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Abstract

Non-alcoholic fatty liver disease (NAFLD) is characterized by symptoms of
excessive fat accumulation and steatosis in the liver without alcohol intake in
patients. The associated pathogenic mechanism is not completely understood and
there are no specific drugs for patients with NAFLD. Exercise and diet adherence
are the best options for the management of NAFLD patients. Questionnaire
associated analysis models of adherence to these interventions are used to assess
their effectiveness in the management of NAFLD patients using specificity,
sensitivity, and so on. Studies have indicated that the relative ratio of NAFLD can
be reduced by physical activity with diet control. In the future, the pathogenesis
of NAFLD should be clarified with stratified efforts to develop appropriate drugs,
and both exercise and diet adherence should be optimized using better questi-
onnaire design and evaluation models for patients with NAFLD.

Key Words: Exercise and diet adherence; Non-alcoholic fatty liver disease; Delphi; Medi-
terranean diet; Physical lifestyle

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: It is essential to reverse pathogenic syndromes before fibrosis occurs in
patients with non-alcoholic fatty liver disease (NAFLD). Early diagnosis and appro-
priate interventions are important in NAFLD patients. Exercise and diet adherence may
provide an effective treatment in patients with NAFLD.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) affects approximately one third of the adult population worldwide, and is
associated with a high risk of mortality when in combination with other serious syndromes such as cardiovascular
diseases[1]. It is important to clarify various factors including environment, microbiome, metabolism, and genetics in
predicting the progression and treatment outcome of NAFLD[2]. Obesity and insulin resistance can easily result in
metabolic syndrome and inflammation, which could initiate the chronic progression of NAFLD to cirrhosis, and even
hepatocellular carcinomal[3]. There are no specific drugs for NAFLD; therefore, it is meaningful to investigate the patho-
genesis of NAFLD in order to provide information for drug development and other interventions. Hence, Zeng et al[4]
evaluated the positive effect of exercise and diet adherence in patients with NAFLD as acceptable interventions.

The normal liver has the capacity to metabolize carbohydrates and fatty acids; however, fatty acids are commonly
supplied or eliminated under abnormal conditions which results in endoplasmic reticulum stress and hepatocyte injury
[5]. However, there is an important gap in the pathogenic mechanism between lipid metabolism symptoms and activated
inflammatory progression of NAFLD[6]. One common explanation has indicated that gut microbiota disorder could
trigger an abnormal immune microenvironment to mediate inflammatory responses in the liver in the presence of
NAFLD. The lack of knowledge on the specific mechanism initiating NAFLD is hindering the development of effective
drugs.

PATHOGENESIS OF NAFLD

NAFLD with insulin resistance has been shown to produce excessive fat accumulation and steatosis in the liver, which
are classified as non-alcoholic fatty liver and non-alcoholic steatohepatitis (NASH), two distinct pathological conditions
[7]. NAFLD is different from alcoholic liver disease which is associated with daily alcohol intake in patients. These
diseases involve several different factors including costs, low predictive parameters, and risky liver biopsy, especially in
patients aged > 50 years and those with type 2 diabetes mellitus[8]. In Figure 1, it can be seen that in hepatic steatosis, the
uptake of free fatty acids, de novo lipogenesis, and fatty acid oxidation can result in excessive lipid accumulation in the
liver. The outcomes of these metabolic syndromes in the liver can result in the export of very low-density lipoproteins
into the blood circulation and the activation of inflammatory responses. In NAFLD, compensatory fatty acid oxidation
and high lipid levels appear to damage subcellular functions of mitochondria, peroxisomes, and cytochromes, which also
adversely affect other organs[9]. Additionally, liver oxidant/antioxidant imbalance can impair mitochondrial metabolism
and possibly induce subsequent inflammation in NAFLD without a clear mechanism[10]. Despite advances in the
pathogenesis of NAFLD being incomplete, one hypothesis of multiple hits is considered to explain the multiple insults in
the development of NAFLD[11].

Circulating fatty acids

Lipogenesis Very low density

lipoproteins export

Fatty acids oxidation Inflammation

Figure 1 Dysregulation of liver function in non-alcoholic fatty liver disease.

EXERCISE AND DIET ADHERENCE IN NAFLD

Modifications of both physical activity and cognitive behavior were found to be beneficial in assisting patients with
chronic diseases to overcome uncomfortable symptoms, and more than 60% of syndromes were inactive[12].
Urbanization in many Asian countries has promoted the prevalence of NAFLD due to sedentary lifestyle and overnu-
trition in around 25% of the population similar to many Western countries[13]. Zeng et al[4] reported that NAFLD
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patients needed a positive change in their lifestyle, but few patients achieve improvements in weight reduction and
persistent exercise and diet adherence. Therefore, the determination and perseverance in persistent exercise and diet
adherence are critical in patients with NAFLD and chronic complications. Besides the role of exercise in these chronic
diseases, an unhealthy diet such as excessive eating, smoking, and alcohol intake have a negative effect on life-expectancy
and all-cause mortality rates[14]. Nutrition research has demonstrated that biological constituents have synergistic and/
or antagonistic actions in human health beyond individual components[15]. An example is the Mediterranean diet which
can prevent chronic diseases and premature mortality due to the dietary pattern and lifestyle in Mediterranean countries
[16]. Clinically, many diseases including cardiovascular and neurodegenerative diseases and cancer have been associated
with increasing age[16,17]. Similar to emerging non-communicative diseases, NAFLD commonly appears in diverse age
groups especially in adults.

Although the accurate pathogenesis and standard treatment of NAFLD are not yet available, associated factors such as
an unhealthy lifestyle is considered to elevate liver lipogenesis and microenvironment dysfunction. Hence, both the
American Association for the Study of Liver Diseases and the National Institute for Health and Care Excellence guide-
lines recommended lifestyle modifications as the first choice for weight loss in patients with NAFLD[18,19]. Based on the
results of Zeng et al[4], the efficacy of both exercise and diet adherence was high but only the specificity of diet adherence
remained when compared to the control group. It is possible that diet adherence was easy to quantify and maintain, but
sustaining exercise was difficult in patients aged > 50 years. In addition, instability of the composition of unsaturated fats
could be improved by the high quantities of antioxidant compounds in foods. This study supported that complex food
compositions were more beneficial than single or purified nutrients in the diet. The Mediterranean diet is recommended
for NAFLD patients due to the presence of antioxidant compounds including polyphenols, carotenoids, fiber, and
polyunsaturated fatty acids, which should be combined with physical activity[7]. It was reported that high adherence to
the Mediterranean diet was associated with less liver damage and lower insulin resistance in patients with NAFLD[20].
Zeng et al[4] presented a similar conclusion on the effects of Mediterranean diet adherence, where exercise and diet
adherence could greatly improve the clinical syndromes of patients with NAFLD.

REDUCED RATIO ANALYSIS OF NAFLD DUE TO MANAGEMENT

The Delphi method was used to collect opinions from experts with pooled intelligence and promote individual judge-
ment on a particular field of research via a series of questionnaires[21]. In Table 1, this survey via different styles besides
online interview was widely applied to gather primary data on patients with NAFLD and was displayed by Zeng et al[4]
in their presentations[4,22-25]. The Pearson and Spearman correlation coefficients were used to analyze test-retest interval
reliability, while exercise steps and reduced calorie intake were evaluated using the areas under the receiver operating
characteristic curves. Different from these analysis methods, models of logistic, linear regression, and Cox proportional
hazard were respectively applied to examine the odds, risk, and hazard ratios of combinations between physical activity
and dietary adherence in NAFLD patients (Table 1). These ratios with confidence intervals were generally found to
decrease after exercise and diet adherence in NAFLD patients. Hence, the establishment and validation of questionnaires
with an appropriate analysis model are important for complete evaluation of the management of NAFLD patients.

Table 1 Reduced ratios of non-alcoholic fatty liver disease via exercise and diet adherence

Ref. Period Data Management Model Index

Heredia et al[22]  2017- Online interview Physical activity; dietary Multivariable logistic Odds ratio (OR) = 0.65, 95% confidence
2018 intervention regression interval (CI): 0.42-0.99; OR = 0.60, 95%CTI:

0.44-0.84

George et al[23]  2002- Questionnaire Mediterranean diet Binary logistic OR = 0.99, 95%ClI: 0.85-0.94; OR = 0.87,
2012 survey regression 95%ClI: 0.80-0.96

Bullén-Velaetal ~ 55-75 Questionnaire Mediterranean diet (high Linear regression Relative risk ratio = 0.45, 95%CI: 0.22-0.92;

[24] years survey legume) + physical activity analyses (tertiles 2, 3) Relative risk ratio = 0.48, 95%CI: 0.24-0.97

Petermann- 10.2 Questionnaire Mediterranean diet Cox proportional Hazard ratio = 0.76, 95%ClI: 0.62-0.94

Rocha et al[25] years survey hazard

The spectrum of NAFLD ranges from early steatosis to both inflammation and fibrosis in liver disease, while the stage of
NAFLD is critical in diagnosis and treatment planning. Currently, liver biopsy is the standard method for diagnosis, but
this is invasive and expensive for patients with NAFLD. It was reported that serum markers and a scoring system have
been identified for determination of NAFLD and NASH][26]. Therefore, the investigation of novel serum markers should
be encouraged via multi-omics techniques for the diagnosis of NAFLD.

Lifestyle modification involving diet and exercise is the first choice in the management of NAFLD patients. Question-
naires can be optimized by stratifying and subgrouping according to the diverse characteristics of patients with NAFLD
in the clinic. In addition to these efforts, there are several drugs for both diabetes and obesity, and antioxidants such as
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vitamin E, pioglitazone, and metformin that could be used to prevent the progression of steatosis and fibrosis may be
beneficial in patients with NAFLD[27,28]. Also, several signaling molecules are considered to be involved in the pro-
gression of NAFLD by mediating lipid and sugar metabolism. One example is the transforming growth factor-beta 1
signaling pathway, which was found to be associated with the pathogenic progression of NAFLD[26,29]. Hence,
molecules associated with signaling pathways are potentially important candidates in the diagnosis and treatment of
NAFLD in the future.

CONCLUSION

The pathogenesis of NAFLD from early steatosis to fibrosis is critical for treatment of the disease, but has not yet been
completely elucidated. As the underlying mechanism of NAFLD is incompletely understood, this has resulted in a lack of
appropriate drug treatment. Exercise and diet adherence have become an effective lifestyle modification and will
hopefully improve the optimization of NAFLD treatment.
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Abstract

Achalasia can significantly impair the quality of life. The clinical presentation
typically includes dysphagia to both solids and liquids, chest pain, and regur-
gitation. Diagnosis can be delayed in patients with atypical presentations, and
they might receive a wrong diagnosis, such as gastroesophageal reflux disease
(GERD), owing to overlapping symptoms of both disorders. Although the cause
of achalasia is poorly understood, its impact on the motility of the esophagus and
gastroesophageal junction is well established. Several treatment modalities have
been utilized, with the most common being surgical Heller myotomy with conco-
mitant fundoplication and pneumatic balloon dilatation. Recently, peroral
endoscopic myotomy (POEM) has gained popularity as an effective treatment for
achalasia, despite a relatively high incidence of GERD occurring after treatment
compared to other modalities. The magnitude of post-POEM GERD depends on
its definition and is influenced by patient and procedure-related factors. The long-
term sequelae of post-POEM GERD are yet to be determined, but it appears to
have a benign course and is usually manageable with clinically available
modalities. Identifying risk factors for post-POEM GERD and modifying the
POEM procedure in selected patients may improve the overall success of this
technique.

Key Words: Achalasia; Per-oral endoscopic myotomy; Gastroesophageal reflux; Pneumatic
dilatation; Heller myotomy; Proton pump inhibitor; Acidic fermentation
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Core Tip: Peroral endoscopic myotomy (POEM) is a valuable treatment for achalasia, although the occurrence of gastroeso-
phageal reflux disease (GERD) following this procedure is a major concern among patients and caregivers. In this editorial,
we will address the true meaning of acidic reflux after POEM, discuss the factors that need to be taken into account to
prevent post-POEM GERD, and outline the treatment options available when it occurs.
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INTRODUCTION

Achalasia is a rare esophageal motility disorder, with a reported incidence of approximately 1 per 100000 persons per
year. The clinical presentation typically includes dysphagia to both solids and liquids, chest pain, and regurgitation.
Diagnosis may also be delayed or mistaken as gastroesophageal reflux disease (GERD) owing to atypical presentations or
overlapping symptoms.

DIAGNOSIS AND TREATMENT

The etiology of achalasia is still unknown, but the pathophysiology is characterized by impaired lower esophageal
sphincter relaxation with concomitant peristalsis dysfunction in the esophageal smooth muscles. The diagnosis involves
careful consideration of the clinical scenario, together with the results of esophagogastroduodenoscopy, contrast
esophagogram, and high-resolution manometry (HRM). The gold standard for diagnosing achalasia is HRM, as it allows
an objective and reproducible measurement of dynamic esophageal pressure over time and space. This technique also
enables the subcategorization of patients with achalasia into different subtypes according to the Chicago Classification
4.0.

Functional lumen imaging probe (FLIP or endoFLIP) is a high-resolution impedance system that measures esophageal
distensibility and has a good correlation with HRM. FLIP is performed during sedated esophagogastroduodenoscopy. It
has the advantage of aiding diagnosis in patients intolerant of HRM and providing immediate feedback on the effect-
iveness of treatment.

Treatment goals for achalasia center on the main pathophysiological issue: impaired relaxation of the lower esophageal
sphincter. Pharmacological treatment options have proven to be ineffective, except for endoscopic botulinum toxin
injections at the lower esophageal sphincter, which have only short-lived effectiveness. The classic treatment for achalasia
has been either pneumatic dilatation of the esophagus or Heller myotomy performed surgically, usually with conco-
mitant creation of a gastric fundoplication[1-4].

In 2010, Inoue and Kudo[5] published their experience with 43 achalasia patients treated with peroral endoscopic
myotomy (POEM). Since then, this approach has gained popularity as a treatment modality for achalasia patients. POEM
is performed under endoscopic guidance by creating a submucosal tunnel in the esophagus and stomach cardia and
selectively dissecting the muscle fibers in that tunnel. While POEM is considered an effective and safe procedure, the
development of post-POEM GERD remains a challenge. In surgical myotomy, the anti-reflux mechanism is partially
restored by creating a fundoplication, but this is not the case in the classical POEM procedure.

POST-POEM GERD

Nabi et al[1] have comprehensively reviewed the clinical significance and approach to post-POEM GERD. The first
question addressed is how to define post-POEM GERD. Should we rely on patient-reported symptoms, objectively look
for esophagitis and measure esophageal exposure to acid, or perhaps combine all of the above outcomes?

A significant number of post-POEM patients show evidence of esophageal acid exposure, but most remain
asymptomatic. Moreover, even in patients with proven esophageal acid exposure, the incidence of severe esophagitis is
relatively low[6,7]. Dewitt et al[8] recently described a cohort of 149 patients who underwent POEM and were followed
up after at least 6 months with pH-metry. They found that a positive reflux symptom association was as low as 17.1%-
20.9% in symptomatic patients. Karyampudi et al[9] compared 50 patients with post-POEM GERD to those with non-
achalasia-related GERD and found a positive reflux symptom association in only 6% of post-POEM GERD patients
compared to 56% in the control group. It is also important to note that the documentation of an acidic environment in the
post-POEM esophagus can be related to acidic fermentation secondary to motility disturbances and food stasis and not to
actual acid reflux from the stomach. The incidence of actual acid reflux is significantly less evident when we examine the
acid exposure pattern in these patients[10,11].
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The second question that arises is regarding the clinical significance of post-POEM GERD besides the patients’
symptoms. Given that POEM is a relatively new procedure, the available data are limited, and yet, it appears that the
development of GERD-related complications, such as Barrett’s esophagus and peptic strictures, is infrequent. It is
estimated that even these uncommon complications can be avoided with readily available drugs such as proton pump
inhibitors and, possibly, potassium-competitive acid blockers[6,12].

Shiwaku et al[13] found a 7.5% incidence of severe reflux esophagitis in a cohort of 2905 patients who underwent
POEM. They found an association between the development of severe reflux esophagitis and older age (> 65 years),
previous achalasia treatments, an Eckardt score > 7, sigmoid-type achalasia, and long (> 10 cm) myotomy. Another
retrospective study involving 183 post-POEM patients reported an incidence of severe GERD in 19.5% of patients[14]. A
recent systematic review and meta-analysis of 11 studies, including 2342 post-POEM patients with a median follow-up of
48 months, reported only 3 cases of significant reflux-related consequences, such as Barrett’s esophagus and peptic
stricture[15].

The third question is whether we can predict which patients are prone to develop post-POEM GERD, and, if so,
whether we can offer them any preventive measures. Nabi et al[1] address several risk factors in their review, such as
obesity, female sex, and the presence of a hiatal hernia. In addition, they discuss several technical aspects of the procedure
that might mitigate the risk of post-POEM GERD, such as limiting the length of the gastric myotomy, preserving the sling
fibers during myotomy, and even combining the creation of a gastric fundoplication during the POEM procedure via the
natural orifice transluminal endoscopic surgery approach, which appears to be safe and effective in experienced hands,
although its generalizability is yet to be determined[16-18].

The fourth and last question is how easily we can treat patients with post-POEM GERD. It appears that the primary
treatment regimen is similar to that for any other GERD patients, involving proton pump inhibitors. This well-known
class of drugs seems to work well in post-POEM GERD patients. Other more instrumental methods to treat GERD are
also effective and available. A recent review of eight studies including 3568 patients found that treatment using proton
pump inhibitors is effective and leads to complete resolution of symptoms in most post-POEM patients dealing with
GERD[19].

CONCLUSION

POEM is an effective treatment for achalasia patients, but GERD remains an important side effect of this procedure.
Defining the true incidence and impact of GERD in post-POEM patients can be challenging. However, by identifying
specific risk factors in our patients and refining the POEM procedure accordingly, we can make the road to success in
treating achalasia a little smoother.
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Abstract

BACKGROUND
Early diagnosis is key to prevent bowel damage in inflammatory bowel disease (IBD). Risk factor analyses linked
with delayed diagnosis in European IBD patients are scarce and no data in German IBD patients exists.

AIM
To identify risk factors leading to prolonged diagnostic time in a German IBD cohort.

METHODS

Between 2012 and 2022, 430 IBD patients from four Berlin hospitals were enrolled in a prospective study and asked
to complete a 16-item questionnaire to determine features of the path leading to IBD diagnosis. Total diagnostic
time was defined as the time from symptom onset to consulting a physician (patient waiting time) and from first
consultation to IBD diagnosis (physician diagnostic time). Univariate and multivariate analyses were performed to
identify risk factors for each time period.

RESULTS

The total diagnostic time was significantly longer in Crohn’s disease (CD) compared to ulcerative colitis (UC)
patients (12.0 vs 4.0 mo; P < 0.001), mainly due to increased physician diagnostic time (5.5 vs 1.0 mo; P < 0.001). In a
multivariate analysis, the predominant symptoms diarrhea (P = 0.012) and skin lesions (P = 0.028) as well as
performed gastroscopy (P = 0.042) were associated with longer physician diagnostic time in CD patients. In UC,
fever was correlated (P = 0.020) with shorter physician diagnostic time, while fatigue (P = 0.011) and positive
family history (P = 0.046) were correlated with longer physician diagnostic time.

CONCLUSION
We demonstrated that CD patients compared to UC are at risk of long diagnostic delay. Future efforts should focus
on shortening the diagnostic delay for a better outcome in these patients.

Key Words: Diagnostic time; Diagnostic delay; Crohn’s disease; Ulcerative colitis; Germany
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Core tip: Early diagnosis is key to reducing complications and improving response to medical therapy. This prospective
questionnaire-based study aimed to identify risk factors impairing diagnostic time. We demonstrated that diagnostic delay
was significantly longer in Crohn’s disease than in ulcerative colitis and was mainly physician dependent. The multivariate
analysis showed that disease-specific symptoms and rapidly available diagnostic tools resulted in reduction of physician
diagnostic time.
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INTRODUCTION

Crohn'’s disease (CD) and ulcerative colitis (UC) are the most common forms of inflammatory bowel disease (IBD). IBD is
defined as destructive inflammatory disorder of the gastrointestinal tract resulting in chronic relapsing-remitting disease
courses. IBD manifests primarily in the intestine but may also have extraintestinal manifestation (EIM). IBD has been
shown to be associated with various autoimmune diseases that impact other organs or systems|[1,2]. Due to its hetero-
geneous, nonspecific clinical presentation, and poor diagnostic precision of existing biomarker tests, diagnosis of IBD can
be challenging and often results in a prolonged time from symptom onset to an established and correct diagnosis[3,4].
The median delay in diagnosis ranges from 5.0 to 9.5 months for CD and 3.1 to 4.0 months for UC, likely due to different
medical standards and regional differences in disease behavior[4-7].

However, prompt diagnosis and treatment of these patients is critical. Recently published studies showed that early
therapeutic intervention reduced the need for surgery, as well as severe disease progression with complications[5,8].
Early intensive treatment has been associated with improved responses to immunomodulators or targeted biologic
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therapy[9]. Diagnostic delay affects patients' quality of life and the burden on the healthcare system[10]. Therefore,
awareness of risk factors for delayed diagnosis in IBD patients is imperative.

It is noteworthy that most of the studies have evaluated the total diagnostic delay, whereas studies that systematically
evaluate the time patients spend before consulting a physician as well as the time the physician takes to establish an IBD
diagnosis separately are scarce[4,11]. Most of the studies were performed in countries with different medical provider
systems and hence lack generalizability. Results from Central Europe are lacking [4,6,8,11,12]. Considering the east-west
gradient in the incidence of IBD, more research is required on this clinical problem[13]. Therefore, we aimed to compre-
hensively assess risk factors for delayed diagnosis in a German IBD cohort to enhance our management of IBD patients.

MATERIALS AND METHODS

Study design
From May 2012 to May 2022, 513 patients with IBD were enrolled in this descriptive cross-sectional, questionnaire-based
evaluation study at the IBD outpatient clinic.

The patients were recruited at the three hospital sites at the Charité-Universitdtsmedizin Berlin (42.3% at Charité-
Campus Mitte, 28.4% at Charité-Virchow Klinikum, 26.0% at Charité-Benjamin Franklin) and at Krankenhaus Waldfriede
Berlin-Zehlendorf (18%). We included adult patients (no upper age limit) with confirmed CD or UC diagnosis for at least
6 months with completed questionaries and excluded patients who were unable to consent due to mental incapacity or
language barriers as well as the diagnosis of indeterminate colitis. Study participants were interviewed once after written
informed consent was obtained. A total of 430 patients were enrolled in the study. Fifty-four patients did not complete
the questionnaire, 15 were excluded because of a diagnosis of indeterminate colitis, three were excluded because of a
diagnosis of irritable bowel syndrome (IBS), four did not sign the informed consent form correctly, and sevens were ex-
cluded because of duplicate entries. A total of 430 (83.3%) adult patients were analyzed for this study.

The study was approved by the local ethics committee (EA2/170/11) and was conducted in accordance with the ethical
standards of the Declaration of Helsinki of 1964 and its latest revision of 2013. The study protocol is also compliant with
the STROBE criteria[14].

Questionnaire

The administered questionnaire contained 16 questions that investigated demographic and disease-specific factors, which
may directly or indirectly play a role for the delay of diagnosis. In addition to patient age and gender, urban or rural
residence, medical history (predominant symptoms and general symptoms at diagnosis), severity of symptoms, location
of disease, method of IBD diagnosis, and whether the patient had affected family members or had ever heard of IBD,
were recorded. EIMs were defined as the presence of ankylosing spondylitis, aphthous stomatitis, erythema nodosum,
peripheral arthritis, primary sclerosing cholangitis, psoriasis, pyoderma gangrenosum, or uveitis. Medication was
categorized as basic (rectal treatment, mesalazine, budesonide) or advanced (cortisone, azathioprine, methotrexate,
infliximab, adalimumab).

Three different time intervals were assessed in patient questionnaires (Figure 1). Patient waiting time was defined as
time from onset of symptoms to first physician contact. Physician time to diagnosis was defined as time from first phy-
sician contact to the diagnosis of IBD. Total diagnostic time was the sum of both time periods and was defined as the time
from IBD symptom onset to diagnosis.

Statistical analysis

Statistical analysis was performed using SPSS Statistics 22 (SPSS Inc., Chicago, IL, USA). Figures were created using
Prism 6 software (GraphPad Software, La Jolla, CA, USA). We used the Kolmogorov-Smirnoff test to determine the
distribution of our data. Continuous variables were presented as median and interquartile range (IQR), differences were
compared by the Kruskal-Wallis test or Mann-Whitney U test. Categorical data were expressed in the form of numbers
and percentages and were compared by the y? test. Univariate analysis of the different clinically relevant factors
associated with diagnostic time was performed using the Kaplan-Meier survival method and the differences were
compared using the log-rank test. We also presented hazard ratios (HR) for the univariate analysis. HRs exceeding unity
(HR > 1) represented a better chance for early diagnosis. All variables with a P < 0.1 in univariate analysis were further
used for multivariate analyses using Cox’s proportional hazard model in a backward stepwise manner. P < 0.05 was
considered statistically significant.

RESULTS

Patient characteristics

Patient characteristics for IBD are summarized in Table 1. We analyzed 223 patients with CD and 207 with UC. Patients
were mainly female (54.4%) with a median age at diagnosis of 26 (20-25) years for CD and 28 (21-39) years for UC. The
most common reported symptoms were diarrhea in CD (43.5%) and UC (48.8%), followed by abdominal pain in CD
(33.2%) and blood in the stool in UC (33.8%). The predominant site of disease at the time of diagnosis was the terminal
ileum in CD (68.6%) and the colon in UC (74.4%). Most UC and CD patients were diagnosed based on colonoscopy (78.5
v5 96.1%; P < 0.001) compared with computed tomography (3.1 vs 0.5%; P = 0.037) or magnetic resonance imaging (2.2 vs
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Table 1 Patient characteristics, n (%)

Parameter CD (n=223) UC (n=207) P value
Sex, M/F 95/128 101/106 0.198
Age at enrolment (yr) 40 (30-50) 41 (32-52) 0.509
Age at diagnosis (yr) 26 (20-35) 28 (21-39) 0.565
Residence at diagnosis 0.554
Village 12 (5.4) 14 (6.8) 0.537
Small-town 18 (8.1) 18 (8.7) 0.801
Medium-sized town 24 (10.8) 14 (6.8) 0.149
Large city 165 (74.0) 152 (73.9) 0.977
Abroad 1(0.4) 5(2.4) 0.081
Patient waiting time (mo) 2.0 (0.5-6.0) 1.0 (0.5-4.0) 0.051
Physician time to diagnosis (mo) 5.5 (0.75-23.5) 1.0 (0-5.0) <0.001
Total diagnostic time (mo) 12.0 (6.0-24.0) 4.0 (1.5-12.0) <0.001
Predominant symptom
Diarrhea 97 (43.5) 101 (48.8) 0.239
Constipation 1(0.4) 1(0.5) 0.954
Abdominal pain 74 (33.2) 16 (7.7) <0.001
Heartburn 1(04) 0(0) 0.336
Bloating 0(0) 3(1.4) 0.070
Blood in stool 11 (4.9) 70 (33.8) <0.001
Nausea/vomiting 9 (4.0) 0(0) 0.004
Skin 1(0.4) 1(0.5) 0.954
Joint pain 4(1.8) 0(0) 0.054
Fistula 5(2.2) 0(0) 0.031
Weight loss 1(0.4) 0(0) 0.336
Fever 1(0.4) 1(0.5) 0.954
Fatigue 5(2.2) 5(24) 0.897
Other symptoms 8 (3.6) 3(1.4) 0.164
Location
Upper GI 19 (8.5) 2 (1.0 <0.001
Small bowel 73 (32.7) 16 (7.7) <0.001
Terminal ileum 153 (68.6) 21 (10.1) <0.001
Colon 101 (45.3) 154 (74.4) <0.001
Rectum 49 (22.0) 111 (53.6) <0.001
Severity
Very mild 7(3.1) 9(4.3) 0.519
Mild 11 (4.9) 23 (11.1) 0.019
Moderate 38 (17.0) 55 (26.6) 0.018
Strong 88 (39.5) 69 (33.3) 0.187
Very strong 75 (33.6) 49 (23.7) 0.023
Physician
Gastroenterologist 85 (38.1) 97 (46.9) 0.066
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Hospital 104 (46.6) 73 (35.3) 0.017
General practitioner 18 (8.1) 19 (9.2) 0.682
Expert in IBD 9 (4.0) 943) 0.871
Another consultant 4(1.8) 8(3.9) 0.187
Others 2(0.9) 2(0.9) 0.172

Diagnostic tests

Colonoscopy 175 (78.5) 199 (96.1) <0.001
Gastroscopy 5(2.2) 1(0.5) 0.111
Sonography 4(1.8) 1(0.5) 0.193
Computed tomography 7 (3.1) 1(0.5) 0.037
Magnetic resonance imaging 5(2.2) 1(0.5) 0.028
Diagnosis change 23 (10.3) 35 (16.9) 0.070
Positive family history 35 (15.7) 35 (16.9) 0.808
Parents 13 (37.1) 10 (28.6) 0.445
Siblings 12 (5.4) 8(22.9) 0.290
Aunt/uncle 2(0.9) 8(22.9) 0.040
Grandparents 4 (1.8) 9(25.7) 0.124
Knowledge of IBD 49 (22.0) 39 (18.8) 0.437
Affected person 27 (55.1) 20 (51.3) 0.721
Media 10 (20.4) 7 (17.9) 0.772
Internet 8 (16.3) 6 (15.4) 0.904
Profession 6(12.2) 9(23.1) 0.179
Medication
Mesalazine 149 (66.8) 180 (87.0) <0.001
Budesonide 68 (30.5) 24 (11.6) <0.001
Cortisone 54 (24.2) 115 (55.6) <0.001
Azathioprine 2(0.9) 29 (14.0) 0.007
Methotrexate 7 (3.1) 1(0.5) 0.607
Infliximab 7(3.1) 5(2.4) 0.649
Adalimumab 17 (7.6) 1(05) 0.042
Local treatment 13 (5.8) 64 (30.9) <0.001

CD: Crohn'’s disease; IBD: Inflammatory bowel disease; UC: Ulcerative colitis; GI: Gastrointestinal tract.

0.5 %; P = 0.028). The CD diagnosis was mainly made in hospital (46.6% CD vs 35.5% UC). UC diagnosis was predom-
inantly made by private practice gastroenterologists (38.1% CD vs 46.9% UC). The CD patients reported more severe
symptoms compared with UC patients (33.6% CD vs 23.7% UC; P = 0.023) and had more EIMs (26.0% CD vs 12.1% UC; P
<0.001).

Diagnostic time

Total diagnostic time was longer for CD (12.0 months; IQR 6.0-24.0) than UC (4.0 months; IQR 1.5-12.0; P < 0.001). While
the patient waiting time was comparable between CD and UC (2.0 months; IQR 0.5-6.0) vs 1.0 month; IQR 0.5-4.0; P =
0.051), the physician diagnostic time was longer in CD patients (5.5 months; IQR 0.75-23.5) than UC patients (1.0 month;
IQR 0-5.0; P < 0.001). Time to event analysis for all three intervals for CD and UC, separately, are depicted as Kap-
lan-Meier curves (Figure 2).

cD

Patient waiting time: In the univariate analysis, patient waiting time was shorter with female sex (P = 0.089), living
abroad (P = 0.020), the predominant symptoms of abdominal pain (P = 0.038), fistula (P = 0.032), nausea/vomiting (P =
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First symptoms First physician contact Establishment of diagnosis

—

Patient waiting time Physician time to diagnosis

Total diagnostic time

Figure 1 Diagnostic time intervals. Based on the patients' questionnaires, three relevant time intervals were calculated: (1) patient waiting time [interval from

the first inflammatory bowel disease (IBD) symptoms till consulting a physician]; (2) physician diagnostic time (interval from first physician contact to IBD diagnosis);
and (3) total diagnostic time (interval from the first IBD symptoms till establishment of IBD diagnosis).
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Figure 2 Diagnostic time in Crohn’s disease versus ulcerative colitis patients. A: Patient waiting time almost equals in Crohn’s disease (CD) and

ulcerative colitis patients; B: Significantly prolonged physician diagnostic time in CD patients; C: Significantly prolonged total diagnostic time in these patients. CD:
Crohn’s disease; UC: Ulcerative colitis.

0.075), strong disease severity (P = 0.023), and positive family history of IBD (P = 0.005). Longer patient waiting time was
associated with blood in stool (P = 0.069) and diarrhea (P < 0.001). The clinical factors influencing patient waiting time in
CD are summarized in Table 2.

Multivariate analysis determined the predominant symptoms of abdominal pain (HR 1.428; P = 0.018), fistula (HR =

2.841; P = 0.027) and positive family history (HR = 1.734; P = 0.004) were associated with shorter patient waiting time
(Table 3).

Physician diagnostic time: Univariate analysis of physician diagnostic time revealed that the predominant symptoms of
diarrhea (P = 0.003), skin lesions (P = 0.044), joint pain (P = 0.066), and weight loss (P = 0.044), as well as the common
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Table 2 Univariate analysis

Parameter Patient waiting time Physician diagnostic time
HR P value HR P value
Sex, female vs male CD 1.235 0.089 0.852 0.222
uc 0.954 0.714 0.897 0.407
Age, <40 vs > 40 yr CD 1.071 0.654 1.176 0.329
ucC 1.407 0.031 1.109 0.508
Year of diagnosis, < 2000 vs > 2000 CcD 1.081 0.520 0.975 0.846
uc 0.947 0.666 0.976 0.856

Predominant symptom

Diarrhea, yes vs no CD 0.826 0.116 1.484 0.003
ucC 1.141 0.305 1.065 0.640
Constipation, yes vs no CD 2.045 0.440 1.835 0.517
ucC 1.011 0.991 0.882 0.893
Abdominal pain, yes vs no CD 1.307 0.038 0.834 0.191
uc 1.09 0.701 0.708 0.167
Heartburn, yes vs no CD 0.975 0.979 0.826 0.844
Bloating, yes vs no ucC 0.218 0.010 0.789 0.664
Blood in stool, yes vs no CD 0.609 0.069 1.272 0.419
ucC 1.014 0.916 0.999 0.993
Nausea/vomiting, yes vs no CD 1.216 0.520 0.675 0.233
Skin, yes vs no CD 1.164 0.872 5.178 0.044
ucC 0.295 0.138 3.637 0.108
Joint pain, yes vs no CD 0.844 0.703 0.323 0.039
Fistula, yes vs no CD 2.450 0.032 0.656 0.334
Weight loss, yes vs no CD 0.387 0.236 5.178 0.044
Fever, yes vs no CD 0.387 0.236 0.620 0.619
ucC 6.191 0.026 1.207 0.838
Fatigue, yes vs no CD 1.482 0.335 1.452 0.390
ucC 1.652 0.225 1.937 0.101
Symptoms
Diarrhea, yes vs no CD 0.590 <0.001 0.947 0.732
uc 1.331 0.068 1.028 0.867
Constipation, yes vs no CD 1.103 0.644 0.747 0.209
uc 1.031 0.921 0.808 0.513
Abdominal pain, yes vs no CD 0.988 0.934 0.963 0.812
ucC 1.018 0.889 0.952 0.708
Heartburn, yes vs no CD 0.988 0.947 0.735 0.110
ucC 0.697 0.140 1.014 0.955
Bloating, yes vs no CD 0.827 0.150 0.842 0.235
ucC 0.814 0.132 0.960 0.770
Blood in stool, yes vs no CD 0.932 0.572 0.889 0.393
ucC 0.970 0.856 0.913 0.586
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Nausea/vomiting, yes vs no CD 1.264 0.075 1.082 0.574
ucC 1.210 0.334 0.966 0.864
Skin, yes vs no CD 0.801 0.261 0.628 0.036
uc 0.663 0.157 0.947 0.859
Joint pain, yes vs no CD 0.882 0.403 0.733 0.066
uc 0.780 0.309 0.836 0.478
Fistula, yes vs no CD 1.280 0.231 0.937 0.770
uc 0.694 0.421 0.766 0.574
Weight loss, yes vs no CD 1.019 0.875 0.900 0.416
ucC 1.400 0.016 0.893 0.429
Fever, yes vs no CD 1.196 0.239 1.142 0.420
ucC 1.381 0.150 1.654 0.026
Fatigue, yes vs no CD 1.094 0.457 0.959 0.746
ucC 0.961 0.757 0.767 0.045
EIM, yes vs no CD 0.902 0.450 0.784 0.104
ucC 0.745 0.129 0.913 0.651

Location
Upper GI, yes vs no CD 1.198 0.400 1.256 0.323
ucC 0.813 0.748 0.668 0.545
Small bowel, yes vs no CD 0.910 0.461 0.929 0.594
ucC 1.007 0.976 0.818 0.411
Terminal ileum, yes vs no CD 0.964 0.778 1.183 0.237
ucC 0.849 0.432 1.087 0.700
Colon, yes vs no CD 1.135 0.292 0.927 0.565
ucC 1.014 0.924 1.012 0.934
Rectum, yes vs no CD 1.075 0.616 1.043 0.791
ucC 0.864 0.251 0.907 0.457
Disease severity, strong vs mild CD 1.359 0.023 1.240 0.154
ucC 1.098 0.469 1.247 0.096
Diagnosis made in hospital, yes vs no CD 0.915 0.464 0.992 0.952
ucC 1314 0.039 1.013 0.923
Diagnosis made by gastroscopy, yesvsno  CD 1.059 0.891 2.857 0.011
uc 1.520 0.644 0.804 0.815
Family history, positive vs negative CD 1.587 0.005 1.073 0.697
ucC 0.767 0.120 0.708 0.053
Medication, strong vs mild CD 1.067 0.647 0.965 0.816
ucC 0.967 0.794 0.991 0.944

The bold binary parameter denotes to what the hazard ratio is referring to. Items with P-value < 0.1 in univariate analysis were entered into the
multivariate model. CD: Crohn’s disease; EIM: Extraintestinal manifestation; GI: Gastrointestinal tract; UC: Ulcerative colitis.

symptoms of skin lesions (P = 0.036), joint pain (P = 0.066), and performance of diagnostic gastroscopy (P = 0.011) were
linked with shorter physician diagnostic time. The univariate analysis of risk factors for physician diagnostic time are
presented in Table 2.
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Table 3 Multivariate analysis for Crohn’s disease

Parameter Patient waiting time

HR 95%Cl P value
Abdominal pain' 1.428 1.062-1.919 0.018
Fistula' 2.841 1.125-7.175 0.027
Positive family history 1.734 1.196-2.514 0.004

IPredominant symptom.
CI: Confidence interval; HR: Hazard ratio.

The predominant symptoms of diarrhea (HR = 1.438, P = 0.012), skin lesions (HR = 9.746, P = 0.028), and performance
of diagnostic gastroscopy (HR = 2.570, P = 0.042) were associated with shorter physician diagnostic time in the
multivariate analysis (Table 4).

Total diagnostic time: In patients with CD, total diagnostic time was longer with the symptom of joint pain (HR = 0.696,
P = 0.048) and shorter with performance of diagnostic gastroscopy (HR = 3.019, P = 0.018; data not shown). Location of
disease, place of residence at time of diagnosis or year of diagnosis (< 2000 vs > 2000) had no effect on the three relevant
time intervals shown in Table 2 and were therefore not included in the multivariate model.

uc
Patient waiting time: Univariate analysis of UC patients showed that age < 40 years (P = 0.031), predominant symptoms
of fever (P = 0.026), diarrhea (P = 0.068) and weight loss (P = 0.016), and diagnosis made in a hospital setting (P = 0.039)
were associated with shorter patient waiting time. The predominant symptom of bloating (P = 0.010) was associated with
longer patient waiting time.

In the multivariate analysis, the predominant symptom of bloating was associated with longer patient waiting time
(HR = 0.207; P = 0.029), whereas diarrhea was associated with shorter patient waiting time (HR = 1.463, P = 0.034)
(Table 5).

Physician diagnostic time: In UC, fever (P = 0.026), fatigue (P = 0.045), strong disease severity (P = 0.096) and negative
family history of IBD (P = 0.053) were associated with shorter physician diagnostic time (Table 2). In the multivariate
analysis, fever was associated with shorter physician diagnostic time (HR = 1.813; P = 0.020) and fatigue (HR = 0.685; P =
0.011) was associated with longer physician diagnostic time. Surprisingly, a positive family history for IBD (HR = 0.681; P
= 0.046) was also associated with longer physician diagnostic time (Table 6).

Total diagnostic time: On multivariate analysis, fever was associated with shorter total diagnostic time (HR = 0.743, P =
0.032) and the predominant symptom of fatigue with longer total diagnostic time (HR = 0.285, P = 0.007; data not shown).
Location of disease, place of residence at diagnosis, or year of diagnosis were not linked with any of the three diagnostic
intervals.

DISCUSSION

This is the first study in an adult German IBD population to evaluate diagnostic delay, which in addition provides further
focus on patient-related and physician-related risk factors. We confirmed the previous observations of markedly longer
total diagnostic time in CD patients, which in our study was shown to be mainly physician related[4,5,8]. Disease-specific
symptoms and easily available diagnostics led to a reduction in physician diagnostic time. A positive family history de-
creased patient waiting time, whereas it had no effect on the physician diagnostic time in CD patients. Positive family
history increased physician diagnostic time in UC patients. Inexplicably, no significant improvement in diagnostic time
has been observed over the last 50 years, as demonstrated by comparing diagnostic time from before and after the turn of
the millennium.

The IBD incidence has markedly increased worldwide over the last several decades[15,16]. However, regional diffe-
rences in care patterns are well described and make cross-comparisons difficult due to differences in access and uti-
lization of healthcare services, socioeconomic status, environmental factors, and varying degrees of implementation of
clinical guidelines[8,13]. Previously there were no data on diagnostic delay from a German national cohort. However,
knowledge of risk factors for diagnostic delay is crucial to reduce time to diagnosis and improve patient outcomes. Pre-
vious studies have extensively demonstrated that diagnostic delay is associated with an increased risk of IBD-related
complications and need for colorectal surgery, as well as significantly reduced quality of life and lack of response to me-
dical therapy[7,8,12,17]. However, identified risk factors may not be applicable in patients of different background and in
different healthcare systems and evaluation in a German cohort hence is critical.

In our German CD patients, the total diagnostic time was on average 12 months, which was longer in UC with only 4
months (Figure 2C). This finding is consistent with previously published data regarding diagnostic time in CD versus UC
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Table 4 Multivariate analysis of physician diagnostic time in Crohn’s disease

Parameter Physician diagnostic time

HR 95%Cl P value
Diarrhea’ 1.438 1.085-1.906 0.012
Skin lesions’ 9.746 1.273-74.609 0.028
Gastroscopy 2.570 1.037-6.371 0.042

TPredominant symptom.
CI: Confidence interval; HR: Hazard ratio.

Table 5 Multivariate analysis for ulcerative colitis

Parameter Patient waiting time

HR 95%Cl P value
Bloating’ 0.207 0.050-0.848 0.029
Diarrhea 1.463 1.030-2.079 0.034

IPredominant symptom.
CI: Confidence interval; HR: Hazard ratio.

Table 6 Multivariate analysis of physician diagnostic time in ulcerative colitis

Parameter Physician diagnostic time

HR 95%Cl P value
Fatigue 0.685 0.512-0.917 0.011
Fever 1.813 1.096-2.999 0.020
Positive family history 0.681 0.466-0.994 0.046

CI: Confidence interval; HR: Hazard ratio.

patients. Cantoro et al[18] reported a median diagnostic time of 7.1 vs 2.0 months in Italian patients, Vavricka et al[6]
reported 9 versus 4 months in Swiss patients, and Nguyen et al[5] described 9.5 versus 3.1 months in American patients.
This marked difference between CD and UC could be attributed to a higher frequency of nonspecific symptoms, such as
abdominal pain, in CD compared with UC.

Studies that systematically evaluate the reasons for diagnostic delay are scarce. In this study we also differentiated
between patient-related and physician-related causes for the delay. Of note, the diagnostic delay in CD patients was
mainly attributed to increased physician diagnostic delay (5.5 months in CD vs 1.0 month in UC). In UC patients, the
patient-related time interval was almost equal to the physician-related time interval (2.0 months vs 1.0 month). This
finding compares favorably with the previously reported data[5]. One explanation is the marked symptom variance of
patients with CD compared to patients with UC, with a large symptom overlap between IBD and functional disease
complaints. In our study, nonspecific symptoms such as abdominal pain or nausea/vomiting were increased in CD
(Table 1). CD patients were 2.2 times more likely than UC patients to have an EIM of IBD at the time of disease onset. The
effect of atypical versus typical IBD symptoms on time to diagnosis is again demonstrated by the time interval to
physician diagnosis. In our study, the presence of prolonged diarrhea and skin manifestations was independently
associated with early physician diagnosis in CD patients (Table 3). High symptom severity was linked with faster dia-
gnosis, likely due to triggering further investigation. In UC patients, fever shortened the physician's diagnostic time,
whereas the nonspecific symptom, fatigue, prolonged the diagnostic interval. Surprisingly, rectal bleeding was more
commonly reported in our UC patients but was not associated with faster diagnosis (Table 2). In our study a performance
of gastroscopy was associated with decreased physician diagnostic time in CD patients, possibly being a surrogate
marker indicating better access to diagnostic endoscopy (Table 3).

In the context of diagnostic delay in CD patients, the impact of a positive family history should also be noted. Sur-
prisingly, a positive family history was independently associated with shorter patient waiting time in CD patients, but
did not influence physician diagnostic time (Figure 3). Even when patients are aware of their genetic predisposition, the
diagnosis is not easily made by the physician. This could be attributed to lack of knowledge, delayed referral or long
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Figure 3 Diagnostic time depending on family history for inflammatory bowel disease. A: A positive family history of inflammatory bowel disease
was associated with reduced patient waiting time in Crohn’s disease (CD); B: But did not affect physician diagnostic time in CD patients; C: A positive family history
did not affect patient waiting time in ulcerative colitis (UC) patients; D: But delayed physician diagnostic time in UC patients.

waiting times for relevant diagnostic procedures. In Germany, health insurance is universal and includes all relevant
diagnostic procedures. Moreover, adults receive routine preventive medical care from a general practitioner. The time
between the primary care visit and the specialist appointment may be a crucial period to intervene and prevent disease
complications. The prevalence of general gastrointestinal complaints (5%-11%) is markedly higher compared to IBD
(0.2%) in primary care[19,20]. Functional bowel disorders like IBS often mimic early manifestations of CD, which may
delay referral to a gastroenterologist. Moon et al[11] demonstrated comparable results regarding the negative impact of
family history on time to diagnosis. However, conflicting results have been reported in the literature[12]. This incon-
sistency might be partly explained by different patient populations in different regions. In summary, the significance of
patients' symptoms and family history should not be underestimated. Our results emphasize the importance of the me-
dical history especially when IBD is suspected.

As therapies continue to advance and the incidence of IBD has steadily increased in recent years, IBD continues to gain
more attention[13]. Despite these advances, recent studies have shown no change in time to diagnosis over the past few
decades[18]. In line with these data, we discovered that the total diagnostic time in CD and UC has not changed between
1964 to 2021. It is clear, that clinicians’ lack of knowledge and patients’access to specialists including dedicated diagn-
ostics, outweighs the advancement of diagnostic modalities. This lack of change has been a persistent problem for the last
57 years with a huge impact on the quality of life of patients, and as a result, warrants further action. Knowing that early
treatment improves disease outcome, it is important to focus our awareness on this lack of rigor in the existing literature.

Firstly, we want to emphasize the importance of screening tools in primary care. Clinical routine is increasingly
determined by time constraints and expanding knowledge about rare diseases. The “Red Flags Index for Suspected CD”
by Danese et al[21] has established method of diagnostic accuracy to discriminate healthy controls from IBS and early CD.
Easily accessible tools, such as the 8-item questionnaire (CalproQuest) can help to identify potential IBD patients[20].
Questions for perianal fistula, first-degree relatives, weight loss, chronic abdominal pain (not after meals), nocturnal
diarrhea, mild fever and rectal urgency can help to screen patients for IBD, especially CD. Implementation of these sc-
reening tools in early clinical practice might be the first step to meet the requirements of a timely diagnosis in CD. In
addition, the noninvasive biomarker, fecal calprotectin, is a sensitive marker for gut inflammation and is now widely es-
tablished to distinguish between IBS and IBD[22]. However, it must be noted that calprotectin can also be elevated in
other differential diagnoses such as gastritis, polyps, diverticulitis or during the use of proton pump inhibitors.

Secondly, educational programs for general practitioners should specifically target early symptoms, signs, and charac-
teristics of IBD with difficult-to-predict courses, and diverse complications. The respective practitioner level of knowledge
about disease symptoms as well as the diagnostic workup are important factors regarding disease identification.
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Thirdly, public awareness programs and patient educational training focusing on disease heredity, empower patients
to become active participants in a patient-centered care model. Additionally, direct access to specialist appointments for
patients may also be helpful to reduce the diagnostic delay. Utilizing these tools can improve patients' quality of life, di-
sease outcome and diagnostic delay[23].

Our study had several limitations. This study focused on the course of IBD diagnosis and did not include well-known
disease-modifying factors such as smoking habits or educational level. We did not include disease-related complications,
but recognize the influence and relevance they may have on disease outcome. In our analysis we could not find a sig-
nificant correlation of the type of initial medication as a surrogate marker of disease severity and the diagnostic time
periods. However, we did not consider this to be a weakness of our study because the primary focus was on the time to
diagnosis. This study was not designed as a longitudinal study. Our study design was patient-reported questionnaire-
based, which may have led to recall bias. Our Berlin patients do not represent a population-based cohort for Germany.
Finally, our population was composed of patients from tertiary referral centers, which may have introduced relevant
selection bias.

CONCLUSION

Despite these limitations, we present in the first German adult IBD cohort that CD patients, more than UC patients, are at
risk of a long diagnostic delay, which is mainly physician dependent. Disease-specific symptoms and readily available
diagnostics resulted in a reduction in physician diagnostic time. We conclude that good interdisciplinary collaboration,
physicians” awareness, and screening tools are imperative to reduce diagnostic delay and therefore improve treatment
starting position, course of disease and patient satisfaction.
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Abstract

BACKGROUND

Helicobacter pylori (H. pylori) is a widespread microorganism related to gastric
adenocarcinoma (AC). In contrast, it has been reported that an inverse association
exists between H. pylori infection and esophageal carcinoma. The mechanisms
underlying this supposedly protective effect remain controversial.

AIM
To determine the prevalence of H. pylori infection in esophageal carcinoma
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patients, we performed a retrospective observational study of esophageal tumors diagnosed in our hospital.

METHODS
We retrospectively reviewed the prevalence of H. pylori infection in a cohort of patients diagnosed with esophageal
carcinoma. Concomitant or previous proton pump inhibitor (PPI) usage was also recorded.

RESULTS

A total of 89 patients with esophageal carcinoma (69 males, 77.5%), with a mean age of 66 years (range, 26-93 years)
were included. AC was the most frequent pathological variant (n = 47, 52.8%), followed by squamous cell
carcinoma (1 = 37, 41.6%). Fourteen ACs (29.8%) originated in the gastroesophageal junction and 33 (70.2%) in the
esophageal body. Overall, 54 patients (60.7%) presented at stages III and IV. Previous H. pylori infection occurred
only in 4 patients (4.5%), 3 with AC (6.3% of all ACs) and 1 with squamous cell carcinoma (2.7% of all squamous
cell tumors). All patients with previous H. pylori infection had stage III-IV. Only one patient had received prior
H. pylori eradication therapy, whereas 86 (96.6%) had received previous or concomitant PPI treatment.

CONCLUSION

In our cohort of patients, and after histologic evaluation of paraffin-embedded primary tumors, we found a very
low prevalence of previous H. pylori infection. We also reviewed the medical history of the patients, concluding
that the majority had received or were on PPI treatment. The minimal prevalence of H. pylori infection found in this
cohort of patients with esophageal carcinoma suggests a protective role.

Key Words: Helicobacter pylori; Eradication; Esophageal tumor; Dysbiosis; Proton pump inhibitors; Carcinogenesis;
Microbiota; Incidence
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Core Tip: Helicobacter pylori (H. pylori) is involved in gastric carcinogenesis and its eradication has become widely
accepted. However, recent studies suggest that it might have a role in maintaining homeostasis in the gastroesophageal
junction cells and may have a protective role in esophageal carcinogenesis. The absence of this microorganism might
contribute to dysbiosis and alterations in the esophageal microenvironment which might finally be involved in the onset of
esophageal tumor. We are very much concerned that the prevalence of esophageal cancer increases after the universalization
of H. pylori eradication.

Citation: Lopez-Gomez M, Morales M, Fuerte R, Mufioz M, Delgado-Lopez PD, Gémez-Cerezo JF, Casado E. Prevalence of Helico-
bacter pylori infection among patients with esophageal carcinoma. World J Gastroenterol 2024; 30(29): 3479-3487

URL: https://www.wjgnet.com/1007-9327/full/v30/i29/3479.htm

DOI: https://dx.doi.org/10.3748/wjg.v30.i29.3479

INTRODUCTION

Esophageal cancer constitutes a relevant health problem, being the sixth cause of death attributable to cancer worldwide
[1]. There are two major histological subtypes: Esophageal squamous cell carcinoma (SCC) and adenocarcinoma (AC).
The incidence of AC has increased in the recent decades, currently accounting for almost half of all esophageal neoplasms
[2]. Well-established risk factors for AC include Barrett’s esophagus (BE), gastroesophageal reflux (GER), male sex,
central obesity, older age, and tobacco smoking|[3]. Interestingly, Helicobacter pylori (H. pylori) eradication with antibiotics
and acid suppression therapies seem to be protective in gastric cancer[4]. H. pylori is a helical-shaped Gram-negative (GN)
bacterium that generally colonizes the stomach early in life[5].

The estimated global prevalence of H. pylori infection has decreased from 58.2% (95%ClI: 50.7-65.8) in the 1980-1990
decade to 43.1% (40.3%-45.9%) in the 2011-2022 period[6]. In Spain, studies report a population prevalence around 55%
[7].

The prevalence of H. pylori infection in gastric cancer patients seems to vary among regions, with the highest and
lowest figures in America and Africa, respectively (18.1%, 95%CI: 16.5-19.6 vs 9.5%, 95%Cl: 5.9-13.1)[8].

However, a higher prevalence has been reported in other gastrointestinal malignancies. In a Finnish study, prevalence
ranged from 100% for gallbladder cancer to 94% for ampulla of Vater cancer. Similarly, the prevalence of H. pylori
infection in hepatocellular carcinoma has been reported to be up to 94%[9]. H. pylori has also been found in 86% patients
with advanced colon neoplasia[10]. Proton pump inhibitors (PPIs) are classically prescribed for the treatment of acid-
related gastrointestinal disorders and are part of the multidrug treatment for H. pylori eradication[11]. However, long-
term administration of PPI can change the microbial composition in the esophagus[12] which might contribute to the
development of BE and esophageal cancer. The role of H. pylori in the origin of gastric ACs has been thoroughly studied
and its eradication has become one of the greatest challenges worldwide[13].
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Figure 1 Red arrows show Helicobacter pylori in the lumen of gastric mucosa.

Interestingly, the presence of H. pylori infection has been associated with a reduced risk of the development of
esophagus ACs[14]. The underlying mechanisms responsible for this protective effect remain unclear. Several hypotheses
have been suggested: H. pylori induced atrophy and loss of the acid parietal cells in the antrum[15]; secondary alteration
of esophageal microbiota[16]; induction of apoptosis of AC cells progressing from BE via the Fas apoptotic pathway[17],
and ghrelin synthesis reduction, with a secondary impact on central obesity and GER[18].

Considering that H. pylori eradication has become a widely accepted healthcare policy in Spain, concerns about a
plausible increase in esophageal cancer have grown. In this study we reviewed the prevalence of pre-existent H. pylori
infection among patients with esophageal carcinoma and recorded which of them were on previous PPI treatment, either
as part of the eradication therapy or for other reasons.

MATERIALS AND METHODS
Study design

We performed a retrospective observational study that included all patients with a previous diagnosis of esophageal or
gastroesophageal junction (GE]) cancer between February 2008 and December 2023 and were managed at our center.
Local Institutional Review Board approval was obtained on June 1, 2023. All patients or relatives were informed and
accepted participation by signing a written informed consent form. Patients” data were anonymized according to national
regulations (RD 1720/2007, Organic Law 15/1999 on Personal Data Protection).

Patient selection
All patients over 18 years of age with a diagnosis of esophageal or GE]J cancer were included. Patients with gastric or
other gastrointestinal neoplasms were excluded from the study. The incidence of H. pylori in gastric cancer patients
diagnosed throughout the same years (2008 and 2022) were also included in the analysis.

In situ tumors or premalignant lesions were also excluded. All patients included agreed to participate in the study.

Tumor subtype and H. pylori infection identification

All tumors (esophageal or GE] invasive tumors) were histologically confirmed by trained pathologists of the center.
Paraffin-embedded primary tumor specimens and metastatic tumor specimens containing at least 70% of tumoral cells
were selected for each patient. Specimens were reviewed and classified into three subtypes: AC, SCC, and others. The
presence or absence of H. pylori was also confirmed by histologic examination. Definitive diagnosis was made by
microscopic visualization of H. pylori on hematoxylin and eosin (H&E)-stained slides. Positive cases of H. pylori included
patients with obvious H. pylori gastritis with characteristic inflammation and heavy bacterial load, and those with subtle
H. pylori gastritis with less inflammation and fewer bacteria. Two examples of H. pylori identification are shown in
Figure 1 (gastric cancer) and Figure 2A (GE] cancer). Figure 2B and C show H&E staining of GEJ and esophageal tumors.

Variables registered, endpoint and statistical analysis
In addition to the presence or absence of H. pylori in biopsy specimens, the following variables were recorded: Age, sex,
tumor stage at diagnosis, and previous treatment with anti-acid drugs (PPIs or others, as part of H. pylori eradication
therapy or as independent treatment). The endpoint of the study was the identification of H. pylori infection in patients
diagnosed with esophageal cancer. Results were expressed as mean * SD for numerical variables, and as ratios and
proportions for categorical variables, both with 95%CI.
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Figure 2 Gastroesophageal junction and esophageal tumors. A: Red arrow shows Helicobacter pylori in the lumen of an esophageal gland; B:
Gastroesophageal junction (GEJ) tumor. Blue arrow shows squamous cells in normal esophageal tumors. Red arrows show Barrett’s esophagus. Orange arrows
show GEJ adenocarcinoma; C: Esophageal adenocarcinoma.

RESULTS

Demographic and clinical data
A total of 89 patients (77.5% males, mean age 66 years) were included in our study. Demographic and clinical data are
shown in Table 1.

Tumor statistics

In this cohort, AC was the most frequent histological subtype (52.8%) followed by SCC (41.6%). Neuroendocrine tumors
were infrequent (5.6%). As expected, most tumors were stage III-IV at the time of diagnosis (60.7%). H. pylori infection
was confirmed in only 4 patients (4.5%), 3 with AC and 1 with SCC. Survival among H. pylori positive patients did not
exceed 9 months after diagnosis (Figure 3). Although only one patient had undergone previous H. pylori eradication
therapy, 96.6% of patients had received prior PPI treatment and 35.9% (n = 32) had received both PPIs and other antiacid
treatment (such as anti-H, or sucralfate). The median time from initiation of PPIs to the diagnosis of esophageal cancer
was 15 months, ranging from 3 to 60 months (Figure 4). Total gastric cancer diagnoses were 431, with a rate in men/
women of 269/162 (62.41% vs 37.58%). The mean age was 66 years. H. pylori prevalence among them was 66%.

DISCUSSION

H. pylori infection and esophageal cancer are conditions with a high geographical variability and prevalence. The purpose
of this study was to analyze the prevalence of H. pylori in esophageal tumors in a sample of patients from a tertiary
hospital in Madrid, Spain. In this cohort, less than 5% of patients with esophageal cancer tested positive for H. pylori,
which is approximately 10 times less than the general population. Interestingly, most of them had received previous
antiacid treatment, either with PPIs or with anti-H2 drugs.

The burden due to the diagnosis of esophageal cancer is expected to rise dramatically across high-income countries,
with increasing incidence rates predicted for the next decades, according to some statistical models[19].

Previous epidemiologic studies provide inconclusive data on a positive, inverse or neutral association between
H. pylori infection and esophageal carcinoma. Although meta-analyses of observational studies favor an inverse
association, these may be biased by confounders present in older studies (Table 2). Our findings are in line with this
supposedly protective role of H. pylori infection in the genesis of esophageal carcinoma.

To date, four meta-analyses have shown an inverse association between H. pylori infection and esophageal cancer.
Islami and Kamangar[20] reviewed 19 studies (Table 2) and found an inverse association between cytotoxin-associated
gene A (CagA)-positive strains of H. pylori and the risk of esophageal carcinoma [odds ratio (OR) 0.41, 95%CI: 0.28-0.62].
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Table 1 Baseline characteristics of all patients, n (%)

Number of patients n=89
Age (median, yr) 66 (26-93)
Sex
Male 69 (77.52)
Female 20 (22.47)
Histology
Adenocarcinoma 47 (52.80)
Squamous cell carcinoma 37 (41.57)
Others 4 (5.5)

Tumor location

Gastroesophageal junction 33 (70.21)
Esophageal 14 (29.78)
Stage
Stage I-1I 25 (28.08)
Stage III-IV 54 (60.67)
Presence of Helicobacter pylori 4 (4.5)
Adenocarcinoma 3(6.3)
Squamous cell carcinoma 1(27)
Previous PPI treatments 86 (96.82)

PPI: Proton pump inhibitor.

Table 2 Studies regarding Helicobacter pylori infection and esophageal carcinoma

Paper characteristics Sample characteristics
. Helicobacter pylori .
Ref. Country Year Design  Age (mean, yr) Py Tumor Location
prevalence
Holleczek et al Germany 2020 Cohort 62.2 47.80% EA Gastric cardia; esophagus esophago-
[23] gastric junction
Wu et al[27] Taiwan 2009 Case- 58.3 35.30% ESCC  Upper, middle or lower third of the
control esophagus
Khoshbaten et al ~ Iran 2011 Case- 63.9 cases; 61.3 41.2% +36.95% cases; 56.2% + ESCC  Esophagus
[28] control controls 29.5% controls
Hu et al[29] Taiwan 2009 Case- 50-70 37% cases; 53% controls ESCC  Upper, middle or lower third
control esophagus
Cook et al[30] Finland 2010 Case- 57.7 cases; 58.1 80.28% cases; 78.16% controls ESCC  Upper, middle, and lower third of the
control controls esophagus
Murphy et al[18] Finland 2012 Case- 57.9 cases; 57.9 78.04% cases; 76.82% controls ESCC  Esophagus
control controls

EA: Esophageal adenocarcinoma; ESCC: Esophageal squamous cell carcinoma.

A similar conclusion was stated by Zhuo et al[21], in a study that included 195 articles, and found a risk of developing
esophageal AC among H. pylori infected patients of 0.58 (95%CI: 0.48-0.70) as compared with controls. Xie et al[22], also
confirmed this inverse association in the general population (0.59, 95%ClI: 0.51-0.68, and an OR of 0.56, 95%CI: 0.45-0.70 in
Cag A+ strains). However, results from these meta-analyses were based on retrospective observational studies. Only one
population-based prospective study[23] conducted in Germany, which included 9949 patients followed for a mean period
of 13.8 years, found a 0.65-fold increase risk of developing esophageal carcinoma among H. pylori infected individuals.
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These findings support the need for further research on the inner mechanisms behind this association. Several
plausible pathways have been suggested. First, H. pylori infection-related gastritis induces atrophy and loss of parietal
cells in the stomach, resulting in a reduced reflux which decreases related-esophagitis and BE; second, H. pylori infection
might induce apoptosis in Barrett's cells through the Fas-Caspase cascade; third, H. pylori could promote inflammatory
responses by activating nuclear factor kappa B, that induces the production of certain cytokines and tumor necrosis
factor-alpha, directly damaging the epithelial DNA by dysregulating DNA transcription factors such as the caudal type
homeobox 2 (Cdx2); fourth, H. pylori infected patients have a significantly lower number of ghrelin producing cells, which
has been shown to be involved in cancer development and metastasis[24].

Additionally, an interesting and promising relation between H. pylori infection and the esophageal microbiome has
been suggested. In the normal esophageal mucosa, Streptococcus spp., together with six other major phyla (Firmicutes,
Bacteroides, Actinobacteria, Proteobacteria, Fusobacteria and TM7) are the most commonly found microorganisms belonging
to the local microbiota. Type I microbiota, which is mainly composed of gram-positive (GP) bacteria, is typically found in
the normal esophagus mucosa. In contrast, type II microbiota, enriched in GN bacteria, is associated with an abnormal
esophagus. H. pylori infection might play a role in the shift from GP to GN-enriched environment. Previous studies have
reported that H. pylori seems to influence gastric microbiome diversity and composition and affects species prevalence
and phylogenetic diversity. In fact, esophageal tumors colonized by H. pylori CagA positive strains were inversely
associated with the risk of developing esophageal AC. These findings suggest that the absence of H. pylori in the
gastroesophageal mucosa might contribute to an unbalanced esophageal microbial composition that may promote
carcinogenesis[25].

Similarly, PPI treatment has been suggested to alter the esophageal microbiota, by increasing species like Firmicutes
and decreasing Bacterioides and Proteobacteria. A recent study has suggested that the long-term use of PPIs is associated
with an increased risk of esophageal cancer[26], likely attributable to the colonization of non-gastric microorganisms
capable of producing nitrosamines, which are known to promote both esophageal AC and SCC. In our cohort, almost 95%
of patients were under PPI treatment, in line with this hypothesis. PPIs-induced reduction of esophageal gastric acid
reflux might avoid the death of acid sensitive bacteria involved in the maintenance of type I microbiota. This hypothesis
might be in conflict with recommending PPIs in non-dysplastic BE, aimed to decrease the risk of progression to high
grade dysplasia and AC. Considering the widespread use of PPIs, we believe our findings maintain a reasonable doubt
on the possible deleterious effect of this medication in the development of esophageal cancer.
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This study has some limitations. Most importantly, given the observational and retrospective nature of the study, a
causal relation between the lack of H. pylori infection and esophageal cancer cannot be established. Second, as we did not
include a non-PPI treatment control group, we cannot conclude on the relation between PPI therapy and esophageal
carcinogenesis. Finally, although the results of a single center study may not be extrapolated to other populations, it
highlights the importance of further research on the role of H. pylori, and other microorganisms belonging to the local
microbiota, in esophageal carcinogenesis.

CONCLUSION

The very low prevalence of H. pylori infection among esophageal cancer patients found in our study is consistent with
previous reports suggesting that the presence of H. pylori might have a protective role in esophageal carcinogenesis.
Several mechanisms have been proposed for this inverse association, in which esophageal mucosa dysbiosis seems to
play a primary role. Future research should determine to what extent H. pylori infection interacts with the esophageal
microbiota, establish whether this interaction is involved in the protective role of H. pylori, and whether PPI treatment
contributes to the alteration of esophageal microbiome and eventually promotes esophageal cancer.
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Abstract

BACKGROUND

Hyperuricemia (HUA) is a public health concern that needs to be solved urgently.
The lyophilized powder of Poecilobdella manillensis has been shown to significantly
alleviate HUA; however, its underlying metabolic regulation remains unclear.

AIM

To explore the underlying mechanisms of Poecilobdella manillensis in HUA based
on modulation of the gut microbiota and host metabolism.
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METHODS

A mouse model of rapid HUA was established using a high-purine diet and potassium oxonate injections. The
mice received oral drugs or saline. Additionally, 165 rRNA sequencing and ultra-high performance liquid chroma-
tography with quadrupole time-of-flight mass spectrometry-based untargeted metabolomics were performed to
identify changes in the microbiome and host metabolome, respectively. The levels of uric acid transporters and
epithelial tight junction proteins in the renal and intestinal tissues were analyzed using an enzyme-linked
immunosorbent assay.

RESULTS

The protein extract of Poecilobdella manillensis lyophilized powder (49 mg/kg) showed an enhanced anti-trioxy-
purine ability than that of allopurinol (5 mg/kg) (P < 0.05). A total of nine bacterial genera were identified to be
closely related to the anti-trioxypurine activity of Poecilobdella manillensis powder, which included the genera of
Prevotella, Delftia, Dialister, Akkermansia, Lactococcus, Escherichia_Shigella, Enterococcus, and Bacteroides. Furthermore,
22 metabolites in the serum were found to be closely related to the anti-trioxypurine activity of Poecilobdella
manillensis powder, which correlated to the Kyoto Encyclopedia of Genes and Genomes pathways of cysteine and
methionine metabolism, sphingolipid metabolism, galactose metabolism, and phenylalanine, tyrosine, and
tryptophan biosynthesis. Correlation analysis found that changes in the gut microbiota were significantly related to
these metabolites.

CONCLUSION
The proteins in Poecilobdella manillensis powder were effective for HUA. Mechanistically, they are associated with
improvements in gut microbiota dysbiosis and the regulation of sphingolipid and galactose metabolism.

Key Words: Gut microbiota; Metabolism; Multi-omics; Poecilobdella manillensis; Sphingolipid metabolism pathway;
Galactose metabolism pathway; Hyperuricemia

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study reveals the novel therapeutic potential of Poecilobdella manillensis in treating hyperuricemia (HUA)
through a dual mechanism: The direct modulation of uric acid levels and restoration of renal and intestinal barriers.
Importantly, it highlights the role of proteins in Poecilobdella manillensis in rectifying gut microbiota dysbiosis and
adjusting key metabolic pathways, most notably, sphingolipid and galactose metabolism. These findings highlight the multi-
target, multi-channel effects of Poecilobdella manillensis treatment for HUA and provide fundamental data for the clinical
use of HUA treatments.

Citation: Liu X, Liang XQ, Lu TC, Feng Z, Zhang M, Liao NQ, Zhang FL, Wang B, Wang LS. Leech Poecilobdella manillensis
protein extract ameliorated hyperuricemia by restoring gut microbiota dysregulation and affecting serum metabolites. World J
Gastroenterol 2024; 30(29): 3488-3510

URL: https://www.wjgnet.com/1007-9327/full/v30/i29/3488.htm

DOI: https://dx.doi.org/10.3748/wjg.v30.i29.3488

INTRODUCTION

Hyperuricemia (HUA) is a metabolic disorder characterized by abnormally elevated levels of uric acid (UA) in the
bloodstream. HUA, often caused by purine metabolism disorders and UA metabolism disorders, tends to induce gout,
and may also affect the urinary system[1]. A report detailing the trends in HUA and gout within China indicated that
approximately 13.3% of the population is impacted by HUA, equating to around 177 million individuals[2]. Globally, the
increasing incidence of HUA has resulted in it becoming one of the most common basal metabolic diseases|[3].
Furthermore, accumulating evidence has shown that HUA plays a pivotal role not only in the development of gout, but
also in diabetes mellitus, cardiovascular disease, hypertension, and chronic kidney disease[3]. Some studies have shown
that HUA and gout are risk predictors of all-cause mortality from cardiovascular disease[4]. Given the harmful effects of
HUA, there is an urgent need for a scientific understanding of the HUA pathogenesis and the identification of new
therapeutic drugs.

The gut microbiota is crucial for the metabolism of HUA. Changes or imbalances in the composition of gut microbiota
can lead to metabolic disorders throughout the body[5]. Approximately 70% of UA is eliminated via the kidneys, while
the rest is primarily excreted in the feces or is further broken down by the gut microbiota[6]. A high-purine diet may
influence the physiological state of the host through interactions with the gut microbiota[7]. Host metabolic function has
been shown to be affected by changes in the structure and composition of the gut microbiota[8]. Exploring the patho-
genesis of HUA using the gut microbiota as an entry point has become a new research hotspot worldwide. Early studies
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have confirmed the relationship between the gut microbiota and metabolic changes in HUA[9-11], suggesting that
changes in serum metabolism caused by the gut microbiota is a suitable strategy for HUA research.

Currently, medications for treating HUA comprise xanthine oxidase (XOD) inhibitors [such as allopurinol (AP) and
febuxostat], recombinant urate oxidase (rasburicase), and promoters of UA excretion (benzbromarone)[12,13]. Although
these drugs exhibit clinical efficacy, their side effects frequently restrict their usage in clinical settings. For instance, AP
can provoke a deadly hypersensitivity syndrome[14], benzbromarone may cause hepatotoxicity[13], and rasburicase is
known to trigger rapid hypersensitivity reactions[15,16]. Therefore, it is necessary to find valid, promising, and
economical therapies for the treatment of HUA. Leeches (Hirudo) are part of traditional Chinese medicine, first seen in
the “Shennong Materia Medica”, a pharmacological treatise published in the Eastern Han Dynasty[17]. Poecilobdella
manillensis, commonly known as the Philippine cattle leech or medical vermiculite in Manila, belongs to the genus of
medicinal vermiculite leeches[18]. This larger species of leech is widely distributed throughout Southeast Asia, including
regions in China, such as Guangxi. In China, medicinal vermiculite leeches that feed on animal blood include Poecilobdella
manillensis and Hirudonipponia whitma[19]. Some studies have reported that their pharmacological effects include
analgesic, anti-inflammatory, platelet-inhibitory, anticoagulant, and thrombin-regulatory functions, in addition to
degradative effects on the extracellular matrix[18,20,21]. Limited studies have been performed to explore the efficacy of
Poecilobdella manillensis on HUA and gout. Dong et al[22] reported that Poecilobdella manillensis lyophilized powder
significantly reduced UA levels in HUA mice, whilst also proving to be safe for use. However, the active anti-HUA
components, the in vivo metabolic mechanisms, and the molecular mechanisms of this treatment are not fully understood.
In recent years, further research on leeches has identified the main components of leeches, which include proteins,
polypeptides, some small molecular compounds, and trace elements[23]. Most studies have focused on the effect of single
isolated polypeptides, such as hirudin[24,25], but not a mixture of different proteins, such as the leech total protein (LTP).
Therefore, the mechanism by which LTP lowers UA has not yet been clarified, and no studies on the treatment of HUA
with LTP currently exist.

To the best of our knowledge, there are no metabolomics and microbiome studies on the effects of LTP in HUA
animals. Here, we aimed to reveal host serum metabolic changes, in addition to gut microbial changes, in the cecal
contents of HUA mice. Furthermore, we aimed to reveal to possible mechanism through a combination of gut microbiota
and metabolomics analyses.

MATERIALS AND METHODS

Chemicals and reagents

Experimental leech Poecilobdella manillensis freeze-dried powder (Place of origin: Pingnan of Guangxi, China) was
supplied by Guangxi Fuxinyi Biological Technology Co., Ltd. (Pingnan, China). Potassium oxonate (PO) (purity = 98.0%,
P137112) and AP (purity = 98.0%) were purchased from Shanghai Aladdin Biochemical Technology Co., Ltd. (Shanghai,
China). The high-purine diet consisted of mice feedstuff (100 g), yeast extract (40 g), and yeast ribonucleic acid (2 g),
which were re-granulated after melting the above ingredients, supplied by Jiangsu Xietong Pharmaceutical Bio-
engineering Co., Ltd. (Nanjing, China). UA (C012-2-1), XOD (A002-1-1), creatinine (CRE, C011-2-1), and blood urea
nitrogen (BUN, C013-2-1) biochemical test kits were purchased from Nanjing Jiancheng Bioengineering Institute
(Nanjing, China). Enzyme-linked immunosorbent assay (ELISA) kits for glucose transporter 9 (GLUT9, RX201243M),
ATP-binding cassette transporter G2 (ABCG2, RX200182M), urate transporter 1 (URAT1, RX200399M), occludin
(RX202826M), and zonula occludens-1 (ZO-1, RX202825M) were obtained from Quanzhou Ruixin Biotechnology Co., Ltd.
(Quanzhou, China). The Enhanced bicinchoninic acid assay (BCA) Protein Assay Kit, catalogued as P0010S, was sourced
from Beyotime Biotechnology, headquartered in Shanghai, China.

Extraction of LTP from Poecilobdella manillensis lyophilized powder

First, Poecilobdella manillensis lyophilized powder was dissolved in phosphate-buffered saline (PBS) at a concentration of
39 mg/mL. The extraction was then performed using the ammonium sulfate saturation precipitation technique. Gradual
ammonium sulfate salting-out stages were implemented to selectively harvest crude protein within the 30%-80% range.
The procedural parameters are delineated in Supplementary Table 1. The protein activity of each fraction underwent
meticulous examination. The methodology is outlined as follows: The solution was immersed in ammonium sulfate at
30% saturation, allowing it to rest in a refrigerated environment at 4 °C for 6 hours. Next, the solution underwent centri-
fugation at 8000 rpm for 20 minutes to remove precipitated impurities. These steps were repeated using 80% saturated
ammonium sulfate, including centrifugation and harvesting of the resulting precipitate. The resolubilized and precip-
itated crude protein underwent further processing through centrifugal ultrafiltration, utilizing Millipore Amicon® Ultra
3KD tubes at 14000 rpm for 20 minutes, thereby facilitating ultrafiltration and desalination. The desalted crude protein
solution (LTP) was meticulously amassed, appropriately concentrated, and stored at 4 °C[26-28].

Animals

Kunming mice (male, specific pathogen-free, 20-25 g) were provided by Tianqgin Biotechnology Co., Ltd. (Changsha,
China). Before the onset of the experimental procedures, all mice underwent a 1-week acclimation period in the
designated animal facility, which was rigorously maintained at a temperature of 24 + 2 °C, a humidity level of 50% + 5%,
and subjected to a 12 hours light/dark cycle. Throughout this preparatory phase, the subjects had unrestricted access to
food and water, ensuring their physiological and psychological readiness for the forthcoming studies. All experimental
procedures complied with the United Kingdom Animals (Scientific Procedures) Act 1986 and associated guidelines and
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were approved by the Medical Ethics Committee of Guangxi University.

Animal treatment

For the induction of HUA and renal dysfunction, mice were provided with a high-purine diet and intraperitoneal
injection of 200 pL PO for 7 consecutive days. The high-purine diet consisted of mice feedstuff (100 g), yeast extract (40 g),
and yeast ribonucleic acid (2 g), which were re-granulated after melting the above ingredients. Potassium oxyate was
dissolved in 0.5% sodium carboxymethyl cellulose solution at a concentration of 52.5 mg/mL.

In the study, 36 mice were randomly allocated into four parallel groups (8-10 mice in each group), comprising a normal
control group (CON), a PO-induced HUA model group (HUA), a group treated with leech Poecilobdella manillensis total
protein extract (LTP, receiving 49 mg/kg/day via intragastric administration), and a positive control group (AP, receiving
5 mg/kg/day AP by intragastric administration). The CON group was provided with a normal diet and intraperitoneal
injection with 200 pL 0.5% sodium carboxymethyl cellulose, while the HUA group was provided with a high-purine diet
and intraperitoneal injection with 200 pL PO. The modeling methods adopted by the LTP group and AP group were
consistent with those of the HUA group. Animal modeling and pharmacotherapeutics commenced concurrently. The
protein concentrations in the leech Poecilobdella manillensis lyophilized Powder and LTP were determined with the BCA
method[29-32]. All groups of mice were anesthetized with isoflurane after the last pharmaceutical intervention. Urine and
blood samples were collected to measure UA, CRE, and BUN. Hepatic tissue supernatant (detailed methods in “Detection
of hepatic XOD activity” of Materials and Methods) was employed for the assessment of XOD. The supernatant derived
from kidney and jejunum tissues was utilized for the evaluation of UA transporters, including URAT1, GLUTY, and
ABCG?2, in addition to the epithelial tight junction proteins ZO-1 and occludin.

Urinate collection
After 7 days of treatment, the mice were transferred to a clean and empty cage individually for the collection of urine,
which was then centrifuged at 3500 rpm for 10 minutes. The supernatant was used for UA and CRE analyses directly.

Collection of serum and tissue samples

Animals were anesthetized using diethyl ether 1 hour after the last treatment, and blood was collected to obtain serum for
the UA and CRE assays. Kidney and liver tissues were dissected quickly on ice and stored in liquid nitrogen for the
following analyses.

Evaluation of UA, CRE, and BUN in the serum and urine

Blood and urine specimens were spun at 3500 rpm for 15 minutes at 4 °C to clear any sediment and extract the
supernatant. UA concentrations were measured with an enzymatic colorimetric technique, as per the given guidelines.
CRE levels were analyzed using a sarcosine oxidase-based CRE assay kit, following the provided instructions. Similarly,
the level of BUN was assessed using a urea nitrogen assay kit following the urease method specified in the kit
instructions.

Detection of hepatic XOD activity

To create a 10% liver homogenate, liver tissues were first washed with chilled PBS (0.01 mol/L, pH = 7.4) to eliminate
residual blood. After weighing, the tissues were finely chopped on ice, and mixed with PBS at a specific ratio of 10 mg of
tissue to 100 pL of PBS, effectively making 1 mL of buffer equivalent to 0.1 g of tissue. Protease inhibitors were added to
the PBS to prevent protein degradation. The mixture was then homogenized using a pre-cooled tissue grinder. To further
break down the tissue and cells, the homogenate underwent ultrasonication according to our experimental procedures.
Following homogenization, the tissues were centrifuged at 7228 rpm for 8 minutes at -4 °C to separate the supernatant.
Protein concentrations were quantified using an Enhanced BCA Protein Assay Kit. Liver XOD activity was then
measured using an XOD test kit, according to the instructions.

Assessment of UA transporters and epithelial tight junction proteins

For the extraction of supernatant, tissue specimens were prepared by homogenizing jejunal and kidney tissues using a
pre-cooled tissue grinder, as described above (“Detection of hepatic XOD activity”). Following homogenization, the
tissues were spun at 7228 rpm for 8 minutes, and the supernatant was subsequently collected at -4 °C. The analysis of UA
transporters (including URAT1, GLUTY9, and ABCG2) and epithelial tight junction proteins (including ZO-1 and occludin)
was performed using ELISAs, following the kit instructions.

Histological examination

Renal tissues were prepared for histological analysis using hematoxylin and eosin (HE) staining: (1) Fixation and
embedding: Mouse kidney tissues were longitudinally sectioned, and immediately fixed in 4% paraformaldehyde. After
72 hours, the tissues were rinsed with running water for 15 minutes, dried with sterile gauze, and placed in dehydration
trays; (2) Dehydration: Tissues underwent dehydration using an increasing series of ethanol concentrations in a
dehydration device. This included 75% ethanol for 4 hours, followed by 85% for 2 hours, and then 90%, 95%, and absolute
ethanol stages I and II for 1.5 hours, 1 hour, and 30 minutes, respectively; (3) Clearing and infiltration: Post-dehydration,
the tissues underwent clearing in xylene, which facilitates better paraffin infiltration due to its miscibility with both
ethanol and paraffin. Subsequently, the tissues were infiltrated using a graded series of paraffin wax at 60 °C to ensure
complete penetration; (4) Sectioning: The embedded tissues were sectioned at 4 pm thickness using a microtome, floated
in a 40 °C water bath for expansion, and mounted on adhesion slides. The slides were then dried in a 60 °C oven for 3
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hours to adhere the sections; and (5) Staining: (a) Deparaffinization: Sections were deparaffinized in xylene and
rehydrated through a graded series of ethanol to water; (b) Staining: Sections were stained in Mayer’s hematoxylin for 5
minutes, washed, and differentiated in 1% hydrochloric acid in ethanol for 2-3 seconds. After rinsing, sections were blued
in 0.6% ammonia water and then stained with 1% aqueous eosin for 5 minutes; and (c) Dehydration and clearing:
Ultimately, sections underwent dehydration in alcohol, were cleared using xylene, and were mounted in neutral resin for
microscopic analysis.

Untargeted metabolomics analysis using ultra-high performance liquid chromatography with quadrupole time-of-flight

mass spectrometry
Metabolomics instrument: Q-Exactive Quadrupole-Orbitrap High-Resolution Mass Spectrometer (Thermo Scientific,
United States), UltiMate 3000 Ultra High-Performance Liquid Chromatography System (Thermo Scientific, United States).

Chromatography conditions: The chromatographic analysis employed an ACQUITY UPLC BEH C18 column with
dimensions of 50 mm by 2.1 mm and a particle size of 1.7 pm. The column was kept at a constant 30 °C, while the
autosampler was cooled to 10 °C. For both positive and negative ion modes, the mobile phases were 0.1% formic acid in
water (Phase A) and methanol (Phase B). The gradient elution was structured as follows: From 0 to 2 minutes, 95% Phase
A; over the next 11 minutes, decreased linearly to 0% Phase A; held at 0% Phase A from 13 to 16 minutes; rapidly reverted
to 95% Phase A within 0.1 minutes; and held at 95% Phase A from 16.1 to 19 minutes. The chromatography utilized a flow
rate of 0.3 mL/min and an injection volume of 2 pL.

Mass spectrometry conditions: Ionization used a heated electrospray source at 350 °C. The spray voltage for negative ion
mode was 3.0 kV. The transfer capillary temperature was at 320 °C, the sheath gas pressure was 35 psi, and the auxiliary
gas flow was 10 psi. Full mass scan (MS) and data-dependent MS/MS scan mode was used, covering a mass range of 200
to 2000 m/z. Resolutions were 70000 for first-stage and 17500 for second-stage scans, with high-purity nitrogen as the
collision gas.

Workflow for cecal microbiota analysis

Cecal content specimens were procured from the cecal regions. Genomic DNA was extracted employing the Cetyltri-
methylammonium Bromide methodology[33]. After extraction, the concentration and purity of the DNA were meticu-
lously evaluated via electrophoresis conducted on a 1% agarose gel, a standard procedure to ensure the integrity and
quality of the genetic material for downstream applications. This step is crucial in molecular biology workflows to
ascertain the suitability of DNA samples for further analyses. Following the assessment, DNA was diluted to a standard
concentration of 1 ng/pL utilizing a sterile aqueous solution for the amplification process.

Amplification of the 165 rRNA gene sequences, specifically targeting the V3-V4 regions, was achieved using primers
341F (5'-CCTAYGGGRBGCASCAG-3") and 806R (5'-GGACTACNNGGGTATCTAAT-3’), each appended with a unique
barcode. The polymerase chain reaction (PCR) amplifications were executed within a reaction volume of 15 pL,
incorporating Phusion® High-Fidelity PCR Master Mix, sourced from New England Biolabs, Beijing, China. This reaction
mixture also included 2 pmol/L concentrations of both the forward and reverse primers, alongside an approximate 10 ng
quantity of template DNA. The thermal cycling protocol was initiated with a denaturation phase at 98 °C for 1 minute.
This phase was succeeded by 30 cycles, each comprising a denaturation step at 98 °C for 10 seconds, an annealing step at
50 °C for 30 seconds, and an elongation step at 72 °C for 30 seconds. The cycling protocol was finalized with an elongation
phase at 72 °C, extending for 5 minutes, to ensure the completion of DNA synthesis. This methodological approach
ensures the fidelity and specificity of the amplified DNA sequences, which is integral for subsequent molecular analyses.

Following amplification, the PCR products underwent electrophoresis within a 2% agarose gel matrix, utilizing a 1X
Tris-acetate-EDTA bulffer, to evaluate the results of amplification. Subsequently, PCR products were pooled at equimolar
concentrations and the pooled products were purified using the Universal DNA Purification Kit (TianGen, Beijing,
China). The generation of sequencing libraries was meticulously conducted utilizing the NEB Next® Ultra DNA Library
Prep Kit (Illumina, headquartered in San Diego, United States), adhering stringently to the guidelines provided by the
manufacturer. Following library preparation, index codes were appended to facilitate the identification and multiplexing
of samples. The assessment of library integrity and quality was performed using the Agilent 5400 Bioanalyzer (Agilent
Technologies, California, United States), ensuring optimal library standards before sequencing. Upon satisfactory
evaluation of library quality, sequencing was undertaken on the Illumina sequencing platform. This process yielded 250
bp paired-end reads, allowing for comprehensive coverage and depth of the genomic regions.

Bioinformatics and statistical analysis

Bioinformatics analysis of the gut microbiome: Bioinformatics analysis followed the “Atacama Soil Microbiome
Tutorial” from Qiime2docs, supplemented with custom scripts. Raw FASTQ data were imported into QIIME2, then
underwent quality control, trimming, denoising, and chimeric sequence removal using the dada2 plugin, resulting in an
amplicon sequence variant feature table. The taxonomic classification used the GREENGENES 13_8 99% Operational
Taxonomic Unit database, with V3-V4 region alignment via QIIME2 plugins, excluding mitochondrial and chloroplast
DNA. Statistical tools, including ANCOM, ANOVA, and DESeq2, were used to identify differentially abundant bacteria
across samples. Microbial diversity within samples (alpha diversity) and between samples (beta diversity) was assessed
using QIIME2 indices and was visualized through principal coordinate analysis (PCoA). Partial least squares
discriminant analysis (PLS-DA), through “mixOmics” and “vegan” R packages, respectively, explored the impact of
microbiota variations and environmental factors. Spearman’s rank correlations highlighted taxa associations, visualized
in network plots. Functional predictions of microbial communities were estimated with Phylogenetic Investigation of
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Communities by Reconstruction of Unobserved States, adhering to default parameters for consistent and reproducible
analysis, in line with top-tier microbiome research standards.

Metabolomics data processing and analysis: Data processing was conducted using CD 3.1 software for peak detection,
alignment, and normalization based on retention times and m/z values, forming two-dimensional data matrices. These
were analyzed in MetaboAnalyst 6.0 for pattern recognition, employing the 80% rule to refine data for statistical
evaluation. PLS-DA and orthogonal PLS-DA (OPLS-DA) methods were pivotal in variance analysis and identifying
metabolomic differences between groups, with validation through permutation tests and K-fold cross-validation. VIP
scores from OPLS-DA, indicating significant metabolite contributions, guided the identification of differential metabolites
with VIP > 1, P <0.05, and significant fold changes (FC), FC 2 1.5, or FC <0.67.

Differential metabolites were identified using the Human Metabolome Database and METLIN databases, ensuring
accuracy by matching molecular mass and ionization details closely with experimental data. This facilitated the
elucidation of metabolites linked to HUA. MetaboAnalyst 6.0 further explored the metabolic pathways affected by these
metabolites, visualizing pathway impact and significance through bubble charts, and highlighting pathways with P < 0.05
as significantly altered. This comprehensive approach provided insights into the metabolites’ roles and their implications
in HUA, enhancing the understanding of the condition’s metabolic underpinnings. PLS-DA, PCoA, and O2-PLS models
were used to integrate the metabolome and microbiome datasets, which are described in detail above. The model was
calculated on paired data sets; significant variables were then selected based on their correlation with the model score (P
<0.01).

Analysis of non-omics data: For numerical variables adhering to a normal distribution, descriptive statistics were
articulated as means with standard deviations. Group comparisons were conducted using the t-test for two groups and
ANOVA for more than two groups. Upon detecting significant differences between groups, the least significant
difference technique was applied for subsequent pairwise comparisons. In instances where the assumption of normality
was violated, descriptive statistics were presented as medians accompanied by interquartile ranges. Comparative analysis
between two independent samples was conducted using the Mann-Whitney U test, whereas the Kruskal-Wallis H test
facilitated comparisons across multiple groups. Upon identifying statistically significant disparities among groups, the
Dunn’s Sidak-Correction Factor method was employed for post-hoc multiple comparisons.

RESULTS

LTP ameliorated disruptions in UA and renal function in PO-induced HUA mice

The effect of LTP in terms of lowering urate was investigated in HUA mice. After 7 days of modeling, the HUA mice had
considerably higher serum and urine UA and XOD levels than mice in the CON group, demonstrating that the HUA
mouse model had been successfully constructed (Figure 1A-C). Compared with the HUA mice, mice in the LTP and AP
groups had significantly decreased serum levels of UA (P < 0.0001) and liver XOD activity (P < 0.01) (Figure 1A and C).
To assess renal function in HUA mice, serum CRE and BUN levels were analyzed. Serum CRE levels were significantly
increased in the HUA mice, which were decreased by LTP (P < 0.05) (Figure 1D). Serum BUN levels showed a decreasing
trend; however, this was not statistically significant between groups (Figure 1E). HE staining highlighted the differences
in the renal morphology among the groups. The CON group exhibited well-organized tubules, clear lumens, and intact
glomeruli. In contrast, the HUA model group showed severe renal damage, including tubular swelling, atrophy, and
disordered epithelial alignment with disrupted glomeruli, in addition to pronounced inflammatory infiltration and
vascular congestion. The LTP and AP treatment groups demonstrated significant protective effects; LTP notably reduced
inflammation and restored the renal structure to that closely resembling the CON group, while AP was slightly less
effective in alleviating congestion and glomerular changes (Figure 1F).

LTP promoted UA excretion by modulating urate transporters

Urate transporters are mainly responsible for UA excretion. Compared with the CON group, the concentrations of the
renal tissue reabsorption transporters URAT1 and GLUT9 were elevated in the HUA group, while the concentration of
the renal tissue secretory transporter ABCG2 was decreased in the HUA group. Following interventions with LTP and
AP, reversals of these observations were seen in the LTP and AP groups (Figure 2A-C). Similarly, the concentrations of
URAT1 and GLUT9 were upregulated in the jejunal tissues of the HUA group compared to the CON group, and there
were decreases in URAT1 and GLUT9 after LTP treatment; however, these differences were not statistically significant
(Figure 2D and E). The trend of ABCG2 expression in jejunal tissue was consistent with that in renal tissue (Figure 2F).

LTP ameliorated renal and intestinal barrier impairment in HUA mice

Epithelial tight junction proteins in renal and jejunal tissues were assessed to further investigate the extent of renal and
intestinal barrier impairment. Compared with the CON group, the concentrations of the renal tissue epithelial tight
junction proteins ZO-1 and occludin were decreased in the HUA group (P < 0.05) (Figure 3A and B). However, following
treatment with LTP and AP, the concentrations of ZO-1 and occludin in renal tissues showed an increasing trend (P <
0.01) (Figure 3A and B). The concentrations of ZO-1 and occludin in jejunum tissue showed a similar trend as in renal
tissue. Notably, the increase in jejunal tissue ZO-1 was statistically significant only in the LTP group (P < 0.05), whereas
there was no statistically significant difference in the AP group (P = 0.062) (Figure 3C and D).
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Figure 1 Effect of leech Poecilobdella manillensis total protein extract treatment on hyperuricemia. A: Serum uric acid levels; B: Urine uric acid
levels; C: Liver xanthine oxidase activity; D: Serum creatinine levels; E: Blood urea nitrogen levels; F: Renal tissue hematoxylin and eosin staining pathology under
200 x magpnification. Statistical significance determined by ANOVA is indicated as follows: 2P < 0.05 vs hyperuricemia model group (HUA); ®P < 0.01 vs HUA; °P <
0.001 vs HUA; P < 0.05 vs normal control group (CON); ¢P < 0.01 vs CON; P < 0.001 vs CON. CON: Normal control group; HUA: Hyperuricemia model group; AP:
Allopurinol treatment group; LTP: Leech Poecilobdella manillensis total protein extract treatment group; XOD: Xanthine oxidase; BUN: Blood urea nitrogen.

LTP remodeled gut microbiota composition in HUA mice

To further analyze the UA-lowering potential of LTP, cecum content samples were subjected to 16S rRNA gene
sequencing. Cecum microbiota communities were profiled using 16S rRNA gene V3-V4 pyrosequencing. The amount of
sequencing data was sufficient to cover almost all micro-organisms, judging from the alpha rarefaction curve of all
samples (Supplementary Figure 1A and B). First, the a diversity (including Shannon and Simpson indices) and B diversity
were used to analyze the differences in microbial diversity within and between groups. The Shannon and Simpson
indices in the HUA group were lower when compared to the CON group. However, the above indices in the LTP group
were higher than those in the HUA group, with the results for Shannon’s index being statistically different (P < 0.05)
(Figure 4A and B), suggesting that LTP could improve the richness and diversity of the gut microbiota in HUA mice. To
assess the differences in gut microbial composition, PCoA and PLS-DA were performed. The PLS-DA analysis showed
that the cluster of the HUA group was separated from that of the CON and LTP groups (Figure 4C, Supplementary
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Figure 2 Effect of leech Poecilobdella manillensis total protein extract on facilitating uric acid excretion, evaluated by enzyme-linked
immunosorbent assay. A: Renal urate transporter 1 (URAT1) concentration level; B: Renal glucose transporter 9 (GLUT9) concentration level; C: Renal ATP-
binding cassette transporter G2 (ABCG2) concentration level; D: Jejunum URAT1 concentration level; E: Jejunum GLUT9 concentration level; F: Jejunum ABCG2
concentration level. Statistical significance determined by ANOVA is indicated as follows: 2P < 0.05 vs hyperuricemia model group (HUA); °P < 0.01 vs HUA; °P <
0.001 vs HUA; ¢P < 0.05 vs normal control group (CON); ®P < 0.01 vs CON; P < 0.001 vs CON. Sample sizes: Renal tissue n = 6 for each group; Jejunum tissue n =
4 for each group. CON: Normal control group; HUA: Hyperuricemia model group; AP: Allopurinol treatment group; LTP: Leech Poecilobdella manillensis total protein
extract treatment group; URAT1: Urate transporter 1; GLUT9: Glucose transporter 9; ABCG2: ATP-binding cassette transporter G2.

Figure 1C). PCoA plots showed that the cluster of the CON group was separated from that of the HUA group, while the
LTP group was partially separated from the HUA group, and there was a significant difference (P < 0.01) among the three
groups, as analyzed using permanova statistics (Figure 4D, Supplementary Figure 1D-G), indicating that LTP treatment
altered the composition and distribution of the gut microbiota in HUA mice.

At the phylum level, the gut microbiome was dominated by Firmicutes, Bacteroidota, Proteobacteria, Desulfobacterota,
Verrucomicrobiota, Campilobacterota, and Patescibacteria, which differed among the CON, HUA, and LTP groups
(Figure 4E). Compared with the CON group, HUA group mice had a lower ratio of Firmicutes to Bacteroidota (F/B). After
LTP treatment, the F/B ratio was significantly higher (Figure 5A), restoring gut microbial abundance and showing a
similar microbial distribution to the CON group. The structural changes in the gut microbiota at the genus level were
studied (Figures 4F and 5A-C). The absolute abundances of Lactobacillus, Clostridium_sensu_stricto_1, Bifidobacterium,
Prevotella, and Escherichia_Shigella in the HUA group were remarkably lower than those in the CON group, while
Bacteroides, Alloprevotella, and Sphingomonas were significantly enriched in the HUA group. LTP treatment reversed these
changes and remodeled the bacterial abundance similar to that in the CON group. In addition, the LTP group showed a
specific increase in the abundance of Enterococcus, Dialister, Delftia, Faecalibacterium, and Akkermansia (Figure 5A-C). Linear
discriminant analysis effect size (LEfSe) analysis was used to compare the differences between the three groups at the
phylum and genus level; with the threshold of the logarithmic linear discriminant analysis score as 4.0 and P < 0.01, it
revealed that Firmicutes, Bacteroidota, Proteobacteria, and Verrucomicrobiota were significantly different species at the
phylum level (Figure 4G). The LEfSe analysis also revealed that the abundance of Bacteroides, Akkermansia,
Escherichia_Shigella, Prevotella, Sphingomonas, Parabacteroides, and Alloprevotella in the HUA and LTP groups significantly
differed at the genus level (Figure 4H). Collectively, these results indicate that LTP modulated the gut microbiota of HUA
mice, thereby alleviating PO-induced microecological dysregulation. Based on the Phylogenetic Investigation of
Communities by Reconstruction of Unobserved States, the possible functions of the altered gut microbiota (CON vs HUA
and HUA vs LTP) were analyzed. Figure 4] and ] show the primary metabolic pathways with significant differences (P <
0.05).
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Figure 3 Effect of leech Poecilobdella manillensis total protein extract on epithelial tight junction proteins, evaluated by enzyme-linked
immunosorbent assay. A: Renal zonula occludens-1 (ZO-1) concentration level; B: Renal occludin concentration level; C: Jejunum ZO-1 concentration level; D:
Jejunum occludin concentration level. Statistical significance determined by ANOVA is indicated as follows: 2P < 0.05 vs hyperuricemia model group (HUA); °P < 0.01
vs HUA; °P < 0.001 vs HUA; P < 0.05 vs normal control group (CON); P < 0.001 vs CON. Sample sizes: Renal tissue n = 6 for each group; Jejunum tissue n = 4 for
each group. CON: Normal control group; HUA: Hyperuricemia model group; AP: Allopurinol treatment group; LTP: Leech Poecilobdella manillensis total protein
extract treatment group; ZO-1: Zonula occludens-1.

LTP altered the serum metabolite composition in PO-induced HUA mice

We analyzed the serum metabolic profiles using ultra-high performance liquid chromatography with quadrupole time-
of-flight mass spectrometry. The results of the PLS-DA score plot showed that the quality control samples were well-
clustered in both positive and negative ion modes (Supplementary Figure 2A-F), indicating that the analytical method
had good stability and reliability, which could be applied for the subsequent analysis of serum metabolites. As shown in
the PLS-DA score plot (Figure 6A and B, Supplementary Figure 2G and H), the HUA and CON groups were separated,
indicating significant differences in the metabolites of the two groups of mice. The LTP group and HUA group were
separated, indicating that the LTP treatment could regulate the PO-induced alterations in serum metabolites. On the other
hand, OPLS-DA was applied to further identify potential biomarkers with significant changes in concentration. The
OPLS-DA results indicated a significant trend of separation in pairwise comparisons between CON and HUA groups, as
well as between HUA and LTP groups (Figure 6C-F). As shown in Supplementary Table 2, using the criteria of VIP > 1
and FC < 0.67 or > 1.50, we screened a total of 98 common differential metabolites. The volcano map shows changes in
serum metabolites between the HUA and CON groups; supplementation with LTP not only partially reversed some of
these changes induced by HUA but also introduced new alterations in the serum metabolites (Figure 6G and H).

In total, 22 potential biomarkers were discovered by consulting both the Human Metabolome Database and the Kyoto
Encyclopedia of Genes and Genomes (KEGG) database, as outlined in Supplementary Table 3. Heatmaps were generated
to demonstrate global trends in differential metabolites between groups (Figure 7A). Sphinganine, D-glucose, L-tyrosine,
ophthalmic acid, arachidonic acid, docosahexaenoic acid, 20-hydroxyeicosatetraenoic acid, and 8,11,14-eicosatrienoic acid
were significantly increased in the HUA group compared to the CON group, while stearic acid and 5'-methyl-
thioadenosine were significantly decreased. LTP treatment significantly reversed the changes in the above metabolites
(Figure 7B). Further, KEGG pathway analysis of differential metabolites revealed that sphingolipid metabolism, tyrosine
metabolism, primary bile acid biosynthesis, steroid hormone biosynthesis, starch and sucrose metabolism, galactose
metabolism, and purine metabolism were significantly altered in the HUA group when compared with the CON group;
while LTP significantly modulated cysteine and methionine metabolism, starch and sucrose metabolism, sphingolipid
metabolism, galactose metabolism, and phenylalanine, tyrosine, and tryptophan biosynthesis, when compared with the
HUA group (Figure 61 and J).
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Figure 4 Leech Poecilobdella manillensis total protein extract alters the gut microbiota in potassium oxonate-induced hyperuricemia
mice. A: Shannon index across three groups; B: Simpson index across three groups; C: Partial least squares discriminant analysis of three groups; D: Principal
coordinate analysis of three groups; E: Distribution plot of relative abundance at the phylum level of bacteria; F: Distribution plot of relative abundance at the genus
level of bacteria; G: Cladogram from linear discriminant analysis effect size (LEfSe) analysis identifying highly differentiated taxa from phylum to genus levels; H:
Linear discriminant analysis graph from LefSe analysis identifying highly differentiated taxa from phylum to genus levels; I: Predicted functional pathways of gut
microbiota in hyperuricemia model group (HUA) vs leech Poecilobdella manillensis total protein extract treatment group; J: Predicted functional pathways of gut
microbiota in normal control group vs HUA. Statistical significance is indicated as follows: 2P < 0.05 vs hyperuricemia model group. Sample size: n = 6 per group.
CON: Normal control group; HUA: Hyperuricemia model group; LTP: Leech Poecilobdella manillensis total protein extract treatment group; LDA: Linear discriminant
analysis.
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Figure 5 Effect of leech Poecilobdella manillensis total protein extract on vital microbial genus. A: The absolute abundance of vital microbial
genera in all groups, assessed through the Kruskal-Wallis ANOVA; B and C: Significant differences between each two groups at the genus level of gut microbiota,
determined by DESeq2 method [B: normal control group vs hyperuricemia model group (HUA); C: HUA vs leech Poecilobdella manillensis total protein extract
treatment group; n = 6 for each group). Statistical significance is indicated as follows: 2P < 0.05 vs hyperuricemia model group (HUA); °P < 0.01 vs HUA; °P < 0.001 vs
HUA; %P < 0.05 vs normal control group (CON); ¢P < 0.01 vs CON. CON: Normal control group; HUA: Hyperuricemia model group; LTP: Leech Poecilobdella
manillensis total protein extract treatment group.

Correlation analysis between the gut microbiota and metabolites

When integrating the results of the microbiome and metabolome analysis, we found that the sphingolipid metabolism
and galactose metabolism pathways coexisted in both the microbiota and metabolome (Figures 41 and ], 61 and ]). To
further elucidate the influential gut microbiota in the metabolite alterations from all groups, Pearson correlation analysis
was employed to explore potential associations between gut bacterial composition and host metabolites (Supplementary
Figure 3, Supplementary Tables 4 and 5). The findings indicated a substantial relationship between the LTP regulatory
effects on metabolites and the abundance of Bacteroides, Enterococcus, Faecalibacterium, Alloprevotella, Prevotellaceae_ UCG_
001, Lactococcus, Dialister, Delftia, Clostridium_sensu_stricto_1, Escherichia_Shigella, Dialister, Akkermansia, and Prevotella
(Figure 8). In particular, sphinganine - a metabolite within the sphingolipid metabolic pathway - exhibited significant
negative correlations with Delftia, Dialister, Clostridium_sensu_stricto_1, Escherichia_Shigella, Enterococcus, and Prevotella,
while indicating a notable positive correlation with Bacteroides. Furthermore, D-glucose - a metabolite within the galactose
metabolism pathway - exhibited significant negative correlations with Escherichia_Shigella, Akkermansia, Lactococcus,
Enterococcus, Delftia, Dialister, and Prevotella, while indicating a notable positive correlation with Bacteroides (Figure 8,
Supplementary Tables 6 and 7). In conclusion, alterations in metabolites following LTP treatment were found to be
intricately correlated with the regulation of gut microbiota, specifically Prevotella, Delftia, Dialister, Akkermansia,
Lactococcus, Escherichia_Shigella, Enterococcus, and Bacteroides. Furthermore, LTP exhibited the potential to ameliorate HUA
by modulating gut microbiome-dependent metabolism within the sphingolipid metabolic and galactose metabolic
pathways.

Correlation analysis between gut microbiota and HUA-related parameters

To examine the relationship between the gut microbiome and HUA-related biochemical indicators, urate transporters,
and epithelial tight junction proteins, the Pearson correlation coefficients were investigated. Bifidobacterium,
Clostridium_sensu_stricto_1, Enterococcus, Delftia, Escherichia_Shigella, Prevotella, Dialister, and Faecalibaculum displayed
strong negative correlations with serum UA and serum CRE (P < 0.05), while Bacteroides, Alloprevotella, Bilophila, and
Bryobacter showed strong positive correlations with serum UA and serum CRE (P < 0.01). Delftia, Enterococcus, Lactococcus,
and Dialister displayed strong negative correlations with liver XOD concentration (P < 0.01), while Bryobacter,
Alloprevotella, and Bacteroides displayed strong positive correlations with hepatic XOD concentration (P < 0.01). The results
of the correlation analysis demonstrated that the absolute abundance levels of Delftia, Enterococcus, Enterococcus,
Clostridium_sensu_stricto_1, Escherichia_Shigella, Prevotella, Dialister, Alloprevotella, and Bacteroides were closely related to
the changes in renal and intestinal urate transporters and epithelial tight junction proteins. This suggests that the above
gut microbiota contributed to the occurrence and recovery of HUA (Figure 9, Supplementary Table 8 and 9).

DISCUSSION

HUA has become a public health concern that needs to be solved urgently. Many of the previous studies have focused on
the therapeutic effects of hirudin[24,25]; however, the associated mechanism has not been clarified, and no experiments
on the reduction of UA by LTP have been reported. Based on verification of the effectiveness of Poecilobdella manillensis
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Figure 6 Leech Poecilobdella manillensis total protein extract alters the plasma metabolites in potassium oxonate-induced hyper-
uricemia mice. A and B: Partial least squares discriminant analysis (PLS-DA) score plots for normal control group (CON), hyperuricemia model group (HUA), and
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leech Poecilobdella manillensis total protein extract treatment group (LTP) in positive and negative ion mode, respectively; C and D: Score plots and permutation
tests of orthogonal PLS-DA (OPLS-DA) between the HUA and CON groups; E and F: Score plots and permutation tests of OPLS-DA between the LTP and HUA
groups; G: Volcano plot showing most significant metabolites identified by univariate analysis between the HUA and CON groups; H: Volcano plot showing most
significant metabolites identified by univariate analysis between the LTP and HUA groups; I: Summary plot for pathway analysis of CON vs HUA; J: Summary plot for
pathway analysis of LTP vs HUA, a pathways coexisted in both the microbiota and metabolome. CON: Normal control group; HUA: Hyperuricemia model group; LTP:
Leech Poecilobdella manillensis total protein extract treatment group; FC: Fold change.

lyophilized powder in the treatment of HUA in previous experiments, we extracted leech protein from leech Poecilobdella
manillensis freeze-dried powder, and conducted an experiment focused on lowering UA through the administration of
LTP to HUA mice. Consequently, the mechanism was expounded in relation to the gut microbiota and metabolites. We
demonstrated the excellent curative potential of LTP with respect to lowering UA levels by decreasing urate synthesis
and increasing renal urate excretion (summarized in Figure 10). To our knowledge, this is the first study to reveal that
LTP could ameliorate the progression of HUA by re-programming the gut microbiome and metabolome.

LTP ameliorated disruptions in UA and renal function

Employing a yeast-based high-purine diet in conjunction with PO can emulate disturbances in purine metabolism,
elevating UA levels and, thereby inducing an HUA model[34]. Our study employed PO alongside a yeast-based high-
purine diet to successfully establish an HUA model in mice. Our findings provide evidence that LTP (as a lowering
treatment for UA) induced beneficial physiological alterations in HUA-treated mice, manifesting as a noteworthy
reduction in HUA-associated biochemical parameters (e.g., serum UA, BUN, and CRE). Prior research has underscored
the efficacy of hirudin in lowering serum UA and BUN levels and mitigating renal pathological damage[24]. Consistent
with prior investigations, our study observed elevated serum CRE and BUN in the HUA mice; however, LTP treatment
notably attenuated these levels, indicating that LTP ameliorated the disruptions in UA metabolism and mitigated the
renal function impairment induced by HUA.

LTP enhanced UA excretion by decreasing urate synthesis and increasing renal urate excretion, thus ameliorating

renal and intestinal barrier impairment

Our initial investigation into the impact of LTP on UA production unveiled its ability to attenuate XOD activity,
consequently diminishing UA synthesis - a potential performance akin to AP. Our investigation highlighted that LTP not
only reduced the renal concentrations of URAT1 and GLUT9 but also elevated kidney and jejunum ABCG2 proteins, in
line with previous research[35]. This is related to the fact that renal UA clearance is mainly dependent on different
transporters, including URAT1, GLUT9, and ABCG2[36]. Notably, the observation of the ABCG2 protein concentration in
the jejunum in our study is consistent with previous reports showing that the ABCG2-encoded transporter BCRP plays a
role in the gut[1]. In essence, our results delineate the dual action of LTP, i.e., attenuating UA synthesis by inhibiting XOD
activity and enhancing UA excretion by modulating distinct UA transporters in both the renal and intestinal domains.

Our investigation revealed decreases in ZO-1 and occludin levels in the renal tissue of HUA mice (P < 0.05). Following
LTP treatment, a notable upward trend in the concentration of these proteins was observed (P < 0.01), signifying the
ameliorative effect of LTP on renal barrier impairment in HUA mice. This aligns with previous findings suggesting that
alterations in tight junctions play a crucial role during the repair of renal injury and participate in the pathophysiological
processes involved in renal recovery[37]. The reason for this might be that aberrations in tight junctions lead to
compromised integrity in the intestinal or renal epithelium, culminating in absorption and secretion disorders,
consequently affecting UA excretion[38]. Likewise, our observations revealed a parallel correlation between ZO-1 and
occludin within the jejunum tissue and the kidney tissue of the LTP group. However, the observed elevation of ZO-1 in
the jejunum tissue of the AP group did not exhibit statistical significance. These outcomes suggest the concurrent impact
of LTP on the tight junction proteins present in both the jejunum and kidney.

In this study, we particularly focused on the histological changes in liver and kidney tissues induced by the HUA
model. The experimental results showed significant pathological changes in the renal interstitium of HUA mice,
including swelling and atrophy of the renal tubules, irregular tubular lumens, and significant infiltration of monocytes
and lymphocytes in the interstitium, which are clear signs of an inflammatory response. In contrast, the renal interstitial
pathological structure of the LTP group showed a significant improvement. These observational findings confirm the
potential efficacy of LTP in repairing renal barrier impairment caused by HUA.

Modulatory effects of LTP on the gut microbiota

The gut microbiome, which is often regarded as the ‘second genome’ acquired by the human body, constitutes a
remarkably rich and functionally pivotal ecosystem, encompassing an estimated 10-100 trillion micro-organisms,
including bacteria and viruses, residing within the human intestinal tract[39]. Disruptions in the structure of this
intestinal flora could trigger metabolic dysregulation, which is intricately linked with HUA and gout[39]. The interplay
between the intestinal flora and kidney diseases disrupts the equilibrium of gut microbes, leading to renal impairment
[40]. In rat models of renal failure, a significant reduction in renal excretion triggers an adaptive discharge of UA into the
intestinal lumen[41]. This process leads to marked changes in the composition and quantity of the gut microbiota[41]. In
this study, our exploration of disease pathogenesis utilized the gut microbiota as a pivotal starting point. Given the
intricate composition of intestinal micro-organisms, the impact of different microbial entities diverges significantly.
Consequently, the efficacy of LTP in reducing UA levels cannot be solely attributed to the actions of a singular bacterium.
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Figure 7 Effect of leech Poecilobdella manillensis total protein extract on vital metabolites. A: Heatmaps showing the trends in differential
metabolites between groups; B: The concentrations of vital metabolites for all groups, assessed through the Kruskal-Wallis ANOVA. Statistical significance is
indicated as follows: 2P < 0.05 vs hyperuricemia model group (HUA); °P < 0.01 vs HUA; °P < 0.001 vs HUA; 9P < 0.05 vs normal control group (CON); ®P < 0.01 vs
CON; P < 0.001 vs CON. CON: Normal control group; HUA: Hyperuricemia model group; LTP: Leech Poecilobdella manillensis total protein extract treatment group.

Alterations in the microbiota structure have been observed in both human and animal models of HUA, notably at the
phylum and genus levels[42,43]. The o- and B-diversity analyses of gut microbes conducted in this investigation
showcased the capacity of LTP to enhance gut microbial diversity and influence the microbial structure in HUA mice.
Specifically, at the phylum level, LTP administration led to a reduction in Bacteroidota and an elevation in the relative
abundance of Firmicutes. This adjustment resulted in the restoration of the Bacteroides to Firmicutes ratio to a level akin to
that in the CON group, thereby exerting a favorable influence on the restoration of the intestinal flora. These findings
align with the conclusions drawn by Cao et al[44], emphasizing the pivotal role of the Bacteroidetes to Firmicutes ratio in
preserving normal intestinal homeostasis and its association with HUA. It has been documented that Faecalibacterium,
Lactobacillus, and Bifidobacterium represent pivotal core and physiological flora within the gastrointestinal tract of both
humans and animals[45,46], which are capable of producing short-chain fatty acids, thereby fostering intestinal health
through the reduction in oxidative stress, autophagic processes, and inflammation[45-47]. Additionally,
Clostridium_sensu_stricto_1 has demonstrated effective regulation of intestinal flora, being characterized as a dominant
strain in cases of type 2 diabetes mellitus[48]. Escherichia_Shigella exhibited significant enrichment among long-lived
healthy individuals[49]. Conversely, Sphingomonas species have been identified as opportunistic pathogens[50,51]. A
study indicated that Alloprevotella is associated with inflammatory markers and represents a risk factor for sepsis[52]. In
our study, a decline was observed in the relative abundance of Lactobacillus, Faecalibacterium, Clostridium_sensu_stricto_1,
Bifidobacterium, and Escherichia_Shigella in HUA mice. Meanwhile, the relative abundance of Alloprevotella and
Sphingomonas increased. Notably, the increase in Alloprevotella and Sphingomonas, alongside the observed changes in
epithelial tight junction proteins, may suggest a potential weakening of the intestinal barrier, which could subsequently
heighten the risk of intestinal inflammation and increase susceptibility to pathogenic invasion[53]. However, LTP
treatment successfully reversed these shifts in the gut microbiota, notably augmenting the relative abundances of
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Figure 8 Correlation analysis between the gut microbiota and metabolites from hyperuricemia and leech Poecilobdella manillensis total
protein extract groups. The R values are represented by gradient colors, where purple cells indicate positive correlations and green cells indicate negative
correlations, respectively. Statistical significance is denoted as follows: P < 0.05, °P < 0.01, °P < 0.001.

beneficial probiotics such as Lactobacillus, Faecalibacterium, and Bifidobacterium. This indicates the potential role of LTP
treatment in enhancing the integrity of the intestinal barrier by increasing the concentration of tight junction proteins,
which may indirectly contribute to mitigating conditions associated with gut microbiota dysbiosis. Prevotella, a prominent
member of the gut microbiome[54], exhibited a significantly lower abundance in HUA mice and a higher abundance in
CON group mice. In particular, following LTP treatment, the relative abundance of Prevotella notably increased. This
aligns with conclusions linking Prevotellaceae LICG-001 to anti-inflammatory effects on immune cells and the inhibition of
potential invasive pathogens[55]. Dialister was enriched following LTP treatment, consistent with clinical findings on
beneficial bacteria related to depression[56]. Akkermansia, which was also notably enriched in the LTP group, belongs to a
class of probiotics capable of enhancing the barrier function of the intestinal mucosa and reinforcing the host immune
response[57]. In this study, the disruption of the balance of Bacteroides - which constituted a significant proportion in the
genus - in HUA mice was evident when compared to the CON group. However, LTP intervention restored the relative
abundance of Bacteroides to levels observed in the CON group, thus re-establishing the original balance of the gut
microbiota. Spearman correlation analysis showed that Enterococcus, Escherichia_Shigella, Delftia, Dialister, Prevotella, and
Bacteroides were strongly correlated with serum UA, serum CRE, liver XOD, URAT1, ABCG2, occludin, and ZO-1. In
conclusion, LTP treatment not only fortified beneficial bacteria but also curtailed the relative abundance of harmful
bacteria, restoring the equilibrium of intestinal microflora dominated by the largest bacterial proportion. These compre-
hensive analytical results highlight the dual role of LTP in the protection of both the renal and intestinal barriers, which is
particularly important in addressing HUA and its complications. This finding provides an important theoretical basis for
future clinical studies, especially when exploring LTP as a potential therapy for treating HUA and its related complic-
ations.

LTP demonstrated a modulatory impact on serum metabolites

Serum metabolomics analysis exhibited a notable amelioration in disturbed serum metabolism with LTP treatment. The
screening process identified 22 metabolites linked with HUA, which were predominantly engaged in amino acid, lipid,
and energy metabolism. Furthermore, these alterations were effectively reversed following LTP treatment in HUA mice.
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Figure 9 Correlation analysis between gut microbiota and hyperuricemia-related parameters. The R values are represented by gradient colors,
where purple cells indicate positive correlations and green cells indicate negative correlations, respectively. Statistical significance is denoted as follows: 2P < 0.05, °P
<0.01, °P < 0.001. BUN: Blood urea nitrogen; UUA: Urinary uric acid; ZO-1: Zonula occludens-1; URAT1: Urate transporter 1; GLUT9: Glucose transporter 9;
ABCG2: ATP-binding cassette transporter G2; XOD: Xanthine oxidase; SCRE: Serum creatinine; SUA: Serum uric acid.

These findings highlight the metabolic pathways intertwined with HUA and the capacity of LTP to enhance pertinent
markers.

LTP reversal of HUA-induced lipid metabolic alterations: In this study, we focused on the alterations in sphinganine
levels in the HUA model mouse. Sphinganine, a key intermediate metabolite in the sphingolipid metabolic pathway,
showed a significant increase in the serum of HUA mice. This not only suggests a potential disruption in the regulatory
functions of sphingolipid metabolism but also reflects a deeper biomarker of the metabolic disorder. Previous research
has shown that metabolites from sphingolipids function as signaling molecules. These molecules regulate various
processes associated with immune responses and inflammation[58]. Furthermore, there is evidence linking HUA with
immune reactions and inflammatory processes[59]. Therefore, the sphingolipid metabolic pathway may contribute to the
onset of HUA through its effects on immunity and inflammation, potentially due to elevated sphinganine levels
increasing the synthesis of ceramide, a bioactive lipid signaling molecule known to significantly influence cellular
signaling and inflammation control[60]. Recent studies have demonstrated that sphingolipids from intestinal bacteria can
traverse the intestinal-epithelial barrier, thereby altering the sphingolipid metabolism of the host[61].

Our findings indicate that LTP treatment significantly ameliorated the increase in sphinganine, suggesting that
modulation of the sphingolipid metabolic pathway by LTP could offer potential therapeutic effects on HUA. Specifically,
LTP may decrease the production of sphinganine or enhance its clearance, thus influencing UA synthesis and excretion.
Future research should further explore how LTP specifically affects sphinganine and related metabolites to deepen our
understanding of its regulatory mechanisms on UA levels.

Furthermore, we observed significant negative correlations between specific microbial populations in the gut
microbiota - such as Delftia, Dialister, Clostridium_sensu_stricto_1, Escherichia_Shigella, Enterococcus, and Prevotella - while
Bacteroides showed a positive correlation. This suggests that the interaction between sphingolipid metabolism and gut
microbiota may play a crucial role in the therapeutic effects of LTP on HUA, primarily through the modulation of gut
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microbial communities affecting the sphingolipid metabolic pathway. These results not only provide new insights into
the pathophysiological mechanisms of HUA but also offer a biological foundation for the development of novel
therapeutic strategies based on the regulation of sphingolipid metabolism.

LTP reversed HUA-induced alterations in energy metabolism: LTP effectively reversed the disruptions in energy
metabolism caused by high UA levels, as evidenced by our comprehensive functional enrichment analysis of the serum
metabolome and gut microbiome. This analysis particularly highlighted the involvement of the galactose metabolism
pathway, underscoring its pivotal role in mediating the therapeutic effects of LTP on HUA. LTP is suggested to exert its
UA-lowering effects by modulating the gut microbiota, which, in turn, influences the galactose metabolic pathway
intimately connected with glucose metabolism. This modulation may correct metabolic irregularities and restore
metabolic equilibrium, offering a promising avenue for treating HUA.

In our study, elevated levels of D-glucose observed in HUA mice were significantly reduced following LTP treatment,
suggesting LTP’s potential role in regulating key metabolic pathways, such as the galactose metabolism pathway,
alongside reducing UA levels. Although the direct link between galactose metabolism and UA levels has not been
extensively documented in the literature, our findings may indicate a novel area of interest for further investigation into
how specific metabolic pathways influence UA homeostasis. Notably, D-glucose - a critical metabolite within the
galactose pathway - demonstrated significant correlations with various gut microbiota. It showed negative correlations
with Enterococcus, Escherichia_Shigella, Lactococcus, Delftia, Dialister, Prevotella, and Akkermansia, and a positive correlation
with Bacteroides.

These findings suggest that shifts in D-glucose levels may influence, or be influenced by, changes in the composition of
the gut microbiota. LTP selectively enhances the abundance of these microbiota, potentially through the modulation of
the galactose metabolic pathway, which is linked to glucose metabolism. This highlights a complex interplay between
metabolic pathways and microbiota that may be key to developing new treatments for metabolic diseases.
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CONCLUSION

In conclusion, based on the results of multiple omics studies, LTP was found to play a therapeutic role in HUA by
regulating gut microbial homeostasis and serum metabolites. We found that LTP might influence the gut microbiota to
act on sphingolipid metabolism and galactose metabolism pathways, facilitating UA-lowering therapy. Our findings are
expected to promote further research on the regulatory effects of LTP on the gut microbiome and serum metabolomics,
providing new insights into microbiome-based HUA treatment strategies.
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Abstract

BACKGROUND

Calculus bovis (CB), used in traditional Chinese medicine, exhibits anti-tumor effects in various cancer models. It
also constitutes an integral component of a compound formulation known as Pien Tze Huang, which is indicated
for the treatment of liver cancer. However, its impact on the liver cancer tumor microenvironment, particularly on
tumor-associated macrophages (TAMs), is not well understood.

AIM
To elucidate the anti-liver cancer effect of CB by inhibiting M2-TAM polarization via Wnt/B-catenin pathway mo-
dulation.

METHODS

This study identified the active components of CB using UPLC-Q-TOF-MS, evaluated its anti-neoplastic effects in a
nude mouse model, and elucidated the underlying mechanisms via network pharmacology, transcriptomics, and
molecular docking. In vitro assays were used to investigate the effects of CB-containing serum on HepG2 cells and
M2-TAMs, and Wnt pathway modulation was validated by real-time reverse transcriptase-polymerase chain rea-
ction and Western blot analysis.

RESULTS

This study identified 22 active components in CB, 11 of which were detected in the bloodstream. Preclinical invest-
igations have demonstrated the ability of CB to effectively inhibit liver tumor growth. An integrated approach
employing network pharmacology, transcriptomics, and molecular docking implicated the Wnt signaling pathway
as a target of the antineoplastic activity of CB by suppressing M2-TAM polarization. In vitro and in vivo experi-
ments further confirmed that CB significantly hinders M2-TAM polarization and suppresses Wnt/p-catenin
pathway activation. The inhibitory effect of CB on M2-TAMs was reversed when treated with the Wnt agonist
SKL2001, confirming its pathway specificity.

CONCLUSION
This study demonstrated that CB mediates inhibition of M2-TAM polarization through the Wnt/p-catenin
pathway, contributing to the suppression of liver cancer growth.

Key Words: Calculus bovis; M2 tumor-associated macrophage polarization; Liver cancer; Wnt/B-catenin pathway; Tumor
microenvironment

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Calculus bovis (CB), a valuable herb in traditional Chinese medicine, has shown definite anti-liver cancer effects in
vivo. By analyzing the composition of CB and using network pharmacology for target prediction, we found that CB exhibits
anti-liver cancer effects by affecting immune-related pathways in the tumor microenvironment. Through transcriptome
sequencing, we further showed that regulation of the M2-type polarization of tumor-associated macrophages (TAMs) is
responsible for the effects of CB. In vitro studies showed that modulating the Wnt/f3-catenin pathway is a crucial mechanism
by which CB regulates M2 polarization of TAMs. This study provides evidence for the development of anti-liver cancer
drugs.

Citation: Huang Z, Meng FY, Lu LZ, Guo QQ, Lv CJ, Tan NH, Deng Z, Chen JY, Zhang ZS, Zou B, Long HP, Zhou Q, Tian S, Mei
S, Tian XF. Calculus bovis inhibits M2 tumor-associated macrophage polarization via Wnt/B-catenin pathway modulation to suppress
liver cancer. World J Gastroenterol 2024; 30(29): 3511-3533

URL: https://www.wjgnet.com/1007-9327/full/v30/i29/3511.htm

DOI: https://dx.doi.org/10.3748/wjg.v30.i29.3511

INTRODUCTION

Liver cancer is a global health concern that ranks sixth in prevalence and fourth in cancer-related mortality worldwide
[1]. Liver cancer is highly malignant, progresses rapidly, and has a poor prognosis. The 5-year survival rate of patients
with liver cancer is only 3%, severely affecting their quality of life[2]. The primary treatment options for liver cancer
include surgical interventions such as liver resection or transplantation, interventional therapies, local ablation
treatments, and targeted immunotherapies[3-6]. However, the application of these treatments has limitations, and the
survival rate of some patients remains low even after treatment[7-10]. Therefore, there is an urgent need for novel and
more effective strategies for the treatment of liver cancer[11,12]. Traditional Chinese medicine (TCM) is characterized by a
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multicomponent and multi-target approach[13,14]. Studies have shown that TCM can inhibit liver cancer by regulating
the tumor microenvironment (TME)[15], offering a new perspective on liver cancer treatment. Within the multifaceted
TME, macrophages play a crucial role in liver cancer progression[16]. Tumor-associated macrophages (TAMs) derived
from circulating monocytes can adopt the M1 or M2 phenotype in response to various TME cytokines and growth factors
[17]. While M1-type TAMs exhibit anti-tumor properties driven by cytokines such as IFN-y and TNF-a[18], M2 TAMs
(M2-TAMs) support tumor growth and metastasis through pathways such as NF-«B, IL-6/STAT3, and Wnt/B-catenin[19-
21]. These pathways also facilitate TAM-mediated tumor proliferation, invasion, and angiogenesis[22,23]. Therefore,
reversing TAM polarization and targeting these pathways are promising therapeutic approaches for liver cancer.

TCM values Calculus bovis (CB) for its anti-tumor potential in various models[24]. Combinations of CB with Moschus
have been shown to induce apoptosis in liver cancer cells such as SMMC-7721 and HepG2[25,26]. Prior research has
documented the mechanisms of CB against liver cancer[27] and its ability to enhance macrophage phagocytosis while
suppressing pro-inflammatory cytokine secretion and alleviating liver inflammation and injury[28]. However, the full
extent of the influence of CB on the liver cancer TME, particularly on TAMs, remains elusive.

This investigation revealed that the antineoplastic effects of CB may involve the inhibition of M2-polarized TAM differ-
entiation through the modulation of key molecular pathways. Our comprehensive in vitro and in vivo analyses aimed to
elucidate the mechanisms underlying the anti-liver cancer activity of CB, including its active constituents, cellular targets,
and signaling pathways. The findings demonstrated the regulatory role of CB in macrophage phenotypic plasticity and
interaction with the Wnt/p-catenin pathway within the TME. This study lays a foundation for developing CB-derived
antineoplastic therapeutic strategies that inhibit M2-TAM polarization by targeting the Wnt/p-catenin pathway to
suppress liver cancer.

MATERIALS AND METHODS

Chemicals and reagents

CB (20160526-2) was obtained from Hunan Sanxiang Herbal Pieces Co., Ltd. (Hunan, China). Sorafenib was obtained
from GLPbio, Inc. (Montclair, United States). HepG2 cells, fetal bovine serum (FBS), and Dulbecco's modified Eagle's
medium (DMEM) were acquired from Meisen Cell Technology Co., Ltd. (Zhejiang, China). HepG2 cells were authen-
ticated using short tandem repeats. THP-1 cells were provided by the State Key Laboratory of Macau University. The
TRIzol Kit (15596026) was procured from Thermo Fisher Scientific (Massachusetts, United States). Phorbol 12-myristate
13-acetate (PMA) and the cytokines for cell induction, including IL-4 and IL-13, were procured from Sigma (Darmstadt,
United States). The Cell Counting Kit-8 (CCK-8) Kit was procured from Biosharp (Anhui, China). The Annexin V-FITC/
PI Apoptosis Kit was purchased from APExBIO (Houston, TX, United States). Type I collagenase was purchased from
BioFroxx (Santiago, Germany). A Protein Assay Kit was purchased from CWBIO (Jiangsu, China). NovoStart®SYBR qPCR
SuperMix Plus, and NovoScript®Plus All-in-one 1% Strand cDNA Synthesis SuperMix were procured from Novoprotein
Inc. (Jiangsu, China). The primary antibodies against Wnt5B (#55184-1-AP), B-catenin (#66379-1-Ig), Axin2 (#20540-1-AP),
and GADPH (#66009-1-1g), as well as HRP-conjugated affinipure goat anti-rabbit IgG (#SA00001-2) and multi-rab HRP-
goat anti-mouse recombinant secondary antibody (#RGAM®01), were acquired from Proteintech (Wuhan, China).

In vivo and in vitro analysis of CB components

Sample preparation: To prepare a CB extract, 2.0 g of CB was mixed with 30 mL of 100% methanol, followed by ultrason-
ication for 30 min at 250 W and 40 kHz. After ultrasonication, the mixture was allowed to settle. Next, 2 mL of the
mixture was centrifuged at 8000 g at 25 °C for 5 min. The supernatant was then filtered using a 0.22 pm microporous
membrane, and 1 mL of this filtrate was reserved in an injection vial for subsequent analysis.

For serum sample preparation, 2 mL of CB-enriched serum and 2 mL of blank serum (BS) were taken separately, and
each was mixed with 6 mL of 100% methanol. The mixtures were chilled in an ice bath, then centrifuged at 12000 g at 25
°C for 5 min. The supernatant was then dried using a centrifugal evaporator. The dried samples were re-dissolved in 100
pL methanol and again centrifuged under the same conditions to ensure clarity. Finally, the purified supernatants were
filtered with a 0.22 pm microporous membrane for further examination.

Chromatography and mass spectrometry: Chromatographic analysis was conducted using an Agilent ZORBAX Eclipse
Plus C18 column, applying a gradient elution method with mobile phases of acetonitrile and either 1 mL/L formic acid in
water in the positive ion mode or 5 mmol/L ammonium acetate in water in the negative ion mode. The sample injection
volume was 2 pL. Subsequently, mass spectrometry (MS) was performed with both positive and negative ESI settings,
utilizing a multi-reaction monitoring scanning mode and calibrated with the ESI-L Low Concentration Tuning Mix. The
MS spanned m/z 100 to 1500 with a resolution of 30000, employing nitrogen as the nebulizing gas, and a drying tem-
perature of 325 °C, capillary voltage of 4.0 kV, fragmentation voltage of 110 V, and sheath gas temperature of 350 °C were
maintained.

Animal experiments

Subcutaneous transplantation tumor experiment: Male 6-wk-old BALB/c nude mice and Sprague-Dawley rats, supplied
by Hunan Slake Jinda Laboratory Animal Company Limited (Changsha, China), were housed under specific pathogen-
free conditions. All animals were maintained in an environment with a controlled 12-hour dark/light cycle at 21 + 2 °C
and 50% + 10% relative humidity.

WJG | https://www.wjgnet.com 3513 August7,2024 | Volume30 | Issue29 |

Jaishideng®



Huang Z et al. Anti-liver cancer mechanism of CB

Nude mouse xenograft tumors were induced via subcutaneous injection of 5 x 10° HepG2 cells into the posterior side of
the right forelimb. Upon reaching a tumor volume of 100 mm?, the mice were allocated into a control group receiving 9
g/ L saline (0.2 mL/d orally), low-dose (L-CB), medium-dose (M-CB), and high-dose (H-CB) CB groups receiving 45.5
mg/(kg/d), 113.75 mg/ (kg/d), and 227.5 mg/(kg/d) of CB, respectively, and a sorafenib group administered 20 mg/
(kg/d) of sorafenib. Body weight and tumor volume were monitored at 3-d intervals. This study complied with the 1986
Animals (Scientific Procedures) Act of the United Kingdom, ensuring the ethical treatment of laboratory animals. This
study was approved by the Ethical Review Committee of Experimental Animal Welfare of the Slacker Jingda Laboratory,
Changsha, Hunan, China (Approval No. IACUC-S5]JA2022105).

Blank and drug-enriched serum preparation: In this study, the rats were allocated to a control group receiving 5 g/L
sodium carboxymethyl cellulose and a CB-treated group administered a 157.5 mg/kg CB suspension. Both regimens were
administered twice daily for 1 wk. After a fasting period of 12 h, the rats were anesthetized using 30 g/L pentobarbital
sodium at a dose of 30 mg/kg to facilitate the subsequent collection of serum.

Network pharmacological analysis

Collection of potential targets and construction of component-target-disease networks: In this study, we identified 22
unique chemicals in CB using UPLC-EIS-Q-TOF-MS analysis. Subsequently, the TCMSP and SwissTargetPrediction tools
were employed to predict biological targets, which were further refined using the UniProt database[29]. To identify liver
cancer-related targets, a comprehensive search was conducted across multiple databases including DrugBank, OMIM,
PharmGKB, and TTD. The obtained data were refined to eliminate redundancy and false positives. Using R software, an
intersection analysis was performed between the predicted targets of the bioactive compounds of CB and those present in
the liver cancer target database. This enabled us to identify potential therapeutic targets of CB against liver cancer.
Finally, a "component-target-disease" interaction network was constructed using Cytoscape.

Protein interaction network construction: A protein-protein interaction (PPI) network for the identified anti-liver cancer
targets of CB was established via the STRING database. Following this, R software was employed to quantify the
frequency of these target interactions, with the results presented in a histogram format for clearer analysis and inter-
pretation.

Analysis of Gene Ontology function and Kyoto Encyclopedia of Genes and Genomes pathway enrichment: The anti-
liver cancer targets obtained from CB screening were imported into the Metascape database for Gene Ontology (GO)
function analysis. Using R software as a platform, Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment
analysis was performed by inputting the corresponding script commands to clarify the pathways involving the genes.

Molecular docking: To investigate the interactions between liver cancer targets and the active components of CB, we
used bioinformatics tools and databases. The structures of the target proteins Wnt5B, p-catenin, and Axin2 were obtained
from UniProt. These protein frameworks were prepared for molecular modeling using PyMOL software by removing
water molecules and small ligands, and the refined structures were saved in PDB format. The 'component-target-disease'
network, focused on 17 primary active components of CB against liver cancer, was explored using PubChem to retrieve
the two-dimensional (2D) structures. The chemical structures were further refined and optimized using Chem3D
software to ensure accuracy in subsequent studies. Molecular docking simulations were performed using AutoDock Vina
software to assess the binding affinity between the CB components and target proteins based on the calculated binding
energies. Finally, the results from molecular docking were comprehensively visualized and analyzed using PyMOL
software to understand the interactions between the active compounds of CB and the respective liver cancer protein
targets.

RNA extraction, RNA sequencing, and bioinformatics analysis

The TRIzol method was used to extract total RNA for quality assessment via electrophoresis and bioanalysis. Following
RNA extraction, cDNA libraries were sequenced on an Illumina NovaSeq 6000 platform, and reproducibility was
evaluated using Pearson's correlation coefficient. RNA expression levels were quantified using Subread software and
normalized for gene length and sequencing depth. Differential gene expression analysis was conducted using DESeq?2,
followed by GO and KEGG pathway enrichment analyses using ClusterProfiler software.

Cell culture

HepG2 cells were cultured in DMEM enriched with 100 mL/L FBS and antibiotic at 37 °C in an atmosphere containing 50
mL/L CO,, while THP-1 monocytes were similarly cultivated in RPMI-1640. For experimental purposes, PMA was
applied at a concentration of 100 ng/mL for 48 h to induce THP-1 monocytes to differentiate into Mg macrophages. To
model tumor-promoting M2 macrophages, these M¢ macrophages were further incubated with IL-4 and IL-13, each at a
concentration of 20 ng/mL, for an additional 48 h.

Preparation of conditioned medium

For preparation of Mg and M2 + 10% (100 mL/L) FBS conditioned media. differentiated M¢ macrophages and M2
macrophages were cultured in DMEM containing 10% (100 mL/L) FBS and 1% (10 mL/L) penicillin-streptomycin. For
M2 + 0%, 5%, 10%, and 20% (respectively equal to 0 mL/L, 50 mL/L, 100 mL/L, and 200 mL/L) CB-containing serum
(CBS) conditioned media, differentiated M2 macrophages cultured in DMEM were supplemented with 0% (0 mL/L), 5%
(50 mL/L), 10% (100 mL/L), and 20% (200 mL/L) CBS and 1% (10 mL/L) penicillin-streptomycin. All the above con-
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ditional medium were supernatant collected after culture at 37 °C in an atmosphere containing 50 mL/L CO, for 24 h.

CCK-8 assay

HepG2 (5 x 10° cells/mL) and THP-1 (2.5 x 10* cells/mL) cells were plated in 96-well plates. After a 24-h cultivation
period, media containing various concentrations of CBS (0%, 5%, 10%, and 20%, equal to 0 mL/L, 50 mL/L, 100 mL/L,
and 200 mL/L, respectively) were added to the wells for THP-1 cell treatment. HepG2 cells were maintained in different
conditioned medium. Cultures were incubated for an additional 24 h to assess the effects of the treatment. Then, 10 pL of
CCK-8 solution was added to each well. To facilitate color development, the plates were incubated for an additional 2 h.
Optical density was measured at 450 nm using a Spark multimode microplate reader (TECAN, Switzerland).

Flow cytometry

Cell apoptosis detection: HepG2 cells (5 x 10° cells/mL) were inoculated into 96-well plates and incubated for 24 h.
Concurrently, THP-1 monocytes, transitioned to M¢ macrophages or subsequently to M2 macrophages, were incubated
with either 10% (100 mL/L) control serum or 10% (100 mL/L) CB-enriched serum. Thereafter, the HepG2 cells were
treated with media conditioned with these macrophages for an additional day. Following this period, cells were
harvested using 800 pL of trypsin without EDTA. Cell apoptosis and viability were analyzed by staining with propidium
iodide (5 pL) and annexin V (5 pL). Stained cells were then examined using a CytoFLEX flow cytometer (Beckman,
United States).

Macrophage polarization detection: Tumor tissues were minced into small pieces and treated with type I collagenase,
then incubated for 1.5 h at 37 °C to facilitate digestion. The cell suspension was gently layered over a density gradient
consisting of 300 and 700 mL/L Percoll solutions and centrifuged to separate the lymphocytes, which were harvested
from the interface between these two layers. To generate M2-TAMs in vitro, cells were dissociated using trypsin without
EDTA and collected. Before antibody staining, cells were blocked with anti-mouse CD16/32 antibody (TruStain FcX™) to
inhibit non-specific binding, followed by staining with primary antibodies against CD45, CD11b, and F4/80 [all diluted
1:100 in 1% BSA (10 g/L BSA in PBS)] for 30 min at 4 °C. The cells were fixed and permeabilized according to the BD
Cytofix/Cytoperm kit protocol, followed by staining with an anti-CD206 antibody for intracellular marker detection. The
stained samples were examined using CytoFLEX (Beckman, United States). The data were further evaluated and
visualized using FlowJo software (version 10).

Cell scratch assay

HepG2 cells were inoculated into six-well plates, transfected, and subjected to various treatments. After 24 h, a pipette tip
was used to draw a straight line across the cell layer and create a scratch to simulate a wound. The wells were then
exposed to media supplemented with different concentrations of CB [0% (0 mL/L), 5% (50 mL/L), 10% (100 mL/L), and
20% (200 mL/L)]. Cell migration was monitored and recorded under an inverted microscope at baseline (0 hour) and
after 24 h, and the scratch area was quantified using Image]J software.

Transwell assay

Invasion and migration assays were conducted using 24-well Transwell chambers with 8 pm pores. A mixture of Matrigel
and DMEM was placed in the upper chamber containing HepG2 cells, whereas the lower chamber contained DMEM with
100 mL/L FBS as an attractant. After 24 h, non-migrated cells were expunged, whereas migratory cells on the lower
surface were fixed, stained, and imaged with Image] software to quantify migration and invasion rates.

Real-time reverse transcriptase-polymerase chain reaction

Total RNA was isolated using TRIzol reagent (Vazyme, China) and then reverse-transcribed to cDNA using the All-in-
one 1% Strand cDNA Synthesis SuperMix (gDNA Purge). Real-time reverse transcriptase-polymerase chain reaction (RT-
qPCR) was conducted using NovoStart® SYBR qPCR SuperMix Plus and the LightCycler® 96™ Real-Time PCR System
(Roche Inc., Switzerland). Primers specifically designed for the gene sequences of interest were synthesized based on the
sequences available in GenBank (Table 1). The 2-**“ method was utilized to test the relative expression of each gene.

Western blot analysis

THP-1 monocytes were incubated with 10% (100 mL/L) CB-enriched serum for 24 h and then processed for protein
isolation using RIPA buffer (Applygen, China). Protein levels were assessed by the BCA assay, then 50 pg protein
samples was separated for Western blot analysis on a 100 mL/L SDS-PAGE gel. The membranes underwent an overnight
incubation at 4 °C with primary antibodies targeting Wnt5B, Axin2, -catenin, and GAPDH, followed by incubation with
HRP-conjugated secondary antibodies. Signals were detected using an ECL kit (Biosharp Inc., Anhui, China), followed by
imaging using an Amersham Imager 600. Image Pro Plus software was used to conduct band intensity analysis.

Statistical analysis

SPSS version 26.0 was used for statistical analyses. Data normality was verified using the Shapiro-Wilk test. Normally
distributed datasets are shown as the mean + SD. Analysis of variance (ANOVA) was used to evaluate group differences,
followed by either SNK post hoc or Tukey's tests, depending on suitability. For two-group comparisons, the independent
sample ¢ test was applied. The threshold for statistical significance was set at P < 0.05.
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Table 1 Primers used for qPCR in this study

Gene name Forward (5' to 3') Reverse (5'to 3') Product Length
WNT5B TCTTCATCCTCCACGGTT CAGTTTAGGGCTTTCCTGAC 84 bp

B-catenin CAACTAAACAGGAAGGGATGGAAGG CAGATGACGAAGAGCACAGATGG 239 bp

AXIN? TACACTCCTTATTGGGCGATCA TTGGCTACTCGTAAAGTTTTGGT 151 bp

CCL22 ATCGCCTACAGACTGCACTC GACGGTAACGGACGTAATCAC 129 bp

TGF- GCAGGTATTGATGGCACCTCC GGCATGCTCCAGCACAGAAG 301 bp

Arg-1 CTTGGCAAAAGACTTATCCTTAG ATGACATGGACACATAGTACCTTTC 170 bp

1L-10 TTTAAGGGTTACCTGGGTTGC TTGATGTCTGGGTCTTGGTTC 98 bp

GAPDH GCTGAGAACGGGAAGCTTGT GCCAGGGGTGCTAAGCAG 299 bp

RESULTS

Analysis of pharmacodynamic material basis of CB

To examine the pharmacological components of CB, we used UPLC-Q-TOF MS for an extensive analysis. This led to the
identification of 22 chemical constituents, including bilirubin, bile acids, cholesterols, and acid esters, as detailed in
Table 2 and illustrated in Figure 1. In vivo studies revealed 11 components and their metabolites in the blood of rats
treated with CB, as shown in Figure 1 and Table 2. Standardized comparisons and quantitative assessments were
conducted for the selected components (Figure 1C and Tables 3 and 4). Notably, lithocholic acid was the most abundant
component in the CB extract, reaching a concentration of 0.7066 mmol/L, whereas glycohyodeoxycholic acid was the
most prevalent in the CB-enriched serum, with a concentration of 0.2759 mmol/L.

CB suppresses liver cancer growth in vivo

The anti-tumor effects of CB have been previously evaluated in animal models. Treatment with low, medium, and high
doses of CB (L-CB, M-CB, and H-CB) and sorafenib significantly reduced both the size and weight of the tumors relative
to the controls (Figure 2A-C). Interestingly, there was no notable impact on the body weight of the mice across all experi-
mental groups (Figure 2D).

The anti-cancer efficacy of CB was further validated by histological analysis. As illustrated in Figure 2E, hematoxylin
and eosin staining of tumor tissue revealed distinct morphological indications of tumor regression following treatment
with medium and high doses of CB and sorafenib. The observed signs of regression include degenerative changes in
tumor cells, reduced nucleolar staining intensity, and the presence of nuclear fragments, which are indicative of
diminished malignancy post-treatment. These findings suggest that CB, particularly at medium and high doses,
significantly impedes the growth of liver cancer.

Cyberpharmacology analysis of CB components for anti-liver cancer study utilizing UPLC-Q-TOF MS

Construction of a "component-target-disease" network: Following database searching, 392 possible chemical targets
associated with the components of CB were discovered. Liver cancer-related targets were compiled from comprehensive
databases, including DrugBank, OMIM, PharmGKB, and TTD, resulting in 6307 targets associated with liver cancer.
Using R software for data analysis, we matched the targets related to the active components of CB against those asso-
ciated with liver cancer. This comparative approach led to the identification of 168 potential anti-liver cancer targets using
intersection analysis (Figure 3A). The constructed component-target-disease interaction network (Figure 3B) visualized
the potential efficacy of CB against liver cancer, encompassing 463 edges and 184 nodes, with an average degree value of
5.04. Notably, compounds such as gelsevirine, nisinic acid, methyl cholate, 7-ketolithocholic acid, glycocholic acid,
deoxyloganin, bilirubin, hyodeoxycholic acid, campechic acid A, glycohyodeoxycholic acid, and phorbol 12,13-
dimyristate were identified with degree values > 10, highlighting their significant role in the anti-liver cancer activity of
CB[30].

GO analysis: We used PPI network analysis to identify the primary targets of CB in liver cancer. This analysis revealed
TNF and IL-6 as central targets (Figure 3C), highlighting their significant roles in the immune response associated with
liver cancer. Furthermore, GO functional analysis was conducted on these key targets to categorize their roles in
biological processes, molecular functions, and cellular components. The top 20 items were statistically significant (P <
0.01; Figure 3D). Our findings demonstrate that the biological processes involved in liver cancer pathogenesis mainly
include the regulation of the MAPK cascade signaling pathway, hormonal responses, positive regulation of cell migration
and death, and secretory regulation. The cellular components associated with the pathogenesis of liver cancer predom-
inantly comprise membrane rafts, receptor complexes, postsynaptic membranes, and cellular projection membranes.

KEGG analysis: Moreover, the core targets were analyzed, and the signaling pathways with P < 0.01 were chosen for
visualization (Figure 3E). KEGG analysis revealed significant pathways, including the PI3K-Akt, Wnt, Rap1, and Ras
pathways (Figure 3E). The Wnt pathway, which is involved in cell proliferation, differentiation, and apoptosis, has been
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Table 2 Information analysis of 22 compounds in Calculus bovis

Number Retention time (min) Molecular weight Molecular formula Name Serum
1 11.362 222.0905 C13H10N4 1,5-Diphenyltetrazole ‘/
2 13.144 374.1593 C17H2609 Deoxyloganin

3 14.277 352.1787 C21H24N203 Gelsevirine N
4 16.133 678.5017 C40H7008 Campechic acid A

5 16.381 190.1205 C6H13NO6 D-Glucosaminic Acid \/
6 18.253 221.0953 C14H1IN3 Isoquinoline

7 21.631 515.2957 C26H45NO7S Taurocholic acid

8 22.525 408.2876 C24H4005 Cholic acid v
9 23.039 584.2634 C33H36N406 Bilirubin \/
10 23.716 465.309 C26H43NO6 Glycocholic acid v
11 24.844 499.2968 C26H45NO6S Taurodeoxycholic acid v
12 25.939 256.2402 C16H3202 Palmitic acid

8 26.684 408.2876 C24H4005 Cholic acid

13 27.776 4493141 C26H43NO5 Glycohyodeoxycholic acid v
14 28.919 392.2927 C24H4004 Hyodeoxycholic acid v
15 29.765 390.277 C24H3804 7-Ketolithocholic acid

16 31.405 356.2715 C24H4004 Anoxycholic acid

17 32.051 784.5853 C24H4004 Deoxycholic acid

18 33.541 222162 C14H2202 Isobornyl methacrylate

19 37.532 4223032 C25H4205 Methyl cholate

20 37.556 280.2402 C24H4003 Lithocholic acid \/
21 37.701 148.016 C8H403 Isobenzofuran-1,3-dione

22 38.046 304.2402 C20H3202 Arachidonic acid \/

Table 3 Quantitative analysis of active components in Calculus bovis extract

No. Component Concentration of standard Peak area of standard Peak area of sample Concentration of sample (mM)
1 Cholic acid 1 mg/mL 303383832.9 111239787.3 0.366663531
2 Glycohyodeoxycholic acid 1 mg/mL 263903105.5 151518620.6 0.574144894
3 Anoxycholic acid 1 mg/mL 255212724.5 84507042.75 0.331123939
4 Deoxycholic acid 1 mg/mL 303655598.9 116148310.7 0.382500145
5  Lithocholic acid 1 mg/mL 377852336.8 133498724.1 0.706618491

No. Component Concentration of standard Peak area of standard Peak area of sample Concentration of sample (mM)
1 Cholic acid 1 mg/mL 18294415.89 4577619.85 0.250219514
2 Glycohyodeoxycholic acid 1 mg/mL 14604541.97 4029834.55 0.275930225
3 Lithocholic acid 1 mg/mL 15655005.77 175178.8 0.022379909
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Figure 1 Analysis of pharmacodynamic material basis of Calculus bovis. A: Positive and negative ion chromatograms of Calculus bovis (CB) extract;
B: Structural diagrams of 22 components of CB; C: lon chromatogram of the standardized substances of CB extract; D: lon chromatograms of CB-enriched serum
and blank serum.

linked to cancer progression and immune system modulation. Based on these insights, further detailed investigation into
the Wnt pathway was prioritized to better understand the mechanism of action of CB against liver cancer, supported by
the findings of Pai et al[31].

Molecular docking results: The study excluded isolinolic acid from further analysis owing to the absence of a 2D
structure in the database. To investigate the interactions between the target proteins associated with the Wnt signaling
pathway and the active components of CB, molecular docking was conducted on the remaining 16 active components,
including Wnt5B, B-catenin, and Axin2. A binding energy threshold of -5.0 kcal/mol was set as an indicator of strong
affinity between the active ingredients and their target proteins. Our findings revealed that bilirubin and bile acid-like
compounds such as glycocholic acid, taurodeoxycholic acid, glycohyodeoxycholic acid, hyodeoxycholic acid, and 7-
ketolithocholic acid exhibited binding energies < -6.5 kcal/mol with Wnt5B, B-catenin, and Axin2 proteins. This is
depicted in Figure 3F and G, which demonstrate a stable binding conformation. These results suggest that CB inhibits
liver cancer progression by modulating the Wnt signaling pathway.

Whnt pathway and its target molecules are involved in the effects of CB on M2-TAM

Transcriptome analysis was performed to investigate the effects of CB on gene functionality during cell migration. This
analysis identified significant changes in 820 genes, including 359 genes with increased expression and 461 genes with
decreased expression (Figure 4A). GO and KEGG enrichment analyses were then performed on differentially expressed
genes, which indicated that the Wnt pathway is a key target of CB-mediated inhibition in liver cancer. Furthermore, CB
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Figure 2 In vivo anti-tumor activity of Calculus bovis. A: Pictures of tumors in each group after treatment; B: Tumor size changes in each group during
treatment; C: Tumor weight of each group during treatment; D: Changes in weight of mice in each group during treatment; E: Hematoxylin-eosin staining results of
tumor tissue sections in each group after treatment. Control: Model group. CB: Calculus bovis; L-CB: Low-dose CB group; M-CB: Medium-dose CB group; H-CB:
High-dose CB group; Differences were assessed using one-way ANOVA and multiple comparisons were determined using Tukey's test. P < 0.01 vs control, °P <
0.05 vs L-CB, °P < 0.01 vs L-CB.

appeared to affect differential mMRNA expression in mouse tumor tissues by targeting molecular functions and biological
processes related to the Wnt pathway (Figure 4B-D). Notably, among the genes in this pathway, CCL22 and TGF-f, both
known for their association with M2-TAM polarization, were significantly enriched. Therefore, our results support the
hypothesis that CB exerts its anti-liver cancer effects through modulation of the Wnt pathway and subsequent alteration
of M2-TAM polarization.

CBS inhibits M2 macrophage polarization in vitro

To assess the cytotoxic effects of CBS on THP-1 cells, we initially performed a CCK-8 assay using varying concentrations
of CBS [5% (50 mL/L), 10% (100 mL/L), and 20% (200 mL/L]). Figure 5A shows no significant effects on cell viability
after exposure to CBS. Subsequently, we investigated the ability of CBS to inhibit M2 macrophage polarization stimulated
by IL-13 and IL-4. Flow cytometry was used to measure CD86 and CD206 surface markers on THP-1 cells. As shown in
Figure 5B, stimulation with IL-13 and IL-4 resulted in substantial upregulation of CD206 expression, confirming
successful M2-TAM polarization. Furthermore, we evaluated the influence of different concentrations of BS and CBS on
the mRNA expression of CD206 in M2-TAM using RT-qPCR. Across the BS concentrations, CD206 expression remained
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Figure 3 Cyberpharmacological study on anti-liver cancer mechanism of active components of Calculus bovis based on UPLC-Q-TOF-MS
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stable, with no significant alterations. However, notable differences in CD206 mRNA expression were detected when
comparing the groups treated with 10% (100 mL/L) CBS to those receiving 10% (100 mL/L) BS, as well as between the
20% (200 mL/L) CBS group and the corresponding BS group (P < 0.01). Treatment with both 10% and 20% (100 and 200
mL/L) CBS led to a statistically significant downregulation of CD206 mRNA expression compared to treatment with 5%
(50 mL/L) CBS; however, there was no significant difference between these two higher concentrations (Figure 5C).
Consequently, 10% CBS (100 mL/L) was selected for subsequent experiments. Flow cytometry analysis demonstrated
that treatment with this concentration effectively reduced CD206 expression in M2-TAM cells (Figure 5D). Additionally,
RT-qPCR analysis revealed significant reductions in mRNA levels of CCL22, Arg-1, TGF-f2, and IL-10 (Figure 5E).
Collectively, these findings indicate that CBS effectively inhibits M2-TAM polarization.

CBS mitigates the proliferative and migratory properties of liver cancer cells by suppressing TAM polarization to M2

We used the CCK-8 assay to evaluate the effects of various concentrations of CBS on HepG2 cell proliferation in a
medium conditioned with M2 macrophages, which revealed notable inhibitory effects (Figure 6A). Flow cytometry
analysis indicated an enhancement in the proliferation of liver cancer cells compared to M¢ macrophages. Notably,
enhanced apoptosis was observed in the group treated with M2 + 10% (100 mL/L) CBS conditioned medium, in stark
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Figure 5 Calculus bovis-enriched serum inhibits polarization of M2 tumor-associated macrophages. A: Cytotoxicity of Calculus bovis-enriched
serum (CBS) on THP-1 cells by Cell Counting Kit-8 assay. The blank group served as a control; B: CD206 quantification in THP-1 cells after IL-4 and IL-13 induction
by flow cytometry; C: The mRNA expression levels of CD206 after intervention of M2 tumor-associated macrophages (M2-TAMs) with different concentrations of
blank serum and CBS; D: Quantification of CD206 in M2-TAMs after 10% (100 mL/L) CBS intervention by flow cytometry; E: The mRNA expression levels of CCL22,
TGF-B2, IL-10, and Arg-1 after 10% (100 mL/L) CBS intervention in M2-TAMs. %P < 0.05, °P < 0.01. BS: Blank serum; CBS: CB-enriched serum.
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contrast to the Mg + 10% (100 mL/L) BS and M2 + 10% (100 mL/L) BS conditioned medium groups (Figure 6B). These
results confirm that CBS not only impedes M2-TAM-induced proliferation of liver cancer cells but also significantly
promotes their apoptosis. In the 24-h wound healing assay, the migratory capacity of HepG2 cells was increased when
cultured with medium from the M2 + 10% (100 mL/L) BS group, compared to the M + 10% (100 mL/L) BS group.
However, this enhanced migratory behavior was significantly reduced following treatment with M2 + 10% (100 mL/L)
CBS-conditioned medium (Figure 6C). Similarly, the Transwell invasion assay revealed that M2 + 10% (100 mL/L) CBS-
conditioned medium effectively decreased the migration rate of HepG2 cells (Figure 6D). Collectively, these findings
indicate that CBS-treated M2-TAM medium considerably diminishes the cell invasion and migration capabilities of liver
cancer, underscoring the potential therapeutic value of CB in halting liver cancer progression.

CBS inhibits M2-TAM polarization through the Wnt pathway

RT-qPCR and Western blot analysis showed upregulated expression of Wnt5B and B-catenin, along with a reduction in
Axin2 levels, confirming the activation of the Wnt pathway (Figure 7A and B). Significantly, the inclusion of 10% (100
mL/L) CBS markedly mitigated IL-13/IL-4 induced alterations, suggesting that Wnt pathway modulation occurred in the
CBS-mediated inhibition of macrophage M2 polarization. To further elucidate the effect of CBS on Wnt signaling in
macrophages, we used SKL2001, a recognized activator of this pathway, in our experimental design. As depicted in
Figure 7C, THP-1 cells co-treated with 10% (100 mL/L) CBS and SKL2001 showed a significant elevation in p-catenin
levels compared with cells treated with 10% (100 mL/L) CBS alone. Additionally, flow cytometry analysis demonstrated
that treatment with 10% (100 mL/L) CBS reduced CD206 expression by approximately 40%. Notably, simultaneous
administration of SKL2001 and CBS abrogated the CBS-induced suppression of CD206 expression (Figure 7D). These
findings highlight that the inhibitory effect of CBS on M2-TAM polarization predominantly operates through the
downregulation of the Wnt pathway.

CB regulates M2 polarization via the Wnt pathway in vivo to combat liver cancer

In the subsequent in vivo experiments, we aimed to confirm the effects of the Wnt pathway. Consistent with our earlier
findings, CB treatment resulted in significant downregulation of Wnt5B and B-catenin, alongside increased expression of
Axin2 (Figure 8A and B). These findings suggest that CB suppresses Wnt pathway activity. Moreover, flow cytometry
analysis indicated that CB effectively reduced the expression of the M2 macrophage marker CD206, with the most
significant decrease observed in the high-dose group (Figure 8C).

DISCUSSION

Despite recent advances in treatment methods that have reduced liver cancer mortality, prognosis remains poor owing to
high rates of metastasis and chemotherapy resistance. TCM can inhibit liver cancer by regulating the TME, thus
providing a new perspective on liver cancer treatment. CB, a classic herb in TCM described in ancient medical texts and
with thousands of years of use, is a foundational substance in compound formulations such as Xihuang Pills and Pien Tze
Huang, used for treating tumors. Its immunomodulatory and anti-inflammatory effects are well documented, high-
lighting its medicinal significance in traditional Chinese therapeutic practices[32-34]. We hypothesized that CB inhibits
tumor progression by modulating macrophages within the TME, and subsequently investigated this effect.

Antitumor experiments conducted in vivo and in vitro have demonstrated that CB significantly inhibits the progression
of liver cancer. Network pharmacology and transcriptome sequencing analysis indicated enrichment of the Wnt/f-
catenin signaling pathway, suggesting that the mechanism of action of CB may involve this pathway. Previous studies
have established that the Wnt signaling pathway is crucial for the pathogenesis of liver cancer[35-37], as it regulates the
proliferation of liver cancer stem cells and promotes tumor growth. Our research illustrated the mechanism that CB
impedes progression of liver cancer by alerting M2-TAM polarization via Wnt/p-catenin pathway modulation. Detailed
serum analysis revealed 11 bioactive compounds, including bilirubin, which exhibits antioxidant, anticancer, and anti-
inflammatory effects as documented by Yu et al[26]. Bile acid-like components and acid esters, which are recognized for
their roles in enterohepatic circulation and their antitumor properties[38], also contribute to the hepatoprotective profile
of CB. These findings verify the multiple therapeutic effects of CB in targeting liver cancer through the interaction of its
active constituents.

In the further analysis of the Wnt pathway, a significant upregulation of CCL22 and TGF-B2 was observed among
downstream molecules. The stimulation of TGF-p and Wnt/B-catenin pathways is known to facilitate M2 macrophage
polarization, which has a significant impact in connecting inflammatory and oncogenic processes. This polarization
further enhances the invasion and migration of liver cancer[39]. It has been demonstrated that CCL22 exacerbates au-
toimmune diseases by recruiting macrophages and enhancing their effector functions. Neutralizing CCL22 leads to an
altered cytokine profile within macrophages, characterized by reduced TNF-a levels and increased IL-10 levels, aligning
with the characteristics of M2-TAMs[17,40]. CB may impede liver cancer progression by obstructing M2-TAM
polarization via the Wnt/B-catenin pathway. In vitro, CB-supplemented serum reduced M2-TAM markers and cytokines
in THP-1 cells activated with IL-4/IL-13 for 24 h. Identification of M2-TAMs relies on their responsiveness to IL-4, IL-10,
IL-13, and TGEF-B, resulting in elevated levels of CD206 and Arg-1 expression[41]. Moreover, TAMs tend to secrete lower
amounts of TNF-a and IL-1f while exhibiting higher concentrations of TGF-p and IL-10[41-43]. These observations
support the findings of this study.
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Figure 6 Calculus bovis-enriched serum inhibits polarization of M2 tumor-associated macrophages through the Wnt pathway and suppr-
esses malignant behaviors of liver cancer cells. A: Inhibition rate of HepG2 proliferation by M2 + Calculus bovis-enriched serum (CBS) conditioned medium;
B: Effect of M2 + CBS conditioned medium on HepG2 apoptosis detected by flow cytometry; C: Inhibitory effect of M2 + CBS conditioned medium on migration of
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collected after culture. ¢P < 0.05, ®P < 0.01.
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Figure 7 Calculus bovis-enriched serum inhibits polarization of M2 tumor-associated macrophages through the Wnt pathway to suppress
against liver cancer. A: Effect of Calculus bovis-enriched serum (CBS) on Wnt5B, B-catenin, and Axin2 mRNA levels in THP-1 cells detected by real-time reverse
transcriptase-polymerase chain reaction; B: Effect of CBS on Wnt5B, B-catenin, and Axin2 protein levels in THP-1 cells detected by Western blot analysis; C: Effect of

the Wnt pathway agonist SKL2001 on B-catenin protein expression; D: Changes in CD206 detected by flow cytometry in THP-1 cells after CBS combined with
SKL2001 intervention for polarization. ¢P < 0.01.

Research has shown that the Wnt pathway is essential to drive liver cancer progression, particularly by upregulating
CCL22 and TGEF-B2, which are associated with M2 macrophage polarization[44-46]. It has been demonstrated that CB-
enriched serum can inhibit M2-TAM polarization stimulated by IL-13/1L-4, reversing the switch to an M2 phenotype and
reducing the invasive and migratory capabilities in liver cancer both in vitro and in vivo. Meanwhile, the presence of
SKL2001 indicates that the inhibitory effects of CB on M2-TAM activation can be modulated by the Wnt/p-catenin
pathway. The weak direct killing effect on tumor cells exhibited by CB in vitro does not completely explain its anti-tumor
effects in vivo. Therefore, we speculate that immunomodulation may be an important pathway for the anti-tumor activity
of CB. This study is the first to demonstrate that CB inhibits liver cancer development by regulating TAM polarization,
thereby enhancing our understanding of the pharmacological role of CB and offering a promising and effective treatment
option for liver cancer. However, T-cell infiltration, NK cell activation, and PD-1/PD-L1 expression are factors that affect
the TME, and it is not clear whether CB has a regulatory effect on them, which needs to be addressed in future studies.

We found that there are as many as 22 constituents of CB. However, it is not clear which compounds play a role in
regulating macrophage polarization, and this needs to be clarified in future studies. Furthermore, the synergistic effects of
these active components with clinical antitumor drugs should be investigated. In addition, new drug development
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Figure 8 In vivo experimental validation of regulation of M2 macrophage polarization by Calculus bovis through the Wnt pathway. A:
Quantification of mRNA expression of Wnt5B, B-catenin, and Axin2 by real-time reverse transcriptase-polymerase chain reaction; B: Quantification of protein

expression of Wnt5B, B-catenin, and Axin2 by Western blot analysis; C: Ratio of cells expressing CD206 molecules in tumor tissues analyzed by flow cytometry. 6P <
0.01.

strategies such as structural modifications and targeting system construction should be utilized to enhance the antitumor
effects of the active ingredients of CB and improve their targeting properties, making them potential antitumor drugs.
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CONCLUSION

CB has long been used in traditional Chinese herbal medicine for its anti-inflammatory and immunomodulatory
properties to treat various tumors. The influential anti-inflammatory and immunomodulatory properties of CB make it a
potential therapeutic agent against liver cancer by modulating the TME and inhibiting M2-TAM macrophage polarization
through the Wnt/p-catenin pathway (Figure 9). Its suppressive effects and ability to target the Wnt pathway offer a novel
approach to cancer therapy, potentially leading to progressive advances in malignancy treatment.
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Figure 9 Schematic diagram of anti-liver cancer mechanism of Calculus bovis. Calculus bovis exerts its anti-liver cancer effect by inhibiting the Wnt/B-
catenin pathway and suppressing the polarization of M2 tumor-associated macrophage. M2-TAMs: M2 tumor-associated macrophages; TME: Tumor
microenvironment.
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Abstract

The role of endoscopy in pathologies of the bile duct and gallbladder has seen
notable advancements over the past two decades. With advancements in stent
technology, such as the development of lumen-apposing metal stents, and ado-
ption of endoscopic ultrasound and electrosurgical principles in therapeutic en-
doscopy, what was once considered endoscopic failure has transformed into fail-
ure of an approach that could be salvaged by a second- or third-line endoscopic
strategy. Incorporation of these advancements in routine patient care will require
formal training and multidisciplinary acceptance of established techniques and
collaboration for advancement of experimental techniques to generate robust
evidence that can be utilized to serve patients to the best of our ability.

Key Words: Endoscopic ultrasound; Guided biliary drainage; Gallbladder; Biliary obst-
ruction; Lumen-apposing metal stent
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Core Tip: For malignant distal biliary obstruction, endoscopic ultrasound (EUS)-guided choledochoduodenostomy is
noninferior to endoscopic retrograde cholangiopancreatography (ERCP) with biliary stent placement, and can be considered
as a primary drainage modality instead of a salvage method. In cases with malignant hilar biliary obstruction, combined
ERCP with EUS-biliary drainage (CERES), when performed in the appropriate patient, can not only provide bilateral drai-
nage but also establish communication of the right and left intrahepatic biliary systems through bridging intra-hepatic
stenting. EUS-guided gallbladder drainage (EUS-GBD) is increasingly being recognized as a feasible and efficacious
treatment modality and should be considered in the management of cholecystitis in a multidisciplinary setting. EUS-GBD
can also be incorporated in the algorithm of management of distal or hilar biliary obstruction, either as a prophylactic or a
therapeutic strategy.
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TO THE EDITOR

Biliary interventional endoscopy refers to the ability to treat pathologies of the biliary tract through a non-surgical,
endoluminal approach. The availability of fluoroscopy, coupled with endoscopic ability to access the biliary system
through the ampulla of Vater, gave rise to the now well-established modality, endoscopic retrograde cholangiopancreato-
graphy (ERCP)[1]. As expertise with ERCP grew, our ability to treat and palliate expanded to encompass pathologies of
the biliary system which were historically managed with surgery. While this opened new avenues, it also unveiled new
challenges that highlighted the need to evolve beyond ERCP through technological innovation and novel thought to
address unmet needs of patients with limited options for management of their malady. This milieu led to innovations
such as endoscopic ultrasound (EUS) and development of the lumen-apposing metal stent (LAMS), both major milestones
which continue to improve our ability to manage biliary pathologies.

Traditionally, failure of endoscopic biliary drainage meant failure of ERCP, subjecting patients to percutaneous biliary
drainage (PTBD). Although PTBD is a valuable treatment option, one could argue that it adversely impacts patients’
quality of life due to its external attachments. In the current era, the availability of EUS and LAMS have served to redefine
failure of endoscopic biliary drainage, as has been highlighted by Fugazza et al[2], who shed light on the role of EUS-
guided biliary drainage (EUS-BD) in the management of gallbladder and biliary tree pathologies.

In malignant distal biliary obstruction (MDBO), EUS-choledocoduodenostomy (EUS-CDS) historically served as a
salvage modality in the setting of ERCP failure. This stepwise approach allowed expansion of endoscopic techniques
available for biliary decompression in patients with MDBO. As experience with EUS-CDS grew, its technical equivalency
to ERCP in the setting of MDBO became evident; EUS-CDS has now been shown to be noninferior to ERCP in the
ELEMENT and DRA-MBO clinical trials[3,4], and as such one may perform EUS-CDS as a primary drainage modality in
appropriately selected patients. The question of cost-effectiveness of EUS-CDS as a primary drainage modality compared
to ERCP in MDBO remains to be answered. In countries where LAMS are unavailable, EUS-BD still serves a useful
purpose in the setting of MDBO by providing rendezvous access to allow transpapillary biliary drainage, particularly
when MDBO leads to ampullary distortion.

In cases with malignant hilar biliary obstruction (MHBO), EUS-BD can serve as an adjuvant drainage modality that is
to be used alongside ERCP; the utility of combined ERCP with EUS-BD (CERES) allows applicability of EUS-BD in
multiple configurations (Figure 1)[5,6]. The techniques of EUS-BD studied in the setting of MHBO can serve to prolong
the efficacy of endoscopic biliary drainage, potentially delaying PTBD in appropriately selected patients, thereby
preserving their quality of life. EUS-BD can also establish bilateral drainage of the liver in cases with high grade MHBO
with non-communicating left and right biliary systems by performing bridging intra-hepatic stenting along with a hepa-
ticogastrostomy[7]. Put together, these are promising avenues that warrant further exploration in randomized trials to
validate the utility of EUS-BD in MHBO as has been done in the setting of MDBO.

The presence or absence of gallbladder can materially alter the course of management in the setting of biliary obs-
truction. In the case of both MDBO and MHBO, EUS-guided gallbladder drainage (EUS-GBD) can be performed pro-
phylactically or therapeutically. Preliminary data on EUS-GBD addressed the utility of this technique as a rescue moda-
lity, with promising results, as summarized by Fugazza et al[2]. Similar to EUS-BD, the role of EUS-GBD has evolved
beyond a rescue technique and carries the potential to be incorporated in the algorithm of biliary drainage in malignant
cases as a prophylactic measure. Such an approach may be of utility in cases where biliary stent placement poses the risk
of cystic duct obstruction and cholecystitis; in cases with MHBO, incorporating EUS-GBD can be considered an extension
of CERES, allowing bilateral drainage of the biliary tree, and maintaining gallbladder outflow. The utility of EUS-GBD
has been shown primarily in the setting of cholecystitis, particularly for patients who are unfit for surgery. In the current
era, incorporation of a multidisciplinary team consisting of surgeons, interventional radiologists, and interventional
endoscopists to drive therapeutic decision-making in the setting of acute cholecystitis should be considered standard
practice in resource-rich health systems and tertiary care centers, and will serve to increase adoption of EUS-GBD in
appropriately selected patients (Figure 2)[8]. Lithotripsy after EUS-GBD in patients with cholelithiasis is an additional
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Distal biliary obstruction
Choledochoduodenostomy.
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Bridging intra-hepatic stenting +
hepaticogastrostomy.

Combined ERCP with EUS-biliary drainage:

R-sided transpapillary stenting + EUS
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intra-hepatic stenting;

L-sided transpapillary stenting + EUS
hepaticoduodenostomy + Bridging
intra-hepatic stenting

£

Hilar biliary obstruction + gallbladder
obstruction from tumor or stent
Hepaticogastrostomy.
Hepaticoduodenostomy.
Cholecystoduodenostomy.
Bridging intra-hepatic stenting.
Combined ERCP with EUS-biliary drainage:
R-sided transpapillary stenting + EUS
hepaticogastrostomy + cholecystoduodenostomy
+ bridging intra-hepatic stenting;
L-sided transpapillary stenting + EUS
hepaticoduodenostomy + cholecystoduodenostomy
+ bridging intra-hepatic stenting

Figure 1 Role of endoscopic ultrasound-guided biliary drainage in various forms of obstruction. EUS: Endoscopic ultrasound; ERCP: Endoscopic

retrograde cholangiopancreatography.

Acute cholecystitis

!

Multidisciplinary evaluation

Interventional endoscopist, surgeon, interventional radiologist

!

Surgical candidate

!

Patient preference for organ preservation

|
! '

Not a surgical candidate

Percutaneous-GBD <—E

Surgery

Transpapillary OR
EUS-GBD + /-
lithotripsy and
stone removal

!

Lack of Expertise

Contraindication to
transluminal
drainage

l

Transpapillary OR
EUS-GBD +/-
lithotripsy and
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Figure 2 Potential approach to multidisciplinary management of acute cholecystitis. EUS: Endoscopic ultrasound; GBD: Gallbladder drainage.

treatment strategy that is currently in its infancy but will undoubtedly be explored in a robust manner in the near future
[9]. Above all, long-term safety, reproducibility, and the ability to train proceduralists in these evolving techniques will be
paramount in driving progress of therapeutic biliary endoscopy.
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CONCLUSION

As the armamentarium of interventional endoscopy continues to grow, the definition of “failure” as it pertains to the
ability to achieve endobiliary drainage will continue to evolve to the point where a majority of patients can be offered one
of the many potential therapeutic modalities to achieve adequate biliary drainage, be it through the biliary tree or the
gallbladder.
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Abstract

This letter evaluates the article by Gravina ef al on ChatGPT’s potential in
providing medical information for inflammatory bowel disease patients. While
promising, it highlights the need for advanced techniques like reasoning + action
and retrieval-augmented generation to improve accuracy and reliability. Empha-
sizing that simple question and answer testing is insufficient, it calls for more
nuanced evaluation methods to truly gauge large language models’ capabilities in
clinical applications.
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Core Tip: This commentary evaluates the article by Gravina et a/ on ChatGPT’s
potential in providing medical information for inflammatory bowel disease patients.
While promising, it highlights the need for advanced techniques like reasoning + action
and retrieval-augmented generation to improve accuracy, emphasizing that simple
question-and-answer testing is insufficient for evaluating large language models’ true
capabilities.
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TO THE EDITOR

We are writing to express out thoughts on the recently published article by Gravina et al[1]. Gravina ef al[1] assessed the
capability of large language models (LLMs) like ChatGPT to provide plausible medical information to patients with
inflammatory bowel disease (IBD). Despite identifying several limitations, the authors concluded that there is significant
potential in using LLMs for this purpose[1].

One of the key insights from the article is the potential for ChatGPT to offer immediate and accessible information to
patients. The authors correctly note that this could be particularly beneficial in providing preliminary guidance and
answering common queries that patients may have about their condition. This aligns with the increasing trend of patients
seeking health information online before consulting their healthcare providers.

However, the study also underscores significant limitations, such as the potential for outdated or inaccurate
information. Given that medical knowledge is continuously evolving, it is crucial for artificial intelligence (AI) tools like
ChatGPT to have mechanisms for regular updates to ensure the information provided is current and evidence-based[1].
This is especially important for chronic conditions like IBD, where treatment guidelines and best practices frequently
change.

A pertinent question arises: Can LLMs truly perform inference? Current Al-based agents utilizing LLMs operate by
either generating answers directly or referring to external tools if the LLM itself cannot provide an answer. These agents
determine the necessary information, redefine the questions, call appropriate tools to extract information, analyze the
extracted data, and iterate this process as needed to reach a final answer. This pattern, known as reasoning + action,
closely mimics human problem-solving by iteratively refining questions and seeking relevant tools rather than merely
retrieving similar past solutions[2].

The effectiveness of such an approach often hinges on prompt engineering. Enhanced prompt engineering can
significantly improve the accuracy of LLM-generated answers by aligning queries more closely with the model’s trained
data and inference capabilities. Therefore, evaluating LLMs based on selected questions often reflects their proficiency in
leveraging search tools to produce desired answers. Advanced prompt engineering techniques can potentially yield more
accurate responses, indicating that simple question-and-answer testing might not fully capture an LLM’s capabilities[3].

Moreover, the retrieval-augmented generation (RAG) technique enhances traditional LLMs by enabling real-time
retrieval of external data not included in the training dataset, thus generating answers that integrate the latest
information. This approach helps prevent hallucination and allows the model to utilize a broader knowledge base.
However, standardized performance evaluation of these advanced techniques remains challenging due to the limited
benchmarks available, making it difficult to assess using only a few representative questions[4].

Another important point raised by the authors is the issue of contextual understanding and empathy, which Al
currently lacks. The physician patient relationship is built on trust and understanding, and while AI can provide factual
information, it cannot replace the nuanced, empathetic communication that healthcare providers offer. This aspect is
particularly vital for managing chronic diseases that significantly impact patients” quality of life[1].

The authors’ recommendation for further refinement and alignment of Al outputs with reliable medical databases is
essential. Such improvements could enhance the accuracy and reliability of Al-generated medical information, making it
a more robust tool for both patients and healthcare providers.

Despite these challenges, there is no doubt that LLMs, equipped with sophisticated learning datasets and RAG
capabilities, hold promise for clinical application. However, evaluating their potential solely based on simple question-
answer accuracy is inadequate. It is essential to consider the advanced techniques and iterative processes that
significantly enhance the precision and reliability of LLM-generated medical information.

In conclusion, the article by Gravina et al[1] provides valuable insights into the current capabilities and limitations of Al
in gastroenterology. While promising, further refinement and a more nuanced evaluation approach are crucial for
realizing the full potential of Al in healthcare. Continued research and development, combined with rigorous validation
against established medical standards, will be essential.
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