKLF16#2 (5'-GGUAUCACGUGACAAUCAA-3), siSMAD6#1 (5'-CCACAT-
TGTCTTACACTGAAA-3"), siSMAD6#2 (5-CTCCATCAAGGTGTTCGACTT-3’) and siCtrl (5'-
UUCUCCGAACGUGUCACGU-3).

KLF16-pCDNA3.1 was overexpressed using Lipofectamine 3000 (Thermo Fisher Scientific, Waltham,
MA, United States). shRNA targeting SMAD6 (shSMAD6) purchased from Genechem (Shanghai, China)
was used for lentiviral transduction.

Western blotting

To lyse the cells, the RIPA lysis buffer (Beyotime, Jiangsu, China) was used. This solution contains the
protease inhibitor cocktail (Roche, Basel, Switzerland). To detect protein amount present in the lysates, a
Bradford reagent manufactured by Sigma was used. After that, 30 pg of protein per row was run on
SDS-PAGE gels and then immunoblotted onto a 0.22 m polyvinylidene fluoride membrane (Roche). The
membranes were incubated for an hour with 5% nonfat milk solution that dissolved in TBST. After
adding primary antibodies against KLF16 (1:1000; sc-377519; Santa Cruz Biotechnology, Dallas, TX,
United States), SMADG6 (1:1000; ab273106; Abcam), and GAPDH (1:1000; ab8245; Abcam), the membrane
was incubated at 4°C overnight. After that, the secondary antibody specific to primary antibody was
added. An Odessey CLx system uncovered evidence of the presence of protein bands (LI-COR, Lincoln,
NE, United States).

Cell Counting Kit-8 and cell colony

The CCK-8 (Beyotime) was applied to determine cell proliferation rate. In all, 1 x 10*transfected cells
were planted in 200 pL complete medium. A total of 20 pL of CCK-8 was used to treat the cells and
cultured for a further two hours at 37°C, followed by OD450 measurement. For cell colony assay, 1.2 x
10° transfected cells were planted in six-well plates with 2 mL of complete media and cultivated for 14 d.
Every 3 d, the medium was replaced. The cells were fixed with methanol and stained with 0.1% crystal
violet (Solarbio, Beijing, China).

Flow cytometry

In a six-well plate, 2 x 10° AsPC-1 and MIApaca-2 cells were planted per well. Flow cytometry was
performed on cells 48 h after transfection with siKLF16#1, siKLF16#2, siCtrl, or KLF16 overexpressed
plasmid and Ctrl plasmid.

A cell cycle staining kit (Cat No. 4040301; Yeasen, Shanghai, China) was used to detect the cell cycle.
The cells were fixed for two hours at 4°C in 75% ethanol. The cells were stained with a staining solution
containing 10 pL propidium iodide and 10 pL RNaseA in a volume of 0.5 mL. The cells were stained for
30 mins at 25°C and then subjected to analysis with the Guava easyCyte HT system (Millipore) after
passing through a screen with a mesh size of 400. The cell cycle was analyzed by a flow cytometry
system.

The Annexin V Apoptosis Detection Kit (Cat No. 88-8007; Invitrogen, Waltham, MA, United States)
was used to examine apoptosis. The cells (1 to 5 x 10°) were collected in 1X binding buffer and were
incubated with staining solution in the dark for 15 min. The samples were analyzed using the Guava
easyCyte HT system (Millipore, Burlington, MA, United States) within 1 h.

Cell migration

5.0 x 10* AsPC-1 or MIApaca-2 cells in 300 pL medium were planted in the upper chambers of 24-well
Corning®FluoroBlokTM Cell Culture Inserts (Corning, NY, United States). The bottom chamber was
added to 600 pL medium which contained 10% FBS. The migrating cells were stained by 0.1% crystal
violet. Images of migrating cells were collected under a microscope.

WJGO | https://www.wjgnet.com 2159 November 15,2022 | Volume14 | Issuell |



Mi W et al. KLF16 tumor biomarker for pancreatic cancer

A

Expression of KLF16 across TCGA cancers (with tumor and normal samples) m Cancer m Normal

Logz (TPM+1)
+
-

==

-
-
=2

]
+-—--
1]
.-
.-
-
e
-
L
- 4
- "
. ]

oo e
-1
oo -

-
-
-~ -
v--- -1
== %
ik
-
) |
-
-
[]
= ==
. ]
- -
.-
[l "
Expression -Logz (TPM+1)
3
|

T=179N=171

C R I R I O L PO P L0 KO L '
@% po @2& 4§~ V\~2~ &v \9% Q‘?Q qu chz ng %‘éz- %4-0 & /\5\ é\v \50(0

TCGA samples

Figure 1 Kriippel-like factor 16 expression in pancreatic adenocarcinoma. A: Expression of Kriippel-like factor (KLF)16 in various The Cancer Genome
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RNA sequencing

RNA sequencing (RNA-seq) was carried out on MIA PaCa-2 cells using the Illumina HiSeq TM 4000
(Illumina, San Diego, CA, United States. The sequencing reads were processed using the Fast-QC
program. The investigation of the signaling pathway was carried out by KEGG after the KLF16
knockdown.

Tumor xenograft

Vital River Company (Beijing, China) provided the Balb/c nude mice (4-6 wk, female). MIA PaCa-2 cells
were subcutaneously implanted into three different groups of nude mice (n = 5). On days 20, 25, 29, 33,
38, and 43, the tumor’s volume was assessed. Tumor volume = 4/3 x 1 x [(length (I) + width (w)) /
4’1, The mice were euthanized after 43 d, and the tumor tissues were surgically removed and studied.
Every experiment that included animals was carried out in compliance with the Principles on the
Protection of Experimental Animals that are outlined by the Beijing Friendship Hospital.

Analysis of the data

Data were presented as mean standard deviation and analyzed by using GraphPad Prism 8.0 software
(La Jolla, CA, United States). When comparing the difference between one or more groups, Student’s ¢
test or one-way ANOVA followed by Tukey’s multiple comparison test was applied. Statistical
significance was considered when P < 0.05.

RESULTS

KLF16 is upregulated in pancreatic adenocarcinoma samples

To examine the functions of KLF16 in PAAD, we interrogated the GEPIA database (http://gepia.cancer-
pku.cn) and assessed the expression of KLF16 across different tumor histocytes. We found that KLF16
was overexpressed in almost all tumors (Figure 1A). More importantly, we found that KLF16 upregu-
lation was observed in 179 PAAD patients compared with 171 healthy subjects (P < 0.05; Figure 1B).

KLF16 regulates pancreatic adenocarcinoma cell proliferation

To examine if KLF16 could influence the progression of PAAD cells, we performed knockdown and
overexpression studies. Firstly, we showed that KLF16 expression was significantly reduced in PAAD
cells transfected with siRNAs against KLF16, indicating that the knockdown was effective (Figure 2A
and 2B). The number of cell colonies and viability of PAAD cells were significantly reduced when
KLF16 was knocked down (Figure 2C-F). Then overexpression experiments were conducted. The results
showed that KLF16 overexpression was successful (Figure 2G and 2H). When KLF16 was overexpressed
in AsPC-1 and MIA PaCa-2 cells, both the cell viability and the number of cell colonies considerably
increased (Figure 2I-L). These findings indicated that KLF16 accelerated the proliferation of PAAD cells.

KLF16 regulates apoptosis and the cell cycle

We then investigated the impact of KLF16 on the PAAD cell cycle as well as the apoptotic process.
Following KLF16 knockdown, an enhanced number of the cells at G0/G1 phase and a reduced number
of the cells at G2/M phase were observed (Figure 3A). When KLF16 was overexpressed in cells, the
opposite effects were found (Figure 3B). Apoptosis in the cells was inhibited after KLF16 overex-
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Figure 2 Kriippel-like factor 16 regulates pancreatic adenocarcinoma cell proliferation. A, B: The efficiency of Kriippel-like factor (KLF)16
knockdown in pancreatic adenocarcinoma (PAAD) cells by (A) gPCR and (B) western blotting. GAPDH used as the internal control; C, D: Cell proliferation of PAAD
cells after KLF16 knockdown. (E, F) Colony numbers of PAAD cells after KLF16 knockdown; G, H: The efficiency of KLF16 overexpression in the cells by (G) gPCR
and (H) western blotting. GAPDH used as the internal control; I, J: Cell proliferation of PAAD cells after KLF16 overexpression by the CCK-8 assay; K, L: Colony
numbers of PAAD cells after KLF16 overexpression by colony formation assay. 2P < 0.05; °P < 0.01; °P < 0.001.

pression, whereas it was significantly promoted by KLF16 downregulation (Figure 3C and 3D).

KLF16 regulates pancreatic adenocarcinoma cell migration

Following that, we investigated whether KLF16 influenced the migration of cells. After KLF16 was
knocked down, the amount of cell migration was dramatically reduced (Figure 4A). When KLF16 was
overexpressed, the number of migrating cells increased (Figure 4B). According to these findings, KLF16
could regulate the migration of the PAAD cell.
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Figure 3 Kriippel-like factor 16 regulates the cell cycle progression and apoptosis in pancreatic adenocarcinoma cells. A, B: Cell cycle
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progression of pancreatic adenocarcinoma (PAAD) cells with (A) Krlippel-like factor (KLF)16 knockdown or (B) KLF16 overexpression; C, D: Cell apoptosis of PAAD
cells with (C) KLF16 knockdown or (D) KLF16 overexpression. 2P < 0.05; °P < 0.01; °P < 0.001.
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Figure 4 Kriippel-like factor 16 regulates pancreatic adenocarcinoma cell migration. A, B: Cell migration of pancreatic adenocarcinoma (PAAD) cells
with (A) knockdown of Kriippel-like factor (KLF16) or (B) overexpression of KLF16 by transwell assay. Bar, 100 ym. °P < 0.01, °P < 0.001.

SMADG participates in the tumor promoting function of KLF16 in pancreatic adenocarcinoma cells
RNA-seq studies were carried out so that we could determine the pathways that KLF16 is responsible
for in the development of PAAD. As shown in Figure 5A, the suppression of KLF16 in MIA PaCa-2 cells
resulted in downregulation and upregulation of several genes. Figure 5B displays the top ten pathways
that were discovered by cluster analysis to be associated with these genes. Autophagy-related genes
were found to be among the most highly upregulated genes, while ribosome-related genes were the
most highly downregulated. A highly expressed SMAD6 gene that had not been characterized before
was found in PAAD. As a result, we investigated the connection between KLF16 and SMAD6. After
KLF16 was either knocked down or overexpressed, respectively, we found that there was either a
considerable rise or reduction in the levels of SMAD6 (Figure 5C and 5D). In addition, SMAD6
expression was increased in PAAD tissues retrieved from the TCGA database (Figure 5E). According to
the findings of the study of correlation, the level of expression of KLF16 was shown to have a positive
association with the level of expression of SMADG6 (r = 0.37; Figure 5F). Collectively, KLF16 promoted
the expression of SMADG6 in PAAD cells and tissues.

SMADG regulated PAAD cell proliferation and migration

Following that, we explored the impact of SMAD6 on PAAD cells. qPCR was used to test the efficiency
of SMAD6 knockdown or overexpression, as shown in Figure 6A. The ability of PAAD cells was
suppressed by SMAD6 downregulation, while it was increased when SMAD6 was overexpressed
(Figure 6B). This oncogenic function of SMAD6 was further validated by the findings that the number of
migrating cells was greatly inhibited by downregulation of SMAD6 (Figure 6C) but was stimulated after
SMADSG6 overexpression (Figure 6D). According to these findings, SMAD6 was responsible for PAAD
cell proliferation and migration.

SMADG6 knockdown rescues the effects of KLF16 overexpression in pancreatic adenocarcinoma cells
To understand how SMADG6 interacted with KLF16 overexpression, we investigated the impact of
SMADG6 knockdown on KLF16-mediated PAAD. The protein level of SMAD6 was moderately elevated
in MIA PaCa-2 cells transfected with KLF16 and was drastically reduced in cells transfected with
KLF16+shSMADG6 (Figure 7A). The viability of MIA PaCa-2 cells improved when KLF16 was overex-
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Figure 5 SMADG is a downstream target of Kriippel-like factor 16 in pancreatic adenocarcinoma. A: Volcano analysis of differentially expressed
genes with Kriippel-like factor (KLF)16 knockdown in MIA PaCa-2 cells by RNA-seq; B: The top 10 pathways or biological processes of upregulated or downregulated
genes; C and D: SMAD6 mRNA and protein levels in pancreatic adenocarcinoma (PAAD) cells with KLF16 knockdown or overexpression. GAPDH used as the internal
control; E: The expression of SMADG6 in PAAD from The Cancer Genome Atlas; F: Spearman relationship between KLF16 and SMADS in PAAD. °P < 0.01; °P < 0.001.

pressed, but SMAD6 knockdown had a significant adverse effect on that viability (Figure 7B). Moreover,
we overexpressed SMADG6 in the KLF16 knockdown AsPC1 cells. SMAD6 was significantly downreg-
ulated in the KLF16 knockdown cells, while the protein level of SMAD6 was rescued after SMAD6
overexpression (Figure 7C). The viability of AsPCl1 cells was impaired when KLF16 was knocked down,
but SMADG6 overexpression had a significant adverse effect on that viability (Figure 7D). In vivo tumor
transplantation investigations validated these results as well, showing that the tumor size and volume
of xenografts increased after KLF16 overexpression in nude mice injected with MIA PaCa-2 cells, but
decreased following SMAD6 knockdown (Figure 7E-G). Overall, SMAD6 knockdown rescued the
effects of KLF16 overexpression in PAAD cells.

DISCUSSION

KLF16 was highly expressed in PAAD patients based on the GEPIA database. KLF16 silencing
suppressed, while KLF16 overexpression promoted the malignant function of PAAD cells. Based on
RNA sequencing, we discovered that KLF16 potentiated the expression of SMAD6 in PAAD cells.
SMADS transcript abundance was increased and positively correlated with KLF16 expression in PAAD
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Figure 6 SMADG regulates pancreatic adenocarcinoma cell malignancy. A: The efficiency of SMAD6 knockdown or SMADG6 overexpression in
pancreatic adenocarcinoma (PAAD) cells by gPCR; B: Cell proliferation of PAAD cells with knockdown or overexpression of SMADG; C, D: The migration capacity of
PAAD cells with (C) SMAD6 knockdown or (D) SMADE overexpression by transwell assay. Bar, 100 um. °P < 0.01; °P < 0.001.
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samples, and inhibiting SMAD6 was able to mitigate the effects of KLF16 overexpression on PAAD cell
processes, suggesting the importance of SMADG6 in the development of KLF16-triggered PAAD.

Pancreatic adenocarcinoma, a very aggressive tumor of the digestive system, is difficult to diagnose
and treat. PAAD is also known as pancreatic ductal adenocarcinoma, a kind of pancreatic cancer that
accounts for the vast majority of cases (95%)[12]. Accumulation of genetic alterations, such as KRAS,
CDKN2A /P16, TP53 and SMAD4 contributes to the progression of PAAD[13,14]. These abnormalities
may be used to develop a novel effective therapy targeting PAAD.

KLFs refer to zinc finger transcription factors involved in various developmental processes through
enhancing and/or repressing the expression of several genes[15]. KLF3, KLF4, KLF12 and KLF15 are
only a few of the KLFs that participate in the formation and advancement of PAAD. KLF3 is a
pancreatic cancer cell growth inhibitor, according to the study conducted by Wan et al[16]. KLF12 was
found to be a miR-137 target and inhibited the cancer stem cell phenotype in pancreatic cancer cells[17].
In contrast, Zhu et al[18] found that downregulated Caveolin-1 by KLF4 maintained pancreatic cancer
epithelial-mesenchymal transition and metastasis. As a member of KLFs, KLF16’s function in PAAD is
less clear. During our research, we observed that pancreatic adenocarcinoma samples and cells had
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Figure 7 SMAD6 knockdown rescues the effects of Kriippel-like factor 16 overexpression on pancreatic adenocarcinoma. (A) Protein levels
of Kriippel-like factor (KLF)16 and SMADG in control (Ctrl), KLF16, and KLF16+shSAMDG cells by western blotting in MIA PaCa-2 cells. GAPDH used as the internal
control; B: Cell viability of Ctrl, KLF16, and KLF16+shSAMD6 cells by CCK-8 assay in MIA PaCa-2 cells; C: Protein levels of KLF16 and SMAD in siCtrl, siKLF16,
and siKLF16+SAMDG cells by western blotting in AsPC-1 cells. GAPDH used as the internal control; D: Cell viability of siCtrl, siKLF16, and siKLF16+SAMDS cells by
the CCK-8 assay in AsPC-1 cells; E: Tumor size from three groups of nude mice that were injection with MIA PaCa-2 cells transfected with Ctrl, KLF16, and
KLF16+shSAMDS, separately; F: Tumor growth curve in three groups; G: Tumor weight among the three groups. NS: Not significant. °P < 0.01; °P < 0.001.
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elevated levels of KLF16. By completing knockdown and overexpression studies on KLF16, we were
able to show that it controlled PAAD cell malignancy. These studies were carried out using PAAD cells.

SMADS6, a member of the SMAD family, was discovered in the 1990s and serves as a key mediator of
the TGF signaling pathway[19,20]. In mammalian cells, eight SMAD have been discovered[21]. SMAD4
Loss predicts poor prognosis in PAAD[14], while SMAD? has been discovered to be adversely regulated
in PAAD[22]. SMAD6 was shown to be downregulated in patients with colorectal cancer[23], while its
upregulation was associated with poor patient survival from lung cancer[24]. Experiments using RNA
sequencing were carried out so that we could determine the specific mechanism by which KLF16 is
involved in the development of PAAD. It has been reported that KLF16 acted as a transcriptional
repressor[25]. In the present study, KLF16 expression was discovered to have a favorable positive
correlation with SMAD6, which was considerably upregulated. In this context, it was suggested that
SMADES is not the directed target gene of KLF16. Hence, the role of KLF16 in regulating SMAD6
expression required further experimentation. Finally, we showed that SMADG6 expression was elevated
in PAAD samples as well. SMAD6 knockdown inhibited PAAD cell proliferation and migration, but
SMADSG6 overexpression increased PAAD cell advancement. In addition, inhibiting SMAD6 in PAAD
cells reversed the effects of KLF16 overexpression. Overall, KLF16 is an oncogenic protein in PAAD that
positively influence SMADG6 expression.

Although this study can fully explain the mechanism of KLF16 on the proliferation and migration of
PAAD cells, the lack of prognosis information of patients makes this study limited to a certain extent. It
will be further verified in human pancreatic cancer tissues in the future, so as to better support the
experimental results and enhance the credibility of the study.

CONCLUSION

The role that KLF16 and SMAD®6 play in PAAD was investigated in this work. Both genes carried out
their oncogenic functions and contributed to the development of PAAD. Furthermore, we identified a
strong correlation between KLF16 and SMAD6 expression levels. KLF16 and SMAD6 appear to have the
potential to act as both a novel prognostic marker and a potential therapeutic target for PAAD, based on
our findings.
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ARTICLE HIGHLIGHTS

Research background
Pancreatic adenocarcinoma (PAAD) is a cancerous tumor with an extremely poor 5-year survival rate.
The exploration of biomarkers for the diagnosis and treatment of PAAD is crucial in clinical practice.

Research motivation

KLF16 behaves as an oncogene in prostate, breast and gastric cancers. However, no research has been
done on the significance of Kriippel-like factor 16 (KLF16) in PAAD.

Research objectives
This study aimed to explore the molecular mechanisms of KLF16 in PAAD.

Research methods

KLF16 was identified in the tumor specimens and normal tissues by GEPIA database and verified by
quantitative real-time PCR (qQRT-PCR). Knockdown or exogenous expression of KLF16, combined with
in vitro and in vivo assays, was performed to show the functional significance of KLF16. The molecular
mechanism of KLF16 was demonstrated by qRT-PCR, western blotting, immunoprecipitation assay and
flow cytometry.

Research results

KLF16 was highly expressed in PAAD patients based on the GEPIA database. KLF16 silencing
suppressed, while KLF16 overexpression promoted the malignant function of PAAD cells. Based on
RNA sequencing, we discovered that KLF16 potentiated the expression of SMADG6 in PAAD cells.
SMADS transcript abundance was increased and positively correlated with KLF16 expression in PAAD
samples. In addition, inhibiting SMAD6 was able to mitigate the effects of KLF16 overexpression on
PAAD cell processes, suggesting the importance of SMAD6 in the development of KLF16-triggered
PAAD.

Research conclusions
KLF16/SMADS axis might be explored as a therapeutic target for PAAD therapy.

Research perspectives
KLF16 and SMAD®6 appear to have the potential to act as both a novel prognostic marker and a potential
therapeutic target for PAAD, based on our findings.
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Abstract

BACKGROUND

Gastric cancer (GC) is a common type of digestive cancer with high morbidity and
mortality rates worldwide. Considerable effort has been expended in under-
standing the mechanism of GC development and metastasis. The current study
therefore explores the involvement of microRNAs in the regulation of GC
progression.

AIM
To explore the expression and function of miR-30e-3p in GC development.

METHODS

MiR-30e-3p was found to be downregulated in GC, with low levels thereof
predicting poor outcomes among patients with GC. Functionally, we revealed that
miR-30e-3p suppressed cell growth and metastatic behaviors of GC cells.
Bioinformatics analysis predicted that THO complex 2 (THOC2) was a direct
target of miR-30e-3p, and the interaction between miR-30e-3p and THOC2 was
further validated by a luciferase reporter assay.

RESULTS

Our findings revealed that knockdown of THOC2 inhibited the growth and
metastatic behaviors of GC cells. After investigating signaling pathways involved
in miR-30e-3p regulation, we found that the miR-30e-3p/THOC2 axis regulated
the PI3K/AKT/mTOR pathway in GC.

CONCLUSION

Our findings suggest the novel functional axis miR-30e-3p/THOC?2 is involved in
GC development and progression. The miR-30e-3p/THOC?2 axis could be utilized
to develop new therapies against GC.

2170 November 15,2022 | Volume14 | Issuell |


https://www.f6publishing.com
https://dx.doi.org/10.4251/wjgo.v14.i11.2170
mailto:lyajundoc@126.com

Jaishideng®

Gu X] et al. MiR-30e-3p/ THOC?2 axis in gastric cancer

Key Words: Gastric cancer; MiR-30e-3p; THO complex2; PI3K/AKT/mTOR signaling

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Gastric cancer (GC) is a common digestive cancer with high morbidity and mortality rates
worldwide. Considerable effort has been expended in understanding the mechanism of GC development
and metastasis. Given that microRNAs have been found to participate in the regulation of GC progression,
we explored the expression and function of miR-30e-3p in GC development and revealed that knockdown
of THO complex 2 (THOC?2) inhibited the growth and metastatic behaviors of GC cells. After invest-
igating signaling pathways involved in miR-30e-3p regulation were investigated, we found that the miR-
30e-3p/THOC?2 axis regulated the PI3K/AKT/mTOR pathway in GC.

Citation: Gu XJ, Li YJ, Wang F, Ye T. MiR-30e-3p inhibits gastric cancer development by negatively regulating
THO complex 2 and PI3K/AKT/mTOR signaling. World J Gastrointest Oncol 2022; 14(11): 2170-2182

URL: https://www.wjgnet.com/1948-5204/full/v14/i11/2170.htm
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INTRODUCTION

Gastric cancer (GC) is a common type of digestive cancer with high morbidity and mortality rates
worldwide[1]. Helicobacter pylori (H. pylori) infection has been considered the most significant risk factor
for GC, especially in China[2,3]. Nonetheless, the incidence of GC has substantially declined with
improvements in the treatment of H. pylori infection over the past decades[4]. Technical advances of
diagnosis and therapy improve the survival of patients with GC[5,6]. However, the prognosis remains
unsatisfactory as patients with GC are mostly diagnosed at later stages and develop drug-resistance
after treatment. Thus, it is essential to understand the tumorigenesis of GC and identify novel early
diagnostic biomarkers and therapeutic targets for its treatment.

MicroRNAs (miRNAs) are small non-coding RNAs that participate in various biological processes[7].
Mounting evidence has shown that miRNA regulates tumorigenesis of multiple cancers, including GC
[8,9]. MiRNAs exert their functions in GC development and metastasis by modulating tumor cell
growth and malignancy[10]. For instance, miR-181a acts as an oncogenic miRNA in GC by negatively
regulating caprin-1 expression, and overexpression of miR-181a predicts poor patient survival[11]. In
contrast, microRNA profiling has identified that miR-6165 is a tumor suppressor and inhibits GC
progression by regulating STRN4[12]. Moreover, miRNAs can be utilized as biomarkers for GC
diagnosis and patient prognosis[13]. Our preliminary screening identified low miR-30e-3p expression in
GC tissues. It has been reported that miR-30e-3p suppressed clear cell renal cell carcinoma (ccRCC)
development and metastasis via targeting snail 1[14]. Nevertheless, the function of miR-30e-3p in GC
has yet to be studied.

THO complex 2 (THOC?2) is an RNA-binding protein involved in mRNA export, genomic stability,
and mitotic progression[15]. THOC?2 is essential for the early embryonic development of zebrafish[16].
Zhou et al[17] reported that THOC2 serves as an oncogene in melanoma and that knockdown of THOC2
inhibits the growth and metastasis of melanoma. Nevertheless, the function and regulation of THOC2 in
GC remain unclear.

In the current study, we showed that miR-30e-3p was downregulated in GC tissues and cell lines, and
low miR-30e-3p levels predicted unfavorable prognosis in patients with GC. Overexpression of miR-
30e-3p suppressed the malignant behaviors of GC cells by negatively regulating THOC2. We also
confirmed that the miR-30e-3p/THOC2 axis regulated the PI3K/AKT/mTOR pathway in GC. These
findings indicate that miR-30e-3p/THOC?2 could serve as a novel diagnosis biomarker and therapeutic
target for GC treatment.

MATERIALS AND METHODS

Patient tissues

Human GC tissues and matched adjacent tissues (20 pair) were obtained during surgery on patients
with GC at General Hospital of Ningxia Medical University. The primary clinicopathological features of
the patients are summarized in Supplementary Table 1. The tissues were stored in liquid nitrogen until
further use. All tissue samples were validated by two independent pathologists. All patients
participating in the study provided written informed consent. The Institutional Review Board and ethics
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committee of Ningxia Medical University reviewed and approved the protocol.

Cell culture

Human GC cells (MGC803, AGS, MKN45, and BGC-823) and control human GES-1 cells were obtained
from American Type Culture Collection (ATCC, VA, United States) and cultured following the
guidelines provided by ATCC in an incubator at 37 °C and 5% CO,.

Quantitative real-time polymerase chain reaction

RNA from tissue specimens or cells were extracted using Trizol (Thermo Scientific, United States) and
reverse-transcribed into cDNA using the TagMan microRNA RT Kit (Thermo Scientific, United States).
Quantitative real-time polymerase chain reaction (QRT-PCR) was conducted using the PowerUP SYBR
Master Mix (Applied Biosystems, United States). The 224" method was used to calculate the relative
expression of miR-30e-3p or THOC2. The sequences of primers were as follows: miR-30e-3p: 5'-
GCGTCTTTCAGTCGGATGTTTACAGC-3'; COLEC12: 5'-TCTCCTCCGTCAGTAACCGT-3', and 5'-
CAGGCTTGATTGACACTGGC-3'; CNPY2: 5'-GGCCACTCCTATTCTACGGC-3', and 5'-CATCC-
AAAGCCAGAGTGAGC-3'; YTHDF3: 5'-CGAGAAGCAGAGAGCGAGAG-3', and 5'-TACTG-
CTAATGCCAGGCACC-3'; SLC25A33: 5'-TGTGCCTCCTGCATTGCTTA-3/, and 5-TCTGC-AGTTCTA-
GGGCAGGT-3"; NPY2R: 5'-CGAGGTCCAGGTCAGTTGTA-3', and 5'-TACTGTGCGCATGCTCTTGA-
3'; CDKN1B: 5'-AGTGTCTAACGGGAGCCCTA-3', and 5'-AAGAATCGTCGGTTGCAGGT-3';
C200rf202: 5'-GTGCTCTAGTGCTCTGGCAA-3', and 5'-CATCTGTTGTGTGGCCCTCT-3'; THOC2: 5'-
TATGGGCTACTCTGGGCAGT-3/, and 5'-TAAGTCCGGTGGCACTTCAC-3'.

Transfection

MiR-30e-3p mimics (5'-CUUUCAGUCGGAUGUUUACAGC-3"), miR-30e-3p inhibitors (5'-CTGTAAA-
CATCCGACTGAAA-3'), and the relative negative controls (5'-UCACAACCUCCUAGAAA-
GAGUAGA-3') were purchased from GenePharma (Shanghai, China). SiRNA targeting THOC2
(siRNA1: CGAAUUUUUGCAUUUAUGUCG-3', siRNA1: 5-CAUGAUAGUUCAACAUACAGA-3')
and scramble negative control (5'-UUCUCCGAACGUGUCACGUTT-3") were obtained from Gene-
Copoeia (Shanghai, China). Transfection was conducted using FuGene HD (Roche, Switzerland).

Cell growth assays
Cell growth was assessed using a colony formation assay and CCK-8 assay as previously described[18].

Transwell assay

Transwell assay was conducted using a transwell 24-well plate (Corning, United States) with or without
matrigel precoating (BD Bioscience, United States). Cells were suspended in medium without serum
and added into the upper chamber. The bottom chamber was filled with 500 uL complete medium.
After 48 h, the migration or invasive cells were fixed, stained with crystal violet, and then calculated.

Luciferase reporter assay

The putative WT or mutated 3'-UTR of THOC2 was cloned into the pGL3 plasmid (Promega, United
States). The luciferase reporter vector and control Renilla vector were co-transfected into AGS or BGC-
823 cells with miR-30e-3p mimics or control. The relative luciferase activity was assessed 48 h later using
the Dual-Glo kit (Promega, United States).

Western blot

Protein lysate preparation, SDS-PAGE, and Western blot were performed following the standard
protocol. The following primary antibodies were used: THOC2 (ab129485) from Abcam, United States
and mTOR (#2983), Akt (#4685), and PI3K (#17366) from Cell Signaling Technology, United States. E-
cadherin (20874-1-AP), N-cadherin (22018-1-AP), vimentin (10366-1-AP), CNPY2 (14635-1-AP), YTHDEF3
(25537-1-AP), SLC25A33 (17794-1-AP), CDKN1B (25614-1-AP), and B-actin (81115-1-RR) were purchased
from Proteintech; COLEC12 (SAB1403383) was purchased from Sigma; and was purchased from NPY2R
(PA5-102110) from Invitrogen.

Tumor implantation in vivo

Four-week-old male BALB/c nude mice were obtained from Jiangsu Aniphe Biolaboratory Inc. The
guidelines for the animal studies were approved by the Animal Care Committee of Ningxia Medical
University Hospital. BGC-823 cells were selected for tumor implantation. Around 48 h after transfection
of miR-30e-3p mimic, approximately 1 x10” BGC-823 cells were harvested and implanted sub-
cutaneously into the nude mice.

Statistical analysis
All results were presented as mean * SD. Statistical analysis was conducted using GraphPad Prism V6.0
(GraphPad, United States). Student t-test or one-way ANOVA was used as necessary. A P < 0.05
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indicated statistical significance.

RESULTS

MiR-30e-3p expression is downregulated in patients with GC and low expression of miR-30e-3p

predicts poor outcome

We first examined the miR-30e-3p expression in several GC cell lines. As detailed in Figure 1A, miR-30e-
3p levels were lower in GC cells (MGC803, AGS, MKN45, and BGC-823) than in control GES-1 cells.
Additionally, we demonstrated that miR-30e-3p expression was much lower in GC tissues than in
matched adjacent non-tumor tissues (Figure 1B). Kaplan-Meier survival analysis suggested that patients
with low miR-30e-3p expression had worse overall survival rate compared to those with high miR-30e-
3p expression (Figure 1C). Thus, miR-30e-3p might function as a tumor suppressor in GC.

Overexpression of miR-30e-3p suppresses the malignant behaviors of GC cells

To explore miR-30e-3p function in GC, we transfected miR-30e-3p mimics into AGS or BGC-823 cells,
after which the overexpression of miR-30e-3p was validated using qRT-PCR (Figure 2A). Functionally,
we found that miR-30e-3p overexpression suppressed cell proliferation and colony formation of AGS or
BGC-823 (Figure 2B and C). Furthermore, transfection of miR-30e-3p mimics resulted in decreased
metastatic abilities of GC cells, with lesser cell migration or invasion (Figure 2D and E). In addition,
transfection of miR-30e-3p mimics increased E-cadherin expression but decreased the expression of N-
cadherin and vimentin (Figure 2F). These findings suggest that overexpression of miR-30e-3p
suppresses the growth and metastatic behaviors of GC cells.

Inhibition of miR-30e-3p promotes the malignant behaviors of GC cells

Conversely, we utilized miR-30e-3p inhibitors to suppress miR-30e-ep expression in GC cells
(Figure 3A). MiR-30e-3p inhibitors also dampened the cell proliferation of GC cells (Figure 3B).
Inhibition of miR-30e-3p promoted a higher colony number in AGC or SGC-823 cells compared with the
control or negative control group (Figure 3C). Consistently, inhibition of miR-30e-3p enhanced GC cell
migration and invasion (Figure 3D and E). In addition, transfection of miR-30e-3p inhibitors suppressed
E-cadherin expression but promoted N-cadherin and Vimentin expression (Figure 3F). Taken together,
both the overexpression and knockdown experiments demonstrated that miR-30e-3p negatively
regulated GC cell growth and metastasis.

THOC2 is a direct target of miR-30e-3p in GC cells

Bioinformatics analysis identified THOC2 as a top candidate of miR-30e-3p (Figure 4A and
Supplementary Table 2). Overexpression of miR-30e-3p inhibitor significantly promoted CNPY2,
YTHDEF3, SLC25A33, C200rf202, and THOC2 expression, among which THOC2 demonstrated the
greatest upregulation (Figure 4B). After also detecting the protein levels of these potential target genes,
we found that the results were consistent with the mRNA expression level of these genes (Figure 4C and
D). Moreover, suppression of miR-30e-3p also upregulated THOC2 expression in GES-1 cells
(Figure 4E), suggesting that miR-30e-3p could bind to the 3'-URT of THOC2 (Figure 4F). Luciferase
reporter assay further confirmed the binding between miR-30e-3p and the wild-type 3'-UTR of THOC2
(Figure 4F). We found that THOC2 expression was significantly higher in GC cells than in GES-1 cells
(Figure 4G). Furthermore, both THOC2 mRNA and protein levels were markedly enhanced in GC
tissues (Figure 4H-]). THOC2 expression was negatively associated with miR-30e-3p expression in GC
tissues (Figure 4]). Hence, THOC2 is a direct target of miR-30e-3p in GC cells.

Knockdown of THOC2 suppresses the malignant behaviors of GC cells

To evaluate the function of THOC2 in GC, we silenced THOC2 expression in AGS or BGC-823 cells
using siRNA targeting THOC2 (Figure 5A). THOC2 knockdown significantly dampened colony
formation and cell viability of GC cells (Figure 5B and 5C). The CCK-8 assay showed that knockdown of
THOC2 significantly inhibited GC cells proliferation (Figure 5D). Furthermore, the metastasis behaviors
of GC cells transfected with siTHOC2 were drastically inhibited (Figure 5E-H). In addition, silencing
THOC2 significantly increase E-cadherin expression but decreased the expression of N-cadherin and
Vimentin in AGS and BGC-823 cells (Figure 5I). In summary, the provided data indicated that
knockdown of THOC2 suppresses the malignant behaviors of GC cells.

MiR-30e-3p/THOC2 axis regulates the PI3K/AKT/mTOR pathway in GC cells

A previous study has demonstrated that the THO complex participates in the modulation of the p53 and
PI3K/AKT pathways[19]. As such, we examined the PI3K/AKT/mTOR pathway in GC and analyzed
the functional role of miR-30e-3p/THOC2. As shown in Figure 6A and B, inhibition of miR-30e-3p
enhanced PI3K/AKT/mTOR expression, whereas overexpression of miR-30e-3p using miR-30e-3p
mimics significantly decreased the expression of PI3K/AKT/mTOR in AGS or BGC-823 cells.
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Figure 1 MiR-30e-3p expression is downregulated in gastric cancer and low expression of miR-30e-3p predicts poor outcome of gastric

cancer patients. A:

Quantitative real-time polymerase chain reaction (RT-PCR) was performed to analyze the expression of miR-30e-3p in normal human gastric

epithelium cell line and four human gastric cancer (GC) cell lines (AGS, MGC803, BGC-823, and MKN45). n = 3 for each group; B: Quantitative RT-PCR was
performed to analyze the expression of miR-30e-3p in GC and adjacent non-cancerous tissues. n = 20 for each group; C: Kaplan-Meier survival analysis of prognosis
in GC patients with high or low expression of miR-30e-3p. n = 10 for each group. Error bars represented the mean £ SD of more than two independent experiments.

®p<0.01.
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Additionally, we demonstrated that THOC2 knockdown inhibited the expression of PI3K/AKT/mTOR
(Figure 6C and D). Moreover, a restoration assay designed by our group showed that inhibition of miR-
30e-3p interfered with THOC2 siRNA and that miR-30e-3p played a regulatory role by directly targeting
THOC?2 to regulate PI3K/AKT/mTOR signaling pathway in gastric cancer (Figure 6E and F). Thus,
miR-30e-3p/THOC2 might regulate GC cell growth and metastasis by modulating the PI3K/
AKT/mTOR signaling pathway.

MiR-30e-3p inhibits GC cells growth in vivo

To investigate the function of miR-30e-3p on GC cell growth in vivo, BGC-823 cells transfected with miR-
30e-3p mimics after 48 h were injected subcutaneously into BALB/c nude mice. After 16 d, the growth
status of the tumor was analyzed. The tumor diameter of the miR-30e-3p mimic group was significantly
smaller than that of the control group (Figure 7A). The tumor volume and weight of the miRNA mimic
group were smaller than that of the control group (Figure 7B and C). In addition, we also detected the
protein expression of THOC2, the target gene of miR-30e-3p, and genes associated with the
PI3K/AKT/mTOR signaling pathway (Figure 7D). Accordingly, we found that the protein expression of
these genes was consistent with that in vitro. Taken together, the presented data showed that miR-30e-
3p inhibits GC cells growth in vivo.

DISCUSSION

Accumulating evidence has revealed that miRNAs play important regulatory roles in GC development
and metastasis[20]. MiRNAs can also serve as non-invasive diagnostic biomarkers for GC[21]. In line
with this, the current study sought to further investigate the expression and function of miR-30e-3p.
Notably, we found that miRNA-30e-3p functioned as a tumor suppressor in GC and that miR-30e-3p
overexpression inhibited GC cell growth and invasion. Additionally, we identified that THOC2 was a
target of miR-30e-3p and that knockdown of THOC2 suppressed the malignant behaviors of GC cells.
Taken together, our results demonstrated that miR-30e-3p/THOC2 could be utilized to develop new
diagnostic biomarker and therapeutic target for GC treatment.

The current study found that GC tissues and cells had lower miR-30e-3p levels compared to matched
normal tissues and control cells. Previous studies have shown that miR-30e-3p expression decreased in
hepatocellular carcinoma (HCC) and that miR-30e-3p regulated HCC development by modulating
MDM2/TP53 signaling[22]. Moreover, low expression of miR-30e-3p in HCC predicted drug-resistance
to sorafenib treatment[22]. Similarly, evidence has shown that miR-30e inhibited breast cancer
development and progression by targeting IRS1, and low miR-30e expression mediated the
chemosensitivity of paclitaxel treatment in breast cancer[23]. We also showed that miR-30e-3p decreased
GC cell proliferation, migration, and invasion. Low levels of miR-30e-3p in patients with GC indicated
poor prognosis. Thus, miR-30e-3p functions as a tumor suppressor in GC. However, further investig-
ations are needed to determine whether miR-30e-3p exerts regulatory effects on drug sensitivity during
GC treatment. One intriguing finding of the current stud was the regulation of miR-30e-3p expression in
GC. In ovarian cancer, IncRNA MEG3 had been found to sponge miR-30e-3p and regulate LAMA4
expression[24].
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Figure 2 Overexpression of miR-30e-3p suppresses the malignant behaviors of gastric cancer cells. AGS or BGC-823 cells were transfected with
negative control, miR-30e-3p mimics, or left untreated (control). A: Quantitative real-time polymerase chain reaction was performed to analyze miR-30e-3p expression
levels in AGS or BGC-823 cells 48 h post transfection; B: CCK-8 assay was conducted to evaluate cell viability; C: Colony formation assay was conducted to evaluate
the cell proliferation; D and E: Transwell assay was conducted using transwell chamber with or without matrigel to evaluate the cell migration (D) and invasion (E); F:
Expression of E-cadherin, N-cadherin, and vimentin in AGS or BGC-823 was determined using western blotting. n = 3 for each group. °P < 0.01.

Jaishideng®

WJGO | https://www.wjgnet.com

2175

November 15,2022 | Volume14 | Issuell |



Gu X] et al. MiR-30e-3p/ THOC?2 axis in gastric cancer

ﬁ ; ﬁgntrol B AGS BGC-823
(]
g =3 miR-30e-3p inhibitors Nl e~ Control
® 1.57 b 49 = NC 4 7 .= NC
% |_| b el mlR—30e—3p inhibitors @ - MiR-30e-3p inhibitors
ﬁ [72]
5 1.04 E *7 AN
5 g a g ]a
2 E 2+ E2-
L S 3
& 051 Q <
a 14 Q4
F Q 1 81
i
& 0.0- 0 T T T T T 0 T T T T
AGS BGC-823 1 2 3 4 5 1 3 4 5
C Days Days
mm Control EINC
AGS BGC-823 =3 miR-30e-3P inhibitors
2007 b
NC 3p inhibitors b (|

Control

miR-30e-3p inhibitors

NC

miR-30e-/

D
AGS BGC-823
- Qgﬂﬁml _NC _miR-30e-3P inhibitors Control . NC . MiR-30e-3P inhibitors

Control
Y NTHEAT

e a2
g ‘.';'5“

A %

E-cadherin
| N-oadherin [* == w=]i00kpa . ACS o Contro
2| Vimentin E& kDa % A f {,\711%-30&3!9
' g 34 inhibitors
g N-cadherin EE.IOO kDa % 14
@]  vimentin - e @ |54 kDa &
B-actin | e - |42 kDa ?chadherin N-cadherin Vimentin

Figure 3 Inhibition of miR-30e-3p promotes the malignant behaviors of gastric cancer cells. AGS or BGC-823 cells were transfected with negative
control, miR-30e-3p inhibitors, or left untreated (control). A: Quantitative real-time polymerase chain reaction was performed to analyze miR-30e-3p expression levels
in AGS or BGC-823 cells 48 hours post transfection; B: CCK-8 assay was conducted to evaluate cell viability; C: Colony formation assay was conducted to evaluate
the cell proliferation; D and E: Transwell assay was conducted using transwell chamber with or without matrigel to evaluate the cell migration (D) and invasion (E); F:

Relative protein expression

Clone number

Relative number migration cells (%)

Relative number migration cells (%)

e
=

200

150 4

100 4

504

AGS BGC-823
. Control NC
_ B3 miR-30e-3P inhibitors

a a
M i

AGS BGC-823

Em Control E3 NC
3 miR-30e-3p inhibitors

AGS BGC-823

BGC-823

M

b . Control

=a NC
miR-30e-3P
inhibitors

-

E-cadherin N-cadherin Vimentin

Expression of E-cadherin, N-cadherin, and vimentin in AGS or BGC-823 was determined using western blotting. n = 3 for each group. 2P < 0.05, °P < 0.01.

WJGO | https://www.wjgnet.com 2176

JBaishideng®

November 15,2022 | Volume14 |

Issue 11



Gu X] et al. MiR-30e-3p/ THOC?2 axis in gastric cancer

Diana Tools i B . N NC b C (§
3 miR-30e-3p inhibitor M g8
g cOoLEC12[ o= | 37KDa
;_o CNPY2 [ '] 21kDa
E YTHDF3 [ ey | 64kDa
% SLC25A33 [ e | 35kDa
e NPY2R [+ ] 50kDa

CDKN1B [ e e | 22kDa
THOC2 [ s |183kDa

TargetScan ()
47 EE NC
D b E b GES-1
3 =3 miR-30e-3p inhibitor |_|_l_ 6 67 b
3 b 9 = o
b M [ € 5
€ - a M 5 4 o D 4]
3 2 M c z £
B S 8 z
a 73 ? B
o Q [+4 ©
= 17 3 Z E 6’2"
L o 2 ~
@ o
& & & 'pv'? Q-L"g' & & 0- . 0- T
& © & P8 & R NC  miR-30e-3p NC  miR-30e-3p
inhibitor inhibitor
157
F Z b b B THOC2-Wt+vehicle
é r 1 r 1 =3 THOC2-Mt+vehicle
2 1.0 THOC2-Wt+
WT THOC2 3'UTR 5' ...UUUUUAUUGUUUGAAACUGAAAA...3' g miR-30e-3p mimice
2 = THOC2-Mt+
2 o054 miR-30e-3p mimics
miR-30e-3p 3  CGACAUUUGUAGGCUGACUUUC &' 2
‘ ‘ E 0.0
MUT THOC2 3'UTR 5' ... UUUUUAUUGUUUGAAAGUACGAA... 3' ’ AGS BGC-823
b b
G 1 Y M CES-1 H
My I Yy 1 =3 MGC803 b
857 My 1 % T ! 3 AGS aq T I
e} | 2 47 1 1)
Z 44 ] 3 MKN45 bl
s '5 I 3.4
c z 37 B BGC-823 E
S 34 £ o
2 £ s
] g 2 2 2
g 2 P o
) Q.
2, N 1A 5
z o 2"
x o E ol ©
I S S — g
B CES-1 B2l MGC803 E= AGS THOC2 | () S =% s 183 kDa 0 .
O MKN45 [ BGC-823 B-actin 42 kDa Adjacent  GC
~ 4 -
I ) — J s r=-0.7146 P < 0.0001
© -
1 2 3 5 34 4
€ € £ 3 s
;s 8.8 <2 g "
T O TO g Q B
20 202 0 s g 21
rHoczl -----|1B3k0a § 17 8 4
o)
B-actin |.-..-- | 42 kDa 'g:j 0 }]—: 0
= T T T 1
Adjacent GC 0 2 4

3
miR-30e-3p expression

Figure 4 THO complex 2 is a direct target of miR-30e-3p in gastric cancer cells. A: Bioinformatics analysis predicted the potential targets of miR-30e-
3p in gastric cancer (GC) cells; B: The mRNA expression level of candidate genes in GC after transfecting with miR-30e-3p inhibitor; C and D: The protein expression
level of candidate genes in GC after transfecting with miR-30e-3p inhibitor; E: The expression of THO complex 2 (THOC2) in GSE-1 cells after transfecting with miR-
30e-3p; F: The putative binding sequences between miR-30e-3p and 3'-UTR of THOC2 was shown. AGS or BGC-823 cells were co-transfected with luciferase
reporter vector, with or without miR-30e-3p mimics. The relative luciferase activity in AGS or BGC-823 cells was analyzed 48 hours later. n = 3 for each group. G: The
expression of THOC2 in human GC cell lines and control GES-1 cells were analyzed by quantitative real-time polymerase chain reaction (QRT-PCR) and western
blot. n = 3 for each group; H: The expression of THOC2 in GC tissues and adjacent non-tumor normal tissues were analyzed by qRT-PCR. n = 20 for each group; I:
Western blot was performed to examine THOC2 protein expression in human GC tissues and adjacent non-tumor normal tissues. n = 20 for each group. J: Pearson
correlation analysis was performed to evaluate the relationship between THOC2 mRNA and miR-30e-3p expression in GC tissues. n = 20. °P < 0.01.

WJGO | https://www.wjgnet.com 2177 November 15,2022 | Volume14 | Issuell |

Jaishideng®



Gu X] et al. MiR-30e-3p/ THOC?2 axis in gastric cancer

A QP 2 mm siNC B mm siNC
& & =3 siTHOC2-1 =3 siTHOC2-1
g@o rs& & :sLTHocz-z =3 siTHOC2-2 b
2
—~151 b 1501
o[ Hoc?[ == [ 7] B g —
2 _ g 1 (| b (|
e £
= 3
15} (=
© (o)
g[roce| W S = liwsion £ ] £ 5
it 3 ©
Q| p-actin| - S e |42 kDa ':o_:
0.0- =
AGS BGC-823 AGS BGC-823
C AGS BGC-823
SiTHOC2-1 SITHOC2-2

sITHOC2-1 siTHOC2-2

- siNC

_ =3 siTHOC2-1
-e- siNC AGS BGCe2 B =] SEI'HOCZ-Z b
3- 3 e siNC T 1504
g | = siTHOC21 » | = siTHOC2-1 8 ™ ! b
§ | = sTHoc22 3 | = siTHoC22 $ T 1
24 g 5 o )
E £ :l b] b 2100
o c
o S foust
fa) @
o1+ 8 1 -g 501
3
c
o
2
0 T T T T T 0 T T T T T % 0-
1 2 3 4 5 1 2 3 4 5 4 AGS BGC-823
Days Days
F AGS BGC-823
siNC siTHOC2-1 siTHOC2-2 siTHOC2-1 SITHOCZ-?
o v ; i - U
S S e 88
3 & i
R ARG 5
r “- S ‘{}-\ ..f"
it M pm
G Ay —-"'
BGC-823
siTHOC2-1 siTHOC2-2
S B S A |
pe g S S
ey SO B
¢ o ¢ i ")
:; r_‘: s 5 ERS % um
2 il S et dem
AGS ~BGC-823
. siNC . |: siNC . |- siNC
=3 siTHOC2-1 3 II: siTHOC2-1 = 11: siTHOC2-1
S O3 sTHOC2-2 =31 Il: sSTHOC2-2 = il STTHOC2-2
Z0. b b eadh [ 4 b b
78 |b_| Ib_l -ca erfn wws wmn e |97 kDa 5 Ib_l 15
5 (| % | N-cadherin| s «= - [100kDa g m 2
8 | Vimentin [ e e [s4k0a 537 g
21001 3 b b 2
5 B-actin [ e wwm e |42 kDa £, = ¢
3 Q E-cadherin | ==« |97 kDa ‘g IEI '2‘ #g
E 501 % |N-cadherin [ == == |100kDa o, 0
01
; § Vimentin | s &= |54kDa  F g
% ol ‘ p-actin[@mememw|2k0a & g | e
& AGS BGC-823 & &
N N )
S &P
< <

Figure 5 Knockdown of THO complex 2 suppresses malignant behaviors of gastric cancer cells. AGS or BGC-823 cells were transfected with
siNC or siTHO complex 2 (siTHOC2)-1/2 to knockdown the expression of THOC2. A: The protein expression of THOC2 was analyzed by western blotting 48 hours
later; B and C: Colony formation assay was conducted to evaluate the cell proliferation; D: CCK-8 assay was conducted to evaluate cell viability; E-H: Transwell
assay was conducted using transwell chamber with or without Matrigel to evaluate the cell migration (E and F) and invasion (G and H); I: Expression of E-cadherin, N-
cadherin, and vimentin in AGS or BGC-823 was determined using western blotting. n = 3 for each group. °P < 0.01.
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Figure 6 MiR-30e-3p regulates the PI3K/AKT/mTOR signaling pathway via inhibiting THO complex 2 expression in gastric cancer cells. A
and B: AGS or BGC-823 cells were transfected with NC, miR-30e-3p inhibitors or miR-30e-3p mimics. The relative protein expression of THO complex 2 (THOC2),
PI3K, AKT and mTOR was detected by western blot after 48 h; C and D: AGS or BGC-823 cells were transfected with NC, siTHOC2 or left untreated (blank). The
relative protein expression of THOC2, PI3K, AKT and mTOR was detected by western blot after 48 h; E and F: AGS or BGC-823 cells were transfected with NC, miR-
30e-3p inhibitor, miR-30e-3p inhibitor and si-THOC2. The relative protein expression of THOC2, PI3K, AKT and mTOR was detected by western blot after 48 h. n=3
for each group. °P < 0.01.
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Multiple targets of miR-30e-3p have been identified, including Ubc9, P4AHA1, IRS1, and ATG5[23,25-
27]. We found that THOC2 was directly targeted by miR-30e-3p. Studies on the function of THOC2 in
patients with psychomotor retardation showed that THOC2 was involved in mRNA-Export pathway in
X-linked intellectual disability[28,29]. The dysregulated expression of THOC2 has been reported in
severe neurocognitive and growth disorders[30]. Recently, the oncogenic function of THOC2 has been
revealed in malignancies such as melanoma[17]. To the best of our knowledge, this has been the first
study to demonstrated that THOC2 exhibited oncogenic function in GC development. Knockdown of
THOC2 suppressed GC cell growth and metastasis. The regulatory axis of miR-30e-3p/ THOC2 has been
validated using the luciferase reporter assay, and Pearson analysis indicated that miR-30e-3p expression
was negatively associated with THOC2 expression. Although our data confirmed that THOC2 was
regulated by miR-30e-3p, other miRNAs might regulate THOC2, which could suppress GC
development and progression.

Bioinformatics analysis was conducted to study the signaling pathways involved in miR-30e-
3p/THOC2 regulation in GC. One study showed that the THO complex participates in the regulation of
p53 and PI3K/AKT signaling[19]. The PI3K/AKT pathway is critical for cancer cell survival, prolif-
eration, and apoptosis[31,32]. Consistently, we also found that the PI3K/AKT/mTOR signaling
pathway was regulated by miR-30e-3p/THOC2 axis in vitro and in vivo. Thus, our findings provide a
new approach in regulating the PI3K/AKT/mTOR pathway.
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Figure 7 MiR-30e-3p inhibits gastric cancer cells growth in vivo. A: BGC-823 cells were transfected with NC, miR-30e-3p mimic and injected
subcutaneously into BALB/c nude mice. Sixteen days later, the tumors diameter were analyzed. n = 5 for each group; B: The tumor volume (mm®) was measured
after the tumor implantation every other day; C: Sixteen days after the tumor implantation, the tumor weight (g) was measured; D: Sixteen days after the tumor
implantation, the relative protein expression of THOC2, PI3K, AKT and mTOR was detected by Western blot. 3P < 0.05, °P < 0.01.
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CONCLUSION

In conclusion, our findings suggested that miR-30e-3p directly targets THOC2 and that THOC2
mediates the tumor suppression function of miR-30e-3p in GC. Low expression of miR-30e-3p or
upregulation of THOC2 predicts poor prognosis of patients with GC. The diagnostic and therapeutic
value of miR-30e-3p/THOC?2 in GC should be further investigated in future studies.

ARTICLE HIGHLIGHTS

Research background
Gastric cancer (GC) is a common type of digestive cancer with high morbidity and mortality rates
worldwide.

Research motivation
Considerable effort has been expended in understanding the mechanism of GC development and
metastasis.

Research objectives
We explored the expression and function of miR-30e-3p in GC development.

Research methods
We conducted quantitative real-time polymerase chain reaction, transfection, cell growth assays,

transwell assay, luciferase reporter assay, western blot assays to explore the expression and function of
miR-30e-3p.

Research results

Our findings revealed that knockdown of THO complex 2 (THOC?2) inhibited the growth and metastatic
behaviors of GC cells. After investigating signaling pathways involved in miR-30e-3p regulation, we
found that the miR-30e-3p/THOC?2 axis regulated the PI3K/ AKT/mTOR pathway in GC.

Research conclusions

Our findings suggested that miR-30e-3p directly targets THOC2 and that THOC2 mediates the tumor
suppression function of miR-30e-3p in GC. Low expression of miR-30e-3p or upregulation of THOC2
predicts poor prognosis of patients with GC. The diagnostic and therapeutic value of miR-30e-
3p/THOC2 in GC should be further investigated in future studies.
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Research perspectives
Considerable effort has been expended in understanding the mechanism of GC development and
metastasis. Given that microRNAs have been found to participate in the regulation of GC progression.

FOOTNOTES

Author contributions: Gu X]J and Li YJ conceived, designed the experiments, wrote and revised the manuscript; Gu
XJ, Li Y], Wang F and Ye T performed the experiments; Wang F and Ye T analyzed and interpreted the data; All the
authors have read and approved the final version of the manuscript.

Supported by National Natural Science Foundation of China, No. 81860442; and Ningxia Natural Science Foundation
Project, No. 2022AAC03525.

Institutional review board statement: The study was reviewed and approved by the Institutional Review Board of
Ningxia Medical University.

Institutional animal care and use committee statement: All animal experiments conformed to the internationally
accepted principles for the care and use of laboratory animals.

Conflict-of-interest statement: The authors declare that they have no competing interests.
Data sharing statement: No additional data are available.

ARRIVE guidelines statement: The authors have read the ARRIVE guidelines, and the manuscript was prepared and
revised according to the ARRIVE guidelines.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by
external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-
NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license
their derivative works on different terms, provided the original work is properly cited and the use is non-
commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/

Country/Territory of origin: China
ORCID number: Ya-Jun Li 0000-0002-2728-3237; Ting Ye 0000-0003-3497-0737.

S-Editor: Zhang H
L-Editor: A
P-Editor: Zhang XD

REFERENCES

1 Rawla P, Barsouk A. Epidemiology of gastric cancer: global trends, risk factors and prevention. Prz Gastroenterol 2019;
14: 26-38 [PMID: 30944675 DOI: 10.5114/pg.2018.80001]

2 Khasag O, Boldbaatar G, Tegshee T, Duger D, Dashdorj A, Uchida T, Matsuhisa T, Yamaoka Y. The prevalence of
Helicobacter pylori infection and other risk factors among Mongolian dyspeptic patients who have a high incidence and
mortality rate of gastric cancer. Gut Pathog 2018; 10: 14 [PMID: 29636824 DOI: 10.1186/s13099-018-0240-2]

3 Fuccio L, Eusebi LH, Bazzoli F. Gastric cancer, Helicobacter pylori infection and other risk factors. World J Gastrointest
Oncol 2010; 2: 342-347 [PMID: 21160805 DOI: 10.4251/wjgo.v2.19.342]

4 Balakrishnan M, George R, Sharma A, Graham DY. Changing Trends in Stomach Cancer Throughout the World. Curr
Gastroenterol Rep 2017;19: 36 [PMID: 28730504 DOI: 10.1007/s11894-017-0575-8]

5 Necula L, Matei L, Dragu D, Neagu Al, Mambet C, Nedeianu S, Bleotu C, Diaconu CC, Chivu-Economescu M. Recent
advances in gastric cancer early diagnosis. World J Gastroenterol 2019; 25: 2029-2044 [PMID: 31114131 DOIL:
10.3748/wjg.v25.i17.2029]

6 Xu HM, Wang X. [Current status and prospects of clinical research on diagnosis and treatment of gastric cancer in China].
Zhonghua Wei Chang Wai Ke Za Zhi 2020; 23: 109-114 [PMID: 32074788 DOI:
10.3760/cma.j.issn.1671-0274.2020.02.003]

7 O'Brien J, Hayder H, Zayed Y, Peng C. Overview of MicroRNA Biogenesis, Mechanisms of Actions, and Circulation.
Front Endocrinol (Lausanne) 2018; 9: 402 [PMID: 30123182 DOI: 10.3389/fendo.2018.00402]

8 Zheng Q, Chen C, Guan H, Kang W, Yu C. Prognostic role of microRNAs in human gastrointestinal cancer: A systematic
review and meta-analysis. Oncotarget 2017; 8: 46611-46623 [PMID: 28402940 DOI: 10.18632/oncotarget.16679]

9 PengY, Croce CM. The role of MicroRNAs in human cancer. Signal Transduct Target Ther 2016; 1: 15004 [PMID:
29263891 DOI: 10.1038/sigtrans.2015.4]

10 Yoda Y, Takeshima H, Niwa T, Kim JG, Ando T, Kushima R, Sugiyama T, Katai H, Noshiro H, Ushijima T. Integrated

WJGO | https://www.wjgnet.com 2181 November 15,2022 | Volume14 | Issuell |


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-2728-3237
http://orcid.org/0000-0002-2728-3237
http://orcid.org/0000-0003-3497-0737
http://orcid.org/0000-0003-3497-0737
http://www.ncbi.nlm.nih.gov/pubmed/30944675
https://dx.doi.org/10.5114/pg.2018.80001
http://www.ncbi.nlm.nih.gov/pubmed/29636824
https://dx.doi.org/10.1186/s13099-018-0240-2
http://www.ncbi.nlm.nih.gov/pubmed/21160805
https://dx.doi.org/10.4251/wjgo.v2.i9.342
http://www.ncbi.nlm.nih.gov/pubmed/28730504
https://dx.doi.org/10.1007/s11894-017-0575-8
http://www.ncbi.nlm.nih.gov/pubmed/31114131
https://dx.doi.org/10.3748/wjg.v25.i17.2029
http://www.ncbi.nlm.nih.gov/pubmed/32074788
https://dx.doi.org/10.3760/cma.j.issn.1671-0274.2020.02.003
http://www.ncbi.nlm.nih.gov/pubmed/30123182
https://dx.doi.org/10.3389/fendo.2018.00402
http://www.ncbi.nlm.nih.gov/pubmed/28402940
https://dx.doi.org/10.18632/oncotarget.16679
http://www.ncbi.nlm.nih.gov/pubmed/29263891
https://dx.doi.org/10.1038/sigtrans.2015.4

Gu X] et al. MiR-30e-3p/ THOC?2 axis in gastric cancer

Jaishideng®

11

12

13

15

16

17

19

20

21

22

23

24

25

26

27

28

29

30

31

32

analysis of cancer-related pathways affected by genetic and epigenetic alterations in gastric cancer. Gastric Cancer 2015;
18: 65-76 [PMID: 24510342 DOI: 10.1007/s10120-014-0348-0]

Lu Q, Chen Y, Sun D, Wang S, Ding K, Liu M, Zhang Y, Miao Y, Liu H, Zhou F. MicroRNA-181a Functions as an
Oncogene in Gastric Cancer by Targeting Caprin-1. Front Pharmacol 2018; 9: 1565 [PMID: 30687106 DOI:
10.3389/fphar.2018.01565]

Wang Z, Li Y, Cao J, Zhang W, Wang Q, Zhang Z, Gao Z, Ye Y, Jiang K, Wang S. MicroRNA Profile Identifies miR-
6165 Could Suppress Gastric Cancer Migration and Invasion by Targeting STRN4. Onco Targets Ther 2020; 13: 1859-
1869 [PMID: 32184620 DOI: 10.2147/OTT.S208024]

Yuan HL, Wang T, Zhang KH. MicroRNAs as potential biomarkers for diagnosis, therapy and prognosis of gastric cancer.
Onco Targets Ther 2018; 11: 3891-3900 [PMID: 30013369 DOI: 10.2147/OTT.S156921]

Wang D, Zhu C, Zhang Y, Zheng Y, Ma F, Su L, Shao G. MicroRNA-30e-3p inhibits cell invasion and migration in clear
cell renal cell carcinoma by targeting Snaill. Oncol Lett 2017; 13: 2053-2058 [PMID: 28454361 DOI:
10.3892/01.2017.5690]

Francisco-Mangilet AG, Karlsson P, Kim MH, Eo HJ, Oh SA, Kim JH, Kulcheski FR, Park SK, Manavella PA. THO2, a
core member of the THO/TREX complex, is required for microRNA production in Arabidopsis. Plant J 2015; 82: 1018-
1029 [PMID: 25976549 DOI: 10.1111/tpj.12874]

Amsterdam A, Nissen RM, Sun Z, Swindell EC, Farrington S, Hopkins N. Identification of 315 genes essential for early
zebrafish development. Proc Natl Acad Sci U S A 2004; 101: 12792-12797 [PMID: 15256591 DOI:
10.1073/pnas.0403929101]

Zhou X, Liu X, Zhang G, Zhang Q, Chen H, Wang Y, Fang F, Sun J. Knockdown THOC2 suppresses the proliferation and
invasion of melanoma. Bioengineered 2019; 10: 635-645 [PMID: 31680623 DOI: 10.1080/21655979.2019.1685727]
Recent advances in the management of children with Wilms' tumor. Prog Clin Biol Res 1983; 132E: 153-158 [PMID:
6316364]

Moon S, Chung YD. p53 and PI3K/AKT signalings are up-regulated in flies with defects in the THO complex. Mol Cells
2013; 35: 261-268 [PMID: 23475424 DOI: 10.1007/s10059-013-0009-x]

Hwang J, Min BH, Jang J, Kang SY, Bae H, Jang SS, Kim JI, Kim KM. MicroRNA Expression Profiles in Gastric
Carcinogenesis. Sci Rep 2018; 8: 14393 [PMID: 30258124 DOI: 10.1038/s41598-018-32782-8]

Link A, Kupcinskas J. MicroRNAs as non-invasive diagnostic biomarkers for gastric cancer: Current insights and future
perspectives. World J Gastroenterol 2018; 24: 3313-3329 [PMID: 30122873 DOI: 10.3748/wjg.v24.130.3313]
Gramantieri L, Pollutri D, Gagliardi M, Giovannini C, Quarta S, Ferracin M, Casadei-Gardini A, Callegari E, De Carolis
S, Marinelli S, Benevento F, Vasuri F, Ravaioli M, Cescon M, Piscaglia F, Negrini M, Bolondi L, Fornari F. MiR-30e-3p
Influences Tumor Phenotype through MDM2/TP53 Axis and Predicts Sorafenib Resistance in Hepatocellular Carcinoma.
Cancer Res 2020; 80: 1720-1734 [PMID: 32015093 DOI: 10.1158/0008-5472.CAN-19-0472]

Liu MM, Li Z, Han XD, Shi JH, Tu DY, Song W, Zhang J, Qiu XL, Ren Y, Zhen LL. MiR-30e inhibits tumor growth and
chemoresistance via targeting IRS1 in Breast Cancer. Sci Rep 2017; 7: 15929 [PMID: 29162879 DOI:
10.1038/541598-017-16175-x]

Liu Y, Xu Y, Ding L, Yu L, Zhang B, Wei D. LncRNA MEG3 suppressed the progression of ovarian cancer via sponging
miR-30e-3p and regulating LAMA4 expression. Cancer Cell Int 2020; 20: 181 [PMID: 32489317 DOI:
10.1186/s12935-020-01259-y]

Wu F, Zhu S, Ding Y, Beck WT, Mo YY. MicroRNA-mediated regulation of Ubc9 expression in cancer cells. Clin Cancer
Res 2009; 15: 1550-1557 [PMID: 19223510 DOI: 10.1158/1078-0432.CCR-08-0820]

Feng G, Shi H, LiJ, Yang Z, Fang R, Ye L, Zhang W, Zhang X. MiR-30e suppresses proliferation of hepatoma cells via
targeting prolyl 4-hydroxylase subunit alpha-1 (P4HA1) mRNA. Biochem Biophys Res Commun 2016; 472: 516-522
[PMID: 26966067 DOI: 10.1016/j.bbrc.2016.03.008]

Ye Y, Fang Y, Xu W, Wang Q, Zhou J, Lu R. 3,3"-Diindolylmethane induces anti-human gastric cancer cells by the miR-
30e-ATGS modulating autophagy. Biochem Pharmacol 2016; 115: 77-84 [PMID: 27372603 DOI:
10.1016/j.bcp.2016.06.018]

Kumar R, Corbett MA, van Bon BW, Woenig JA, Weir L, Douglas E, Friend KL, Gardner A, Shaw M, Jolly LA, Tan C,
Hunter MF, Hackett A, Field M, Palmer EE, Leffler M, Rogers C, Boyle J, Bienek M, Jensen C, Van Buggenhout G, Van
Esch H, Hoffmann K, Raynaud M, Zhao H, Reed R, Hu H, Haas SA, Haan E, Kalscheuer VM, Gecz J. THOC2 Mutations
Implicate mRNA-Export Pathway in X-Linked Intellectual Disability. Am J Hum Genet 2015; 97: 302-310 [PMID:
26166480 DOT: 10.1016/j.ajhg.2015.05.021]

Di Gregorio E, Bianchi FT, Schiavi A, Chiotto AM, Rolando M, Verdun di Cantogno L, Grosso E, Cavalieri S, Calcia A,
Lacerenza D, Zuffardi O, Retta SF, Stevanin G, Marelli C, Durr A, Forlani S, Chelly J, Montarolo F, Tempia F, Beggs HE,
Reed R, Squadrone S, Abete MC, Brussino A, Ventura N, Di Cunto F, Brusco A. A de novo X;8 translocation creates a
PTK2-THOC?2 gene fusion with THOC2 expression knockdown in a patient with psychomotor retardation and congenital
cerebellar hypoplasia. J Med Genet 2013; 50: 543-551 [PMID: 23749989 DOI: 10.1136/jmedgenet-2013-101542]

Kumar R, Gardner A, Homan CC, Douglas E, Mefford H, Wieczorek D, Liidecke HJ, Stark Z, Sadedin S; Broad CMG,
Nowak CB, Douglas J, Parsons G, Mark P, Loidi L, Herman GE, Mihalic Mosher T, Gillespie MK, Brady L, Tarnopolsky
M, Madrigal I, Eiris J, Domenech Salgado L, Rabionet R, Strom TM, Ishihara N, Inagaki H, Kurahashi H, Dudding-Byth T,
Palmer EE, Field M, Gecz J. Severe neurocognitive and growth disorders due to variation in THOC2, an essential
component of nuclear mRNA export machinery. Hum Mutat 2018; 39: 1126-1138 [PMID: 29851191 DOI:
10.1002/humu.23557]

Zhang H, Xu W, Li B, Zhang K, Wu Y, Xu H, Wang J, Zhang J, Fan R, Wei J. Curcumin Promotes Cell Cycle Arrest and
Inhibits Survival of Human Renal Cancer Cells by Negative Modulation of the PI3K/AKT Signaling Pathway. Cell
Biochem Biophys 2015; 73: 681-686 [PMID: 27259310 DOI: 10.1007/s12013-015-0694-5]

Zhou C, Qiu L, Sun Y, Healey S, Wanebo H, Kouttab N, Di W, Yan B, Wan Y. Inhibition of EGFR/PI3K/AKT cell
survival pathway promotes TSA's effect on cell death and migration in human ovarian cancer cells. nt J Oncol 2006; 29:
269-278 [PMID: 16773209]

WJGO | https://www.wjgnet.com 2182 November 15,2022 | Volume14 | Issuell |


http://www.ncbi.nlm.nih.gov/pubmed/24510342
https://dx.doi.org/10.1007/s10120-014-0348-0
http://www.ncbi.nlm.nih.gov/pubmed/30687106
https://dx.doi.org/10.3389/fphar.2018.01565
http://www.ncbi.nlm.nih.gov/pubmed/32184620
https://dx.doi.org/10.2147/OTT.S208024
http://www.ncbi.nlm.nih.gov/pubmed/30013369
https://dx.doi.org/10.2147/OTT.S156921
http://www.ncbi.nlm.nih.gov/pubmed/28454361
https://dx.doi.org/10.3892/ol.2017.5690
http://www.ncbi.nlm.nih.gov/pubmed/25976549
https://dx.doi.org/10.1111/tpj.12874
http://www.ncbi.nlm.nih.gov/pubmed/15256591
https://dx.doi.org/10.1073/pnas.0403929101
http://www.ncbi.nlm.nih.gov/pubmed/31680623
https://dx.doi.org/10.1080/21655979.2019.1685727
http://www.ncbi.nlm.nih.gov/pubmed/6316364
http://www.ncbi.nlm.nih.gov/pubmed/23475424
https://dx.doi.org/10.1007/s10059-013-0009-x
http://www.ncbi.nlm.nih.gov/pubmed/30258124
https://dx.doi.org/10.1038/s41598-018-32782-8
http://www.ncbi.nlm.nih.gov/pubmed/30122873
https://dx.doi.org/10.3748/wjg.v24.i30.3313
http://www.ncbi.nlm.nih.gov/pubmed/32015093
https://dx.doi.org/10.1158/0008-5472.CAN-19-0472
http://www.ncbi.nlm.nih.gov/pubmed/29162879
https://dx.doi.org/10.1038/s41598-017-16175-x
http://www.ncbi.nlm.nih.gov/pubmed/32489317
https://dx.doi.org/10.1186/s12935-020-01259-y
http://www.ncbi.nlm.nih.gov/pubmed/19223510
https://dx.doi.org/10.1158/1078-0432.CCR-08-0820
http://www.ncbi.nlm.nih.gov/pubmed/26966067
https://dx.doi.org/10.1016/j.bbrc.2016.03.008
http://www.ncbi.nlm.nih.gov/pubmed/27372603
https://dx.doi.org/10.1016/j.bcp.2016.06.018
http://www.ncbi.nlm.nih.gov/pubmed/26166480
https://dx.doi.org/10.1016/j.ajhg.2015.05.021
http://www.ncbi.nlm.nih.gov/pubmed/23749989
https://dx.doi.org/10.1136/jmedgenet-2013-101542
http://www.ncbi.nlm.nih.gov/pubmed/29851191
https://dx.doi.org/10.1002/humu.23557
http://www.ncbi.nlm.nih.gov/pubmed/27259310
https://dx.doi.org/10.1007/s12013-015-0694-5
http://www.ncbi.nlm.nih.gov/pubmed/16773209

i

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4251/wjgo.v14.i11.2183

World Journal of
Gastrointestinal
Oncology

World | Gastrointest Oncol 2022 November 15; 14(11): 2183-2194

ISSN 1948-5204 (online)

Basic Study

ORIGINAL ARTICLE

E3 ubiquitin ligase TRIMS5 promotes metastasis of gastric cancer
cells by mediating epithelial-mesenchymal transition

Wei-Wei Li, Hao Yuan, Shuai Kong, Shu-Bo Tian

Specialty type: Oncology

Provenance and peer review:
Unsolicited article; Externally peer

reviewed.
Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): 0
Grade C (Good): C, C, C
Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Liu YQ, United States;
Qin Y, China

Received: August 21, 2022
Peer-review started: August 21,
2022

First decision: September 13, 2022
Revised: September 28, 2022
Accepted: October 27, 2022
Article in press: October 27, 2022
Published online: November 15,
2022

Jaishideng®

WJGO | https://www.wjgnet.com

Wei-Wei Li, Department of Pulmonary and Critical Care Medicine, Shandong Provincial
Hospital, Cheeloo College of Medicine, Shandong University, Jinan 250021, Shandong
Province, China

Wei-Wei Li, Department of Critical Care Medicine, The 960" Hospital of the People's Liberation
Army Joint Logistics Support Force, Jinan 250031, Shandong Province, China

Hao Yuan, Shuai Kong, Shu-Bo Tian, Department of Gastrointestinal Surgery, Shandong
Provincial Hospital Affiliated to Shandong First Medical University, Jinan 250021, Shandong
Province, China

Shuai Kong, Shu-Bo Tian, Department of Gastrointestinal Surgery, Shandong Provincial
Hospital, Cheeloo College of Medicine, Shandong University, Jinan 250021, Shandong
Province, China

Corresponding author: Shu-Bo Tian, PhD, Chief Doctor, Surgeon, Department of
Gastrointestinal Surgery, Shandong Provincial Hospital Affiliated to Shandong First Medical
University, No. 324 Jingwuweiqi Road, Jinan 250021, Shandong Province, China.

ttkl bo@126.com

Abstract

BACKGROUND
Gastric cancer (GC) is considered a major global health problem. The role of
TRIM55, a member of the three-domain protein family, in GC is unknown.

AIM

To determine the expression of TRIM55 in GC tissues and its relationship with
clinicopathological characteristics, and to investigate the effects of TRIMS55 on the
malignant biological behavior of GC cells.

METHODS

Differential expression of TRIM55 in GC and para-cancer tissues was detected by
immunohistochemistry, and the relationship between TRIMb55 level and clini-
copathological characteristics and prognosis was analyzed. Gain-of-function, loss-
of-function, cell counting kit-8 assay, colony formation, transwell assay, wound

healing assay, and western blot analysis were used to assess the potential role of
TRIMb5 in the development of GC.
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RESULTS

TRIMb5 expression was significantly increased in GC tissues compared with adjacent normal
tissues. High expression of TRIMb55 was associated with advanced pathological stage and poor
prognosis. Overexpression of TRIM55 promoted invasion and metastasis of GC cells in vitro by
regulating epithelial-mesenchymal transition (EMT), whereas knockdown of TRIM55 had the
opposite effect. Our data showed that TRIM55 is highly expressed in GC tissues, and is associated
with poor prognosis. TRIM55 plays the role of an oncogene in GC, and it promotes metastasis of
GC through the regulation of EMT.

CONCLUSION
TRIM55 may be a possible target for the diagnosis and prognosis of GC patients.

Key Words: TRIM55; Gastric cancer; Prognosis; Epithelial-mesenchymal transition

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: TRIMS55 expression was elevated in gastric cancer (GC) cancer tissues. Depletion of TRIMS55 in
GC cells suppressed proliferation, migration and invasion of cells. Knockdown of TRIM5S5 affected the
expression of cell epithelial-mesenchymal transition-related proteins. TRIM55 may serve as an oncogene
in GC.
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INTRODUCTION

Gastric cancer (GC) is one of the most common tumors and seriously affects patients” health[1]. Compre-
hensive treatment based on surgery is the preferred strategy for GC[2]. Postoperative metastasis is the
leading cause of death from GC; however, the mechanisms underlying the occurrence and the
development of GC have not been fully elucidated, and there is a lack of effective markers for early
diagnosis[3]. Therefore, identifying molecular markers of GC is important for the early diagnosis,
treatment, and prognostic evaluation of GC. The three-domain protein (TRIM) family is composed of
many members, including the tripartite motif, which consists of a RING domain, 1 or 2 Box motifs, and
a coiled-coil region[4]. Some TRIM proteins are involved in the regulation of cellular transcription, cell
proliferation, and tumor development; thus, they play a role in either promoting or inhibiting cancer[5].
The structural diversity of TRIM family proteins underpins their functional diversity. TRIM55, also
known as muscle-specific RING zinc finger protein 2, maintains muscle development and cardiac
function. TRIM55 plays an important role in early skeletal muscle differentiation and the generation of
muscle fibers[6]. Studies have shown that mir-30-5p can inhibit muscle cell differentiation and regulate
the alternative splicing of TRIM55 by targeting Muscleblind-like Protein[7]. TRIM55 can regulate the
TNF-0-CCL2 pathway and promote an inflammatory response in the development of mesangial prolif-
erative glomerulonephritis[8]; however, the role of TRIM55 in GC has not been fully elucidated.

In this study, we determined the differential expression of TRIM55 in GC patients and investigated
the relationship between TRIM55 and clinicopathological characteristics. We found that TRIM55
induced proliferation, migration, and invasion of GC cells. We also investigated the mechanism
underlying these effects.

MATERIALS AND METHODS

Tissue samples

Tissues were obtained from 91 GC patients admitted to the Department of Gastrointestinal Surgery of
Shandong Provincial Hospital Affiliated to Shandong First Medical University between July 2014 and
December 2015. The tumor tissue samples and adjacent normal gastric mucosal tissue samples were
validated by pathologists. Of the 91 patients, 61 were male and 30 were female, with an average age of
63.6 years. Data such as gender and age of the patient, tumor location, tumor pathological stage, and
lymph node metastasis, were also collected. In addition, five fresh GC tissue samples and matched
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adjacent normal gastric tissues were obtained from our hospital. The research protocols were approved
by the Ethics Committee of the Provincial Hospital Affiliated to Shandong First Medical University, and
all the patients signed an informed consent form before surgery.

Cell culture and transfection

Human GC cell lines (AGS, MKN28, MGC803, SGC7901, HGC27, and MKN45) and the immortalized
gastric mucosa cell line (GES-1) were provided by the Cell Center of the Chinese Academy of Medical
Sciences. All the cell lines were cultured in RPMI-1640 medium containing 10% fetal bovine serum (FBS,
Gibco, United States). Cells were cultured in an incubator at 37 °C and 5% CO,. According to the CDS
coding sequence of TRIM55, small interfering RNAs (siRNA) to knock down TRIM55 were designed
and synthesized by RiboBio (Guangzhou, China), and the scramble nonsense sequence was used as the
negative control (si-control). The targeting TRIM55 siRNA sequence was as follows: TRIMb55 siRNA, 5'-
AUCAAACUUCUCACAAAGCUC-3'. The control siRNA was not homologous to any human genome
sequence. For the overexpression assay, the coding sequence of TRIM55 was amplified and cloned into a
pcDNA3.1-HA vector to construct the TRIM55 overexpression system (TRIM55 plasmid). The
pcDNA3.1-HA empty vector was used as the negative control in HGC27 cells.

Immunohistochemical staining

The GC tissue and adjacent tissue were embedded in paraffin and sliced into 4-pm-thick sections.
Xylene was used for dewaxing and citrate buffer was used for antigen repair. After washing with PBS 4
times, the samples were sealed with BSA blocking solution at 37 °C. TRIM55 primary antibody (Novus,
United States) was added and incubated overnight at 4 °C. According to the instructions of the im-
munohistochemical test kit, the secondary antibody was added and incubated for 20 min at room
temperature. Then, streptavidin-peroxidase conjugate was added and the samples were incubated for 20
min. DAB was used for staining and hematoxylin was used for redyeing and dehydration. The sections
were observed and photographed under a microscope and analyzed with Image analysis software.
According to the staining intensity, no staining was scored as 0, light yellow was scored as 1, brownish
yellow was scored as 2, and brown was scored as 3. According to the percentage of positive cells, the
score for no positive cells was 0, 1%-10% was 1, 11%-50% was 2, 51-75% was 3, and 76%-100% was 4.
The expression of TRIM55 was considered to be high if the multiple of the two scores was > 5.

Quantitative real-time polymerase chain reaction

Total RNA was extracted using TRIzol reagent (Invitrogen) and reverse transcribed to cDNA using a
reverse transcription kit (Takara, Dalian, China) following the manufacturer’s instructions. The
quantitative real-time polymerase chain reaction three-step method was used, and the 22 method was
used to calculate the relative expression levels of TRIM55. GAPDH was used as the endogenous control.
The upstream primer sequence of TRIM55 was 5 '-GGTTTTGGATAGACATGGGGT-3', and the
downstream primer sequence was 5 -TTCTCCTCTTGGGTTCGGGT-3'".

Cell counting kit-8 assay

Cells were seeded in 96-well plates (2000 cells/well) and placed into an incubator for further culture.
Ten microliters of cell counting kit-8 (CCK-8) reagent (Dojindo, Mashikimachi, Japan) was added to
each well on days 1, 2, 3, and 4. After 4 h incubation, the absorbance value at 450 nm (OD450) was
measured with a microplate reader. The growth curve of cells was drawn according to the OD value.
Three independent assays were performed for each time point.

Colony formation assay

Two thousand cells/well were plated in a six-well plate and allowed to grow in complete growth
medium for 14 d. The colonies were then fixed with 4% paraformaldehyde for 15 min, followed by
staining with 0.1% crystal violet solution for 10 min. The number of colonies was counted, and the
average value was calculated from three independent experiments.

Transwell migration and invasion assay

GC cells at the logarithmic growth stage were trypsinized and suspended in serum-free media at a
concentration of 1 x 10° cells/mL. Two hundred microliters of the cell suspension was added to the
upper transwell chamber. Culture medium containing 10% FBS was added to the lower chamber. For
the invasion assay, the transwell membrane was coated with Matrigel. After 48 h incubation, the cells
that did not pass through the membrane in the upper chamber were removed with cotton swabs. The
migrated/invaded cells were fixed with paraformaldehyde for 30 min and stained with 0.1% crystal
violet solution. The cells were observed under a microscope and five random fields were selected to
count the number of migrated or invaded cells.

Wound healing assay
GC cells were inoculated into a six-well plate at a density of 5 x 10° cells/well until 90% confluence was
reached. Then, a sterile 100-pL pipette tip was used to scrape the bottom surface of the plate to form a
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wound vertically. The cells were washed with 1x PBS, and complete growth medium was added. The
wound margins were observed at 0 and 24 h in 5 randomly selected microscopic regions, and the mean
cell spacing was calculated.

Western blot assays

GC cells were collected and lysed in immunoprecipitation lysis buffer. After protein quantification by
the BCA method, 30 pg of protein sample was used for electrophoresis. After transfer and blocking, the
membrane was incubated overnight at 4 °C with the primary antibody. Horseradish peroxidase-labeled
secondary antibody was added and incubated for 1 h. The bands were visualized using chemilumin-
escence reagent.

Statistical analysis

Statistical analyses were performed using GraphPad Prism software version 7.0 (CA, United States). All
the data are represented as mean * SD from three independent experiments. Differences among groups
were compared using student’s t-test and one-way analysis of variance. The prognostic factors were
analyzed by univariate and multivariate Cox regression models. The Kaplan-Meier method was used to
calculate the survival rate, and the log-rank test was used to compare different survival curves. A value
of P < 0.05 was considered to indicate a statistically significant difference.

RESULTS
TRIM55 is highly expressed in GC samples

Immunohistochemical results showed that TRIM55 was mainly expressed in the nucleus. Figure 1A-D
shows the representative immunohistochemical staining images of TRIM55 in normal gastric mucosa
tissue and cancer tissue. The expression of TRIM55 was significantly high in 91 GC tissues and low in
para-cancer tissues (Table 1, P < 0.001). There was no significant correlation between TRIM55 expression
and age at diagnosis, gender, tumor location, or Lauren type (P > 0.05, Table 2). However, a significant
relationship was found between TRIM55 expression and tumor stage, lymph node metastasis, and T
stage (P < 0.05, Table 2).

To further confirm the results, we performed western blotting using five GC specimens and matched
normal tissues. The results showed that protein levels of TRIMb5 in GC tissues were up-regulated
compared to non-tumor tissues (Figure 1E).

Relationship between TRIM55 expression and prognosis of GC

The 5-year survival rate of patients with high TRIM55 expression was lower than that of those with low
expression (P = 0.026, Figure 1F). The median overall survival of patients with high and low expression
of TRIMS55 was 34 mo [95% confidence interval (CI): 13.3-62.8] and 57 mo (95%CI: 25.5-84.5), res-
pectively. Similarly, patients with high TRIM55 gene expression had a poor prognosis in the TCGA
database (Figure 1G). Univariate Cox regression analysis showed that T stage, [ymph node metastasis,
TNM stage, and TRIMb55 expression level were the influencing factors for the prognosis of GC patients
(Table 3). Further multivariate Cox regression analysis showed that lymph node metastasis, TNM stage,
and TRIMb55 expression level were independent factors affecting the prognosis of GC (Table 3).

TRIMS55 protein is upregulated in GC cell lines

The protein level of TRIM55 was analyzed in the immortalized gastric mucosal epithelial cell line GES-1
and six GC cell lines (AGS, MKN28, MGC803, SGC7901, HGC27, and MKN45). The results showed that
the expression level of TRIM55 in GC cell lines was significantly higher than that in GES-1 cells
(Figure 2A). Among them, the expression level of TRIM55 was highest in SGC7901 and lowest in the
HGC27 cell line.

Transfection efficiency of TRIM55 siRNA and TRIM55 overexpressed plasmid

To analyze the effects of TRIM55 knockdown, SGC7901 (cells with high TRIM55 expression) GC cells
were transfected with TRIM55 siRNA. The results showed that both mRNA and protein expressions of
TRIMb55 were significantly lower in cells transfected with TRIM55 siRNA compared to those in the
control group (Figure 2B and C). HGC27 cells with low endogenous TRIMb55 expression were trans-
fected with TRIM55 overexpressed plasmid to determine the effects. We found that cells transfected
with the overexpressed plasmid had higher mRNA and protein levels of TRIM55 compared to those
transfected with the empty vector (Figure 2D and E).

TRIM55 promotes proliferation of GC cells

The CCK-8 assay was used to determine the proliferation of GC cells. The results showed that SGC7901
cell proliferation was significantly inhibited on days 2, 3, and 4 after TRIM55 knockdown (P < 0.001,
Figure 3A). However, the proliferation of HGC27 cells was significantly increased on days 2, 3, and 4 (P
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Table 1 Immunohistochemical expression of TIRM55 in gastric cancer and normal tissues

Tissue N High expression Low expression P value
Gastric cancer 91 40 51 <0.001
Normal 91 8] 89

Table 2 Association between TRIM55 expression and clinicopathological characteristics

TRIM55 expression
Variables No. of case X P value
High (n = 40) Low (n=51)
Gender 0.284 0.594
Male 61 28 33
Female 30 12 18
Age (n) 0.216 0.642
<65 48 20 28
> 65 43 20 23
Tumor location 0.008 0.928
Proximal 14 6 8
Dismatal 77 34 43
pT stage 6.232 0.013
T1+T2 43 13 30
T3 + T4 48 27 21
Lymph node metastasis 5.506 0.019
Negative 49 16 33
Positive 42 24 18
TNM stage 5.146 0.023
I[+1I 53 18 35
I 38 22 16
Lauren histotype 3.366 0.067
Intestinal 47 25 22
Diffuse 44 15 29

<0.001, Figure 3B) when TRIM55 was overexpressed in these cells. These results suggest that TRIM55
can promote the proliferation of GC cells.

The colony formation assay showed that the colony number was significantly reduced after siRNA
transfection in SGC7901 cells (Figure 3C). Similarly, overexpression of TRIM55 in HGC27 cells enhanced
the ability of cells to form colonies (Figure 3D).

TRIM55 promotes invasion and migration of GC cells

The transwell migration and invasion assay results showed that TRIM55 knockdown significantly
reduced the migration and invasion of SGC7901 cells (Figure 4A). Furthermore, the number of migrated
and invaded HGC27 cells was significantly increased after TRIM55 overexpression (Figure 4B). The
wound-healing assay revealed that knockdown of TRIMb55 significantly impaired the migration ability
of SGC7901 cells (Figure 5A), while HGC27 migration ability was enhanced after overexpression of
TRIMS5S (Figure 5B). These results suggest that TRIM55 could promote the invasion and migration of
GC cells.

TRIMS5 promotes the migration and invasive growth of GC cells by inducing epithelial-mesenchymal

transition
To further explore the potential mechanism of how TRIMb55 promotes the progression of GC, we
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Table 3 Univariate and multivariate Cox regression models for estimating the overall survival

Univariate analysis Multivariate analysis
Variable

HR 95%Cl P value HR 95%Cl P value
Gender 0.79 0.12-1.38 0.463
Age 0.56 0.38-1.50 0.517
Tumor location 1.67 0.53-2.27 0.770
pT stage 0.85 0.61-0.93 0.041
Lymph node metastasis 3:29 2.07-5.44 0.005 2.64 1.35-3.08 0.021
TNM stage 218 1.32-2.89 0.016 1.20 1.06-1.88 0.028
Lauren histotype 1.45 0.39-2.46 0.433
TRIM55 2.37 1.53-3.81 0.028 1.48 1.17-1.92 0.035

HR: Hazard ratio; CI: Confidence interval.
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Figure 1 Representative images of immunohistochemical staining for TRIM55 in human gastric cancer tissue and its prognostic signi-
ficance. A: Low expression of TRIMS55 in gastric normal mucosa tissue; B: TRIM55 expression in well-differentiated adenocarcinoma; C: TRIM55 expression in
poorly differentiated adenocarcinoma; D: Overexpression of TRIM55 in signet-ring cell carcinoma. Original magnification, 400 x; E: TRIM55 protein levels in five
tumor samples and their matched normal tissues; F: Overall survival curves for 91 gastric cancer (GC) patients according to TRIM55 protein expression (P = 0.026);
G: Overall survival curves of TCGA GC patients with different TRIM55 expression. °P < 0.001. HR: Hazard ratio; GC: Gastric cancer.
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Figure 2 TRIMS5 expression in gastric cancer cells. A: The expression of TRIM protein was detected in gastric cancer (GC) cells by western blot. The
histogram shows the expression of TRIM55 in GC cells was stronger than that in gastric mucosa cell line; B: The interference efficiency of TRIM55 small interfering
RNA (siRNA) in SGC7901 cells was detected by Western blot; C: Quantitative real-time-polymerase chain reaction assay was performed to determine TRIM55
expression after transfection with siRNA; D: The up-regulation of TRIM55 expression in HGC27 cells was detected by Western blot; E: TRIM55 mRNA expression
level in HGC27 after transfection with the TRIM55 plasmid. °P < 0.01; °P < 0.001.
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analyzed the expression of epithelial-mesenchymal transition (EMT)-related proteins by western blot
analysis (Figure 6). The results showed that in the SGC7901 cell line, E-cadherin expression was
significantly up-regulated after TRIM55 knockdown, while N-cadherin, Vimentin, ZEB1, and Snail
expression were significantly down-regulated compared with the control group (Figure 6A). Fur-
thermore, the opposite results were observed when TRIMb55 was overexpressed in the HGC27 cell line
(Figure 6B). These results confirmed that TRIM55 promotes the invasion and metastasis of GC cells by
inducing EMT.

DISCUSSION

TRIMb55 belongs to the TRIM protein family, which plays an important role in the development and
progression of tumors. TRIM proteins have three characteristic domains and function as an E3 ligase;
they also mediate ubiquitination and regulate intracellular pathophysiological and tumor-related
processes by degrading target molecules. TRIM family members exhibit oncogenic and tumor-
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Figure 3 TRIM55 regulates gastric cancer cell proliferation. A and B: Cell viability detected by cell counting kit-8 assay in SGC7901 cells after knockdown
of TRIM55 and in HGC27 cells after overexpression of TRIM55; C and D: Colony formation analysis of TRIM55 knockdown-treated SGC7901 cells and TRIM55
overexpression-treated HGC27 cells. °P < 0.001.
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suppressive capacities in different human cancer types by regulating signal transduction pathways[9,
10]. EMT is a transitional process in which epithelial cells lose intercellular adhesion and polarity, and
they acquire mesenchymal cell characteristics, enhanced cell motility, and migration ability[11,12].

The progression of EMT is regulated by translational factors and epigenetic modification[13]. Also,
microRNAs and long non-coding RNAs are also involved in EMT regulation as post-translational
regulators[14]. The tumor cells or other stromal cells can secret exosomes. Exosomes are extracellular
vesicles with a lipid bilayer containing proteins, lipids and functional RNAs, which can transfer
information between tumor cells or between tumor cells and the tumor microenvironment, thereby
regulating the EMT process[15,16]. As EMT plays essential physiological roles, EMT-targeted therapy
combined with conventional chemotherapy can improve the sensitivity of tumor cells to drugs.

TRIM proteins were found to be associated with EMT in various types of cancer. TRIM11 protein was
upregulated in GC tissue and cell lines, and it could promote cell proliferation, migration, invasion, and
EMT of GC by activating B-catenin signaling[17]. TRIM47 mainly influenced the EMT signaling
pathway, was highly expressed in GC, and was associated with poor prognosis of patients[18]. In GC,
TRIM44 expression was also increased in GC tissues and cell lines, and it regulated GC cell metastasis
by altering the expression of EMT-associated factors[19].

Previous studies have demonstrated that the role of TRIM55 in tumors is tissue specific. For example,
a study revealed that TRIM55 expression was significantly suppressed in lung adenocarcinoma tissues
and tumor cells. TRIM55 exerted its tumor-suppressive effect by increasing the degradation of Snail
protein via ubiquitination[20]. TRIM55 was downregulated in hepatocellular carcinoma (HCC) tissue
and associated with tumor stage and poor prognosis. Overexpression of TRIM55 can suppress the
migration and invasion of HCC cells through EMT and the MMP2 pathways[21].

To the best of our knowledge, our study is the first to determine the expression levels and biological
functions of TRIM55 in GC. We demonstrated that TRIMb55 could be a potential new biomarker for
diagnosing and evaluating GC patients. First, we performed immunohistochemical staining, and the
results showed that TRIM55 was highly expressed in GC tissues and that TRIM55 expression was
related to the T stage, lymph node metastasis, and TNM stage of GC. Survival analysis showed that the
5-year survival rate of GC patients with high expression of TRIM55 was significantly reduced. Cox
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Figure 4 TRIM55 promotes metastasis of gastric cancer cells. A: Migration and invasion analysis of TRIM55 knockdown-treated SGC7901 cells; B:
Migration and invasion analysis of TRIM55 overexpression treated-HGC27 cells. °P < 0.001.
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Figure 5 Wound healing assays were performed in gastric cancer cells. A: Migration rates of SGC7901 cells at 24 h were lower than that in control
groups after knockdown of TRIM55; B: Migration rates of HGC27 cells at 24 h were higher than that in control groups after overexpression of TRIM55. °P < 0.001.

regression analysis also confirmed that TRIM55 expression was an independent prognostic factor in GC.
These results suggest that TRIM55 may be involved in the occurrence and development of GC.
Furthermore, to confirm the biological functions of TRIMb55 in GC, we performed a gain and loss of
function experiment in vitro. Results from the CCK-8 assay, colony formation assay, transwell, and
wound healing assays indicated that inhibition of TRIM55 decreases the proliferation and invasion of
GC cells, whereas the overexpression of TRIM55 promotes these processes in GC cells. Finally, we used
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Figure 6 Western blot results of epithelial-mesenchymal transition pathway-related proteins in gastric cancer cells. A and B: Western blot
analysis of E-cadherin, N-cadherin, Vimentin, ZEB1, and Snail after TRIM55 knockdown and overexpression in SGC7901 and HGC27 cells; C: Histogram of the
expression of E-cadherin, N-cadherin, Vimentin, Snail, and ZEB1 proteins related to metastasis after knockdown or overexpression of TRIM55. °P < 0.001.

western blot analysis to confirm that knockdown or overexpression of TRIM55 could alter the EMT-
related protein, suggesting that TRIM55 could regulate the EMT process. TRIM proteins could serve the
ubiquitination function to stabilize or dislocate target proteins in various cellular compartments[4].
Ubiquitination is a post-transcriptional modification that labels the target proteins to be degraded at the
proteasome level. Thus, TRIM family members determine both tumor suppressor and oncogenic roles
by affecting the signal pathways in cancer development and progression. For example, TRIM29 and
TRIMS exhibited contextual function in different cancers[22-24]. They negatively or positively regulate
tumorigenesis and tumor progression by affecting pathways. In our study, we showed that TRIM55 is
highly expressed in gastric tumors and cultured tumor cells. TRIM55 has E3 ubiquitin ligase activity and
whether it can regulate the EMT-related proteins through ubiquitination requires further investigation.

However, some limitations exist in our study. First, the detection of TRIM55 was based on a single-
center clinical cohort, and the functional experiments were only performed in vitro. Future studies
should enroll more patients and utilize animal models to confirm our conclusions. Second, TRIM55 has
E3 ubiquitin ligase activity and whether it can regulate the EMT-related proteins through ubiquitination
requires further study.

CONCLUSION

In summary, our study analyzed the expression of TRIMb55 in GC and demonstrated that TRIM55 could
promote GC cell proliferation, migration, and invasion via the EMT process. Overexpression of TRIM55
could be an independent factor predicting poor survival, and TRIM55 may serve as a potential
therapeutic target for GC. In addition, whether TRIM55 can affect EMT through other molecular
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mechanisms remains to be examined in future studies.

ARTICLE HIGHLIGHTS

Research background
TRIM55 plays important role in hepatocellular carcinoma and lung adenocarcinoma. However, little is
known about the role of TRIM55 in gastric cancer (GC).

Research motivation
To discover the targets for the diagnosis, treatment and prognosis prediction of GC.

Research objectives
To explore the biological function of TRIM55 and its underlying molecular mechanism in GC.

Research methods

The expression of TRIM55 was determined by quantitative real-time polymerase chain reaction and
Western blot. Cell counting kit-8 assay, colony formation, wound healing assay and transwell assay
were used to investigate the TRIMb55 function.

Research results

TRIM55 expression levels were significantly increased in GC cell lines and tissues. High expression of
TRIMb55 was correlated with poor prognosis of GC patients. Knockdown of TRIM55 in GC cell lines
inhibited proliferation, colony formation, migration and invasion in vitro. TRIM55 can regulate the
expression of epithelial-mesenchymal transition-related proteins in GC cells.

Research conclusions
TRIMbS5 functions as an oncogene through promoting cell proliferation, migration and invasion in GC.

Research perspectives
TRIMb55 may be a new potential target in GC treatment.
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Abstract

BACKGROUND

For optimizing fecal immunochemical test (FIT)-based screening programs,
reducing the rate of missed colorectal cancers (CRCs) by FIT (FIT-interval CRCs)
is an important aspect. Knowledge of the molecular make-up of these missed
lesions could facilitate more accurate detection of all (precursor) lesions.

AIM

To compare the molecular make-up of FIT-interval CRCs to lesions that are
detected by FIT [screen-detected CRCs (SD-CRCs)].

METHODS

FIT-interval CRCs observed in a Dutch pilot-program of FIT-based screening were
compared to a control group of SD-CRCs in a 1:2 ratio, resulting in 27 FIT-interval
CRC and 54 SD-CRCs. Molecular analyses included microsatellite instability
(MSI), CpG island methylator phenotype (CIMP), DNA sequence mutations and
copy number alterations (CNAs).
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RESULTS

Although no significant differences were reached, FIT-interval CRCs were more often CIMP
positive and MSI positive (33% CIMP in FIT-interval CRCs vs 21% in SD-CRCs (P = 0.274); 19%
MSI in FIT-interval CRCs vs 12% in SD-CRCs (P = 0.469)), and showed more often serrated
pathway associated features such as BRAF (30% vs 12%, P = 0.090) and PTEN (15% vs 2.4%, P =
0.063) mutations. APC mutations, a classic feature of the adenoma-carcinoma-sequence, were more
abundant in SD-CRCs (68% vs 40% in FIT-interval CRCs P = 0.035). Regarding CNAs differences
between the two groups; FIT-interval CRCs less often showed gains at the regions 8p11.22-q24.3 (P
= 0.009), and more often gains at 20p13-p12.1 (P = 0.039).

CONCLUSION

Serrated pathway associated molecular features seem to be more common in FIT-interval CRCs,
while classic adenoma carcinoma pathway associated molecular features seem to be more common
in SD-CRCs. This indicates that proximal serrated lesions may be overrepresented among FIT-
interval CRCs.

Key Words: Fecal immunochemical test-interval colorectal cancer; Mutation analysis; Colorectal cancer
screening; Serrated pathway; Adenoma-carcinoma pathway

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Fecal immunochemical test (FIT) is effective in reducing colorectal cancer (CRC) but FIT
testing is not perfect. FIT interval cancers, i.e. CRCs diagnosed after a negative FIT but before the next
FIT invitation, still occur. Previous studies have shown that FIT sensitivity for sessile serrated lesions
(SSLs) is low, but a correlation between the occurrence of FIT interval cancers and the serrated pathway
has not been established. In our study, the serrated pathway-associated molecular features were more
common in FIT-interval CRCs as compared to screen detected CRCs. This indicates that proximal serrated
lesions may be overrepresented among FIT interval CRCs. The findings of this study can provide guidance
on strategies to further improve stool-based CRC screening with incorporating biomarkers for SSLs,
thereby reducing the number of screening interval CRCs.

Citation: van der Vlugt M, Carvalho B, Fliers J, Montazeri N, Rausch C, Grobbee EJ, Engeland MV, Spaander
MCW, Meijer GA, Dekker E. Missed colorectal cancers in a fecal immunochemical test-based screening program:
Molecular profiling of interval carcinomas. World J Gastrointest Oncol 2022; 14(11): 2195-2207

URL: https://www.wjgnet.com/1948-5204/full/v14/i11/2195.htm

DOI: https://dx.doi.org/10.4251/wjgo.v14.i11.2195

INTRODUCTION

Fecal immunochemical test (FIT)-based screening worldwide has had a major impact on reducing
colorectal cancer (CRC)-related mortality. Despite this success, the issue of false negative tests giving
rise to FIT interval CRCs (e.g., CRCs diagnosed after a negative FIT but before the next FIT invitation)
leaves room for improvement[1]. Monitoring the incidence of FIT-interval CRCs is a key quality
indicator of a FIT-based screening program, and any CRC that occurs in spite of recent screening can be
regarded as an unwanted program outcome. The sensitivity of FIT for CRC is approximately 75%-85%,
which indicates that still 1 in 4-5 CRCs will be missed in any single screening round[2-4]. Possible
reasons for FIT-interval CRCs are the limited sensitivity of FIT for specific molecular types of CRCs that
were already present at the time of FIT-screening, or rapid progression of premalignant lesions during
the interval between two screening rounds. Both of these causes may be the consequence of differences
in tumor biology between FIT-interval CRCs and screen-detected CRCs (SD-CRCs). Such biological
differences may translate e.g., into a lower bleeding tendency of colorectal lesions or an increased
progression rate.

CRC has several precursor lesions reflecting different tumor-biology. Adenomas are well-known
precursors of CRC. Adenomas may follow the canonical adenoma-carcinoma sequence with APC and
KRAS mutations and subsequent typical patterns of chromosomal copy number alterations (CNAs) as
classic features to develop into CRC[5-7]. More recently, also sessile serrated lesions (SSLs) have been
identified as precursors of CRC. SSLs may follow the serrated neoplasia pathway resulting in CRCs that
are more often microsatellite instable (MSI), CpG island methylator phenotype (CIMP) high and harbor
BRAF mutations[8,9]. As a consequence of a different tumor biology, colorectal lesions can have
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different morphology. Most SSLs are non-polypoid (flat or slightly elevated) lesions located in the
proximal colon, whereas adenomas can be either non-polypoid or polypoid (e.g., stalked or sessile).
Previous studies have shown that FIT sensitivity for SSLs is low[10]. Also, non-polypoid colorectal
neoplasms (NP-CRNs) have a flat morphology and are associated with more aggressive biologic
behavior when compared to polypoid precursor lesions[11]. These NP-CRNs are usually located in the
proximal colon. As they are more challenging to detect during colonoscopy, these NP-CRNs are thought
to be a major contributor to post-colonoscopy CRCs (PC-CRCs)[12]. In a study on molecular character-
ization, NP-CRNs were more often found to harbor 5g-loss and BRAF mutations and have less APC and
KRAS mutations[11,12]. It was hypothesized that NP-CRNs bleed less intensely and/or not
continuously, which could lead to a falsely negative FIT and FIT-interval CRCs.

Generating more insight in the molecular features of FIT-interval CRCs may help to optimize
screening strategies, aiming to reduce their incidence. The aim of the present study therefore was to
compare the molecular composition of FIT-interval CRCs to that of SD-CRCs.

MATERIALS AND METHODS
Population and study design

From 2006 onwards, two cohort studies of biennial FIT-based CRC screening have been conducted in
the southwest and northwest regions of the Netherlands. After three screening rounds, these two
cohorts were combined in 2014 to conduct a fourth round of FIT screening. A threshold of 10 pg
hemoglobin (Hb) per gram feces was used. Screenees with a fecal Hb concentration above this threshold
were referred for colonoscopy. Colonoscopies were performed according to international quality
guidelines[13]. Details about the design of this study have been reported previously[2,14,15]. After
finishing the fourth screening round in 2015, the total cohort was linked to the Netherlands Cancer
Registry, managed by the Netherlands Comprehensive Cancer Organization (Utrecht, The
Netherlands), in order to identify CRC missed by FIT testing during the three completed screening
rounds including 2 years of follow up.

Definitions
All CRCs detected during colonoscopy after a positive FIT (threshold > 10 pg Hb/g feces) were
recorded and labeled as SD-CRC.

FIT-interval CRCs were defined as a CRC diagnosed after a negative FIT (threshold < 10 pg Hb/g
feces) and before the date of the next invitation for FIT-screening[16]. If a participant had a negative FIT
and was not invited for a consecutive round (for having passed the upper age limit or after moving out
of the target area) but developed CRC within the 2.37 years interval (median time between invitations),
this CRC was also defined as a FIT-interval CRC.

Persons who had been inconsistent in participating in FIT screening and developed CRC outside the
screening interval (median 2.37 years) were not defined as an interval CRC and not included in this
study. Data on tumor stage and location (at time of resection) were collected for both FIT-interval CRC
and SD-CRCs. With regard to tumor location, the colon was divided into proximal (cecum, ascending,
hepatic flexure, and transverse colon) and distal colon (splenic flexure, descending colon, sigmoid colon,
and rectum). All cancers were staged according to the 7* edition of the American Joint Committee on
Cancer[17]. In the three intervals between four screening rounds, including the 2.37 years follow up for
individuals that had reached the upper age limit after any of the first three rounds, in total 27 FIT-
interval CRCs were identified. Besides, a total of 116 SD-CRCs was detected in the four screening
rounds. All 27 FIT-interval CRCs were included in the study, and a random sample of SD-CRCs in a 1:2
ratio to SD-CRCs, yielding a control group of 54 SD-CRCs.

Sample collection and DNA isolation

All tissue samples of FIT-interval CRCs and SD-CRCs were collected from 11 departments of pathology
through the Dutch National Pathology Registry[18]. DNA from formalin-fixed, paraffin-embedded
material was isolated as previously described[19]. Good quality DNA could be obtained from 25 of 27
FIT-interval CRCs and 46 of 54 SD-CRCs (see Supplementary Figure 1).

CIMP status analysis

CIMP status was analyzed in the Pathology Department at the University of Maastricht. The CIMP
panel (CACNAIG, IGF2, NEUROG1, RUNX3 and SOCS1)[20] was determined by nested methylation-
specific polymerase chain reaction (PCR) using sodium bisulfite modified genomic DNA (EZ DNA
methylation kit (ZYMO research Co., Orange, CA, United States) as described before[21,22], and CIMP
positive was defined when > 3 of the 5 CIMP markers were methylated. In some samples DNA was no
longer available, in other samples the analysis was performed but failed, leaving CIMP-analysis results
available for 21 of 27 FIT-interval CRCs and 39 of 54 SD-CRCs (see Supplementary Figure 1).
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MSiI status analysis

MSI status analysis was performed using the multiplex marker PCR panel from Promega (MSI
Multiplex System Version 1.2, Promega, Madison, W1, United States). When two or more markers were
unstable, the sample was interpreted as MSI. All other samples were classified as microsatellite stable.
In some samples insufficient DNA was left, while in others the results obtained did not meet the quality
criteria, leaving results for MSI analysis available for 21 of 27 FIT-interval CRCs and 41 of 54 SD-CRCs
(see Supplementary Figure 1).

Mutation analysis

For mutation analysis, targeted sequencing was performed. DNA libraries were prepared using the
KAPA HyperPrep Kit (KAPA Biosystems, Wilmington, MA, United States) as described in the KAPA
HyperPrep Kit protocol (KR0961-v5.16). Target enrichment was performed using a custom 48 gene
xGen® Predesigned Gene Capture Pools (Integrated DNA Technologies, San Diego, CA, United States),
as previously described[23]. In some samples, DNA was no longer available, and one sample was
analyzed but sequencing was not sufficiently deep to draw conclusions for almost all genes, leaving
mutation analysis results available for 20 of 27 FIT-interval CRCs and 42 of 54 SD-CRCs (see Supp-
lementary Figure 1). Genes and/or samples with = 50% of low-quality reads, were excluded from
analysis, as the results were not reliable. Mutation calling was done as previously described[23]. Raw
mutation data have been deposited in the European Genome-Phenome Archive (EGA)[24], with the
study ID: EGAS00001004683.

DNA copy number analysis

DNA CNAs were analyzed with low-coverage whole genome sequencing as described previously[23].
Briefly, DNA was fragmented by sonication (Covaris S2, Woburn, MA, United States) and run on the
HiSeq 2500 (Illumina, San Diego, CA, United States) on a 65 basepairs single-read modus using the
KAPA HyperPrepKit (KAPA Biosystems, KK8504, Wilmington, MA, United States). This yielded a
coverage of 0.13x (IQR 0.12-0.14) genome coverage. To compare the frequencies of alterations in the two
groups, the R-package CGHtest was used[25]. Good quality DNA copy number profiles were obtained
for 19 of 27 FIT-interval CRCs and for 44 of 54 SD-CRCs (see Supplementary Figure 1). Raw DNA copy
number data has been deposited in the EGA[24], with the study ID: EGAS00001004683.

Statistical analysis

Differences between groups were evaluated for statistical significance using the Chi square-test statistic,
Fisher’s exact test statistic, linear-by-linear test or Mann-Whitney-U test where appropriate. Two-sided
P values < 0.05 were considered to indicate statistically significant differences. Differences between
proportions were reported as mean with 95%CIL.

Ethics approval and tissue handling

Ethics approval for performing FIT-based screening including linkage to the Netherlands Cancer
Registry was provided by the Dutch National Health Council (WBO 2642467, 2832758, 3049078 and
161536-112008, The Hague, The Netherlands). No separate ethics approval was necessary for the
additional molecular analysis, as judged by the scientific ethics board of the AMC University Hospital.
Collection and use of tissue and patient data were performed in compliance with the ‘Code for Proper
Secondary Use of Human Tissue in the Netherlands’ (www.federa.org). All authors had access to the
study data and reviewed and approved the final manuscript.

Patient and public involvement
It was not appropriate or possible to involve patients or the public in the design, or conduct, or
reporting, or dissemination plans of our research.

RESULTS

Clinicopathological characteristics

Demographic and clinicopathological characteristics of the patients with FIT-interval CRCs and SD-
CRCs are shown in Table 1. No significant differences were found between both groups. Almost 60% of
all patients were men. Among the FIT-interval CRCs, 21 patients (77.8%) were estimated to have a
“normal/average” socioeconomic status, compared to 33 patients (61.1%) in the SD-CRC group. In the
group of FIT-interval CRCs, fecal Hb concentrations were undetectable (n = 12, 44%) or below the
threshold (n = 12, 44%). For three screenees (11%), the precise level of Hb/g feces was not available.
Supplementary Table 1 shows per patient and per CRC type (SD-CRC or FIT-interval CRC) how many
rounds of FIT participation had been completed prior to the diagnosis of CRC.
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Table 1 Clinicopathological characteristics of all selected persons with fecal immunochemical test-interval and screen-detected

colorectal cancers

Characteristics FIT-interval CRC SD-CRC Pvalue
Patients, n 27 54
Age at diagnosis, mean (min-max) 65.9 yr (53-76) 65.2 yr (50-75) NS
Male sex, n (%) 16 (59.3) 33 (61.1) NS
Socio-economic status, 1 (%) NS

Low 2(7.4) 10 (18.5)

Normal 21 (77.8) 33 (61.1)

High 4 (14.8) 11 (20.4)
Tumor location, 7 (%)

Proximal 10 (37) 17 (31.5) NS
Tumor stage, 1 (%)

Stage I 8 (29.6) 25 (46.3) NS

Stage II 6(222) 8 (14.8)

Stage III 9 (33.3) 20 (37.0)

Stage IV 4(14.8) 1(1.9)
Time interval between FIT and CRC

Mean 14yr

Min-max 0.4-2.3 yr

IOR 0.9-2.0 yr
Mean Hb concentration last FIT in pg Hb/ g feces, mean 2.7 +3.4° 167.8 £168.7 <0.001
+SD

3 cases missing.

All values expressed as number and % with respect to fecal immunochemical test-interval and screen-detected colorectal cancers. FIT: Fecal

JBaishideng®

immunochemical test; CRC: Colorectal cancer; SD-CRC: Screen-detected colorectal cancer; IQR: Interquartile range; Hb: Hemoglobin; NS: Not significant.

MSI and CIMP analysis

MSI was more common among patients with FIT-interval CRCs compared to patients with SD-CRCs:
19% (4/21) vs 12% (5/41) [6.85% (95%CI: -12.7, 26.4); P = 0.469], respectively. Furthermore, CIMP was
more prevalent in FIT-interval CRCs than in SD-CRCs, 33% (7/21) and 21% (8/39) [12.82% (95%CI: -
11.36, 36.6); P = 0.274], respectively. However, differences for both variables did not reach statistical
significance (Table 2).

Mutation analysis

Results of the mutation analysis in FIT-interval CRCs and SD-CRCs are shown in Figure 1. Of the 48
genes tested, 37 genes were mutated in at least one sample (see Figure 1). No mutations were detected
in FGFR1, FLT3, GNA11, GNAQ, HRAS, NPM1, PTPN11, SMARCB1, SMO, SRC and STK11.

APC and PIK3CA were more often mutated in SD-CRC compared to FIT-interval CRC [APC: 68% vs
40%, 28.29% (95%CI: 2.53, 54.1); P = 0.035; PIK3CA: 27% vs 0%, 26.83% (95%CI: 13.27, 40.39); P = 0.011].
KRAS was mutated in 37% of SD-CRC compared to 30% in FIT-interval CRC [5% (95%Cl: -20.57, 30.58);
P =0.705]. TP53 was mutated in 51% of SD-CRC compared to 40% in FIT-interval CRC [11.22% (95%CL: -
15.14, 37.58); P = 0.410).

The following genes were significantly more often mutated in FIT-interval CRCs; ALK [20% ©vs 2.4%;
17.56% (95%CI: -0.59, 35.72); P = 0.019], CSF-1R [20% vs 2.4%; 17.56% (95%Cl: -0.59, 35.72); P = 0.019],
EGFR [10% vs 0%; 10% (95%ClI: -3.15, 23.15); P = 0.037], FGFR2 [10% vs 0%; 10% (95%CI: -3.15, 23.15); P =
0.040], MET [10% ws 0%; 10% (95%ClI: -3.15, 23.15); P = 0.040], MPL [15% vs 0%; 15% (95%CI: -0.65, 30.65);
P =0.010].

BRAF [30% vs 12%; 17.8% (95%CI: -4.64, 40.25); P = 0.090], KDR [20% vs 5%; 15.12% (95%CI: -3.61,
33.85); P =0.063] and PTEN [15% vs 2.4%; 12.56% (95%Cl: -3.78, 28.9); P = 0.063] mutations were more
abundant in FIT-interval CRCs compared to SD-CRC but this difference did not reach statistical
significance (see Figure 1).
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Table 2 Microsatellite instability analysis and CpG island methylator phenotype analysis

FIT-interval CRC SD-CRC P value
MSI analysis®
MSI 4 (19%) 5 (12%) 0.469
MsSs 17 (81%) 36 (88%)
CIMP analysis”
Methylated, positive 7 (33%) 8 (21%) 0.274
Unmethylated, negative 14 (66%) 31 (79%)
n = 62.
bn = 60.

All values expressed as number and % with respect to fecal immunochemical test-interval and screen-detected colorectal cancers. FIT: Fecal
immunochemical test; CRC: Colorectal cancer; SD-CRC: Screen-detected colorectal cancer; MSI: Microsatellite instability; MSS: Microsatellite stable; CIMP:
CpG island methylator phenotype.

DNA copy number analysis

Figure 2 and Table 3 show the results of the DNA copy number analysis for FIT-interval CRC and SD-
CRC. When comparing both groups, the only significantly different alterations were less frequent gains
in FIT-interval CRCs at chromosome 8 region p11.22-q24.3 (P = 0.009) and more frequent gains in FIT-
interval CRCs at chromosome 20 region p13-p12.1 (P = 0.039).

DISCUSSION

Of all interventions currently available, screening is one of the most powerful approaches for reducing
CRC-related mortality[1]. Nevertheless, like all screening programs, CRC screening is facing the
challenges of overdiagnosis and underdiagnosis. The latter mainly manifests as interval cancers. In the
Dutch CRC screening program with a target population of 2.2M screenees, per screening round 544
interval cancers are observed, consistent with a FIT sensitivity of approximately 85%[26]. Theoretically,
these FIT interval cancers consist of cancers that were present at the time the FIT was performed, but
were missed, as well as cancer precursors missed at the time FIT was performed and that showed a
rapid progression to a symptomatic cancer. On one hand sensitivity and specificity are simply
determined by the cut off chosen, given the characteristics of the test. On the other hand, specific tumor
characteristics driven by the underlying biology may differ between screened detected and interval
cancers, a subject that so far has received little attention.

To address that question, the aim of the present study was to investigate the molecular characteristics
between both categories. While we had access to a large well documented cohort of individuals
followed over multiple screening rounds, the absolute number of interval cancers still was limited,
which we consider to be the main reason why for most variables, differences were not statistically
significant. Moreover, due to inherent formalin-fixed, paraffin-embedded associated artifacts, like DNA
cross-links, the quality reads of some of the downstream analyses was poor and therefore some of the
selected cases were further excluded from the final analysis (Supplementary Figure 1). Inherently these
findings are exploratory in nature, yet they provide important indications on a major healthcare issue.

Indeed, the results of this exploratory study indicate that FIT-interval CRCs seem to more frequently
carry the molecular features of the serrated neoplasia pathway and NP-CRNs than SD-CRCs do. FIT
interval CRCs present more often CIMP high, MSI high and carry mutations like ALK, BRAF, CSFIR,
EGFR, FGR2, PTEN, KDR, MET and MPL compared to SD-CRC. PTEN and KDR were previously
described mutations detected in SSLs with high-grade dysplasia[27]. Furthermore, APC and KRAS
mutations, which classically are part of the canonical adenoma-carcinoma sequence[5-7,27], were less
frequently found in FIT-interval CRCs. Regarding DNA CNAs, FIT-interval CRCs showed very similar
profiles to SD-CRCs, with only differences observed in the frequency of two genomic regions, namely,
less often gains at 8p11.22-q24.3, and more often gains in FIT-interval CRCs at 20p13-p12.1. So, these
results suggest that FIT-interval cancers are a mixed group of classical pathway and serrated pathway
cancers, although with more commonly serrated pathway features and less commonly classical pathway
features (both mutations and CNAs) in comparison with SD-CRCs. The overall pattern is striking, even
if the individual variables do not reach statistical significance. Levin et al[28] also evaluated whether
FIT-interval CRCs differed from FIT-positive patients with CRC by analyzing 7 KRAS mutations and 10
aberrantly methylated DNA biomarkers. They did not find any differences in their DNA profiles. In our
study, however we investigated other genomic features and additional genes and did find differences as
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Table 3 Copy number alterations

CGH-test* Chr  Type Band Length basepairs Group comparison P value®
2.50% 8 Gain p11.22-q24.3 106890001 Less in FIT-interval CRCs 0.009
2.50% 20 Gain p13-p12.1 14520001 More in FIT-interval CRCs 0.039

“Percentage of information loss accepted at CGH-comparison test.
PFrequency of altered region in FIT-interval CRCs compared to screen-detected CRCs.
CGH: Comparative genomic hybridization; FIT: Fecal immunochemical test; CRC: Colorectal cancer.

described above[29].

FIT is a good test to detect cancers. However, it does not perform so well in the detection of precursor
lesions, in particular sessile serrated polyps. In a study that compared sensitivities of several FITs in a
screening population, FIT sensitivity for SSLs of > 1 cm was only 5.1%[10]. One possible explanation
might be the result of less bleeding tendency due to the low vessel density in serrated lesions in
combination with their flat morphology and proximal location. Another explanation could be that
serrated pathway lesions may show faster progression to cancer than classic adenomas. This indicates
that in FIT-screening, a substantial number of serrated polyps will be missed, and therefore cancers
derived from these precursor lesions might be overrepresented in FIT-interval CRCs.

NP-CRNs also show distinct molecular features compared to classical polypoid adenomas, are
frequently located in the right colon and might bleed less[11,30,31]. In previous studies, NP-CRNs have
been described as being less often APC and KRAS-mutated[11]. In a study comparing PC-CRCs and
prevalent CRCs, KRAS mutation was inversely associated with PC-CRCs[32]. Comparably, FIT-interval
CRCs were less often APC mutated in the present study (40% in FIT-interval CRCs vs 68% in SD-CRCs,
P = 0.035). However, although KRAS was less often mutated in FIT-interval CRCs, the difference was
not significant (30% in FIT-interval CRCs vs 37% in SD-CRCs, P = 0.705). In the previously mentioned
study on PC-CRCs, BRAF-mutation was present in 28% of PC-CRCs vs 19% of prevalent CRCs (not
significant)[32]. These percentages are comparable to our findings on FIT-interval CRCs (BRAF mutated
in 30% of FIT-interval CRCs vs 12% of SD-CRCs, not significant). Previously, it has been shown that PC-
CRCs were more likely CIMP positive and MSI than sporadic CRCs[33,34]. A separate study in a large
PC-CRC cohort in the Netherlands also shows PC-CRCs to be more likely CIMP positive, MSI and BRAF
mutated than prevalent CRCs[35]. This suggests that the molecular patterns observed in the interval
cancers suggest that these cancers arose via non-polypoid precursors and/or serrated precursors. This
may reflect that interval cancers, both FIT interval CRCs and PC-CRCs, indeed have a different biology
compared to prevalent CRCs but at the same time pose technical challenges because of their
morphology (difficult to be detected during colonoscopy) as well their lack of bleeding (difficult to be
detected by FIT).

Some CNAs are associated to progression of adenoma to carcinoma chromosomal instability
canonical pathway, and these are labeled as cancer associated events[19]. As of yet, no CNAs have been
well characterized in the CRCs originating from SSLs. A study of serrated polyps, with data on a set of
38 serrated polyps (12 traditional serrated adenomas and 26 SSLs) found gains at chromosome 7, 13 and
15q[36]. The present study did not show any differences at these specific regions. However, FIT-interval
CRCs had less frequent gains at chromosome 8q, and more frequent gains at chromosome 20p then SD-
CRCs. As 8q is one of the genomic regions associated with the canonical adenoma-to-carcinoma
progression, this finding could mean that to a certain extent, FIT-interval CRCs follow a different
progression pathway.

As stated above, FIT-interval CRCs identified in multiple screening rounds represent a case-mix of
cancers originated from, not only the difficult to detect NP-CRNs and sessile serrated polyps, but also
classic adenomas. Precursor lesions could simply be missed by FIT just because of the low sensitivity of
this test to detect advanced adenomas and not representing a different biology as reason for missing the
lesion. Yet, while molecular differences were observed between FIT-interval CRCs and SD-CRCs, not all
of these were statistically significant. Still these findings provide an indication that FIT-interval CRCs
are a heterogeneous mixture of phenotypes and underlying molecular biology, including CRCs from flat
serrated lesions, from flat adenomas, and others, that for whatever reason shed blood in a way that
levels are, at least intermittently, below the limit of detection of the FIT test. In view of this, there is a
clinical need to improve in screening tests for CRC early detection.

Multi-target molecular stool DNA (mt-sDNA) testing has recently been recognized as a valid CRC
screening option by the American Cancer Society[37], and its test characteristics seem especially
favorable for the detection of serrated lesions. In a large trial, mt-sDNA testing showed a higher
detection rate of larger serrated sessile polyps than FIT (sensitivity of 42.4% for mt-sDNA-test and 5.1%
for FIT, for serrated polyps > 1 cm)[10]. The combined sensitivity for advanced precancerous lesions
was also higher for mt-sDNA testing than for FIT (42.4% vs 23.8%). However, although the sensitivities
are better compared to FIT, the mt-sDNA test shows lower specificity, compared to FIT, which is very
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Figure 1 DNA sequence mutation analysis. A and B: Overview of mutations detected in screen-detected colorectal cancer (CRC) (A) and in fecal

immunochemical test-CRC (B). SD-CRC: Screen-detected colorectal cancer; FIT-CRC: Fecal immunochemical test- colorectal cancer.

important in programmatic screening. Recently, a panel of protein markers detected in stool showed
also a higher sensitivity for advanced adenomas without losing in specificity, in comparison to FIT. This
protein-based approach would have the potential to improve effectivity of FIT screening without major
impact for program logistics or cost effectivity[38]. Implementation of a more accurate test could have
the potential to detect a substantial number of CRCs or precursor lesions that would otherwise result in

FIT-interval CRCs.

Strengths of our study include that FIT-interval CRCs were identified over multiple rounds in a
biennial FIT-based screening cohort, and tissue specimens of each tumor could be obtained. We were
able to compare FIT-interval CRCs to a control group of SD-CRCs within the same screening
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Figure 2 DNA copy number alterations in fecal immunochemical test-interval and screen-detected colorectal cancers, scale at 50%. A:
Fecal immunochemical test-interval colorectal cancers (CRCs); B: Screen-detected CRCs. SD-CRC: Screen-detected colorectal cancer; FIT-CRC: Fecal
immunochemical test- colorectal cancer.
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population, region and time-span. However, an important limitation is the sample size. A total of 27
FIT-interval CRCs is still a limited number, reflecting the rarity of this entity, with inherent
consequences for the statistical power of the study. To address this issue, a larger control group was
composed through random selection in a 1:2 ratio. Due to budgetary and logistical constraints, we were
not able to enlarge the control group. Also, we were not informed about the family history for cancer
among the persons included in the study. Although rare, some of the FIT-interval CRCs might be
related to familial CRC. So, although the findings of our study are suggestive for a difference in
molecular make-up, further studies are needed to support our findings. We did not report tumor size
and morphology of all CRCs, as this is not easy to determine in cancers (as compared to adenomas or
SSLs). We were, therefore, not able to correlate size or morphology to the molecular analysis.

CONCLUSION

In conclusion, the present study provides evidence that SD-CRCs and FIT interval CRCs differ in the
distribution of molecular tumor profiles. These findings can provide guidance on strategies for further
improving stool-based CRC screening strategies. Future research should focus on the role of
incorporating biomarkers in screening for identifying more CRCs during screening, thereby reducing
the number of screening interval CRCs.
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ARTICLE HIGHLIGHTS

Research background

Fecal immunochemical test (FIT) is effective in reducing colorectal cancer (CRC) but FIT testing is not
perfect. FIT interval cancers, i.e. CRCs diagnosed after a negative FIT but before the next FIT invitation,
still occur. FIT sensitivity for CRC is approximately 75%-85% and sensitivity drops to low detection
rates for adenomas and even more so for sessile serrated lesions (SSLs).

Research motivation

In order to lower the number of missed lesions, we need to understand which lesions are more often
missed by FIT in order to improve the screening strategy. Previous studies have shown that FIT
sensitivity for SSLs is low, but a correlation between the occurrence of FIT interval cancers and the
serrated pathway has not been established.

Research objectives

Our aim was to generate more insight in the molecular features of FIT-interval CRCs, as this could help
in developing a more optimal screening strategy with the aim to reduce the incidence of FIT interval
cancers.

Research methods
We compared the molecular make up of screen-detected CRCs (SD-CRCs) and FIT-interval CRCs,
detected in a Dutch pilot-program of FIT-based screening. Molecular analyses included microsatellite
instability (MSI), CpG island methylator phenotype (CIMP), DNA sequence mutations and copy
number alterations.

Research results
FIT-interval CRCs were more often CIMP- and MSI-positive as compared to SD-CRCs. They also
harbored more often BRAF and PTEN mutations as compared to SD-CRCs.

Research conclusions

The serrated pathway-associated molecular features seem to be more common in FIT-interval CRCs as
compared to screen detected CRCs. This might indicate that proximal serrated lesions are overrep-
resented among FIT interval CRCs. Further research needs to be performed. Adding molecular markers
of the serrated-pathway to the FIT needs to be further explored.

Research perspectives
These findings can provide guidance on strategies to further improve stool-based CRC screening with
incorporating biomarkers for SSLs, thereby reducing the number of screening interval CRCs.
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Abstract

BACKGROUND

The role of oxidative stress in the pathogenesis of colorectal carcinoma (CRC) has
garnered considerable interest recently. Specific oxidative factors have been
implicated in the pathogenesis of adenomatous polyps and ultimately adenocar-
cinoma.

AIM
To evaluate the effect of oxidative imbalance as quantified by specific serological
markers in the development of sporadic colon adenocarcinoma.

METHODS
A total of 170 patients that underwent endoscopy of the lower gastrointestinal
tract in a tertiary center within 3 years were included in the study. They were
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allocated in three groups; those with sporadic colon adenocarcinoma (n = 56, 32.9%), those with
colonic polyps (n = 33, 19.4%) and healthy controls (n = 81, 47.7%). All patients were evaluated for
oxidant activity and antioxidant capacity with serum measurements of specific markers such as
vitamins A, 25(OH) D3, E, C, B12, folic acid, glutathione, selenium (Se), zinc (Zn), free iron (Fe*),
and malondialdehyde and results were compared between groups.

RESULTS

Serum levels of vitamins C, E, D, Se, Zn, vitamin B12 and total antioxidant capacity were
significantly lower in the combined neoplasia/polyp group than in the control group (P = 0.002, P
=0.009, P <0.001, P < 0.001, P < 0.001, P = 0.020 and P < 0.001, correspondingly). Increased levels
of vitamin E (P = 0.004), vitamin D (P < 0.001), Se (P < 0.001) and Zn (P < 0.001) seem to bestow a
protective effect on the development of CRC. For vitamin D (P < 0.001) and Zn (P = 0.036), this
effect seems to extend to the development of colon polyps as well. On the other hand, elevated
serum levels of malondialdehyde are associated with a higher risk of CRC (OR = 2.09 compared to
controls, P = 0.004). Regarding colonic polyp development, increased concentrations of vitamin A
and Fe* are associated with a higher risk, whereas lower levels of malondialdehyde with a lower
risk.

CONCLUSION

Increased oxidative stress may play an important role in the pathogenesis and progression of CRC.
Antioxidants” presence may exert a protective effect in the very early stages of colon carcino-
genesis.

Key Words: Oxidative imbalance; Reactive oxygen species; Colorectal adenocarcinoma; Colonic polyps;
Antioxidant capacity
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Core Tip: The role of oxidative stress in the pathogenesis of colorectal carcinoma (CRC) has garnered
considerable interest recently. Here, we evaluated oxidant activity and antioxidant capacity of the patients
with serum measurements of specific markers. Increased levels of vitamin E, vitamin D, selenium and zinc
seem to bestow a protective effect regarding the development of CRC, whereas elevated serum levels of
malondialdehyde are associated with a higher risk of CRC. Increased oxidative stress may play an
important role in the pathogenesis and progression of CRC. Antioxidants’ presence may exert a protective
effect in the very early stages of colon carcinogenesis.
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INTRODUCTION

The term oxidative stress or oxidative imbalance refers to a series of intracellular complex metabolic
processes that lead to overproduction and accumulation of oxidative products, otherwise called free
radicals or reactive oxygen species (ROS), including hydrogen peroxide, hydroxyl radical, superoxide
anion and peroxynitrite[1]. These, in turn, collaborate to overcome the protective action of existing
intracellular antioxidant mechanisms. The overproduction of ROS has been shown to ultimately result
in toxicity inimical practically to every cellular macromolecule including all intracellular organelles with
a special emphasis on membranes and mitochondria. The net effect of this process is local and
eventually generalized impairment of human organ system function, either in the form of inflammation
or carcinogenesis[1].

The pathogenesis of sporadic adenocarcinoma (adenoCa) of the large intestine is a complex process
involving both genetic and epigenetic factors[2-4]. The genetic component refers to the gradual accumu-
lation of multiple genetic mutations in key growth regulatory genes[5], leading to two main types of
gene instability (chromosome and microsatellite) which characterize sporadic adenoCa and define its
biological behavior[4]. Furthermore, multiple other conditions have been identified as implicated in the
pathogenesis of large bowel adenoCa, possibly through chemical modification of DNA bases during the
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replication process, especially in the stage of aberrant crypt foci (ACF) formation[5,6]. ACF represents
the earliest histological alterations in the formation of colorectal neoplasia[6]. Risk factors associated
with colorectal cancer include inflammatory bowel disease, nutrition habits (western type of diet), type
I diabetes mellitus, sedentary (e.g., low exercise) lifestyle, professional exposure to specific irritants (e.g.,
mutagenic chemicals such as asbestos), previous medical procedures (e.g., cholecystectomy,
radiotherapy of the pelvis, ureterocolic anastomosis), as well as smoking and obesity.

Among the aforementioned risk factors, nutritional habits and their potential influence in particular
on the equilibrium between oxidative and antioxidative substances have garnered a significant amount
of interest recently. Epidemiological studies indicate that colon adenocarcinoma is observed more
frequently among individuals with a diet characterized by a low intake of fiber and calcium and a
higher consumption of saturated fatty acids and proteins, especially of bovine origin (red meat)[7-10].
This dietary profile has been associated with increased production of potentially carcinogenic
substances such as toxic bile acids and free iron[11]. Furthermore, the resulting positive energy balance
(due to the high accumulation of calories when following the western type of diet) and subsequent
obesity have been suggested to lead to metabolic stress including overproduction of ROS or other
organic compounds, such as malondialdehyde (MDA)[12]. Contrariwise, antioxidant substances
including polyphenols, tocopherols, carotenoids, curcumin, vitamin A, vitamin C and vitamin D seem
to obtain a protective role against colorectal cancer[1]. It is intriguing to ascertain the exact role of
oxidative imbalance in the pathogenesis of initially precancerous lesions such as colonic polyps and
ultimately colon cancer. To our knowledge, there are only a few studies that have tried to detect a
pattern of total oxidant activity and antioxidant capacity among patients with established sporadic
adenocarcinoma of the large intestine, as this may be assessed through the measurement of specific
serum compounds and these studies have produced conflicting results[13,14]. Thus, we designed a
prospective, case-control, single-center study aiming to evaluate the role of oxidative imbalance and its
effect as a possible primary agent in the development of sporadic adenocarcinoma of the large intestine.
We tried to achieve this by determining serum levels of specific markers that reflect oxidant capacity in
patients with established colorectal carcinoma in comparison to patients with colonic polyps and
healthy controls.

MATERIALS AND METHODS
Study population

A total of 6500 patients that were over 50-years-old and successfully underwent colonoscopy within 3
years in a major tertiary Greek hospital were screened for participation in the study. A set of specific
exclusion criteria were used to curtail the influence of confounding risk factors in data analysis
(Table 1). Ultimately 170 patients were included in our study. Among them, three specific groups were
defined, those with a histologically confirmed sporadic adenoCa of the colon, those with a diagnosis of
colonic polyps and a healthy control group consisting of patients with no significant findings or findings
irrelevant to the development of CRC (e.g., diverticula).

Study protocol

All patients gave informed consent for their participation in the study and were interviewed by a
gastroenterologist not involved in their endoscopic management. Relevant demographic, epidemi-
ological and clinical characteristics were recorded. Full colonoscopy was performed on all patients
following the established sedation, preparation and safety protocols in our Centre following interna-
tional guidelines. All procedures were performed by the same experienced gastroenterologist (with
more than 2000 colonoscopies/year and a rate of over 98% for successful completion of the procedure).
When endoscopic findings, suggestive of adenocarcinoma or polyps of the large intestine were
identified, single or multiple biopsy samples were obtained and sent to the Pathology department of our
hospital. Biopsy specimens were assessed by two independent and experienced pathologists, unaware
of the endoscopic findings, with a high inter-observer agreement (> 90%). Sporadic adenocarcinoma
was evaluated for the following parameters: (1) Staging according to the Astler-Coller system of classi-
fication[15]; (2) Grading according to a three-degree system of differentiation based on the architectural
model of development of sporadic adenoCa defined by the presence of adenoCa blasts, as follows:
poorly differentiated (0%-49% adenoCa blasts), moderately differentiated (50%-95% adenoCa blasts),
well-differentiated (> 95% adenoCa blasts); (3) size of adenoCa (<1 cm, 1 cm, > 1 cm); (4) the number of
adenoCa (1, > 1-synchronous adenoCa); (5) pathologic classification as ulcerative, fungating and polyp-
shaped (either with a stalk or not); and (6) location in the colon. Colonic polyps were evaluated for the
following parameters: (1) Histological classification of adenoma according to World Health
Organization (WHO) classification as tubular, villous, tubulovillous[16]; (2) grading of adenoma's
dysplasia (mild, moderate and severe according to WHO criteria); (3) size of polyp (< 0.5 cm, > 0.5 cm);
(4) number of polyps (1, > 1); (5) presence of stalk or not; and (6) location in the colon.
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Table 1 Patients’ main characteristics

Adenocarcinoma, n = 56 Colon polyps, n =33 Controls, n = 81
Ageinyr, n (%)
50-59 1(1.8) 8 (24.2) 9 (11.1)
60-69 20 (35.7) 12 (36.4) 44 (54.3)
70-79 28 (50.0) 11 (33.3) 16 (19.8)
80-94 7 (12.5) 2(6.1) 12 (14.8)
Sex
Men 35 (62.5) 21 (63.6) 44 (54.3)
Women 21 (37.5) 12 (36.4) 37 (45.7)
Smoking
Yes 50 (89.3) 17 (51.5) 68 (84.0)
No 6 (10.7) 16 (48.5) 13 (16.0)
Number of cigarettes/d
<20 4+80 3+17.6 0+0.0
20 10+20.0 6+35.3 20+29.4
>20 36+72.0 8+47.1 48 £70.6
Smoking duration in yr (mean * SD) 37.7 £10.0 335+9.1 403 +6.2

Values are presented as 1 (%) or mean + SD.

Jaishideng®

The definite diagnosis of either sporadic adenocarcinoma or colonic polyp was made within a
maximum of 2 d from endoscopy. Until definite pathological diagnosis, patients underwent fasting (nil
per os), after which blood samples were obtained.

The study protocol was approved by the Ethics Board of our Hospital.

Measurement of serum markers

Calculation of oxidative agents’ levels took place as follows: Oxidant activity was measured by using a
colorimetric test system for the quantitative determination of total lipid peroxides in serum (PerOx
Assay, Immundiagnostik AG, Bensheim, Germany). Malondialdehyde was quantitatively measured
using the reverse-phase high-performance liquid chromatography method (HPLC-Analytik, Inmundia-
gnostik AG, Bensheim, Germany) and the Vp Series HPLC System (Series LC-10 ADVp Gradient pump,
Series RF-10AXL Fluorescence detector, Series SPD-10ADVp UV detector, Shimadzu, Germany). Ferrum
(Fe*) levels were calculated using a colorimetric assay [FerroZine, Roche Diagnostics GmbH (COBAS),
Mannheim, Germany]. Triglycerides were quantitatively calculated by using a colorimetric enzymatic
test [Trinder endpoint reaction, Roche Diagnostics GmbH (COBAS), Mannheim, Germany].

Calculation of antioxidative agents’ concentrations took place as follows: Total antioxidant capacity
was measured by using a colorimetric test system (Imanox Assay) for the quantitative determination of
the residual exogenous provided hydrogen peroxide (H,O,) that could not be eliminated from the total
antioxidants in serum, after having completed an eliminating reaction with a certain amount of
exogenously provided hydrogen peroxide (Immundiagnostik AG, Bensheim, Germany). Fat-soluble
vitamins A (retinol) and E (a-tocopherol) levels were determined simultaneously in human serum using
the reverse-phase HPLC method with the 22000 ClinRep Kit (Recipe Chemicals + Instruments GmbH &
Co KG Labortechnik, Munich, Germany). Retinol was monitored at 325 nm and a-tocopherol at 295 nm
with the Up series HPLC System (Series LC-10ADVp Gradient pump, Series RF-10AXL Fluorescence
detector, Series SPD-10ADVp UV detector, Shimadzu, Germany). Fat-soluble vitamin D (25-OH vitamin
D) was measured using a chemiluminescent immunoassay method (DiaSorin LIAISON 25 OH Vitamin
D Total Assay, DiaSorin S.p.A, Italy). Water soluble vitamin C was quantitatively measured using the
reverse-phase HPLC method (Immundiagnostik AG, Bensheim, Germany). Glutathione (GSH) levels
were calculated as the ratio between GSH reduced/GSH total using the reverse-phase HPLC method
(Immundiagnostik AG, Bensheim, Germany). Cobalamin/vitamin B12 and folate acid concentrations
were calculated using a radioimmunoassay method from MP Biomedicals Inc., New York, United
States, with the Packard cobra autogamma g counter from Packard, United States. Selenium (Se) and
zinc (Zn) serum levels were determined using a graphite furnace atomic absorption spectrophotometry
method with the AA spectrophotometer model 2100 (Perkin Elmer, Norwalk CT, United States).
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Statistical analysis

Statistical analyses were conducted using the SPSS statistical package (IBM Statistical Package for Social
Sciences v. 19.0, Chicago, Illinois, United States). At first, cases were distributed according to
demographic characteristics and smoking habits as well as levels of the studied compounds (median,
25"and 75" percentile for each compound and each patient category). As most variables measured
followed a skewed distribution (with the notable exception of triglyceride levels), non-parametric tests
(Mann-Whitney and Kruskal-Wallis) were used to compare means between different groups. In order to
minimize the effect of possible confounding factors in our results, we then used multiple regression to
compare log-transformed serum compound levels between patients with diagnosed pathology (either
adenocarcinoma or polyp) vs controls (using two dummy variables for pathology diagnoses corres-
pondingly), controlling for age (as a continuous variable), sex (male vs female), blood triglyceride (as a
continuous variable) and smoking habits (as smokers vs non-smokers). Finally, we applied multiple
logistic regression models to investigate the association between levels of the measured compounds and
either risk of adenocarcinoma or risk of polyp development, controlling for the same variables as in the
log-linear models. A two-tailed P value of < 0.05 was considered statistically significant for all
comparisons.

RESULTS

The patients' main characteristics are summarized in Table 1. Briefly, our study included 56 patients
with adenocarcinoma, 33 patients with colonic polyps and 81 patients in the control group (colonoscopy
negative for cancer or precancerous lesions). Patients with adenocarcinoma tended to be relatively older
(71.5 £ 6.6 years, mean * SD), compared to those with colon polyps (66.1 + 9.4 years) or with the control
group (68.4 + 8.5 years). Among patients with adenocarcinoma or polyps, men presented a clear
majority (62.5% and 63.6% respectively) compared to women. In the adenocarcinoma subgroup, 89.3%
of patients were smokers (from which 72% with a high rate of use, e.g., more than 20 cigarettes per day)
compared to 51.5% of patients who were smokers in the polyp group, whereas smoking habits in the
control subgroup bore a close resemblance to those of the adenocarcinoma subgroup (84% smokers from
which 70.6% smoked more than 20 cigarettes/day).

When comparing patients with adenocarcinoma or polyp(s) with the control group there were
notable differences in practically all antioxidant markers (Table 2). Thus, serum levels of vitamins C, E,
D, as well as Se, Zn and B12 and total antioxidant capacity were significantly lower in the combined
neoplasia/polyp group than in the control group (P = 0.002, P = 0.009, P < 0.001, P < 0.001, P <0.001, P =
0.02 and P < 0.001, correspondingly). For the antioxidant capacity, in particular, there is a clear picture
of higher measurements in the control group when compared to a patient with neoplastic lesions
(Figure 1). On the other hand, serum levels of oxidant activity presented the opposite pattern (P < 0.001
for the difference among the three groups) (Figure 2). In summary, all antioxidant substances were
statistically significantly lower among patients with adenocarcinoma compared to controls, except
vitamin A which did not present any differentiation (Table 3). Vitamin D presented the greatest
difference since it was lower by 56.8% (95%CI: 50.2% to 62.6%). Although no statistically significant
differences regarding the levels of each measured oxidant substance in isolation were observed, total
oxidant activity was statistically significantly increased among adenocarcinoma patients.

In the group of patients with colonic polyps, most anti-oxidants did not present significant
differences in serum concentration when compared to controls. Notable exceptions included, vitamin D
which exhibited significantly lower levels by 46% (95%CI: 35.4% to 54.9%) (Figure 3) and total
antioxidant capacity which was reduced by 40.1% (95%CI: 38.5% to 41.6%). Interestingly, vitamin A
though nominally an anti-oxidant displayed significantly higher levels compared to controls. Finally,
patients with colonic polyps, presented lower levels of malondialdehyde by 31.6% (95%CI: 22.3% to
39.8%), but higher Fe* concentrations by 43.5% (95%CI: 22.2% to 68.5%) (Figure 4), as well as total
oxidant activity levels (95%CI: 111.7% to 128.9%).

Next, multivariate analyses were conducted to ascertain which variables presented a true correlation
with the neoplastic process. Results were similar between univariate and multivariate analyses
regarding the risk of adenoCa (Table 4, which presents the risk of adenocarcinoma in comparison to
controls for change in the levels of the measured compounds equal to one standard deviation of its
distribution). A significant protective effect was shown especially for vitamin D (OR = 0.04, 95%ClI: 0.02
to 0.12) and Zn (OR = 0.16, 95%ClI: 0.09 to 0.31) (Figure 5) but also for vitamin E (OR = 0.57, 95%ClI: 0.39
to 0.84) and Se (OR = 0.35, 95%CI: 0.22 to 0.55). An increase of the levels of the abovementioned
substances equal to one standard deviation reduced the risk of colon adenocarcinoma to about 50%. The
relation between low levels of the aforementioned antioxidants and increased risk of adenocarcinoma
remained significant after mutual adjustment, e.g., OR for Se becomes 0.34 (95%ClI: 0.13 to 0.88 P =
0.027). As far as the oxidant substances are concerned, the solitary finding was that a doubling of
malondialdehyde serum concentration is associated with an approximately twofold increase in the risk
for development of colon adenocarcinoma (OR = 2.09 95%CI: 1.27 to 3.45 P = 0.004).
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Table 2 Distribution (median 25-75 percentile) of antioxidants and oxidants compounds in the plasma by group

Adenocarcinoma, n = 56

Colon polyps, n =33

Controls, n =81

Antioxidants
Antioxidant capacity in pmol/L 185.0 (177.0-190.0) 190.0 (182.0-196.2) 305.0 (298.0-324.0)
Vitamin A in pg/L 391.5 (288.3-493.8) 572.0 (480.0-609.0) 380.0 (350.0-416.0)
Vitamin C in pg/L 4.7 (3.9-6.5) 6.0 (4.7-10.0) 6.0 (4.5-9.0)
Vitamin E in mg/L 3.5(2.4-3.9) 3.8 (3.5-4.2) 3.7 (3.2-4.0)
Vitamin D in ng/mL 9.0 (6.7-13.0) 9.0 (6.8-20.5) 24.0 (20.0-26.0)

Sein pg/L 62.0 (45.5-78.8) 78.0 (72.0-80.0) 76.0 (69.5-80.0)

Znin pg/L 626.5 (594.5-782.5) 800.0 (711.0-840.0) 809.0 (780.5-842.5)

B12in pg/L 211.0 (159.3-297.0) 250.0 (220.0-355.0) 289.0 (200.0-340.0)

Folic acid in ng/L 4.3 (3.3-4.6) 4.2 (3.9-4.6) 4.0 (3.8-4.4)
Oxidants

Oxidant activity in pmol /L 368.8 (330.8-409.0) 378.0 (348.5-409.1) 172.0.0 (167.5-178.5)

Malondialdehyde in pmol/L) 1.9 (1.6-2.4) 1.2 (0.9-2.0) 1.8 (1.7-1.9)

Fe?* in pg/dL)

64.0 (49.3-92.3)

110.0 (90.0-127.0)

68.0 (51.0-95.0)

Se: Selenium; Zn: Zinc; B12: Vitamin B12/cobalamin; Fe?*: Ferum.

Table 3 Percent change (and 95%Cls respectively) in the levels of serum antioxidant and oxidant substances compared to the control

group

Colon polyps Colon adenocarcinoma
% Change (95%Cl) % Change (95%Cl)
Antioxidants
Antioxidant capacity -40.1 (-41.6 to -38.5) -40.7 (-41.8 to -39.5)
Vitamin A 32.2 (20.8 to 44.7) 0.1 (-6.9 to 7.6)
Vitamin C 3.1 (-15.8 to 11.6) -12.7 (-21.9 to -2.4)
Vitamin E 42 (5.0 t014.2) -12.3 (-18.4 to -5.7)
Vitamin D -46.0 (-54.9 to -35.4) -56.8 (-62.6 to -50.2)
Se 1.7 (-6.3 t0 10.4) -19.4 (-24.5 to -14.0)
Zn 6.7 (-12.9 o 0.0) 20.2 (-24.5 to -15.7)
B12 6.0 (-11.7 to 27.2) -15.0 (-26.5 to -1.8)
Folic acid 2.1 (-6.9 to 12.0) -8.2 (-14.7 to -1.3)
Oxidants
Oxidant activity 120.1 (111.7 to 128.9) 113.4 (106.8 to 120.2)
Malondialdehyde -31.6 (-39.8 to -22.3) 10.1 (-0.6 to 21.9)
Fe?* 43.5 (22.2 t0 68.5) -8.9 (-19.8 t0 3.5)

Results from multiple log-linear regression models controlling for age, sex, serum triglycerides, and smoking habits.

Due to the small number of patients in the colon polyp subgroup, fewer associations retained their
significance for the development of colon polyps (Table 5). Nevertheless, similarly to results from the
CRC group increased levels of vitamin D (OR = 0.27, 95%CI: 0.15 to 0.48, P < 0.001) and Zn (OR = 0.39,
95%CI: 0.16 to 0.94, P = 0.036) exhibited an association with a reduced risk for colon polyp development,
whereas it is worthy of note that increased levels of vitamin A were associated with almost 9 times
higher risk of colon polyps compared to controls (OR = 8.84, 95%CI: 3.76 to 20.74, P < 0.001). Moreover,
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Table 4 Results from multiple logistic regression models (odds ratios and 95%Cls) for the risk of colon adenocarcinoma in comparison

to the control group'

Odds ratio 95%Cl P value
Antioxidants
Vitamin A, per 99.6 pg/L 1.20 0.77-1.88 0.430
Vitamin C, per 2.8 ng/L 0.71 0.44-1.15 0.168
Vitamin E, per 0.7 mg/L 0.57 0.39-0.84 0.004
Vitamin D, per 8.2 ng/mL 0.04 0.02-0.12 <0.001
Se, per 13.6 ng/L 0.35 0.22-0.55 <0.001
Zn, per 128.5 pg/L 0.16 0.09-0.31 <0.001
B12, per 157.1 pg/L 0.80 0.51-1.26 0.337
Folic acid, per 38.1 ng/L 0.77 0.54-1.11 0.170
Oxidants
Malondialdehyde, per 0.5 pmol /L 2.09 1.27-3.45 0.004
Fe?", per 33.9 pg/dL 0.73 0.47-1.13 0.154

Controlling for age, sex, serum triglycerides, and smoking habits. Se: Selenium; Zn: Zinc; B12: Vitamin B12/cobalamin; Fe?*: Ferum.

Table 5 Multiple logistic regression results (odds ratios and 95%Cls) for the risk of colon polyp development in comparison to the

control group’

Odds ratio 95%Cl Pvalue
Antioxidants
Vitamin A, per 99.6 pg/L 8.84 3.76-20.74 <0.001
Vitamin C, per 2.8 ng/L 0.99 0.58-1.70 0.982
Vitamin E, per 0.7 mg/L 1.51 0.87-2.63 0.141
Vitamin D, per 8.2 ng/mL 0.27 0.15-0.48 <0.001
Se, per 13.6 ng/L 1.68 0.82-3.42 0.157
Zn, per 128.5 pg/L 0.39 0.16-0.94 0.036
B12, per 157.1 pg/L 1.51 0.92-2.46 0.103
Folic acid, per 38.1 ng/L 142 0.74-2.72 0.299
Oxidants
Malondialdehyde, per 0.5 pmol /L 0.35 0.20-0.60 <0.001
Fe?!, per 33.9 pg/dL 2.58 1.53-4.33 <0.001

1Cont'rolling for age, sex, serum triglycerides, and smoking habits. Se: Selenium; Zn: Zinc; B12: Vitamin B12/cobalamin; Fe?*: Ferum.

regarding the oxidant group, elevated serum levels of Fe**seem to double the risk for the development
of colon polyps, (OR = 2.58 95%CI: 1.53 to 4.33, P < 0.001). Interestingly, in contrast to results from the
CRC group, higher malondialdehyde levels seem to exert a protective role (OR = 0.35 95%CI: 0.2 to 0.6 P
< 0.001). These results remain stable after the mutual adjustment of the measured compounds.

DISCUSSION

CRC is the third cause of cancer-related mortality in both men and women worldwide[1,2]. Current
therapeutic options including surgery, chemotherapy, radiotherapy and molecular-targeted therapy are
still limited for advanced tumors. Thus, identifying new strategies that will increase the probability of
early detection of this clinical modality while keeping the public health costs reasonable (as endoscopy
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Figure 1 Antioxidant capacity among control group, group of patients with colonic polyps and group of patients with neoplasia. HC:
Healthy controls; CRC: Colorectal cancer.
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Figure 2 Oxidant activity among the control group, group of patients with colonic polyps and group of patients with neoplasia. HC: Healthy
controls; CRC: Colorectal cancer.
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confers a significant financial burden on health budgets) remains an important challenge.

Comparative international epidemiological data indicate that the difference between the highest and
lowest sporadic colon cancer incidence is approximately 10-fold, suggesting that environmental factors
in the pathogenesis of colon cancer occupy a more prominent role than their genetic counterparts. The
dominant environmental factor identified so far is the low-fiber, high-fat diet of Western industrialized
countries[17,18].

Although numerous studies dedicated to elucidating the exact role of dietary factors in CRC
pathogenesis, and research conducted in a variety of in-vitro and in-vivo animal models strongly hint in
favor of a protective effect of antioxidants regarding CRC development, even in the stage of ACF
formation, results derived from human populations are not as clear-cut in their results and are in fact at
times conflicting[11,12,19,20].

In our study, a basic assumption was made that serum levels of oxidant/antioxidant compounds may
accurately reflect the dietary intake habits of individuals and thus could be used to evaluate oxidative
imbalance[12]. Over fifty natural and synthetic compounds have been shown to exert a relevant
chemotherapeutic effect, but since for the majority of these agents, the literature concerning their role is
comparatively scarce, we opted to focus on a variety of compounds with a reasonably established place
in the management of the oxidative/anti-oxidative equilibrium[1].
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Figure 3 Vitamin D concentration among control group and group of patients with either colonic polyps or neoplasia. HC: Healthy controls.
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Figure 4 Free iron concentration among control group, group of patients with colonic polyps and group of patients with neoplasia. HC:
Healthy controls; CRC: Colorectal cancer.
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Regarding the oxidant markers, MDA is an endogenous genotoxic end product of lipid peroxidation
by ROS and has been utilized in vivo as a bio-marker of oxidative stress (peroxidability index)[21]. It is
thought to participate in harmful processes that lead to DNA damage and mutation mainly through the
formation of DNA adducts[22]. MDA-induced DNA lesions, called DNA interstrand cross-link seems to
be implicated in the gene-toxic effects associated with lipid peroxidation and oxidative stress[21].
Therefore, MDA has been suggested to be strongly associated with CRC pathogenesis, a suggestion that
the results of our study strongly endorse. However, the results from the polyp subgroup present a
different picture as MDA levels were significantly lower than those in the control group. This latter
finding seems odd, considering the fact that colonic adenomas are established precursors of sporadic
CRC, but firstly the small number of cases in this subgroup may skew the results in an unexpected
direction, and secondly, this finding may account for a more prominent role of MDA in the second part
of the neoplastic process that leads to the evolution of precancerous lesions such as polyps to adenoCa.

On the other hand, elevated levels of free iron (labile iron), another recognized strong oxidant,
actually doubled the risk of colon polyp development in our cohort whereas no similar correlation was
observed for the adenocarcinoma group of patients. Dietary iron can be consumed in the form of heme
iron (Fe*) and nonheme iron (Fe**)[23]. Heme iron contributes to colorectal cancer via the Fenton
reaction. Hydroxyl radicals produced by the Fenton reaction can alter DNA leading to oxidative base
damage[24]. Furthermore, heme iron contributes to cancer development by inducing colonic hyperpro-
liferation through modulation of the intestinal microbiota and inducing mutations through DNA
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adducts or by increasing the formation of lipid peroxyl radicals (ferroptosis), such as malondialdehyde
and 4-hydroxynonenal which are potent carcinogens[24-26]. These findings provide a strong association
between excessive intestinal heme iron and colorectal cancer. However, no sufficient evidence is
available to our knowledge that links a mechanism of nonheme iron and colorectal cancer[25]. However,
emerging evidence suggests that reduced iron intake and low systemic iron levels are also associated
with the pathogenesis of colorectal cancer[25]. This is important because patients with colorectal cancer
often present with iron deficiency. The mechanism supporting iron deficiency and colorectal cancer
development is not fully understood; it may involve cellular functions’ requirement for iron, which,
when deficient, may hinder immune cells” ability to protect against cancer, providing the potential for a
suppressed immunosurveillance response, affecting growth and differentiation of immune cells, as well
as influencing cell-mediated immune response and cytokines activities which may contribute to tumor
immune-cell evasion and inadequate tumor cell destruction[27]. On the contrary, the association
between high iron concentration and the risk of formation of adenomatous (colonic) polyps is
ambiguous[28]. Several studies suggest that the presence of high levels of Fe** may induce the formation
of colonic polyps, suggesting a potent involvement in the early rather than later steps of colorectal
carcinogenesis[1,28,29].

Regarding the antioxidant markers, Vitamin A (retinol) did not exhibit any protective role in our
study population. Elevated vitamin A concentrations were associated with almost 9 times higher risk of
colon polyps compared to controls with no significant effect observed in the adenoCa subgroup. This is
not as confusing as it may seem as results regarding the role of vitamin A in the prevention or
recurrence of adenomas have been conflicting so far. Several studies[30-32] suggested a protective effect
of vitamin A and its derivatives (retinoids) against CRC, whereas Andersen et al[33] failed to establish a
beneficial role for vitamin A in CRC. On the contrary, recent studies on the metabolism of vitamin A in
CRC imply that despite the presence of high concentrations of retinol or all-trans-retinoic acid (ATRA),
CRC has been promoted instead of obtaining decreasing cancer cell proliferation[34-36]. The growth and
differentiation of the colonic epithelial cells are strongly controlled by retinoid-activated genes which
contain retinoic acid receptors (RARs) in their promoter regions. RARs bind to ATRA to induce the
transcription of these genes. In many epithelial-derived adenomas and carcinomas, the expression of
one or more RAR is lost and the cell loses its ability to regulate normal growth, a phenomenon called
“ATRA-resistance”. In addition, as CRC progresses, colorectal tumor cells lose the ability to produce
ATRAP Kropotova et al[37] claimed that these dysregulated pathways were more observed in
adenomas rather than in more advanced carcinomas[37]. Consequently, the high levels of vitamin A in
the polyp group in our study might reveal the inadequate protective mechanism of retinol, possibly due
to decreased ATRA production and the loss of RAR in the colonic epithelial cells.

On the other hand, Vitamin D was by far the compound with the most significant decrease in concen-
tration among patients with adenocarcinoma or colorectal polyps when compared to controls in our
analysis. It should be noted that we assessed vitamin D levels by measuring circulating 25(OH)D3
(calcidiol) levels, thus providing an overall estimate of vitamin D status, as described elsewhere[38].
Since 1980, a large number of epidemiological and experimental studies support the association of
vitamin D deficiency with a large variety of human diseases, including an increased incidence of
colorectal cancer[39]. The most active metabolite of vitamin D which is 1a,25-dihydroxy vitamin D3
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[1,25(OH)2D3, (calcitriol)], is synthesized in a highly regulated multi-step process by mitochondrial
25(OH)D3-1a-hydroxylase[38]. Several cell types, including colon cells have been described to contain
vitamin D receptors (VDRs)[38]. When these receptors are activated by calcitriol, they are thought to
induce differentiation, regulate detoxification metabolism, sensitize cells to apoptosis and inhibit prolif-
eration, invasiveness, angiogenesis and metastatic potential®! In general, according to epidemiological
studies, vitamin D deficiency may be linked to a higher risk for neoplasia. A recent meta-analysis of
case-control and cohort demonstrated a consistent inverse relationship between serum 25(0OH)D3 levels
and CRC risk[40]. Another systematic review of studies evaluating the association of vitamin D intake
or serum levels of 25(OH)D3 and the risk of CRC suggests as well an inverse correlation between CRC
risk and both serum 25(OH)D3 and vitamin D intake[41]. This mostly positive observational data have
failed to be confirmed by human intervention studies in which supplemental vitamin D administration
was found to be ineffective in reducing colon cancer risk in contrast with dietary sources of vitamin D.
These disappointing results may be explained by the timing of administration indicating that colon
lesions may progress to a stage where they become unresponsive to vitamin D, bearing, therefore, the
hallmarks of an epigenetic change[42]. Moreover, gene expression and activity controlled by VDRs have
been described as up-regulated at the early stages of colorectal tumorigenesis with a subsequent sharp
decline in advanced CRC[43]. Further investigations of VDR expression at different stages of colon
cancer development have come to a consensus that VDR expression is frequently increased at the pre-
neoplastic ACF and the early stages before being lost in more advanced lesions, suggesting a possible
role for vitamin D supplementation in early stages with no benefit conferred in advanced cases of this
neoplasia[44,45].

Vitamin E is a generic term that describes a group of lipid-soluble chain-breaking antioxidants that
exist in nature as eight structurally related forms with o-tocopherol as the isomer found in the highest
concentrations in serum and dietary supplements[1]. The results of our study show a potent protective
effect for vitamin E in the adenocarcinoma group of patients compared to controls, although studies
focusing on vitamin E have produced conflicting results so far[46,47]. Non-significant trends toward
reduced blood concentrations of a-tocopherol have been observed in subjects subsequently developing
colorectal cancer when compared with controls[47]. Conversely, intakes of other forms of vitamin E ( y-
tocopherol, 6-tocopherol, y-tocotrienol and &-tocotrienol) suggest a highly significant inverse trend
between serum concentration of vitamin E and cancer risk (P < 0.001)[30,47]. In a recent interventional
study, the administration of a combination of resveratrol and vitamin E to prevent the development of
colonic adenomas exhibited clear benefits[48]. Therefore, our findings, though interesting, must be
further evaluated within larger sample size studies.

Se, an essential trace element, is one of the most extensively studied anti-oxidant compounds[8]. A
protective effect of Se for the prevention of colorectal adenomas development has been convincingly
described[49-52]. Data from the European Prospective Investigation into Cancer and Nutrition cohort
that evaluated the effect of Se supplementation according to the dose supplied, demonstrated a statist-
ically significant decrease in the incidence of CRC, although only for a subgroup of subjects with
baseline Se concentration < 100 pg/L[52]. These reports are in agreement with our results of a protective
effect of higher Se levels regarding CRC risk. In summary, it can be concluded that an inverse dose-
response correlation between the level of Se in serum and the risk of colorectal cancer may exist, albeit
this association may be stronger in particular subgroups of patients.

Zn is another potent compound that has been found to play a crucial role mainly in antioxidant
defense systems, as a specific activator of many enzymatic reactions (e.g., CuZn Superoxide dismutases),
in DNA synthesis as well as in immune functions[53]. Zn has also been shown to inhibit chemically
induced neoplastic progression in the colon and to promote the cell cycle arrest of colon cancer cells in
animal models[53,54]. Reports regarding Zn levels in biological fluids from CRC patients have been
limited but encouraging[54]. In a large Mendelian randomization study, the analysis suggested that
increased dietary Zn intake may be associated with a decreased risk of both proximal and distal colon
cancer[55]. Similar findings were reported by a recent meta-analysis of nineteen studies that suggested a
statistically significant inverse dose-response association of Zn intake with CRC risk[54]. The aforemen-
tioned findings are in agreement with our results that hint at a protective role for elevated serum levels
of Zn in regards to CRC pathogenesis both in the early and later steps of this process.

There are several limitations to this study. From the antioxidant compounds analyzed in our study,
we observed that vitamin D provided the strongest argument in favor of a protective role in the
prevention of CRC. An important issue though, that should be taken into account concerning vitamin D
assessment is the age of the participants as a potential confounder since it is known that vitamin D
insufficiency is strongly associated with increasing age[56-59]. Of particular interest is also the finding
that elevated serum levels of Fe* were associated with a twofold increase in the risk of colon polyp
development suggesting a possible role in the formation of colonic polyps and more specifically
involvement in early rather than late stages of colorectal carcinogenesis. To our knowledge, there are
not many studies in the literature in favor of this association, probably because in most of them, bound -
and not free- iron was under scrutiny[29]. In our analysis, we also noticed a trend for certain antioxidant
substances to be associated with a lower risk of colonic polyp rather than CRC subgroups of patients.
This possibly could be explained by a more prominent role in the protective effect of these antioxidants
in the early stages of CRC pathogenesis, i.e. before the formation of precancerous cells. This effect, when
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overcome by the sum of tumorigenic factors will then be attenuated when the adenoma stage is reached
rendering interventions such as nutritional antioxidant supplementation incapable of stabilizing or
reversing the neoplastic phenotype. This is an attractive theory, especially considering the often
inconsistent and even negative results from intervention trials with antioxidant supplementation[1,60,
61]. It is known that selecting the exact timing and duration of the intervention (e.g., the age of the
patient at enrollment and the supplementation period) is challenging[62,63]. It remains unclear if
interventions given for a relatively short period, as in most of the trials due to practical reasons, have the
potential to interrupt the tumorigenic sequence. Furthermore, it is difficult to ascertain the optimal
follow-up duration for such a trial to detect an effect on the incidence of a disease such as CRC with a
time-extensive pathogenetic process. Apart from that, clinical trials cannot provide evidence concerning
the exact point at which chemoprevention begins to take effect concerning the start of treatment or
concerning the precise nature of this effect (whether this is gradual or constant)[61,63-65]. In most
studies, the relative risk predicted for the incidence of colonic polyp formation or CRC is assumed to be
constant because of a lack of data to the contrary, thus suggesting that chemoprevention does not offer
any cumulative protection[64,65]. Our study followed the "top-down" approach to studying the
exosomal risk factors for CRC onset[2,66]. Thus, it suffers from the known limitations of this approach
which we mentioned earlier, mainly that the time-points for specific marker measurements were limited
and that the crucial pathophysiological effects regarding CRC pathogenesis may have already taken
place. On the other hand, it presents a clear and unbiased approach to the biochemical serum profile of
several factors important to the oxidative balance in a sizeable CRC cohort. Thus, while a causal effect
can by no means be proven for these compounds, intriguing correlations emerge from our analysis that
may be the trigger for further research and new insights.

CONCLUSION

In summary, we describe a possible protective effect for Se, Zn, vitamin E and vitamin D regarding CRC
pathogenesis, while elevated levels of MDA were associated with a two-fold increase in the risk for
CRC. Regarding the development of colonic polyps, higher serum levels of vitamin D and Zn correlated
with a decreased risk of adenoma, whereas elevated levels of vitamin A and Fe* bestowed a higher risk.
Interestingly, lower levels of MDA were found in patients with polyps when compared to controls. Our
findings indicate that increased oxidative stress and a reduced antioxidant defense mechanism as
assessed by a variety of serum compounds may participate in CRC pathogenesis and progression.
Moreover, the possible protective effect of antioxidants may be more important in the very early stages
of colon carcinogenesis, probably through an interactive mechanism in the early stages of ACF
formation[1,6]. Total antioxidant intake may represent a better predictor of colorectal cancer risk as
opposed to specific foods and nutrients[12]. Further trials are needed that should focus on the effect of
total antioxidant intake in high-risk for CRC populations but prevention of CRC through manipulation
of the oxidative balance in the human body via nutritional supplementation may represent a worthwhile
future research target.

ARTICLE HIGHLIGHTS

Research background

The role of oxidative stress in the pathogenesis of colorectal cancer (CRC) has recently attracted consid-
erable interest. Specific oxidative factors have been implicated in the pathogenesis of adenomatous
polyps and ultimately adenocarcinoma.

Research motivation

Several studies have evaluated the association between oxidative imbalance and the development of
colorectal adenocarcinoma although the results are conflicting. Thus, the study was designed to assess
the correlation between the dietary intake habits of individuals with either colonic polyps or CRC
through measurements of oxidant/antioxidant serological markers aiming to introduce novel serum
indicators of colonic cancer even in the stage of aberrant crypt foci.

Research objectives
The main objective of the study was to evaluate the effect of total oxidant activity and antioxidant
capacity in the development of sporadic colon adenocarcinoma.

Research methods
A total of 170 patients that underwent endoscopy of the lower gastrointestinal tract in a tertiary center
within 3 years were included in the study. They were allocated in three groups; those with sporadic
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colon adenocarcinoma (1 = 56, 32.9%), those with colonic polyps (1 = 33, 19.4%) and healthy controls (n
= 81, 47.7%). All patients were evaluated for oxidant activity and antioxidant capacity with serum
measurements of specific markers such as vitamins A, 25(0OH) D3, E, C, B12, folic acid, glutathione,
selenium (Se), zinc (Zn), free iron (Fe*) and malondialdehyde and results were compared between
groups.

Research results

Serum levels of vitamins C, E, D, Se, Zn, vitamin B12 and total antioxidant capacity were significantly
lower in the combined neoplasia/polyp group than in the control group (P = 0.002, P = 0.009, P < 0.001,
P <0.001, P <0.001, P =0.020 and P < 0.001, correspondingly). Increased levels of vitamin E (P = 0.004),
vitamin D (P < 0.001), Se (P < 0.001) and Zn (P < 0.001) seem to bestow a protective effect on the
development of CRC. For vitamin D (P < 0.001) and Zn (P = 0.036), this effect seems to extend to the
development of colon polyps as well. On the other hand, elevated serum levels of malondialdehyde are
associated with a higher risk of CRC (OR = 2.09 compared to controls, P = 0.004). Regarding colonic
polyp development, increased concentrations of vitamin A and Fe* are associated with a higher risk
whereas lower levels of malondialdehyde with a lower risk.

Research conclusions
In conclusion, increased oxidative stress may play an essential role in the pathogenesis and progression
of CRC. Antioxidants’ presence may exert a protective effect in the early stages of colon carcinogenesis.

Research perspectives

Further research in high-risk CRC populations is needed in order to assess the role of oxidative
imbalance in the development of CRC and the potential for colonic cancer by dietary modifications
regarding specific oxidative serum markers.
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Abstract

BACKGROUND

Many biomarkers have predictive value for overall survival (OS) and disease-free
survival (DFS) in tumor patients. However, the role of indirect bilirubin (IBIL) in
local advanced rectal cancer (LARC) patients treated with neoadjuvant chemora-
diotherapy (nCRT) has not been studied.

AIM
To explore the predictive value of IBIL before nCRT (pre-IBIL) for the OS and DFS
of LARC patients treated with nCRT.

METHODS

A total of 324 LARC patients undergoing nCRT with total mesorectal excision
(TME) were enrolled. Preoperative clinical features and postoperative patho-
logical characteristics were collected. Cox regression analysis was performed, and
a Cox-based nomogram was developed to predict OS and DFS. We also assessed
the predictive performance of the nomogram with calibration plots and receiver
operating characteristic (ROC) curves.

RESULTS

Among 324 patients, the median pre-IBIL was 6.2 pmol/L (interquartile range: 4.6
pmol/L-8.4 pmol/L). In the Cox multivariate regression analysis, we found that
pre-IBIL, smoking history, tumor regression grade (TRG), vascular invasion, and
carbohydrate antigen 19-9 before nCRT (pre-CA19-9) were predictors of OS.
Additionally, pre-IBIL, body mass index (BMI), nCRT with surgery interval, TRG,
and vascular invasion were predictors of DFS. Predictive nomograms were
developed to predict 5-year OS and 5-year DFS with area under the ROC curve
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values of 0.7518 and 0.7355, respectively. Good statistical performance on internal validation was
shown by calibration plots and ROC curves.

CONCLUSION

This study demonstrated that pre-IBIL was an independent prognostic factor for OS and DFS in
LARC patients treated with nCRT followed by TME. Nomograms incorporating pre-IBIL, BMI,
smoking history, nCRT with surgery interval, TRG, vascular invasion, and pre-CA19-9 could be
helpful to predict OS and DFS.

Key Words: Indirect bilirubin; Local advanced rectal cancer; Neoadjuvant chemoradiotherapy; Prognostic
factor; Overall survival; Disease-free survival

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Our study demonstrated that indirect bilirubin measurement before neoadjuvant chemoradio-
therapy (nCRT) (pre-IBIL) is an independent and significant risk factor for survival in local advanced
rectal cancer patients treated with nCRT followed by total mesorectal excision. In addition, nomograms
based on pre-IBIL can predict S-year overall survival and 5-year disease-free survival with good
agreement.

Citation: Li SF, Wei R, Yu GH, Jiang Z. Predictive value of indirect bilirubin before neoadjuvant
chemoradiotherapy in evaluating prognosis of local advanced rectal cancer patients. World J Gastrointest Oncol
2022; 14(11): 2224-2237

URL: https://www.wjgnet.com/1948-5204/full/v14/i11/2224 htm

DOI: https://dx.doi.org/10.4251/wjgo.v14.i11.2224

INTRODUCTION

According to the National Comprehensive Cancer Network guidelines, local advanced rectal cancer
(LARC) patients should be treated with neoadjuvant chemoradiotherapy (nCRT) combined with
surgery[1]. The nCRT can reduce the tumor burden, and local recurrence rate, as well as improve the RO
resection rate and anus preservation rate of LARC[2]. However, approximately 20%-46% of LARC
patients with available postoperative pathological data had tumor cells that did not regress significantly
or did not regress at all. These patients did not respond significantly to treatment and had poor
prognoses[3-5]. Moreover, there are few studies on the changes in biological characteristics of tumors
after nCRT treatment, so the current prognosis of this group of patients is still evaluated by TNM
staging, which may not be accurate[6-8]. Combined with the results of existing studies, most of the
studies evaluated the prognosis of this group of patients based on the pathological or anatomical charac-
teristics of the tumor while ignoring some biological characteristics of the patients themselves, such as
blood biochemistry status and underlying diseases[9-11].

Indirect bilirubin (IBIL) is bilirubin that is not bound to glucuronic acid. Elevated serum IBIL is
mainly associated with various hemolytic diseases. After the destruction of a large number of red blood
cells, a large amount of hemoglobin is converted into IBIL, which exceeds the processing capacity of the
liver to convert all of it into direct bilirubin, resulting in elevated IBIL in the blood. Its concentration
reflects the conversion function of hepatocytes and the catabolic state of red blood cells. In recent years,
an increasing number of studies have found a relationship between IBIL and tumor prognosis. Some
studies have shown that bilirubin is associated with prognosis in cancer patients, such as ovarian cancer,
lung cancer, nasopharyngeal cancer, and oral squamous cell carcinoma[12-15]. However, the predictive
values of the IBIL before nCRT (pre-IBIL) for prognostic outcomes in LARC patients treated with nCRT
are unknown. In this retrospective study, we aimed to perform statistical analysis of the clinicopatho-
logical data of a large number of LARC patients who underwent nCRT was performed to investigate the
predictive value of pre-IBIL in the prognosis and to create a nomogram that could predict the prognosis
of patients.

MATERIALS AND METHODS

Patient population
We retrospectively identified 324 rectal cancer patients who received nCRT between November 1, 2012
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and October 30, 2018 in the National Cancer Center/Cancer Hospital of the Chinese Academy of
Medical Sciences and Peking Union Medical College (Beijing, P.R. China). The inclusion criteria were as
follows: (1) Completion of long course nCRT followed by total mesorectal excision (TME); (2) Patholo-
gically confirmed rectal adenocarcinoma by colonoscopic biopsy; and (3) Imaging suggested cTNM
stage II-III without distant metastasis at initial diagnosis. The exclusion criteria were as follows: (1)
Absence of some clinical features before nCRT treatment; (2) After nCRT, distant metastasis was found
by imaging examinations; and (3) Synchronous tumors.

All the available detailed clinical characteristics and pathological parameters were enrolled, including
pre-IBIL, age, sex, body mass index (BMI), smoking history, drinking history, chronic disease history,
cTNM stage, nCRT with surgery interval, inferior margin, tumor regression grade (TRG), vascular
invasion, neural invasion, radiotherapy type before surgery, chemotherapy type before surgery,
adjuvant chemotherapy, carcinoembryonic antigen before nCRT (pre-CEA), and carbohydrate antigen
19-9 before nCRT (pre-CA19-9), in which TRG uses Dworak stage.

Treatment

All patients were treated with a 45-60 Gy dose of long-course nCRT. Three schemes of concurrent
radiotherapy are volumetric modulated arc therapy (VMAT), intensity modulated radiation therapy
(IMRT), and 3-dimensional conformal radiation therapy (3D-CRT). The concurrent chemotherapy
schemes were capecitabine, capecitabine + platinum, capecitabine + bevacizumab, capecitabine +
oxaliplatin and raltitrexed. All patients were treated with nCRT for at least 4 wk before undergoing
TME.

Follow-up

All patients received postoperative reviews in the hospital every 3 mo for 2 years after surgery and
every 6 mo for 3-5 years after surgery. The postoperative examinations included a physical examination,
peripheral blood tumor markers, chest computed tomography (CT), abdominal CT, pelvic CT or
magnetic resonance imaging, and a whole-body positron emission tomography-CT if necessary.
Additionally, we followed up with patients at regular intervals until August 31, 2021. Overall survival
(OS) was defined as the time from the date of diagnosis to the date of death due to any cause or the last
follow-up. Disease-free survival (DFS) was defined as the time since radical surgery to disease
recurrence, metastasis, the last follow-up, or patient death.

Statistical analysis

Fisher’s exact test and y” tests were employed to compare categorical data. Cox regression analysis was
performed to evaluate the hazard ratio (HR) and 95% confidence interval (95%CI) of both OS and DFS.
Parameters that were statistically significant in the univariate analysis were subsequently included in
the multivariate analysis. Nomograms were constructed based on statistically significant factors
identified by the multivariate analyses from the Cox regression model to predict 5-year OS and DFS. We
assessed the predictive performance of the nomogram with calibration plots and receiver operating
characteristic (ROC) curves. The Kaplan-Meier survival method was used to analyze OS and DFS, and
survival differences were calculated by the log-rank test. All statistical analyses were performed using R
version 4.1.0. Two-tailed P values less than 0.05 were considered statistically significant.

RESULTS

Patient characteristics

A total of 324 patients, 98 (30.25%) females and 226 (69.75%) males met the inclusion criteria for this
study, and the median pre-IBIL (interquartile range) was 6.2 (4.6-8.4) pmol/L. Then, 6.2 pmol/L was
used as cut-off value in grouping patients. Moreover, 48.46% (157/324) of patients had a smoking
history, 41.67% (135/324) of patients had a drinking history and 37.04% (120/324) of patients had a
chronic disease history. For radiotherapy type before surgery, 286 (88.27%) patients received the VMAT
regimen, 30 (9.26%) patients received the IMRT regimen, and 8 (2.47%) patients received the 3D-CRT
regimen. For chemotherapy type before surgery, 289 (89.20%) patients received the capecitabine
regimen, and 18 (5.56%) patients received the capecitabine plus platinum regimen. The demographics
and clinicopathological characteristics are presented in Table 1.

Cox regression analysis of prognostic factors for 0S

All variables identified in Table 1 were selected for univariable Cox regression analysis to estimate OS in
LARC patients treated with nCRT and TME. In the univariable analysis, there were many variables
statistically significant for OS in these patients, including pre-IBIL, smoking history, TRG, vascular
invasion, neural invasion, and pre-CA19-9. These statistically significant parameters in the univariate
analysis were included in the multivariate model. In the multivariate analysis, we found that pre-IBIL
(pre-IBIL > 6.2 pmol/L, adjusted HR = 1.77, 95%ClI: 1.04-3.01, P = 0.035), smoking history (yes, adjusted
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Table 1 Clinical characteristics and treatment strategies of local advanced rectal cancer patients

Pre-IBIL < 6.2 pmol/L (n= Pre-IBIL > 6.2 ymol/L (n =

Characteristic 163) 161) P value All patients (n = 324)

Age, yr 0.305

<60 88 (53.99) 97 (60.25) 185 (57.10)

>60 75 (46.01) 64 (39.75) 139 (42.90)

Sex 0.007

Female 61 (37.42) 37 (22.98) 98 (30.25)

Male 102 (62.58) 124 (77.02) 226 (69.75)

BMI, kg/m? 0.317

<185 7 (4.29) 4(248) 11 (3.40)

18.5-23.9 86 (52.76) 73 (45.34) 159 (49.07)

24.0-27.9 52 (31.90) 66 (40.99) 118 (36.42)

>28.0 18 (11.04) 18 (11.18) 36 (11.11)

Smoking history 0.581

No 87 (53.37) 80 (49.69) 167 (51.54)

Yes 76 (46.63) 81 (50.31) 157 (48.46)

Drinking history 0.925

No 96 (58.90) 93 (57.76) 189 (58.33)

Yes 67 (41.10) 68 (42.24) 135 (41.67)

Chronic disease history 0.624

No 100 (61.35) 104 (64.60) 204 (62.96)

Yes 63 (38.65) 57 (35.40) 120 (37.04)

cTNM stage 0.839

I 23 (14.11) 25 (15.53) 48 (14.81)

1T 140 (85.89) 136 (84.47) 276 (85.19)

nCRT with surgery interval, d 0.573

31-60 88 (53.99) 79 (49.07) 167 (51.54)

61-90 63 (38.65) 66 (40.99) 129 (39.81)

>90 12 (7.36) 16 (9.94) 28 (8.64)

Inferior margin 0.373

<5cm 109 (66.87) 116 (72.05) 225 (69.44)

>5cm 54 (33.13) 45 (27.95) 99 (30.56)

TRG 0.160

1 14 (8.59) 16 (9.94) 30 (9.26)

2 90 (55.21) 72 (44.72) 162 (50.00)

3 41 (25.15) 43 (26.71) 84 (25.93)

4 18 (11.04) 30 (18.63) 48 (14.81)

Vascular invasion 0.471

Negative 155 (95.09) 149 (92.55) 304 (93.83)

Positive 8 (4.91) 12 (7.45) 20 (6.17)

Neural invasion 0.846

Negative 130 (79.75) 126 (78.26) 256 (79.01)
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Positive 33 (20.25) 35 (21.74) 68 (20.99)
Radiotherapy type before surgery 0.688

VMAT 146 (89.57) 140 (86.96) 286 (88.27)
IMRT 14 (8.59) 16 (9.94) 30 (9.26)
3D-CRT 3 (1.84) 5(3.11) 8 (2.47)
Chemotherapy type before surgery 0.975

Capecitabine 145 (88.96) 144 (89.44) 289 (89.20)
Capecitabine + platinum 9 (5.52) 9 (5.59) 18 (5.56)
Other 9 (5.52) 8 (4.97) 17 (5.25)
Adjuvant chemotherapy 0.383

No 57 (34.97) 48 (29.81) 105 (32.41)
Yes 106 (65.03) 113 (70.19) 219 (67.59)
Pre-CEA 0.832

<5ng/mL 91 (55.83) 87 (54.04) 178 (54.94)
>5ng/mL 72 (44.17) 74 (45.96) 146 (45.06)
Pre-CA19-9 0.931

<27U/mL 131 (80.37) 131 (81.37) 262 (80.86)
>27U/mL 32 (19.63) 30 (18.63) 62 (19.14)

nCRT: Neoadjuvant chemoradiotherapy; pre-IBIL: Indirect bilirubin before neoadjuvant chemoradiotherapy; BMI: Body mass index; TRG: Tumor

regression grade; VMAT: Volumetric modulated arc therapy; IMRT: Intensity modulated radiation therapy; 3D-CRT: 3-dimensional conformal radiation

therapy; pre-CEA: Carcinoembryonic antigen before neoadjuvant chemoradiotherapy; pre-CA19-9: Carbohydrate antigen 19-9 before neoadjuvant

chemoradiotherapy.
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HR = 0.58, 95%CI: 0.34-1.00. P = 0.048), TRG (TRG = 2, adjusted HR = 0.37, 95%CI: 0.18-0.75, P = 0.006;
TRG = 3, adjusted HR = 0.27, 95%CI: 0.12-0.64, P = 0.003; TRG = 4, adjusted HR = 0.18, 95%ClI: 0.06-0.53
P =0.002), vascular invasion (positive, adjusted HR = 2.93, 95%CI: 1.39-6.21, P = 0.005), and pre-CA19-9

(pre-CA19-9 > 27 U/mL, adjusted HR = 2.05, 95%CI: 1.16-3.62, P = 0.014) were predictors of OS
(Table 2).

Cox regression analysis of prognostic factors for DFS

All variables identified in Table 1 were selected for univariable Cox regression analysis to estimate DFS
in LARC patients treated with nCRT and TME. Univariable analysis revealed that factors including pre-
IBIL, BMI, nCRT with surgery interval, TRG, vascular invasion, and neural invasion were
independently associated with DFS in these patients. All statistically significant predictors in the
univariate analysis were included in the multivariate model. The multivariate analysis revealed that
pre-IBIL (pre-IBIL > 6.2 pmol/L, adjusted HR = 1.86, 95%CI: 1.22-2.84, P = 0.004), BMI (BMI = 28.0,
adjusted HR = 0.19, 95%CI: 0.05-0.66, P = 0.009), nCRT with surgery interval (nCRT with surgery
interval = 61-90 d, adjusted HR = 0.63, 95%ClI: 0.40-0.99, P = 0.044), TRG (TRG = 2, adjusted HR = 0.43,
95%ClI: 0.24-0.78, P = 0.005; TRG = 3, adjusted HR = 0.30, 95%CI: 0.15-0.62, P = 0.001; TRG = 4, adjusted
HR = 0.31, 95%CI: 0.14-0.70, P = 0.005), and vascular invasion (positive, adjusted HR = 2.24, 95%CI: 1.13-
4.44, P = 0.021) were predictors of DFS (Table 3).

Construction of nomograms to predict OS and DFS

We established nomograms for the prediction of the 5-year OS and DFS using the independent variables
(Figure 1). Pre-IBIL, smoking history, TRG, vascular invasion, and pre-CA19-9 were statistically
significant predictors of OS on Cox multivariate analysis. Pre-IBIL, BMI, nCRT with surgery interval,
TRG, and vascular invasion were statistically significant predictors of DFS on Cox multivariate analysis.
Therefore, these variables were subsequently included in the nomogram. A weighted total score is
calculated from these factors, which is applied to predict the OS and DFS for the LARC patients who
received nCRT. We found that patients with a lower pre-IBIL had better OS and DFS.

Evaluation of the nomogram
The nomogram for predicting OS and DFS in LARC patients treated with nCRT was developed based
on the multivariate model in the cohort. The area under the ROC curve (AUC) was analyzed for the
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Table 2 Cox regression analysis of prognostic factors for overall survival

Univariable analysis Multivariable analysis
Characteristic
HR (95%Cl) Pvalue HR (95%Cl) P value
Pre-IBIL
<6.2 pmol/L Reference Reference
> 6.2 pmol/L 1.71 (1.01-2.87) 0.045 1.77 (1.04-3.01) 0.035
Age, yr
<60 Reference
260 1.39 (0.84-2.31) 0.199
Sex
Female Reference
Male 1.16 (0.66-2.04) 0.596
BMI, kg/m?
<185 Reference
18.5-23.9 0.74 (0.23-2.43) 0.624
24.0-27.9 0.57 (0.17-1.93) 0.370
>28.0 0.27 (0.05-1.32) 0.105
Smoking history
No Reference Reference
Yes 0.57 (0.34-0.97) 0.039 0.58 (0.34-1.00) 0.048
Drinking history
No Reference
Yes 0.72 (0.42-1.23) 0.227
Chronic disease history
No Reference
Yes 1.09 (0.65-1.82) 0.749
cTNM stage
I Reference
it 2.54 (0.92-6.99) 0.072
nCRT with surgery interval, day
31-60 Reference
61-90 0.61 (0.35-1.07) 0.083
>90 0.68 (0.24-1.92) 0.469
Inferior margin
<5cm Reference
>5cm 0.91 (0.53-1.59) 0.752
TRG
1 Reference Reference
2 0.35 (0.18-0.67) 0.002 0.37 (0.18-0.75) 0.006
3 0.23 (0.10-0.52) <0.001 0.27 (0.12-0.64) 0.003
4 0.17 (0.06-0.48) <0.001 0.18 (0.06-0.53) 0.002
Vascular invasion
Negative Reference Reference
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Positive 3.79 (1.86-7.74) <0.001 2.93 (1.39-6.21) 0.005
Neural invasion

Negative Reference Reference

Positive 2.15 (1.26-3.69) 0.005 1.27 (0.69-2.31) 0.442
Radiotherapy type before surgery

VMAT Reference

IMRT 1.68 (0.85-3.35) 0.137

3D-CRT 0.69 (0.09-4.98) 0.709

Chemotherapy type before surgery

Capecitabine Reference

Capecitabine + platinum 1.45 (0.57-3.66) 0.431

Other 1.90 (0.76-4.78) 0.172

Adjuvant chemotherapy

No Reference

Yes 0.60 (0.36-1.00) 0.050

Pre-CEA

<5ng/mL Reference

>5ng/mL 1.44 (0.87-2.39) 0.158

Pre-CA19-9

<27U/mL Reference Reference

>27U/mL 2.05 (1.19-3.54) 0.010 2.05 (1.16-3.62) 0.014

HR: Hazard ratio; 95%CI: 95% confidence interval; nCRT: Neoadjuvant chemoradiotherapy; pre-IBIL: Indirect bilirubin before neoadjuvant

chemoradiotherapy; BMI: Body mass index; TRG: Tumor regression grade; VMAT: Volumetric modulated arc therapy; IMRT: Intensity modulated

radiation therapy; 3D-CRT: 3-dimensional conformal radiation therapy; pre-CEA: Carcinoembryonic antigen before neoadjuvant chemoradiotherapy; pre-

CA19-9: Carbohydrate antigen 19-9 before neoadjuvant chemoradiotherapy.
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cohort, and the AUC values for the 5-year OS and DFS nomograms were 0.7518 and 0.7355, respectively
(Figure 2). The model demonstrated good statistical performance for predicting OS and DFS, and
calibration curves for the probability of 5-year OS and 5-year DFS indicated satisfactory consistency
between actual observation and nomogram prediction (Figure 3).

Kaplan-Meier survival curves

In Kaplan-Meier survival analysis, we found that pre-IBIL was related to OS (Figure 4A) and DFS
(Figure 4B) in LARC patients treated with nCRT. For OS, the median was 5.28 years. The patients in the
pre-IBIL < 6.2 pmol/L group had a significantly longer OS than patients in the pre-IBIL > 6.2 pmol/L
group (P = 0.042). The 5-year survival rate of the patients in the pre-IBIL < 6.2 pmol/L group was
87.27%, higher than that of the patients in the pre-IBIL > 6.2 pmol/L group, 78.48%. For DFS, the
median DFS was 4.71 years. Additionally, the patients in the pre-IBIL < 6.2 pmol/L group also had a
significantly longer DFS than patients in the pre-IBIL > 6.2 umol/L group (P = 0.012). The 5-year
recurrence rates of patients in the pre-IBIL < 6.2 pmol/L and pre-IBIL > 6.2 pmol/L groups were 76.90%
and 64.39%, respectively.

DISCUSSION

The nCRT combined with TME is the standard treatment for patients with LARC[16]. Although this
treatment regimen has been shown to improve the local control rate in some LARC patients, there are
still considerable differences in prognoses among patients[17]. Tumor markers are substances that are
synthesized or released by tumor cells themselves or produced by the body in response to tumor cells
during the process of tumor development. When these substances reach a certain level, they can indicate
the existence of a specific tumor, and the changes in the levels of these substances can be used to
monitor the recurrence and progression of the tumor[18]. At present, common tumor markers are not
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Figure 1 Nomograms. A: Overall survival; B: Disease-free survival. OS: Overall survival; DFS: Disease-free survival; nCRT: Neoadjuvant chemoradiotherapy; pre-
IBIL: Indirect bilirubin before neoadjuvant chemoradiotherapy; BMI: Body mass index; TRG: Tumor regression grade; pre-CA19-9: Carbohydrate antigen 19-9 before
neoadjuvant chemoradiotherapy.
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routinely tested in health checkups, which often leads to the missed diagnosis of some patients with
early malignant tumors, thus indicating that it is important to identify new tumor markers during
routine checkups.

Previous studies have focused attention on identifying pretreatment blood-based biomarkers and
traditional tumor biomarkers, including CEA, CA19-9 and the neutrophil-to-lymphocyte ratio. These
biomarkers have been proven to have prognostic effects in predicting the response and survival in
LARC[19]. In recent years, liquid biopsy has received increasing attention in cancer research, and
biomarkers based on liquid biopsy have also shown favorable significance in treatment and prognosis
prediction[20,21]. For example, a prospective study including 119 Chinese LARC patients identified
circulating tumor DNA as a good predictor for risk stratification and for guiding the treatment strategy
[22]. However, these new biomarkers are still under investigation, and their clinical application may
need to be further studied to obtain a consensus.

Biochemical tests for blood samples are routinely performed for each hospitalized patient, and
bilirubin is one of the most important markers of the biochemical test. Bilirubin is a major toxic
metabolite of iron porphyrin compounds in the body, which can cause irreversible damage to the
nervous system; however, it has antioxidant properties and can inhibit the oxidation of linoleic acid and
phospholipids. Recent studies have shown that bilirubin, as an endogenous antioxidant, can moderately
increase the ability of cancer patients to scavenge oxidative free radicals in the body and affect the
prognoses of cancer patients. Therefore, bilirubin levels are of great clinical significance as a novel
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Figure 2 Nomogram model receiver operating characteristic curve. A: 5-year overall survival; B: 5-year disease-free survival. ROC: Receiver operating
characteristic; AUC: Area under the receiver operating characteristic curve; OS: Overall survival; DFS: Disease-free survival.
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Figure 3 Nomogram model calibration curves. A: 5-year overall survival; B: 5-year disease-free survival. OS: Overall survival; DFS: Disease-free survival.
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Table 3 Cox regression analysis of prognostic factors for disease-free survival

Univariable analysis Multivariable analysis
Characteristic
HR (95%Cl) Pvalue HR (95%Cl) P value
Pre-IBIL
<6.2 pmol/L Reference Reference
> 6.2 pmol/L 1.68 (1.12-2.53) 0.013 1.86 (1.22-2.84) 0.004
Age, yr
<60 Reference
260 1.16 (0.78-1.74) 0.456
Sex
Female Reference
Male 0.84 (0.55-1.28) 0.414
BMI, kg/m?
<185 Reference Reference
18.5-23.9 0.64 (0.26-1.61) 0.346 0.46 (0.18-1.17) 0.102
24.0-27.9 0.62 (0.24-1.57) 0.312 0.50 (0.19-1.30) 0.157
>28.0 0.25 (0.07-0.87) 0.029 0.19 (0.05-0.66) 0.009
Smoking history
No Reference
Yes 0.72 (0.48-1.08) 0.108
Drinking history
No Reference
Yes 0.71 (0.47-1.07) 0.103
Chronic disease history
No Reference
Yes 1.07 (0.72-1.61) 0.732
cTNM stage
I Reference
it 1.49 (0.80-2.80) 0.210
nCRT with surgery interval, d
31-60 Reference Reference
61-90 0.64 (0.41-0.99) 0.047 0.63 (0.40-0.99) 0.044
>90 0.84 (0.40-1.77) 0.655 0.63 (0.29-1.35) 0.235
Inferior margin
<5cm Reference
>5cm 0.80 (0.51-1.25) 0.318
TRG
1 Reference Reference
2 0.45 (0.26-0.79) 0.006 0.43 (0.24-0.78) 0.005
3 0.29 (0.15-0.57) <0.001 0.30 (0.15-0.62) 0.001
4 0.31 (0.15-0.66) 0.002 0.31 (0.14-0.70) 0.005
Vascular invasion
Negative Reference Reference
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Positive 2.54 (1.32-4.90) 0.005 2.24 (1.13-4.44) 0.021
Neural invasion

Negative Reference Reference
Positive 1.82 (1.17-2.82) 0.008 1.34 (0.82-2.18) 0.238
Radiotherapy type before surgery

VMAT Reference

IMRT 1.07 (0.57-2.01) 0.836

3D-CRT 0.83 (0.20-3.37) 0.791

Chemotherapy type before surgery

Capecitabine Reference

Capecitabine + platinum 0.98 (0.43-2.26) 0.969

Other 1.56 (0.72-3.37) 0.262

Adjuvant chemotherapy

No Reference

Yes 0.89 (0.59-1.35) 0.584

Pre-CEA

<5ng/mL Reference

>5ng/mL 1.33 (0.89-1.98) 0.158

Pre-CA19-9

<27U/mL Reference

>27U/mL 1.47 (0.92-2.33) 0.104

HR: Hazard ratio; 95%CI: 95% confidence interval; nCRT: Neoadjuvant chemoradiotherapy; pre-IBIL: Indirect bilirubin before neoadjuvant

chemoradiotherapy; BMI: Body mass index; TRG: Tumor regression grade; VMAT: Volumetric modulated arc therapy; IMRT: Intensity modulated

radiation therapy; 3D-CRT: 3-dimensional conformal radiation therapy; pre-CEA: Carcinoembryonic antigen before neoadjuvant chemoradiotherapy; pre-

CA19-9: Carbohydrate antigen 19-9 before neoadjuvant chemoradiotherapy.
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tumor biomarker[23-27]. One study demonstrated that the direct bilirubin-to-IBIL ratio was an
independent predictor of survival in resectable colorectal cancer patients[28]. Nevertheless, few studies
have been conducted to explore the prognostic effect of bilirubin in LARC patients.

In this study, we collected clinical and pathological data of 324 LARC patients treated with nCRT
combined with TME and followed up with each of these patients. We performed all factor Cox
regression analyses in Table 1, and the characteristics with statistically significant results from the
univariate analysis were included in the multivariate analysis. The multivariate analysis results showed
that pre-IBIL, smoking history, TRG, vascular invasion and pre-CA19-9 were risk factors affecting OS.
The multivariate analysis results showed that pre-IBIL, BMI, nCRT with surgery interval, TRG and
vascular invasion were risk factors affecting DFS. In addition, we constructed nomograms to evaluate
prognoses based on the above indicators.

Our research had the following advantages. First, we found a correlation of pre-IBIL with the
prognosis of LARC patients after receiving nCRT, and the prognoses of those patients with pre-IBIL >
6.2 pmol/L were poorer, which indicated that pre-IBIL is a risk factor affecting the prognoses of
patients. Second, we performed a Cox regression analysis of pre-IBIL with common characteristics and
found that pre-IBIL was associated with the OS and DFS of LARC patients receiving nCRT. We also
constructed nomograms that could predict OS and DFS. Third, we collected clinical characteristics,
pathological characteristics, treatment information, hematological characteristics and sociological
characteristics of patients and considered more comprehensive factors. However, our study had some
limitations. First, this was a single-center study, the sample size was relatively small and the results
need to be further validated by expanding the sample size. Second, in our study, with the limitations of
the retrospective nature, we found an association between a blood sample and oncological outcomes in
patients with LARC, and future prospective studies should be conducted to further explore the associ-
ations between pre-IBIL and the prognoses of LARC patients.
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Figure 4 Kaplan-Meier curves. A: Overall survival; B: Disease-free survival. nCRT: Neoadjuvant chemoradiotherapy; pre-IBIL: Indirect bilirubin before
neoadjuvant chemoradiotherapy.
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CONCLUSION

In conclusion, this study demonstrated that pre-IBIL was an independent prognostic factor for OS and
DFS in LARC patients treated with nCRT followed by TME. Nomograms incorporating pre-IBIL, BMI,
smoking history, nCRT with surgery interval, TRG, vascular invasion, and pre-CA19-9 could be helpful
to predict OS and DFS. These findings provide a new direction for future clinical precision treatment
and scientific research.

ARTICLE HIGHLIGHTS

Research background

Neoadjuvant chemoradiotherapy (nCRT) has been regarded as the standard treatment for local
advanced rectal cancer (LARC). Bilirubin has shown significance in the prognosis of various cancer
types, including ovarian cancer and lung cancer. However, the predictive values of indirect bilirubin
(IBIL) in the prognoses of LARC patients treated with nCRT remain unknown.

Research motivation
The present study attempted to identify the prognostic value of IBIL before nCRT (pre-IBIL) in LARC
patients and to construct a nomogram based on pre-IBIL to predict the survival of the patients.

Research objectives
This study aimed to identify the prognostic value of pre-IBIL in LARC patients and to construct a
nomogram to predict their 5-year overall survival (OS) and 5-year disease-free survival (DFS).

Research methods

A total of 324 LARC patients undergoing nCRT with total mesorectal excision (TME) were enrolled.
Preoperative clinical features and postoperative pathological characteristics were collected. A Cox
regression analysis was performed, and a Cox-based nomogram was developed to predict OS and DFS.
We also assessed the predictive performance of the nomogram with receiver operating characteristic
(ROC) and curves calibration plots.

Research results

In the Cox multivariate regression analysis, we found that pre-IBIL, smoking history, tumor regression
grade (TRG), vascular invasion and carbohydrate antigen 19-9 before nCRT were predictors of OS.
Furthermore, pre-IBIL, body mass index, nCRT with surgery interval, TRG and vascular invasion were
predictors of DFS. Predictive nomograms were developed to predict 5-year OS and 5-year DFS with
areas under the ROC curve of 0.7518 and 0.7355, respectively. Good statistical performance on internal
validation was shown via the calibration plots and ROC curves.

Research conclusions
Pre-IBIL was an independent prognostic factor for OS and DFS in LARC patients treated with nCRT
followed by TME. Nomograms based on pre-IBIL could be helpful for predicting survival in LARC
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patients.

Research perspectives

Although our single-center study identified the prognostic value of pre-IBIL in LARC patients, a future
prospective study with larger samples should be conducted to further explore the association between

pre-IBIL and the prognosis of LARC patients.
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Abstract

BACKGROUND

The features of gastric cancer based on the anatomic site remain unknown in
northern China patients.

AIM

To analyze gastric cancer features and associated trends based on the anatomical
site in northern China patients.

METHODS

This cross-sectional study used incident gastric cancer case data from 10 Peking
University-affiliated hospitals (2014 to 2018). The clinical and prevailing local
features were analyzed.

RESULTS

A total of 10709 patients were enrolled, including antral (42.97%), cardia (34.30%),
and stomach body (18.41%) gastric cancer cases. Cancer in the cardia had the
highest male:female ratio, proportion of elderly patients, and patients with
complications, including hypertension, diabetes, cerebrovascular, and coronary
diseases (P < 0.001). gastric cancer involving the antrum showed the lowest
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proportion of patients from rural areas and accounted for the highest hospitalization rate and cost
(each P < 0.001). The proportion of patients with cancer involving the cardia increased with an
increase in the number of gastroesophageal reflux disease cases during the same period (P <
0.001). Multivariate analysis revealed that tumor location in the cardia increased the risk of in-
hospital mortality (P = 0.046). Anatomical subsite was not linked to postoperative complications.

CONCLUSION

The features of gastric cancer based on the anatomical site differ between northern China and
other regions, both globally and within the country. Social factors may account for these
differences and should affect policy-making and clinical practice.

Key Words: Feature; Gastric cancer; Anatomical site; Northern China
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Core Tip: Cancer in the cardia has the highest male:female ratio, proportion of elderly patients, and patients
with complications including hypertension, diabetes, cerebrovascular, and coronary diseases. Gastric
cancer in the antrum has the lowest proportion of patients from rural areas and accounts for the highest
hospitalization rate and cost. The proportion of patients with cancer in the cardia increases with an
increase in the number of gastroesophageal reflux disease cases during the same period. Tumor location in
the cardia increases the risk of in-hospital mortality. Anatomical subsite is not linked to postoperative
complications.
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INTRODUCTION

Gastric cancer is among the most common digestive malignant tumors worldwide and is predicted to
have 27600 incident cases and cause 11010 deaths in the United States of America[l]. It ranks fifth
among cancer diagnoses (1089103 cases) and fourth in gross mortality (768793 cases) worldwide[2].
China is among the regions with the highest gastric cancer incidence, reporting over 450000 new cases
and 300000 deaths[3]. China may account for approximately half of the annual incidence of gastric
cancer in Eastern Asia[4]. High mortality rates are a major concern for gastric cancer. Gastric cancer-
related disability-adjusted life-years are the third-highest worldwide[4], accounting for 24.2% of cases
with a 5-year overall survival (OS) rate[5]. In this cohort, the 5-year OS of patients with stage IV disease
is lower than 4%[6].

A few studies have demonstrated differences in clinical and epidemiological features of this tumor
type based on its presence in the anatomical subsites of the stomach. These subsites are usually divided
into cardia (including adjacent gastroesophageal junction) and non-cardia locations, including the
gastric body and antrum([7]. The constituent ratio of patients with gastric cancer in the cardia tends to be
relatively high in Western countries, including the United States of America and the United Kingdom[7-
10]. However, this same constituent ratio decreases in some Asian countries, including Japan, with a
significant increase in the number of patients with gastric cancer in the stomach corpus[11]. The
divergent trends could result from different etiologies for cardia and non-cardia subsites of gastric
cancer; e.g., non-cardia gastric cancer (specifically, antral gastric cancer) is directly associated with
Helicoibacter pylori (H. pylori)-induced atrophic gastritis and accompanying hypochlorhydria[12,13]. In
contrast, cancer involving the cardia (including cancers of the gastroesophageal junction) is closely
related to gastroesophageal reflux disease (GERD)[14]. Gastric tumors at different anatomic locations
may be distinct clinical entities[15].

Environmental and lifestyle factors affect the burden of gastric cancer. Smoking is an important risk
factor in male patients[16], and a high-sodium diet is associated with gastric cancer in Eastern Asian
patients, particularly in Chinese patients[4]. The incidence rates and distribution patterns of gastric
cancer differ across various geographic regions[17], including within China. Despite the rise in the ratio
of patients with cancer at the cardia of the stomach and the concomitant reduction among those with
gastric cancer involving the antrum in the Chinese population, the rates of antral gastric cancer vary
from 20% to 50%[18,19]. Both trends may result from a divergence in risk factors, including variations in
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environmental influences and eating habits that differ among regions; these factors may also determine
differences among tumors at different locations[18]. However, few population-based studies have been
conducted in China on this topic[18,19], and analyses of data from northern China are lacking. Herein,
we aimed to examine the clinical features of gastric cancer at different anatomical sites in patients from
northern China. We also aimed to examine the associated variability and trends.

MATERIALS AND METHODS

Data source

Patient information was obtained from the Health Science Report (HSR) database of Peking University-
affiliated hospitals[20,21]. As a patient-level database consisting of hospitalized populations from 10
comprehensive tertiary hospitals affiliated with Peking University, the HSR database is managed by the
Department of Hospital Management, Peking University Health Science Center, including patients
covering all of China (mainly from northern China), and handles 2097347 gastric cancer patients. HSRs
are submitted annually by the hospitals, as determined by the guidelines of the National Health
Commission of the People’s Republic of China. A system developed by the Medical Information Center
of Peking University Health Science Center was applied for integration, storage, management, analysis,
and display of the data, and controls for safety and quality were embedded in each layer. Demographic
and clinical characteristics of selected patients were extracted, including the corresponding International
Classification of Diseases 10 edition (ICD-10) codes, demographic characteristics (age, sex, and others),
hospitalization information (route of admission, hospital stay, costs, among others), diagnosis, operation
type, and pathological information. Ethical approval was obtained from the Ethics Committee of Peking
University Third Hospital (IRB00006761-M2019387). The written informed consent requirement was
waived because of the retrospective nature of the study.

Study population

According to the accessibility and quality of data, patients registered from January 1, 2014, to December
31, 2018, were chosen for analysis[20]. Individuals who (1) had pathology records with a diagnosis of
gastric cancer, (2) were hospitalized in at least one of the included hospitals, and (3) had one or more
sets of complete hospitalization records were included in the analysis. Patients who had (1) no
pathological diagnosis or (2) tumors in the stomach that had metastasized from other organs were
excluded from the analysis. Anonymization of personal information was conducted for data privacy
protection.

Identification of gastric cancer

ICD-10 codes were implemented for facilitated identification, and gastric cancer was designated as
C16.0-4 as per published research[19]. Descriptive medical phrases were also applied to query for
gastric/cardia/esophagogastric junction/non-cardia/body/antrum/pylorus cancer in the possible
linguistic expressions in the Chinese language. Due to differences in anatomical, biological, and clinical
characteristics by different subsites in gastric cancer, the selected patients were further divided
according to tumor anatomical locations into gastric cancer involving the cardia (ICD-10 code: C16.0),
gastric cancer involving the body (ICD-10 codes: C16.1-2), gastric cancer involving the antrum (ICD-10
codes: C16.3-4), and gastric cancers of multiple foci (ICD-10 code: C16.8). For cases without exact
diagnosis on anatomical site (ICD-10 code: C16.5-6 and C16.9), diagnosis description and pathological
results were screened by two senior gastroenterologists. Patients with unidentifiable subsites were
categorized as “other type”. A fuzzy string-matching algorithm was also applied with the listed medical
phrases to search for more potential patients to avoid omission. Validation was applied to the classi-
fication strategy. Data from a total of 1000 gastric cancer patients were extracted stochastically each time
after primary selection, with a respective manual review of the diagnosis by two senior gastroentero-
logists for detection with the help of R (version 3.5.1), and the final consistency rate was over 99%.

Statistical analysis

The screened gastric cancer patients were classified by searching for different keywords on clinical,
diagnostic, and surgical data with R (version 3.5.1). Only incident cases, which were identified as
patients who were pathologically diagnosed through surgery and/or endoscopy for pathology (the gold
standard for gastric cancer diagnosis), were defined as the study population. Those with multiple
hospitalization records were identified by health care card numbers, and only their first visits were
included to avoid duplication. The composition ratio of each anatomical subsite was calculated
separately, and clinical characteristics, including age, sex, hospitalization costs, hospitalization stay,
admission mode, and disease-related complications, were calculated based on tumor location.
Alternation trends for some factors within the study period were calculated. According to worldwide
guidelines that recommend endoscopy screening for gastric cancer from the age of 50 years, patients
were categorized into age groups of <49 years, 50-74 years, and > 75 years, and the age group of 50-74
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years was further analyzed by dividing into four groups with 5-year increments. Patients with records
of surgery (including laparoscopic or open tumor resection and excluding endoscopy and endoscopic
resection) were selected, and the short-term postoperative complications, including anastomotic
leakage, anastomotic hemorrhage, abdominal hemorrhage, abdominal infection, gastroparesis, incision
infection, incision hemorrhage, incision dehiscence, and pancreatic fistula, were indexed.

Continuous variables are expressed as means * SD, and categorical variables are expressed as
frequencies and proportions. Student’s t-test was used to compare continuous variables, and the chi-
squared test was used to compare categorical variables. SPSS (SPSS Inc., Armonk, Chicago, IL, United
States, version 26.0) was used for all statistical analyses, and a two-sided test was considered statistically
significant at P value of < 0.05.

The association between gastric cancer and risk of in-hospital death or short-term postoperative
complications was examined in the involved gastric cancer patients (postoperative complications were
examined in patients who had undergone surgery) by performing a multivariate analysis adjusted for
sex, age, anatomical subsite, complications (including hypertension, diabetes, cerebrovascular disease,
coronary disease, reflux syndrome, anemia, and hypoproteinemia), and operation (for analysis of in-
hospital mortality). Logistic regression was used in indicators with occurrence higher than 5%, and
Poisson regression was used in indicators with occurrence lower than 5%. Knots were used according to
the principle of minimized Akaike information criterion. Adjusted odds and transformed odds ratios
(aORs) were used to estimate the absolute risks (probabilities) with 95% confidence intervals (ClIs).

RESULTS

Basic information

Patients selected from the database originated from 10 affiliated hospitals of Peking University across
nearly all provinces of China, while most came from northern China. In the aggregate, 2097347 hospital-
izations between January 1, 2014, and December 31, 2018, were eligible (including 289561, 309776,
462175, 490020, and 545815 annual hospitalizations, respectively). After further selection, 10709 incident
gastric cancer cases were chosen, including 2608, 2429, 2614, 2744, and 2811 cases from 2014 to 2018,
respectively. A total of 72.71% of the patients were men. Patients originated nationwide but were mainly
from northern China and Beijing, Inner Mongolia, and Hebei (Supplementary Figure 1). The average
age of the patients with incident gastric cancer was 61.18 years * 11.91 years (95%CI: 60.96-61.41). The
mean hospitalization cost was 55.70 (95%Cl: 54.79-56.60) thousand RMB (approximately 8.77 thousand
UsD).

Anatomical distribution of gastric cancer

A total of 4602 (42.97%), 3673 (34.30%), 1972 (18.41%), 386 (3.61%), and 76 (0.71%) cases were antrum,
cardia, gastric body, multiple site, and unclear site gastric cancer, respectively (Figure 1A). Among
10,247 cases extracted for proportion calculation, the ratios of the gastric antrum, cardia, and body
cancers were 44.91%, 35.85%, and 19.24%, respectively (Figure 1B). Data from cases from different
regions worldwide were collected from previous studies, and the proportions of cardia and non-cardia
(including body and antrum) cases were recalculated (Table 1).

Clinical features of gastric cancer based on anatomical sites

Gastric cardia, body, and antrum cancer cases were extracted for clinical feature analysis, and the body
and antrum cases were further classified as “non-cardia cancer” for additional analyses. Both cardia and
non-cardia cancers showed a higher proportion of male patients, while the male:female ratio in cardia
cancer cases was approximately 5:1; it was approximately 2:1 in non-cardia cancer cases (Table 1,
Figure 2A and B, P < 0.001 both in the comparison of the three subsites and of cardia and non-cardia
cancer cases). The average age of patients with gastric cardia, body, and antrum cancers were 63.98,
57.57, and 60.32 years, respectively (Table2, P < 0.001). After dividing the cases into three age
subgroups (< 49 years, 50-74 years, and 2 75 years), both cardia and non-cardia cancers at the three
anatomical subsites showed most patients in the age group of 50-74 years. However, non-cardia cancer
was more prevalent among patients younger than 50 years, and cardia cancer was more prevalent
among patients older than 75 years (Figure 2C and D, P < 0.001 both in three subsites and in cardia and
non-cardia cancer cases). Due to the location of the involved hospitals, most patients came from urban
areas, while gastric antrum cancer accounted for the lowest proportion of patients from the rural area
compared to those from the upper subsites. This finding was further verified through insurance
information: patients with cardia cancer had a higher proportion of rural medical insurance settlement
(Table 2, P < 0.001, respectively). In addition, gastric cardia cancer had the largest proportion, and
gastric body cancer had the lowest proportion of patients with hypertension, diabetes, cerebrovascular
disease, and coronary disease (Table 2, P < 0.001, P = 0.03, P = 0.01, and P < 0.001 for hypertension and
diabetes, respectively). Moreover, 11.46% of gastric cardia cancer patients had a combined diagnosis of
GERD, which was higher than the proportion of non-cardia cancer patients, which included gastric
body and antrum cancers (Table 2, P < 0.001). Non-cardia cancer cases accounted for a greater
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Table 1 Summary of reported proportion of cardia and non-cardia (including body and antrum) cancer worldwide

Anatomical site ratio (%)’

Region Ref. Period . Non-Cardia
Cardia
Body Antrum

East Asia Northern China  This article 2014-2018 35.85% 19.24% 44.91%

Southwest China  Liu et al[19], 2016 2008-2012 37.15% 10.30% 52.55%

Northwest China  Zhou et al[18], 2008 1993-2004 35.78% 28.00% 36.22%

Japan Koizumi et al[11],2018  2013-2015 9.82% 53.58% 36.60%
West Asia Northwest Iran Derakhshan et al[29], 2000-2003 44.78% 26.19% 29.03%

2004

North America The USA Camargo et al[7], 2011 1999-2007 41.41% 11.13% 47.46%
Europe Central Schmassmann et al[26],  1982-2007 26.02% 73.98%

Switzerland 2009

Spain Aragonés et al[27],2010  1980-2004 26.67% 73.33%

Netherland Holster et al[28], 2014 1973-2011 31.82% 30.30% 37.88%

Proportions of cardia and non-cardia (including body and antrum) were recalculated.

USA: United States.

Total = 10709

3.61% B I Cardia
0.71% =1 Body
[ Antrum
[ Multiple
[ Others

Total = 10247
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Figure 1 Anatomical distribution of gastric cancer among the study population. A: All involved patients; B: Gastric cardia, body, and antrum.
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proportion of anemia and hypoproteinemia than cardia cancer cases (for anemia: 8.16% for gastric body
cancer patients and 7.13% for antrum cancer patients; for hypoproteinemia: 4.56% for gastric body
cancer patients and 3.78% for antrum cancer patients) (Table 2, P = 0.009 and 0.005, respectively). A
higher proportion of obstruction syndrome was found in antrum cancer patients than in the other
groups (Table 2, P < 0.001). Detailed P values of the pairwise comparisons among the three subsites are
shown in Supplementary Table 1.

Hospitalization features of gastric cancer based on anatomical sites

Gastric body cancer cases had the lowest emergency admission rate. No significant difference was
found between the emergency proportion of the cardia and antrum cancers (Table 2, P = 0.007 in total,
and P = 0.121 between the antrum and cardia cancers). Gastric antrum cancer led to the longest hospital-
ization duration among the three anatomical subsites; in contrast, gastric cardia cancer had the shortest
hospitalization (Table 2, P < 0.001). Gastric antrum cancer had the highest total hospitalization (78.41 *
54.69 thousand CNY, 95%CIl: 76.83-79.98) and surgery costs [30.84 + 20.43 thousand CNY, (95%CI: 30.24-
31.43)], and cardia cancer had the lowest [total hospitalization: 50.33 + 50.68 thousand CNY, (95%ClI:
48.69-51.97); surgery: 17.86 * 22.69 thousand CNY, (95%CI: 17.12-18.62)] (Supplementary Table 2, P <
0.001 for both total hospitalization and surgery costs). The detailed P values among the three subsites
are shown in Supplementary Table 3.
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Table 2 Clinical and hospitalizing features on gastric cancer patients based on anatomic site subgroups

Variables Cardia (n = 3673) Body (n=1972) Antrum (n=4602)  Pvalue

Clinical features  Basic information =~ Gender <0.001
Male 3046 (82.93%) 1264 (64.10%) 3140 (68.23%)
Female 627 (17.07%) 708 (35.90%) 1462 (31.77%)
Age (yr) <0.001
<49 266 (7.24%) 479 (24.29%) 809 (17.58%)
50-74 536 (78.16%) 158 (67.70%) 585 (69.71%)
275 2871 (14.60%) 1335 (8.01%) 3208 (12.71%)
Mean (mean * SD) 63.98 +10.21 (63.65, 57.57 +12.68 (57.04, 60.32 +12.06 (59.97, <0.001

64.31) 58.10) 60.67)
Patient source <0.001
Urban 3000 (81.68%) 1633 (82.81%) 3969 (86.25%)
Rural 673 (18.32%) 339 (17.19%) 633 (13.75%)
Insurance Source <0.001
MIUE 1499 (40.81%) 906 (45.94%) 2004 (43.55%)
MIUR 179 (4.88%) 98 (4.97%) 205 (4.45%)
NRCMI 673 (18.32%) 302 (15.31%) 627 (13.62%)
Own expense 885 (24.09%) 476 (24.14%) 1121 (24.36%)
Others 437 (11.90%) 190 (9.64%) 645 (14.02%)
Complications Hypertension <0.001
No 2630 (71.60%) 1550 (78.60%) 3470 (75.40%)
Yes 1043 (28.40%) 422 (21.40%) 1132 (24.60%)
Diabetes 0.03
No 3213 (87.48%) 1767 (89.60%) 4093 (88.94%)
Yes 460 (12.52%) 205 (10.40%) 509 (11.06%)
GERD <0.001
No 3252 (88.54%) 1886 (95.64%) 4387 (95.33%)
Yes 421 (11.46%) 86 (4.36%) 215 (4.67%)
Cerebrovascular disease 0.01
No 3488 (94.96%) 1895 (96.10%) 4430 (96.26%)
Yes 185 (5.04%) 77 (3.90%) 172 (3.74%)
Coronary disease <0.001
No 3353 (91.29%) 1843 (93.46%) 4309 (93.63%)
Yes 320 (8.71%) 129 (6.54%) 293 (6.37%)
Obstruction <0.001
No 3616 (98.45%) 1952 (98.99%) 4136 (89.87%)
Yes 57 (1.55%) 20 (1.01%) 466 (10.13%)
Anemia 0.009
No 3451 (93.96%) 1811 (91.84%) 4274 (92.87%)
Yes 222 (6.04%) 161 (8.16%) 328 (7.13%)
Hypoproteinemia 0.005
No 3566 (97.09%) 1882 (95.44%) 4428 (96.22%)
WJGO | https://www.wjgnet.com 2243 November 15,2022 | Volume14 | Issuell |

JBaishideng®



Qu RZ et al. Gastric cancer features in Northern China

Yes 107 (2.91%) 90 (4.56%) 174 (3.78%)
Hospitalization features Admission route 0.007
Emergency 100 (2.72%) 28 (1.42%) 101 (2.20%)
Non-emergency 3573 (97.28%) 1944 (98.58%) 4501 (97.80%)
Stay (d) (mean + SD) 13.41 £12.17 (13.02, 14.08 +£12.24 (13.57, 16.89 +12.24 (16.53, <0.001
13.80) 14.59) 17.24)

MIUE: Medical insurance for urban employees; MIUR: Medical insurance for urban residents; NRCMI: New rural cooperative medical insurance; GERD:

Gastroesophageal reflux disease.
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Figure 2 Sex and age distribution among the different anatomical subsites of gastric cancer. A: Sex distribution for the three anatomical subsites;
B: Sex distribution for the cardia and non-cardia cases; C: Age distribution for the three anatomical subsites; D: Age distribution for the cardia and non-cardia cancer

cases.
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Clinical features of gastric cancer during 2014-2018 based on anatomical sites

Gastric cardia and antrum cancers were chosen to examine the annual alternation in proportion between
2014 and 2018, combined with the proportion trend analysis of related complications, GERD, and H.
pylori infection-related diseases (HIRD). A general trend of the increasing proportion of gastric cardia
cancer was observed (ranging from 26.77% to 28.59%), along with an increase in the combined diagnosis
of GERD (Figure 3A, P < 0.001). The complication ratio of GERD ranged from 6.99% to 15.11%, which is
slightly higher than that in a previous report on Chinese patients[19]. A general decrease in trend was
found for gastric cancers in the 5-year period, accompanied by an increase in the combined diagnostic
proportion of HIRD (Figure 3B, P = 0.014), and the ratio of HIRD was lower than that in previous
reports[22,23].

According to the World Health Organization, the age boundary between middle and old age is 60
years, and the cutoff between old and advanced age is 75 years in the Asia-Pacific region. Therefore, a
detailed study based on anatomical subsites was conducted for the 50-74 years age group at increments
of every 5 years to observe age-related trends. A significant decrease was found in the proportion of
patients with gastric cardia cancer in the 55-59 years age group, with increasing trends between the 60-
64 and 65-69 years age groups (Figure 3C, P = 0.02). For non-cardia cancer, although a slight increase
was found in the 70-74 years age group, no significant difference was found in the five age groups
(Figure 3D, P = 0.086).
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Figure 3 Alternation trends in combined diagnosis, age, and constituent ratio according to the anatomical subsite of gastric cancer
during the study period. A: Percentage change in cardia cancer along with the complication of gastroesophageal reflux disease; B: Percentage change in gastric
antrum cancer along with the complication of Helicoibacter pylori (H. pylori) infection-related diseases; C: Age changes among patients with cardia cancer aged 50-74
years, after stratification of patients into five age subgroups; D: Age changes among patients with non-cardia cancer aged 50-74 years, after stratification into five age
subgroups. GERD: Gastroesophageal reflux disease; HIRD: H. pylori infection-related diseases.
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Hospitalization clinical outcomes of gastric cancer based on anatomical sites

In-hospital mortality and short-term postoperative complication rates reflect the prognosis of patients
and the quality and safety of medical treatment. In this study, a total of 92 (0.86%) gastric cancer-related
deaths were detected, including 37 (1.01%) patients with gastric cardia cancer, 13 (0.66 %) with gastric
body cancer, and 33 (0.72%) with antrum cancer (P = 0.243 among the three subsites, Sup-
plementary Table 4).

A total of 6,956 patients (6749 cancers at the three anatomical subsites) had a history of surgery
during hospitalization. Among them, 605 (8.70%) had short-term postoperative complications, including
158 (8.55%) cardia cancer cases, 109 (9.08%) body cancer cases, and 324 (accounted for 8.76%) antrum
cancer cases (P = 0.876 among the three subsites, Supplementary Table 3).

Validation of risk factors on hospitalization clinical outcomes

Multivariable regression analysis was performed to further explore the association between anatomical
subsite and patient in-hospital clinical outcomes, including in-hospital mortality in all patients and
postoperative complications in patients who had undergone surgery. Other vital factors, such as sex,
age, operation (in the analysis of in-hospital mortality), and complications, were also included in the
analysis. In-hospital mortality was associated with the anatomical sites, among which cardia cancer had
a higher risk (aOR 1.75, 95%ClI: 1.01-3.04, P = 0.046). It was also associated with age increase (aOR 1.03,
95%CI: 1.01-1.06, P = 0.001) and increased risks of complications, including anemia (aOR 2.37, 95%ClI:
1.39-4.06, P = 0.002), hypoproteinemia (aOR 5.44, 95%CI: 3.09-9.59, P < 0.001), obstruction syndrome
(aOR 5.59, 95%CI: 3.26-9.59, P < 0.001), and reflux syndrome (aOR 1.92, 95%CI: 1.13-3.28, P = 0.017)
(Figure 4A). The higher risk of postoperative complications was not associated with anatomical sites
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Figure 4 Multivariable regression analysis on the relationship between hospitalization clinical outcomes and risk factors, including
anatomical subsite. A: Validation of risk factors on in-hospital death through Poisson regression; B: Validation of risk factors on short-term postoperative
complications through logistic regression.
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(aOR 0.979, 95%CI: 0.79-1.21, P = 0.846); however, it was associated with age increase (aOR 1.01, 95%CI:
1.02-1.03, P < 0.001) and increased risks of complications, including coronary disease (aOR 1.46, 95%ClI:
1.09-1.94, P = 0.011), anemia (aOR 2.92, 95%CI: 2.25-3.78, P < 0.001), hypoproteinemia (aOR 2.16, 95%CI:
1.56-3.00, P < 0.001), and obstruction syndrome (aOR 1.18, 95%Cl: 1.59-2.12, P = 0.002) (Figure 4B).

DISCUSSION

In this study, we first examined the epidemiologic features of gastric cancer in northern China based on
anatomical subsites, showing a higher male ratio, older age distribution, older age-related trend,
increasing proportion, close relationship with GERD, and increased risk of in-hospital mortality in
gastric cardia cancer than in other types. This cancer site was also associated with younger age distri-
bution, increased likelihood of residence in the city, and decreasing trends in the proportion of antral
cancer. Overall, the constituent ratio of gastric cardia cancer in northern China was higher than the
average level in China (18-27%)[24,25] and Europe (26-31%)[26-28] and lower than that in North
America and West Asia (both > 40%)[7,29]. Compared to previous reports in China, the constituent ratio
of gastric cardia cancer in this study was slightly higher than that in the Gansu Province (northwest
China)[18] and lower than that in southwest China[19] but showed high inner similarity compared with
other global regions (Supplementary Table 5). Similarly, the proportion of antral gastric cancer is in the
mid-level worldwide[24]. Regionality is a typical phenomenon in both cardia and non-cardia (including
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gastric body and antrum) cancers and is generally considered to be linked to race, unique eating habits,
and the environment[17,30].

Gastric cardia cancer may account for a large proportion of all gastric cancers in countries/regions
with a low incidence of gastric cancer[31,32], contributing to better control of some risk factors of non-
cardia cancer, including H. pylori infection. However, with a higher incidence of gastric cancer in China,
the proportion of cardia cancer in this study was also higher, compared with that in European countries
[26-28]. One major reason might be the high prevalence of smoking in China, which is considered a
major risk factor for cardia cancer-related risk factors, including GERD and cardia cancer[33,34]. In this
study, five times more men than women had gastric cardia cancer; this ratio was higher than the global
(by approximately 3:1)[25] and China-based (by approximately 4:1) values[24], further suggesting the
effect of smoking, showing sex-based differences. Furthermore, a higher proportion of upper gastric
cancer, including cardia cancer, has been found in rural residents (including those with rural medical
insurance) that are usually considered to have a higher smoking prevalence[35]. Therefore, more
attention should be paid to the implementation of smoking cessation policies, especially those targeting
men and rural areas, to help prevent cardia cancer. The sex-based difference between cardia and non-
cardia cancers could also be traced to the epidemiology of Epstein-Barr virus-associated gastric cancer
(EBVaGCQ)[36]. The relationships among EBVaGC, cardia cancer, and male sex were tested in a meta-
analysis, with a male to female ratio of approximately 2-3:1[37].

In this study, cardia cancer cases increased annually and proportionally to the cases at other subsites
and concurrent GERD ratio, which was also found in southwest China[19]. Smoking, which is a risk
factor for GERD and subsequent gastric cardia cancer, may contribute to this trend. The implementation
of tobacco-controlling policies in China, specifically in northern and southwestern regions, remains
insufficient, with a reported ratio of 60.2%-61.8% of adults in northern China who are passive smokers
[34]. Moreover, the lifestyle among Chinese people, including youth, has been westernized[38].
Increased ingestion of animal-source foods has made obesity one of the main public health issues in
China, especially in developed cities, and was shown to be a risk factor for both GERD and cardia
cancer by increasing abdominal pressure and prolonging nocturnal acid exposure[39-41]. Reducing
smoking and obesity may help prevent further increases in gastric cardia cancer rates as the Chinese
population ages.

Association between higher in-hospitalization mortality and cardia anatomical subsite was found in
this study, rather than non-cardia sites, in multivariable regression analysis after adjusting for age, sex,
and basic complications. The rates of postoperative complications were comparable among the
anatomical sites. The older age distribution and more severe previous complication status among cardia
cancer patients in this study may account for the correlation with the increased risk of in-hospital
mortality, as they affect surgical safety[42]. Moreover, the non-significant short-term postoperative
complication risk difference among the anatomical sites might reflect the establishing of techniques in
gastric cancer surgery, ensuring the safety of cardia cancer surgeries by helping achieve adequate
anastomotic tension and blood supply[43]. The preoperative management of basic diseases may help
improve recovery rates and safety profile.

H. pylori is a major risk factor for non-cardia cancer[22], especially for that located in the antrum[25].
The incidence of H. pylori infection is relatively low in northern China, which may account for the
reported proportions of non-cardia cancers[44]. Eating habits are key factors in H. pylori infection. The
constituent ratio of antrum cancer was higher in southwest China compared to our results[19], which
could be correlated with the habit of spicy food consumption in this region, which might increase the
incidence of H. pylori infection[45,46]. A generally decreasing trend of antral cancer proportion in the
present study might be attributed to the popularization of screening, including that for gastric cancer
and HIRD[47]. However, the proportion of malignancies located in the antrum was higher than that in
some Western countries, including northern America, which could be attributed to the high virulence of
H. pylori bacterial strains in East Asian populations[48]. Moreover, the hospitalization duration and
financial burden remain significant in gastric antrum cancer, as observed in the present study; this
finding may be related to the complex surgical methods involved and high complication rates[49]. The
approximately 10-times higher incidence of obstruction in antrum cancer than in other cancer sites may
affect treatment efficiency[50]. This finding suggests that further screening and radical cure of both H.
pylori and antrum cancer are required in the future[51].

This study had several limitations. First, due to the data source used, which covers medical centers
but not an entire region or province, this study involved patients from northern China. Second, detailed
anatomic data were not available in some cases in the HSRs, resulting in the creation of the category
named “other types”, and the anatomical information based on the “upper, middle, and lower” classi-
fication could not be re-traced. Third, due to the absence of some information in HSRs, including
laboratory test results, imaging findings, or long-term prognostic information, the detailed figures,
including tumor stage and patient prognosis, could not be extracted; the detailed operative procedures,
details on the economic status of the patients (e.g., salary), and lifestyles were also not available, making
it difficult to construct specific characteristics and risk factor features of gastric cancer patients in
northern China, and should be further testified in the future. Fourth, the combined diagnosis proportion
of HSRs was much lower than that in previous studies[22,23]. This reflects the defects of some HSRs that
missed such diagnoses and the diagnostic failure of some clinicians that missed H. pylori infections,
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resulting in omissions. Finally, the results of the multivariate analysis should be further validated in
more cohorts to increase their credibility.

CONCLUSION

In summary, this is the first study to report the composition ratio characteristics and changes in gastric
cancer trends based on anatomical sites in patients in northern China. This study examined plausible
explanations for these findings. Large-scale screening programs for gastric cancer and infection,
increasing awareness and prevention of risk factors, reducing smoking and obesity, as well as patient
stratification for treatment based on anatomical sites are required to reduce the burden of gastric cancer.

ARTICLE HIGHLIGHTS

Research background

Gastric cancer is among the most common digestive malignant tumors worldwide. China is among the
regions with the highest gastric cancer incidence. Differences in clinical and epidemiological features of
this tumor type based on its presence in the anatomical subsites of the stomach have been reported.

Research motivation
Few population-based studies have been conducted in China to determine differences among tumors at
different locations, and analyses of data from northern China are lacking.

Research objectives
To examine the clinical features of gastric cancer at different anatomical sites in patients from northern
China. We also aimed to examine the associated variability and trends.

Research methods
We conducted a cross-sectional study used incident gastric cancer case data from 10 Peking University-
affiliated hospitals, and the clinical and prevailing local features were analyzed.

Research results

Ten thousand seven hundred and nine patients were enrolled, including antral, cardia, and stomach
body gastric cancer cases. Cancer in the cardia had the highest male:female ratio, proportion of elderly
patients, and patients with complications, including hypertension, diabetes, cerebrovascular, and
coronary diseases (P < 0.001). gastric cancer involving the antrum showed the lowest proportion of
patients from rural areas and accounted for the highest hospitalization rate and cost (each P < 0.001).
The proportion of patients with cancer involving the cardia increased with an increase in the number of
gastroesophageal reflux disease (GERD) cases during the same period (P < 0.001). Multivariate analysis
revealed that tumor location in the cardia increased the risk of in-hospital mortality (P = 0.046).
Anatomical subsite was not linked to postoperative complications.

Research conclusions

In this study, we first examined the epidemiologic features of gastric cancer in northern China based on
anatomical subsites, showing a higher male ratio, older age distribution, older age-related trend,
increasing proportion, close relationship with GERD, and increased risk of in-hospital mortality in
gastric cardia cancer than in other types. This cancer site was also associated with younger age distri-
bution, increased likelihood of residence in the city, and decreasing trends in the proportion of antral
cancer. Overall, the constituent ratio of gastric cardia cancer in northern China was higher than the
average level in China and Europe, and lower than that in North America and West Asia. Compared to
previous reports in China, the constituent ratio of gastric cardia cancer in this study was slightly higher
than that in the northwest China and lower than that in southwest China but showed high inner
similarity compared with other global regions. Similarly, the proportion of antral gastric cancer is in the
mid-level worldwide. Regionality is a typical phenomenon in both cardia and non-cardia (including
gastric body and antrum) cancers and is generally considered to be linked to race, unique eating habits,
and the environment.

Research perspectives

This is the first study to report the composition ratio characteristics and changes in gastric cancer trends
based on anatomical sites in patients in northern China. This study examined plausible explanations for
these findings. Large-scale screening programs for gastric cancer and infection, increasing awareness
and prevention of risk factors, reducing smoking and obesity, as well as patient stratification for
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treatment based on anatomical sites are required to reduce the burden of gastric cancer.
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Abstract

BACKGROUND

This is a unique case of a patient who was found to have two extremely rare
primary malignancies synchronously, i.e., an ampullary adenocarcinoma arising
from a high-grade dysplastic tubulovillous adenoma of the ampulla of Vater
(TVAoA) with a high-grade ileal gastrointestinal stromal tumor (GIST). Based on
a literature review and to the best of our knowledge, this is the first report of this
synchronicity. Primary ampullary tumors are extremely rare, with an incidence of
four cases per million population, which is approximately 0.0004%. Distal
duodenal polyps are uncommon and have a preponderance of occurring around
the ampulla of Vater. An adenoma of the ampulla ( AoA) may occur sporadically
or with a familial inheritance pattern, as in hereditary genetic polyposis syndrome
such as familial adenomatous polyposis syndrome (FAPS). We report a case of a
77-year-old male who was admitted for painless obstructive jaundice with a 40-
pound weight loss over a two-month period and who was subsequently
diagnosed with two extremely rare primary malignancies, i.e., an adenocarcinoma
of the ampulla arising from a high-grade TVAoA and a high-grade ileal GIST
found synch-ronously.

November 15,2022 | Volume14 | Issuell |


https://www.f6publishing.com
https://dx.doi.org/10.4251/wjgo.v14.i11.2253
mailto:vmatli@soundphysicians.com

Matli VVK et al. Synchrony of metamorphosis of a tubulovillous adenoma

Jaishideng®

CASE SUMMARY

A 77-year-old male was admitted for generalized weakness with an associated weight loss of 40
pounds in the previous two months and was noted to have painless obstructive jaundice. The
physical examination was benign except for bilateral scleral and palmar icterus. Lab results were
significant for an obstructive pattern on liver enzymes. Serum lipase and carbohydrate antigen-19-
9 levels were elevated. Computed tomography (CT) of the abdomen and pelvis and magnetic
resonance cholangiopancreatography were consistent with a polypoid mass at the level of the
common bile duct (CBD) and the ampulla of Vater with CBD dilatation. The same lesions were
visualized with endoscopic retrograde cholangiopancreatography. Histopathology of endoscopic
forceps biopsy showed TVAoA. Histopathology of the surgical specimen of the resected ampulla
showed an adenocarcinoma arising from the TVAoA. Abdominal and pelvic CT also showed a
coexisting heterogeneously enhancing, lobulated mass in the posterior pelvis originating from the
ileum. The patient underwent ampullectomy and resection of the mass and ileo-ileal side-to-side
anastomosis followed by chemoradiation. Histopathology of the resected mass confirmed it as a
high-grade, spindle cell GIST. The patient is currently on imatinib, and a recent follow-up positron
emission tomography (PET) scan showed a complete metabolic response.

CONCLUSION

This case is distinctive because the patient was diagnosed with two synchronous and extremely
rare high-grade primary malignancies, i.e., an ampullary adenocarcinoma arising from a high-
grade dysplastic TVAoA with a high-grade ileal GIST. An AoA can occur sporadically and in a
familial inheritance pattern in the setting of FAPS. We emphasize screening and surveillance
colonoscopy when one encounters an AoA in upper endoscopy to check for FAPS. An AoA is a
premalignant lesion, particularly in the setting of FAPS that carries a high risk of metamorphism
to an ampullary adenocarcinoma. Final diagnosis should be based on a histopathologic study of
the surgically resected ampullary specimen and not on endoscopic forceps biopsy. The diagnosis
of AoA is usually incidental on upper endoscopy. However, patients can present with constitu-
tional symptoms such as significant weight loss and obstructive symptoms such as painless
jaundice, both of which occurred in our patient. Patient underwent ampullectomy with clear
margins and ileal GIST resection. Patient is currently on imatinib adjuvant therapy and showed
complete metabolic response on follow up PET scan.

Key Words: Tubulovillous adenoma of the ampulla of Vater; Ampullary adenocarcinoma; Gastrointestinal
stromal tumor; Ampullary polyp; Small bowel mesenchymal tumor; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This case is distinctive because the patient was diagnosed with two synchronous and extremely
rare high-grade primary malignancies, i.e., an ampullary adenocarcinoma arising from a high-grade
dysplastic tubulovillous adenoma of the ampulla of Vater (TVA0A) with a high-grade ileal gastrointestinal
stromal tumor (GIST). Based on a literature review, this is the first report of an ampullary adenocarcinoma
coexisting with an ileal GIST. AoA may occur sporadically or in a familial inheritance pattern, as in the
setting of familial adeno-matous polyposis syndrome (FAPS). We emphasize the need for screening and
surveillance colonoscopy when one encounters an AoA in upper endoscopy to check for FAPS. TVAOA is
a premalignant lesion, particularly in the setting of FAPS, and carries a high risk for metamorphism to an
ampullary adenocarcinoma.

Citation: Matli VVK, Zibari GB, Wellman G, Ramadas P, Pandit S, Morris J. A rare synchrony of adenocarcinoma
of the ampulla with an ileal gastrointestinal stromal tumor: A case report. World J Gastrointest Oncol 2022;
14(11): 2253-2265

URL: https://www.wjgnet.com/1948-5204/full/v14/i11/2253 htm

DOI: https://dx.doi.org/10.4251/wjgo.v14.i11.2253

INTRODUCTION

Solitary adenomas involving the ampulla of Vater (AoV) account for 5% of gastrointestinal tumors, and
most are found incidentally on endoscopy[l]. Adenomas of the ampulla of Vater (AoAs) may be
sporadic, as in our case, or follow a familial inheritance pattern, as in the setting of familial
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adenomatous polyposis syndrome (FAPS). Although these lesions are rare, the study of AoA is
essential, as they are premalignant, and the risk of progression to an adenocarcinoma is high[1].

We report the case of a 77-year-old male who presented with generalized weakness along with
associated decreased appetite and a 40-pound weight loss for approximately two months and who was
found to have a solitary high-grade tubulovillous adenoma of the ampulla of Vater (TVAo0A); the initial
diagnosis was a high-grade TVAoA. However, the diagnosis ultimately changed to an ampullary
adenocarcinoma arising from a TVAoA. The patient also had a coexisting small bowel gastrointestinal
stromal tumor (GIST). This case is unique because of the synchronicity of two extremely primary
malignancies, i.e., an ampullary adenocarcinoma arising from a high-grade dysplastic TVAoA with a
high-grade ileal GIST. There is a scarcity of literature on this topic, and we feel it is interesting to discuss
the diagnosis, management, and follow-up associated with this case.

CASE PRESENTATION

Chief complaints
The patient was a 77-year-old Caucasian male who presented with generalized weakness and decreased
appetite associated with a weight loss of approximately 40 pounds in the last 2 months.

History of present illness

This patient had a medical history significant for essential hypertension, type 2 diabetes mellitus, and
hyperlipidemia, and he presented with generalized weakness with decreased appetite associated with a
weight loss of approximately 40 pounds in the prior 2 mo. He denied any abdominal pain, nausea,
vomiting, or diarrhea but noted that recently his urine had become dark and his skin had become
yellowish in color.

History of past illness
The patient had a medical history significant for essential hypertension, type 2 diabetes mellitus, and
hyperlipidemia.

Personal and family history
He denied smoking tobacco, alcohol use, or any kind of illicit drug abuse. Family history was insigni-
ficant.

Physical examination
The patient’s vital signs were stable. The physical examination was significant for scleral and palmar
icterus. No lymph nodes were palpable. The rest of the physical examination findings were benign.

Laboratory examinations

Complete blood counts were normal. A comprehensive metabolic panel revealed a serum sodium level
of 128 mmol/L, creatinine level of 1.5 mg/dL, and lipase level of 1904 U/L, which decreased to 755 U/L
on the day of discharge. The hepatitis panel was negative. Liver function tests are shown in Table 1, and
tumor markers are shown in Table 2.

Imaging examinations

Contrast-enhanced computed tomography (CT) of the abdomen and pelvis showed a polypoid, soft
tissue mass at the level of the distal common bile duct (DCBD)/ AoV measuring approximately 9 mm
with resultant intra- and extrahepatic biliary dilatation (Figure 1A and B). The CBD measured 15 mm in
diameter, and cystic lesions measuring up to 1 cm were noted in the tail of the pancreas. There was a
heterogeneously enhanced lobulated mass with punctate calcifications in the posterior pelvis likely
originating from the serosal surface of the pelvic small bowel (Figure 1C and D). Magnetic resonance
cholangiopancreatography (MRCP) (Figure 2) showed a polypoid mass again noted at the level of the
DCBD/AoV. It measured approximately 2.3 cm % 2.0 cm x 1.7 cm with a slightly prominent pancreatic
duct measuring 6 mm in diameter. Given his CT and MRCP findings, medical gastroenterology and
general surgery experts were consulted. He underwent endoscopic retrograde cholangiopancreato-
graphy (ERCP), which showed abnormal papillae with polypoid masses (Figure 3). Sphincterotomy and
deep cannulation procedures were performed and confirmed by fluoroscopy. It showed CBD dilatation,
and there was an abrupt cutoff at the distal aspect. The general surgery consultant recommended biopsy
of the pelvic mass for probable metastatic disease. The patient underwent positron emission
tomography (PET), which showed an endo-biliary stent in the region of the papilla, a 1.7 cm ampullary
mass with intense fluorodeoxyglucose (FDG) avidity (Figure 4A) and an oval-shaped, well-defined
FDG-avid lesion measuring approximately 6 cm x 3 cm (Figure 4B), with a small punctate area of
calcification present within the lesion located deep in the pelvis along the posterior margin of the small
bowel loops. No FDG-avid lymph nodes were identified. No lytic or blastic FDG lesions were observed.
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Table 1 Liver function tests

Liver function tests On admission On discharge
ALT 299 196

AST 122 75

ALP 848 754

Total Bilirubin 5.9 2.6

Direct Bilirubin 4.2 2.0

Albumin 3.0 2.6

AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase. AST/ALT/ALP = U/Liter.

Table 2 Tumor markers

Tumor marker Result Normal range
CEA 0.99 0.01-4.00
CA-19 454 0.00-37

CEA: Carcinoembryonic antigen, ng/mL; CA-19: Carbohydrate antigen-19, U/mL.

Histopathology of the ampullary mass that was biopsied on endoscopy showed a tubulovillous
adenoma with high-grade dysplasia (Figure 5).

MULTIDISCIPLINARY EXPERT CONSULTATION

Gazi B. Zibari, MD, FACS, Academic Chairman of the Dept of Surgery, Program Director of Surgery
Residency, Director, John C. McDonald Regional Transplant & Hepato-Pancreato-Biliary Center, Willis
Knighton Health System.

This case was discussed at the hepatobiliary multidisciplinary conference, and all images and paths
were discussed. It was recommended for the patient to undergo resection of both the ampullary mass
and small bowel lesions. The patient was an ideal candidate for the Whipple procedure, even
robotically /laparoscopically. However, the patient only consented to ampullectomy, not to the Whipple
procedure. The patient underwent duodenal exploration and was found to have a broad ampullary
polypoid lesion that was not amenable to endoscopic resection. However, endoscopic ultrasound and
intraoperative ultrasound did not reveal any evidence of pancreatic invasion. We advanced a Fogarty
catheter via the cystic duct through the ampulla down to the duodenum. The ampullary mass was
excised with a negative margin as well as negative peri-pancreatic/peri-duodenal nodes per frozen
section (Figure 6A and B).

Subsequently, a pedunculated ileal GIST was found approximately 150 cm proximal to the ileocecal
valve. This was resected en bloc with a loop of small bowel. There was no associated mesenteric
adenopathy. Subsequently, side-to-side small bowel anastomoses were created (Figure 6C).

With an adenocarcinoma in the specimen and a close margin on permanent section, the patient did
not undergo the Whipple procedure, and the patient also wished to undergo chemotherapy and was
therefore scheduled to see medical and radiation oncology experts.

Surgical pathology

Histopathology of the sections of the ampullary mass (Figure 7A and B) demonstrated a 1.5 cm invasive
adenocarcinoma arising from a high-grade dysplastic TVAoA. The tumor invaded the muscularis
propria of the duodenum. The tumor invaded 1 mm of the pancreas but did not invade the pancreatic
parenchyma. In the intact specimen, no tumor was present at the surgical margins of the resection.
Given the likelihood that nonmarginal tissue may be exposed to thermal artifacts, the margins of
resection were deemed to be free of tumors.

Histopathology of the sections of the small bowel mass (Figure 7C and D) demonstrated a high-grade,
GIST spindle cell type, with 15 mitoses per 5 square millimeters. A series of special stains (Figure 7E)
with working controls was performed. The tumor cells were positive for DOG-1 and CD 117, consistent
with a GIST.
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Figure 1 Computerized tomography of the abdomen and pelvis with contrast images. A: Computerized tomography (CT) abdomen and pelvis with
contrast. Coronal section shows obstructed distal common bile duct (CBD) due to @ 9 mm polypoid intraluminal (pointed yellow arrows) lesion in the distal CBD; B: CT
of the abdomen and pelvis with contrast. Axial section shows polypoid, soft tissue mass at the level of distal common bile duct (pointed yellow arrows); C: CT of the
abdomen and pelvis with contrast. Heterogeneously enhanced lobulated mass with punctate calcifications (pointed yellow triangles) in the posterior pelvis originating
from the serosal surface of the pelvic small bowel; D: CT of the abdomen and pelvis with contrast. Axial section shows a heterogeneously enhanced lobulated mass
with punctate calcifications (pointed yellow triangle) in the posterior pelvis originating from the serosal surface of the pelvic small bowel.

FINAL DIAGNOSIS

The final diagnosis was a T2NOMO adenocarcinoma of the ampulla arising from a high-grade TVAoA
coexisting with a T3SNOMO high-grade ileal GIST.

TREATMENT

As mentioned above in the multidisciplinary expert consultation, the patient underwent surgical
ampullectomy, ileal GIST resection with ileo-ileal side to side anastomosis. The patient was scheduled
for chemoradiation as recommended by medical oncologist.
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Figure 2 Magnetic resonance cholangiopancreaticography imaging studies. A: Magnetic resonance cholangio pancreaticography image showing intra
and extrahepatic biliary dilatation and a polypoid mass was noted at the level of the distal common bile duct (CBD)/ampulla of Vater (Pointed yellow triangle). It
measured approximately 2.3 cm x 2.0 cm x 1.7 cm with a slightly prominent pancreatic duct measuring 6 mm in diameter. Common bile duct was measured 14 mm in
diameter; B: Magnetic resonance imaging of the abdomen showing a polypoid mass (pointed yellow triangle) at the level of the CBD.

DOI: 10.4251/wjgo.v14.i11.2253 Copyright ©The Author(s) 2022.

Figure 3 Endoscopic retrograde pancreatography studies. A: The patient had abnormal papilla with a polypoid mass. Sphincterotomy and deep
cannulation procedures were performed and confirmed by fluoroscopy. endoscopic retrograde cholangiopancreatography (ERCP) showed common bile duct (CBD)

dilatation, and there was an abrupt cutoff at the distal aspect; B: ERCP fluoroscopy. Fluoroscopy showed CBD dilatation, and there was an abrupt cutoff at the distal
aspect.

OUTCOME AND FOLLOW-UP

Surveillance CT of the chest, abdomen and pelvis w/contrast on three months after surgery showed no
findings for metastatic disease (Figure 8).

After three weeks of recovery from ampullectomy, the patient underwent five and half weeks of
external beam radiation therapy with concurrent chemotherapy with 5-fluorouracil. He is currently on
an adjuvant therapy of imatinib (400 mg per oral daily) for the GIST. His repeat PET scan performed on
August 2022 showed a complete metabolic response (16).
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Figure 4 18F-Flurodeoxyglucose positron emission tomography scan studies. A: Shows an end-obiliary stent in the region of the papilla (blue
triangle) and a 1.7 cm ampullary mass with intense fluorodeoxyglucose (FDG) avidity(yellow triangle); B: Shows an oval-shaped, well-defined, FDG-avid lesion
measuring approximately 6 cm x 3 cm with a small, punctate area of calcification was present in the lesion located deep in the pelvis along the posterior margin of
small bowel loops (blue triangle) with intense FDG avidity.

A

o

Figure 5 Histopathology of endoscopic biopsy. A: Medium-power photomicrograph demonstrating dysplastic glandular epithelium with a tubulovillous
architecture (hematoxylin and eosin stain, 100 x original magnification); B: High-power photomicrograph showing high-grade glandular dysplasia (hematoxylin and
eosin stain, 200 x original magnification).

DISCUSSION

This is a unique case of a patient who was found to have two extremely primary malignancies
synchronously, i.e., an ampullary adenocarcinoma arising from a high-grade dysplastic TVAoA with a
high-grade ileal GIST. Based on a literature review and to the best of our knowledge, this is the first
report of this synchronicity. Primary ampullary tumors are extremely rare, with an incidence of four
cases per million population, which is approximately 0.0004%. Distal duodenal polyps are uncommon
and have a preponderance of occurring around the ampulla of Vater. Duodenal polyps are found in
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Figure 6 Intraoperative images. A: A broad base ampullary mass with red Fogarty catheter was advanced from the cystic duct down through the ampulla to the
duodenum; B: The ampullary mass was excised, and two internal stents were placed in the bile duct and pancreatic duct in addition to the red Fogarty catheter in the
bile duct; C: Pedunculated gastrointestinal stromal tumor arising from the small bowel approximately 150 cm proximal to the ileocecal valve.
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4.6% of patients referred for upper endoscopy[2]. Duodenal polyps occur more frequently in the
ampulla than in the distal duodenum. Because of the widespread use of upper endoscopy, the incidence
of ampullary tumors has been increasing.

Adenomas are the most common ampullary tumors. AoAs can occur as sporadic in a familial
inheritance pattern, such as in the setting of FAPS. Two essential points prompted us to write this case
report. Firstly, when an AoA is found on upper endoscopy, patients should be sent for screening and
periodic surveillance colonoscopy for FAPS. Secondly, AoAs are premalignant lesions can progress to
an ampullary adenocarcinoma, which should be identified early for appropriate management and
improved outcome. An AoA in the setting of FAPS has a high risk for progression to an ampullary
adenocarcinoma. Compared with non-FAPS patients, these patients have an approximately 124-fold
increased risk of progression[3]. The diagnosis of an AoA is usually incidental. However, some patients
present with obstructive symptoms, such as painless jaundice associated with weight loss, which
occurred in our patient due to CBD obstruction[3]. This results in pancreatitis due to pancreatic duct
obstruction[3]. When there are constitutional symptoms such as weight loss, an in-depth work-up is
needed to evaluate the potential malignant transformation of an AoA. Endoscopic forceps biopsy is only
diagnostic in 64% of cases. Diagnostic accuracy is greater when histopathological studies are performed
on surgical specimens. Therefore, a final diagnosis should only be made when surgical pathology is
available[3,4].

Ampullary carcinoma is the 2" most common periampullary regional cancer and metastasizes locally
in the abdomen and to the liver. Distant metastasis is less common, but there are case reports describing
skeletal and brain metastases[1]. Carcinoma of the ampulla of Vater is a rare tumor accounting for
approximately 0.2% of all gastrointestinal malignancies, with an estimated incidence of < 6 cases per
million people per year[1]. AoAs and adenocarcinomas originate from the glandular epithelium of the
AoV[5]. The cell of origin of these cancers is the epithelial covering of the distal parts of the CBD,
pancreatic duct, and periampullary duodenum. Histological subtypes that are common are mucinous,
signet ring cell, neuroendocrine, and undifferentiated carcinomas.

A study by Seifert et al[6] revealed that 30% of ampullary adenomas progressed to ampullary
adenocarcinomas, which were found during surgery or on follow-up. It also showed that 41.2% of
surgically resected ampullary adenocarcinoma patients had residual well-differentiated adenomatous
tissue[6].

The next step after diagnosis is established is staging. The usual imaging modalities are CT of the
chest, abdomen, and pelvis, MRCP, endoscopic ultrasound, and endoscopic intraductal ultrasound. If
there is any biliary tree abnormality in the CT or MRCP, then ERCP plays an important role. ERCP can
be diagnostic for determining the extent of the spread of the tumor followed by sphincterotomy and
stent placement to facilitate pancreaticobiliary drainage[3].

Incidental and small adenomas may not need any treatment, but high-grade dysplastic tubulovillous
adenomas require definitive treatment due to the potential risk of progression to an adenocarcinomal5].

Management of an ampullary adenocarcinoma:

The patient had a broad-based adenoma in the ampulla, and ampullectomy could have been
performed robotically, but it would have been performed for a longer time, and we were concerned
about negative margins. On the other hand, a robotic Whipple procedure is possible, but the patient did
not agree to that procedure.

In regards to the ileal GIST, minimally invasive surgical resection and robotic resection are available
options, although rupture of the tumor may be a potential complication. We have done many of these
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Figure 7 Histopathology of the surgically resected ampullary mass and ileal mass. A: Low-power micrograph of invasive adenocarcinoma arising
from a tubulovillous adenoma with high-grade dysplasia in the ampullary region (hematoxylin and eosin stain, original magnification 20 x); B: High-power micrograph
of ampullary mass showing malignant glands (hematoxylin and eosin stain, original magnification 100 x); C: Low-power photomicrograph of ileal mass showing the
spindle cell morphology of a gastrointestinal stromal tumor (GIST) (hematoxylin and eosin stain, 100 x original magnification); D: A high-power view of cellular mitosis
within the ileal GIST (hematoxylin and eosin stain, 600 x original magnification) showed 15 mitoses per 5 square millimeters; E: Immunohistochemical staining for
CD117 showing strong and diffuse cytoplasmic immunoreactivity confirming GIST (hematoxylin and eosin stain, 100 x original magnification).

procedures and have never had a rupture at our facility; in fact, robotic articulation does help to
maneuver the tumor without traumatizing it. Therefore, we can perform both ampullectomy, duodenal
polyp excision and GIST with minimally invasive surgery either robotically or laparoscopically; some at
our facility prefer robotic procedures because of the ease of anastomosis and articulation of the robot.
With the Whipple procedure, we can obtain clear margins, but duodenal/ampullary lesions are more
challenging because of the risk of positive margins.

An overview of the management of ampullary adenomas and ampullary carcinomas is described in
Table 3.
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Table 3 Endoscopic

Endoscopic Surgical

Curative Palliative Surveillance Trans-duodenal ampullectomy Radical or Whipple’s resection
Endoscopic snare Invasive ampullary ~ FAPS Benign ampullary adenomas that are difficult to operate Ampullary adenocarcinoma.
polypectomy or adenocarcinoma on endoscopically[7]. The advantage of this is less Radical resection if tumor
piecemeal polypectomy morbidity and mortality and alternative access to burden in the duct is high

ampullary tumor resection[7]

FAPS: Familial adenomatous polyposis syndrome.
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Figure 8 Follow up computed tomography and positron emission tomography scan studies. A: Surveillance computed tomography of the chest,
abdomen and pelvis wi/contrast on three months after surgery showed no findings for metastatic disease; B: Follow-up positron emission tomography scan showing a
complete metabolic response.
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GISTs are rare tumors comprising 3% of gastrointestinal tumors but are the most common
mesenchymal tumors of the GI tract[4]. The most common sites are the stomach (60%) and small bowel
(30%)[2,3]. These are sporadic tumors, unlike ampullary adenomas. Some studies report that the
incidence significantly varies from 0.4 to 2.0 cases per 100000 per year, with a slight male preponderance
and a median age of 60-65 years[7-9].

GISTs are malignant mesenchymal tumors whose cell of origin is the myenteric interstitial cells of
Cajal; they are also known as pacemaker cells of the GI tract and are found in the proximal muscles
surrounding the intermuscular plexus of the GI tract. They are soft tissue sarcomas of the GI tract, but
they differ in genetics, pathogenesis, clinical presentation, and management[4].

Most GISTs have universal expression of ¢-KIT/CD117. DOG-1 is another novel marker and can be
seen in c-kit-negative cases. The mitotic rate can predict the risk of recurrence.

In 1998, a breakthrough was achieved when the tyrosine kinase receptor mutation c-kit was identified
[10]. The most common mutations in GISTs are located in c-KIT exon 11 in approximately 65% of cases
and exon 9 in approximately 10%. GISTs with exon 11 mutations are more sensitive to the tyrosine
kinase inhibitor imatinib than those with exon 9 mutations.
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Platelet-derived growth factor alpha (PDGFRA) mutations account for approximately 5%-10% of
cases. Mutations are located on exons 12, 14, and 18. It is important to identify the D842 V2V mutation
in exon 18, as this mutation confers resistance to imatinib. Avapritinib is the preferred treatment for
GISTs with this mutation[4].

Other rare GIST mutations are BRAF and NTRK gene rearrangements, which carry therapeutic
implications. Histopathological diagnosis depends upon morphological and immunochemical analysis
of the tumor. Immunochemistry is usually positive for CD117(KIT) and/or DOG-1 in 95% of patients.
Five percent of GISTs are negative for CD117 and/or DOG-1[8].

Mutational analysis of GISTs is important, as it has good predictive value for sensitivity to targeted
therapy, as noted previously, and prognosis. The European Society for Medical Oncology practice
guidelines recommend testing for mutations as a part of the diagnostic workup for all high-risk GISTs.
GISTs negative for KIT/PDGFRA require subsequent immunochemical testing for succinate dehydro-
genase complex subunit-B.

Management of GISTs includes multidisciplinary consultation with pathologists, radiologists,
surgeons, medical oncologists, and gastroenterologists, etc., to achieve better outcomes.

Standard management of a localized GIST is complete surgical resection or excision without
dissection of clinically negative lymph nodes. The goal is to excise the tumor with negative margins.
Tumors greater than 2 cm in size should be biopsied and surgically resected. If less than 2 cm in size,
surveillance via endoscopic ultrasound can be performed. However, if lesions are suspicious, then they
should be surgically resected. Small GISTs located in the upper and lower GI tract can be resected
endoscopically by a surgeon who has endoscopic expertise.

Systemic therapy is performed as a neoadjuvant or adjuvant based on tumor size and other character-
istics and is the main strategy for the management of advanced/metastatic disease (Tables 4 and 5).

The first-line treatment for KIT exon-9-mutated GISTs is imatinib (800 mg daily), whereas avapritinib
(300 mg daily) is the first-line treatment for GISTs with PDGFRA exon 18 D842 V2V mutation[8]. The
imatinib dose can be escalated from 400 mg to 800 mg when there is disease progression. Second-line
therapy with sunitinib (50 mg daily) is recommended when there is intolerance to imatinib or
progressive disease. Regorafenib (160 mg daily) is generally the third-line therapy for patients
unresponsive to imatinib and sunitinib. Ripretinib (150 mg daily) is approved in patients who have
received prior treatment with three or more kinase inhibitors, including imatinib.

National Comprehensive Cancer Network guidelines recommend follow-up with history and
physical and imaging studies every 3 to 6 mo for the first 5 years and then annually after complete
resection of GISTs. Relapse to the liver and peritoneum can occur, but distant metastasis to bone and
other sites is rare.

The coexistence of the malignancies described in this case is extremely rare, and to our knowledge,
this is the first reported case in the literature. Mazur and Clark[10] first published the term GIST in 1983;
initially, we considered GISTs as neoplasms of smooth muscle cells and called them gastrointestinal
smooth muscle tumors[10]. There have been case reports in the literature reporting GISTs occurring
with other histologically diverse parallel primary malignancies. There have been reported occurrences
of GISTs of the gastric antrum with colorectal adenocarcinomas[11] and duodenal GISTs with rectal
adenocarcinomas[12]. There has been increasing evidence of coexistent, contemporaneous GISTs with
other neoplasms of the breast, digestive tract, liver and urogenital system[7,13,14].

CONCLUSION

This case is distinctive because the patient was diagnosed with two synchronous and extremely rare
high-grade primary malignancies, i.e., an ampullary adenocarcinoma arising from a high-grade
dysplastic TVAoA with a high-grade ileal GIST. An AoA can occur sporadically and in a familial
inheritance pattern in the setting of FAPS. We emphasize screening and surveillance colonoscopy when
one encounters an AoA in upper endoscopy to check for FAPS. An AoA is a premalignant lesion, partic-
ularly in the setting of FAPS that carries a high risk of metamorphism to an ampullary adenocarcinoma.
Final diagnosis should be based on a histopathologic study of the surgically resected ampullary
specimen and not on endoscopic forceps biopsy. The diagnosis of AoA is usually incidental on upper
endoscopy. However, patients can present with constitutional symptoms such as significant weight loss
and obstructive symptoms such as painless jaundice, both of which occurred in our patient. Patient
underwent ampullectomy with clear margins and ileal GIST resection. Patient is currently on imatinib
adjuvant therapy and showed complete metabolic response on follow up PET scan.
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Table 4 Management of Localized gastrointestinal stromal tumors

Imatinib-
Imatinib-sensitive mutation insensitive
mutation
Uncomplicated (No major complications Complicated (Major complications expected with surgery) See Table 5
expected with surgery)
Surgery (Resection of tumor with negative Preoperative imatinib for 6 mo
margins)
Low/Intermediaterisk High risk Tumor negative or microscopically positive ~ Tumor negative or microscopically
margins feasible positive margins not feasible
Follow-up Adjuvant treatment Low/Intermediaterisk ~ High risk Manage as advanced GIST or
with imatinib for 36 mo metastatic GIST
Follow-up Adjuvant imatinib
for 36 mo

GIST: Gastrointestinal stromal tumors.

Table 5 Management of advanced or metastatic gastrointestinal stromal tumors

Imatinib-sensitive mutations Imatinib-insensitive mutations

KIT mutations Exon-9 KIT mutations PDGFRA842 BRAF NTRK translocation SDHB All other
(except exon-9 V2V mutation ~ mutation mutations
variety)

Imatinib 400 mg Imatinib 800 mg daily Avapritinib BRAF NTRK inhibitorentrectiniblaro- ~ Customized Sunitinib
daily inhibitor  trectinib management

Imatinib responsive Imatinib unresponsive

Surgery of the Excision and Add and
residual disease ablation of continue
and continue progressing sunitinib if
imatinib for life lesion responsive
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Abstract

BACKGROUND

Large cell neuroendocrine carcinoma (LCNEC) accounts for about 0.25% of
colorectal cancer patients. Furthermore, synchronous LCNEC and adenocar-
cinoma coexistence in the colon is very rare. LCNEC are usually aggressive and
have a poor prognosis. Usually, colorectal LCNEC patients complain of abdo-
minal symptoms such as pain, diarrhea or hematochezia because it is often
diagnosed as an advanced disease that accompanies metastatic lesions.

CASE SUMMARY

We describe a case of relatively asymptomatic synchronous LCNEC and colon
adenocarcinoma. A 62-year-old male patient visited our hospital due to anemia
detected by a local health check-up. He did not complain of melena, hematochezia
or abdominal pain. Physical examination was unremarkable and his abdomen
was soft, nontender and nondistended with no palpable mass. Laboratory tests
revealed anemia with hemoglobin 5.1 g/dL. Colonoscopy revealed an ulcero-
fungating lesion in the ascending colon and about a 1.5 cm-sized large sessile
polyp in the sigmoid colon. Endoscopic biopsy of the ascending colon lesion
revealed the ulcerofungating mass that was LCNEC and endoscopic mucosal
resection at the sigmoid colon lesion showed a large polypoid lesion that was
adenocarcinoma. Multiple liver, lung, bone and lymph nodes metastasis was
found on chest/abdominal computed tomography and positron emission
tomography. The patient was diagnosed with advanced colorectal LCNEC with
liver, lung, bone and lymph node metastasis (stage IV) and synchronous colonic
adenocarcinoma metastasis. In this case, no specific symptom except anemia was
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observed despite the multiple metastases. The patient refused systemic chemotherapy and was
discharged after transfusion.

CONCLUSION
We report a case of silent LCNEC of the colon despite the advanced state and synchronous
adenocarcinoma.

Key Words: Large cell neuroendocrine carcinoma; Colon; Synchronous; Adenocarcinoma; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Large cell neuroendocrine carcinoma (LCNEC) account for about 0.25% of colorectal cancer
patients. Furthermore, LCNEC with synchronous or metachronous adenocarcinoma in the colon has been
reported in only a few cases. We report the diagnostic experience of a 62-year-old patient with advanced
LCNEC in the colon and synchronous adenocarcinoma metastasis but no definitive symptoms except
anemia. We suggest the possibility of an association between the two types of primary colon cancer.
Therefore, if a patients diagnosed with LCNEC in the colon, appropriate screening tests are required.
Further studies are needed on the pathogenesis of the two primary cancers.

Citation: Back HS, Kim SW, Lee ST, Park HS, Seo SY. Silent advanced large cell neuroendocrine carcinoma with
synchronous adenocarcinoma of the colon: A case report. World J Gastrointest Oncol 2022; 14(11): 2266-2272
URL: https://www.wjgnet.com/1948-5204/full/v14/i11/2266.htm

DOI: https://dx.doi.org/10.4251/wjgo.v14.i11.2266

INTRODUCTION

Large cell neuroendocrine carcinoma (LCNEC) accounts for about 0.25% of colorectal cancer patients
[1]. Patients with colorectal LCNEC are usually found to be in an advanced stage with metastasis at the
time of diagnosis[2]. Furthermore, LCNEC with synchronous or metachronous adenocarcinoma in the
colon has been reported in only a few cases|[3,4].

The symptoms of colorectal LCNEC are not different from those of conventional colonic adenocar-
cinoma. Patients with colorectal LCNEC usually present with abdominal symptoms such as abdominal
pain, diarrhea, hematochezia or tenesmus. Paraneoplastic and carcinoid syndromes which have resulted
from excessive hormone production, may rarely be a clinical presentation[5]. Contrast enhanced
computed tomography (CT) and magnetic resonance imaging are useful for initial diagnosis and staging
of disease in patients with gastroenteropancreatic neuroendocrine tumors (NETs)[6]. However, there are
no specific characteristic imaging findings of colorectal LCNEC.

The diagnosis of LCNEC is based on pathologic findings. Histologic features of LCNEC are trabecular
growth, organoid nesting, rosettes and perilobular palisading patterns. The tumor cells are generally
large and shows moderate to abundant cytoplasm. Nucleoli are often detected and their presence
facilitates distinction from small cell carcinoma. Several immunohistochemical markers such as synapto-
physin, chromogranin and neural cell adhesion molecule (CD56) are useful for confirmation of neuroen-
docrine differentiation. However, one positive marker is enough if the staining is clearcut[7].

Here, we report on a case of advanced LCNEC (stage IV) in the colon and synchronous adenocar-
cinoma metastasis in a patient with no specific symptoms except anemia. This case report was approved
by the Institutional Review Board of Jeonbuk National University Hospital (IRB No. CUH 2022-07-002),
and the patient has signed the informed consent for publication of the case (date of the consent: 2022-04-
14).

CASE PRESENTATION

Chief complaints
A 62-year-old male patient visited the hospital for anemia detected by a local health check-up.

History of present illness
He denied abdominal symptoms such as pain, diarrhea and hematochezia.
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History of past illness
His medical history was unremarkable.

Personal and family history
He was a non-smoker and non-alcohol drinker and had no significant family history.

Physical examination
Physical examination was unremarkable.

Laboratory examinations

Laboratory tests revealed anemia with hemoglobin 5.1 g/dL and a normal liver function test. Serum
carcinoembryonic antigen (3.01 ng/mL) and carbohydrate antigen 19-9 (< 9.0 U/mL) were also within
normal limits.

Imaging examinations

Esophagogastroduodenoscopy and colonoscopy were performed to find the cause of anemia.
Colonoscopy revealed a circumferential ulcerofungating mass in the ascending colon and a biopsy was
performed (Figure 1A). Furthermore, about a 1.5 cm-sized large sessile polyp was seen in the sigmoid
colon and endoscopic mucosal resection was performed (Figure 1B). Advanced ascending colon cancer
was suspected and the patient underwent a chest/abdominopelvic CT. The abdominopelvic CT showed
irregular wall thickening over a length of about 10 cm in the ascending colon with regional fat stranding
and multiple pericolic lymph node enlargements, thickening and nodularity in the adjacent peritoneum.
Moreover, numerous low-density lesions with a maximal 8.7 cm diameter in both the liver lobe
(Figure 2A). The chest CT showed left supraclavicular lymph node enlargement (Figure 2B) and a tiny
nodule of about 6 mm in the right lung upper lobe.

In the pathology report, an ulcerofungating mass in the ascending colon was confirmed as LCNEC,
and a large polypoid lesion in the sigmoid colon was confirmed as adenocarcinoma (Figure 3). The
LCNEC showed strong immunoreactivity for synaptophysin. The mitotic index was > 30/10HPF and
the Ki-67 index was 65.7%, suggesting a poor prognosis. Both the LCNEC and colonic adenocarcinoma
showed positive immunohistochemical stain for CK20.

Positron emission tomography revealed abnormal fluorodeoxyglucose uptake at the ascending colon
with enlarged lymph nodes at the adjacent mesentery and hematogenous metastasis in the liver, lung,
bones, peritoneum and supraclavicular lymph node (Figure 4).

FINAL DIAGNOSIS

The patient was diagnosed with advanced colorectal LCNEC with liver, lung, bone and lymph nodes
metastasis (stage IV) and synchronous colonic adenocarcinoma metastasis.

TREATMENT

Systemic chemotherapy was considered but the patient refused treatment and was discharged.

OUTCOME AND FOLLOW-UP

At 3 mo after diagnosis, the patient received the best supportive care and was still alive.

DISCUSSION

Gastroenteropancreatic neuroendocrine neoplasms (NENs) occur in the neuroendocrine cells of the
gastroenteropancreatic tract and are also known as carcinoids and islet cell tumors. Well-differentiated
NEN:Ss are classified as NETs G1 or G2. NET G1 can be identical with carcinoid. The term NEC refers to
all poorly differentiated NENs. NEC is classified into minor and large cell variants[8]. Most NETs are
carcinoids and have a better prognosis than conventional adenocarcinomas.

On the other hand, LCNEC is known to be an aggressive disease and have a poor prognosis[9].
However, in this case, the patient had no abdominal symptoms such as melena, hematochezia or pain
despite the advanced LCNEC with multiple metastases. Moreover, no progressive LCNEC-associated
symptoms except asymptomatic anemia were observed in this case.
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Figure 1 Colonoscopy images. A: Ulcerofungating lesion involving the luminal circumference in the ascending colon; B: About a 1.5 cm sized sessile polyp in
the sigmoid colon.

Figure 2 Abdominopelvic computed tomography and chest computed tomography images. A: Low density lesion of about 8.7 cm in the left lobe of
the liver, and several smaller lesions in the right lobe of the liver (arrow); B: Left supraclavicular lymph node enlargement (line).

The prognosis of colorectal LCNEC is poor. Colorectal LCNEC is a highly aggressive neoplasm with a
high mortality rate[10], and 36% of LCNEC patients had distant metastasis at the time of diagnosis. The
liver is the most involved organ in metastatic disease[11]. In this case, multiple metastatic lesions in the
liver, lungs, bones, peritoneum and lymph nodes were noted at the diagnosis.

LCNEC with synchronous or metachronous adenocarcinoma in the colon has been reported only in a
few cases. The pathophysiological association between neuroendocrine carcinoma and adenocarcinoma
is still unclear. Some suggest a possible association in the pathogenesis of the colorectal NET and
adenocarcinoma[12,13]. CK20 is known as a common marker in colorectal adenocarcinoma. Kato et al
[13] reported a CK20 positive colonic LCNEC which is accompanied by synchronous colorectal aden-
ocarcinoma. This report suggested different types of gastrointestinal neoplasm might originate from a
common stem cell clone which might share a similar genetic mutation(s) during early oncogenesis. In
our case, an immunohistochemical stain for CK20 was performed on the colonic LCNEC and adenocar-
cinoma, and both were confirmed to be immunoreactive (Figures 3G and 3H), supporting the theory of
Kato et al[13]. Therefore, when LCNEC of the colon is diagnosed, it can be accompanied by synchronous
or metachronous colonic adenocarcinoma and a close examination of the remaining colon is required. In
addition, colonoscopy follow-up should be considered.

The primary treatment of colorectal LCNEC is surgery if RO resection is possible[14]. When complete
resection is impossible, a debulking procedure and cytoreductive therapy or systemic chemotherapy
should be considered[15]. LCNEC is similar to small cell neuroendocrine carcinoma (SCNEC) in
histogenesis, biology and clinical behavior. For patients with locally advanced or metastatic disease,
extrapolation from the treatment paradigms for both non-SCNEC and SCNEC, with chemoradiation
and chemotherapy in stage III, and chemotherapy and palliative radiation in stage IV, seems reasonable.
Regarding drug choice for systemic chemotherapy, regimens based on efficacy in SCNEC such as
etoposide and a platinating agent are preferred[16]. There are no established guidelines for patients
diagnosed with LCNEC with synchronous adenocarcinoma of the colon, but chemotherapy can be
considered depending on which disease is predominant. In this case, LCNEC was considered a more
predominant lesion than adenocarcinoma and a chemotherapy with a combination of cisplatin and
etoposide was considered, but the patient refused.
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Figure 3 Histologic and immunohistochemical findings of colonic large cell neuroendocrine carcinoma. Histologic findings of colonic
adenocarcinoma. Immunohistochemical stain for CK20 in both colonic large cell neuroendocrine carcinoma and colonic adenocarcinoma. A: Low power view of
biopsy specimen reveals several tissue fragments mainly consisted of tumor (black arrows), ulcer debris (white arrow), and non-neoplastic colonic mucosa
(arrowhead) (HE, x 20); B: Medium power view displays invasive tumor cells forming organoid structures such as cords or small nests (HE, x 100). Tumor cells
display severe atypia and have round nuclei, sometimes with prominent nucleoli (arrows), and moderate amounts of cytoplasm, with high mitotic rate (Inset, HE, x
400); C: Infiltrating tumor cells are identified by immunohistochemical stain for cytokeratin (CK, x 100). Note the non-neoplastic mucosal glands (arrows) that are
separated from the tumor; D: Tumor cells show strong immunoreactivity for neuroendocrine marker (synaptophysin, x 100). Note the non-neoplastic mucosal glands
(arrows) are negative for neuroendocrine marker; E: Low power view of biopsy specimen reveals colonic epithelial proliferative lesion forming tubular and papillary
structures (HE, x 20); F: Medium power view displays invasive growth of tumor cells that form irregular branching and budding of glands (HE, x 100); G: Infiltrating
tumor cells of colonic large cell neuroendocrine carcinoma are immunoreactive for CK20 (x 100); H: Invasive tumor glands of colonic adenocarcinoma are also
immunoreactive for CK20 (x 100).

DOI: 10.4251/wjgo.v14.i11.2266 Copyright ©The Author(s) 2022.

Figure 4 Positron emission tomography images. A: Abnormal fluorodeoxyglucose uptake at the ascending colon with enlarged lymph nodes at the adjacent
mesentery; B and C: Hematogenous metastasis in the liver, lung, bones, peritoneum, supraclavicular lymph node.

CONCLUSION

In conclusion, we report on a case of silent LCNEC of the colon despite the advanced state and
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synchronous adenocarcinoma, suggesting the possibility of an association between the two types of
primary colon cancer. In patients diagnosed with LCNEC in the colon, there is a possibility of synch-
ronous or metachronous adenocarcinoma after surgical treatment, so appropriate screening tests are
required. Further studies are needed on the pathogenesis of the two primary cancers.
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Abstract

BACKGROUND

Monomorphic epitheliotropic intestinal T-cell lymphoma (MEITL) is a rare and
rapidly progressive intestinal T-cell non-Hodgkin lymphoma associated with a
very poor prognosis and a median survival of 7 mo. Advances in the identi-
fication of MEITL over the last two decades have led to its recognition as a se-
parate entity. MEITL patients, predominantly male, typically present with vague
and nonspecific symptoms and diagnosis is predominantly confirmed at la-
parotomy. Currently, there are no standardized treatment protocols, and the
optimal therapy remains unclear.

CASE SUMMARY

We report a case of MEITL that was initially considered to be gastrointestinal
stromal tumor (GIST) and Imatinib was administered for one cycle. The 62-year-
old man presented with abdominal pain, abdominal distension, and weight loss of
20 pounds. Within 2 wk, the size of the mass considerably increased on computed
tomography scans. The patient underwent surgery followed by chemotherapy
with CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) and
stem-cell transplant. A correct diagnosis of MEITL was established based on
postoperative pathology. Immunophenotypically, the neoplastic cells fulfilled the
diagnostic criteria for MEITL as they were CD3*, CD4*, CD8*, CD56*, and TIA-1".

CONCLUSION
Given that MEITL has no predisposing factor and presents with vague symptoms
with rapid progression, the concomitant presence of abdominal symptoms and B
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symptoms (weight loss, fever, and night sweats) with hypoalbuminemia, anemia, low lymphocytic
count and endoscopic findings of diffuse infiltrating type lesions should alert physicians to this
rare disease, especially when it comes to Asian patients. Immediate laparotomy should then be
carried out followed by chemotherapy and stem-cell transplant.

Key Words: Monomorphic epitheliotropic intestinal T-cell lymphoma; Gastrointestinal stromal tumor;
Immunophenotypically; Chemotherapy; Stem-cell transplant; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Monomorphic epitheliotropic intestinal T-cell lymphoma (MEITL) is a rare and rapidly
progressive intestinal T-cell non-Hodgkin lymphoma. Currently, there is no standardized treatment or
diagnostic protocols for MEITL. Chemotherapy followed by stem-cell transplant postoperatively has
shown promising results in terms of remission and progression free survival. Since MEITL is associated
with a poor prognosis and high recurrence, it is crucial that the oncologist should follow and monitor any
relapsing signs.
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epitheliotropic intestinal T-cell lymphoma followed by chemotherapy and stem-cell transplant: A case report and
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INTRODUCTION

Monomorphic epitheliotropic intestinal T-cell lymphoma (MEITL), formerly known as enteropathy-
associated T-cell lymphoma type II (EATL type II), is a rare non-Hodgkin primary lymphoma of the
gastrointestinal tract arising from intraepithelial T-cells[1].

Previously, EATL was recognized as a single entity of small intestinal lymphoma and was termed as
enteropathy-type T-cell lymphoma. But in 2008, the World Health Organization (WHO) classified the
disease into two subtypes: (1) EATL type I, which comprises of 80%-90% of all cases; and (2) EATL type
II, accounting for 10%-20% (a rather monomorphic variant)[2]. EATL accounted for 5.4% of all lymph-
omas based on an international survey[3].

However, after 2008, studies revealed noteworthy and remarkable clinical and pathological dif-
ferences between the two types of lymphoma aforementioned. As a result, the WHO redefined these
lymphomas as distinct and separate entities: Type I EATL was then termed as enteropathy-associated T-
cell lymphoma and type II, owing to its distinctive nature, was designated as MEITL[4]. The nome-
nclature and classification are illustrated in Figure 1.

The geographic distribution of EATL and MEITL varies: EATL is seen more often in areas with a high
prevalence of celiac disease (particularly Northern Europe) whereas MEITL has a broader geographic
distribution and is seen in regions where celiac disease is rare, particularly in Asian countries[2,4]. The
findings of a study conducted in Asia which included 38 cases of MEITL suggested that intestinal T-cell
lymphomas might be merely MEITL in Asian patients[5].

Male predominance (ratio 2.6:1.0) has been observed in MEITL and the median age of onset is 58
years old, with the small intestine as the most commonly involved site[6]. Upon consultation, MEITL
patients typically present with vague and nonspecific symptoms such as abdominal pain, fatigue,
weight loss, small bowel perforation, diarrhea, and gastrointestinal (GI) obstruction[2,5,7]. Low
albumin, increased lactate dehydrogenase (LDH), and elevated C-Reactive protein (CRP) have been
observed in most studies of MEITL cases|[2,5].

Tumor cells with a monomorphic shape, an epitheliotropic pattern, CD8*, and CD56"are the dia-
gnostic criteria for MEITL and serve to distinguish them from other types of T-cell lymphoma[8].

The vagueness of symptoms and/or lack of all symptoms at presentation make the initial diagnosis of
T-cell lymphoma challenging. In addition, primary diagnosis of MEITL can be delayed until further
investigation due to the similar symptoms/imaging manifestations to those of other GI cancers. Another
challenge that may be encountered is intestinal obstruction and perforation. Thus, diagnosis is predom-
inantly confirmed at laparotomy[9].

Herein, we present a case of MEITL, the treatment approach, and follow-up result. This case report
and literature review will provide an up-to-date insight into the management of MEITL. Because of a
relatively poor prognosis and a median survival of only 7 mo[5], weight loss, elevated LDH and CRP,
and low albumin should alert the physician especially when it comes to Asian patients. No standardized
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Enteropathy-type T-cell lymphoma

2008 WHO classification

Enteropathy-associated T-cell Enteropathy-associated T-cell
lymphoma type I (EATL type I) lymphoma type II (EATL type II)

2016 WHO classification

Enteropathy-associated T-cell Monomorphic epitheliotropic

lymphoma (EATL) intestinal T-cell lymphoma (MEITL)
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Figure 1 Evolution of classification of monomorphic epitheliotropic intestinal T-cell lymphoma.
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treatment is yet established for MEITL due to the rarity of the disease. However, surgical resection
followed by chemotherapy and/or autologous stem cell transplantation has been demonstrated to have
better outcomes compared to surgery alone. In addition, new clinical trials using novel regimen of
IVE/MTX (ifosfamide, vincristine, etoposide/methotrexate) followed by autologous stem cell transplant

have proven significantly better outcomes with a 65% complete remission and 60% 5-year survival rate
[10].

CASE PRESENTATION

Chief complaints
A 62-year-old man visited our hospital with a 2-mo history of abdominal pain and distension.

History of present illness

The patient had persistent epigastric pain half an hour after eating, which alleviated after a few hours.
The patient’s bowel habits varied between constipation and diarrhea. His symptoms gradually
aggravated. He reported a weight loss of 20 pounds.

History of past illness
The patient had no history of other illnesses such as hypertension, diabetes, or heart disease. He had a
full positron emission tomography (PET)/computed tomography (CT) scan in the previous year which
revealed no abnormality, highlighting the rapid and aggressive progression of the disease.

At an outside hospital, the patient underwent a gastroscopy which showed chronic superficial
gastritis and a colonoscopy which revealed multiple colorectal polyps and proctitis. Half a month later,
he came to our hospital for further treatment and diagnosis.

Personal and family history
The patient had no significant personal and family history.

Physical examination

Physical abdominal examination revealed abdominal distension on inspection and decreased bowel
sounds on auscultation. On palpation, a 15-cm mass could be felt. The mass had a clear boundary and
an irregular shape. The abdomen was soft and deep palpation revealed left lower abdominal
tenderness.

Laboratory examinations

Laboratory tests and blood workouts revealed an elevated level of CRP at 163.5 mg/L, normal lactate
dehydrogenase at 180 IU/L, albumin at 36.2 g/L, lymphocytic percentage at 0.58%, and hemoglobin at
113 g/L. Other laboratory results are shown in Table 1. Tumor markers were all within the normal
ranges (Table 2).

Imaging examinations

The patient had two CT scans 2 wk apart at our hospital. An increase in the size of the mass was ob-
served on the second CT scan, with significant necrosis (Figure 2). The size of the mass on the first and
second CT scans was estimated to be approximately 85 mm x 74 mm x 107 mm and 113 mm x 97 mm x
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Table 1 Patient’s laboratory results of blood chemistry

ltem Result Reference value
White blood cell count (x 10°/L) 7.8 3.5-9.5
Neutrophils (%) 88.2 40.0-75.0
Eosinophils (%) 0.6 0.4-0.8
Basophils (%) 0.3 0.0-1.0
Lymphocytes (%) 0.58 1.10-3.20
Monocytes (%) 0.28 0.10-0.60
Red blood cell count (x 10'2/L) 3.87 4.30-5.80
Hemoglobin (g/L) 113 130-175
Mean corpuscular volume (fL) 88.6 82.0-100.0
Platelet count (x 10°/L) 380 125-350
Hematocrit (%) 0.34 0.11-0.28
Lactate dehydrogenase (IU/L) 180 120-250
C-reactive protein (mg/L) 163.5 <6.0
Direct bilirubin (umol/L) 2.7 0.0-4.0
Indirect bilirubin (umol/L) 7.90 0.00-22.00
Creatine kinase (U/L) 45 50-310
Total protein (g/L) 67.7 65.0-85.0
Albumin (g/L) 36.2 40.0-55.0
Globulin (g/L) 314 25.0-35.0
Glucose (mmol/L) 6.34 4.30-5.90

Table 2 Tumor markers

Marker Result Reference value
CA211 1.05 0.0-3.3

SCC 1.08 0.0-1.5

CA724 1.36 0.0-6.9

CA242 4.89 0.0-20.0

CA125 31.51 <35.0

CA-153 12.87 <25.0

CEA 1.97 0.0-5.0

CA19-9 18.57 <370

146 mm, respectively. Local mesenteric lymph nodes were enlarged.

FURTHER DIAGNOSTIC WORK-UP

The patient was consulted at the General Surgery Department of our hospital and gastrointestinal
stromal tumor (GIST) was initially considered due to the imaging presentation of the tumor (Figure 2)
and the associated symptoms. Gleevec (Imatinib) was administered as empirical neoadjuvant targeting
therapy. He had 5-8 times of diarrhea/d after oral administration of Gleevec.

While the patient was on Gleevec, his symptoms further aggravated, with a higher accumulation of
pelvic fluid accompanied with fever (maximum of 37.9 °C). As intestinal perforation and peritonitis
were suspected, and the patient underwent emergency surgery.
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Figure 2 Computed tomography images. A: First computed tomography (CT) scan; B: Second CT scan 2 wk later. Multiple enlarged mesenteric lymph nodes
and apparent necrosis were noted on the second CT scan.
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Postoperative immunohistochemistry findings revealed CD3 (+), CD20 (-), CD21 (residual FDC +),
CD138 (-), Kappa (+), Lambda (+), Ki-67 (80%), CD117 (-), CD4 (+), CD5 (-), CD7 (+), CD8 (+), CD30 (-),
CD10 (-), PD-1 (-), CK-PAN (-), GranzymeB (+), TIA-1 (+), and CD56 (+) (Figure 3). Epstein-Barr virus
(EBV)-encoded RNA (EBER) in situ hybridization was negative. The results are listed in Table 3.

FINAL DIAGNOSIS

Based on postoperative immunohistochemistry findings, the final diagnosis was MEITL.

TREATMENT

The patient underwent surgery followed by chemotherapy and stem-cell transplant.

Intraoperative findings

The size of the mass was estimated to be 15 cm x 14 cm % 10 cm and the margin was not clear. The
texture was hard. Superficial purulent exudation was observed. The tumor had inflammatory adhesions
with the mesentery of the small intestine, descending colon, and transverse colon. The relationship
between the tumor and left psoas major muscle and left ureter was unclear. Specimens were sent for
further pathology diagnosis after tumor resection.

OUTCOME AND FOLLOW-UP

After surgery and before systemic treatment, **F-fluorodeoxyglucose (FDG) PET/CT scan (Figure 4)
revealed no remarkable abnormalities, no abnormal density focus, and no significant increase or
decrease in radioactivity uptake. There was no significant thickening and increase of radioactivity
uptake in the anastomotic intestinal wall. The metabolism of FDG was increased in the middle abdomen
subcutaneously. Several large lymph nodes were spotted in the left abdominal mesenteric area, with the
largest measuring 1.1 cm x 1.6 cm. The standardized uptake value (SUV) of the left mesentery was 1.6.
An increase in the metabolism of FDG was also noted in the ascending colon.

In addition, the patient underwent a bone marrow biopsy, which showed no overt morphologic or
flow cytometry evidence of T-cell lymphoma or metastatic malignancy (Figure 5).

A month after surgery, the patient was started on chemotherapy with CHOP (cyclophosphamide,
doxorubicin, vincristine, and prednisone), scheduled for four cycles, every 3 wk. After chemotherapy,
the patient underwent stem-cell transplant. Between surgery and the first cycle of CHOP chemotherapy,
the patient developed an itchy rash on his hands which subsequently relieved after his first
chemotherapy cycle.

WJGO | https://www.wjgnet.com 2277 November 15,2022 | Volume14 | Issuell |



Bissessur AS et al. Monomorphic epitheliotropic intestinal T-cell lymphoma

DOI: 10.4251/wjgo.v14.i11.2273 Copyright ©The Author(s) 2022.

Figure 3 Pathologic and immunohistochemistry findings. A and B: Low magnification (A) (x 40, H&E) and high magnification (B) (x 200, H&E) images of
lymphocytes demonstrating an epitheliotropic pattern; C: The shape of lymphoma cells is uniform throughout, emphasizing the monomorphism; D-H: The tumor cells
were positive for CD3 (D), CD8 (E), CD56 (F), Granzyme B (G), and TIA-1 (H). (C-H, magnification x 200).
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Table 3 Panel of immunohistochemical stains

IHC stain Result
CD3 +
CD4 +
CD5 -
CD7 +
CD8 +
CD30 -
CD56 +
CD117 -
CD138 -
Ki-67 80%
Kappa +
Lambda +
PD-1 -
CK-PAN -
TIA-1 +
Granzyme B +
EBER ISH -

THC: Immunohistochemistry; EBER: Epstein-Barr virus-encoded RNA.

DOI: 10.4251/wjgo.v14.i11.2273 Copyright ©The Author(s) 2022.

Figure 4 Postoperative positron emission tomography scan.

Regarding the staging of MEITL, gastrointestinal lymphomas follow the Lugano staging system[11],
which is tabulated in Table 4. Our patient was staged as having IIE disease.

DISCUSSION

Consistent with our case, it was reported that the most common site of involvement is the small
intestine, particularly the jejunum followed by the ileum and duodenum,; rarely it could also involve the
colon and stomach[12]. Metastasis to mesenteric lymph nodes is common[13]. Our patient had several
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Table 4 The Lugano staging system

Stage

Features

I
o II
1I-1
112

E (IIE, II-1E, TI-2E)

Tumor confined to small bowel: Single or multiple primary lesions

Para-intestinal nodal involvement

Involving mesenteric, aortic, caval, pelvic, or inguinal nodes

With penetration of serosa involving adjacent organs or tissues

Tumor extending into abdomen from primary small bowel site

III NO stage III
v Disseminated extranodal sites or supra-diaphragmatic nodal involvement
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Figure 5 A (approximately 22.06% of non-erythroid cells) mature lymphocyte population (mainly T cells, with a small amount of B and NK

cells).
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enlarged mesenteric lymph nodes observed on CT but they were due to lymphoid hyperplasia rather
than metastasis. Regarding imaging modalities, obstruction is not common in the small bowel.
Multifocal involvement and perforation are more prevalent[14]. Necrosis, reported not to be usual in
MEITL[6,8], was observed in our case (Figure 6).

The pattern of presenting symptoms greatly varied among previous studies, with abdominal pain
being the most commonly reported symptom. Our patient presented with a 2-mo history of abdominal
pain, abdominal distension, and weight loss. However, abdominal pain has a wide range of diagnoses
which can pose a great challenge in diagnosing MEITL upon clinical presentation. Weight loss, despite
being regarded as a B symptom, has not been found to be an exclusive symptom when it came to
diagnosis of MEITL in Asian patients[5,6]. In contrast to classic EATL which can be suspected in sudden
worsening of abdominal pain and diarrhea in a previously diagnosed celiac disease patient, MEITL has
not been found to have any predisposing factor and was rather known to be sporadic. Clinically,
diagnosis of MEITL is more challenging and delayed because of the low index of clinical suspicion and a
vague inconsistent display of symptoms that can be easily confused with other malignancies[15-17].

Low albumin, elevated LDH, abnormally high CRP, low hemoglobin, and abnormal lymphocyte
count are common laboratory abnormalities detected[2,5,10,16]. Our patient had all the listed laboratory
abnormalities except for a normal LDH level.

In this case, based on postoperative pathology reports, other malignancies such as poorly differen-
tiated adenocarcinoma, B-cell lymphoma, and GIST were easily excluded because of the expression of
only T-cell markers by monoclonal tumor cells. In addition, negative staining for CD20[18,19] and
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Figure 6 Computed tomography. Red arrows indicate enlarged mesenteric lymph nodes; double headed-arrows indicate necrosis.
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CD117[20] excluded B-cell lymphomas and GIST, respectively. The positive staining for CD56 and CD8
led to the diagnosis of MEITL and not the classical EATL form[2,3,9,21]. The panel of immunohisto-
chemistry markers was consistent with MEITL. EBER in situ hybridization was negative, thus excluding
the possibility of natural killer/T-cell lymphoma which most commonly presents as a facial mass, with a
small percentage involving the GI tract[22,23].

Despite having been demonstrated to be negative in several papers and studies for the occurrence of
MEITL[17,24], CD4 was found be positive in our case. One of the largest multicenter studies of MEITL
analyzed 38 patients where CD4'CD8" rate was as low as 19%[5]. CD4*CD8", however, supports the
cellular origin of MEITL being type ‘A’ intestinal T-cells[6].

A literature review about the endoscopic findings of MEITL revealed a higher tendency of diffuse
infiltrating type lesions compared to ulcerative and polypoid lesions. In a study of nine MEITL patients
[25], the endoscopic examination findings were: Six (67%) diffuse infiltrating type lesions (colitis-like or
proctocolitis-like); two (22%) polypoid type lesions; and one (11%) ulcerative type lesion. Another study
of endoscopic findings of 15 cases of MEITL[26] showed eight (53%) ulcero-infiltrative type lesions and
two ulcerative type lesions.

Currently, there are no standardized treatment or diagnostic protocols for MEITL. Being a very rare
entity, there exist very few trials and regimens in regards to MEITL, with some having more promising
results in eligible patients. Historically, MEITL has been treated with surgery, chemotherapy,
autologous stem cell transplant, or their combination. Several studies hypothesized that chemotherapy
with or without surgery delivered better outcomes than surgery alone[21,27]. Moreover, different
chemotherapy regimens have been investigated over the last decade[3,10,16,28], resulting in different
prognoses (Table 5)[29-64].

Despite anthracycline-based regimens being associated with better survival rates than other therapies
or no therapy at all[3], Sieniawski et al[10] compared a novel regimen with anthracycline-based regimen.
The novel regimen begins with one course of CHOP (cyclophosphamide, doxorubicin, vincristine, and
prednisone), followed by three courses of IVE/MTX (ifosfamide, vincristine, etoposide alternating with
intermediate-dose methotrexate). Autologous stem-cell transplantation (ASCT) was then performed 3
wk after the last cycle of IVE/MTX. They found that the novel regimen had a better response (lower
mortality and higher remission). Chiadamide combined with chemotherapy also slightly improved the
survival time in two patients, with a mean survival time of 16 mo[45]. The planned regimen for our
patient was four cycles of CHOP every 3 wk, followed by stem cell transplant.

Given that (1) MEITL has no predisposing factor; (2) the diagnosis of MEITL is predominantly made
at laparotomy; (3) a bulky tumor and elevated serum LDH and CRP levels are risk factors significantly
associated with a worse prognosis, and (4) MEITL has no standardized treatment, the concomitant
presence of abdominal pain and systemic symptoms (weight loss, fever, and night sweating) together
with laboratory parameters indicative for hypoalbuminemia, anemia (low hemoglobin), increased CRP,
and low lymphocytic count and endoscopic findings of diffuse infiltrating type lesions can be regarded
as highly suspicious features of MEITL and should alert physicians to this rare disease and opt for
immediate laparotomy.
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Table 5 Details of previously published case reports

Ref. Gender/age Chief complaint Treatment Prognosis
Chen et al[29] M/60 Abdominal pain Emergency surgery followed by CR; liver recurrence 2.5 years
CHOP + IVE/MTX + SCT, followed by later refractory to GDP
ASCT regimen. Passed away 2 wk
after recurrence
Ishibashi et al[30] M/60 Diarrhea and 10 kg weight loss CHASE followed by SCT 3 years
in 17 mo
F/40 Diarrhea and 6 kg weight loss in ~ THP-COP followed by surgery 10 mo 2 mo after surgery
3 mo later
F/50 Abdominal distension CHOP + high-dose MTX + SCT 9 mo
M/70 Nausea SMILE 9 mo
Aiempanakit et al[31] M/67 Diarrhea for 4 mo and 15 kg Anthracycline-based regimen 2 mo
weight loss over 3 mo
Antoniadu et al[32] M/76 Severe dyspnea N/A 5d
Aoyama et al[33] M/85 Fever and diarrhea CHOP followed by DeVIC Not stated but deceased
subsequently due to
progressive disease
Pan et al[34] F/67 Abdominal pain 1 cycle of CEOP 3.7 mo
Liu et al[35] F/48 Abdominal pain, distension, Unspecified chemotherapy 1 mo after chemotherapy
vomiting, watery diarrhea, initiation
weight loss
Ozaka et al[36] F/68 Melena and mild anemia 8 cycles of CHOP Achieved complete remission
and was still alive at the time of
publication (68 mo after
diagnosis)
Kasinathan et al[37]  F/70 Abdominal pain and vomiting 2 cycles of CHOP, followed by 2 cycles Developed gastrointestinal
for 4 wk of GDP bleeding and succumbed 4 wk
after initiation of GDP
Mago et al[38] M/59 SOB for 1 mo, abdominal 1 cycle of CHOEP Passed away within few days
distension for 2 wk after tumor lysis syndrome
Nato et al[39] F/43 Abdominal distension, 2 mo 4 cycles of GDP achieving a PR, CR Cognitive impairment (7 mo
history of early satiety and was achieved after CBT conditioned post transplantation) was
nausea with total body irradiation, cyclophos- improved after 3 cycles of MPV
phamide, and cytarabine and whole brain radiotherapy
and passed away 6 mo later
Pan et al[40] M/ 63 Diffuse abdominal pain for 1 mo Emergency surgery followed by 2 2 mo
cycles of CHOP
M/47 Diarrhea, dyspnea, orthopnea, 1 dose of L-asparaginase, etoposide, 9 mo
weight loss for 1 year and decadron regimen followed by
emergency surgery, adjuvant
chemotherapy included etoposide,
methylprednisolone, high-dose
cytarabine, and cisplatin
Umino et al[41] M/41 Diarrhea and epigastric pain for 3 neoadjuvant cycles of ICE followed 13 mo
1 mo by autologous SCT
Ferran et al[42] F/45 Cutaneous lesions followed by 6 neoadjuvant cycles of CHOP and 1 8 mo
abdominal perforation after cycle of SMILE followed by surgery. 1
chemotherapy initiation adjuvant cycle L-GEMOX
Aoki et al[43] E/77 Abdominal discomfort, night EPOCH for 6 mo Still alive 1 year after diagnosis
sweats, and fever for 1 mo
Soardo et al[44] M/ 65 2-wk history of weight gain, Emergency laparotomy 1 mo postoperatively
increased abdominal volume
with progressive mild dyspnea,
and fever in the last 2 d
Liu et al[45] M/61 Upper abdominal pain and black Partial excision of small intestine and 15 mo
stool for 2 mo chidamide-based combination
regimen
F/35 Abdominal distension for1mo  Sigmoid colostomy followed by 17 mo
chidamide-based combination therapy
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Samuel et al[46]

Ikeda et al[47]

Lenti et al[48]

Broccoli et al[49]

Tabata et al[50]

Fisher et al[51]

Tian et al[8]

Kubota et al[52]
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Sato et al[54]
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Okumura et al[57]

Yang et al[58]

Fukushima et al[59]
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Noh et al[61]

Hashimoto et al[62]

Liu et al[63]

Fukushima et al[64]

M/62

M/61

F/63

M/58

M/65

M/72

F/60

M/58

F/64

M/41

F/70

F/52

M/65

M/78

F/66

M/39

M/60

M/50

M/68

M/ 64

F/43

F/68
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Hypovolemic shock secondary to
severe chronic diarrhea and 100
pounds lost over a year

3 episodes of ileal strangulation
within 4 mo of gastrectomy

Diarrhea and 10 kg weight loss
in 6 mo

Diarrhea and 5 kg weight loss

Petechiae at both limbs, acute
abdominal pain, diarrhea, and
clinical signs of bowel
perforation

Ileum perforation...severe
constipation after 21 mo in CR

Abdominal pain, diarrhea, and
30 pounds of weight loss over 3
mo

Abdominal pain, diarrhea, and

weight loss over 3 mo

Abdominal pain and diarrhea for
5 years

Diarrhea for 1 mo and
intermittent abdominal pain

Intermittent abdominal pain,
nausea, vomiting and diarrhea
for 14 mo. 50 pounds of weight
loss

Diarrhea and anorexia for 8 wk +
6 kg weight loss

Watery diarrhea for 14 mo
Diarrhea for 2 mo + 20 kg weight
loss

Abdominal distension for 1 mo
presenting with acute abdomen
Acute onset of lower abdominal
pain and diffuse peritonitis
Severe diarrhea

Diarrhea for 6 mo, presenting
with acute abdomen due to

intestinal perforation

Nausea and vomiting for 6 mo +
25 kg weight loss

Diarrhea for several months

Upper abdominal pain and
weight loss for 3 mo

Upper abdominal pain and
nausea

Chemotherapy

Ileal resection followed by 2 cycles of
CHOP and 1 cycle of ICE

Surgery followed by a single course of
CHOP

Surgery

Emergency resection of 9 cm of small
bowel

Emergency resection followed by
anthracycline-based regimen
chemotherapy (CR for 21 mo),
paltrexate therapy was administered
during recurrence

EOCH chemotherapy (subsequently
developing a large lymphoma 6 mo
after therapy initiation)

1 course of CHOP

5 wk of adjuvant chemotherapy
consisting of romidepsin with
Revlimid followed by laparotomy
involving small bowel bypass

Resection followed by CHOP and 3
cycles of ICE resulted in CR

Right hemicolectomy followed by 5
cycles of EPOCH (with PEG-
asparaginase added in the last cycle)

CHOP followed by stem-cell
transplant

8 cycles of CHOP followed by 5 cycles
of ESHAP

Surgical resection followed by 2 cycles
of CHOP, which was changed to COP

Surgical resection followed by high
dose chemotherapy and SCT

Surgical resection

CHOP

Surgical resection followed by CHOP

Surgical resection followed by
chemotherapy (unspecified)

Chemotherapy (unspecified)

4 cycles of CHOEP and 2 cycles of
DHAP followed by surgery

Laparoscopic intestinal resection
followed by auto-peripheral blood
SCT

1 mo

3 mo

27 mo

4 mo

6 mo

In CR after 52 mo

N/A

Died subsequently after the
first cycle due to bone marrow
suppression

3 mo

Repeated intrathecal
chemotherapy and high-dose
chemotherapy followed by
ASCT achieved CR

Developed abdominal pain 15
mo after initial therapy,
subsequently passing away
around 20 mo after initial
diagnosis

Unknown

Still alive 67 mo post
chemotherapy

6 mo

Still alive at the time of
publication, in complete

remission

Unknown

1 year

4 mo

Unknown

Unknown

11 mo after diagnosis, 1 d after
surgery due to septic shock

22 mo without recurrence;
passed away 1 mo after
duodenal recurrence in 23" mo

M: Male; F: Female; CHOP: Cyclophosphamide, doxorubicin, vincristine, prednisolone; IVE: Ifosfamide, vincristine, and etoposide; MTX: Methotrexate;
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SCT: Stem cell transplant; CHASE: Cyclophosphamide, cytarabine, etoposide, dexamethasone; GDP: Gemcitabine, dexamethasone and cisplatin; THP-
COP: Pirarubicin, cyclophosphamide, vincristine and prednisolone; SMILE: Dexamethasone, methotrexate, ifosfamide, L-asparaginase and etoposide;
DeVIC: Etoposide, ifosfamide, and carboplatin; CEOP: Cyclophosphamide, epirubicin, vincristine, and prednisolone; SOB: Shortness of breath; CHOEP:

Cyclophosphamide, doxorubicin, vincristine, etoposide, and prednisone; PR: partial response; CR: Complete response; CBT: Cord blood transplantation;

MPV: Methotrexate, procarbazine, vincristine; ICE: Ifosfamide, carboplatin, and etoposide; L-GEMOX: Gemcitabine, oxaliplatin, asparaginase,

dexamethasone; EPOCH: Etoposide, prednisolone, oncovin, cyclophosphamide, hydroxydaunorubicin; ICE: Ifosfamide, carboplatin and etoposide;
ESHAP: Etoposide, methylprednisolone, cytarabine, cisplatin; DHAP: Dexamethasone, high dose cytarabine, platinol.
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Fluorine-2-fluorodeoxyglucose positron emission tomography (*F-FDG PET) has been proven to be
the most useful diagnostic modality in the staging and follow-up for recurrence of aggressive
lymphomas. A study of 12 MEITL cases[65] examined by PET concluded that MEITL is not restricted to
the gut; many different anatomical sites were involved at presentation or at relapse with the infiltration
of thoracic structures in 50% of the cases and central nervous system involvement in 25% of the cases.
Our patient, however, had no abnormalities, no abnormal density focus, and no significant increase or
decrease in radioactivity uptake on his whole body *F-FDG PET scan after surgery and before his
chemotherapy. The increase in metabolism of FDG in the middle abdomen subcutaneously is
considered to be postoperative changes. Inflammation was considered for the increase in metabolism of
FDG in the ascending colon. An increase in uptake of FDG is not distinct for malignancy; benign
infectious and inflammatory processes as well as treatment-induced inflammatory changes can also
account for an increase in FDG uptake[66]. In regards to uptake of FDG on PET scans in the setting of
MEITL, clinicians must be careful as infectious and inflammatory processes can also lead to an increase.

As GIST was highly suspected as the primary diagnosis, no endoscopic biopsy was planned due to
the risk of intraabdominal bleeding and tumor rupture (increasing risk of dissemination and
metastasis). However, after the mass was found to be significantly enlarged within 2 wk while on
Gleevec, emergency surgery after acute abdomen (perforation and acute peritonitis) was performed and
specimens were sent for pathology examination. This is consistent with previous studies, which showed
that EATL and MEITL have been preponderantly diagnosed at laparotomy[16,21]. In the study by
Sieniawski et al[21], 52 out of 57 patients underwent emergency laparotomy and Gale et al[16] reported
that diagnosis was made at laparotomy in 25 out of 31 patients.

CONCLUSION

Understanding MEITL as an entity can be dismaying for both patients and physicians. Diagnosis should
be correlated to clinical symptoms while the final diagnosis is mainly based on the pathological features
and immunophenotypes. Since MEITL is associated with a poor prognosis and high recurrence, it is
crucial that the oncologist should follow and monitor any relapsing signs. In the occurrence of a rapidly
growing malignant tumor in the small intestine (otherwise not explained by any other pathologic
processes), vague gastrointestinal symptoms, and a poor suspicion of diagnosis due to lack of specific
tests accompanied by elevated C-reactive protein, elevated LDH, hypoalbuminemia, anemia, and low
lymphocytic count, we suggest emergent laparotomy and specimens to be sent for pathology. Based on
our case’ relatively favorable prognosis and the cases reported in the literature, surgical resection
followed by chemotherapy and stem-cell transplant leads to a better prognosis and should be
recommended as the standard treatment protocol.
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Abstract

BACKGROUND

Inflammatory pseudotumor-like follicular dendritic cell sarcoma (IPT-like FDCS)
is rare with a low malignant potential. Hepatic IPT-like FDCS has similar clinical
features to hepatocellular carcinoma (HCC), making it extremely difficult to
distinguish between them in clinical practice. We describe the case of a young
female patient diagnosed with HCC before surgery, which was pathologically
diagnosed as IPT-like FDCS after the left half of the liver was resected. During 6
mo of follow-up, the patient recovered well with no signs of recurrence or
metastasis.

CASE SUMMARY

A 23-year-old female patient with a 2-year history of hepatitis B presented to the
Affiliated Hospital of Guizhou Medical University. She was asymptomatic at
presentation, and the findings from routine laboratory examinations were normal
except for slightly elevated alpha-fetoprotein levels. However, ultrasonography
revealed a 3-cm diameter mass in the left hepatic lobe, and abdominal contrast-
enhanced computed tomography revealed that the tumor had asymmetrical
enhancement during the arterial phase, which declined during the portal venous
phase, and had a pseudo-capsule appearance. Based on the findings from clinical
assessments and imaging, the patient was diagnosed with HCC, for which she
was hospitalized and had undergone laparoscopic left hepatectomy. However, the
tumor specimens submitted for pathological analyses revealed IPT-like FDCS.
After surgical removal of the tumor, the patient recovered. In addition, the patient
continued to recover well during 6 mo of follow-up.

CONCLUSION
Hepatic IPT-like FDCS is difficult to distinguish from HCC. Hepatectomy may
provide beneficial outcomes in non-metastatic hepatic IPT-like FDCS.
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Core Tip: Inflammatory pseudotumor-like follicular dendritic cell sarcoma (IPT-like FDCS) is a type of
FDCS with low malignant potential. We investigated the clinical and pathological characteristics,
diagnosis, and treatment in a 23-year-old woman diagnosed with hepatic IPT-like FDCS. She underwent
laparoscopic left hepatectomy, with an uneventful postoperative course. It is difficult to distinguish hepatic
IPT-like FDCS from hepatocellular carcinoma based on clinical features. Therefore, most patients with
hepatic IPT-like FDCS are found after surgery. However, surgery may be the best treatment option for
patients with hepatic IPT-like FDCS. At present, no abnormality has been found in the patient during the
6-mo follow-up.

Citation: Fu LY, Jiang JL, Liu M, Li JJ, Liu KP, Zhu HT. Surgical treatment of liver inflammatory pseudotumor-
like follicular dendritic cell sarcoma: A case report. World J Gastrointest Oncol 2022; 14(11): 2288-2294
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INTRODUCTION

Follicular dendritic cell sarcoma (FDCS) is a rare tumor with nonspecific clinical features. FDCS cannot
be diagnosed based on clinical findings alone; therefore, its diagnosis depends on pathological examin-
ations of surgically resected tumor specimens. Pathologically, most FDCSs express at least two FDC
markers, including CD21, CD35, and CNA-42. There are two morphologic variants of this tumor:
Conventional and inflammatory pseudotumor (IPT)-like[1]. The etiology and pathogenesis of IPT-like
FDCS are not clear. Its occurrence may coincide with Epstein-Barr virus (EBV) infection, because in
cases with confirmed IPT-like FDCS, the positive rate of Epstein-Barr encoding region (EBER) through
in situ hybridization was as high as 92.1%[2]. EBV-encoded small RNA exists in all tumor cells, and
hybridization imprinting tests confirmed that the virus exists in the form of a monoclonal free body,
suggesting that EBV infection occurred before FDC tumor proliferation. CD21, the receptor molecule
expressed on the surface of FDC, is the receptor of EBV; therefore, scholars speculate that EBV plays an
important role in tumor formation. IPT-like FDCS cells are irregularly arranged and IPT-like FDCS
presents with lymphocytic infiltrate, with a positive in situ hybridization test for (EBV)-encoded RNA
[3]. Most IPT-like FDCSs affect the liver and spleen. Herein, we report a rare case of a female patient
with liver IPT-like FDCS in the context of hepatitis B virus infection. We investigated the clinical and
pathological characteristics, diagnosis, and treatment of IPT-like FDCS.

CASE PRESENTATION

Chief complaints
A 23-year-old female patient with an underlying hepatitis B virus infection presented, with no
symptoms, at the Affiliated Hospital of Guizhou Medical University.

History of present illness
She was asymptomatic.

History of past illness
She had received entecavir as treatment for her hepatitis B infection 2 years previously.

Personal and family history
The patient had an unremarkable personal and family history.

Physical examination
There were no significant findings on initial physical examination.
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Laboratory examinations

Laboratory analyses provided the following findings: Hemoglobin, 134 g/L; white blood cell count, 5.23
x 10°cells/L; platelet count, 149 x 10° cells/L; red blood cell count, 4.50 x 10°cells/L; anti-HB test results,
positive; serum levels of albumin, 50.40 g/L; aspartate aminotransferase level, 39.50 U/L; alanine
aminotransferase level, 23.80 U/L; alkaline phosphatase level, 80 U/L; total bilirubin level, 15.40
pmol/L; direct bilirubin level, 5.20 pmol/L; total bilirubin level, 10.20 pmol/L; hepatitis B viral DNA,
2.35e+01 IU/mL (normal < 10 Ul/mL); and alpha-fetoprotein (AFP) level, 12.31 ng/mL (normal =
0.00-7.00 ng/mL).

Imaging examinations

Ultrasonography revealed a 3-cm diameter mass in the left hepatic lobe (Figure 1), necessitating the
performance of abdominal contrast-enhanced computed tomography (CT). CT showed asymmetrical
tumor enhancement during the arterial phase; however, the enhancement declined during the portal
venous phase, and the tumor had a pseudo-capsule appearance (Figure 2).

FINAL DIAGNOSIS

We initially diagnosed the disease as hepatocellular carcinoma (HCC) based on the findings from
clinical, laboratory, and imaging assessments.

TREATMENT

After discussion with the radiologist, early hepatocellular carcinoma was highly suspected according to
the imaging signs and clinical manifestations. There was no other adjuvant treatment for the patient
according to the preoperative comprehensive evaluation. Therefore, the patient underwent laparoscopic
left hepatectomy.

OUTCOME AND FOLLOW-UP

Postoperative pathological analysis showed a large number of medium to small lymphocytes
distributed in the liver space-occupying lesion area, and an unequal number of spindle or epithelial
cells, and histiocyte-like cells, were distributed alternately. Further, hepatic lobule structure was found
in the surrounding liver tissue, some small lymphocytes had infiltrated the portal area, and a few small
cells were found in the hepatic sinuses.

Immunohistochemical staining showed that the tumor specimen was positive for CD2, CD3, CD5,
CD7, CD8, and TIA-1 in all lymphocytes. A portion of the tissue specimen was CD4 positive.
Furthermore, positive expressions of CD21, CD35, Ki-67 (30%), and SMA were observed in a portion of
the specimen with spindle-epithelioid tumor cells. In situ hybridization test was only positive for EBV-
encoded RNA in spindle-epithelioid tumor cells (Figure 3). Based on these pathological findings, the
patient was diagnosed with IPT-like FDCS. During the 6-mo postoperative follow-up period, the patient
had no signs of recurrence or metastasis (Figure 4).

DISCUSSION

Although IPT-like FDCS is a special type of FDCS, it exhibits characteristic features comparable to those
of conventional FDCS[4]. More than 60 cases of IPT-like FDCS have been reported in English literature,
mainly located in the liver (more than 20 cases)[5-8] and spleen (more than 30 cases)[9-12], and to a
lesser extent in the colon (6 cases)[13-15], lungs (1 case)[16], and pancreas (1 case)[17]. The tumor mainly
occurs in middle-aged and elderly people, with a female-to-male ratio of 2.2:1, and a median age of 56.5
years[18].

To date, all reported patients with IPT-like FDCS in the liver presented with fever, jaundice,
abdominal pain, and/or anemia as the initial clinical manifestations. In addition, other case reports
highlighted paraneoplastic arthritis as an initial clinical manifestation[19,20]. However, the patient in
the present case did not experience any clinical manifestations prior to the hospital visit, which shows
the peculiarity of the disease in clinical practice. In our case, contrast-enhanced CT showed an
asymmetrical tumor enhancement and decline during the arterial and portal venous phases,
respectively, with a pseudo-capsule appearance of the tumor; these findings corroborated with those of
previous studies[21].
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Figure 1 Ultrasonography before surgery. A: A hypoechoic nodule, about 26 mm x 22 mm in size; B: The nodule with a regular shape, clear boundary, and
homogeneous internal echo; C: It can be seen in S4 of the liver.
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Figure 2 Abdominal contrast-enhanced computed tomography before surgery. Nodular abnormal enhancement foci (about 27 mm x 26 mm) can be
seen in the left inner lobe of the liver, showing uneven and obvious enhancement in the arterial phase and weakening in the venous phase, and a pseudo-capsule
can be seen surrounding it. A-F: Axial position; G-I: Coronal position; J-L: Sagittal position.
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Because the imaging manifestations of IPT-like FDCS of the liver are nonspecific, CT usually shows
low-density nodule enhancement, which is characterized by non-uniform enhancement in the arterial
phase and resolution in the delayed phase. Some highly differentiated HCCs can also show resolution in
the delayed phase; therefore, hepatic inflammatory pseudotumor (HIPT)-like FDCS should also be
differentiated from HCC with internal necrosis via imaging findings. HCC with internal necrosis often
has peripheral structural invasion, accompanied by cirrhosis and portal hypertension, and may have
tumor thrombus formation. HCC is the most common malignant tumor of the liver. The patient had
chronic viral hepatitis, AFP elevation, and imaging findings suggestive of HCC. These signs are
consistent with the general clinical manifestations of HCC. Therefore, we should pay attention to the
possibility of this disease in addition to the huge mixed echo mass in the liver. If IPT-like FDCS is
suspected, it is important to perform routine puncture biopsy. Puncture biopsy is a feasible preoperative
diagnostic method for IPT-like FDCS, but many false negative cases have been encountered due to the
smaller amount of obtained puncture tissue. Its definitive diagnosis mainly relies on immunohisto-
chemical and in situ hybridization analyses of surgically obtained tumor specimens.
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Figure 3 Immunohistochemical staining and in situ hybridization test. A: Tissue specimens; B and C: Immunohistochemical results: Proliferative
histiocytes CD21 (+), CD35 (+), D2-40 (-), and SMA (+), focal. Lymphocyte hepatocyte (+), CD3 (diffuse), CD20 (-), CD79 . (-), CD10 (-), bcl-2 (-), CD5 (+), CD19 (+),
Sox11 (-), CD56 (-), CD4 (+), partial, CD8 (+), minority, cyclin D1 (-), TIA (+), Granzyme B (-), CD2 (+), CD7 (+), bcl-6 (-), MUMI (-), CD30 (scattered transformed
large cells), and TCR-R (-). Ki-67 (about 25%+); D: In situ hybridization results: Some cells showed EBER*, positive control +. EBER: Epstein-Barr encoding region.
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Figure 4 Abdominal computed tomography after 6 mo of follow-up. A: After 6 mo of follow-up, the abdominal computed tomography re-examination; B:
The re-examination showed that no nodular or strip-shaped high-density shadow in the liver; C: There was no abnormality in the left lobe of the liver.
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Apart from HCC, pathological analyses should be performed to distinguish HIPT-like FDCS from
other diseases such as HIPT and primary liver lymphoma because the symptoms and imaging findings
of HIPT are nonspecific. The histopathological characteristics of HIPT include the presence of inflam-
matory lesions consisting of diffused and dense hyalinized collagenosis with inflammatory cells,
compact foamy histiocyte proliferation, as well as lymphocyte and plasma cell infiltration[22]. In
primary liver lymphoma, clinical features are nonspecific as well, and histological analyses demonstrate
infiltrations limited to the liver. Among the types of lymphoma, diffuse large B-cell lymphoma is the
most common type noted[23,24]. HIPT-like FDCS shows a contrasting lymphocyte infiltration pattern
compared with that of FDCS, immunohistochemical analyses show positive expression of one of the
FDCS markers (CD21, CD35, CD23, or CNA42) in tumor cells, and in situ hybridization testing is
positive for EBV-encoded RNA in spindle-epithelioid tumor cells. Clinicians can better diagnose HIPT-
like FDCS via pathological examinations of surgically resected tissue specimens.

In summary, HIPT-like FDCS displays combined characteristics of chronic inflammation and
malignant tumors on imaging. The final diagnosis is dependent on pathology, which shows that the
tumor cells express CD21, CD23, CD35, SMA, and other markers, or do not express these antigens, but
are EBER positive. HCC, HIPT, and primary liver lymphoma should be considered in the differential
diagnosis.

In the treatment of HIPT-like FDCS, complete resection of tumor is the best treatment, but there is still
dispute about whether conventional radiotherapy and chemotherapy are needed after surgery.
Chemotherapy and/or radiotherapy can be used for patients with recurrence or surgery that cannot be
cured[25-27]. The review found that the incidence of HIPT-like FDCS is very low, as are the recurrence
and metastasis rate and mortality rate of previously reported liver cases; 4 cases recurred or
metastasized, the recurrence rate was 11.8%, and the mortality rate was 2.9%. The remaining cases
survived well[2]. In the present case, HIPT-like FDCS was found to be an indolent malignant tumor
with no sign of relapse or metastasis noted during the follow-up.
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CONCLUSION

HIPT-like FDCS is extremely difficult to distinguish from HCC due to their similar clinical features. In
addition, surgical resection may provide better long-term outcomes in patients with indolent malignant
HIPT-like FDCSs.
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Abstract

BACKGROUND

Adenocarcinoma has the highest incidence among malignant tumors of the small
intestine (SI). Squamous cell carcinoma (SCC) often occurs in organs covered with
squamous epithelium. Primary or metastatic SCC originating from the SI is very
rare, with very few cases reported in the literature.

CASE SUMMARY

This case report involves a 69-year-old man who developed abdominal pain after
lunch. After admission, an abdominal computed tomography scan revealed
perforation of the alimentary canal and multiple abnormal low-density lesions in
the liver. During laparotomy, an approximately 4 cm X 3 cm-sized solid tumor
was found in the jejunum, located 30 cm from the Treitz ligament, with a
perforation. An intestinal segment of approximately 15 cm was removed,
including the perforated portion. The pathological result was SCC. In combination
with liver imaging, a diagnosis of SI SCC with multiple liver metastases was
considered. The patient died from hepatic failure 1 mo after the operation.

CONCLUSION

SI tumors are very rare compared to those originating in other digestive organs.
Due to its insidious onset, the diagnosis of this disease is usually delayed.
Clinicians must pay close attention to digestive symptoms such as persistent
abdominal pain and melena.

Key Words: Squamous cell carcinoma; Jejunal perforation; Peritonitis; Abdominal
computed tomography scan; Case report
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Core Tip: Squamous cell carcinoma (SCC) in the small bowel is a rare pathologic category. Clinical
symptoms are not evident, and it is challenging to determine whether it is the small intestine’s primary or
metastatic SCC. This paper describes a 69-year-old male patient diagnosed with SCC of the small intestine
and hepatic metastases. Effective diagnosis and early treatment are vital in improving the prognosis of
malignant small bowel tumors. Radical resection should be undertaken if no metastases are found.

Citation: Xiao L, Sun L, Zhang JX, Pan YS. Rare squamous cell carcinoma of the jejunum causing perforated
peritonitis: A case report. World J Gastrointest Oncol 2022; 14(11): 2295-2301
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INTRODUCTION

Small intestinal (SI) tumors are very rare compared to other digestive organs[1]. The incidence of small
bowel tumors accounts for only 0.6% of all malignant tumors, including about 1%-3% of gastrointestinal
malignancies[2]. Previous studies of malignant tumors have reported that approximately 30% to 50%
are adenocarcinoma, 25% to 30% are carcinoid, and 15% to 20% are lymphoma[3]. Primary squamous
cell carcinoma (SCC) of the SI is extremely rare, with only a few reports in the literature[4-8]. This paper
describes a surgically treated patient with SCC arising from the jejunum with perforated peritonitis and
multiple liver metastases.

CASE PRESENTATION

Chief complaints
The patient’s main complaints were epigastric pain after eating, nausea and vomiting, and then
gradually full abdominal distension.

History of present illness
The patient developed epigastric pain and nausea half an hour after lunch. He then began vomiting; the
vomitus was the stomach contents. Finally, he experienced full abdominal distension.

History of past illness
The patient was diagnosed with hypertension and diabetes, which were well-controlled with oral
medications.

Personal and family history
The patient had no history of SCC, and his family was negative for cancer.

Physical examination

After admission, the patient’s blood pressure was 125/71 mmHg, heart rate was 89 bpm, and body
temperature was 36.7 °C. Abdominal tenderness, rebounding pain, muscle tension, and acute peritonitis
were noted. Notably, no enlarged lymph nodes were found during the physical examination.

Laboratory examinations

Blood analysis revealed a white blood cell count of 10.96 x 10°/L, hemoglobin concentration of 124 g/L,
neutrophil count of 8.96 x 10°/L, and hypersensitive C-reactive protein level of 53 mg/L. Creatinine
(141.7 Umol/L), albumin (40 g/L), alanine aminotransferase, and aspartate aminotransferase levels
were normal. His glucose level was 15.6 mmol/L, prothrombin international normalized ratio was 1.14,
and D-dimer was 0.77 mg/L.

Imaging examinations

A computed tomography (CT) scan showed that the SI wall of the left upper abdomen was irregularly
thickened, and free gas appeared in the abdominal cavity. Multiple round low-density nodules of
varying sizes can be seen in the liver parenchyma (Figure 1).
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Figure 1 Abdominal computed tomography images. A: Uneven thickening of the small intestinal wall with viscus perforation (arrow); B: Free gas outside
the intestine but in the abdomen (arrows); C: The liver parenchyma had multiple round low-density nodules of varying sizes (arrows).

FINAL DIAGNOSIS

Postoperative pathology showed an approximately 4 cm X 3 cm *x 1 ecm-sized ulcerative tumor of the SI
from the jejunum, which had infiltrated the entire thickness of the intestinal wall. Tumor cells presented
as a poorly differentiated carcinoma, growing in nests, and intracellular dyskeratosis was visible
(Figure 2A and B). No tumor cells were seen in the corresponding mesenteric adipose tissue and lymph
nodes. Immunohistochemical findings demonstrated strong positivity for cytokeratin and antioncogene
P40 (Figure 2C and D). These results were consistent with a diagnosis of SCC.

TREATMENT

Laparotomy revealed that the SI was extensively edematous. A mass-like lesion about 4 cm in diameter
with perforation (Figure 3) was identified. An intestinal segmental resection of about 15 cm, including
the perforation site and the corresponding mesentery, was removed. An end-to-end intestinal
anastomosis was performed, and the abdominal cavity was flushed with physiological saline solution.

OUTCOME AND FOLLOW-UP

The surgery was completed successfully. Palliative chemotherapy combined with immunotherapy was
recommended, according to the opinion of chemotherapy specialists. Due to the patient’s poor physical
condition, his family refused further treatment and only relieved his pain. The patient was discharged
on postoperative day 6. However, he had advanced-stage malignancy and died from hepatic failure 1
mo after the operation.

DISCUSSION

The SI represents the longest part of the digestive tract, accounting for about 75% of the total length of
the gastrointestinal canal and more than 90% of the mucosal surface. However, malignant tumors rarely
develops in the SI[9]. The unique environment in the small bowel, including complex factors such as
pH, immune function, and various enzymes, may be related to the low incidence of small bowel tumors
[10]. Small bowel tumors are rare globally, and according to the “age standard of the world population”,
the global incidence rate is less than 1.0 per 100000, ranging from 0.3 to 2.0[11]. SCC is even rarer among
SI malignancies. Generally, SCC occurs in parts of the body covered by squamous epithelium, such as
the skin, oral cavity, esophagus, and cervix. Some organs not covered by squamous epithelium can
develop SCC through squamous epithelial metaplasia, such as the bronchus and gallbladder. SCC of the
Sl is extremely rare compared to other gastrointestinal tumors, accounting for approximately 2% among
1312 specimens of SI tumors[12]. More commonly, SCC detected in the intestine represents metastatic
cancer from other organs. Lung cancer commonly metastasizes to the SI[13-15]. Other cancers known to
metastasize to the SI include mandibular gingiva, esophagus, and cervix cancers[16-20]. Metastatic SCC
of the Sl is 2.5 times more common than primary SCC of the SI at autopsy[21].
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Figure 2 Pathological and immunohistochemical findings. A and B: Pathological findings from surgical specimen. The lesion showed a serosal
penetration (A), with diffuse and nested growth of tumor cells and intracellular dyskeratosis being visible (B); C and D: Immunochemistry demonstrated that the
staining for cytokeratin-5/6 and antioncogene P40 was strongly positive.

DOI: 10.4251/wjgo.v14.i11.2295 Copyright ©The Author(s) 2022.

Figure 3 Exploratory laparotomy results. A: The perforation of a jejunal segment with a purulent surface was noted; B: The enteric cavity showed a deep
ulcer lesion.

The origin of primary SCC of the SI may be related to the malignant transformation of undifferen-
tiated basal cells of the SI mucosal epithelium. There are three possible mechanisms of SCC developing
in the SI: (1) Pluripotent stem cells differentiate into malignant squamous cells; (2) malignant
transformation of ectopic squamous epithelium; and (3) malignant changes in squamous metaplasia
caused by chronic mucosal damage[22]. These three pathways were supported by Platt et al[23]. The
diagnosis of SCC must be rigorous, and key considerations are: (1) The characteristics of a malignant
tumor, such as apparent atypia and nested distribution; (2) the characteristics of the epithelial cells, such
as the formation of a keratinized pearl; (3) lack of glandular components and glandular epithelium; and
(4) no evidence of involvement of primary SCC of other organs. Pathologically, it is challenging to
identify tumor cells as a primary or metastatic feature of SCC in the SI, especially when metastatic
tumors reach mucosal surfaces[24]. For rare SCC of the SI, when the histology is atypical and the
cytokeratin and intercellular bridge structure are not obvious, it should be distinguished from
carcinoids in the SI. Immunohistochemistry and neuroendocrine granules can be used to make such a
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differentiation.

In this case study, the patient was admitted to hospital with acute abdominal pain. Emergency
surgery was performed because of peritonitis due to jejunal perforation, identified by relevant imaging
and physical examinations. Postoperative pathology revealed disorderly growth of the squamous
epithelial cells in large nests with pink keratin in the center. Immunohistochemical findings
demonstrated that staining for cytokeratin-5/6 and antioncogene P40 was both strongly positive.
Additionally, no other tissues or organs yield positive findings, including the respiratory, alimentary,
and urogenital tracts.

In contrast, computed tomography imaging identified multiple low-density masses in the liver. The
patient had no history of SCC, so a diagnosis of SCC of the SI, adenocarcinoma, and carcinoids is
excluded. Despite showing multiple lesions on liver imaging, the patient refused to undergo contrast-
enhanced MRI or liver puncture for pathology, due to poor physical condition. The multiple liver
metastases of SI SCC via hematogenous spread were the considered diagnosis and may be related to the
liver’s perfusion of the portal vein system. There is currently no postoperative adjuvant therapy for
small bowel SCC other than surgical resection worldwide. Chemotherapy (taxanes and platinums)
combined with immunotherapy was recommended, referring to the treatment for esophageal and lung
SCC, but with no evidence support. The patient’s family refused further medical treatment due to his
poor physical condition and only relieved his pain. He died from hepatic failure 1 mo after the
operation.

Neoplasms of the SI are rare, and several different histological types of cancer can occur in the SI. The
clinical symptoms are not specific. It is challenging to access the SI via conventional endoscopy, making
the diagnosis of SI tumors difficult. Most patients are hospitalized for complications of the disease, with
surgical RO resections challenging because of the advanced stages of the disease at diagnosis. Capsule
endoscopy is considered the best way to visualize the entire SI. It is also considered the first diagnostic
method for gastrointestinal bleeding of unknown origin after a negative upper gastrointestinal
endoscopy and colonoscopy. Many advances have been made in the clinical treatment of adenocar-
cinoma as well as stromal and neuroendocrine tumors arising from the SI[25]. As SI squamous tumors
are rare, more extensive cases and studies are necessary to achieve a well-designed clinical trial. The
comprehensive treatment of SI SCC is challenging and requires further medical research. Once a small
bowel tumor is diagnosed, radical resection should be performed as soon as possible, representing
resections of at least 10 cm of the involved region and the corresponding mesenteric lymph nodes to
improve overall survival[26].

CONCLUSION

Malignant tumors of the SI are uncommon cancers and are easily misdiagnosed in the clinic. Therefore,
most small bowel tumors are in the advanced stages when patients are admitted to the hospital. Early
detection and diagnosis are of great significance for the optimal prognosis of patients. Clinicians should
pay close attention to the symptoms of patients presenting with acute abdominal pain, such as acute
peritonitis, bowel obstruction, and intussusception, during clinical diagnosis and treatment. Surgical
resection is currently the most effective treatment for malignant SI tumors. It is also necessary to treat
the patient’s underlying disease to assist them in restoring their health. Further clinical studies and
reports of similar cases are required to improve our knowledge of SCC in the SI and ensure the best
clinical outcomes.
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