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Abstract

Ulcerative colitis (UC) is a chronic relapsed intestinal disease with an increasing
incidence around the world. The pathophysiology of UC remains unclear.
However, the role of the interaction between the enteric nervous system and the
immune system in the pathogenesis of UC has been the focus of attention and has
become a research hotspot. Vasoactive intestinal peptide (VIP) is a kind of
endogenous neuropeptide with regulatory activity on intestinal immunity. It has
been shown to regulate immune disorders in animal and human experiments and
has become an effective anti-inflammatory and immune modulator that affects the
innate immune system and adaptive immune system. Regulatory B cells (Bregs)
are a new group of B cells that negatively regulate the immunity and have
received extensive attention in immune circles. Bregs can regulate immune
tolerance by producing interleukin (IL)-10, IL-35, and transforming growth factor-
B, suppressing autoimmune diseases or excessive inflammatory responses. The
secretion of IL-10 by Bregs induces the development of T helper (Th) 0 and Th2
cells. It also induces Th2 cytokines and inhibits Th1 cytokines, thereby inhibiting
Th1 cells and the Th1/Th2 balance. With further clarity on the mechanism of the
regulation of IL-10 expression by VIP in Bregs in colitis patients, we believe that
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Bregs can provide a novel strategy for the clinical treatment of UC. Thus, we aim
to review the current literature on this evolving topic.

Key Words: Vasoactive intestinal peptide; Ulcerative colitis; Interleukin-10; Bregs;
Pathogenesis
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Core Tip: The pathophysiology of ulcerative colitis remains unclear. Vasoactive
intestinal peptide (VIP) is a neuropeptide that has strong regulatory activity on
intestinal immunity. With further clarity on the mechanism of the regulation of
interleukin-10 expression by VIP in regulatory B cells in colitis patients, we believe
that VIP can provide a novel strategy for the clinical treatment of ulcerative colitis.
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INTRODUCTION

Inflammatory bowel disease (IBD) is a global health problem. It consists of two main
types, Crohn’s disease (CD) and ulcerative colitis (UC). UC is a chronic non-specific
IBD that mainly involves the mucosa and submucosa of the rectum and colon. With a
significant increase in the incidence of UC, it was identified as a modern refractory
disease by the World Health Organization". It is currently believed that UC is caused
by an abnormal and continuous immune response to intestinal microorganisms and is
facilitated by the genetic susceptibility of an individual.

The immune response of the human body includes innate and adaptive immunity.
Innate immunity, which is the first defense of the body against pathogens, is non-
specific and does not provide lasting immunity; it is mediated by pattern recognition
receptors, including toll-like receptors (TLRs) on the cell surface and nucleotide-
binding oligomerization domain-like receptors in the cytoplasml. Adaptive immunity
is a highly specific and adaptive type of immunity. T helper (Th) cells are the key to an
adaptive immune response. Most studies suggest that the pathological characteristics
of UC are mainly an abnormal Th2 reaction, whereas an abnormal Th1 reaction is
mainly found in CD®*. Therefore, studying the underlying mechanism of intestinal
mucosal immune response disorders can help us better understand the pathogenesis
of IBD. Herein, the role of vasoactive intestinal peptide (VIP) and regulatory B cells
(Bregs) in the pathogenesis of UC as well as the interaction between these two are
reviewed, in the context of the immune pathogenesis of UC.

ROLE OF BREGS AND INTERLEUKIN-10 IN INTESTINAL IMMUNITY IN UC
PATIENTS

A study found that dextran sulfate sodium (DSS) treated mice showed more severe
colitis without B cells, and the filtration metastasis of B cells alleviated the disease.
During colitis, the number of regulatory T cells (Tregs) of gut-associated lymphoid
tissue (GALT) in B-cell deficient mice decreased significantly. After B cells were
transferred into these mice, the number of GALT Tregs was restored, indicating that B
cells contribute to Treg homeostasis. The study also found that B cells can induce the
proliferation of Tregs and then promote the differentiation of B cells into IgA-
producing plasma cells. These results suggest that B cells and Tregs interact and
cooperate to prevent excessive immune response, which can lead to colitis". Strong
stimulation of B cells by Escherichia coli leads to significant expression of inhibitory
molecules on the surface of B cells and increases the production of anti-inflammatory
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cytokines, such as interleukin (IL)-10. Bregs induced by the bacterium can effectively
inhibit the maturation and function of dendritic cells (DCs), inhibit the proliferation
and polarization of Th1l and Th17 cells, and promote the differentiation of Th2 cells. In
addition, Bregs promote the development of Tregs, which may establish immune
homeostasis through feedback cooperation. The number of Bregs is directly related to
the severity of inflammation. These findings may provide new methods for B-cell
control in the treatment of autoimmune diseases!..

IL-10 is an anti-inflammatory cytokine produced by monocytes, B cells, T cells, as
well as some other cells. It is an important cytokine that induces the immune response
of Th2 cells. IL-10 is expressed in different cells involved in innate and adaptive
immunity, including dendritic cells, macrophages, T cells, natural killer cells, and B
cells”*. On the one hand, IL-10 protects the host from tissue damage caused by
excessive inflammation, inhibits antigen presentation and production, and suppresses
antigen expression and the production of pro-inflammatory chemokines and
cytokines. IL-10 is the key gatekeeper in maintaining distal immune homeostasis.
When specific pathogens enter the intestinal track, distal immune homeostasis may be
imbalanced”. On the other hand, it enhances the survival, proliferation,
differentiation, and homotypic transformation of human B cells!'’l. The reduction of
this anti-inflammatory cytokine is an important feature of UC!'!.

IL-10 helps to maintain tissue integrity and promotes intestinal tissue homeostasis
through its anti-inflammatory, anti-apoptotic, and tissue regeneration properties. The
new immune cytokine, F8-IL-10 (Dekavil), a targeted antibody associated with IL-10, is
currently being evaluated in phase 2 clinical trials in patients with rheumatoid
arthritis, potentially paving the way for its use in IBD patients!”. Mizoguchi et al""! first
used the concept of Bregs to define these B cell populations with negative regulatory
functions!"”’. Yanaba et al'""! defined the B cell subsets, CDId hiCD 5+, that secrete IL-10
in the spleen of mice; B10 cells do as well"l. At present, the mechanism of Bregs
inhibiting immune inflammation is realized by the following aspects: Bregs mainly
exert an immune regulatory function through the secretion of IL-10 and transforming
growth factor-p. IL-10 produced by Bregs affects the disease process by regulating T
cell differentiation”. For example, in IBD, the Th1/Th2 balance can be regulated to
suppress the harmful immune response!'l. Macrophages and DCs are also the main
targets of IL-10 by playing an inhibitory and regulatory role, which can reduce the
release of inflammatory factors from macrophages or monocytes and reduce the
inflammatory responsel'’l.

Bregs play a regulatory role through intercellular contacts. Studies have shown that
Bregs promote the proliferation and activity of Tregs through direct major
histocompatibility complex and B7 pathways and inhibit the proliferation of effector T
cells through Fas/FasL-mediated apoptosis!'®"’l. Studies on the interactions between
Bregs and other regulatory immune cells have shown that co-culture of Bregs and
CD4'T cells can quantitatively reduce the proliferative capacity of CD4"T cells™*!. B10
cells induced by mannose-capped lipoarabinomannan (ManLAM) were transferred
into IL-107/-mice, and B10 cells induced by ManLAM can reduce the severity of colitis
in mice. B10 cells down-regulated Thl polarization of spleen and mesenteric lymph
nodes in DSS treated mice. These results suggest that the production of IL-10 by B cells
treated with ManLAM helps to maintain the balance between CD4* T cell subsets and
protects mice against DSS-induced IBDP'1.

Bregs generate antibodies, neutralize harmful soluble factors, inhibit the activity of
DCs/macrophages through the immunoglobulin G/FcTRII interaction, enhance the
clearance of apoptotic cells, and reduce the potential autoantigen activating
autoreactive T cells. In a recent in vitro study, the secretion of IL-10 and IL-12 p40 was
significantly decreased and IL-12 p40 was increased in phosphoinositide 3-kinase
(PI3K) kinase (d910a/d910a) mice or wild-type B cells treated with PI3K specific
inhibitors. Macrophages or CD4" T cells activated by co-cultured microorganisms did
not inhibit inflammatory cytokines. In vivo, co-transferred wild-type B cells improved
T-cell-mediated colitis, while PI3K kinase (d910a/d910a) B cells had no protective
effect on mucosal inflammation. These results suggest that the PI3K pathway plays an
important role in the induction and regulation of IL-10 production in B cells in
intestinal homeostasis and inflammation!.

In humans, B-cell depletion using anti-CD20 (rituximab) for various diseases has
been reported either to aggravate colitis or lead to spontaneous colitis**1. Feces were
transplanted into sterile (GF) IL10 */EGFP reporting mice and IL107-mice. It was
proved that the microbiota in specific pathogen-free mice mainly stimulated IL-10 to
produce colon-specific B cells and T-regulatory-1 cells. IL-10, in turn, down-regulated
the microbial activated inflammatory cytokines. These studies suggest that resident
intestinal bacteria activate IL-10 producing B cells through the TLR2, MyD88, and PI3K
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pathways. These B cells reduce the activation of colon T cells and maintain mucosal
homeostasis under the action of intestinal microbiota™!. The B cell subsets that
produce IL-10 have different phenotypes and origins. Such B cell subsets appear in
chronic inflammatory processes and inhibit the progression of intestinal inflammation
by down-regulating the inflammatory cascade. In response to wounds, epithelial cells
migrate and proliferate to cover the mucosal surface and repair barrier defects. This
process is coordinated by immune cells and epithelial cells; however, the mechanism is
not fully understood, and after mucosal injury, macrophage-derived IL-10 induces
activation of epithelial cAMP response element binding protein (CREB) and then
synthesis and secretion of Wntl-inducible signaling protein 1 (WISP-1). WISP-1
induces epithelial cell proliferation and wound healing by activating the epithelial
proliferation pathway. These findings suggest that macrophages are involved in
regulation of the IL-10/CREB/WISP-1 signal axis and have broad significance in the
relationship between innate immune activation and mucosal injury repair®l. IL-10 is a
key regulator of mucosal homeostasis. Some studies have shown that residents of E.
coli-induced chronic colitis in mice have a rapid but temporary activation effect on the
immune system in normal hosts, and the induced protection of IL-10 B cells and CD4*
cells subsequently suppresses this reaction and modulates homeostasis in the
mucosal”’l,

In summary, IL-10 is the key factor for the negative regulatory function of Bregs.
However, further studies are required to clarify the function of IL-10 secreted from
Bregs. Whether it is expressed by specific transcription factors and whether immune
tolerance to autoantigens is temporary or permanent needs to be determined.

ROLE OF VIP IN INTESTINAL IMMUNITY IN UC PATIENTS

VIP is a 28 amino acid neuropeptide that was originally isolated from the small
intestine of pigs in 1970 by Sami Said and Victor Mutt. It belongs to the neuropeptide
family that includes the pituitary adenylate cyclase activated polypeptide (PACAP). In
the gastrointestinal tract, VIP occurs in endocrine cells and neurons of the enteric
nervous system™. In established CD models, such as the colitis model induced by
enteral injection of trinitrobenzene sulfonic acid (TNBS), VIP reduces the clinical and
histopathological severity of the disease and reduces weight loss, diarrhea, and
macroscopic and microscopic intestinal inflammation. VIP treatment reduced the
levels of various chemokines and pro-inflammatory cytokines, such as tumor necrosis
factor-a (TNF-a), IL-6, IL-12, and IL-100". In food allergy patients with enteritis,
studies have found that VIP can increase the expression of TSP1, stabilize the
expression of IL-10 in food allergy Bregs, and restore immune regulation function,
thereby reducing the food allergy response. The results show that VIP has therapeutic
potential for treating food allergy and other diseases related to Bregs immune
regulation dysfunction?'.

However, the therapeutic effect of VIP in the management of UC has not been
confirmed. Some studies have shown that the number of VIP positive nerve fibers in
UC patients either decreases or remains unchanged™ 1. Other studies have revealed
that the level of VIP in the colon of UC patients increases with increased mRNA
expression and VIP levels in neurons™*!. Similarly, plasma VIP level was also found
to be elevated in UC patients™!. Studies on the expression of VIP in UC patients are
limited and contradictory, which might be due to the diversity of tissue sampling
methods and patient populations. Jayawardena et al” reported that the VPAC1
receptor might mediate the pro-inflammatory effect of VIP, and VPAC2 might mediate
the anti-inflammatory effect of DSS-induced colitis™. In addition, recent studies have
shown that VIP and its receptor, VPAC1, cannot be detected in the tissues of IBD
patients with severe mucosal barrier disorders™. These results suggest that the VIP
response disorder may be one of the causes of IBD.

VIP plays a key role in protecting the colon epithelium from pathogenic bacteria.
Impaired crypt cell dynamics in VIP knockout mice, including reduced proliferation
and migration of intestinal epithelial cells (IEC) and their increased apoptosis, resulted
in a percolating intestinal barrier susceptible to DSS- and TNBS-induced colitis. In
addition, impaired proliferation and increased apoptosis of IEC may be one of the
reasons for impaired epithelial regeneration in VIP knockout mice. Similarly, in IBD
patients, the inflammatory changes in VIP* neurons and their receptors may lead to
occurrence of the disease through the loss of VIP-mediated epithelial homeostasis
regulation™**,

VIP plays a critical role in the development and maintenance of the integrity of
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colonic epithelium and the mucus barrier, possibly by activating caudal type
homeobox transcription factor 2. VIP regulates the proliferation, migration,
maturation, and secretion of bioactive cup-cell peptides in Cogu crypt cells to promote
tissue repair and homeostasis, thereby controlling the susceptibility to colitis.

VIP REGULATES THE EXPRESSION OF IL-10 IN BREGS

VIP is a peptide secreted by nerve and immune cells. As a cytokine/chemokine, VIP
performs a wide range of immune functions. It affects the innate and adaptive
immunity through interactions with specific receptors, VPAC1, VPAC2, chemo-
attractant receptor-homologous molecule 2, and PAC1"1. Both T and B lymphocytes
express the VIP-related receptors!!, suggesting that B lymphocytes may regulate their
immune response through VIP partly*l. The levels of VIP in neurons and non-neurons
were lower in UC patients. In UC, substance P and VIP decreased simultaneously.
Further study is needed to determine the role of the neuropeptide in UCIL.

In innate immunity, VIP inhibits the production of inflammatory cytokines
(interferon-y, TNF-a, IL-6, and IL-17) and chemokines by immune cells (monocyte
chemotactic protein-1, nuclear factor kappa-B), reduces the expression of co-
stimulatory molecules (B7-1, B7-2 and CD40) on antigen-presenting cells, and reduces
the stimulation of antigen-specific CD4" T cells. In addition, in adaptive immunity, VIP
promotes the Th2 immune response and reduces the inflammatory Th1 response!*.
Although the exact mechanism remains to be clarified, VIP seems to regulate the
Th1/Th2 balance in several ways as discussed below. First, VIP inhibits the production
of the Thl-related cytokine, IL-12"l. Second, VIP was reported to induce the
expression of CD86 in resting mouse DCs, which played an important role in the
development of Th2 cells!*l. Third, VIP inhibited CD95 (FasL) and granulase B-
mediated apoptosis of mouse T2 cells but not of Thl effector cells!’l. Lastly, VIP
induced Th2 major transcription factors, c-MAF, GATA-3, and JUNB, during the
differentiation of CD4'T cells in mice to inhibit T-bet, which is necessary for the
differentiation of Th1 cells!*). Therefore, VIP regulates the Th1/Th2 balance by directly
acting on T cell differentiation and indirectly regulating the antigen presenting cell
function.

Previous studies have shown that exogenous VIP can alleviate the histopathological
symptoms of TNBS-induced colitis®!. Studies have shown that rVIPa (VIP analogue)
can improve TNBS-induced colitis in rats and effectively protect intestinal mucosal
barrier function, and rVIPa can be used as a new alternative therapy for the treatment
of intestinal inflammatory diseases!*’. VIP reinstated immune tolerance by down-
regulating the inflammatory response and inducing Tregs™.. VIP and PACAP inhibit
IL-10 through direct transcriptional events. Unlike IL-2, IL-4 and IL-10 act as pro-
inflammatory or anti-inflammatory cytokines, depending on the type of immune
response they are involved inl!l. Specific VPAC1 receptors mediate the stimulation of
VIP/PACAP, and cAMP is the main second messenger involved. VIP/PACAP
increased lipopolysaccharide (LPS) to stimulate IL-10 mRNA in cells, and the effects of
transcription and protein synthesis inhibitors suggested the de novo production of IL-
10 protein. It may work together with pro-inflammatory cytokines, such as IL-6 and
TNF-q, in vivo to reduce the intensity of the immune response. It has been proved that
lentivirus VIP can down-regulate the expression of pro-inflammatory TNF mRNA and
protein and up-regulate the expression of anti-inflammatory IL-10 mRNA and protein.
In addition, VIP reduced the expression of TNF in mouse macrophages stimulated by
LPS through the protein kinase C and protein kinase A pathways.

CD5" B cells are regulatory immune cells. Some studies have found that the
expression level of TLR9 in colon lamina propria (LP) CD5" B cells is higher than that in
CD5- B cells. Compared with LP CD5- B cells, colon LP CD5* B cells stimulated by TLR
ligand produced more IL-10. Acute intestinal inflammation can temporarily reduce the
frequency of colon LP CD5* B cells, while chronic inflammation can lead to the
continuous decrease of colon LP CD5* B cells and lead to the state of mainly CD5- B
cells. This study concluded that the continuous changes in mucosal B cells caused by
chronic intestinal inflammation may be involved in the pathogenesis of IBDI™.
However, IL-10 secreted by Bregs may also be regulated by VIP and may affect the
immune balance in intestinal inflammation, but this needs to be confirmed in future
studies™l. Recently, we found in human peripheral blood samples and in animal
experiments that insufficient VIP levels in the UC intestinal microenvironment
accelerated the degradation of IL-10 mRNA, leading to dysfunction of Bregs™l. VIP
plays an important role in stabilizing the expression of IL-10 mRNA in Bregs. The
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administration of VIP can effectively inhibit experimental colitis in mice, suggesting
the transformation potential of VIP in the treatment of UC.

In summary, VIP is a neuropeptide present in the lymphoid microenvironment and
is a potent anti-inflammatory drug that inhibits the function of activated macrophages
and Th cells. VIP may regulate the expression of IL-10 through different pathways,
and IL-10 produced by B10 cells has been shown to play an important role in the Th2
immune regulation of UC. Stimulation of the transcription of IL-10 by VIP/PACAP
could have important therapeutic potential (Figure 1). To date, VIP (Avidil in clinical
application) has been successfully used in pulmonary hypertension and sarcoidosis.
VIP in its native form, using sterically stabilized micelles treatment significantly
reduced the mRNA levels of pro-inflammatory cytokines and showed significant
histological recovery. Therefore, these results indicate that as a nanodrug, the anti-
inflammatory and anti-diarrhea effects of VIP can be achieved in a single dose.
Therefore, the study suggested the development of VIP SSM as a potential therapeutic
tool for UCFL,

CONCLUSION

Usually, peripheral blood samples are collected from UC patients. Bregs are isolated
from these samples and their immune regulatory function (serum IL-10 and VIP
levels) is analyzed. Although an increasing number of studies have focused on Bregs
in recent years, many problems concerning Bregs still need to be resolved. It remains
unclear which antigen can promote the development of Bregs. Moreover, although
TLRs, CD40, and CD80/CD86 are known to be involved in the activation of Bregs,
whether other important co-stimulatory molecules or cytokines are involved in this
process is unclear. In addition, IL-10 is a key factor in the negative regulatory function
of Bregs, and further studies are needed to determine how IL-10 secreted by Bregs
plays its role, whether it is expressed by specific transcription factors and whether
immune tolerance to autoantigens is temporary or permanent. With further clarity on
the mechanism of the regulation of IL-10 expression by VIP-Breg axis of colitis
patients, we believe that VIP would provide a novel strategy for the clinical treatment
of UC.
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Figure 1 Underlying mechanisms of vasoactive intestinal peptide interference of ulcerative colitis by regulating the expression of
interleukin-10 in regulatory B cells. Breg: Regulatory B cell; IL: Interleukin; Th: T helper; TNF-a: Tumor necrosis factor-a; UC: Ulcerative colitis; VIP:
Vasoactive intestinal peptide.
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Abstract

Gut microbiota is a community of microorganisms that reside in the gastro-
intestinal tract. An increasing number of studies has demonstrated that the gut-
liver axis plays a critical role in liver homeostasis. Dysbiosis of gut microbiota can
cause liver diseases, including nonalcoholic fatty liver disease and alcoholic liver
disease. Preclinical and clinical investigations have substantiated that the
metabolites and other molecules derived from gut microbiota and diet interaction
function as mediators to cause liver fibrosis, cirrhosis, and final cancer. This effect
has been demonstrated to be associated with dysregulation of intrahepatic
immunity and liver metabolism. Targeting these findings have led to the
development of novel preventive and therapeutic strategies. Here, we review the
cellular and molecular mechanisms underlying gut microbiota-mediated impact
on liver disease. We also summarize the advancement of gut microbiota-based
therapeutic strategies in the control of liver diseases.

Key Words: Gut microbiota; Intrahepatic immunity; Metabolite; Fecal microbial
transplantation; Probiotic; Antibiotic

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
7603

December 28,2020 | Volume?26 | Issue48 |


https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v26.i48.7603
http://orcid.org/0000-0002-5631-4362
http://orcid.org/0000-0002-5631-4362
http://orcid.org/0000-0002-5631-4362
http://orcid.org/0000-0002-4895-5864
http://orcid.org/0000-0002-4895-5864
http://orcid.org/0000-0002-4895-5864
http://orcid.org/0000-0003-4435-0240
http://orcid.org/0000-0003-4435-0240
http://orcid.org/0000-0003-3882-4251
http://orcid.org/0000-0003-3882-4251
http://orcid.org/0000-0001-9869-3375
http://orcid.org/0000-0001-9869-3375
http://orcid.org/0000-0002-1227-1305
http://orcid.org/0000-0002-1227-1305
http://orcid.org/0000-0002-5046-1142
http://orcid.org/0000-0002-5046-1142
http://orcid.org/0000-0003-2207-0379
http://orcid.org/0000-0003-2207-0379
http://orcid.org/0000-0003-2207-0379
http://orcid.org/0000-0002-9817-568X
http://orcid.org/0000-0002-9817-568X
http://orcid.org/0000-0002-9817-568X
mailto:liguan@health.missouri.edu

Qi X et al. Gut-liver axis in liver injury

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: htt
p:/ / creativecommons.org/ License
s/by-nc/4.0/

Manuscript source: Invited
manuscript

Specialty type: Gastroenterology
and hepatology

Country/Territory of origin: United
States

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

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

Grade D (Fair): 0

Grade E (Poor): 0

Received: October 20, 2020
Peer-review started: October 20,
2020

First decision: November 13, 2020
Revised: November 24, 2020
Accepted: December 6, 2020
Article in press: December 6, 2020
Published online: December 28,
2020

P-Reviewer: Yuan J
S-Editor: Huang P
L-Editor: A
P-Editor: Liu JH

Jaishideng®

Core Tip: Accumulating evidence shows that gut microbiota plays a critical role in liver
pathophysiology and targeting gut microbiota is a potential treatment option for
chronic liver disease. Herein, this review explores the cellular and molecular
mechanisms of how gut microbiota contributes to liver diseases, including alcohol-
induced and nonalcohol-induced liver fatty liver diseases, liver fibrosis, cirrhosis, and
cancer. This review also summarizes the current gut microbiota-based therapeutic
strategies and discusses future directions in promoting gut microbiota-based therapy
for liver diseases.
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INTRODUCTION

The growing evidence of gut microbial roles in human diseases attracts researchers’
attention in exploring gut microbiota-mediated therapy. The gut microbiota is defined
as the entire community of microorganisms residing in the gastrointestinal tract, and it
is dominated mainly by bacteria. In the earlier stages of investigation, people focused
solely on the gut microbiota’s function regarding modulation of human nutrition and
metabolism, on which a healthy status relies. However, dysbiosis of the gut
microbiome may cause inflammatory bowel disease and bacterial infection in addition
to impairing human alimentation”. Nowadays, growing evidence has emerged to
demonstrate how gut microbiota profoundly and systemically influences human
health and disease through various mechanisms, particularly influencing cancer. It has
been discovered that gut microbiota and their associated metabolites are closely
related to malignant tumor generation by developing chronic inflammation and
immune surveillance dysregulation.

More interestingly, due to the close anatomical and physiological connection
between the gut and liver, the role of gut microbiota and its associated metabolites
were found in liver diseases from many studies (discussed in the following sections).
By focusing our attention on the interactions between gut microbiota and liver
diseases, we are pulling back the curtain on how gut microbiota and its associated
metabolomes influence liver health and disease. However, it seems as though these
findings are but the tip of the iceberg. Many questions still remain. Some cause-specific
and disease severity-specific microbiota in liver diseases have been reported, but the
underlying mechanisms are still unclear or only show a piece of the whole picture. For
example, there are distinct explanations for antibiotics cocktail (ABX) mediated
suppression of hepatocellular carcinoma (HCC) tumor progression. Therefore, it is not
surprising that many different independent studies targeted the same question to
attain different answers, as gut-mediated effect on the liver is involved by a wide
range of factors. This further confirms that interactions amongst the gut microbiota
and liver work through multiple pathways. These interactions may have developed
over a long period as a result of evolution. A systemic review of recent research
findings in the gut-liver axis helps to dig the underlying mechanism of how the gut
modulates liver function and disease treatment.

Here, we discuss the current findings in correlations between gut microbiota and
categorized liver diseases. The perspectives of underlying mechanisms will be
reviewed and summarized. Development in gut-microbiota-manipulation-based
preventive and therapeutic strategies in liver diseases also will be considered. Given
all the current progress, gaps in understanding the influence of gut microbiota on liver
diseases are proposed, and the feasible directions are prospectively assumed.
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DYSBIOSIS OF GUT MICROBIOTA FACILITATES LIVER DISEASES

Nonalcoholic fatty liver disease and alcoholic liver disease

Nonalcoholic fatty liver disease (NAFLD) and the advanced stage nonalcoholic
steatohepatitis (NASH) are currently the most common types of liver disease in
humans. Studies have indicated that alteration of gut microbiota is involved in the
development of NAFLD and NASHP4. Endotoxemia induced by increased gut
permeability has been observed in patients with NAFLD, suggesting that gut
permeability-induced inflammatory pathways contribute to NAFLD pathogenesis!.
Small intestinal bacterial overgrowth (SIBO) is another often observed dysbiosis of gut
microbiota occurring in NAFLD/NASHP. Along with the altered intestinal micro-
biota profiles, SIBO was seen in most patients with cirrhosis’l. The presence of SIBOs
may partially explain why the permeability of the gut increases. Gut permeability and
SIBOs enhance the hepatic expression of Toll-like receptor 4 (TLR-4) and the
production of interleukin 8 (IL-8). Therefore, determining the specific pathogenic
bacteria species has been made a very appealing question. Clinical studies revealed
that patients with NASH exhibited significantly lower concentrations of Bacteroidetes in
their gut compared to healthy individuals'". Meanwhile, another cohort study
showed that high-alcohol-producing Klebsiella pneumoniae was associated with up to
60% of NAFLD patients!”. Selective depletion of K. pneumoniae before fecal microbiota
transplant (FMT) from NASH patients into mice prevented NAFLD development in
recipient mice. In contrast, the study on patients with alcohol-induced liver cirrhosis
exhibits a decreased proportion of Bacteroidaceae family than healthy individuals!'”.
Also, the analysis of the gut microbiota profiles in patients with cirrhosis revealed an
increase in pathogenic bacteria and a decrease in beneficial bacteria, such as a
decreased Bacteroidetes along with overgrowth of the Proteobacteria and
Enterobacteriaceae species!'"'?. However, it remains unclear if this change drives disease
or it comes from disease as a result. To answer this question, a well-designed, large-
scale clinical and experimental investigation is needed. Moreover, in excessive alcohol
intake induced gut microbiota dysbiosis, the intestinal innate immune responses, such
as secreted antimicrobial molecules, may impact disease development. For example,
the reduced bactericidal c-type lectins, Reg3b, and Reg3g in the small intestines were
discovered after alcohol feeding, further causing SIBO and dysbiosis in micel*l.

HCC

HCC, the final stage of chronic liver disease, has been evidenced to have gut
microbiota involved in its initiation and progression. In DEN/CCI, induced HCC
murine model, germ-free mice presented fewer and smaller tumors compared to its
syngeneic parallel, indicating that gut commensal flora is required for tumor
progression and the activation of TLR-4 by lipopolysaccharide (LPS) promotes tumor
generation. In HCC murine models, studies also demonstrated that the administration
of ABX in tumor-bearing mice effectively slowed tumor progression>'l. Even though
the underlying mechanisms were distinct in those studies, which will be further
discussed in the following sections, we can assume modulating gut microbiota is
favorable to prevent liver cancer. However, there is still a lack of clinical data to
support it. In addition, obesity-induced gut microbiota dysbiosis that produces DNA
damaging bacterial metabolites has been indicated to facilitate HCC development in
high-fat diet (HFD)/carcinogen 7,12-dimethylbenz[a]anthracene treated murine
model. Furthermore, the administration of antibiotics was able to reduce the
prevalence of tumors in the chemically treated mice!"”l. However, in those studies, the
relevant specific bacteria species remain unclear. Clearly identifying either specific
pathogenic or beneficial bacteria species may be the next mission.

MODULATION OF INTRAHEPATIC IMMUNITY, THE CENTRAL ROLE OF
GUT MICROBIOTA IN LIVER DISEASE

Although etiologies vary in liver diseases, inflammation and liver fibrosis are the basis
for most liver diseases. The intrahepatic immunity has been certified as an acting
point, as gut microbiota can play different roles in liver inflammation and
establishment of fibrosis through different liver infiltrating immune cells and resident
hepatic cells””. Furthermore, the immune checkpoints emerged as a central pivot to
modulate disease progression with gut microbiota-derived metabolites as informatic
messengers (Figure 1) and various TLRs as informatic receivers.
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Figure 1 The development of liver diseases. Without effective treatment or preventive strategies, fatty liver disease, alcohol-induced liver disease,
nonalcoholic fatty liver disease, and nonalcoholic steatohepatitis can result in liver fibrosis, cirrhosis, and hepatocellular carcinoma. Gut microbiota-derived molecules,
including lipopolysaccharide, CpG, and secondary bile acids, initially activate liver resident cells to produce cytokines and chemokines. Quiescent hepatic stellate
cells (HSCs) can be activated and transformed into myofibroblasts (MFBs), which is mediated by chemokines and cytokines released by liver-infiltrating
macrophages, leukocytes, and other cell types, including fat cells and damaged hepatocytes. MFBs are the predominant source of collagen-producing cells and other
extracellular matrix proteins (ECM). With effective treatment, such as fecal microbiota transplant, probiotics, and anti-profibrogenic factors, fibrosis is reversible. The
treatments that induce apoptosis (or deactivation) of activated HSCs or MFBs and degrade the ECM proteins can reduce the stiffness of the liver, reverse liver
fibrosis, and inhibit the progression of liver disease. FL: Fatty liver; ALD: Alcohol-induced liver disease; NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic
steatohepatitis; HCC: Hepatocellular carcinoma; ECM: Extracellular matrix proteins; HFD: High-fat diet; FMT: Fecal microbiota transplant; LPS: Lipopolysaccharide;
SBAs: Secondary bile acids; HSC: Hepatic stellate cells.

Hepatic resident and infiltrating cells

Hepatic cells are comprised of parenchymal hepatocytes and the non-parenchymal
cells (NPCs), including quiescent hepatic stellate cells (HSCs), Kupffer cells (KCs),
liver sinusoidal endothelial cells (LSECs), and diverse lymphocytes (e.g., natural killer
cells, NKT cells), which play crucial roles in the liver health and disease!"”*’l. Here, we
discuss how gut microbiota modulates intrahepatic immune responses by different
hepatic cell types.

Hepatocytes: Hepatocytes consist of two-thirds of the total liver cell population and
are responsible for the primary metabolic functions and engage in the immune
responses by interacting with NPCs”. In different mouse models of liver fibrosis,
either induced with alcohol or non-alcohol (e.g., CCl, or HFD), injured hepatocytes
release reactive oxygen species and fibrogenic mediators, which recruit lymphocytes
and promote the activation of HSCs’. The Notch signaling pathway also plays a
pivotal role in liver development, liver repair, and carcinogenesis?’. Notch activation
in hepatocytes can induce and promote liver fibrosis in normal chow diet and NASH
diet-fed micel™, respectively. Even though the mechanism by which the gut microbiota
directly impacts the Notch signaling in hepatocytes is unclear, some studies have
shown that dysbiosis of gut microbiota may increase the activation of the Notch
signaling pathway, thus promoting tumor regression!. In addition, the TLR signaling
pathway of hepatocytes is directly involved in the gut-liver axis, which will be
discussed in the following context.

HSCs: HSCs reside in the space of Disse (perisinusoidal space) between the
hepatocytes and LSECs. Their main functions include the storage of vitamin A and
lipid droplets™). HSCs are the primary sources of liver myofibroblasts*! and play a
key role in the initiation, progression, and regression of liver fibrosis*l. All other liver
cells can directly or indirectly impact the activation, trans-differentiation of HSCs to
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myofibroblasts, and their deactivation. There are multiple cellular and molecular
signals involved in these reactions”. The interaction of HSCs with other hepatic cells
is bidirectional. For instance, upon activation, HSCs, in turn, can further activate
macrophages by secreting macrophage colony-stimulating factor (M-SCF), MCP-1, IL-
6, RANTES, and so onl.

KCs: Liver macrophages, including the liver resident KCs and circulating monocyte-
derived macrophages, play essential roles in various liver diseases, including virus
hepatitis, alcoholic liver disease (ALD), NAFLD, NASH, and HCCF'*.. The purpose of
macrophages in NAFLD and NASH and the underlying mechanisms involved in liver
inflammation and liver fibrosis have been well summarized recently”. Gut-derived
endotoxins (LPS), lipid metabolites, and hepatocyte damage-associated molecules are
the main factors inducing macrophage activation in NAFLD". Furthermore, the
activated macrophages secrete chemokines (e.g., CCL2) and cytokines (e.g., TGF-p1),
which leads to the activation of T cells and the transformation of HSCs into
myofibroblasts.

LSECs: With the loss of fenestration, capillarized LSECs reduce the transfer of
nutrients and other products from the blood to hepatic cells™*l, which occurs with
liver fibrosis in animals and humans!™!. The capillarized LSECs can secrete TGF-p1 and
contribute to the accumulation of extracellular matrix proteins, including fibronectin
and laminin in the liver, promoting the activation of HSCs and contributing to the
formation of liver fibrosis™. Xie ef al®”! reported that the reversal of LSEC differ-
entiation with the use of BYY 60-2770, an activator of soluble guanylate cyclase (sGC),
prevented the progress of rat liver cirrhosis. LSECs are directly exposed to dietary and
bacterial products from the gut through the portal circulation. It has been shown that
there is a link between the fenestration of LSECs and diet-induced changes in the gut
microbiome. The increase of fenestration of LSECs was associated with a high
abundance of Firmicutes and a low amount of Bacteroidetest™.

NKT cells: In vivo animal studies showed that alteration of gut bacteria with ABX
treatment induced a liver-selective anti-tumor effect with an increase of hepatic
CXCR6*NKT cells and heightened IFN-y production upon antigen stimulation!"l. NKT
cell accumulation was regulated by CXCL16 expression of LSECs, which is controlled
by gut microbiome-mediated primary-to-secondary bile acid (SBAs) conversion*l.
Similarly, Zhang et al™ reported a significant increase of primary bile acids (PBAs) in
the large intestine of mice treated with antibiotics such as vancomycin and imipenem.
This antibiotic treatment was also associated with the selective suppression of several
bacterial species such as Clostridium, responsible for deconjugating PBAs into SBAs.
Selective depletion of intestinal bacteria Firmicutes increases PBA levels, which further
promotes hepatic NKT cell accumulation and NKT-mediated anti-tumor effect,
indicating that modulating gut microbiota is an optional strategy for HCC treatment.

Immune checkpoints

The efficacy of anti-immune checkpoints (PD-1 or CTLA4) in cancer treatment was
markedly reduced in germ-free mice or specific-pathogen-free mice treated with
broad-spectrum antibiotics!". For instance, the efficacy of anti-CTLA4 on melanoma
immunotherapy in mice and patients was associated with Bacteroides fragilis, since
gavage with B. fragilis or adoptive transfer of B. fragilis-specific T cells recovered the
anti-tumor efficacy of CTLA4 blockade in antibiotic-treated or GM micel*!l. Similarly,
the abundance of Akkermansia muciniphila was associated with the effectiveness of anti-
PD-1 immunotherapy!*l. FMT from cancer patients who were not responding to anti-
PD-1 treatment to tumor-bearing mice failed to ameliorate the anti-tumor effects of
anti-PD-1. In contrast, oral supplementation of A. muciniphila restored the anti-tumor
efficacy of anti-PD-1 in those mice!*l. Meanwhile, Gopalakrishnan et al*’ also reported
the gut microbiota modulated therapeutic responses to anti-PD-1 immunotherapy in
human melanoma patients. lida et al*! concluded that antibiotic-induced disruption of
gut microbiota impaired both CpG oligonucleotide immunotherapy and platinum
chemotherapy in their subcutaneous breast cancer murine model. Investigation on
anti-immune checkpoints on HCC has recently begun!**l; however, the role of gut
microbial effects on the blockage of immune checkpoints in liver diseases remains
unclear. Notably, immune checkpoint inhibitors-associated hepatotoxicity should not
be ignored"’*l. For example, clinical trials have shown that alanine aminotransferase
elevations in grade 3-4 levels are observed in approximately 20% of patients who are
treated with ipilimumab (CTLA-4 inhibitor) and nivolumab (PD-1/PD-L1 inhibitor)®’.
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Metabolites

Currently, the role of microbiota in liver diseases has been broadly investigated™”. Gut
microbiota-associated metabolites such as fatty acids, amino acids, and carbohydrates
are a group of contributory factors involved in the modulation of intrahepatic immune
responses!”l. Ma et all"”! observed that manipulation of gut microbiota by treatment
with an ABX can suppress liver tumor growth via accumulated NKT cells, which
increased anti-tumor immunity in the liver. Modulating commensal gut microbiota
composition with ABX treatment changed the bile acid metabolism and significantly
increased the PBA production in the liver microenvironment. This rise in PBA
production elevated CXCL16 expression on LSECs, which recruited more CXCR6
specific NKT cells to the liver. Conversely, SBAs have been shown to reverse this
phenomenon and reduce CXCL16 expression on LSECs. As such, alteration of the ratio
of PBAs to SBAs resulted in the growth of hepatic NKT cell accumulation in the ABX
treated mice compared to control mice. In addition, the conversion of PBAs to SBAs
can be significantly inhibited with the treatment of antibiotics. SBAs, such as
deoxycholic acid, activated mTOR to promote the HCC development in NASH mice
fed with a steatohepatitis-inducing high-fat diet (STHD-01)I"”. Accumulation of free
fatty acids in hepatocytes can also induce lipotoxicity, which causes hepatocellular
injury and NAFLD progression'™. Similarly, excess carbohydrates from dietary intake
can be de novo synthesized to lipids in the liver, causing lipotoxic liver injury®™l. The
characteristics of metabolites of gut bacteria with the association of liver diseases
found in recent studies are summarized in Table 1. The mechanisms of how
microbiota-derived metabolites might influence liver diseases or their potential roles
as diagnostic markers have been summarized when we were drafting this review ',

TLRs

The TLR family is one of the best-characterized families of pattern recognition
receptors!”, which can activate the innate immune system by recognizing pathogen-
associated molecular patterns and damage-associated molecular patterns®l. There are
a total of 13 TLRs in mammals; only TLR1 to 10 exist in humans*. TLRs, excluding
TLR10, can bind with different bacteria-derived molecules to participate in the
inflammatory and immune responses!®. The gut-liver axis defines the close anatomic
connection, through the circulation of the portal vein and biliary tract, and the
functional interaction of the gastrointestinal tract and the liver®l. Through the portal
vein, bacteria-derived products, including LPS and CpG-containing DNA, might
regularly activate TLR signaling pathway in the hepatocytes and other hepatic cells.
Current studies have demonstrated that TLR signaling pathways play pivotal roles in
liver inflammation, fibrosis, regeneration, and carcinogenesis*“l. TLRs are broadly
expressed in hepatic cell populations, including hepatocytes, LSECs, KCs,
lymphocytes, DCs, biliary epithelial cells, and HSCs!*", which link the gut-liver axis. In
this review, we summarize the recent findings of the role of TLRs in liver diseases.

TLR1, TLR6, and TLR10: Currently, TLR10 is the only member of the human TLR
family without a definite known ligand, function, and localization””. Phylogenetic
analysis shows that TLR10 is most related to TLR1 and TLR6, both of which mediate
immune responses in cooperation with TLR2". The study of chimeric receptors of
TLR10 indicated that it can sense triacylated-lipopeptides and other microbial-derived
agonists, the ligands of TLR1"". We will not describe the separate roles of these three
TLRs at this point.

TLR2: Liver injury resulting from adenovirus or CCl, promoted more robust liver
inflammation by releasing the TLR2/TLR4 ligands, including HSP60, gp96,
HMGB1. The amplified non-autoimmune hepatitis (AIH)-inflammation could result
in the initiation of AIH, a severe autoimmune liver disease, which can lead to fibrosis,
cirrhosis, and HCC. Conversely, TLR2 deficiency promoted HCC development in
C57BL/6 mice associated with the increase of Ly6C"s"[L18Ra* myeloid-derived
suppressor cells and with impaired CD8" T cells function”. This result further
confirmed the previous finding that TLR2 knockdown by siRNAs inhibited the
proliferation of HCC cell line BLE-7402, which was associated with a reduction of IL-6
and IL-8 production!.

TLR3: TLR3 activation by agonist double-stranded RNA BM-06 or poly(I:C) induced
apoptosis of HepG2.2.15 HCC cells". The analysis of human HCC tissue also
indicated that the expression of TLR3 positively correlated with apoptosis of HCC cells
and negatively correlated with the proliferation of HCC cells and angiogenesis!™,
suggesting that TLR3 expression may serve as a prognostic marker of HCC.
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Liver Sample . NI Yo o (v
. s Metabolites Gut microbiota Functions in liver disease Ref.
disease sources
NAFLD  Serum 3-(4-hydroxyphenyl) lactate Abundance in bacteria Firmicutes, Bacteroidetes, It is positively associated with liver fibrosis 1
Proteobacteria
NAFLD  Serum Eight lipids (5a-androstan-3 monosulfate, pregnanediol-3-glucuronide, Without special bacterial species Glycocholate is positively associated with advanced liver fibrosis &1
androsterone sulfate, epiandrosterone sulfate, palmitoleate,
dehydroisoandrosterone sulfate, 5a-androstan-3p disulfate,
glycocholate), one amino acid (taurine) and one carbohydrate (fucose)
FL Stool Tryptamine and I3A Microbiota-dependent without exact bacterial ~ They inhibited the pro-inflammatory cytokines in macrophages and hepatocytes. I
species I3A attenuated inflammatory responses under lipid loading and reduced the
expression of fatty acid synthase and sterol regulatory element-binding protein-1c
FL Stool Gly-MCA Increases in the ratio of Bacteroidetes/ Firmicutes Gly-MCA is an intestinal FXR antagonist, which inhibits HFD-induced fatty liver (2]
HCC Stool Secondary bile acids, such as deoxycholic acid Increase of Bacteroides and Clostridium cluster ~ Bile acids derived from the increased microbiota promote the progression of HCC (e
XVIIL Low of Streptococcus, Bifidobacterium, and
Prevotella
HCC Stool Bile acids, such as primary bile acid CDCA Increase in Clostridium species Removing gram-positive bacteria by antibiotic treatment with vancomycin, which (1
contains the bacteria mediating primary-to-secondary bile acid conversion, was
sufficient to induce hepatic NKT cell accumulation and decrease liver tumor
growth
Liver Stool Glutamic acid, fumaric acid, 4-aminobutyric acid, succinic acid, High of Enterobacteriaceae and Veillonella. Low  These metabolites are involved in the KEGG pathway in nitrogen metabolism e
cirrhosis isoleucine, valine, lactic acid, mannitol, sorbitol, carbamide, 4- of Bacteroidetes alanine, aspartate, and glutamate metabolism, and valine, leucine, and isoleucine,
aminobutyric acid, 5-aminopylamine, glutamate, proline, pantothenate and CoA biosynthesis, glycolysis/ gluconeogenesis, fructose and
hydroxyproline mannose metabolism, arginine and proline metabolism
NAFL or  Stool 1-pentanol and 2-butanone, and 4-methyl-2-pentanone Abundance in Oscillospira, Dorea, and The results indicated that significantly lower levels of Oscillospira and higher 19
NASH Ruminococcus levels of 1-pentanol and 2-butanone in NAFL patients compared to healthy ones.
In NASH, lower levels of Oscillospira were associated with a higher abundance of
Dorea and Ruminococcus and higher levels of 2-butanone and 4-methyl-2-
pentanone compared to CTRLs
ALD Stool, e.g., SCFAs butyrate and propionate The main harmful bacterial species included Metabolites are affected by chronic ethanol feeding or consumption, including (o
urine altered Bacteroides phylum as well as Bilophila, amino acids, steroids and their derivatives, fatty acids and conjugates

Alistipes, Butyricimonas, Clostridium, Proteus,
and Escherichia coli. Faecalibacterium

NAFLD: Nonalcoholic fatty liver disease; FL: Fatty liver; I3A: Indole-3-acetate; Gly-MCA: Glycine-p-muricholic acid; HFD: High-fat diet; HCC: Hepatocellular carcinoma; CDCA: Chenodeoxycholic acid; NAFL: Nonalcoholic fatty liver;
NASH: Nonalcoholic steatohepatitis; ALD: Alcohol-induced liver disease; SCFAs: Short-chain fatty acids.
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TLR4: TLR4 is one of the most well-known TLRs implicated in the liver inflammation-
fibrosis-cancer axis. TLR4 Ligands, including LPS, can induce liver fibrosis by
promoting the transformation of HSCs to myofibroblasts through the TLR4-MyD88-
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NF-«B signaling pathway"l. Dapito et al"! reported that TLR4 was required for HCC
progression but not the initiation, which is relative not limited to the increase of
hepatomitogen epiregulin. Suppressing the TLR4 signaling pathway in HSCs by
Dectin-1, the major progenitors of myofibroblasts, inhibited hepatic fibrosis and
hepatocarcinogenesis””l. Moreover, blockage of TLR4 also potentially inhibited the LPS
induced inflammatory reaction and other immune responses!l.

TLR5: TLR5 knockout can attenuate CCl-induced liver fibrosis in wild-type C57BL/6
mice and the activation of HSCs via inhibiting NF-xB and MAPK signaling
pathways. Through the same signaling pathway, TLR5 knockdown also can
ameliorate hyperammonemia (HA)-induced liver injury in rats by inhibiting
hepatocyte apoptosis, inflammation, and oxidative stress®*’.

TLR7: TLR7 activation by its natural ligand imiquimod can induce autophagy and
release of insulin-like growth factor (IGF-1) and inhibit lipid accumulation in
hepatocytes induced by unsaturated fatty acid (arachidonic acid: oleic acid = 1:1) in
vitro®l. More so, in vivo experiments also showed that TLR7 knockout prevented
NAFLD progression via inducing autophagy and the release of IGF-1 from the liver.

TLR8: Even though not many studies about the role of TLRS are reported currently, its
role in liver disease should not be ignored. Stimulation of liver intrasinusoidal cells
with TLR agonist 1/2,2,2/6,3,4,5,7, 8, or 9 (respectively Pam3CSK4, HKLM, FSL-1,
poly(I:C), LPS, flagellin, imiquimod, ssRNA40, or CpG ODN2216) indicated that only
the TLR8 agonist ssRNA40 selectively can activate the innate immune cells to produce
IFN-y™.,

TLRY: TaklAHep mice with hepatic deletion of transforming growth factor-B-activated
kinase 1 (TaklAHep) can develop a spontaneous liver injury, inflammation, fibrosis,
and HCC, mimicking the progression of human HCC*.. Ablation of TLR9 or TLR4
suppressed the spontaneous process liver inflammation-fibrosis-cancer axis in
TaklAHep mice. The inhibition of HCC progression was associated with downstream
signaling molecules MyD88 and TNFR.

MANIPULATION OF GUT MICROBIOTA, A PROMISING THERAPEUTIC
STRATEGY IN LIVER DISEASE

We have previously highlighted the strong correlations between liver disease and the
intestinal microbiota. Further, the modulation of gut microbiota and its products may
prove to be a promising target for liver disease and HCC treatment. For example, the
abundance of Enterococcus faecalis was associated with liver disease severity and the
mortality of patients with alcoholic hepatitis due to cytolysin production®. Treatment
with E. faecalis-targeted bacteriophages can ameliorate alcohol-induced liver disease in
humanized mice by reducing liver cytolysin. The intestinal microbiome contains
seven-fold more genetic material than the human genome, providing an abundance of
potential therapeutic targets. Here, we focus on current studies involving probiotics,
FMT, and antibiotics in liver disease treatment.

Probiotics, a new use of an old remedy against liver diseases

Probiotics, prebiotics, and synbiotics have recently undergone investigation for their
ability to influence the gut microbiota composition”. Research has long established
that probiotic yogurt can positively impact gut health®!, and more so, the prebiotic
insulin was shown to reduce hepatic lipogenesis and plasma triglyceride
concentrations in human patients!. Further, the use of probiotics to combat the
altered gut microbiota profile in liver disease is currently being investigated in clinical
trials!®)l. One recent randomized, double-blind, placebo-controlled study investigated
the effects of probiotic treatment on intrahepatic fat fractions in 68 patients with
NAFLD. They reported that patients exhibited decreased intrahepatic fat fractions
after 12 wk of probiotic treatment (from 16.3% + 15.0% to 14.1% + 7.7%, P = 0.032),
with an overall mean decrease of 2.61% when compared to baseline measurements!®l.
Although the argument that this statistical significance may not be clinically
significant, the authors propose a mechanism by which specific probiotic agents may
aid in correcting dysbiosis rather than directly decreasing hepatic fat. Moreover, this
may lead others to investigate the use of probiotics for correcting dysbiosis in liver
disease.
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FMT, a star of tomorrow to control patient’s gut microbiota in personalized therapy
FMT is also an old yet underrepresented area of investigation. This technique has
gained considerable attention after its effectiveness in the last resort treatment of
antibiotic-resistant infections such as Clostridium difficile!®). The advantage of FMT from
healthy persons to patients is the resetting of gut microbiota composition, returning
the flora to a “healthy” statel”]. To investigate the effects of FMT in liver disease, one
study used fecal material from patients with ALD to transplant into germ-free mice
through oral gavage. The investigators reported increased intestinal permeability and
bacterial translocation, resulting in severe liver inflammation in the microbiome
repopulated micel”. Similarly, a pilot study containing eight male patients with severe
alcoholic hepatitis were treated with nasoduodenal FMT over the course of 7 d. Results
revealed the resolution of ascites and hepatic encephalopathy (HE) within one week in
most FMT treated patients, along with significantly improved 1-year survival rates
(87.5% vs 33.3%; P = 0.018) compared to historical controls”l. Taken together, these
results demonstrate the importance of the intestinal microbiome population in the
development and treatment of liver diseases. While FMT provides distinct challenges
for its commercial use in the clinical setting, its profound therapeutic effects can no
longer be ignored when current first-line therapies lack adequate efficacy.

Antibiotics, perhaps another resolution in fighting liver diseases

Treatment with antibiotics is the most obvious approach for modulating the intestinal
bacterial profile and its products. It has been well documented that microbiota
depletion with ABX results in a significant reduction of tumor number, size, and
fibrosis severity in several HCC murine models!"*'>"7*l. While ABX treatment is unfit
for human studies, antibiotics have undergone investigation to treat liver disease in
many clinical trials. The overwhelming majority of current antibiotic studies utilize the
antibiotic rifaximin. Further, this section will primarily report current findings related
to rifaximin treatment and liver disease; however, ABX and norfloxacin treatments
will also be briefly discussed.

Rifaximin: Rifaximin is a highly favorable antibiotic due to its safety profile and
broad-spectrum effects against gram-positive and gram-negative aerobic and
anaerobic bacteria. Its classification of a non-absorbable antibiotic makes it well suited
for targeting the intestinal microbiome rather than treating systemic infections. Unique
to most antibiotics, rifaximin works by binding to the beta-subunit of bacterial DNA-
dependent RNA polymerase, consequently blocking bacterial transcription”. Further,
this results in endotoxin-lowering and anti-inflammatory effects rather than
diminishing the gut flora composition”l. Multiple studies have correlated rifaximin
treatment with reduced risk of death and cirrhotic complications in patients with
HE*l. More so, a phase 3, open-label maintenance study revealed long-term
treatment (= 24 mo) of rifaximin (550 mg, twice daily) showed no increased adverse
events in HE patients compared to placebo controls, further confirming its safeness of
use”™. However, patients with cirrhosis lack average BA concentrations, resulting in
decreased efficacy of rifaximin. To combat this issue, rifaximin soluble solid dispersion
(SSD) was introduced. Unlike the previous generation, rifaximin SSD is water-soluble
and no longer dependent on the patient’s intestinal BA concentrations. Despite this
distinct advantage, few clinical trials have implemented rifaximin SSD into their liver
disease studies.

It is widely theorized that liver cancer progression is partly mediated by gut
dysbiosis and other downstream effects. Further, we believe a longitudinal study
should be performed to assess the preventative effects of rifaximin and rifaximin SSD
on liver cancer development in a high-risk patient population. While it is highly
unlikely that rifaximin would provide a therapeutic effect in patients who have
already developed tumors, the benefits of long-term, preventative rifaximin treatment
on patients with a high risk of developing HCC may provide a better response than
the current treatment options.

ABX: Besides enhancing anti-tumor immunity in the liver, antibiotics may also weaken
the tumor-promoting impact of specific intestinal bacteria. One study investigated
how antibiotic alteration of the gut microbiota impacted liver carcinogenesis by
depleting the intestinal flora of mice through regular treatment of ABX. Further,
results indicated a significant reduction in tumor number, size, and liver-body weight
ratio compared to the untreated control micel'l. More so, the authors observed that
antibiotics mitigated tumorigenesis in a healthy liver but did not impact tumors that
had already developed. These results suggest that the gut microbiota plays a role in
preventing hepatic proliferation and fibrogenesis, leading to liver carcinogenesis. And
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also, there was a decreased expression of NF-kB regulated genes and increased
apoptosis rates in gut-sterilized micel!'!, indicating that the gut flora and its products
may promote liver inflammation and carcinogenesis via activating hepatic TLR-4,
further exerting pro-survival signals on hepatocytes.

Norfloxacin: Norfloxacin antibiotics may also attenuate pro-inflammatory phenomena
exerted by the immune system. Zapater et al”! observed that selective intestinal
decontamination, facilitated by the antibiotic norfloxacin, in patients with cirrhosis
reduced serum and ascitic concentrations of pro-inflammatory cytokines TNF-a, IFN-
y, and IL-12 by blunting the activation of serum NF-«xB. Furthermore, norfloxacin
treated patients exhibited both decreased levels of neutrophilic oxidative burst and
apoptotic events. The authors did not describe a precise mechanism by which the
fluoroquinolone mitigated immunological processes, though they did propose that
norfloxacin exerted a direct effect on cellular function.

CONCLUSION

Here we have described many reported mechanisms that the gut-liver axis plays in
liver disease. Further, we aim to spread awareness of the existing knowledge gap that
could be used to modulate the gut-liver axis to alter the disease state. The modulation
of the intestinal microbiome has transitioned to clinical trials for its use in both
preventative and therapeutic approaches in human liver disease. A summary of the
current ongoing clinical trials can be found in Table 2. It should be recognized that
alteration of the gut microbiota is not a one size fits all solution due to its highly
individual nature and convoluted intricacies. However, the bilateral relationship of the
gut-liver axis cannot be ignored when its alteration possesses abundant therapeutic
potential.

To aid in furthering the use of gut microbiota-based therapy against liver diseases,
we will give brief suggestions for future directions in this field. Lacking from clinical
data are well-designed, large-scale investigations of the gut flora profile for liver
disease progression (e.g., NAFLD, NASH, HCC, etc.). Understanding the underlying
mechanisms of how the gut microbiota or its metabolic products alter liver immunity
over time could help clarify liver disease development. Such profiles could provide a
model to test preventative treatments or therapeutic approaches with antibiotics,
probiotics, and FMT. Establishing which bacteria to eliminate and which to nurture
would allow for tailored probiotics and specific antibiotics for chronic liver disease
therapy. Continuing with this strategy comes the need for longitudinal studies to
assess the preventative and therapeutic effects of antibiotics (e.g., rifaximin and
rifaximin SSD) on liver disease development. As stated previously, rifaximin SSD
would be an ideal drug to study its preventative measures against high-risk liver
cancer populations. Pre-, pro-, and synbiotic strategies are underwhelming in clinical
studies due to a lack of high-quality study design. Our review highlighted how a
decreased level of Bacteroidetes is seen in patients with NASH, cirrhosis, and other liver
diseases. Finding commonalities in the abovementioned gut profiles (e.g., decreased
Bacteroidetes) will prompt the use of gut microbiome repopulation therapies in clinical
trials. Lastly, the use of FMT treatment desperately needs a more substantial safety
investigation. Conducting a proper prospective cohort study with a large study size
and a longer observation period is crucial for its safe implementation in the clinical
setting.

Collectively, modulating the population of the gut microbiome by biological
products may be a new generation therapeutic strategy for liver disease. For now, we
must wait to see the results of ongoing and scheduled clinical trials. As we wait in
anticipation for the results of mentioned clinical trials, we hope that our current
knowledge of the gut-liver-axis inspires new ideas for the next potential therapies in
liver disease.
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Table 2 Gut microbiota-based clinical trials

Estimated

. Trial ~ Patients ClinicalTrials.gov  stud

Study Mechanism N ‘ J .
phase (n) identifier completion
date
Nivolumab (Anti-PD1), Tadalafil and Oral Vancomycin in People ~ Immunotherapy + Phasell 27 NCT03785210 2022
with Refractory Primary Hepatocellular Carcinoma or Liver Antibiotic
Dominant Metastatic Cancer from Colorectal or Pancreatic Cancers
Administration of Rifaximin to Improve Liver Regeneration and Antibiotic Phase II 96 NCT02555293 2020
Outcome Following Major Liver Resection (ARROW)
Efficacy of the Combination of Simvastatin Plus Rifaximin in Antibiotic Phase 240 NCT03780673 2021
Patients with Decompensated Cirrhosis to Prevent ACLF III
Development (2018-001698-25)
Comparative Study of Rifaximin Versus Norfloxacin in the Antibiotic Phase 100 NCT02120196 2023
Secondary Prophylaxis of Spontaneous Bacterial Peritonitis (SBP) III
Efficacy of Antibiotic Therapy in Severe Alcoholic Hepatitis Antibiotic Phase 280 NCT02281929 2019
Treated with Prednisolone (AntibioCor) III
Rifaximin Reduces the Complications of Decompensated Cirrhosis: Antibiotic Phase 200 NCT02190357 2019
A Randomized Controlled Trial v
Steady-State Pharmacokinetics of Rifaximin 550 mg Tablets in Antibiotic Phase 18 NCT03818672 2019
Healthy and Hepatically Impaired Subjects v
Efficacy, Safety, And Pharmacokinetics of Rifaximin In Subjects Antibiotic Phase 100 NCT01846663 2021
with Severe Hepatic Impairment and Hepatic Encephalopathy v
Rifaximin Soluble Solid Dispersion (SSD) Tablets Plus Lactulose Antibiotic Phase I 325 NCT03515044 2019
for the Treatment of Overt Hepatic Encephalopathy (OHE) (OHE)
Mastiha Treatment for Obese with NAFLD Diagnosis Prebiotic Early 52 NCT03135873 2019
(MAST4HEALTH) Phase I
Study on the Optimal Strategy for Acute-on-chronic Liver Failure  Prebiotic N/A 510 NCT03577938 2020
with Integrative Treatment
Efficacy of Albumin Therapy with Standard Medical Treatment Prebiotic N/A 200 NCT03754400 2020
(SMT) as Compared to Standard Medical Treatment (SMT) in
Improving Patient Survival and Immune Modulation in Patients
with Acute on Chronic Liver Failure (ASIA Trial).
Impact of a Specific Micronutrient-probiotic-supplement on Fatty ~ Probiotic Phase 60 NCT03585413 2019
Liver of Patients After Mini-Gastric Bypass Surgery (FMG-01) I
Probiotics in the Treatment of NAFLD Probiotic N/A 58 NCT02764047 2018
Probiotics in NASH Patients - PROBILIVER TRIAL (NASH) Probiotic N/A 46 NCT03467282 2021
Profermin®: Prevention of Progression in Alcoholic Liver Disease  Probiotic N/A 40 NCT03863730 2031
by Modulating Dysbiotic Microbiota (SYN-ALD)
Novel Therapies in Moderately Severe Acute Alcoholic Hepatitis Probiotic N/A 130 NCT01922895 2019
(NTAH-Mod)
Probiotics in the Prevention of Hepatocellular Carcinoma in Probiotic N/A 280 NCT03853928 2023
Cirrhosis
Dietary Modulation of Intestinal Microbiota as Trigger of Liver Synbiotic N/A 84 NCT03897218 2020
Health: Role of Bile Acids - "A Diet for Liver Health" (ADLH)
Investigation of Synbiotic Treatment in NAFLD (INSYTE) Synbiotic N/A 100 NCT01680640 2019
Fecal Microbiota Transplantation (FMT) in Nonalcoholic FMT Phasel 5 NCT02469272 2018
Steatohepatitis (NASH). A Pilot Study
Fecal Microbiota Transplantation for the Treatment of Non- FMT Phasel 15 NCT03803540 2021
Alcoholic Steatohepatitis (FMT-NASH)
Fecal Microbial Transplant for Alcohol Misuse in Cirrhosis FMT Phasel 20 NCT03416751 2019
FMT in Cirrhosis and Hepatic Encephalopathy FMT Phase II 100 NCT03796598 2023
Fecal Microbiota Transplant as Treatment of Hepatic FMT Phase II 30 NCT03420482 2021
Encephalopathy
Fecal Microbiota Transplantation (FMT) in the Management of FMT Phase Il 10 NCT02255617 2019
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Hepatic Encephalopathy (HE): A Pilot Study

Fecal Transplant for Hepatic Encephalopathy FMT Phase Il 30 NCT03439982 2021

Trial of Faecal Microbiota Transplantation in Cirrhosis (PROFIT) FMT Phase 32 NCT02862249 2019
111

To Assess the Role of Fecal Microbiota Transplant in Acute Liver FMT N/A 40 NCT03363022 2018

Failure

REFERENCES

1

10

11

12

13

14

15

18

Jaishideng®

Ley RE, Peterson DA, Gordon JI. Ecological and evolutionary forces shaping microbial diversity in
the human intestine. Cell 2006; 124: 837-848 [PMID: 16497592 DOI: 10.1016/j.cell.2006.02.017]
Azad MAK, Sarker M, Li T, Yin J. Probiotic Species in the Modulation of Gut Microbiota: An
Overview. Biomed Res Int 2018; 2018: 9478630 [PMID: 29854813 DOI: 10.1155/2018/9478630]
Fialho A, Fialho A, Thota P, McCullough AJ, Shen B. Small Intestinal Bacterial Overgrowth Is
Associated with Non-Alcoholic Fatty Liver Disease. J Gastrointestin Liver Dis 2016; 25: 159-165
[PMID: 27308646 DOIL: 10.15403/jg1d.2014.1121.252.iwg]

Del Chierico F, Nobili V, Vernocchi P, Russo A, De Stefanis C, Gnani D, Furlanello C, Zandona A,
Paci P, Capuani G, Dallapiccola B, Miccheli A, Alisi A, Putignani L. Gut microbiota profiling of
pediatric nonalcoholic fatty liver disease and obese patients unveiled by an integrated meta-omics-
based approach. Hepatology 2017; 65: 451-464 [PMID: 27028797 DOI: 10.1002/hep.28572]

Chu H, Williams B, Schnabl B. Gut microbiota, fatty liver disease, and hepatocellular carcinoma.
Liver Res 2018; 2: 43-51 [PMID: 30416839 DOI: 10.1016/j.livres.2017.11.005]

Miele L, Valenza V, La Torre G, Montalto M, Cammarota G, Ricci R, Masciana R, Forgione A,
Gabrieli ML, Perotti G, Vecchio FM, Rapaccini G, Gasbarrini G, Day CP, Grieco A. Increased
intestinal permeability and tight junction alterations in nonalcoholic fatty liver disease. Hepatology
2009; 49: 1877-1887 [PMID: 19291785 DOI: 10.1002/hep.22848]

Schnabl B, Brenner DA. Interactions between the intestinal microbiome and liver diseases.
Gastroenterology 2014; 146: 1513-1524 [PMID: 24440671 DOI: 10.1053/j.gastro.2014.01.020]
Mouzaki M, Comelli EM, Arendt BM, Bonengel J, Fung SK, Fischer SE, McGilvray ID, Allard JP.
Intestinal microbiota in patients with nonalcoholic fatty liver disease. Hepatology 2013; 58: 120-127
[PMID: 23401313 DOI: 10.1002/hep.26319]

Yuan J, Chen C, CuiJ, LuJ, Yan C, Wei X, Zhao X, Li N, Li S, Xue G, Cheng W, Li B, Li H, Lin
W, Tian C, Zhao J, Han J, An D, Zhang Q, Wei H, Zheng M, Ma X, Li W, Chen X, Zhang Z, Zeng H,
Ying S, Wu J, Yang R, Liu D. Fatty Liver Disease Caused by High-Alcohol-Producing Klebsiella
pneumoniae. Cell Metab 2019; 30: 675-688. ¢7 [PMID: 31543403 DOI: 10.1016/j.cmet.2019.08.018]
Mutlu EA, Gillevet PM, Rangwala H, Sikaroodi M, Naqvi A, Engen PA, Kwasny M, Lau CK,
Keshavarzian A. Colonic microbiome is altered in alcoholism. Am J Physiol Gastrointest Liver
Physiol 2012; 302: G966-G978 [PMID: 22241860 DOI: 10.1152/ajpgi.00380.2011]

Giannelli V, Di Gregorio V, Iebba V, Giusto M, Schippa S, Merli M, Thalheimer U. Microbiota and
the gut-liver axis: bacterial translocation, inflammation and infection in cirrhosis. World J
Gastroenterol 2014; 20: 16795-16810 [PMID: 25492994 DOI: 10.3748/wjg.v20.i45.16795]
Oikonomou T, Papatheodoridis GV, Samarkos M, Goulis I, Cholongitas E. Clinical impact of
microbiome in patients with decompensated cirrhosis. World J Gastroenterol 2018; 24: 3813-3820
[PMID: 30228776 DOI: 10.3748/wjg.v24.134.3813]

Yan AW, Fouts DE, Brandl J, Stirkel P, Torralba M, Schott E, Tsukamoto H, Nelson KE, Brenner
DA, Schnabl B. Enteric dysbiosis associated with a mouse model of alcoholic liver disease.
Hepatology 2011; 53: 96-105 [PMID: 21254165 DOI: 10.1002/hep.24018]

Dapito DH, Mencin A, Gwak GY, Pradere JP, Jang MK, Mederacke I, Caviglia JM, Khiabanian H,
Adeyemi A, Bataller R, Lefkowitch JH, Bower M, Friedman R, Sartor RB, Rabadan R, Schwabe RF.
Promotion of hepatocellular carcinoma by the intestinal microbiota and TLR4. Cancer Cell 2012; 21:
504-516 [PMID: 22516259 DOI: 10.1016/j.ccr.2012.02.007]

Ma C, Han M, Heinrich B, Fu Q, Zhang Q, Sandhu M, Agdashian D, Terabe M, Berzofsky JA, Fako
V, Ritz T, Longerich T, Theriot CM, McCulloch JA, Roy S, Yuan W, Thovarai V, Sen SK,
Ruchirawat M, Korangy F, Wang XW, Trinchieri G, Greten TF. Gut microbiome-mediated bile acid
metabolism regulates liver cancer via NKT cells. Science 2018; 360 [PMID: 29798856 DOI:
10.1126/science.aan5931]

Sethi V, Kurtom S, Tarique M, Lavania S, Malchiodi Z, Hellmund L, Zhang L, Sharma U, Giri B,
Garg B, Ferrantella A, Vickers SM, Banerjee S, Dawra R, Roy S, Ramakrishnan S, Saluja A, Dudeja
V. Gut Microbiota Promotes Tumor Growth in Mice by Modulating Immune Response.
Gastroenterology 2018; 155: 33-37. ¢6 [PMID: 29630898 DOI: 10.1053/j.gastro.2018.04.001]
Yoshimoto S, Loo TM, Atarashi K, Kanda H, Sato S, Oyadomari S, Iwakura Y, Oshima K, Morita H,
Hattori M, Honda K, Ishikawa Y, Hara E, Ohtani N. Obesity-induced gut microbial metabolite
promotes liver cancer through senescence secretome. Nature 2013; 499: 97-101 [PMID: 23803760
DOI: 10.1038/nature12347]

Koyama Y, Brenner DA. Liver inflammation and fibrosis. J Clin Invest 2017; 127: 55-64 [PMID:

WJG | https://www.wjgnet.com 7614 December 28,2020 | Volume?26 | Issue48 |


http://www.ncbi.nlm.nih.gov/pubmed/16497592
https://dx.doi.org/10.1016/j.cell.2006.02.017
http://www.ncbi.nlm.nih.gov/pubmed/29854813
https://dx.doi.org/10.1155/2018/9478630
http://www.ncbi.nlm.nih.gov/pubmed/27308646
https://dx.doi.org/10.15403/jgld.2014.1121.252.iwg
http://www.ncbi.nlm.nih.gov/pubmed/27028797
https://dx.doi.org/10.1002/hep.28572
http://www.ncbi.nlm.nih.gov/pubmed/30416839
https://dx.doi.org/10.1016/j.livres.2017.11.005
http://www.ncbi.nlm.nih.gov/pubmed/19291785
https://dx.doi.org/10.1002/hep.22848
http://www.ncbi.nlm.nih.gov/pubmed/24440671
https://dx.doi.org/10.1053/j.gastro.2014.01.020
http://www.ncbi.nlm.nih.gov/pubmed/23401313
https://dx.doi.org/10.1002/hep.26319
http://www.ncbi.nlm.nih.gov/pubmed/31543403
https://dx.doi.org/10.1016/j.cmet.2019.08.018
http://www.ncbi.nlm.nih.gov/pubmed/22241860
https://dx.doi.org/10.1152/ajpgi.00380.2011
http://www.ncbi.nlm.nih.gov/pubmed/25492994
https://dx.doi.org/10.3748/wjg.v20.i45.16795
http://www.ncbi.nlm.nih.gov/pubmed/30228776
https://dx.doi.org/10.3748/wjg.v24.i34.3813
http://www.ncbi.nlm.nih.gov/pubmed/21254165
https://dx.doi.org/10.1002/hep.24018
http://www.ncbi.nlm.nih.gov/pubmed/22516259
https://dx.doi.org/10.1016/j.ccr.2012.02.007
http://www.ncbi.nlm.nih.gov/pubmed/29798856
https://dx.doi.org/10.1126/science.aan5931
http://www.ncbi.nlm.nih.gov/pubmed/29630898
https://dx.doi.org/10.1053/j.gastro.2018.04.001
http://www.ncbi.nlm.nih.gov/pubmed/23803760
https://dx.doi.org/10.1038/nature12347

Jaishideng®

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Qi X et al. Gut-liver axis in liver injury

28045404 DOLI: 10.1172/JCI88881]

Mohar I, Brempelis KJ, Murray SA, Ebrahimkhani MR, Crispe IN. Isolation of Non-parenchymal
Cells from the Mouse Liver. Methods Mol Biol 2015; 1325: 3-17 [PMID: 26450375 DOI:
10.1007/978-1-4939-2815-6 1]

Seo W, Jeong WI. Hepatic non-parenchymal cells: Master regulators of alcoholic liver disease? World
J Gastroenterol 2016; 22: 1348-1356 [PMID: 26819504 DOI: 10.3748/wjg.v22.14.1348]

Li F, Tian Z. The liver works as a school to educate regulatory immune cells. Cell Mol Immunol
2013; 10: 292-302 [PMID: 23604044 DOI: 10.1038/cmi.2013.7]

Hayashi H, Sakai T. Animal models for the study of liver fibrosis: new insights from knockout
mouse models. Am J Physiol Gastrointest Liver Physiol 2011; 300: G729-G738 [PMID: 21350186
DOI: 10.1152/ajpgi.00013.2011]

Geisler F, Strazzabosco M. Emerging roles of Notch signaling in liver disease. Hepatology 2015; 61:
382-392 [PMID: 24930574 DOI: 10.1002/hep.27268]

Zhu C, Kim K, Wang X, Bartolome A, Salomao M, Dongiovanni P, Meroni M, Graham MJ, Yates
KP, Diehl AM, Schwabe RF, Tabas I, Valenti L, Lavine JE, Pajvani UB. Hepatocyte Notch activation
induces liver fibrosis in nonalcoholic steatohepatitis. Sci Transl Med 2018; 10 [PMID: 30463916
DOI: 10.1126/scitranslmed.aat0344]

Troll JV, Hamilton MK, Abel ML, Ganz J, Bates JM, Stephens WZ, Melancon E, van der Vaart M,
Meijer AH, Distel M, Eisen JS, Guillemin K. Microbiota promote secretory cell determination in the
intestinal epithelium by modulating host Notch signaling. Development 2018; 145 [PMID: 29475973
DOI: 10.1242/dev.155317]

Senoo H, Kojima N, Sato M. Vitamin A-storing cells (stellate cells). Vitam Horm 2007; 75: 131-159
[PMID: 17368315 DOI: 10.1016/s0083-6729(06)75006-3]

Iwaisako K, Brenner DA, Kisseleva T. What's new in liver fibrosis? J Gastroenterol Hepatol 2012;
27 Suppl 2: 65-68 [PMID: 22320919 DOI: 10.1111/5.1440-1746.2011.07002.x]

Zhang CY, Yuan WG, He P, Lei JH, Wang CX. Liver fibrosis and hepatic stellate cells: Etiology,
pathological hallmarks and therapeutic targets. World J Gastroenterol 2016; 22: 10512-10522 [PMID:
28082803 DOI: 10.3748/wjg.v22.i148.10512]

Hou W, Syn WK. Role of Metabolism in Hepatic Stellate Cell Activation and Fibrogenesis. Front
Cell Dev Biol 2018; 6: 150 [PMID: 30483502 DOI: 10.3389/fcell.2018.00150]

Lee UE, Friedman SL. Mechanisms of hepatic fibrogenesis. Best Pract Res Clin Gastroenterol 2011,
25:195-206 [PMID: 21497738 DOI: 10.1016/1.bpg.2011.02.005]

Kolios G, Valatas V, Kouroumalis E. Role of Kupffer cells in the pathogenesis of liver disease. World
J Gastroenterol 2006; 12: 7413-7420 [PMID: 17167827 DOI: 10.3748/wjg.v12.146.7413]

Tacke F. Targeting hepatic macrophages to treat liver diseases. J Hepatol 2017; 66: 1300-1312
[PMID: 28267621 DOT: 10.1016/j.jhep.2017.02.026]

Kazankov K, Jergensen SMD, Thomsen KL, Meller HJ, Vilstrup H, George J, Schuppan D,
Grenbaxk H. The role of macrophages in nonalcoholic fatty liver disease and nonalcoholic
steatohepatitis. Nat Rev Gastroenterol Hepatol 2019; 16: 145-159 [PMID: 30482910 DOI:
10.1038/s41575-018-0082-x]

Zapotoczny B, Szafranska K, Kus E, Braet F, Wisse E, Chlopicki S, Szymonski M. Tracking
Fenestrae Dynamics in Live Murine Liver Sinusoidal Endothelial Cells. Hepatology 2019; 69: 876-
888 [PMID: 30137644 DOL: 10.1002/hep.30232]

Hammoutene A, Rautou PE. Role of liver sinusoidal endothelial cells in non-alcoholic fatty liver
disease. J Hepatol 2019; 70: 1278-1291 [PMID: 30797053 DOI: 10.1016/j.jhep.2019.02.012]
DeLeve LD. Liver sinusoidal endothelial cells in hepatic fibrosis. Hepatology 2015; 61: 1740-1746
[PMID: 25131509 DOI: 10.1002/hep.27376]

Xie G, Wang X, Wang L, Wang L, Atkinson RD, Kanel GC, Gaarde WA, Deleve LD. Role of
differentiation of liver sinusoidal endothelial cells in progression and regression of hepatic fibrosis in
rats. Gastroenterology 2012; 142: 918-927. 6 [PMID: 22178212 DOI: 10.1053/j.gastro.2011.12.017]
Cogger VC, Mohamad M, Solon-Biet SM, Senior AM, Warren A, O'Reilly JN, Tung BT, Svistounov
D, McMahon AC, Fraser R, Raubenheimer D, Holmes AJ, Simpson SJ, Le Couteur DG. Dietary
macronutrients and the aging liver sinusoidal endothelial cell. 4m J Physiol Heart Circ Physiol 2016;
310: H1064-H1070 [PMID: 26921440 DOI: 10.1152/ajpheart.00949.2015]

Zhang Y, Limaye PB, Renaud HJ, Klaassen CD. Effect of various antibiotics on modulation of
intestinal microbiota and bile acid profile in mice. Toxicol Appl Pharmacol 2014; 277: 138-145
[PMID: 24657338 DOI: 10.1016/j.taap.2014.03.009]

Gopalakrishnan V, Helmink BA, Spencer CN, Reuben A, Wargo JA. The Influence of the Gut
Microbiome on Cancer, Immunity, and Cancer Immunotherapy. Cancer Cell 2018; 33: 570-580
[PMID: 29634945 DOI: 10.1016/j.ccell.2018.03.015]

Vétizou M, Pitt JM, Daillere R, Lepage P, Waldschmitt N, Flament C, Rusakiewicz S, Routy B,
Roberti MP, Duong CP, Poirier-Colame V, Roux A, Becharef S, Formenti S, Golden E, Cording S,
Eberl G, Schlitzer A, Ginhoux F, Mani S, Yamazaki T, Jacquelot N, Enot DP, Bérard M, Nigou J,
Opolon P, Eggermont A, Woerther PL, Chachaty E, Chaput N, Robert C, Mateus C, Kroemer G,
Raoult D, Boneca IG, Carbonnel F, Chamaillard M, Zitvogel L. Anticancer immunotherapy by
CTLA-4 blockade relies on the gut microbiota. Science 2015; 350: 1079-1084 [PMID: 26541610
DOI: 10.1126/science.aad1329]

Routy B, Le Chatelier E, Derosa L, Duong CPM, Alou MT, Daillére R, Fluckiger A, Messaoudene

WJG | https://www.wjgnet.com 7615 December 28,2020 | Volume?26 | Issue48 |


http://www.ncbi.nlm.nih.gov/pubmed/28045404
https://dx.doi.org/10.1172/JCI88881
http://www.ncbi.nlm.nih.gov/pubmed/26450375
https://dx.doi.org/10.1007/978-1-4939-2815-6_1
http://www.ncbi.nlm.nih.gov/pubmed/26819504
https://dx.doi.org/10.3748/wjg.v22.i4.1348
http://www.ncbi.nlm.nih.gov/pubmed/23604044
https://dx.doi.org/10.1038/cmi.2013.7
http://www.ncbi.nlm.nih.gov/pubmed/21350186
https://dx.doi.org/10.1152/ajpgi.00013.2011
http://www.ncbi.nlm.nih.gov/pubmed/24930574
https://dx.doi.org/10.1002/hep.27268
http://www.ncbi.nlm.nih.gov/pubmed/30463916
https://dx.doi.org/10.1126/scitranslmed.aat0344
http://www.ncbi.nlm.nih.gov/pubmed/29475973
https://dx.doi.org/10.1242/dev.155317
http://www.ncbi.nlm.nih.gov/pubmed/17368315
https://dx.doi.org/10.1016/s0083-6729(06)75006-3
http://www.ncbi.nlm.nih.gov/pubmed/22320919
https://dx.doi.org/10.1111/j.1440-1746.2011.07002.x
http://www.ncbi.nlm.nih.gov/pubmed/28082803
https://dx.doi.org/10.3748/wjg.v22.i48.10512
http://www.ncbi.nlm.nih.gov/pubmed/30483502
https://dx.doi.org/10.3389/fcell.2018.00150
http://www.ncbi.nlm.nih.gov/pubmed/21497738
https://dx.doi.org/10.1016/j.bpg.2011.02.005
http://www.ncbi.nlm.nih.gov/pubmed/17167827
https://dx.doi.org/10.3748/wjg.v12.i46.7413
http://www.ncbi.nlm.nih.gov/pubmed/28267621
https://dx.doi.org/10.1016/j.jhep.2017.02.026
http://www.ncbi.nlm.nih.gov/pubmed/30482910
https://dx.doi.org/10.1038/s41575-018-0082-x
http://www.ncbi.nlm.nih.gov/pubmed/30137644
https://dx.doi.org/10.1002/hep.30232
http://www.ncbi.nlm.nih.gov/pubmed/30797053
https://dx.doi.org/10.1016/j.jhep.2019.02.012
http://www.ncbi.nlm.nih.gov/pubmed/25131509
https://dx.doi.org/10.1002/hep.27376
http://www.ncbi.nlm.nih.gov/pubmed/22178212
https://dx.doi.org/10.1053/j.gastro.2011.12.017
http://www.ncbi.nlm.nih.gov/pubmed/26921440
https://dx.doi.org/10.1152/ajpheart.00949.2015
http://www.ncbi.nlm.nih.gov/pubmed/24657338
https://dx.doi.org/10.1016/j.taap.2014.03.009
http://www.ncbi.nlm.nih.gov/pubmed/29634945
https://dx.doi.org/10.1016/j.ccell.2018.03.015
http://www.ncbi.nlm.nih.gov/pubmed/26541610
https://dx.doi.org/10.1126/science.aad1329

Qi X et al. Gut-liver axis in liver injury

Jaishideng®

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

M, Rauber C, Roberti MP, Fidelle M, Flament C, Poirier-Colame V, Opolon P, Klein C, Iribarren K,
Mondragén L, Jacquelot N, Qu B, Ferrere G, Clémenson C, Mezquita L, Masip JR, Naltet C,
Brosseau S, Kaderbhai C, Richard C, Rizvi H, Levenez F, Galleron N, Quinquis B, Pons N, Ryffel B,
Minard-Colin V, Gonin P, Soria JC, Deutsch E, Loriot Y, Ghiringhelli F, Zalcman G, Goldwasser F,
Escudier B, Hellmann MD, Eggermont A, Raoult D, Albiges L, Kroemer G, Zitvogel L. Gut
microbiome influences efficacy of PD-1-based immunotherapy against epithelial tumors. Science
2018; 359: 91-97 [PMID: 29097494 DOI: 10.1126/science.aan3706]

Gopalakrishnan V, Spencer CN, Nezi L, Reuben A, Andrews MC, Karpinets TV, Prieto PA, Vicente
D, Hoffman K, Wei SC, Cogdill AP, Zhao L, Hudgens CW, Hutchinson DS, Manzo T, Petaccia de
Macedo M, Cotechini T, Kumar T, Chen WS, Reddy SM, Szczepaniak Sloane R, Galloway-Pena J,
Jiang H, Chen PL, Shpall EJ, Rezvani K, Alousi AM, Chemaly RF, Shelburne S, Vence LM,
Okhuysen PC, Jensen VB, Swennes AG, McAllister F, Marcelo Riquelme Sanchez E, Zhang Y, Le
Chatelier E, Zitvogel L, Pons N, Austin-Breneman JL, Haydu LE, Burton EM, Gardner JM, Sirmans
E, Hu J, Lazar AJ, Tsujikawa T, Diab A, Tawbi H, Glitza IC, Hwu W], Patel SP, Woodman SE,
Amaria RN, Davies MA, Gershenwald JE, Hwu P, Lee JE, Zhang J, Coussens LM, Cooper ZA,
Futreal PA, Daniel CR, Ajami NJ, Petrosino JF, Tetzlaff MT, Sharma P, Allison JP, Jenq RR, Wargo
JA. Gut microbiome modulates response to anti-PD-1 immunotherapy in melanoma patients. Science
2018; 359: 97-103 [PMID: 29097493 DOI: 10.1126/science.aan4236]

Iida N, Dzutsev A, Stewart CA, Smith L, Bouladoux N, Weingarten RA, Molina DA, Salcedo R,
Back T, Cramer S, Dai RM, Kiu H, Cardone M, Naik S, Patri AK, Wang E, Marincola FM, Frank
KM, Belkaid Y, Trinchieri G, Goldszmid RS. Commensal bacteria control cancer response to therapy
by modulating the tumor microenvironment. Science 2013; 342: 967-970 [PMID: 24264989 DOI:
10.1126/science.1240527]

El-Khoueiry AB, Sangro B, Yau T, Crocenzi TS, Kudo M, Hsu C, Kim TY, Choo SP, Trojan J,
Welling TH Rd, Meyer T, Kang YK, Yeo W, Chopra A, Anderson J, Dela Cruz C, Lang L, Neely J,
Tang H, Dastani HB, Melero 1. Nivolumab in patients with advanced hepatocellular carcinoma
(CheckMate 040): an open-label, non-comparative, phase 1/2 dose escalation and expansion trial.
Lancet 2017; 389: 2492-2502 [PMID: 28434648 DOI: 10.1016/S0140-6736(17)31046-2]

Kudo M. Combination Cancer Immunotherapy with Molecular Targeted Agents/Anti-CTLA-4
Antibody for Hepatocellular Carcinoma. Liver Cancer 2019; 8: 1-11 [PMID: 30815391 DOI:
10.1159/000496277]

Reddy HG, Schneider BJ, Tai AW. Immune Checkpoint Inhibitor-Associated Colitis and Hepatitis.
Clin Transl Gastroenterol 2018; 9: 180 [PMID: 30228268 DOI: 10.1038/s41424-018-0049-9]
Jennings JJ, Mandaliya R, Nakshabandi A, Lewis JH. Hepatotoxicity induced by immune checkpoint
inhibitors: a comprehensive review including current and alternative management strategies. Expert
Opin Drug Metab Toxicol 2019; 15: 231-244 [PMID: 30677306 DOI:
10.1080/17425255.2019.1574744]

Larkin J, Hodi FS, Wolchok JD. Combined Nivolumab and Ipilimumab or Monotherapy in
Untreated Melanoma. N Engl J Med 2015; 373: 1270-1271 [PMID: 26398076 DOI:
10.1056/NEJMc1509660]

Minemura M, Shimizu Y. Gut microbiota and liver diseases. World J Gastroenterol 2015; 21: 1691-
1702 [PMID: 25684933 DOI: 10.3748/wjg.v21.i6.1691]

Levy M, Thaiss CA, Elinav E. Metabolites: messengers between the microbiota and the immune
system. Genes Dev 2016; 30: 1589-1597 [PMID: 27474437 DOI: 10.1101/gad.284091.116]
Yamada S, Takashina Y, Watanabe M, Nagamine R, Saito Y, Kamada N, Saito H. Bile acid
metabolism regulated by the gut microbiota promotes non-alcoholic steatohepatitis-associated
hepatocellular carcinoma in mice. Oncotarget 2018; 9: 9925-9939 [PMID: 29515780 DOI:
10.18632/oncotarget.24066]

Li M, Xu C, ShiJ, Ding J, Wan X, Chen D, Gao J, Li C, Zhang J, Lin Y, Tu Z, Kong X, Li Y, Yu C.
Fatty acids promote fatty liver disease via the dysregulation of 3-mercaptopyruvate
sulfurtransferase/hydrogen sulfide pathway. Gut 2018; 67: 2169-2180 [PMID: 28877979 DOI:
10.1136/gutjnl-2017-313778]

Neuschwander-Tetri BA. Hepatic lipotoxicity and the pathogenesis of nonalcoholic steatohepatitis:
the central role of nontriglyceride fatty acid metabolites. Hepatology 2010; 52: 774-788 [PMID:
20683968 DOI: 10.1002/hep.23719]

Chu H, Duan Y, Yang L, Schnabl B. Small metabolites, possible big changes: a microbiota-centered
view of non-alcoholic fatty liver disease. Gur 2019; 68: 359-370 [PMID: 30171065 DOI:
10.1136/gutjnl-2018-316307]

Caussy C, Hsu C, Lo MT, Liu A, Bettencourt R, Ajmera VH, Bassirian S, Hooker J, Sy E, Richards
L, Schork N, Schnabl B, Brenner DA, Sirlin CB, Chen CH, Loomba R; Genetics of NAFLD in Twins
Consortium. Link between gut-microbiome derived metabolite and shared gene-effects with hepatic
steatosis and fibrosis in NAFLD. Hepatology 2018; 68: 918-932 [PMID: 29572891 DOI:
10.1002/hep.29892]

Caussy C, Ajmera VH, Puri P, Hsu CL, Bassirian S, Mgdsyan M, Singh S, Faulkner C, Valasek MA,
Rizo E, Richards L, Brenner DA, Sirlin CB, Sanyal AJ, Loomba R. Serum metabolites detect the
presence of advanced fibrosis in derivation and validation cohorts of patients with non-alcoholic fatty
liver disease. Gut 2019; 68: 1884-1892 [PMID: 30567742 DOI: 10.1136/gutjnl-2018-317584]
Krishnan S, Ding Y, Saedi N, Choi M, Sridharan GV, Sherr DH, Yarmush ML, Alaniz RC,
Jayaraman A, Lee K. Gut Microbiota-Derived Tryptophan Metabolites Modulate Inflammatory

WJG | https://www.wjgnet.com 7616 December 28,2020 | Volume?26 | Issue48 |


http://www.ncbi.nlm.nih.gov/pubmed/29097494
https://dx.doi.org/10.1126/science.aan3706
http://www.ncbi.nlm.nih.gov/pubmed/29097493
https://dx.doi.org/10.1126/science.aan4236
http://www.ncbi.nlm.nih.gov/pubmed/24264989
https://dx.doi.org/10.1126/science.1240527
http://www.ncbi.nlm.nih.gov/pubmed/28434648
https://dx.doi.org/10.1016/S0140-6736(17)31046-2
http://www.ncbi.nlm.nih.gov/pubmed/30815391
https://dx.doi.org/10.1159/000496277
http://www.ncbi.nlm.nih.gov/pubmed/30228268
https://dx.doi.org/10.1038/s41424-018-0049-9
http://www.ncbi.nlm.nih.gov/pubmed/30677306
https://dx.doi.org/10.1080/17425255.2019.1574744
http://www.ncbi.nlm.nih.gov/pubmed/26398076
https://dx.doi.org/10.1056/NEJMc1509660
http://www.ncbi.nlm.nih.gov/pubmed/25684933
https://dx.doi.org/10.3748/wjg.v21.i6.1691
http://www.ncbi.nlm.nih.gov/pubmed/27474437
https://dx.doi.org/10.1101/gad.284091.116
http://www.ncbi.nlm.nih.gov/pubmed/29515780
https://dx.doi.org/10.18632/oncotarget.24066
http://www.ncbi.nlm.nih.gov/pubmed/28877979
https://dx.doi.org/10.1136/gutjnl-2017-313778
http://www.ncbi.nlm.nih.gov/pubmed/20683968
https://dx.doi.org/10.1002/hep.23719
http://www.ncbi.nlm.nih.gov/pubmed/30171065
https://dx.doi.org/10.1136/gutjnl-2018-316307
http://www.ncbi.nlm.nih.gov/pubmed/29572891
https://dx.doi.org/10.1002/hep.29892
http://www.ncbi.nlm.nih.gov/pubmed/30567742
https://dx.doi.org/10.1136/gutjnl-2018-317584

Jaishideng®

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

Qi X et al. Gut-liver axis in liver injury

Response in Hepatocytes and Macrophages. Cell Rep 2018; 23: 1099-1111 [PMID: 29694888 DOI:
10.1016/j.celrep.2018.03.109]

Zhang L, Xie C, Nichols RG, Chan SH, Jiang C, Hao R, Smith PB, Cai J, Simons MN, Hatzakis E,
Maranas CD, Gonzalez FJ, Patterson AD. Farnesoid X Receptor Signaling Shapes the Gut Microbiota
and Controls Hepatic Lipid Metabolism. mSystems 2016; 1 [PMID: 27822554 DOI:
10.1128/mSystems.00070-16]

Wei X, Zhao J, Jia X, Zhao X, Li H, Lin W, Feng R, Yuan J. Abnormal Gut Microbiota Metabolism
Specific for Liver Cirrhosis. Front Microbiol 2018; 9: 3051 [PMID: 30619141 DOI:
10.3389/fmicb.2018.03051]

Sarin SK, Pande A, Schnabl B. Microbiome as a therapeutic target in alcohol-related liver disease. J
Hepatol 2019; 70: 260-272 [PMID: 30658727 DOI: 10.1016/j.jhep.2018.10.019]

Takeuchi O, Akira S. Pattern recognition receptors and inflammation. Cell 2010; 140: 805-820
[PMID: 20303872 DOI: 10.1016/j.cell.2010.01.022]

Hug H, Mohajeri MH, La Fata G. Toll-Like Receptors: Regulators of the Immune Response in the
Human Gut. Nutrients 2018; 10 [PMID: 29438282 DOI: 10.3390/nu10020203]

Kiziltas S. Toll-like receptors in pathophysiology of liver diseases. World J Hepatol 2016; 8: 1354-
1369 [PMID: 27917262 DOI: 10.4254/wjh.v8.132.1354]

Lee MS, Kim Y]J. Signaling pathways downstream of pattern-recognition receptors and their cross
talk. Annu Rev Biochem 2007; 76: 447-480 [PMID: 17328678 DOI:
10.1146/annurev.biochem.76.060605.122847]

Tripathi A, Debelius J, Brenner DA, Karin M, Loomba R, Schnabl B, Knight R. The gut-liver axis
and the intersection with the microbiome. Nat Rev Gastroenterol Hepatol 2018; 15: 397-411 [PMID:
29748586 DOI: 10.1038/s41575-018-0011-z]

Seki E, Park E, Fujimoto J. Toll-like receptor signaling in liver regeneration, fibrosis and
carcinogenesis. Hepatol Res 2011; 41: 597-610 [PMID: 21696522 DOI:
10.1111/.1872-034X.2011.00822.x]

Chen Y, Sun R. Toll-like receptors in acute liver injury and regeneration. Int Immunopharmacol
2011; 11: 1433-1441 [PMID: 21601014 DOI: 10.1016/j.intimp.2011.04.023]

Kesar V, Odin JA. Toll-like receptors and liver disease. Liver Int 2014; 34: 184-196 [PMID:
24118797 DOI: 10.1111/1iv.12315]

Guan Y, Ranoa DR, Jiang S, Mutha SK, Li X, Baudry J, Tapping RI. Human TLRs 10 and 1 share
common mechanisms of innate immune sensing but not signaling. J Immunol 2010; 184: 5094-5103
[PMID: 20348427 DOI: 10.4049/jimmunol.0901888]

Chi G, Feng XX, Ru YX, Xiong T, Gao Y, Wang H, Luo ZL, Mo R, Guo F, He YP, Zhang GM, Tian
DA, Feng ZH. TLR2/4 ligand-amplified liver inflammation promotes initiation of autoimmune
hepatitis due to sustained IL-6/IL-12/IL-4/IL-25 expression. Mol Immunol 2018; 99: 171-181 [PMID:
29793131 DOI: 10.1016/j.molimm.2018.05.005]

Li S, Sun R, Chen Y, Wei H, Tian Z. TLR2 limits development of hepatocellular carcinoma by
reducing IL18-mediated immunosuppression. Cancer Res 2015; 75: 986-995 [PMID: 25600646 DOI:
10.1158/0008-5472.CAN-14-2371]

Huang Y, Cai B, Xu M, Qiu Z, Tao Y, Zhang Y, Wang J, Xu Y, Zhou Y, Yang J, Han X, Gao Q.
Gene silencing of Toll-like receptor 2 inhibits proliferation of human liver cancer cells and secretion
of inflammatory cytokines. PLoS One 2012; 7: 38890 [PMID: 22815694 DOI:
10.1371/journal.pone.0038890]

Chen L, Xu YY, Zhou JM, Wu YY, E Q, Zhu YY. TLR3 dsRNA agonist inhibits growth and
invasion of HepG2.2.15 HCC cells. Oncol Rep 2012; 28: 200-206 [PMID: 22552584 DOI:
10.3892/0r.2012.1791]

Yuan MM, Xu YY, Chen L, Li XY, Qin J, Shen Y. TLR3 expression correlates with apoptosis,
proliferation and angiogenesis in hepatocellular carcinoma and predicts prognosis. BMC Cancer
2015; 15: 245 [PMID: 25884709 DOI: 10.1186/s12885-015-1262-5]

Seki E, De Minicis S, Osterreicher CH, Kluwe J, Osawa Y, Brenner DA, Schwabe RF. TLR4
enhances TGF-beta signaling and hepatic fibrosis. Nat Med 2007; 13: 1324-1332 [PMID: 17952090
DOI: 10.1038/nm1663]

Seifert L, Deutsch M, Alothman S, Alqunaibit D, Werba G, Pansari M, Pergamo M, Ochi A, Torres-
Hernandez A, Levie E, Tippens D, Greco SH, Tiwari S, Ly NNG, Eisenthal A, van Heerden E,
Avanzi A, Barilla R, Zambirinis CP, Rendon M, Daley D, Pachter HL, Hajdu C, Miller G. Dectin-1
Regulates Hepatic Fibrosis and Hepatocarcinogenesis by Suppressing TLR4 Signaling Pathways. Cell
Rep 2015; 13: 1909-1921 [PMID: 26655905 DOI: 10.1016/j.celrep.2015.10.058]

Yang JM, Han DW, Xie CM, Liang QC, Zhao YC, Ma XH. Endotoxins enhance
hepatocarcinogenesis induced by oral intake of thioacetamide in rats. World J Gastroenterol 1998; 4:
128-132 [PMID: 11819255 DOI: 10.3748/wjg.v4.12.128]

Shu M, Huang DD, Hung ZA, Hu XR, Zhang S. Inhibition of MAPK and NF-«B signaling pathways
alleviate carbon tetrachloride (CCl4)-induced liver fibrosis in Toll-like receptor 5 (TLRS) deficiency
mice. Biochem Biophys Res Commun 2016; 471: 233-239 [PMID: 26845355 DOI:
10.1016/j.bbre.2016.01.119]

Yan J, Shen S, He Y, Li Z. TLRS silencing reduced hyperammonaemia-induced liver injury by
inhibiting oxidative stress and inflammation responses via inactivating NF-kB and MAPK signals.
Chem Biol Interact 2019; 299: 102-110 [PMID: 30508503 DOI: 10.1016/j.cbi.2018.11.026]

Kim S, Park S, Kim B, Kwon J. Toll-like receptor 7 affects the pathogenesis of non-alcoholic fatty

WJG | https://www.wjgnet.com 7617 December 28,2020 | Volume?26 | Issue48 |


http://www.ncbi.nlm.nih.gov/pubmed/29694888
https://dx.doi.org/10.1016/j.celrep.2018.03.109
http://www.ncbi.nlm.nih.gov/pubmed/27822554
https://dx.doi.org/10.1128/mSystems.00070-16
http://www.ncbi.nlm.nih.gov/pubmed/30619141
https://dx.doi.org/10.3389/fmicb.2018.03051
http://www.ncbi.nlm.nih.gov/pubmed/30658727
https://dx.doi.org/10.1016/j.jhep.2018.10.019
http://www.ncbi.nlm.nih.gov/pubmed/20303872
https://dx.doi.org/10.1016/j.cell.2010.01.022
http://www.ncbi.nlm.nih.gov/pubmed/29438282
https://dx.doi.org/10.3390/nu10020203
http://www.ncbi.nlm.nih.gov/pubmed/27917262
https://dx.doi.org/10.4254/wjh.v8.i32.1354
http://www.ncbi.nlm.nih.gov/pubmed/17328678
https://dx.doi.org/10.1146/annurev.biochem.76.060605.122847
http://www.ncbi.nlm.nih.gov/pubmed/29748586
https://dx.doi.org/10.1038/s41575-018-0011-z
http://www.ncbi.nlm.nih.gov/pubmed/21696522
https://dx.doi.org/10.1111/j.1872-034X.2011.00822.x
http://www.ncbi.nlm.nih.gov/pubmed/21601014
https://dx.doi.org/10.1016/j.intimp.2011.04.023
http://www.ncbi.nlm.nih.gov/pubmed/24118797
https://dx.doi.org/10.1111/liv.12315
http://www.ncbi.nlm.nih.gov/pubmed/20348427
https://dx.doi.org/10.4049/jimmunol.0901888
http://www.ncbi.nlm.nih.gov/pubmed/29793131
https://dx.doi.org/10.1016/j.molimm.2018.05.005
http://www.ncbi.nlm.nih.gov/pubmed/25600646
https://dx.doi.org/10.1158/0008-5472.CAN-14-2371
http://www.ncbi.nlm.nih.gov/pubmed/22815694
https://dx.doi.org/10.1371/journal.pone.0038890
http://www.ncbi.nlm.nih.gov/pubmed/22552584
https://dx.doi.org/10.3892/or.2012.1791
http://www.ncbi.nlm.nih.gov/pubmed/25884709
https://dx.doi.org/10.1186/s12885-015-1262-5
http://www.ncbi.nlm.nih.gov/pubmed/17952090
https://dx.doi.org/10.1038/nm1663
http://www.ncbi.nlm.nih.gov/pubmed/26655905
https://dx.doi.org/10.1016/j.celrep.2015.10.058
http://www.ncbi.nlm.nih.gov/pubmed/11819255
https://dx.doi.org/10.3748/wjg.v4.i2.128
http://www.ncbi.nlm.nih.gov/pubmed/26845355
https://dx.doi.org/10.1016/j.bbrc.2016.01.119
http://www.ncbi.nlm.nih.gov/pubmed/30508503
https://dx.doi.org/10.1016/j.cbi.2018.11.026

Qi X et al. Gut-liver axis in liver injury

Jaishideng®

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

liver disease. Sci Rep 2016; 6: 27849 [PMID: 27279075 DOI: 10.1038/srep27849]

Jo J, Tan AT, Ussher JE, Sandalova E, Tang XZ, Tan-Garcia A, To N, Hong M, Chia A, Gill US,
Kennedy PT, Tan KC, Lee KH, De Libero G, Gehring AJ, Willberg CB, Klenerman P, Bertoletti A.
Toll-like receptor 8 agonist and bacteria trigger potent activation of innate immune cells in human
liver. PLoS Pathog 2014; 10: 1004210 [PMID: 24967632 DOI: 10.1371/journal.ppat.1004210]
Song 1J, Yang YM, Inokuchi-Shimizu S, Roh YS, Yang L, Seki E. The contribution of toll-like
receptor signaling to the development of liver fibrosis and cancer in hepatocyte-specific TAK1-
deleted mice. Int J Cancer 2018; 142: 81-91 [PMID: 28875549 DOI: 10.1002/ijc.31029]

Duan Y, Llorente C, Lang S, Brandl K, Chu H, Jiang L, White RC, Clarke TH, Nguyen K, Torralba
M, Shao Y, Liu J, Hernandez-Morales A, Lessor L, Rahman IR, Miyamoto Y, Ly M, Gao B, Sun W,
Kiesel R, Hutmacher F, Lee S, Ventura-Cots M, Bosques-Padilla F, Verna EC, Abraldes JG, Brown
RS Jr, Vargas V, Altamirano J, Caballeria J, Shawcross DL, Ho SB, Louvet A, Lucey MR, Mathurin
P, Garcia-Tsao G, Bataller R, Tu XM, Eckmann L, van der Donk WA, Young R, Lawley TD, Stérkel
P, Pride D, Fouts DE, Schnabl B. Bacteriophage targeting of gut bacterium attenuates alcoholic liver
disease. Nature 2019; 575: 505-511 [PMID: 31723265 DOI: 10.1038/s41586-019-1742-x]
Adolfsson O, Meydani SN, Russell RM. Yogurt and gut function. 4m J Clin Nutr 2004; 80: 245-256
[PMID: 15277142 DOI: 10.1093/ajcn/80.2.245]

Letexier D, Diraison F, Beylot M. Addition of inulin to a moderately high-carbohydrate diet reduces
hepatic lipogenesis and plasma triacylglycerol concentrations in humans. Am J Clin Nutr 2003; 77:
559-564 [PMID: 12600843 DOI: 10.1093/ajen/77.3.559]

Wiest R, Albillos A, Trauner M, Bajaj JS, Jalan R. Targeting the gut-liver axis in liver disease. J
Hepatol 2017; 67: 1084-1103 [PMID: 28526488 DOI: 10.1016/j.jhep.2017.05.007]

Ahn SB, Jun DW, Kang BK, Lim JH, Lim S, Chung MJ. Randomized, Double-blind, Placebo-
controlled Study of a Multispecies Probiotic Mixture in Nonalcoholic Fatty Liver Disease. Sci Rep
2019; 9: 5688 [PMID: 30952918 DOI: 10.1038/s41598-019-42059-3]

Rossen NG, MacDonald JK, de Vries EM, D'Haens GR, de Vos WM, Zoetendal EG, Ponsioen CY.
Fecal microbiota transplantation as novel therapy in gastroenterology: A systematic review. World J
Gastroenterol 2015; 21: 5359-5371 [PMID: 25954111 DOI: 10.3748/wjg.v21.117.5359]

Llopis M, Cassard AM, Wrzosek L, Boschat L, Bruneau A, Ferrere G, Puchois V, Martin JC, Lepage
P, Le Roy T, Lefevre L, Langelier B, Cailleux F, Gonzalez-Castro AM, Rabot S, Gaudin F, Agostini
H, Prévot S, Berrebi D, Ciocan D, Jousse C, Naveau S, Gérard P, Perlemuter G. Intestinal microbiota
contributes to individual susceptibility to alcoholic liver disease. Gut 2016; 65: 830-839 [PMID:
26642859 DOI: 10.1136/gutjnl-2015-310585]

Philips CA, Pande A, Shasthry SM, Jamwal KD, Khillan V, Chandel SS, Kumar G, Sharma MK,
Maiwall R, Jindal A, Choudhary A, Hussain MS, Sharma S, Sarin SK. Healthy Donor Fecal
Microbiota Transplantation in Steroid-Ineligible Severe Alcoholic Hepatitis: A Pilot Study. Clin
Gastroenterol Hepatol 2017; 15: 600-602 [PMID: 27816755 DOI: 10.1016/j.cgh.2016.10.029]
Scarpignato C, Pelosini I. Rifaximin, a poorly absorbed antibiotic: pharmacology and clinical
potential. Chemotherapy 2005; 51 Suppl 1: 36-66 [PMID: 15855748 DOI: 10.1159/000081990]
Bajaj JS, Heuman DM, Sanyal AJ, Hylemon PB, Sterling RK, Stravitz RT, Fuchs M, Ridlon JM,
Daita K, Monteith P, Noble NA, White MB, Fisher A, Sikaroodi M, Rangwala H, Gillevet PM.
Modulation of the metabiome by rifaximin in patients with cirrhosis and minimal hepatic
encephalopathy. PLoS One 2013; 8: €60042 [PMID: 23565181 DOI: 10.1371/journal.pone.0060042]
Ponziani FR, Gerardi V, Pecere S, D'Aversa F, Lopetuso L, Zocco MA, Pompili M, Gasbarrini A.
Effect of rifaximin on gut microbiota composition in advanced liver disease and its complications.
World J Gastroenterol 2015; 21: 12322-12333 [PMID: 26604640 DOI: 10.3748/wjg.v21.143.12322]
Soldi S, Vasileiadis S, Uggeri F, Campanale M, Morelli L, Fogli MV, Calanni F, Grimaldi M,
Gasbarrini A. Modulation of the gut microbiota composition by rifaximin in non-constipated irritable
bowel syndrome patients: a molecular approach. Clin Exp Gastroenterol 2015; 8: 309-325 [PMID:
26673000 DOI: 10.2147/CEG.S89999]

Kang SH, Lee YB, Lee JH, Nam JY, Chang Y, Cho H, Yoo JJ, Cho YY, Cho EJ, Yu SJ, Kim MY,
Kim Y]J, Baik SK, Yoon JH. Rifaximin treatment is associated with reduced risk of cirrhotic
complications and prolonged overall survival in patients experiencing hepatic encephalopathy.
Aliment Pharmacol Ther 2017; 46: 845-855 [PMID: 28836723 DOI: 10.1111/apt.14275]

Flamm SL, Mullen KD, Heimanson Z, Sanyal AJ. Rifaximin has the potential to prevent
complications of cirrhosis. Therap Adv Gastroenterol 2018; 11: 1756284818800307 [PMID:
30283499 DOL: 10.1177/1756284818800307]

Mullen KD, Sanyal AJ, Bass NM, Poordad FF, Sheikh MY, Frederick RT, Bortey E, Forbes WP.
Rifaximin is safe and well tolerated for long-term maintenance of remission from overt hepatic
encephalopathy. Clin Gastroenterol Hepatol 2014; 12: 1390-7. €2 [PMID: 24365449 DOI:
10.1016/j.cgh.2013.12.021]

Zapater P, Caiio R, Llanos L, Ruiz-Alcaraz AJ, Pascual S, Barquero C, Moreu R, Bellot P, Horga JF,
Muiioz C, Pérez J, Garcia-Pefiarrubia P, Pérez-Mateo M, Such J, Francés R. Norfloxacin modulates
the inflammatory response and directly affects neutrophils in patients with decompensated cirrhosis.
Gastroenterology 2009; 137: 1669-79. el [PMID: 19660462 DOI: 10.1053/j.gastro.2009.07.058]

WJG | https://www.wjgnet.com 7618 December 28,2020 | Volume?26 | Issue48 |


http://www.ncbi.nlm.nih.gov/pubmed/27279075
https://dx.doi.org/10.1038/srep27849
http://www.ncbi.nlm.nih.gov/pubmed/24967632
https://dx.doi.org/10.1371/journal.ppat.1004210
http://www.ncbi.nlm.nih.gov/pubmed/28875549
https://dx.doi.org/10.1002/ijc.31029
http://www.ncbi.nlm.nih.gov/pubmed/31723265
https://dx.doi.org/10.1038/s41586-019-1742-x
http://www.ncbi.nlm.nih.gov/pubmed/15277142
https://dx.doi.org/10.1093/ajcn/80.2.245
http://www.ncbi.nlm.nih.gov/pubmed/12600843
https://dx.doi.org/10.1093/ajcn/77.3.559
http://www.ncbi.nlm.nih.gov/pubmed/28526488
https://dx.doi.org/10.1016/j.jhep.2017.05.007
http://www.ncbi.nlm.nih.gov/pubmed/30952918
https://dx.doi.org/10.1038/s41598-019-42059-3
http://www.ncbi.nlm.nih.gov/pubmed/25954111
https://dx.doi.org/10.3748/wjg.v21.i17.5359
http://www.ncbi.nlm.nih.gov/pubmed/26642859
https://dx.doi.org/10.1136/gutjnl-2015-310585
http://www.ncbi.nlm.nih.gov/pubmed/27816755
https://dx.doi.org/10.1016/j.cgh.2016.10.029
http://www.ncbi.nlm.nih.gov/pubmed/15855748
https://dx.doi.org/10.1159/000081990
http://www.ncbi.nlm.nih.gov/pubmed/23565181
https://dx.doi.org/10.1371/journal.pone.0060042
http://www.ncbi.nlm.nih.gov/pubmed/26604640
https://dx.doi.org/10.3748/wjg.v21.i43.12322
http://www.ncbi.nlm.nih.gov/pubmed/26673000
https://dx.doi.org/10.2147/CEG.S89999
http://www.ncbi.nlm.nih.gov/pubmed/28836723
https://dx.doi.org/10.1111/apt.14275
http://www.ncbi.nlm.nih.gov/pubmed/30283499
https://dx.doi.org/10.1177/1756284818800307
http://www.ncbi.nlm.nih.gov/pubmed/24365449
https://dx.doi.org/10.1016/j.cgh.2013.12.021
http://www.ncbi.nlm.nih.gov/pubmed/19660462
https://dx.doi.org/10.1053/j.gastro.2009.07.058

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

DOI: 10.3748 / wjg.v26.i48.7619

World Journal of
Gastroenterology

World | Gastroenterol 2020 December 28; 26(48): 7619-7632

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Basic Study

ORIGINAL ARTICLE

Pretreatment with intestinal trefoil factor alleviates stress-induced
gastric mucosal damage via Akt signaling

Yun Huang, Meng-Meng Wang, Zhi-Zhou Yang, Yi Ren, Wei Zhang, Zhao-Rui Sun, Shi-Nan Nie

ORCID number: Yun Huang 0000-
0001-6053-3413; Meng-Meng Wang
0000-0002-2908-6480; Zhi-Zhou
Yang 0000-0003-3633-1381; Yi Ren
0000-0002-4967-1476; Wei Zhang
0000-0003-0914-4855; Zhao-Rui Sun
0000-0002-8969-498X; Shi-Nan Nie
0000-0002-9989-4766.

Author contributions: Huang Y and
Wang MM contributed equally to
this work; Sun ZR and Nie SN are
co-corresponding authors for this
work; Sun ZR and Nie SN
designed the research; Huang Y
and Wang MM carried out most of
the experiments; Yang ZZ and
Zhang W provided statistical
support; Yang ZZ and Ren Yi
performed some experiments;
Huang Y, Wang MM, and Sun ZR
contributed to manuscript
preparation; All authors have read
and approved the final manuscript.

Supported by Social Development
Projects of Jiangsu Province, No.
BE2017720; the National Natural
Science Foundation of China, No.
81701894; Jiangsu Provincial
Medical Youth Talent, No.
QNRC2016909 and No.
QNRC2016908; Natural Science
Foundation of Jiangsu Province,
No. BK20190247; Science
Foundation of Jiangsu Health
Commission, No. H2018039; China
Postdoctoral Science Foundation,

Jaishideng®

WJG | https://www.wjgnet.com

Yun Huang, Nantong Hospital Affiliated to Nanjing University of Chinese Medicine, Nantong
226001, Jiangsu Province, China

Meng-Meng Wang, Zhi-Zhou Yang, Yi Ren, Wei Zhang, Zhao-Rui Sun, Shi-Nan Nie, Department of
Emergency Medicine, Jinling Hospital, Medical School of Nanjing University, Nanjing
210002, Jiangsu Province, China

Shi-Nan Nie, Department of Emergency Medicine, Nanjing University of Chinese Medicine,
Nanjing 210023, Jiangsu Province, China

Corresponding author: Shi-Nan Nie, MD, PhD, Director, Professor, Department of Emergency
Medicine, Jinling Hospital, Medical School of Nanjing University, No. 305 East Zhongshan
Road, Nanjing 210002, Jiangsu Province, China. shn nie(@sina.com

Abstract

BACKGROUND

Stress-related gastric mucosal damage or ulcer remains an unsolved issue for
critically ill patients. Stress ulcer prophylaxis has been part of routine intensive
care, but uncertainty and controversy still exist. Co-secreted with mucins,
intestinal trefoil factor (ITF) is reported to promote restitution and regeneration of
intestinal mucosal epithelium, although the mechanism remains unknown.

AIM

To elucidate the protective effects of ITF on gastric mucosa and explore the
possible mechanisms.

METHODS
We used a rat model of gastric mucosal damage induced by water immersion
restraint stress and lipopolysaccharide-treated human gastric epithelial cell line to
investigate the potential effects of ITF on damaged gastric mucosa both in vivo
and in vitro.

RESULTS

ITF promoted the proliferation and migration and inhibited necrosis of gastric
mucosal epithelia in vitro. It also preserved the integrity of gastric mucosa by
upregulating expressions of occludin and zonula occludens-1. In the rat model,
pretreatment with ITF ameliorated the gastric mucosal epithelial damage and
facilitated mucosal repair. The protective effects of ITF were confirmed to be
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exerted via activation of Akt signaling, and the specific inhibitor of Akt signaling
LY249002 reversed the protective effects.

CONCLUSION

ITF might be a promising candidate for prevention and treatment of stress-
induced gastric mucosal damage, and further studies should be undertaken to
verify its clinical feasibility.

Key Words: Intestinal trefoil factor; Water immersion restraint stress; Gastric mucosa;
Epithelium integrity; Akt signaling pathway
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Core Tip: Stress-related gastric mucosal damage remains an issue for critical care
patients. As an endogenous peptide, intestinal trefoil factor was found to alleviate both
macroscopic and microscopic gastric mucosal damage in vivo induced by acute stress
stimulation and promote mucosal epithelial cell survival, accelerate wound closure, and
preserve mucosal integrity in vitro. Akt signaling pathway could play an essential role.
Therefore, intestinal trefoil factor is a promising candidate for prevention and treatment
of stress-induced gastric mucosal damage.

Citation: Huang Y, Wang MM, Yang ZZ, Ren Y, Zhang W, Sun ZR, Nie SN. Pretreatment with
intestinal trefoil factor alleviates stress-induced gastric mucosal damage via Akt signaling.
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INTRODUCTION

Stress-related gastric mucosal damage is one of the most common complications for
critically ill patients in the intensive care unit (ICU), and it may evolve to ulceration
and bleeding!". It can be induced by strong stimulation or chronic stress, including
severe trauma, shock, infection, burns, surgery, or other etiological factors that involve
complex pathophysiological changes. Most ICU patients are believed to develop
gastrointestinal ulcers, and most of these ulcers are superficial and asymptomatic.
Only a small proportion (2%-5%) progress to upper gastrointestinal bleeding, leading
to increased morbidity or mortality”*”l. However, the underlying mechanisms of the
typically acute gastric mucosal lesions remain incompletely understood, as decreased
blood flow, local tissue hypoxia, oxidative stress, ischemia, and reperfusion injury may
contribute to the pathophysiology. Therefore, prevention and intervention of gastric
mucosal injury has been the most common concern from both clinical and basic
research perspectives.

Stress ulcer prophylaxis has been regarded as part of routine critical care for ICU
patients’l. However, pharmacotherapy of such gastric mucosal lesions is not
consistent, and recommendations in some guidelines are conflicting. Recently, some
new clinical trials and updated systematic reviews on the benefits and harms of the
two most commonly prescribed agents, proton pump inhibitors and H2-receptor
antagonists, have been reported, but the quality of evidence has limited their clinical
decision-making valuell. Therefore, further clinical trials, in-depth mechanism studies,
and novel strategies are needed for gastric mucosal damage.

In the gastrointestinal tract, mucus plays an important role in protecting epithelial
cells against mechanical damage, infection, or other stimuli and maintaining stability
of the luminal microenvironment. Co-secreted with mucins, trefoil factor family
(TFF) peptides (TFF1, TFF2, and TFF3) are recognized as integral constituents of the
mucus barrier. TFF3, also known as intestinal trefoil factor (ITF), is a small protease-
resistant protein (59 amino acids) that is predominantly expressed in mucin-secreting
goblet cells of the small intestine and colonl\. Previous studies have demonstrated that
ITF plays pivotal roles in maintaining epithelial integrity of the intestines through
regulation of restitution and regeneration of the intestinal epithelium, which involves
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regulation of E-cadherin function in epithelial cells, epidermal growth factor receptor
signaling, and the extracellular signal-regulated kinase and janus kinase/signal
transducer and activator of transcription 3 pathways“’. Additionally, ITF is
upregulated in various pathological conditions such as infection and carcinogenesis. It
may promote malignant progression by activating the epithelial-mesenchymal
transition process in colorectal cancer and facilitate other tumors, including prostate
and breast cancer!"*"?. Intriguingly, in normal gastric mucosa, expression of ITF is too
low to detect, but recent studies have indicated that serum ITF levels could be an
independent prognostic factor in patients with gastric cancer, and ITF downregulation
could inhibit both proliferation and invasion of gastric cancer cells in vitrot"’l.

Our previous study demonstrated that ITF can protect gastric epithelial cells (GES-
1) from non-steroidal anti-inflammatory drugs in vitro, leaving the therapeutic
potential and mechanisms to be elucidated!"l. Here, we aimed to investigate the effects
of ITF on gastric mucosal lesions induced by stress both in vivo and in vitro, and
possible mechanisms have also been preliminarily examined.

MATERIALS AND METHODS

Animals
Male Sprague-Dawley rats (8-10 wk old, 180-200 g) and their formula diet were
obtained from the Model Animal Research Center of Nanjing University (Nanjing,
China). Rats were housed individual cages in a room with controlled conditions (22 + 2
°C, relative humidity of 50% + 5%), a 12 h light/12 h dark cycle, and free access to food
and drinking water. Water immersion restraint stress (WIRS) model was adopted in
the present study as previously described, with some modifications!"”. Briefly, in the
stress exposure session, each rat was restrained individually in a plastic cage and
immersed up to its xiphoid in temperature-controlled water (23 °C) for 16 h.

The animal study was approved by the Institution Animal Committee of Jinling
Hospital, Medical School of Nanjing University, and the rats were maintained in
accordance with the guidelines for the care and use of laboratory animals.

Experimental design

Sprague-Dawley rats were randomly divided into four groups (n = 10), and all rats
were fasted for 24 h with free access to water before modelling. (1) Control group: The
rats received intraperitoneal injection of saline without stress exposure; (2) WIRS
group: The rats received intraperitoneal injection of saline with stress exposure; (3)
WIRS + ITF group: The rats received intraperitoneal injection of ITF (0.1 mg/kg,
PeproTech, Rocky Hill, NJ, United States) for 3 d before stress exposure; (4) WIRS +
ITF + LY group: The rats received intraperitoneal injection of ITF (0.1 mg/kg) for 3 d
before stress exposure and received additional injection of LY294002 (20 mg/kg, Cell
Signaling Technology, Danvers, MA, United States) prior to stress exposure.

Histological examination

All the rats were anesthetized with intraperitoneal sodium pentobarbital (50 mg/kg,
Sigma Aldrich, St. Louis, MO, United States) and sacrificed by cervical dislocation 24 h
after the stress exposure session. Stomach samples of each rat were fixed in 4%
buffered paraformaldehyde and embedded in paraffin. Paraffin sections were then cut
to a thickness of 5 pm and stained with hematoxylin and eosin for histological
examination according to standard procedures. The histological damage was assessed
and scored [gastric lesion index (GLI)] by two experienced pathologists as described
previously!l.

Cell culture and administration

Human gastric mucosal epithelial cell line GES-1 were obtained from American Type
Culture Collection (ATCC, Rockville, MD, United States). Cells were cultured as an
adherent monolayer in cell culture flasks (25 cm?, Cat. No. 430639, Corning, Corning,
NY, United States) using high glucose-Dulbecco’s modified Eagle medium (Thermo
Scientific, Waltham, MA, United States) with 10% fetal bovine serum (Gibco,
Gaithersburg, MD, United States) at 37 °C in a humidified incubator with 5% CO,.
When GES-1 cells reached 80% confluence, they were routinely passaged using 0.25%
trypsin and were diluted 1:2 at each passage. Cells treated with optimum
concentration of ITF (100 ng/mL), L'Y294002 (15 pmol/L), and lipopolysaccharides
(LPS, 10 pg/mL, Sigma Aldrich) were used in the following experiments as reported
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in our previous study!”l.

Cell viability assay

Cells were placed on a 6-well culture plate at 2 x 10° cells/mL in 2 mL culture
medium, then incubated at 37 °C in an atmosphere of 95% air and 5% CO, for 24 h, 48
h, and 72 h. After treated at different times, cells in each group were plated on a 96-
well culture plate at 2 x 10* cells/well in 100 pL culture medium; after incubated for 12
h, the culture medium was removed, and 100 pL free-serum medium was added with
10 pL Cell Counting Kit-8 solution (CCK-8, Cat. No. CK04-11, Dojindo Laboratories,
Kumamoto, Japan) to each well of culture plate. After incubated for 4 h, absorbance
(optical density) was measured at 450 nm with a multi- detection micro plate reader
(VersaMax, Molecular Devices, San Jose, CA, United States).

Cell migration assay

The migration ability of GES-1 cells was determined using Transwell and wound
healing migration assay. Briefly, the former was performed in Transwell chambers (8
pm pore size, Cat. No. 3422, Corning) according to the manufacturer’s instructions.
Cells were suspended in serum-free culture medium at a concentration of 4 x 10°
cells/mL and then added to the upper chamber (at 4 x 10* cells/well). Simultaneously,
0.5 mL of culture medium with 10% fetal bovine serum containing ITF (100 ng/mL) or
LY294002 (15 mol/L) was added to the lower compartment. The cells were allowed to
migrate in a humidified CO, incubator at 37 °C for 12 h. After incubation, cells that
had entered the lower surface of the filter membrane were fixed with 90% ethanol for
30 min at room temperature, washed three times with distilled water, and stained with
0.1% Crystal Violet in 0.1 mol/L borate and 2% ethanol for 30 min at room
temperature. Cells remaining on the upper surface of the filter membrane were gently
scraped off with a cotton swab. Images of penetrated cells were captured by a
photomicroscope (BX51, Olympus, Tokyo, Japan). Cell migration ability was
quantified in a blinded manner by counting the number of penetrated cells on the
lower surface of the membrane with five fields (100 x magnification) per chamber.
During wound healing migration assay, the confluent monolayers of cells were
wounded by scratching lines with a sterile micropipette tip. After removing the
cellular debris with phosphate buffered saline (PBS), cells were cultured for 72 h with
serum-free medium. The cells migrated to the wounded region were observed by
inverted microscope (CK-2 L, Olympus) and photographed (100 X magnification), and
the percentages of wound closure were calculated.

Western blotting analysis

Proteins were obtained from tissue specimens or GES-1 cells, and western blot analysis
was performed as previously described. Briefly, the isolated protein samples (30 ng)
were loaded on 12% sodium dodecyl sulfate-polyacrylamide gel to perform
electrophoresis. The separated proteins were then transferred to polyvinylidene
fluoride membranes using standard procedures. For immunoblotting, the membranes
were incubated at 37 °C for 1 h in blocking buffer [0.1% Tween 20, 1% bovine serum
albumin (BSA), and 5% non-fat milk in PBS]. The primary antibodies were added to
the membranes and incubated at 4 °C overnight. After three-times washing with PBS,
the membranes were incubated with 1:10000 diluted secondary antibodies
(horseradish peroxidase-conjugated goat anti-rabbit/mouse IgG, Boster, Wuhan,
China) at 37 °C for 1 h. After additional washing with tris-buffered saline containing
0.1% Tween 20 detergent, the target proteins on the blot membrane were visualized
using the enhanced chemiluminescence system (Cat. No. 345818, Merck, Darmstadt,
Germany). The Odyssey Scanning System (LI-COR, Lincoln, NE, United States) was
used for image capture. Equal loading of proteins was confirmed by visualization of p-
actin. Band intensities were quantified by densitometry using Image J Software
(version 1.41). The primary antibodies were employed as follows: Rabbit anti-Akt,
rabbit anti-pAkt (Cell Signaling Technology), rabbit anti-occludin, rabbit anti-zonula
occludens (ZO)-1, and mouse anti-B-actin (Abcam, Cambridge, United Kingdom).

Immunofluorescent staining

For studying the protective effect of ITF on maintaining integrity of GES-1 cells and
investigating the regulation of Akt signaling pathway, 10 pg/mL LPS was added into
cultured GES-1 cells. After 4 h, 100 ng/mL ITF was added, and then treated GES-1
cells were cultured in this condition for 48 h. Immunofluorescence analysis of GES-1
cells was performed as described previously. Briefly, cells were first fixed with 4%
paraformaldehyde for 10 min. To block unspecific binding sites, the cells were
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incubated with PBS containing 2% BSA for 1 h at 37 °C. After blocking of the non-
specific staining, the cells were incubated with the primary antibodies rabbit anti-
occludin and rabbit anti-ZO-1 (Abcam) at a dilution of 1:200 at 4 °C overnight. After
three washes with PBS with 0.2% Triton X-100, GES-1 cells were incubated with a
secondary antibody (goat anti-rabbit/ mouse Alexa Fluor 594 or 488, Life Technologies,
Carlsbad, CA, United States) at a 1:400 dilution in 2% BSA for 1 h at 37 °C in dark.
Then cells were stained with 10 pg/mL 4°, 6"-diamidino-2-phenylindole (Biyuntian,
Nantong, China) for 10 min to identify cellular nuclei. The images were captured using
a confocal fluorescence microscope (FV3000, Olympus).

Fluorescein diacetate/propidium iodide staining for morphologic evaluation

The integrity of the cell membrane was detected using fluorescein diacetate and
propidium iodide staining. Cells were placed on a 6-well culture plate at 1 x 10°
cells/mL in 2 mL culture medium. After 12 h, cells were treated with LPS (10 pg/mL),
ITF (100 ng/mL), and LY294002 (15 pmol/L) for 24 h, and then plated at a density of 2
x 10°cells/well onto 96-well plates, stained with 5 ng/mL propidium iodide and 4
pg/mL fluorescein diacetate, and observed under a fluorescent microscope (Nikon
ECLIPSE TE2000-S, Tokyo, Japan).

Statistical analysis

All data were analyzed using SPSS 21.0 software (Armonk, NY, United States).
Experimental results are expressed as mean * standard deviation (m + SD) and were
compared by one-way analysis of variance followed by SNK-Q test. P < 0.05 was
defined as indicating a statistical significance.

RESULTS

ITF alleviated gastric mucosal damage induced by stress in vivo

The stomachs of the WIRS group presented with severe gastric mucosal lesions, and
part of the lesion area developed severe edema, bleeding, and ulceration (Figure 1A).
Compared with the WIRS group, the gastric lesions in the WIRS + ITF group were
almost negligible, and the GLI was significantly decreased (7.50 + 2.10 vs 28.50 + 3.20, P
< 0.01) (Figure 1B), although the GLI was still higher than that of the control group
(without stress exposure). More-detailed histological examination showed that the
WIRS group displayed extensive destruction of the gastric mucosa. The pathological
changes, including epithelial necrosis, congestion, bleeding, inflammatory cell
infiltration, dilating and congesting vessels, and edema, were also present in the
submucosa. Minimal damage was observed in the WIRS + ITF group (Figure 1C).
Integrity of the mucosa is the basis of its barrier function, and we investigated
expression of epithelial tight junction markers occludin and ZO-1. Occludin and ZO-1
were significantly downregulated in the stomach of the WIRS group (Figure 1D). The
potential mechanisms that may be involved in this wound healing process were also
preliminarily investigated. Akt/protein kinase B is a widely recognized vital
regulatory factor responsible for maintaining cell viability and survival. After
treatment with ITF, the Akt signaling pathway was activated and expression of pAkt
in the gastric specimens was increased in the WIRS + ITF group (Figure 1D).

ITF promoted proliferation and migration and inhibited necrosis of gastric mucosal
epithelia

When treated with LY294002, cell viability was inhibited compared with the LPS + ITF
group but was still significantly increased at 48 and 72 h compared with the LPS group
(P <0.01) (Figure 2A). Necrosis was induced in GES-1 cells by LPS and was attenuated
by ITF, while the number of necrotic cells was increased when treated with LY294002
(Figure 2B). Epithelial cell migration and wound closure were promoted by ITF but
hindered by LPS (Figure 2C and D). Inhibition of the Akt pathway by LY294002
suppressed ITF-induced cell migration.

ITF maintained integrity of the gastric mucosa via the Akt signaling pathway

To explore the effects of ITF on gastric mucosal epithelial integrity, expression of tight
junction makers was detected. Immunofluorescence and western blotting
demonstrated that LPS induced epithelial tight junction damage and decreased
expression of occludin and ZO-1, whereas ITF reversed the decreased expression of
occludin and ZO-1 (Figure 3A and B). Expression of Akt phosphorylation in GES-1
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Figure 1 Intestinal trefoil factor alleviated gastric mucosal damage induced by acute stress. Gastric mucosal changes and protein expressions
were presented. A: Macroscopic appearance; B: Gastric lesion index; C: Histopathological analysis (Hematoxylin and eosin staining, magnification: 100 x); D:
Western blotting analysis of occludin, zonula occludens-1 (ZO-1), Akt, and pAkt. 2P < 0.05 vs control group; °P < 0.05 vs water immersion restraint stress (WIRS)
group. ITF: Intestinal trefoil factor.
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cells was increased when treated with ITF (Figure 3B), but LY294002 inhibited
activation of the Akt signaling pathway induced by ITF and suppressed the protective
effects of ITF on epithelial integrity (Figure 3A and B). These results indicated that ITF
had protective effects on gastric mucosal epithelial integrity by activating Akt
signaling, while the inhibitor of Akt signaling pathway, LY294002, eliminated the
protective effects of ITF.

ITF ameliorated gastric mucosal epithelial damage via activation of the Akt signaling
pathway in vivo

To confirm the gastroprotective effects of ITF and involvement of Akt signaling in this
process, another group of rats (WIRS + ITF + LY group) was enrolled and treated with
Akt signaling pathway inhibitor LY294002. Stress exposure caused formation of gastric
lesions in all groups except for the control group with intact mucosa (Figure 4A). Rats
from the WIRS and WIRS + ITF + LY groups developed severe gastric mucosal lesions
and the typical macroscopic signs including hyperemia, hemorrhage and edema. On
the contrary, only minimal morphological lesions and reduced areas of gastric ulcer
formation were observed in the WIRS + ITF group. Correspondingly, the GLI in the
WIRS + ITF group was markedly decreased compared with that in the WIRS group
(5.50 + 1.20 vs 32.0 = 2.50, P < 0.01) (Figure 4B), but this trend was reversed by
LY294002 (GLI: 22.0 + 1.50). Microscopic examination showed that ITF prevented
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Figure 2 Intestinal trefoil factor promoted the proliferation and migration and inhibited necrosis of GES-1 cells. A: Intestinal trefoil factor (ITF)
promoted proliferation of GES-1 cells, and LY294002 decreased the cell viability; B: Fluorescent images of treated cells following fluorescein diacetate
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are representative of three independent experiments; 2P < 0.05 vs control cells; °P < 0.05 vs LPS-treated cells.
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stress-induced histological changes in the gastric mucosa with inflammation
infiltration, congestion, and hemorrhage. Administration of LY294002 interfered with
the protective effects of ITF, and the mucosal damage was slight compared with that in
the WIRS group (Figure 4C).

Expression of occludin, ZO-1, Akt, and pAkt in gastric mucosa was determined.
Expression of occludin and ZO-1 in the gastric tissues was significantly enhanced by
ITF, and the effects were partially inhibited by LY294002 (Figure 4D). Akt
phosphorylation was upregulated when challenged by stress exposure and was
further increased by ITF. However, the inhibitor of the Akt pathway reduced
phosphorylation in the WIRS + ITF + LY group compared with the WIRS + ITF group (
P <0.05) (Figure 4D).

DISCUSSION

The gastrointestinal epithelial barrier is crucial for the maintenance of homeostasis,
and it is also constantly exposed to various stimuli and susceptible to those threats. It
is not surprising that critically ill patients are often confronted with the risk of mucosal
damage, alterations in epithelial barrier function, and various complications. Despite
the increased risk of myocardial ischemia, Clostridium difficile enteritis and hospital-
acquired pneumonia, prophylactic medication for stress ulcers is still widely adopted
in the ICU, along with treating the primary diseases!"*l. Novel approaches have been
explored to control and prevent mucosal damage or promote epithelial restitution.

As an endogenous peptide and a key constituent of mucus barrier, ITF is a potential
choice for mucosal damage prophylaxis and treatment. In recent decades, changes in
ITF expression level have been recognized in various diseases, especially in
gastrointestinal disorders. Serum levels of ITF are significantly increased after skeletal
trauma in humans, which could enhance motility and migration of mesenchymal
progenitor cells and promote skeletal repair!”l. For critically ill children, where the
body is in a stressed state, serum ITF concentration is associated with gastrointestinal
failure and prognosis®®). Another study has suggested that urinary ITF can help
diagnose and predict the disease course in necrotizing enterocolitis at the early stage in
newborns”'l. Previous studies have also paid close attention to the application of ITF to
inflammatory bowel disease, showing that ITF could be used as a biomarker to predict
disease activity and assess mucosal healing in ulcerative colitis®**1. All these reports
suggest the therapeutic potential of ITF in gastrointestinal mucosal damage, but there
is an absence of direct evidence.

However, few studies have explored the roles of ITF in stress-induced gastric
mucosal injury. Previously, we have reported the ITF-mediated protection of gastric
epithelial mucosa cells from NSAIDs in vitro without mechanistic explanation and
further investigation in vivoll.In the current study, we initially found that
pretreatment with ITF attenuated gastric lesions and alleviated local inflammation in
the WIRS rat model, and the altered expression of epithelium tight junction markers
indicated the ability of ITF to maintain or restore epithelial integrity. Preliminary
results also suggested the activation of Akt kinase. In the following experiments, the
cytoprotective effects of ITF were verified using LPS to induce GES-1 cell injury, and
ITF promoted cell proliferation and migration, inhibited LPS-induced necrosis, and
preserved the intercellular tight junction in vitro without signaling. Intriguingly, when
treated with LY294002, a specific inhibitor of the Akt signaling pathway, these
protective effects of ITF were attenuated significantly in vitro. The results with the
GES-1 cell line suggested that Akt signaling was essential for ITF to function
biologically, and this was validated in another set of WIRS rat models.

The Akt signaling pathway is reported to play essential roles in the process of cell
proliferation, differentiation, apoptosis, and migration. It has also been shown to
preserve epithelial integrity during inflammation, which was confirmed in the current
study™l. Our results in vitro and in vivo demonstrated that ITF was a rapid responder
to stress stimuli. Although mucosal restitution is an intrinsic function of
gastrointestinal epithelial cells, ITF still exerted promising wound healing effects.

Several issues involved in the subtle regulatory networks still need to be discussed.
Whether ITF responsiveness requires a receptor is unclear. Belle and co-workers found
that the leucine rich repeat receptor and nogo-interacting protein 2 (LINGO?2) is
essential for ITF-mediated functions, and ITF-LINGO2 interactions derepress
inhibitory LINGO2-epidermal growth factor receptor complexes, allowing ITF to
drive wound healing and immunity™.. ITF has also been reported to interact with
other receptors including chemokine CXC receptor 4 and 7, protease-activated

WJG | https://www.wjgnet.com 7626 December 28,2020 | Volume?26 | Issue48 |



A Control

Occludin

Z0-1

B LPS
ITF

LY294002

pAkt (60 kDa)

Akt (60 kDa)

Occludin (65 kDa)

Z0-1 (195 kDa)

B-actin (42 kDa)

50 um

Huang Y et al. ITF alleviates gastric mucosal damage

LPS + ITF LPS + ITF + LY

50 ym & A

5
[ Control
= 4 [JLPS
=] I | PS + ITF
S B L PS + ITF + LY
k]
T 31
£
=
2 2-
Q
©
g
£, 3 b b
g a
a
@ a
0
pAkt Akt Occludin Z0-1

Figure 3 Intestinal trefoil factor preserved integrity of the gastric mucosa by activating the Akt signaling pathway. A: Inmunofluorescence
staining of tight junction markers [occludin and zonula occludens-1 (ZO-1)] demonstrated that intestinal trefoil factor (ITF) maintained the integrity of GES-1 cells after
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receptors, and classic signaling pathways*-I.

The histological examination in our study indicated that ITF could exert anti-
inflammatory effects in vivo. These effects were also demonstrated when the microglial
cells were cultured in the presence of ITF, and subsequent reduced expression and
secretion of pro-inflammatory cytokines after LPS stimulation were detected™!. ITF
derived from human breast milk can downregulate proinflammatory cytokines and
upregulate human p-defensin expression via regulating intracellular Ca*" activity, and
the significance of ITF as an immunomodulator should be given more emphasis.
Recombinant human ITF is reported to protect mucosal barrier function in rats with
nonalcoholic steatohepatitis and reduce inflammatory injury by reducing expression of
Toll-like receptor 4 and nuclear factor-«BFl. Supplementation of ITF also rescued Toll-
like receptor 2-deficient mice from increased inflammatory-stress-induced mucosal
damage linked to innate immune protectionl. Additionally, the TFFs, including ITF,
are reported to share a divalent lectin activity that recognizes the N-acetyl-
glucosamine-a-1, 4-galactose disaccharide and interact with mucosal glycoproteins
relying on the glycosylation state. How their lectin activities might promote cell
migration to achieve epithelial restitution remains unclear™. Accumulating evidence
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Figure 4 Inhibition of the Akt signaling pathway attenuated the protective effects of intestinal trefoil factor in vivo. Gastric mucosal changes
were presented in each group. A: Gross morphological appearance; B: Gastric lesion index (GLI); C: Histopathological analysis (Hematoxylin and eosin staining,
magnification: 100 x); and D: The expression of occludin, zonula occludens-1 (ZO-1), Akt, and pAkt were determined. Inhibition of the Akt signaling pathway by
LY294002 significantly attenuated the protective effects of intestinal trefoil factor (ITF) in vivo. 2P < 0.05 vs control group; °P < 0.05 vs water immersion restraint
stress (WIRS) group.

has implicated glycosylation as an underappreciated post-translational modification,
and glycan alterations have an important impact on the mucus layer, glycan-lectin
interactions, and mucosal immunity™ 1.

With regard to clinical implications of ITF in adult critically ill patients, the latest
research shows that plasma ITF levels are sustained elevated in abdominal sepsis
patients, and higher ITF levels are associated with shock and multiple organ (= three)
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failure. However, elevated ITF level is not an independent risk factor for 30 d
mortality®™!. These results suggest that gastrointestinal injury contributes to the
pathogenesis of critical illness, and ITF could be a potential therapeutic agent. ITF has
been utilized for enema in patients with mild-to-moderate left-sided ulcerative colitis
in a clinical trial, but this well-tolerated regimen did not provide any benefit above
that of adding 5-aminosalicylic acid alonell. A novel delivery method, use of the
systemic route, and adjustment of medication duration should be taken into
consideration in subsequent trials. The latest study found that protein disulfide
isomerase Al can directly catalyze dimerization of ITF, and changes in the
modification protein disulfide isomerase Al reduce its activity, resulting in a
corresponding decrease in ITF dimerization and delayed intestinal mucosal repair
during sepsis. This work suggests novel mechanisms for the inhibition of mucosal
repair and promising targets for the prevention and treatment of sepsis!”. The
aforementioned potential adverse effects of conventional antiulcer agents such as
proton pump inhibitors and H2-receptor antagonists and the current results support
the prospect of clinical translation of ITF, especially for critically ill patients who are in
a of stress.

CONCLUSION

In conclusion, ITF can alleviate both macroscopic and microscopic gastric mucosal
damage in vivo induced by acute stress stimulation and promote mucosal epithelial
cell survival, accelerate wound closure, and preserve mucosal integrity in vitro. Akt
signaling pathway could play essential roles in this process (Figure 5). Further studies
should be implemented to explore the feasibility of clinical application of ITF for
prevention and treatment of stress ulcer and gastric mucosal damage caused by other
factors.
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ARTICLE HIGHLIGHTS

Research background

Stress-related gastric mucosal damage is a prevalent complication in critically ill
patients in the intensive care unit, and it may evolve to ulceration and bleeding. Stress
ulcer prophylaxis has been common in routine intensive care, but with controversy.
Co-secreted with mucins, intestinal trefoil factor (ITF) is reported to promote the
restitution and regeneration of intestinal mucosal epithelium, but the mechanism is
unknown.

Research motivation
As an endogenous peptide, ITF harbors innate advantages over conventional anti-
ulcer agents, and might be a new candidate for stress ulcer prophylaxis.

Research objectives
To investigate the protective effects of ITF on gastric mucosa and explore the
underlying mechanisms.

Research methods

We utilized water immersion restraint stress-induced gastric mucosal damage rat
model and lipopolysaccharide-induced gastric epithelium cell damage model to
investigate the potential functions of ITF on damaged gastric mucosa both in vivo and
in vitro.

Research results

We found that ITF promoted proliferation and migration and inhibited necrosis of
gastric epithelium cells and preserved the integrity of gastric mucosa by increasing
expression of occludin and zonula occludens-1. Additionally, pretreatment with ITF
ameliorated the gastric mucosal epithelial damage and promoted mucosal repair in
vivo. We found that the protective effects of ITF were exerted by activation of Akt
signaling, and the specific inhibitor of this pathway, LY249002, abolished the
protective effects.

Research conclusions
Pretreatment with ITF alleviated stress-induced gastric mucosal damage by activation
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of Akt signaling.

Research perspectives
This study provides insight into the translational potential of ITF as a promising
candidate for prevention and treatment of stress-induced gastric mucosal damage.
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Abstract

BACKGROUND

We previously showed, using the Traditional Chinese Medicine System
Pharmacology Database, that Gegen Qinlian decoction (GQD) had a direct
antitumor effect, and was combined with programmed cell death protein (PD)-1
inhibitors to treat microsatellite stable (MSS) tumor-bearing mice. However, the
effect of GQD on patients with colorectal cancer (CRC) is not clear.

AIM
To determine the therapeutic mechanism of GQD in improving immune function,
reducing inflammation and protecting intestinal barrier function.

METHODS

Seventy patients with CRC were included in this study: 37 in the control group
and 33 in the treatment group. The proportions of CD4* T, CD8* T, natural killer
(NK), NKT and T regulatory cells were measured by flow cytometry. Levels of the
cytokines tumor necrosis factor (TNF)-a, interferon (IFN)-y, interleukin (IL)-2, IL-
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6, IL-10 and serotonin (5-hydroxytryptamine; 5-HT) in serum were assessed by
enzyme-linked immunosorbent assay (ELISA). The expression of zonula
occludens (ZO)-1, occludin, nuclear factor (NF)-xB and TNF-a in tumor and
normal tissues was measured by immunohistochemistry. The composition of gut
microbiota from patients in the treatment group was assessed using 165 rDNA
analysis.

RESULTS

There were no adverse events in the treatment group. The proportion of CD4* T
cells and NKT cells in the post-treatment group was significantly higher than that
in the pre-treatment and control groups (P < 0.05). The level of TNF-a in the post-
treatment group was significantly lower than that in the pre-treatment and control
groups (P < 0.05). The concentration of 5-HT in the post-treatment group was
significantly lower than that in the pre-treatment group (P < 0.05). The expression
of ZO-1 and occludin in tumor tissues in the treatment group was significantly
higher than that in the control group (P < 0.05). The expression of ZO-1 in normal
tissues of the treatment group was significantly higher than that in the control
group (P = 0.010). Compared with the control group, expression of NF-xB and
TNF-a in tumor tissues of the treatment group was significantly decreased (P <
0.05). Compared with the pre-treatment group, GQD decreased the relative
abundance of Megamonas and Veillonella. In addition, GQD increased the relative
abundance of Bacteroides, Akkermansia and Prevotella.

CONCLUSION
GQD enhances immunity and protects intestinal barrier function in patients with
CRC by regulating the composition of gut microbiota.

Key Words: Colorectal cancer; Gegen Qinlian decoction; Immunity; Inflammation;
Intestinal barrier function; Gut microbiota

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: On the basis of our previous study, this study revealed that Gegen Qinlian
decoction (GQD) repaired intestinal barrier function in patients with colorectal cancer
(CRC) by regulating gut microbiota, thereby improving immune status and reducing
inflammation. Our findings highlight the therapeutic potential of GQD in modulating
the gut microbiota and protecting intestinal barrier function in CRC patients.

Citation: Li Y, Li ZX, Xie CY, Fan J, Lv J, Xu XJ, Lv J, Kuai WT, Jia YT. Gegen Qinlian
decoction enhances immunity and protects intestinal barrier function in colorectal cancer
patients via gut microbiota. World J Gastroenterol 2020; 26(48): 7633-7651

URL: https://www.wjgnet.com/1007-9327/full/v26/i48/7633.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.i48.7633

INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer worldwide!l. Economic and
social development and changes in lifestyle in China have resulted in a rapid increase
in the incidence of CRC. At present, the main treatments for CRC are surgery,
radiotherapy and chemotherapy, but the overall effect is not satisfactory. With the
advent of immune checkpoint inhibitors, there is a new dawn in the treatment of
malignant tumors such as melanoma®”. However, the therapeutic effect of immune
checkpoint inhibitors in CRC is not optimistic. The reason for this is that the tumor
microenvironment is closely related to the effect of CRC treatment™’. Based on the
particular anatomy, the microenvironment of CRC is composed of intestinal
microorganisms, their metabolites or secretions, and the intestinal barrier.

It has been shown that the number of immune cells in patients with CRC is
important for prognosistl. There must be sufficient immune cell infiltration in the
tumor to ensure the killing effect. The proportion of T and natural killer (NK) cells in
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peripheral blood of CRC patients decreases, while the proportion of regulatory T
(Treg) cells increases significantly, and the percentage of NKT cells is independently
correlated with disease-free survival®. It has been found that cytokines such as
interferon (IFN)-y and interleukin (IL)-2 can improve the therapeutic effect of CRC by
recruiting lymphocytes”.. In addition, the increase in tumor necrosis factor (TNF)-a
can promote the occurrence of chronic inflammation, but the inhibition of immune
cells can be eliminated by blocking the signal transduction function of TNF-related
receptors in T cells. In recent years, it has been found that serotonin (5-hydro-
xytryptamine, 5-HT) is not only known to regulate intestinal movement and secretion,
but is also an important immunomodulator”'’l. However, the relationship between 5-
HT and poor prognosis, metastasis and recurrence of CRC is still controversiall'"l.

The tight junction components are composed of occludin, zonula occludens (ZO)-1,
Z0-2, ZO-3, claudin and junction adhesion molecules. The decreased expression of
Z0O-1 is related to cancer invasion!’. The intestinal barrier function of patients with
CRC is destroyed by decreased expression of ZO-1 and occludin'”\. The expression of
Z0O-1 and occludin is also decreased in inflammatory bowel diseases, while the level of
nuclear factor (NF)-xB, TNF-a and IL-1 is significantly increased!!. Evidence suggests
that proinflammatory factor TNF-a can induce tumor invasion and metastasis by
reducing the expression of E-cadherin and ZO-1"1.

The uniqueness of CRC suggests that its occurrence and development, and
destruction of the intestinal barrier may be inseparable from gut microbiota. There are
approximately 1000 species of bacteria in the human intestinal system, more than 10
times the number of human eukaryotic cells!'’l. If intestinal diseases do not take into
account the role of bacteria, it is difficult to know the real cause of the disease. Recent
studies have shown that changes in the type and number of gut microbiota play an
important role in the occurrence and development of CRC!'"L. It has been found that the
combined action of Escherichia coli and Bacteroides fragilis can promote the occurrence of
CRCI'. One study found that familial adenomatous polyposis eventually becomes
cancerous due to the formation of bacterial biofilms that are mainly composed of the
above two bacterial'”l. Other studies have also found that Bacteroides fragilis (B. fragilis)
can activate the NF-xB pathway, leading to inflammation and ultimately carci-
nogenesis”’l. Yachida et al*'! showed that the decreased abundance of Prevotella and
increased abundance of Megamonas were significantly associated with progression of
CRC. The Gustave Roussy Cancer Campus in France found that the increase in the
relative abundance of Akkermansia muciniphila can promote the infiltration of immune
cells into tumor tissues, which in turn improves the efficacy of immune checkpoint
inhibitors®**!. The increase in harmful bacteria can inhibit the expression of mucin,
thus weakening the protective effect of the intestinal barrier, which increases damage
to the intestinal epithelium by intestinal toxic substances.

Regulation of gut microbiota is expected to become an adjuvant therapy for CRC.
Traditional Chinese medicine has unique advantages in this respect. According to
traditional Chinese medicine, CRC originates from the damp-heat syndrome, which is
roughly similar to the imbalance of gut microbiota in western medicine. Gegen Qinlian
decoction (GQD) is a classical traditional Chinese medicine for the treatment of damp-
heat syndrome, which has a history of more than 2000 years. The formula contains
four types of medicinal materials: Radix Puerariae, Radix Scutellariae, Rhizoma
Coptidis and Radix Glycyrrhizae. GQD can be used in the treatment of type 2 diabetes
and ulcerative colitis (UC)*1. In our previous study, using the Traditional Chinese
Medicine System Pharmacology Database, we found that GQD had a direct antitumor
effect, and was combined with programmed cell death protein (PD)-1 inhibitors to
treat microsatellite stable (MSS) tumor-bearing mice, which synergistically enhanced
anti-PD-1 immunotherapy!.

However, the effect of GQD on intestinal mucosal barrier function and gut
microbiota in patients with CRC has not been reported. In this study, based on
previous animal studies, we determined the changes in immune cells, cytokines and
intestinal barrier function in patients with CRC after GQD administration to assess the
therapeutic mechanism of GQD in improving immune function, reducing
inflammation and protecting intestinal barrier function.

MATERIALS AND METHODS
GQD preparation

The herbal formula GQD is a combination of four medicinal herbs: Radix Puerariae (15
g), Scutellariae Radix (9 g), Coptidis Rhizoma (9 g), and liquorice (6 g) at a ratio of
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5:3:3:2 (w/w/w/w). GQD was prepared at the pharmacy of the Fourth Hospital of
Hebei Medical University, and was identified by two experienced pharmacists.

Patient variables and medication standard

Seventy patients with colon or rectal cancer diagnosed for the first time in the Fourth
Hospital of Hebei Medical University were selected. Diagnosis and tumor-node-
metastasis (TNM) classification were made according to the Seventh Edition of TNM
classification criteria issued by the Union for International Cancer Control (UICC). On
admission, the patients were randomly divided into the control group (n = 37) and the
treatment group (n = 33). The study was approved by the Ethics Committee of the
Fourth Hospital of Hebei Medical University and followed the ethical standards
stipulated in the Declaration of Helsinki. All patients gave informed consent. The
control group received routine treatment and elective surgery after admission. The
treatment group received routine treatment and oral GQD for 7 d (250 mL, twice daily)
before surgery. The subjective and abdominal symptoms of the patients were observed
and recorded.

Flow cytometry

Peripheral blood was collected at the beginning of the study in the control group, and
was collected in the treatment group before and after medication. All peripheral blood
was collected from veins with EDTA-Li micro-anticoagulant tubes. Blood was stained
with anti-human CD45-FITC (REFA07749), anti-human CD3-PC5, anti-human CD4-
RD1, anti-human CD8-ECD, anti-human CD(16+56)-PE (A07735), anti-human CD4-
FITC (REFA07750), anti-human CD25-PE (REFA07774) and anti-human CD127-PC5
(REFA64617) (Beckman Coulter, CA, United States), which was divided into three
tubes for testing. Measurement was carried out on a Fortessa Flow Cytometer (BD, San
Jose, CA, United States). Analysis was performed with Flow Jo version 10 (Tree Star
Inc., Ashland, OR, United States).

Enzyme-linked immunosorbent assay

Peripheral blood was collected at the beginning of the study in the control group, and
was collected before and after medication in the treatment group. All sera were
obtained by centrifugation and stored at -80°C. Commercially available enzyme-linked
immunosorbent assay (ELISA) kits (ABclonal Biotechnology, Wuhan, China) were
used to detect the levels of TNF-a, IFN-y, IL-2, IL-6 and IL-10 in the serum of patients
with CRC. 5-HT was detected using another ELISA kit (GeneTex, Hsinchu City,
Taiwan).

Immunohistochemistry

Tumor and normal tissues in the control group and treatment group were removed
after surgery. The colon and rectum specimens were harvested and embedded in
paraffin blocks and cut into 4-um-thick tissue sections. The morphological changes in
normal tissues were confirmed by hematoxylin and eosin staining. For
immunohistochemical staining, the paraffin-embedded slides were dewaxed using
xylene and rehydrated using alcohol of graded concentrations. Endogenous
peroxidase activity was eliminated by 3% H,O, for 15 min. The slides were then
blocked with 5% goat serum for 20 min at 37°C, followed by primary antibody
incubation overnight at 4°C. The next day, each sample was incubated with
horseradish-peroxidase-labeled secondary antibody for 1 h at room temperature,
followed by staining with the ready-to-use reagent DAB kit (ZSGB-BIO, Beijing,
China). After dehydration and drying, the tissue sections were mounted with neutral
gum and observed under a microscope (Olympus, Tokyo, Japan). Three high power
visual fields were randomly selected for image acquisition, and image quantitative
analysis was carried out with Image-Pro Plus 6.0 software. The average optical density
of each protein was finally expressed by IOD value.

Analysis of fecal 16S rDNA

Feces were collected from the treatment group before and after medication for gut
microbiota analyses by 16S rDNA. Microbial genomic DNA was extracted from fecal
samples using a QlAamp DNA Stool Mini Kit (MoBio Laboratories Inc., Carlsbad, CA,
United States). The 165 rDNA V4 region was amplified using the 515F primers (515F-
GTGCCAGCMGCCGCGGTAA) and 806R primers (GGACTACHVGGGTWTCTAAT).
PCR product quantification, qualification and purification were performed. Library
preparation and sequencing were performed on the MiSeq platform (Beijing Genomics
Institute, Shenzhen, China). The 165 rDNA sequencing data were quality filtered using
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FLASH (Fast Length Adjustment of Short reads, version 1.2.11). Operational
taxonomic units (OTUs) were picked at a 97% sequence similarity cut-off, and the
identified taxonomy was then aligned using Silva (Releasel28 http://www.arb-
silva.de). The RDP classifier (version 2.2) was used to classify OTUs at a given
taxonomic rank.

Statistical analysis

Statistical analysis was performed using SPSS 21.0 software (Chicago, IL, United
States). Measurement data are expressed as mean * standard deviation. Comparisons
between two groups were assessed using Student’s unpaired f tests. The Student’s
paired t test was used to compare the results between pre-treatment and post-
treatment. If it did not conform to the normality test, the rank sum test was used. P <
0.05 was selected as the point of minimal statistical significance in every comparison.

RESULTS

Comparison of clinical data between the control and treatment groups

We compared clinical data between the control group and treatment group, including
sex, age, tumor location, T stage, lymph node, and TNM stage (Table 1). The results
showed that the clinical data of the two groups were consistent.

Safety evaluation of GQD

In the treatment group, nine patients had abdominal pain and distension, and 14 had
diarrhea. Twelve patients complained of tenesmus. Following the administration of
GQD, 12 of these 14 patients stated that their abdominal symptoms were better than
those before treatment, including alleviation of diarrhea and reduced defecation, from
five to three times per day. Another seven patients stated that the symptoms of
tenesmus improved after taking GQD. No related adverse events were observed
(Table 2).

GQD enhanced immunity

To determine the effect of GQD on immune function in patients with CRC, we
measured immune cells in the control and treatment groups. There was no difference
in the proportion of peripheral immune cells, including CD4* T cells, CD8" T cells, NK
cells (CD3-CD16*CD56"), NKT cells (CD3*CD16*CD56%) and Treg cells (CD4'CD25*
CD1274™) between the control and pre-treatment group (P > 0.05) (Figure 1). However,
compared with the control group and pre-treatment group, the proportion of CD4"* T
cells was significantly increased in the post-treatment group (P < 0.05) (Figure 1A and
B). There was no significant difference in CD8" T cells and NK cells among the three
groups (P > 0.05) (Figure 1C-F). The proportion of NKT cells in the control group and
pre-treatment group was 1.28% and 1.58%, respectively, and increased to 2.58% in the
post-treatment group (P < 0.05) (Figure 1E and H). There was almost no difference in
the proportion of Treg cells among the three groups (P > 0.05) (Figure 1G and I).

GQD reduced inflammation

To establish whether GQD reduced inflammation in patients with CRC, serum
cytokine levels were measured with ELISA. The level of TNF-a in the post-treatment
group was significantly lower than that in the control and pre-treatment groups. The
average value of TNF-a in the control and pre-treatment groups was 12.85 pg/mL and
12.47 pg/mL, respectively, and the average value in the post-treatment group was 9.88
pg/mL (P < 0.05) (Figure 2A). The levels of other cytokines including IFN-y, IL-2, IL-6
and IL-10 did not change significantly among the three groups (P > 0.05) (Figure 2B-E).
In addition, compared with the pre-treatment group, GQD significantly reduced the
level of 5-HT in the post-treatment group (P < 0.05). Although the level of 5-HT was
also lower than that in the control group, it did not reach statistical significance
(Figure 2F).

GQD enhanced intestinal barrier function

In the normal tissues of patients with CRC, the inflammatory reaction in the control
group was more severe than that in the treatment group, in terms of the distribution of
lymph nodes and destruction of intestinal mucosa (Figure 3A and B). To detect the
effect of GQD on intestinal barrier function in patients with CRC, the expression of
Z0-1, occludin, NF-xB and TNF-a in tumor and normal tissues was detected by
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Table 1 Clinical data of patients with colorectal cancer in the two groups

Groups Control Treatment X2 value P value
Gender 3.503 0.061
Female 29 19

Male 8 14

Age (yr) 0.479 0.489
<60 16 17

> 60 21 16

Tumor location 0.243 0.622
Colon 18 18

Rectum 19 15

T stage 1.425 0.233
T1-T2 4 7

T3-T4 33 26

Lymph node 0.391 0.532
Positive 24 19

Negative 13 14

TNM stage 2.700 0.259
I ) 6

I 21 13

I 13 14

Total 87 33

TNM: Tumor-node-metastasis.

Table 2 Safety evaluation in patients with colorectal cancer in the treatment group

Observation index (patients) Unchanged Alleviation Aggravation
Stomachache, Bloating (9) 7 (78%) 2 (22%) 0
Diarrhea (14) 2 (14%) 12 (86%) 0
Tenesmus (12) 5 (42%) 7 (58%) 0

JBaishideng®

immunohistochemistry (Figure 4A). The expression of ZO-1 in tumor and normal
tissues in the treatment group was significantly higher than that in the control group (
P < 0.05) (Figure 4B). The expression of occludin in tumor tissues in the treatment
group was significantly higher than that in the control group (P < 0.05), but there was
no change in normal tissues between the control and treatment groups (P > 0.05)
(Figure 4C). Similarly, compared with the control group, expression of NF-xB and
TNF-a in tumor tissues of the treatment group was significantly reduced (P < 0.05)
(Figure 4D and E). There was also no significant change in normal tissues between the
control group and treatment group (P > 0.05) (Figure 4D and E). GQD prevented
destruction of the intestinal barrier in patients with CRC.

GQD regulated the gut microbiota

To determine the influence of GQD on the gut microbiota, 165 rDNA was used to
detect the changes before and after treatment. Under 97% similarity, the number of
OTUs in each sample was obtained. A Venn diagram showed 143 different species
between the pre-treatment and post-treatment groups (Figure 5A). Partial least squares
discriminant analysis demonstrated a notable clustering effect in the gut microbiota
pre-treatment and post-treatment (Figure 5B). By visualizing the landscape of the gut

WIJG | https://www.wjgnet.com 7638 December 28,2020 | Volume26 | Issue48 |



LiY et al. Effects of GQD on CRC

Control Pre-treatment Post-treatment B
10°5; 7 10°5; 2 10%5; 7 CD4+ T cell
E 0.4% 42.7% E 0.1% 45.1% E 05’ 49.9%
102é 102é 102—; T
N ] : 1 3
| X 1 5 sty | +
813 , 3 13 il 104 @ 40
z ; = z g
10°; £ 10°4] &
_ L AR T krol tme m\eﬂ
10° 10t 10? 10° 10° 10t 10? 10° 10° 10t 10? 10° co e’“’ea PO s’t’ﬁea
10°3 10°5 10°
Cog T E D, CD8+ T cell
2] 2_| 2
+ 104 10° 10% 5 30
] 9 1 ] &)
a yr 1 1
© 10 ﬁ 10'4 10'4 & 20
El e 3 E 8
] ] ] X 10
10°5 10°4
0
- \ t
T T T UL B L e UL L B L R (‘,0““0\ _“eatme“ ea\_men
10° 10 10 10° 10 10? 10° 10° 10" 107 10° pre post
CD3+
10° 10° ]
E §E|Inz [Fon Fios i 1o EEr e F 30 5 ,L‘
: _ 1
+ 102—; 102—: 102 _
B E g 20
+ 1 |
O 10" 10 2
o 3 + Q 10
o ] o
B
(e
— 0+
Ja)
O o\ nt ni
R UL T T - — CO““re—trea‘me Sweaﬂ“e
10° 10 10° 10° 10° 10 10° 10° 10° 10t 10% 10° 4
CD3- CD3+
G H.,. NKT
. a
] a
50 ¢ 5 31
g E 39 :
o ) o 2
+ E [a) 2
3 " Q
O > 1
0 | T
o\ ent ent
— contr eatn ypedt™
Pog{’tr
E| T I Treg
E ] E 1
E | 1 — 4 - | ——
= E - 0]
o = E o
~ ] 1 = 3
N 1 +
o = = ﬂ
O3 E a 2
a 1 O
1 ] T
E E E 1
E 1 )
] ] & 0

T
I C"“‘Q\e—vea‘msgsx—weat“‘e“

Figure 1 Gegen Qinlian decoction enhanced the immunity. A, C, E and G: Flow cytometry analysis of the proportions of CD4*T, CD8'T, natural killer (NK),
NKT and Treg cells in the control group, the pre-treatment group and the post-treatment group of patients with colorectal cancer; B, D, F, H and |: Changes in the
proportions of CD4*T, CD8'T, NK, NKT and Treg cells (°P < 0.05).

microbiota in all feces samples, we found that the alpha and beta diversity of the gut
microbiota was significantly lower in the post-treatment group than in the pre-
treatment group based on Ace, Chao and Shannon indices (Figure 5C and D).

We analyzed the gut microbiota for differences between the pre-treatment and post-
treatment groups. Four dominant phyla were identified. Compared with pre-
treatment, the abundance of Bacteroidetes was increased, while the abundance of
Firmicutes, Proteobacteria and Verrucomicrobia was decreased post-treatment
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Figure 2 Gegen Qinlian decoction reduced inflammation. A-E: Changes in the concentration of cytokines [including tumor necrosis factor-a, interferon-y,
interleukin (IL)-2, IL-6, and IL-10] in serum among the control group, pre-treatment group and post-treatment group of patients with colorectal cancer (°P < 0.05); F:
Changes in neurotransmitter 5-HT levels in serum among the three groups (°P < 0.05). TNF-a: Tumor necrosis factor-a; IFN-y: Interferon-y; IL: Interleukin; 5-HT: 5-
Hydroxytryptamine.

Figure 3 The morphological features of normal tissues in the control and treatment groups by HE staining (x 100 magpnification). A: The
control group; B: The treatment group.

(Figure 5E). When we compared the phylogenetic composition of common bacterial
taxa at the genus level, we found that Bacteroides, Akkermansia and Prevotella were
enriched and the abundance of Megamonas and Veillonella was decreased in the post-
treatment group (Figure 5F and G).

To analyze these findings further, the differential genes of gut microbiota between
the two groups were enriched by KEGG function. We found functional differences in
the gut microbiota between the pre-treatment and post-treatment groups, which
included energy metabolism, immune system, nervous system and cancer (P < 0.05)
(Figure 6). We suggest that GQD changed the functional state of patients with CRC via
the gut microbiota.
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Figure 4 Gegen Qinlian decoction enhanced intestinal barrier function. A: The expression of zonula occludens (Z0)-1, occludin, nuclear factor (NF)-kB
and tumor necrosis factor (TNF)-a in tumor and normal tissues between the control and treatment groups determined by immunohistochemistry (x 400 magnification);
B-E: Histogram showing the expression of ZO-1, occludin, NF-kB and TNF-a (3P < 0.05). ZO-1: Zonula occludens-1; NF-kB: Nuclear factor-kB; TNF-a: Tumor
necrosis factor-a.
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DISCUSSION

GQD is composed of Radix Puerariae, Radix Scutellariae, Rhizoma Coptidis and Radix
Glycyrrhizae, the heat-clearing and detoxifying effects of which are well known. Wang
et al®! reported that GQD combined with other traditional Chinese medicine can
prolong progression-free survival of patients with cholangiocarcinoma, and they also
found that GQD restricts tumor growth in patients with CRC, but did not clarify the
mechanism. In our study, we analyzed the immune status of peripheral blood and
found that GQD increased the number of CD4* T cells and NKT cells; both of which
contribute to the immune response against tumor cells. NKT cells are a group of
special T cells with both T cell and NK cell receptors. Although the number is small, it
can produce a large number of cytokines, but also reflects the state of immune
metabolites, and can fight tumor cells together with CD4* T cells. Mossanen et all*"
found that CD4" T cells and NKT cells can work together against tumor cells. It has
been shown that the decrease in the proportion of NK and NKT cells and the increase
in the proportion of Treg cells in patients with CRC lead to poor efficacy of
comprehensive treatment™). GQD regulates immune balance by inhibiting the
differentiation of Treg cells in mice with influenzal™. In this study, GQD had no
significant effect on NK and Treg cells in peripheral blood, which may be related to the
small sample size and activation state. Even though the proportion of NK and Treg
cells in lymphocytes does not change significantly, their activation state may be
changed. Future studies will increase the sample size and measure the activation state
of immune cells to explore the effect of GQD on immune function.

Chronic inflammation is one of the main risk factors for CRC. Patients with
inflammatory bowel diseases, including UC and Crohn’s disease, have a higher risk of
CRC than the general population™*l. Recently, it was reported that GQD has anti-
inflammatory and anti-infective effects. A variety of active components of GQD, such
as baicalin, licorice flavonoids and berberine, can significantly reduce inflammation
and oxidative stress. GQD also decreases diarrhea in piglets by reducing the levels of
TNF-a and IL-61. Wu et al™! found that GQD extract could resist the increase in
cytokines IL-1B, cyclo-oxygenase-2, intercellular adhesion molecule-1 and TNF-a
induced by irinotecan, indicating that GQD has anti-inflammatory effects. In addition,
TNF-a is an important inflammatory factor, which can significantly promote tumor
progression. We found that GQD decreased the level of TNF-a, which verified that
GQD could also reduce the inflammatory response in patients with CRC.

Studies have shown that 5-HT is obviously associated with diarrhea™!. GQD was
originally used to treat diarrhea. The main components of GQD, such as puerarin and
berberine, reduce secretion of 5-HT™*. In addition, berberine improves visceral
hypersensitivity in rats with diarrhea and irritable bowel syndrome by reducing the
levels of 5-HT, substance P and calcitonin gene peptide. We found that the level of 5-
HT in patients with CRC after taking GQD was significantly lower than before
treatment. We speculate that the reduction of diarrhea in most patients with CRC may
be closely related to a decrease in 5-HT by GQD.

The intestinal barrier can prevent harmful substances from entering the blood, thus
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Figure 5 Gegen Qinlian decoction regulated the gut microbiota. A: Venn diagram of the total number of species shared between the pre-treatment and
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avoiding a series of pathophysiological changes. It was found that the intestinal barrier
function in patients with CRC was damaged, which was manifested by the decrease in
intestinal tight junction proteins (ZO-1 and occludin)®**!l. In addition, expression of
Z0-1 and occludin in cancer tissues was significantly lower than that in paracancerous
tissues in a colon cancer model induced by dextran sulfate sodium, suggesting that the
intestinal barrier function of cancer tissue was destroyed, which eventually led to
tumor progression, while the occurrence and development of colon tumor was
significantly inhibited after restoration of intestinal barrier function!*’l. Baicalin and
puerarin, the main components of GQD, can reverse the epithelial-mesenchymal
transition process of hepatocytes by upregulating the expression of ZO-1, occludin and
claudin®. In our study, the expression of ZO-1 and occludin in CRC tissues after GQD
administration was significantly higher than that in the control group. GQD also
significantly promoted the expression of ZO-1 in normal tissues, while the expression
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Figure 6 KEGG functional enrichment of differential genes in the gut microbiota of patients with colorectal cancer between the pre-
treatment and post-treatment groups.

of occludin in normal tissues was higher in both the control and treatment groups.
These results suggest that GQD promotes the recovery of intestinal barrier function,
which may be one of the reasons for the relief of diarrhea and other clinical symptoms.

Inflammatory factors not only cause destruction of the intestinal barrier, but are also
related to tumorigenesis. The decrease in TNF-a regulates intestinal epithelial
permeability by upregulating the expression of ZO-1 and occludin proteins. It can
increase the expression of adhesion molecules in endothelial cells and neutrophils,
thus reducing the inflammation caused by migration, finally delaying tumor
occurrence. In our study, consistent with the results of inflammatory factors in the
peripheral blood, the expression of TNF-a and NF-kB in CRC tissues in the treatment
group, which is significantly related to inflammation, was significantly lower than that
in the control group. Although expression of TNF-a and NF-kB in the normal tissues
of the treatment group was not significantly different from that of the control group,
there was a decreasing trend. Therefore, we believe that GQD may upregulate
intestinal tight junction proteins in the tumor microenvironment, improve intestinal
inflammation, and protect the integrity of the intestinal barrier function, thus relieving
clinical symptoms such as diarrhea in patients with CRC.

Intestinal microecological disorders are closely related to the occurrence and
development of CRCI"). Because of its special location, the gut microbiota is an
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important part of the microenvironment of CRC. The abundance of harmful bacteria
such as Escherichia coli, Bacteroides fragilis and Fusobacterium nucleatum increased, while
the abundance of beneficial bacteria such as Akkermansia and Prevotella decreased. 165
rDNA sequencing was used to analyze the gut microbiota of feces from patients with
CRC before and after GQD administration. Compared with pre-treatment, the
abundance of Bacteroidetes was increased, while the abundance of Firmicutes,
Proteobacteria and Verrucomicrobia was decreased post-treatment. The increase in
Firmicutes and the decrease in Bacteroidetes have been proved to contribute to the
development of cancer. At the genus level, the abundance of Bacteroides, Akkermansia
and Prevotella was enriched and the abundance of Megamonas and Veillonella was
decreased in the post-treatment group. It was reported that the abundance of
Ruminococcus and Prevotella in the intestine of rats with CRC was significantly lower
than that of healthy rats, which indirectly indicates that the abundance of these two
bacteria is negatively related to the occurrence and development of CRC!™1. Megamonas
can promote the invasion and metastasis of CRC'"). We demonstrated that GQD
reduces harmful bacteria and increases beneficial bacteria, which is consistent with our
previous animal experiments and literature reports, confirming that GQD may delay
the development of CRC by regulating gut microbiota.

Many scientists have found that the role of gut microbiota is not only limited to the
intestinal tract, but also has an important impact on the normal function of the
immune system®]. A clinical study found that the abundance of Fusobacterium
nucleatum in the intestine of CRC patients was inversely proportional to the density of
CD3* T cells. This suggests that gut microbiota may be involved in immune regulation.
It was reported that Akkermansia plays a vital role in intestinal homeostasis, and its
abundance is also proportional to the effect of PD-1 inhibitors on CRC!. In addition,
the abundance of Megamonas is closely related to immune function and the
inflammatory response. NKT cells play an important role in intestinal immunity,
which can regulate immune cells, including NK cells, dendritic cells, CD4" T cells and
CD8" T cells!*l. However, animal experiments have shown that B. fragilis inhibits NKT
cell activation through sphingolipids.

The increase in short chain fatty acids (SCFAs), metabolites of gut microbiota, helps
to reduce inflammation. Furthermore, Akkermansia, Butyricicoccus, Clostridium and
Ruminococcus of the gut microbiota reduce the intestinal-related chronic inflammation
by reducing IL-6, IL-22, IL-1B and TNF-a, and play an immunomodulatory role to
inhibit tumorigenesist*’. Liu et al*! found that GQD can regulate the gut microbiota of
animals with diarrhea and increase the relative abundance of Akkermansia, Bacteroides
and Ruminococcus™. Researchers have shown that certain gut microbiota in human
feces can increase the content of CD8" T cells, and metabolites of gut microbiota such
as SCFA can reduce 5-HT". Combined with these changes, we consider that GQD
may reduce the level of 5-HT by regulating the gut microbiota, thereby improving
diarrhea symptoms in patients with CRC.

Our previous animal experiments showed that GQD increased the content of CD8*
T cells and reduced the inflammatory response by increasing the Bacteroidales S24-7
group™. In this study, Bacteroidetes, Prevotella and Ruminococcus in the gut microbiota
were significantly increased by GQD, while the abundance of Megamonas was
significantly decreased. It is precisely these changes in the abundance of gut
microbiota that enhance the immune function and reduce the inflammatory response
of patients with CRC. Low-grade chronic inflammation and damage to the intestinal
barrier function are not only related to the changes in intestinal microorganisms, but
also to the occurrence and development of CRC. In this study, the abundance of
Akkermansia of patients with CRC after GQD administration was increased. Although
Akkermansia use mucin as the source of energy, a large number of observations have
confirmed that Akkermansia has a positive regulatory effect on the thickness of the gut
mucous layer and integrity of the intestinal barrier™.

Puerarin, the main component of GQD, can increase the abundance of Akkermansia
to promote the expression of ZO-1 and occludin, thereby protecting the intestinal
barrier function™. Activation of the LPS-TLR4-NF-kB pathway has been shown to be
involved in inflammatory processes and malignant transformation™!. SCFAs are
present in metabolites of Bacteroides and Prevotella. SCFAs (especially butyrate) protect
the intestinal barrier function by increasing the expression of claudin-1, ZO-1 and
mucint*l. SCFAs can also reduce the expression of NF-xB and IL-18 to inhibit
inflammation and regulate the intestinal microecology®™!. These studies show that the
gut microbiota and its metabolites play a pivotal role in protecting the integrity of the
intestinal tract. Although we did not detect the metabolites of gut microbiota, GQD
increased the abundance of Bacteroides, Prevotella and Akkermansia, which increase the
expression of ZO-1 and occludin, inhibit the NF-kB inflammatory signaling pathway,
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and reduce the inflammatory factor TNF-a in blood and tumor tissues, thereby
protecting the intestinal barrier function and inhibiting the development of intestinal
inflammation.

KEGG function is significantly enriched in the immune system, energy metabolism,
nervous system, and cancer, which indicates that the gut microbiota remodeled by
GQD is related to the above functions. Our research shows that GQD can increase the
number of immune cells, especially CD4" T cells and NKT cells, reduce the
inflammatory response, and protect the intestinal barrier function. The above-
mentioned effects of GQD are likely to be achieved by regulating the gut microbiota,
and it has good clinical application prospects.

CONCLUSION

GQD improves intestinal barrier function by reducing the systemic inflammatory
reaction and enhancing immune function in patients with CRC. These functions may
be achieved through regulation of the gut microbiota.

ARTICLE HIGHLIGHTS

Research background

According to traditional Chinese medicine, colorectal cancer (CRC) originates from the
damp-heat syndrome, while Gegen Qinlian decoction (GQD) is a classical traditional
Chinese medicine for the treatment of damp-heat syndrome. We previously showed
that GQD had a direct antitumor effect on tumor-bearing mice.

Research motivation
GQD can be used in the treatment of type 2 diabetes and ulcerative colitis (UC).
However, the effect of GQD on patients with CRC is not clear.

Research objectives

This study aimed to determine the therapeutic mechanism of GQD in patients with
CRC in improving immune function, reducing inflammation and protecting intestinal
barrier function.

Research methods

The patients were divided into the control group and the treatment group. The
proportions of T, natural killer (NK), NKT and Treg cells were measured by flow
cytometry. The levels of cytokines and serotonin in serum were detected by enzyme-
linked immunosorbent assay. The expression of zonula occludens (ZO)-1, occludin,
nuclear factor (NF)-xB and tumor necrosis factor (TNF)-a in tumor and normal tissues
was measured by immunohistochemistry. The composition of gut microbiota from
patients in the treatment group was assessed using 165 rDNA analysis.

Research results

There were no adverse events in the treatment group. The proportion of CD4+ T cells
and NKT cells in the post-treatment group was significantly higher than that in the
pre-treatment and control groups (P < 0.05). The level of TNF-a in the post-treatment
group was significantly lower than that in the pre-treatment and control groups (P <
0.05). The concentration of 5-HT in the post-treatment group was significantly lower
than that in the pre-treatment group (P < 0.05). The expression of ZO-1 and occludin in
tumor tissues in the treatment group was significantly higher than that in the control
group (P < 0.05). The expression of ZO-1 in the normal tissues of the treatment group
was significantly higher than that in the control group (P = 0.010). Compared with the
control group, the expression of NF-xB and TNF-a in the tumor tissues of the
treatment group was significantly decreased (P < 0.05). Compared with the pre-
treatment group, GQD decreased the relative abundance of Megamonas and Veillonella.
In addition, GQD increased the relative abundance of Bacteroides, Akkermansia and
Prevotella. The differential genes of gut microbiota between the two groups were
enriched by KEGG function and we found functional differences included energy
metabolism, immune system, nervous system and cancer.
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Research conclusions
GQD enhances the immunity and protects intestinal barrier function in patients with
CRC by regulating the composition of gut microbiota.

Research perspectives
GQD has good clinical application prospects.

REFERENCES

1

11

12

14

15

16

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin 2020; 70: 7-30 [PMID:
31912902 DOI: 10.3322/caac.21590]

Arora SP, Mahalingam D. Immunotherapy in colorectal cancer: for the select few or all? J
Gastrointest Oncol 2018; 9: 170-179 [PMID: 29564183 DOI: 10.21037/j20.2017.06.10]

Lee JJ, Chu E. Recent Advances in the Clinical Development of Immune Checkpoint Blockade
Therapy for Mismatch Repair Proficient (p)MMR)/non-MSI-H Metastatic Colorectal Cancer. Clin
Colorectal Cancer 2018; 17: 258-273 [PMID: 30072278 DOI: 10.1016/j.clcc.2018.06.004]

Colle R, Cohen R, Cochereau D, Duval A, Lascols O, Lopez-Trabada D, Afchain P, Trouilloud I,
Parc Y, Lefevre JH, Fléjou JF, Svrcek M, André T. Immunotherapy and patients treated for cancer
with microsatellite instability. Bull Cancer 2017; 104: 42-51 [PMID: 27979364 DOI:
10.1016/j.bulcan.2016.11.006]

Feng Z, Yang R, Wu L, Tang S, Wei B, Guo L, He L, Feng Y. Atractylodes macrocephala
polysaccharides regulate the innate immunity of colorectal cancer cells by modulating the TLR4
signaling pathway. Onco Targets Ther 2019; 12: 7111-7121 [PMID: 31564895 DOI:
10.2147/0OTT.S219623]

Krijgsman D, de Vries NL, Skovbo A, Andersen MN, Swets M, Bastiaannet E, Vahrmeijer AL, van
de Velde CJH, Heemskerk MHM, Hokland M, Kuppen PJK. Characterization of circulating T-, NK-,
and NKT cell subsets in patients with colorectal cancer: the peripheral blood immune cell profile.
Cancer Immunol Immunother 2019; 68: 1011-1024 [PMID: 31053876 DOI:
10.1007/s00262-019-02343-7]

Besneux M, Greenshields-Watson A, Scurr MJ, MacLachlan BJ, Christian A, Davies MM, Hargest
R, Phillips S, Godkin A, Gallimore A. The nature of the human T cell response to the cancer antigen
5T4 is determined by the balance of regulatory and inflammatory T cells of the same antigen-
specificity: implications for vaccine design. Cancer Immunol Immunother 2019; 68: 247-256 [PMID:
30406375 DOI: 10.1007/s00262-018-2266-1]

Castro F, Pinto ML, Almeida R, Pereira F, Silva AM, Pereira CL, Santos SG, Barbosa MA,
Gongalves RM, Oliveira MJ. Chitosan/poly(y-glutamic acid) nanoparticles incorporating IFN-y for
immune response modulation in the context of colorectal cancer. Biomater Sci 2019; 7: 3386-3403
[PMID: 31233057 DOI: 10.1039/c9bm00393b]

Xia Z, Zhang Y, Li C, Xu Y, Dong J, Wang L, He Q, Zou X, Wu H, Han J, Cai M, Du Y, Wei L,
Shang J. Traditional Tibetan medicine Anzhijinhua San attenuates ovalbumin-induced diarrhea by
regulating the serotonin signaling system in mice. J Ethnopharmacol 2019; 236: 484-494 [PMID:
30738115 DOL: 10.1016/j.jep.2019.01.020]

Ahern GP. 5-HT and the immune system. Curr Opin Pharmacol 2011; 11: 29-33 [PMID: 21393060
DOI: 10.1016/j.coph.2011.02.004]

Sarrouilhe D, Mesnil M. Serotonin and human cancer: A critical view. Biochimie 2019; 161: 46-50
[PMID: 29936294 DOI: 10.1016/j.biochi.2018.06.016]

Zhang X, Wang L, Zhang H, Tu F, Qiang Y, Nie C. Decreased expression of ZO-1 is associated with
tumor metastases in liver cancer. Oncol Lett 2019; 17: 1859-1864 [PMID: 30675248 DOI:
10.3892/01.2018.9765]

Zhu D, Zhou J, Zhao J, Jiang G, Zhang X, Zhang Y, Dong M. ZC3H13 suppresses colorectal cancer
proliferation and invasion via inactivating Ras-ERK signaling. J Cell Physiol 2019; 234: 8899-8907
[PMID: 30311220 DOI: 10.1002/jcp.27551]

Bak YK, Lampe JW, Sung MK. Effects of dietary supplementation of glucosamine sulfate on
intestinal inflammation in a mouse model of experimental colitis. J Gastroenterol Hepatol 2014; 29:
957-963 [PMID: 24325781 DOI: 10.1111/jgh.12485]

Wang H, Wang HS, Zhou BH, Li CL, Zhang F, Wang XF, Zhang G, Bu XZ, Cai SH, Du J.
Epithelial-mesenchymal transition (EMT) induced by TNF-a requires AKT/GSK-3p-mediated
stabilization of snail in colorectal cancer. PLoS One 2013; 8: 56664 [PMID: 23431386 DOI:
10.1371/journal.pone.0056664]

Qin J, Li R, Raes J, Arumugam M, Burgdorf KS, Manichanh C, Nielsen T, Pons N, Levenez F,
Yamada T, Mende DR, LiJ, Xu J, Li S, Li D, Cao J, Wang B, Liang H, Zheng H, Xie Y, Tap J,
Lepage P, Bertalan M, Batto JM, Hansen T, Le Paslier D, Linneberg A, Nielsen HB, Pelletier E,
Renault P, Sicheritz-Ponten T, Turner K, Zhu H, Yu C, Li S, Jian M, Zhou Y, Li Y, Zhang X, Li S,
Qin N, Yang H, Wang J, Brunak S, Doré J, Guarner F, Kristiansen K, Pedersen O, Parkhill J,
Weissenbach J; MetaHIT Consortium; Bork P; Ehrlich SD; Wang J. A human gut microbial gene
catalogue established by metagenomic sequencing. Nature 2010; 464: 59-65 [PMID: 20203603 DOI:
10.1038/nature08821]

WJG | https://www.wjgnet.com 7648 December 28,2020 | Volume?26 | Issue48 |


http://www.ncbi.nlm.nih.gov/pubmed/31912902
https://dx.doi.org/10.3322/caac.21590
http://www.ncbi.nlm.nih.gov/pubmed/29564183
https://dx.doi.org/10.21037/jgo.2017.06.10
http://www.ncbi.nlm.nih.gov/pubmed/30072278
https://dx.doi.org/10.1016/j.clcc.2018.06.004
http://www.ncbi.nlm.nih.gov/pubmed/27979364
https://dx.doi.org/10.1016/j.bulcan.2016.11.006
http://www.ncbi.nlm.nih.gov/pubmed/31564895
https://dx.doi.org/10.2147/OTT.S219623
http://www.ncbi.nlm.nih.gov/pubmed/31053876
https://dx.doi.org/10.1007/s00262-019-02343-7
http://www.ncbi.nlm.nih.gov/pubmed/30406375
https://dx.doi.org/10.1007/s00262-018-2266-1
http://www.ncbi.nlm.nih.gov/pubmed/31233057
https://dx.doi.org/10.1039/c9bm00393b
http://www.ncbi.nlm.nih.gov/pubmed/30738115
https://dx.doi.org/10.1016/j.jep.2019.01.020
http://www.ncbi.nlm.nih.gov/pubmed/21393060
https://dx.doi.org/10.1016/j.coph.2011.02.004
http://www.ncbi.nlm.nih.gov/pubmed/29936294
https://dx.doi.org/10.1016/j.biochi.2018.06.016
http://www.ncbi.nlm.nih.gov/pubmed/30675248
https://dx.doi.org/10.3892/ol.2018.9765
http://www.ncbi.nlm.nih.gov/pubmed/30311220
https://dx.doi.org/10.1002/jcp.27551
http://www.ncbi.nlm.nih.gov/pubmed/24325781
https://dx.doi.org/10.1111/jgh.12485
http://www.ncbi.nlm.nih.gov/pubmed/23431386
https://dx.doi.org/10.1371/journal.pone.0056664
http://www.ncbi.nlm.nih.gov/pubmed/20203603
https://dx.doi.org/10.1038/nature08821

Jaishideng®

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

LiY et al. Effects of GQD on CRC

Sheng Q, Du H, Cheng X, Cheng X, Tang Y, Pan L, Wang Q, Lin J. Characteristics of fecal gut
microbiota in patients with colorectal cancer at different stages and different sites. Oncol Lett 2019;
18: 4834-4844 [PMID: 31611994 DOI: 10.3892/01.2019.10841]

Wong SH, Yu J. Gut microbiota in colorectal cancer: mechanisms of action and clinical applications.
Nat Rev Gastroenterol Hepatol 2019; 16: 690-704 [PMID: 31554963 DOI:
10.1038/s41575-019-0209-8]

Dejea CM, Fathi P, Craig JM, Boleij A, Taddese R, Geis AL, Wu X, DeStefano Shields CE,
Hechenbleikner EM, Huso DL, Anders RA, Giardiello FM, Wick EC, Wang H, Wu S, Pardoll DM,
Housseau F, Sears CL. Patients with familial adenomatous polyposis harbor colonic biofilms
containing tumorigenic bacteria. Science 2018; 359: 592-597 [PMID: 29420293 DOI:
10.1126/science.aah3648]

Chung L, Thiele Orberg E, Geis AL, Chan JL, Fu K, DeStefano Shields CE, Dejea CM, Fathi P,
Chen J, Finard BB, Tam AJ, McAllister F, Fan H, Wu X, Ganguly S, Lebid A, Metz P, Van Meerbeke
SW, Huso DL, Wick EC, Pardoll DM, Wan F, Wu S, Sears CL, Housseau F. Bacteroides fragilis
Toxin Coordinates a Pro-carcinogenic Inflammatory Cascade via Targeting of Colonic Epithelial
Cells. Cell Host Microbe 2018; 23: 203-214. e5 [PMID: 29398651 DOI:
10.1016/j.chom.2018.01.007]

Yachida S, Mizutani S, Shiroma H, Shiba S, Nakajima T, Sakamoto T, Watanabe H, Masuda K,
Nishimoto Y, Kubo M, Hosoda F, Rokutan H, Matsumoto M, Takamaru H, Yamada M, Matsuda T,
Iwasaki M, Yamaji T, Yachida T, Soga T, Kurokawa K, Toyoda A, Ogura Y, Hayashi T, Hatakeyama
M, Nakagama H, Saito Y, Fukuda S, Shibata T, Yamada T. Metagenomic and metabolomic analyses
reveal distinct stage-specific phenotypes of the gut microbiota in colorectal cancer. Nat Med 2019; 25:
968-976 [PMID: 31171880 DOI: 10.1038/s41591-019-0458-7]

Routy B, Gopalakrishnan V, Daillére R, Zitvogel L, Wargo JA, Kroemer G. The gut microbiota
influences anticancer immunosurveillance and general health. Nat Rev Clin Oncol 2018; 15: 382-396
[PMID: 29636538 DOI: 10.1038/s41571-018-0006-2]

Ansaldo E, Slayden LC, Ching KL, Koch MA, Wolf NK, Plichta DR, Brown EM, Graham DB,
Xavier RJ, Moon JJ, Barton GM. Akkermansia muciniphila induces intestinal adaptive immune
responses during homeostasis. Science 2019; 364: 1179-1184 [PMID: 31221858 DOI:
10.1126/science.aaw7479]

Salek Farrokhi A, Darabi N, Yousefi B, Askandar RH, Shariati M, Eslami M. Is it true that gut
microbiota is considered as panacea in cancer therapy? J Cell Physiol 2019 [PMID: 30786013 DOI:
10.1002/jcp.28333]

Routy B, Le Chatelier E, Derosa L, Duong CPM, Alou MT, Daillére R, Fluckiger A, Messaoudene
M, Rauber C, Roberti MP, Fidelle M, Flament C, Poirier-Colame V, Opolon P, Klein C, Iribarren K,
Mondragén L, Jacquelot N, Qu B, Ferrere G, Clémenson C, Mezquita L, Masip JR, Naltet C,
Brosseau S, Kaderbhai C, Richard C, Rizvi H, Levenez F, Galleron N, Quinquis B, Pons N, Ryffel B,
Minard-Colin V, Gonin P, Soria JC, Deutsch E, Loriot Y, Ghiringhelli F, Zalcman G, Goldwasser F,
Escudier B, Hellmann MD, Eggermont A, Raoult D, Albiges L, Kroemer G, Zitvogel L. Gut
microbiome influences efficacy of PD-1-based immunotherapy against epithelial tumors. Science
2018; 359: 91-97 [PMID: 29097494 DOI: 10.1126/science.aan3706]

FanY, Yi W, Huang H, Mei Z, Feng Z. Efficacy of herbal medicine (Gegen Qinlian Decoction) on
ulcerative colitis: A systematic review of randomized controlled trials. Medicine (Baltimore) 2019;
98: ¢18512 [PMID: 31876740 DOI: 10.1097/MD.0000000000018512]

Han J, Wang Z, Xing W, Yuan Y, Zhang Y, Lv T, Wang H, Liu Y, Wu Y. Effect of Gegen Qinlian
Decoction on Cardiac Gene Expression in Diabetic Mice. Int J Genomics 2017; 2017: 7421761
[PMID: 29379793 DOI: 10.1155/2017/7421761]

LvJ,JiaY,LiJ, Kuai W, Li Y, Guo F, Xu X, Zhao Z, Lv J, Li Z. Gegen Qinlian decoction enhances
the effect of PD-1 blockade in colorectal cancer with microsatellite stability by remodelling the gut
microbiota and the tumour microenvironment. Cell Death Dis 2019; 10: 415 [PMID: 31138779 DOI:
10.1038/s41419-019-1638-6]

Wang N, Feng Y, Cheung F, Wang X, Zhang Z, Feng Y. A Chinese medicine formula Gegen Qinlian
decoction suppresses expansion of human renal carcinoma with inhibition of matrix
metalloproteinase-2. Integr Cancer Ther 2015; 14: 75-85 [PMID: 25228536 DOI:
10.1177/1534735414550036]

Mossanen JC, Kohlhepp M, Wehr A, Krenkel O, Liepelt A, Roeth AA, Mockel D, Heymann F,
Lammers T, Gassler N, Hermann J, Jankowski J, Neumann UP, Luedde T, Trautwein C, Tacke F.
CXCRG6 Inhibits Hepatocarcinogenesis by Promoting Natural Killer T- and CD4" T-Cell-Dependent
Control of Senescence. Gastroenterology 2019; 156: 1877-1889. e4 [PMID: 30710528 DOI:
10.1053/j.gastro.2019.01.247]

Thara F, Sakurai D, Takami M, Kamata T, Kunii N, Yamasaki K, linuma T, Nakayama T, Motohashi
S, Okamoto Y. Regulatory T cells induce CD4 NKT cell anergy and suppress NKT cell cytotoxic
function. Cancer Immunol Immunother 2019; 68: 1935-1947 [PMID: 31641795 DOI:
10.1007/s00262-019-02417-6]

ShiY, Xu H, Xiao Y, Liu P, Pang P, Wu S, Deng L, Chen X. Gegen Qinlian Decoction
Downregulates the TLR7 Signalling Pathway to Control Influenza A Virus Infection. Biomed
Pharmacother 2020; 121: 109471 [PMID: 31707346 DOI: 10.1016/j.biopha.2019.109471]

Jess T, Rungoe C, Peyrin-Biroulet L. Risk of colorectal cancer in patients with ulcerative colitis: a
meta-analysis of population-based cohort studies. Clin Gastroenterol Hepatol 2012; 10: 639-645

WJG | https://www.wjgnet.com 7649 December 28,2020 | Volume?26 | Issue48 |


http://www.ncbi.nlm.nih.gov/pubmed/31611994
https://dx.doi.org/10.3892/ol.2019.10841
http://www.ncbi.nlm.nih.gov/pubmed/31554963
https://dx.doi.org/10.1038/s41575-019-0209-8
http://www.ncbi.nlm.nih.gov/pubmed/29420293
https://dx.doi.org/10.1126/science.aah3648
http://www.ncbi.nlm.nih.gov/pubmed/29398651
https://dx.doi.org/10.1016/j.chom.2018.01.007
http://www.ncbi.nlm.nih.gov/pubmed/31171880
https://dx.doi.org/10.1038/s41591-019-0458-7
http://www.ncbi.nlm.nih.gov/pubmed/29636538
https://dx.doi.org/10.1038/s41571-018-0006-2
http://www.ncbi.nlm.nih.gov/pubmed/31221858
https://dx.doi.org/10.1126/science.aaw7479
http://www.ncbi.nlm.nih.gov/pubmed/30786013
https://dx.doi.org/10.1002/jcp.28333
http://www.ncbi.nlm.nih.gov/pubmed/29097494
https://dx.doi.org/10.1126/science.aan3706
http://www.ncbi.nlm.nih.gov/pubmed/31876740
https://dx.doi.org/10.1097/MD.0000000000018512
http://www.ncbi.nlm.nih.gov/pubmed/29379793
https://dx.doi.org/10.1155/2017/7421761
http://www.ncbi.nlm.nih.gov/pubmed/31138779
https://dx.doi.org/10.1038/s41419-019-1638-6
http://www.ncbi.nlm.nih.gov/pubmed/25228536
https://dx.doi.org/10.1177/1534735414550036
http://www.ncbi.nlm.nih.gov/pubmed/30710528
https://dx.doi.org/10.1053/j.gastro.2019.01.247
http://www.ncbi.nlm.nih.gov/pubmed/31641795
https://dx.doi.org/10.1007/s00262-019-02417-6
http://www.ncbi.nlm.nih.gov/pubmed/31707346
https://dx.doi.org/10.1016/j.biopha.2019.109471

LiY et al. Effects of GQD on CRC

Jaishideng®

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

[PMID: 22289873 DOI: 10.1016/j.cgh.2012.01.010]

Farraye FA, Odze RD, Eaden J, Itzkowitz SH, McCabe RP, Dassopoulos T, Lewis JD, Ullman TA,
James T 3rd, McLeod R, Burgart LJ, Allen J, Brill JV; AGA Institute Medical Position Panel on
Diagnosis and Management of Colorectal Neoplasia in Inflammatory Bowel Disease. AGA medical
position statement on the diagnosis and management of colorectal neoplasia in inflammatory bowel
disease. Gastroenterology 2010; 138: 738-745 [PMID: 20141808 DOI: 10.1053/j.gastr0.2009.12.037]
Liu CS, Liang X, Wei XH, Jin Z, Chen FL, Tang QF, Tan XM. Gegen Qinlian Decoction Treats
Diarrhea in Piglets by Modulating Gut Microbiota and Short-Chain Fatty Acids. Front Microbiol
2019; 10: 825 [PMID: 31057525 DOI: 10.3389/fmicb.2019.00825]

Wu Y, Wang D, Yang X, Fu C, Zou L, Zhang J. Traditional Chinese medicine Gegen Qinlian
decoction ameliorates irinotecan chemotherapy-induced gut toxicity in mice. Biomed Pharmacother
2019; 109: 2252-2261 [PMID: 30551482 DOI: 10.1016/j.biopha.2018.11.095]

Gunn D, Garsed K, Lam C, Singh G, Lingaya M, Wahl V, Niesler B, Henry A, Hall IP, Whorwell P,
Spiller R. Abnormalities of mucosal serotonin metabolism and 5-HT} receptor subunit 3C
polymorphism in irritable bowel syndrome with diarrhoea predict responsiveness to ondansetron.
Aliment Pharmacol Ther 2019; 50: 538-546 [PMID: 31342534 DOIL: 10.1111/apt.15420]

Qiu ZK, Zhang GH, Zhong DS, He JL, Liu X, Chen JS, Wei DN. Puerarin ameliorated the behavioral
deficits induced by chronic stress in rats. Sci Rep 2017; 7: 6266 [PMID: 28740098 DOI:
10.1038/s41598-017-06552-x]

Hu Y, Ehli EA, Hudziak JJ, Davies GE. Berberine and evodiamine influence serotonin transporter (5-
HTT) expression via the 5-HTT-linked polymorphic region. Pharmacogenomics J 2012; 12: 372-378
[PMID: 21647174 DOI: 10.1038/tpj.2011.24]

Liang J, Li H, Chen J, He L, Du X, Zhou L, Xiong Q, Lai X, Yang Y, Huang S, Hou S. Dendrobium
officinale polysaccharides alleviate colon tumorigenesis via restoring intestinal barrier function and
enhancing anti-tumor immune response. Pharmacol Res 2019; 148: 104417 [PMID: 31473343 DOL:
10.1016/j.phrs.2019.104417]

Zeng Z,LiY,Pan Y, Lan X, Song F, Sun J, Zhou K, Liu X, Ren X, Wang F, Hu J, Zhu X, Yang W,
Liao W, Li G, Ding Y, Liang L. Cancer-derived exosomal miR-25-3p promotes pre-metastatic niche
formation by inducing vascular permeability and angiogenesis. Nat Commun 2018; 9: 5395 [PMID:
30568162 DOI: 10.1038/541467-018-07810-w]

Wu T, Liu T, Xing L, Ji G. Baicalin and puerarin reverse epithelial-mesenchymal transition via the
TGF-B1/Smad3 pathway in vitro. Exp Ther Med 2018; 16: 1968-1974 [PMID: 30186426 DOI:
10.3892/etm.2018.6400]

Lucas C, Barnich N, Nguyen HTT. Microbiota, Inflammation and Colorectal Cancer. /nt J Mol Sci
2017; 18 [PMID: 28632155 DOI: 10.3390/ijms18061310]

Zhu Q, Jin Z, Wu W, Gao R, Guo B, Gao Z, Yang Y, Qin H. Analysis of the intestinal lumen
microbiota in an animal model of colorectal cancer. PLoS One 2014; 9: €90849 [PMID: 24603888
DOI: 10.1371/journal.pone.0090849]

Cremonesi E, Governa V, Garzon JFG, Mele V, Amicarella F, Muraro MG, Trella E, Galati-Fournier
V, Oertli D, Dister SR, Droeser RA, Weixler B, Bolli M, Rosso R, Nitsche U, Khanna N, Egli A,
Keck S, Slotta-Huspenina J, Terracciano LM, Zajac P, Spagnoli GC, Eppenberger-Castori S, Janssen
KP, Borsig L, Iezzi G. Gut microbiota modulate T cell trafficking into human colorectal cancer. Gut
2018; 67: 1984-1994 [PMID: 29437871 DOL: 10.1136/gutjnl-2016-313498]

Van Kaer L, Parekh VV, Wu L. Invariant natural killer T cells: bridging innate and adaptive
immunity. Cell Tissue Res 2011; 343: 43-55 [PMID: 20734065 DOI: 10.1007/s00441-010-1023-3]
Li S, Fu C, Zhao Y, He J. Intervention with a-Ketoglutarate Ameliorates Colitis-Related Colorectal
Carcinoma via Modulation of the Gut Microbiome. Biomed Res Int 2019; 2019: 8020785 [PMID:
31317039 DOI: 10.1155/2019/8020785]

Liu CS, Liang X, Wei XH, Chen FL, Tang QF, Tan XM. Comparative metabolism of the eight main
bioactive ingredients of gegen ginlian decoction by the intestinal flora of diarrhoeal and healthy
piglets. Biomed Chromatogr 2019; 33: 4421 [PMID: 30362136 DOI: 10.1002/bmc.4421]

Tanoue T, Morita S, Plichta DR, Skelly AN, Suda W, Sugiura Y, Narushima S, Vlamakis H, Motoo
I, Sugita K, Shiota A, Takeshita K, Yasuma-Mitobe K, Riethmacher D, Kaisho T, Norman JM,
Mucida D, Suematsu M, Yaguchi T, Bucci V, Inoue T, Kawakami Y, Olle B, Roberts B, Hattori M,
Xavier RJ, Atarashi K, Honda K. A defined commensal consortium elicits CD8 T cells and anti-
cancer immunity. Nature 2019; 565: 600-605 [PMID: 30675064 DOIL: 10.1038/s41586-019-0878-7]
Kanauchi O, Mitsuyama K, Komiyama Y, Yagi M, Andoh A, Sata M. Preventive effects of enzyme-
treated rice fiber in a restraint stress-induced irritable bowel syndrome model. Int J Mol Med 2010;
25: 547-555 [PMID: 20198303 DOI: 10.3892/ijmm_00000376]

Zhou X, Chen C, Zhong YN, Zhao F, Hao Z, Xu Y, Lai R, Shen G, Yin X. Effect and mechanism of
vitamin D on the development of colorectal cancer based on intestinal flora disorder. J Gastroenterol
Hepatol 2020; 35: 1023-1031 [PMID: 31788852 DOI: 10.1111/jgh.14949]

Wang L, Wu Y, Zhuang L, Chen X, Min H, Song S, Liang Q, Li AD, Gao Q. Puerarin prevents high-
fat diet-induced obesity by enriching Akkermansia muciniphila in the gut microbiota of mice. PLoS
One 2019; 14: 0218490 [PMID: 31233515 DOI: 10.1371/journal.pone.0218490]

Lv J, Guo L, Liu JJ, Zhao HP, Zhang J, Wang JH. Alteration of the esophageal microbiota in Barrett's
esophagus and esophageal adenocarcinoma. World J Gastroenterol 2019; 25: 2149-2161 [PMID:
31143067 DOL: 10.3748/wjg.v25.118.2149]

Wang HB, Wang PY, Wang X, Wan YL, Liu YC. Butyrate enhances intestinal epithelial barrier

WJG | https://www.wjgnet.com 7650 December 28,2020 | Volume?26 | Issue48 |


http://www.ncbi.nlm.nih.gov/pubmed/22289873
https://dx.doi.org/10.1016/j.cgh.2012.01.010
http://www.ncbi.nlm.nih.gov/pubmed/20141808
https://dx.doi.org/10.1053/j.gastro.2009.12.037
http://www.ncbi.nlm.nih.gov/pubmed/31057525
https://dx.doi.org/10.3389/fmicb.2019.00825
http://www.ncbi.nlm.nih.gov/pubmed/30551482
https://dx.doi.org/10.1016/j.biopha.2018.11.095
http://www.ncbi.nlm.nih.gov/pubmed/31342534
https://dx.doi.org/10.1111/apt.15420
http://www.ncbi.nlm.nih.gov/pubmed/28740098
https://dx.doi.org/10.1038/s41598-017-06552-x
http://www.ncbi.nlm.nih.gov/pubmed/21647174
https://dx.doi.org/10.1038/tpj.2011.24
http://www.ncbi.nlm.nih.gov/pubmed/31473343
https://dx.doi.org/10.1016/j.phrs.2019.104417
http://www.ncbi.nlm.nih.gov/pubmed/30568162
https://dx.doi.org/10.1038/s41467-018-07810-w
http://www.ncbi.nlm.nih.gov/pubmed/30186426
https://dx.doi.org/10.3892/etm.2018.6400
http://www.ncbi.nlm.nih.gov/pubmed/28632155
https://dx.doi.org/10.3390/ijms18061310
http://www.ncbi.nlm.nih.gov/pubmed/24603888
https://dx.doi.org/10.1371/journal.pone.0090849
http://www.ncbi.nlm.nih.gov/pubmed/29437871
https://dx.doi.org/10.1136/gutjnl-2016-313498
http://www.ncbi.nlm.nih.gov/pubmed/20734065
https://dx.doi.org/10.1007/s00441-010-1023-3
http://www.ncbi.nlm.nih.gov/pubmed/31317039
https://dx.doi.org/10.1155/2019/8020785
http://www.ncbi.nlm.nih.gov/pubmed/30362136
https://dx.doi.org/10.1002/bmc.4421
http://www.ncbi.nlm.nih.gov/pubmed/30675064
https://dx.doi.org/10.1038/s41586-019-0878-z
http://www.ncbi.nlm.nih.gov/pubmed/20198303
https://dx.doi.org/10.3892/ijmm_00000376
http://www.ncbi.nlm.nih.gov/pubmed/31788852
https://dx.doi.org/10.1111/jgh.14949
http://www.ncbi.nlm.nih.gov/pubmed/31233515
https://dx.doi.org/10.1371/journal.pone.0218490
http://www.ncbi.nlm.nih.gov/pubmed/31143067
https://dx.doi.org/10.3748/wjg.v25.i18.2149

LiY et al. Effects of GQD on CRC

function via up-regulation of tight junction protein Claudin-1 transcription. Dig Dis Sci 2012; 57:
3126-3135 [PMID: 22684624 DOI: 10.1007/s10620-012-2259-4]

55 Gaudier E, Jarry A, Blottiere HM, de Coppet P, Buisine MP, Aubert JP, Laboisse C, Cherbut C,
Hoebler C. Butyrate specifically modulates MUC gene expression in intestinal epithelial goblet cells
deprived of glucose. Am J Physiol Gastrointest Liver Physiol 2004; 287: G1168-G1174 [PMID:
15308471 DOLI: 10.1152/ajpgi.00219.2004]

56 Zhang Y, YuK, Chen H, Su'Y, Zhu W. Caecal infusion of the short-chain fatty acid propionate
affects the microbiota and expression of inflammatory cytokines in the colon in a fistula pig model.
Microb Biotechnol 2018; 11: 859-868 [PMID: 29856120 DOI: 10.1111/1751-7915.13282]

WJG | https://www.wjgnet.com 7651 December 28,2020 | Volume?26 | Issue48 |

Jaishideng®


http://www.ncbi.nlm.nih.gov/pubmed/22684624
https://dx.doi.org/10.1007/s10620-012-2259-4
http://www.ncbi.nlm.nih.gov/pubmed/15308471
https://dx.doi.org/10.1152/ajpgi.00219.2004
http://www.ncbi.nlm.nih.gov/pubmed/29856120
https://dx.doi.org/10.1111/1751-7915.13282

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

DOI: 10.3748 / wjg.v26.i48.7652

World Journal of
Gastroenterology

World | Gastroenterol 2020 December 28; 26(48): 7652-7663

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Retrospective Cohort Study

ORIGINAL ARTICLE

Impact of colorectal cancer screening participation in remote
northern Canada: A retrospective cohort study

Heather A Smith, Andrew D Scarffe, Nicole Brunet, Cait Champion, Kami Kandola, Alisha Tessier, Robin

Boushey, Craig Kuziemsky

ORCID number: Heather A Smith
0000-0002-7736-4641; Andrew D
Scarffe 0000-0001-6514-6156; Nicole
Brunet 0000-0002-1088-5135; Cait
Champion 0000-0001-7133-1542;
Kami Kandola 0000-0001-7775-1011;
Alisha Tessier 0000-0002-7864-8084;
Robin Boushey 0000-0002-8898-
5515; Craig Kuziemsky 0000-0003-
3904-5372.

Author contributions: Smith HA
and Kuziemsky C designed the
research study; Smith HA, Kandola
K, Tessier A, and Brunet N
performed the data collection;
Smith HA and Scarffe AD
conducted the data analysis; Smith
HA, Scarffe AD, and Kuziemsky C
wrote the manuscript; and all
authors have read and approve the

final manuscript.

Supported by University of Ottawa
Telfer School of Management
Research Grant, No. 603430;
Natural Sciences and Engineering
Research Council Innovation
Grant, No. RGPIN-2019-04884; and
the Northern Scientific Training
Program.

Institutional review board
statement: This study was
approved by the Aurora College
Research Ethics Committee,
protocol No. 20190404.

Jaishideng®

WJG | https://www.wjgnet.com

Heather A Smith, Department of Surgery, University of Ottawa, Ottawa K1Y4E9, Ontario,
Canada

Heather A Smith, Andrew D Scarffe, Telfer School of Management, University of Ottawa, Ottawa
KIN6NS5, Ontario, Canada

Nicole Brunet, Faculty of Medicine, University of Ottawa, Ottawa K1Y4E9, Ontario, Canada

Cait Champion, Department of Surgery, Northern Ontario School of Medicine, Sudbury
P3E2C6, Ontario, Canada

Kami Kandola, Department of Health and Social Services, Government of the Northwest
Territories, Yellowknife X1A1P5, Northwest Territories, Canada

Alisha Tessier, Department of Surgery, Stanton Territorial Health Authority, Yellowknife
X1AO0H1, Northwest Territories, Canada

Robin Boushey, Division of General Surgery, University of Ottawa, Ottawa K1H 8L6, Ontario,
Canada

Craig Kuziemsky, Office of Research Services, MacEwan University, Edmonton T5J4S2,
Alberta, Canada

Corresponding author: Heather A Smith, MD, Academic Research, Department of Surgery,
University of Ottawa, 975 Parkdale Ave, WM150b, Ottawa K1Y4E9, Ontario, Canada.
hsmit037@uottawa.ca

Abstract

BACKGROUND

Screening provides earlier colorectal cancer (CRC) detection and improves
outcomes. It remains poorly understood if these benefits are realized with
screening guidelines in remote northern populations of Canada where CRC rates
are nearly twice the national average and access to colonoscopy is limited.

AIM
To evaluate the participation and impact of CRC screening guidelines in a remote
northern population.
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METHODS

This retrospective cohort study included residents of the Northwest Territories, a
northern region of Canada, age 50-74 who underwent CRC screening by a fecal
immunohistochemical test (FIT) between January 1, 2014 to March 30, 2019. To
assess impact, individuals with a screen-detected CRC were compared to
clinically-detected CRC cases for stage and location of CRC between 2014-2016. To
assess participation, we conducted subgroup analyses of FIT positive individuals
exploring the relationships between signs and symptoms of CRC at the time of
screening, wait-times for colonoscopy, and screening outcomes. Two sample
Welch t-test was used for normally distributed continuous variables, Mann-
Whitney-Wilcoxon Tests for data without normal distribution, and Chi-square
goodness of fit test for categorical variables. A P value of < 0.05 was considered to
be statistically significant.

RESULTS

6817 fecal tests were completed, meaning an annual average screening rate of
25.04%, 843 (12.37%) were positive, 629 individuals underwent a follow-up
colonoscopy, of which, 24.48% had advanced neoplasia (AN), 5.41% had CRC.
There were no significant differences in stage, pathology, or location between
screen-detected cancers and clinically-detected cancers. In assessing participation
and screening outcomes, we observed 49.51% of individuals referred for
colonoscopy after FIT were ineligible for CRC screening, most often due to signs
and symptoms of CRC. Individuals were more likely to have AN if they had signs
and symptoms of cancer at the time of screening, waited over 180 d for
colonoscopy, or were indigenous [respectively, estimated RR 1.18 95%CI of RR
(0.89-1.59)]; RR 1.523 (CI: 1.035, 2.240); RR 1.722 (CI: 1.165, 2.547)].

CONCLUSION

Screening did not facilitate early cancer detection but facilitated higher than
anticipated AN detection. Signs and symptoms of CRC at screening, and long
colonoscopy wait-times appear contributory.

Key Words: Gastroenterology; Rural health services; Public health; Colorectal neoplasms;
Early detection of cancer; Northwest Territories

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This 5-year retrospective cohort study evaluates the participation and impact
of colorectal cancer (CRC) screening guidelines in a northern region of Canada. We
evaluated CRC screening results of 6817 participants January, 2014 to March, 2019.
We compared the stage and location of screen-detected CRC to clinically-detected
CRC cases in 2014-2016. We observed no difference in screen-detected CRC vs
clinically detected cases. During the 5-year observation period, we observed a higher
incidence of advance neoplasia than anticipated, especially among patients presenting
with signs and symptoms of cancer at the time of screening, who experienced long
colonoscopy wait-times, and/or who identified as indigenous.

Citation: Smith HA, Scarffe AD, Brunet N, Champion C, Kandola K, Tessier A, Boushey R,
Kuziemsky C. Impact of colorectal cancer screening participation in remote northern Canada: A
retrospective cohort study. World J Gastroenterol 2020; 26(48): 7652-7663

URL: https://www.wjgnet.com/1007-9327/full/v26/i48/7652.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.i48.7652

INTRODUCTION

The benefits of colorectal cancer (CRC) screening have been well established in
multiple prospective studies, including earlier detection, removal of pre-cancerous
lesions, and reduction in CRC-associated mortality [RR 0.84, 95%CI: (0.78, 0.90)]"..
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desired benefits of screening have been realized among remote northern populations
remains poorly understood. Remote northern populations experience multiple
geographic and systemic barriers to health care which may impact CRC screening
guideline implementation and adherencel*”\. This is particularly important for
indigenous populations who represent a high proportion of northern residents and are
known to experience important sociocultural barriers to healthcarel’. Significant
disparities in CRC outcomes have been observed among remote and indigenous
residents!™”\. Therefore, it is imperative to evaluate if the benefits of CRC screening are
realized in these regions.

The Northwest Territories (NWT) is a northern region of Canada with 44900
residents living in remote and isolated communities dispersed across 1.1 million km?,
of which, 50.7% of residents identify as indigenous. The population of the NWT has
been shown to have a higher age-standardized incidence rate of CRC and a higher
incidence of CRC-associated mortality than other areas of Canada; however, the
reasons for these trends have not been explored!"’l. Nonetheless, screening guidelines
have been established since 2009 and recommend that average risk individuals age of
50-74 years undergo fecal immunochemical testing (FIT) every 1-2 years!"-"l. If the FIT
is positive, the patient should receive a colonoscopy within 60 d. Higher risk
individuals are advised to undergo regular screening colonoscopy (i.e., those with a
family history of CRC, relevant genetic syndrome, or inflammatory bowel disease).
Semi-structured interviews with clinicians in the NWT indicate that implementation of
these guidelines has been challenging particularly with regards to recruiting of
participants, determining their eligibility for FIT, and arranging timely colonoscopy
access for residents!l. This study aims to understand the impact of screening
guidelines in this remote population with a high incidence of CRC by assessing the
participation and outcomes of CRC screening.

MATERIALS AND METHODS

This study was approved by the Aurora College Research Ethics Committee, protocol
No. 20190404.

A population-based, retrospective cohort study was conducted of individuals who
underwent CRC screening by FIT in the NWT between January 1, 2014 to March 30,
2019. Individuals were identified in the prospectively collected Public Health
Registries, the most reliable form of capturing FIT participation in the NWT. We
included all individuals who, at the time of testing, were between the ages of 50-74
and had a valid NWT health card. Of those included, we collected their demographic
details including community of residence and indigenous status (based on health card
data).

Individuals with a positive FIT result were included in further analysis of FIT
follow-up, excluding individuals without accessible health records, or who moved out
of territory during the observation period. FIT-eligibility and colonoscopy results was
derived from the patient’s chart using manual chart review and patient identifiers
(name and health card number). FIT-eligibility was defined as per the NWT screening
guidelines: Individuals age 50-74 who are average risk and asymptomatic. This
definition excluded individuals with signs and symptoms concerning for CRC (rectal
bleeding, melena, anemia, abdominal pain, change in bowel habits, and/or
unexplained weight loss), candidates for high risk screening, and/or indications for
surveillance colonoscopy!"’l.

For colonoscopy results, participants were classified by the highest-risk pathology
identified (Table 1). Clinically-detected cases of CRC were identified using the most
recent data available in the NWT Cancer Registry (only available prior to 2017).
Individuals who were between the ages of 50-75 years at the time of diagnosis and
were diagnosed between January 1, 2014 to December 31, 2016 were included. We
collected data regarding the patient demographics, cancer pathology, stage, and
location.

Statistical analysis

The screening participation rate was calculated using the Canadian Partnership
Against Cancer definitions and the estimated cohort of screen eligible individuals age
50-75 from the NWT Bureau of Statistics!"'’. To assess CRC screening impact, we
compared screen-detected cases of CRC to clinically-detected cases. To assess CRC
participation, we conducted a subgroup analysis of FIT positive individuals
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Table 1 Adenoma and colorectal cancer classification

Classification

Description

LRA

HRA

AN

CRC

One to three tubular adenomas or sessile serrated adenomas that are each < 10 mm diameter

Three or more tubular adenomas or an AA described as having at least one of the following features: Size > 10 mm
diameter, villous or tubulovillous histology, and/or high-grade dysplasia

Either an AA or cancer

Cancer identified including early stage (I and II), and late stage (IIl and IV)

These definitions are in keeping with the United States Multi-Society Task Force colorectal cancer guidelines for colonoscopy surveillance after screening

and polypectomy!®*”]. LRA: Low risk adenoma; HRA: High risk adenoma; AN: Advanced neoplasia; CRC: Colorectal cancer; AA: Advanced adenoma.

Jaishideng®

comparing individual with signs and symptoms of CRC to FIT eligible individuals.
Statistical analyses were conducted using Microsoft Excel (16.16.19) and RStudio
(1.1463). The following tests were used to complete the statistical analyses found in
this paper: Two sample Welch t-tests for normally distributed continuous variables,
Mann-Whitney-Wilcoxon Tests for data without a normal distribution, Chi-Square
Goodness of Fit Tests for categorical variables, and Fisher’s Exact Tests for scenarios
where categorical variables did not meet the requisite criteria for Chi-Square testing (
i.e., observed frequencies less than 5). Relative risks were calculated using the
“epitools” package in R-Studio, which uses the Wald unconditional maximum
likelihood estimation and has the option of a small sample adjustment (where
appropriate); age, gender and other potentially confounding factors and/or
comorbidities were not considered in the calculation of relative risk. A P value of <
0.05 was considered to be statistically significant; all confidence intervals are reported
at a 95 percent confidence interval.

RESULTS

Between 2014-2019, 6817 FITs were completed by individuals between the age of 50-74
years, translating to an estimated biannual screening rate of 25.04% on average, 843
(12.37%) FITs were positive after 56 were excluded due to incomplete records or
moving out of territory (Figure 1). We compared included and excluded individuals
and observed a higher number of excluded individuals identified as Inuit (18 vs
expected 5.17), and/or were from the Beaufort Delta region (22 vs expected 7.41).
Fewer excluded patients were from Yellowknife (11 vs expected 27.26) (Supplementary
Table 1). There was no significant difference in mean age or sex of individuals of
included and excluded individuals.

When comparing cases of screen-detected cancer to clinically-detected cancer in
2014-2016 (Table 2), we observed no differences in age, sex, or indigenous status of
individuals. In comparing the histology, location, and stage, we did not observe any
statistically significant differences between the screen-detected and the clinically-
detected cancers (Table 2).

Of the 843 FIT positive individuals who were FIT positive between 2014-2019, 629
(74.61%) underwent a colonoscopy after waiting a median of 133.00 d (IQR 166.5; SD
236.40; mean 207.20). On colonoscopy exam, 380 (60.41%) were found to have
adenomas, of which, 120 were AA(s) (Figure 2). Thirty-four individuals were found to
have a cancer. This translated to a positive predictive value (PPV) for FIT of 24.48% for
AN.

At the time of referral for colonoscopy, 802 individuals were referred for a
colonoscopy, of which, 398 (49.62%) met at least one exclusion criteria for FIT
screening (Supplementary Figure 1). Among these individuals, we identified 288
(35.91%) with signs or symptoms concerning for CRC. In our first subgroup analysis,
we compared symptomatic individuals to FIT eligible individuals, and observed
symptomatic individuals were, on average, older than FIT eligible individuals at the
time of FIT [61.18 vs 60.15 years, P = 0.047; 95%CI of difference (0.01, 2.06)] (Table 3).
Indigenous patients were 49.04% more likely to have symptoms at the time of referral
than non-indigenous patients [95%CI of RR: (1.248, 1.780)]. When comparing by the
region of residence, we observed that the region of residence was not independent of
FIT eligibility (P < 0.01): More patients than expected were referred from Fort Smith
with symptoms, and fewer patients than expected from Yellowknife, but neither

WJG | https://www.wjgnet.com 7655 December 28,2020 | Volume?26 | Issue48 |


https://f6publishing.blob.core.windows.net/2ff90734-dc80-48e7-9c56-af41860e2ad6/WJG-26-7652-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/2ff90734-dc80-48e7-9c56-af41860e2ad6/WJG-26-7652-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/2ff90734-dc80-48e7-9c56-af41860e2ad6/WJG-26-7652-supplementary-material.pdf

Smith HA et al. Impact of CRC screening in NWT

Table 2 Screen detected vs clinically detected cancer, 2014-2016

Baseline characteristics Screen detected (n = 19) Clinically detected (n = 34) P value
Age, mean years (SD) 63.2 (7.47) 59.1 (7.27) 0.06'
Sex, female (%; Std. Res) 6 (31.58; -0.56) 15 (68.42; 0.45) 0.37
Indigenous (%; Std. Res) 11 (33.33; -0.24) 22 (66.66; 0.18) 0.62
Region of residence (%; Std. Res) 0.89°

Beaufort Delta

Dehcho

Fort Smith

Hay River

Sahtu

Tilcho

Yellowknife

Histology type, 1 (%; Std. Res)
Adenocarcinoma
Carcinoid

Mucinous

Other

Location, n (%; Std. Res)
Proximal

Distal

Stage, 1 (%; Std. Res)
Early

Late

<5 (21.05; -0.31) 9 (26.47; 0.23)
N/A N/A

<5 (5.26; -0.59) <5 (11.76; 0.44)
<5(15.79; 0.31) <5 (11.76; -0.23)
<5 (0; -0.85) <5 (5.88;0.63)
<5 (10.53; 0.16) <5(8.82;-0.12)

9 (47.37; 0.54) 12 (35.29; -0.40)

0.13”
18 (94.74; 0.37) 28 (82.35; -0.28)
<5 (5.26; 1.07) <5 (0; -0.80)
<5 (0; -0.85) <5 (5.88; 0.63)
<5 (0; -1.20) <5 (11.76; 0.90)

0.25
<5 (10.53; -1.23) 11 (32.35; 0.92)
17 (89.47; 0.70) 23 (67.65; -0.53)

0.18
12 (63.16; 0.75) 15 (44.12; -0.56)

7 (36.83; 0.76) 19 (55.88; 0.57)

IMann-Whitney-Wilcoxon Test.

%Fisher’s Exact Test for Count Data. Std. Res: Standardized residual. N/ A: Not applicable.
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observation was statistically significant (Table 3 and Supplementary Figure 2). Similar
proportions of individuals underwent a colonoscopy however, patients who were
symptomatic waited, on average, significantly longer than patients who were
asymptomatic [199.5 vs 149.0 d, P < 0.05; 95%CI of difference: (5.07, 41.92)].
Symptomatic individuals were at least 22.8% more likely to have cancer identified on
colonoscopy than screen eligible individuals [95%CI of RR: (1.228, 4.754)] (Figure 3).

When looking at the outcomes of FIT eligible individuals alone who underwent a
colonoscopy, 229 of 333 had adenomas, of which, 130 were higher risk adenomas
(HRAs). We identified 13 FIT eligible individuals who were diagnosed with CRC, the
majority of which were early stage (I or II, 63.1%). The PPV for FIT among
asymptomatic eligible individuals was 42.9% for HRA and advanced neoplasia (AN)
combined, 23.4% for AN and 3.9% for cancer. We conducted a second subgroup
analysis to look at only FIT eligible individuals comparing those with AN to those
without. We observed no significant difference in sex (P = 0.30), or age (59.69 years
with AN vs 59.96 years without; P = 0.746). However, we did observe that indigenous
patients experienced an estimated 49.2% higher relative risk of AN compared to non-
indigenous patients [95%CI of RR (adjusted for small sample): (1.0145, 2.194)]
(Figure 4). We also observed that those with AN, on average, experienced a longer
wait-time for colonoscopy than those without AN [194.54 vs 148.09 d; 95%CI of
difference: (20.04, 72.85), P = 0.0007]. We found that that the relative risk of having an
AN for FIT eligible patients who wait more than 180 d is estimated to be 68.21% more
than those who wait less than 180 d [95%CI (adjusted for small sample size): (1.138,
2.487)]. The availability of colonoscopy services within the patients” community of
residence was not associated with a diagnosis of AN.
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Table 3 Demographics and outcomes of screen eligible vs symptomatic individuals

Smith HA et al. Impact of CRC screening in NWT

Baseline characteristics FIT eligible (n = 390) Symptomatic (n = 288) P value
Age, mean years (SD) 60.15 (6.55) 61.18 (6.82) 0.0474'
Sex, female, 1 (%; Std. Res) 157 (40.26; -0.52) 127 (44.10; 0.58) 0.316
Indigenous, n (%; Std. Res) 152 (38.97; -2.15) 162 (56.25; 2.49) 0.000008
Region of residence, 1 (%; Std. Res) 0.009°
Beaufort Delta 42 (10.77; -0.26) 34 (11.81; 0.30)

Dehcho 17 (4.36; -0.58) 17 (5.90; 0.67)

Fort Smith 26 (6.67; -1.62) 36 (12.50; 1.88)

Hay River 39 (10.00; -0.80) 38 (13.19; 0.93)

Sahtu 21 (5.38; 0.06) 15 (5.21; -0.08)

Tilcho 18 (4.62; -0.94) 21 (7.29; 1.09)

Yellowknife 227 (58.20; 1.64) 127 (44.10; -1.91)

Size of health centre, n (%; Std. Res) 0.0002
Yellowknife 219 (56.15; 1.94) 115(39.93; -2.26)

Regional

Fort Smith 26 (6.67; -1.62) 36 (12.50; 1.88)

Hay River 36 (9.23; -0.84) 36 (12.50; 0.98)

Inuvik 21(5.38; 0.60) 11(3.82; -0.70)

Small community 88 (22.56; -1.42) 90 (31.25; 1.66)

Colonoscopy, n (%) 333 (85.38) 212 (74.65) 0.29
Completed, n (%; Std. Res) 318 (95.50; 0.15) 198 (93.40; -0.19)

Incomplete, 11 (%; Std. Res) 15 (4.50; -0.65) 14 (6.60; 0.81)

FIT to colonoscopy, d

Mean 159.9 1834 0.01'
Median 149.0 199.5 0.02
<60d, n (%; Std. Res) 79 (23.87; 0.88) 38 (18.10; -1.10)

60-180 d, 1 (%; Std. Res) 111 (33.53; 0.69) 59 (28.10; -0.86) 0.04
>180d, n (%; Std. Res) 141 (42.60; -1.16) 113 (53.80; 1.45) 0.01"
Findings, n (%; Std. Res)

Low risk adenoma 99 (29.73;1.17) 45 (21.23; -1.47) 0.03
High risk adenoma 130 (39.03; 1.41) 58 (27.36; -1.77) 0.005
Advanced adenoma 65 (19.52; 0.18) 39 (18.40; -0.23) 0.75
Cancer 13 (3.90; -1.60) 20 (9.43; 2.00) 0.008
Advanced neoplasia 78 (23.42; -0.62) 59 (27.83; 0.78) 0.25

TWelch two sample t-test.

2Not specific to region. Std. Res: Standardized residual; SD: Standard deviation; FIT: Fecal immunohistochemical test.

DISCUSSION

Disparities in CRC incidence and outcomes exist between populations and could be
reduced through CRC screening!'"l. In this retrospective cohort study of CRC screening
in a remote northern population, known to experience significant disparities in CRC,
FIT-based CRC screening did not facilitate earlier CRC detection. This may be due to
the limited participation of only 25% of eligible individuals, and frequent participation
of ineligible individuals (49.6% of FIT positive individuals who underwent

WJG | https://www.wjgnet.com

Jaishideng®

7657

December 28,2020 | Volume?26 | Issue48 |



Smith HA et al. Impact of CRC screening in NWT

Individuals age 50-74 who underwent FIT in 2014-19 (n = 6817)

{

FIT positive (n = 899) |

Excluded (n = 56)
| - Inaccessible chart (n = 51)
- Moved out of territory (n = 5)

A J
Included FIT positive (n = 843) |

Screening participation analyses 201

Subg
v

Screening effect analysis 2014-16

—

Screen detected CRC afterEIT in 2014-16 Individuals age 50 -74 with clinically detected CRC in 2014 2016

(n=34)

4-19

roup 1
v

FIT eligible (n = 390)
- Colonoscopy (n = 333)
- No colonoscopy (n = 77)

Symptoms of CRC (n = 288)
vs | - Colonoscopy (n = 212)
- No colonoscopy (n = 76)

Subgroup 2

v v
[ AN detected (7 =78) | vs [No AN detected (n = 255)]

Figure 1 Inclusion of individuals in study analyses. FIT: Fecal immunohistochemical test; CRC: Colorectal cancer; AN: Advanced neoplasia.

Normal
Low risk adenoma
High risk adenoma

Advanced adenoma

mI

NI

W1l

uiv

Other

Advanced neoplasia

Cancer

N

28%

15%

27%

Figure 2 Colonoscopy findings after fecal immunohistochemical test positive result.
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colonoscopy)?l. Nonetheless, CRC screening appears to have facilitated effective
adenoma detection, a majority of which would be amenable to removal at index
colonoscopy and therefore, may reduce the risk of CRC in the long-term™. The
positivity rate and PPV of FIT were higher than observed in a recent prospective trial
by Liles et al®™ which employed the same brand and FIT threshold for 2761 individuals
undergoing screening and observed a FIT positivity rate of 8.1%, and PPV for HRA or
cancer of 21.9%-24.8% (in contrast to this study we observed a positivity rate of 12.3%
and PPV of 43.8%). In reviewing CRC screening participation and outcomes, we
observed three factors which appear to contribute to the relatively high rate of AN in
this population which warrant further discussion: (1) Individuals with signs and
symptoms of CRC frequently participated in screening, (2) Patients experienced long
wait-times for colonoscopy, and (3) Indigenous individuals experienced a higher
burden of CRC than non-indigenous.

Over 1 in 3 FIT positive individuals had signs or symptoms of CRC at the time of
screening, despite the recommendations for their exclusion from screening. Several
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Figure 3 Relative risk of diagnosis for symptomatic patients vs eligible patients with 95%CI. LRA: Low-risk adenoma; HRA: High-risk adenoma;
AA: Advanced adenoma; AN: Advanced neoplasia.

Diagnosis

LRA

HRA

Cancer

AN

Estimat

0.72

1.073

1.128

5.611

1.492

[T

T

0.0

2.5

T

T

5.0

T T T T T T T 1

75 10.0 125 150 175 20.0 225 250

Relative risk-indigenous vs Non-indigenous

Figure 4 Relative risk of diagnosis for fecal immunohistochemical test eligible indigenous vs fecal immunohistochemical test eligible
non-indigenous. LRA: Low-risk adenoma; HRA: High-risk adenoma; AA: Advanced adenoma; AN: Advanced neoplasia.
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studies have similarly evaluated the symptoms of FIT positive individuals and
observed even higher rates among participants of 47%-78%*1. This may have
important implications for CRC screening positivity and definition of “asymptomatic”
screen-detected cancer™. We observed higher rates of CRC among individuals with
reported signs or symptoms than FIT eligible individuals. However, the predictive
value of red flag symptoms for colorectal pathology has been found to be variable” 1.
De Klerk et al® (2018) reviewed 527 FIT positive patients and the 41% of individuals
who had symptoms had a higher odds of CRC but the results were not statistically
significant (OR 1.64 CI 0.86-3.13). In their analysis by individual symptoms, only a
change in bowel habits or blood in the stool were associated with CRC detection at
colonoscopy (OR 2.86, CI 1.23-6.62 and OR 8.65, CI 2.35-32.0). Previous systematic
reviews summarizing the predictive value of red flag signs and symptoms,
independent of FIT, have found rectal bleeding has diagnostic value, but other signs
and symptoms only provide modest diagnostic value®*!. At present, guidelines
clearly recommend against FIT screening of symptomatic individuals. The observed
frequent use of FIT by symptomatic patients, may be partially attributed to the long
wait-times for colonoscopy in the NWT. Previous interviews with clinicians in the
NWT suggest that clinicians use FIT as a mechanism to accelerate a patient’s access to
colonoscopy!’l. This strategy does not appear to be effective, patients in this study with
symptoms waited significantly longer for colonoscopy than FIT eligible individuals (P
= 0.036)"). Further research is needed to discern the reasons individuals with red flag
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symptoms to undergo screening and the impact of their participation on the diagnostic
yield of FIT in order to guide screening and endoscopy protocols.

Patients in this study experienced long wait-times for colonoscopy following a
positive FIT. Longer wait-times were associated with more advanced pathology at
colonoscopy. National screening quality guidelines in Canada recommend a follow-up
colonoscopy be completed within 60 d of a positive FIT and define a follow-up
colonoscopy as one completed within 180 d of FIT'". In this study, only 23.87% of FIT
eligible individuals met the benchmark of 60 d. Individuals who waited more than 180
d were 68.21% more likely to have AN than those waited < 180 d. Other studies have
similarly observed wait-times for colonoscopy after fecal screening test to be
associated with more advanced pathology at colonoscopy!™*1. Corley et al*! found
wait-times of 10-12 mo associated with a higher odds of CRC [OR 1.49 (95%CI 1.05-
2.08)]. Flugelman et al* identified a significant relationship between increasing wait-
time interval and stage of disease at presentation, as well as an association between
wait-times more than 12 mo and a higher risk of CRC mortality [adjusted hazard ratio
1.53 (1.13-2.12)]. Colonoscopy wait-times could be contributing the overall CRC
disparities experienced by this population and these findings reinforce the expert
recommendations for prompt colonoscopy follow-up after FIT to enhance the quality
of screening, and potentially, detect AN earlier. The underlying cause for long
colonoscopy wait-times cannot be fully elucidated by this study but is likely
multifactorial as demonstrated in our recent analysis of colonoscopy cancellations in
this region™!. Increasing colonoscopy access in this remote region is complex but could
provide substantial benefit to patients.

Finally, we observed significantly higher rates of AN and cancer among indigenous
individuals compared to non-indigenous. Indigenous Canadians have been found to
experience important barriers to accessing cancer care and disparities in cancer
outcomes in Canada”. This study provides an important contribution by reporting
CRC rates among indigenous residents in northern Canada. A study of Alaskan
indigenous populations observed that they experienced a higher CRC incidence than
other ethnic groups in the United States. Boardman et al®! assessed this further by
comparing the tumour genetics among Alaskans but found no significant differences,
and concluded that the cause of the higher incidence of CRC is likely multifactorial
and attributable to recent diet changes, namely higher intake in fat, refined
carbohydrates. Cancer is increasingly a public health concern among northern
indigenous populations and our study is the first demonstrate this in CRC screening
resultst”l. The higher incidence of malignancy we observed advocates for further
research and a potentially a re-evaluation of the current screening protocol for this
cohort. Individuals with a first degree relative with a history of CRC have a 1.9-4.4
relative risk of CRC compared to average risk individual and are recommended to
undergo colonoscopy screening every 5-10 years in Canada™. As such, indigenous
individuals may benefit from enhanced screening to optimize CRC detection and
control. This would require further analysis of the risks and benefits in discussion with
indigenous healthcare leaders in the NWT.

Limitations

The generalizability of our results is limited to the retrospective data collected in the
health records and small sample size. Cancer registry data for clinically detected CRC
was only available prior to 2018 which limited the timeframe of comparing screen-
detected and clinically detected CRC. FIT eligibility was derived from clinicians notes
and therefore dependent on the consistency of provider documentation. We excluded
51 individuals due to inaccessible records, a higher than anticipated proportion of
these individuals were from Beaufort Delta region and/or were Inuit. This is not
surprising given that accessing paper records in this region was challenging. The
included Inuit and Beaufort Delta residents did not experience any significant
difference in colonoscopy outcomes than the remainder of the cohort. Finally, the
population of the NWT is small, and factors not captured in this study such as patient
comorbidities, and substance use may confound patients’ cancer risk.

CONCLUSION

In this study of a northern remote population, FIT-based CRC screening did not
appear to prevent CRC or provide earlier detection but did result in more frequent
positive pathology results than anticipated for average risk screening. Individuals
were more likely to have CRC at the time of screening if they experienced long wait-
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times for colonoscopy, had clinical signs and symptoms of CRC, and/or were
indigenous. Increasing access to colonoscopy, and effective triaging of FIT eligible
individuals could enhance CRC screening effectiveness. Further research is needed to
understand how to increase colonoscopy access in this remote region, and to discern if
colonoscopy screening should be adopted among indigenous populations given their
relative risk of CRC.

ARTICLE HIGHLIGHTS

Research background

Screening provides earlier colorectal cancer (CRC) detection and improves outcomes.
However, it remains poorly understood if these benefits are realized with screening
guidelines in remote northern populations where access to colonoscopy is limited. This
study provides a critical contribution to this knowledge gap by providing an overview
of the participation in, and impact of, CRC screening guidelines in a remote northern
region of Canada that experiences higher rates of CRC: The Northwest Territories
(NWT).

Research motivation
Previous studies suggest that remote and indigenous populations may experience
significant geographic and systemic barriers to accessing CRC screening as well as a
higher rate of CRC than other populations. To optimize CRC screening, a better
understanding of current participation and screening outcomes in northern
populations is critical.

Research objectives

This study aimed to evaluate the participation and outcomes of CRC screening in a
remote northern population. In particular, we sought to understand the effectiveness
of screening in the NWT and identify factors which may contribute to the likelihood of
advanced neoplasia being detected among participants. Realizing these objectives will
help inform future CRC screening in the NWT and our understanding of CRC
screening access and effectiveness for northern populations.

Research methods

A population-based, retrospective cohort study was conducted of individuals who
underwent CRC screening in the NWT in the last 5 years. This is the first study to
review the results of CRC screening in a remote northern population.

Research results

Screen-detected cancer cases were not detected earlier than clinically-detected cases
which suggests screening was not particularly effective and warrants further research.
Potentially contributing to this trend were the findings that individuals experienced a
higher incidence of CRC if they had signs and symptoms of CRC at screening,
experienced long colonoscopy wait-times, or were indigenous. Further research is
needed to further characterize the risk of CRC among indigenous individuals and
inform strategies to improve colonoscopy access in the NWT.

Research conclusions

These findings suggest that critical gaps in colonoscopy access, triaging of eligible
individuals, and knowledge of CRC risk among indigenous individuals may be
impairing the CRC screening effectiveness for this remote northern population. This
highlights the importance of pragmatic evaluation of CRC screening in remote and
indigenous populations.

Research perspectives

Further research is needed to inform colonoscopy access for remote populations and to
optimize screening for indigenous populations. Research in other northern regions is
crucial to inform the generalizability of our findings.
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Abstract

BACKGROUND

Primary liver cancer includes three subtypes: Hepatocellular carcinoma (HCC),
intrahepatic cholangiocarcinoma (CCA), and combined hepatocellular carcinoma.
Patients with primary liver cancer experienced poor prognosis and high mortality,
so early detection of liver cancer and improved management of metastases are
both key strategies to reduce the death toll from liver cancer. Prostate-specific
membrane antigen (PSMA) expression in the tumor-associated neovasculature of
nonprostate malignancies including liver cancer has been reported recently, but
conclusive evidence of PSMA expression based on the pathological type of liver
cancer remains limited.

AIM
To study the expression of PSMA in HCC, CCA, and liver cirrhosis.

METHODS

A total of 446 formalin-fixed paraffin-embedded (FFPE) liver tumor and liver
cirrhosis tissue samples were obtained retrospectively from the Pathology
Department of Tongji Hospital. Immunohistochemistry was used to detect PSMA
expression in these 446 FFPE liver biopsy specimens (213 HCC, 203 CCA, and 30
liver cirrhosis). The tumor compartment and the associated neovascular
endothelium were separately analyzed. PSMA expression was examined by two
certified pathologists, and the final results were presented in a 4-point scoring
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system (0-3 points). Correlation between PSMA expression and clinico-
pathological information was also assessed.

RESULTS

PSMA was expressed primarily in the neovascular endothelium associated with
tumors. The positive rate of PSMA staining in HCC was significantly higher than
that in CCA (86.8% vs 79.3%; P = 0.001) but was only 6.6% in liver cirrhosis (P =
0.000). HCC cases had more 3-score PSMA staining than CCA had (89/213, 41.8%
vs 35/203,17.2%; P = 0.001). PSMA expression correlated positively with the stage
and grade of HCC and CCA. In both liver cancer subtypes, there were more
PSMA* cases in stages III-V diseases than in stages I and II. High staining
intensity of PSMA was more frequently observed in liver cancers at high grade
and advanced stage. There was no significant association of PSMA expression
with sex, age, region, a-fetoprotein, hepatitis B surface antigen, or tumor size in
both tumor subtypes.

CONCLUSION
Neovascular PSMA may be a promising marker to differentiate HCC from liver
cirrhosis and a prognostic marker for anti-tumor angiogenesis therapy for HCC.

Key Words: Prostate-specific membrane antigen; Hepatocellular carcinoma;
Cholangiocarcinoma; Liver cirrhosis; Neovasculature; Immunohistochemistry

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Immunohistochemistry was used to detect prostate-specific membrane
antigen (PSMA) expression in hepatocellular carcinoma (HCC), cholangiocellular
carcinoma (CCA), and liver cirrhosis. PSMA is specifically expressed in tumor-
associated vasculature in HCC and CCA. The positive rate of PSMA staining in HCC
was significantly higher than that in CCA (86.8% vs 79.3%), meanwhile, it was only
6.6% in liver cirrhosis, thus the potential of using PSMA-targeted imaging to
distinguish HCC from liver cirrhosis may be true. PSMA expression correlated
positively with stage and grade both in HCC and CCA; high staining intensity of
PSMA was more frequently observed in liver cancers at high grade and advanced
stage.

Citation: Chen LX, Zou SJ, Li D, Zhou JY, Cheng ZT, Zhao J, Zhu YL, Kuang D, Zhu XH.
Prostate-specific membrane antigen expression in hepatocellular carcinoma,
cholangiocarcinoma, and liver cirrhosis. World J Gastroenterol 2020; 26(48): 7664-7678

URL: https://www.wjgnet.com/1007-9327/full/v26/i48/7664.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.i48.7664

INTRODUCTION

Primary liver cancer can be categorized according to its pathological characteristics
into hepatocellular carcinoma (HCC), intrahepatic cholangiocarcinoma (CCA), and
combined hepatocellular carcinoma (CHC)!". HCC accounts for 85%-90% cases of
primary liver cancer, which is highly prevalent in China due to the epidemic of
chronic hepatitis B. Most patients with primary liver cancer are diagnosed at advanced
stages when treatment options are limited and subsequently experience poor
prognosis and high mortality!l. Therefore, early detection of liver cancer as well as
improved management of metastases are both critical approaches to reducing the
death toll from liver cancer.

Prostate-specific membrane antigen (PSMA), also known as folate hydrolase I or
glutamate carboxypeptidase II, is a new biomarker that was initially defined by 7E11
immunoglobulin G monoclonal antibody™. PSMA is a 100 kDa transmembrane
glycoprotein that can transduce extracellular signals into cytoplasm!™. Originally
found to be highly expressed in prostate cancer and high-grade intraepithelial
neoplasia of prostate, PSMA has been extensively studied in recent decades for
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prostate cancer imaging and theranostic applications!”. For example, a large number of
clinical trials have underpinned the advantage of PSMA-targeted radionuclide
therapy for metastatic prostate cancer!.

Despite its nomenclature, PSMA expression is also observed in the neovasculature
of a wide range of nonprostate cancers, including glioblastoma multiforme;
esophageal, gastric, breast, ovarian, colorectal, lung, adrenal, hepatocellular,
pancreatic, renal cell, bladder, and testicular germ cell carcinoma; malignant
melanoma; mesothelioma tumor and malignant neoplasms of the thyroid"”*!. Several
case reports have shown that HCC, CCA, and CHC have high uptake of radiotracer in
PSMA-targeted positron emission tomography (PET) imaging®*l. A recent
prospective pilot study in seven HCC patients demonstrated that the HCC lesions are
hypervascular with ®Ga-PSMA-positive microvessels, suggesting that ®*Ga-PSMA PET
is more suitable for imaging HCC patients than the conventional F-fluor-
odeoxyglucose (FDG)-PET™. We recently compared PSMA-PET with FDG-PET in
HCC imaging and found that PSMA-PET exhibited higher standardized uptake value
in the tumor region and higher tumor-to-background ratios (Figure 1). In addition to
the findings from noninvasive imaging, a pathological evaluation of 103 HCC
specimens confirmed that PSMA was expressed on 74% of tumor-associated blood
vessels. PSMA expression has oncogenic consequences, including an association with
tumor stage, differentiation, lymph node metastasis, and Ki67 index”. High vascular
expression of PSMA is correlated with poor prognosis, indicating that it is an
independent prognostic factor for liver cancer and subsequently a target for
antiangiogenic therapy®.

However, HCC is often accompanied with cirrhosis, which may acquire a nodular
architecture with altered vascularity that resembles the regenerated nodules of early-
stage HCC. As a result, the correlation between PSMA expression and the pathological
classification of liver cancers remain elusive. In this retrospective study, we examined
PSMA expression in 446 liver specimens (213 HCC, 203 CCA, and 30 cirrhosis) by
immunohistochemistry (IHC), investigated the relationship between PSMA expression
and clinicopathological findings, and discussed the potential of using PSMA-targeted
imaging to distinguish HCC from liver cirrhosis.

MATERIALS AND METHODS

Specimen collection, tumor grading, and patient information

This study was approved by the Ethics Committee of Tongji Medical College,
Huazhong University of Science and Technology (No. 2019-5951). Formalin-fixed
paraffin-embedded liver tumor and liver cirrhosis tissue samples from hospitalized
patients were obtained retrospectively from the Pathology Department of Tongji
Hospital from January 2013 to December 2017. All samples were deidentified before
analysis. A total of 446 liver specimens, including 213 HCC, 203 CCA, and 30 cirrhosis
specimens, were studied. HCC and CCA were classified according to the World
Health Organization and Edmondson pathological classification criteria as grade I
(low), grade II (intermediate), and grade III (high)!'"**. Patient characteristics and
pathological features are summarized in Table 1.

IHC procedure

IHC was performed as previously described!"". PSMA was stained with an anti-PSMA
rabbit monoclonal antibody (ab133579; Abcam, Cambridge, MA, United States; 1:250
dilution) on a Leica Bond-Max autostainer and visualized with the Bond Polymer
Refine Detection System (Leica Biosystems Newcastle, Newcastle upon Tyne, United
Kingdom). Vascular structures were confirmed by staining with an anti-CD31 rabbit
polyclonal (ab28264; Abcam; 1:100 dilution). Primary antibody-null staining was used
as a negative control. Prostatic adenocarcinoma specimens with confirmed PSMA
expression and tonsil specimens were used as the positive controls for PSMA and
CD31 staining, respectively (Figure 2). All specimens were routinely stained with
hematoxylin and eosin to verify tumor morphology prior to IHC.

IHC evaluation

The tumor compartment and the associated neovascular endothelium (ANVE) were
separately analyzed on a minimum of three randomly chosen sections and observed at
three different magnifications (40 x, 100 x, and 400 x) per section. Protein expression
was examined by two certified pathologists who were blinded to all the clinical data.
Each pathologist assigned a score of 0 (no staining on any tumor cells or neovascular
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Table 1 Clinicopathological features of liver tissues
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Clinicopathological parameters

No. of cases (%)

HCC CCA
Total 213 203
Gender Male 185 (86.9) 112 (55.2)
Female 28 (13.1) 91 (44.8)
Age of diagnosis <50 106 (49.8) 49 (24.1)
250 107 (50.2) 154 (75.9)
Mean (range) 50 (19-85) 57 (41-78)
Region Country 82 (38.5) 112 (55.2)
Urban 131 (61.5) 91 (44.8)
AFP <400 134 (62.9) -
=400 79 (37.1) -
HBsAg + 166 (77.9) 140 (69.0)
- 47 (22.1) 63 (31.0)
Tumor size <5cm 92 (43.2) 98 (48.3)
>5cm 121 (56.8) 105 (51.7)
Stage pT1 9(42) 14 (6.9)
pT2 73 (34.3) 105 (51.7)
pT3 24 (11.3) 21 (10.3)
pT4 107 (50.2) 63 (31.0)
Nodal status NO 190 (89.2) 182 (89.7)
N1 23 (10.8) 21 (10.3)
Metastasis MO 188 (88.2) 182 (89.7)
M1 25 (11.8) 21 (10.3)
UICC stage at diagnosis I 16 (7.5) 14 (6.9)
I 106 (49.8) 98 (48.3)
I 28 (13.6) 21 (10.3)
v 63 (29.6) 70 (34.5)
Tumor grading I 79 (37.1) 75 (36.9)
I 76 (35.7) 72 (35.7)
I 58 (27.2) 56 (27.6)

Data in parenthesis are percentages except the line of “mean”. AFP: a-fetoprotein; CCA: Cholangiocellular carcinoma; HBsAg: Hepatitis B surface antigen;

HCC: Hepatocellular carcinoma; UICC: Union for International Cancer Control.
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endothelium); 1 (low staining intensity in < 10% of tumor cells or ANVE); 2 (low
staining intensity in 10%-50% of tumor cells or ANVE, or high staining intensity in <
25% of tumor cells or ANVE); and 3 (low staining intensity in > 50% of tumor cells or
ANVE, or high staining intensity in > 25% of tumor cells or ANVE) (Table 2)"'. The
two scores for each section were then averaged to give the final score. A consensus
review was performed in case where there was substantial disagreement between the

two pathologists.

Statistical analysis

Data were analyzed using SPSS version 25.0 (SPSS, Armonk, NY, United States). P <
0.05 was considered statistically significant. Quantitative data were expressed as mean
* standard deviation. The y? test was used to compare categorical variables.
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Table 2 Standard for evaluation

Score Stain intensity Percent of vessels staining
0 None 0

1 Low <10%

2 (type 1) Low 10%-50%

2 (type 2) High <25%

3 (type 1) Low >50%

3 (type 2) High >25%

Figure 1 Positron emission tomography imaging study on a 75-year-old man with hepatocellular carcinoma. "®F-Fludeoxyglucose (FDG) and %
Ga-prostate-specific membrane antigen (PSMA) positron emission tomography/computed tomography imaging was performed. A: Maximal intensity projection, ®Ga-
PSMA revealed focal uptake [bold orange arrow, standardized uptake value (SUV)max: 7.6; black arrow, SUVmax: 5.7]; B: Maximal intensity projection, ®F-FDG
revealed focal uptake (bold white arrow, SUVmax: 4.6), no uptake in right lesion (white arrow); C: Gross section displayed a nodule histologically classified as
hepatocellular carcinoma; D: Strong PSMA expression (400 x, immunohistochemistry, scale bar = 100 pm) was shown in the tumor-associated vascular; E and G:
Transaxial fused, ®Ga-PSMA revealed focal uptake (bold black arrow, SUVmax: 7.6; black arrow, SUVmax: 5.7); F and H: Transaxial fused, '®F-FDG revealed focal
uptake (bold white arrow, SUVmax: 4.6), no uptake in right lesion (white arrow).

Spearman's correlation coefficient (nonparametric) was used to determine the
correlation between IHC scores and clinical variables.

RESULTS

PSMA was expressed in the tumor-associated neovascular endothelium that was also
positively stained with the pan-endothelial marker CD31 (Figures 3 and 4). In contrast,
blood vessels in the peritumoral normal tissues were exclusively CD31*, indicating
that PSMA is a specific marker for the tumor-associated neovasculature. The
percentage of PSMA" cases in HCC (185/213, 86.8%) and CCA (161/203, 79.3%) was
13- and 12-fold higher, respectively, than that in liver cirrhosis (2/30, 6.6%) (P < 0.0001,
Table 3), while the percentage of PSMA* cases in HCC was significantly higher than
that in CCA (86.8% vs 79.3%, P = 0.001). There were more sections with a score of 3 for
PSMA expression in HCC (89/213, 41.8%) than in CCA (35/203, 17.2%, P = 0.001).
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Table 3 Cells and tumor-associated neovascular endothelial cells of liver cancers compared with liver cirrhosis

PSMA expression score, n

Number Positive staining, n (%)
0 1 2 3
HCC Cells 213 187 8 16 2 26 (12.2)
NECs 213 29 31 64 89 184 (86.4)
Total 213 28 32 64 89 185 (86.8)
CCA Cells 203 196 0 7 0 7 (3.4)
NECs 203 42 4 84 35 161 (79.3)
Total 203 42 2 84 35 161 (79.3)
Cirrhosis Cells 30 28 2 0 0 2 (6.6)

CCA: Cholangiocellular carcinoma; HCC: Hepatocellular carcinoma; NECs: Neovascular endothelial cells.

Figure 2 CD31 staining and prostate-specific membrane antigen staining. A: Positive control, CD31 staining in human tonsils (400 x, scale bar = 100
um); B: Negative control, CD31 staining in human tonsils (400 x, scale bar = 100 pm); C: Anti-prostate-specific membrane antigen (PSMA) positive control, PSMA
staining in human prostate cancer tissues (400 x); D: Anti-PSMA negative control, PSMA staining in human prostate cancer tissues (400 x).

PSMA expression correlated positively with the stage and grade of HCC and CCA. In
both liver cancer subtypes, stages III-V disease had more PSMA" cases than stage I
and II had, while high staining intensity of PSMA was more frequently observed in
liver cancers of high grade and advanced stage. There was no significant association of
PSMA expression with sex, age, region, AFP, hepatitis B surface antigen (HBsAg), or
tumor size.

IHC of PSMA expression in HCC

Neovascular expression of PSMA was observed in 184/213 (86.4%) HCC cases, while
no PSMA staining was found in normal vascular endothelial cells or peritumoral
normal tissues. Among the 184 cases with PSMA* neovasculature, 31 (14.6%) had an
expression score of 1, 64 (30.0%) a score of 2, and 89 (41.8%) a score of 3. In
comparison, only 26/213 HCC cases had PSMA* tumor cells, with most of the staining
in the cytoplasm and cell membrane. The PSMA staining score was 1 in eight (3.7%)
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Figure 3 Prostate-specific membrane antigen staining in representative tissues samples of hepatocellular carcinoma with magnification
of 400 %, scale bar =100 pm. A: Weak prostate-specific membrane antigen (PSMA) staining (score = 1); B, E and H: The corresponding CD31 staining; C, F and
I: The corresponding hematoxylin and eosin staining; D: Strong staining (score = 3); D and E: Vessel-like structures within the tumor (bold orange arrow) showed only
PSMA staining but no CD31, D and E were from adjacent slides; G: Blood vessel staining and weak staining of cellular elements (score = 3).

cases, 2 in 16 (7.5%) cases, and 3 in two (0.9%) cases (Table 3 and Figure 3). Among
these 26 cases, one case showed PSMA staining exclusively in tumor cells, while the
remaining 25 cases had PSMA staining in both tumor cells and neovasculature.
Furthermore, in 3/213 (1.4%) cases, positive PSMA staining of tumor cells was not
accompanied by nearby CD31 expression, which may be attributed to tumor necrosis.
In 2/213 cases, the vessel-like structures within the tumor compartment were
exclusively stained with PSMA rather than CD31 (score of 3, Figure 3D and E).

PSMA expression correlated positively with stage (Spearman r = 0.226, P = 0.001)
and grade (Spearman r = 0.224, P = 0.004) of HCC. Eighty-seven of 91 (95.5%) stage III
and IV HCC cases were PSMA®, which was significantly higher than stage I and II
HCC (97/122,79.5%, P = 0.001). There was a higher positive rate for PSMA expression
in the neovasculature of grade III (high) HCCs (57/58, 98.2%) than in those of grade II
(intermediate, 65/76, 86.5%) or grade I (low, 62/79, 78.4%, P = 0.004) HCC cases. There
was no significant association of PSMA expression with sex, age, region, alpha
fetoprotein (AFP), HBsAg, or tumor size (Table 4).

PSMA expression by IHC in CCA

Variable levels of PSMA expression were found in tumor neovasculature but in neither
normal liver tissue nor peritumoral tissue (Table 3 and Figure 4). One hundred and
sixty-one (79.3%) of 203 primary CCA cases were PSMA" in the tumor neovasculature,
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Table 4 Expression of prostate-specific membrane antigen in neovascularization of hepatocellular carcinoma and its relationship with

clinicopathological parameters

Tumor PSMA-positive, n

Clinicopathological parameters No. of cases P value
0 1 2 3

Gender

Male 185 25 27 52 81 0.912

Female 28 4 4 12 8

Age of diagnosis

<50 106 12 14 29 51 0.331

250 107 17 17 35 38

Mean (range) 50 (19-85)

Region

Urban 131 15 16 44 56 0.080

Country 82 14 15 20 33

AFP

<400 134 21 18 38 57 0.254

2400 79 8 13 26 32

HBsAg

+ 166 24 23 49 70 0.990

- 47 ® 8 15 19

Tumor size

<5cm 92 14 10 23 45 0.552

>5cm 121 15 21 41 44

Stage

pT1 9 1 2 4 2 0.812

pT2 73 19 15 18 54

pT3 24 2 4 6 12

pT4 107 7 10 36 21

Nodal status

NO 190 27 24 58 82 0.466

N1 23 2 7 6 7

Metastasis

MO 188 23 31 57 77 0.136

M1 25 6 0 7 12

UICC stage at diagnosis

I-1I 122 25 17 37 43 0.001%r = 0.226

-1V 91 4 14 27 46

Tumor grading

I 79 17 8 17 37 0.004%,r =0.224

I 76 11 7 25 33

111 58 1 16 22 19

All case 213 29 31 64 89
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4P < 0.01. AFP: a-fetoprotein; HBsAg: Hepatitis B surface antigen; PSMA: Prostate-specific membrane antigen; r: Spearman r; UICC: Union for International

Cancer Control.

Figure 4 Prostate-specific membrane antigen staining in representative tissues samples of cholangiocarcinoma with magnification of
400 x, scale bar = 100 pm. A: Weak prostate-specific membrane antigen (PSMA) staining (score = 1); A and B: Vessel-like structures within the tumor (bold
orange arrow) showed staining exclusively for PSMA with no CD31 staining, A and B were from adjacent slides; B, E and H: The corresponding CD31 staining; C, F,
and |: The corresponding hematoxylin and eosin staining; D: Strong staining (score = 3); G: Blood vessel staining and weak staining of cellular elements (score = 1).

among which, 42 cases (20.7%) had an expression score of 1, 84 (41.4%) a score of 2,
and 35 (17.2%) a score of 3 (Table 3 and Figure 4). Seven (3.4%) cases had PSMA
staining in both tumor cells (cytoplasm and cell membrane) and tumor-associated
neovasculature endothelium, with an expression score of 2. Like HCC, one CCA case
exhibited vessel-like structures within the tumor compartment that was weakly
stained with PSMA (score = 1) but negative with CD31 staining (Figure 4A and B).

PSMA expression correlated positively with the stage (Spearman r = 0.211, P =
0.002) and grade (Spearman r = 0.253, P = 0.001) of CCA. Positive staining of PSMA
was more frequent in stage III and IV CCAs (81/91, 89.0%) than in stage I and II CCA
(80/112,71.4%, P = 0.002). There was a higher rate of positive staining for PMSA in the
tumor neovasculature of grade III (high) CCA cases (53/56, 94.6) compared to that of
grade II (intermediated, 57/72, 79.0%) or grade I (low, 51/75, 68.0, P = 0.001). There
was no significant correlation between PSMA expression and other clinicopathological
features of CCA patients (Table 5).
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Table 5 Expression of prostate-specific membrane antigen in neovascularization of cholangiocellular carcinoma and its relationship

with clinicopathological parameters

Tumor PSMA-positive, n

Clinicopathological parameters No. of cases P value
0 1 2 3

Gender

Male 112 24 13 46 29 0.773

Female 91 18 29 38 6

Age of diagnosis

<50 49 8 22 6 13 0.387

250 154 34 20 78 22

Mean (range) 57 (41-78)

Region

Urban 91 16 23 47 5 0.325

Country 112 26 19 37 30

HBsAg

+ 140 29 26 69 16 0.990

- 63 13 16 15 19

Tumor size

<5cm 98 23 27 30 18 0.178

>25cm 105 19 15 54 17

Stage

pT1 14 5 3 4 2 0.293

pT2 105 23 21 49 12

pT3 21 5 5 7 4

pT4 63 9 13 24 17

Nodal status

NO 182 36 39 74 33 0.346

N1 21 6 3 10 2

Metastasis

MO 182 37 40 76 29 0.709

M1 21 5 2 8 6

UICC stage at diagnosis

I-1I 112 32 26 38 16 0.002%, r=0.211

-1V 91 10 16 46 19

Tumor grading

I 75 24 18 28 5 0.001%, r=0.253

I 72 15 18 85 6

11T 56 8 6 21 5

All case 203 42 42 84 35

P < 0.01. HBsAg: Hepatitis B surface antigen; PSMA: Prostate-specific membrane antigen; : Spearman r; UICC: Union for International Cancer Control.
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PSMA expression by IHC in liver cirrhosis

CD31"* blood vessels were observed in all 30 liver cirrhosis specimens (Figure 5).
However, only two of 30 specimens showed weak PSMA staining in the cytoplasm
and cell membrane of liver cells (score = 1). The remaining 28 specimens were PSMA-
in either hepatocytes or vascular endothelium.

DISCUSSION

HCC is the fourth most common malignancy and the third leading cause of tumor-
related death in China, accounting for 85%-90% of all primary liver cancer cases!".
Early radical intervention or effective management at late stage are both important
strategies to reduce the death toll from HCC.

PSMA is a type Il transmembrane glycoprotein that has attracted extensive attention
due to its specific and high expression in prostate cancer cells. PSMA was first
identified by Holmes ef al! from a crude membrane extract of an androgen-dependent
prostate cancer cell line LNCaP. Other than tumor tissue, PSMA is also highly
expressed in pancreatic islets and skeletal muscle, moderately expressed in brain and
ganglia of gastrointestinal tract, and weakly expressed in prostate, endometrial glands,
kidney tubules, and urinary bladder. No PSMA expression was observed in the liver,
spleen, or other tissues!"’. In addition to prostate cancer cells, PSMA has previously
been detected in the tumor-associated neovasculature of solid tumors including
HCCP*1. Notably, PSMA is absent in blood vessels of normal tissue due to the lack of
PSMA transcription enhancement regions”**’..

HCC is a highly vascularized tumor that is characterized by early angiogenesis. The
hepatic artery is the main route to supply oxygen and nutrients to HCC, therefore
making antiangiogenic therapy promising for HCC. In contrast, PSMA facilitates the
invasion of endothelial cells during angiogenic sprouting and thereby supports tumor
growth through provision of oxygen and nutrients® . As a result, targeted therapy
against PSMA-expressing neovasculature represents a feasible option in treating
rapidly growing solid tumors. Recently, several PSMA-targeted PET imaging studies
reported high uptake of radiotracers in the tumor region of HCC, CCA, and CHC-*1,
Kuyumcu et al" studied ¥Ga-PSMA PET imaging in 19 patients with liver cancer and
found tumor uptake of radiotracers in 16 patients”l. A multi-center phase II trial found
that a PSMA-targeted therapy using an antiangiogenic drug mipsagargin led to long-
term stable disease in patients with advanced liver cancer!”. Magnetic resonance
imaging after the mipsagargin treatment revealed a decrease in blood flow in liver
lesions, confirming that PSMA plays an important role in liver cancer progression!™.
Jiao et al™ found that PSMA was specifically expressed in the vasculature in 76 of 103
(74%) HCC specimens!”!. However, PSMA expression in liver cancer subtypes other
than HCC remains to be elucidated.

Here, for the first time, we demonstrated that PSMA was expressed in the tumor-
associated neovasculature of most HCC (86.8%) and CCA (79.3%) cases in a large
sample set. PSMA expression was restricted to the neovasculature of HCC and CCA,
while normal liver and peritumoral tissues were largely PSMA". A few vessel-like
structures in the tumor compartment was PSMA* but CD31,, suggesting that PSMA is
a useful biomarker for early-stage tumor-associated angiogenesis. This temporal
mismatch between PSMA and CD31 underscores the role of PSMA in the invasion of
endothelial cells. It is worth mentioning that HCC (86.8%) exhibited a higher positive
rate of PSMA staining than CCA (79.3%) did and that the HCC cases had more 3-score
PSMA staining than CCA had (89/213, 41.7% vs 35/203, 17.2%). Therefore, PSMA
could provide better diagnostic power in HCC than in CCA and functions as a
valuable therapeutic target in HCC.

In some HCC and CCA cases, PSMA staining was observed in the cytoplasm and
cell membrane of tumor cells, albeit with lower staining intensity than in tumor-
associated neovasculature. Similarly, Nomura et al'"! found that < 2% of tumor cells
were stained with PSMA in grade II and III gliomal'”. In contrast, Kesler ef all*!
recently reported that three out of five HCC specimens had intense PSMA staining in
intratumoral microvessels®*l. However, they did not observe any PSMA staining in the
epithelial tumor cells. Such discrepancies in terms of PSMA expression can be
attributed to the difference in sample size and biopsy locations.

Cirrhosis caused by viral hepatitis, especially type B and C, is the leading risk factor
for HCC. The regenerated nodules of early-stage HCC are often indistinguishable from
the accompanying cirrhosis, which makes ablative therapy more challenging. In our
study, only two (6.7%) cases of liver cirrhosis showed weak PSMA staining in tumor
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Figure 5 Prostate-specific membrane antigen staining in liver cirrhosis with magnification of 400 x, scale bar = 100 um. A: Liver cirrhosis
showing no prostate-specific membrane antigen (PSMA) staining in blood vessels and hepatocytes (0 point); B and E: The corresponding CD31 staining; C and F:
The corresponding hematoxylin and eosin staining; D: Liver cirrhosis showing no PSMA blood vessel staining with a score of 0 and light staining of cellular elements

with a score of 1.
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cell cytoplasm and cell membrane, with an expression score of 1. In contrast, the
positive staining of PSMA was more frequent and with higher intensity in HCC and
CCA. Therefore, our study proves that PSMA could be a useful biomarker to
distinguish HCC from liver cirrhosis. Accordingly, PSMA-targeted PET imaging can
potentially pinpoint the regenerated nodules of HCC.

In this study, PSMA expression correlated positively with the stage and grade of
HCC and CCA, and stage III and IV disease tended to have higher positive rate of
PSMA than stage I and II diseases. High PSMA expression was more likely to be found
in the neovasculature of HCC and CCA with high grade or stage III or IV. There was
no significant association of PSMA expression with sex, age, region, AFP, HBsAg, or
tumor size in HCC and CCA. Jiao et al®! reported that vascular PSMA expression
correlated with tumor stage, tumor differentiation, lymph node metastasis, and Ki67
index”.. They did not find any significant association between the vascular PSMA
expression and age or sex, which was in accordance with our results.

CONCLUSION

PSMA was expressed primarily in the tumor-associated neovascular endothelium of
liver cancer. We discovered a potential role of PSMA-targeted imaging in the detection
and staging of liver cancer patients, especially those with HCC. The PSMA-targeted
imaging may also be useful to distinguish liver cancer from cirrhosis. As a result,
PSMA-targeted approaches represent a feasible alternative to current antiangiogenic
cancer therapy.

ARTICLE HIGHLIGHTS

Research background
Prostate-specific membrane antigen (PSMA) is a transmembrane glycoprotein
expressed in the neovasculature of various nonprostate malignancies.
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Research motivation

PSMA expression in the tumor-associated neovasculature of nonprostate malignancies
including liver cancer has been reported, but conclusive evidence of PSMA expression
based on the pathological type of liver cancers remains limited.

Research objectives
This retrospective study was performed to study the expression of PSMA in
hepatocellular carcinoma (HCC), cholangiocarcinoma (CCA), and liver cirrhosis.

Research methods
Immunohistochemistry was used to detect PSMA expression in 446 formalin-fixed
paraffin-embedded liver biopsy specimens (213 HCC, 203 CCA, and 30 liver cirrhosis).

Research results

PSMA was expressed primarily in the neovascular endothelium associated with
tumors. The positive rate of PSMA staining in HCC was significantly higher than that
in CCA.

Research conclusions
Neovascular PSMA may be used as a promising marker to differentiate HCC from
liver cirrhosis and a prognostic marker for antitumor angiogenesis for HCC.

Research perspectives
Vascular PSMA may be used as a prognostic marker for anti-tumor angiogenesis
therapy for HCC.
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Abstract

BACKGROUND

Microbiota profiles differ between patients with pancreatic cancer and healthy
people, and understanding these differences may help in early detection of
pancreatic cancer. Saliva sampling is an easy and cost-effective way to determine
microbiota profiles compared to fecal and tissue sample collection.

AIM

To investigate the saliva microbiome distribution in patients with pancreatic
adenocarcinoma (PDAC) and the role of oral microbiota profiles in detection and
risk prediction of pancreatic cancer.

METHODS

We conducted a prospective study of patients with pancreatic cancer (n = 41) and
healthy individuals (n = 69). Bacterial taxa were identified by 16S ribosomal
ribonucleic acid gene sequencing, and a linear discriminant analysis effect size
algorithm was used to identify differences in taxa. Operational taxonomic unit
values of all selected taxa were converted into a normalized Z-score, and logistic
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regressions were used to calculate risk prediction of pancreatic cancer.

RESULTS

Compared with the healthy control group, carriage of Streptococcus and
Leptotrichina (z-score) was associated with a higher risk of PDAC [odds ratio (OR)
= 5.344, 95% confidence interval (CI): 1.282-22.282, P = 0.021 and OR = 6.886,
95%ClI: 1.423-33.337, P = 0.016, respectively]. Veillonella and Neisseria (z-score)
were considered a protective microbe that decreased the risk of PDAC (OR =
0.187, 95%ClI: 0.055-0.631, P = 0.007 and OR = 0.309, 95%CI: 0.100-0.952, P = 0.041,
respectively). Among the patients with PDAC, patients reporting bloating have a
higher abundance of Porphyromonas (P = 0.039), Fusobacterium (P = 0.024), and
Alloprevotella (P = 0.041); while patients reporting jaundice had a higher amount of
Prevotella (P = 0.008); patients reporting dark brown urine had a higher amount of
Veillonella (P = 0.035). Patients reporting diarrhea had a lower amount of Neisseria
and Campylobacter (P = 0.024 and P = 0.034), and patients reporting vomiting had
decreased Alloprevotella (P = 0.036).

CONCLUSION

Saliva microbiome was able to distinguish patients with pancreatic cancer and
healthy individuals. Leptotrichia may be specific for patients living in Sichuan
Province, southwest China. Symptomatic patients had different bacteria profiles
than asymptomatic patients. Combined symptom and microbiome evaluation
may help in the early detection of pancreatic cancer.

Key Words: Oral microbiota; Dysbiosis; Pancreatic cancer; Cancer detection; 16s rRNA;
High-throughput sequencing

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Pancreatic adenocarcinoma (PDAC) patients benefit from early detection.
This study analyzed the composition and diversity of saliva microbiota in PDAC
patients through 16S ribosomal ribonucleic acid sequencing. Normalized z-score of
bacteria abundance associated clinical data were analyzed for PDAC risk prediction.
Microbiome abundance differences were found between PDAC patients with
symptoms and patients without symptoms. Combined symptom and microbiome
evaluation may help in early detection and risk prediction of pancreatic cancer.

Citation: Wei AL, Li M, Li GQ, Wang X, Hu WM, Li ZL, Yuan J, Liu HY, Zhou LL, Li K, Li
A, Fu MR. Oral microbiome and pancreatic cancer. World J Gastroenterol 2020; 26(48): 7679-
7692

URL: https://www.wjgnet.com/1007-9327/full/v26/i48/7679.htm
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INTRODUCTION

Pancreatic cancer or pancreatic adenocarcinoma (PDAC) is a lethal disease with a 5-
year survival rate of about 6%!”. Early detection and diagnosis are essential for
effective surgery treatment that improves cancer survival®!, yet these remain a great
challenge. A variety of diagnostic methods are available. For example, deoxyrib-
onucleic acid (DNA) sequencing for detecting and diagnosing pancreatic cancer are
limited in clinical use due to the need for fresh, high-quality specimens, tumor content,
and tumor heterogeneity®™’. Molecular markers, such as mutant DNA or DNA
methylomes, are also limited in clinical use to enhance diagnostic sensitivity or early
detection of pancreatic cancer recurrencel’’l. Blomarker Cal9-9 has been commonly
used for diagnosis and prognosis of pancreatic cancer with diagnostic sensitivity of
0.78 and specificity of 0.77, but this biomarker test has limited sensitivity among
patients with jaundice, pancreatitis, enteritis, and elevated blood glucose, since such
patients usually have elevated Cal9-9 concentrations"'"l. In addition, 7%-10% Lewis
(a-/b-) populations could not express Ca19-9!".
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The oral or fecal microbiota profile of gastrointestinal and colorectal cancer,
oropharyngeal cancer, liver cancer, and lung cancer may be a novel and potential
diagnostic biomarker!"* .. Accumulated studies have revealed that oral and
gastrointestinal microbiomes differ in abundance in patients with pancreatic cancer
compared with healthy individuals®*!. Cancer risk increases with carriage of
Porphyromonas gingivalis®, Actinobacillus actinomycetemcomitans™, and Alloprevotella™,
while Fusobacterium® >, Leptotrichia® >, Neisseria elongate”*, and Streptococcus mitis
2= might be a protective factor for having pancreatic cancer. However, Olson et al*!
did not find significant differences in the diversity of the oral microbiome among
PDAC patients (1 = 40), intraductal papillary mucinous neoplasms (IPMNs) (n = 39),
and healthy participants (n = 58) in the United States”. The conflicting findings in the
prior studies may be due to the differences in methodological approach and sample
collection. For example, some studies performed real-time quantitative polymerase
chain reaction (PCR) for validation of bacterial candidates™], and some sequenced the
microbiota profile in samples of tongue coating™ or oral wash samples?”’. Tongue
coating change is a major often-used approach of tongue diagnosis in traditional
Chinese medicine, but tongue coating can only capture partial oral microbiota”*!. The
oral wash method is more complicated and relatively expensive.

Oral cavity contains nearly 619 taxa in 13 phyla (Firmicutes, Proteobacteria,
Actinobacteria, Fusobacteria, Bacteroidetes, Chlamydiae, Chloroflexi, Euryarchaeota,
Spirochaetes, SR1, Synergistes, Tenericutes, and TM7), and 68% of these bacteria are
uncultivated phylotypes™™. Advanced genomic sequencing for human oral
microbiome distribution makes it possible to measure the proportions of bacterial
species without relying on traditional culture methods!"~l. Saliva has been found to
contain broad spectrum of bacteria with easy sampling method and is relatively cost-
effective. Although there are some studies on oral flora and pancreatic cancer in non-
Chinese population, the impact of geographical and medical factors, such as race and
ethnicity, different dietary habits, antibiotic use, and cancer, may make the oral
microbial profile differ among people from different geographic locations. In addition,
there are few studies on oral saliva flora and pancreatic cancer in China. Thus, the
purpose of our study was to: (1) Determine the saliva microbiome distribution of
pancreatic cancer (including resectable PDAC and unresectable PDAC) among
Chinese population using 16S rRNA sequencing; and (2) Select proper and specific
microbiota for PDAC detecting.

MATERIALS AND METHODS

Ethical consideration
The Institutional Review Board of the West China Hospital, Sichuan University
approved this prospective study. All participants signed written informed consent.

Research design and participants

This was a prospective study. We consecutively recruited 80 patients who were over
age 18 years and suspected to have pancreatic tumor prior to biopsy or surgery.
Histopathological results confirmed 45 patients with primary PDAC and 35 patients
with non-cancer pancreatic tumors, including 9 IPMN, 11 pancreatic serous
cystadenoma, 5 solid pseudopapillary neoplasm, and 10 neuroendocrine tumors. We
also recruited 69 healthy participants from the community as a comparison group.
Healthy adults had normal liver and renal function, normal cardio-pulmonary
function, no history of cancer, and no viral infection. Participants were excluded if
they had: (1) A history of prior malignancy and chemotherapy or radiotherapy; (2)
Metastatic PDAC or PDAC with other cancer; (3) A history of viral infection (i.e.
hepatitis B virus, hepatitis C virus, human immunodeficiency virus); (4) Use of
antibiotics (including oral, intravenous, or intramuscular) and probiotics within 4 wk
prior to enrollment; and (5) Use of corticosteroids (nasal or inhaled) or other
immunosuppressants. In addition, we excluded participants with insufficient saliva
sample (n = 12) for sequencing analysis and patients with non-cancer pancreatic
tumors (1 = 35).

Demographic and clinical phenotype

The demographic information collected included age, gender, body mass index (BMI),
smoking history, alcohol consumption, dietary habit, and chronic diseases
(hypertension and type II diabetes). Clinical information was also collected to include
cancer site, surgery type, and cancer stages using the American Joint Commission on

WJG | https://www.wjgnet.com 7681 December 28,2020 | Volume?26 | Issue48 |



Wei AL et al. Saliva microbiota for cancer detection

Jaishideng®

Cancer, seventh edition staging manual®

Symptom phenotype

Since there is no measure or checklist for symptoms specific to pancreatic cancer, we
developed a checklist based on literature review to assess symptoms specific to
pancreatic cancer, such as bloating, jaundice, nausea, vomiting, dark brown urine,
diarrhea, constipation, pale stools, pruritus, lack of appetite, pain, fatigue, and
disturbed sleeping. Patients reported the presence and absence of symptoms by
checking “Yes” or “No.”

Saliva sample collection

Before the patients had surgery to confirm pancreatic cancer diagnosis, saliva samples
were collected by trained professionals (Wang X and Li GQ). All the participants were
instructed to not eat and drink for 0.5 h prior to saliva sample collection. Participants
were also instructed not to brush their teeth at least 8 h prior to saliva sample
collection, since brushing teeth may remove part of the oral flora. Participants were
asked to rinse their mouths to remove debris from the oral cavity before saliva
collection. To ensure all sample collection was at a similar time period in a day, we
collected patient samples around 4:00 pm on the day of admission prior to biopsy or
surgery for cancer diagnosis. Healthy subjects’ saliva samples were also collected
around 4:00 pm in the afternoon. About 3 mL saliva was collected in a sterile tube after
it accumulated on the mouth floor. The fresh samples were placed on ice and
transported to the laboratory. Samples were divided into 1.5 mL aliquots and stored
immediately at -80 °C.

Genome DNA extraction

We used the PowerSoil DNA Isolation Kit (MO BIO Laboratories, Carlsbad, CA,
United States) to extract bacterial genomic DNA from saliva samples. DNA
concentration and purity was quantified by Qubit 3.0 Fluorometer (Thermo Fisher
Scientific, Wilmington, DE, United States) and agarose gel electrophoresis. Genome
DNA with strong smear or with concentration lower than 5 pg/mL (by Qubit) was
excluded for library construction.

16S rRNA gene sequencing

The third and fourth hypervariable regions (V3-V4) of the 16S rRNA gene of bacteria
were amplified by PCR with a domain-specific primer: 341F (5'-
CCTACGGGNGGCWGCAG-3") and 805R (5'- GACTACHVGGGTATCTA ATCC-3').
PCR reactions were performed with a 15 pL of Phusion® High-Fidelity PCR Master
Mix (New England Biolabs, Ipswich, MA, United States), 0.2 pmol/L of forward and
reverse primers, and about 10 ng template DNA. Thermal cycling consisted of initial
denaturation at 98 °C for 1 min, followed by 30 cycles of denaturation at 98 °C for 10 s,
annealing at 50 °C for 30 s, and elongation at 72 °C for 30 s. Finally, samples were
incubated at 72 °C for 5 min. The library quality was assessed by Agilent Bioanalyzer
2100 system (Agilent Technologies, Santa Clara, CA, United States). Sequencing was
performed on an Illumina Novaseq6000 sequencing platform (Illumina, San Diego,
CA, United States), and 250 bp paired-end reads were generated.

Statistical analysis

Phenotype data analysis: Statistical analyses were performed using SPSS (v23.0, SAGE
IBM, Armonk, NY, United States). Continuous variables (age and BMI) were estimated
as average + standard error, and categorical variables were analyzed in terms of
frequencies and percentages. Chi square analysis and Fisher’s exact tests were used for
categorical variables; t-test and Mann-Whitney U test were used for continuous
variables. All tests were two-sided, and P values < 0.05 were considered statistically
significant with 95% confidence interval (CI).

Microbiome data analysis

Profile and quality assurance: Raw sequences were denoised via FLASH (V1.2.7,
http:/ /ccb.jhu.edu/software/FLASH /)L Quality filtering was performed on raw
sequences using QIIME quality control process (v1.9.1_http://giime.org/index.html)
and then high quality clean tags were obtained™. Tags were compared with gold
database (http://drive5.com/uchime/uchime_download.html), and chimeras were
removed with the UCHIME algorithm (v11.0, http://www.drive5.com/usearch/
manual/uchime_algo.html)". Effective Tags were finally obtained. All effective
sequence analysis was performed by Uparse software (v7.0.1001,
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http:/ /drive5.com/uparse/ ). The optimized, high-quality sequences were clustered
into operational taxonomic units (OTUs) at 97% sequence identity.

Microbiome diversity: According to the results of OTUs clustering analysis and the
research requirements, the Venn diagram was constructed to illustrate the number of
unique and shared species in saliva samples between PDAC and healthy groups. The
Venn diagram was made using R program (Package_VennDiagram). We applied
alpha diversity to analyze complexity of species diversity for a sample. Four indices
were used: “Chaol” and “Abundance-based coverage estimator (ACE)” estimate the
species abundance; “Shannon index ” and “Simpson” account for the richness and
evenness. The value of Simpson index was calculated as Simpson’s index of diversity
1-D. Thus, higher Shannon and Simpson indices mean higher species diversity. All
indices were calculated with QIIME (v1.9.1) and R software (V2.15.3, Auckland, New
Zealand). We compared four indices between PDAC and healthy control group using
Mann-Whitney U test. Mann-Whitney U test was used to compare the alpha diversity
indices between groups of resectable PDAC (rPDAC) and unresectable PDAC
(unrPDAC). The bacterial taxonomic compositions were evaluated with a linear
discriminant analysis effect size algorithm (https://huttenhower.sph.harvard.edu/).
P <0.05 and an LDA score > 2.0 were recognized as significant in Kruskal-Wallis and
pairwise Wilcoxon evaluation, respectively.

Abundance of bacteria and symptom: We used Wilcoxon rank-sum test to compare
the abundance of bacteria (top 10 positively expressed flora) in PDAC patients with
and without typical symptoms of PDAC, including bloating, jaundice, nausea,
vomiting, dark brown urine, diarrhea, constipation, pale stools, pruritus, lack of
appetite, pain, fatigue, and disturbed sleeping.

Risk prediction for PDAC

Logistic regressions were used to explore the association of significant taxa with
clinical covariates (age, BMI, smoking status, alcohol consumption status, history of
blood hypertension, and eating habits). To avoid the occurrence of false negative
diagnosis, we focused on the top 20 species (OTUs abundance) and the flora associated
with PDAC that has been reported™->. Finally, Streptococcus, Prevotella, Porphyromonas,
Neisseria, Veillonella, Leptotrichia, Lactobacillus, Actinomyces, Haemophilus, Rothia, and
Fusobacterium were selected for analysis. To make the values comparable, we
converted the OTU values of all selected taxa into a normalized z-score. The
tetranucleotide-derived z-score, superior to (G + C) content differences, was calculated
according to the previous methods™*1. Odds ratio with 95%Cls were calculated.

RESULTS

Phenotypic characteristics

Between November 2017 and December 2018, a total of 157 participants were enrolled
in this study; four PDAC patients and eight healthy participants were eventually
excluded due to the insufficient saliva sample for sequencing analysis. A final sample
of 110 included patients in PDAC (n = 41) and healthy individuals (n = 69). Table 1
shows the demographic characteristics of PDAC patients and healthy participants.
Compared with the healthy group, the PDAC had lower BMIs (22.76 vs 24.44, P <
0.0001). As for eating habits, more PDAC patients (61%) preferred oily and fatty foods
compared to the healthy control group (P = 0.002). More healthy control participants
had hypertension (P = 0.006). Among the 41 patients with PDAC, 31 (76%) had head
pancreatic cancer, and 20 (49%) patients had resectable pancreatic cancer.

Bacteria profile

Alpha-diversity analysis of the study participant groups: From 110 samples, we
filtered 6356399 qualified reads. We randomly chose 2235200 reads (110 samples
multiplied by 20320 reads/sample, the minimum number of reads/sample). Finally,
we obtained 1975 OTUs for further analysis. A Venn diagram (Figure 1) shows the
details of the OTUs at 97% identity for PDAC patients and healthy participants. The
two groups had 690 shared species, 231 unique species for PDAC patient, and 389 for
healthy control group. As Table 2 shows, compared with the healthy group, the PDAC
group had significantly increased microbial abundance estimated by the Chaol index
and ACE index while decreased microbial diversity estimated by Shannon and
Simpson indices (P < 0.0001). Patients with rPDAC had lower bacteria abundance and
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Table 1 Demographic characteristics of participants

Variables PDAC group, n =41 Healthy control group, n = 69 P value

Age, average * standard error 6117 £1.79 64.64 +£1.04 0.098

Gender, 1 (%)

Male 24 (59) 50 (72) 0.132
Female 17 (41) 19 (28)

BMI, average + standard error 22.76 £ 0.94 24.44 +0.39 <0.0001
Smoking history, n (%) 17 (41) 37 (54) 0.217
Alcohol consumption, 7 (%) 16 (39) 30 (43) 0.647

Dietary habit, n (%)

Qily and fatty food 25 (61) 21 (31) 0.002
Salty food 6 (15) 8 (11) 0.664
Light diet 10 (24) 40 (58) 0.001

Chronic disease, 1 (%)

Hypertension 1(2) 15 (22) 0.006
Type II diabetes 2(5) 6(9) 0.714
Both 3(7) 5(7) 1.000
Loss of weight, n (%) 23 (56) 3(4) 0.0001

Primary cancer site, 1 (%)

Head 31 (76) NA NA
Body and tail 10

Surgery, n (%)

Pancreaticoduodenectomy 14 (34) NA NA
Distal pancreatectomy 6 (15)

Palliative intervention techniques 21 (51)

AJCC staging NA NA
I-1IB 20 (49)

aI-1v 21

AJCC: American Joint Commission on Cancer; BMI: Body mass index; PDAC: Pancreatic adenocarcinoma.

Table 2 o-diversity indices of two groups

PDAC group, n =41 Healthy control group, n = 69 P value
Shannon 5.14 +0.67 5.67 +0.51 0.0001
Simpson 0.90 £0.08 0.95 £ 0.02 0.0001
Chaol 423.48 +55.69 295.00 + 54.05 0.0001
ACE 424.00 +55.72 293.97 +50.09 0.0001

PDAC: Pancreatic adenocarcinoma.

diversity than patients with unrPDAC estimated by Chaol, ACE, Shannon indices,
and Simpson indices. However, Shannon (P = 0.273), Simpson (P = 0.715), Chaol (P =
0.159), and ACE (P = 0.137) were not able to distinguish rPDAC and unrPDAC.
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690 231

Figure 1 Microbial profiles of two groups. Venn diagram showing shared and unique operational taxonomic units (OTUs) at 97% identity among pancreatic
adenocarcinoma (PDAC) group (n = 41) and healthy controls (HC) group (n = 69). PDAC group is blue; HC group is green. OTUs (690) are shared by two groups.
Unique OTUs of 231 and 389 were found in PDAC and HC, respectively.
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Bacterial taxonomic alterations in PDAC

We used a linear discriminant analysis effect size algorithm to assess the bacterial
taxonomic compositions and differences between PDAC group and healthy control
subjects. Compared with the healthy group, PDAC patients were significantly
enriched in order_Lactobacillales, class_Bacilli, genus_Streptococcus,
phylum_Firmicutes, genus_Actinomyces, genus_Rothia, genus_Leptotrichia, genus_
Lactobacillus, species_Escherichia_coli,and order_Enterobacteriales (Figure 2A).
Conversely, PDAC patients had significantly reduced abundances of Selenomonas,
Porphyromnas, Prevotella, Capnocytophaga, Alloprevotella, Tannerella, and Neisseria at
genus level. We also compared the bacterial distributions between rPDAC and
unrPDAC patients. Figure 2B shows that species_Escherichia coli, genus_
Peptostreptococcus, genus_Asteroleplasma, and species_Tannerella forstythia were more
prevalent in the unrPDAC group, whereas we found reduced occurrence of species_
Bacteroides stercoris, genus_Megasphaera, and genus_Veillonella (Figure 2).

Microbiome profile and symptoms

Table 3 presented flora abundance differences between the PDAC patients with
symptoms and without symptoms. Patient reporting bloating had greater abundance
of Porphyromonas (660.4 + 461.0, P = 0.039), Fusobacteria (490.0 +186.6, P = 0.024), and
Alloprevotella (155.4 £ 124.1, P = 0.041) compared to those without bloating (412.0 +
394.3, 361.8 + 184.4 and 99.3 * 81.9, respectively). Prevotella presented greater
abundance in patients without jaundice (669.4 + 384.3, P = 0.008) compared to those
with jaundice (403.2 + 310.8). Veillonella presented greater abundance in patients
without dark brown urine (1863.8 + 1449.2, P = 0.035) compared to those with dark
brown urine (1018.6 + 766.7). Alloprevotella presented greater abundance in patients
without vomiting (130.3 + 100.9, P = 0.036) compared to those with vomiting (91.8 +
134.4), while Neisseria presented greater abundance in patients with vomiting (3343.3 +
1829.9, P = 0.024) compared to those without vomiting (1360.3 + 1256.6). Campylobacter
presented greater abundance in patients with diarrhea (130.5 £ 59.7, P = 0.034)
compared to those without diarrhea (74.9 + 87.2).

Logistic regression for microbiota profile

We explored the PDAC risk in relation to selected bacteria abundances (normalized z-
score). As shown in Table 4, compared with healthy control group, carriage of
Streptococcus (OR = 5.344, 95%Cl: 1.282-22.282, P = 0.021) and Leptotrichina (OR = 6.886,
95%CI: 1.423-33.337, P = 0.016) were associated with a higher risk of PDAC. With each
increase of z-score of Streptococcus and Leptotrichina in PDAC patients, the risk of
pancreatic cancer increased by 5.344 odds and 6.886 odds, respectively. Carriage of
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Table 3 Flora abundance differences in pancreatic adenocarcinoma patients with symptomatic phenotype

Symptoms Microbiome Without symptoms With symptoms P value
Bloating Porphyromonas 412.0 £394.3 660.4 +461.0 0.039
Fusobacteria 361.8 +184.4 490.0 £186.6 0.024
Alloprevotella 99.3+81.9 155.4+124.1 0.041
Jaundice Prevotella 669.4 +384.3 403.2 £310.8 0.008
Dark brown urine Veillonella 1863.8 +1449.2 1018.6 + 766.7 0.035
Vomiting Alloprevotella 130.3 +100.9 91.8 +134.4 0.036
Diarrhea Neisseria 1360.3 + 1256.6 3343.3+1829.9 0.024
Campylobacter 749872 130.5 £59.7 0.034

Table 4 Oral bacteria distribution and risk of pancreatic adenocarcinoma

Odds ratio 95%ClI P value

Healthy control group
PDAC group

Age

BMI

Qily and fatty food
Streptococcus
Veillonella

Neisseria
Lactobacillus
Leptotrichia
Actinomyces
Haemophilus
Prevotella
Porphyromonas
Rothia

Fusobacterium

Base outcome

0.956 0.875 1.046 0.327
0.973 0.708 1.338 0.866
0.759 0.122 4.730 0.768
5.344 1.282 22.282 0.021
0.187 0.055 0.631 0.007
0.309 0.100 0.952 0.041
0.713 0.357 1.425 0.338
6.886 1.423 33.337 0.016
4.515 0.444 45.887 0.203
1.185 0.513 2.738 0.691
0.673 0.298 1.519 0.341
0.294 0.084 1.033 0.056
1.257 0.467 3.384 0.650
1.006 0.335 3.017 0.576

BMI: Body mass index; CI: Confidence interval; PDAC: Pancreatic adenocarcinoma.
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Veillonella and Neisseria were protective factors of having PDAC (OR = 0.187, 95%CI:
0.055-0.631, P = 0.007 and OR = 0.309, 95%ClI: 0.100-0.952, P = 0.041, respectively). With
each decrease of z-score of Veillonella and Neisseria in PDAC patients, the risk of
pancreatic cancer decreased by 0.187 odds and 0.309 odds, respectively.

DISCUSSION

This prospective study found dysbacteriosis of the oral microbiota existed in patients
with PDAC. Fecal bacteria flora has been the main sample method for research on
pancreatic cancer*"*l. Our study used saliva sample method, which is convenient and
the quality of sample is easy to control during sample collection. When comparing
bacteria profiles from our saliva samples and fecal samples from other research on
Chinese PDAC patients™*, salivary and intestinal bacteria flora consistently had low
Shannon index and high Chaol index, and Lactobacillus, Enterobacter, and Leptotrichia at
the genus level was significantly increased. This provides supporting evidence that
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Figure 2 Linear discriminant analysis effect size and latent dirichlet allocation analysis based on operational taxonomic units. A: Shows a
list of specific oral bacteria that enable discrimination between pancreatic adenocarcinoma (PDAC) patients and healthy controls (HC). Differences in oral microbial
communities between PDAC patients and HC. The horizontal line with red and green denotes the means of the HC and PDAC groups, respectively; B: Resectable
PDAC (rPDAC) and unresectable PDAC (unrPDAC). Differences in oral microbial communities between rPDAC group and unrPDAC. The horizontal line with red and
green denotes the means of the rPDAC and unrPDAC groups, respectively.

Jaishideng®

WJG | https://www.wjgnet.com 7687

saliva sample method yields similar bacteria flora profiles compared to the fecal
sample method, which is very often difficult to collect the samples. Findings of our
study also provided additional evidence to confirm that Neisseria and Streptococcaceae
are risk factors for pancreatic cancer”*l. Currently, no studies have focused on
comparing the advantages and disadvantages of using different sample collection
techniques, and studies are necessary to compare the effectiveness of using different
sample collection techniques, such as saliva, tongue coating, and oral wash, on sample
quality for microbiota profiles and preference of patients.

In terms of microbiota abundance and species diversity, our study found that the
PDAC group had significantly increased microbial abundance as estimated by the
Chaol and ACE indices and decreased microbial diversity as estimated by Shannon
and Simpson indices. Lu et al® also had similar findings from a study on Chinese
pancreatic cancer patients using tongue coating samples®). However, studies of non-
Chinese population did not find any differences of alpha diversity indices of oral
microbiota composition between pancreatic cancer patients and healthy
individuals™*. Findings of our study and Lu et al®! demonstrated that seven of
fourteen bacterial families (Leptotrichiaceae, Actinomycetaceae, Lachnospiraceae,
Micrococcaceae, Erysipelotrichaceae, Coriobacteriaceae, Moraxellaceae) were consistently
significantly increased, and Porphyromonadaceae was significantly decreased in Chinese
PDAC patients. However, our study found that the abundance of three of fourteen
bacterial families (Fusobacteriaceae, Campylobacteraceae, Spirochaetaceae) were
significantly decreased in PDAC patients, while Lu et al® found significantly more
abundance!. Both our study and the study by Lu ef al™ found significant increase in
the genus of Leptotrichia, Actinomyces, Rothia, Rothia, Solobacterium, Peptostreptococcus,
and Oribacterium. Yet, decreased abundance in Selenomona, Tannerella, and
Campylobacter was found in our study using saliva sample method but was increased
in the study by Lu et al®! using tongue coating sample method™). There are four
known main periodontal disease contributors: Aggregatibacter actinomycetemcomitans,
Porphyromonas gingivalis, Tannerella forsythia, and Prevotella intermedia were more
prevalent in PDAC patients in Fan et al®l. However, except for Actinomyces,
Porphyromonas gingivalis, Tannerella forsythia,and Prevotella intermedia were
significantly reduced in our study. Leptotrichia also showed different distribution in

December 28,2020 | Volume?26 | Issue48 |



Wei AL et al. Saliva microbiota for cancer detection

Jaishideng®

our study comparing to Fan et al*l. Torres et al'* found higher Leptotrichia and lower
Porphyromonas in the saliva of patients with pancreatic cancer, but no significant
differences were found in the expression of Streptococcus mitis and Granulicatella
adiacens. The conflicting findings between our study and other studies may due to
different sample collection methods, e.g., saliva vs tongue coating method. Future
research should compare different sample collection methods for microbiome
research, e.g., saliva vs tongue coating method. The other factor for the conflicting
findings may geographic food preferences of Chinese population. For example,
subjects in Lu et alVs study were enrolled from Zhejiang University, which is located
in Hangzhou (southeast of China). Generally, people in Hangzhou have different diet
preferences, such as preferences for milder taste and more sugar. Subjects in our study
from Sichuan Province preferred adding a large amount of different herbs and spices
and more fat and salt in food, which may lead to a high incidence of digestive system
tumors*1. Future research should focus on the effects of geographical location, race,
diet, antibiotic usage (including consuming meat products containing antibiotics),
injury, illness, and hormonal change on flora analysis!*l.

One important finding of our study was that bacteria flora was able to differentiate
patients with rPDAC and unrPDAC. This is important because patients with rPDAC
usually have better prognosis with timely surgical treatment. We found that species_
Escherichia coli and species_Tannerella forstythia were increased significantly in
unrPDAC, and these bacteria may be able to predict a tumor that is already advanced.
In contrast, the expression of Veillonella demonstrated a gradual decline in saliva
samples from healthy people, rPDAC, and advanced PDAC (Figure 3), which indicates
that Veillonella may be protective bacteria for PDAC development.

Our study is the first to investigate the associations between bacteria profiles and
symptoms related to pancreatic cancer. Symptomatic patients had different bacteria
profiles than asymptomatic patients in our study. For examples, PDAC with bloating
have a higher abundance of Porphyromonas, Fusobacterium, and Alloprevotella, and
Alloprevotella is decreased in patients with vomiting. In addition, PDAC with jaundice
had a higher amount of Prevotella compared with the PDAC without jaundice. There
was a higher amount of Veillonella in patients with dark brown urine. PDAC with
diarrhea had a lower amount of Neisseria and Campylobacter compared with PDAC
without diarrhea. One benefit of having symptoms is that patients will seek medical
help earlier, leading to the diagnosis of early PDAC and improved survival. The exact
microbiome mechanism for symptoms is unknown, and more studies are needed to
investigate the associations between microbiota and symptoms. Perhaps, combined
symptom and microbiome evaluation may help in early detection of pancreatic cancer.

Our study had limitations. We did not include the data of other pancreatic diseases
because the sample size was very small. Second, we used only 165 rRNA sequencing
to analyze bacterial distributions; future research should include metagenomic
sequencing to enhance accuracy of bacterial distributions. It should be noted that the
rapid, inexpensive tests of 16S rRNA sequencing can have advantages for clinical
implementation by using bacterial distribution test for early detection or prevention of
PDAC. Some studies found the association between microbiome profile and dental
diseasel’l. Another limitation of our study was that we were not able to exclude
participants with dental disease since our participants were not able to provide
accurate history of dental disease, and there were no medical record regarding dental
disease for us to verify participant dental disease status. In the future, it may be
beneficial to have a professional dentist examine participant’s oral health status so as
to ascertain the potential impact of oral health status on microbiome flora profile
among patients with pancreatic cancer. One strength of the study is that we compared
the bacteria abundances in patients with positive symptoms to find the relative
association between the occurrence of symptoms and potential functions of flora.

CONCLUSION

Saliva microbiome are able to distinguish PDAC and healthy individuals. Higher
Streptococcus and Leptotrichia abundances were associated with increased risk of
PDAC. Veillonella and Neisseria were protective factors for detecting PDAC. Neisseria
was recognized by all studies to reduce the risk of pancreatic cancer while Leptotrichia
was identified in our study as a potential specific detector of PDAC in patients living
in Sichuan Province, southwest China. Symptomatic patients had different bacteria
profiles than asymptomatic patients. As symptoms of PDAC are usually nonspecific,
combined symptom and microbiome evaluation may help in early detection of
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Figure 3 The abundance of Veillonella in different groups. The relative abundance of Veillonella in pancreatic adenocarcinoma (PDAC) patients is shown
by the straight, and dotted lines plot the means and medians of the relative abundance. The abundance of Veillonella showed a gradual decline in saliva samples
from healthy people, resectable PDAC (rPDAC), and unresectable PDAC (unrPDAC). HC: Healthy controls.
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pancreatic cancer. Understanding the distribution of bacteria flora is essential step for
developing probiotic treatment plans for reducing the risk of pancreatic cancer.

ARTICLE HIGHLIGHTS

Research background
Understanding the distribution of bacteria flora is essential step for developing
probiotic treatment plans for reducing the risk of pancreatic cancer.

Research motivation

The impact of geographical and medical factors, such as race and ethnicity, different
dietary habits, antibiotic use, and cancer, may make the oral microbial profile differ
among people from different geographic locations.

Research objectives

To investigate the saliva microbiome distribution in patients with pancreatic
adenocarcinoma and the role of oral microbiota profiles in detection and risk
prediction of pancreatic cancer.

Research methods
A prospective design was utilized with 16S ribosomal ribonucleic acid gene
sequencing to identify differences in bacterial taxa using a linear discriminant analysis

7689 December 28,2020 | Volume26 | Issue48 |



Wei AL et al. Saliva microbiota for cancer detection

Jaishideng®

effect size algorithm. Operational taxonomic unit values of all selected taxa were
converted into a normalized Z-score, and logistic regressions were used to calculate
risk prediction of pancreatic cancer.

Research results

Saliva microbiome was able to distinguish patients with pancreatic cancer and healthy
individuals. Symptomatic patients had different bacteria profiles than asymptomatic
patients.

Research conclusions
Combined symptom and microbiome evaluation may help in early detection of
pancreatic cancer.

Research perspectives
Further work may focus on specific microbiota verification and diagnostic ability via
large sample studies.
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Abstract

BACKGROUND
Coronavirus disease 2019 (COVID-19) disease can frequently affect the liver. Data
on hepatic histopathological findings in COVID-19 is scarce.

AIM
To characterize hepatic pathological findings in patients with COVID-19.

METHODS

We conducted a systematic review with meta-analysis registered on PROSPERO
(CRD42020192813), following PRISMA guidelines. Eligible trials were those
including patients of any age and COVID-19 diagnosis based on a molecular test.
Histopathological reports from deceased COVID-19 patients undergoing autopsy
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or liver biopsy were reviewed. Articles including less than ten patients were
excluded. Proportions were pooled using random-effects models. Q statistic and I?
were used to assess heterogeneity and levels of evidence, respectively.

RESULTS

We identified 18 studies from 7 countries; all were case reports and case series
from autopsies. All the patients were over 15 years old, and 67.2% were male. We
performed a meta-analysis of 5 studies, including 116 patients. Pooled prevalence
estimates of liver histopathological findings were hepatic steatosis 55.1% [95%
confidence interval (CI): 46.2-63.8], congestion of hepatic sinuses 34.7% (95%Cl:
7.9-68.4), vascular thrombosis 29.4% (95%ClI: 0.4-87.2), fibrosis 20.5% (95%Cl: 0.6-
57.9), Kupffer cell hyperplasia 13.5% (95%Cl: 0.6-54.3), portal inflammation 13.2%
(95%CI: 0.1-48.8), and lobular inflammation 11.6% (95%ClI: 0.3-35.7). We also
identified the presence of venous outflow obstruction, phlebosclerosis of the
portal vein, herniated portal vein, periportal abnormal vessels, hemophagocytosis,
and necrosis.

CONCLUSION

We found a high prevalence of hepatic steatosis and vascular thrombosis as major
histological liver features. Other frequent findings included portal and lobular
inflammation and Kupffer cell hyperplasia or proliferation. Further studies are
needed to establish the mechanisms and implications of these findings.

Key Words: Pathology; SARS-CoV-2; COVID-19; Autopsies; Liver; Liver biopsies
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Core Tip: In this systematic review of 18 studies, we identified that hepatic steatosis,
congestion of hepatic sinuses, and vascular thrombosis are the main histological
findings in deceased coronavirus disease 2019 (COVID-19) patients. Fibrosis is a
common histological finding in deceased COVID-19 patients. Kupffer cell hyperplasia,
portal inflammation, and lobular inflammation are related to the severe acute
respiratory syndrome coronavirus 2 inflammatory process and are frequent histological
findings. Other vascular abnormalities (such as venous outflow obstruction,
phlebosclerosis of the portal vein, herniated portal vein, periportal abnormal vessels)
are frequent histological finding in deceased COVID-19 patients.

Citation: Diaz LA, Idalsoaga F, Cannistra M, Candia R, Cabrera D, Barrera F, Soza A, Graham
R, Riquelme A, Arrese M, Leise MD, Arab JP. High prevalence of hepatic steatosis and
vascular thrombosis in COVID-19: A systematic review and meta-analysis of autopsy data.
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INTRODUCTION

The pandemic of the novel coronavirus, the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection (also known as coronavirus disease 2019,
COVID-19) has infected more than 59 million individuals worldwide and caused more
than 1.4 million deaths. Although the main manifestations of COVID-19 are related to
respiratory symptoms, the compromise of multiple organs has been described in the
literature, including the digestive system!!. There are several gastrointestinal
manifestations, including anorexia, diarrhea, nausea/vomiting, and abdominal pain.
Those symptoms have a pooled prevalence of 17.6% and are frequently observed in
hospitalized patients!'”.

The liver is also one of the most common organs affected in COVID-19. In fact,
between 2%-11% of affected patients have liver comorbidities and 16%-53% of cases
reported abnormal liver tests’!l. The most frequent abnormalities are mildly elevated
alanine aminotransferase (ALT) and aspartate aminotransferase (AST) and are more
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common in hospitalized patients!’. Elevation of alkaline phosphatase and gamma-
glutamyl transferase (GGT) has also been reported!’. Those alterations have been
related to expression of angiotensin-converting enzyme 2 (ACE-2), the putative
receptor of SARS-CoV-2, in endothelial cells of the liver and the biliary epithelium!. In
addition, since the frequency of liver dysfunction increases as COVID-19 is more
severe, liver damage might be directly caused by the infection of liver. Abnormal liver
tests can also be partially explained by drug-induced liver injury (DILI), cytokine
storm, and/or pneumonia-associated hypoxial“.

Pathological studies in patients with SARS-CoV-2 infection have confirmed the
presence of the virus in liver tissuel’. This finding was also described in SARS and
MERS infection!. Although histopathological information is scarce, previous reports
from SARS and MERS showed steatosis, mild portal tract and lobular lymphocytic
inflammation, as well as mild cellular hydropic degeneration in hepatic paren-
chymal”*"l. Regarding SARS-CoV-2 infection, initial reports of autopsies performed in
COVID-19 patients have described steatosis, mild lobular and portal activity,
lymphocytic endotheliitis, and necrosis!'*'). However, data about the main
histopathological findings in COVID-19 is still scarce. Thus, aiming to provide a
comprehensive synthesis of the pathological findings in liver injury due to SARS-CoV-
2 reported so far, we performed a systematic review and meta-analysis of each
histopathological finding in liver samples from autopsies and biopsies of COVID-19
patients.

MATERIALS AND METHODS

Overview

This systematic review with meta-analysis was registered on PROSPERO (ID:
CRD42020192813) and followed a prespecified analysis plan. This study is reported in
accordance with the Preferred Reporting Items for a Review and Meta-analysis
(PRISMA) guidelines!*.

Eligibility criteria

Eligible trials had to include patients diagnosed with COVID-19, regardless of age and
gender. The diagnosis of COVID-19 had to be based on a compatible clinical history
and molecular evidence with a quantitative real-time polymerase chain reaction (qRT-
PCR) for SARS-CoV-2. We included liver histopathological reports from deceased
COVID-19 patients who subsequently were studied with autopsy or liver biopsies
performed in alive COVID-19 patients.

We planned to include all the studies that report liver histopathological data,
regardless of the design (case-reports, case-series, descriptive cases, cross-sectional
studies, cohort studies, and randomized controlled trials). We excluded studies
performed in vitro, animal models, or lacking evidence of SARS-CoV-2 infection from
this systematic review. We did not include manuscripts performed before December 1,
2019.

Search strategy and selection process

We performed an electronic search from December 1, 2019, to June 3, 2020, in
MEDLINE (via PubMed) and Embase databases. We used keywords and free-text
words related to SARS-CoV-2 infection, autopsies, and liver biopsies. We reported the
search strategy used in PubMed and Embase databases in the appendix. We hand
searched (up to June 3, 2020) preprint servers (bioRxiv, medRxiv, and SSRN) and
coronavirus resource centers of The Lancet, JAMA, and New England Journal of
Medicine. We did not limit our search by language. Two investigators (Diaz LA and
Idalsoaga F) independently screened the titles and abstracts to ascertain whether each
study met the eligibility criteria. The full texts of the identified eligible articles were
then evaluated to determine whether they should be included in the analysis.
Disagreements between the two reviewers were resolved by consensus. In case of
persistent disagreement, arbitration by a third reviewer (Arab JP) settled the
discrepancy.

Data collection and risk of bias assessment

Two authors (Diaz LA and Cannistra M) independently extracted data from included
studies using forms specially designed for this purpose. The following data were
extracted describing the study, participants, source of sample (liver biopsy or
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autopsy), and the main liver histopathological findings. Discrepancies were resolved
by a third reviewer (Arab JP). Two investigators (Diaz LA and Idalsoaga F)
independently assessed the risk of bias of each included trial with the Appraisal tool
for Cross-Sectional Studies (AXIS) checklist for cross-sectional studies, the Institute of
Health Economics (IHE) checklist tool for Case Series, the Newcastle-Ottawa Scale
(NOS) for case-control studies and cohort studies, and the Cochrane Risk of Bias Tool
for randomized trials and quasi-experimental studies.

Outcomes

The outcomes were defined by consensus with an expert pathologist (Graham R). The
main outcomes were the frequency of vascular thrombosis (presence or absence),
venous outflow obstruction (presence or absence), frequency of portal and lobular
Inflammation and severity (mild, moderate, or severe), Kupffer cell hyperplasia
(presence or absence), steatosis (presence and fat percentage), fibrosis (based on
METAVIR score, scores range from FO to F4, with higher numbers reflecting greater
fibrosis), and ductopenia (presence or absence). Secondary outcomes were the
frequency phlebosclerosis of the portal vein, herniated portal vein, congestion of
hepatic sinuses, and necrosis.

Data analysis

Data were synthesized per each histopathological finding of SARS-CoV-2 infection.
We estimated the prevalence of event rates in the form of a proportion (with a
confidence interval of 95%). Proportions were pooled using random-effects models.
Only those studies with a sample size of at least ten patients were included in the
meta-analysis. We used Q statistic and I? to quantify heterogeneity. We planned a
subgroup analysis according to the liver sample source (biopsy in alive patients or
autopsy), ethnicity, and gender. We planned sensitivity analysis excluding the high
risk of bias studies. A small study effect was evaluated with a funnel plot. As such,
subgroup and sensitivity analyses should be considered exploratory. All statistical
analyses were performed using MedCalc Statistical Software version 19.3.1 (MedCalc
Software Ltd, Ostend, Belgium; https://www.medcalc.org; 2020).

Grading of evidence
The quality of evidence for the outcomes was graded with the GRADE framework.

Role of the funding source

The funding source only provided support for the financing of paid manuscripts
during the review process. The researchers did not receive payment or other
incentives.

RESULTS

We identified 3060 records and 905 were duplicates. After a screening process against
title and abstract, we obtained 58 full-text articles that were assessed for eligibility. We
finally selected 18 studies for our systematic review from 7 countries (Austria,
Belgium, China, Germany, Italy, Switzerland, and the United States). The selection
process is described in Figure 1. All studies were observational in design; no
randomized trials were identified. Among the 18 studies, 4 were case reports and 14
case series. The study with the largest sample size included a total of 48 cases!'"l.
Fifteen studies reported the proportion of each finding and the other three studies
presented the pooled data without the prevalence of each finding. All the studies
included autopsy data (i.e., no liver biopsies from living patients were identified). The
risk of bias assessment was considered high.

The pooled studies included a total of 167 patients. All the patients were over 15
years old and 67.2% were male. The grade of evidence was considered very low since
all the information emerged from case reports and case series. For the meta-analysis of
each finding, we included only five studies with at least ten patients. There was a
maximum of 116 cases included in each meta-analysis. We did not perform subgroup
analyses due to the low number of studies included. Table 1"~ summarizes the main
baseline characteristics of each study. The main findings described in the selected
studies were hepatic steatosis, congestion of hepatic sinuses, vascular thrombosis,
fibrosis, Kupffer cell proliferation or hyperplasia, portal inflammation, lobular
inflammation, venous outflow obstruction, phlebosclerosis of the portal vein,
herniated portal vein, periportal abnormal vessels, hemophagocytosis, and necrosis.
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Table 1 Main characteristics of studies included in the analysis

Sources  N°
Ref. Date Country  of of Age(yr) Gender  Ethnicity Comorbidities
samples  pts
Barton April United Autopsy 2 77 and 42 2 Males Not reported ~ Obesity (2/2), hypertension (1/2), splenectomy
et all'”! 2020 States (1/2), myotonic dystrophy (1/2)
Bradley April United Autopsy 12 704 (42- 5Males Not reported  Not reported
et all'®l 2020 States 84) and 7
females
Bryce et al®! May 2020 United Autopsy 22 Not Not Not reported  Not reported
States reported  reported
Buja et all'’) May 2020 United Autopsy 3 62,34 2 Males 2 Hispanic Obesity (3/3), hypertension (1/3), heart failure
States and 48 and 1 and 1 afro- (1/3), diabetes (1/3) and microcytic anemia (1/3)
female american
Craver April United Autopsy 1 17 Male Afro- None
et alt?"! 2020 States american
Lacy et al™  April United Autopsy 1 58 Female Not reported  Diabetes, obesity, hyperlipidemia, Asthma, and
2020 States chronic lower extremity swelling with ulceration
Laxetall”l  May 2020 Austria Autopsy 11 80.5 (66- 8 Males Not reported  Hypertension (9/11), diabetes mellitus (5/11),
91) and 3 coronary artery disease (2/11), previous malignant
females disease (2/11), COPD (2/11), cerebrovascular
disease (4/11), and dementia (4/11)
Martines May 2020 United Autopsy 8 735 4 Males 7 Caucasian  Arterial hypertension (6/8), chronic kidney disease
et all””! States and 4 and 1 (6/8) cardiovascular disease (6/8), obesity (5/8),
females hispanic diabetes (4/8), chronic lung disease (2/8),
immunocompromised condition (3/8), among
others
Menter May 2020 Switzerland Autopsy 17 Adult Not Not specified Not specified
et all*’! patients  specified
Prilutskiy March United Autopsy 4 64-91 3 Males 3 Afro- Not reported
et alt*! 2020 States and 1 american and
female 1 caucasian

Remmelink  May 2020 Belgium Autopsy 17 72[62-77] 12 Males Not reported  Cirrhosis (2/17), liver transplantation (1/17),
et alt?! and 5 hypertension (10/17), diabetes (9/17),
females cerebrovascular disease (4/17), coronary artery
disease (4/17), and solid cancer (4/17)

Schaller May 2020 Germany Autopsy 10 79 (64-90) 7 Males Not reported  Fatty liver disease (1/10), hypertension (7/10),
et al™! and 3 atrial fibrillation (4/10), chronic kidney failure
females (3/10), COPD (2/10), heart failure (2/10), obesity
(2/10), diabetes (1/10), among others
Sonzogni May 2020 Italy Autopsy 48  712(32- 35Males Not reported  Not specified
et all'® 87) and 13
females
Tian et all**] April China Autopsy 4 78,74,81, 3 Males Asian Chronic lymphocytic leukemia; Cirrhosis, DM2,
2020 59 and 1 HTA
female
Varga April Switzerland Autopsy 1 58 Female Not reported Diabetes, hypertension, and obesity
etall 2020
Wang May 2020 China Autopsy 2 50and 79 1Maleand 2 Asian Not reported
et al*! 1 female
Xu et alt"”! February China Autopsy 1 50 Male Asian Not reported
2020
Yaoetal™!  May 2020 China Autopsy 3 63, 69, 2 Males 3 Asian Diabetes (1/3), hyperglycemia (1/3) bronchiectasis
and 79 and 1 (1/3), solid cancer (1/3)
female

We did not find ductopenia in the selected studies. Figure 2 summarizes the major
liver histological features. A detailed assessment of each feature is provided below.
Funnel plot of the studies included in each meta-analysis are provided in
Supplementary Figure 1 (Supplementary material).
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3060 records identified
1271 MEDLINE
1088 Embase
701 Preprint servers

905 duplicates removed

2155 records screened against title and abstract

2097 records excluded

1813 unrelated (epidemiological studies, clinical
Ny studies not related to pathology analysis, review, and
studies about SARS and MERS)

240 animal studies

44 congress abstract without primary clinical data

58 full-text articles assessed for elegibility

40 articles excluded
19 autopsies without pathology report of the liver
15 reviews
4 biosies of other organs
1 autopsies in patients without COVID-19
1 liver biopsy after a liver transplant

18 articles included in the analysis

Figure 1 Study selection for the systematic review.

Jaishideng®

Hepatic steatosis

A total of 78 from 139 (65.1%) patients demonstrated hepatic steatosis. Lipid droplet
size was described in only 7 cases (9%): 4 macrovesicular, 1 microvesicular, and 2
mixed (macrovesicular and microvesicular). The studies of Lax ef al*!and Prilutskiy
et al” also described the presence of hepatic steatosis without the proportion of this
finding. When meta-analyzed, data showed a pooled prevalence of hepatic steatosis of
55.1% [5 studies, 116 patients; 95% confidence interval (CI): 46.2-63.8], without
significant heterogeneity among the studies (P = 0.411; I*= 0%) (Figure 3A).

Congestion of hepatic sinuses and necrosis

A total of 28 from 163 cases (17.2%) reported congestion of hepatic sinuses.
Additionally, the study of Prilutskiy etal* described the presence of mild
centrilobular congestion without the frequency of this finding. In the meta-analysis,
the pooled prevalence of congestion of hepatic sinuses was 34.7% (5 studies, 79
patients; 95%Cl: 7.9-68.4) (Figure 3B). The heterogeneity was significant among studies
(P <0.001; I>=90.2%). Regarding necrosis, 14 of 91 patients (15.4%) presented this
finding. Necrosis was also described without a proportion in the study of Yao et all*l.
We could not perform a meta-analysis of this finding due to the low number of
patients and studies that adequately described the presence or absence of necrosis.

Vascular thrombosis and other vascular alterations
A total of 63 from 139 (45.3%) cases presented vascular thrombosis. The type of vessel
thrombosed was not specified in the studies. When meta-analyzed, data showed a
pooled prevalence of vascular thrombosis of 29.4% (5 studies, 116 patients; 95%ClI: 0.4-
87.2). The heterogeneity was significant among studies (P < 0.001; I* = 97.7%)
(Figure 3C).

Other vascular alterations were identified in the studies. The presence of venous
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Figure 2 Major liver histological features observed in 6 studies (n = 116 autopsies from deceased coronavirus disease 2019 patients).
Steatosis was the most frequent finding (55.1%). Studies also reported congestion of hepatic sinuses (34.6%), vascular thrombosis (29.4%), fibrosis (20.5%), Kupffer
cell hyperplasia (13.5%), portal inflammation (13.2%), and lobular inflammation (11.6%), Other findings observed were venous outflow obstruction, phlebosclerosis of
the portal vein, herniated portal vein, periportal abnormal vessels, hemophagocytosis, and necrosis.

JBaishideng®

WIJG | https://www.wjgnet.com

outflow obstruction was described exclusively by Bryce et al*’], with a prevalence of
36.4% (8 of 22 cases), and 5 of these cases (62.5%) were acute. The study by Sonzogni
et al'! reported additional vascular alterations in a serial of 48 cases: 29 patients
demonstrated phlebosclerosis of the portal vein (60.4%), 36 had a herniated portal vein
(75%), and 48 (100%) had abnormal periportal vessels (27 focal, 18 multifocal, and 3
diffuse).

Hepatic fibrosis

A total of 51 from 139 (36.7%) patients had fibrosis. The grade of fibrosis was only
described in 7 cases: 1 case was graded as F3 (METAVIR scale) and 6 cases were
graded as F4. The study by Lax et al*? and Prilutskiy et al*! also described the presence
of fibrosis without the proportion of this finding. In the meta-analysis, the pooled
prevalence of fibrosis was 20.5% (5 studies, 116 patients; 95%CI: 0.6-57.9), with
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Figure 3 Forest plots of major liver histological features from deceased coronavirus disease 2019 patients. A-D: The figure includes forest plots
of hepatic steatosis (A), congestion of hepatic sinuses (B), vascular thrombosis (C), and fibrosis (D). Heterogeneity was assessed using  and Q statistics. Cl:

Confidence interval.
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significant heterogeneity among the studies (P < 0.001; = 94.5%) (Figure 3D).

Kupffer cell proliferation or hyperplasia

Only 12 of 115 cases (10.4%) reported Kupffer cell proliferation or hyperplasia. The
studies by Sonzogni et all'”l and Prilutskiy et al*! also described the presence of this
phenomenon, but without a prevalence. Additionally, the study of Bryce et al™
described the presence of hemophagocytosis. In the meta-analysis, the pooled
prevalence of Kupffer cell hyperplasia was 13.5% (5 studies, 79 patients; 95%ClI: 0.6-
54.3%). The heterogeneity was significant among studies (P < 0.001; I* = 94.3%)

(Figure 4A).

7700

December 28,2020 | Volume 26 |

Issue48 |



A

Kupffer cell hyperplasia

Study Findings Total
Bradley BT 0 12
Bryce C 0 22
Lax SF 1 1

Menter T 0 17
Remmelink M 0 17

Total (random effects) 79

Heterogeneity: /’= 94.3%, Q = 70.2

B

Portal inflammation

Study Findings Total
Bradley BT 3 12
Bryce C 0 22
Menter T 0 17
Remmelink M 0 17
Sonzogni A 32 48
Total (random effects) 116

Heterogeneity: = 94.7%, Q = 75.4

C

Lobular inflammation

Study Findings Total
Bradley BT 1 12
Bryce C 2 22
Menter T 0 17
Remmelink M 0 17
Sonzogni A 24 48
Total (random effects) 116

Heterogeneity: I’= 89.9%, Q = 39.7

Diaz LA et al. Liver histopathology of SARS-CoV-2 infection

Prevalence 95%CI  Weight
(%) (random)
0.00 [0.0; 26.5] 19.8
0.00 [0.0; 15.4] 204
—=  100.00 [71.5; 100.0] 19.6
0.00 [0.0; 19.5] 20.1
0.00 [0.0; 19.5] 201
e —— 13.5 [0.6; 54.3] 100.0
1 L Il 1 Il s 1 L 1
0.0 0.2 0.4 0.6 0.8 1.0
Proportion
Prevalence 95%CI Weight
(%) (random)
B 25.0 [5.5; 57.2] 19.4
-— 0.0 [0.0; 15.4] 20.2
I — 0.0 [0.0; 19.5] 19.9
- 0.0 [0.0; 19.5] 19.9
i —— 66.7 [51.6; 79.6] 20.6
[ — 13.2 [0.1; 48.8] 100.0
1 1 1 1 |
0.0 0.2 0.4 0.6 0.8
Proportion
Prevalence 95%CI  Weight
(%) (random)
8.3 [0.2; 38.5] 18.9
F—— 9.1 [1.1;29.2] 20.3
- 0.0 [0.0; 19.5] 19.7
[ 0.0 [0.0; 19.5] 19.7
- —— 50.0 [35.2; 64.8] 214
| — 11.6 [0.3; 35.7] 100.0
1 1 1 L 1 s Il 1 L 1 L Il

0.0 01 02 03 04 05 06 0.7
Proportion

Figure 4 Forest plots of inflammatory liver histological features from deceased coronavirus disease 2019 patients. A-C: The figure includes
forest plots of Kupffer cell hyperplasia (A), portal inflammation (B), and lobular inflammation (C). Heterogeneity was assessed using 2 and Q statistics. CI: Confidence

interval.
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Portal and lobular inflammation

Histologic evaluation in a total of 41 out of 139 (29.5%) patients showed portal
inflammation. The grade of inflammation was reported in 37 of 41 cases (90.2%); all
were graded as mild, and the cells were lymphocytes and plasma cells. When meta-
analyzed, data showed a pooled prevalence of portal inflammation of 13.2% (5 studies,
116 patients; 95%CI: 0.1-48.8), with significant heterogeneity noted among studies (P <
0.001; = 94.7%) (Figure 4B).

In the case of lobular inflammation, a total of 31 from 139 (22.3%) showed this
finding. The grade of inflammation was reported in 28 of 31 cases (90.3%): 26 cases
were mild (92.9%) and 2 were moderate (7.1%). The predominant cells were
neutrophils and lymphocytes. In a meta-analysis, the pooled prevalence of lobular
inflammation was 11.6% (5 studies, 116 patients; 95%ClI: 0.3-35.7), with significant
heterogeneity noted among studies (P < 0.001; I*=89.9%) (Figure 4C).

DISCUSSION

As previously reported for patients with SARS and MERS, the liver is frequently
affected during a SARS-Cov-2-related disease (COVID-19)P°L In this systematic
review, we identified 18 studies from 7 countries (case reports and case series) that
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include data from autopsies of deceased patients with COVID-19. We identified
multiple histopathological findings, including hepatic steatosis (55.1%), venous
outflow obstruction (36.4%), congestion of hepatic sinuses (34.7%), vascular
thrombosis (29.4%), fibrosis (20.5%), necrosis (15.4%), Kupffer cell hyperplasia (13.5%),
portal inflammation (13.2%), and lobular inflammation (11.6%).

Several of the hepatic histopathological findings observed in this study have also
been described in SARS and MERS patients. It may be related to the ongoing systemic
inflammatory process and sepsis, affecting the liver rather than a direct manifestation
of SARS-CoV-2U"1. There is still debate about whether SARS-CoV-2 directly causes
liver injury or if the observed abnormalities in liver chemistries seen in COVID 19 are
an indirect consequence of the disease reflecting severity, inflammation, and
potentially confounding muscle injury that occurs in 19% of patients”l. A recent study
by Bloom ef al"™ showed that AST-dominant aminotransferase elevation is common in
COVID-19, is not associated with muscle damage markers and correlates with disease
severity, probably reflecting true hepatic injury. In a series including 148 patients from
a single-center in China, 55 (37.2%) had abnormal liver chemistries on admission.
Patients with elevated admission liver chemistries were also more likely to have a
high-grade fever and higher C-reactive protein™. In two large Chinese cohorts, 6.2%
and 11.6% of patients with COVID-19 developed liver chemistries over 3 times the
upper limit of normal, suggesting that a minority of patients experience significant
biochemistry elevations!™ .

The most frequent histopathological finding was steatosis. This prevalence is higher
than the general population®. This can be partially explained by the baseline
characteristics of the population. Admitted COVID-19 patients suffer from more
severe disease and more frequently exhibit chronic diseases (i.e., diabetes mellitus, age,
hypertension, obesity, and cardiovascular disease), which are also associated with
hepatic steatosis!”l. However, existing data suggest that SARS-COV-2 may affect lipid
metabolism!™. In general, all viruses alter lipid synthesis and signaling in host cells
as they highjack and utilize the cellular machinery to produce lipids for their envelope.
Also, it has been shown that COVID-19 patients have elevated serum levels of fatty
acids and infection with other SARS viruses determine long-lasting alterations in lipid
metabolism!™. It has been shown that metabolic-dysfunction associated fatty liver
(MAFLD)®! condition is independently associated with a higher risk of severe COVID-
19 (odds ratio 2.67)1*1. Also, advanced MAFLD (i.e., fibrotic disease) is associated with
a more severe disease irrespective of metabolic comorbidities. Since the liver hosts a
significant mass of innate immune cells, hepatic release of proinflammatory cytokines
may contribute to COVID-19 severity’. Also, some authors suggest NAFLD
progression could be accelerated or exacerbated by COVID-191.

We observed an increased frequency of hepatic vascular alterations in patients with
COVID-19. This may be due to endothelial dysfunction (endotheliitis), a pro-coagulant
state, and direct vascular injury of the diseasel***l. Congestion and necrosis are
features of venous outflow obstruction and may also be explained by circulatory
dysfunction, heart failure, and ischemia, which may complicate multiorgan failure.

Liver fibrosis was also frequently found in the published series of COVID-19
patients. Whether this is related to sustained liver injury or by prior history of chronic
liver disease is unclear, though the latter is favored given the acute nature of COVID-
19 disease. Of note, patients with cirrhosis have been shown to have a higher risk of
mortality due to COVID-19 (relative risk of 4.6)*.

It is important to notice that no specific histologic indicator of direct infection (i.e.,
viral cytopathic effect) in the liver tissue. Notably, there was a report from a pediatric
living donor liver allograft recipient who, on a post-operative day 4, developed
respiratory distress, fever, and an approximately 5-fold elevation of liver enzymes. The
patient and donor were positive for SARS-CoV-2. Liver biopsy showed moderate acute
hepatitis with prominent clusters of apoptotic hepatocytes, associated cellular debris,
and lobular lymphohistiocytic inflammation. Typical portal features of mild to
moderate acute cellular rejection were also noted!*l. This case report raises con-
sideration for possible direct liver injury.

The possible mechanisms by which SARS-CoV-2 exerts its pathogenetic role in the
liver have been speculated in the literature. There is a known tropism of SARS-CoV-2
for ACE-2 receptors, and they are abundantly expressed in cholangiocytes.
Nevertheless, a cholestatic pattern of liver injury is not the most common finding on
presentation, as one might expect*’l. A second proposed mechanism is the cytokine
storm, which leads to a surge in inflammatory cytokines affecting the liver!*]. SARS-
CoV-2 induced acute respiratory distress syndrome and systemic inflammatory
response syndrome lead to hypoxemia and shock, which can cause ischemia-
reperfusion injury™.. It has been reported that SARS-CoV-2 can infect the endothelial
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cells directly and result in widespread endotheliitis!"’l. Furthermore, administration
of multiple drugs attempting to treat the disease have the potential to produce DILI,
exacerbating the liver involvement of the disease™.

The main limitation of our study is the inclusion of autopsies only, resulting in bias
towards the most severe disease, with great influence by pre-existing co-morbid
conditions. In our literature search, there were no reported liver biopsies from non-
severe COVID-19 patients. A correlation between clinical condition, biochemistry, liver
imaging, and autopsies would be desirable to explore. Another limitation of this
systematic review is the high heterogeneity in the published articles. Finally, since this
is a systematic review from autopsy data, relevant clinical information to interpret the
causes of steatosis (such as alcohol consumption or body mass index) was not
available.

CONCLUSION

In summary, in this systematic review and meta-analysis of autopsies from patients
with COVID-19, we found a high prevalence of hepatic steatosis and the presence of
vascular thrombosis as major histological liver features. Further studies are needed to
establish the mechanism and implications of these findings.

ARTICLE HIGHLIGHTS

Research background

The liver is frequently involved during severe acute respiratory syndrome coronavirus
2 infection and coronavirus disease 2019 (COVID-19). However, there is no consensus
about the main histopathological findings in COVID-19.

Research motivation
Identifying the main histopathological findings could help understand the mechanism
of liver injury frequently observed in COVID-19 patients.

Research objectives
The characterization of the liver histopathological findings will impact the
interpretation of liver chemistries and liver biopsies in COVID-19 patients.

Research methods

We conducted a systematic review and meta-analysis, including liver biopsies and
autopsies of COVID-19 patients. Proportions were estimated using random-effects
models.

Research results

We included 18 studies. The major histological findings are hepatic steatosis (55.1%),
congestion of hepatic sinuses (34.7%), vascular thrombosis (29.4%), fibrosis (20.5%),
Kupffer cell hyperplasia (13.5%), portal inflammation (13.2%), and lobular
inflammation (11.6%). Other abnormalities can be identified, such as venous outflow
obstruction, phlebosclerosis of the portal vein, herniated portal vein, periportal
abnormal vessels, hemophagocytosis, and necrosis.

Research conclusions
Steatosis, vascular thrombosis, fibrosis, and inflammatory abnormalities are the most
frequent liver histopathological findings in COVID-19 patients.

Research perspectives

The multiple liver histopathological findings observed in COVID-19 demonstrate the
susceptibility to liver injury in risk populations, the inflammatory response, and
thrombosis associated with this infection.
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Abstract

BACKGROUND

Primary intestinal lymphangiectasia (PIL), first described in 1961, is a rare
disorder of unknown etiology resulting in protein-losing enteropathy. The disease
is characterized by dilatation and leakage of intestinal lymph vessels leading to
hypoalbuminemia, hypogammaglobulinemia, and lymphopenia. Since the
severity and location of lymph vessels being affected can vary considerably, the
range of associated symptoms is wide from mild lower-limb edema to generalized
edema, abdominal and/or pleural effusion, and recurrent diarrhea, among others.
Although usually developing in early childhood, we present the case of a 34-year-
old woman with PIL. Moreover, we performed a literature review systematically
assessing clinical presentation, and provide a practical approach to facilitate
diagnosis and therapy of PIL in adults.

CASE SUMMARY

Our patient presented with unspecific symptoms of abdominal discomfort,
fatigue, nausea, and recurrent edema of the lower limbs. Interestingly, a striking
collinearity of clinical symptoms with female hormone status was evident.
Additionally, polyglobulia, hypoalbuminemia, hypogammaglobulinemia, and
transient lymphocytopenia were evident. Due to suspicion of a bone marrow
disease, an extensive diagnostic investigation was carried out excluding
secondary causes of polyglobulinemia and hypoalbuminemia. The diagnosis of
primary intestinal lymphangiectasia was established after 22 wk by histological
analysis of biopsy samples obtained via enteroscopy. Consecutively, the patient
was put on a high-protein and low-fat diet with medium-chain triglycerides
supplementation leading to significant improvement of clinical symptoms until 2
years of follow-up.

CONCLUSION
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PIL can be the reason for cryptogenic hypoalbuminemia, hypogamma-
globulinemia, and lymphopenia in adulthood. Due to difficulty in correct
diagnosis, treatment initiation is often delayed despite being effective and well-
tolerated. This leads to a significant disease burden in affected patients. PIL is
increasingly been recognized in adults since the majority of case reports were
published within the last 10 years, pointing towards an underestimation of the
true prevalence. The association with female hormone status warrants further
investigation.

Key Words: Primary intestinal lymphangiectasia; Waldmann's disease; Protein losing
enteropathy; Hypoproteinemia; Case report

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Although Primary intestinal lymphangiectasia usually develops in early
childhood, we present the case of a 34-year-old woman. We observed a striking
collinearity with female hormone status in our patient, presenting a potential area of
future research. Moreover, we performed a literature review of all published case
reports so far and systematically assessed clinical presentation to provide a practical
approach to facilitate diagnosis and therapy of primary intestinal lymphangiectasia in
adults for the first time.

Citation: Huber R, Semmler G, Mayr A, Offner F, Datz C. Primary intestinal lymphangiectasia
in an adult patient: A case report and review of literature. World J Gastroenterol 2020; 26(48):
7707-7718

URL: https://www.wjgnet.com/1007-9327/full/v26/i48/7707.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.i48.7707

INTRODUCTION

Primary intestinal lymphangiectasia (PIL) has been first described by Waldmann et al"!
in 1961 as a rare disorder of intestinal lymphangiectasia that results in protein-losing
enteropathy (PLE)!. PIL is caused by a diffuse or localized dilatation and/or rupture
of intestinal lymphatic vessels in the mucosa, submucosa, or subserosa due to high
pressure in lymphatic vessels”. Importantly, prevalence and etiology are yet
unknown. However, genetic associations are been discussed since the diagnosis is
generally established in childhood with very rare cases in adultsl’.

Symptoms largely relate to the severity of lymph loss and consecutive loss of
proteins resulting in hypoproteinemia, lymphopenia, and decreased serum levels of
immunoglobulins. Among others, these symptoms include pitting edemas of the lower
limbs, generalized edema, as well as pleural, epicardial, or often chylous abdominal
effusiont. Here, we present the case of PIL in a 34-year-old female patient, together
with a literature review of all case reports on PIL in adulthood (using the terms
“Primary intestinal lymphangiectasia” and “Waldman’s disease”), focusing on clinical
presentation, and providing a diagnostic and therapeutic overview for clinicians to
enhance recognition and facilitate diagnosis.

CASE PRESENTATION

Chief complaints

In October 2018, a 34-year-old woman presented with recurring nausea independent
of food intake, episodes of abdominal discomfort, fatigue, occasional episodes of
diarrhea as well as a feeling of increased susceptibility to opportunistic infections.

History of present illness
After the end of pregnancy earlier this year, she reported on more frequently observed
limb edema. The other medical history including comorbidities and drug intake were
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unremarkable.

History of past illness

Interestingly, temporary facial edema were occasionally reported already during
childhood starting at the age of 12. After puberty, pronounced edema of the lower
limbs, recurring nausea and fatigue were continuously reported, but vanished when
using oral contraceptives or during pregnancy.

Physical examination

The physical examination at the initial contact did not reveal any abnormalities.
Especially, no edema of the upper or lower limb were observed and weight was stable
with a body mass index of 18.3 kg/m?2.

Laboratory examinations

During several routine blood tests after pregnancy, polyglobulia [hemoglobin 17.4
g/dL (normal range: 12.3-15.3 g/dL), blood count 5.82 (normal range: 3.60-5.00)],
normal leukocyte count (4.48, normal range: 4.40-11.30) with diminished lymphocyte
count (14.6%, normal range: 19.3%-51.7%) following differential blood count, and
reduced total serum protein (4.9 g/dL, normal range: 6.2-8.2 g/dL) with
hypoalbuminemia (2.8 g/dL, normal range: 3.4-5.0 g/dL) were observed.
Additionally, quantitative immunoglobulin analysis displayed hypogamma-
globulinemia of 7.3% (normal range: 11.1%-18.8%) with a pronounced deficiency of the
IgG class (268 mg/dL, normal range: 700-1600 mg/dL), moderate deficiency of IgA
class (54 mg/dL (normal range: 70-500 mg/dL), and reduced IgG-1 and IgG-2
subclasses (193 mg/dL, normal range: 405-1011 mg/dL; 93 mg/dL, normal range: 169-
786 mg/dL). Additionally, the CD4: CD8 T-cell ratio was reduced [0.9 (normal range:
1.0-3.6) and kappa and lambda light-chains were diminished [75 mg/dL (normal
range: 173-383 mg/dL), 46 mg/dL (normal range: 81-192 mg/dL)]. The urinary
sediment showed no proteinuria and no signs of renal, hepatic, pancreatic, or cardiac
disease. Since the laboratory constellation pointed towards a cellular and humoral
immune defect, exhaustive investigations were started. Negative results for JAK2
mutations (JAK2-exon 12 sequencing and JAK2-mutation V617F) and negative
BCR/ABL ratio ruled out polycythemia vera. Additionally, bone marrow analysis
neither showed myeloid neoplasia nor infiltration by lymphoma, and £2-
microglobulin was within the normal range ruling out a hematogenous disease.
Autoantibody screening and virus serology including hepatitis viridae,
cytomegalovirus, Epstein-Bar virus, and human immunodeficiency virus were
negative, and pancreatic insufficiency was excluded.

Imaging examinations

Incidentally, abdominopelvic computerized tomography (CT) showed a thickened
wall of the ileum and jejunum with enlarged mesenteric lymph nodes up to 32 mm
localized in the lower abdomen. Therefore, an ileocolonoscopy with exploration of > 8
cm of the ileum was performed showing a normal result. After CT-findings were
confirmed on magnetic resonance imaging, a gastroduodenoscopy with standard
intubation to the mid-descending duodenum revealed creamy white spots of the
duodenal mucosa, suggesting lymphedema (Figure 1A). However, the histological
evaluation did not show evidence for dilated lymph vessels or PIL, giardiasis, celiac
disease, Whipple disease, or intestinal bowel disease, which was additionally excluded
by normal calprotectin levels. Following video capsule endoscopy that showed a
snowflake appearance of the mucosa (Figure 1B), double-balloon enteroscopy
exploring approximately 70 cm of the jejunum verified mucosal lesions compatible
with lymphangiectasia macroscopically (Figure 1C).

FINAL DIAGNOSIS

Finally, PIL was confirmed on histological and immunohistological analyses from
jejunal biopsies (Figures 2 and 3).

TREATMENT

After putting the patient on a medium-chain triglyceride (MCT) diet rich in protein,
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Figure 1 Imaging examinations. A: Endoscopic view of the descending part of the duodenum showing spots of lymphangiectasia suggestive for lymphedema;
B: Video capsule endoscopy with a snowflake appearance of the jejunum compatible with dilated mucosal lymphatic vessels; and C: Double-balloon enteroscopy of
the jejunum with an almost identical image to video capsule endoscopy.

Figure 2 Histological and immunohistological analyses. A: Jejunal biopsies showing a mild and focal blunting of the villi in particular above the prominent
ecstatic mucosal lymph vessels (4-fold magnification); B: Ecstatic lymph vessel without inflammatory changes or abnormalities of the epithelial intestinal cell lining
(200-fold magpnification).

Figure 3 Histological and immunohistological analyses. A: Periodic Acid-Schiff staining did not reveal any collections of periodic acid-schiff positive
histiocytes or inclusions, demonstrating the perfectly normal intestinal brush border (200-fold magnification); B: Immunohistochemistry for D2-40, a marker of
lymphatic endothelial cells, confirms the endothelium to be of lymphatic origin and highlights the presence of multiple ecstatic lymph vessels in both the mucosa and
submucosa (100-fold magnification).

the clinical condition of the patient significantly improved within 4 wk.

OUTCOME AND FOLLOW-UP

Until 2 years after diagnosis, mild lower limb edema were only observed between the
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end of breastfeeding period and a second pregnancy, and abdominal discomfort,
fatigue and nausea significantly improved. Laboratory improvement was
characterized by increase in total serum protein, albumin, and quantitative
immunoglobulin levels.

DISCUSSION

Due to the rarity of this disease, the worldwide incidence of PIL in humans is
unknownl’l. However, a genetic predisposition is been discussed since if mostly affects
children below 3 years of agel’l. This is supported by familial forms of specific
syndromes that have been associated with PIL, including the yellow-nail syndrome,
von Recklinghausen’s disease, Turner, Noonan, Klippel-Trenaunay or Hennekam
syndromel*’l. Nevertheless, cases in adult patients exist. We performed a literature
review and could identify 49 cases from 46 case reports of PIL in adults in which the
onset of symptoms occurred after the 18" birthday (Table 1, Supplementary Table 16+
)- Notably, 27/46 (58.7%) were published since 2010, indicating that this entity is
increasingly been recognized and the prevalence might be underestimated. Median
age at diagnosis was 43 (range: 20-83) years while median time from onset of
symptoms to final diagnosis was 3 (range: 0-40) years, highlighting the difficulty in the
correct diagnosis of this entity. Although a literature review of PIL cases existed
reporting a mean age of 13.3 years at symptom onset and 8.5 years until diagnosis, it
has to be pointed out that 75% of cases in this review included patients with symptom
onset before 20 years of agel™. In terms of gender distribution, 22 male (44.9%) and 27
female (55.1%) cases were reported.

Our case describes a 34-year-old female being diagnosed with PIL around 22 years
after the first occurrence of edema, and 22 wk after the first contact at our institution.
She presented with nausea, abdominal discomfort, diarrhea, and bilateral limb
edemas. From 48 patients reporting on symptoms in the literature, 40 patients (83.3%)
reported the presence of any peripheral/generalized edema while only 2 patients did
not present with edema and 6 case reports did not report on this symptom. The
majority (n = 27, 56.3%) only reported bilateral edema of the lower limb. 9/48 patients
(18.8%) presented with abdominal pain, 13 patients (27.1%) presented with (chylous)
ascites, 10 patients (20.8%) with pleural, and 4 patients (8.3%) with pericardial
effusion. Diarrhea was present in 20/48 patients (41.7%). Other rare unspecific
symptoms include changes in weight, nausea, general weakness, pallor, and
gastrointestinal bleeding. These findings go in line with a former literature review of
84 PIL cases (including predominantly children), reporting limb edema, diarrhea,
ascites, and lymphedema in 78%, 62%, 41%, and 22% respectively”’l. These symptoms
and their varying extent can largely be explained as a consequence of lymphatic/
protein and subsequently watery loss due to lower oncotic pressure in interstitial fluid.

The fact that pregnancy and oral contraception led to the vanishing of edemas in
our patient is indeed surprising as this has not yet been reported. Of note, symptoms
completely resolved when taking oral contraceptives and re-appeared during pill-free
days in between. One may hypothesize that differences in estradiol might influence
the severity of lymphedema: Morfoisse et all”, who explored the role of estrogens on
lymphatic endothelial cells, found that estradiol is protective of lymphedema, and
blockage of the estrogen receptor is associated with stronger lymphatic leakage.
However, this was only shown in an animal model of secondary lymphedema, and no
other studies providing further evidence on this mechanism are available.

Among the most frequently observed laboratory findings in literature were anemia
in 16 patients (33.3%), lymphocytopenia in 30 (62.5%), hypoproteinemia in 26 (54.2%),
and hypoalbuminemia and hypogammaglobulinemia/reduced serum IgG level in 35
(72.9%) while no patients specifically reported the absence of the latter two laboratory
findings. However, these numbers might be underestimated since not all case reports
reported on these features. 12 patients (25.0%) specifically reported reduced serum
levels of calcium and 5 patients (10.4%) reduced levels of magnesium, leading to
occasional muscle seizures in several patients. Other findings include
hypoglobulinemia with reduced numbers of IgM, IgA, and IgG, and reduced numbers
of CD3+ and CD4+ cells. Profound hypoproteinemia, hypoalbuminemia, and
hypogammaglobulinemia and reduced CD4:CD8 ratio could also be confirmed in our
patient. However, lymphocytopenia was only transient and leucocyte count was
within the normal range indicating that these parameters might be very unspecific and
significantly influenced by temporary inflammatory processes in the body. This is
especially true since an increased susceptibility to opportunistic infections based on
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Table 1 Clinical presentation, laboratory findings and endoscopic diagnosis of all case reports describing adult patients’ with primary

intestinal lymphangiectasia

Clinical presentation n

Patient characteristics Number of adult patients with PIL 49
Age at diagnosis, yr 43 (20-83)
Time to final diagnosis, yr 3 (0-40)
Male, n (%) 21 (42.9)
Female, n (%) 28 (57.1)

Symptoms, 1 (%) Edema 40/48 (83.3)
Recurrent diarrhea 20/48 (41.7)
Abdominal effusion 13/48 (27.1)
Pleural effusion 10/48 (20.8)
Abdominal pain 9/48 (18.8)

Laboratory findings, 1 (%) Hypogammaglobulinemia 35/48 (72.9)
Hypoalbuminemia 35/48 (72.9)
Lymphocytopenia 30/48 (62.5)
Hypoproteinemia 26/48 (54.2)
Hypocalcemia 12/48 (25.0)
al-antitrypsin (stool) 10/48 (20.8)

CT-scan, 1 (%) Normal 8/27 (29.6)
Thickened wall of small bowel 11/27 (40.7)

Diagnosis possible, 1 (%) Gastro-duodenoscopy 21/35 (60.0)
Tleo-colonoscopy 5/21 (23.8)
Enteroscopy 13/13 (100)

Diagnosis established after the 18" birthday.
2All patients (100%) in which al-antitrypsin levels or al-antitrypsin clearance was measured in stool samples reported elevated results. CT: Computerized

tomography.
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lymphocytopenia and hypogammaglobulinemia could be present. This was reported
in our patient, 2 case reports of adult patients with additional 2 patients suffering from
cryptococcal meningitis at initial presentation, and 3 case reports of childrent. This
humoral and cellular immunodeficiency is assumed to be due to a lymphatic loss of B-
and T- lymphocytes. Interestingly, 4 patients in the literature report an extensive
presence of warts, probably representing the end-stage of acquired immunodeficiency.

Notably, fecal al-antitrypsin levels or al-antitrypsin-clearance seem to be a good
indicator for the presence of PLE/PIL in these patients with positive results in all
patients who reported on this feature (10/48, 20.8%). Since al-antitrypsin is resistant
to degradation by digestive enzymes, it indicates the presence of blood proteins in the
intestinal tract™l,

Because of persistently diminished IgG and IgA, an abdominal/ pelvic CT scan was
performed to rule out lymphoma or thymoma in our patient. This incidentally
revealed a thickened wall in the jejunum and ileum with enlarged lymph nodes.
Interestingly - when looking into the literature - 11/27 of patients (40.7%) undergoing
a CT scan reported abnormalities in the small bowel wall while 8/27 (29.6%) had a
completely normal result. However, other imaging modalities such as
lymphangioscintigraphy or technetium-labeled human serum albumin (99TmTc-HSA)
scintigraphy might be of higher accuracy pointing towards the diagnosis of PIL,
demonstrating abnormal lymphatic, or protein leakage.

When comparing endoscopic findings in these patients, 21/35 (60.0%)
gastroduodenoscopies performed in symptomatic PIL patients revealed an endoscopic
view suggestive for PIL with “snowflake appearance” of the duodenal mucosa
indicating lymphatic dilations while in 2 patients the diagnosis could be made
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histologically despite normal macroscopic appearance. On the contrary,
ileocolonoscopy was inferior with only 5/21 (23.8%) showing characteristic features in
the terminal ileum that led to the diagnosis. However, it has to be mentioned that
considering the improvement in technology, this rate might be underestimated due to
the large number of studies performed > 10 years ago. Enteroscopy, which was
performed in 14 patients including our patient to establish the diagnosis, is highly
sensitive and should be regarded as the gold-standard for diagnosis. Video capsule
endoscopy could be used to help with diagnosis, being similarly sensitive to detect
lymphedema in the small bowel.

In our case, although a gastroduodenoscopy was performed showing an endoscopic
snowflake appearance of the duodenal mucosa indicating lymphatic dilations, the
histological report was normal. To our opinion, two possible explanations exist for this
phenomenon: On the one hand, the dilated lymphatic endothelial cells can be
distributed in different locations in the intestine to a different extent, hence the
histology specimens might not show dilated lymphatic endothelial cells despite
endoscopic and macroscopic appearance. On the other hand, the lack of experience of
pathologists with this entity could result in an insufficient evaluation of the
histological specimens and delay of diagnosis, as this was the case in our patient.

Lifelong adherence to a diet rich in protein with substitution of MCT remains the
cornerstone in the therapy of PIL. Because MCTs are directly absorbed into the portal
venous system bypassing the lymphatic system, they can be used to overcome chronic
malnutrition. The need for dietary control in people appears to be permanent because
clinical and biochemical findings seem to reappear after low-fat dietary withdrawal.
16/26 patients (61.5%) receiving MCT alone reported significant improvement in
symptoms while 2 patients reported only moderate improvement. Octreotide can be
regarded as the preferred treatment in patients in whom dietary changes fail to
achieve significant improvement. Octreotide is a long-acting somatostatin analogue
that suppresses gastrointestinal motility and hormone secretion in the pituitary gland,
pancreas, and intestine. Although the mechanism of action of octreotide in
diminishing protein loss through the gastrointestinal tract is unclear, theorized
mechanisms of octreotide’s action in PIL include decreased intestinal fat absorption,
inhibition of gastrointestinal vasoactive peptides, and stimulation of the autonomic
nervous system . Octreotide is usually given at doses of 150-200 pg subcutaneously
twice daily!""l. From all 29 cases that reported efficacy of therapy, octreotide was added
to MCT in 6 patients and started as initial treatment in one patient, with 2 patients
having an insufficient response and 2 patients report in recurrence of symptoms after
discontinuation of octreotide with otherwise good response. Other medical therapeutic
options include propranolol, which is thought to downregulate the RAF mitogen-
activated protein kinase signaling pathway with reduced expression of VEGF, and
everolimus, which is an mTOR inhibitor. mTOR is a serine/threonine kinase,
representing a key enzyme for numerous cellular processes including angiogenesis
and cell growth. Ozeki et all) found significant mTOR expression in tissues affected by
PIL and applied everolimus (1.6 mg/m?/day) as a treatment of PIL improving
diarrhea and hypoproteinemia. However, no case report on an adult patient with PIL
exists using these two substances. Surgical resection seems to be the last option both
for diagnosis and therapy of PIL. In 6/49 patients, diagnosis of PIL was established
after surgical resection, however in most cases without performing an enteroscopy
before. All 7 patients that reported surgical resection as the form of treatment -
sometimes after the failure of conservative therapy - described improvement of the
clinical condition after surgery. However, long-term follow-up does not exist in these
patients.

Nevertheless, long-term follow-up is needed since lymphoma have been described
as long-term complications in patients with PIL. Laharie ef al'"’) reported on 12 cases of
lymphoma after PIL, which was adopted for the present case report and completed by
literature review of additional cases until 20201, So far, 13 cases have been published
with lymphoma occurring after a median of 14 years (range: 0-39) after PIL diagnosis (
Supplementary Table 2).

CONCLUSION

In conclusion, PIL can be a rare cause of PLE in adults. Unspecific symptoms and a
wide range of clinical manifestations can significantly hamper establishing the definite
diagnosis, leading to a “diagnostic roller coaster” for the individual patient. Despite
good treatment options, low recognition of this entity leads to significant morbidity in
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these patients. Following review of published case reports, we present a practical
overview of symptoms, laboratory findings, the accuracy of diagnostic modalities, and
a potential treatment approach to facilitate diagnosis, and management of these
patients. Finally, we highlight the striking collinearity with female hormone status in
our patient, presenting a potential area of future research (Figure 4).
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Figure 4 Proposed algorithm for diagnosis and therapy of primary intestinal lymphangiectasia in adults. 'Including intubation of the terminal
ileum. 20ther secondary causes include: Retroperitoneal fibrosis following radio-/chemotherapy, sarcoidosis, intestinal tuberculosis, systemic sclerosis, human
immunodeficiency virus-related enteropathy, Fontan-surgery.
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