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Abstract

Hepatocellular carcinoma (HCC) is a malignancy with a high incidence and
fatality rate worldwide. Hepatitis B virus (HBV) infection is one of the most
important risk factors for its occurrence and development. Early detection of
HBV-associated HCC (HBV-HCC) can improve clinical decision-making and
patient outcomes. Biomarkers are extremely helpful, not only for early diagnosis,
but also for the development of therapeutics. MicroRNAs (miRNAs), a subset of
non-coding RNAs approximately 22 nucleotides in length, have increasingly
attracted scientists” attention due to their potential utility as biomarkers for cancer
detection and therapy. HBV profoundly impacts the expression of miRNAs
potentially involved in the development of hepatocarcinogenesis. In this review,
we summarize the current progress on the role of miRNAs in the diagnosis and
treatment of HBV-HCC. From a molecular standpoint, we discuss the mechanism
by which HBV regulates miRNAs and investigate the exact effect of miRNAs on
the promotion of HCC. In the near future, miRNA-based diagnostic, prognostic,
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and therapeutic applications will make their way into the clinical routine.

Key Words: Hepatitis B virus; Hepatocellular carcinoma; MicroRNA; Diagnosis; Prognosis; Biomarker
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Core Tip: Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide. Hepatitis B virus (HBV)
infection is one of the predominant risk factors for developing HCC. Early diagnosis and prognosis prediction are pivotal for
patients with HBV-associated HCC (HBV-HCC) in their clinical management. MicroRNAs (miRNAs), a subset of non-
coding RNAs, play an essential role in human diseases including HBV-HCC. Here, we summarize the role of miRNAs in the
diagnosis and prognosis prediction of patients with HBV-HCC. Furthermore, we discuss the underlying mechanism by
which HBV dysregulates miRNAs, and the potential role of dysregulated miRNAs in promoting hepatocarcinogenesis,
laying the foundation for applying potential therapeutic targets.

Citation: Zhang MH, Yuan YF, Liu LJ, Wei YX, Yin WY, Zheng LZY, Tang YY, Lv Z, Zhu F. Dysregulated microRNAs as a
biomarker for diagnosis and prognosis of hepatitis B virus-associated hepatocellular carcinoma. World J Gastroenterol 2023; 29(31):
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INTRODUCTION

According to World Health Organization (WHO) reports, in 2020, primary liver cancer is the sixth most frequently
occurring cancer worldwide, with mortality ranking third among all cancers. Hepatocellular carcinoma (HCC) accounted
for about 75%-85% of cases. Chronic hepatitis B virus (HBV) infection is one of the major known risk factors[1]. Although
the HBV-vaccination program has greatly reduced the incidence of HBV infection, it is estimated that nearly 292 million
people are living with chronic hepatitis B (CHB) globally, and approximately 900000 people die annually because of
HBV-induced liver cirrhosis and HCC, according to WHO estimates[2]. Liver surgery, including liver resection and liver
transplantation, has become an established therapy for HCC and cirrhosis. Early diagnosis is a key factor for liver
resection. Biomarkers are widely used for the early diagnosis of several cancers. But HCC biomarkers cannot be clinically
useful for early HCC diagnosis due to their low sensitivity[3]. Similarly essential is the construction of prognosis of HBV-
associated HCC (HBV-HCC), which can help make treatment decisions[3]. At present, circulating nucleic acid
biomarkers, including microRNAs (miRNA), are identified as possible biomarkers for the diagnosis, prognosis, and
therapeutics of liver diseases, especially HBV-HCC[4].

miRNA, a subset of non-coding RNAs, possess 19-25 nucleotides in length and play crucial biological roles in the
process of gene silencing. Given that up to 60% of human protein-coding genes have conserved miRNA target sites, it is
not surprising that dysregulated miRNAs can disrupt homeostasis and cause diseases including cancer[5]. miRNAs play
a vital role in different stages of the HBV-HCC continuum, including early HBV infection, chronic inflammation, fibrosis/
cirrhosis, and the emergence of HCC[6].

Although most miRNAs are located within cells, circulating miRNAs are present in body fluids and may reflect the
pathophysiology of tissues. Several desirable characteristics of circulating miRNAs, such as their high stability in
biological samples, non-invasive methods for sampling, and high sensitivity and accuracy, make them suitable as
biomarker candidates for cancer diagnosis, prognosis, and therapeutic response prediction[7]. In this review, we
summarize the application of miRNAs as diagnostic, prognostic, and therapeutic markers in HBV-HCC. We further
discuss the mechanism by which HBV affects miRNA transcription and stability. We also try to understand the
mechanisms by which miRNAs participate in the development of HCC. This will provide an in-depth understanding to
identify promising biomarkers in HBV-HCC diagnosis, prognosis, and treatment.

DYSREGULATED MIRNAS IN THE DIAGNOSIS OF HBV-HCC

miRNAs are expressed with high tissue and cell selectivity. For example, some miRNAs, such as miR-122-5p, are partic-
ularly abundant in the liver, suggesting that certain miRNAs participate in HCC carcinogenesis and progression[8]. After
tumor resection in HCC patients, some serum circulating miRNAs exhibit significant changes[9-13], indicating that
circulating miRNAs may be specific non-invasive and diagnostic markers for HBV-HCC.

In clinical diagnostic tests, area under the receiver operating characteristic curve (AUC) is widely used to judge the
diagnostic accuracy. Generally, an AUC between 0.7 and 0.8 is considered clinically useful, between 0.8 and 0.9 is deemed
excellent, and greater than 0.9 is considered outstanding discrimination[14]. Numerous individual miRNAs have shown
good diagnostic efficacy, with miR-93-5p[15], miR-122[16], miR-125b[17], miR-150[13], miR-487b[18,19], miR-768-3p[20],
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and miR-5193[21] achieving AUC > 0.9 in discriminating HBV-HCC patients from healthy controls (HC) (Table 1), miR-
122[22], miR-125b[23], and miR-192[22] in differentiating HBV-HCC from CHB patients (Table 2), and miR-101[24] and
miR-125b[17,23] in discriminating HBV-HCC from HBYV related liver cirrhosis (HBV-LC) patients (Table 2). Additionally,
some HBV dysregulated miRNAs show different expression profiles in the serum or plasma of HBV-HCC patients
compared to control populations[25-29], suggesting a potential value of these miRNAs in diagnosing HBV-HCC. In
addition, one study reveals that urine miR-93-5p demonstrates diagnostic performance comparable to plasma miR-93-5p
for diagnosing early HBV-HCC. Urine sample is non-invasive and simple to perform on humans. Therefore, urine
miRNAs may have more clinical application potential than plasma miRNAs[15]. However, individual miRNAs may have
limitations in sensitivity and specificity due to HBV-associated chronic liver disease. In addition, despite the fact that
numerous miRNAs were highly effective at distinguishing HBV-HCC patients from healthy populations or all control
populations, the efficacy used to differentiate HBV-HCC from CHB or HBV-LC is nonspecific. Hence, new methods are
required to improve the diagnostic efficacy of miRNAs in diagnosing HBV-HCC patients, particularly in distinguishing
them from CHB and LC populations.

Individual miRNAs are altered in different infectious diseases, nonspecific inflammation, and acute lesions in addition
to cancer, revealing their lack of specificity. Forming a miRNA panel may help serve as diagnostic biomarkers for HBV-
HCC (Table 3). Several miRNA panels, such as miR-21 + miR-122 + miR-192[22], miR-125b + miR-223 + miR-27a + miR-
26a[30], and miR-23b + miR-423 + miR-375 + miR-23a + miR-342-3p[31] reach a high value in differentiating HBV-HCC
from HC, CHB and HBV-LC patients. However, the good diagnostic efficiency of miRNA profiles does not necessitate the
combination of as many miRNAs as feasible to improve diagnostic accuracy, due to the complexity of the method
necessary to detect miRNAs and the lengthy timeframes involved. In some cases, the combination of multiple biomarkers
showed no additive effect on HBV-HCC diagnosis[32]. Several studies demonstrate that panels with only two miRNAs
can also reach a high AUC as panels with more miRNAs, such as miR-10a + miR-125b[31] and miR-15b + miR-130b[9].
Consequently, additional research is required to determine the optimal combination of the fewest possible number of
miRNAs and to reduce the cost of diagnosis as much as possible, all while attaining a good diagnostic capacity.

It will be better to combine miRNAs with other biomarkers in HBV-HCC diagnosis (Table 4). The most prevalent
combination biomarker is alpha fetoprotein (AFP), a traditional biomarker in HCC. Obviously, the combination of most
miRNAs with AFP demonstrates a high AUC and diagnostic accuracy for discriminating HBV-HCC from HC or patients
with CHB, HBV-CLD, and HBV-LC, such as miR-24-3p[33], miR-96[34], miR-101[24], miR-122[35], miR-126[32], miR-142-
3p[32], miR-205[36] and miR-224[11]. Another study combines miR-122 with AFP and TERT gene promoter mutations in
cfDNA. The results show that it reaches a 0.98 and 0.88 AUC in discriminating HBV-HCC patients from CHB and HBV-
LC patients, respectively, demonstrating a high diagnostic value in HBV-HCC[35]. Similarly, the combination of miR-122
with AFP and prothrombin induced by vitamin K deficiency or antagonist- II (PIVKA-II) reaches a 0.918 AUC in
separating HBV-HCC from HBV-LC patients[37]. Consequently, the combination of single miRNA with other biomarkers
may improve the diagnostic accuracy for HBV-HCC from other HBV-related diseases. Moreover, some miRNAs panels
show a better diagnostic value than AFP[38], and combination of these miRNA panels with AFP further increased the
efficacy[22,30,32]. Therefore, the use of miRNA profiles paired with AFP may be the optimum modality for the diagnosis
of HBV-HCC.

In addition, miRNAs may be of particular value in the diagnosis of HBV-HCC with low AFP levels. Despite the fact
that AFP is the most often utilized biomarker for HCC worldwide, serum AFP levels stay normal in 15%-30% of
advanced HCC. Meanwhile, approximately 30% of early-stage HCC cannot be diagnosed via AFP measurement, which
delays therapy. Therefore, it is crucial to establish biomarkers capable of identifying HCC patients with negative AFP
levels[39]. Different miRNAs and miRNA panels have shown good capacity for separating HBV-HCC patients with
negative AFP expression from HC and CHB patients (Table 5), such as miR-125b[23], miR-15b + miR-130b[9] miR-21 +
miR-122 + miR-192[22], and miR-125b + miR-223 + miR-27a + miR-26a[30]. A meta-analysis suggests that circulating
miRNAs have a relatively high diagnostic accuracy in distinguishing HBV-HCC patients with low AFP levels from non-
HCC controls[40]. Therefore, circulating miRNAs may be an ideal potential diagnostic biomarker for HBV-HCC patients
with low AFP levels. Notably, these miRNAs or miRNAs panels only show ordinary effects when differentiating HBV-
HCC with HBV-LC, and thus, more research is needed to improve the value of miRNA in differentiating HBV-LC and
HBV-HCC patients with negative AFP expression.

Overall, miRNAs have great potential for use in the diagnosis of HBV-HCC. Two meta-analyses also show that
miRNAs attain a level between moderate and high in terms of diagnostic evaluation criteria, and also demonstrate
superior diagnostic performance than AFP[41,42]. According to both studies, miR-125b demonstrates a stronger
diagnostic value for HBV-related HCC than other single miRNAs[41,42]. The subgroup analysis further concludes that
downregulated miRNAs, miRNA panels, and serum-type miRNAs provide the most accurate diagnostic function for
HBV-HCCJ[42]. Notably, the majority of patients with HCC are frequently diagnosed at an advanced stage, with a 1-year
survival rate of less than 50% and a 5-year survival rate of only 10%[43]. This is due to the lack of accurate early
diagnostic biomarkers. Several other studies also evaluate the ability of miRNAs to discriminate between early-stage
HBV-HCC and controls. In one study, the combination of AFP and miR-125b, miR-223, miR-27a, and miR-26a has the
highest diagnostic accuracy for early-stage HBV-HCC[30]. Another study finds that one miRNA panel consisting of seven
miRNAs shows significant diagnostic accuracy for HBV-HCC, particularly in patients with early Barcelona Clinic Liver
Cancer (BCLC) stages (0/A)[44]. Consequently, these miRNA profiles may serve as possible early diagnostic markers for
HBV-HCC.

Notably, in addition to circulating miRNAs, exosome miRNAs may also have diagnostic and prognostic value in HBV-
HCC. Exosome miRNAs are miRNAs contained within exosomes and released by various cells. Exosome miRNAs are
frequently more stable in bodily fluids than other circulating miRNAs because the exosome membrane protects them
from degradation, indicating a higher value as cancer biomarkers[45]. As HBV can impact the production of exosomes
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Table 1 Efficacy of single microRNAs used in diagnosing hepatitis B virus-associated hepatocellular carcinoma patients from healthy

control

miRNA AUC Sensitivity Specificity Ref.
miR-18a 0.881 0.861 0.750 [228]
miR-26a 0.711 0.876 0.600 [30]
miR-26a’ 0.685 0.907 0.600 [30]
miR-26a-5p 0.762 0.689 0.744 [38]
miR-27a 0.859 0.933 0.733 [30]
miR-27a’ 0.809 0.926 0.733 [30]
miR-34a 0.736 0.920 0.600 [21]
miR-93-5p 0.906 0.859 0.954 [15]
miR-93-5p 0.903 0.879 0.938 [15]
miR-93-5p 0.905 0.862 0.954 [15]
miR-101 0.788 0.761 0.700 [24]
miR-122 0.984 0.960 0.940 [16]
miR-122 0.869 0.816 0.833 [10]
miR-122-5p 0.697 0.489 0.822 [38]
miR-125b 0.835 0.798 0.867 [30]
miR-125b 0.891 0.859 0.786 [23]
miR-125b 0.940 0.830 0.960 [17]
miR-125b! 0.822 0.815 0.867 [30]
miR-141-3p 0.758 0.681 0.833 [38]
miR-143 0.813 0.776 0.860 [229]
miR-145 0.852 0.882 0.780 [229]
miR-150 0.931 0.825 0.837 [13]
miR-192-5p 0.695 0.719 0.756 [38]
miR-199a-5p 0.638 0.593 0.667 [38]
miR-205 0.885 0.969 0.679 [36]
miR-206 0.615 0.481 0.788 [38]
miR-212 0.886 0.696 0.950 [230]
miR-214 0.747 0.760 0.740 [21]
miR-223 0.736 0.921 0.633 [30]
miR-223' 0.822 0.907 0.633 [30]
miR-433-5p 0.736 0.793 0.644 [38]
miR-487b 0.946 0.888 0.909 [18]
miR-487b 0.929 0.839 0.928 [19]
miR-768-3p 0.908 0.873 0.800 [20]
miR-1228-5p 0.552 0.793 0.278 [38]
miR-5193 0.993 0.960 1.000 [21]
miR-6510 0.839 0.720 0910 [21]

IComparing early-stage hepatitis B virus-associated hepatocellular carcinoma patients to patients with other stages.
AUC: Area under the receiver operating characteristic curve; miRNAs: MicroRNAs.
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Table 2 Efficacy of single microRNAs used in diagnosing hepatitis B virus-associated hepatocellular carcinoma patients from hepatitis

B virus-positive patients

Comparison miRNA AUC Sensitivity Specificity Ref.
HBV-carriers miR-20a-5p 0.770 0.866 0.573 [2531]
HBV-carriers miR-25-3p 0.718 0.553 0.793 [231]
HBV-carriers miR-30a-5p 0.681 0.642 0.683 [2531]
HBV-carriers miR-92a-3p 0.765 0.761 0.683 [231]
HBV-carriers miR-132-3p 0.722 0.910 0.366 [2531]
HBV-carriers miR-185-5p 0.788 0.910 0.390 [2531]
HBV-carriers miR-320a 0.678 0.388 0.878 [231]
HBV-carriers miR-324-3p 0.656 0.746 0.500 [2531]
CHB miR-26a 0.650 0.533 0.833 [30]
CHB miR-26a’ 0.411 0.582 0.500 [30]
CHB miR-27a 0.761 0.677 0.833 [30]
CHB miR-27a’ 0.690 0.527 0.833 [30]
CHB miR-34a 0.619 0.400 0.870 [21]
CHB miR-96 0.803 0.779 0.753 [34]
CHB miR-99a’ 0.694 0.844 0.567 [232]
CHB miR-101 0.777 0.881 0.620 [24]
CHB miR-122 0.190 0.250 0.250 [16]
CHB miR-122 0.630 0.776 0.578 [10]
CHB miR-125b 0.675 0.522 0.867 [30]
CHB miR-125b 0.958 0.938 0.857 [23]
CHB miR-125b 0.792 0.906 0.567 [2532]
CHB miR-125b 0.800 0.810 0.870 [17]
CHB miR-125b' 0.631 0.400 0.870 [30]
CHB miR-126 0.670 0.630 0.580 [32]
CHB miR-142-3p 0.550 0.320 0.910 [32]
CHB miR-150 0.881 0.791 0.765 [13]
CHB miR-214 0.520 0.850 0.430 [21]
CHB miR-223 0.737 0.544 0.933 [30]
CHB miR-223' 0.656 0.782 0.533 [30]
CHB miR-224 0.846 0.865 0.745 [11]
CHB miR-487b 0.815 0.836 0.667 [18]
CHB miR-487b 0.856 0.759 0.897 [19]
CHB miR-768-3p 0.819 0.850 0.727 [20]
CHB miR-5193 0.817 0.798 0.820 [21]
CHB miR-6510 0.531 0.810 0.390 [21]
HBV-DN let-7b 0.633 0.825 0.467 [233]
HBV-DN miR-122 0.648 0.667 0.567 [233]
HBV-LC miR-26a-5p 0.744 0.607 0.909 [38]
HBV-LC miR-99a’ 0.696 0.967 0.563 [232]
HBV-LC miR-101 0.976 0.955 0.902 [24]
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HBV-LC miR-122 0.675 0.610 0.760 [37]
HBV-LC miR-122-5p 0.751 0.489 0.902 [38]
HBV-LC miR-125b 0.958 0.891 0.881 [23]
HBV-LC miR-125b 0.910 0.780 0.960 [17]
HBV-LC miR-126 0.578 0.550 0.580 [32]
HBV-LC miR-141-3p 0.663 0.607 0.727 [38]
HBV-LC miR-142-3p 0.566 0.550 0.630 [32]
HBV-LC miR-192-5p 0.687 0.548 0.833 [38]
HBV-LC miR-199a-5p 0.589 0.593 0.576 [38]
HBV-LC miR-205 0.781 0.969 0.542 [36]
HBV-LC miR-206 0.693 0.778 0.689 [38]
HBV-LC miR-224 0.832 0.865 0.667 [11]
HBV-LC miR-433-5p 0.644 0.564 0.674 [38]
HBV-LC miR-1228-5p 0.542 0.667 0.470 [38]
CHB + HBV-LC miR-18a 0.775 0.772 0.700 [228]
CHB + HBV-LC miR-224 0.840 0.865 0.711 [11]
CHB + HBV-LC miR-375 0.768 0.938 0.639 [234]

IComparing early-stage hepatitis B virus (HBV)-associated hepatocellular carcinoma (HCC) patients to patients with other stages.

2Comparing advanced HBV-HCC to patients with other stages.

CHB: Chronic hepatitis B patient, HBV-DN: Hepatitis B virus-related dysplastic nodule patient; HBV-LC: Hepatitis B virus-related liver cirrhosis patient;
AUC: Area under the receiver operating characteristic curve; miRNAs: MicroRNAs.

and their cargos to promote HBV replication and diseases progression[46], exosomes derived from HBV-infected cells
may be useful biomarkers for HBV-related diseases[47,48]. Several studies have validated and reviewed exosome-
encapsulated miRNAs as circulating diagnostic markers for HCC[49,50], which may be beneficial for monitoring CHB
progression and for detecting HBV-HCC at an early stage[51,52].

DYSREGULATED MIRNAS IN THE PROGNOSIS OF HBV-HCC

miRNAs, whose expression level is correlated with disease severity and survival rate in HCC patients, have shown good
prognostic value for HCC[53]. For HBV-HCC patients, several miRNAs from HCC tissues or blood are found to be
significantly correlated with overall survival, diseases-free survival (DFS) and progression-free survival (Table 6). For
tissue miRNAs, higher expression of miR-122[54,55], miR-143[55], miR-145[56], miR-193b[57], miR-203a[58], miR-216b
[59], miR-375[55,60], and miR-384[61] is associated with a better prognosis, and higher expression of miR-9-3[62], miR-10b
[62], miR-21[56], miR-29a-5p[63], miR-31[62], miR-106b[64], miR-224[55], miR-371a-5p[27], miR-519¢[62], miR-522[62,65],
miR-523[65], miR-3188[28], miR-3682-3p[66], miR-3660[62], miR-4784[62], miR-5188[67], and miR-6883[62] is associated
with a significantly poorer long-term prognosis. For circulating miRNAs, higher expression of miR-150[13], miR-223-3p
[68], and miR-768-3p[20] is associated with a better prognosis, higher expression of miR-24-3p[33], miR-29a-3p[69], miR-
96[34], miR-155[70], miR-192-5p[69], and miR-487b[18,19] is associated with a significantly poorer long-term prognosis.
Therefore, tissues or circulating miRNAs can be a promising tool in predicting the prognosis of HBV-HCC patients.
Specifically, due to the fact that miRNAs are abundant in serum exosomes, serum exosomal miRNAs can be used to
predict the outcome of HCC patients. In addition, tissue miR-21[56], miR-203a[58], miR-375[60], and miR-5188[67], and
serum miR-26a[30], miR-27a[30], miR-29a-3p[69], miR-125b[30], miR-150[13], miR-192-5p[69], miR-223[30,68], miR-487b
[18,19], and miR-768-3p[20] are independent prognostic factors of HBV-HCC patients.

Researchers also develop different models to predict HBV-HCC survival. One study constructs a multivariate risk
model that incorporates BCLC stage, miR-192-5p, and miR-29-3p. This risk model is significantly correlated with patient
survival and has a good prognostic value. Consequently, the serum miRNA signature can offer predictive value for the
BCLC stage classification. In addition, one random forests model made with miRNAs can predict HBV-HCC survival
well[62].

It is worthy of note that miRNAs are also correlated with the probability of HBV-HCC recurrence. Several miRNAs
may serve as a potential predictor for early tumor recurrence after HCC resection. For instance, the amount of miR-29a-5p
in HCC tissues is strongly linked with early HCC recurrence following surgery, including in early-stage HCCs. Stages 0
and A of BCLC are regarded as the early stages, it implies that these HCC patients may have a better prognosis.
However, in clinical practice, some patients still have a bad prognosis. Predicting the prognosis of these individuals is a
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Table 3 Efficacy of microRNAs panels used in diagnosing hepatitis B virus-associated hepatocellular carcinoma

Comparison miRNA AUC Sensitivity ~ Specificity Ref.
HC miR-125b + miR-223' 0.881 0.891 0.833 [30]
HC miR-125b + miR-26a’ 0.884 0.873 0.867 30]
HC miR-223 + miR-27a’ 0.892 0.909 0.833 [30]
HC miR-223 + miR-26a’ 0.828 0.927 0.667 [30]
HC miR-27a + miR-26a’ 0.895 0.945 0.833 [30]
HC miR-125b + miR-223 + miR-27a + miR-26a 0.932 0.865 0.933 [30]
HC miR-125b + miR-223 + miR-27a + miR-26a’ 0.910 0.852 0.933 [30]
HC miR-375 + miR-25 + and let-7f 0.997 0.979 0.991 [31]
HC miR-23b + miR-423 + miR-375 + miR-23a + miR-342-3p 0.999 0.969 0.994 [31]
HC miR-122 + miR-192 + miR-21 + miR-223 + miR-26a + miR-27a + miR-801 0.941 0.832 0.939 [44]
HC miR-27b-3p + miR-192-5p 0.823 0.685 0.952 [235]
HC miR-206 + miR-141-3p + miR-433-5p + miR-1228-5p + miR-199a-5p + miR-122-  0.893 0.828 0.833 [38]
5p + miR-192-5p + miR-26a-5p
HBV-carriers miR-20a-5p + miR-25-3p + miR-30a-5p + miR-92a-3p + miR-132-3p + miR-185-  0.802 0.866 0.646 [231]
5p + miR-320a + miR-324-3p
HBV-carriers miR-20a-5p + miR-320a + miR-324-3p + miR-375 0.768 0.650 0.775 [231]
HBV-carriers miR-20a-5p + miR-320a + miR-324-3p + miR-375 0.706 0.560 0.838 [231]
CHB miR-125b + miR-223' 0.680 0.473 0.867 [30]
CHB miR-125b + miR-26a’ 0.668 0.509 0.833 [30]
CHB miR-223 + miR-27a’ 0.714 0.582 0.833 [30]
CHB miR-223 + miR-26a’ 0.708 0.509 0.900 [30]
CHB miR-27a + miR-26a’ 0.741 0.873 0.533 [30]
CHB miR-125b + miR-223 + miR-27a + miR-26a 0.761 0.622 0.867 [30]
CHB miR-125b + miR-223 + miR-27a + miR-26a’ 0.687 0.818 0.533 [30]
CHB miR-10a + miR-125b 0.992 0.985 0.985 [31]
CHB miR-122 + miR-192 + miR-21 + miR-223 + miR-26a + miR-27a + miR-801 0.842 0.791 0.764 [44]
HBV-LC miR-122 + miR-192 + miR-21 + miR-223 + miR-26a + miR-27a + miR-801 0.884 0.750 0.911 [44]
HBV-LC miR-27b-3p + miR-192-5p 0.859 0.785 0.793 [235]
HBV-LC miR-206 + miR-141-3p + miR-433-5p + miR-1228-5p + miR-199a-5p + miR-122-  0.892 0.816 0.846 [38]

5p + miR-192-5p + miR-26a-5p

IComparing early-stage hepatitis B virus-associated hepatocellular carcinoma patients to patients with other stages.
HC: Healthy control, CHB: Chronic hepatitis B patient; HBV-LC: Hepatitis B virus-related liver cirrhosis patient; AUC: Area under the receiver operating
characteristic curve; miRNAs: MicroRNAs.

huge challenge for clinicians. As miR-29a-5p sensitivity and specificity may reach approximately 70% for HCC patients
with BCLC 0/ A stage, their miR-29a-5p expression level may provide a visual aid to distinguish them from other early-
stage patients[63]. In addition, it has been discovered that the recurrence of HBV-HCC is closely associated with dysregu-
lation of miR-21 and miR-145[56].

In addition, one study reveals that miRNAs are related with the development risk of HCC in CHB. In CHB patients
who do not develop HCC, nucleos(t)ide analogue (NA) treatment restores expression of these miRNAs to near-normal
levels, whereas the expression profile is not fully restored in individuals who ultimately develop HCC. Therefore, in CHB
patients treated with NA, the changes in miRNAs expression may help identify HCC development risks[71].

MECHANISMS OF HBV-INDUCED DYSREGULATION OF MIRNA
In HCC, HBV and its proteins [HBV surface antigen (HBs), HBV core antigen (HBc), HBV envelope antigen (HBe), HBV x
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Table 4 Efficacy of microRNAs combined with other biomarkers used in diagnosing hepatitis B virus-associated hepatocellular

carcinoma

Comparison miRNA AUC Sensitivity Specificity Ref.

HC miR-125b + miR-27a + AFP' 0.937 0.909 0.933 [30]

HC miR-125b + miR-223 + miR-27a + 0.945 0.910 0.933 [30]
miR-26a + AFP

HC miR-125b + miR-223 + miR-27a + 0.972 0.944 0.900 [30]
miR-26a + AFP’

HC miR-125b + miR-223 + miR-27a + 0.936 0.907 0.933 [30]
miR-26a + AFP'

HC miR-125b + miR-223 + miR-27a +  0.956 0.800 1.000 [30]
miR-26a + AFP'

HBV-carriers miR-20a-5p + miR-320a + miR- 0.789 0.700 0.775 [231]
324-3p + miR-375 + AFP

HBV-carriers miR-20a-5p + miR-320a + miR-  0.767 0.640 0.838 [231]
324-3p + miR-375 + AFP

CHB miR-96 + AFP 0.889 0.836 0.824 [34]

CHB miR-126 + AFP 0.920 0.840 0.920 [32]

CHB miR-142-3p + AFP 0.910 0.860 0.940 [32]

CHB miR-224 + AFP 0.867 0.875 0.765 [11]

CHB miR-125b + miR-27a + AFP' 0.722 0.600 0.833 [30]

CHB miR-125b + miR-223 + miR-27a +  0.790 0.689 0.867 [30]
miR-26a + AFP

CHB miR-125b + miR-223 + miR-27a + 0.833 0.820 0.767 [30]
miR-26a + AFP”

CHB miR-125b + miR-223 + miR-27a + 0.728 0.582 0.867 [30]
miR-26a + AFP'

CHB miR-125b + miR-223 + miR-27a + 0.812 0.704 0.833 [30]
miR-26a + AFP'”

CHB miR-126 + miR-142-3p + AFP 0.930 0.880 0.970 [32]

HBV-DN let-7b + AFP 0.706 0.508 0.767 [233]

HBV-DN miR-122 + AFP 0.714 0.792 0.533 [233]

HBV-LC miR-99a + AFP 0.780 0.719 0.828 [232]

HBV-LC miR-101 + AFP 0.973 0.966 0.879 [24]

HBV-LC miR-122 + AFP + PIVKA-II 0.918 0.910 0.880 [37]

HBV-LC miR-126 + AFP 0.897 0.800 0.790 [32]

HBV-LC miR-142-3p + AFP 0.899 0.850 1.000 [32]

HBV-LC miR-205 + AFP 0.893 0.750 0.860 [36]

HBV-LC miR-224 + AFP 0.844 0.969 0.641 [11]

HBV-LC miR-126 + miR-142-3p + AFP 0.939 0.850 0.840 [32]

CHB + HBV-LC miR-224 + AFP 0.857 0.875 0.722 [11]

1Comparing early-stage hepatitis B virus-associated hepatocellular carcinoma patients to patients with other stages.

2Adjusting for gender and age differences.

HC: Healthy control; CHB: Chronic hepatitis B patient; HBV: Hepatitis B virus; HBV-DN: Hepatitis B virus-related dysplastic nodule patient; HBV-LC:
Hepatitis B virus-related liver cirrhosis patient; AFP: Alpha fetoprotein; PIVKA-II: Prothrombin induced by vitamin K deficiency or antagonist- II; AUC:
Area under the receiver operating characteristic curve; miRNAs: MicroRNAs.

protein (HBx), and HBV polymerase protein (HBp)] dysregulate miRNAs to promote hepatocarcinogenesis. In this part,
we summarize the available studies deciphering the way in which HBV regulates the expression profiles of miRNAs
through modulating miRNA processing genes and proteins and influencing transcriptional, posttranscriptional, and
epigenetic mechanisms, as well as the factors affecting the regulation process, which may help to identify the novel
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Table 5 Efficacy of microRNAs used in diagnosing hepatitis B virus-associated hepatocellular carcinoma with low alpha fetoprotein

expression

AFP level in HBV-

HCC patients Comparison miRNA AUC Sensitivity Specificity Ref.
<15ng/mL HBV-DN let-7b 0.645 0.848 0.500 [233]
<15ng/mL HBV-DN miR-122 0.629 0.712 0577 [233]
<15ng/mL HBV-DN miR-122 + let-7b 0.646 0.848 0.500 [233]
<20 ng/mL CHB + HC miR-26a 0.733 0.868 0.574 [30]
<20 ng/mL CHB + HC miR-26a' 0.701 0.880 0.574 [30]
<20 ng/mL CHB + HC miR-27a 0.832 0.838 0.723 [30]
<20 ng/mL CHB + HC miR-27a’ 0.771 0.800 0.723 [30]
<20 ng/mL CHB + HC miR-125b 0.778 0.760 0.790 [30]
<20 ng/mL CHB + HC miR-125b’ 0.775 0.800 0.787 [30]
<20 ng/mL CHB + HC miR-223 0.759 0.789 0.702 [30]
<20 ng/mL CHB + HC miR-223' 0.715 0.720 0.723 [30]
<20 ng/mL CHB + HC miR-15b + miR-130b 0.980 0.967 0.915 [9]
<20 ng/mL CHB + HC miR-125b + miR-223 + miR-27a + 0.874 0.842 0.851 [30]
and miR-26a
<20 ng/mL CHB + HC miR-125b + miR-223 + miR-27a +  0.849 0.800 0.894 [30]
miR-26a’
<200 ng/mL CHB miR-125b 0.943 1.000 0.755 [23]
<250 ng/mL CHB miR-126 0.765 0.610 0.690 [32]
<250 ng/mL HBV-LC miR-126 0.643 0.610 0.580 [32]
<400 ng/mL HBV-LC miR-205 0.815 1.000 0.560 [36]
20-400 ng/mL CHB + HC miR-15b + miR-130b 0.976 1.000 0.915 [9]
<400 ng/mL CHB + HBV-LC + HC  miR-122 + miR-192 + miR-21 +  0.879 0.777 0.845 [44]
miR-223 + miR-26a + miR-27a +
miR-801

IComparing early-stage hepatitis B virus-associated hepatocellular carcinoma patients to patients with other stages.

HBV-DN: Hepatitis B virus-related dysplastic nodule patient; CHB: Chronic hepatitis B patient; HC: Healthy control; HBV: Hepatitis B virus; HCC:
Hepatocellular carcinoma; HBV-LC: Hepatitis B virus-related liver cirrhosis patient; AFP: Alpha fetoprotein; AUC: Area under the receiver operating
characteristic curve; miRNAs: MicroRNAs.

therapeutic pathways (Figure 1).

HBV modulates miRNA processing proteins to affect the biogenesis of miRNAs

It takes a complex process to form mature miRNAs. Firstly, miRNA genes, encoded by introns of noncoding or coding
regions, are transcribed to pri-miRNAs by RNA polymerase II (Pol II) in the nucleus. Then, pri-miRNAs are spliced to
pre-miRNAs by the Microprocessor complex (composed by the nuclear RNase III Drosha and DGCRS). Depending on the
protein exportin 5 (EXP5), pre-miRNAs are exported to the cytosol, and are cleaved to a small RNA duplex by Dicer. The
duplex is subsequently sorted and loaded onto Ago proteins, of which the guide strand is selected and preserved to form
the RNA-induced silencing complex and silence gene expression[72].

There is evidence that HBV contributes to pre-miRNA production. Rather than pri-miR-18a levels, pre-miR-18a levels
are associated with miR-18a elevation in HBV-HCC cases, indicating increased processing of pri- to pre-miR-18a[73].
Another study demonstrates that ectopic expression of HBx stimulates the transcription of pri-miR-1269b and hence
induces the expression of pre-miR-1269b in HCC cell lines[74]. Therefore, HBV may affect miRNA expression through
modulating its synthesis process.

Studies have verified a strong correlation between HBV and miRNA processing proteins. CHB patients with high HBV
loads have lower mRNA and protein levels of Drosha, Dicer and Ago2 compared with patients with low viral loads[75].
In HBV-positive HCC patients, Drosha, DGCRS8, Agol, and Ago2 are significantly overexpressed[76], whereas Dicer and
Ago3 are significantly downregulated in HCC tissues than that in adjacent nontumor tissues[76,77].

WJG | https://www.wjgnet.com 4714 August 21,2023 | Volume?29 | Issue31 |

Jaishideng®



Zhang MH et al. Dysregulated miRNAs in HBV-related HCC

Table 6 Efficacy of microRNAs used to predict the prognosis of hepatitis B virus-associated hepatocellular carcinoma

Tissues/serum miRNA panels Risk/protective factors Outcome HR Cl Ref.
Tissues miR-9-3" Risk 0os - - [62]
Tissues miR-10b" Risk OS - - [62]
Tissues miR-21" Risk DFS 3.019 0.219-6.939 [56]
Tissues miR—29a—5pb Risk TTR 0.5 0.3-0.8 [63]
Tissues miR-29a-5p” Risk 0s - - [63]
Tissues miR-31" Risk (eX) - - [62]
Tissues miR-106b" Risk OS, DFS - - [64]
Tissues miR-122" Protect (eX) - - [54]
Tissues miR-122" Protect 0s = = [55]
Tissues miR-143" Protect 0os - - [55]
Tissues miR-145" Protect DFS 112 0.293-2.958 [56]
Tissues miR-193b" Protect 0Os - - [57]
Tissues miR-203a Protect (eX) 0.63 0.41-0.97 [58]
Tissues miR-216b" Protect OS, DFS - - [59]
Tissues miR-224" Risk 0s = = [55]
Tissues miR-371a-5pb Risk oS - - [27]
Tissues miR-375 Protect DFS - - [60]
Tissues miR-375" Protect 0s = = [55]
Tissues miR-384" Protect 0Os - - [61]
Tissues miR-519¢” Risk (eX) - - [62]
Tissues miR-522" Risk oS - - [62]
Tissues miR-522" Risk oS 2.19 1.33-3.6 [65]
Tissues miR-523" Risk 0os 15 1-2.44 [65]
Tissues miR-3188 Risk OS, DFS - - [28]
Tissues miR-3660" Risk Oos - - [62]
Tissues miR-3682-3p° Risk OSs - - [66]
Tissues miR-4784" Risk oS - - [62]
Tissues miR-5188" Risk 0s = = [671
Tissues miR-6883" Risk (eX) - - [62]
Serum miR-24-3p" Risk 0s 2141 1.158-3.960 [33]
Serum miR-24-3p” Risk DFS 2.055 1.114-3.792 [33]
Serum miR-29a-3p” Risk 0os 40 1.2-13.9 [69]
Serum miR-29a-3p” Risk PFS - - [69]
Serum miR-96" Risk (03] - - [34]
Serum miR-150" Protect (eX) 0.446 0.233-0.854 [13]
Serum miR-192-5p” Risk (eX) - - [69]
Serum miR—l92—5pb Risk PFS 22 1.1-4.2 [69]
Serum miR-487b" Risk (05] 2.846 1.139-7.114 [19]
Serum miR-487b" Risk oS 2115 1.083-4.132 [18]
Serum miR—768—3pb Protect (eX) 3.057 1.136-8.225 [20]
Plasma miR-155 Risk Oos - - [70]
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2P <0.05.

bp < 0.01.

°P < 0.001.

OS: Overall survival; DFS: Disease-free survival; TTR: Time to tumor recurrence; PFS: Progression-free survival; HR: Hazard ratio; CI: Confidence interval;
miRNAs: MicroRNAs.

7 N
/ | \
/ \

y ! I I T I ! .
d \
/ )Z> 9 = cMyc CREB Me Ac \
! } )_>| 7I< m6A I
\ w w p53 HNF4a |
\ /
\ miRNA biogenesis  Signaling pathways Transcription factors Host genes Epignetics miRNAs sponges /
\ | | /

N s
AN l Ve
N s
N Dysregulated miRNAs -
~ -
~ -
~ ~
~ P
~ - _ —

DOI: 10.3748/wjg.v29.i31.4706 Copyright ©The Author(s) 2023.

Figure 1 Mechanisms of hepatitis B virus-induced dysregulation of microRNAs. miRNAs: MicroRNAs.

For Drosha protein, researchers find that HBV inhibits Drosha promoter activity to downregulate its expression. HBx
are inferred to interact with SP1 and AP-2a to downregulate Drosha expression[78]. HBV can downregulate DGCRS8
expression via suppressing its promoter activity through upregulating transcription factor YY-1, in which HBs and HBx
may play a role[79]. No study has provided direct evidence that the EXP5 protein is controlled by HBV. PIN1 decreases
mature miRNA expression by catalyzing EXP5's conformational change and reducing its ability to export pre-miRNAs
from the nucleus to the cytoplasm[80]. It is reported that PIN1 can bind specifically to the HBx to synergistically increase
cell proliferation[81], indicating that HBx interacts with PIN1 and may affect pre-miRNAs export. Upon export to the
cytoplasm, pre-miRNA is cleaved by Dicer in Drosophila. MiRNAs and siRNAs share a similar step in splicing and
partitioning[82]. Considering that HBx can inhibit the Dicer-mediated processing of dsRNAs into siRNAs[75], HBV may
also modulate miRNA through inhibiting Dicer and Dicer-mediated splicing of pre-miRNAs. Researchers discover that
Ago2 mRNA is repressed by miR-99a in Huh7 and Hep3B cells[83], whereas miR-99a is found to be up-regulated in
serum of HBV patients[84], indicating that there may be an HBV/miR-99a/ Ago2 regulatory axis.

Overall, there is still no evidence directly indicating that HBV affects miRNA expression by altering miRNA processing
proteins. But due to the crucial role of these proteins in miRNA biogenesis, it is reasonable to infer that this is possible. It's
worth noting that in a study with non-viral-associated HCC samples, DGCRS, Dicer, Ago3 and Ago4 are also significantly
downregulated, in which epigenetic regulation may be implicated[77]. Therefore, the regulatory role and mechanisms of
HBV on miRNA machinery components still need further investigation (Figure 2).

HBYV alters signaling pathways to modulate miRNAs

Although miRNAs share a common synthesis machinery, specific miRNA is regulated by different transcriptional and
posttranscriptional mechanisms. HBV generally leads to a range of aberration of signaling pathways, Sartorius et al[6]
summarize the miRNAs that are dysregulated by HBV and are involved in regulating these signaling pathways.
However, miRNAs are also regulated by these signaling pathways induced by HBV infection (Table 7).
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Table 7 Dysregulated signaling pathways mediates hepatitis B virus-induced microRNAs dysregulation

Upstream signaling pathway miRNA HBV protein Expression Ref.
ERK1/2/CREB miR-212-3p HBe Up [85]
MAPK/Apl miR-21 HBx Up [87,88]
MAPK/YY1 miR-129-2 HBV Down [89]
MAPK/YY1 miR-203 HBV Down [89]
MAPK/YY1 miR-335 HBV Down [89]
IL-6/STAT3 miR-21 HBx Up [91]
STAT3 miR-328-3p HBV, HBx, HBc Up [90]
STAT3 miR-34a HBx Down [95]
STAT3/SALL4 miR-200c HBV Down [94]
STAT3 miR-204 HBV Down [93]
STAT3 miR-539 HBx Up [92]
NF-xB miR-23a HBV Up [103]
NF-xB miR-143 HBx Up [98,99]
NF-xB miR-146a HBx Up [100]
NF-xB miR-146a-5p HBx, HBc Up [97]
NE-xB miR-1269b HBx Up [74]
PIBK, NF-xB miR-155 HBe Up [101]
IKKo,/NF-xB miR-7 HBx Up [104]
IKKa/NF-xB miR-21 HBx Up [104]
IKKo,/NF-xB miR-103 HBx Up [104]
IKKo/NF-xB miR-107 HBx Up [104]
Androgen pathway miR-216a HBx Up [111]
TLR7/NF-«xB miR-155 HBV Down [106]
LEF-1 miR-371a-5p HBV Up [27]
PPARy/NF-xB/p65 miR-130a HBV Down [105]

HBV: Hepatitis B virus; HBe: Hepatitis B virus envelope antigen; HBx: Hepatitis B virus x protein, HBc: Hepatitis B virus core antigen; miRNAs:
MicroRNAs.

MAPK pathway plays a crucial role during the innate immune response. HBeAg is able to activate ERK, one of the
MAP kinases, to induce the expression of phosphorylated CREB, which is able to bind to the promoter of miR-212-3p and
subsequently enhance miR-212-3p expression[85]. In addition, several AP-1 components including Fra-1, c-Jun, and JunB
are found to be recruited on a miR-21 50-flanking region, thus promoting miR-21 transcription. HBx has been previously
shown to activate Ap-1, which is activated predominately by MAPK signaling cascade[86]. Therefore, there is a potential
HBx/MAPK/Ap1l/miR-21 regulatory pathway[87,88]. Meanwhile, HBV also induces YY1 expression through MAPK
signaling, and negatively regulates the expression of miR-335, miR-129-2, and miR-203[89].

STATS3 is crucial for transducing signals and regulating the expression of a wide range of genes to promote tumor
progression. Studies have found that HBV, HBc and HBx but not HBs and HBp increase STAT3 phosphorylation[90],
suggesting that HBV and its viral proteins underline a role in STAT3 activation. STAT3 has been proved to directly bind
to several miRNAs’” promotors, increase the promotors activity, and subsequently activate miRNAs transcription. STAT3
mediates upregulation of miR-21[91], miR-328-3p[90] and miR-539[92], which are dysregulated by HBV infection.
However, Huang et al[93] found that STAT3 mediates HBV-induced miR-204 suppression. HBV also activates STAT3 to
induce SALL4 expression, while SALL4 suppresses miR-200c expression through directly binding to miR-200c promoter
[94]. In addition, STAT3 may mediate the suppression of miR-34a caused by HBx[95].

NF-xB is a transcription factor with broad roles in gene induction in a variety of cellular responses, particularly
throughout the immune system. HBV and its proteins have been shown to increase NF-«xB content and facilitate its
translocation from the cytoplasm to the nucleus[74,96]. Researches show that multiple miRNAs are dysregulated by HBV
through modulating NF-«B signaling. For example, HBx and HBc upregulate miR-146a-5p through activating NF-«xB
signaling[97]. HBx upregulates miR-143[98,99], miR-146a[100] and miR-1269b[74] by activating NF-kB binding to the
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Figure 2 Hepatitis B virus modulates microRNAs processing proteins to affect the biogenesis of microRNAs. miRNAs: MicroRNAs.

miRNAs promotor. Meanwhile, inhibitors of NF-xB and PI3K decrease miR-155 in HBeAg-stimulated macrophages,
suggesting NF-xB and PI3K mediate HBeAg-induced miR-155 upregulation in macrophages[101]. In addition, NF-xB
subunit p50 but not p65 mediates upregulation of miR-942 by LPS through binding to miR-942 promotor, and miR-942
expression is increased with progression of HBV-mediated liver fibrosis, implying a putative regulation of HBV on miR-
942[102]. As a consensus p65-binding sequence (AGGGATTTCC) is located in the miR-23a promoter region, p65
dominantly represses miR-23a promoter activity, and suppresses miR-23a transcription[103]. Therefore, HBV has the
potential to upregulate miR-23a by suppressing p65 expression. In addition, nuclear IKKa coordinates the transcriptional
activity of NF-xB to mediate the expression of miR-7, miR-21, miR-103, and miR-107 caused by HBx[104]. Intriguingly,
HBV induced PPARYy to negatively control NF-xB/p65 protein via ubiquitination and degradation. Repressed NF-xB/p65
then reduces the endogenous miR-130a expression[105]. The discrepancy in the NF-kB results may be due to the different
HBV viral proteins.

Toll-like receptors (TLRs), the main cellular innate immune cell receptor, play crucial roles in immune responses
against viral infections, including HBV. Sarkar et al[106] find that TLR7 expression is reduced by HBV infection, while
TLR? is able to induce miR-155 through the NF-xB pathway. Considering that HBV suppresses TLR7 and its subsequent
signaling pathway including MAPK/Ap-1, NF-«B, IRF3 and IRF7[107], HBV may impact miRNAs expression through
regulating TLR proteins and their signaling pathways. In addition, one study finds that HBV upregulates LEF-1, a key
component of the Wnt signaling pathway, to induce miR-371a-5p expression through binding with miR-371a-5p
promoter[27].

Membrane-initiated estrogen receptor (ER) and androgen receptor (AR) signaling participate significantly in
physiology and disease[108]. HBx enhances AR-responsive gene expression[109], and represses ERa responsive gene
transcription[110]. Therefore, HBV has the potential to regulate the miRNAs that act as AR or ERa responsive elements.
HBx amplified the transcription of pri-miR-216a which is activated as a result of ligand-stimulated AR binding to the
ARE site at the 5" promoter region. However, when applied to AR-negative cells, HBx failed to stimulate an increase in
pri-miR-216a[111].

HBV modulates transcription factors to regulate miRNAs
HBYV protein and its RNA can modulate the expression of some transcription factors or other proteins, which in turn
regulate miRNAs expression (Table 8).

HBYV promotes the expression of oncogenic proteins to regulate miRNAs. c-Myc oncoprotein is a transcription factor
that regulates numerous physiological processes. Chang et al[112] identify 13 miRNAs which are prominently repressed
by c-Myc through binding to miRNA promotors. HBV can directly interact with c-Myc and stimulate its expression,
thereby affecting the expression of miRNAs. For example, HBx induces c-Myc, and then c-Myc is recruited to a region of
miR-192 promotor, which leads to decreased promotor activity, and subsequently downregulates miR-192-3p expression
[113]. Similarly, HBx also downregulates miR-15a/16 expression[114], and suppresses let-7 family through c-Myc[115]. In
addition, Jung et al[116] find that c-Myc mediates HBV-induced miR-17-92 overexpression. c-Myc also binds to the miR-
3682-3p promoter, thus HBx may also induce miR-3682-3p expression via c-Myc[66]. CREB is an essential subset of
phosphorylation-dependent transcription factors. HBx promotes CREB-mediated activation of miR-3188[28]. Similarly,
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Table 8 Dysregulated transcription factors or upstream regulatory elements mediates hepatitis B virus-induced microRNAs

dysregulation

Transcription factors or upstream regulatory elements miRNA HBV protein Expression Ref.
c-Myc let-7 HBx Down [115]
c-Myc miR-15a/16 HBx Down [114]
c-Myc miR-17-92 HBV Up [116]
c-Myce miR-192 HBx Down [113]
c-Myc miR-3682-3p HBx Up [66]

CREB1 miR-520c-3p HBx Up [117]
CREB miR-3188 HBx Up [28]

Survivin, Spl miR-520b HBx Up [118]
FOXO3 miR-30b-5p HBp Up [119]
URGI11 miR-148a HBx Up [126]
JNK/c-Jun miR-199a-3p HBx Up [120]
P53 miR-216b HBx Down [59]

P53 miR-148a HBx Down [122]
Hnf4o miR-122 HBV Down [123]
Hnf4a miR-548p HBx Down [124]
DDX3 miR-34 HBx Down [127]

HBV: Hepatitis B virus; HBx: Hepatitis B virus x protein; HBp: Hepatitis B virus polymerase protein; miRNAs: MicroRNAs.

HBx promotes miR-520c transcription through CREB1[117]. Meanwhile, HBx, survivin and Sp1 form a complex in the
promotor of miR-520b, and the interaction between HBx and survivin or Sp1 is indispensable for the regulation of miR-
520b[118]. FOXO3 is a transcriptional factor that promotes oncogenesis, HBp can promote the expression of miR-30b-5p
through its interaction with FOXO3[119]. Moreover, HBx and TGF-1 induce JNK-dependent activation of c-Jun, which is
then recruited to the miR-199a-3p promoter to stimulate its transcription[120].

HBYV inhibits the expression of tumor suppressor proteins to regulate miRNAs. Acting as an important tumor
suppressor gene, TP53 is the most frequently mutated gene in HBV-related HCC[121]. HBx can decrease the recruitment
of p53 to the miR-216b promoter, and then inhibit miR-216b transcription[59]. Another research indicates that HBx can
also repress miR-148a via suppressing p53-mediated activation[122]. Hepatocyte nuclear factor 4a (Hnf4o), a liver-
enriched transcription factor that activates miR-122 gene transcription by binding to its promotor, is found to be
repressed by HBV infection in both mRNA and protein levels[123]. Similarly, Hnf4a mediates HBx induced downregu-
lation of miR-548p, possibly through direct binding to the miR-548p promoter[124].

In addition to these transcription factors, HBV also regulates some other proteins to affect miRNAs expression. URG4/
URGCP, up-regulated by HBx, can up-regulate 77 miRNAs and down-regulate 9 miRNAs in HepG2 cells[125]. Yuan et al
[126] find that HBx-induced miR-148a is dependent on oncogenic URG11. HBx also downregulates DDX3, which
upregulates miR-34 expression[127]. Meanwhile, one study also identifies 75 miRNAs by ChIP-Seq whose promotor
regions are putatively targeted by HBx protein, some of which have been implicated in hepatocarcinogenesis[128].

HBYV affects production of miRNAs from their host genes

As the majority of miRNA genes are encoded in the introns of either noncoding or coding regions, multiple studies have
demonstrated that only one-third of intronic miRNAs are transcribed from their own promoters. The coregulation of
intronic miRNAs with their host genes can be further illustrated by their tissue- or disease-specific co-expression patterns
[129].

Some miRNAs are derived from IncRNA precursors, which have the potential to be affected by HBV. LncRNA H19 has
been proved to harbor a miRNA containing hairpin in its exon 1, which serves as the precursor for miRNA-675[130]. HBx
upregulates H19 expression, leading to a corresponding increase of miR-675[131,132]. Therefore, HBV may affect the
LncRNA-derived miRNAs. However, HBx can positively regulate miR-545/374a cluster in the Ftx IncRNA, but fails to
regulate miR-421/374b cluster which is also encoded in Ftx introns. Even though miR-374a and miR-545 are transcribed
off the same promoter, their abundances are not always correlated[12].

In addition, intronic miRNAs may be coupled with their host genes. miR-26b gene resides in an intron of CTDSP1.
They share the same transcription start sites (TSS). miR-26b is therefore transcribed as part of its host transcription unit
[133,134]. HBV downregulates miR-26b expression, partly because of the suppression of CTDSP1 mRNA transcription.
Notably, the extent of the decrease in miR-26b level was greater than that of CTDSP1 mRNA, implying the other putative
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regulatory pathway[135]. Similarly, HBx promotes miR-106b, miR-93, and miR-25 transcription in HCC cells, whose host
gene MCMY is also co-transcribed and upregulated, suggesting that MCMY7 activation may be involved in the regulation
of these miRNAs by HBV[64].

Notably, despite the fact that some miRNA genes share the promoter of their host gene, the vast majority of miRNA
genes have multiple TSS, and the promoters of intronic miRNAs are sometimes distinct from the promoters of their host
genes.

HBYV participants in epigenetic regulation of miRNAs

Epigenetic mechanisms mainly include DNA methylation, posttranslational histone modifications, chromatin
remodeling, ncRNA interactions and RNA modification. Despite the significant involvement of miRNAs in epigenetic
regulation, miRNAs are also regulated by epigenetic modifications and involved in diverse human diseases[136]. HBV
can regulate epigenetics of miRNAs, leading to the functional disruption of miRNAs and consequently promoting HCC.

HBx has been found to increase the DNA methyltransferase (DNMT) activities and promote regional hypermethylation
of specific tumor suppressor genes (TSG)[137]. It has been elucidated that HBx induces DNA hypermethylation of CpG
islands in miR-18b[138], miR-30e[139], miR-132[140], and miR-205 promoter[141] to affect their expression. Shang et al[89]
identify that miR-335, miR-129-2, and miR-203 are repressed by HBV, but are significantly activated by 5-azacytidine, the
DNMT inhibitor, indicating that HBV regulates these miRNAs through DNMT-mediated methylation. Meanwhile, Tsang
et al[142] find that knockdown of HBV-upregulated YY1[89] significantly decreases DNA methylation levels in the miR-9
Loci, leading to an increased miR-9 in HCC cells. Thus, YY1 may mediate the suppression of miRNAs caused by HBV
through inducing DNA methylation. Conversely, although HBx leads to overall hypomethylation, HBx highly interferes
methylation levels of -550 CpG site in the miR-125a promoter, and therefore triggers miR-125 expression[143]. Further
study is needed to elaborate this phenomenon.

As for the histone modification, Guerrieri et al[128] verify that HBx decreases H4 acetylation level in the promoter
regions of miR-138-2, miR-224, miR-302e, miR-576-3p and miR-596, which may explain their downregulation. Conversely,
HBx increases H4 acetylation at the miR-26b promoter. These imply HBx ability to regulate miRNAs by modulating the
histone modification of miRNAs promotors[128]. In addition, H3K27me3 is an epigenetic modification to the DNA
packaging protein Histone H3[144]. The genomic regions enriched for H3K27me3 can function as silencers to repress
gene expression via chromatin interactions[145]. Knockdown of HBV-upregulated YY1 reduced not only global
H3K27me3 levels, but also EZH2 and H3K27me3 promoter occupancy, leading to the increased miR-9 in HCC cells. It is
also found that HBV-upregulated YY1 Leads to EZH2 recruitment for H3K27me3-mediated silencing of tumor-
suppressing miRNAs[142], supporting the idea that HBV may indirectly regulate miRNAs through impacting H3K27me3
Levels mediated by EZH2 and YY1.

PPARYy, a ligand-activated transcription factor, is able to form a heterodimer with RXRa. The complex binds to DR1
and DR2 motifs in the miR-122 gene promoter to enhance miR-122 gene transcription, which will be amplified by 5-Aza-
CdR (DNA methylation inhibitor) and PBA (histone deacetylation inhibitor). However, this positive regulation is
abrogated by HBx which suppresses PPARy-mediated transactivation through binding to the PPARy DNA binding
domain[146], indicating HBx may affect miR-122 epigenetics through binding and inhibiting PPARYy.

Némethyladenosine (m6A) modification is the most widespread post-transcriptional modification in mammalian
mRNAs. MiRNAs can control the expression of m6A regulator, but they are also frequently modified with m6A[147].
HBYV infection enhances the expression of METTL3, promotes miR-146a-5p maturation in an m6A-dependent manner
[148]. In addition, Gld2 is a cytoplasmic non-canonical poly(A) RNA polymerase that adds successive AMP monomers to
the 3'-end of specific RNAs. It can directly monoadenylate specific miRNAs, including miR-122, to stabilize and prolong
the activity of miRNAs[149]. HBx also downregulates Gld2 expression, decreasing miR-122 3" monoadenylation and
ultimately suppressing mature miR-122 expression[150].

A variety of endogenous RNAs are able to bind to miRNAs to reduce the number of free miRNAs. These competitive
endogenous RNAs (ceRNAs) mainly include IncRNAs and circRNAs, showing an increasing significance in multiple
diseases[151]. HBV has been shown to regulate miRNAs through IncRNAs or circRNAs (Table 9). HBV-induced IncRNA-
Unigeneb56159 directly targets miR-140-5p and suppresses its expression[152]. HBV infection also elevates IncRNA
PCNAP1 to target miR-154[153]. HBV also enhances LncRNA n335586 to competitively bind with miR-924[154].
Meanwhile, HBx is found to stimulate IncRNA H19 to directly target to miR-138[131] and miR-22[155] through endoge-
nous competition. HBx upregulates TRERNA1, which functions as a ceRNA sponge for miR-22-3p[156]. Additionally,
HBx upregulates IncRNA MALAT1 and downregulates miR-124 expression. Further study indicates that MALAT1
directly binds to miR-124[157]. HBx also upregulates HMMR-AS1 and downregulates miR-627-3p expression. And
HMMR-AST1 directly targets miR-627-3p[158]. Conversely, HBx inhibits LINC01352, which functions as a tumor
suppressor by sponging miR-135b, through binding to the site where ERa binds[159]. HBx also downregulates IncRNA
F11-AS1 expression and elevates expression of miR-211-5p, while IncRNA F11-AS]1 is capable of binding to miR-211-5p
[160]. In HBV-positive HCC cells, LncRNA XIST[161], LINC01232[162] are markedly increased and TFAP2A-AS1[163] are
significantly decreased. Further studies show that XIST targets miR-192[161], LINC01232 targets miR-708-5p[162] and
TFAP2A-AS] targets miR-933[163] in HCC, suggesting HBV may dysregulate these miRNAs through IncRNAs. Similarly,
HBV may downregulate LINC00924 expression, while LINC00924 interacts with miR-6755-5p, suggesting a potential
HBV/ LINC00924/ miR-6755-5p regulatory axis[164]. HBx also promotes the progression of HCC through translocation
and secretion of HMGB], as a sponge to competitively bind the miR-200 family, via calcium dependent cascades[165,166].
Therefore, HBx may affect miR-200 expression through HMGBI.

HBYV also regulates circRNAs to affect miRNAs (Table 9). HBx upregulates METTL3 expression to increase the m6A
modification of circ-ARL3, and further favors circ-ARL3 reverse splicing and biogenesis. circ-ARL3 binds to miR-1305,
antagonizing the inhibitory effects of miR-1305 on target oncogenes[167]. HBV also upregulated Circ-RNF13, as a sponge
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Table 9 MicroRNAs sponges dysregulated by hepatitis B virus to induce microRNAs dysregulation

miRNAs sponges miRNA Expression Ref.
LncRNA LncRNA Unigene56159 miR-140-5p Down [152]
LncRNA PCNAP1 miR-154 Down [153]
LncRNA n335586 miR-924 Down [154]
LncRNA H19 miR-138 Down [131]
LncRNA H19 miR-22 Down [155]
LncRNA TRERNA1 miR-22-3p Down [156]
LncRNA MALAT1 miR-124 Down [157]
LncRNA HMMR-AS1 miR-627-3p Down [158]
LncRNA LINC01352 miR-135b Up [159]
LncRNA F11-AS1 miR-211-5p Up [160]
LncRNA XIST miR-192 Down [161]
LncRNA LINCO01232 miR-708-5p Down [162]
LncRNA TFAP2A-AS1 miR-933 Up [163]
LncRNA LINC00924 miR-6755-5p Up [164]
LncRNA HMGB1 miR-200 Down [165,166]
CircRNA CircRNA ARL3 miR-1305 Down [167]
CircRNA RNF13 miR-424-5p Down [168]
CircRNA BACH1 miR-200a-3p Down [169]
CircRNA ATP5H miR-138-5p Down [170]
CircRNA 0027089 miR-136-5p Down [171]
HBV mRNAs HBx mRNA miR-15a/miR-16-1 Down [172]
HBV mRNAs miR-15a/miR-16 Down [173]
HBV mRNAs miR-122 Down [174]
HBV mRNAs let-7a Down [175]
HBs mRNA let-7g Down [176]
HBx mRNA miR-129-5p Down [177]
HBx-LINE1 miR-122 Down [179]

HBV: Hepatitis B virus; HBx: Hepatitis B virus x protein; HBs: Hepatitis B virus surface protein; miRNAs: MicroRNAs.

for miR-424-5p[168]. HBV upregulates Circ-BACH1, which sponges miR-200a-3p to reduce its expression[169].
Meanwhile, HBV upregulates Circ-ATP5H expression, while Circ-ATP5H directly targets miR-138-5p[170]. In HBV-
positive HCC cells compared to HBV-negative HCC cells, circ_0027089 is markedly increased and specifically binds to
miR-136-5p[171].

HBV sponges miRNAs to inhibits miRNAs’ function

In addition to the IncRNAs and circRNAs, ceRNAs also include viral RNAs and host mRNAs[151]. HBV RNA could
function as sponges to directly bind with miRNAs. Studies have implicated that HBV RNA may dysregulate miRNAs by
binding to the complementary binding sites of miRNAs and depletion of miRNAs (Table 9).

HBV mRNAs, including pre-C/C (pgRNA), pre-S, S 3’-UTR, and X mRNAs, act as sponges to bind and sequester miR-
15a/16-1, subsequently resulting in a depletion of miR-15a/16-1[172,173]. Li et al[174] validate that HBV mRNAs (pre-C/
C (or pgRNA), pre-S, S 3’-UTR, and X mRNAs) can sponge miR-122 to inhibit its expression and function. Deng et al[175]
identify that there is a let-7a complementary region in the HBV genome in HBV pre-C/C, pre-S, and S mRNAs. Notably,
HBV regulates downstream targets of let-7a in a sequence-dependent manner. In addition, HBV transcripts harboring the
preS2 region, such as HBV large S mRNA, can almost entirely interact with let-7g and subsequently promote HCC[176].
Ochi et al[177] find that HBx mRNA has complementary sequences with the central region of miR-129-5p, HBx mRNA
interacts with the responsive element in the 3" UTR of miR-129-5p and sequesters it from forming a complex with Ago2. It
is noted that the abundances of viral RNAs may affect their regulation on miRNAs. Although HCV 5’UTR may be able to
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bind miR-122, it fails to change miR-122 expression like HBV mRNAs do. This discrepancy may be due to the fact that
HCV mRNAs copy numbers are much less than miR-122, while HBV mRNAs copy numbers are more than miR-122[174].
Besides, HBV RNA copies per cell are much higher than those of let-7a[175], which may be essential for HBV RNA
sequestration.

Of note, HBV genome gene is frequently inserted to host genes, which may lead to the transcription of the integrated
virus-human chimeric fusion. It is exemplified by the discovery of a novel chimeric HBx-LINE1 RNA, which is generated
from a normally silenced region of chromosome 8p11.21 after HBV integration[178]. Functioning as a long noncoding
RNA (IncRNA)-like transcript, HBx-LINE1 sequesters cellular miR-122 by directly absorbing it, which ultimately leads to
the depletion of miR-122[178,179].

HBYV affects miRNAs through autophagy

Autophagy is the major intracellular degradation system and plays a pivotal role in multiple physiological processes
[180], some of which have been delineated to function through modulating specific miRNAs. Majority of existing works
have shown that HBV is able to induce autophagy. However, Lan et al[181] find that HBx transgenesis leads to a lower
autophagic level, and miR-224 is preferentially recruited and degraded through autophagic progression. In addition, the
selective autophagy receptor NDP52 targets Dicer and Ago2 proteins for the degradation. Autophagy is required for
miRNA homeostasis and activity. Moreover, autophagy participates in the posttranscriptional regulation of Dicer mRNA,
and chronic autophagy deficits impair miRNA stability after pre-miRNA processing[182]. Therefore, HBV has the
potential to affect autophagy to disrupt the homeostasis of miRNAs biogenesis.

C-terminal truncated HBx and HBV integration may affect the ability of HBV in inducing dysregulation of miRNA
Carboxyl-terminal truncated HBx proteins (Ct-HBx, also called HBXAC or trHBx) are variants transcribed from the
mutant HBV X gene whose 3'-end are deleted during HBV genome integration into the host cells. Ct-HBx plays a pivotal
role in hepatocarcinogenesis[183,184]. Ct-HBx regulates specific miRNAs more effectively than full-length HBx (HBx-FL).
For instance, HBx-D35 enhances miR-21 promoter occupancy and upregulates miR-21 expression compared to HBx-FL
[91]. HBxD127 also remarkably increases miR-215 expression relative to HBx[185]. A possible explanation is that C-
terminal truncation may affect the binding of HBx to cellular proteins, resulting in altered miRNA gene expression
patterns in cells[184]. Notably, Ct-HBx directly binds to some miRNAs promotors, such as miR-26a and miR-29c,
resulting in direct transcriptional suppression which HBx-FL is unable to induce. The reason for this discrepancy may be
that HBx-FL and Ct-HBx bind to different chromatin binding regions of miRNAs[186]. However, not all miRNAs are
under this regulation. miR-23a and miR-27a are concordantly regulated by both HBx-FL and Ct-HBx, and their binding
regions are similar[186]. For miR-146a, Ct-HBx does not lead to the same elevation as HBx-FL does[187].

HBV pre-S2 mutant protein may also play a role in the dysregulation of miRNA. HBV pre-S2 mutant induces
endoplasmic reticulum stress and the mTOR signal cascade in transgenic livers and HCC tissues[188,189]. Meanwhile,
Mdm?-dependent ubiquitinoylation of Drosha by mTOR activates miRNA synthesis and controls many cancer-related
miRNAs[190]. Since PreS/S proteins initiate a cascade of events that lead to malignancy[189], it's worth to investigate
whether PreS mutant dysregulates miRNAs.

Considering HBV integration severely disrupts host cellular gene expression, genomic loci containing miRNA
sequences inserted by HBV may impact miRNA expression. It has been found that HBV DNA integration into fragile sites
may alter the expression of a couple of miRNAs which are located in or near fragile sites, including miR-200a near
FRA1A, miR-143, miR-145 and miR-224 near FRA5C, miRNA-17-92 cluster near FRA13D, miR-195 near FRA17A, miR-
99b, miR-125a and let-7e near FRA19A, and miR-199a-1 near FRA19B[191-193]. These miRNAs have been documented in
HCC[191], and there are still a great many miRNAs that are potentially dysregulated by HBV integration[192].

In addition, Yang et al[194] also find miR-602 is upregulated by HBV or HBx, and they speculate that the chromosome
9q34.3 containing miR-602 sequence is commonly integrated by HBV, which may lead to increased miR-602 expression.
Similarly, Guo et al[195] speculate that HBV-induced chromosome instability caused by HBV integration may play a role
in promoting the miRNAs-371-3 gene cluster expression. Further study is needed to support this hypothesis. Therefore,
HBV DNA integration may alter miRNA expression, but the underlying mechanism requires additional study.

MECHANISMS OF HBV DYSREGULATED MIRNAS IN PROMOTING HCC

By dysregulating miRNAs, HBV exacerbates its function in the oncogenesis of HCC. Currently, multiple reviews have
summarized the essential role of HBV-dysregulated miRNAs in affecting tumor cell cycle, cell proliferation, cell
apoptosis, cell migration and invasion, and epithelial-mesenchymal transition (EMT)[6,196-199]. Therefore, we provided
an updated supplementary list of miRNAs dysregulated by HBV and involved in these processes (Supplemen-
tary Tables 1 and 2), which will not be elaborated here. In this section, we discuss the role of HBV-dysregulated miRNAs
in the tumor stemness, metabolic reprogramming, anti-tumor immunity, and tumor drug resistance of HCC, which may
shed light on potential treatment approaches (Table 10 and Figure 3).

Dysregulated miRNAs promote tumor stemness

Liver cancer stem cells (CSCs) are a distinct population of HCC cells with stem cell characteristics, defining a hierarchical
structure and contributing to treatment resistance and tumor recurrence. HBV is one of the most prominent players in
liver CSCs. miRNAs partially mediate the stemness progression[200] (Table 11).
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Table 10 Functions of hepatitis B virus-dysregulated microRNAs in promoting hepatocellular carcinoma

. HBV . A
miRNA proteln Expression Target genes Abnormal function in HBV-HCC Ref.
miR-7 HBV, Up Mapsin Conferring HBx-mediated anoikis resistance and doxorubicin [213]
HBx resistance
miR-15a/16 HBV Down - Inducing etoposide-induced apoptosis [173]
mRNA
miR-21 HBV, Up Mapsin Conferring HBx-mediated anoikis resistance and doxorubicin [213]
HBx resistance
miR-23a HBV Down CCL22 Inhibiting Tregs recruitment [103]
miR-30b-5p HBp Up MINPP1 Promoting tumor growth, enhancing cell proliferation, [119]
promoting cell migration and invasion, regulating glycolytic
bypass metabolism
miR-34a HBV Down CCL22 Inhibiting Tregs recruitment [209]
miR-103 HBV, Up Mapsin Conferring HBx-mediated anoikis resistance and doxorubicin [213]
HBx resistance
miR-107 HBV, Up Mapsin Conferring HBx-mediated anoikis resistance and doxorubicin [213]
HBx resistance
miR-124 HBx Down PI3K/ Akt Suppressing CSC differentiation [157]
miR-135a-5p HBc Up VAMP2 Preventing Doxorubicin hydrochloride-induced apoptosis [212]
miR-138 HBV Down PD-1 Regulating cytokine secretion of T cells and improving T-cell [208]
immune responses
miR-146a HBV Up STAT1 Suppressing IFN-induced anti-HBV effect [187]
miR-152 HBV Down HLA-G Enhanced NK cytolysis against hepatoma cells [210]
miR-193b HBV Down Mcl-1 Sensitizing sorafenib-induced apoptosis [57]
miR- HBx Down RICTOR Impairing HCC stem cell properties, regulating glutamine [165,
200a/200b/429 metabolism, sensitizing the response to anti-PD-L1 immuno- 166]
therapy
miR-203a HBs Down BMI1 Sensitizing 5-FU-induced apoptosis, impairing HCC stem cell [58]
properties
miR-205 HBx Down ACSL1 May promote lipogenesis [141]
[206]
miR-325-3p HBV Down DPAGT1 Sensitizing the response to Doxorubicin chemotherapy [201,
202]
miR-329 HBV, Down AFP Sensitizing chemotherapy induced apoptosis [214]
HBx
miR-384 HBY, Down PTN/PI3K/AKT/mTORC1 Inhibiting high glucose-induced lipogenesis [61]
HBx
miR-429 HBx Down Rab18 Inhibiting dysregulation of lipogenesis [205]
miR-1236 HBV, Down AFP Sensitizing chemotherapy induced apoptosis [214]
HBx
miR-3682-3p HBx Up FOXO3/PI3K/AKT1/B- Promoting HCC stemness [66]
catenin/c-Myc
miR-5188 HBx Up FOXO1/B-catenin Resisting the effects of chemotherapy 5-FU, CDDP and EPI, [67]

promoting HCC stemness

HBV: Hepatitis B virus; HBx: Hepatitis B virus x protein; HBp: Hepatitis B virus polymerase protein; HBc: Hepatitis B virus core antigen; HBs: Hepatitis B
virus surface antigen; HCC: Hepatocellular carcinoma; miRNAs: MicroRNAs.

In HCC cells, the expression of CD44, CD133, and EpCAM is markedly reduced by miR-124, indicating the pivotal
effects of miR-124 in suppressing CSCs differentiation. HBx downregulates miR-124, and may therefore interfere CSCs
differentiation[157]. In one research, HBx supports the progression of HCC via translocation and secretion of HMGB1,
which regulates RICTOR expression in HCC by competitively binding to the miR-200 family[166]. Both HMGB1 and
RICTOR mRNAs can augment HCC stemness characteristics in HCC[165]. HBsAg inhibits the expression of miR-203a in
HCC cells. miR-203a decreases the proportion of CD133-positive HCC cells but not CD90, and it also significantly lowers
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Table 11 Hepatitis B virus-dysregulated microRNAs that play different roles in hepatitis B virus-associated hepatocellular carcinoma

Process HBV-dysregulated miRNAs

Tumor stemness miR-124[157], miR-200a/200b/429[165], miR-203[58], miR-325-3p[201], miR-3682-3p[66], miR-5188[67]
Metabolic miR-30b-5p[119], miR-200[165], miR-205[141,206], miR-384[61], miR-429[205]

reprogramming

Anti-tumor immunity miR-23a[103], miR-34a[209], miR-138[208], miR-146a[187], miR-152[210], miR-200[165,166]

Drug resistance miR-7[213], miR-21[213], miR-103[213], miR-107[213], miR-135a-5p[212], miR-5188[67], miR-15a/16[173], miR-193b[57], miR-203a
[58], miR-325-3p[201,202], miR-329[214], miR-1236[214]

HBV: Hepatitis B virus; miRNAs: MicroRNAs.
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Figure 3 Mechanisms of hepatitis B virus dysregulated microRNAs in promoting hepatocellular carcinoma. miRNAs: MicroRNAs; HBV:
Hepatitis B virus; EMT: Epithelial-mesenchymal transition.

the average percentage of ALDH-positive malignant stem cells. Therefore, HBV infection may promote the stemness of
HCC via regulating miR-203a[58]. HBV also inhibits miR-325-3p[201], which suppresses the expression of critical
stemness markers, including SOX-2, Nestin, Notch-1, OCT4, and Nanog. miR-325-3p/DPAGT1 may presumably have a
role in HBV-induced HCC stemness[202]. In addition, miR-3682-3p mediates the oncogenic consequences of HBx-induced
PI3K/AKT/c-Myc signaling. HBx increases stemness by elevating miR-3682-3p expression[66]. Meanwhile, miR-5188
directly targets FOXO1, which inhibits the nuclear translocation of B-catenin and promotes Wnt signaling activation and
downstream tumor stemness. HBx modulates the miR-5188/FOXO1/B-catenin/c-Jun feedback loop to drive Wnt/f-
catenin activation, subsequently promoting HCC stemness[67].

Dysregulated miRNAs affect metabolic reprogramming

Metabolic reprogramming plays a crucial role in the initiation and progression of cancer. A few studies have revealed
that HBV affects the process of HCC by regulating metabolism (Table 11). Aerobic glycolysis is a distinguishing feature of
HCC and is responsible for regulating proliferation, immune evasion, invasion, metastasis, and drug resistance in HCC
[203]. The miR-30b-5p/MINPP1 axis is capable of accelerating the conversion of glucose to lactate and 2,3-bisphosphogly-
cerate (2,3-BPG), as well as regulating the glycolytic bypass to generate more 2-PG for energy supplementation. HBV
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protein P (HBp) regulates the miR-30b-5p/MINPP1 axis, contributing to the development of HBV-positive HCC cells via
glycolytic bypass[119]. RICTOR regulates glutamine metabolism via mTOR signaling[165]. HBx stimulates the translo-
cation and secretion of HMGB1[166], which regulates RICTOR expression in HCC by binding competitively to the miR-
200 family. Therefore, HBx may affect miR-200 to dysregulate glutamine metabolism. As for lipid metabolism, changes in
fatty acid synthesis, B-oxidation, and cellular lipidic composition contribute to hepatocarcinogenesis[204]. HBx inhibits
miR-384 and upregulates its target PTN expression, while PTN promotes hepatoma cell lipogenesis[61]. Knockdown of
Rab18b decreases the lipogenesis. HBx activates Rab18 through downregulating miR-429. Therefore, HBx could enhance
hepatocarcinogenesis by leading to the dysregulation of lipogenesis via the miR-429/Rab18 axis[205]. Meanwhile, HBx
inhibits miR-205 expression[141], and miR-205 inhibits lipogenesis in hepatoma cells dependent on ACSL1, suggesting
that HBx inhibits miR-205 to promote lipogenesis[206].

Dysregulated miRNAs affect anti-tumor immunity

It is widely acknowledged that HBV causes chronic liver damage through aberrant immunological reactions. During
chronic HBV infection in humans, adaptive immunity transitions may be immune pathogenic factors for the development
of HCC[207]. A number of research have revealed the function of miRNAs in HBV-induced immunological dysregulation
(Table 11). HBV infection increases the expression of miR-146a, which impairs the IFN-induced anti-HBV immune
response. Additionally, inhibition of miR-146a improves IFN-a-mediated anti-HBV efficacy[187]. In HBV-HCC patients,
miR-138 is significantly higher than in asymptomatic carriers. By targeting the 3'-UTR region of PD-1, miR-138 alters its
expression directly. miR-138 exerts its regulatory effects on T-cell cytokine production by suppressing PD-1 expression
[208].

HBV also represses some miRNAs to affect anti-tumor immunity. One study finds that HBV-elevated CCL22 induction
is mediated by transcriptionally repressing miR-23a. It is hypothesized that the axis of p65/miR-23a/CCL22 is present in
the HCC cells and may drive tumor progression by recruiting Tregs, particularly when HBV infection was involved[103].
In HBV-expressing HepG2.215 cells, miR-34a is downregulated, while suppressed miR-34a leads to enhanced production
of chemokine CCL22, which recruits Tregs to facilitate immune escape[209]. In addition, HLA-G, which inhibits different
kinds of immune cells directly, such as NK, is downregulated by miR-152 in hepatoma cells. HBV inhibits miR-152 and
increases the expression of its target HLA-G, which may further suppress NK against cancer cells[210]. Additionally,
mRNAs of HMGBI regulated by HBV and RICTOR regulated by HMGB1 mediated by miR-200[166] inhibit the response
to anti-PD-L1 immunotherapy in HCC by elevating PD-L1+ exosomes[165].

Dysregulated miRNAs promote tumor drug resistance

Chemoresistance, resulting in cancer relapse and spread, is frequently mentioned as the largest cause of cancer
therapeutic failure. In HCC, HBV commonly drives chemoresistance[211]. Accumulating evidence implicates the role of
miRNAs in HBV-driven chemoresistance of HCC (Table 11).

HBc upregulates miR-135a-5p to suppress VAMP2 expression, blocking doxorubicin hydrochloride-induced apoptosis
in HCC[212]. Similarly, HBV-upregulated miR-5188 Leads to an increase in resistance to the chemotherapy drugs 5-FU,
cisplatin, and pharmorubicin[67]. Meanwhile, it is inferred that HBx elevates miR-7, -103, -107, and -21 expression to
downregulate their target mapsin. Silencing maspin boosts HCC resistance to doxorubicin and other chemotherapeutic
drugs[213]. These miRNAs may contribute to HBV-induced resistance to chemotherapy.

For some anti-tumor miRNAs, HBV suppresses their expression to promote HCC drug resistance. HBV mRNA can
directly sponge miR-15a/16 and inhibit the subsequent cascade of etoposide-induced apoptosis in hepatoma cells[173].
miR-193b is downregulated in HBV-positive cells and tissues. Recent research shows that it increases the sensitivity of
HCC cells to sorafenib by suppressing the expression of the anti-apoptotic protein Mcl-1[57]. miR-203a reduces HCC cell
viability after 5-fluorouracil (5-FU) treatment and also increases the apoptosis rate of HCC cells in response to 5-FU[58].
HBV suppresses miR-203a expression, and subsequently renders HCC cells resistant to chemotherapy drug-induced
apoptosis. HBV inhibits miR-325-3p[201], which remarkably increases chemosensitivity to doxorubicin in HCC cells[202].
Similarly, HBV negatively regulates miR-329 and miR-1236 to elevate their target AFP expression, while AFP further
attenuates the proapoptotic effect of chemotherapy agents cisplatinum[214].

At present, the research on HBV-dysregulated miRNAs to enhance drug resistance in HCC is in its infancy. It has been
discovered that miRNA promotes tumor treatment resistance through targeted regulation of multiple drug-related genes
and DNA damage repair-related genes[215]. Therefore, more in-depth studies are needed.

Dysregulated miRNAs promote HBV replication to perpetuate its infection

The majority of HBV-infected patients have strong viral replication. By promoting self-replication, HBV maintains a high
titer and promotes hepatocarcinogenesis. The complex relationship between HBV replication and miRNA has been
described in a number of reviews[53,199,216]. We have enumerated the currently known miRNAs dysregulated by HBV
that regulate HBV replication in the Supplementary Tables 1 and 2. Intriguingly, HBx upregulates miR-125a-5p expre-
ssion[217], which interferes with expression of HBV surface antigen[218]. HBV may modulate miRNAs to restrict self-
replication, therefore maintaining a long period of existence.

Others

DNA hypermethylation is responsible for suppressing TSGs in hepatocarcinogenesis. The inhibition of miR-101 by HBx
leads to an increase in DNMT3A expression, while miR-101 inhibition or overexpression drastically affects the mRNA
expression of different TSGs, demonstrating that miR-101 operates upstream to enhance TSG expression[219].
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During the process of metastasis, cancer cells detaching from extracellular matrix (ECM) acquire the ability to persist in
circulation by evading anoikis-induced cell death[220]. It is found that HBx induces miR-7, -103, -107, and -21 to suppress
maspin expression, while maspin downregulation conferes HBx-mediated anoikis resistance in HCC cells[213]. Therefore,
it can be speculated that these miRNAs may similarly confer HBx-mediated anoikis resistance.

In addition to directly affecting tumor cells, miRNA can indirectly accelerate the development of HCC via acting on
other liver cells. Exosomal miR-142-3p from HBV-positive cells induces ferroptosis in HBV-infected M1-type
macrophages via SLC3A2[221]. Similarly, exosomal miR-222 from HBV-infected hepatic cells boosts LX-2 cell activation
by suppressing TFRC-induced ferroptosis, which ultimately exacerbates liver fibrosis[222]. Besides that, HBx-elevated
P4HA?2 enhances the collagen deposition in the liver in vivo and in vitro by inhibiting miR-30e, leading to liver fibrosis and
liver cancer progression[139]. Moreover, HBx and TGF-B1 exposure induces the upregulation of miR-199a-3p, which
contributes to the malignant transformation of hepatic progenitor cells (HPCs)[120]. As HPCs have the capacity to
generate HCC with the cooperation of HBx and AFB1 in the liver microenvironment, this may provide new insight of
HBV promoting HCC[223].

FUTURE PROSPECTS - CHALLENGES AND POTENTIAL CLINICAL USE OF MIRNAS IN DIAGNOSIS
AND TREATMENT OF HBV-HCC

Due to the significant changes of miRNA in bodily fluid and tissues of HBV-HCG, its utility as a biomarker for the
diagnosis of HCC incidence and prognostic risk has been extensively evaluated. However, since the PLR of miRNAs
diagnosing HBV-HCC is less than 10 and the NLR is greater than 0.1[41,42], the clinical use of miRNAs for detecting
HBV-HCC may still be limited. Traditional techniques for detecting miRNAs include Northern blotting, quantitative
reverse transcription polymerase chain reaction (QRT-PCR), next-generation sequencing, and microarray-based hybrid-
ization[7,224]. However, quantifying miRNA in a dependable and robust manner can be challenging, and these methods
may involve significant trade-offs between cost, complexity, and efficacy[7,224]. Therefore, using standardized
measurements with unified standards will facilitate the collection of trustworthy miRNA data that can be compared
across institutions[7]. It is crucial to minimize the influence of confounding factors, such as measurement technical
characteristics, when detecting miRNA. Additionally, novel miRNA detection assays, such as miRacles which utilize
conformationally responsive DNA nanoswitches, have been proved to be a simple, inexpensive, and accurate method for
detecting miRNAs[224]. With the continuous development of new materials, it is anticipated that the miRNAs detection
technology will increase in precision and sensitivity while decreasing in cost and operational complexity.

In addition to their use as diagnostics, miRNAs have significant promise for prognostication. Current relevant research
has focused on miRNAs to predict the risk of recurrence, OS, and DFS in patients with HBV-HCC. There are few studies
and insufficient data on circulating miRNAs. As circulating miRNAs offer numerous advantages, such as being
convenient, safe, and noninvasive, their potential as biomarkers can be exploited further. For instance, miRNAs can be
used to predict or evaluate the efficacy of neoadjuvant chemotherapy[225], radiotherapy[226], and immunotherapy[227]
in cancer patients. Hence, miRNAs have the potential to anticipate therapeutic efficacy in HBV-HCC, which warrants
further investigation.

Since HBV-dysregulated miRNAs play a significant role in hepatocarcinogenesis, miRNAs can be used as viable
alternative therapeutic targets. Despite the fact that miRNA delivery to specific locations is hampered by many
challenges, several techniques, such as conjugation, virus-associated delivery, and nanoparticles, have been researched to
improve the efficacy of miRNA delivery[8]. In fact, multiple miRNA-based therapeutics have entered the clinical phase of
cancer therapy. The combination of miRNAs therapy with chemotherapy, radiotherapy, and immunotherapy has shown
encouraging outcomes against different malignancies[215]. Unfortunately, there is no relevant clinical research on the use
of miRNAs in the treatment of HCC. Given that miRNAs play a crucial part in the occurrence and progression of HBV-
HCC, the approaches of combining diverse strategies, applying complementary miRNAs together, or inventing new
forms of miRNAs may bring considerable clinical benefits for HBV-HCC patients. To reach the ultimate objective of
enhancing patient OS and DFS, additional research is required in this area.

CONCLUSION

HBV dysregulates miRNAs in multiple ways, thereby contributing to the occurrence and progression of HCC.
Consequently, miRNAs are anticipated to become HBV-HCC biomarkers for diagnosis and prognosis. miRNAs-based
therapies may also improve the efficacy of HBV-HCC. More research is required for miRNA clinical transformation.
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Abstract

Diabetes is a highly prevalent disease that was initially simplified into three major
types: Type 1, type 2 and gestational diabetes. With the global rise in incidence of
acute pancreatitis (AP), a lesser-known type of diabetes referred to as diabetes of
the exocrine pancreas (DEP) is becoming more recognized. However, there is a
poor understanding of the inherent relationship between diabetes and AP. There
is established data about certain diseases affecting the exocrine function of the
pancreas which can lead to diabetes. More specifically, there are well established
guidelines for diagnosis and management of DEP caused be chronic pancreatitis.
Conversely, the sequelae of AP leading to diabetes has limited recognition and
data. The purpose of this review is to provide a comprehensive summary of the
prevalence, epidemiology, pathophysiology and future research aims of AP-
related diabetes. In addition, we propose a screening and diagnostic algorithm to
aid clinicians in providing better care for their patients.

Key Words: Acute pancreatitis; Type 3¢ diabetes; Diabetes of the exocrine pancreas;
Sequelae of acute pancreatitis; Screening and diagnostic algorithm
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Core Tip: Acute pancreatitis (AP)-related diabetes has limited recognition and data. The disease occurs more often than
previously recognized and patients are often misdiagnosed with type 2 diabetes. The purpose of this review is to provide a
comprehensive summary of the prevalence, epidemiology, pathophysiology and future research aims of AP-related diabetes.
In addition, we propose a screening and diagnostic algorithm to aid clinicians in providing better care for their patients.
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INTRODUCTION

Acute pancreatitis (AP) is a condition defined by rapid onset pancreatic inflammation that is short-lived and may be
associated with local and systemic complications[1]. Alcohol use and gallstones are the most common etiologies, which
may explain its standing as one of the leading gastrointestinal diseases requiring hospitalization in the United States[2].
The severity of AP is graded based on the presence or absence of local complications, systemic complications, and
persistent organ failure. Patients with mild disease recover with supportive care alone while those with severe disease
may experience prolonged hospitalization and require procedural interventions to treat various complications. The severe
form of the disease occurs in 20% of all patients with AP and carries a mortality rate as high as 30%-40%[1,3]. Following a
single episode of AP, all patients are susceptible to the potential sequela of the injury sustained by the pancreas regardless
of the severity of the episode[4]. The complication acquiring interest of late is new-onset diabetes mellitus (DM) after AP.

Diabetes is a term used to classify a group of diseases characterized by persistent hyperglycemia that afflicts 37 million
adults in the United States alone. Type I diabetes (T1D) accounts for 5%-10% of the total prevalence of diabetes and is
hypothesized to be a consequence of autoimmune destruction of beta cells, resulting in inadequate insulin levels[5]. The
most common form of diabetes, type II DM (T2DM)), is caused by insufficient insulin secretion by pancreatic beta cells and
progressive development of insulin resistance (IR). Persistent impairment in glucose control may also be promoted by
diseases of the exocrine pancreas, including AP[6]. This form of diabetes has been referred to as type 3c diabetes or
diabetes of the exocrine pancreas (DEP)[6,7].

Hyperglycemia during AP was previously speculated to be a transient event that resolved as the inflammatory process
improved[4]. Recent meta-analyses have questioned this notion by showing evidence of a high incidence of AP-related
DM[4]. Two meta-analyses found 15%-23% of patients developed new-onset diabetes following a single episode of AP
and the remaining patients had greater than a two-fold risk of diabetes over five years[8,9].

The various pancreatic diseases known to potentially cause DEP are often grouped together despite this collection
encompassing multiple distinct conditions that should be further investigated on an individual basis. The unique
mechanisms in which these conditions cause damage to the pancreas is important to take into consideration as they may
allow for specific therapeutic options, change screening recommendations, and affect the length of time to diabetes. AP in
particular, the most common disease of the exocrine pancreas, warrants further discussion. The goal of this review is to
summarize the prevalence and pathophysiology of DEP after episode(s) of AP, elucidate diagnostic criteria for AP-related
DM and identify risk factors of those at highest risk of developing the complication. We will also suggest management
and screening recommendations, including the emergence of potential new ways to diagnose AP-related DM and identify
areas for further study.

PREVALENCE OF DM AFTER AP

In the United States, AP is estimated to account for approximately 275000 hospital admissions and $2.5 billion in
healthcare costs annually[10]. A meta-analysis of the global incidence of AP from 1961 to 2016 found the incidence of AP
has been increasing over time. Select populations were noted to have disproportionate rises in incidence especially
throughout the majority of countries within the Western world, including North America, Europe, and Oceania[3]. One
study aimed at determining the global incidence of AP reported the countries with the greatest incidence of AP in 2019
were India, China, and the United States. Alcohol was found to be an important cause of increased morbidity and
mortality. The study also uncovered the existence of significant differences in the burden of AP across geographic regions
and differences in outcomes based on socioeconomic factors. For example, patients admitted to smaller hospitals with
fewer resources were noted to have a higher risk of pancreatitis-related mortality[10].

The lesser-known sequelae of AP are the development of endocrine and exocrine insufficiency, which in turn can
contribute to the development of diabetes. All patients are susceptible to these effects, even those with a mild case of AP
and after a first-time episode[11]. In one cohort study, exocrine pancreatic dysfunction was associated with significantly
increased risk for new-onset DM, including when the analysis was limited to mild AP[12]. A systematic review and meta-
analysis from May 2019 found the incidence of AP-related DM was 23% and new onset insulin dependent DM (IDDM)
was 15%. The incidence of DM was higher for severe AP (SAP) compared to mild AP, pancreatic necrosis compared to
without, and alcoholic compared to biliary AP. The incidence of IDDM after SAP was 21% and 18% following an episode
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of alcohol-related AP. Within five years of the initial episode of AP, the rate of DM and IDDM was 20% and 14%,
respectively. The rate of DM and IDDM after AP increased to 37% and 25%, respectively[9]. Another study demonstrated
similar findings of the development of endocrine and exocrine insufficiency despite severity of AP, number of or time
from episodes of AP, gender, and etiology. However, there was a statistically significant difference in the prevalence of
DM when patients with SAP were compared with non-SAP[12].

PATHOPHYSIOLOGY

Ongoing investigations have proposed multiple mechanisms believed to contribute to the development of AP-related
DM. These mechanisms presumably occur in parallel and it is unknown which mechanism has the greatest impact. Prior
to further discussing the theories it is important to understand the roles of the individual cell types of the pancreas and
where they reside. This will aid in demonstrating the clinical implications of their malfunction or loss.

The pancreas consists of two tissue types which give rise to the distinct actions of the pancreas, the exocrine and
endocrine functions. Exocrine tissue makes up an estimated 95% of the pancreas and produces enzymes necessary for
digestion. The remaining tissue is made up of special endocrine cells embedded within the exocrine pancreas that are
collectively known as the islets of Langerhans[13]. This collection consists of four cell types that play exclusive roles in
regulating glucose levels and pancreatic secretions: Alpha cells, beta cells, pancreatic polypeptide (PP) cells and delta
cells. Alpha cells release glucagon and make up 15% of the total islet cell volume in the anterior portions of the pancreas
(head, body and tail). Glucagon is important in preventing hypoglycemia through several well-known mechanisms.
Insulin-releasing beta cells make up 80% of the islet volume in the anterior pancreas and 20% of the volume in the
posterior head. Insulin regulates glucose by promoting uptake and storage of glucose in the liver, muscle and adipose
tissue. The hormone also regulates the action of alpha cells through paracrine inhibition. PP cells make up 80% of the islet
volume in the posterior head and have a small presence (< 1%) in the anterior portions of the pancreas. They produce PP,
which enhances the effect of insulin on the liver. Delta cells have a small overall existence, contributing to < 1% of islet
volume in the posterior head and 5% in the anterior pancreas. Nevertheless, they are essential for their release of
somatostatin which has multiple functions throughout the body. In the gastrointestinal system, somatostatin is important
for regulating the release of glucagon and insulin through paracrine inhibition. The hormone also slows both gastric
emptying and nutrient absorption from the intestinal tract[7].

MECHANICAL DESTRUCTION OF THE PANCREAS VS LOSS OF ISLET MASS

Unlike T1D and T2DM, DEP is a consequence of damage to the pancreas that affects all of the highly specialized cells of
the organ. Based on this observation and previous data showing a higher incidence of DEP in patients suffering from
necrotizing pancreatitis compared to those without necrosis, a correlation between the extent of loss of islet cells and the
risk of developing AP-related DM has been suggested[9]. This inference has been further substantiated by evidence that
patients with T1D and T2DM have decreased pancreatic volume compared to non-diabetics[14]. Nevertheless, emerging
evidence indicates the overall pathogenesis is likely more complicated and requires more investigation. One systematic
review examining the risk of developing DM after partial pancreatectomy found the incidence of new-onset DM was
significantly different between various types of resection. Those who underwent a distal pancreatectomy had the highest
incidence of developing DEP followed by patients who underwent a Whipple. Patients who underwent a central pancre-
atectomy had the smallest incidence[15]. A study by Tu et al[16] reports that in comparison to necrosis in the head and
body of the pancreas, necrosis in the tail was associated with a greater risk of developing diabetes. Others also report that
surgical resection of up to 50% of the pancreas did not necessarily lead to diabetes[14]. These new findings may explain
why the severity of AP does not necessarily positively correlate with the risk of developing AP-related DM.

DYSFUNCTION OF THE EXOCRINE PANCREAS

Damage to the exocrine pancreas may contribute to endocrine dysfunction through mechanisms still undergoing analysis.
When chronic pancreatic exocrine disease occurs, findings of decreased pancreatic endocrine function including islet
function and insulin secretion can be seen. For example, one of the results of chronic pancreatitis is damage to nerve
bundles, specifically vagal afferents, which are necessary for PP secretion. Volume loss within the posterior head of the
pancreas, in which resides the majority of PP cells, further exacerbates the reduction in insulin secretion. Significant
pancreatic endocrine dysfunction can thereby lead to DEP[14].

In a recent cohort study, Cho et al[12] found that patients with exocrine pancreatic dysfunction requiring pancreatic
enzyme replacement therapy (PERT) after their initial attack of pancreatitis were at increased risk of new-onset DM.
New-onset DM was defined as diagnostic coding of DM and/or receiving a new oral hypoglycemic medication. This
association remained even when the analysis was limited to mild AP. Patients with exocrine dysfunction are prone to
deficiencies in fat-soluble vitamins.

In the past, vitamin D was found to play a role in glucose control. Mirhosseini et al[17] describe the mechanism in a
meta-analysis, reporting that the active form of vitamin D regulates the expression of the insulin receptor gene and
facilitates the transport of glucose into muscle cells. The authors conclude that vitamin D supplementation may
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significantly reduce serum fasting plasma glucose (FPG) and hemoglobin Alc (HbA1lc)[17]. However, study results
regarding the association of vitamin D and glucose control have been inconsistent. One randomized placebo-controlled
trial found that daily vitamin D and calcium supplementation did not have a significant effect on insulin sensitivity,
insulin secretion, or B-cell function in vitamin D deficient individuals at risk of T2DM[18]. An important point to note is
that the authors classified patients “at risk of T2DM” based on a diabetes risk questionnaire. In a post hoc analysis
restricted to patients with clinically diagnosed prediabetes, they found a significant beneficial effect of vitamin D and
calcium supplementation on insulin sensitivity. There were no changes in insulin secretion or beta cell function.

In a more recent study, Norbitt et al[19] investigated potential connections between the intake of fat- and water-soluble
vitamins with markers of glucose metabolism in patients after AP. They found a significant association between three fat-
soluble vitamins (a-carotene, B-carotene, and total carotene) and homeostasis model assessment of p-cell function
(HOMA-B) in patients with new-onset prediabetes/diabetes after AP[19]. Despite this association, there were no
significant associations with FPG or HOMA-IR index. Although more studies are needed to help uncover the role of
vitamin deficiencies in oxidative stress-driven disorders, it appears that optimizing the exocrine function of the pancreas
plays an important role in glucose control. This may provide a key opportunity for intervention to prevent AP-related
DM.

RISK FACTORS

An important component of understanding the etiology of AP-related DM is identifying risk factors linked with
heightened endocrine dysfunction after AP. One case-controlled study with multivariable analysis found AP-related DM
occurred more often in patients with components of metabolic syndrome such as hypertension, obesity and hyperlip-
idemia[20]. The potential explanation is that this particular population has an underlying predisposition toward T2DM
and the additional insult of AP accelerates the progression to sustained hyperglycemia[21,22]. In another study, Lv et al
[23] found similar results but also discovered non-alcoholic fatty liver disease (NAFLD) was an additional independent
risk factor. Until now, most studies have focused on the effect of the exocrine pancreas on endocrine function yet the liver
also plays a critical role in regulating and maintaining glucose levels. Those with NAFLD have underlying IR due to
chronic inflammation from the release of inflammatory mediators by adipose tissue. These mediators which include
leucine-rich alpha-2-glycoprotein 1 and interleukin-6 have been found to inhibit insulin receptors and the action of
insulin through different signaling pathways[23]. The authors suggest chronic inflammation combined with inflam-
mation-induced lipolysis contribute to the process of IR. Investigations to further characterize risk factors for AP-related
DM are needed to help identify patients who will benefit from closer follow-up and earlier interventions to control
glucose levels following an episode of AP.

DIAGNOSIS

Diagnostic criteria for T1D and T2DM have been well established and have undergone very minor revision over the last
decades. The diagnosis of DEP has been more challenging to standardize as it shares clinical features that overlap with
T1D and T2DM. The development of standardized criteria is also complicated by the fact that DEP is the result of
multiple clinically distinct diseases and/or mechanisms. These individual etiologies lead to variable levels of pancreatic
dysfunction and have varying rates of progression to diabetes, making the timing of the initiation of screening difficult to
determine[7,24]. Previously, Ewald and Bretzel[25] suggested the following to diagnose DEP: Major criteria (all must be
fulfilled): Presence of exocrine pancreatic insufficiency (according to the monoclonal fecal elastase-1 test or direct function
tests); pathological pancreatic imaging (endoscopic ultrasound, magnetic resonance imaging, computed tomography);
absence of T1IDM associated autoimmune markers. Minor criteria: Impaired beta cell function (e.g., HOMA-B, C-peptide/
glucose-ratio); no excessive IR (e.g., HOMA-IR); impaired incretin secretion [e.g., glucagon-like peptide 1 (GLP-1), PP];
low serum levels of lipid-soluble vitamins (A, D, E, and K).

Although cited in numerous articles over the years, the criteria were never universally accepted. As we learn more
about the underlying mechanisms of each disease process and how they may lead to DEP, most of the above criteria have
become invalid. For example, pancreatic insufficiency is not a specific characteristic of any of the diseases of the exocrine
pancreas. Pancreatic insufficiency is a risk factor for the development of DEP and therefore should not be considered a
defining characteristic. Additionally, pathological pancreatic imaging varies among the different diseases and is not a
reliable marker of pancreatic function. Not all patients with imaging findings consistent with necrotizing pancreatitis
develop DEP. Patients with mild pancreatitis may lack significant radiographic findings yet are still at risk of developing
DEP. Furthermore, patients with pancreatic adenocarcinoma are commonly diagnosed with diabetes prior to developing
cancer visible on cross-sectional imaging[26].

Here, we will focus on screening and diagnosis of AP-related diabetes (Figure 1). The first step should be to rule out
undiagnosed diabetes/prediabetes by obtaining an HbAlc on admission for AP. We recommend screening for diabetes
three months after hospital discharge by obtaining an HbAlc and an oral glucose tolerance test (OGTT). The timing of
screening at three months post-hospitalization was selected to limit confounding by stress-related hyperglycemia and to
help ensure that the HbAlc is an accurate reflection of changes in glucose levels after AP. Recommendations to use an
OGTT are based on several observations. First, studies have shown poor test performance of HbAlc in diagnosing
diabetes in patients with cystic fibrosis, another well-known disease affecting the exocrine pancreas. As a result, screening
guidelines for cystic fibrosis-related diabetes recommend use of OGTT over HbAlc, and the committee concluded HbAlc
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Figure 1 Diagnostic algorithm for acute pancreatitis related diabetes. OGTT: Oral glucose tolerance test; GAD65: Glutamic acid decarboxylase; 1A2:
Tyrosine phosphatase; ZnT8: Zinc transporter 8; T1DM: Type 1 diabetes mellitus; AP: Acute pancreatitis.

was not sufficiently sensitive for diagnosis of diabetes in this patient population[27]. Similarly, Meier and Giese[28]
advocate for the use of OGTT for earlier detection of diabetes in those with pancreatic disease. They found the OGTT
diagnosed diabetes when the beta cell area was reduced by 64% compared to a more sizeable beta cell area loss of 89%
when diabetes was diagnosed by HbAlc. A more recent study found that fasting glucose and HbA1lc underestimate the
prevalence of DEP and also recommend use of OGTT[29]. In this study, the diagnosis of over half of the new cases of
diabetes after SAP were only possible by using the OGTT.

Once a diagnosis of diabetes is established, the next steps involve ruling out T1D and T2DM. The exclusion of T1D is
more straightforward and can be performed by demonstrating the absence of autoantibodies. Duggan et al[29] suggest
that c-peptide levels may be used to differentiate DEP and T2DM. Levels of c-peptide are typically used to distinguish
T1D from T2DM, as levels are low in T1D and high in T2DM. They found that SAP patients with diabetes demonstrated a
lower insulin response to glucose ingestion and had lower c-peptide secretion. This suggests the diagnosis of AP-related
DM/ DEP should be made in the setting of low c-peptide levels and the absence of autoantibodies[29]. More studies are
needed to confirm the correlation, but it is a reasonable place to start. As studies showed risk of developing DEP up to
five years after a single attack, it would be reasonable to consider continuing annual screening with HbAlc and OGTT vs
more frequently depending on the presence of other risk factors.

MANAGEMENT

While the overall pathophysiology of DEP is far more complex than the more common types of diabetes, the treatment
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algorithms for T2DM are often applied for management of DEP. This may be problematic on several fronts. Studies have
shown that patients with CP have an increased risk of developing pancreatic adenocarcinoma through a mechanism
potentiated by hyperinsulinemia[2,7,30]. As a result, interventions that reduce ambient insulin levels (i.e., exercise, weight
loss, low-carb diet) coupled with the anti-neoplastic properties of Metformin has become the preferred first-line treatment
option. If glucose levels remain elevated it is reasonable to consider the addition of oral agents from the thiazolidinedione
and/or alpha-glucosidase inhibitor classes. Clinical trials evaluating the safety of sulfonylureas, GLP-1 analogs, and
dipeptidyl peptidase-IV inhibitors are lacking and these medications should be avoided due to possible association with
pancreatitis[7,30]. All patients should also be counseled on the importance of abstinence from alcohol and tobacco use.

Screening for malabsorption and fat-soluble vitamin deficiencies can help guide the initiation of PERT and vitamin
supplementation. The response and release of incretins, such as GLP-1, to fat hydrolysis may even be impaired with
subclinical fat-soluble vitamin deficiency and thereby promote post-prandial hyperglycemia. PERT may augment the
post-prandial incretin response and has been demonstrated to stabilize glucose levels in patients with alcoholic pancre-
atitis and cystic fibrosis. Additionally, some believe that PERT may help improve pain associated with pancreatitis.

Every effort should be made to detect AP-related DM before the development of critical insulin deficiency. If insulin
therapy is necessary, it is important to remember that DEP may cause enhanced peripheral sensitivity to insulin,
increasing the risk of hypoglycemia[7,30]. Dosing calculations similar to those used for T1D should be used rather than
those used for T2DM[7]. Additionally, patients with DEP may require more frequent dose adjustments compared to
patients with T2DM.

FUTURE RESEARCH

Further investigation should focus on how to use IR and insufficient insulin production to distinguish T2DM from DEP.
Although we have proposed a set of diagnostic criteria, further research is needed to confirm whether the absence of
autoantibodies in conjunction with low c-peptide levels is enough to diagnose DEP. Additionally, exploration into the
possible contribution of PP cell tracking and other biomarkers to characterize DEP is necessary[4].

Improved characterization of alpha cells, beta cells, PP cells and delta cells may also have implications on the diagnosis
and treatment of DEP[4]. Methods to do so may include new radiological techniques as well as neural networks. Newer
advanced magnetic resonance techniques, including diffusion-weighted imaging, T1 mapping, and T2 mapping, provide
quantifiable imaging features to gain additional understanding of underlying irregularities in AP. This goes beyond the
traditional magnetic resonance sequences’ qualitative imaging features to detect morphological changes in AP[31].
Further, these newer radiological techniques may be able to improve the detection of islet volume changes involved in
DEP. Advanced analytic techniques, including radiomics and artificial neural networks, may be able to uncover imaging
biomarkers to enable further risk stratification of DEP secondary to AP.

Artificial intelligence (AI) offers risk stratification and prognostication information for AP, including DEP secondary to
AP. Machine learning through large data sets may be able to better determine an association between AP disease severity
and DEP. An ongoing clinical trial is investigating whether Al machine learning can be used to estimate the disease
severity in AP according to the revised Atlanta criteria, which may have implications on DEP[32]. Similarly, while
parameters used in handcrafted AP severity prediction scores, such as APACHE II and Ranson, are typically unavailable
until 24 to 72 h after hospitalization, the early achievable severity index prediction score which was developed using
machine learning, can identify patients at high risk for SAP within 24 h of hospital admission[33]. Early identification of
patients at risk of SAP allows for early interventions to decrease mortality, which may also be critical in preventing the
development of DEP.

As deficiency of fat-soluble vitamins associated with exocrine pancreatic dysfunction may be linked to new-onset DM,
early administration of fat-soluble vitamins needs to be further studied as a possible preventative measure against the
development of DEP[12]. Additionally, serum levels of fat-soluble vitamins (vitamin D in particular) may have the
potential to be used as markers of risk of AP-related DM, as mentioned by Norbitt et al[19]. The connection comes from
previous findings that vitamin D levels negatively correlated with AP severity indexes[19,34].

Based on the data mentioned earlier, the incidence of AP continues to rise and we should anticipate an increasing
incidence of AP-related DM. This escalates the importance of needing to screen for, monitor, and treat DEP[3]. The next
major step in research should also include investigating the reasons for the increased incidence of AP to prevent the
disease and DEP by extension.

CONCLUSION

AP is the most common disease of the exocrine pancreas and places a significant strain on healthcare costs as the
incidence continues to rise. While many studies have focused on treatment during hospitalization, the sequela of the
disease are becoming more important as more patients develop AP and recover from the disease. AP-related diabetes, a
type of DEP, is likely more prevalent than initially thought as it is often misclassified as T2DM and treated as such. As
new studies emerge, we have learned that the diagnostic criteria for AP-related diabetes needs to be better defined in
order to improve management of this unique type of diabetes. Through common knowledge of the pathophysiology of
T1D and T2DM and the review of newer studies attempting to find biomarkers to help characterize DEP, we were able to
propose a set of diagnostic criteria for AP-related DM. Although studies are needed to test the utility, this may at least
provide a starting point. Furthermore, we have identified specific areas in need of further research in hopes that it may
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help lead to the development of guidelines for the diagnosis and management of AP-related DM.
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Abstract

BACKGROUND

Nonalcoholic fatty liver disease (NAFLD) is a clinicopathological entity charac-
terized by intrahepatic ectopic steatosis. As a consequence of increased
consumption of high-calorie diet and adoption of a sedentary lifestyle, the
incidence of NAFLD has surpassed that of viral hepatitis, making it the most
common cause of chronic liver disease globally. Huangqin decoction (HQD), a
Chinese medicinal formulation that has been used clinically for thousands of
years, has beneficial outcomes in patients with liver diseases, including NAFLD.
However, the role and mechanism of action of HQD in lipid metabolism disorders
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and insulin resistance in NAFLD remain poorly understood.

AIM
To evaluate the ameliorative effects of HQD in NAFLD, with a focus on lipid metabolism and insulin resistance,
and to elucidate the underlying mechanism of action.

METHODS

High-fat diet-induced NAFLD rats and palmitic acid (PA)-stimulated HepG2 cells were used to investigate the
effects of HQD and identify its potential mechanism of action. Phytochemicals in HQD were analyzed by high-
performance liquid chromatography (HPLC) to identify the key components.

RESULTS

Ten primary chemical components of HQD were identified by HPLC analysis. In vivo, HQD effectively prevented
rats from gaining body and liver weight, improved the liver index, ameliorated hepatic histological aberrations,
decreased transaminase and lipid profile disorders, and reduced the levels of pro-inflammatory factors and insulin
resistance. In vitro studies revealed that HQD effectively alleviated PA-induced lipid accumulation, inflammation,
and insulin resistance in HepG2 cells. In-depth investigation revealed that HQD triggers Sirtl/NF-xB pathway-
modulated lipogenesis and inflammation, contributing to its beneficial actions, which was further corroborated by
the addition of the Sirtl antagonist EX-527 that compromised the favorable effects of HQD.

CONCLUSION
In summary, our study confirmed that HQD mitigates lipid metabolism disorders and insulin resistance in NAFLD
by triggering the Sirtl/NF-xB pathway.

Key Words: Nonalcoholic fatty liver disease; Huangqin decoction; Lipid metabolism disorders; Insulin resistance; Sirt]/NF-xB
pathway

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Huangqin decoction (HQD) has substantial therapeutic effects in liver diseases. We previously showed that HQD
mitigates hepatic inflammation in a rat model of High-fat diet (HFD)-induced Nonalcoholic fatty liver disease (NAFLD) by
inhibiting the TLR4/NF-kB/NLRP3 pathway. Here, we investigated the effects of HQD on lipid metabolism disorders and
insulin resistance in NAFLD. Our results demonstrated that HQD effectively antagonizes hepatocyte steatosis and insulin
resistance in HFD-fed rats and palmitic acid-challenged HepG2 cells by triggering Sirtl/NF-xB pathway-modulated
lipogenesis and inflammation. These data will significantly promote the clinical application of HQD in the treatment of
NAFLD.

Citation: Yan BF, Pan LF, Quan YF, Sha Q, Zhang JZ, Zhang YF, Zhou LB, Qian XL, Gu XM, Li FT, Wang T, Liu J, Zheng X.
Huangqin decoction alleviates lipid metabolism disorders and insulin resistance in nonalcoholic fatty liver disease by triggering
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INTRODUCTION

As lifestyles have been increasingly shifting to “eat more, move less”, overweight and obese cohorts is on a monumental
rise. Consequently, the incidence of obesity-related chronic diseases, such as type 2 diabetes, cardiovascular disease, and
nonalcoholic fatty liver disease (NAFLD) is on the rise. NAFLD is the most common liver disease characterized by
excessive hepatocellular lipid build-up, which is caused by factors other than alcohol intake, drugs, viral infections, and
autoimmunity[1]. The initial signs and symptoms of NAFLD are limited to benign steatosis[2]. However, if not managed,
approximately 30% of NAFLD cases will progress to nonalcoholic steatohepatitis (NASH). Subsequently approximately
30%-40% of NASH cases will further progress to fibrosis and cirrhosis, and approximately 5%-25% of NASH patients
will die from advanced liver diseases within ten years[2-5]. Additionally, epidemiological studies suggest that NAFLD
patients are more prone to develop heart disease and die from heart attacks compared to healthy individuals[6].
Currently, NAFLD affects approximately 25% of the general population worldwide, and the associated morbidity in
China has increased substantially from 18% to approximately 30% in recent decades[7]. It is estimated that more than 300
million cases of NAFLD will emerge in China by 2030, causing a tremendous strain on its healthcare and economy|[8].
Unfortunately, no specific drug has been approved by the Food and Drug Administration for NAFLD; invasive bariatric
surgery and lifestyle modifications are thought to be effective strategies[9]. Therefore, there is an urgent need to identify
more efficacious agents for NAFLD treatment.
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NAFLD is driven by multiple factors and its etiology remains complex and elusive. Several hypotheses have been
proposed over the past few decades to explain its pathogenesis. According to the canonical “two-hit” hypothesis
originally proposed by Day and James[10], obesity and insulin resistance-evoked excessive intrahepatic lipid accumu-
lation constitutes the “first hit,” and ensuing oxidative stress and inflammation constitute the “second hit”. Subsequent
studies found that hepatocyte regeneration and proliferation were impeded during the progression of NAFLD, which
was termed as the “third-hit”[11]. Following further in-depth investigations, a more precise “multiple-hit” hypothesis
was proposed that deems that hepatic steatosis increases the susceptibility of the liver to intra- and extrahepatic
offenders, such as hepatic oxidative stress and inflammation, gut dysbiosis, and disturbed adipokines, and the multiple
insults simultaneously and synergistically induce and advance NAFLD[12]. However, in both the hypotheses, hepatic
steatosis is considered to be the paramount driver of NAFLD, and numerous studies have focused on lipid metabolism-
associated targets (e.g., Sirtl) in an attempt to reduce intrahepatic fat[9]. Sirtl, a nicotinamide adenine dinucleotide-
dependent lysine deacetylase, is a metabolic sensor that is highly expressed in metabolically active organs (e.g., the liver
and skeletal muscles) and is extensively involved in glucose and lipid metabolism[9,13,14]. Clinical evidence indicates
that patients with NAFLD exhibit defective Sirtl expression in the liver[15]. Additionally, inhibition of Sirt]l exacerbated
high-fat diet (HFD)-induced hepatic steatosis in mice, whereas activation of Sirtl exerted anti-steatotic effect[16].
Importantly, it was reported that Sirt]l deacetylates lysine residues of NF-xB (RelA/p65 subunit), thereby affecting its
transcriptional activity and restricting the expression of pro-inflammatory target genes[17]. Curative effects including
anti-steatosis, anti-inflammation, and anti-apoptosis were noted when Sirtl/NF-xB pathway was triggered in
methionine-choline-deficient diet-induced NASH mice, indicating the vital role of Sirtl/NF-kB pathway in defense
against NAFLD[18]. In addition, recent studies suggest that NF-xB-stimulated pro-inflammatory factors activate hepatic
insulin resistance, and thereby aggravate hepatic steatosis[17,19]. Therefore, triggering the Sirtl/NF-kB pathway
represents a potential strategy for counteracting insulin resistance and hepatic steatosis in NAFLD.

Huanggqin decoction (HQD) is a classical traditional Chinese medicine (TCM) formulation that was first mentioned in
“Treatise on Febrile Diseases” by the medical sage Zhong-Jing Zhang. According to records, HQD harbors the efficacy of
“clearing away heat and treating dysentery” and “regulating the stomach and relieving pain,” and has long been utilized
to treat inflammatory diseases. It has a positive reputation as “the ancestral agent for curing dysentery in all ages” and
“the first decoction for febrile diseases”[20]. Notably, HQD has been used to treat liver disorders (e.g., NAFLD) at the
First Affiliated Hospital of Nanjing University of Chinese Medicine for decades with positive outcomes. HQD is
composed of four botanical herbs, Scutellariae Radix (Huangqin in Chinese), Paeoniae Radix Alba (Baishao in Chinese),
Glycyrrhizae Radix et Rhizome (Gancao in Chinese), and Jujubae Fructus (Dazao in Chinese), which are clinically combined
in a 3:2:2:2 ratio. Previous studies reported that these herbs can alleviate NAFLD when used independently[21-23]. More
importantly, in our recent study, the anti-hepatitis effects of HQD in HFD-induced NAFLD rats were found to be
mediated via inhibition of the TLR4/NF-xB/NLRP3 pathway[24]. However, the regulatory mechanisms of HQD in
hepatic steatosis and its ameliorative effects in insulin resistance remain undefined.

To address this gap, we used HFD-induced NAFLD rats and palmitic acid (PA)-induced HepG2 cells to investigate the
ameliorative effects of HQD in lipid metabolism disorders and insulin resistance, and identify the potential molecular
mechanisms by focusing on the Sirtl/NF-«B pathway.

MATERIALS AND METHODS

Plant materials and reagents

Scutellariae Radix, Paeoniae Radix Alba, Glycyrrhizae Radix et Rhizome, and Jujubae Fructus were obtained from Wansheng
Herbal Decoction Pieces Co. Ltd. (Bozhou, China) and authenticated by Professor Sheng-Jin Liu of the Nanjing University
of Chinese Medicine (Nanjing, China). All voucher specimens (Voucher No. 220301, 220302, 220303, and 220304) were
deposited at the Central Laboratory of Jiangsu Health Vocational College (Nanjing, China). Gallic acid, paeoniflorin,
scutellarin, liquiritin, baicalin, scutellarein, wogonoside, baicalein, wogonin, and chrysin (purity = 98%) were purchased
from Yuanye Biotechnology Co. Ltd. (Shanghai, China). Fenofibrate (Fen) was obtained from SPGC Sine Pharmaceutical
Co. Ltd. (Shanghai, China). Enzyme-linked immunosorbent assay (ELISA) kits for insulin, tumor necrosis factor (TNF)-o,
interleukin (IL)-6, and IL-1P were obtained from Solarbio (Beijing, China). Commercial biochemical kits for triacylglycerol
(TG), total cholesterol (TC), free fatty acids (FFA), low-density lipoprotein cholesterol (LDL-c), high-density lipoprotein
cholesterol (HDL-c), alanine transaminase (ALT), and aspartate transaminase (AST) were obtained from the Nanjing
Jiancheng Bioengineering Institute (Nanjing, China). Hematoxylin and eosin (H&E) and Oil Red O staining kits were
supplied by Beyotime (Shanghai, China). Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine serum (FBS),
bovine serum albumin (BSA), and PA were purchased from Sigma-Aldrich (St. Louis, MO, United States). Penicillin-
streptomycin solution was obtained from Thermo Fisher Scientific (Waltham, MA, United States). EX-527 was purchased
from Selleck Chemicals (Houston, TX, United States). A colorimetric 2-deoxydglucose (2DG) uptake assay kit and
antibodies against IL-1p, sterol regulatory element-binding protein (SREBP)-1, fatty acid synthase (FAS), cluster of differ-
entiation 36 (CD36), Sirtl, NF-xB, p-NF-kB, IRS-2, p-IRS-2, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
were purchased from Abcam (Cambridge, MA, United Kingdom). All the chemicals used were of analytical grade.

Preparation of HQD

HQD was prepared using established protocols. Briefly, 300 g Scutellariae Radix, 200 g Paeoniae Radix Alba, 200 g
Glycyrrhizae Radix et Rhizome, and 200 g Jujubae Fructus were combined in 10-fold volume of double-distilled water and
extracted in boiling water for 1 h. Following filtration through gauze, the herbal residue was extracted again for 1 h at 100
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°C with 8-fold volume of double-distilled water. Subsequently, the two extracts were pooled, concentrated under reduced
pressure, and lyophilized to yield 173.1 g of the extract powder. The extract ratio of HQD was 19.23% (w/w). The
lyophilized extract powder was stored at -80 °C for subsequent experiments.

High-performance liquid chromatography analysis of HQD

An Agilent 1260 high-performance liquid chromatography (HPLC) separation system (Agilent, Santa Clara, CA, United
States) equipped with a diode array detector was used to analyze the chemical composition of HQD. Briefly, the
lyophilized powder (0.5 g) was dissolved in 20 mL of ultrapure water using ultrasonication. Following filtration through
a 0.22 pum syringe filter, 20 pL of the supernatant was injected into the HPLC system and separated chromatographically
through an Agilent ZORBAX SB-C18 column (4.6 mm x 150 mm, 5 pm). The mobile phase comprised of linear gradients
of 0.1% (v/v) formic acid in water and acetonitrile. Gradient elution was performed as follows: 0-10 min, 5%-8%
acetonitrile; 10-20 min, 8%-16% acetonitrile; 20-40 min, 16%-22% acetonitrile; 40-50 min, 22%-25% acetonitrile; 50-60
min, 25%-40% acetonitrile; 60-70 min, 40%-60% acetonitrile; 70-75 min, 60%-5% acetonitrile; 75-80 min, 5% acetonitrile.
Programmable parameters for flow rate, injection volume, and detector wavelength were 1 mL/min, 5 pL, and 270 nm,
respectively.

Animals

Male Sprague-Dawley rats (seven weeks old, weighing 180-200 g) were obtained from the Hangzhou Medical College
(Hangzhou, China). The rats were housed in a conventional habitat (40%-50% humidity, 25 +1 °C, and 12 h light/dark) at
the Laboratory Animal Center of the Jiangsu Health Vocational College. The experimental protocols strictly complied
with the European Community criteria and were authorized by the Animal Ethics Committee of the Jiangsu Health
Vocational College (Permission No. JHVC-IACUC-2022-B007).

Animal grouping and treatment

Following one week of acclimatization, the rats were randomly allocated to five groups (n = 8/group): Normal, HFD,
HFD plus Fen (30 mg/kg), and HFD plus HQD (400 and 800 mg/kg). Rats in the normal group were fed a normal chow
diet (10% calories from fat), whereas the rats in the other groups were fed a HFD (60% calories from fat) for 16 wk to
establish the NAFLD model[25]. Both diets were provided by Jiangsu Xietong Pharmaceutical Bioengineering Co. Ltd.
(Nanjing, China). Starting from the 8" week, the rats were orally administered Fen or HQD once daily for intervention,
whereas the rats in the normal and HFD groups received an equal volume of 0.5% sodium carboxymethylcellulose (CMC-
Na) orally as the control. Body weights of the animals were monitored weekly during the experimental period. At the end
of the experiment, the rats were fasted overnight prior to being anesthetized with 1% pentobarbital sodium. To obtain
serum, blood samples were collected from the abdominal aorta and centrifuged at 3500 rpm for 15 min. The rat livers
were swiftly resected and flushed with phosphate buffered saline. Liver weights were measured and the liver indices
(liver weight/body weight) were calculated. Portions of the liver were fixed in 4% paraformaldehyde for histological
analysis and the remaining liver specimen was snap-frozen and stored at -80 °C for future molecular biology analyses.

Evaluation of insulin sensitivity

Two days prior to the termination of the experiment, the mice were fasted for 12 h and then orally administered 2 g/kg
glucose. Blood was drawn from the tail vein before or at the indicated time points (30, 60, 90, and 120 min) after gavage.
Blood glucose levels were measured using a glucometer (Yuwell, Inc., Zhenjiang, China). The oral glucose tolerance test
(OGTT) curve and area under the curve (AUC) of the OGTT were drawn and calculated using GraphPad Prism 8.0. At the
end of the experiment, fasting blood glucose (FBG) and serum insulin levels were determined using a glucometer and an
insulin ELISA kit, respectively. The homeostasis model assessment of insulin resistance (HOMA-IR) was calculated as
follows: (FBG x fasting serum insulin)/22.5.

Cell culture and treatment

HepG2 cells were purchased from the Chinese Academy of Cell Resource Center (Shanghai, China) and cultured in
DMEM (supplemented with 10% FBS and 1% penicillin-streptomycin) at 37 °C in a humid environment containing 5%
CO,. PA stock solution (5 mmol/L) was dissolved in 5% BSA by incubating at 55 °C for 15 min. Subsequently, the PA-
BSA solution was incorporated into the medium at a final concentration of 125 pM. HQD-mediated cytotoxicity was
determined using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. For the interventions,
HepG2 cells (70% confluent and serum-starved for 12 h) were treated with insulin (1 IU/mL), various doses of HQD (0,
25,75, or 125 pg/mL) or a combination of HQD (100 pg/mL) and EX-527 (10 pM) under PA (125 pM) challenge for 24 h.
HepG2 cells grown in serum-free media with 5% BSA served as the blank control.

MTT assay

HepG2 cells were seeded in 96-well plates (1x10* cells/well) and cultured overnight, followed by exposure to different
concentrations of HQD (0, 25, 50, 75, 100, 120, 150, 175, and 200 pg/mL) with or without 125 pM PA for 24 h. MTT
solution (10 pL of 5 mg/mL) was added to each well and incubated at 37 °C for 4 h. Dimethyl sulfoxide (150 pL) was
added to dissolve the formazan crystals with vigorously shaking for 5 min. Finally, a Multiskan MK3 microplate reader
(Thermo Fisher Scientific) was used to measure the absorbance at 490 nm. Cell viability (% of control) was calculated
using the following formula: [Optical density (OD) 490 (sample-blank)/OD 490 (control-blank)] x 100%.
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Glucose uptake assay

HepG2 cells were cultured overnight in 96-well plates (5 x 10° cells/well) and then starved for 12 h. The cells were
stimulated without or with 1 pM insulin for 20 min to activate the glucose transporters. A colorimetric 2DG uptake test
was performed according to the manufacturer’s protocol to evaluate glucose absorption by HepG2 cells in response to
insulin.

ELISA and biochemical analyses

TNF-B, IL-6, and IL-1p levels in the liver and cell supernatants, as well as serum insulin levels, were measured using the
corresponding ELISA kits following the manufacturer’s instructions. Biochemical parameters in the serum, liver, and
HepG2 cells, including TG, TC, LDL-c, HDL-c, FFA, ALT, and AST were determined using commercial kits following the
manufacturer's instructions.

Histological and immunohistochemistrical/immunofluorescent analyses

Fixed liver tissues were embedded in paraffin, cut into 5 pm slices, and stained with H&E according to the standard
procedure. Immunohistochemical analyses were performed as described previously[25]. Briefly, primary antibodies
against IL-1B, SREBP-1, Sirtl, and p-NF-«B were diluted 200-fold and then incubated with the tissue samples overnight at
4 °C. Following that, 100 pL of secondary antibody (diluted 400-fold) was added dropwise to each section. Horseradish
peroxidase (HRP)-conjugated goat anti-rabbit IgG (H + L) was used for IL-1p and SREBP-1. HRP- or Alexa Fluor594-
conjugated goat anti-rabbit IgG (H + L) was used for Sirtl and p-NF-kB. Subsequently, 4',6-diamidino-2-phenylindole
(DAPI) or 3,3'-diaminobenzidine substrate solution was sequentially added to each section. Images were captured using
either a DM2500 optical microscope (Leica, Wetzlar, Germany) or an LSM 700 confocal laser microscope (Zeiss,
Oberkochen, Germany). Finally, the data were quantified using the Image-Pro Plus software (version 6.0; Media
Cybernetics, Rockville, MD, United States). For immunofluorescence analysis, HepG2 cells were immobilized in 4%
paraformaldehyde solution for 10 min, blocked with 5% BSA, and incubated overnight with primary antibodies against
Sirtl and NF-xB (both diluted 200-fold). Thereafter, the cells were probed with Alexa Fluor 488-conjugated secondary
antibodies (diluted 500-fold) and counterstained with DAPI to visualize the nuclei. Fluorescence images were acquired
using an LSM 700 confocal laser microscope (Zeiss).

Oil Red O staining

Paraffin-embedded liver tissues were cut into 5 pm sections, followed by staining with Oil Red O dye according to
standard procedure. HepG2 cells were fixed in 4% paraformaldehyde for 15 min, rinsed with distilled water, and stained
with Oil Red O dye. Images were captured using a DM2500 optical microscope (Leica).

Western blotting

Pre-chilled radio immunoprecipitation assay buffer (containing a protease inhibitor cocktail) was used to lyse liver
samples. A commercial bicinchoninic acid assay kit was used to quantify total proteins. Immunoblot analysis was
performed as previously described[25]. Specific primary antibodies against SREBP-1c, FAS, CD36, Sirtl, NF-«xB, p-NF-xB,
IRS-2, p-IRS-2, and GAPDH were used at 1000-fold dilution. The protein bands were visualized and semi-quantified
using Azure Biosystems C600 (Azure Biosystems Inc., Dublin, CA, United States) and Image] software (NIH, Bethesda,
MD, United States), respectively.

Statistical analysis

Data were analyzed using IBM SPSS software (version 21.0; Armonk, NY, United States) and expressed as mean + SD.
One-way analysis of variance followed by a least significant difference test for multiple comparisons was used to assess
significant differences among groups. Statistical significance was set at P < 0.05.

RESULTS
Phytochemical analysis of HQD

The multifaceted effectiveness of TCMs stem from their multi-component trait. First, we sought to identify the primary
chemical components of HQD using HPLC analysis. As shown in Figure 1, ten major monomeric components were
identified in HQD by comparing the retention times of the standards. Based on the standards, the concentrations of: (1)
Gallic acid, (2) paeoniflorin, (3) scutellarin, (4) liquiritin, (5) baicalin, (6) scutellarein, (7) wogonoside, (8) baicalein, (9)
wogonin, and (10) chrysin were determined to be 0.709, 2.005, 1.417, 1.626, 60.092, 0.916, 13.471, 1.905, 2.088, and 0.559
mg/ g, respectively.

HQD alleviated adiposity and hepatic histological abnormalities in HFD-induced NAFLD rats

Patients with NAFLD frequently present with increased body and liver weight. Fen, a lipid-lowering medication that is
clinically used for NAFLD treatment, was chosen as the positive control drug. The experimental scheme is indicated in
Figure 2A. As shown in Figure 2B-E, HQD treatment (400 and 800 mg/kg) significantly attenuated HFD-induced increase
in body and liver weight, as well as the liver index. As hepatic steatosis is the primary hallmark of NAFLD, we performed
histological analysis to assess the effect of HQD on hepatic steatosis. H&E staining indicated that rats in the HFD group
presented with severe structural disruption of the hepatic lobules, steatosis, and hepatocellular ballooning degeneration,
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Figure 1 High-performance liquid chromatography fingerprint spectrum of Huangqin decoction and structures of the major
phytochemicals in Huangqin decoction. A and B: High-performance liquid chromatography profiles of Huanggin decoction (HQD) and the standard mixture:
(1) Gallic acid, (2) paeoniflorin, (3) scutellarin, (4) liquiritin, (5) baicalin, (6) scutellarein, (7) wogonoside, (8) baicalein, (9) wogonin, and (10) chrysin; C: Structures of
the major phytochemicals in HQD.

whereas oral administration of HQD mitigated these pathological alterations in a dose-dependent manner, as evidenced
by relatively intact hepatic lobules and smaller fat vacuoles (Figure 2F). Additionally, Oil Red O staining showed
numerous lipid droplets in the HFD group that reduced significantly following HQD treatment (Figure 2G and H).
Notably, high-dose HQD exerted anti-steatosis effects comparable to those of Fen.

HQD mitigated liver damage and lipid metabolism disorders in HFD-induced NAFLD rats

Biochemical parameters of liver damage and lipid metabolism disorders, including ALT, AST, TC, TG, FFA, LDL-c, and
HDL-c, are robust diagnostic markers for NAFLD. As shown in Figure 3, serum levels of ALT, AST, TC, TG, FFA, and
LDL-c, as well as hepatic TC, TG, and FFA in the HFD group were noticeably higher than those in the control group.
These levels were markedly reduced following HQD treatment. In contrast, the HFD-challenged group exhibited lower
serum HDL-c level than the normal group, which was markedly restored following HQD treatment. In addition, the
therapeutic efficacy of a high dose of HQD was equivalent to that of Fen.

HQD relieved hepatic inflammation and insulin resistance in HFD-induced NAFLD rats

Liver inflammation and insulin resistance are pivotal concomitant factors that facilitate NAFLD progression. Inflam-
mation exacerbates insulin resistance, and both form a vicious cycle with each promoting the other and accelerating
NAFLD progression[26]. As shown in Figure 4A and B, IL-1B-positive area in the liver of the HFD group was significantly
higher relative to that in the control group, indicating extensive inflammatory response in the liver, which was further
supported by markedly elevated levels of IL-6, IL-18, and TNF-a in the liver (Figure 4C-E). However, all these alterations
were reversed following HQD interventions. To ascertain the effect of HQD on glucose tolerance, an OGTT was
performed. As shown in Figure 4F and G, higher levels of blood glucose (0-120 min) were noted in the HFD group
following intragastric administration of glucose, which was robustly attenuated by HQD treatment. This was quantit-
atively verified by the AUC of the OGTT. Moreover, the HFD-induced elevation in serum insulin levels also decreased
markedly following HQD treatment (Figure 4H). As shown in Figure 41, the HOMA-IR value in HFD-challenged rats was
significantly higher than that in normal rats, and was effectively reduced following HQD intervention. Notably, high-
dose HQD showed curative efficacy similar to that of Fen.
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Figure 2 Huangqgin decoction improves adiposity and hepatic histological abnormalities in high-fat diet-induced nonalcoholic fatty liver
disease rats. Data are presented as mean + SD (n = 4-8). 2P < 0.01 vs the normal group, °P < 0.05 and °P < 0.01 vs the high-fat diet group. A: Workflow of the
experimental design; B: Dynamic curve of the body weight; C-E: Barcharts showing the effects of different treatments on body weight (C), liver weight at the
termination of the experiment (D), and liver index (liver weight/body weight) (E) at the termination of the experiment; F and G: Representative micrographs of
Hematoxylin and eosin and Oil Red O stained liver sections; H: Quantitative analysis of positive areas in Oil Red O staining. CMC-Na: Sodium
carboxymethylcellulose; Fen: fenofibrate; HQD: Huangqin decoction; I.G.: Intragastric administration.

HQD triggered the Sirt1/NF-kB pathway in HFD-induced NAFLD rats

Sirtl/NF-xB pathway-modulated insulin resistance and hepatic steatosis play an important role in the progression of
NAFLD. Therefore, protein levels of Sirtl, NF-kB, p-NF-«B, and the downstream insulin signal transduction- and lipid
metabolism-related proteins (i.e., IRS-2, p-IRS-2, SREBP-1, FAS, and CD36) in the liver were examined. As shown in
Figure 5A-G, Sirtl and p-IRS-2 protein levels were significantly lower in the HFD group relative to that in the normal
group, whereas those of p-NF-kB, SREBP-1, FAS, and CD36 were clearly elevated in response to HFD challenge. Oral
supplementation with HQD markedly reversed these changes in a dose-dependent manner. To further validate these
findings, the levels of Sirtl, p-NF-«B, and SREBP-1 were evaluated immunohistochemically. Consistent with the previous
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Figure 3 Huanggqin decoction alleviates liver damage and lipid metabolism disorders in high-fat diet-induced nonalcoholic fatty liver
disease rats. Data are presented as mean + SD (n = 8). 2P < 0.01 vs the normal group, °P < 0.05 and °P < 0.01 vs high-fat diet group. A-J: Effects of different
treatments on levels of alanine transaminase (A); aspartate transaminase (B); total cholesterol (TC) (C); triacylglycerol (TG) (D); free fatty acid (FFA) (E); low-density
lipoprotein cholesterol (F); high-density lipoprotein cholesterol (G); TC (H); TG (1); FFA (J) levels in rats are shown. ALT: Alanine transaminase; AST: Aspartate

transaminase; Fen: Fenofibrate; FFA: Free fatty acid; HDL-c: High-density lipoprotein cholesterol; HFD: High-fat diet; HQD: Huangqin decoction; LDL-c: Low-density
lipoprotein cholesterol; TC: Total cholesterol; TG: Triacylglycerol.

data, mild staining intensity of Sirtl (brown/fluorescence) and strong staining intensities of p-NF-xB (brown/
fluorescence) and SREBP-1 (brown) were observed in the HFD group, indicating the up-regulation of these proteins and
activation of Sirtl/NF-«xB pathway (Figure 5H-P). However, HQD administration substantially reduced the increased
expression noted in immunohistochemical analyses. Overall, these findings suggest that the therapeutic effects of HQD

on HFD-induced disorders in insulin signaling and lipid metabolism are closely associated with the Sirtl/NF-xB
pathway.

HQD improved steatosis, inflammation, and insulin resistance in PA-induced HepG2 cells

The direct exposure of HepG2 cells to PA is a commonly used approach to mimic the symptoms of NAFLD in vitro[27,
28]. PA-induced HepG2 cells were used to investigate the therapeutic effects of HQD in NAFLD in vitro. Initially, MTT
assay was used to examine the cytotoxicity of HQD in HepG2 cells. As shown in Figure 6A and B, HQD presented no
obvious cytotoxic effect in HepG2 cells at doses < 150 g/ mL, and the safe concentration of HQD when co-incubated with
PA (125 pM) was determined to be <125 pg/mL. Accordingly, HQD at doses of 25, 75, and 125 pg/mL were selected for
the treatment of PA-induced HepG2 cells in subsequent experiments. As shown in Figure 6C and D, the levels of neutral
lipids (TC and TG) in PA-challenged HepG2 cells were noticeably increased relative to that in the control cells, but
markedly reduced following HQD intervention. This was further supported by the results of Oil Red O staining, which
showed reduced lipid droplets in the HQD-treated groups (Figure 6E). As inflammation is a major cause of NAFLD and
is strongly associated with insulin resistance, we examined the effects of HQD on the release of inflammatory factors in
PA-challenged HepG2 cells. Figure 6F-H shows that HQD attenuated the PA-induced increase in the levels of IL-6, IL-1,
and TNF-p in a dose-dependent manner. A 2DG assay was performed to assess insulin resistance. The results showed
that 2DG uptake was significantly lower in PA-treated HepG2 cells, whereas it increased markedly following HQD
treatment (Figure 61), indicative of the ameliorative effect of HQD on insulin resistance.

HQD exerted hepatocyte protection by triggering Sirt1/NF-kB pathway in PA-induced HepG2 cells

Consistent with the in vivo results, we noted that PA-stimulated HepG2 cells showed markedly decreased expression of
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Figure 4 Huangqin decoction suppresses hepatic inflammation and insulin resistance in high-fat diet-induced nonalcoholic fatty liver
disease rats. Data are presented as mean + SD (n = 4-8). 2P < 0.01 vs the normal group, °P < 0.05 and °P < 0.01 vs the high-fat diet (HFD) group. A:
Representative images of immunohistochemical staining of interleukin (IL)-1f in liver sections; B: Quantitative analysis of staining intensity of IL-1p; C-E: Levels of IL-
6 (C), IL-1B (D), and tumor necrosis factor-a (E) in the liver of HFD-fed rats; F: Oral glucose tolerance test (OGTT); G: Area under the curve from OGTT; H: Level of
fasting serum insulin; I: Values of homeostasis model assessment of insulin resistance. AUC: Area under the curve; Fen: Fenofibrate; HFD: High-fat diet; HOMA-IR:
Homeostasis model assessment of insulin resistance; HQD: Huanggin decoction; IL: Interleukin; TNF: Tumor necrosis factor.

Sirtl and p-IRS-2, and increased expression of p-NF-kB, SREBP-1, FAS, and CD36 compared with that in the control cells
(Figure 7A-G), indicative of inhibition of the Sirtl /NF-B pathway. However, these changes were restored following HQD
treatment. To further determine the expression and distribution of Sirtl and NF-«xB, immunofluorescence analyses were
performed. Consistently, the intensity of Sirtl staining in the PA group was clearly lower compared to that in the control
group. Furthermore, significantly increased NF-«xB nuclear translocation was noted in PA-induced HepG2 cells, which
was conspicuously reversed following HQD treatment (Figure 7H). Collectively, these data suggest that HQD protects
hepatocytes against PA-induced insults via the Sirtl /NF-«xB pathway.

To further confirm that the HQD-mediated mitigatory effects on insulin resistance and lipid accumulation occurs via
the Sirtl/NF-xB pathway, we used a Sirtl inhibitor, EX-527 to block the pathway. As shown in Figure 8A-G, the
ameliorative effects of HQD on lipid accumulation, inflammation, and 2DG uptake were significantly compromised
following co-treatment with EX-527. More importantly, EX-527 abolished the regulatory effects of HQD on Sirtl /NF-«B
pathway and its downstream-modulated insulin signal transduction- and lipid metabolism-related proteins (Figure 8H-
O). In summary, our data indicate that the protective effects of HQD against hepatic lipid accumulation, inflammation,
and insulin resistance are mediated through triggering of the Sirtl /NF-xB pathway.

DISCUSSION

NAFLD is the most prevalent chronic liver disease for which no specific effective drug has been approved, making its
treatment a top research priority[29]. Unlike synthetic drugs, whose efficacy depends mainly on their action on one
target, the efficacy of TCM depends on its holistic effects on multiple targets and pathways. Therefore, TCMs are
promising complementary and auxiliary agents for metabolic diseases with multifactorial pathogeneses, such as NAFLD

Buisnidenge WIG | https:/ /www.wijgnet.com 4752 August 21,2023 | Volume29 | Issue3l |



A
Sirt1
p-NF-kb p65
NF-kb p65
p-IRS-2
IRS-2
SREBP-1
FAS
CD36
GAPDH
H
.u‘_;
I
n
(o}
o
[aa]
4
L
=
J
<
m
w
4
w0
N

DAPI

Sirtl

Merge

Jaishideng®

HQD (mg/kg) B 1.5
6‘?} Q
-
S & & I 10 c
p— i — &
g b
= 05
= a
W [ >z
0.0
- e— e N HQD (mg/kg)
E
1.5
— — — — é a
S I
| S cm— -
a
8 05 C
— N — — 3:)
-
T — — 0.0 W
Q O &
FE S
— — — — HQD (mg/kg)
Normal HFD
100 pm 100 pm
100 pm 100 pm
100 pm 100 pm
Normal

WJG | https://www.wjgnet.com

HFD
100 pm
100 pm

4753

Yan BF et al. Huanggin decoction effectively ameliorates NAFLD

C s
n
= a
m 1.0
z
L.Z"f b
£ 05 ¢
Q.
-
0.0-—5 A
QO
é@% K
HQOD (ma/ka)
F
1.5
E a
[ T
§ 1.0
) C
<C
“ 05 c
-
0.0
S LS
%0&

HQD (mg/kg)

HQD (400 mg/kg)

100 pm

100 pm

100 pm

HQD (400 mg/kg)

August 21,2023 | Volume?29 |

D 2.5
o
%)
=4
=
G
a
a
% 1.0 T
o c
a8 0.5
(@]
-+
0.0 NS
P LSS
$06<\ ROl
HQD (mg/kg)
HQD (800 mg/kg)
100 pm
100 pm
100 pm

HQD (800 mg/kg)

Issue31 |



Yan BF ef al. Huangqin decoction effectively ameliorates NAFLD

K 1.5 L 15 M a
57 z ] 67
g g 2 g T
o c 9 g
2% 104 1 S~ 104 ¢ =5 41 :
og 2% 2T
£5 SE £E
RS 8o )
8= 054 > LS “S 2 ‘
= a | c d _
m — w
0.0 8 Lo 5 ools
L \]
&@"} L& ‘@?} L S 0&“’ L & $
3 °
HQD (mg/kg) HQD (mg/kg) HQD (mg/kg)
(0] P
Z 1.5+ Z 209
2 2
9] 9] a
€ T c € 151
g5 101 g
c £ c =
g ¢ 8E 1 c
£S 05 gg
= a 25 7 c
— n
£ o004 - |  ol=
> QO O 2 N Q O O
0@@ KR ; é&?’ E ®
HQD (mg/kg) HQD (mg/kg)

DOI: 10.3748/wjg.v29.i31.4744 Copyright ©The Author(s) 2023.

Figure 5 Huangqin decoction activates the Sirt1/NF-Kb pathway in high-fat diet-induced nonalcoholic fatty liver disease rats. Data are
presented as mean % SD (n = 3-4). 2P < 0.01 vs the normal group, °P < 0.05 and °P < 0.01 vs the high-fat diet group. A: Expression levels of Sirt1, p-NF-kB/NF-kB, p-
IRS-2/IRS-2, sterol regulatory element-binding protein (SREBP)-1c, fatty acid synthase, and cluster of differentiation 36; B-G: Semi-quantitative analysis of these
proteins; H-J: Representative images of immunohistochemical staining of Sirt1 (H), NF-kB (1), and SREBP-1c (J) in liver sections; K-M: Quantitative analysis of the
staining intensity; N: Representative images of immunofluorescent staining of Sirt1 and NF-kB in liver sections; O and P: Quantitative analysis of the fluorescence
intensity. CD36: Cluster of differentiation 36; DAPI: 4',6-diamidino-2-phenylindole; FAS: Fatty acid synthase; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase;
HFD: High-fat diet; HQD, Huangqin decoction; SREBP: Sterol regulatory element-binding protein.

[30-32]. HQD, a well-known TCM formula, has emerged as a potentially effective modality for the clinical treatment of
liver diseases, including NAFLD. In our study, several constituents of HQD, including gallic acid, paeoniflorin,
scutellarin, liquiritin, baicalin, scutellarein, wogonoside, baicalein, wogonin, and chrysin were identified by HPLC
analysis. The beneficial effects of these compounds in NAFLD have been reported both in vivo and in vitro[33-36], which
provide the basis for the potential application of HQD in NAFLD therapy. In the present study, using both in vivo and in
vitro experiments, we demonstrated that HQD mitigates insulin resistance and hepatic steatosis by modulating the Sirt1/
NF-xB pathway.

Overconsumption of HFD, which is associated with a modern lifestyle, plays a role in the progression of NAFLD[37].
Currently, NAFLD murine models are most commonly developed by long-term consumption of an HFD, resulting in
symptoms similar to those observed in patients with NAFLD[37]. PA is an essential fatty acid for TG synthesis in the liver
and increased concentrations of PA in hepatocytes accelerate the progression[38]. Typically, the exogenous addition of
PA induces hepatocellular lipid accumulation to mimic the pathological process of NAFLD in vitro. We used HFD-fed
rats and PA-treated HepG2 cells to study the therapeutic effects of HQD on NAFLD. Our results showed that the HFD-
fed rats had higher body and liver weights. Histological analysis revealed hepatic steatosis and injuries, which were
further supported by aberrant levels of TC, TG, ALT, and AST in the serum and liver. Furthermore, abnormal levels of
serum FFA, LDL-c, HDL-c, OGTT, insulin, and HOMA-IR were observed in the HFD-fed rats, indicating the onset of
dyslipidemia and insulin resistance. Consistent with these findings, PA-stimulated HepG2 cells exhibited a marked
increase in lipid accumulation, intracellular TC and TG levels, and glucose uptake. Notably, all the above mentioned
NAFLD symptoms were dose-dependently reversed following HQD treatment, indicating that HQD mitigates lipid
metabolism disorders and insulin resistance in NAFLD.

Compromised lipid metabolism contributes to hepatic steatosis, thereby triggering the onset of NAFLD[39,40]. Several
studies have confirmed that the activation of de novo lipogenesis (DNL) promotes FFA generation and esterification into
TG, which are crucial driving factors contributing to lipid metabolism dysfunction[41]. A previous clinical trial revealed
that individuals with NAFLD had higher nighttime plasma FFA levels and a threefold increase in DNL[42]. SREBP-1c is a
key transcription factor that controls hepatic DNL and lipolysis by modulating the activities of lipogenic enzymes (FAS)
and fatty acid importer proteins (CD36) as downstream targets[43-45]. The active state of SREBP-1c directly influences
FLD progression in fatty liver[43]. In the present study, rats with HFD-induced NAFLD and PA-treated HepG2 cells
showed elevated SREBP-1, FAS, and CD36 Levels, indicating increased DNL and fatty acid uptake. However, oral HQD
supplementation effectively reversed these changes. Sirtl plays a critical role in cellular energy metabolism and
deacetylates and inhibits SREBP-1c activity in the regulation of hepatic lipid metabolism; however, it is downregulated in
patients with NAFLD[15]. In the rat liver and HepG2 cells, we observed deactivation of Sirtl following exposure to HFD
or PA, whereas HQD treatment increased Sirt1 levels, resulting in NAFLD mitigation.
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Figure 6 Huanggin decoction improves lipotoxicity, inflammation, and insulin resistance in palmitic acid-induced HepG2 cells. Data are
presented as mean + SD of at least three independent experiments. 2P < 0.01 vs the control group, °P < 0.05 and °P < 0.01 vs the palmitic acid (PA) group. A:
Viability of HepG2 cells following incubation with different concentrations of Huangqin decoction (HQD); B: Viability of HepG2 cells following co-culture with PA and
different concentrations of HQD; C and D: Levels of triacylglycerol and total cholesterol in HepG2 cells; E: Representative micrographs of Qil Red O staining of
HepG2 cells; F-H: Levels of interleukin (IL)-6, IL-1B, and tumor necrosis factor-a in HepG2 cells; I: Level of glucose uptake in HepG2 cells. 2DG: 2-deoxydglucose;
HQD, Huanggqin decoction; IL: Interleukin; TC: Total cholesterol; TG: Triacylglycerol; TNF: Tumor necrosis factor; PA: Palmitic acid.

Insulin resistance is the initial driver of hepatic steatosis in NAFLD[10,11,46]. Moreover, recent studies have suggested
that obesity-induced chronic low-grade inflammation exacerbates insulin resistance[26,47]. Specifically, hypertrophic
adipocytes promote macrophage infiltration and secrete pro-inflammatory factors including IL-6, IL-1B, and TNF-q,
which downregulate insulin signaling molecules by inhibiting the phosphorylation of IRS-2, ultimately promoting insulin
resistance[48-50]. NF-xB acts as an inducible transcription factor and induces the production of pro-inflammatory factors
[51]. A previous study reported that FFA-induced insulin resistance is strongly associated with the activation of the pro-
inflammatory NF-«xB pathway[52]. More importantly, Sirt]l can inactivate NF-xB by deacetylating lysine 310, impeding
the expression of pro-inflammatory target genes, whereas patients with NAFLD are more susceptible to inactivation of
the Sirtl/NF-«B pathway[17,53]. In both, in vivo and in vitro NAFLD models, phosphorylation of NF-xB was upregulated
and accompanied by increased levels of pro-inflammatory factors (IL-1p, TNF-a, and IL-6), whereas phosphorylation of
IRS-2 was downregulated, suggesting that Sirtl /NF-xB pathway-mediated insulin resistance occurred in NAFLD. In
contrast, the HQD intervention clearly restored these changes. Furthermore, treatment with the Sirtl inhibitor, EX-527,
abolished all HQD-mediated favorable effects in PA-challenged HepG2 cells, confirming that HQD mitigated hepatic
steatosis and insulin resistance via the Sirtl /NF-xB pathway.

Fen, a peroxisome proliferator-activated receptor o (PPARa) agonist, offers potential therapeutic efficacy against
NAFLD by inducing fatty acid oxidation and inhibiting inflammatory gene expression in the liver[54,55]. Clinical studies
have shown that Fen may have positive therapeutic outcomes in NAFLD/NASH[56,57]. Herein, we found that HQD
achieved therapeutic effects comparable to those of Fen by activating Sirtl. Several studies have shown that Sirt1, a key
regulator of PPARa signaling, can trigger PPARo-mediated fatty acid oxidation in the liver, showing favorable effects in
NAFLD[9,58,59]. Although HQD and Fen act on different targets, their therapeutic effects could be interpreted from the
upstream and downstream regulatory relationships between Sirtl and PPARa make.
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Figure 7 Huangqgin decoction activates the Sirt1/NF-kB pathway in palmitic acid-induced HepG2 cells. Data are presented as mean + SD of at
least three independent experiments. 2P < 0.01 vs the control group, °P < 0.05 and °P < 0.01 vs the palmitic acid group. A: Expression levels of Sirt1, p-NF-kB/NF-kB,
p-IRS-2/IRS-2, sterol regulatory element-binding protein 1, fatty acid synthase, and cluster of differentiation 36 in HepG2 cells; B-G: Semi-quantitative analysis of
these proteins; H: Representative images of immunofluorescent staining of Sirt1 and NF-kB in HepG2 cells. CD36: Cluster of differentiation 36; DAPI: 4',6-diamidino-
2-phenylindole; FAS: Fatty acid synthase; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; HQD, Huanggin decoction; PA: Palmitic acid; SREBP: Sterol

regulatory element-binding protein.

CONCLUSION

In summary, we have demonstrated the mitigating effects of HQD on lipid metabolism disorders and insulin resistance.
Our investigations revealed that HQD mediates these beneficial effects by modulating lipogenesis and inflammatory
responses which trigger the Sirtl /NF-«xB pathway (Figure 9). Our study provides strong evidence supporting HQD as a

promising agent for NAFLD treatment.

WJG | https://www.wjgnet.com 4756

Jaishideng®

August 21,2023 | Volume?29 |

Issue 31



A B _
< 100 a S 80 a
g T e S L e
o 80 2 60 T
= T 3
g 60 €
£ £ 40
G 40 C U C
F 20 ﬁ =0 ﬁ
Q = o
o 0

0
PA (UM) 0 125 125 125

HQD (ug/mL)0 0 75 75 HQD (ug/mL)0 0 75 75
EX-527(uM)0 0 0 10 EX-527 (uM)0 0 0 10
D 100 a E

5 T d '_ET 150 a

£ 80 = T d

g & c B £ 100 -

= o <

~— [T

5 40 E 50

3 201 = 3 T

(&) (&)

0
PA (UM) 0 125 125 125
HQD (hg/mL) 0 0 75 75
EX-527 (M) 0 0 0 10

PA (UM)0 125 125 125
HQD (pg/mL)0 0 75 75
EX-527 (uM)0 0 0 10

PA (M) 0 125 125 125

Yan BF et al. Huanggin decoction effectively ameliorates NAFLD

C H
~ 100 a PA(UM) 0 125 125 125
E & T o HQD (ug/mL) 0 0 75 75
g &0 T EX-527(uM) 0 0 0 10
z 40 C Sirtl i = .
= T
3 201 + H P-NF-KB P65 = = S e e

NF-KB P65 [ ws e

PA(UM) 0 125 125 125
HQD (ug/mL) 0 0 75 75

pP-IRS-2 we—m -~ -
EX-527 (uM)0 0 0 10

JRS-) w— s — —

F
7 150 SREBP-1 -~ = W — =
§) 1004 _IC_ g FAS « = o oo o
g 2 - (D36 = = e = —
a GAPDH s s s -
2

~ PA(UM) 0 125125 125
HQD (ug/mL)0 0 75 75
EX-527(pM)1 0 0 10
Insulin (ug/mL) 1 1 1 1

G PA (uM) 0 125 125
HQD (pg/mL) 0 0
EX-527 (uM) O 0
o
he)
[ 7]
[a4
3
o) PA (uM) 0 125 125 125
HQD (pg/mL) 0 0 75 75
EX-527 (uM) 0 0 0 10
—
o
<
[a)
- - 20 pm
Lol
E
&

NF-kB p65

Merge

WJG | https://www.wjgnet.com

Jaishideng®

4757 August 21,2023 | Volume29 | Issue3l |



Yan BF ef al. Huangqin decoction effectively ameliorates NAFLD

I J K
1.5- 2.0 a 1.5+
5 8 154 d T .
& 104 T & 3 1.01
<< ¥ c %]
g c L 1.0- 4
E Z <
&  0.54 g a (.54
s a e S 0.51 a
T

0.0- 0.0 0.0-

PA(UM) 0 125 125 125 PA(uM)O 125 125 125 PA(UM) 0 125 125 125
HQD (ug/mL) 0 0 75 75 HQD (ug/mL) 0 0 75 75 HQD (ug/mL) 0 0 75 75
EX-527(um) 0 0 0 10 EX-527(um)0 0 0 10 EX-527(um)0 0 0 10
L M N

1.0 a 1.5
L 0.8 a
Q u
Z d o 2 1.0 e
9 0.6 1 = %
"‘ o Q
\ _ =~ 1)
% 0.4 C % g 0.5 C
x -
» 0.2 »T‘ -
0.0 : 0.0

PA (UM) 0 125 125 125 PA(UM) 0 125 125 125 HQDF()A (/HNII_)) g 135 17255 17255
HQD (ug/mL)0 0 75 75 HQD (pg/mL) 0 0 75 75 Hg/m
EX-527 (um)0 0 0 10 EX-527(um) 0 0 0 10 EX-527 (um)0 0 0 10

DOI: 10.3748/wjg.v29.i31.4744 Copyright ©The Author(s) 2023.

Figure 8 Huanggin decoction protects hepatocytes by triggering Sirt1/NF-kB pathway in palmitic acid-induced HepG2 cells. Data are
presented as mean + SD of at least three independent experiments. 2P < 0.01 vs the control group, °P < 0.05 and °P < 0.01 vs the palmitic acid group, %P < 0.05 and
P < 0.01 vs the Huanggin decoction group. A and B: Levels of triacylglycerol (A) and total cholesterol (B) in HepG2 cells co-cultured with or without EX-527; C-E:
Levels of interleukin (IL)-6, IL-1B, and tumor necrosis factor-a. in HepG2 cells co-cultured with or without EX-527; F: Level of glucose uptake in HepG2 cells co-
cultured with or without EX-527; G: Representative micrographs of Oil Red O staining of HepG2 cells co-cultured with or without EX-527; H: Expression levels of
Sirt1, p-NF-kB/NF-kB, p-IRS-2/IRS-2, sterol regulatory element-binding protein-1c, fatty acid synthase, and cluster of differentiation 36 in HepG2 cells co-cultured with
or without EX-527; I-N: Semi-quantitative analysis of these proteins; O: Representative images of immunofluorescent staining of Sirt1 and NF-kB in HepG2 cells co-
cultured with or without EX-527. 2DG: 2-deoxydglucose; CD36: Cluster of differentiation 36; DAPI: 4',6-diamidino-2-phenylindole; FAS: Fatty acid synthase; GAPDH:
Glyceraldehyde-3-phosphate dehydrogenase; HQD: Huanggin decoction; IL: Interleukin; PA: Palmitic acid; SREBP: Sterol regulatory element-binding protein; TC:
Total cholesterol; TG: Triacylglycerol; TNF: Tumor necrosis factor.
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Figure 9 Schematic diagram illustrating the effects of Huangqin decoction on Sirt1/NF-kB pathway-modulated hepatic steatosis and
insulin resistance. CD36: Cluster of differentiation 36; FAS: Fatty acid synthase; HFD: High-fat diet; HQD: Huanggin decoction; IL: Interleukin; SREBP: Sterol
regulatory element-binding protein; TNF: Tumor necrosis factor.
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ARTICLE HIGHLIGHTS

Research background

Non-alcoholic fatty liver disease (NAFLD) is the most common chronic liver disease, for which no effective therapeutic
drugs have been approved. Huangqin decoction (HQD), a traditional Chinese medicine, has been widely used to treat
liver diseases in clinical practice. Our study confirmed that HQD effectively mitigates high-fat diet (HFD)-induced
hepatic inflammation. However, whether HQD has ameliorative effects on lipid metabolism disorders and insulin
resistance, as well as the underlying mechanisms, remains unclear.

Research motivation
Convincing evidence for HQD in the clinical treatment of NAFLD is required.

Research objectives
This study aimed to investigate the therapeutic efficacy of HQD on lipid metabolism disorders and insulin resistance and
explore the possible molecular mechanisms by focusing on the Sirtl/NF-«xB pathway.

Research methods

High-performance liquid chromatography was used to identify the key components of HQD. HFD-induced NAFLD rats
and palmitic acid-induced HepG2 cells were treated with HQD to investigate the mitigating effects of HQD on lipid
metabolism disorders and insulin resistance. Finally, molecular biology techniques, including western blotting, immuno-
histochemistry, and immunofluorescence, were applied to explore the protein expression in the Sirtl/NF-«B pathway.

Research results

Ten key components of HQD were identified. The results showed that HQD effectively prevented lipid metabolism
disorders in rats and HepG2 cells, inflammatory responses, and insulin resistance. Mechanistic exploration revealed that
triggering Sirtl/NF-xB pathway-modulated lipogenesis and inflammation contributed to the favorable effects of HQD,
which was further validated by the addition of EX-527 (a Sirtl antagonist).

Research conclusions
Supported by our previous findings, we strongly believe that HQD is a promising complementary or auxiliary agent for
the clinical treatment of NAFLD.

Research perspectives

HQD has been used to treat liver diseases in clinical practice for decades, with positive outcomes. More in-depth and
precise research on the molecular mechanisms of HQD could guide and promote the clinical treatment of NAFLD more
effectively.
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Abstract

BACKGROUND
Gastric cancer (GC) incidence based on the endoscopic Kyoto classification of
gastritis has not been systematically investigated using time-to-event analysis.

AIM
To examine GC incidence in an endoscopic surveillance cohort.

METHODS

This study was retrospectively conducted at the Toyoshima Endoscopy Clinic.
Patients who underwent two or more esophagogastroduodenoscopies were en-
rolled. GC incidence was based on Kyoto classification scores, such as atrophy,
intestinal metaplasia (IM), enlarged folds (EFs), nodularity, diffuse redness (DR),
and total Kyoto scores. Hazard ratios (HRs) adjusted for age and sex were
calculated using a Cox hazard model.

RESULTS
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A total of 6718 patients were enrolled (median age 54.0 years; men 44.2%). During the follow-up period (max 5.02
years; median 2.56 years), GC developed in 34 patients. The average frequency of GCs per year was 0.19%. Kyoto
atrophy scores 1 [HR with score 0 as reference: 3.66, 95% confidence interval (CI): 1.06 to 12.61], 2 (11.60, 3.82-
35.27), IM score 2 (9.92, 4.37-22.54), EF score 1 (4.03, 1.63-9.96), DR scores 1 (6.22, 2.65-14.56), and 2 (10.01, 3.73-
26.86) were associated with GC incidence, whereas nodularity scores were not. The total Kyoto scores of 4 (HR
with total Kyoto scores 0-1 as reference: 6.23, 95%CI: 1.93 to 20.13, P = 0.002) and 5-8 (16.45, 6.29-43.03, P < 0.001)
were more likely to develop GC, whereas the total Kyoto scores 2-3 were not. The HR of the total Kyoto score for
developing GC per 1 rank was 1.75 (95%CI: 1.46 to 2.09, P < 0.001).

CONCLUSION
A high total Kyoto score (= 4) was associated with GC incidence. The endoscopy-based diagnosis of gastritis can
stratify GC risk.

Key Words: Gastric cancer; Gastritis; Endoscopy; Atrophy; Intestinal metaplasia; Kyoto classification

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A high total Kyoto score (> 4) was associated with gastric cancer (GC) incidence. Adjusted hazard ratios (HRs) for
the total Kyoto scores of 4 and 5-8 were high at 6.23 and 16.45, respectively, compared to the total Kyoto scores of 0-1. The
HR of the total Kyoto score for developing GC per 1 rank was 1.75.
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INTRODUCTION

Gastric cancer (GC) is a global health problem and the third most common cause of cancer-related deaths worldwide[1].
Helicobacter pylori (H. pylori) infection is estimated to account for 89% of GC cases, and H. pylori-related gastritis is a
precursor of GC[2-6]. Evaluation of H. pylori-related gastritis is clinically important because it allows for the risk strati-
fication of GC[2,7-9]. Endoscopy detects early GCs and precisely diagnoses gastritis. Periodic endoscopic screening can
reduce deaths from GC[10]. Recent advances in endoscopic technology allow for more accurate endoscopic diagnosis of
gastritis[11,12].

The endoscopy-based Kyoto classification of gastritis was advocated by the Japan Society for Gastrointestinal
Endoscopy in 2013. This classification aims to ensure that the endoscopic diagnosis of gastritis is unified and matched
with the histopathology[13]. Recently, the Kyoto classification has been widely used in clinical practice and vigorously
studied worldwide[14,15]. To assess GC risk, the Kyoto classification individually scores five H. pylori-related gastritis
findings, such as atrophy, intestinal metaplasia (IM), enlarged fold (EF), nodularity, and diffuse redness (DR), and defines
their sum as the total Kyoto score.

Several investigations have clarified that not only individual Kyoto scores but also the total Kyoto score are associated
with H. pylori infection and GC risks[14]. For example, the total Kyoto score was associated with H. pylori infection,
presence of GC[16-19], and GC risk indicators, such as serum pepsinogen titer, serum H. pylori antibody titer, histological
distribution of neutrophil infiltration in the gastric mucosa, and genotype of the single nucleotide polymorphism.
Collectively, total Kyoto scores of 0, > 2, and > 4 indicated a normal stomach, H. pylori-infected gastritis, and gastritis at
risk for GC, respectively[14].

To date, GC incidence based on the Kyoto classification scores has not been systematically investigated using time-to-
event analysis. Therefore, we examined GC incidence according to the five individual Kyoto scores and the total Kyoto
score in the endoscopic surveillance cohort and verified the GC risks of endoscopic gastritis in Japan, which is a high GC
morbidity area.

MATERIALS AND METHODS

Study design and overview

This cohort study was retrospectively conducted at the Toyoshima Endoscopy Clinic. We obtained data from the
Toyoshima Endoscopy Clinic Database. This study was approved by the institutional review board of the Yoyogi Mental
Clinic (approval no. RKK227). Written informed consent was obtained from patients at the time of esophagogastroduo-
denoscopy (EGD) to use their data for research purposes. The study’s protocol was published on our institute’s website (
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www.ichou.com) so that patients could opt out of the study. All clinical investigations were conducted in accordance
with the ethical guidelines of the Declaration of Helsinki.

Patients

This study enrolled patients who underwent two or more EGDs at the Toyoshima Endoscopy Clinic, an urban area in
Tokyo, Japan, between April 2017 and April 2022. We excluded patients with a previous surgical gastrectomy at baseline
and those who underwent the last EGD within one month after the index EGD. The indications for the index EGD
included screening, surveillance for gastritis or other upper gastrointestinal diseases, and examination for symptoms or
abnormal findings on other tests. H. pylori status was determined using serum anti-H. pylori antibodies, urea breath test,
histology, and/or endoscopy.

Kyoto classification score

In the Kyoto classification, the total Kyoto score was developed as a GC risk score[14]. The total Kyoto score is calculated
as the sum of the following five Kyoto scores: Atrophy, IM, EF, nodularity, and DR, and ranges from 0 to 8 (Supple-
mentary Table 1). Atrophy was classified based on the extent of mucosal atrophy using the Kimura-Takemoto classi-
fication[20]. Non-atrophy and Closed I, Closed II and III, and Open I to III were scored as atrophy scores of 0, 1, and 2,
respectively. The IM commonly appears as a grayish-white, slightly elevated patch. IM scores of 0, 1, and 2 were defined
as the absence of IM, IM limited to the antrum, and IM extending into the corpus, respectively. EF was defined as a width
of 2 5 mm in the greater curvature of the corpus, which was not flattened by stomach insufflation. The absence and
presence of EF were scored as 0 and 1, respectively. Nodularity was identified by a miliary pattern resembling “goose
flesh”, which was typically located in the antrum. The absence and presence of nodularity were scored 0 and 1,
respectively. DR indicated uniform redness observed in the non-atrophic mucosa, mainly in the greater curvature of the
corpus. The regular arrangement of collecting venules (RAC) in the corpus appears as numerous dots, which are starfish-
like shapes in close view. DR scores of 0, 1, and 2 were defined as the absence of DR, mild DR and/or DR with partial
RAC, and severe DR without RAC, respectively[14].

EGD

EGDs were performed by gastrointestinal endoscopists using the Olympus’ (Tokyo, Japan) endoscopic system (EVIS X1
or LUCERA ELITE) and endoscope (GIF-XZ1200, GIF-1200N, GIF-HQ290, GIF-H290Z, or GIF-XP290N). The T-File
System (STS-MEDIC Inc., Tokyo, Japan) was used to file endoscopic images and document endoscopic findings.

The Kyoto classification scores were assessed using white light imaging without magnification. The endoscopists
diagnosed the Kyoto classification scores on-site during EGD, and it was retrospectively reviewed by experienced
endoscopists. Endoscopists performed EGDs after learning from textbooks and journal articles on the Kyoto classification
of gastritis[14,21].

GC

GC was histologically diagnosed based on biopsy or resected specimens. GC morphology and histology were classified
based on the Japanese classification of gastric carcinoma[22] and Lauren’s classification[23], respectively.

Outcomes

This cohort study evaluated GC incidence based on patients’ age, sex, H. pylori status, and endoscopic Kyoto classification
scores of gastritis, such as atrophy, IM, EF, nodularity, DR, and total Kyoto scores. The primary outcome was GC
incidence according to the total Kyoto score. We performed a time-to-event analysis with the start time as the date of
index EGD. Data were censored on the date of the last EGD. The effects of Kyoto classification scores on GC development
were estimated. The total Kyoto scores were categorized into 4 (i.e., 0-1, 2-3, 4, and 5-8) based on the frequency of GC
increasing stepwise with the total Kyoto scores of 0-1, 2-3, and > 4 in a cross-sectional study[24] and the number of
patients in this study. The secondary outcomes were GC incidence according to the Kyoto atrophy, IM, EF, nodularity,
and DR scores.

Statistical analysis

Baseline characteristics were compared between GC and non-GC groups using binomial logistic regression model.
Kaplan-Meier curves were constructed according to patient age, sex, H. pylori status, and Kyoto classification scores (i.e.,
atrophy, IM, EF, nodularity, DR, and the total Kyoto scores). Statistical differences were estimated using the log-rank
tests. The average frequency of GCs per year was calculated by dividing the number of events by the total person-years of
observation. Hazard ratios (HRs) with 95% confidence intervals (Cls) for GC development were estimated using the Cox
proportional hazards regression model. In multivariate analysis, HRs were adjusted for patient age and sex. A P value <
0.05 (two-sided) was defined as statistically significant. Statistical analysis was conducted using BellCurve for Excel
version 4.03 (Social Survey Research Information Co., Ltd., Tokyo, Japan).

RESULTS

Patient enrollment
A total of 30585 EGDs in 16969 patients were performed during the study period. Six thousand seven hundred forty-four
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Figure 1 Cumulative incidence of gastric cancer according to patient demographic characteristics. A-D: Kaplan-Meier curves of gastric cancer
development for all patients (A), according to age (B), sex (C), and Helicobacter pylori status (D). 'The average frequency of gastric cancer per year. 2P values were
calculated using a log-rank test.

patients underwent two or more EGDs. Of these, 19 patients with a previous surgical gastrectomy and 7 with a follow-up
period of less than 1 mo were excluded. A total of 6718 patients were enrolled.

The baseline patient characteristics are shown in Table 1. The median age of the patients was 54 years with the
interquartile range (IQR) of 46-64 years. Men accounted for 44.2% of the cases. The proportion of patients with H. pylori
status of uninfected, eradicated, and currently infected was 55.9%, 33.7%, and 10.4%, respectively. Patients were followed
up for up to 5.02 years (median 2.56 years, IQR 1.74-3.64 years). The median (IQR) of Kyoto classification scores were 0 (0-
1) for atrophy; 0 (0-0) for IM, EF, nodularity, and DR; and 0 (0-2) for total Kyoto. Supplementary Table 2 is shown with
the mean and standard deviation. During the follow-up period, 37 GCs occurred in 34 patients. The characteristics of GCs
are presented in Table 2. All GCs were superficial and within the submucosal depth. Lauren’s intestinal type made up
89.1% of GCs.

GC incidence

Kaplan-Meier curves of GC development according to patient demographic characteristics are shown in Figure 1. In this
study, the average frequency of GCs was 0.19% /year. Age and H. pylori status were associated with GC incidence (both P
<0.001), whereas sex was not.

Figures 2A-E show the cumulative incidence using the Kaplan-Meier method for each Kyoto classification score.
Atrophy, IM, EF, and DR scores were associated with GC development (all P < 0.001), whereas nodularity was not. The
average frequencies of GCs per year were 0.04%, 0.17%, and 0.73% for atrophy scores of 0, 1, and 2; 0.07%, 0.25%, and
1.10% for IM scores of 0, 1, and 2; 0.17% and 0.92% for EF scores of 0 and 1; and 0.06%, 0.55%, and 0.74% for DR scores of
0, 1, and 2, respectively. The total Kyoto score was associated with GC development (P < 0.001), as shown in Figure 2F.
The average frequencies of GCs were 0.05, 0.07, 0.47, and 1.27% per year for the total Kyoto scores of 0-1, 2-3, 4, and 5-§,
respectively.

WJG | https://www.wjgnet.com 4766 August 21,2023 | Volume29 | Issue3l |

Jaishideng®


https://f6publishing.blob.core.windows.net/277e22fc-9071-4b6a-8d86-2efe6b943305/WJG-29-4763-supplementary-material.pdf

Toyoshima O et al. GC incidence based on Kyoto classification

Table 1 Demographic characteristics and endoscopic findings of the patient at baseline

All Gastric cancer Non-gastric cancer P value'
No. 6718 34 6684
Age, median (IQR), yr 54 (46-64) 69.5 (57.8-73.8) 54 (46-64) <0.001
Male sex, No. (%) 2969 (44.2) 17 (50.0) 2952 (44.2) 0.495
H. pylori status, No. (%) <0.001
Uninfected 3754 (55.9) 5 (14.7) 3749 (56.1)
Eradicated 2264 (33.7) 20 (58.8) 2244 (33.6)
Currently infected 700 (10.4) 9 (26.5) 691 (10.3)
Duration of follow up, median (IQR), yr 2.56 (1.74-3.64) 1.03 (0.85-1.78) 2.57 (1.76-3.64) <0.001
No. EGD per patient, median (IQR) 2 (2-4) 2 (2-3) 2 (2-4) 0.652
Kyoto classification score, median (IQR)
Atrophy 0 (0-1) 2(1-2) 0 (0-1) <0.001
Intestinal metaplasia 0 (0-0) 2(0-2) 0 (0-0) <0.001
Enlarged folds 0 (0-0) 0 (0-0) 0 (0-0) <0.001
Nodularity 0 (0-0) 0 (0-0) 0(0-0) 0.916
Diffuse redness 0 (0-0) 1(1-1) 0 (0-0) <0.001
Total Kyoto 0(0-2) 5 (4-5) 0(0-2) <0.001

1P values were calculated using binomial logistic regression model.
IQR: Interquartile range; EGD: Esophagogastroduodenoscopy; H. pylori: Helicobacter pylori.

Table 2 Characteristics of gastric cancers

n

Gastric cancer patient 34
Gastric cancer lesion 37
Morphological type'

Superficial elevated (0-IIa) 7

Superficial flat (0-IIb) 5

Superficial depressed (0-IIc) 25
Depth

Mucosa 33

Submucosa 4
Lauren’s histological type

Diffuse 4

Intestinal 33

! According to the Japanese classification of gastric carcinoma[22].

Multivariate analysis of GC incidence
Table 3 provides the crude and adjusted HRs for GC development according to Kyoto classification scores. Multivariate
analysis showed that atrophy scores 1 (adjusted HR with score 0 as reference: 3.66, 95%CI: 1.06 to 12.61), 2 (11.60, 3.82-
35.27), IM score 2 (9.92, 4.37-22.54), EF score 1 (4.03, 1.63-9.96), DR scores 1 (6.22, 2.65-14.56), and 2 (10.01, 3.73-26.86) were
significantly associated with GC incidence, independent of patient age and sex, whereas nodularity score was not.

The total Kyoto scores of 4 (adjusted HR with total Kyoto scores 0-1 as reference: 6.23, 95%CI: 1.93 to 20.13, P = 0.002)
and 5-8 (16.45, 6.29-43.03, P < 0.001) were more likely to develop GC, whereas the total Kyoto scores of 2-3 were not. In
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Table 3 Univariate and multivariate analysis of gastric cancer development

GC patients, No. Non-GC patients, No. Crude HR' 95%ClI Pvalue Adjusted HR"” 95%Cl P value

Age (yr)
<50 4 2383 Reference
50-59 5 2014 1.48 0.40-5.50 0.562
60-69 8 1352 887 1.01-11.19  0.047
>70 17 935 10.75 3.62-31.96  <0.001
Sex
Women 17 3732 Reference
Men 17 2952 1.27 0.65-2.48 0.488

H. pylori status

Uninfected 5 3749 Reference Reference

Eradicated 20 2244 6.00 225-16.05 <0.001 3.81 1.40-10.38  0.009

Currently infected 9 691 11.60 3.88-34.64 <0.001 953 3.17-28.65 <0.001
Atrophy

0 4 3992 Reference Reference

1 7 1508 4.40 1.29-15.06  0.018 3.66 1.06-12.61 0.040

2 23 1184 19.02 6.56-55.12  <0.001  11.60 3.82-35.27 <0.001

Intestinal metaplasia

0 10 5516 Reference Reference

1 3 473 3.42 0.94-12.44  0.062 2.25 0.60-8.43  0.228

2 21 695 16.01 7.52-34.05 <0.001 9.92 4.37-2254 <0.001
Enlarged folds

0 28 6429 Reference Reference

1 6 255 5.41 2.23-13.10 <0.001 4.03 1.63-9.96  0.003
Nodularity

0 33 6507 Reference Reference

1 1 177 1.18 0.16-8.62 0.872 2.51 0.33-18.86  0.372

Diffuse redness

0 8 5058 Reference Reference

1 18 1187 9.05 3.92-20.85 <0.001 622 2.65-14.56 < 0.001
2 8 439 12.26 4.60-32.68 <0.001  10.01 3.73-26.86 < 0.001

Total Kyoto

0-1 6 4615 Reference Reference

2-3 2 1008 148 0.30-7.34 0.631 1.12 0.22-5.63  0.887
4 6 473 9.54 3.07-29.62 <0.001 6.23 1.93-20.13  0.002
5-8 20 588 25.58 10.25-63.84 <0.001 1645 6.29-43.03 < 0.001

Hazard ratios were calculated using the Cox proportional hazards model.
Hazard ratios were adjusted for age and sex.
GC: Gastric cancer; HR: Hazard ratio; CI: Confidence interval; H. pylori: Helicobacter pylori.

per 1 rank analysis, an adjusted HR of the total Kyoto score for developing GC was 1.75 (95%ClI: 1.46 to 2.09, P < 0.001).
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Figure 2 Cumulative incidence of gastric cancer according to the Kyoto classification scores. A-E: Kaplan-Meier curves of gastric cancer
development according to atrophy (A), intestinal metaplasia (B), enlarged folds (C), nodularity (D), and diffuse redness (E) scores, respectively; F: Kaplan-Meier
curves of gastric cancer development according to total Kyoto scores. 'The average frequency of gastric cancer per year. 2P values were calculated using a log-rank
test.

DISCUSSION

We found that high total Kyoto scores, especially > 4, were associated with GC incidence. The adjusted HR of the total
Kyoto score for GC development was 1.75 per 1 rank analysis. Additionally, adjusted HRs for the total Kyoto scores of 4
and 5-8 were high at 6.23 and 16.45, respectively, compared to the total Kyoto scores of 0-1. The total Kyoto score was
associated with the cumulative incidence of GC (P < 0.001). The average frequencies of GCs per year increased with the
total Kyoto score (0.05%, 0.07%, 0.47%, and 1.27% for the total Kyoto scores of 0-1, 2-3, 4, and 5-8, respectively). This is the
first report that shows that high total Kyoto scores represent GC risks in a time-to-event analysis. This finding is
consistent with those of several previous studies. In cross-sectional studies, we and Lin et al[19] reported that the odds
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ratios of the total Kyoto score for GC were 1.6 and 1.5 per 1 rank, respectively[18]. Liu et al[24] indicated an increased
trend of GC frequency in patients with total Kyoto scores of 0-1, 2-3, and > 4. Some investigators showed that the mean
total Kyoto scores of the patients with GC, H. pylori-infected GC, and H. pylori-eradicated GC were 4.0-4.6, 4.8-5.6, and 4.2,
respectively[18,25,26]. Taken together, a total Kyoto score > 4 was available for determining GC risks.

This cohort study demonstrated that patients with endoscopy-based atrophy, IM, EF, and DR are more likely to
develop GC. In contrast, nodularity was not associated with GC incidence. Endoscopic atrophy has been shown to be a
predictor of GC development. Shichijo et al[27] described a significantly higher adjusted HR of severe atrophy for
developing GC as 9.3, while we identified significantly higher adjusted HRs of Kyoto atrophy scores 1 and 2 as 3.7 and
11.6, respectively. Several cohort studies have shown that severe endoscopic atrophy is associated with a high incidence
of GC, especially in patients who have undergone H. pylori eradication[9,27,28]. These studies revealed that the average
frequencies of GCs per year for non-to-mild, moderate, and severe atrophy were 0.06%-0.15%, 0.12%-0.34%, and 0.31%-
1.60%, respectively. Similarly, our study showed that the average frequencies of GCs per year for total Kyoto scores of 0,
1, and 2 were 0.04%, 0.17%, and 0.73%, respectively. Since more than half of the study patients were uninfected with H.
pylori, our study may present a lower GC incidence in patients with a Kyoto atrophy score of 0. Two meta-analyses also
showed that a high Kyoto atrophy score provided a high-risk ratio of 2.8-8.0[29,30]. Thus, our study results are in line
with those of previous studies.

Although the risk of GC in histological IM has been well studied[2,8,27,31,32], few studies have examined GC risks
associated with endoscopic IM. A high Kyoto IM score has been identified as a risk factor for GC, especially multiple GC
[14,18]. This study revealed that endoscopic corpus IM was associated with GC development (adjusted HR: 9.92), which
is supported by Sakitani et al[33], who clarified histological corpus IM as a predictor of GC. The consistency of IM
between endoscopy and histology has been demonstrated[13]; we successfully verified endoscopic IM as a risk factor for
GC using event history analysis.

Watanabe et al[34] provided an adjusted HR of EF for GC development as high as 43.3, whereas our study’s adjusted
HR was 4.03. These results are similar; however, the difference in HRs between them may be attributed to the inclusion of
many H. pylori-uninfected individuals in the study population. However, whether nodularity is a risk factor for GC
remains controversial. Nodularity has been reported to be a juvenile and histologically diffuse-type GC risk[35,36],
whereas we have shown in a cross-sectional study that the odds ratio for GC of nodularity is low at 0.5[18]. After
adjusting for age and sex, no association between nodularity and GC was observed. Although nodularity decreases with
age[37], the risk of intestinal-type GC increases with age. Furthermore, intestinal-type cancers are more common than
diffuse-type cancers. Therefore, age offsets the association of nodularity with GC, especially in older generations,
although nodularity is associated with diffuse-type GC in the young generation[35]. As the association between
nodularity and the risk of developing GC is still debated, nodularity might be listed separately. For example, the total
Kyoto classification score for atrophy 1, IM 0, EF 1, nodularity 1, and DR 1 might be reported as 3 + 1 instead of 4.

Several studies have reported that DR is strongly associated with H. pylori infection[15,38-40], but little is known about
the association between DR and GC incidence. This study identified Kyoto DR scores of 1 and 2 as indicators of GC
incidence (adjusted HRs: 6.22 and 10.01, respectively). Since DR presents inflammatory cell infiltration caused by H. pylori
[13] and H. pylori infection is a definite risk factor for GC[2,3], DR is expressed as a GC risk. Additionally, since the Kyoto
DR score includes RAC as a negative factor and RAC is inversely associated with GC development[41], a high Kyoto DR
score may be associated with high GC incidence.

This study has some limitations. First, this was a single-center, retrospective cohort study. Although the endoscopy
data were well-organized, multi-center, prospective studies are warranted. Second, this study was conducted only in
areas with a high GC prevalence in Asia. Therefore, studies in Western countries are warranted. Third, the total Kyoto
score has shortcomings in the scoring design, which simply adds five individual Kyoto scores[14]. IM is associated with a
high risk of intestinal-type GC but a low risk of diffuse-type GC[18]. In addition, EF and nodularity are high risks for
diffuse-type GC but low risks for intestinal-type GC. Therefore, the evaluation of GC risk using a scoring system that
individually predicts the risks of intestinal- and diffuse-type GCs is needed.

CONCLUSION

In conclusion, a high total Kyoto score of > 4 was associated with GC incidence in a cohort study. The endoscopy-based
diagnosis of gastritis can stratify GC risk.

ARTICLE HIGHLIGHTS

Research background
The Japan Gastroenterological Endoscopy Society advocated the Kyoto classification, a new grading system for endo-
scopic gastritis in 2013.

Research motivation
Although a high Kyoto score is believed to reflect an increased gastric cancer (GC) risk, it has not been systematically
investigated using time-to-event analysis.
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Research objectives
We examined GC incidence according to the total Kyoto score in the endoscopic surveillance cohort and verified the GC
risks of endoscopic gastritis.

Research methods
Patients who underwent two or more esophagogastroduodenoscopies were enrolled. GC incidence was based on Kyoto
classification scores. Hazard ratios (HRs) adjusted for age and sex were calculated using a Cox hazard model.

Research results

A total of 6718 patients were enrolled. The annual incidence rate of GC was 0.19%. The total Kyoto scores of 4 [HR with
total Kyoto scores 0-1 as reference: 6.23, 95% confidence interval (CI): 1.93 to 20.13, P = 0.002] and 5-8 (16.45, 6.29-43.03, P
< 0.001) were more likely to develop GC, whereas the total Kyoto scores 2-3 were not. The HR of the total Kyoto score for
developing GC per 1 rank was 1.75 (95%ClI: 1.46 to 2.09, P < 0.001).

Research conclusions
A total Kyoto score > 4 could predict GC risk. The endoscopic Kyoto classification of gastritis can stratify GC risk.

Research perspectives
This was a single-center, retrospective cohort study, and multi-center, prospective studies are warranted.
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Abstract

BACKGROUND

Heartburn is identically the key symptom of both, gastroesophageal reflux disease
(GERD) and functional heartburn (FHB), making the differential diagnosis
resource-intensive. Oral manifestations of GERD can be easily examined; there-

fore, their exploration might be a cheap, widely available, and useful tool in the
differentiation of GERD and FHB.

AIM
To evaluate the prevalence of dental erosions (DE) and periodontal diseases (PD)
in patients with heartburn and their association with GERD and FHB.

METHODS

A total of 116 [M/F: 51/65, mean age: 54 (17-80) years] consecutive patients with
heartburn were enrolled for detailed esophageal function and orodental exami-
nations.

RESULTS

Dental disorders were detected in 89% (103/116). Patients with PD + DE had
significantly more often pathologic reflux (90.0% vs 27.8%; P < 0.05), higher
esophagitis scores (1.8 vs 0.9; P < 0.05), and a significantly different mean im-
pedance curve (P = 0.04) than those without any dental diseases. The opposite
approach established that patients with GERD had significantly higher prevalence
of DE and PD, especially if both were present (28.9% vs 2.0%; P < 0.01), more
severe PD (1.5 vs 1.0; P < 0.01), and longer history of heartburn (15 years vs 9
years; P < 0.01) than those with FHB.

CONCLUSION
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The dental evaluation of patients with heartburn seems to be useful in the differential diagnosis of GERD and FHB.
Among the studied parameters, the co-appearance of DE and PD seems to be the best predictor of GERD, whereas
the absence of dental disorders was mostly observed in FHB.

Key Words: Gastroesophageal reflux disease; Gastric acid; Heartburn; Differential diagnosis; Epidemiology; Oral manifes-
tations; Prevalence; Risk factors; Dental erosion; Periodontal diseases
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Core Tip: Heartburn is identically the key symptom of gastroesophageal reflux disease (GERD) and functional heartburn
(FHB), making the differential diagnosis resource-intensive. Oral manifestations of GERD can be easily examined to differ-
entiate GERD and FHB. A total of 116 consecutive patients with heartburn were enrolled to evaluate the prevalence of
dental erosions (DE) and periodontal diseases (PD). The dental evaluation of patients with heartburn seems to be useful in
the differential diagnosis of GERD and FHB. The co-appearance of DE and PD seems to be the best predictor of GERD,
while the absence of dental disorders was mostly observed in FHB.
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INTRODUCTION

Heartburn is mostly considered a typical symptom of gastroesophageal reflux disease (GERD) and has a global
prevalence of 11.9%. However, it cannot be diagnosed without performing detailed esophageal function tests based on
the symptom of patients with functional heartburn (FHB)[1].

According to the Montreal definition, GERD may be associated with supraesophageal manifestations, including
oropharyngeal symptoms[2]. Among various oropharyngeal symptoms (salivation, mouth burning, and tongue burning),
dental erosion (DE) is considered to have a proven correlation with GERD. The association between DE and GERD was
apparently first reported in 1933[3]. By definition, DE is a progressive loss of tough tissues of the teeth due to the action of
extrinsic or intrinsic acids. Its median prevalence has been reported to be 24% in all patients with GERD and 32.5% in
adult patients with GERD[4]. However, DE can be accompanied by other disorders, such as bulimia, rumination, and the
consumption of acidic foods or drinks.

Much less data are available regarding other oral symptoms, especially periodontal diseases (PD), which have recently
been suggested to be associated with GERDI[5]. PD, which represent a group of oral inflammatory conditions caused by
oral pathogens, lead to the destruction of tooth-supporting soft tissues. DE and PD may be considered as cumulative
lesions, representing the long-term consequences of gastroesophageal reflux.

To the best of our knowledge, currently, no studies have been performed to assess hard and soft tissue injuries (DE and
PD), and their relationship has never been investigated from dental and gastroenterological perspectives. Moreover, there
are no studies about the possibility to distinguish GERD from FHB on the basis of oral manifestations.

Therefore, we aimed to obtain data on the prevalence of DE and PD in patients with heartburn and evaluate their
association with GERD.

MATERIALS AND METHODS

One-hundred and sixteen consecutive patients (M/F: 51/65, mean age: 54.00 years *+ 15.62 years) with heartburn were
enrolled in our tertiary center for detailed esophageal function testing, including upper gastrointestinal endoscopy, high-
resolution esophageal manometry [medical measurement systems (MMS) solar with a 22-channel, water-perfused
catheter], and 24-h multi-channel intra-esophageal pH-impedance monitoring (MMS Ohmega®, with a pHersaflex Z61A
pH probe). Any medications with any effect on gastrointestinal motility or gastric secretion were suspended one month
before the esophageal testing. For gastroscopy, Olympus GIF-Q165 endoscopes were used, and the procedure was carried
out under local, topical anesthesia. The presence of esophageal manifestations was recorded. Esophagitis was classified
per the Los Angeles criteria[6]. On this basis, the following scoring system (no erosion =0, LA-A =1, LA-B=2, LA-C =3,
LA-D = 4) was applied for quantitative comparison of the degree of esophagitis. Esophagogastric junction outflow
obstruction and other major motility disorders were excluded via high-resolution esophageal manometry according to the
Chicago classification 3.0[7]. During pH-impedance monitoring, the pH sensor was placed 5 cm above the lower
esophageal sphincter as determined via manometry.
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The significance of GERD was judged by the Lyon consensus[8]. The diagnosis of FHB was established according to the
Rome IV criteria[9], including < 4% acid exposure time in the esophagus and the independence of symptoms of acidic
and non-acidic reflux episodes. The occurrence of reflux hypersensitivity was also evaluated, but none of the studied
patients fulfilled the accepted Rome IV criteria of this disease. Moreover, baseline impedance values were above 2000 Q in
this patient group[10]. We also calculated the mean 24-h impedance in all channels, the impedance values of the six
channels during the 24-h measurement were exported to a .csv file and averaged.

Before dental examinations, general personal data, social and dental habits, and the presence, frequency, and
appearance of typical and atypical reflux symptoms were assessed using standardized questionnaires that were collected
by an interviewer (medical doctor and student). Among the enrolled subjects, 116 patients [M/F: 51/65, mean age: 56 (22-
82) years] with heartburn were participating in further oral and dental examinations. Oral evaluations were carried out
by a dentist who was blinded to the results of the esophageal function tests. The tooth wear index was evaluated and
scored using the Smith and Knight's criteria, while the clinical staging of periodontitis was performed according to some
study[11,12]. To quantitatively compare the severity of periodontitis, the following score system was used: No sign = 0,
mild = 1, moderate = 2, severe = 3). The plaque index was calculated via percentage of plaque area in relation to total area.

Based on the presence of DE and/or PD, subgroups were formed.

Statistical analyses (one-way analysis of variance, chi-squared test, and unpaired t-test) were performed using R
program; the significance level was set at P = 0.05. Data are expressed using the mean * SD. This study was approved by
the Regional Human Research Ethics Committee of the University of Szeged (Ethical approval No. 4564).

RESULTS

Detailed esophageal testing identified 66 patients with GERD (56.9%) and 50 patients with FHB (43.1%) among the 116
enrolled patients. Dental disorders were detected in 89% (103/116) of the enrolled patients with heartburn. The global
prevalence of DE among the enrolled patients was 23.3%. In the group of subjects with GERD, the mean DeMeester score
(DMS) was 29.84 + 27.06. In contrast, in the other group, the mean DMS was 3.34 + 2.94. Fourteen subjects were diagnosed
with Barrett’s esophagus. Among patients with GERD, LA-A in 12 (18.2%), LA-B in 15 (22.7%), LA-C in 20 (30.3%), and
LA-D in 4 cases (6.1%) were detected, and 15 (22.7%) of them had no sign of esophagitis. In the group with FHB, there
was no esophagitis on gastroscopy. Based on the results of pH-impedance monitoring, proximal reflux was found in 41
cases. Dental erosions were significantly more common among patients with GERD (66/116) than among those with FHB
(21/66, 31.8% vs 6/50, 12.0%; P = 0.0312). The mean body mass index (BMI) in the GERD group was 27.8 kg/m? + 4.45
kg/m? while that in the FHB group was 26.2 kg/m? + 4.53 kg/m? (P = 0.0192). Eleven patients were toothless.
Furthermore, we established significantly more severe periodontal problems in patients with GERD (P = 0.0253).
However, instead of the fact that neither only DE nor only PD was significantly more common in any of the study groups,
PD and DE together were significantly more prevalent among patients with GERD (P = 0.00008). DEs alone were less
common among patients with GERD (3/8, 37.5%) than among those with FHB (5/8, 62.5%). Moreover, more patients
were toothless in the GERD group (8/11, 72.7%). However, the most prominent difference is the presence of DE and PD
together: 19/20 (95%) in the group of patients with GERD and 1/20 (5%) in the control group. The mean plaque index
was 52 (0-100) in both groups. Fewer teeth were detected in the GERD group; however, the difference was not statistically
significant (18 vs 21; P = 0.098). Patients with GERD had a longer history of symptoms than those with FHB (15 years vs 9
years, P = 0.0041) (Table 1).

Mean impedance values were compared between the two study groups and found to be significantly lower among
patients with GERD than among those with FHB, and a characteristic tendency of GERD was detected (Figure 1).

In the entire study population, the periodontal examination was possible in only 105 patients because 11 of them were
toothless. Among the examined subjects, 17/105 (16.2%) had DE alone, 24/105 (22.9%) had PD alone, 10/105 (9.5%) had
both, and 54/105 (51.4%) had neither. Patients with DE alone had no more pathologic reflux than those with intact teeth
(41.2% vs 27.8%). Among patients with both PD and DE, pathologic reflux was significantly more prevalent (27.8% and
90.0%; P = 0.03) than among patients without DE and PD. Furthermore, patients with PD and DE had higher esophagitis
scores (1.8 vs 0.9; P = 0.05) than those without any dental diseases, and there was a tendency for more proximal reflux (P
= 0.08). The presence of PD causing tooth loss was more common than the presence of DE or both (18 vs 22 and 24, P =
0.11) On the other hand, the mean plaque index was significantly higher among patients with PD than among patients
without PD and/or DE (72 vs 49, P < 0.0001; Table 2). Other oral, atypical symptoms were not significant in the studied
group, such as burning sensation of the mouth and tongue, sore throat, bad breath, sour taste, and ageusia.

Evaluating the mean impedance values, the tendency in patients with DE and PD was similar to that in patients with
GERD (Figure 2).

Besides the abovementioned risk factors, no other ones were detected in the study. Furthermore, there was no
difference between the four groups in terms of smoking (P = 0.36), alcohol consumption (P = 0.59), and coffee
consumption (P = 0.86). There was also no significant difference in different habits resulting in DEs, such as drinking
carbonated drinks (P = 0.58), teeth grinding (P = 0.71), and eating sour foods (P = 0.23).

DISCUSSION

The complete symptom similarity of GERD and FHB makes the differential diagnosis of heartburn complicated and
resource-intensive. According to the Rome IV classification, it is not possible to differentiate the role of acid and
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Table 1 Comparison of parameters between patients with gastroesophageal reflux disease and those with functional heartburn

GERD (n = 66) FHB (n = 50) P value

Gender (male/female) 32 (48.5%) /34 (51.5%) 19 (38%)/31 (62%) NS
Age, yr (min-max) 57 (22-82) 51 (25-79) NS
BMI, kg/m? (min-max) 28 (16-37) 26 (17-39) <0.05
Mean DMS 29.84 3.34 <0.0001
Mean impedance + SD 2175 + 650 2489 + 731 <0.05
Number of teeth (min-max) 18.3 (0-32) 20.7 (0-32) NS
Toothless 8 (12.1%) 3 (6%) NS
DE all 22 (33.3%) 6 (12%) <0.01
DE only 3 (4.5%) 5 (10%) NS
PD all 52 (78.8%) 32 (64%) NS
PD only 33 (50%) 31 (62%) NS
DE and PD 19 (28.9%) 1(2%) <0.01
Neither DE, nor PD 3 (4.5%) 10 (20%) <0.01
Periodontal scores (mean * SD) 1.45+0.85 0.97 +£0.84 <0.01
Drinking carbonated drinks Nowadays 8 (12.2%) 10 (20%) NS

Previously 22 (33.3%) 15 (30%)

Never 36 (54.5%) 25 (50%)
Eating sour foods Nowadays 15 (22.7%) 9 (18%) NS

Previously 13 (19.7%) 9 (18%)

Never 38 (57.6%) 32 (64%)
Bruxism/teeth grinding 9 (13.6%) 8 (16%) NS
Total duration of heartburn, mean years (range) 15 (0-64) 9 (0-35) <0.01
Duration of heartburn until diagnosis, mean years (range) 5.3 (0-49) 2.9 (0-30) NS

GERD: Gastroesophageal reflux disease; FHB: Functional heartburn; BMI: Body mass index; DMS: DeMeester score; PD: Periodontal disease; DE: Dental
erosion; DE all: All the patients who had DE, and some of them have associated PD as well; DE only: Such patients have only DE and have not PD; PD all:
All the patients who had PD, and some of them have associated DE as well; PD only: Such patients have only PD and have not DE; SD: Standard deviation;
NS: Not significant.

hypersensitivity in the development of heartburn on the basis of the frequency and subjective severity of heartburn
symptom. To confirm the diagnosis, detailed esophageal examinations are mandatory. That is why the necessity of
comparative studies was also raised in the latest Rome IV criteria[13]; however, such studies had not been carried out. To
the best of our knowledge, this study attempted the first differentiation between FHB and GERD based on oral manifest-
ations. The rationale behind the use of oral evaluation is based on its low cost, wide availability, and the fact that the
suggested parameters are not temporary symptoms but long-term consequences of GERD.

In the literature, there are many studies on the association between GERD and DE or PD. However, to the best of our
knowledge, studies assessing the hard and soft tissue injuries, namely DE and PD, together have not been conducted yet.
Furthermore, none of the previous studies examined their relations from both dental and gastroenterological
perspectives.

Several studies discussed and concluded a clear but variable relationship between DE and GERD[14,15]. The proposed
pathogenesis of DEs is attributed the direct contact of acid and the enamel, resulting in dissolution of the enamel crystals
and destruction of the interprismatic matrix and subsequently, the dentin[16-19].

As a result of our research, 41.2% of those with DE had reflux, which did not prove to be a significant result. However,
this result differed from the findings recorded in the literature. Pace et al[4] published a recent systematic review
involving 17 eligible studies, mainly observational and case-control studies on GERD and DE, in which they reported a
strong association between the two conditions. The median prevalence of DE among all patients with GERD was 24%,
and the median prevalence of GERD among adults with DEs was 32.5% (21.0%-83.0%) However, in this population, there
were wide percentage ranges and degrees of tooth tissue loss, and not all studies and evaluations of patients included
esophageal endoscopy and/or 24 h esophageal pH-metry[4].
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Table 2 Comparison of parameters between patients with or without dental erosion and periodontal disease

DE (n=17) PD (n=24) Both (n=10) Neither (n = 54) Pvalue

Gender (male/female) 7 (41.2%)/10 (58.8%) 12 (50%)/12 (50%) 7 (70%)/3 (30%) 21 (38.9%)/33 (61.1%) NS
Age, yr (min-max) 50 (24-79) 60 (41-82) 62 (40-71) 53 (22-80) NS
BMI, kg/m? (min-max) 27 (17-35) 28 (16-39) 29 (26-35) 26 (18-37) NS
Heartburn 17 (100%) 24 (100%) 10 (100%) 54 (100%) NS
Nausea 12 (70.6%) 9 (37.5%) 7 (70%) 23 (42.6%) NS
Vomiting 4(23.6%) 5(20.8%) 5 (50%) 9 (16.7%) NS
Dysphagia 11 (64.7%) 10 (41.7%) 5 (50%) 21 (38.9%) NS
Regurgitation 15 (88.2%) 15 (62.5%) 8 (80%) 39 (72.2%) NS
Drinking carbonated drinks Nowadays 2 (11.8%) 5 (20.8%) 2 (20%) 8 (14.8%) NS

Previously 6 (35.3%) 10 (41.7%) 1 (10%) 17 (31.5%)

Never 9 (52.9%) 9 (37.5%) 7 (70%) 29 (53.7%)
Eating sour foods Nowadays 5 (29.4%) 6 (25%) 0(0%) 11 (20.4%) NS

Previously 2 (11.8%) 6 (25%) 4 (40%) 7 (13%)

Never 10 (58.8%) 12 (50%) 6 (60%) 36 (66.7%)
Bruxism (teeth grinding) 4(23.6%) 4 (16.7%) 2 (20%) 7 (13%) NS
Number of teeth (min-max) 24 (13-31) 18 (1-30) 21 (13-28) 22 (2-32) NS
Plaque Index (min-max) 58 (15-100) 72 (32-100) 67 (35-97) 49 (0-94) <0.01
Esophagitis score (mean * SD) 1.6+14 15+14 1.8+12 09+11 0.05
Mean DMS 23.11 17.5 26.91 13.94 NS
Mean impedance + SD 2390 + 878 2393 + 714 1708 + 249 2427 + 690 NS
Pathological reflux 7 (41.2%) 9 (37.5%) 9 (90%) 15 (27.8%) <0.01
Any proximal reflux 8 (47.1%) 9 (37.5%) 7 (70%) 19 (35.2%) NS
Distal reflux 11 (64.7%) 13 (54.2%) 10 (100%) 21 (38.9%) <0.01

PD: Periodontal disease; DE: Dental erosion; BMI: Body mass index; DMS: DeMeester score; SD: Standard deviation; NS: Not significant.

Another systematic review was carried out and used different references since 2007. From a total of 273 articles, the
mean prevalence values of DE were 48.8% in GERD patients and 20.5% in non-GERD controls. The prevalence of DE
among adults with GERD was 38.9%, compared to 98.1% among children with GERD[20].

The total prevalence of DE (23.3%) in all subjects was less than the known global prevalence of DE. It can be stated that
in the patient group we examined, the prevalence of DEs was found to be significantly higher among patients with GERD
(33.1%) than among patients with FHB (12.0%) (P < 0.01). Our findings differ from those of studies conducted in different
parts of the world.

A recent study conducted in China in 2016, reported a 60.8% presence of DE among patients diagnosed with GERD
[21]. Another study carried out in Italy could not establish a significant co-appearance in the association between GERD
and DE[22].

Previous studies have confirmed the association between DE and GERD. However, other manifestations (xerostomia,
halitosis, oral burning, altered taste, bruxism, and soft tissue injuries, such as mucositis/stomatitis, aphthous-like
ulcerations, gingivitis, and periodontal disease) are less likely to be investigated. The relationship between these diseases
and GERD could either be direct or indirect[23].

In the literature, the presence of extrinsic factors resulting in DE was uncertain. According to a cross-sectional study,
there was a clear relationship between DE and extrinsic dietary factors in patients with GERD[24]. This result was
supported by a systematic review that highlighted the etiological complexity of DE (dietary habits, lifestyle, abrasion,
bruxism, etc.), and the importance of taking a detailed medical history[25]. In contrast, based on an Indian cross-sectional
study, extrinsic factors were not related to DE in GERD. In our study, there was no significant difference between the
different habits resulting in DE (P = 0.23)[26].

In contrast to Song et al[27], our results could not confirm a close association between GERD and such manifestations
except PD. The mechanism by which PD develops in GERD is mainly attributed to the direct action of acid on the
mucosa, although hyposalivation is also suggested to play a role[28,29]. Watanabe et al[30] reported significant presence
of soft tissue symptoms (stinging, bad breath, and burning sensation), oral cavity symptoms (sour/sour taste sensation),
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Figure 1 Mean impedance values in patients with gastroesophageal reflux disease and those with functional heartburn. GERD:
Gastroesophageal reflux disease; FHB: Functional heartburn; LES: Lower esophageal sphincter.

and the presence of GERD.

Di Fede et al[22] assessed the occurrence of oral pathological changes and symptoms in patients with GERD. Two
hundred patients with GERD and 100 matched healthy controls were enrolled and studied. Univariate analyses revealed
that xerostomia, oral burning sensation, subjective halitosis, and soft, hard palate mucosa, and uvula erythema were more
common among patients with GERD than among matched controls (P < 0.05). The main outcome of this study was that
no significant association between GERD and DEs was found, whereas some other symptoms or objective oral mucosal
changes were found to be significantly associated with GERD[22]. In contrast, based on the responses of the patients we
interviewed and examined, we did not find any data indicating a significant occurrence of oral complaints (such as the
mouth and tongue burning, unpleasant breath, taste perception problems, inflammation of the mucous membrane,
hypersensitivity, and sensations of sour taste).

A Chinese study found that periodontal factors were significantly associated with the risk of GERD in the studied
50183 patients. Severe periodontitis (OR = 1.40, P < 0.001) and lower frequency of tooth brushing (OR = 2.01, P < 0.001)
were significantly associated with GERD[31].

In our study, neither DE nor PD alone was predictive of the presence of pathological reflux. There is not significantly
more reflux in these cases. However, if both are present, the simultaneous presence of pathological reflux is more likely,
as evidenced by the characteristic impedance deviations following the reflux pattern.

Increased BMI is commonly mentioned as a predictor of GERD. In their population-based study, Locke et al[31] found a
significant relationship between higher BMI and the presence of GERD compared to subjects without reflux disease.
Conversely, Watanabe ef al[30] failed to establish a significant correlation between an increase in BMI and the presence of
GERD. Our results seem to support the suggested association because our patients with GERD had significantly higher
BMI than those with FHB. However, the observed difference is not significant enough to allow the prediction of GERD on
the basis of this parameter alone.

In our study, higher esophagitis scores were detected in patients with DE and PD together than those without any
dental diseases. This result suggests that there is more severe esophagitis in case of DE and PD than in the other groups.
The correlation between the degree of DE and the severity of esophagitis was barely studied. A study conducted among
the Mexican population found that 3/4 of the patients with mild grade DE had normal esophageal mucosa or LA-A
esophagitis, whereas patients with severe DE were associated with a higher frequency of esophagitis LA-C and -D (P =
0.021)[32].

There are limitations to our study: First, the study was carried out in a single tertiary referral center; therefore, the
prevalence of GERD phenotypes is different from the values of the general population. Second, during the process of pH-
MII, inpatients were examined under standard conditions that do not correspond to their everyday conditions at home.
DEs could be considered as cumulative lesions, representing the long-term consequences of reflux. Therefore, the dental
status does not necessarily correlate with the current reflux state, since the bolus exposure time is not always the same,
and it may significantly vary day by day, especially in the proximal part of the esophagus.
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Figure 2 Mean impedance values in patients with or without dental erosion and periodontal disease. The asterisk (*) the curve of “Both” group is
significantly different from the others, and similar to the one in patients with gastroesophageal reflux disease. PD: Periodontal disease; DE: Dental erosion; LES:
Lower esophageal sphincter.

CONCLUSION

The dental evaluation of patients with heartburn seems to be useful in the differential diagnosis of GERD and FHB. The
co-appearance of dental erosions and periodontal diseases was present mostly in patients with GERD, whereas DE or PD
(especially its mild forms) alone were not predictive for the disease. In contrast, the absence of dental disorders in patients
with heartburn was predictive of FHB.

ARTICLE HIGHLIGHTS

Research background

Heartburn is a typical symptom of gastroesophageal reflux disease (GERD) and other functional gastrointestinal diseases.
To diagnose them, detailed esophageal function tests are required. Oral manifestations are also common in patients with
GERD. The dental evaluation is cheap and widely available.

Research motivation
This study raised the hypothesis that dental evaluation (dental erosions, periodontal diseases) in patients with heartburn
may be useful in the differential diagnosis of GERD and functional heartburn (FHB).

Research objectives
To evaluate the prevalence of oral manifestations in patients with heartburn and their association with GERD and FHB.

Research methods
We enrolled 116 [M/F: 51/65, mean age: 54 (17-80) years] consecutive patients with heartburn for detailed esophageal
function tests and dental evaluation.

Research results
The prevalence of dental diseases in patients with heartburn was about 89%. Compared with heartburn patients without
any dental diseases, heartburn patients with both DE and PD had more significant pathological reflux, higher grade of
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esophagitis, and significantly different mean impedance curves. Compared to FHB, GERD had a higher prevalence of DE
and PD, especially when they coexisted. When evaluating the mean impedance curve, the trend of patients with both PD
and DE was similar to those with GERD. The results of the study confirmed the abovementioned hypothesis experi-
mentally.

Research conclusions

The co-existence of PD and DE is more likely to have pathological reflux, and the severity of esophagitis is higher than
that of other groups. This study provides a new, inexpensive, widely available, and useful method for the differential
diagnosis of GERD and FHB.

Research perspectives

On the one hand, our aim is to expand the study multicentrally in the direction of patients with heartburn presenting in
primary care, and thereby reach a larger number of cases. On the other hand, this would probably also enable the
inclusion of patients with reflux hypersensitivity, which is defined as a special borderline area between GERD and FHB
in the Rome IV criteria system, which may help to decide whether this group of patients is more similar to patients GERD
or FHB based on the oral status.
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Abstract

BACKGROUND

Bioinformatics analysis showed that the expression of the poly(A)-specific
ribonuclease (PARN) gene in gastric cancer, head and neck squamous cell
carcinoma, melanoma, cervical cancer and lung squamous cell carcinoma tissues
was significantly higher than that in normal tissues and was associated with high
stage and poor prognosis. The expression of the PARN gene in esophageal cancer
(EC) tissue is also significantly higher than that in normal tissues, but the effect of
PARN on the proliferation, migration and invasion of EC cells remains unclear.

AIM
To investigate the relationship between PARN and the proliferation, migration
and invasion of EC cells.

METHODS

The EC tissues of 91 patients after EC surgery and 63 paired precancerous healthy
tissues were collected. PARN mRNA levels were measured using a tissue
microarray, and the PARN expression level was evaluated using immunohisto-
chemistry to analyze the relationship between PARN expression and clinicopath-
ologic features as well as the survival and prognosis of patients. In addition, the
effects of PARN gene knockout on tumor cell proliferation, invasion and
migration were studied by using shRNA during the in vitro culture of EC cell lines
Eca-109 and TE-1, and the effects of the PARN gene on tumor growth in vivo were
verified by a xenotransplantation nude mice model.
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RESULTS

The expression of PARN in EC tissues was higher than that in adjacent normal tissues, and the level of PARN
expression was significantly positively correlated with lymphatic metastasis. Patients with high PARN levels had
poor overall survival. BIM, IGFBP-5 and p21 levels were significantly increased in the PARN knockout group,
while the expression levels of the antiapoptotic proteins Survivin and sTNF-R1 were significantly decreased in the
apoptotic antibody array data. In addition, the expression levels of Akt, p-Akt, PIK3CA and CCND1 in the
downstream signaling pathway regulating EC progression were significantly decreased. The culture of EC cell
lines confirmed that the apoptosis rate of EC cells was significantly increased, the growth and proliferation of
tumor cells were significantly inhibited, and the invasion and migration ability of tumor cells were significantly
decreased after PARN gene knockout. In vivo experiments of BALB/c nude mice transfected with Eca-109 cells
expressing control shRNA (sh-NC) and PARN shRNA (sh-PARN) showed that the tumor volume and weight of
nude mice treated with sh-PARN were significantly decreased compared with those of nude mice treated with sh-
NC, indicating that PARN knockdown significantly inhibited tumor growth in vivo.

CONCLUSION

PARN has antiapoptotic effects on EC cells and promotes their proliferation, invasion and migration, which is
associated with the development of EC and poor patient prognosis. PARN may become a potential target for the
diagnosis, prognosis prediction and treatment of EC.

Key Words: Poly(A)-specific ribonuclease; Esophageal cancer; Apoptotic; Phosphatidylinositol 3-kinase/protein kinase B

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Bioinformatics analysis showed that the expression of the poly(A)-specific ribonuclease (PARN) gene in gastric
cancer, head and neck squamous cell carcinoma, melanoma, cervical cancer and lung squamous cell carcinoma tissues was
significantly higher than that in normal tissues and was associated with high stage and poor prognosis. The expression of the
PARN gene in esophageal cancer (EC) tissue is also significantly higher than that in normal tissues, but the effect of PARN
on the proliferation, migration and invasion of EC cells remains unclear. This study investigated the relationship between
PARN and the proliferation, migration and invasion of EC cells.

Citation: Zhang FW, Xie XW, Chen MH, Tong J, Chen QQ, Feng J, Chen FT, Liu WQ. Poly(A)-specific ribonuclease protein
promotes the proliferation, invasion and migration of esophageal cancer cells. World J Gastroenterol 2023; 29(31): 4783-4796

URL: https://www.wjgnet.com/1007-9327/full/v29/i31/4783.htm
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INTRODUCTION

Esophageal cancer (EC) is one of the most common malignancies in the world and the sixth leading cause of cancer-
related mortality worldwide[1]. The main pathological types of esophageal carcinoma include esophageal squamous cell
carcinoma (ESCC) and esophageal adenocarcinoma. In contrast to Europe and America, Asia has the most ESCC cases,
which account for the vast majority of EC cases[2,3]. Currently, the main treatments for EC include surgery, radiotherapy
and chemotherapy[4]. Since the clinical symptoms of early EC are not obvious, more than half of patients are in the
advanced stage at the time of detection, and only 20% of patients with EC can be treated with surgery. Inoperable EC
patients can only use radiotherapy, chemotherapy and other comprehensive treatments. Since it is highly invasive and
has a high recurrence and metastasis rate, the prognosis for ESCC patients remains poor despite the use of multidiscip-
linary therapies[5]. The overall 5-year survival rate for ESCC patients is only 30%-40%. Patients with advanced or
metastatic EC have a worse prognosis, with a 5-year overall survival of less than 15 years[2,4,5].

Increasing evidence shows that the resistance of some ECs to radiotherapy and chemotherapy is the cause of relapse
and metastasis. Obviously, it is necessary to study the molecular mechanism of EC progression through genomics and
proteomics and explore effective cancer biomarkers to predict treatment efficacy and EC patient prognosis.

Bioinformatics analysis from The Cancer Genome Atlas (TCGA) database showed that the expression of the PARN
gene in breast cancer, head and neck squamous cell carcinoma, skin cancer, testicular cancer, thymic carcinoma and lung
cancer tissues was significantly higher than that in normal tissues and was positively correlated with high stage and poor
prognosis. In addition, the expression of the PARN gene in EC tissues in the TCGA database was also significantly higher
than that in adjacent tissues. However, the effect of PARN on the proliferation, migration and invasion of EC cells is not
clear and is worth further discussion.

Poly(A)-specific ribonuclease (PARN) is a deadenylase enzyme that is present in mammalian cells[6,7]. As a
deadenylase, PARN interacts with the cap and the poly(A) tail of mRNA to control the length of the poly(A) tail and
regulate gene expression. Therefore, it plays a role in mRNA degradation in the nucleus and cytoplasm[8,9]. Interference
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in RNA stability is closely related to tumorigenesis and tumor development, and factors that affect RNA stability may
become new targets for the treatment of malignant tumors[10]. Recent studies have shown that RNA-degrading enzymes,
called RNases, are involved in the development of malignant tumors, so the regulation of mRNA turnover is a promising
mechanism[11].

However, the biological function of PARN and its basic molecular mechanism in the carcinogenesis of the esophagus
are still unclear and are worthy of further investigation. In the present study, EC tissues and adjacent normal tissues were
immunohistochemically stained and analyzed to detect PARN expression. Moreover, we also investigated the
clinicopathological characteristics of PARN and explored the value of PARN expression in predicting prognosis. In
addition, we investigated the role of PARN knockdown in the biological characteristics of EC cells in vitro and in vivo.

MATERIALS AND METHODS

Online databases used in this study

Data on PARN expression in EC cell lines were obtained from the Cancer Cell Line Encyclopedia (CCLE) (www .broadinst
itute.org/ccle). Mutation data were obtained from cBioPortal (https://www.cbioportal.org/). The mRNA expression
level data of EC patients were downloaded from TCGA Portal (https://tcga-data.nci.nih.gov/tcga/).

Clinical samples

Ninety-one EC tissues and 63 healthy mucosa tissues were taken from EC patients who underwent resection at the
Second Affiliated Hospital of Guangxi Medical University and the Affiliated Zhujiang Hospital of Southern Medical
University from 2017 to 2018. The study ethics were approved by the Research Ethics Committee of the Second Affiliated
Hospital of Guangxi Medical University and Zhujiang Hospital Affiliated to Southern Medical University, and written
patient consent was obtained from all patients.

Immunohistochemistry

Immunohistochemistry (IHC) was conducted as previously described[12]. Briefly, the unstained tissue sections were
deparaffinized by xylene and then rehydrated with a graded alcohol series. The sections were placed in EDTA buffer (pH
= 8.0) buffer at 95-100 °C for 20 min to retrieve antigens. Then, the sections were incubated with rabbit anti-human PARN
primary antibodies at 4 °C (1:100; Abcam, ab188333) overnight and then incubated with secondary antibodies for 1 h at
room temperature.

Tissue microarray
The mRNA transcription levels of PARN in tumor tissues and adjacent normal mucosal tissues were measured using a
tissue microarray (TMA).

Construction of a protein-protein interaction network and enrichment of functions and pathways

In this research, we obtained the protein-protein interaction by using an online tool, the String Database (STRING, http
s:/ /string-db.org/). Then, the protein-protein interaction (PPI) we obtained was analyzed by using the software
CytoScape (https://cytoscape.org/) and its plug-ins ClueGO and CluePedia. Then, Gene Ontology and Kyoto
Encyclopedia of Genes and Genomes analyses were performed. The results of the PPI network and functional and
pathway enrichment analyses are shown in Figures 1A and B.

Human apoptosis antibody array

The Homo sapiens apoptosis antibody array kit was purchased from Abcam (ab134001). Total protein samples were
prepared as described above and incubated with the array according to the kit instructions. After the addition of chemilu-
minescence detection reagent, a signal proportional to the protein binding amount was detected. After RNA interference
with the PARN gene in Eca-109 cells, the expression levels of apoptosis signaling pathway-related genes and proteins
BIM, IGFBP-5 and p21 were evaluated.

Cell culture and transfection

We purchased human EC cell lines (Eca-109 and TE-1) from the Chinese Academy of Sciences Cell Bank (Shanghai,
China). We cultured all cells in RPMI 1640 (Gibco, Grand Island, NY, United States) supplemented with 10% fetal bovine
serum and maintained all cells in a humidified chamber at 37 °C with 5% CO,. Control shRNA, shPARN-1, shPARN-2,
and shPARN-3 were constructed by our group (the list of ShARNA sequences is shown in Table 1). Viral transduction and
selection of stable transfectants were carried out as mentioned above.

Western blot assay and antibodies

We collected cells and lysed them in RIPA lysis buffer. Aliquots of protein were then loaded and separated on SDS-PAGE
gels and transferred to a polyvinylidene difluoride membrane. After blocking, the membrane was incubated with the
appropriate primary antibody, followed by incubation with the corresponding secondary antibody. The primary
antibodies and dilution factors were as follows: Rabbit anti-PARN (ab1883331, 1:1000 dilution; Abcam, United States),
rabbit anti-CDK1 (ab133327, 1:3000 dilution, Abcam, United States), rabbit anti-PIK3CA (ab40776, 1:1000 dilution, Abcam,
United States), rabbit anti-AKT [4685, 1:1000 dilution, Cell Signaling Technology (CST), United States], rabbit anti-
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Table 1 Poly(A)-specific ribonuclease shRNA target sequence

Target number Target sequence
Human-PARN-1 TATGACACAGCCTCTGAACA
Human-PARN-2 TGGATACTAAATTGATGGCCA

Human-PARN-3

CAACACATCCCTTGCGGAATT

PARN: Poly(A)-specific ribonuclease.

A,

2 3 4 5 6 7 8 9 10 11 12 13 14 198.0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 194.0
1.‘ . . . . . . . 178.2 1.‘ . . . . . . 174.6
el X ) o0 00O o0 158.42.. o0 o0 [ M TP
Q9000000 00000000000 00000 |

118.8 116.4
Q000000 - 0000 °0 ' -000000Q00°  0QO0O0c0 "
00000000000 0@0ll .-c00c0000@ee0@®el .
‘0000 o000 o0 0 o 594 6 o0 o o000 0000 58.2
‘00000000 @ c'00000000 @ =
19.8 19.4
‘00000000 @ 00000000 o
B ' '
FC o ® o o O o0
searn (@@ 00000 000c0e@c @000 -000c00000c0000r00000 o
sew | © @ 0000000000000 0c0000000000000000000c 0
TEY 2293993 888388l T I TN EEaNB2sEYFYTTYYTL
AEFLEREEEERLEREE NN EE DR BN EEEEE
3 8 [CERCENCERCENCRNUINC) R Ea 4
0 029 058 087 1.16 -0.27 -0.12 003 0.7 032
Gray value FC
C = shet D sh-NC  sh-PARN
B shPARN AKT “
P-AKT | e -
% CCND1| wm—
>
§ CDK1 |  —
PIK3CA| we——
BIM IGFBP-5 p21 Survivin~ STNF-R1 GAPDH ..

DOI: 10.3748/wjg.v29.i31.4783 Copyright ©The Author(s) 2023.

Figure 1 Exploration of the downstream molecular mechanism of poly(A)-specific ribonuclease in esophageal cancer cells. A: Human
apoptosis antibody array analysis was performed in Eca-109 cells transfected with control shRNA or poly(A)-specific ribonuclease shRNA; B: Differences in the
human apoptotic antibody array were visualized; C: Densitometry analysis was performed, and the gray values of differentially expressed proteins are shown; D: The
expression of the target protein pathway in Eca-109 cells was observed by western blot. The data are expressed as the mean + SD, P < 0.05, °P < 0.01. sh PARN:
Poly(A)-specific ribonuclease shRNA; sh-NC: Control shRNA.

CCND1 (2978, 1:1000 dilution, CST, United States), rabbit anti-P-AKT (AF887-sp, 1:500 dilution, R&D Systems, United
States), and rabbit anti-GAPDH (AP0063, 1:3000 dilution, Bioworld, United States).

Quantitative real-time polymerase chain reaction

Total RNA was isolated using TRIzol (Sigma-Aldrich, T9424-100 m), and cDNA was obtained with HiScript Q RT
SuperMix for quantitative real-time polymerase chain reaction qRT-PCR (+gDNA wiper) (Vazyme, R123-01). PCRs were
performed on an ABI 7500 qRT-PCR machine. GAPDH was used as an endogenous control. We assessed the qualified
expression by employing the 2-*4“ formula, while statistical analysis was conducted by using the fold change. All primer
sequences used in this research are available in Table 2.

Cell viability assay
The cell viability of the TE-1 and Eca-109 cell lines was calculated using the Celigo cell counting assay after transfection.
Logarithmic-phase transfected cells were collected, and cell suspensions were obtained by trypsin digestion. Then, we
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Table 2 Primer sequences

Gene Sequence (5°-3’) Tm (°C)

GAPDH Forward primer GAAAGCCTGCCGGTGACTAA 60.32
Reverse primer GCCCAATACGACCAAATCAGAG 59.39

PARN Forward primer GCCGCGGAATTCGATTTITAAG 58.63
Reverse primer ATCGATGGCGAAGAAGTCGG 60.25

PARN: Poly(A)-specific ribonuclease.

seeded the cell suspensions (2000 cells/well) into 96-well plates and cultured them for 5 d. The cell number was recorded,
and the cell growth curve was plotted.

Apoptosis and cell cycle assay

Apoptosis and cell cycle analyses were performed by flow cytometry. As mentioned above, transfected TE-1 and Eca-109
cells were cultured in 6-well plates and then collected, washed with D-Hanks buffer and incubated with 1 x binding
buffer. The cells were centrifuged and resuspended in 200 pL 1 % binding buffer, and an additional 10 pL. Annexin V from
the Annexin V Apoptosis Detection kit APC (cat. no. 88-8007; eBioscience; Thermo Fisher Scientific, Inc.) was added.
Then, the cells were incubated in the dark for 15 min. The cell cycle distribution phases were detected based on
propidium iodide (PI; Sigma, P4170) staining. The samples were analyzed on an easy Cyte HT flow cytometer (Merck
Millipore).

Wound healing assay

In this study, we detected cell migratory abilities by using a wound healing assay. Cells were seeded into 96-well plates
(5.0 x 10%) and cultured to 90% confluence. Confluent monolayer cells were scratched gently with a 96 Wounding
Replicator (VP scientific, VP408FH), and images were captured using a Cellomics ArrayScan VTI (Thermo Scientific) at 0
h,4h,8h, 24 h and 72 h. The wound area was quantified using a Cellomics ArrayScan HCS Reader (Thermo Scientific).

Migration assay

Transwell plates (Corning, 3422) were used for migration assays, which were carried out according to the manufacturer’s
protocol. Cells were seeded in transwell inserts (100 pL, 6.0 x 10*/inserts), and RPMI 1640 medium with 30% foetal
bovine serum (600 pL) was added to the bottom chamber. Following incubation for 24 h, the inserts were removed and
stained with crystal violet. Photos were obtained using an inverted microscope (Olympus I x 73) and analyzed by Image]
software.

BALB/c nude mouse xenograft model

This study was approved by the Guangxi Medical University Ethics Committee. All BALB/c nude mice (male; 4 wk old)
were purchased from Charles River (Beijing, China). All BALB/c nude mice (male; 4 wk old) were maintained in a
specific-pathogen-free environment. Cells were collected and suspended in D-Hanks solution (1 x 107 cells/mL) and then
subcutaneously injected into the right front limb of 20 nude mice (n = 10 for each group). After injection, the size of the
tumor was measured with calipers every 4 d for 23 d. On day 23 after injection, the mice were deeply anesthetized with
isoflurane gas, and tumor growth and metastases were visualized and analyzed using a whole-body fluorescence
imaging system (Berthold Technologies, LB983). After the live imaging experiment, mice were sacrificed by cervical
dislocation under anesthesia. Additionally, the tumors were isolated, weighed and photographed. Tumor tissues were
saved for further experimentation.

Statistical analysis

In this study, data are reported as the mean + SD, and statistical analysis was carried out using GraphPad Prism 8.3 and
SPSS 23.0. The Kaplan-Meier log rank test was used for survival curve analysis. Unpaired student’s ¢ test was used to
assess statistically significant differences between two groups, and one-way ANOVA with Dunnett’s posttest was used to
compare the differences among three or more groups. P values < 0.05 represented a statistically significant difference.

RESULTS

Cancer data and bioinformatics analysis

Analysis of EC datasets from TCGA demonstrated that PARN mRNA levels were significantly increased in EC tissues
compared with adjacent nontumor tissues (Figure 2B). Then, we extended the detailed annotation process of the
preclinical human cancer model by compiling CCLE data and proved that PARN was abnormally upregulated in EC cell
lines (Figures 2D and E). We found that PARN expression was upregulated in various EC cell lines, including Eca-109,
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Figure 2 Poly(A)-specific ribonuclease protein expression was upregulated in both esophageal cancer tissue and cell lines and
correlated with poor prognosis in esophageal cancer patients. A: Left panel: Representative immunohistochemistry (IHC) staining images of poly(A)-
specific ribonuclease (PARN) in esophageal cancer tissue specimens (magnification x 400, bar = 50 pym). Right panel: Summary of IHC staining of PARN in
esophageal cancer tissues (n = 91) and adjacent normal tissues (n = 63) in an esophageal tissue microarray; B: PARN mRNA levels were significantly increased in
esophageal cancer tissue (n = 160) compared with adjacent normal tissues (n = 11). The data were obtained from The Cancer Genome Atlas; C: Kaplan-Meier
survival analysis showed that high expression of PARN was correlated with poor prognosis in esophageal cancer patients (the PARN IHC score criteria: Table 5); D
and E: Exploration of PARN gene expression in various malignant tumors using TCGA database, and the expression of PARN gene in EC was significantly higher
than that in adjacent tissues in the TCGA database, P = 0.0004; F: PARN mRNA levels in esophageal cancer cell lines. 2P < 0.05, °P < 0.01, °P < 0.001, mean + SD
is shown. PARN: Poly(A)-specific ribonuclease; IHC: Immunohistochemistry.

KYSE450 and TE-1 cells (Figure 2F). In this study, we observed PARN mutations in < 2% of EC patients based on the
cBioportal datasets, suggesting that gene mutation is not a major mechanism contributing to the frequent upregulation of
PARN in EC patients (Supplementary Figure 1).

IHC and TMA of clinical samples

The IHC staining and the TMA assay results indicated that PARN protein expression is exceedingly upregulated in EC
tissues compared with nontumor tissues (Figure 2A). Additionally, to assess the clinical significance of PARN expression
in EC, we investigated the relationship between PARN expression and clinicopathologic data in 91 EC patients (Table 3).
After statistical analysis, we found that PARN expression was correlated with lymphatic metastasis (P = 0.028). The
expression of PARN was positively correlated with tumor lymph node metastasis (N value). With increasing tumor
malignancy, the expression levels of PARN increased (Table 4). However, PARN expression was not correlated with
tumor size (P = 0.110), T cell infiltration (P = 0.680) or stage (P = 0.336). To determine the relationship between PARN
expression and EC patient clinical prognosis, we performed survival analysis using the survival data of 91 EC patients.
The Kaplan-Meier analysis results indicated that high PARN levels were linked with poor survival (Figure 2C and
Table 5). In summary, the above results demonstrated that high PARN expression may be implicated in the progression
and metastasis of EC and that high PARN expression may predict a worse prognosis.
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Table 3 Relationship between poly(A)-specific ribonuclease expression and tumor characteristics in patients with esophageal cancer

PARN expression
Features No. of patients P value
Low High
All patients 91 48 43
Age (yr) 0.758
<65 45 23 22
> 65 46 25 21
Gender 0.433
Male 73 40 &
Female 18 8 10
Tumor size 0.110
<5cm 46 28 18
>5cm E5) 15 20
T Infiltrate 0.680
TO 1 1 0
T1 3 1 2
T2 15 8 7
T3 39 22 17
T4 10 4 6
Lymphatic metastasis (1) 0.028°
NO 31 20 11
N1 18 10 8
N2 11 4 7
N3 8 2 6
Stage 0.336
I 3 2 1
I 30 18 12
111 3B 14 19
v 2 2 0
Lymphoid positive number 0.164
<1 43 26 17
>1 46 21 25
Grade 0.516
I 7 4 3
II 49 25 24
1T 26 16 10

P <0.05.
The high expression group: Poly(A)-specific ribonuclease immunohistochemistry scores > 6; the low expression group: Poly(A)-specific ribonuclease
immunohistochemistry scores < 6. PARN: Poly(A)-specific ribonuclease.

Construction of a PPl network, enrichment analyses and human apoptosis antibody array results

Functional and pathway enrichment and differential gene analysis showed that PARN plays a role in tumor apoptosis. To
further identify the potential mechanism by which PARN induces apoptosis, a Human Apoptosis Antibody Array kit
(ab134001), including 43 human apoptosis-related proteins, was used to investigate the mechanisms of PARN knockdown
treatment-induced apoptosis. Among all detected proteins, BIM, IGFBP-5 and p21 were found to be significantly
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Table 4 Relationship between poly(A)-specific ribonuclease expression and tumor characteristics (lymphatic metastasis) in patients

with esophageal cancer (Spearman’s correlation coefficient for ranked data)

PARN
Lymphatic metastasis (N) Spearman correlation analysis 0.269
Significance (two-tailed) 0.027°
N 68

2P < 0.05.
PARN: Poly(A)-specific ribonuclease.

Table 5 Inmunohistochemistry scoring criteria

Score type Score point Score
Positive cell score No positive signal 0 (negative)

0% < the proportion of positive cells < 25% 1

25% < the proportion of positive cells < 50% 2

50% < the proportion of positive cells <75% 3

75% < the proportion of positive cells 4
Staining intensity score (the staining intensity of cytoplasm, No signal color 0 (negative)
membrane or nucleus)

Pale yellow 1

Brown yellow 2

Dark brown 3

The positive cell score x staining color intensity score was used to judge the immunohistochemistry results, and the higher the score, the higher the
antibody expression (score 0: Negative, score 1-4: Positive, score 5-8: Positive ++, score 9-12: Positive +++).

upregulated in the PARN knockdown group, while knockdown of PARN significantly downregulated the expression of
the antiapoptotic proteins Surviving and sTNF-R1 (Figures 1A-C). Changes in apoptosis-associated proteins strongly
demonstrated that PARN is involved in preventing apoptosis of EC cells by regulating these apoptotic proteins. The
original figures of the Human Apoptosis Antibody Array in this study are provided (Supplementary Figure 2).
Furthermore, the expression of Akt, p-Akt, CCND1, CDK1 and PIK3CA was downregulated in the sh-PARN group
compared with the sh-NC group (Figure 1D).

Effects of PARN on the proliferation, apoptosis and cell cycle of tumor cells in vitro

To investigate the effect of PARN on the biological characteristics of esophageal tumor cells, TE-1 and Eca-109 cells were
transfected with sh-NC, shPARN-1, shPARN-2, and shPARN-3. The knockdown efficiency of PARN was validated by
RT-qPCR. The results showed that shPARN-1 achieved the most efficient knockdown of PARN (Figure 3A), and
thereafter, it was used to represent PARN knockdown in all follow-up experiments. The knockdown efficiency was
verified at the protein level by western blotting (Figure 3B). The potential effect of PARN on the proliferation of Eca-109
and TE-1 cells was evaluated using the Celigo cell counting method. The results showed that the proliferation rate of Eca-
109 and TE-1 cells infected with sh-PARN was significantly reduced compared with that of control cells (Figure 3C). It
was confirmed that PARN knockout could significantly inhibit the proliferation of tumor cells. Apoptosis was analyzed
by flow cytometry with Annexin V staining and showed a significantly increased percentage of apoptotic cells in sh-
PARN:-infected TE-1 and Eca-109 cells compared to sh-NC cells (Figure 3G). These results suggest that PARN knockout
inhibits cell proliferation by inducing apoptosis. It was also found that compared with the sh-NC group, the sh-PARN
group exhibited a significantly increased percentage of cells in the G2/M phase (Figure 3F), suggesting that PARN affects
the proliferation of TE-1 and Eca-109 cells by regulating the cell cycle. Together, these findings confirm that PARN
promotes EC cell proliferation by blocking cell cycle arrest and apoptosis.

Wound healing assay and transwell invasion assay

In the wound healing assay, the migration rates were significantly decreased in the sh-PARN group compared to the sh-
NC group after lentivirus transfection. The migration abilities of Eca-109 cells in the sh-PARN group (72 h) were 47%
lower than those in the sh-NC group (P < 0.001). In TE-1 cells, migration abilities in the sh-PARN group (8 h) were
reduced by 40% (P < 0.001). (Figures 3D and E). Transwell invasion assays showed that after lentivirus transfection, the
invasion ability of Eca-109 cells in the sh-PARN group was reduced by 73% compared with that in the sh-NC group (P <
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Figure 3 Effect of poly(A)-specific ribonuclease on esophageal cancer cell proliferation, migration and invasion, cell cycle, and cell
apoptosis in vitro. A and B: The interference efficiency of poly(A)-specific ribonuclease (PARN) via shRNA; C: Representative images of the Celigo cell count
assay (magnification, x 100) and cumulative data of cell numbers in TE-1 and Eca-109 cells transfected with control shRNA or PARN shRNA; D: Representative
images and statistical analysis of the wound healing assay; E: Representative images and statistical analysis of the transwell assay; F and G: Representative images
and statistical analysis of flow cytometry analysis of TE-1 and Eca-109 cells after transfection. Cell cycle analysis revealed that PARN affected TE-1 and Eca-109 cell
proliferation (F), and cell apoptosis analysis showed that PARN affected the apoptosis of TE-1 and Eca-109 cells (G). 2P < 0.05, °P < 0.01, 2P < 0.0001, °P < 0.001,
means + SDs are shown. sh PARN: Poly(A)-specific ribonuclease shRNA; sh-NC: Control shRNA.

0.001). In TE-1 cells, cell invasion was 70% lower in the sh-PARN group than in the sh-NC group (P < 0.001).

PARN facilitates tumor growth in vivo

The above results showed that knockdown of PARN inhibits cell proliferation and promotes cell apoptosis in vitro. We
next wanted to examine the tumor suppression effects of PARN in vivo. To establish the xenograft tumor model, Eca-109
cells that were stably transfected with sh-NC and sh-PARN were subcutaneously implanted into BALB/c nude mice.
Tumor weight and volume in the shPARN group were significantly reduced compared with those in the sh-NC-treated
group (Figures 4A-C). Additionally, bioluminescence imaging suggested that tumor growth in the sh-PARN group was
substantially suppressed (Figures 4D and E), which was similar to the results presented above. The sh-PARN group
exhibited significantly repressed tumor development in vivo, suggesting that the tumor-forming capacity of Eca-109 cells
in nude mice was significantly accelerated by PARN downregulation. Additionally, Ki67 staining was used to examine
the proliferative cells in tumors. IHC data of tumor tissue showed that the number of Ki-67-positive tumor cells in the sh-
PARN group markedly declined in comparison to that in the sh-NC group (Figure 4F). These in vivo results confirmed the
in vitro results and showed that PARN significantly accelerated EC formation in nude mice.

DISCUSSION

Tumor progression is a complicated process, and increasing the degradation rate of homologous mRNAs affects the
expression of dominant oncogenes, dysfunctional trans-acting factors and/or destruction of specific tumor suppressor
genes. Therefore, precise control of mRNA levels is important for the regulation of gene expression[13,14].

As an RNA-processing enzymes, PARN may have an important role in tumor development and progression[15-17].
Currently, there is little evidence indicating a correlation between PARN expression and EC. Our study found that PARN
expression levels in EC tissues are clearly higher than those in adjacent normal tissues and are significantly correlated
with lymph node metastasis and poor patient survival. Since PARN expression has potential clinical implications in EC,
the investigation of its regulatory mechanisms attracted our attention.

The main function of PARN is to cut the mRNA poly(A) tail and produce AMP in the process. The shortening of the
eukaryotic poly(A) mRNA tail inhibits mRNA translation and induces transcript renewal; the deregulation of this process
is common in cancer. A shortened poly(A) tail destabilizes mRNA and induces degradation. Thus, PARN is considered to
be one of the important posttranscriptional regulators in cells. Previous studies have reported that the poly(A) tail of
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Figure 4 Poly(A)-specific ribonuclease promotes tumor growth in vivo. A: Representative image of tumors separated from nude mice; B and C: Tumor
volume and weight were measured in nude mice; D and E: Representative bioluminescence imaging (BLI) images and quantification of BLI in the tumor regions of
nude mice; F: Representative images of Ki-67 staining in tumors isolated from the nude mice. Scale bars are indicated in the upper left corner of the picture (Bar = 50
um). Assays were conducted in triplicate. °P < 0.001, mean + SD is shown. sh PARN: Poly(A)-specific ribonuclease shRNA; sh-NC: Control shRNA.

mRNA transcripts is removed by 3’ to 5 exonucleases (deadenylases), and this process is referred to as the rate-limiting
step of mRNA degradation[9,18-21]. After mRNA transcript degradation, the protein expression levels also change
accordingly. The levels of these mRNAs are low under normal conditions due to deadenylase activity[22-24].

In our study, compared with normal tissues, EC tissues exhibited significantly increased mRNA levels of PARN, and
we also observed this trend in EC cell lines. Interestingly, we found that high PARN expression predicted a poor
prognosis in EC patients.

Furthermore, compared with the those of the respective control cell lines, the growth and proliferation of EC cells were
significantly inhibited after PARN knockdown. In contrast, it was confirmed that high PARN levels can promote the
growth and proliferation of EC cells.

In addition, it was also found that compared with the sh-NC group, the sh-PARN group exhibited a significantly
increased percentage of cells in the G2/M phase, suggesting that PARN affects the proliferation of carcinoma cells by
regulating the cell cycle.

Escape from apoptosis is beneficial for malignant cell survival and thus could be one of the important mechanisms in
cancer pathogenesis[25,26]. Apoptosis involves many biochemical processes that are induced by multiple signaling
pathways[27,28]. In our study, PARN knockdown significantly downregulated multiple apoptosis-related proteins (for
example, the antiapoptotic proteins Surviving and sTNF-R1) and promoted apoptosis. Therefore, knockdown of the
PARN gene promotes apoptosis by regulating apoptotic proteins. In addition, PARN knockdown not only affects the
apoptosis rate but also regulates a wide range of downstream signaling factors, including Akt, p-Akt, PIK3CA and
CCNDL1. There has been much evidence suggesting that the PI3K/ Akt pathway is one of the most important signaling
pathways for cell proliferation, survival, apoptosis and malignant transformation[29,30]. These results suggest that PARN
may inhibit tumor cell apoptosis and promote tumor proliferation through the PI3K/ Akt pathway in EC. Subsequent
wound healing tests and transwell invasion tests confirmed the promoting effect of PARN on the migration and invasion
of EC cells. In a BALB/c nude mouse xenograft model, the apoptosis ratio of Eca-109 and TE-1 cells was significantly
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increased after PARN knockout, and the cell proliferation rate was significantly decreased, as well as the percentage of
cells in G2/M phase arrest. It has been confirmed that PARN promotes tumor cell proliferation by blocking cell cycle
arrest and apoptosis in EC.

CONCLUSION

Our study preliminarily concluded that PARN may inhibit in EC cell apoptosis and cell cycle arrest through the PI3K/
Akt pathway, thus promoting tumor proliferation, invasion and migration and further accelerating the progression of EC.
Therefore, PARN can be used as a prognostic marker and therapeutic target for the diagnosis and treatment of EC.

ARTICLE HIGHLIGHTS

Research background

Esophageal cancer (EC) is a common malignant cancer type and the sixth leading cause of cancer-related mortality
worldwide. The main treatment options for esophageal squamous cell carcinoma (ESCC) include surgery, radiotherapy,
and chemotherapy. Due to its high invasiveness and high recurrence and metastasis rates, the prognosis of ESCC patients
remains poor despite the use of multidisciplinary treatment. The 5-year overall survival rate of ESCC patients is only
30%-40%. However, the prognosis of patients with advanced or metastatic EC is even worse, with a 5-year overall
survival rate of less than 15%.

Research motivation

Poly(A)-specific ribonuclease (PARN) is a multifunctional enzyme that plays a crucial role in the occurrence and
development of a variety of cancer types. The aim of this study was to explore the relationship between PARN and the
proliferation, metastasis and invasion of EC cells to evaluate whether PARN could be a potential biomarker and drug
target for the treatment of EC.

Research objectives

The objects of this study are as follows: (1) EC tissues and paired adjacent normal tissues were obtained from 91 patients
with EC after surgery; (2) EC lines Eca-109 and TE-1; and (3) Nude mice.

Research methods

The expression of PARN mRNA was measured using a tissue microarray, and the expression of PARN was also detected
using immunohistochemistry. The relationship between PARN expression and clinicopathological features and the
survival prognosis of patients was analyzed. The effect of PARN on the proliferation, invasion and migration of Eca-109
and TE-1 EC cells was investigated in vitro by knocking down PARN using shRNA. The effect of PARN on tumor growth
in vivo was verified by a nude mouse xenograft model.

Research results

Our study found that PARN expression in EC tissues is clearly higher than that in adjacent healthy tissues and is
significantly correlated with lymph node metastasis and poor survival. It was confirmed that PARN can promote the
growth and proliferation of EC cells. Compared with the control shARNA group, the PARN shRNA group exhibited a
significantly increased percentage of cells in the G2/M phase, suggesting that PARN affects the proliferation of carcinoma
cells by regulating their cell cycle. Knockdown of the PARN gene promoted apoptosis by regulating apoptotic proteins.
Wound healing tests and transwell invasion tests confirmed the promoting effect of PARN on the migration and invasion
of EC cells. In the BALB/c nude mouse xenograft model, the apoptosis ratio of Eca-109 and TE-1 cells was significantly
increased after PARN knockout, and the cell proliferation rate was significantly decreased, as well as the percentage of
cells in G2/M phase arrest.

Research conclusions
Our study preliminarily concluded that PARN may inhibit EC cell apoptosis and cell cycle arrest through the PI3K/ Akt
pathway, thus promoting tumor cell proliferation, invasion and migration and further accelerating the progression of EC.

Research perspectives
PARN can be used as a prognostic marker and therapeutic target for the diagnosis and treatment of EC.
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Abstract

BACKGROUND

The relationship between copeptin and the severity of circulatory dysfunction and
systemic stress response in patients with chronic liver disease (CLD) has been
established. Nevertheless, the potential of serum copeptin levels to predict the
prognosis of CLD patients remains unclear.

AIM
To conduct a systematic review and meta-analysis to investigate the correlation
between serum copeptin and transplant-free survival (TFS) in this population.

METHODS

To achieve the objective of the meta-analysis, PubMed, Embase, the Cochrane
Library, and the Web of Science were searched to identify observational studies
with longitudinal follow-up. The Cochrane Q test was utilized to assess between-
study heterogeneity, and the I* statistic was estimated. Random-effects models
were employed to combine the outcomes, taking into account the potential
influence of heterogeneity.

RESULTS

Ten datasets including 3133 patients were involved. The follow-up durations were
1 to 48 mo (mean: 12.5 mo). Overall, it was shown that a high level of serum
copeptin was associated with a poor TFS [risk ratio (RR): 1.82, 95% confidence
interval: 1.52-2.19, P < 0.001; I = 0%]. In addition, sensitivity analysis by omitting
one dataset at a time showed consistent results (RR: 1.73-2.00, P < 0.05). Finally,
subgroup analyses according to study country, study design, patient diagnosis,
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cutoff of copeptin, follow-up duration, and study quality score also showed similar results (P for subgroup
difference all > 0.05).

CONCLUSION
Patients with CLD who have high serum copeptin concentrations may be associated with a poor clinical prognosis.

Key Words: Chronic liver disease; Liver cirrhosis; Copeptin; Prognosis; Mortality; Meta-analysis
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Core Tip: Serum copeptin has been related to the severity of circulatory dysfunction and systemic stress response in patients
with chronic liver disease (CLD). However, little is known about the relationship between serum copeptin and the prognosis
of patients with CLD. In this systematic review and meta-analysis, evidence from ten datasets including 3133 patients were
integrated. The results showed that a high level of serum copeptin was associated with a poor transplant-free survival in
these patients. These findings support the use of serum copeptin as a prognostic biomarker for patients with CLD.
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INTRODUCTION

Chronic liver disease (CLD) patients are more likely to develop complications associated with the progression of the
disease, such as portal hypertension, ascites, spontaneous bacterial peritonitis, gastroesophageal varices, and hepatic
encephalopathy([1,2]. For those with advanced CLD (ACLD), the clinical prognosis is generally poor, which has become a
substantial cause of morbidity and mortality worldwide[3,4]. Accumulating evidence suggests that patients with ACLD
may have multiple features of circulatory dysfunction, such as incremental intrahepatic vascular resistance, decrease of
portal blood flow, and a reduced systemic vascular resistance[5,6], all of which could subsequently activate the neuro-
hormonal system for counter regulation, including the upregulated systemic arginine vasopressin (AVP)[7,8]. As a
biomarker of disease progression, the AVP increment in patients with CLD has been hypothesized as a predictor of poor
prognosis[9]. However, as a small peptide of nine amino acids, the blood level of AVP is difficult to quantitatively
analyze due to its short half-life[10]. Copeptin is a 39-amino-acid glycopeptide which contains the C-terminus of AVP
precursor, making it an effective surrogate marker for AVP release[11,12]. As a result of osmotic stress and osmotic
stimulation, a high level of copeptin has been demonstrated in patients with ACLD[13,14]. However, it remains unknown
whether the serum level of copeptin may predict the prognosis of patients with CLD. Therefore, in this study, we
conducted a systematic review and meta-analysis to investigate the potential association between serum copeptin and
clinical outcomes in this patient population.

MATERIALS AND METHODS

Throughout the process of planning, conducting, and reporting the study, the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement[15,16] and Cochrane Handbook[17] were followed.

Search of databases

We searched electronic databases including PubMed, Embase, the Cochrane Library, and Web of Science, starting from
inception and ending April 21¢, 2023, for studies that had been published up to that date. The search was performed with
terms related to our study including: (1) “Copeptin” OR “C-terminal provasopressin”; and (2) “cirrhosis” OR “cirrhotic”
OR “liver” OR “hepatic” OR “hepatitis”. There was no limitation on the language of the publication in the search for
human studies. As part of our manual screening process, references from relevant original and review articles were
screened for possible relevant studies.

Inclusion and exclusion criteria of studies
Inclusion criteria were developed in accordance with PICOS recommendations and according to the aim of the meta-
analysis.

P (patients): Adult patients (18 years or older) with a confirmed diagnosis of CLD; I (exposure): Patients with a high
serum concentration of copeptin at baseline. Methods for measuring serum copeptin and cutoffs for defining high serum
copeptin were consistent with those of the original studies; C (control): Patients with a low serum concentration of
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copeptin at baseline; O (outcomes): Incidence of transplant-free survival (TFS) compared between CLD patients with high
vs low serum levels of copeptin at baseline. S (study design): Studies with longitudinal follow-up, including cohort and
case-control studies, as well as post-hoc analyses of clinical trials.

Excluded from the meta-analysis were reviews, editorials, preclinical studies, and studies that did not involve patients
with CLD, failed to measure serum copeptin, or did not report the relevant outcome. In instances where there was a
patient population overlap, the study with the greatest sample size was incorporated into the meta-analysis.

Data extraction and quality evaluation

Two of the authors conducted literature searches, data collection, and assessments of study quality independently. In
instances where discrepancies arose, a third author was consulted for discussion, and a consensus was reached. The
analysis of studies included the collection of information pertaining to study information, design characteristics, patient
diagnosis, demographic factors, measuring methods, serum copeptin cutoffs, follow-up durations, and adjusted variables
for the evaluation of the association between serum copeptin levels and TFS in patients with CLD. In terms of quality, the
study was scored using the Newcastle-Ottawa Scale[18] based on the criteria for participant selection, the comparability
of the groups, and the validity of the outcomes. There were nine stars on the scale, with a larger number of stars repres-
enting a higher quality study.

Statistics

Risk ratios (RRs) and corresponding 95% confidence interval (CI) were used as the variables to indicate the association
between serum concentration of copeptin and the survival of patients with CLD. A logarithmical transformation was
performed on the RR and its corresponding standard error from each study to stabilize and normalize its variance[19]. In
order to estimate between-study heterogeneity, the Cochrane Q test and the I’ statistic[20] were used. An I > 50%
indicates that there is significant heterogeneity between studies. The utilization of a random-effects model was employed
to amalgamate the findings, as it has been acknowledged to encompass the impact of potential heterogeneity[17]. In order
to assess the impact of individual studies on the meta-analysis outcomes, sensitivity analyses were conducted by
eliminating one dataset at a time[21]. To ascertain the effect of study characteristics on the outcome, subgroup analyses
were executed based on the study country, design, patient diagnosis, cutoffs of copeptin, follow-up duration, and study
quality scores. The subgroups were defined based on the medians of continuous variables. A funnel plot was used to
estimate publication bias based on visual judgments of symmetry, along with Egger’s regression asymmetry test[22]. The
statistical analyses were carried out with RevMan (Version 5.1; Cochrane Collaboration, Oxford, United Kingdom) and
Stata software (version 12.0; Stata Corporation, College Station, TX, United States).

RESULTS

Database search and study retrieval

Figure 1 shows the process of the literature search and study retrieval. Initially, 253 records were obtained from the
database, and 77 duplicate entries were removed. After screening the titles and abstracts, a further 159 studies were
removed as they did not fit the meta-analysis’ objectives. Following full-text reviews of 17 studies, eight were excluded
because of the reasons listed in Figure 1. Accordingly, 9 studies were obtained for subsequent meta-analysis[23-31].

Study characteristics

One of the studies reported two datasets from two cohort studies[26], and these datasets were independently
incorporated into the meta-analysis. Overall, ten datasets from nine cohort studies[23-31], which included 3133 patients
with CLD, were used for the meta-analysis. The characteristics of the included studies are summarized in Table 1. These
studies were published between 2013 and 2021, and performed in European and Asian countries. As for the study design,
four cohorts were prospective[23,25,26,29], and six were retrospective[24,26-28,30,31]. Patients with cirrhosis were
included in six cohorts of the included studies[23-27], while patients with various CLD were included in the other four
cohorts[28-31]. The mean ages of the patients were 49.0 years to 67.3 years, and the proportions of men were 58.2% to
83.4%. Serum copeptin was measured with the Kryptor immunoassay in eight cohorts[23-28,30], while other methods
such as enzyme-linked immunosorbent assay and the automated copeptin immunofluorescent assay were used in the
other two studies[29,31]. A high serum level of copeptin was defined according to receiver operating characteristic
analysis in four cohorts[24,25,27,31], medians in three cohorts[26,29], tertiles in two cohorts[23,28], and the upper limit of
normal level in one cohort[30]. The follow-up durations were 1 mo to 48 mo (mean: 12.5 mo). Multivariate regression
analyses were applied in all of the included studies when the association between serum copeptin and TFS of patients
with CLD were estimated, and factors including age, sex, and scores for hepatic dysfunction were adjusted, such as the
Child-Pugh score, the Model for End-Stage Liver Disease score, and the albumin-bilirubin score. Among the included
studies, all had quality scores between seven and nine stars, indicating that they were of good quality (Table 2).

Meta-analysis results

Overall, pooled results of ten datasets from nine cohort studies showed that a high level of serum copeptin at baseline
was associated with a poor TFS (RR: 1.82, 95%CI: 1.52-2.19, P < 0.001; Figure 2) with no evidence of significant hetero-
geneity (P for Cochrane Q test = 0.54, I? = 0%). In addition, sensitivity analysis by omitting one dataset at a time showed
consistent results (RR: 1.73-2.00, P < 0.05). Finally, subgroup analyses showed that the association between serum
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Identification of studies via databases and registers

s
=)

® Records identified from: Records removed before screening:
& Databases (n = 253) Duplicate records removed

= Registers (n = 0) (n=77)

3

=

Records excluded (n = 159)

Records screened Reviews or editorials
(n=176) Meta-analysis
Preclinical studies
Irrelevant studies
Reports sought for retrieval Reports not retrieved
(n=17) (n=0)
Reports assessed for eligibility Reports excluded:
(n=17) Cross-sectional study (n = 1)
Not in patients with ACLD (n = 2)

Copeptin not measured (n = 2)
Mortality outcome not reported (n = 2)
Overlapped patients (n = 1)

Studies included in review
(n=9)
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Figure 1 Flowchart of database search and study inclusion. ACLD: Advanced chronic liver diseases.

Risk ratio Risk ratio
Study or subgroup Log[Risk ratio] SE Weight IV, Random,95%CI IV, Random,95%CI
Moreno 2013 0.55961579 0.3792146 6.0% 1.75[0.83, 3.68] .
Kerhert 2015 0.53062825 0.33144974 7.9% 1.70 [0.89, 3.26] 7]
Sola 2016-original 05068176 01930773 23.3% 1.66[1.14,2.42) —=—
Sola 2016-validation 0.70803579 0.289334326 101% 2.03[1.14, 3.61) -
Kerbert 2016 0.60976557 0.41181227 5.1% 1.84[0.82,4.12) T
Kerhert 2017 0.83724752 0.4570815 4.2% 2.31 [0.94, 5.66] T
Schneider 2019 1.30833282 0.36743918 6.4% 3.70[1.80, 7.60] e —
Zhao 2018 077472717 0.48441431 3.7% 217 [0.84,5.61] T
Hartl 2021 1.1568812 0.4488992 4.3% 3.18[1.32, 7.67] -
Shigefuku 2021 0.36464311 01730439 29.0% 1.44[1.03, 2.02) —
Total (95%Cl) 100.0% 1.82[1.52,2.19] L 2

Heterogeneity: Tau®= 0.00; Chi*= 7.93, df= 9 (P = 0.54); P= 0% — f f ——t
Test for overall effect; Z= 6.43 (P < 0.00001) 10205 1 2 5 10

DOI: 10.3748/wjg.v29.i31.4797 Copyright ©The Author(s) 2023.

Figure 2 Forest plots for the overall meta-analyses regarding the association between serum copeptin and transplant-free survival of
patients with chronic liver diseases. 95%Cl: 95% confidence interval.

copeptin and poor TFS was consistent between European and Asian studies (P for subgroup difference = 0.16, Figure 3A),
between prospective and retrospective cohorts (P for subgroup difference = 0.48, Figure 3B), between studies of patients
with cirrhosis and all CLD (P for subgroup difference = 0.42, Figure 4A), between studies with cutoffs for copeptin < and
215 pmol/L (P for subgroup difference = 0.17, Figure 4B), between studies with mean follow-up durations < and > 1 year
(P for subgroup difference = 0.29, Figure 5A), and between studies with different quality scores (P for subgroup
difference = 0.14, Figure 5B).

Publication bias

The funnel plots for the meta-analysis of the association between copeptin and TFS in patients with CLD are shown in
Figure 6. Based on visual examination, the plots are symmetrical, suggesting that publication bias is low. Additionally,
Egger’s regression tests indicated a low likelihood of publication bias (P = 0.47).
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A Risk ratio Risk ratio
Study or subgroup Log[Risk ratio] SE Weight IV, Random,95%CI IV, Random,95%CI
1.2.1 European
Moreno 2013 0.55961579 0.3792146 6.0% 1.75[0.83, 3.68) T
Kerhert 2015 053062825 0.33144874 7.9% 1.70[0.89, 3.26) T -
Sola 2016-ariginal 05068176 01930773 23.3% 1.66[1.14,2.42) —
Sola 2016-validation 0.70803579 0.29334326 101% 2.03[1.14, 3.61] -
Kerbert 2016 0.60976557 0.41181227 51% 1.84 [0.82,4.12) B
Kerhert 2017 0.83724752 0.4570815 4.2% 2.31[0.94, 5.66) T
Schneider 2019 1.30833282 0.36743918 6.4% 3.70[1.80, 7.60] -
Hartl 2021 1.1568812 0.4488992 4.3% 3.18[1.32, 7.67)
Subtotal (95%Cl) 67.3% 2.00 [1.60, 2.49] <
Heterogeneity: Tau®= 0.00; Chi*=5.31, df=7 (P=0.62); P= 0%
Test for overall effect: Z=6.08 (P < 0.00001)
1.2.2 Asian
Zhao 2019 0.77472717 0.48441431 37% 2.17[0.84,5.61] -
Shigefuku 2021 0.36464311 01730439 29.0% 1.44[1.03, 2.02) —
Subtotal (95%Cl) 327%  1.51[1.10, 2.08] <>
Heterogeneity: Tau®= 0.00; Chi*= 0.64, df=1 (P=0.43); P=0%
Test for overall effect: Z=2.52 (P=0.01)
Total (95%Cl) 100.0% 1.82[1.52, 2.19] L 2

Heterogeneity: Tau®= 0.00; Chi*=7.93, df= 9 (P=0.54); 2= 0%

M=+
=+
-

0102 05 1

Test for overall effect: Z=6.43 (P < 0.00001) 0
Test for subaroun differences: Chi*=1.98. df=1 (P=0.16). P= 49.6%

B Risk ratio Risk ratio
Study or subgroup Log[Risk ratio] SE  Weight IV, Random,95%CI IV, Random,95%CI
1.3.1 Prospective
Moreno 2013 0.55861579 0.3792146 6.0% 1.75[0.83, 3.68) T
Sola 2016-original 05068176 01930773 23.3% 1.66([1.14,2.42) -
Kerbert 2016 0.60976557 0.41181227 51% 1.84[0.82,4.12) T
Zhao 2019 0.77472717 0.48441431 3.7% 2.17[0.84,5.61) T
Subtotal (95% Cl) 381%  1.74[1.30, 2.34] <>
Heterogeneity; Tau®= 0.00; Chi*=0.29, df= 3 (P = 0.96); k= 0%
Test for overall effect: Z= 3.68 {(P=0.0002)
1.3.2 Retrospective
Kerbert 2015 053062825 0.33144974 7.9% 1.70[0.89, 3.26) T
Sola 2016-validation 0.70803579 0.29334326 10.1% 2.03[1.14,3.61) -
Kerbert 2017 0.83724752 04570815 4.2% 2.31 [0.94, 5.66) T
Schneider 2019 1.30833282 0.36743918 6.4% 3.70[1.80, 7.60) R
Hartl 2021 1.1568812 0.4488992 43% 3.18[1.32,7.67) R
Shigefuku 2021 0.36464311 01730438 29.0% 1.44 [1.03,2.02) -
Subtotal (95%Cl) 61.9%  2.03[1.49,2.78] <>
Heterogeneity: Tau*= 0.05; Chi*=7.50, df=5(P=0.19); 2= 33%
Test for overall effect: Z= 4.47 (P < 0.00001)
Total (95%Cl) 100.0% 1.82[1.52,2.19] L 2
Heterogeneity: Tau®= 0.00; Chi*=7.93, df=9 (P = 0.54), P= 0% '0'1 Uf2 UTS ] é é 10'

Test for overall effect: Z=6.43 (P < 0.00001)
Test for subaroun differences: Chi*=0.50. df=1 (P=0.48). P= 0%
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Figure 3 Forest plots for the subgroup analyses regarding the association between serum copeptin and transplant-free survival of
patients with chronic liver diseases. A: subgroup analysis according to study country; B: Subgroup analysis according to study design. 95%Cl: 95%
confidence interval.

DISCUSSION

This systematic review and meta-analysis synthesized data from ten cohort studies to investigate the association between
serum copeptin concentration and poor TFS in patients with CLD. Our findings indicate that patients with a high serum
copeptin level at baseline are at a greater risk of experiencing poor TFS during follow-up, compared to those with a low
serum copeptin concentration. The robustness of our results was confirmed through sensitivity analyses that excluded
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Table 1 Characteristics of the included studies

Median
. . . Patient Mean Male cp Method.s for Copeptin follow Variables
Ref. Country Design Diagnosis age class copeptin . p .
number (%) . analysis . adjusted
(yr) C (%) measuring duration
(mo)

Moreno et France PC Cirrhosis 125 58 69 33.7 Kryptor 13 11 Age, sex,

al[23], (alcohol 84.2%) immunoassay pmol/L, CP Class,

2013 T3:T1-2 and CRP

Kerbertet  The RC Cirrhosis 61 54 754 311 Kryptor 21.9 12 Age, sex,

al[24], Netherlands (alcohol 34.4%, immunoassay pmol/L, and MELD

2015 viral 18%) ROC score

analysis

Sola 2016-  Spain PC Cirrhosis 265 60 66 NR Kryptor 14 8 Age, sex,

original (alcohol 43%, immunoassay pmol/L, MELD
HCV 34%) median score, and

leukocyte
count

Sola 2016- Multiple RC Cirrhosis 120 57 72 NR Kryptor 19 3 Age, sex,

validation European (alcohol 51%, immunoassay pmol/L, and MELD

countries HCV 19%) median score

Kerbertet The pPC Cirrhosis 184 55.7 707 212 Kryptor 12.3 12 Age, sex,

al[25], Netherlands (alcohol 70.1%, immunoassay pmol/L, CP class,

2016 and France viral 11.4%) ROC and CRP

analysis

Kerbertet  Multiple RC Acute 779 58 65.7 NR Kryptor 13.6 3 Age, sex,

al[27], European decompensated immunoassay pmol/L, WBC,

2017 countries cirrhosis (alcohol ROC sodium,
61%, HCV 31.9%, analysis and MELD
and HBV 5.7%) score

Schneider ~ Germany RC End-stage liver 615 57.2 619 NR Kryptor 16.3 93 Age, sex,

et al[28], disease (alcohol immunoassay pmol/L, and MELD-

2019 63.4%, viral T3:T1-2 Na score
8.5%)

Zhaoetal  China PC HBYV related 151 49 834 NR ELISA 18.7 1 Age, sex,

[29], 2019 ACLF pmol/L, and MELD

median score

Hartletal  Austria RC ACLD (alcohol 663 56.6 682 165 Kryptor 11.4 26.2 Age, sex,

[30], 2021 36.2%, viral immunoassay pmol/L, MELD
35.9%) ULN score,

HVPG,
albumin,
sodium,
and
presence of
HCC

Shigefuku Japan RC CLD (alcohol 170 67.3 582 NR Automated 48 48 Age, sex,

et al[36], 45.9%, viral copeptin immuno- pmol/L, eGFR, ALBI

2021 57.0%), cirrhosis fluorescent assay ROC score, and
66.5% analysis presence of

HCC

CP: Child-Pugh; PC: Prospective cohort; RC: Retrospective cohort; HBV: Hepatitis B virus; HCV: Hepatitis C virus; ACLF: Acute-on-chronic liver failure;
ACLD: Advanced chronic liver diseases; CLD: Chronic liver diseases; NR: Not Reported; ELISA: Enzyme-linked immunosorbent assay; T: Tertile; ROC:
Receiver operating characteristic; ULN: Upper limit of normal; CRP: C-reactive protein; MELD: Model for end-stage liver disease; WBC: White blood cell;
HVPG: Hepatic venous pressure gradient; HCC: Hepatocellular carcinoma; ALBI: Albumin-bilirubin; eGFR: Estimated glomerular infiltrating rate.

individual datasets and subgroup analyses based on various study characteristics, including country, design, patient
diagnosis, copeptin cutoffs, follow-up duration, and study quality scores. These findings demonstrate that a high serum
copeptin level may be a useful index which is associated with poor prognosis for patients with CLD.

To the best of our knowledge, this is the first meta-analysis investigating the potential role of serum copeptin concen-
tration as a prognostic factor of patients with CLD. Several advantages in meta-analysis methodologies deserve to be
noticed. For example, we performed a comprehensive literature search in four commonly used databases, which could
provide current evidence regarding the relationship of serum copeptin and TFS of patients with CLD. Furthermore, it is
noteworthy that all of the studies incorporated in this analysis were cohort studies, implying a potential longitudinal
correlation between elevated serum copeptin levels and diminished transplant-free survival among individuals with
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Table 2 Quality evaluation of the included studies via the Newcastle-Ottawa scale

Selection Outcome .
. Control Control for Suitable Adequacy
Representativeness of the . not
Ascertainment forage other Assessment follow- of follow-
Ref. of the exposed non- present . Total
of exposure and confounding of outcome up up of
cohort exposed at .
. sex factors duration cohorts
cohort baseline
Moreno et 1 1 1 1 1 1 1 0 1 8
al[23],
2013
Kerbertet 0 1 1 1 1 1 1 1 1 8
al[24],
2015
Sola 2016- 1 1 1 1 1 1 1 0 1 8
original
Sola 2016- 0 1 1 1 1 1 1 0 1 7
validation
Kerbertet 1 1 1 1 1 1 1 1 1 9
al[25],
2016
Kerbertet 0 1 1 1 1 1 1 0 1 7
al[27],
2017
Schneider 0 1 1 1 1 1 1 0 1 7
et al[28],
2019
Zhaoetal 1 1 1 1 1 1 1 0 1 8
[29], 2019
Hartletal 0 1 1 1 1 1 1 1 1 8
[30], 2021
Shigefuku 1 1 1 1 1 1 1 1 1 9
et al[36],
2021

CLD. Additionally, the utilization of multivariate regression analysis in all of the studies included in this review indicates
that the relationship between heightened serum copeptin levels and reduced TFS in this population may be autonomous
of potential confounding factors, such as age, gender, and hepatic dysfunction scores. Ultimately, multiple sensitivity and
subgroup analyses were executed, and the uniform outcomes reinforced the durability and stability of the conclusions.
Collectively, these conclusions substantiate that elevated serum levels of copeptin in individuals with CLD may serve as
an indicator of unfavorable prognosis.

There may be multiple mechanisms underlying the relationship between a high serum copeptin level and a poor
survival outcome in patients with CLD. Previous studies have shown that a high copeptin level in patients with cirrhosis
was correlated to the risk of various complications that may lead to a poor prognosis of these patients, such as
gastrointestinal hemorrhage due to portal hypertension, hepatorenal syndrome, hepatic encephalopathy, and larger
amounts of ascites[32,33]. Pathophysiologically, as a surrogate marker of AVP, increased copeptin may reflect the
enhanced systemic release of AVP in these patients[34]. A high AVP in patients with cirrhosis may deteriorate the status
of vasoconstriction, water retention, and hyponatremia, which have all been recognized as key risk factors for poor
survival of these patients[35]. The role of copeptin in the pathogenesis and progression of CLD should be further invest-
igated, either as a simple biomarker or an active participant in the disease.

This study is subject to certain limitations. Firstly, the meta-analysis results were predominantly influenced by studies
involving patients with ACLD, including those with decompensated cirrhosis and other end-stage liver diseases. The
efficacy of copeptin as a prognostic factor in patients with early CLD requires further validation in future research.
Additionally, despite the utilization of multivariate regression analyses across all the studies included, the potential for
residual factors to confound the association between copeptin and TFS cannot be entirely ruled out. For example, serum
copeptin may predict the response to tolvaptan in patients with decompensated cirrhosis[36]. Accordingly, use of
treatments such as tolvaptan may confound the association between copeptin and TFS. Furthermore, the determination of
an optimal serum copeptin cutoff for predicting the survival of patients with CLD remains elusive, necessitating further
investigation. Moreover, the absence of a causal association between elevated copeptin levels and unfavorable TFS in
CLD patients is attributable to the reliance on observational studies in the meta-analysis.
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Figure 4 Forest plots for the subgroup analyses regarding the association between serum copeptin and transplant-free survival of
patients with chronic liver diseases. A: Subgroup analysis according to the diagnosis of the patients; B: Subgroup analysis according to the cutoffs of serum
copeptin. 95%Cl: 95% confidence interval.

CONCLUSION

The findings of the meta-analysis indicate that an elevated serum copeptin concentration in individuals with CLD is
linked to unfavorable TFS. The assessment of serum copeptin levels may hold significance in the stratification of risk
among CLD patients. Furthermore, it is imperative to investigate whether the reduction of copeptin levels in these
patients is correlated with a better clinical outcome, particularly in those with ACLD.
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Figure 5 Forest plots for the subgroup analyses regarding the association between serum copeptin and transplant-free survival of
patients with chronic liver diseases. A: Subgroup analysis according to the follow-up durations; B: Subgroup analysis according to the study quality scores.
95%Cl: 95% confidence interval.
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Figure 6 Funnel plots for the publication bias underlying the meta-analysis regarding the association between serum copeptin and
transplant-free survival of patients with chronic liver diseases. RR: Risk ratio.

ARTICLE HIGHLIGHTS

Research background

Patients with chronic liver disease (CLD) will develop various complications with the progression of the disease.
Upregulated systemic arginine vasopressin (AVP) has been observed in patients with advanced CLD. However,
measuring AVP is clinically challenging due to the short half-life. Copeptin is a C-terminus of AVP precursor, which may
be of importance for prognostic prediction in patients with CLD.

Research motivation

Identifying biomarkers that predict the prognosis of patients with CLD is clinically important. Although there are pilot
studies aiming to correlate copeptin with survival of patients with CLD, the results are not always consistent. In this
regard, a systematic review with meta-analysis is particularly useful.

Research objectives
To investigate the correlation between serum copeptin and transplant-free survival (TFS) in patients with CLD with a
systematic review and meta-analysis.

Research methods
Studies were obtained by search of PubMed, Embase, the Cochrane Library, and Web of Science. Two authors
independently screened the studies, assessed the study quality with Newcastle-Ottawa Scale, and extracted the data. Risk
ratios and corresponding 95% confidence intervals were used as the variables to indicate the association between serum
concentration of copeptin and the survival of patients with CLD. The RevMan and Stata software were used for the
statistical analyses.

Research results

This meta-analysis enrolled ten datasets involving 3133 patients, who were followed for 1 to 48 mo (mean: 12.5 mo). We
found that a high level of serum copeptin was associated with a poor TFS, with a risk ratio of 1.82. Additionally,
sensitivity analysis retrieved similar results by omitting one dataset at a time. The robustness of the finding was further
evidenced by consistent results of subgroup analyses according to study country, study design, patient diagnosis, cutoff
of copeptin, follow-up duration, and study quality score.

Research conclusions

High serum concentration of copeptin may be associated with a poor clinical prognosis in patients with CLD. These
findings were not significantly affected by either of the included studies and were not influenced by multiple study
characteristics within the subgroup analysis.

Research perspectives

In view of the standard methods for the measuring copeptin in clinical practice, as well as the finding of the meta-
analysis, evaluating serum copeptin may be considered at the initial management of patients with CLD, which may
provide prognostic significance.
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Abstract

BACKGROUND
Solitary rectal ulcer syndrome (SRUS) is a rare rectal disease with unknown
etiology. Data on the genetic background in SRUS is lacking.

CASE SUMMARY

Here, we report the first case of SRUS in a mother-son relationship. Gene sequ-
encing was conducted on the whole family, which revealed an inherited CHEK2
p-H371Y mutation. The experiment preliminarily revealed that the CHEK2
mutation did not affect the expression of CHEK2 protein, but affected the function

of CHEK2, resulting in the expression level changes of downstream genes such as
CDC25A.

CONCLUSION
SRUS is a genetic susceptibility disease where CHEK2 p.H371Y mutation may
play a crucial role in the development and prognosis of SRUS.

Key Words: Solitary rectal ulcer syndrome; CHEK2 mutation; CDC25A; Genetic
background; Gene sequencing; Case report
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Core Tip: Solitary rectal ulcer syndrome (SRUS) is a rare rectal disease with unknown etiology. Data on the genetic
background in SRUS is lacking. Here, we present the first case of SRUS in a mother-son relationship. Gene sequencing and
experiment preliminarily indicate that SRUS may serve as a genetic susceptibility disease in which CHEK2 p.H371Y
mutation may play a crucial role in the development and prognosis of SRUS. This case may offer some new insights into the
virulence genes and genetic background of SRUS.
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INTRODUCTION

Solitary rectal ulcer syndrome (SRUS) is a chronic rectal disease characterized by difficulty in defecation, mucous
hematochezia, and anal pain, and bulging. SRUS is a rare disease with unknown etiology that was proposed by Rutter in
1975[1]. We have a detailed understanding of the clinical, endoscopy, pathology and images characteristics based on
recent reports about SRUS, but data about the etiology, especially the virulence genes and genetic background, are
limited[2,3]. Herein, we present the first case that describes a Chinese female patient with SRUS and one of her sons
diagnosed with SRUS. Her daughter and the other son demonstrated healthy gastrointestinal tracts. Next-generation
sequencing of family inheritance results indicated an inherited CHEK2 p.H371Y mutation may contributes to SRUS.

CASE PRESENTATION

Chief complaints

A 63-year-old female patient was admitted to the Third Affiliated Hospital of Guangzhou Medical University for
abdominal pain, anal irritation, and repeated hematochezia. Her 31-year-old son was previously diagnosed with SRUS
and underwent an inpatient examination.

History of present illness

Her symptoms started 1 year before the presentation of abdominal pain, anal irritation, and repeated hematochezia.
Additionally, her 31-year-old son started to present with repeated diarrhea and intermittent hematochezia at the age of
26. He suffered from chronic diarrhea of up to 30 times a day, with the worst demonstrating fecal incontinence. He was
subsequently diagnosed with SRUS 3 years ago and underwent surgical removal. The surgical pathology was consistent
with the pathological features of SRUS (Supplementary Figure 1). Hematochezia disappeared postoperatively, but his
diarrhea remained. Chronic diarrhea causes his anxiety because his symptoms worsen as his mood changed.

History of past illness
The patients were healthy before the SRUS incidence.

Personal and family history

The patient has two sons and one daughter. Notably, one of her sons was diagnosed with SRUS before her diagnosis and
underwent partial rectal resection. The other son was healthy. Additionally, she and her son with SRUS like to eat mixed
and coarse grains, and they have high-fiber eating habits and a sedentary lifestyle. Moreover, they are accustomed to
squatting for a long time to defecate. Furthermore, they were healthy before the SRUS incidence, but are prone to anxious
behaviors in life.

Physical examination
A physical examination upon admission revealed no obvious abnormality in both patients.

Laboratory examinations

Laboratory tests of the female patient revealed high triglyceride (2.11 mmol/L), while others were all within normal
ranges. Further, Epstein-Barr virus, and cytomegalovirus were negative. Blood routine, coagulation function and
autoimmune tests were within normal ranges. Additionally, laboratory tests of the male patient upon admission revealed
no obvious abnormality.

Imaging examinations
Her total digestive tract endoscopy results revealed a rectal solitary ulcer (Figure 1A), the indicarmine dyeing
demonstrated a clear boundary (Figure 1B), and pathological results indicated the fibrous tissue hyperplasia in the lamina

WJG | https://www.wjgnet.com 4810 August 21,2023 | Volume29 | Issue3l |

Jaishideng®


https://www.wjgnet.com/1007-9327/full/v29/i31/4809.htm
https://dx.doi.org/10.3748/wjg.v29.i31.4809
https://f6publishing.blob.core.windows.net/87ec12f0-6010-41cb-89e5-45fd4e402c70/WJG-29-4809-supplementary-material.pdf

He CC et al. Solitary rectal ulcer syndrome in familial patients

DOI: 10.3748/wjg.v29.i31.4809 Copyrlght ©Thé Author(s) 2023.

Figure 1 Clinical features of the female patient with solitary rectal ulcer syndrome. A: Colonoscopy image upon her admission; B: Chromoendoscopy
result upon her admission using the Indicarmine dyeing; C: Ultrasonic endoscopy was used for solitary rectal ulcer observation; D: Pathological results of the solitary
rectal ulcer; E: Imaging of the solitary rectal ulcer, using the intestine computed tomography enhancement; F: Colonoscopy image upon her reexamination after
therapy.

propria layer as well as glands destruction (Figure 1D). Ultrasonic endoscopy revealed clearly demarcated mucosal
layers, missing ulcerative mucosa and submucosa layers, and intact and thickened muscularis propria (Figure 1C).
Moreover, the intestinal computed tomography enhancement revealed segmental rectal wall thickening (Figure 1E). The
anorectal function test demonstrated a low resting pressure of the anal canal and normal contractile response and
anorectal inhibition reflex but with increased anorectal sensitivity. Further, a colonoscopy of the male patient showed that
the mucosa of his rectal anastomosis was smooth without any erosion or ulcer (Supplementary Figure 1).

Further diagnostic work-up
Whereas their complicate family history and next-generation sequencing of heritage whole exome sequencing was then
conducted with their consent. The results (Figure 2) exhibited a CHEK2 gene (c.1111C>T, p.His371Tyr) missense
mutation in the patient and her son with SRUS, but not in the other son and the daughter. The CHEK2 p.H371Y mutation
was reported as a kind of pathologic mutation[4]. Then we conduct the immunohistochemical staining (IHC) to analyze
the expression and function of CHEK2 (Antibody: CHEK2, CST#3440, 1:1600; p-CHEK?2, CST#82263, 1:500; CDC25A,
CST#3652, 1:100; p-P53, CST#9287, 1:100), which revealed a normal CHEK2 protein level but an impaired downstream
gene protein level. As shown in Figure 2, CHEK2 protein levels and autophosphorylation CHEK2 protein levels showed
no significant difference among the healthy control, inflammatory bowel diseases, rectal cancer and SRUS groups
(including familial and sporadic cases). In contrast, the downstream gene of CHEK?2, such as CDC25A and p-P53 (Ser 20),
exhibit differential expression among these groups. CDC25A and p-p53 protein expression levels were the highest and
the lowest in the SRUS group, while the differences between the SRUS and rectal cancer groups do not reach significance.
The SRUS groups contain familial patients in our case and non-familial cases (sporadic cases). The IHC results revealed
that the CHEK2 mutation did not affect the expression of CHEK2 protein whether in familial SRUS cases or sporadic
SRUS cases, but it would affect CHEK2 functions to different degrees. CDC25A expression level variations are more
significant in familial SRUS cases, while p-p53 expression level changes are more pronounced in sporadic SRUS cases.

FINAL DIAGNOSIS

Both patients with a mother-son relationship were diagnosed with SRUS based on the above-mentioned results.
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Figure 2 Genetic background of the patients with solitary rectal ulcer syndrome patients in a mother-son relationship. A: Family tree of the
familial patients with solitary rectal ulcer syndrome. Squares indicate male family members; circles indicate female family members; black indicate affected patients;
white indicate healthy family members; slashes indicate deceased family members; arrow indicate the first diagnosed patient of the family; B: Schematic diagram of
the CHEK2 protein; C: The differential expressions of CHEK2 and the downstream genes among the healthy control, and patients with inflammatory bowel diseases,
rectal cancer, and solitary rectal ulcer syndrome, using the immunohistochemical staining; scale bars, 100 um. IBD: Inflammatory bowel diseases; SRUS: Solitary
rectal ulcer syndrome.

TREATMENT

SRUS treatment should be comprehensive and aimed at restoring the patient’s normal bowel pattern, including behavior
modification, medication, biofeedback, and surgery. Initially, we guided patient’s lifestyles and eating habits and advised
them to change their sedentary habits and appropriately reduce the amount of dietary fiber in their food. Simultaneously,
we guided them to develop good defecation habits, avoid forceful defecation, set defecation time and body position, and
artificially limit defecation frequency. Then, we provide psychological care to patients and encourage them to
appropriately participate in social activities to vent their bad emotions. Concurrently, biofeedback, which can limit the
change of toilet frequency in patients with frequent bowel movements, was recommended as an effective treatment.
Biofeedback training can help resolve symptoms, especially in patients who remain symptomatic postoperatively. Finally,
we advise patients to use thalidomide and mesalazine for rapid improvement of inflammation, considering the long
medical history of the patient, especially frequent diarrhea in the male patients. Mesalazine is a commonly used drug for
SRUS and thalidomide is used for anti-inflammation and its side effects of constipation and improved sleeping happen to
help patients relieve diarrhea and help them sleep.

OUTCOME AND FOLLOW-UP

Changes in eating and living habits need to be maintained for a long time. Patients are advised to undergo re-
examination 3 mo after drug treatment and biofeedback adjuvant therapy. A significant improvement can be maintained
for a long time under the condition of monitoring drug side effects. Additionally, the medication regimen was adjusted
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following the patient’s symptoms during the follow-up. Patients” symptoms were significantly improved under the
comprehensive treatment. The reexamination results after 3 mo indicated a significantly relieved mucosa (Figure 1F).
Patients remain under regular follow-up and treatment annually.

DISCUSSION

Previous studies have reported the relevance of rectal mucosal prolapse, ischemia, or injury to SRUS pathogens. These
main SRUS features include the following clinical manifestations: defecation difficulty with mucous blood stools and
lower abdominal pain, normal general physical examination condition, colonoscopy revealing an isolated rectal ulcer,
ultrasound colonoscopy showing proliferative mucosal lesions, pathological results demonstrating mucosal myometrium
hyperplasia and fibrosis, dynamic examination indicating abnormal rectal and pelvic floor dynamics, normal blood and
inflammatory markers, and negative tumor markers[5].

SRUS has no specific clinical manifestation, thus it is frequently misdiagnosed because its clinical diagnosis mainly
depends on endoscopy and histopathology. Current SRUS treatment includes medical, surgical treatment, and
biofeedback therapy. Drug therapy aims to inhibit inflammatory response and proliferation. Literature reports revealed a
similar treatment plan to ulcerative colitis (UC), which can be used orally with mesalazine and locally with rectal
administration. This disease has a long treatment period, causing a non-exact therapeutic effect, although biofeedback
therapy aims to harmonize and improve pelvic floor muscle function. However, biofeedback therapy may be effective for
patients with pelvic floor dysfunction[6]. Surgical treatment is an alternative option, but it is only effective for some
patients and has a risk of recurrence postoperatively. Hence, surgical treatment should not be the first therapeutic choice.

To the best of our knowledge, this is the first case of two patients with SRUS in a mother-son relationship. Thus, this is
the first study to indicate a possible genetic background for SRUS. The mother in our cases had a very late onset although
SRUS was rarely reported in patients over 60 years old. Meanwhile, the symptoms of both patients have commonalities
and differences. Her ulcer and symptom significantly improved after medication, while her young son’s symptoms did
not improve much even with surgery, although a follow-up colonoscopy revealed no further rectal mucosa damage and
anastomosis. Concurrently, long-term diarrhea caused psychologically abnormalities, specifically anxiety, in the young
male thereby aggravating diarrhea symptoms. Therefore, surgery may be not available for all patients. Most importantly,
the psychological symptoms of the disease should also be considered an important treatment scheme aspect.

Genetic data on SRUS is limited. Genes, heritage data, and features need to be explored for a better understanding of
the SRUS pathogen and mechanism. Our cases demonstrated that CHEK2 p.H371Y mutation may be relevant to SRUS
development and prognosis. CHEK2 is a cell cycle checkpoint regulator, and it plays an essential role in DNA damage
repair. Phosphorylation of p53/TP53 at “Ser-20” by CHEK?2 is required for the accumulation of active TP53. When
activated, the encoded CHEK2 is known to inhibit CDC25A through phosphorylation of CDC25A and cause its
degradation[7]. The CHEK2 p.H371Y mutation was reported as a pathogenic mutation causing decreased kinase activity
because p.H371Y is located within the activation region of the CHEK2 protein kinase domain. Here, we performed a
series of clinical specimens, which revealed no changes in the CHEK2 expression level while the downstream gene
expression was significantly modified, exhibiting an impaired CHEK2 protein function. Both familial and sporadic SRUS
cases showed weakened function in CHEK2 protein, and familial SRUS cases are mainly characterized by changes in
CDC25A of CHEK?2 downstream, while sporadic SRUS cases are mainly characterized by variations in p-p53 of CHEK2
downstream. We speculate similarities and differences in the pathogenesis and prognosis between familial SRUS and
non-familial SRUS.

Previous studies have revealed that CHEK2 is associated with inflammation and functions through the kinase
mechanism to down-regulate the nuclear factor kappa-light-chain-enhancer of activated B cells (NF-xB) pathway in
macrophages to alleviate Staphylococcus aureus-induced pneumonia in mice. Additionally, phospho-CHEK2 was
associated with high macrophage infiltration in UC[8]. Moreover, SRUS is a manifestation of inflammation and CHEK2
mutation may contribute to the development of SRUS via effects on inflammatory pathways, such as the NF-xB pathway
[9]. Furthermore, the CHEK2 gene is associated with rectal cancer and inflammatory bowel diseases (IBD). SRUS is
closely correlated with rectal cancer and IBD, thus it is difficult to differentiate the diagnosis between SRUS from IBD,
especially through UC[10]. Rectal cancer is the most important aspect of SRUS prognostic follow-up, but whether the
CHEK?2 gene is a pathological gene causing SRUS or a gene for assessing the SRUS prognosis or a potential cause of rectal
cancer remains uncertain, as well as the exact role of CHEK2 p.H371Y mutation in familial SRUS.

Limitations related to a small-cohort study and the patient heterogeneity exist. The following possible drawbacks may
occur in our study. Firstly, this is a single case report and a retrospective study, and the role of CHEK2 mutation in SRUS
pathogenesis needs further investigation. Secondly, this study did not involve the detailed mechanism of CHEK2
mutation causing SRUS. Therefore, subsequent verification of large samples and more detailed experimental verification
should be prepared.

CONCLUSION

In summary, this is the first study to report two patients with SRUS in a mother-son relationship with an inherited
CHEK?2 p.H371Y mutation, which provides insights that SRUS may serve as a genetic susceptibility disease, and CHEK2
p-H371Y mutation may play a crucial role in the development and prognosis of SRUS.
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