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Abstract
Small extracellular vesicles (exosomes) are important components of the tumor 
microenvironment. They are small membrane-bound vesicles derived from almost 
all cell types and play an important role in intercellular communication. 
Exosomes transmit biological molecules obtained from parent cells, such as 
proteins, lipids, and nucleic acids, and are involved in cancer development. 
MicroRNAs (miRNAs), the most abundant contents in exosomes, are selectively 
packaged into exosomes to carry out their biological functions. Recent studies 
have revealed that exosome-delivered miRNAs play crucial roles in the tumori-
genesis, progression, and drug resistance of hepatocellular carcinoma (HCC). In 
addition, exosomes have great industrial prospects in the diagnosis, treatment, 
and prognosis of patients with HCC. This review summarized the composition 
and function of exosomal miRNAs of different cell origins in HCC and 
highlighted the association between exosomal miRNAs from stromal cells and 
immune cells in the tumor microenvironment and the progression of HCC. 
Finally, we described the potential applicability of exosomal miRNAs derived 
from mesenchymal stem cells in the treatment of HCC.

Key Words: Hepatocellular carcinoma; MicroRNA; Exosomes; Extracellular vesicles; 
Nonparenchymal cells
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Core Tip: Hepatocellular carcinoma (HCC) is one of the most serious cancers in adults, and microRNAs (miRNAs) in small 
extracellular vesicles (exosomes) play a vital role in the pathological processes of HCC. Recent studies on exosomal 
miRNAs in HCC mainly focus on miRNA profiling but place little emphasis on where miRNAs come from and what target 
cells they act on. This review focused on the origin of exosomal miRNAs according to their parent cells in the tumor 
microenvironment and their role in HCC pathogenesis, contributing to a better understanding of exosomal miRNAs in the 
tumor microenvironment.
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INTRODUCTION
In 2020, liver cancer was ranked the sixth most frequent malignant solid cancer globally. It was also the third-leading 
cause of cancer-related deaths in the world[1]. Hepatocellular carcinoma (HCC) is the primary histological type of liver 
cancer, comprising 80% of primary liver cancer cases[2]. It is characterized by the high degree of malignancy and poor 
prognosis. It is a threat to the health of humans. The symptoms of incipient-stage HCC are strong concealment, and it is 
challenging to diagnose HCC early. In addition, approximately 70% of patients undergo recurrence and experience 
metastasis within 5 years after surgical resection[3].

The tumor microenvironment (TME) is important in the development of HCC[3] and primarily comprises host cells, 
both resident and recruited, along with the secreted molecules and extracellular matrix (ECM) proteins[4]. Nonparen-
chymal cells in the liver, such as sinusoidal endothelial cells, hepatic stellate cells (HSCs), and macrophages, have a 
critical role in establishing the TME and mediating tumorigenesis by paracrine communication via cytokines and/or 
angiocrine factors[5]. Accumulating investigations on the TME have revealed novel perceptions of tumor growth as well 
as metastasis therein exosomes play a crucial function[6-8].

Small extracellular vesicles, also known as exosomes, refer to a specific type of extracellular vesicles with a size of 40-
160 nm that originate from multivesicular bodies (MVBs), which act as carriers for biological information exchange to 
shape the cellular microenvironment[9]. To maintain consistency in nomenclature across studies published at different 
stages, we will use the name exosome for the rest of this review. Studies have shown that exosomes contain various 
cargoes including DNA, lipids, proteins, and RNA such as microRNAs (miRNAs), circular RNAs (circRNAs), long 
noncoding RNAs, and messenger RNAs, which are involved in intercellular communication[10,11].

More and more molecules of different classes carried by exosomes have been reported. Based on data retrieved from 
the ExoCarta database (http://www.exocarta.org), the identified components within exosomes consist of 9769 unique 
proteins, 3408 distinct messenger RNAs, 2838 different miRNAs, and 1116 lipids. Initially, exosomes were considered 
carriers of cellular waste, and their functions were underestimated[12]. Over the past few decades, the crucial functions of 
exosomes in facilitating intercellular communication in both physiological and pathological processes have been 
extensively studied and validated[13].

In 1996, exosomes derived from murine and human B lymphocytes were proven to execute a crucial function in 
transporting MHC molecules and eliciting MHC-II restricted T-cell responses[14]. Later, cancer cells and non-tumor cells 
in the TME were also found to be able to deliver exosomes and thereby participate in the malignant progression of 
tumors through molecular exchanges mediated by them[15,16]. Exosomes, hence, are recognized as important 
contributors to cancer initiation and progression[17-19].

MiRNAs represent an extensive collection of post-transcriptional gene expression regulators in eukaryotes. These 
regulatory molecules typically consist of 20-24 nucleotides and exert their function over various developmental and 
cellular processes[20]. Due to their essential role in gene expression, exosomal miRNAs have also been widely studied. In 
2007, Valadi et al[21] reported that exosomes contained miRNAs, which could be delivered to other cells and exert their 
functions. Studies have demonstrated that exosomes are loaded with a high abundance of miRNAs, which play a crucial 
role in immune modulation, resistance to chemotherapy, and metastasis in diverse malignancies[22]. These miRNAs can 
promote tumor development in a paracrine manner in the surrounding microenvironment[23-25]. Furthering the compre-
hension of cancer mechanisms will require the identification of exosomal miRNAs, which are abnormally expressed in 
pathological states.

Numerous scientific studies have demonstrated that exosomes play a critical role in the genesis and malignant 
progression of tumors by transmitting signals between cells and regulating the TME[26]. This paper summarizes the 
studies of exosomal miRNAs released from nonparenchymal cells in the TME of HCC and discusses the association 
between these exosomal miRNAs and HCC. This study will help researchers in the field to better understand the role of 
exosomal miRNAs from stromal cells and immune cells in HCC and develop innovative strategies for HCC prevention 

https://www.wjgnet.com/1007-9327/full/v29/i39/5435.htm
https://dx.doi.org/10.3748/wjg.v29.i39.5435
http://www.exocarta.org
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and treatment.

FORMATION, COMPOSITION, AND FUNCTION OF EXOSOMES
Unlike other types of vesicles, exosomes have a different formation mechanism. First, the plasma membrane germinates 
inwards to form early endosomes (membrane-bound vacuoles)[27,28]. By further inwards budding of early endosomes 
encompassing miRNAs, proteins, and other selected substances, late endosomes called MVBs are formed[29]. Following 
this, the MVBs undergo fusion with the cell membrane, and the intraluminal endosomal vesicles are released into the 
extracellular area. These vesicles subsequently form exosomes[30] or fuse with the lysosome to decompose the biological 
information[31].

Studies revealed that the essential system involved in the biogenesis of exosomes is the endosomal sorting complex 
required for transport[32]. The endosomal sorting complex required for transport- identifies the ubiquitin-labeled “cargo” 
protein, guides it to MVBs, and subsequently separates the MVB from the peripheral membrane in a highly conserved 
process similar to the process of cytokinesis and virus budding[33].

Exosomes can be produced by any cell under normal or pathological conditions and might be taken up by other cells, 
hereby executing their designated tasks[34,35]. Exosomes transport multiple biologically active substances, such as 
proteins, RNA, DNA, and cholesterol[36-38]. The sucrose gradient density range in which exosomes float is 1.13-1.19 g/
mL[39]. Of note, the composition of exosomes varies depending on their cellular origin[40], and different cell-derived 
exosomes or even the same cell-derived exosomes contain different components in different physiological or pathological 
states[41]. The amount of exosomal miRNAs secreted by hepatoma cells could also vary under different stimuli[42]. 
Research has shown that 55 miRNAs in Heb3B cell-derived exosomes were expressed at levels that were four times 
higher than those in donor cells, while 30 miRNAs were expressed at lower levels, and 11 miRNAs were expressed only 
in exosomes[43]. These changes may be a potential mechanism for disease progression.

EXOSOMAL MIRNAS AND LIVER CANCER
In the past few years, exosomes have been shown to be crucial mediators of intercellular material and information 
exchange that can modulate the TME by transmitting nucleic acids and proteins between cells; hence, they are involved in 
tumor cell proliferation and migration, immune regulation, and drug resistance[44,45]. As an essential component of 
exosomes, exosomal miRNAs exert crucial functions in HCC tumorigenesis and progression.

First, we will review the function of exosomal miRNAs derived from HCC cells. MiR-122, which proved to be the most 
enriched miRNA in the human liver, is found to be decreased in the liver of HCC patients[46-48]. It is expressed and 
delivered by Huh7 cells (human HCC cell line) and can be transferred into HepG2 cells (human HCC cell line, of which 
the basal expression of miR-122 is low) in the form of exosomes, reducing the growth and proliferation of recipient 
HepG2 cells. The restoration of miR-122 inhibits HCC growth and enhances HCC sensitivity to chemotherapeutic drugs
[49]. In addition, exosomes delivered by liver cancer cells can affect nonparenchymal cells in the microenvironment, 
promoting the malignant progression of tumors, which will be discussed in subsequent sections.

On the other hand, exosomal miRNAs secreted by tumor cells other than liver cancer cells can also promote the 
formation of premetastatic niches in the liver. Colon cancer cell-derived exosomes are able to deliver miR-21, miR-192, 
and miR-221 to hepatoma cells[50]. Exosomal miR-25-3p delivered by colon cancer cells promotes premetastatic niche 
formation in the liver by improving vascular permeability and angiogenesis[51]. Exosomes from colorectal cancer highly 
expressed miR-135a-5p, which could be transmitted to hepatic Kupffer cells to regulate the LATS2-YAP1/TEAD1-matrix 
metalloproteinase (MMP) 7 pathway and promote cell adhesion, forming premetastatic niches[52]. These results showed 
that exosomes could communicate between different types of cancers, even remodeling the microenvironment to boost 
liver metastasis[53].

Exosomal miRNAs might also be linked to different etiology of liver disease related to HCC. The connection between 
miRNAs and different liver diseases covering hepatitis B virus (HBV) infection, hepatitis C virus (HCV) infection, 
alcohol-associated liver disease (ALD), nonalcoholic steatohepatitis (NASH), nonalcoholic fatty liver disease, 
autoimmune hepatitis, and drug-induced liver injury has been discussed in-depth in previous high-quality reviews[54-
56]. In the liver of ALD, NASH, and HCC patients, the level of hepatocyte-specific miR-122 exhibits a remarkable 
decrease. This specific miRNA directly targets distinct regions at the 5′-UTR of the HCV RNA genome, thereby 
facilitating the replication of HCV RNA[57]. When it comes to HBV replication, miR-122 functions oppositely. It acts as an 
inhibitor by downregulating the cyclin G1-p53 complex and preventing the specific interaction between p53 and HBV 
enhancers[58].

In simple steatosis, the liver shows an increase in the expression of miR-192, which is enriched in hepatocytes. 
However, this elevation is not observed in NASH[59]. On the other hand, the expression of miR-192 is decreased in HCC
[60]. It is the most significantly downregulated miRNA in hepatic cancer stem cells and plays a role in the activation of 
cancer stem cells. Due to the anti-tumor property of miR-192, administering miR-192 to individuals with HCC can be a 
potential strategy for HCC therapy[60].

The expression of miR-155, a highly abundant miRNA in immune cells, including macrophages, is elevated in the liver 
tissues of patients with ALD, autoimmune hepatitis, and HCC. It is an oncogenic miRNA that links inflammation with 
tumorigenesis[61,62]. The activation of NF-κB signaling was reported to induce an upregulation in miR-155 levels in 
hepatocytes and liver cancer when mice were fed a choline-deficient and amino acid-defined diet[61] or in HCV infection 
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in patients[62]. However, few studies have focused on the etiology of HCC and miRNAs delivered by exosomes.
According to a recent investigation, extracellular vesicles derived from neutrophils have the capability to transfer miR-

223 to macrophages, stimulating the resolution of liver fibrosis[63]. Neutrophil/myeloid-specific miR-223 has been 
extensively studied for its anti-inflammatory properties. Its function involves the suppression of IL-6 expression, 
effectively reducing the activation of the IL-6-p47phox-ROS pathway within neutrophils[64]. The upregulation of miR-
223 is observed in the serum and/or liver of patients or mouse models experiencing ALD or NASH, both diseases charac-
terized by significant hepatic neutrophil infiltration. Consequently, the compensatory increase in miR-223 expression is a 
protective mechanism against ALD[64] and NASH[65]. At the same time, the reduction of miR-223 in HCC might be a 
causal factor in promoting HCC progression[66]. Therefore, the administration of miR-223 is thought to be a potent 
treatment in murine models of acute hepatitis and NASH[67]. Future studies of the above-reported miRNAs associated 
with different etiologies of liver diseases underlying HCC could be extended to the area of exosomes.

THE INTERACTIONS BETWEEN TME AND TUMOR CELLS VIA EXOSOMAL MIRNAS IN HCC
Since Stephen Paget proposed the “seed-soil” theory of tumor metastasis in 1889 to explain the organ specificity of tumor 
metastasis, there has been increasing evidence that tumor metastasis requires coordination between tumor cells and the 
TME, which has been identified as an evolutionary and ecological process characterized by constant, dynamic, and 
reciprocal action upon each other. Nonparenchymal cells in the liver cancer TME, such as HSCs, cancer-associated 
fibroblasts (CAFs), immune cells [T lymphocytes, B lymphocytes, natural killer (NK) cells, NK T cells, and tumor-
associated macrophages (TAMs)], and endothelial cells, are pivotal in mediating tumor-stromal communications, thus 
regulating the biological processes of HCC[68]. Noncellular components are composed of growth factors like 
transforming growth factor-β (TGF-β), insulin-like growth factor, fibroblast growth factor, hepatocyte growth factor, 
vascular endothelial growth factor, proteolytic enzymes, ECM, and inflammatory cytokines. These components create a 
beneficial environment for the formation and proliferation of HCCs. Exosomal miRNAs, a crucial element of the TME, 
play a significant role in transmitting signals between cells and contribute to the development and advancement of 
tumors. In the next section, the role of the exosomal miRNAs from different nonparenchymal cells in HCC formation and 
metastasis is thoroughly discussed. The related investigations are paving the way for novel strategies in clinical diagnosis 
and treatments aimed at HCC (Figure 1).

Exosome-mediated cell-cell communication between activated HSCs and HCC cells
HSCs can be observed in the space of Disse, located between liver sinusoidal endothelial cells and hepatocytes. These 
cells are responsible for storing lipid droplets containing vitamin A[69,70]. When there is damage to the liver, quiescent 
HSCs transform to activated HSCs, which resemble myofibroblasts and produce excessive fibrotic ECM[70]. The 
migration and accumulation of myofibroblasts are thought to be the key events that initiate liver fibrosis. Although many 
cell types, such as HSCs[71-73], portal fibroblasts[71,72], mesenchymal stem cell (MSC)-like cells[74], mesothelial cells[75] 
and bone marrow-derived cells[76], have been reported to contribute to the myofibroblast pool, recently researchers have 
evidence that 82%-96% of myofibroblasts in models with toxic, cholestatic, and fatty liver diseases are generated from 
activated HSCs[73].

The initiation and promotion of liver cancer are significantly correlated to the existence of liver fibrosis[70]. Activated 
HSC is a major factor mediating liver fibrosis and promotes liver cancer progression. Activated HSCs cocultured with 
HCC cells promoted tumor growth and invasiveness in nude mice[77]. In 2022, Zhang et al[78] reported that reducing 
activated HSC-delivered exosomal miR-148a-3p inhibited HCC initiation through the ITGA5/PI3K/Akt pathway. 
Another group found that HSC-HCC cell coculture reduced intracellular miR-335-5p expression in both types of cells. 
Additionally, in vitro and in vivo experiments showed that miR-335-5p-loaded HSC exosomes inhibited cancer growth 
and invasion[79]. In summary, activated HSCs can promote the development of HCC via various miRNAs delivered by 
exosomes, and targeting activated HSC-exosome miRNAs represents an innovative therapeutic strategy in HCC. At the 
same time, exosomes derived from HCC cells also promote the activation of HSCs. The HCC cell-derived exosome-
miRNA-21, which targets the PTEN gene in HSCs, activates the PDK1/AKT pathway and converts HSCs to CAFs[80]. 
The progression of cancer was further accelerated by the activation of CAFs, which release angiogenic cytokines such as 
vascular endothelial growth factor, basic fibroblast growth factor, TGF-β, MMP2, and MMP9[80]. Another study 
suggested that a high level of serum exosomal miRNA-21 is associated with increased activation of CAFs and a higher 
vessel density in patients with HCC[80].

Exosome-mediated cell-cell communication between CAFs and HCC cells
CAFs are an important component of the TME[81]. However, the concepts of HSCs and CAFs in early literature 
sometimes need to be clarified. Researchers used to believe that in the HCC microenvironment, HSCs frequently differen-
tiated into CAFs, which have been extensively reported to influence HCC progression[81-84]. In the latest study, Zhu et al
[85] successfully identified five CAF subtypes within HCC tumors through single-cell RNA sequencing data obtained 
from both mouse and human HCC tumors. The subtypes include vascular CAFs, matrix CAFs, lipid processing-matrix 
CAFs (also known as CD36+ CAFs), lipid-processing CAFs, and antigen-presenting CAFs. In these cells, CD36+ CAFs are 
derived from HSCs[85]. Another group also showed that Tcf21 was explicitly expressed in HSCs in mouse and human 
livers. Tcf21-positive HSCs, representing approximately 10% of all HSCs, can transdifferentiate into the majority of 
myofibroblasts in fibrotic liver and CAFs in HCC[86].
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As crucial contributors to the alterations of the ECM that contribute to the development of HCC, CAFs have the 
potential to stimulate the progression of HCC through communication mediated by exosomes. A recent study found that 
the miR-320a level was remarkably decreased in CAF-derived exosomes compared with corresponding para-neoplastic 
fibroblast-derived exosomes in HCC patients. In vitro and in vivo experiments showed the anti-tumor effects of miR-320a 
when it was delivered to malignant cells through exosomes. The anti-tumor effect of miR-320a might be achieved by 
effectively targeting PBX3, thereby impeding the activation of the MAPK pathway[87]. Another study confirmed that 
miR-150-3p was lost in exosomes released by CAFs. CAF-delivered exosomes potently accelerate the malignant 
progression of HCC due to the absence of anti-tumoral miR-150-3p. Restoring the expression level of miR-150-3p by 
delivering miR-150-3p-loaded exosomes to HCC cells can effectively suppress their migration and invasiveness. 
Therefore, exosomal miR-150-3p can serve as a prognostic biomarker for HCC, and a supplement with exosomal miR-150-
3p might be a potential treatment option[88].

Apart from those underexpressed anti-tumor miRNAs found in CAF-derived exosomes, the oncogenic miR-20a-5p was 
enriched in CAFs compared to HCC cells. MiR-20a-5p can be transferred from CAFs to HCC cells through exosomes and 
thereby suppress the expression of the tumor suppressor LIM domain and actin binding 1, which in turn inhibits the 
Wnt/β-catenin signaling pathway in HCC[89]. Thus, the distinct expression of exosomal miRNAs in CAFs plays a crucial 
part in the malignant progression of HCC. Therefore, potential therapeutic implications can be expected from anti-CAF 
medications that aim at certain exosomal miRNAs.

However, exosomal noncoding RNAs other than miRNAs also participate in the CAF-tumor cell communication. 
Chemoresistance in HCC can be influenced by CAF-exosomal circRNAs. Circular RNA ZFR is highly expressed in CAFs 
and CAF exosomes. CAF-exosomes transfer circular RNA ZFR to tumor cells, suppress the STAT3/NF-κB signaling 
pathway, and consequently enhance the growth of HCC cells as well as stimulate chemoresistance to cisplatin[90]. In 
addition, the migration, invasion, and glycolytic abilities of HCC cells were enhanced by long noncoding RNA TUG1 
loaded in CAF-exosomes by targeting the miR-524-5p/SIX1 axis[91].

Exosome-mediated cell-cell communication between adipocytes and HCC cells
The involvement of adipose tissue in tumor progression has long been recognized[92]. Adipocytes play a crucial role in 
the hepatic microenvironment of nonalcoholic fatty liver disease, which is also a proven risk factor for HCC[44]. There is 
a close association between the adipocyte-HCC cell interaction and the risk of HCC development and progression[93]. 
Adipocyte-derived exosomes can affect the gene expression of liver cancer cells. In 2014, Koeck et al[94] found that 
exosomes from obese donors’ visceral adipose tissues caused dysregulation of genes involved in the TGF-β pathway in 
HepG2 cells. Recently, Liu et al[95] found that the levels of miR-23a/b in serum exosomes and tumor tissues were 
significantly elevated in high-body fat ratio (BFR) HCC patients compared to their low-BFR counterparts. In tumor 
tissues, it is highly probable that miR-23a/b can be transported from adipocytes into cancer cells via exosomes, thus 
promoting the malignant progression of HCC[95]. Moreover, exosomal miR-23a/b affects the von Hippel-Lindau/
hypoxia-inducible factor pathway, thus promoting chemoresistance[95]. Exosomal circRNAs also play a role. Adipocyte 
exosomal circDB can suppress miR-34a expression in HCC cells and subsequently activate the deubiquitination-related 
USP7/cyclin A2 signaling pathway and promote tumor growth of HCC[96]. These studies provided evidence that high 
BFR-related exosomal miRNA could be valuable therapeutic targets for HCC.

On the other hand, HCC cell-derived exosomes can educate adjacent adipocytes and generate a microenvironment that 
promotes tumor formation and progression. HepG2-exosomes induced an inflammatory phenotype in adipocytes by 
activating several phosphorylated kinases (p-AKT, p-Erk1/2, p-GSKb, p-stat5a, and p-p38) and the NF-kB signaling 
pathway[44]. Adipocytes treated by tumor-derived exosomes enhance tumor development, angiogenesis, and 
macrophage recruitment in a mouse xenograft model[44]. The specific exosomal miRNAs that play a role in the process 
remain to be revealed.

In addition, it was observed in experimental models and human studies that the exposure to the adipocyte exosome 
increased the expression of various profibrotic molecules in HSCs, including tissue inhibitor of metal protease 1 and 4, 
Smad-3, integrins ανβ-5 and ανβ-8, and MMP-9[94].

Exosome-mediated cell-cell communication between vascular endothelial cells and HCC cells
It is widely acknowledged that angiogenic factors from tumor cells activate vascular endothelial cells, promote their 
proliferation and migration, and contribute to aberrant tumor angiogenesis[97]. HCC is a typical hypervascular tumor, 
and understanding the mechanisms of angiogenesis in HCC is very important[98]. In an early study, Shih et al[99] 
discovered that the decrease of miR-214 in HCC cells contributed to the upregulation of hepatoma-derived growth factor, 
stimulating vascular endothelial cells to promote angiogenesis and tumor growth. Therefore, miR-214 is a potent 
suppressor of angiogenesis. It was also shown that exosomes derived from HCC cells are able to induce the formation of 
lumens of human umbilical vein endothelial cells[98].

Recently, several HCC cell-derived exosomal miRNAs were found to be vital to angiogenesis. Fang et al[100] reported 
that hepatoma cell-derived exosomal miR-103 can be internalized by endothelial cells and damage the integrity of 
endothelial junctions and a subsequent elevation in vascular permeability that facilitates tumor metastasis. The 
underlying mechanism involves the specific targeting of crucial endothelial junction proteins, such as vascular 
endothelial-cadherin and p120-catenin, by exosomal miR-103[100]. Exosomal miR-210, derived from HCC cells, can be 
delivered to endothelial cells and lead to the promotion of tumor angiogenesis. This effect is mediated by the specific 
targeting of SMAD4 and STAT6, key regulators involved in modulating angiogenic processes[101]. Exosomal miRNAs 
(miR-638, miR-663a, miR-3648, and miR-4258) from HuH-7M (which is established from luciferase-expressing human 
hepatoma Huh-7 and deemed as a new, highly intrahepatic metastatic cell line) are able to attenuate the integrity of 
endothelial junctions, thus enhancing permeability by reducing vascular endothelial cadherin and zonula occludens-1 
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expression[102]. These findings revealed that HCC-exosomal miRNAs could be delivered to endothelial cells to promote 
HCC progression.

On the other hand, the exosomes released by endothelial cells might also affect tumor cells. A recent study showed that 
engineered human cerebral endothelial cell-derived exosomes containing increased miR-214 (hCEC-Exo-214) could 
enhance the sensitivity of HCC cells to anticancer drugs, such as oxaliplatin and sorafenib[103]. However, how 
endothelial cell-derived exosomes and exosomal miRNAs act on HCC cells is poorly studied. It is worth paying attention 
to in the follow-up studies.

Exosome-mediated cell-cell communication between immune cells and HCC cells
The tumor immune microenvironment (TIME) is an important part of the TME[104]. The complicated interactions 
between cancer cells and host immune cells significantly influence TIME[105]. In HCC, the poor overall survival outcome 
arises as a result of immune surveillance disruption, which is strongly associated with the suppression of host immune 
reactions[105-107]. The growing evidence shows that the intricate interplay of exosome exchange-based cancer immunity 
shapes the tumor microenvironment, causing immune suppression and immune tolerance.

TAM presents the major leukocyte component infiltrating the HCC TIME[107]. Hepatic macrophages, also known as 
Kupffer cells, are the most abundant immune cells in the liver[108]. During the early stages of carcinogenesis, proinflam-
matory activation of Kupffer cells is important in tumor development. Once the primary tumor is established, the liver-
infiltrating macrophages play a more critical role than Kupffer cells in HCC progression[109]. M2-polarized TAMs 
promote HCC progression by preventing T cells from recognizing and killing cancer cells, promoting tumor growth, 
angiogenesis, invasion, metastasis, and evasion of immune attack[110,111].

The role of TAM-derived exosomes is now attracting more and more attention. Liu et al[112] found a role of exosomal 
miR-92a-2-5p derived from M2 macrophages in promoting HCC cell invasion. This process is mediated through the 
regulation of the AR/PHLPP/p-AKT/β-catenin signaling pathway by miR-92a-2-5p. Increased expression of miR-27a-3p 
and miR-660-5p in M2 macrophage-derived exosomes facilitates HCC development by downregulating thioredoxin-
interacting protein and KLF Transcription Factor 3 (KLF3)[113,114]. Exosomes derived from TAMs exhibit a reduction of 
miR-125a and miR-125b expression, which have been proven to promote HCC cell proliferation, sphere cell formation, 
and metastasis. MiR-125a/b exerts inhibitory effects on the HCC proliferation and attenuates their stem cell-like charac-
teristics by specifically targeting CD90, a recognized stem cell marker in HCC[115].

Modulating TAM exosomal miRNAs provides a new way to suppress HCC. A tumor suppressor miRNA, miR-375, 
which is enriched in exosomes from IL-2 modulated TAMs, can ameliorate HCC development[116]. Moreover, propofol 
can stimulate TAMs to secrete exosomes overexpressing miR-142-3p. When miR-142-3p exosomes are transferred to HCC 
cells, they can inhibit HCC cell invasion[117]. Conversely, M1 macrophages contribute to proinflammatory and anti-
tumor effects. M1 macrophage-derived exosomal miR-628-5p suppresses HCC development by restraining the m6A 
modification of circFUT8[118]. Peripheral blood monocyte-derived exosomal miR-142 and miR-223 can directly inhibit 
the proliferation of HCC[119].

The exosomes from other immune cells are also involved in HCC. In mice, NK-exosomes rich in miR-223 inhibited 
carbon tetrachloride-induced liver fibrosis by inhibiting TGF-β1 induced HSC activation by directly targeting ATG7. 
Therefore, the overexpression of ATG7 in HSCs abolished the HSC activation-suppressive effect of NK cell exosomes
[120]. Hepatitis C virus E2 envelope glycoprotein can stimulate mast cells, which in turn secrete a considerable amount of 
miR-490 enriched exosomes. When these exosomes are transferred into HCC cells, they inhibit tumor cell metastasis 
through the ERK1/2 pathway[121]. In addition, miR-150-5p and miR-142-3p can be transferred from regulatory T cells 
(Tregs) to dendritic cells via exosomes, resulting in the induction of a tolerant phenotype in these cells, characterized by 
elevated IL-10 production and decreased IL-6 production upon lipopolysaccharide stimulation[122].

On the other hand, tumor-derived exosomal miRNAs also affect the distribution and function of immune cells. Tregs 
constitute the most prominent subset of suppressor cells in the TME and release immunosuppressive factors, including 
IL-10 and TGF-β, contributing to tumor progression. Tregs also present various chemokine receptors and surface 
molecules like CTLA4 and PD-1, which make them susceptible to immune checkpoint inhibitor immunotherapy. The 
development of immune-related adverse events may partly be attributed to Treg destabilization[123]. Tumor cell-
delivered miR-214 has the potential to augment the population of CD4+CD25highFoxp3+ Treg by reducing the 
expression of PTEN in CD4+ T cells, which results in the suppression of the host immune response and accelerates tumor 
development[124]. Indeed, the expansion of Treg populations through tumor-secreted miR-214 is believed to be a shared 
mechanism employed by various cancer cells to establish an immune-tolerant environment. This miRNA is crucial in 
modulating immune responses and promoting immune tolerance within the tumor microenvironment. Consequently, the 
inhibition of tumor-secreted miR-214 transportation to immune cells shows potential as an innovative approach to 
counteract tumor-induced immune tolerance[124].

In summary, exosome-delivered miRNAs from immune cells were intensely involved in the biological processes of 
HCC, and HCC-derived exosomal miRNAs also affect the distribution and function of immune cells.

CLINICAL APPLICATIONS OF EXOSOME-DELIVERED MIRNAS IN HCC
Radical resection and transarterial chemoembolization remain the most efficacious therapeutic approaches for patients 
with early-stage liver cancer. Still, the treatment efficacy remains unsatisfactory due to the compensatory effect of 
vascular proliferation after hypoxia[125,126]. For patients with advanced liver cancer, targeted therapy and traditional 
chemotherapy can only prolong the survival of these patients to a certain extent. Innovative and alternative therapies are 
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Figure 1 Schematic of exosomal microRNAs in the tumor microenvironment of hepatocellular carcinoma. Orange represents the promoting 
effect of microRNA (miR) on hepatocellular carcinoma (HCC) proliferation, and blue represents the inhibitory effect of miR on HCC proliferation. CAF: Cancer-
associated fibroblast; HSC: Hepatic stellate cell; MSC: Mesenchymal stem cell; NK: Natural killer; TAM: Tumor-associated macrophage.

continuously needed to improve the prognosis of HCC patients.
Studies have recently confirmed that specific miRNAs can be transported through exosomes, thereby controlling tumor 

growth and achieving therapeutic effects[127]. Since exosomes exhibit distinct characteristics as a vehicle for drug 
transport, encompassing diminished immunogenicity, enhanced biocompatibility, reduced toxicity, and the capacity to 
traverse the blood-brain barrier, exosomes have garnered considerable attention as an innate delivery vector for 
conveying miRNA molecules[128]. Among the various cell types recognized for their ability to produce exosomes, MSCs 
are a promising choice for the large-scale production of exosomes for drug delivery. It has been shown in regenerative 
medicine and tumor treatment studies that MSC-derived exosomes can serve as effective vehicles for drug delivery[129,
130]. Based on the above findings, engineered MSC-derived exosomes loaded with specific miRNAs present a novel 
therapeutic approach for HCC treatment.

Exosomal miRNAs have been utilized to enhance the chemosensitivity of tumor cells[131,132]. Recent research 
demonstrated that miR-122 overexpression could sensitize the response of HCC cells to chemotherapy drugs by 
suppressing multidrug resistance-associated genes, the anti-apoptotic gene Bcl-w, and the cell cycle-related gene cyclin B1
[47]. The miR-122 overexpression amniotic membrane MSCs (AMSCs) can effectively encapsulate miR-122 to secreted 
exosomes, which are in turn delivered to HCC cells and further increase the sensitivity of HCC cells to sorafenib[133]. The 
miR-199a loaded AMSC exosomes produced through miR-199a overexpression lentivirus infection and subsequent 
puromycin selection are able to potently transport miR-199a and enhance the sensitivity of HCC cells towards 
doxorubicin by specifically targeting the mTOR pathway. Furthermore, tumor tissue can be effectively targeted by AMSC 
exosomal miRNA-199a through intravenous injection, thereby enhancing the therapeutic effect of Dox on HCC in vivo
[134].

Liver fibrosis is the precursor stage of cirrhosis and liver cancer. MSC-derived exosomes alleviated carbon 
tetrachloride-induced liver fibrosis in mice through the expression of miR-148a. MiR-148a directly targets KLF 
transcription factor 6 and successfully converts the M1 macrophages to M2 macrophages in vitro and liver fibrosis models
[135]. In vitro studies have shown that transplanted human chorionic plate-derived MSCs reduce lung and liver fibrosis in 
murine models[136,137]. One study supported that chorionic plate-derived MSCs released exosomes containing miRNA-
125b into hedgehog-responsive HSCs and restrained the activation of hedgehog signaling by blocking the expression of 
smoothened receptors, consequently reducing the severity of hepatic fibrosis[138]. As a new candidate therapeutic 
strategy, MSC exosomes have excellent application prospects for HCC.

In addition, human liver stem cell-derived exosomes are loaded with multiple antitumor miRNAs (miR451, miR223, 
miR24, miR31, miR214, and miR122), which can downregulate multi-drug resistance 1, migration inhibitory factor, ras-
associated protein 14, and E2F transcription factor 1. These exosomes have been proven to be able to inhibit the growth of 
hepatoma cells both in vitro and in vivo[139].
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Table 1 Function of exosomal microRNAs from interstitial cells in the liver

miRNA 
species in 
exosomes

Exosome secreting 
cells

Exosome isolation 
methods Target cells miRNA expression of 

exosome Downstream targets Functions of 
miRNA Additional information Ref. Year

miR-148a-3p Primary fibroblasts (the 
HSC cell line LX-2)

The ExoQuick-TC kit Human HCC cell 
lines PLC, 
HCCLM3, and 
SMMC-7721

Reduced in the 
exosomes of HSCs after 
cocultivation with 
primary liver cancer-
associated fibroblasts

ITGA5/PI3K/Akt axis Inhibited HCC 
cell malignancy

Primary fibroblasts were isolated from 
primary HCC tumor and paired peritumor 
tissues in 17 primary HCC patient samples

[78] 2022

miR-335-5p The HSC cell line LX-2 Ultracentrifugation Human HCC cell 
lines MHCC97H, 
MHCC97L, HepG2, 
and Huh7

Reduced in the 
exosomes of fibroblasts 
as well as in HCC cells 
after cocultivation

CDC42? CDK2? Inhibited 
neighboring 
cancer cell prolif-
eration, invasion, 
and motility

- [79] 2019

miR-320a CAFs Life Technology 
exosome precipitation 
solution

Human HCC cell 
lines MHCC97-H, 
SMMC-7721, Huh7, 
and the human 
normal liver cell 
line 7702

Reduced in the 
exosomes of CAFs 
derived from human 
HCC patients

PBX3 Inhibited HCC 
cell proliferation 
and metastasis 
ability

PAFs and CAFs derived from 6 pairs of 
matched primary hepatocarcinoma and 
adjacent tumor-free tissues (5 cm from the cut 
edge of the tumor edge)

[87] 2017

miR-150-3p CAFs 0.22-µm PVDF filter 
and Total Exosome 
Isolation Reagent

Human HCC cell 
lines Huh7 and 
Hep3B

Decreased in CAF-
derived exosomes

- Inhibited HCC 
proliferation and 
metastasis

Stromal fibroblasts isolated from tumor tissue 
and adjacent (> 5 cm from the tumor edge) 
tissues from 6 HCC patients

[88] 2021

miR-20a-5p CAFs Centrifuged and 
filtered through a 0.22-
µm PVDF membrane

Human HCC cell 
lines SMMC7721, 
Huh7, YY8103, 
Hep3B, Focus, 
HepG2, and 
HCCLM3 and a 
normal liver cell 
line MIHA, WRL68

Higher in exosomes 
from cancer tissues than 
in matched adjacent 
para-tumoral tissues

LIMA1 Contributed to 
HCC cell prolif-
eration, 
metastasis, and 
EMT

CAFs were from the HCC tissues and NFs in 
paired adjacent normal tissues from 92 HCC 
patients

[89] 2022

miR-214 hCECs Centrifuged and 
filtered through a 0.22-
µm PVDF membrane 
and ultracentrifu-
gation

Human HCC cell 
lines HepG2, 
Hep3B, the human 
liver epithelial cell 
line THLE-2

Lower levels in HCC 
cells than in normal 
human liver epithelial 
cells

P-gp/SF3B3 Reduced cancer 
cell viability and 
invasion 
compared with 
monotherapy 
with oxaliplatin 
or sorafenib

- [103] 2021

miR-23a/b Adipose cell mouse 
preadipocyte 3T3-L1 
cells

Differential centrifu-
gation

The human HCC 
cell lines BEL-7402 
and BEL-7402/5-Fu 
murine hepatoma 
cell line Hepa1-6

High in exosomes from 
HCC patients with high 
BFR

VHL/HIF-1α Promoted HCC 
cell growth and 
migration

Adipose cells were isolated from human 
tumor tissues from obese and nonobese 
patients

[95] 2019

miR-142, Monocyte-derived Microfiltration and The human HCC High when cocultured Inhibited HCC PBMCs were isolated from lymphocyte cones STMN-1 [119] 2013
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miR-223 macrophages; human 
acute monocytic 
leukemia THP-1, B-
lymphoblastoid 
721.221, and murine 
lymphoblast-like 
mastocytoma P815 cell 
lines

ultracentrifugation cell lines Huh7 and 
HepG2

with HCC cells proliferation or fresh blood by density gradient centrifu-
gation and were incubated for 2 h in plastic 
plates before the flask was washed intensively 
to remove any nonadherent cells. After 4 d of 
incubation in serum-free medium supple-
mented with 1% autologous serum, adherent 
cells were washed with PBS and cultured in 
standard DMEM-based medium for 3-6 extra 
days to generate monocyte-derived 
macrophages phenotyped to be CD14+, 
CD11a+, CD3−, CD56−, and CD19−

miR-490 Human MC line HMC-
1 (treated with HCV-
E2)

Total exosome 
separation reagent 
from Invitrogen

The human HCC 
cell lines HepG2 
and HepG3b

High when HCV-E2-
stimulated MC-derived 
exosomes were 
incubated with the two 
types of HCC cells for 
24 h compared with the 
incubation with normal 
MC-derived exosomes

ERK1/2 Inhibited HCC 
proliferation

[121] 2017

miR-223 Human NK cell line 
NK92-MI

Differential centrifu-
gation

The human HSC 
line LX-2

Higher in exosomes 
derived from NK cells 
than in parental NK-
92MI cells

AGT7 Attenuated TGF-β
1-induced HSC 
activation and 
inhibited liver 
fibrosis

LX-2 cells were treated with TGF-β1 (5 
ng/mL) for 24 h to stimulate HSC activation. 
LX-2 cells in the exosomes derived from NK 
cells-treated groups were pretreated with 
exosomes derived from NK cells (10 μg/mL) 
before TGF-β1 treatment. LX-2 cells in the 
rapamycin-treated groups were pretreated 
with the autophagy activator rapamycin (2 
mM) in DMSO for 12 h before TGF-β1 
treatment

[120] 2020

miR-125a/b TAMs ExoQuick exosome 
precipitation solution

The human HCC 
cell lines Huh7, 
HepG2, and BEL-
7404

Downregulated in 
exosomes from HCC-
associated macrophages

CD90 Suppressed HCC 
cell growth and 
sphere formation

TAMs and nontumor macrophages were 
isolated from primary human HCC, adjacent 
nontumor liver tissues from 6 patients with 
HCC

[115] 2019

miR-628-5p M1 macrophage - The human HCC 
cell lines Huh7, 
HCCLM3, Hep3B, 
and MHCC97H, 
immortalized 
human liver 
epithelial THLE-3 
cell line

High in M1-exosomes METTL14/circFUT4/CHMP14B Inhibited HCC 
cell progression

THP-1 cells were differentiated into M0 
macrophages by a 24 h incubation with 150 
nM phorbol 12-myristate 13-acetate followed 
by a 24 h incubation in RPMI medium. M0 
macrophages were polarized to M1 
macrophages by incubation with 20 ng/mL 
IFN-γ and 10 pg/mL lipopolysaccharide

[118] 2022

miR-92a-2-
5p

M2 macrophage 
(monocytic leukemia 
cell line THP-1)

Centrifuged and 
filtered through a 0.22-
µm PVDF membrane 
and ultracentrifu-
gation

Human liver cancer 
SK-HEP-1 and 
HepG2 cell lines, 
HA22T cell line, 
and murine HCC 
Hepa 1-6 cell line

Increased after coculture 
with liver cancer cells

AR/PHLPP/p-AKT/β-catenin 
signaling

Promoted HCC 
growth and 
invasiveness

To induce differentiation into macrophages, 
THP-1 cells were cultured with 100 ng/mL 
PMA (Sigma) for 48 h, and the macrophage 
was cultured with the addition of DMSO to 
promote M2 polarization

[112] 2020

M2 macrophage Differential centrifu- Human HCC cell Augmented the THP-1 monocytes were stimulated by 100 ng miR-660-5p High KLF3 [114] 2021
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(monocytic leukemia 
cell line THP-1)

gation lines HepG2 and 
Bel-7402

tumorigenic 
ability of HCC 
cells

of phorbol 12-myristate 13-acetate (Sigma-
Aldrich, MO, United States) for 48 h, thus 
differentiating into M0 macrophages. Then, 
M0 macrophages were treated with 20 ng/mL 
interleukin 4 (AF-200–04-5, PeproTech, NJ, 
United States) for 72 h to polarize into M2 
macrophages

miR-27a-3p M2 macrophage 
(monocytic leukemia 
cell line THP-1)

SBI ExoQuick-TC Kit Human HCC cell 
lines Huh7, 97H, 
HepG2, LM3, and 
SMMC-7721

- TXNIP Induced the 
cancer stemness 
of HCC

Differentiation of THP-1 cells to macrophages 
was performed using 200 ng/mL phorbol 
myristic acetate, and the cells were then 
cultured with 20 ng/mL interleukin-4 for 72 h 
to induce M2-type polarization

[113] 2021

miR-142-3p TAMs treated by 
propofol (the murine 
macrophage cell line 
Raw 264.7 cells)

Differential centrifu-
gation

The murine HCC 
cell line Hepa1-6

Dose-dependent 
increase when treated 
with propofol

RAC1 Enhanced the 
antitumor activity 
of propofol

Raw 264.7 cells were cultured in complete 
RPMI 1640 with 10% FBS and treated with 
propofol (dissolved in RPMI 1640) in 
complete medium. TAMs were isolated from 
tumor-bearing mice treated with 0 mg/kg, 20 
mg/kg, and 50 mg/kg propofol by i.p. 
injection

[117] 2014

miR-375 TAMs (IL-2 induced) Total exosome 
isolation reagent

The human HCC 
cell lines HepG2 
and QJY–7703

High - Ameliorated HCC 
development and 
progression

Primary human HCC specimens were 
collected from patients who suffered from 
hepatectomy. The macrophages were isolated 
and cultured by Percoll (GE Healthcare) 
density gradient centrifugation. TAMs were 
treated with IL-2 for 24 h before the 
supernatants were collected. The treatment 
concentration was 20 ng/mL

[116] 2022

AGT7: Autophagy-related 7; AR: Androgen receptor; BFR: Body fat ratio; CAFs: Cancer-associated fibroblasts; CDC42: Cell division cycle 42; CDK2: Cyclin dependent kinase 2; EMT: Epithelial-mesenchymal transition; ERK1/2: 
Extracellular regulated protein kinases 1/2; Exos: Exosomes; HCC: Hepatocellular carcinoma; hCECs: Human cerebral endothelial cells; HCV-E2: Hepatitis C virus E2 envelope glycoprotein; HIF-1α: Hypoxia-inducible factor 1α; HSCs: 
Hepatic stellate cells; i.p.: Intraperitoneal; ITGA5: Integrin α5; KLF3: Kruppel-like factor 3; LIMA1: LIM domain and actin binding 1; MCs: Mast cells; METTL14: Methyltransferase-like 14; miR: MicroRNA; NK: Natural killer; PAFs: Para-
neoplastic fibroblasts; PBMCs: Peripheral blood mononuclear cells; PBX3: Pre-B-cell leukemia homeobox 3; P-gp: P-glycoprotein; PI3K: Phosphoinositide 3-kinase; RAC1: Rac family small GTPase 1; SF3B3: Splicing factor 3b subunit 3; 
STMN1: Stathmin-1; TAMs: Tumor-associated macrophages; TXNIP: thioredoxin-interacting protein; VHL: Von Hippel-Lindau.

CONCLUSION
Despite significant advances in diagnosis and therapeutics, HCC remains exceedingly fatal. In most cases, HCC develops 
from chronic liver inflammation, which provides a tumor-promoting microenvironment composed of immune and 
stromal cells. As a novel cellular communicator in TME, exosomes mediate the intricate interaction of nonparenchymal 
cells (including immune and stromal cells) with cancer cells. They are involved in the etiology of HCC and multiple 
processes related to tumor initiation, development, metastasis, and drug resistance. Exosome cargoes, especially miRNAs, 
are key communication factors in the complicated cross-talk, indicating that they are promising prognostic markers and 
therapeutic targets for HCC. In this review, we emphasized the function and mechanism of exosomal miRNAs from 
nonparenchymal cells for the initiation and malignant progression of HCC. Also, we introduced the influences of 
exosomal miRNAs delivered by tumor cells on nonparenchymal cells. The functions of the exosomal miRNAs in HCC 
were also summarized (Table 1). Finally, the therapeutic potential of exosomes for HCC was discussed. With the 
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development of nanoengineering technology, exosomes can be modified to carry specific miRNAs and target specific 
cells, thus enabling precision and individualized treatment of HCC.

Although significant progress has been achieved in elucidating the functions of exosomes and their miRNA cargoes in 
HCC, some challenges remain. Sometimes, different investigators reported different experimental observations for the 
same exosomal miRNAs. The inconsistency of experimental subjects and study designs might cause these discrepancies. 
Therefore, factors such as the environment, age and sex of the subjects, cause of HCC occurrence, and data collection from 
multiple centers should be considered to produce more accurate results. Moreover, different techniques can lead to the 
isolation of varied subtypes of extracellular vesicles, each exhibiting unique miRNA profiles, protein compositions, and 
biological functions[140-142]. In clinical applications, problems include low targeting efficiency and easily phagocytosed 
by the immune system. The exosome separation and purification method also have limitations and could be time-
consuming and laborious. Therefore, further research must be done to address these problems and determine more 
feasible and effective clinical translational applications of exosomes. The integration of nanoengineering and molecular 
biology allows for the utilization of exosome-mediated miRNAs in precision nanomedicine, presenting novel approaches 
for the diagnosis and treatment of HCC.
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Abstract
BACKGROUND 
Oxaliplatin (Oxa) is the first-line chemotherapy drug for colorectal cancer (CRC), 
and Oxa resistance is crucial for treatment failure. Prostaglandin F2α synthase (PG-
F2α) (PGFS), an enzyme that catalyzes the production of PGF2α, is involved in the 
proliferation and growth of a variety of tumors. However, the role of PGFS in Oxa 
resistance in CRC remains unclear.

AIM 
To explore the role and related mechanisms of PGFS in mediating Oxa resistance 
in CRC.

METHODS 

https://www.f6publishing.com
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The PGFS expression level was examined in 37 pairs of CRC tissues and paracancerous tissues at both the mRNA 
and protein levels. Overexpression or knockdown of PGFS was performed in CRC cell lines with acquired Oxa 
resistance (HCT116-OxR and HCT8-OxR) and their parental cell lines (HCT116 and HCT8) to assess its influence 
on cell proliferation, chemoresistance, apoptosis, and DNA damage. For determination of the underlying 
mechanisms, CRC cells were examined for platinum-DNA adducts and reactive oxygen species (ROS) levels in the 
presence of a PGFS inhibitor or its products.

RESULTS 
Both the protein and mRNA levels of PGFS were increased in the 37 examined CRC tissues compared to the 
adjacent normal tissues. Oxa induced PGFS expression in the parental HCT116 and HCT8 cells in a dose-
dependent manner. Furthermore, overexpression of PGFS in parental CRC cells significantly attenuated Oxa-
induced proliferative suppression, apoptosis, and DNA damage. In contrast, knockdown of PGFS in Oxa-resistant 
HCT116 and HCT8 cells (HCT116-OxR and HCT8-OxR) accentuated the effect of Oxa treatment in vitro and in vivo. 
The addition of the PGFS inhibitor indomethacin enhanced the cytotoxicity caused by Oxa. Treatment with the 
PGFS-catalyzed product PGF2α reversed the effect of PGFS knockdown on Oxa sensitivity. Interestingly, PGFS 
inhibited the formation of platinum-DNA adducts in a PGF2α-independent manner. PGF2α exerts its protective effect 
against DNA damage by reducing ROS levels.

CONCLUSION 
PGFS promotes resistance to Oxa in CRC via both PGF2α-dependent and PGF2α-independent mechanisms.

Key Words: Prostaglandin F2αsynthase; Colorectal cancer; Oxaliplatin; Drug resistance; DNA damage

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

Core Tip: Prostaglandin F2α synthase (PGF2α) (PGFS) is an enzymatic catalyst responsible for the biosynthesis of PGF2α. Our 
study revealed that PGFS exerts an inhibitory effect on the generation of reactive oxygen species by means of its 
downstream product PGF2α, and consequently facilitates resistance to oxaliplatin in colorectal cancer. Simultaneously, PGFS 
suppresses the formation of platinum-DNA adducts in a manner that is not reliant on PGF2α, which is rarely reported.

Citation: Wang YJ, Xie XL, Liu HQ, Tian H, Jiang XY, Zhang JN, Chen SX, Liu T, Wang SL, Zhou X, Jin XX, Liu SM, Jiang HQ. 
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DOI: https://dx.doi.org/10.3748/wjg.v29.i39.5452

INTRODUCTION
Colorectal cancer (CRC) is one of the most frequently diagnosed cancers and a leading cause of cancer death worldwide
[1]. In China, CRC is the third most common cancer, and the incidence rate also exceeds that of liver cancer, ranking third 
in cancer[2]. The current clinical treatment regimen for CRC involves surgical resection followed by chemotherapy, 
radiotherapy and combination therapy. For prevention of tumor recurrence, surgery alone or combined with adjuvant 
chemotherapy remains the cornerstone of the treatment of nonmetastatic CRC[3]. Adjuvant oxaliplatin (Oxa)-based 
fluorouracil, leucovorin, and Oxa (FOLFOX) or capecitabine plus Oxa chemotherapy is the standard for patients with 
stage II or III colon cancer following surgery, as recommended by several treatment guidelines[4,5].

Oxa, as an alternative to cisplatin, is a third-generation platinum agent. Several multicenter clinical trials have been 
conducted on the therapies with Oxa shown in preclinical and single-center trials to have beneficial anticancer effects. 
Oxa can significantly reduce the risk of recurrence and mortality of CRC and prolong disease-free survival and overall 
survival[6,7]. However, resistance to chemotherapy remains a major clinical issue in the treatment of CRC[8]. However, 
only half of CRC patients respond to FOLFOX, and this half of chemotherapy-resistant patients also develop resistance 
during chemotherapy, a type of resistance known as secondary resistance. That is, cancer drug resistance includes two 
types: Intrinsic (also called innate or primary resistance) and acquired (also called avoidant, adaptive, or secondary 
resistance).

Cisplatin resistance likely occurs for complex reasons, including increased drug efflux, drug breakdown, increased 
repair of damaged DNA, and increased activation of prosurvival pathways or inhibition of pathways that promote cell 
death[9]. Several studies have also shown that for Oxa resistance, the reduction in damage formation rather than the 
increase in damage repair is the main factor in the acquired resistance to Oxa[10]. Compared with cisplatin, Oxa has a 
large platinum atom ring, which can bind more DNA molecules to form platinum-DNA complexes and cause DNA 
damage to cells. Then, the DNA repair mechanism is activated. Once the repair is successful, Oxa will be excreted from 
the body, resulting in drug resistance. If DNA damage repair fails, the cell will undergo apoptosis[11]. Several studies 
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have shown that although Oxa has greater cell lethality than cisplatin, side effects such as ototoxicity and nephrotoxicity 
are weaker than those of cisplatin, and this drug can treat cisplatin-resistant tumors, but Oxa more easily results in 
resistance than cisplatin[12,13]. Therefore, studying the resistance to Oxa has important clinical value.

Prostaglandins (PGs) are a group of biologically active lipid mediators derived from the cyclooxygenase (COX) 
pathway of the arachidonic acid cascade[14]. PGs are involved in growth and development, inflammation, and cancer 
progression by binding to their respective receptors[15]. Prostaglandin F2α (PGF2α) is one of the main PGs produced by the 
COX pathway. PGF2α is synthesized by PGF2α synthase (PGFS), which is a member of the aldo-keto reductase (AKR) 
family and a key enzyme in steroid metabolism[16]. PGFS converts prostaglandin D2 (PGD2) into 11β-PGF2α[17,18]. 
Recently, the cancer-promoting effects of PGFS in prostate cancer, gastric cancer, lung cancer, and other tumors have been 
confirmed[19,20].

Oxidative stress is related to the occurrence and development of tumors, with reactive oxygen species (ROS) playing an 
important role in inducing oxidative stress. Excessive ROS production is caused by the imbalance between defense and 
metabolic mechanisms. Low concentrations of ROS induce cell proliferation and regulate the activation of several 
signaling pathways[21]; however, high concentrations of ROS induce changes in gene expression and promote the 
accumulation of mutations and DNA damage[22]. ROS can promote the generation of PGD2 and PGF2α[3,23], but the 
relationship between PGF2α and ROS and CRC treatment remains unclear.

In CRC, PGFS overexpression was reported to reduce the DNA damage caused by oxidative stress and thereby induce 
cisplatin resistance[24]. However, studies on the drug resistance of Oxa are scarce. Moreover, the role and mechanism of 
PGFS in CRC drug resistance and the relationship between PGF2α and DNA damage require further study. In this study, 
Oxa-resistant CRC cell lines with PGFS overexpression and knockdown were evaluated, revealing its mediating effect on 
Oxa resistance. Thus, this study provides novel ideas for the diagnosis and treatment of CRC.

MATERIALS AND METHODS
Patients and samples
Fresh CRC tissues and adjacent nontumor tissue samples were acquired from 37 patients with CRC who underwent 
surgical resection at the Second Hospital of Hebei Medical University, Shijiazhuang, China. This study was approved by 
the Ethics Committee of the Second Hospital of Hebei Medical University (approval No. 2021-R441). Each tissue was 
divided into three parts: one part was directly snap-frozen in liquid nitrogen and stored at -80 ℃ for western blotting, a 
second part was immediately frozen with TRIzol and stored at -80 °C for RNA extraction, and the third part was 
immersed in 4% paraformaldehyde and stored at 4 ℃ for further paraffin embedding.

Resistance signature analysis
The different gene expression levels were compared between the nonresponse and response groups. The data on the 
expression of PGFS in CRC patients with or without response to an Oxa-containing regimen are available in the cancer 
treatment response gene signature database (http://ctrdb.ncpsb.org.cn/)[25]. Data were generated from the merged 
dataset of CTR_Microarray_35 and CTR_Microarray_90. We found that 29 out of 45 patients were nonresponsive, and the 
remaining 16 were responsive. The expression levels of PGFS in the two groups of patients were calculated using the 
website tool.

Histology and immunohistochemical analysis
Sections were stained for hematoxylin and eosin and immunofluorescence staining. Immunohistochemistry (IHC) was 
performed as previously described[26]. Briefly, the slides were routinely deparaffinized, rehydrated, subjected to antigen 
retrieval, and incubated in 3% hydrogen peroxide to block endogenous peroxidase. Subsequently, the slides were blocked 
and incubated with primary antibodies against PGFS (diluted 1:1000, Proteintech, Wuhan, China) and proliferating cell 
nuclear antigen (PCNA) (diluted 1:500, Proteintech, Wuhan China) at 4 ℃ overnight, followed by incubation with 
polymer-horseradish peroxidase-conjugated anti-rabbit secondary antibody the next day. Then, the section was stained 
with 3,3’-diaminobenzidine and counterstained with hematoxylin, dehydrated and coverslipped.

Cell culture
The human CRC HCT116 cell line was obtained from the Shanghai Institute of Biochemistry and Cell Biology, Chinese 
Academy of Sciences (Shanghai, China). Oxa-resistant cell lines (HCT116-OxR and HCT8-OxR) and HCT8 cells were 
purchased from Oulu Biotechnology (Shanghai, China). HCT116 and HCT8 cells were cultured in roswell park memorial 
institute (RPMI) 1640 medium (Gibco BRL, Rockville, MD, United States), which was supplemented with 10% fetal 
bovine serum (Gibco BRL), 100 U/mL penicillin, and 100 μg/mL streptomycin at 37 ℃ in a humidified incubator with 5% 
CO2. HCT116-OxR and HCT8-OxR cells were cultured in Oxa-containing RPMI 1640 medium. HCT116, HCT116-OxR, 
HCT8, and HCT8-OxR cells were certified by Viva Cell Biosciences Ltd. (Shanghai, China). The reagents used in this 
study were Oxa (Selleck, Shanghai, China), indomethacin (MCE, Shanghai, China), and PGF2α (Merck, Jiangsu Province, 
China).

Western blot analysis
Proteins were extracted from CRC and adjacent tissues and cells using radio immunoprecipitation assay lysis buffer with 
proteinase inhibitors. Protein concentrations were measured using bicinchoninic acid (Sigma-Aldrich St. Louis, MO, 
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United States). The primary antibodies used included anti-PGFS antibody (diluted 1:500, Abways, Shanghai, China), anti-
β-actin antibody (diluted 1:1000, Abways), anti-cleaved-caspase 3 antibody (diluted 1:200, Abways), anti-cleaved poly 
ADP-ribose polymerase (PARP) antibody (diluted 1:500, Abways), anti-PCNA (diluted 1:500, Abways), and anti-[γ-H2A 
histone family member X (γ-H2AX), diluted 1:500, Abways]. Briefly, protein purification was confirmed using electro-
phoresis on a sodium dodecyl sulfate-polyacrylamide gel, which was then transferred onto a polyvinylidene difluoride 
membrane. Membranes were incubated in 5% milk for 1 h before incubation with primary antibodies at 4 ℃ overnight. 
The following day, the membrane was washed three times with TBS with Tween-20. Secondary antibodies were 
incubated for 1 h at room temperature. The bands were visualized using an Odyssey infrared imaging system (LI-COR 
Biosciences), and protein quantification was performed using ImageJ software (National Institutes of Health, Bethesda, 
MD, United States).

Virus and small interfering RNA (siRNA) transfection
For generation of stable reporter lines, HCT116 and HCT8 cells were infected with lentiviral particles expressing PGFS, 
and the empty vector was used as a control. Lentiviruses for PGFS knockdown were infected into the Oxa-resistant cell 
lines HCT116-OxR and HCT8-OxR following the manufacturer’s instructions. Subsequently, transfected cells were 
selected for 14-d incubations in 5 ng/mL puromycin. The construction of PGFS knockdown and overexpression 
lentiviruses was completed by GeneChem Co., Ltd. (Shanghai, China).

RNA extraction and real-time polymerase chain reaction (RT-PCR)
Total RNA was extracted from tissues using TRIzol reagent (Tiangen). Complementary DNA (cDNA) was synthesized 
from total RNA through reverse transcription using the PrimeScript RT reagent kit from TaKaRa Biomedical Technology 
Co., Ltd. (Beijing, China). cDNA was used for RT-PCR using the above PrimeScript RT reagent kit on a StepOnePlus™ 
RT-PCR system (Applied Biosystems, MS). Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as an 
internal control. Specific primer sequences were designed as follows: PGFS-forward: 5’-GTC ATC CGT ATT TCA ACC 
GGAG-3’; PGFS-reverse: 5’-CCA CCC ATC GTT TGT CTC GTT-3’; GAPDH-forward: 5’-AGG GGG GAG CCA AAA GGG 
TCA-3’; GAPDH-reverse: 5’-TGG GTG GCA GTG ATG GCA TGG A-3’.

Cell viability assay
Cell viability was determined using a cell counting kit-8 (CCK-8) kit (Dojindo Laboratories, Kumamoto, Japan) following 
the manufacturer’s instructions. Briefly, CCK-8 solution (10 μL) was added to each well and incubated for 2 h at 37 ℃. 
Absorbance was measured at 450 nm using a plate reader (BioTek, Winooski, VT, United States). CCK-8 assays were used 
to examine the half-inhibitory concentration (IC50). The inhibition concentration (%) was calculated as [(anegative - blank) 
- (Aexp - blank)]/(anegative-blank) × 100%. The IC50 was calculated from the survival curves using GraphPad Prism 7 
(Version X; La Jolla, CA, United States). Each assay was performed in triplicate.

Colony formation assays
Cells stably transfected with lentiviruses were reseeded (3 × 103 cells per well) in 6-well plates and cultured for two 
weeks. The colonies were subsequently stained with 0.05% crystal violet for visualization. After routine culture for 2 wk, 
colony numbers were counted under a microscope.

Apoptosis assays
For analysis of early/late apoptotic or necrotic cell death, cells were measured with the Annexin V-FITC apoptosis 
detection kit (Beyotime, Shanghai, China) using flow cytometric analysis. We also detected total apoptosis by a terminal 
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay (Beyotime, Shanghai, China).

Immunofluorescence assay
Stably transfected cells were seeded onto cover glasses in 24-well plates. After 24 h of intervention, cells were fixed in 4% 
paraformaldehyde for 30 min, permeabilized with 0.1% Triton X-100, diluted in phosphate-buffered saline (PBS) for 10 
min, and blocked with 5% normal goat serum for 30 min at room temperature. The cells were incubated with rabbit anti-
PGFS or rabbit anti-γ-H2AX overnight at 4 ℃. After washing with PBS, the cells were incubated with the secondary 
antibody (594 goat anti-rabbit immunoglobulin G) for 1 h at room temperature. After washing, the slides were counter-
stained with 4’6’-diamidino-2-phenylindole dihydrochloride (Sigma-Aldrich) for 5 min. Images were acquired using a 
laser scanning confocal microscope (Olympus, Tokyo, Japan).

Assays for intracellular ROS levels
Intracellular ROS levels were evaluated using a ROS assay kit (KGAF019, KeyGEN Biotech, Nanjing, China) following the 
manufacturer’s instructions. Briefly, cells were stained with dihydroethidium (DHE) for 30 min and analyzed for 
intracellular ROS levels under a fluorescence microscope (Olympus, Tokyo, Japan). The mean fluorescence intensity, as 
an index of the amount of ROS, was measured using ImageJ software.

Platinum-DNA adduct determination
The DNA concentration was determined using a nanodrop spectrophotometer (Thermo Fisher Scientific), and the DNA-
bound platinum content was quantified using inductively coupled plasma-mass spectrometry.
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Alkaline comet assay
DNA damage was detected using a comet assay. CRC cells were administered different drug concentrations and had 
different exposure times. The comet assay was performed according to the alkaline comet assay protocol (KeyGEN 
Biotech, Nanjing, China). Nuclear DNA and migrating DNA (comet tail) labeled with propidium iodide appeared red 
and were observed at 515-560 nm using a fluorescence microscope (Olympus, Tokyo, Japan). Comet tail length and tail 
moment (percentage of DNA in the tail to the total DNA) were analyzed using ImageJ software.

Animal study
Nude mice were implanted subcutaneously with HCT8-OXR cells. When the average volume of the tumors reached 
approximately 100 mm3. The nude mice in the LV-shNC + Oxa and LV-shPGFS + Oxa groups were treated with Oxa by 
gavage at a dosage of 10 mg/kg/d for 14 d, and the volume of tumors was measured. We sacrificed the nude mice when 
the treatment was completed, and the tissues were fixed with 4% paraformaldehyde or immediately placed at -80 ℃. The 
animal protocol was designed to minimize pain and discomfort to animals. The nude mice were acclimatized to 
laboratory conditions for 1 wk prior to our experiment. Intragastric gavage administration was conducted by using 
straight gavage needles (22 gauge). All the animals in our study received humane care, and the ethics committee of the 
Second Hospital of Hebei Medical University approved our study (approval letter No. 2022-AE010).

Statistical analyses
Data are presented as the mean ± SD. The association between PGFS expression and clinicopathological features was 
evaluated using a nonparametric test. The statistical analyses included analysis of variance (ANOVA) with the Student-
Newman-Keuls post hoc test and a standard two-tailed Student’s t test. Student’s t test was used for comparisons 
between two groups, while comparisons between three or more groups were conducted using one or two-way ANOVA 
with the Brown-Forsythe test for equality of group variances. Statistical analysis was performed using SPSS software 
version 25.0 (Chicago, IL, United States). P < 0.05 was considered statistically significant.

RESULTS
PGFS expression is elevated in CRC tissues
We first tested the expression of PGFS in 37 pairs of CRC tissues and matched paracarcinoma tissues. PGFS was 
significantly upregulated at both the protein and RNA levels in cancerous tissues compared with adjacent nontumor 
tissues (Figure 1A and B). IHC analysis showed that the strong positive PGFS signals were mainly detected in the nuclei 
of the cancerous epithelial cells. In contrast, the normal tissue samples showed low expression of PGFS homogenously 
distributed in the nuclei and cytoplasm (Figure 1C). Then, we investigated the relationship between PGFS and 
clinicopathological features. High PGFS expression was associated with advanced T stage (Tables 1 and 2). Moreover, 
PGFS expression was higher in the Oxa-nonresponsive group than in the Oxa-responsive group (Figure 1D).

PGFS is upregulated in Oxa-resistant CRC cells
To assess the role of PGFS in Oxa resistance in CRC cells, we used two Oxa-resistant CRC cell lines derived from HCT116 
and HCT8 (hereafter named HCT116-OxR and HCT8-OxR). The resistance of the two Oxa-resistant cell lines was 
determined by measuring the resistance index (RI), which was calculated as the IC50 ratio of drug-resistant cells to their 
parent cells. Both HCT116-OxR and HCT8-OxR cells showed moderate Oxa resistance, with RIs of 10.1 and 5.86, 
respectively (IC50-HCT116-OxR vs. IC50-HCT116: 64.2 μM vs. 6.315 μM; IC50-HCT8-OxR vs. IC50-HCT8: 6.241 μM vs. 1.064 
µM; Supplementary Figure 1A). Colony formation assays revealed increased colony formation efficiency in the two Oxa-
resistant cell lines (Supplementary Figure 1B). PGFS expression was significantly increased in HCT116-OxR and HCT8-
OxR cells compared with their parent cells (HCT116 and HCT8) (Supplementary Figure 1C). The elevated PGFS 
expression in the resistant cells was confirmed using immunofluorescence staining and was largely localized in the 
cytoplasm and nuclei (Supplementary Figure 1D). Furthermore, Oxa induced PGFS expression in a dose-dependent 
manner, peaking at 24 h, in both parent and Oxa-resistant cells (Supplementary Figure 1E-H). Therefore, upregulated 
PGFS is associated with acquired Oxa resistance in CRC cells.

PGFS attenuates Oxa-induced proliferation inhibition, apoptosis, and DNA damage in CRC cells
To further confirm the role of PGFS in Oxa resistance, we performed lentivirus-mediated overexpression of PGFS in 
HCT116 and HCT8 cells, which showed low levels of PGFS. Overexpression of PGFS was verified by western blotting 
(Supplementary Figure 2A). Stable overexpression of PGFS induced a significant right shift of the IC50 value for Oxa, 
which indicated a reduction in sensitivity to Oxa (Figure 2A). To validate this result, we designed three siRNAs to target 
PGFS and evaluated their knockdown efficiency in Oxa-resistant cells with high PGFS expression. The short hairpin RNA 
(shRNA) sequence that caused an obvious reduction in PGFS expression was cloned and inserted into a lentiviral vector 
for the stable knockdown of PGFS (Supplementary Figure 2B and C). Lentiviral shRNA-mediated knockdown of PGFS 
decreased the IC50 value for Oxa in HCT116-OxR and HCT8-OxR cells (Figure 2B). We then examined the effect of PGFS 
on the expression of PCNA (a marker of cell proliferation). Treatment with Oxa resulted in a decrease in PCNA 
expression, which was diminished by overexpression of PGFS in HCT116 and HCT8 cells (Figure 2C). In contrast, 
knockdown of PGFS further exacerbated the Oxa-induced reduction in PCNA expression in HCT116-OxR and HCT8-OxR 
cells (Figure 2D). Additionally, overexpression of PGFS restored the colony-forming capacity of CRC cells treated with 
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Table 1 Correlation between prostaglandin F2α synthase expression level and clinicopathological characteristics in 37 colorectal cancer 
patients, n (%)

Variables No. of patients Relatives PGFS expressions (mean ± SD) P value

All cases 37 (100)

Gender

Male 22 (59) 1.84 ± 1.67

Female 15 (41) 1.68 ± 1.02

0.376

Age (yr)

≥ 60 19 (51) 1.40 ± 0.8

< 60 18 (49) 2.12 ± 1.8

0.495

Tumor location

Colon 15 (41) 1.71 ± 1.2

Rectum 22 (59) 1.84 ± 1.65

0.066

Differentiations

Well and Moderately 26 (70) 1.65 ± 1.29

Poorly 11 (30) 1.81 ± 1.08

0.437

T stage

T1 or T2 25 (68) 1.26 ± 0.52

T3 or T4 12 (32) 2.47 ± 0.87

0.023a

Lymph node metastasis

No 25 (68) 1.17 ± 0.56

Yes 12 (32) 2.09 ± 1.69

0.063

AJCC stage

I or II 29 (78) 1.44 ± 0.89

III or IV 8 (22) 3.09 ± 2.69

0.069

aP < 0.05 concluded that T stage was correlated with prostaglandin F2α synthase expression level. PGFS: Prostaglandin F2α synthase; AJCC: American Joint 
Committee on Cancer.

Table 2 Spearman analysis of the correlation between prostaglandin F2α synthase expression level with clinicopathological, n (%)

Variables No. of patients PGFS expression level Spearman 
correlation P value

T stage 0.666 0a

T1 or T2 25 (68)

T3 or T4 12 (32)

AJCC stage 0.113 0.504

I or II 29 (78)

III or IV 8 (22)

aP < 0.05 indicates that there is a significant relationship between T stage and prostaglandin F2α synthase (PGFS) expression level in tissues. The Spearman 
correlation of PGFS expression level, also known as the sample correlation coefficient, was 0.666, that is, the significance relationship was moderately 
correlated and passed the significance test. PGFS: Prostaglandin F2α synthase; AJCC: American Joint Committee on Cancer.
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Figure 1 Prostaglandin F2α synthase is upregulation in patients with colorectal cancer. A: Prostaglandin F2α synthase (PGFS) protein expression 
was verified using western blot in 37 pairs of colorectal cancer (CRC) and adjacent normal tissues; B: Real-time polymerase chain reaction analysis of PGFS mRNA 
expression in 37 pairs of CRC and adjacent normal tissues; C: Hematoxylin and eosin staining and immunohistochemistry for PGFS expression (scale bar, 50 μm); D: 
PGFS expression in non-response and response patients analyzed by the Cancer Treatment Response gene signature DataBase (http://ctrdb.ncpsb.org.cn/). aP < 
0.05, bP < 0.01. T: Tumor; N: Adjacent normal tissues; PGFS: Prostaglandin F2α synthase; HE: Hematoxylin and eosin.

Oxa. However, knockdown of PGFS caused a further decrease in clonogenic capacity (Figure 2E and F). In summary, 
PGFS attenuates Oxa-induced proliferation suppression.

We then tested the effect of PGFS on apoptosis induced by Oxa. Western blotting showed that treatment with Oxa 
elevated the levels of cleaved PARP and cleaved caspase 3 in HCT116 and HCT8 cells. However, overexpression of PGFS 
inhibited the Oxa-induced increase in the two proteins (Figure 3A). Conversely, silencing PGFS in HCT116-OxR and 
HCT8-OxR cells led to a further increase in the two apoptosis markers caused by Oxa (Figure 3B). Furthermore, we 
examined apoptosis by TUNEL staining. We observed that PGFS overexpression reduced the increase in TUNEL-positive 
cells induced by Oxa treatment. In contrast, the number of apoptotic cells was further increased by infection with 
lentivirus expressing sh-PGFS (Figure 3C and D). In addition, we performed flow cytometry as further evidence of 
apoptosis. The percentage of apoptotic cells was decreased in the PGFS-overexpressing CRC cells but increased in the 
Oxa-resistant cells with PGFS knockdown (Figure 3E and F). These observations suggested that PGFS protects CRC cells 
against Oxa-induced apoptosis.

Oxa induces DNA damage by directly binding to DNA. We investigated the role of PGFS in DNA damage caused by 
Oxa by detecting the expression of γ-H2AX (a marker for DNA damage). The γ-H2AX level was increased by treatment 
with Oxa, which was diminished by PGFS overexpression in the parental CRC cells, while it was elevated by knockdown 
of PGFS in the Oxa-resistant CRC cells (Figure 4A and B). We then examined DNA double-strand breaks (DSBs) by γ-
H2AX immunofluorescence staining. Overexpression of PGFS in HCT116 and HCT8 cells led to a reduction in the 
number of γ-H2AX-positive DNA damage foci induced by Oxa treatment. Conversely, the number of γ-H2AX foci was 
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Wang YJ et al. PGFS promotes Oxa resistance in CRC

WJG https://www.wjgnet.com 5459 October 21, 2023 Volume 29 Issue 39

Figure 2 Prostaglandin F2α synthase resists the inhibitory effect of oxaliplatin on colorectal cancer cell proliferation. A: The effects of 
prostaglandin F2α synthase (PGFS) overexpression on cell viability in HCT116 and HCT8 cells; B: The effects of PGFS knockdown on cell viability in HCT116-OxR 
and HCT8-OxR cells; C and D: Western blot analysis showed proliferating cell nuclear antigen levels in parental and oxaliplatin-resistant (OR) colorectal cancer 
(CRC) cells; E and F: Plate colony formation assay in parental and OR CRC cells. aP < 0.05, bP < 0.01, cP < 0.001, dNo significance. PCNA: Proliferating cell nuclear 
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antigen; PGFS: Prostaglandin F2α synthase; Oxa: Oxaliplatin; IC50: Half-inhibitory concentration.

increased in the drug-resistant CRC cells upon PGFS knockdown (Figure 4C). In addition, we used a comet assay to 
determine DNA damage. Tail length and DNA content percentage (tail DNA%) were significantly increased after 
incubation with Oxa in HCT116 and HCT8 cells, and these changes were attenuated by overexpression of PGFS. 
Moreover, PGFS knockdown resulted in enhanced DNA damage induced by Oxa (Figure 4D and E). These results 
showed that PGFS is resistant to Oxa-induced DNA damage. Collectively, these findings indicated that PGFS promotes 
Oxa resistance in CRC cell lines.

PGFS knockdown enhances the efficiency of Oxa in vivo
HCT8-OxR cells with stable PGFS knockdown were inoculated subcutaneously into nude mice. Treatment with Oxa 
caused a decrease in tumor volume and weight, which were further decreased by knockdown of PGFS (Figure 5A-C). 
Immunohistochemical staining was used to evaluate PCNA expression in the xenograft tumors. Knockdown of PGFS 
further exacerbated the Oxa-induced reduction in PCNA expression (Figure 5D). These data indicated that PGFS 
knockdown enhances the sensitivity of CRC to Oxa.

PGFS exerts an Oxa-resistant effect through its PGF2α synthase activity
PGFS catalyzed synthesis of PGF2α. To clarify whether the Oxa-resistant effect of PGFS is dependent on its enzymatic 
action, we blocked PGFS activity by its inhibitor indomethacin. PCNA expression was upregulated by PGFS overex-
pression in CRC cells treated with Oxa, and this effect was inhibited after indomethacin administration. Moreover, 
overexpression of PGFS attenuated the upregulation of cleaved PARP and cleaved caspase-3 caused by Oxa treatment, 
while indomethacin treatment reversed the effect of PGFS overexpression on the expression of apoptotic proteins 
(Supplementary Figure 3A). Flow cytometric analysis showed that Oxa-induced apoptosis was suppressed by infecting 
CRC cells with a lentivirus expressing PGFS. Treatment with indomethacin abolished the ability of PGFS to resist Oxa-
induced apoptosis (Supplementary Figure 3B). Western blot analysis revealed that overexpression of PGFS inhibited the 
upregulation of γ-H2AX caused by Oxa, which was diminished by indomethacin incubation (Supplementary Figure 3C). 
A comet assay further revealed that overexpression of PGFS in CRC cells inhibited the increase in comet DNA tail length 
and percentage of DNA in the tail induced by Oxa, while the inhibitory function of PGFS was attenuated by 
indomethacin (Supplementary Figure 3D). These findings suggested that the effect of PGFS on increasing CRC resistance 
to Oxa depends on its PGF2α synthase activity.

PGFS promotes resistance to Oxa through its product PGF2α

PGFS catalyzes the reduction of PGD2 to PGF2α. To confirm the role of PGF2α in PGFS-mediated Oxa resistance, we 
performed rescue experiments by introducing PGF2α to HCT116-OxR and HCT8-OxR cells with PGFS knockdown. 
Western blot analysis revealed that PCNA expression was further decreased by the depletion of PGFS in HCT116 and 
HCT8 cells treated with Oxa, which was alleviated by the addition of PGF2α. Knockdown of PGFS further increased Oxa-
induced elevation of cleaved PARP and cleaved caspase 3, which was partially rescued by PGF2α supplementation 
(Figure 6A). TUNEL staining results showed that the percentage of apoptotic cells was increased after the knockdown of 
PGFS in Oxa-treated cells, while the addition of PGF2α decreased apoptosis (Figure 6B). Moreover, knockdown of PGFS 
further increased the upregulation of γ-H2AX expression caused by Oxa, while supplementation with PGF2α attenuated 
the effect of PGFS depletion (Figure 6C). Similarly, comet assays showed that the percentage of comet tail DNA and tail 
length were elevated by Oxa stimulation and were further increased in HCT116-OxR and HCT8-OxR cells with PGFS 
knockdown, which was alleviated by the addition of PGF2α (Figure 6D). These data indicate that PGF2α, the product 
catalyzed by PGFS, plays an important role in PGFS-mediated Oxa resistance.

PGFS promotes Oxa resistance through both PGF2α-dependent and PGF2α-independent mechanisms
Oxa exerts its cytotoxic effect by forming platinum-DNA adducts or by generating a large amount of ROS, thereby 
causing DNA damage. To explore the role of PGFS in the formation of platinum-DNA adducts, we measured the amount 
of platinum on DNA after treatment with Oxa by inductively coupled plasma mass spectrometry. Overexpression of 
PGFS did not affect the platinum concentrations in HCT116 and HCT8 cells (Figure 7A). In contrast, knockdown of PGFS 
induced an increase in the platinum concentrations in HCT116-OxR and HCT8-OxR cells (Figure 7B). However, the 
addition of PGF2α did not affect the formation of platinum-DNA adducts in HCT8-OxR cells with knockdown of PGFS 
(Figure 7C). These findings suggested that PGFS may suppress the formation of platinum-DNA adducts in a PGF2α-
independent manner.

As Oxa exerts its antitumor effect through the induction of ROS, we explored the role of PGFS in the generation of ROS 
by DHE staining. Compared with that of the parent CRC cells, ROS production was reduced in drug-resistant cells 
(Figure 7D). In addition, overexpression of PGFS led to a decrease in Oxa-induced ROS (Figure 7E). Conversely, the 
increased ROS induced by Oxa was further elevated by knockdown of PGFS (Figure 7F), which was alleviated by supple-
mentation with PGF2α (Figure 7G). These data indicated that PGFS inhibits the generation of ROS in a PGF2α-dependent 
manner.

https://f6publishing.blob.core.windows.net/d7045f9e-65a8-40dd-b8fd-cce01727b278/WJG-29-5452-supplementary-material.pdf
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Figure 3 Prostaglandin F2α synthase suppresses apoptosis induced by oxaliplatin in colorectal cancer cell lines. A and B: Western blot analysis 
showed cleaved poly ADP-ribose polymerase and cleaved caspase-3 were assessed in colorectal cancer (CRC) cells or in oxaliplatin-resistant (OR) CRC cells; C and 
D: Apoptosis of parental and OR CRC cells evaluation by terminal deoxynucleotidyl transferase dUTP nick end labeling assay, scale bar 100 μm; E and F: Apoptosis 
was measured by the Annexin V-PI staining in parental and OR CRC cells. aP < 0.05, bP < 0.01, cP < 0.001. Oxa: Oxaliplatin; PARP: Poly ADP-ribose polymerase.

DISCUSSION
PGFS belongs to the AKR superfamily of NADP (H)-dependent enzymes, which play central roles in the proinflammation
[20,27], proliferation[15,28] and drug resistance of tumors[29-31]. Previous studies have shown that Oxa suppresses cell 
proliferation and induces apoptosis in CRC cells[32]. The involvement of PGFS in resistance to cisplatin has been reported 
previously[24]. However, the role of PGFS in Oxa resistance in CRC and its molecular mechanism remain unclear.

Our study revealed that PGFS expression was significantly higher in human CRC tissues than in adjacent normal 
tissues, and PGFS may be correlated with tumor stage[28] and lymph node metastasis[33]. Therefore, how PGFS regulates 
CRC progression and metastasis warrants further investigation.

Induction of cell death is one of the challenges for chemotherapy. Any factors that enhance the effect of Oxa on cell 
proliferation and apoptosis may improve the therapeutic effect of Oxa on tumors[34,35]. PGFS-PGF2α may be a target in 
tumor chemotherapy. Zhou et al[33] recently found that PGFS activates nuclear factor kappaB and promotes hepato-
cellular carcinoma proliferation and metastasis. Other studies found that PGF2α enhances mitogen-activated protein 
kinase signaling and inhibits peroxisome proliferator-activated receptor-gamma, a cancer inhibitor; therefore, PGF2α 
promotes cancer cell proliferation and inhibits differentiation[36-38]. The present study found that PGFS was induced by 
Oxa in a dose-dependent manner. These findings indicated that PGFS was related to Oxa resistance in CRC. In our in vitro 
study, we constructed PGFS-overexpressing and PGFS knockdown cells in both parental and Oxa-resistant CRC cell lines. 
We proved that the effect of Oxa on apoptosis and proliferation was suppressed by PGFS overexpression and enhanced 
by PGFS knockdown. These results indicated that PGFS was involved in Oxa resistance in CRC.

The main mechanism of DNA damage caused by Oxa is the direct combination of platinum with DNA, ultimately 
destroying tumors[39]. Oxa is a platinum-based chemotherapy that induces a complex spectrum of DNA damage, 
including DSBs, single-strand breaks, and DNA crosslinks[40], and oxidized bases elicit DNA damage[41]. Indomethacin, 
a PGFS-specific inhibitor, has additive/synergistic effects on Oxa-induced proliferative inhibition, apoptosis, and DNA 
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Figure 4 The protective effect of prostaglandin F2α synthase on DNA damage induced by oxaliplatin in colorectal cancer cells. A and B: DNA 
damage marker protein γ-H2A histone family member X (γ-H2AX) was determined using western blot in HCT116 and HCT8 cells and HCT116-OxR and HCT8-OxR 
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cells; C: γ-H2AX fluorescent spots were detected using immunofluorescence staining; D and E: Detection of DNA damage using single-cell gel electrophoresis (comet 
assay) in parent and drug-resistant cells (scale bar, 50 μm). aP < 0.05, bP < 0.01, cP < 0.001. PGFS: Prostaglandin F2α synthase; Oxa: Oxaliplatin; γ-H2AX: γ-H2A 
histone family member X.

Figure 5 Prostaglandin F2α synthase knockdown improves oxaliplatin efficiency in vivo. A: Morphologies of collected tumors in subcutaneous 
HCT8-OxR xenografts in nude mice; B: Curves of tumor growth in each group; C: Tumor weights were measured after collection; D: Hematoxylin-eosin (upper panel; 
magnification, × 200) and immunohistochemical staining for proliferating cell nuclear antigen (bottom panel; magnification, × 200) using xenograft tumor samples from 
each group. aP < 0.05, bP < 0.01. PCNA: Proliferating cell nuclear antigen; PGFS: Prostaglandin F2α synthase; HE: Hematoxylin and eosin; Oxa: Oxaliplatin.

damage, whereas the administration of PGF2α partially alleviated the above effects[42]. In summary, our data implied that 
the effect of PGFS on resistance in CRC is PGF2α dependent. The knockdown of PGFS sensitizes CRC to Oxa treatment.

Several studies have demonstrated that Oxa-resistant cells can modulate the cellular resistance capacity to oxidative 
stress by regulating key detoxification enzymes[43,44]. The present study found that PGFS inhibited the effect of Oxa on 
DNA damage and thereby promoted Oxa resistance in CRC.

In the present study, PGFS was significantly increased in CRC tissues, PGFS overexpression inhibited the cytotoxic 
effect of Oxa on CRC cells, and downregulation of PGFS improved the efficacy of Oxa in the treatment of CRC. PGFS 
promotes CRC resistance to Oxa in a PGF2α-dependent manner; therefore, the PGFS-PGF2α pathway may be a potential 
target for the treatment of CRC patients with Oxa resistance.
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Figure 6 The inhibitory effect of prostaglandin F2α on oxaliplatin-induced cytotoxicity. A: Western blots showed the effect of prostaglandin F2α 
synthase (PGF2α) (PGFS) on the expressions of proliferating cell nuclear antigen, cleaved-poly ADP-ribose polymerase, and γ-H2A histone family member X (γ-
H2AX) in PGFS knockdown, oxaliplatin-resistant (OR) cells; B: The effect of PGF2α on apoptosis in PGFS knockdown, OR cells evaluated by immunofluorescence. 
scale bar 100 uM; C: The effect of PGF2α on the cleavage of γ-H2AX protein expressions in PGFS knockdown, OR cells; D: The effect of PGF2α on DNA damage in 
PGFs knockdown, OR cells evaluated by single-cell gel electrophoresis. scale bar 50 μm). aP < 0.05, bP < 0.01, cP < 0.001, dNo significance. PCNA: Proliferating cell 
nuclear antigen; PARP: Poly ADP-ribose polymerase; γ-H2AX: γ-H2A histone family member X; TUNEL: Terminal deoxynucleotidyl transferase dUTP nick end 
labeling.



Wang YJ et al. PGFS promotes Oxa resistance in CRC

WJG https://www.wjgnet.com 5467 October 21, 2023 Volume 29 Issue 39

Figure 7 Prostaglandin F2α synthase may suppresses the formation of platinum-DNA adducts. A: The effect of Prostaglandin F2α synthase 
(PGF2α) (PGFS) overexpression on the formation of platinum-DNA adducts was determined using inductively coupled plasma mass spectrometry in colorectal 
cancer (CRC) cells; B: The effect of PGFS knockdown on the formation of platinum-DNA adducts in oxaliplatin-resistant (OR) CRC cells; C: The effect of PGF2α on 
the formation of platinum-DNA adducts in OR CRC cells; D: The reactive oxygen species (ROS) content were significantly decreased in OR CRC cells; E: PGFS 
overexpression significantly decreased ROS content in CRC cells; F: PGFS knockdown significantly decreased ROS content in OR CRC cells; G: PGFS knockdown 
significantly decreased ROS content in OR CRC cells (scale bar, 50 μm). aP < 0.05, bP < 0.01; cNo significance. PGF2α: Prostaglandin F2α; Oxa: Oxaliplatin.

CONCLUSION
PGFS knockdown effectively inhibited the resistance of CRC to Oxa. Mechanistically, PGFS knockdown increased DNA 
and platinum binding. Moreover, the downstream product PGF2α of PGFS was reduced. The production of ROS was 
increased. In summary, the above function causes reduced cell death. Hence, we surmise that downregulation of PGFS 
could improve the efficacy of Oxa in the treatment of CRC.

ARTICLE HIGHLIGHTS
Research background
Chemoresistance is a major obstacle in colorectal cancer (CRC) therapy. Therefore, characterizing mechanisms of 
chemoresistance is beneficial to improve the treatment efficacy and survival rate of CRC patients. In this study, we 
identify the role and potential mechanism of prostaglandin F2α synthase (PGF2α) (PGFS) in drug resistance to CRC, 
providing a novel therapeutic target against cancer drug resistance in the treatment of CRC.

Research motivation
The new theory of this study is that PGFS resistance to oxaliplatin (Oxa) has two effects, one is to reduce the production 
of reactive oxygen species (ROS) through the generation of PGF2α products, and the other is the direct protective effect of 
PGFS on CRC nucleus. The new method in this study is the application of comet experiment to detect DNA damage, and 
the other is the application of inductively coupled plasma mass spectrometry (ICP-MS) to directly detect the platinum 
content of DNA in the nucleus, so as to directly detect the effect of PGFS on the binding of platinum and DNA.

Research objectives
This study was designed to exploit the function and mechanism of PGFS in chemoresistance in CRC. Our study reveals 
the different ways in which PGFS promotes chemoresistance in CRC, and provides a potential target for predicting and 
reversing chemoresistance of CRC.



Wang YJ et al. PGFS promotes Oxa resistance in CRC

WJG https://www.wjgnet.com 5468 October 21, 2023 Volume 29 Issue 39

Research methods
The expression level of PGFS is assessed in 37 pairs of CRC tissues and para-cancer tissues by as detected by quantitative 
polymerase chain reaction and western blot. We examined the influence of PGFS overexpression or knockdown in 
acquired Oxa-resistant CRC cell lines (HCT116-OxR and HCT8-OxR) and their parental cell lines (HCT116 and HCT8). In 
order to analyze how PGFS affects colon cancer cell proliferation, A cholecystokinin octapeptide assay was utilized to 
determine the half-inhibitory concentration value of the cells, a plate clone formation assay was used to determine the 
clonogenesis ability, and an analysis of proliferating cell nuclear antigen expression was performed to determine the 
growth rate. Transferase dUTP nick end labeling and Annexin V/propidium iodide stainings, as well as the apoptotic 
markers cleaved-poly ADP-ribose polymerase and cleaved-caspase 3, were used to detect apoptosis. Western blot and 
cellular immunofluorescence were used to detect the expression and morphology of the DNA damage marker γ-H2AX. 
The DNA damage was detected by single-cell gel electrophoresis. Indomethacin, an inhibitor of prostaglandin synthase of 
PGFS, was used to elucidate the underlying mechanisms. Rescue experiments were conducted by introducing PGF2α, the 
product of PGFS, subsequent to the knockdown of PGFS. The platinum-DNA adducts were quantified using ICP-MS, and 
intracellular ROS levels were measured using a kit for measuring reactive oxygen species.

Research results
We found that PGFS reduced the production of ROS through its downstream product PGF2α, and thereby promotes Oxa 
resistance in CRC, meanwhile, it inhibited the formation of platinum-DNA adducts in a PGF2α-independent manner. The 
suppressive role of PGFS in the formation of platinum-DNA adducts has never been reported before. However, some 
questions need to be further clarified, for example, by what mechanism does PGFS suppress the formation of platinum-
DNA adducts?

Research conclusions
This study aims to explore the relationship between PGFS and the occurrence and development of CRC, and the 
relationship between PGFS and Oxa resistance in CRC as well as the related mechanisms. In the future, it is hoped to 
predict whether patients with CRC are resistant to Oxa by detecting PGFS genes.

Research perspectives
Further work will be needed to clarify the function of PGFS in the nucleus and its mechanisms of action. Moreover, the 
inhibition mechanism of PGFS in the formation of platinum-DNA adducts needs to be further elucidated.
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Abstract
BACKGROUND 
The small intestine is known to play a crucial role in the development and 
remission of diabetes mellitus (DM). However, the exact mechanism by which 
mid-small intestinal bypass improves glucose metabolism in diabetic rats is not 
fully understood.

AIM 
To elucidate the mechanisms by which mid-small intestinal bypass improves 
glucose metabolism.

METHODS 
Streptozotocin (STZ) was used to induce DM in Sprague-Dawley (SD) rats at a 
dose of 60 mg/kg. The rats were then randomly divided into two groups: The 
mid-small intestine bypass (MSIB) group and the sham group (underwent switch 
laparotomy). Following a 6-wk recovery period post-surgery, the rats underwent 
various assessments, including metabolic parameter testing, analysis of liver 
glycogen levels, measurement of key gluconeogenic enzyme activity, character-
ization of the gut microbiota composition, evaluation of hormone levels, determ-
ination of bile acid concentrations, and assessment of the expression of the 
intestinal receptors Takeda G protein-coupled receptor 5 and farnesoid X receptor.
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RESULTS 
The MSIB group of rats demonstrated improved glucose metabolism and lipid metabolism, along with increased 
hepatic glycogen content. Furthermore, there was a decrease in the expression of the key gluconeogenic enzymes 
phosphoenolpyruvate carboxykinase 1 and glucose-6-phosphatase. Importantly, the MSIB group exhibited a 
substantial increase in the abundances of intestinal Lactobacillus, Clostridium symbiosum, Ruminococcus gnavus, and 
Bilophila. Moreover, higher levels of secondary bile acids, such as intestinal lithocholic acid, were observed in this 
group. Remarkably, the changes in the gut microbiota showed a significant correlation with the expression of key 
gluconeogenic enzymes and glucagon-like peptide 1 (GLP-1) at 6 wk postoperatively, highlighting their potential 
role in glucose regulation. These findings highlight the beneficial effects of mid-small intestine bypass on glucose 
metabolism and the associated modulation of the gut microbiota.

CONCLUSION 
The findings of this study demonstrate that the introduction of postoperative intestinal Clostridium symbiosum in 
the mid-small intestine contributes to the enhancement of glucose metabolism in nonobese diabetic rats. This 
improvement is attributed to the increased inhibition of hepatic gluconeogenesis mediated by GLP-1, resulting in a 
favorable modulation of glucose homeostasis.

Key Words: Gut micobiome; Glucagon-like peptide-1; Glucose metablism; Bile acid; Bariatric surgery; Gluconeogenesis

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

Core Tip: Intestinal function plays a pivotal role in the onset, progression, and alleviation of diabetes. However, research on 
surgical procedures and functions involving the mid-small intestine is limited. The precise mechanisms by which the mid-
small intestine improves glucose metabolism in diabetic rats remain largely unclear. This study explores the effects of mid-
small intestine bypass surgery on diabetic rats. Post-surgery, there was an increase in the abundance of Clostridium 
symbiosum in the rat gut, which contributed to improved glucose metabolism through the inhibition of hepatic gluconeo-
genesis mediated by glucagon-like peptide 1. These findings provide a theoretical basis for non-surgical interventions in the 
treatment of metabolic disorders associated with diabetes.

Citation: Luo X, Tao F, Tan C, Xu CY, Zheng ZH, Pang Q, He XA, Cao JQ, Duan JY. Enhanced glucose homeostasis via Clostridium 
symbiosum-mediated glucagon-like peptide 1 inhibition of hepatic gluconeogenesis in mid-intestinal bypass surgery. World J 
Gastroenterol 2023; 29(39): 5471-5482
URL: https://www.wjgnet.com/1007-9327/full/v29/i39/5471.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i39.5471

INTRODUCTION
Diabetes and obesity have become global health concerns, and their strong association has been widely recognized[1,2]. 
Bariatric surgery has gained considerable attention as a therapeutic approach for obesity and diabetes improvement[3]. 
The small intestine, a pivotal organ in dietary metabolism, plays a crucial role in the development of diabetes[4]. Each 
segment of the small intestine exhibits distinct functions[5], including the “ileal brake” mechanism at the distal ileum[6,
7]. Additionally, the gut microbiota composition varies among different segments of the small intestine. While gastric 
bypass, a commonly employed bariatric surgery, involves bypassing a portion of the upper small intestine[8], less 
research has focused on the procedure and function of the middle small intestine. To investigate the role of the middle 
small intestine in glucose metabolism, we utilized a STZ-induced nonobese diabetic SD rat model[9] and conducted 
middle small intestinal bypass surgery to assess the changes in metabolic function and related factors postoperatively. 
This study aimed to elucidate the metabolic function and underlying mechanisms of the mid-segment small intestine, 
with the ultimate goal of providing a theoretical foundation for nonsurgical interventions targeting glucose metabolism 
disorders.

MATERIALS AND METHODS
Experimental animals
In this study, 8-wk-old male SD rats were used to investigate the metabolic improvement effect of mid-small intestine 
bypass (MSIB). The rats were obtained from Shanghai Slaughter Laboratory Animal Co., Ltd. and were fed a normal diet. 
After a one-week acclimatization period, a diabetic rat model was established by intraperitoneal administration of STZ at 
a dose of 60 mg/kg, divided into two doses administered on the same day. Following successful model establishment, the 
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rats were randomly assigned to undergo either MSIB or sham surgery (sham). The rats were maintained under identical 
environmental conditions for 6 wk until euthanasia. Glucose tolerance [oral glucose tolerance test (OGTT)] and insulin 
sensitivity [insulin tolerance test (ITT)] were assessed at 2 and 6 wk postoperatively. Venous blood, liver tissue, ileal 
tissue, and fecal samples were collected for analysis at 6 wk postoperatively.

The rats were individually housed in well-ventilated cages with ad libitum access to water and food. Weekly 
measurements of body weight and food intake were recorded. All animal experiments adhered to the relevant ethical 
guidelines for animal research and were approved by the Animal Ethics Committee of Nanchang University. Standard 
animal care and laboratory protocols were followed in accordance with the ARRIVE guidelines.

Animal operations
The rats were fasted for approximately 14 h and underwent surgery after anesthesia (isoflurane, 2% for maintenance and 
4% for induction). The abdomen was prepared, and a 4-cm median incision was made to access the abdominal cavity.

In the MSIB group, the point close to the ileocecal flap was used as the reference point. Approximately 60% of the small 
bowel was bypassed, starting 20 cm proximal to this point and extending 20 cm distal to the flexural ligament. Intestinal 
continuity was restored through a lateral anastomosis between the distal and proximal small bowel segments. The lumen 
of the bypassed segment was occluded by silk ligation at the site of the lateral anastomosis. For the sham group, the 
bowel was gently manipulated upon entering the abdominal cavity. The abdominal cavity was closed with 3-0 silk 
sutures. The duration of the surgery was approximately 45 min. Subsequently, the rats were subcutaneously injected with 
10 mL of sterile saline for fluid resuscitation and placed individually in cages to recover from anesthesia.

Biochemical tests and enzyme-linked immunosorbent assay
Blood was collected from the rat tail vein, and the blood glucose level was measured using an electronic glucometer 
(Accu-Chek Performa, Roche Diagnostics, Switzerland). The blood was then centrifuged at 3000 rpm for 15 min at 4 °C, 
and the resulting sera were immediately transferred to new tubes and stored at -80 °C until assay analysis was 
performed. Serum concentrations of triglycerides (TG), total cholesterol, high-density lipoprotein (HDL), low-density 
lipoprotein, non-HDL, and free fatty acids were determined using a fully automated biochemical analyzer. The analysis 
and testing procedures were conducted by the Biochemistry Laboratory at the Second Affiliated Hospital of Nanchang 
University. Insulin concentrations in serum were measured using an enzyme-linked immunosorbent assay (ELISA) kit 
(Millipore, Billerica, MA, United States). Additionally, serum concentrations of glucagon-like peptide-1 (GLP-1), peptide 
tyrosine tyrosine, leptin, ghrelin, and fibroblast growth factor 21 (FGF21) were determined using ELISA kits (Uscn Life 
Sciences, Wuhan, China).

OGTT and ITT
The OGTT and ITT were conducted at 2 and 6 wk postoperatively, respectively. The rats were fasted for 14 h prior to the 
tests. The OGTT was performed at 8 am by measuring the initial blood glucose level from the tail vein. Subsequently, a 
gavage of 20% glucose solution (1 g/kg) was administered to the rats with STZ-induced diabetes mellitus (STZ-DM). 
Blood glucose measurements were taken at 0, 15, 30, 60, 90, and 120 min after glucose administration, and the area under 
the curve (AUC) of the glucose tolerance test was calculated. Furthermore, six hours after fasting, the rats underwent ITT. 
After measuring the initial blood glucose level, 0.5 IU/kg human insulin (Wanbang Biopharmaceuticals, Jiangsu, China) 
was injected intraperitoneally, and blood glucose levels were measured at 0, 15, 30, 60, 90, and 180 min. Insulin sensitivity 
was assessed by calculating the ratio of blood glucose to basal blood glucose at each time point, and the AUC of the ITT 
was calculated.

Metabolomics
After 6 wk of surgery, each rat was placed in an individual collection box, and fecal samples were collected within 48 h. 
The collected samples were immediately frozen in a -80 °C freezer. Bile acid extraction was performed using methanol. 
For each sample, methanol (5 mL/g) was added, and the mixture was shaken and incubated at room temperature for a 
specified period. Subsequently, the mixture was centrifuged at 1200 rpm for 2 min at room temperature, and the 
supernatant was carefully transferred into a new centrifuge tube. High-performance liquid chromatography (HPLC) was 
employed for bile acid determination. The filtered supernatant was injected into the HPLC apparatus and passed through 
the separation column. Gradient elution was performed using an appropriate mobile phase, and the absorbance of bile 
acids was detected by an ultraviolet detector. The concentration of bile acids in rat feces was determined by referencing a 
known concentration of bile acids in the standard curve.

Quantitative real-time polymerase chain reaction
RNA extraction from the collected liver and ileal samples was performed using the TRIzol Plus RNA Purification Kit 
(Thermo Fisher) following the manufacturer’s instructions. The extracted RNA samples were assessed for quantity and 
quality using a nanophotometer (NanoDrop-2000, Thermo Fisher Scientific, Massachusetts, United States). Reverse 
transcription reactions were carried out using the Reverse Transcription Kit (XYZ Company, Country) to convert RNA 
into cDNA, utilizing SuperScript™ III First-Strand Synthesis SuperMix (Thermo Fisher). The reverse transcription 
reaction mixture consisted of RNA template, reverse transcriptase, random primers, and reverse transcription buffer. The 
reaction conditions involved incubation at 37 °C for 30 min, followed by heat inactivation at 95 °C for 5 min. To amplify 
the target genes, preamplification reactions were performed using the Preamplification Kit (XYZ Company, Country). 
The preamplification reaction mixture included cDNA template, target gene-specific primer mixture, and preampli-
fication buffer. The reaction conditions consisted of initial denaturation at 95 °C for 2 min, followed by 14 cycles of 
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denaturation (95 °C, 15 s), annealing (60 °C, 1 min), and extension (72 °C, 30 s), with a final extension at 72 °C for 5 min. 
Real-time fluorescent quantitative polymerase chain reaction (PCR) analysis was performed using an ABI Prism 7700 
sequence detector system (Applied Biosystems, Foster City, CA, United States). The PCR mixture consisted of the 
preamplified product, primer mix, fluorescent probe, and PCR Master Mix. The concentrations of primers and probes 
were adjusted based on optimization experiments. The reaction conditions included initial denaturation at 95 °C for 2 
min, followed by 40 cycles of denaturation (95 °C, 15 s) and annealing (60 °C, 1 min).

16S rRNA sequencing
Microbial DNA was extracted from frozen fecal samples using the MagPure Fecal DNA KF Kit B (Magen, China). The 
extraction process was performed following the manufacturer’s instructions, and the concentration and purity of the 
DNA were measured using a nanophotometer with the Qubit dsDNA BR Analysis Kit (Invitrogen, United States). The 
V3-V4 region of the 16S rRNA gene was selected as the target for amplification. The PCR amplification reaction consisted 
of 10 ng of template DNA, 2.5 μM of each primer, and KAPA HiFi HotStart ReadyMix PCR Master Mix (Kapa 
Biosystems, United States). The PCR amplification conditions were as follows: Predenaturation at 95 °C for 3 min, 
followed by 30 cycles of denaturation at 95 °C for 30 s, annealing at 55 °C for 30 s, extension at 72 °C for 30 s, and a final 
extension step at 72 °C for 5 min.

The PCR products were verified by gel electrophoresis and then purified using Ampure XP beads (Beckman Coulter, 
United States). The purified products underwent secondary PCR amplification using Illumina aptamers and sample-
specific index sequences. The secondary PCR products were again validated by gel electrophoresis and purified using 
Ampure XP beads.

Sequencing was performed on the PacBio Sequel platform (UW Genetics, Shenzhen, China), and the obtained 
sequences were assigned to operational taxonomic units (OTUs) based on 97% sequence similarity. Clean tags were 
clustered into OTUs using USEARCH software (v7.0.1090), and species classification of the OTUs was completed. The 
representative sequences of the OTUs were compared to the Greengene_2013_5_99 database using RDP classifier (v2.2) 
software for species annotation, with a confidence threshold set to 0.5[10]. Diversity indices of the gut flora were 
calculated, and the beta diversity index of the gut microbiota was visualized using principal coordinate analysis, with the 
Shannon index representing the alpha diversity index. The differences in OTU abundance between groups were 
compared, and significantly different flora were identified using the linear discriminant analysis effect sizes (LEfSe) 
method, available on the Galaxy (harvard.edu) website.

Quantification and statistical analysis
Graphical data are presented as the mean ± SEM. All analyses were performed using R software version 4.1.3 and 
GraphPad Prism version 8.4 (GraphPad Software, San Diego, CA, United States), with a significance level set at 0.05. The 
AUC was calculated using trapezoidal integration. Differences between the two groups were analyzed using a t test. 
Changes in body weight, food intake, fasting blood glucose, OGTT, and ITT over time were analyzed using a two-way 
analysis of variance (ANOVA). Student’s t test was used for pairwise comparisons between the groups. Statistical 
significance was defined as follows: aP < 0.05, bP < 0.01, and cP < 0.001.

RESULTS
Significant metabolic improvements were observed after MSIB (Figures 1 and 2). At 2 wk after surgery, the body weight 
of rats in the MSIB group decreased compared to that of rats in the sham group (Figure 1A). Additionally, mean blood 
glucose levels were significantly lower in the MSIB group than in the sham group after surgery (Figure 1C). The OGTT 
results showed a significant decrease in both the OGTT values and the area under the OGTT curve (OGTT-AUC) in the 
MSIB group compared to the sham group (Figure 1D-F). Moreover, the MSIB group exhibited a significant reduction in 
food intake compared to the sham group (Figure 1B). However, there was no significant improvement in insulin 
sensitivity (ITT) in the MSIB group compared to the sham group, except for the 45-min mark in the ITT test two weeks 
after surgery and the 60-min mark in the ITT test six weeks after surgery (Figures 1G, H and J). In conclusion, these 
findings suggest that MSIB has a significant positive effect on glucose metabolism in diabetic rats.

After MSIB, there was an observed increase in hepatic glycogen stores, a reduction in gluconeogenic key enzymes, and 
a decrease in the expression of transcription factors (Figure 3C). These changes were significantly correlated with glucose 
metabolism. Examination of liver tissue sections at 6 wk postoperatively revealed a higher hepatic glycogen content in the 
MSIB group than in the sham group (Figures 3A and B). Furthermore, the MSIB group showed reduced expression of 
phosphoenolpyruvate carboxykinase 1 (PCK1) and glucose-6-phosphatase (G6PC), which are key enzymes involved in 
hepatic gluconeogenesis. Additionally, there was a decrease in the expression of Forkhead box O1 (FOXO1) and 
peroxisome proliferator-activated receptor gamma coactivator 1 alpha (PGC-1α), which are transcription factors that 
regulate gluconeogenesis (Figure 3C).

The gut microbiome of rats in the MSIB group exhibited notable alterations compared to that of the sham group 
following surgery, resulting in discernible differences in beta diversity between the two groups (Figure 4A). Specifically, 
there was a significant increase in the abundances of several Lactobacillus spp. at the species level, including Lactobacillus 
hamsteri, Lactobacillus helveticus, Lactobacillus pontis, and Lactobacillus vaginalis. Additionally, there was a significant 
increase in the abundances of Clostridium symbiosum, Bilophila and Ruminococcus gnavus in the gut microbiome of rats in 
the MSIB group (Figures 4B and C). Notably, these upregulated microbial species were correlated with changes in key 
enzymes involved in gluconeogenesis and bile acid metabolism.
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Figure 1 Glucose metabolism improved after mid-small intestine bypass and was significantly correlated with postoperative increased 
abundance of gut microbiota. A: Postoperative body weight changes in rats; B: Postoperative food intake in rats; C: Postoperative mean random blood glucose 
changes in rats; D-F: Glucose tolerance test and area under the curve in rats; G-J: Insulin sensitivity test and area under the curve in rats (G, H, and J); analysis of 
the correlation between postoperative abundance of rising gut microbiota and glucose metabolism and bile acids (I). Data are expressed as mean ± SEM and 
statistical significance was determined by two-tailed Student’s test or two-way ANOVA, aP < 0.05, bP < 0.01, cP < 0.001. FBG: Fasting blood glucose; AUC: Area 
under the curve; OGTT: Oral glucose tolerance test; MSIB: Mid-small intestine bypass; ITT: Insulin tolerance test; PCK1: Phosphoenolpyruvate carboxykinase 1; 
DCA: Deoxycholic acid; LCA: Lithocholic acid; GLCA: Glycolithocholic acid.

After surgery, the MSIB group exhibited increased expression of farnesoid X receptor (FXR) and Takeda G protein-
coupled receptor 5 (TGR5) (Figure 5E), as well as elevated levels of fecal bile acids and secondary bile acids (Figure 5B). 
Metabolomics analysis revealed a significant increase in fecal bile acids in the MSIB group compared to the sham group 
(Figure 5). Specifically, there was an increase in secondary bile acids, including chenodeoxycholic acid, deoxycholic acid 
(DCA), glyco-deoxycholic acid, lithocholic acid (LCA), glycolithocholic acid (GLCA), and ursodeoxycholic acid. 
Correlation analysis further demonstrated a significant positive correlation between the levels of the intestinal secondary 
bile acids LCA and GLCA and the abundance of Clostridium_symbiosum in the intestines (Figure 5C). Moreover, LCA 
showed a significant positive correlation with intestinal GLP-1 expression and a significant negative correlation with the 
key hepatic gluconeogenic enzyme PCK1 (Figures 5C and F).

DISCUSSION
The decrease in serum glucose levels after MSIB is associated with the inhibition of hepatic gluconeogenesis. At 6 wk 
post-MSIB, diabetic rats in the MSIB group exhibited a significant decrease in blood glucose levels compared to those in 
the sham group, as well as a significant difference in the OGTT-AUC. These findings confirmed that a 60% small 
intestinal resection could still improve glucose metabolism, although the effect on reducing body weight was not 
significant. To explore the underlying mechanism of improved glucose metabolism after MSIB, we assessed the liver 
tissue glycogen content of rats at 6 wk post-surgery. The results revealed a significantly higher hepatic glycogen content 
in the MSIB group than in the sham group, indicating that the improved glucose metabolism after MSIB is associated 
with enhanced serum glucose conversion. Previous studies have reported increased hepatic glucose uptake and 
decreased endogenous glucose production following metabolic surgery, which aligns with our findings of elevated 
hepatic glycogen levels[11]. Moreover, bariatric surgery has been shown to inhibit hepatic glucose production[12], further 
supporting our observation. Analysis of liver tissue also demonstrated significantly reduced expression of the key 
gluconeogenic enzymes PCK1 and G6PC in the MSIB group compared to the sham group, along with decreased 
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Figure 2 The serum lipid metabolism was improved, serum glucagon-like peptide 1 level was increased and intestinal glucagon-like 
peptide 1 transcript was increased in rats after mid-small intestine bypass. A: Changes in serum triglycerides, total cholesterol, high-density 
lipoprotein, low-density lipoprotein, non-high-density lipoprotein, and free fatty acids levels in rats after surgery; B: Changes in serum gastrointestinal hormones in rats 
after surgery; C: Changes in intestinal glucagon-like peptide 1, fibroblast growth factor 19, fibroblast growth factor 21, LAT1, glycine transporter 1 transcript in rats 
after surgery. Data are expressed as mean ± SEM and statistical significance was determined by two-tailed Student’s test or two-way ANOVA, aP < 0.05, bP < 0.01, 
cP < 0.001. TG: Triglycerides; CHOL: Cholesterol; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; NHDL: Non-high-density lipoprotein; FFA: Free fatty 
acid; GLP-1: Glucagon-like peptide 1; PYY: Peptide tyrosine tyrosine; FGF21: Fibroblast growth factor 21; GLYT1: Glycine transporter 1.

Figure 3 Increased glycogen reserves and decreased expression of gluconeogenesis-related enzymes and transcription factors in rat 
liver after mid-small intestine bypass. A and B: Glycogen staining and comparison of liver tissue sections; C: Expression of key gluconeogenesis enzymes 
and regulatory-related transcription factors. Data are expressed as mean ± SEM and statistical significance was determined by two-tailed Student’s test or two-way 
ANOVA, aP < 0.05, cP < 0.001. MSIB: Mid-small intestine bypass; PCK1: Phosphoenolpyruvate carboxykinase 1; G6PC: Glucose-6-phosphatase; FOXO1: Forkhead 
box O1; PGC1α: Peroxisome proliferator-activated receptor gamma coactivator 1 alpha; CREB: cAMP response element-binding protein.
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Figure 4 Changes in gut microbiota after mid-small intestine bypass. A: Principal coordinate analysis of gut microbiota based on OUT data from mid-
small intestine bypass (MSIB) and sham groups; B: Bacteria with increased intestinal abundance in rats after MSIB; C: Phylogenetic tree for comparison of linear 
discriminant analysis (LDA) effect sizes of gut microbiota in MSIB and sham groups, bacteria with significantly enriched LDA scores taxa are marked with the colours 
shown. Data are expressed as mean ± SEM and statistical significance was determined by two-tailed Student’s test or two-way ANOVA, aP < 0.05, bP < 0.01. MSIB: 
Mid-small intestine bypass; LDA: Linear discriminant analysis; PCoA: Principal coordinate analysis.

expression of the transcription factors FOXO1 and PGC-1α, which regulate gluconeogenesis. Correlation analysis revealed 
a significant positive correlation between PCK1, G6PC, and glucose levels. Based on these findings, we conclude that the 
decrease in serum glucose levels after MSIB is attributed to the inhibition of gluconeogenesis.

The gut microbiome of rats underwent significant changes after MSIB, as revealed by LEfSe analysis. Specifically, there 
was a significant increase in the abundance of Lactobacillus spp., including specific species such as Lactobacillus hamsteri, 
Lactobacillus helveticus, Lactobacillus pontis, Lactobacillus vaginalis, and Ruminococcus gnavus. Additionally, the abundances 
of Bilophila and Clostridium symbiosum, which are known to metabolize bile acids, also increased significantly. Our 
experiments demonstrated an increase in the fecal levels of various secondary bile acids in the MSIB group compared to 
the sham group. Correlation analysis revealed a significant positive correlation between the levels of LCA and GLCA and 
the abundance of intestinal Clostridium symbiosum, suggesting the involvement of the intestinal flora in metabolic 
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Figure 5 Changes in intestinal bile acid profile in rats after mid-small intestine bypass, correlating significantly with intestinal hormones 
and key enzymes of gluconeogenesis. A: Changes in primary bile acid profile in rats; B: Changes in secondary bile acid profile in rats; C: Correlation analysis 
of bile acid with glucagon-like peptide 1 and factors regulating gluconeogenesis; D: Expression of bile acid synthase and transcription factor, fibroblast growth factor 
21. E: Takeda G protein-coupled receptor 5 and farnesoid X receptor WB results. F: Correlation analysis. Data are expressed as mean ± SEM and statistical 
significance was determined by two-tailed Student’s test or two-way ANOVA, aP < 0.05, bP < 0.01, cP < 0.001. PCK1: Phosphoenolpyruvate carboxykinase 1; DCA: 
Deoxycholic acid; LCA: Lithocholic acid; GLCA: Glycolithocholic acid; GLP-1: Glucagon-like peptide 1; TGR5: Takeda G protein-coupled receptor 5; FXR: Farnesoid 
X receptor; G6PC: Glucose-6-phosphatase; CA: Cholic acid; CDCA: Chenodeoxycholic acid; GCA: Glycocholic acid; GCDCA: Glycochenodeoxycholic acid; TCA: 
Taurocholic acid; TCDCA: Taurochenodeoxycholic acid; UDCA: Ursodeoxycholic acid; GDCA: Glyco-deoxycholic acid; TLCA: Taurolithocholic acid; TDCA: 
Taurodeoxycholic acid; GUDCA: Glycoursodeoxycholic acid; TUDCA: Tauroursodeoxycholic acid; FOXO1: Forkhead box O1; PGC1α: Peroxisome proliferator-
activated receptor gamma coactivator 1 alpha; CREB: cAMP response element-binding protein; MSIB: Mid-small intestine bypass; CYP: Cytochrome P450; BAAT: 
Bile acid-CoA amino acid N-acyltransferase; BACS: Bile acid-CoA synthetase; FGF21: Fibroblast growth aactor 21; TGR5: Takeda G protein-coupled receptor 5; 
FXR:  Farnesol X receptor.

regulation through the catabolic production of secondary bile acids.
Remarkably, the expression levels of cytochrome P450 family 8 subfamily B member 1, an enzyme involved in bile acid 

synthesis, were significantly increased in the experimental group, suggesting that the elevated bile acid levels after MSIB 
may be attributed to augmented classical bile acid pathway synthesis. Bile acids play a crucial role in metabolic regulation 
as important signaling molecules. Previous studies by Steenackers et al[8] demonstrated that LCA can bind to hepatic 
vitamin D receptors, thereby promoting GLP-1 secretion from intestinal L cells (Figure 6). In our experiments, we also 
observed an increase in intestinal LCA levels and GLP-1 transcription in rats following MSIB surgery.

Moreover, bile acids can modulate metabolic homeostasis by activating the nuclear receptor FXR and the membrane 
receptor TGR5[13-15]. TGR5 receptor activation is generally believed to confer metabolic benefits, while the precise role of 
FXR in metabolic regulation remains to be fully elucidated. Pathak et al[16] demonstrated that the dual agonist INT-767 
induces GLP-1 secretion from cells, which aligns with our observations. We found increased transcript levels of TGR5 and 
FXR in the MSIB group of rats after surgery, along with elevated GLP-1 transcript levels. GLP-1, as a gastrointestinal 
hormone, reduces blood glucose levels and improves insulin resistance. Importantly, we observed a positive correlation 
between insulin sensitivity and GLP-1 in the experimental group of rats. Based on these findings, we propose that 
secondary bile acids promote GLP-1 secretion through the activation of TGR5 and FXR, thus benefiting glucose 
metabolism in rats after MSIB. Additionally, the gut microbiota plays a crucial role as an important mediator of this 
process.

There was a significant negative correlation between GLP-1 levels and the transcript levels of the key enzymes PCK1 
and G6PC after MSIB. We observed increased glycogen stores in liver tissue and a significant decrease in the expression 
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Figure 6 Diagram of the mechanism of improved glucose metabolism after mid-small intestine bypass. GLP-1: Glucagon-like peptide 1; TGR5: 
Takeda G protein-coupled receptor 5; FXR: Farnesoid X receptor; LCA: Lithocholic acid; PCK1: Phosphoenolpyruvate carboxykinase 1; G6PC: Glucose-6-
phosphatase.

of the gluconeogenic enzymes PCK1 and G6PC in the MSIB group compared to the sham group after surgery. 
Additionally, the transcription factors FOXO1 and CREB, which regulate gluconeogenesis, were also found to be 
inhibited. These findings suggest that the inhibition of gluconeogenesis played a significant role in the reduction in blood 
glucose levels in rats after MSIB.

Furthermore, correlation analysis revealed a significant negative correlation between PCK1 expression and GLP-1 
levels, indicating that GLP-1 may be involved in the inhibition of gluconeogenesis. However, further experimental 
evidence is required to confirm this relationship. Previous studies by Lee et al[17] demonstrated that GLP-1 gene therapy 
reduces hepatic gluconeogenesis. Other scholars have suggested that GLP-1 may inhibit hepatic gluconeogenesis through 
FGF21[18] and regulate hepatic glucose production through neural circuits[19]. Additionally, intraperitoneal injection of 
GLP-1 has been shown to inhibit gluconeogenesis and related enzyme activity in obese mice[20]. These studies support 
the notion that GLP-1 can influence hepatic gluconeogenesis to improve blood glucose levels, which aligns with our 
observation of the decreased expression of key gluconeogenic enzymes. Therefore, we conclude that the increased levels 
of GLP-1 were responsible for the inhibition of postoperative gluconeogenesis in the MSIB group of rats.

In summary, our findings suggest that hepatic gluconeogenesis is inhibited by the decrease in serum glucose levels in 
rats after MSIB. Increased GLP-1 secretion, attributed to the elevated abundance of intestinal Clostridium symbiosum, 
serves as a potential pathway mediating these effects.

The study has some limitations, including a small sample size and a relatively short observation period. To further 
investigate the relationship between the intestinal Clostridium symbiosum abundance, bile acids, and GLP-1, future studies 
should consider conducting microbiota transplantation experiments and cell-based assays. Additionally, the cellular 
pathways connecting GLP-1 and gluconeogenesis still require further investigation.

CONCLUSION
Postoperative intestinal bypass of the midsection small intestine in nonobese diabetic rats improves glucose metabolism 
by increasing GLP-1 levels and inhibiting hepatic gluconeogenesis through the increased abundance of intestinal 
Clostridium symbiosum.
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ARTICLE HIGHLIGHTS
Research background
The exact mechanism by which mid-small intestinal bypass (MSIB) improves glucose metabolism in diabetic rats is not 
fully understood.

Research motivation
To explore the role of the mid-small intestine in the onset and progression of diabetes.

Research objectives
The aim of this study was to elucidate the mechanisms by which MSIB improves glucose metabolism.

Research methods
Streptozotocin was used to induce diabetes mellitus in Sprague-Dawley rats at a dose of 60 mg/kg. The rats were then 
randomly divided into two groups: The MSIB group and the sham group (underwent switch laparotomy). Following a 6-
wk recovery period post-surgery, the rats underwent various assessments, including metabolic parameter testing, 
analysis of liver glycogen levels, measurement of key gluconeogenic enzyme activity, characterization of the gut 
microbiota composition, evaluation of hormone levels, determination of bile acid concentrations, and assessment of the 
expression of the intestinal receptors Takeda G protein-coupled receptor 5 and farnesoid X receptor.

Research results
The MSIB group of rats exhibited improved glucose and lipid metabolism, increased hepatic glycogen content, and 
decreased expression of key gluconeogenic enzymes (phosphoenolpyruvate carboxykinase 1 and glucose-6-phosphatase). 
Notably, this group showed a substantial rise in specific intestinal bacteria, including Lactobacillus, Clostridium symbiosum, 
Ruminococcus gnavus, and Bilophila. Additionally, elevated levels of secondary bile acids, such as lithocholic acid, were 
observed. Importantly, changes in the gut microbiota were significantly correlated with the expression of gluconeogenic 
enzymes and glucagon-like peptide 1 (GLP-1) at 6 wk post-surgery, suggesting their potential involvement in regulating 
glucose. These findings underscore the beneficial impact of mid-small intestine bypass on glucose metabolism and its 
modulation of the gut microbiota.

Research conclusions
This study shows that postoperative introduction of intestinal Clostridium symbiosum in the mid-small intestine improves 
glucose metabolism in non-obese diabetic rats. This enhancement is linked to increased inhibition of hepatic gluconeo-
genesis mediated by GLP-1, leading to a positive impact on glucose regulation.

Research perspectives
This study explores partial mechanisms of the interaction between gut microbiota and host metabolism, providing a 
theoretical foundation for non-surgical interventions in diabetes-related metabolic disorders.
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Abstract
BACKGROUND 
Based on the clinical data of colorectal cancer (CRC) patients who underwent 
surgery at our institution, a model for predicting the formation of tumor deposits 
(TDs) in this patient population was established.

AIM 
To establish an effective model for predicting TD formation, thus enabling 
clinicians to identify CRC patients at high risk for TDs and implement person-
alized treatment strategies.

METHODS 
CRC patients (n = 645) who met the inclusion criteria were randomly divided into 
training (n = 452) and validation (n = 193) cohorts using a 7:3 ratio in this retro-
spective analysis. Least absolute shrinkage and selection operator regression was 
employed to screen potential risk factors, and multivariable logistic regression 
analysis was used to identify independent risk factors. Subsequently, a predictive 
model for TD formation in CRC patients was constructed based on the indepen-
dent risk factors. The discrimination ability of the model, its consistency with 
actual results, and its clinical applicability were evaluated using receiver-
operating characteristic curves, area under the curve (AUC), calibration curves, 
and decision curve analysis (DCA).

RESULTS 
Thirty-four (7.5%) patients with TDs were identified in the training cohort based 
on postoperative pathological specimens. Multivariate logistic regression analysis 
identified female sex, preoperative intestinal obstruction, left-sided CRC, and 
lymph node metastasis as independent risk factors for TD formation. The AUCs of 
the nomogram models constructed using these variables were 0.839 and 0.853 in 
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the training and validation cohorts, respectively. The calibration curve demonstrated good consistency, and the 
training cohort DCA yielded a threshold probability of 7%-78%.

CONCLUSION 
This study developed and validated a nomogram with good predictive performance for identifying TDs in CRC 
patients. Our predictive model can assist surgeons in making optimal treatment decisions.

Key Words: Colorectal cancer; Tumor deposits; Nomogram

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

Core Tip: This article retrospectively analyzed the risk factors for tumor deposits (TDs) in colorectal cancer (CRC) and 
established a nomogram that included female sex, preoperative intestinal obstruction, left-sided CRC, and lymph node 
metastasis. This model enabled clinicians to identify high-risk populations for TDs in CRC patients and implement person-
alized treatment strategies.

Citation: Zheng HD, Hu YH, Ye K, Xu JH. Development and validation of a nomogram for preoperative prediction of tumor deposits 
in colorectal cancer. World J Gastroenterol 2023; 29(39): 5483-5493
URL: https://www.wjgnet.com/1007-9327/full/v29/i39/5483.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i39.5483

INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer worldwide, with over 1 million new cases each year, making it 
the second leading cause of cancer death[1]. The current management of CRC is based on the tumor, lymph node, and 
metastasis (TNM) staging system. Initially developed to predict cancer prognosis, this system has evolved and now 
serves as the basis for determining treatment strategies and enrolling patients in clinical studies[2]. The TNM system has 
evolved continuously throughout scientific advancements, and its latest edition, the 8th edition of the TNM classification, 
was published in 2017[3]. However, the current TNM staging system exhibits limited ability to evaluate prognosis and 
clinical outcomes for patients with stage III CRC[4]. To improve the accuracy of staging systems in CRC, it is important to 
consider several key prognostic markers, including lymphatic invasion, neural invasion, and tumor deposits (TDs)[5]. 
TDs are defined as isolated tumor lesions found in the fat around the colon or rectum or adjacent mesentery (colon 
mesentery fat) far from the edge of tumor infiltration without evidence of residual lymphatic tissue[6]. Previous studies 
have shown that TDs are associated with early metastasis and poor prognosis[6,7]. No consensus has been reached on 
whether TDs should be considered positive lymph nodes in the TNM staging of CRC, leading to modifications and 
changes in the TNM staging system over time. Since 1997, TDs have been considered in the TNM classification[8]. In the 
7th and 8th versions of the TNM staging systems, the presence of TDs without any positive lymph nodes is classified as 
“N1c”[9]. Some studies suggest that TDs may indicate a worse prognosis than lymph node metastasis, highlighting the 
importance of recognizing the role of TDs in prognostic assessment within the TNM staging system[6,10,11].

Limited research has investigated preoperative risk factors associated with TDs, particularly in the development of 
reliable predictive models. As a result, accurately assessing the presence of TDs before surgery remains challenging. This 
study aimed to address that gap by constructing a nomogram that can accurately and effectively predict the likelihood of 
TDs in patients with CRC. The nomogram aimed to identify individuals at high risk of recurrence, providing valuable 
insights for personalized treatment strategies and ultimately enhancing prognosis.

MATERIALS AND METHODS
Patients
This retrospective study was conducted at a single center and received approval from the Ethics Committee of the Second 
Affiliated Hospital of Fujian Medical University (2023-266). The study included a total of 645 patients diagnosed with 
CRC who underwent surgery between July 2019 and October 2022. The inclusion criteria were as follows: (1) Pathological 
confirmation of CRC; (2) undergoing surgical treatment; and (3) CRC being the primary malignant tumor. The exclusion 
criteria were as follows: (1) Presence of distant metastasis; (2) history of treatment with preoperative neoadjuvant 
radiotherapy and chemotherapy; and (3) incomplete clinical data.

The definition of TDs
TDs are characterized by the presence of tumor cells within the adipose tissue surrounding the colon or rectum, situated 
at a distance from the leading edge of tumor invasion. Importantly, there is no indication of residual lymph node tissue 
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within the lymphatic drainage region of the tumor[12]. As shown in Figure 1, we found nodular formations consisting of 
tumor cell extensions in the surrounding structures of the colon and rectum, which do not appear to meet the criteria for 
classification as lymph nodes.

Variables
In the present study, certain variables were reclassified based on specific criteria. Age was divided into two groups: ≤ 64 
years old and > 64 years old. Sex was categorized as male and female. Body mass index records were classified as ≤ 25 
and > 25. Tumor size was grouped as ≤ 3 cm and > 3 cm. The tumor site was divided into the right side (cecum, ascending 
colon, hepatic flexure, and transverse colon) and the left side (splenic flexure, descending colon, sigmoid colon, and 
rectum). Tumor circumference was categorized as ≤ 1/2 bowel circumference and > 1/2 bowel circumference. T staging 
was classified as T1-2 and T3-4. N staging was grouped as N0 and N1-2. The degree of differentiation was divided into 
“highly differentiated/moderately differentiated” and “poorly differentiated/undifferentiated” stages. The cutoff values 
for certain variables were determined using receiver-operating characteristic (ROC) curves and the Youden index[13]. For 
instance, the preoperative carcinoembryonic antigen (CEA) level variables were divided into ≤ 5 ng/mL and > 5 ng/mL 
based on the cutoff value. Similarly, the carbohydrate antigen 19-9 (CA199) level variables were categorized as ≤ 18 U/
mL and > 18 U/mL. The tumor size variables were grouped as ≤ 3 cm and > 3 cm. The preoperative neutrophil-to-
lymphocyte ratio was divided into ≤ 3 and > 3. Other variables, such as preoperative intestinal obstruction, hypertension, 
diabetes, smoking history, and previous surgery history, were classified as “yes” or “no” based on their presence or 
absence in the patients’ medical records.

Statistical analysis
Before conducting the statistical analysis, we randomly divided the 645 patients into two cohorts: A training cohort and a 
validation cohort, using a 7:3 ratio. The statistical analysis was performed using IBM SPSS software (version 27.0). For 
normally distributed measurement data, t tests were employed, while the Mann-Whitney U test was used for 
nonnormally distributed measurement data. Chi-square tests were conducted to analyze count data. Least absolute 
shrinkage and selection operator (LASSO) regression, incorporating Lambda’s penalty coefficient, was employed to 
reduce the regression coefficient of variables to zero. Variables with zero regression coefficients were excluded, while 
those without zero regression coefficients were recognized as being associated with TDs. Multivariate logistic analysis 
was performed on the selected variables to determine the most relevant variable, which formed the basis for developing a 
nomogram. The validation cohort was utilized to assess the predictive ability of the developed nomogram, including 
discrimination and calibration. Calibration curves were generated to illustrate any potential disparities between the 
training cohort and the validation cohort, encompassing both the original and recalibrated nomograms. The discrim-
inative ability of the model was evaluated through ROC curve analysis, with the area under the curve (AUC) serving as a 
measure. The predictive ability of the final model was evaluated by comparing the observed incidence of TDs. 
Additionally, decision curve analysis (DCA) was performed to assess the clinical application value of the model, 
calculating the net benefit under various risk threshold probabilities. R version 4.2.1 software was used for statistical 
analysis of the predictive models, with a P value < 0.05 considered indicative of statistical significance.

RESULTS
Clinicopathologic characteristics
A total of 645 CRC patients who met the eligibility criteria were included in this study and randomly divided into a 
training cohort (452 individuals) and a validation cohort (193 individuals). Among the patients, 372 were male and 273 
were female, indicating a higher proportion of males (57.7%). Preoperative intestinal obstruction was present in 73 cases, 
while 572 cases showed no symptoms of bowel obstruction. Tumors were located on the left side in 487 patients and on 
the right side in 158 patients. Additionally, 239 patients had tumors occupying ≤ 1/2 of the intestinal canal circumference; 
137 patients had a maximum tumor diameter of ≤ 3 cm, while 508 patients had a diameter > 3 cm. Pathological staging 
revealed T1-2 in 109 cases and T3-4 in 536 cases. Lymph node metastasis (pN1-2) was observed in 294 patients, while 351 
patients had no lymph node metastasis (pN0). Moreover, 41 patients had poor differentiation, and 604 patients had 
moderate and good differentiation. All patients were divided into two groups based on the presence of TDs: The TD 
group (n = 51) and the non-TD group (n = 594).

Upon analyzing the clinical baseline characteristics of the included patients, significant differences were observed in 
sex, preoperative intestinal obstruction, tumor size, serum CEA level, serum CA199 level, pathological T stage, 
pathological N stage, and differentiation degree (P < 0.05). However, no significant differences were observed in other 
factors. The basic demographics and clinicopathological characteristics can be found in Table 1.

Predictor selection and identification
In the training cohort, we employed the LASSO regression algorithm to perform feature selection. This approach helps 
minimize the impact of multicollinearity and offers strong predictability and stability. We selected features based on the 
partial likelihood binomial deviance reaching its minimum value, and eight variables with nonzero coefficients were 
retained in the LASSO regression (Figure 2). These variables were considered significantly associated with TDs. The 
identified variables included sex, preoperative intestinal obstruction, diabetes, tumor location, tumor size, serum CEA 
level, pathological N stage, and degree of differentiation.
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Table 1 Characteristics of patients, n (%)

Variables No TD TD Total P value

Age (yr) 0.906

    ≤ 64 321 (54.0) 28 (54.9) 349 (54.1)

    > 64 273 (46.0) 23 (45.1) 296 (45.9)

Sex 0.029

    Male 350 (58.9) 22 (43.1) 372 (57.7)

    Female 244 (41.1) 29 (56.9) 273 (42.3)

Preoperative obstruction < 0.001

    No 535 (90.1) 37 (72.5) 572 (88.7)

    Yes 59 (9.9) 14 (27.5) 73 (11.3)

Hypertension 0.106

    No 440 (74.1) 43 (84.3) 483 (74.9)

    Yes 154 (25.9) 8 (15.7) 162 (25.1)

Diabetes 0.459

    No 522 (87.9) 43 (84.3) 565 (87.6)

    Yes 72 (12.1) 8 (15.7) 80 (12.4)

BMI (kg/m2) 0.970

    ≤ 25 502 (84.5) 43 (84.3) 545 (84.5)

    >25 92 (15.5) 8 (15.7) 100 (15.5)

Smoking history 0.581

    No 533 (89.7) 47 (92.2) 580 (89.9)

    Yes 61 (10.3) 4 (7.8) 65 (10.1)

Abdominal surgery 1.000

    No 542 (91.2) 47 (92.2) 589 (91.3)

    Yes 52 (8.8) 4 (7.8) 56 (8.7)

Tumor position 0.236

Right 149 (25.1) 9 (17.6) 158 (24.5)

Left 445 (74.9) 42 (82.4) 487 (75.5)

Occupied intestinal circumference 0.139

    ≤ 1/2 225 (37.9) 14 (27.5) 239 (37.1)

    > 1/2 369 (62.1) 37 (72.5) 406 (62.9)

Tumor size (cm) 0.015

    ≤ 3 133 (22.4) 4 (7.8) 137 (21.2)

    > 3 461 (77.6) 47 (92.2) 508 (78.8)

NLR 0.925

    ≤ 3 423 (71.2) 36 (70.6) 459 (71.2)

    > 3 171 (28.8) 15 (29.4) 186 (28.8)

CA-199 (U/mL) 0.037

    ≤ 18 400 (67.3) 27 (52.9) 427 (66.2)

    > 18 194 (32.7) 24 (47.1) 218 (33.8)

CEA (ng/mL) 0.01

    ≤ 5 355 (59.8) 21 (41.2) 376 (58.3)
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    > 5 239 (40.2) 30 (58.8) 269 (41.7)

T stage 0.003

    T0-T2 108 (18.2) 1 (2.0) 109 (16.9)

    T3-T4 486 (81.8) 50 (98.0) 536 (83.1)

N stage < 0.001

    N0 349 (58.8) 2 (3.9) 351 (54.4)

    N1-N2 245 (41.2) 49 (96.1) 294 (45.6)

Differentiation 0.011

    Poor 33 (5.6) 8 (15.7) 41 (6.4)

    Well/moderate 561 (94.4) 43 (84.3) 604 (93.6)

TD: Tumor deposit; BMI: Body mass index; NLR: Neutrophil-to-lymphocyte ratio; CEA: Carcinoembryonic antigen; CA-199: Carbohydrate antigen 199.

Figure 1 Hematoxylin-eosin staining of tumor deposits. A: Magnification (× 20); B: Magnification (× 40).

Figure 2 The Lasso regression method is used to screen for predictable variables. A: The coefficient distribution of 17 baseline features; B: In Lasso 
regression, 10-fold cross-validation was used to select predictive variables using the minimum criterion (dashed line on the left).

To further investigate their predictive significance, we conducted a multivariate logistic regression analysis using these 
eight variables. The results demonstrated that sex (female) [odds ratio (OR) = 2.404; 95% confidence interval (CI) = 1.249-
4.626; P = 0.009], preoperative intestinal obstruction (OR = 3.119; 95%CI = 1.427-6.818; P = 0.004), tumor location (left side) 
(OR = 2.511; 95%CI = 1.088-5.795; P = 0.031), and pathological N stage (OR = 29.658; 95%CI = 7.051-124.744; P < 0.001) 
were all significant predictors of TDs. The detailed results of the multivariate logistic regression analysis can be found in 
Table 2.
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Table 2 The multivariate logistic regression results

Variables Odds ratio 95%CI P value

Sex

    Male 1

    Female 2.404 1.249-4.626 0.009

Preoperative obstruction

    No 1

    Yes 3.119 1.427-6.818 0.004

Diabetes

    No 1

    Yes 1.485 0.602-3.663 0.391

Tumor position

    Right 1

    Left 2.511 1.088-5.795 0.031

Tumor size (cm)

    ≤ 3 1

    > 3 2.631 0.867-7.977 0.088

CEA

    ≤ 5 1

    > 5 1.889 0.983-3.632 0.056

N stage

    N0 1

    N1-N2 29.658 7.051-124.744 < 0.001

Differentiation

    Poor 1

    Well/moderate 0.476 0.179-1.260 0.135

CEA: Carcinoembryonic antigen; CI: Confidence interval.

Construction and evaluation of the nomogram
A nomogram was developed based on the four independent risk factors identified through multivariable logistic 
regression analysis (Figure 3). Each risk factor was assigned a specific score to calculate the total risk score for predicting 
TDs in CRC patients. The risk score for lymph node metastasis had the highest weightage (100 points), followed by 
preoperative symptoms of bowel obstruction (40 points). By summing the scores of the four risk factors, the total risk 
score can be obtained, indicating the likelihood of TDs in the patient.

To assess the predictive accuracy of the nomogram, ROC curves were generated, yielding an AUC of 0.839 for the 
training cohort and 0.853 for the validation cohort (Figure 4). These values indicated that the nomogram had good 
predictive ability. The calibration curves (Figure 5) demonstrated excellent agreement between the predicted TDs and the 
actual observations in both the training and validation cohorts.

Furthermore, the DCA curve was plotted for the training cohort (Figure 6). The curve showed that within a threshold 
probability range of 7% to 78%, using this predictive model to identify the presence of TDs in CRC patients can lead to 
net clinical benefits.

DISCUSSION
CRC, as one of the most common malignant tumors worldwide, has attracted significant attention in clinical and scientific 
research in recent years[1]. Notably, the prognosis of CRC patients has become a key area of concern for clinical practi-
tioners. With research progress achieved on prognostic factors, emerging evidence suggests that tumor pathological 
characteristics play a crucial role in the prognosis of CRC patients[14]. Among these characteristics, TNM staging is 
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Figure 3 A nomogram was used to predict the risk of tumor deposits in colorectal cancer patients. The predictors included sex, tumor position, 
preoperative intestinal obstruction, and lymph node metastasis.

Figure 4 The receiver-operating characteristic curves of the nomogram for predicting tumor deposits. A: Receiver operating characteristic 
(ROC) curve for the nomogram based on the training cohort. The area under the curve (AUC) is 0.839; B: ROC curve for the nomogram based on the validation 
cohort. The AUC is 0.853. ROC: Receiver operating characteristic; AUC: Area under the curve.

widely recognized as the most crucial prognostic indicator[15]. The significance of TDs has grown in subsequent revisions 
of the TNM classification, with their inclusion in TNM-8 and classification as “N1c” when accompanied by lymph node 
negativity[9,16]. Importantly, in the 8th edition of TNM, tumor nodules with venous, lymphatic vessel, or perineural 
infiltration are considered distinct entities[7]. An increasing body of literature suggests that TDs carry a worse prognosis 
than N1 or N2 involvement[7,11,16,17]. Therefore, accurately predicting the presence of TDs in CRC patients before 
surgery holds immense value in guiding personalized staging, preoperative treatment decisions, and prognosis 
assessment. Currently, limited research exists on the risk factors associated with TDs in CRC patients. Most studies have 
focused on comparing TDs with the prognosis of lymph node metastasis, and only a few have established effective 
clinical prediction models. Our study included comprehensive baseline and pathological information and incorporated 
patient symptoms such as intestinal obstruction. This approach enhanced the sensitivity and specificity of the model, 
enabling clinicians to identify high-risk populations for TDs in CRC patients and implement personalized treatment 
strategies.

Nomograms are valuable tools for predicting outcomes in clinical practice. They provide a visual representation of the 
impact of various predictors on the outcome, offering a practical and intuitive explanation of their influence[18]. In our 
study, we developed a nomogram to predict the risk of TDs in CRC patients. The nomogram was constructed based on 
important clinical characteristics identified through LASSO regression and multivariate logistic regression. The 
calibration curve demonstrated high agreement between the predicted and observed TD incidence, indicating reliable 
prediction performance. Moreover, the AUC values exceeded 0.8 for both the training and validation cohorts, indicating 
good prediction model accuracy and discrimination.

Previous studies have reported that the incidence rate of TDs in CRC patients is approximately 10%[19], which is 
slightly higher than that in the present study. The exploration of clinical risk factors for TDs in CRC patients remains 
limited. However, there have been some notable studies in this field. Hong et al[20] investigated predictive factors for TDs 
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Figure 5 Calibration curve for the nomogram in the cohort. A: Calibration curve of the training cohort; B: Calibration curve of the validation cohort. ROC: 
Receiver operating characteristic.

Figure 6 Decision curve analysis of the nomogram. The Y-axis represents net income, and the red line represents the risk nomogram. When the threshold 
probability is > 7% and < 78%, this predictive model can achieve net clinical benefits.

in rectal cancer using a radiomics signature and developed a predictive model based on imaging features. They identified 
tumor location and two imaging features (D*, α) as accurate predictors of TDs. Chen et al[19] extracted data from the 
Surveillance, Epidemiology, and End Results database and found that poor tumor differentiation, positive CEA, higher T 
staging, tumor location, and increased lymph node metastasis were risk factors for TDs in CRC patients. In our study, we 
conducted intergroup comparisons and identified age, preoperative intestinal obstruction, tumor size, serum CEA, serum 
CA199, pathological T stage, pathological N stage, and degree of differentiation as factors associated with TDs, which 
aligns with the aforementioned research. However, after applying LASSO regression and multivariable logistic 
regression, we determined that tumor location (left side), preoperative intestinal obstruction, female sex, and N stage 
were independent predictive variables. Notably, the association between sex and TDs has not been extensively explored, 
and our finding of a higher risk of TDs in female patients has not yet been documented. This may suggest that female 
patients are more susceptible to lymph node metastasis[21], but further investigation is required to clarify this 
relationship. We also found a significant correlation between tumor location and TDs, with the left side being prone to 
TDs, especially in rectal cancer cases. This discrepancy in TD location can be attributed to variations in lymphatic vessel 
involvement and lymph node metastasis between left-sided and right-sided colon cancers[19,22]. CRC patients often 
experience intestinal obstruction at advanced stages, sometimes requiring emergency surgery or the placement of an 
intestinal stent[23]. Previous studies have indicated that preoperative intestinal obstruction in CRC patients is associated 
with elevated CEA levels, poorly differentiated tumors, advanced T stage, left-sided primary tumor location, and nerve 
invasion, which may explain the significant association between preoperative intestinal obstruction and TDs[24-26]. 
Furthermore, a higher number of lymph node metastases increases the likelihood of TDs, potentially due to the 
involvement of peripheral nerves, lymphatic vessels, and blood vessels[19]. The fifth edition of TNM staging distin-
guished between TDs and lymph node metastasis based on size, classifying all nodules with a diameter larger than 3 mm 
as lymph node metastasis, thus highlighting the strong relationship between TDs and lymph nodes[27].
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The current TNM staging only considers TDs in the absence of lymph node metastasis, which may not fully reflect the 
important role of TDs in prognosis and may lead to incorrect treatment strategies[3,9]. Liang et al[11] conducted a large 
retrospective study with a large sample size and found that TDs were an independent prognostic factor for gastric cancer 
patients after radical resection, suggesting that TDs should be included in the N staging system. In Liu et al’s study[28], 
after combining TDs and lymph node metastasis, it was observed that the prognosis of N1 patients with TD positivity 
was similar to that of N2 patients, while the prognosis of N2 patients with TD positivity was much worse than that of N2 
patients without TDs. The researchers believe that in the presence of lymph node metastasis, TDs should also be 
considered in the TNM system. However, when evaluating the role of TDs, ignoring the number of TDs does not seem to 
be a correct decision[14]. A previous multicenter study demonstrated a significant correlation between the number of TDs 
and prognosis, with patients with ≥ 4 TDs experiencing a significantly worse prognosis than those with < 4 TDs under the 
same conditions[7]. In summary, it is necessary to fully evaluate the prognosis of CRC patients, regardless of the presence 
or absence of lymph node metastasis, by considering TDs and their quantity.

In conclusion, our study integrated preoperative predictive factors into a model and achieved favorable results 
supported by a sufficient sample size and robust testing efficacy. However, there are some limitations to consider. First, 
this study has a retrospective design, which may introduce inherent biases. Second, the absence of imaging data for the 
preoperative predictors is a limitation, and future prospective cohort studies incorporating radiomics signatures may 
help support our findings.

CONCLUSION
In summary, our study identified female sex, preoperative intestinal obstruction, left-sided CRC, and lymph node 
metastasis as predictors of TDs in CRC. Assessing these factors before surgery is crucial for accurately determining the 
presence of TDs. Consideration of the impact of these predictors on clinical decision-making and patient prognosis, 
especially for high-risk individuals, is essential for making informed decisions and obtaining optimal outcomes.

ARTICLE HIGHLIGHTS
Research background
Colorectal cancer (CRC) poses a serious threat to human life and health. Previous studies have shown that tumor deposits 
(TDs) are significantly associated with early metastasis and poor prognosis. However, research on related risk factors is 
limited, and accurate prediction of TDs remains challenging. We developed a model based on preoperative clinical and 
pathological features to accurately predict the likelihood of TDs in CRC patients.

Research motivation
At present, the diagnosis of TDs in CRC requires postoperative pathology, which is passive for clinicians. If TDs can be 
accurately identified before patients receive treatment, it is of great importance for evaluating clinical staging, selecting 
reasonable treatment plans, and judging the prognosis of CRC patients.

Research objectives
To develop and validate a nomogram with good predictive ability for the preoperative prediction of TDs in patients with 
CRC.

Research methods
We retrospectively collected the data of 645 eligible patients with CRC. SPSS 27.0 and R (version 4.2.1) were used for 
statistical analysis, and a prediction model for TDs in CRC patients was established.

Research results
A total of 51 patients with CRC had TDs in this study. The areas under the curve of the training cohort and the validation 
cohort were 0.839 and 0.853, respectively. The model showed good accuracy and discrimination ability and has broad 
clinical practicability. The results of this study suggest the value of preoperative indicators in predicting TDs in CRC 
patients and can assist in guiding clinical decision making.

Research conclusions
This nomogram based on preoperative indicators can effectively predict the preoperative TD status of CRC.

Research perspectives
In the future, we will try to apply radiomics combined with clinical indicators to construct a model to predict the status of 
TDs in CRC patients.



Zheng HD et al. Nomogram for predicting TDs

WJG https://www.wjgnet.com 5492 October 21, 2023 Volume 29 Issue 39

FOOTNOTES
Author contributions: Zheng HD designed/planned the study and wrote the paper; Zheng HD, Hu YH and Ye K acquired and analyzed 
data and performed computational modeling; Xu JH participated in discussion of related data; All authors read and approved the final 
manuscript.

Supported by Fujian Province Science and Technology Innovation Joint Fund Project, No. 2021Y9029.

Institutional review board statement: The study was reviewed and approved for publication by our Institutional Reviewer.

Informed consent statement: As the study used anonymous and pre-existing data, the requirement for the informed consent from 
patients was waived.

Conflict-of-interest statement: All the Authors have no conflict of interest related to the manuscript.

Data sharing statement: The datasets used and/or analyzed during the current study are available from the corresponding author on 
reasonable request.

STROBE statement: The authors have read the STROBE Statement-checklist of items, and the manuscript was prepared and revised 
according to the STROBE Statement-checklist of items.

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

Country/Territory of origin: China

ORCID number: Hui-Da Zheng 0000-0002-4986-8770; Jian-Hua Xu 0000-0001-5147-292X.

S-Editor: Qu XL 
L-Editor: A 
P-Editor: Yuan YY

REFERENCES
1 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F. Global Cancer Statistics 2020: GLOBOCAN Estimates of 

Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin 2021; 71: 209-249 [PMID: 33538338 DOI: 
10.3322/caac.21660]

2 Quirke P, Williams GT, Ectors N, Ensari A, Piard F, Nagtegaal I. The future of the TNM staging system in colorectal cancer: time for a 
debate? Lancet Oncol 2007; 8: 651-657 [PMID: 17613427 DOI: 10.1016/S1470-2045(07)70205-X]

3 Delattre JF, Selcen Oguz Erdogan A, Cohen R, Shi Q, Emile JF, Taieb J, Tabernero J, André T, Meyerhardt JA, Nagtegaal ID, Svrcek M. A 
comprehensive overview of tumour deposits in colorectal cancer: Towards a next TNM classification. Cancer Treat Rev 2022; 103: 102325 
[PMID: 34954486 DOI: 10.1016/j.ctrv.2021.102325]

4 Moon JY, Lee MR, Ha GW. Prognostic value of tumor deposits for long-term oncologic outcomes in patients with stage III colorectal cancer: 
a systematic review and meta-analysis. Int J Colorectal Dis 2022; 37: 141-151 [PMID: 34595585 DOI: 10.1007/s00384-021-04036-z]

5 Wu W, Zeng S, Zhang X, Liu P, Qiu T, Li S, Gong P. The value of tumor deposits in evaluating colorectal cancer survival and metastasis: a 
population-based retrospective cohort study. World J Surg Oncol 2022; 20: 41 [PMID: 35189906 DOI: 10.1186/s12957-022-02501-9]

6 Bouquot M, Creavin B, Goasguen N, Chafai N, Tiret E, André T, Flejou JF, Parc Y, Lefevre JH, Svrcek M. Prognostic value and 
characteristics of N1c colorectal cancer. Colorectal Dis 2018; 20: O248-O255 [PMID: 29894583 DOI: 10.1111/codi.14289]

7 Cohen R, Shi Q, Meyers J, Jin Z, Svrcek M, Fuchs C, Couture F, Kuebler P, Ciombor KK, Bendell J, De Jesus-Acosta A, Kumar P, Lewis D, 
Tan B, Bertagnolli MM, Philip P, Blanke C, O'Reilly EM, Shields A, Meyerhardt JA. Combining tumor deposits with the number of lymph 
node metastases to improve the prognostic accuracy in stage III colon cancer: a post hoc analysis of the CALGB/SWOG 80702 phase III study 
(Alliance)(☆). Ann Oncol 2021; 32: 1267-1275 [PMID: 34293461 DOI: 10.1016/j.annonc.2021.07.009]

8 von Winterfeld M, Hoffmeister M, Ingold-Heppner B, Jansen L, Tao S, Herpel E, Schirmacher P, Dietel M, Chang-Claude J, Autschbach F, 
Brenner H, Bläker H. Frequency of therapy-relevant staging shifts in colorectal cancer through the introduction of pN1c in the 7th TNM 
edition. Eur J Cancer 2014; 50: 2958-2965 [PMID: 25281526 DOI: 10.1016/j.ejca.2014.09.002]

9 Lord A, Brown G, Abulafi M, Bateman A, Frankel W, Goldin R, Gopal P, Kirsch R, Loughrey MB, Märkl B, Moran B, Puppa G, Rasheed S, 
Shimada Y, Snaebjornsson P, Svrcek M, Washington K, West N, Wong N, Nagtegaal I. Histopathological diagnosis of tumour deposits in 
colorectal cancer: a Delphi consensus study. Histopathology 2021; 79: 168-175 [PMID: 33511676 DOI: 10.1111/his.14344]

10 Wu WX, Zhang DK, Chen SX, Hou ZY, Sun BL, Yao L, Jie JZ. Prognostic impact of tumor deposits on overall survival in colorectal cancer: 
Based on Surveillance, Epidemiology, and End Results database. World J Gastrointest Oncol 2022; 14: 1699-1710 [PMID: 36187391 DOI: 
10.4251/wjgo.v14.i9.1699]

11 Liang Y, Wu L, Liu L, Ding X, Wang X, Liu H, Meng J, Xu R, He D, Liang H. Impact of extranodal tumor deposits on prognosis and N stage 
in gastric cancer. Surgery 2019; 166: 305-313 [PMID: 31221435 DOI: 10.1016/j.surg.2019.04.027]
Jhuang YH, Chou YC, Lin YC, Hu JM, Pu TW, Chen CY. Risk factors predict microscopic extranodal tumor deposits in advanced stage III 12

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-4986-8770
http://orcid.org/0000-0002-4986-8770
http://orcid.org/0000-0001-5147-292X
http://orcid.org/0000-0001-5147-292X
http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://dx.doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/17613427
https://dx.doi.org/10.1016/S1470-2045(07)70205-X
http://www.ncbi.nlm.nih.gov/pubmed/34954486
https://dx.doi.org/10.1016/j.ctrv.2021.102325
http://www.ncbi.nlm.nih.gov/pubmed/34595585
https://dx.doi.org/10.1007/s00384-021-04036-z
http://www.ncbi.nlm.nih.gov/pubmed/35189906
https://dx.doi.org/10.1186/s12957-022-02501-9
http://www.ncbi.nlm.nih.gov/pubmed/29894583
https://dx.doi.org/10.1111/codi.14289
http://www.ncbi.nlm.nih.gov/pubmed/34293461
https://dx.doi.org/10.1016/j.annonc.2021.07.009
http://www.ncbi.nlm.nih.gov/pubmed/25281526
https://dx.doi.org/10.1016/j.ejca.2014.09.002
http://www.ncbi.nlm.nih.gov/pubmed/33511676
https://dx.doi.org/10.1111/his.14344
http://www.ncbi.nlm.nih.gov/pubmed/36187391
https://dx.doi.org/10.4251/wjgo.v14.i9.1699
http://www.ncbi.nlm.nih.gov/pubmed/31221435
https://dx.doi.org/10.1016/j.surg.2019.04.027


Zheng HD et al. Nomogram for predicting TDs

WJG https://www.wjgnet.com 5493 October 21, 2023 Volume 29 Issue 39

colon cancer patients. World J Gastroenterol 2023; 29: 1735-1744 [PMID: 37077516 DOI: 10.3748/wjg.v29.i11.1735]
13 Böhning D, Holling H, Patilea V. A limitation of the diagnostic-odds ratio in determining an optimal cut-off value for a continuous diagnostic 

test. Stat Methods Med Res 2011; 20: 541-550 [PMID: 20639268 DOI: 10.1177/0962280210374532]
14 Arrichiello G, Pirozzi M, Facchini BA, Facchini S, Paragliola F, Nacca V, Nicastro A, Canciello MA, Orlando A, Caterino M, Ciardiello D, 

Della Corte CM, Fasano M, Napolitano S, Troiani T, Ciardiello F, Martini G, Martinelli E. Beyond N staging in colorectal cancer: Current 
approaches and future perspectives. Front Oncol 2022; 12: 937114 [PMID: 35928863 DOI: 10.3389/fonc.2022.937114]

15 Chen K, Collins G, Wang H, Toh JWT. Pathological Features and Prognostication in Colorectal Cancer. Curr Oncol 2021; 28: 5356-5383 
[PMID: 34940086 DOI: 10.3390/curroncol28060447]

16 Li X, An B, Zhao Q, Qi J, Wang W, Zhang D, Li Z, Qin C. Impact of tumor deposits on the prognosis and chemotherapy efficacy in stage III 
colorectal cancer patients with different lymph node status: A retrospective cohort study in China. Int J Surg 2018; 56: 188-194 [PMID: 
29936197 DOI: 10.1016/j.ijsu.2018.06.029]

17 Pu H, Pang X, Fu J, Zheng R, Chen Y, Zhang D, Fang X. Significance of tumor deposits combined with lymph node metastasis in stage III 
colorectal cancer patients: a retrospective multi-center cohort study from China. Int J Colorectal Dis 2022; 37: 1411-1420 [PMID: 35595975 
DOI: 10.1007/s00384-022-04149-z]

18 Park SY. Nomogram: An analogue tool to deliver digital knowledge. J Thorac Cardiovasc Surg 2018; 155: 1793 [PMID: 29370910 DOI: 
10.1016/j.jtcvs.2017.12.107]

19 Chen J, Zhang Z, Ni J, Sun J, Ren W, Shen Y, Shi L, Xue M. Predictive and Prognostic Assessment Models for Tumor Deposit in Colorectal 
Cancer Patients With No Distant Metastasis. Front Oncol 2022; 12: 809277 [PMID: 35251979 DOI: 10.3389/fonc.2022.809277]

20 Hong Y, Song G, Jia Y, Wu R, He R, Li A. Predicting tumor deposits in patients with rectal cancer: Using the models of multiple mathematical 
parameters derived from diffusion-weighted imaging. Eur J Radiol 2022; 157: 110573 [PMID: 36347167 DOI: 10.1016/j.ejrad.2022.110573]

21 Naito A, Iwamoto K, Ohtsuka M, Imasato M, Nakahara Y, Mikamori M, Furukawa K, Moon J, Asaoka T, Kishi K, Akamatsu H. Risk Factors 
for Lymph Node Metastasis in Pathological T1b Colorectal Cancer. In Vivo 2021; 35: 987-991 [PMID: 33622893 DOI: 
10.21873/invivo.12341]

22 Xiong X, Wang C, Cao J, Gao Z, Ye Y. Lymph node metastasis in T1-2 colorectal cancer: a population-based study. Int J Colorectal Dis 2023; 
38: 94 [PMID: 37055602 DOI: 10.1007/s00384-023-04386-w]

23 Zahid A, Young CJ. How to decide on stent insertion or surgery in colorectal obstruction? World J Gastrointest Surg 2016; 8: 84-89 [PMID: 
26843916 DOI: 10.4240/wjgs.v8.i1.84]

24 Katoh H, Yamashita K, Wang G, Sato T, Nakamura T, Watanabe M. Prognostic significance of preoperative bowel obstruction in stage III 
colorectal cancer. Ann Surg Oncol 2011; 18: 2432-2441 [PMID: 21369738 DOI: 10.1245/s10434-011-1625-3]

25 Nozawa H, Morikawa T, Kawai K, Hata K, Tanaka T, Nishikawa T, Sasaki K, Shuno Y, Kaneko M, Hiyoshi M, Emoto S, Murono K, Sonoda 
H, Fukayama M, Ishihara S. Obstruction is associated with perineural invasion in T3/T4 colon cancer. Colorectal Dis 2019; 21: 917-924 
[PMID: 31017742 DOI: 10.1111/codi.14655]

26 Lv X, Yu H, Gao P, Song Y, Sun J, Chen X, Wang Y, Wang Z. A nomogram for predicting bowel obstruction in preoperative colorectal cancer 
patients with clinical characteristics. World J Surg Oncol 2019; 17: 21 [PMID: 30658652 DOI: 10.1186/s12957-019-1562-3]

27 Ueno H, Nagtegaal ID, Quirke P, Sugihara K, Ajioka Y. Tumor deposits in colorectal cancer: Refining their definition in the TNM system. Ann 
Gastroenterol Surg 2023; 7: 225-235 [PMID: 36998291 DOI: 10.1002/ags3.12652]

28 Liu F, Zhao J, Li C, Wu Y, Song W, Guo T, Chen S, Cai S, Huang D, Xu Y. The unique prognostic characteristics of tumor deposits in 
colorectal cancer patients. Ann Transl Med 2019; 7: 769 [PMID: 32042785 DOI: 10.21037/atm.2019.11.69]

http://www.ncbi.nlm.nih.gov/pubmed/37077516
https://dx.doi.org/10.3748/wjg.v29.i11.1735
http://www.ncbi.nlm.nih.gov/pubmed/20639268
https://dx.doi.org/10.1177/0962280210374532
http://www.ncbi.nlm.nih.gov/pubmed/35928863
https://dx.doi.org/10.3389/fonc.2022.937114
http://www.ncbi.nlm.nih.gov/pubmed/34940086
https://dx.doi.org/10.3390/curroncol28060447
http://www.ncbi.nlm.nih.gov/pubmed/29936197
https://dx.doi.org/10.1016/j.ijsu.2018.06.029
http://www.ncbi.nlm.nih.gov/pubmed/35595975
https://dx.doi.org/10.1007/s00384-022-04149-z
http://www.ncbi.nlm.nih.gov/pubmed/29370910
https://dx.doi.org/10.1016/j.jtcvs.2017.12.107
http://www.ncbi.nlm.nih.gov/pubmed/35251979
https://dx.doi.org/10.3389/fonc.2022.809277
http://www.ncbi.nlm.nih.gov/pubmed/36347167
https://dx.doi.org/10.1016/j.ejrad.2022.110573
http://www.ncbi.nlm.nih.gov/pubmed/33622893
https://dx.doi.org/10.21873/invivo.12341
http://www.ncbi.nlm.nih.gov/pubmed/37055602
https://dx.doi.org/10.1007/s00384-023-04386-w
http://www.ncbi.nlm.nih.gov/pubmed/26843916
https://dx.doi.org/10.4240/wjgs.v8.i1.84
http://www.ncbi.nlm.nih.gov/pubmed/21369738
https://dx.doi.org/10.1245/s10434-011-1625-3
http://www.ncbi.nlm.nih.gov/pubmed/31017742
https://dx.doi.org/10.1111/codi.14655
http://www.ncbi.nlm.nih.gov/pubmed/30658652
https://dx.doi.org/10.1186/s12957-019-1562-3
http://www.ncbi.nlm.nih.gov/pubmed/36998291
https://dx.doi.org/10.1002/ags3.12652
http://www.ncbi.nlm.nih.gov/pubmed/32042785
https://dx.doi.org/10.21037/atm.2019.11.69


WJG https://www.wjgnet.com 5494 October 21, 2023 Volume 29 Issue 39

World Journal of 

GastroenterologyW J G
Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol 2023 October 21; 29(39): 5494-5502

DOI: 10.3748/wjg.v29.i39.5494 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE

Observational Study

Risk assessment of venous thromboembolism in inflammatory 
bowel disease by inherited risk in a population-based incident 
cohort

Andrew S Rifkin, Zhuqing Shi, Jun Wei, Siqun Lilly Zheng, Brian T Helfand, Jonathan S Cordova, Vincent F 
Biank, Alfonso J Tafur, Omar Khan, Jianfeng Xu

Specialty type: Gastroenterology 
and hepatology

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

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): A 
Grade B (Very good): 0 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Huang JG, Singapore; 
Yasuda H, Japan

Received: June 5, 2023 
Peer-review started: June 5, 2023 
First decision: August 8, 2023 
Revised: August 18, 2023 
Accepted: September 28, 2023 
Article in press: September 28, 2023 
Published online: October 21, 2023

Andrew S Rifkin, Zhuqing Shi, Jun Wei, Siqun Lilly Zheng, Brian T Helfand, Jianfeng Xu, Program 
for Personalized Cancer Care, NorthShore University HealthSystem, Evanston, IL 60201, 
United States

Brian T Helfand, Jianfeng Xu, Department of Surgery, NorthShore University HealthSystem, 
Evanston, IL 60201, United States

Brian T Helfand, Jianfeng Xu, Pritzker School of Medicine, University of Chicago, Chicago, IL 
60637, United States

Jonathan S Cordova, Vincent F Biank, Department of Pediatrics, NorthShore University 
HealthSystem, Evanston, IL 60201, United States

Alfonso J Tafur, Cardiovascular Institute, NorthShore University HealthSystem, Evanston, IL 
60201, United States

Omar Khan, Department of Medicine, NorthShore University HealthSystem, Evanston, IL 
60201, United States

Corresponding author: Jianfeng Xu, MD, DrPH, Professor, Program for Personalized Cancer 
Care, NorthShore University HealthSystem, 1001 University Place, Evanston, IL 60201, United 
States. jxu@northshore.org

Abstract
BACKGROUND 
Inflammatory bowel disease (IBD), including Crohn’s disease (CD) and ulcerative 
colitis (UC), is a chronic inflammatory disease of the digestive tract with inc-
reasing prevalence globally. Although venous thromboembolism (VTE) is a major 
complication in IBD patients, it is often underappreciated with limited tools for 
risk stratification.

AIM 
To estimate the proportion of VTE among IBD patients and assess genetic risk 
factors (monogenic and polygenic) for VTE.
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METHODS 
Incident VTE was followed for 8465 IBD patients in the UK Biobank (UKB). The associations of VTE with F5 factor 
V leiden (FVL) mutation, F2 G20210A prothrombin gene mutation (PGM), and polygenic score (PGS003332) were 
tested using Cox hazards regression analysis, adjusting for age at IBD diagnosis, gender, and genetic background 
(top 10 principal components). The performance of genetic risk factors for discriminating VTE diagnosis was 
estimated using the area under the receiver operating characteristic curve (AUC).

RESULTS 
The overall proportion of incident VTE was 4.70% in IBD patients and was similar for CD (4.46%), UC (4.49%), and 
unclassified (6.42%), and comparable to that of cancer patients (4.66%) who are well-known at increased risk for 
VTE. Mutation carriers of F5/F2 had a significantly increased risk for VTE compared to non-mutation carriers, 
hazard ratio (HR) was 1.94, 95% confidence interval (CI): 1.42-2.65. In contrast, patients with the top PGS decile had 
a considerably higher risk for VTE compared to those with intermediate scores (middle 8 deciles), HR was 2.06 
(95%CI: 1.57-2.71). The AUC for differentiating VTE diagnosis was 0.64 (95%CI: 0.61-0.67), 0.68 (95%CI: 0.66-0.71), 
and 0.69 (95%CI: 0.66-0.71), respectively, for F5/F2 mutation carriers, PGS, and combined.

CONCLUSION 
Similar to cancer patients, VTE complications are common in IBD patients. PGS provides more informative risk 
information than F5/F2 mutations (FVL and PGM) for personalized thromboprophylaxis.

Key Words: Inflammatory bowel disease; Venous thromboembolism; Polygenic score; Factor V leiden; Prothrombin gene 
mutation

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

Core Tip: Based on 8475 inflammatory bowel disease (IBD) patients from a population-based biobank, we showed they have 
an elevated risk for venous thromboembolism (VTE), with the overall proportion of incident VTE at 4.70%, similar to 
4.66% observed in cancer patients. Polygenic score (PGS) is a significant predictor for VTE events, stronger than the well-
known F5 factor V leiden mutation and F2 G20210A prothrombin gene mutation. The overall proportion of incident VTE is 
8.53% in patients at the top 10 PGS percentile. These findings highlight the importance of VTE complications in IBD 
patients and provide genetic tools for personalized thromboprophylaxis.

Citation: Rifkin AS, Shi Z, Wei J, Zheng SL, Helfand BT, Cordova JS, Biank VF, Tafur AJ, Khan O, Xu J. Risk assessment of venous 
thromboembolism in inflammatory bowel disease by inherited risk in a population-based incident cohort. World J Gastroenterol 2023; 
29(39): 5494-5502
URL: https://www.wjgnet.com/1007-9327/full/v29/i39/5494.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i39.5494

INTRODUCTION
Inflammatory bowel disease (IBD), including Crohn’s disease (CD) and ulcerative colitis (UC), is a disease characterized 
by chronic inflammation of the digestive tract. Its prevalence was estimated at 1.3% (3 million adults) in the United States 
in 2015 and is expected to increase globally[1,2]. IBD is associated with several adverse complications, including venous 
thromboembolism (VTE). IBD patients have a 2 to 3-fold higher risk of developing a VTE as compared to the general 
population[3]. Although the pathophysiology underlying this observation remains largely unknown, it may involve 
changes in the coagulation system, increased platelet count and reactivity, and altered fibrinolysis[4]. The importance of 
elevated VTE risk in IBD patients is emphasized in a recent international consensus on the prevention of venous and 
arterial thrombotic events in patients with IBD, which encourages screening for VTE risk factors. Statement 2 of the 
consensus states that “Patients with IBD should be screened for VTE risk factors” (consensus reached 100%)[4].

Several inherited factors are associated with risk for VTE, including relatively common gain of function mutations in 
genes for coagulation factors: Factor V leiden (FVL) mutation in the F5 gene and the G20210A prothrombin gene 
mutation (PGM) in the F2 gene[5]. Recent advances in genome-wide association studies (GWAS) have also revealed 
multiple common single nucleotide polymorphisms (SNPs) that are associated with increased VTE risk[6]. Polygenic 
scores (PGS) based on these SNPs have been shown to be effective to stratify VTE risk in the general population. While 
the consensus recognizes several genetic factors such as F5 and F2 for VTE risk among IBD patients, it does not mention 
PGS[4].

The objectives of this study are to utilize a large population-based cohort to: (1) Estimate the proportion of VTE among 
IBD patients and compare it to that in cancer patients who are well-known to have an increased risk for VTE; (2) test the 
association of inherited risk factors (F5/F2 mutations and PGS) and VTE among IBD patients; and (3) assess the 

https://www.wjgnet.com/1007-9327/full/v29/i39/5494.htm
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performance of PGS for predicting VTE among IBD patients, alone or in combination with F5/F2 mutations. Results from 
this study may provide needed evidence for PGS to be included in the updated international consensus for VTE 
prevention among IBD patients.

MATERIALS AND METHODS
Subjects in this study were patients who had a diagnosis of IBD in the UK Biobank (UKB), a population-based study of 
500000 volunteers from the United Kingdom[7]. IBD diagnoses were obtained based on International Classification of 
Diseases-10 (ICD-10) codes (K50 for CD and K51 for UC) of primary care, death register, inpatient diagnosis, and self-
report. Incident VTE after IBD diagnosis were identified based on the inclusion criteria described by Klarin et al[8] Briefly, 
subjects were defined as a VTE case based on at least one of the following criteria: (1) VTE (deep vein thrombosis and 
pulmonary embolism) ascertained at baseline by self-report; (2) Hospitalization for ICD-10 Code I80.1, I80.2, I82.2, I26.0, 
or I26.9; and (3) Hospitalization for Office of Population and Censuses and Survey-4 Procedures Codes L79.1 or L90.2. 
Only incident VTE, i.e., those that occurred after a diagnosis of IBD were included in the analysis. As a comparison, VTE 
events after a cancer diagnosis were also estimated among cancer patients (ICD-10: C00-C96) in the UKB[9].

Genotypes for the F5 FVL mutation (c.1601G>A, rs6025) and the F2 PGM (c.*97G>A, rs1799963) as well as genome-
wide SNPs were obtained from the UKB Axiom SNP genotype array (genotyped or imputed). A published pan-ancestry 
PGS for VTE (PGS003332) was selected from the PGS catalog for the study because it was developed from the largest 
GWAS of VTE with 81190 cases and 1419671 controls sampled from six cohorts[6,10]. Based on the scoring file of the PGS, 
raw PGS was first calculated by taking the product of the count of risk alleles and the risk allele weight at each locus in 
the PGS (1092045 SNPs) and then summing across available risk loci. Ancestry-adjusted PGS was calculated based on the 
first four principal components using a previously described method[11]. To remove the contribution of SNPs from the F5 
and F2 genes to the score, a modified PGS (PGSnonF5/F2) was also calculated by removing 1515 SNPs in these two genes 
(chr1: 168519049-170519049 for F5 and chr11: 45761055-47761055 for F2).

The proportion of incident VTE was calculated as (number of patients with incident VTE)/(number of patients with 
IBD). The difference in VTE proportion among groups of patients was tested using a χ2 test. Time to VTE diagnosis from 
the time of IBD diagnosis was estimated using Kaplan-Meier survival analysis and its difference among various groups of 
IBD patients was tested using and log-rank test. Association of genetic risk factors (PGS and F5/F2 mutations) and other 
known risk factors with VTE among IBD patients were tested using the Cox proportional hazards regression analysis, 
adjusting for gender, body mass index at study recruitment, and genetic background (top 10 principal components). In 
addition, the performance of genetic risk factors for discriminating VTE was estimated using the area under the receiver 
operating characteristic curve (AUC). All statistical analyses were performed using R-package.

RESULTS
As of the last UKB accession date (October 7, 2022), 8465 (1.68%) IBD patients were identified from 501095 subjects in the 
UKB, including 2267 (0.45%), 5233 (1.05%), and 965 (0.19%) patients with CD only, UC only, and IBD unclassified (IBD-U) 
(diagnosed with both CD and UC), respectively (Table 1). The median age at diagnosis was 49.60, 51.34, and 44.09 years 
for CD only, UC only, and IBD-U, respectively. Among these IBD patients, 398 developed VTE events after IBD diagnosis, 
with the overall proportion of incident VTE of 4.70%. The proportion of VTE was statistically different among patients 
with CD only (4.46%), UC only (4.49%), and IBD-U colitis (6.42%), χ2 = 7.22, degree of freedom = 2, P = 0.03. It is noted 
that the overall proportion of incident VTE in these IBD patients was similar to that of 107520 cancer patients (4.66%) in 
the UKB who are well-known to have an increased risk for VTE. However, a different pattern of VTE events during the 
follow-up was noticed; VTE events occurred continuously throughout the follow-up period for IBD patients where a 
disproportionally higher number of VTE events occurred in the first several years in cancer patients (Figure 1).

Among the 8210 IBD patients with genetic data, 509 (6.20%) were carriers of F5/F2 mutations, including 351 (4.28%) 
carriers of F5 FVL and 163 (1.99%) carriers of F2 PGM (Table 2). The overall proportion of incident VTE among mutation 
carriers was 9.04%, higher than that of non-mutation carriers (4.31%) (Table 2 and Figure 2A). In comparison, PGS was 
more informative in differentiating VTE events and the proportion of incident VTE increased with increasing decile of 
PGSnonF5/F2, Ptrend = 1.60E-18 (Figure 2B). For example, the proportion of incident VTE was 1.58% for IBD patients at the 
bottom of PGSnonF5/F2 decile, which was considerably lower than that of non-mutation carriers of F5/F2. On the other 
hand, the proportion of incident VTE was 8.53% for IBD patients at the top of PGSnonF5/F2 decile, which was higher than 
that of mutation carriers of F5/F2. As expected, original PGS (including SNPs in the F5/F2 regions) performed well in 
stratifying VTE risk and is slightly better than that of PGSnonF5/F2 (Figure 2C). For example, the proportion of incident VTE 
was 1.10% and 10.17% for IBD patients at the bottom and top decile, respectively.

Compared to non-mutation carriers of F5/F2, mutation carriers were at a marginally increased risk for VTE, with a 
hazard ratio (HR) of 1.94, 95% confidence interval (CI): 1.42-2.65 (Table 2). For PGSnonF5/F2, patients at the top decile had a 
considerably higher risk for VTE compared to IBD patients with intermediate scores (middle 8 deciles), HR was 1.98 
(95%CI: 1.52-2.57). Furthermore, PGSnonF5/F2 can also identify patients at lower risk for VTE, HR was 0.36 (95%CI: 0.21-0.63) 
for patients at the bottom decile. In a multivariable analysis where both F5/F2 mutation carrier status and PGSnonF5/F2 
(continuous variable) were included, both were significantly associated with VTE risk, P < 0.001.
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Table 1 Characteristics of inflammatory bowel disease patients and incident venous thromboembolism in the UK Biobank

Subjects, n (%) Age dx, median (IQR), yr Incident VTE, n (%)

IBD, all 8465 (1.68) 50.08 (35.24-61.76) 398 (4.7)

Crohn's disease 2267 (0.45) 49.68 (32.48-62.37) 101 (4.46)

Ulcerative colitis 5233 (1.05) 51.38 (36.87-62.50) 235 (4.49)

Indeterminate colitis 965 (0.19) 44.26 (31.56-54.92) 62 (6.42)

IBD: Inflammatory bowel disease; VTE: Venous thromboembolism.

Table 2 Association of venous thromboembolism risk with F5/F2 mutations and polygenic score in the UK Biobank

IBD patients, n (%) Incident VTE, n (%) HR (95%CI)1 P value

FVL/F2 carrier status

    Non-carriers 7701/8210 (93.8) 332/7701 (4.31) Ref.

    FVL carriers 351/8210 (4.28) 37/351 (10.54) 2.27 (1.61-3.21) 2.84E-06

    F2 carriers 163/8210 (1.99) 10/163 (6.13) 1.29 (0.69-2.43) 0.43

    Any FVL/F2 carriers 509/8210 (6.2) 46/509 (9.04) 1.94 (1.42-2.65) 3.27E-05

PGSnon-F5/F2 decile

    Bottom 821/8210 (10) 13/821 (1.58) 0.36 (0.21-0.63) 3.12E-04

    Intermediate 6568/8210 (80) 295/6568 (4.49) Ref.

    Top 821/8210 (10) 70/821 (8.53) 1.98 (1.52-2.57) 3.26E-07

1HR adjusted for gender, body mass index, and genetic background. The time in survival analysis was from inflammatory bowel disease to event.
IBD: Inflammatory bowel disease; VTE: Venous thromboembolism; 95%CI: 95% confidence interval; HR: Hazard ratio.

PGSnonF5/F2 also had a significantly better discriminative performance for VTE diagnosis than F5/F2 mutations, with the 
AUC estimated at 0.68 (95%CI: 0.65-0.71) and 0.64 (95%CI: 0.61-0.67), respectively, P = 0.05 (Table 3). Combining these 
two risk factors increased the AUC to 0.69 (95%CI: 0.66-0.71), which was also significantly higher than that of F5/F2 
mutations, P = 0.01. Interestingly, the original PGS for VTE, which includes SNPs in the F5/F2 gene regions, had a similar 
AUC (0.69, 95%CI: 0.67-0.72) to that of combined PGSnonF5/F2 and F5/F2 mutations.

DISCUSSION
By following incident VTE events among 8465 IBD patients from a population-based biobank, three major findings that 
have potentially translational implications were obtained from our study. First, VTE was a common complication among 
IBD patients, with a proportion similar to diseases commonly considered at elevated risk for VTE such as cancer. This 
elevated VTE risk among IBD patients was also reported in previously published studies[12,13]. In a cohort of 2811 IBD 
patients recruited from 14 referral centers in Austria, a VTE prevalence of 5.6% was reported, similar to that in our study
[12]. In another large cohort study of hospitalized and ambulatory IBD patients (n = 13756), as well as matched controls (n 
= 71672) from the General Practice Research Database in the United Kingdom, a higher VTE rate compared to the general 
population was also reported[13]. For hospitalized patients with IBD, HR for VTE was 3.2, 95%CI: 1.7-6.3. Similarly, for 
ambulatory patients with IBD, the HR was 8.4, 95%CI: 5.5-12.8. In addition, several studies have also indicated that there 
is a high risk of recurrent VTE following hospital discharge[13,14]. Interestingly, this increased VTE risk seems to be 
unique to IBD, setting it apart from other autoimmune diseases like rheumatoid arthritis or celiac disease where this 
association is not commonly observed[15]. Despite the consistent research observation of an association between IBD and 
VTE, VTE complication in IBD patients is commonly overlooked in clinical practice. Adherence to VTE prophylaxis 
among IBD patients is low and inconsistent, with only 68% of hospitalized UC patients prescribed prophylaxis[16]. Even 
when prescribed, one-third of the doses were not actually administered. Factors contributing to low adherence could 
include patient noncompliance, physician unawareness, fragmented care, and bleeding risk concerns.

Second, results from our study suggest the VTE risk conferred by F5/F2 mutations (FVL and PGM) in IBD patients was 
modest and considerably lower than previously reported. For F5 FVL, two meta-analyses published in 2011 reported a 
combined OR of 4.0 and 5.3, respectively, for VTE in IBD patients[17,18]. These ORs, however, were likely over-estimated 
due to a combination of several factors, including small sample sizes, study designs (the vast majority was case-control 
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Table 3 Discriminative performance of venous thromboembolism by inherited risk factors

AUC (95%CI)1

F5/F2 mutations 0.64 (0.61-0.67)

PGSnon-F5/F2 0.68 (0.65-0.71)

F5/F2 mutations + PGSnon-F5/F2 0.69 (0.66-0.71)

PGS 0.69 (0.67-0.72)

1Model also included age, gender, body mass index and genetic background.
AUC: Area under the receiver operating characteristic curve; PGS: Polygenic score; 95%CI: 95% confidence interval.

studies), genetic heterogeneity (ancestry and genetic background were not accounted for), and publication bias (positive 
finding were more likely to be published). For example, in the meta-analysis performed by Zhong et al[17], the total 
sample size of IBD patients from 10 individual studies published before 2008 was 938, including 124 (13%) with VTE. In 
particular, 9 of the 10 studies had fewer than 80 IBD patients. The only relatively large study (477 IBD patients, including 
14 (2.9%) with VTE) failed to observe a significant association between FVL and VTE, OR = 1.28, 95%CI: 0.16-10.17[19]. 
For F2 PGM, its association with VTE in IBD patients was inconclusive from two small studies published prior to 2007, 
with fewer than 100 IBD patients in each study[20,21]. In comparison, the association results and OR estimates from our 
study were more reliable because the study was based on a large cohort of 8300 IBD patients whose VTE diagnosis was 
uniformly followed. Furthermore, our association test was performed adjusted for genetic background, therefore, 
reduced the confounder of genetic heterogeneity. However, additional large cohorts of IBD patients with follow-up 
information for VTE are still needed to validate our findings.

Third, compared to F5/F2 mutations, we showed new PGS was more informative for stratifying VTE risk and 
performs better in discriminating VTE diagnosis after IBD. The better performance of PGS is consistent with the strong 
genetic basis for VTE where about 60% of the variance in VTE incidence is attributable to genetic effects[22]. Our finding 
is also consistent with a previous polygenic risk score study in 792 IBD patients where the score was based on 265 
established VTE risk-associated SNPs[23]. However, the PGS used in the current study differs from the published study 
in that it includes many more SNPs (more than a million) and captures both established risk-associated SNPs implicated 
in GWAS and many more SNPs in the genome that did not reach the GWAS significance level individually (due to either 
modest-effect or low allele frequency)[6,23,24]. Consequently, the performance of PGS for stratifying VTE risk is 
improved. Additionally, our PGS not only identified patients at high-risk for VTE, but also identified patients at consid-
erably low risk for VTE. This information is important for considering the need, dosage and duration for anticoagulant 
treatment to balance its potential benefits and harms. Importantly, it is worth noting that the PGS evaluated in this study 
was developed and validated in large external study populations with over a million subjects[6]. Our study simply 
assessed its performance in IBD patients, therefore, is not susceptible to issues related to model development such as 
overfitting and multiple testing. Furthermore, the risk estimate for PGS is not susceptible to potential observer bias 
because neither physicians nor patients are aware of their PGS for VTE.

Considering the similar AUC performance for the combined PGSnonF5/F2 and F5/F2 mutations and the original PGS, 
either approach may be used for VTE risk assessment in IBD patients in the clinic. While the first approach has the 
advantage of integrating well-known F5/F2 mutations with new PGS, the latter approach is simpler to use (single scoring 
file) and easier to interpret (risk estimate derived from a large number of subjects is more reliable with a narrow CI). 
Furthermore, as a pan-ancestry PGS, PGS is applicable to patients of various ancestry populations. The added value of 
PGS over F5/F2 mutations is more relevant in non-European ancestries because of their relatively low F5/F2 mutation 
carrier rates (carrier rate of F5/F2 mutations was 6.31% and 4.16% in European and non-European IBD patients, 
respectively). However, considering this PGS was developed and validated primarily in subjects of European ancestry, its 
performance in other ancestries is less certain. As shown in Supplementary Table 1 for the performance of PGS in 409 
non-European IBD patients, compared to patients with intermediate scores, those at the top decile had HR of 1.48 (95%CI: 
0.17-13.11) for VTE. Additional data for non-European IBD patients are urgently needed.

Our findings have potential clinical utilities. Genetic risk assessment using PGSnonF5/F2 and F5/F2 mutations may be 
integrated into clinical presentations to develop personalized strategies for thromboprophylaxis. For example, IBD 
patients with high genetic risk may consider higher dosage and longer duration of anticoagulation therapy. On the other 
hand, patients with low PGS and without F5/F2 mutations may consider lower dosages and shorter duration to minimize 
risk for bleeding events.

Several limitations of our study are noted. Considering possible under-diagnosis of VTE (especially deep vein 
thrombosis) in subjects without IBD or other major diseases requiring hospitalization and intensive clinical care, we did 
not compare the VTE proportion between IBD and non-IBD subjects. Furthermore, due to the difficulty in obtaining 
detailed clinical variables related to the clinical characteristics of IBD and treatment, we were unable to include key 
clinical variables to assess the independent and added value of PGS in existing clinical risk assessment models. Another 
major limitation of our study is a lack of ancestral diversity in study subjects (96% of IBD patients in our study are of 
European ancestry), therefore it is critical to validate our findings in other diverse ancestry groups in future studies. 
Lastly, we did not include other known major genes for VTE (SERPINC1, PROC, and PROS1) in this study. Mutations in 
these genes are rare and can only be detected by whole exome sequencing (WES) which is currently available in only 40% 

https://f6publishing.blob.core.windows.net/d45ff12b-b689-4276-8d35-5e6bc6b1977e/WJG-29-5494-supplementary-material.pdf
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Figure 1 Kaplan-Meier analysis. A and B: Kaplan-Meier analysis for time to incident venous thromboembolism in the UK Biobank during the entire follow-up 
period for inflammatory bowel disease (IBD) patients (A) and cancer patients (B); C and D: Within the 3 years after IBD diagnosis for IBD patients (C) and cancer 
patients (D). IBD: Inflammatory bowel disease.

of subjects in the UKB[7]. Among 3227 IBD patients with WES data, only 6 (0.19%), 2 (0.06%), and 2 (0.06%) carriers of 
loss of function mutations were identified, 2 (20%) of whom developed VTE. Larger studies with WES data are required 
to test these genetic risk factors.

CONCLUSION
In conclusion, we demonstrated that VTE complications are common in IBD patients with the proportion similar to 
diseases known at increased VTE risk. Furthermore, we showed SNP-based PGS is more informative and superior to F5/
F2 mutations in identifying IBD patients at high risk for VTE. These results may have potential implications for 
developing personalized anticoagulant treatment.
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Figure 2 Proportion of incident venous thromboembolism in the UK Biobank by carrier status of F5 factor V leiden and/or F2 prothrombin 
gene mutation, decile of polygenic scorenonF5/F2, and decile of original polygenic score. Dot and vertical line indicate mean and 95% confidence 
interval, respectively. A: Carrier status of F5 factor V leiden and/or F2 prothrombin gene mutation; B: Decile of polygenic score (PGS)nonF5/F2; C: Decile of original 
PGS. Dot and vertical line indicate mean and 95% confidence interval, respectively. VTE: Venous thromboembolism.

ARTICLE HIGHLIGHTS
Research background
Venous thromboembolism (VTE) is a major complication in patients with inflammatory bowel disease (IBD). However, it 
is often underappreciated among physicians and patients. Furthermore, limited VTE risk stratification tools are available 
for personalized thromboprophylaxis.

Research motivation
A large IBD patient cohort is available from the UK Biobank (UKB). Its long-term clinical follow-up data and genome-
wide genetic data provide a rare and efficient opportunity to address these two major challenges.

Research objectives
To estimate the prevalence of VTE complications among IBD patients and assess the performance of known and novel 
genetic predictors of VTE risk stratification in these patients.

Research methods
We retrospectively followed the incident VTE complication among 8465 IBD patients in the UKB. The associations of VTE 
with factor V leiden (FVL) mutation in the F5 gene, G20210A prothrombin gene mutation (PGM) in the F2 gene, and 
polygenic score (PGS) were tested using Cox hazards regression analysis, adjusting for age at IBD diagnosis, gender, and 
genetic background (top 10 principal components). The performance of genetic risk factors for discriminating VTE 
complications was estimated using the area under the receiver operating characteristic curve (AUC).

Research results
The overall prevalence of VTE complication after an IBD diagnosis was 4.70%. This prevalence was comparable to that of 
cancer patients (4.66%) who are well-known at increased risk for VTE. A novel genetic predictor (PGS) was significantly 
associated with VTE risk and was independent of known genetic predictors (FVL/PGM). The AUC of differentiating VTE 
complication was significantly higher for PGS [0.68, 95% confidence interval (CI): 0.66-0.71] than that of FVL/PGM (0.64, 
95%CI: 0.61-0.67) and was highest by combining these two genetic predictors (0.69, 95%CI: 0.66-0.71).

Research conclusions
VTE complication is common in IBD patients and is similar to that of cancer patients. Newly developed PGS provides a 
more informative VTE risk stratification tool than known mutations (FVL/PGM).

Research perspectives
Findings from this large study of IBD patients have potential clinical utilities. It not only highlights the significance of 
VTE complications in IBD patients, but also provides an informative VTE risk assessment tool for developing person-
alized thromboprophylaxis strategies.
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Abstract
BACKGROUND 
Noninvasive methods have been developed to detect fibrosis in many liver 
diseases due to the limits of liver biopsy. However, previous studies have focused 
primarily on chronic viral hepatitis and nonalcoholic fatty liver disease. The 
diagnostic value of transient elastography for autoimmune liver diseases (AILDs) 
is worth studying.

AIM 
To compare the diagnostic accuracy of imaging techniques with serum biomar-
kers of fibrosis in AILD.

METHODS 
The PubMed, Cochrane Library and EMBASE databases were searched. Studies 
evaluating the efficacy of noninvasive methods in the diagnosis of AILDs 
[autoimmune hepatitis (AIH), primary biliary cholangitis (PBC) and primary 
sclerosing cholangitis (PSC)] were included. The summary area under the receiver 
operating characteristic curve (AUROC), diagnostic odds ratio, sensitivity and 
specificity were used to assess the accuracy of these noninvasive methods for 
staging fibrosis.

RESULTS 
A total of 60 articles were included in this study, and the number of patients with 
AIH, PBC and PSC was 1594, 3126 and 501, respectively. The summary AUROC 
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of transient elastography in the diagnosis of significant fibrosis, advanced fibrosis and cirrhosis in patients with 
AIH were 0.84, 0.88 and 0.90, respectively, while those in patients with PBC were 0.93, 0.93 and 0.91, respectively. 
The AUROC of cirrhosis for patients with PSC was 0.95. However, other noninvasive indices (aspartate 
aminotransferase to platelet ratio index, aspartate aminotransferase/alanine aminotransferase ratio, fibrosis-4 
index) had corresponding AUROCs less than 0.80.

CONCLUSION 
Transient elastography exerts better diagnostic accuracy in AILD patients, especially in PBC patients. The 
appropriate cutoff values for staging advanced fibrosis and cirrhosis ranged from 9.6 to 10.7 and 14.4 to 16.9 KPa 
for PBC patients.

Key Words: Liver stiffness; Serum parameter; Liver fibrosis; Noninvasive diagnosis; Transient elastography; Autoimmune liver 
disease

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

Core Tip: Onset of autoimmune liver diseases is frequently insidious, and immune cell infiltration and continuous inflam-
mation drive hepatic fibrosis, which gradually progresses to cirrhosis, causing poorer long-term outcomes. Liver biopsy as 
the reference standard is an invasive procedure. Thus, repeated biopsies are difficult to implement. Consequently, 
appropriate noninvasive methods are essential to dynamically monitor the degree of liver fibrosis. Our meta-analysis 
compared the diagnostic accuracy of imaging techniques with serum biomarkers of fibrosis in autoimmune liver diseases.

Citation: Chen H, Shen Y, Wu SD, Zhu Q, Weng CZ, Zhang J, Wang MX, Jiang W. Diagnostic role of transient elastography in 
patients with autoimmune liver diseases: A systematic review and meta-analysis. World J Gastroenterol 2023; 29(39): 5503-5525
URL: https://www.wjgnet.com/1007-9327/full/v29/i39/5503.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i39.5503

INTRODUCTION
The incidence of autoimmune liver diseases (AILDs), including autoimmune hepatitis (AIH), primary biliary cholangitis 
(PBC), primary sclerosing cholangitis (PSC), and multiple overlap syndromes, a group of autoimmune diseases associated 
with the liver and bile duct is increasing[1,2]. Onset is frequently insidious, with nonspecific symptoms. Immune cell 
infiltration and continuous inflammation drive hepatic fibrosis, which gradually progresses to cirrhosis, causing poorer 
long-term outcomes in patients[3-5]. Accordingly, accurate identification of high-risk patients for such conditions is 
essential in clinical care to guide timely treatment and delay disease progression.

For years, liver biopsy has been recognized as the reference standard for the assessment of liver fibrosis. However, 
biopsy area restrictions, sampling errors, and interobserver variability may affect the diagnostic accuracy[6,7]. Moreover, 
because biopsy is an invasive procedure with potentially hazardous complications ranging from pain to more severe 
events and even death, many patients are reluctant to undergo repeat biopsies[8,9]. Consequently, an increasing number 
of studies have focused on noninvasive methods to identify the ideal approach for dynamically monitoring the degree of 
liver fibrosis[10].

In recent years, some noninvasive methods, including biochemical tests and imaging techniques, have been widely 
developed, including the aspartate aminotransferase to platelet ratio index (APRI), aspartate aminotransferase/alanine 
aminotransferase (ALT) ratio (AAR), fibrosis-4 index (FIB-4), red cell distribution width to platelet ratio (RPR), Mac-2 
binding protein (M2BP), platelet count to spleen diameter (PC/SD) ratio, transient elastography (TE), shear wave 
elastography (SWE), acoustic radiation force impulse (ARFI), magnetic resonance spectroscopy (MRS) and magnetic 
resonance elastography (MRE). Previous studies have validated that elastography is a reliable method with a diagnostic 
accuracy higher than that of blood tests for staging liver fibrosis in chronic viral hepatitis[11-13], nonalcoholic fatty liver 
disease[14] and AIH[15]; however, no studies have explored the diagnostic accuracy of noninvasive methods for the other 
two types of AILDs (PBC and PSC).

Therefore, the present meta-analysis aimed to compare the diagnostic accuracy of biochemical tests and imaging 
techniques for detecting liver fibrosis in patients with AILD, determine whether the same noninvasive methods show 
different diagnostic values in the three types of AILDs and recommend appropriate cutoff values for different fibrosis 
stages.

https://www.wjgnet.com/1007-9327/full/v29/i39/5503.htm
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MATERIALS AND METHODS
Literature search strategy
Studies on the diagnosis of AILD published between January 2006 and December 2022 were searched in PubMed, 
Cochrane Library and EMBASE databases using the following keywords: AIH, PSC, PBC, liver fibrosis, TE, SWE, MRE, 
APRI, FIB-4 and AAR. The detailed search strategy is presented in Supplementary Table 1.

Study selection criteria
Original studies that fulfilled the following criteria were enrolled: (1) Studies with patient populations with AIH, PBC or 
PSC with discrete data that could be separately extracted from the mixed liver disease study cohort; (2) Studies in which 
liver biopsy was used as the gold standard to assess fibrosis based on the Metavir score or another score that could be 
converted to the Metavir score; (3) Studies assessing the performance and utility of APRI, AAR, FIB-4, RPR, M2BP, ARFI, 
PC/SD ratio, TE, SWE, MRE or MRS for staging liver fibrosis; and (4) Studies directly reporting the true-positive, false-
positive, false-negative and true-negative values or provided data by which they could be calculated to allow the 
construction of a 2 × 2 table for each test.

The following studies were excluded: (1) Studies exploring the prognostic value of liver stiffness measurement (LSM) 
for patients with AILD; (2) Animal experiments, reviews, protocols, guidelines, case reports or meta-analyses; (3) Studies 
on liver fibrosis due to other etiologies, including nonalcoholic fatty liver disease, chronic hepatitis B, or chronic hepatitis 
C; and (4) Studies without sufficient data for further analysis or with the same or overlapping group of participants.

Data extraction and quality assessment
Two investigators (Chen H and Shen Y) independently evaluated the eligibility and quality of the included studies and 
extracted the data. Any disagreements were resolved by a senior researcher (Wu SD). We collated the following 
parameters in Microsoft Excel 2010: authors; year of publication; country; study period and design; pathological type; 
diagnostic methods; sample size; patient characteristics [age, sex, body mass index (BMI), ALT level, treatment 
condition]; quality of liver biopsy; and performance of the index test, including cutoff values, sensitivity, specificity, 
positive predictive value, negative predictive value, and area under the receiver operating characteristic curve (AUROC). 
Two reviewers (Chen H and Shen Y) independently assessed the risk of bias using the Quality Assessment of Diagnostic 
Accuracy Studies-2 tool[16].

Data synthesis and statistical analysis
According to the Metavir, Batts-Ludwig and Scheuer scores, liver fibrosis was classified into five stages (F0, F1, F2, F3 and 
F4), whereas there were seven stages according to the Ishak score. Given that Shiha et al[17] proposed that an Ishak score 
of 3 corresponds to METAVIR score of F2, significant fibrosis (SF), advanced fibrosis (AF) and cirrhosis were defined as 
stages F2-F4, F3-F4, and F4, respectively. For the data analysis, we constructed 2 × 2 contingency tables with true-positive, 
false-positive, false-negative and true-negative values based on data directly extracted from the original studies or 
calculated from indirect variables (sensitivity, specificity and sample size). A bivariate random effects model was 
subsequently applied to calculate the diagnostic test accuracy variables, including summary sensitivity, summary 
specificity, positive likelihood ratio, negative likelihood ratio and diagnostic odds ratio (DOR) with their associated 95% 
confidence intervals (95%CIs). We also performed meta-analyses using hierarchical models to produce summary ROC 
curves, from which we obtained summary AUROC values to evaluate the diagnostic accuracy of the different 
noninvasive methods. The method was considered to have excellent accuracy if the summary AUROC value was above 
0.90, moderate accuracy if it was greater than 0.80, and poor accuracy if it was less than 0.80[18].

The heterogeneity was assessed using multiple methods. Spearman’s correlation coefficient was calculated to evaluate 
the threshold heterogeneity of the included studies, whereas Cochran’s Q and I2 values were used to assess nonthreshold 
heterogeneity. If an I2 value > 50% or P < 0.05 indicated distinct statistical heterogeneity, a random effects model was used 
to combine the data. A fixed effect model was chosen when the I2 value ≤ 50% or P ≤ 0.05. However, the number of 
original studies was sufficient to perform a meta-regression to explore the potential heterogeneity of certain index tests. 
In addition, we conducted a subgroup analysis according to the sample size, treatment conditions and cutoff value. 
Deeks’ funnel plots were used to evaluate the possible publication bias. The meta-analysis was performed using Stata 
12.0, Reviewer Manager Version 5.3 and Meta-Disc Version 1.4.

RESULTS
Characteristics of the included studies and patients
The study selection process is illustrated in Figure 1. A total of 1386 studies were retrieved through our search strategy, of 
which 427 were excluded as duplicates and 602 were removed following the screening of titles, abstracts and reviews. The 
remaining 355 potentially eligible studies were selected for further evaluation. Of these, 60 articles were included in the 
evaluation and analysis. Among them, 22, 29 and 6 studies were regarding AIH, PBC and PSC, respectively (2 studies 
focused on both AIH and PBC[19,20], while 1 study focused on both PBC and PSC[21]). In total, they included 11 
noninvasive index tests. The basic characteristics of the included studies are presented in Table 1. We selected articles 
published between 2006 and 2022, of which 46 (76.7%) were published between 2016 and 2022. There were 31 (51.7%) 
retrospective studies, 17 (28.3%) prospective studies, 10 (16.7%) unknown studies and 2 studies with both designs. Most 

https://f6publishing.blob.core.windows.net/4563e6f3-94d7-4143-a7e0-d8162d92c249/WJG-29-5503-supplementary-material.pdf
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Table 1 Characteristics of studies included in this study

No. Ref. Country Disease Study 
time Study design Diagnostic 

model1

Sample 
size

Mean age 
in yr Sex, F/M Mean BMI 

in kg/m2

Mean,  ALT 
in IU/mL

Treatment 
condition

Scoring 
system Interval

1 Youssef et al[40], 
2013

Egypt AIH NA Retrospective 5 16 NA NA NA NA NA Metavir NA

2 Kim et al[41], 2014 Korea AIH 2008-2014 Retrospective 5 47 NA 41/6 NA NA NA Metavir NA

3 Abdollahi et al
[42], 2015

Iran AIH 2011-2013 NA 1, 2, 3 80 34.75 51/29 NA 106.49 NA Ishak NA

4 Harrison et al[43], 
2016

United 
Kingdom

AIH 2013-2015 Prospective 5 27 56 25/2 NA 21 Post Ishak The same 
day

Hartl et al[44], 
2016

Germany AIH 2007-2010 Prospective 5 34 53 28/6 NA 48.5 Post Scheuer Within 3 mo5

Hartl et al[44], 
2016

Germany AIH 2008-2015 Retrospective 5 60 52 50/10 NA 35 Post Scheuer Within 4 mo

6 Nishikawa et al45], 
2016

Japan AIH 2005-2015 Prospective 1, 2, 3, 11 84 64 69/15 NA 57.5 Pre Scheuer NA

7 E Anastasiou et al
[46], 2016

Germany AIH 2008-2013 Retrospective 1, 2, 3, 5 53 47.3 31/22 NA 606.42 Pre 35 + post 18 Metavir Within 3 wk

8 Piwczyńska et al
[47], 2016

Poland AIH NA Prospective 4 46 14.5 33/13 NA NA NA Batts-Ludwig NA

9 Sheptulina et al
[48], 2016

Russian AIH 2008-2014 Prospective 1, 2, 3, 9 76 40 65/11 25 54.4 Pre 22 + post 54 Metavir Within 7 d

10 Guo et al[29], 2017 China AIH 2012-2017 Retrospective 1, 3, 5 108 46.54 88/20 23.52 146.51 NA Metavir Within 3 d

11 Paranagua-
Vezozzo et al[49], 
2016

Brazil AIH 2012-2015 Prospective 4, 5 33 NA 28/5 28.6 NA Post Metavir The same 
day

12 Puustinen et al
[50], 2017

Finland AIH NA Prospective 8 12 42.8 10/2 NA 28.5 NA Metavir Within 1 mo

13 Wang et al[22], 
2017

China AIH 2007-2015 Retrospective 1, 2, 3, 7 36 51.6 NA 27.7 217.4 Pre 17 + post 19 Metavir Within 3 mo

14 Xu et al[51], 2017 China AIH 2014-2016 Prospective 1, 3, 5 100 45 81/19 NA 131.5 Pre Metavir The same 
day

15 Zeng et al[52], 
2017

China AIH 2011-2016 Prospective 6 62 45.6 NA 21.6 78.5 Pre Metavir 3 d

16 Liu et al[53], 2019 China AIH 2008-2018 Retrospective 2, 3 45 54.29 37/8 NA NA NA Metavir The same 
day



Chen H et al. Noninvasive diagnosis of fibrosis in AILD

WJG https://www.wjgnet.com 5507 October 21, 2023 Volume 29 Issue 39

South Korea AIH 49 56 42/7 23.7 163 NA17 Park et al[19], 2019

PBC

2014-2017 NA 4

41 55.3 35/6 25.5 45 NA

Metavir The same 
day

18 Li et al[54], 2020 China AIH 2010-2019 Retrospective 1, 2, 3, 10 72 54 64/8 NA 137.55 Post Metavir NA

19 Wang et al[55], 
2020

China AIH 2016-2019 Retrospective 1, 3, 10 119 52.5 99/20 NA 81.6 Pre Scheuer Within 7 d

20 Xing et al[30], 2020 China AIH 2016-2019 Retrospective 1, 3, 6 103 54 81/22 22.5 163 NA Scheuer Within 7 d

21 Janik et al[31], 
2021

Poland AIH 2015-2020 Prospective 6 63 37 15/48 23.9 130 Post Batts-Ludwig Within 3 mo

Greece AIH 78 57 54/24 NA 68 Pre 47 + post 3122 Zachou et al[20], 
2021

PBC

2009-2016 Retrospective 5

56 52 48/8 NA 47 Pre 37 + post 19

Metavir The same 
day

23 Ferronato et al
[56], 2022

Italy AIH NA Retrospective 1, 2, 3 122 59 90/32 NA 481.8 Pre Ishak Within 23 d

24 Soh et al[57], 2022 Korea AIH 2014-2021 Retrospective 6 69 59.7 60/9 NA 187.1 Pre 44 + post 25 Metavir The same 
day

25 Nyblom et al[58], 
2006

Sweden PBC 1976-2000 Retrospective 2 121 54 NA NA 189.9 NA Metavir NA

26 Gómez-
Dominguez et al
[59], 2008

Spain PBC NA Prospective 5 80 54 64/16 NA NA Post Metavir Within 9 mo

27 Alempijevic et al
[60], 2009

Serbia PBC 2006 NA 1, 2 112 53.88 104/8 NA NA Post Scheuer Within 1 wk

28 Ferrara et al[61], 
2009

Italy PBC NA NA 1, 3 248 52 233/15 NA NA NA Scheuer The same 
day

29 Su et al[62], 2009 China PBC 1985-2006 Retrospective 2 46 53.3 34/12 NA 140.6 NA Scheuer Within 1 mo

30 Floreani et al[63], 
2011

Italy PBC 2009 NA 5 114 58 96/24 24 44 NA Metavir Within 6 mo

31 Corpechot et al
[64], 2012

France PBC 2004-2010 Prospective 5 103 56 87/16 23.9 76 Post Metavir Within 9 mo

32 Zhang et al[34], 
2014

China PBC 2011-2013 NA 4 56 45 46/10 NA NA NA Batts-Ludwig Within 3 d

Russian PBC 9 82 54.5 78/4 NA NA NA NA33 Sheptulina et al
[21], 2015

PSC

2008-2014 Retrospective

3 22 38 6/16 NA NA NA

Metavir

NA

34 Umemura et al
[65], 2015

Japan PBC 1981-2014 Retrospective 11 137 57 111/26 NA 41 Post Metavir The same 
day
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35 Nishikawa et al
[66], 2016

Japan PBC 2005-2014 Prospective 1, 3, 11 57 59 49/8 NA 35 Pre Scheuer NA

36 Olmez et al[67], 
2016

Turkey PBC 1995-2013 Retrospective 1, 3 40 49.6 40/0 NA 54.5 NA Scheuer Within 1 wk

37 Wang et al[68], 
2016

China PBC 2010-2015 Retrospective 1, 3, 10 73 52.4 62/11 NA 89.3 Pre Ludwing and 
Scheuer

The day 
before

38 Koizumi et al[23], 
2017

Japan PBC 2012-2015 Prospective 1, 2, 3, 5 44 60.5 41/3 NA 65.9 Post Metavir Within 1 wk

39 Wang et al[69], 
2017

China PBC 2009-2016 Retrospective 1, 3 261 52 230/31 NA NA NA Metavir NA

40 Jiang et al[70], 
2018

China PBC 2009-2015 Retrospective 3, 10 77 62.4 64/13 NA 81.2 Pre Scheuer NA

41 Kamal et al[71], 
2018

Netherlands PBC 1979-2010 Retrospective 1, 2, 3 85 50 75/10 NA NA NA Ishak NA

42 Meng et al[72], 
2018

China PBC 2013-2017 Retrospective 1, 3, 10 94 51.02 NA NA 116.58 Pre Ludwing and 
Scheuer

Within 1 wk

43 Milovanović et al
[73], 2018

Serbia PBC 2009-2011 Prospective 1, 2, 5 122 57.4 NA NA 50.8 Post Metavir Within 1 mo

44 Wang et al[74], 
2018

China PBC 2010-2016 Retrospective 1, 3, 10 58 53.3 51/7 NA 90.4 Pre Ludwing and 
Scheuer

Within 1 wk

Jiang et al[75], 
2020

China PBC 2008-2018 Prospective 1, 2, 3, 10 78 52 71/7 NA NA Pre 39 + post 39 Scheuer Within 2 wk45

Jiang et al[75], 
2020

China b PBC 2008-2018 Retrospective 1, 3, 10 40 51 35/5 NA NA Pre 20 + post 20 Scheuer Within 2 wk

46 Joshita et al[76], 
2020

Japan PBC 2015-2019 NA 5, 11 74 64 62/12 NA 48 Pre Scheuer The same 
day

47 Rossi et al[77], 
2020

Italy PBC NA NA 5 92 NA NA NA NA NA Scheuer Within 1 mo

48 Yan et al[32], 2020 China PBC 2016-2019 Retrospective 1, 2, 3, 6 157 53 136/21 22.2 72 NA Scheuer NA

49 Cristoferi et al[78], 
2021

Italy PBC 2006-2019 Prospective 1, 5 126 52 114/12 22.3 52.8 Pre Batts-Ludwig Within 12 
wk

50 Fujinaga et al[79], 
2021

Japan PBC 2000-2019 Retrospective 1, 3, 11 102 61 89/13 NA 68.4 Pre Scheuer NA

51 Manesis et al[80], 
2021

Greece PBC 2010-2018 Retrospective 6 53 62.6 46/7 25.7 30 Pre 30 + post 23 Scheuer Within 3 mo

52 Osman et al[33], 
2021

United States PBC 2007-2019 Retrospective 5 63 60.95 NA NA 31.2 NA Batts-Ludwig Within 1 yr
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7 98 60.21 NA NA 36.4 NA

53 Avcioğlu et al[81], 
2022

Turkey PBC 2008-2020 Retrospective 1, 3 35 49.6 33/2 NA 50.6 Pre Scheuer Within 1 wk

54 Garrido et al[82], 
2022

Portugal PBC 2010-2021 NA 5 79 52 NA NA NA Pre 40 + post 39 Batts-Ludwig Within 2 mo

55 Corpechot et al
[83], 2014

France PSC 2005-20210 Prospective 5 59 40.7 24/35 NA 145.7 Post Metavir Within 6 mo

56 Bowlus et al[84], 
2016, 

France PSC NA NA 5 56 43 22/34 NA 255 NA Ishak NA

57 Eaton et al[85], 
2016

United States PSC 2007-2013 Retrospective 1, 7 266 46.12 81/185 26 48 Pre Batts-Ludwig Within 1 yr

58 Ehlken et al[86], 
2016

Germany PSC 2006-2014 Retrospective 5 62 38 63/77 NA 38 NA Scheuer NA

59 Krawczyk et al
[87], 2017

Poland PSC 2014-2016 Prospective 5 30 33 12/18 NA 50 NA Metavir NA

60 Umetsu et al[88], 
2018

Japan PSC 2007-2016 Retrospective 1, 2, 3, 11 28 14 8/20 NA 56.5 NA Batts-Ludwig The same 
day

1Diagnostic models are represented by the following numbers: 1 = Aspartate aminotransferase to platelet ratio index; 2 = caspartate aminotransferase to alanine aminotransferase ratio; 3 = Fibrosis-4 index; 4 = Acoustic radiation force 
impulse; 5 = Transient elastography; 6 = Shear wave elastography; 7 = Magnetic resonance elastography; 8 = Magnetic resonance spectroscopy; 9 = Platelet count to spleen diameter ratio; 10 = Red cell distribution width to platelet ratio ; 
11 = Mac-2-binding protein. AIH: Autoimmune hepatitis; ALT: Alanine aminotransferase; BMI: Body mass index; F: Female; M: Male; NA: Not available; PBC: Primary biliary cholangitis; PSC: Primary sclerosing cholangitis.

included studies were conducted in Asia (28 studies) or Europe (24 studies). A total of 27 studies utilized the Metavir 
score, 8 studies used the Batts-Ludwig score, 17 studies used the Scheuer score, 5 studies used the Ishak score, and 3 
studies used the Ludwig-Scheuer score.

A total of 1594, 3126 and 501 patients with AIH, PBC, and PSC, respectively, were included to analyze the diagnostic 
performance of noninvasive methods in staging liver fibrosis. Most patients with AIH and PBC were female (72.4% and 
87.6%, respectively). In contrast, patients with PSC were predominantly male (73.7%). The average ages of patients with 
AIH, PBC and PSC were 47.0, 55.2 and 41.5 years, respectively. Patients with AIH (160.29 IU/mL) had higher ALT levels 
than patients with PBC (69.81 IU/mL).

Quality assessment of the included studies
The results of the quality assessment based on the Quality Assessment of Diagnostic Accuracy Studies-2 scale for all 60 
eligible studies are shown in Figure 2 and Supplementary Figure 1. Regarding patient selection, eight studies had an 
unclear risk of bias owing to the lack of information on whether patients were enrolled randomly or consecutively. 
Regarding the index test, four studies were determined to have an unclear risk of bias because the results of the index test 
were interpreted without blinded information on the results of the reference standard. Likewise, 22 studies were 
regarded as having an unclear risk of bias because the results of the reference standard were interpreted without blinded 
information regarding the results of the index test. In terms of flow and timing, two studies were considered high-risk 
because not every subject received a reference standard, while 19 studies were considered unclear risk because of an 

https://f6publishing.blob.core.windows.net/4563e6f3-94d7-4143-a7e0-d8162d92c249/WJG-29-5503-supplementary-material.pdf
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Figure 1 Flowchart of study identification and selection process. AIH: Autoimmune hepatitis; LSM: Liver stiffness measurement; PBC: Primary biliary 
cholangitis; PSC: Primary sclerosing cholangitis.

Figure 2 Quality assessment of included studies by Quality Assessment of Diagnostic Accuracy Studies-2. Risk of bias and applicability 
concerns graph.

unknown time interval between the index and reference tests.

Performance of noninvasive methods in diagnosing SF (F ≥ 2)
Diagnosis of SF for AIH: Fifteen studies (n = 1001) evaluated eight noninvasive methods for detecting SF in patients with 
AIH. Of these, five (n = 459), two (n = 129), five (n = 459), nine (n = 523) and three (n = 234) studies focused on APRI, 
AAR, FIB-4, TE and SWE separately, whereas only one study each utilized the ARFI, PC/SD ratio and RPR.

The APRI had moderate summary sensitivity (exceeding 70%) with poor summary specificity (less than 50%), whereas 
the FIB-4 had the opposite result (Table 2). Interestingly, TE had a relatively greater diagnostic performance than the 
other laboratory tests, with summary sensitivity and specificity values of 0.82 and 0.73, respectively, and cutoff values 
ranging from 5.8–7.0 KPa. The summary sensitivity of SWE (0.89; 95%CI: 0.83–0.93) was significantly higher than that of 
the other six noninvasive methods and slightly greater than that of TE (0.83; 95%CI: 0.78–0.87).

Diagnosis of SF for PBC: Thirteen studies (n = 1389) evaluated nine noninvasive methods for diagnosing SF in patients 
with PBC. Among them, four (n = 584), three (n = 323), three (n = 462), two (n = 87), five (n = 446) and two (n = 210) 
studies focused on APRI, AAR, FIB-4, ARFI, TE and SWE, respectively; however, only one study each utilized the PC/SD 
ratio, MRE and M2BP.
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Table 2 Summary sensitivities, specificities, positive likelihood ratio and negative likelihood ratio of noninvasive methods at various 
diagnostic thresholds for prediction of significant fibrosis, advanced fibrosis and cirrhosis in autoimmune liver diseases patients

Disease Diagnostic 
model/Stage

Cutoff 
values

No. of patients 
(n)

Summary 
sensitivity

Summary 
specificity Summary PLR Summary NLR

APRI

SF 0.27-0.70 2 (195) 0.80 (0.72-0.86) 0.35 (0.23-0.48) 1.46 (0.55-3.89) 0.36 (0.061-2.09)

0.88-1.55 3 (264) 0.74 (0.68-0.80) 0.51 (0.38-0.63) 1.52 (1.18-1.96) 0.50 (0.36-0.69)

AF 0.38-0.90 4 (379) 0.86 (0.81-0.90) 0.48 (0.41-0.56) 1.60 (1.18-2.15) 0.33 (0.24-0.47)

1.12-3.40 6 (538) 0.80 (0.72-0.86) 0.35 (0.23-0.48) 0.57 (0.51-0.64) 0.68 (0.62-0.73)

Cirrhosis 0.55-1.81 3 (330) 0.65 (0.56-0.74) 0.47 (0.40-0.54) 1.49 (0.93-2.39) 0.62 (0.46-0.83)

1.85-2.00 3 (213) 0.70 (0.57-0.81) 0.73 (0.65-0.79) 2.48 (1.75-3.52) 0.42 (0.28-0.62)

AAR

SF 0.72-0.93 2 (129) 0.67 (0.57-0.77) 0.68 (0.49-0.83) 2.22 (1.32-3.72) 0.46 (0.23-0.90)

AF 0.76-1.18 7 (532) 0.61 (0.54-0.68) 0.72 (0.66-0.77) 2.01 (1.59-2.53) 0.58 (0.46-0.73)

Cirrhosis 0.94-1.40 3 (213) 0.61 (0.47-0.74) 0.83 (0.76-0.88) 3.31 (1.96-5.59) 0.49 (0.36-0.69)

FIB-4

SF 1.95-2.90 3 (303) 0.64 (0.58-0.71) 0.71 (0.61-0.81) 2.20 (1.48-3.27) 0.50 (0.38-0.65)

3.20-5.07 2 (156) 0.60 (0.51-0.69) 0.77 (0.60-0.90) 2.66 (1.44-4.92) 0.52 (0.39-0.69)

AF 1.75-2.37 6 (476) 0.66 (0.59-0.72) 0.63 (0.57-0.69) 2.05 (1.56-2.70) 0.40 (0.20-0.81)

3.21-5.60 5 (486) 0.47 (0.41-0.54) 0.73 (0.67-0.79) 1.83 (1.24-2.71) 0.68 (0.50-0.92)

Cirrhosis 2.21-3.40 5 (440) 0.75 (0.67-0.82) 0.56 (0.50-0.62) 2.06 (1.53-2.77) 0.37 (0.19-0.71)

6.44 1 (103) 0.68 0.64 1.88 0.51

TE

SF 5.80-7.00 7 (423) 0.83 (0.78-0.87) 0.73 (0.65-0.80) 2.89 (2.23-3.76) 0.23 (0.12-0.42)

9.10-10.05 2 (100) 0.77 (0.67-0.86) 0.94 (0.70-1.00) 7.65 (1.66-35.32) 0.18 (0.02-1.47)

AF 8.18-9.00 3 (286) 0.80 (0.72-0.87) 0.80 (0.73-0.86) 4.09 (2.64-6.33) 0.24 (0.17-0.35)

10.40-12.10 4 (174) 0.73 (0.60-0.83) 0.93 (0.86-0.97) 7.67 (2.89-20.31) 0.27 (0.12-0.61)

Cirrhosis 11.00-12.67 4 (213) 0.89 (0.82-0.94) 0.88 (0.81-0.93) 6.89 (4.38-10.85) 0.14 (0.09-0.23)

16.00-19.00 3 (147) 0.88 (0.74-0.96) 0.97 (0.92-0.99) 22.08 (5.35-91.22) 0.16 (0.08-0.33)

2D-SWE

SF 8.20-10.00 3 (234) 0.89 (0.83-0.93) 0.72 (0.59-0.83) 3.25 (1.67-6.32) 0.17 (0.11-0.28)

AF 12.20-15.80 3 (234) 0.82 (0.73-0.89) 0.79 (0.72-0.86) 3.92 (2.79-5.52) 0.24 (0.13-0.44)

AIH

Cirrhosis 14.30-19.30 4 (297) 0.83 (0.74-0.90) 0.86 (0.81-0.91) 5.85 (4.09-8.37) 0.21 (0.13-0.34)

APRI

SF 0.26-1.20 4 (584) 0.84 (0.80-0.87) 0.63 (0.56-0.70) 1.98 (1.54-2.55) 0.34 (0.23-0.51)

AF 0.3.0-0.75 8 (858) 0.62 (0.57-0.68) 0.54 (0.50-0.58) 1.39 (1.09-1.79) 0.68 (0.48-0.98)

0.93-2.00 7 (731) 0.73 (0.68-0.78) 0.68 (0.64-0.72) 2.68 (1.80-3.97) 0.46 (0.36-0.58)

Cirrhosis 0.65-1.39 6 (852) 0.75 (0.67-0.83) 0.51 (0.48-0.55) 2.19 (1.38-3.50) 0.31 (0.10-0.99)

AAR

SF 0.92-1.00 3 (323) 0.69 (0.61-0.76) 0.56 (0.48-0.63) 1.61 (1.33-1.95) 0.52 (0.31-0.87)

AF 0.81-1.01 5 (559) 0.54 (0.47-0.62) 0.73 (0.68-0.77) 2.15 (1.52-3.03) 0.63 (0.44-0.91)

Cirrhosis 1.00-1.10 4 (407) 0.81 (0.70-0.90) 0.77 (0.72-0.82) 4.55 (1.98-10.49) 0.28 (0.10-0.79)

FIB-4

PBC



Chen H et al. Noninvasive diagnosis of fibrosis in AILD

WJG https://www.wjgnet.com 5512 October 21, 2023 Volume 29 Issue 39

SF 1.39-3.90 3 (462) 0.85 (0.81-0.89) 0.77 (0.69-0.83) 2.89 (2.10-3.98) 0.26 (0.10-0.66)

AF 2.05-2.63 7 (865) 0.77 (0.72-0.81) 0.57 (0.53-0.61) 1.95 (1.51-2.52) 0.31 (0.16-0.61)

2.81-4.60 6 (431) 0.63 (0.55-0.71) 0.80 (0.75-0.85) 3.25 (1.78-5.94) 0.49 (0.30-0.81)

Cirrhosis 2.05-4.60 6 (852) 0.87 (0.80-0.93) 0.61 (0.58-0.65) 2.79 (1.92-4.07) 0.16 (0.05-0.52)

TE

SF 5.90-8.80 4 (402) 0.81 (0.76-0.85) 0.95 (0.89-0.98) 10.51 (2.03-54.36) 0.23 (0.12-0.44)

16.00 1 (44) 0.94 0.81 4.90 0.07

AF 6.75-7.60 4 (377) 0.80 (0.73-0.86) 0.81 (0.76-0.86) 4.19 (2.35-7.46) 0.19 (0.05-0.79)

9.60-10.70 3 (317) 0.91 (0.84-0.95) 0.82 (0.77-0.87) 5.68 (2.55-12.69) 0.12 (0.07-0.21)

11.90-17.90 3 (180) 0.75 (0.60-0.86) 0.94 (0.88-0.97) 11.76 (2.29-60.48) 0.22 (0.06-0.80)

Cirrhosis 11.40-14.40 3 (256) 0.84 (0.69-0.93) 0.94 (0.90-0.97) 13.46 (7.66-23.65) 0.19 (0.10-0.38)

15.60-25.10 3 (227) 0.90 (0.74-0.98) 0.93 (0.89-0.96) 22.8 (0.81-639.69) 0.12 (0.04-0.34)

RPR

AF 0.10-0.14 4 (362) 0.49 (0.40-0.58) 0.89 (0.84-0.92) 4.27 (2.22-8.22) 0.59 (0.47-0.74)

M2BP

AF 1.00-1.40 4 (370) 0.68 (0.59-0.77) 0.80 (0.75-0.85) 4.26 (1.82-9.96) 0.32 (0.14-0.75)

TE

SF 8.80 2 (121) 0.76 (0.62-0.87) 0.88 (0.79-0.95) 6.34 (3.25-12.37) 0.29 (0.18-0.46)

AF 9.60 3 (177) 0.82 (0.70-0.91) 0.83 (0.75-0.89) 4.75 (2.21-10.19) 0.15 (0.02-1.04)

PSC

Cirrhosis 13.70-14.40 4 (207) 0.82 (0.68-0.91) 0.89 (0.83-0.94) 7.46 (3.74-14.88) 0.25 (0.15-0.43)

2D-SWE: Two-dimensional shear wave elastography; AAR: Aspartate aminotransferase to alanine aminotransferase ratio; AF: Advanced fibrosis; AIH: 
Autoimmune hepatitis; APRI: Aspartate aminotransferase to platelet ratio index; FIB-4: Fibrosis-4 index; M2BP: Mac-2-binding protein; NLR: Negative 
likelihood ratio; PLR: Positive likelihood ratio; PBC: Primary biliary cholangitis; PSC: Primary sclerosing cholangitis; RPR: Red cell distribution width to 
platelet ratio; SF: Significant fibrosis; TE: Transient elastography.

As shown in Table 2, the APRI and FIB-4 index had relatively good summary sensitivities of 0.84 and 0.85, respectively, 
with mild summary specificities of 0.63 and 0.77, respectively. The corresponding values for sensitivity and specificity of 
the AAR were poor (0.69, 0.56). In contrast, both the summary sensitivity (0.81; 95%CI: 0.76–0.85) and specificity (0.95; 
95%CI: 0.89–0.98) of TE were significantly higher than those of the other five noninvasive methods for predicting SF with 
cutoff values ranging from 5.9–8.8 KPa.

Furthermore, Table 3 shows that the summary DORs of APRI, FIB-4 and TE were 3.9 (95%CI: 2.1–7.3), 5.1 (95%CI: 
3.1–8.5) and 16.8 (95%CI: 8.8–32.2), respectively, in patients with AIH, while the summary DORs of APRI and TE were 6.3 
(95%CI: 3.5–11.2) and 74.5 (95%CI: 12.2–455.5), respectively, in patients with PBC. Additionally, the summary AUROC 
value of TE in patients with PBC (0.93, 95%CI: 0.91–0.95) was relatively higher than that of TE in patients with AIH (0.84, 
95%CI: 0.80–0.87) but significantly higher than that of FIB-4 (0.74) and APRI (0.67) in patients with AIH and APRI (0.77) in 
patients with PBC (Table 3 and Figure 3).

Performance of noninvasive methods in diagnosing AF (F ≥ 3)
Diagnosis of AF for AIH: Twenty studies (n = 1435) evaluated 11 noninvasive methods for detecting AF in patients with 
AIH. Among them, 10 (n = 917), 7 (n = 532), 11 (n = 962), 7 (n = 460), 3 (n = 234) and 2 (n = 191) studies focused on APRI, 
AAR, FIB-4, TE, SWE and RPR, respectively; however, only one study each utilized the ARFI, MRS, PC/SD ratio, MRE 
and M2BP methods.

As shown in Table 2, with a cutoff value of 8.2–9.0 KPa, both the summary sensitivity and specificity exceeded 80% 
when TE was used for predicting AF, whereas with a cutoff value of 10.4–12.1 KPa, there was a better summary 
specificity (0.93; 95%CI: 0.86–0.97) with a mild summary sensitivity (0.73; 95%CI: 0.60–0.83). Regarding SWE, MRE and 
the PC/SD ratio, the summary sensitivity and specificity also exceeded 80%. The specificity of MRE was 1.00, but only 
one study assessed it[22]. For AAR and FIB-4 index, there was a relatively modest summary specificity (< 0.80) and poor 
summary sensitivity (< 0.60).

Diagnosis of AF for PBC: Twenty-eight studies (n = 2737) evaluated 11 noninvasive methods for detecting AF in patients 
with PBC. Of these, 15 (n = 1589), 6 (n = 559), 13 (n = 1296), 2 (n = 97), 10 (n = 874), 5 (n = 362), 4 (n = 370) and 2 (n = 210) 
studies were focused on APRI, AAR, FIB-4, ARFI, TE, RPR, M2BP and SWE, respectively. Only one study each utilized 
the methods of MRE and RLR.



Chen H et al. Noninvasive diagnosis of fibrosis in AILD

WJG https://www.wjgnet.com 5513 October 21, 2023 Volume 29 Issue 39

Table 3 Summary area under the receiver operator curve and diagnostic odds ratio of noninvasive methods for prediction of significant 
fibrosis, advanced fibrosis and cirrhosis in autoimmune liver diseases patients

Disease Diagnostic model/Stage No. of studies (patients) AUROC (95%CI) DOR (95%CI)

APRI

SF 4 (383) 0.67 (0.63-0.71) 3.87 (2.1-7.3)

AF 10 (917) 0.71 (0.67-0.75) 3.85 (2.8-5.3)

Cirrhosis 6 (543) 0.71 (0.67-0.75) 3.77 (2.2-6.4)

FIB-4

SF 5 (459) 0.74 (0.70-0.78) 5.11 (3.1-8.5)

AF 11 (962) 0.73 (0.69-0.76) 4.04 (2.4-6.8)

Cirrhosis 6 (543) 0.72 (0.68-0.76) 5.48 (2.4-12.6)

TE

SF 9 (523) 0.84 (0.80-0.87) 16.83 (8.8-32.2)

AF 7 (460) 0.88 (0.85-0.90) 25.14 (9.7-65.3)

Cirrhosis 7 (415) 0.90 (0.87-0.92) 91.77 (40.1-201.2)

AAR

AF 6 (410) 0.73 (0.69-0.77) 4.94 (3.2-7.8)

2D-SWE

AIH

Cirrhosis 4 (297) 0.91 (0.89-0.94) 30.68 (15.7-59.9)

APRI

SF 4 (584) 0.77 (0.73-0.80) 6.27 (3.5-11.2)

AF 15 (1589) 0.70 (0.66-0.74) 3.67 (2.3-5.9)

Cirrhosis 6 (852) 0.83 (0.79-0.86) 14.55 (1.9-113.8)

FIB-4

AF 13 (1296) 0.79 (0.75-0.82) 7.13 (4.0-12.8)

Cirrhosis 6 (852) 0.88 (0.85-0.91) 29.79 (5.9-150.3)

TE

SF 5 (446) 0.93 (0.91-0.95) 74.45 (12.2-455.5)

AF 10 (880) 0.93 (0.90-0.95) 41.84 (19.3-91.0)

Cirrhosis 6 (483) 0.91 (0.88-0.93) 134.83 (33.0-551.8)

AAR

AF 6 (559) 0.74 (0.70-0.78) 4.13 (2.0-8.6)

Cirrhosis 4 (407) 0.88 (0.84-0.90) 25.29 (9.0-70.9)

RPR

AF 4 (362) 0.53 (0.49-0.58) 7.98 (4.0-15.8)

M2BP

PBC

AF 4 (370) 0.86 (0.82-0.88) 13.17 (4.1-42.4)

TEPSC

Cirrhosis 4 (207) 0.95 (0.93-0.97) 70.59 (15.4-322.7)

2D-SWE: Two-dimensional shear wave elastography; 95%CI: 95% confidence interval; AAR: Aspartate aminotransferase to alanine aminotransferase ratio; 
AF: Advanced fibrosis; AIH: Autoimmune hepatitis; APRI: Aspartate aminotransferase to platelet ratio index; AUROC: Area under the receiver operator 
curve; DOR: Diagnostic odds ratio; FIB-4: Fibrosis-4 index; PBC: Primary biliary cholangitis; PSC: Primary sclerosing cholangitis; RPR: Red cell distribution 
width to platelet ratio; SF: Significant fibrosis; TE: Transient elastography.
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Figure 3 The summary receiver operating characteristic curve plots of transient elastography in autoimmune liver disease patients. A and 
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B: Transient elastography (TE) for detecting significant fibrosis in autoimmune hepatitis (AIH, A) and primary biliary cholangitis (PBC, B) patients; C and D: TE for 
detecting advanced fibrosis in AIH (C) and PBC (D) patients; E-G: TE for detecting cirrhosis in AIH (E), PBC (F) and primary sclerosing cholangitis (G) patients; H: 
Shear wave elastography for detecting cirrhosis in AIH patients. AUC: Area under the curve; SENS: Sensitivity; SPEC: Specificity; SROC: Summary receiver 
operating characteristic.

As shown in Table 2, TE had a good summary sensitivity and specificity (0.91, 0.82) with a cutoff value of 9.6–10.7 KPa, 
while RPR and M2BP had good summary specificity (0.89 and 0.80, respectively) with poor summary sensitivity (0.49 and 
0.68, respectively). Regardless of the cutoff values, the summary sensitivities and specificities of the AAR, APRI and FIB-4 
were less than 0.80.

Furthermore, Table 3 shows that the summary DORs of AAR, APRI, FIB-4 and TE were 4.9 (95%CI: 3.2–7.8), 3.9 
(95%CI: 2.8–5.3), 4.0 (95%CI: 2.4–6.8) and 25.1 (95%CI: 9.7–65.3), respectively, in patients with AIH and 4.1 (95%CI: 
2.0–8.6), 3.7 (95%CI: 2.3–6.0), 7.1 (95%CI: 4.0–12.8) and 41.8 (95%CI: 19.3–91.0), respectively, in patients with PBC. 
Moreover, the summary DORs of RPR and M2BP in patients with PBC were 8.0 (95%CI: 4.0–15.8) and 13.2 (95%CI: 
4.1–42.4), respectively. As shown in Table 3 and Figure 3, the summary AUROC value of TE for detecting AF was 0.88 
(95%CI: 0.85–0.90) and 0.93 (95%CI: 0.90–0.95) in patients with AIH and PBC, respectively. The value of M2BP was 0.86 
(95%CI: 0.82–0.88) in patients with PBC, whereas the summary AUROC values for AAR, APRI and FIB-4 were less than 
0.80 in both patients with AIH and PBC, and the value for RPR in patients with PBC was less than 0.60.

Performance of noninvasive methods in diagnosing cirrhosis (F = 4)
Diagnosis of cirrhosis for AIH: Sixteen studies (n = 1076) evaluated ten noninvasive methods for detecting cirrhosis in 
patients with AIH. Of these, six (n = 543), three (n = 213), six (n = 543), two (n = 82), seven (n = 415) and four (n = 297) 
studies focused on APRI, AAR, FIB-4, ARFI, TE and SWE, respectively. Only one study each utilized the PC/SD ratio, 
MRE, RPR and M2BP.

As shown in Table 2, the summary sensitivities and specificities of APRI and FIB-4 were less than 75%, and those of 
AAR were 0.61 and 0.83, respectively. Moreover, the summary sensitivity and specificity of TE (cutoff value ranging from 
11.0–12.7 KPa) were significantly higher for predicting cirrhosis, with 0.89 (95%CI: 0.82–0.94) and 0.88 (95%CI: 0.81–0.93), 
respectively, while the summary sensitivity and specificity of SWE (0.83, 0.86) were close to those of TE. Surprisingly, the 
summary specificity dramatically rose to 0.97 (95%CI 0.92–0.99) with a cutoff value ranging from 16.0–19.0 KPa.

Diagnosis of cirrhosis for PBC: Sixteen studies (n = 1568) evaluated nine noninvasive methods for detecting cirrhosis in 
patients with PBC. Among them, six (n = 852), four (n = 407), six (n = 852), six (n = 483), two (n = 210) and two (n = 194) 
studies focused on APRI, AAR, FIB-4, TE, SWE and M2BP, respectively. However, only one study utilized the ARFI and 
MRE methods.

As listed in Table 2, the summary sensitivities of APRI, AAR and FIB-4 for predicting cirrhosis were 0.75, 0.81 and 0.87, 
respectively, and their corresponding summary specificities were 0.51, 0.77 and 0.61, respectively. In contrast, TE had 
higher summary sensitivity (0.90; 95%CI: 0.74–0.98) and specificity (0.93; 95%CI: 0.89–0.96) with a cutoff value ranging 
from 15.6–25.1 KPa.

Diagnosis of cirrhosis for PSC: Four studies (n = 207) evaluated TE as a predictor of cirrhosis in patients with PSC. 
Because the diagnosis of PSC does not rely on liver biopsy, few related studies have been conducted. As listed in Table 2, 
the summary sensitivity and specificity of TE were 0.82 (95%CI: 0.68–0.91) and 0.89 (95%CI: 0.83–0.94), respectively.

Furthermore, Table 3 shows that the summary DORs of APRI and FIB-4 were 3.8 (95%CI: 2.2–6.4) and 5.5 (95%CI: 
2.4–12.6) in patients with AIH and 14.6 (95%CI: 1.9–113.8) and 29.8 (95%CI: 5.9–150.3) in patients with PBC. In addition, 
the summary DOR of TE was highest in patients with PBC, with values of 91.8 (95%CI: 40.1–201.2), 134.8 (95%CI: 
33.0–551.8) and 70.6 (95%CI: 15.4–322.7) in patients with AIH, PBC and PSC, respectively. The summary AUROC values 
of TE for detecting cirrhosis in patients with AIH, PBC and PSC were 0.90 (95%CI: 0.87–0.92), 0.91 (95%CI: 0.88–0.93) and 
0.95 (95%CI: 0.93–0.97), respectively, while the summary AUROC values for APRI and FIB-4 were less than 0.80 in 
patients with AIH and 0.90 in patients with PBC (Table 3 and Figure 3).

Methodological heterogeneity, subgroup analysis and publication bias
As shown in Table 4, threshold heterogeneity was observed only in APRI F2 in both patients with AIH and PBC, whereas 
nonthreshold heterogeneity was observed in most groups (Figure 4, Supplementary Figures 2 and 3). Because meta-
regression to explore the source of heterogeneity requires the number of original studies to exceed 10, we only conducted 
a meta-regression for AF in patients with AIH and PBC. The heterogeneity of APRI, FIB-4 and TE accuracy was mainly 
affected by the cutoff value with regard to specificity, whereas FIB-4 and TE were affected by sample size with regard to 
sensitivity, according to the meta-regression analysis (Supplementary Figure 4).

Subgroup analyses of TE according to sample size, cutoff value and treatment status are shown in Table 5. Because of 
the limited data, we only conducted an analysis for posttreatment combined with original data for pretreatment 
(Supplementary Table 2).

Deeks’ funnel plot of these noninvasive methods was generated to assess publication bias. There was a publication bias 
for APRI in detecting SF (P = 0.06) and cirrhosis (P = 0.08) in patients with PBC but not in other methods for detecting SF, 
AF and cirrhosis (Figure 5, Supplementary Figure 5). Moreover, no publication bias was observed for any noninvasive 
method in patients with AIH (Figure 5, Supplementary Figure 6).

https://f6publishing.blob.core.windows.net/4563e6f3-94d7-4143-a7e0-d8162d92c249/WJG-29-5503-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4563e6f3-94d7-4143-a7e0-d8162d92c249/WJG-29-5503-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4563e6f3-94d7-4143-a7e0-d8162d92c249/WJG-29-5503-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4563e6f3-94d7-4143-a7e0-d8162d92c249/WJG-29-5503-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4563e6f3-94d7-4143-a7e0-d8162d92c249/WJG-29-5503-supplementary-material.pdf
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Table 4 Heterogeneity of all the included studies

Threshold heterogeneity Non-threshold heterogeneity
Fibrosis stage

r P value I2 (%) P value

SF 0.176 0.651 82.9 0

AF -0.429 0.337 93.8 0

TE

Cirrhosis 0.321 0.482 56.59 0.03

SF 1.0 0 62.34 0.05

AF 0.717 0.02 71.94 0

APRI

Cirrhosis 0.714 0.111 90.93 0

SF 0.70 0.188 46.81 0.11

AF 0.627 0.039 98.29 0

FIB-4

Cirrhosis -0.029 0.957 88.98 0

AAR AF 0.857 0.014 36.46 0.16

AIH

SWE Cirrhosis 0 1.0 61.97 0.05

SF -0.10 0.873 99.99 0

AF 0.195 0.590 100 0

TE

Cirrhosis -0.726 0.027 93.77 0

SF 1.0 0 99.9 0

AF 0.209 0.454 100 0

APRI

Cirrhosis -0.657 0.156 100 0

AF 0.418 0.156 100 0FIB-4

Cirrhosis 0.029 0.957 100 0

AF 0.60 0.208 96.05 0AAR

Cirrhosis 0.40 0.60 95.37 0

M2BP AF 0 1.0 99.24 0

PBC

RPR AF 0 1.0 94.49 0

PSC TE Cirrhosis 0.80 0.20 50.07 0.11

AAR: Aspartate aminotransferase to alanine aminotransferase ratio; AF: Advanced fibrosis; AIH: Autoimmune hepatitis; APRI: Aspartate aminotransferase 
to platelet ratio index; FIB-4: Fibrosis-4 index; M2BP: Mac-2-binding protein; PBC: Primary biliary cholangitis; PSC: Primary sclerosing cholangitis; RPR: 
Red cell distribution width to platelet ratio; SF: Significant fibrosis; SWE: Shear wave elastography; TE: Transient elastography.

DISCUSSION
In our review, a total of 60 studies (including 1594, 3126 and 501 patients with AIH, PBC and PSC, respectively) were 
included to evaluate the diagnostic accuracy of noninvasive methods for predicting SF, AF and cirrhosis in patients with 
AILDs. TE had excellent accuracy with summary AUROC values of 0.93, 0.93 and 0.91 for SF, AF and cirrhosis, 
respectively, in patients with PBC, while TE had a moderate to excellent accuracy of 0.84, 0.88 and 0.90, respectively, in 
patients with AIH. Moreover, the summary AUROC was 0.95 for cirrhosis in patients with PSC. In contrast, other 
noninvasive methods, such as AAR, APRI, FIB-4 and RPR, had poor accuracy, with summary AUROC values of < 0.80. In 
addition, the pooled sensitivity and specificity of TE were higher than those of the other noninvasive methods. Our 
results indicated that LSM using TE had a better diagnostic performance for staging hepatic fibrosis in AILDs, especially 
in patients with PBC. Moreover, our results showed that TE had mostly higher specificity and relatively low sensitivity 
for the diagnosis of AILDs. Koizumi et al[23] found that TE had high sensitivity and relatively low specificity for the 
diagnosis of PBC. However, the optimal cutoff values were higher and the range was wider than those in other studies, 
indicating that different optimal cutoff values may have an effect on diagnostic accuracy.

Meta-regression analysis is a reliable method for screening heterogeneity. In our study, the sample size, cutoff values, 
prevalence of SF and scoring system provided heterogeneity in summarizing the test results, consistent with previous 
studies[24,25]. We conducted subgroup analyses based on the sample size and cutoff values. Our results revealed that TE 
had a better predictive effect in a larger sample of patients with PBC. LSM by TE is the best surrogate marker for staging 
in SF and AF with a cutoff ranging from 6.4–9.1 KPa and 9.0–11.0 KPa, respectively, in patients with AIH and staging in 
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Table 5 Subgroup analysis of sample size and treatment status in prediction of significant fibrosis, advanced fibrosis and cirrhosis in 
autoimmune hepatitis and primary biliary cholangitis patients

Disease Parameter Stage Subgroup Sensitivity (95%CI) Specificity (95%CI) AUROC (95%CI)

SF n < 50 0.83 (0.55-0.95) 0.82 (0.65-0.92) 0.85 (0.82-0.88)

n > 50 0.84 (0.73-0.91) 0.77 (0.63-0.87) 0.87 (0.84-0.90)

AF n < 50 0.78 (0.54-0.91) 0.91 (0.78-0.96) 0.92 (0.89-0.94)

n > 50 0.78 (0.68-0.86) 0.87 (0.73-0.94) 0.88 (0.84-0.90)

Cirrhosis n < 50 0.90 (0.65-0.98) 0.92 (0.74-0.98) 0.96 (0.94-0.97)

Sample size

n > 50 0.88 (0.82-0.93) 0.93 (0.86-0.96) 0.92 (0.89-0.94)

SF Post 0.78 (0.44-0.94) 0.76 (0.60-0.86) 0.79 (0.75-0.82)

AF Post 0.83 (0.66-0.93) 0.96 (0.84-0.99) 0.93 (0.91-0.95)

Treatment status

Cirrhosis Post 0.91(0.77-0.97) 0.97 (0.73-1.00) 0.94 (0.91-0.95)

SF 5.80-6.27 0.87 (0.81-0.92) 0.69 (0.60-0.77) 0.86 (0.83-0.89)

6.40-9.10 0.82 (0.75-0.88) 0.89 (0.74-0.96) 0.92 (0.89-0.94)

AF 9.00-11.00 0.83 (0.69-0.91) 0.92 (0.73-0.98) 0.88 (0.85-0.91)

8.18-12.10 0.77 (0.71-0.83) 0.85 (0.80-0.89) 0.88 (0.85-0.90)

Cirrhosis 11.00-12.67 0.89 (0.82-0.94) 0.88 (0.81-0.93) 0.92 (0.94-0.96)

AIH

Cutoff value

11.00-19.00 0.88 (0.82-0.93) 0.92 (0.88-0.95) 0.90 (0.87-0.92)

SF n < 100 0.81 (0.48-0.95) 0.78 (0.60-0.89) 0.82 (0.79-0.86)

n > 100 0.83 (0.68-0.92) 0.98 (0.74-1.00) 0.97 (0.95-0.98)

AF n < 100 0.90 (0.85-0.94) 0.88 (0.78-0.94) 0.91 (0.88-0.93)

n > 100 0.81 (0.64-0.91) 0.88 (0.75-0.94) 0.91 (0.88-0.93)

Cirrhosis n < 100 0.82 (0.67-0.91) 0.94 (0.80-0.99) 0.86 (0.82-0.89)

Sample size

n > 100 0.91 (0.76-0.97) 0.97 (0.90-0.99) 0.94 (0.92-0.96)

SF Post 0.89 (0.70-0.97) 0.98 (0.41-1.00) 0.97 (0.95-0.98)

AF Post 0.85 (0.68-0.94) 0.92 (0.63-0.99) 0.93 (0.91-0.95)

Treatment status

Cirrhosis Post 0.90 (0.71-0.97) 0.96 (0.74-1.00) 0.94 (0.92-0.96)

AF 6.75-7.60 0.80 (0.73-0.86) 0.81 (0.76-0.86) 0.88 (0.85-0.91)

9.60-10.70 0.91 (0.84-0.95) 0.82 (0.77-0.87) 0.92 (0.89-0.94)

11.90-17.90 0.75 (0.60-0.86) 0.94 (0.88-0.97) 0.93 (0.91-0.95)

Cirrhosis 11.40-14.40 0.84 (0.69-0.93) 0.94 (0.90-0.97) 0.96 (0.94-0.97)

PBC

Cutoff value

14.40-16.90 0.88 (0.72-0.97) 0.99 (0.96-1.00) 0.99 (0.98-1.00)

95%CI: 95% confidence interval; AF: Advanced fibrosis; AIH: Autoimmune hepatitis; AUROC: Area under the receiver operator curve; PBC: Primary 
biliary cholangitis; SF: Significant fibrosis.

AF and cirrhosis with a cutoff ranging from 9.6–10.7 KPa and 14.4–16.9 KPa, respectively, in patients with PBC.
Several previous studies have demonstrated that inflammation in the liver (reflected by elevated ALT levels)[26] and 

extrahepatic cholestasis (reflected by total bilirubin)[27] may increase the stiffness value, causing a decrease in the 
diagnostic accuracy of TE, whereas ALT and bilirubin levels decline after treatment. Because a limited number of studies 
have reported results for the ALT subgroup, we only conducted a subgroup analysis of treatment conditions, which 
showed that the diagnostic accuracy for staging liver fibrosis was comparable between pretreatment and posttreatment in 
patients with both PBC and AIH. In other words, this may indicate that ALT levels have no significant effect on 
diagnostic accuracy. Meanwhile, two scoring systems [International Autoimmune Hepatitis Group (IAIHG) 1999 and 
IAIHG 2008] proposed by Granito et al[28] for the diagnosis of AIH are not interchangeable. According to our subgroup 
analysis regarding diagnostic criteria, the IAIHG 2008 showed diagnostic accuracy comparable to that of the IAIHG 1999 
in distinguishing patients with AIH (Supplementary Tables 3 and 4). However, due to the limited number of studies, 
further investigation is required to confirm these results.

https://f6publishing.blob.core.windows.net/4563e6f3-94d7-4143-a7e0-d8162d92c249/WJG-29-5503-supplementary-material.pdf
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Figure 4 Forest plots of diagnostic odds ratio of transient elastography in autoimmune liver disease patients. A and B: Transient elastography 
(TE) for detecting significant fibrosis in autoimmune hepatitis (AIH, A) and primary biliary cholangitis (PBC, B) patients, respectively; C and D: TE for detecting 
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advanced fibrosis in AIH (C) and PBC (D) patients; E-G: TE for detecting cirrhosis in AIH (E), PBC (F) and primary sclerosing cholangitis (G) patients. 95%CI: 95% 
confidence interval.

Figure 5 Deeks’ funnel plot asymmetry test for publication bias of transient elastography in autoimmune liver disease patients. A and B: 
Transient elastography (TE) for detecting significant fibrosis in autoimmune hepatitis (AIH, A) and primary biliary cholangitis (PBC, B) patients; C and D: TE for 
detecting advanced fibrosis in AIH (C) and PBC (D) patients; E-G: TE for detecting cirrhosis in AIH (E), PBC (F) and primary sclerosing cholangitis (G) patients.

In addition, some studies have shown that other imaging technologies, including two-dimensional-SWE (2D-SWE)[29-
32], MRE[22,33] and ARFI[19,34], also perform well in staging liver fibrosis (Supplementary Table 5). Further, 2D-SWE 
had excellent accuracy, with a summary AUROC of 0.91 for cirrhosis in patients with AIH (Table 3). In comparison, our 
findings indicated that 2D-SWE and ARFI had good accuracy with higher sensitivity, specificity and AUROC for AF and 
cirrhosis in patients with PBC, while the AUROC of MRE was higher in patients with AIH. Interestingly, compared with 
TE, 2D-SWE produces a two-dimensional grayscale image so that interference from the gallbladder, ascites and large 
tubular structures in the liver can be effectively avoided. However, the number of studies on 2D-SWE, MRE and ARFI 
included in our analysis was small. Indeed, the diagnostic accuracies of 2D-SWE and MRE require further studies with 
larger sample sizes to determine the best method for staging fibrosis in patients with AILDs.

https://f6publishing.blob.core.windows.net/4563e6f3-94d7-4143-a7e0-d8162d92c249/WJG-29-5503-supplementary-material.pdf
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However, the overlap syndrome, one of the AILDs, also deserves attention because it exhibits significantly higher rates 
of various complications, progresses to cirrhosis more rapidly and has a poor treatment response to ursodeoxycholic acid
[35,36]. Hence, the development of noninvasive methods is beneficial for this disease. Wu et al[37] reported that the 
AUROCs of TE for SF, AF and cirrhosis were 0.837, 0.910 and 0.996, respectively. Yan et al[38] reported that the AUROCs 
of SWE were 0.91, 0.97 and 0.96, respectively. These results show that noninvasive imaging techniques have excellent 
accuracy for overlap syndrome, although more studies are required for further validation.

Our study had some limitations. First, we only included studies published in the English language; therefore, a 
language bias may have influenced the results. Second, we did not consider the confounding factors such as obesity, 
whereas a previous study proposed that a high BMI may reduce the efficiency of ultrasound-based elastography 
techniques in detecting fibrosis[39]. However, only a limited number of studies have provided sufficient data to conduct 
subgroup analyses to explore the potential impact of BMI on the diagnostic effects. Third, it is unknown whether ALT 
level is responsible for the difference in the diagnosis of TE between patients with AIH and PBC due to a lack of sufficient 
data. Moreover, the treatment conditions before inclusion in the study were unknown, and the lack of pretreatment 
studies made it impossible to compare the effects of treatment on outcomes. Finally, the number of studies on SWE, MRE 
and ARFI was inadequate to compare the effects of these imaging technologies and TE.

CONCLUSION
In conclusion, LSM using TE had better diagnostic performance for staging hepatic fibrosis in patients with AILDs 
compared to other serum biomarkers, especially in patients with PBC. The appropriate cutoff value for staging in AF and 
cirrhosis ranged from 9.6 to 10.7 KPa and 14.4 to 16.9 KPa, respectively, for patients with PBC. Additional recommended 
optimal cutoff values warrant further investigation to provide a better reference for clinical applications.

ARTICLE HIGHLIGHTS
Research background
Noninvasive criteria are needed for autoimmune liver diseases (AILDs) to assess liver fibrosis stage for prognosis and 
treatment decisions.

Research motivation
Results of individual diagnostic test accuracy studies assessing the diagnostic accuracy of transient elastography (TE) for 
the diagnosis of AILD appear promising. However, previous systematic review and meta-analyses have focused 
primarily on other liver diseases, which is still lacking in AILD.

Research objectives
To compare the diagnostic accuracy of imaging techniques with serum biomarkers of fibrosis in AILD.

Research methods
The PubMed, Cochrane and EMBASE databases were searched for literature. The Quality Assessment of Diagnostic 
Accuracy Studies-2 tool was used to evaluate the quality. Meta-Disc 1.4 and STATA 12.0 software were used to analyze 
the combined statistics: sensitivity; specificity; positive likelihood ratio; negative likelihood ratio; diagnostic odds ratio; 
and area under the curve fitted to the total receiver operating characteristic curve (AUROC).

Research results
A total of 60 studies were included in the meta-analysis. The AUROC curve values were 0.93, 0.93 and 0.91 for significant 
fibrosis, advanced fibrosis and cirrhosis, respectively, in primary biliary cholangitis patients, while the AUROC curve 
values were 0.84, 0.88 and 0.90, respectively, in autoimmune hepatitis patients.

Research conclusions
TE is a reliable method for diagnosis in AILD patients, especially in primary biliary cholangitis patients. The appropriate 
cutoff value for staging advanced fibrosis and cirrhosis ranged from 9.6 to 10.7 KPa and 14.4 to 16.9 KPa, respectively.

Research perspectives
We propose a suitable diagnostic threshold for TE in PBC patients. However, future prospective multicenter studies with 
TE and histopathology protocol are required to validate our results.
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