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Background 
Several studies have been carried out on the crosstalk between cancer-associated 
fibroblasts (CAFs) and liver cancer stem cells (LCSCs) and their roles in tumorigenesis 
and metastasis in various malignancies, including hepatocellular carcinoma (HCC). 
Identification of cancer stem cells (CSCs) and CAFs in these studies has typically been 
carried out based on their markers' expression in hepatic tumor tissues. 
Objective  
To detect CAFs and CSCs markers in peripheral blood, which can be used as non-
invasive diagnostic and prognostic tools for HCV induced fibrosis and carcinogenesis 
in Egyptian patients. 
Materials and methods  
A case-control study was conducted on 200 subjects. Four groups were included in 
the study: A) healthy control group, B) chronic hepatitis C (CHC) non-cirrhotic group, 
C) CHC-cirrhotic group and, D) CHC-HCC group. Peripheral blood detection of LCSC 
markers (CD133&CD44) was done by Flow-cytometer analysis, and ELISA was used 
to detect CAFs markers such as Collagen Type XI Alpha I Chain (COL11A1) and α-
smooth muscle actin (α-SMA).  
Results and conclusion 
Significant difference in the level of CD133, CD44 and COL11A1 in CHC patients 
compared to the control group (<0.001). The level of previous markers increased 
with the progression of the disease. However, α-SMA level decreased in both the 
non-cirrhotic and HCC groups. Sensitivity of CD133 was 77.78% with specificity 
88.24% followed by COL11A1 with higher sensitivity of 83.33%, but a slightly lower 
specificity of 73.33%. So, CD133 emerged as the most promising diagnostic marker 
for HCC, followed by COL11A1. Regular detection of CSCs and CAFs in circulation 
may aid in the diagnosis and prognosis of liver cirrhosis and HCC. 
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Introduction 
Despite Egypt’s successful transition from having 

high infection rate of hepatitis C virus (HCV) in the 

world to one of the lowest as prevalence of 

infection reduced from 10% to 0.38% [1] and 

despite applying national preventive and treatment 

programs which eradicate HCV infection, 

elimination of the risk of Hepatocellular carcinoma 

(HCC) development was still not complete [2,3]. 

Therefore, all patients with advanced fibrosis must 

be under continued surveillance programs [4].  

Hepatocellular carcinoma is the seventh common 

malignancy worldwide [5]. Eighteen percent (18%) 

of HCC patients have only 5 year survival rate. It 

has a poor prognosis due to the high rate of 

recurrence post-surgery and liver metastasis [6].  

The main role of HCV was to establish a 

microenvironment that led to increase carcinogenic 

cascade. It was reported that HCV proteins have a 

direct effect on the initiation and progression of 

HCC [7]. This may be explained by the induction 

of epithelial-mesenchymal transition (EMT) state 

and the generation of cancer stem cells (CSCs) in 
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liver cells [8]. Chronic liver injury by HCV, 

inflammation, fibrosis and cirrhosiswhich preceded 

tumor formation, is considered a premalignant 

microenvironment [9]. Once malignancy occurred, 

the premalignant microenvironment was replaced 

by the tumor microenvironment (TME) to sustain 

the progression of the tumor [10].  Several cells are 

involved in HCC as immune stromal cells 

associated with the tumor including B and T cells, 

tumor-associated macrophages (TAMs), CSCs, 

cancer-associated fibroblasts (CAFs), neutrophils, 

and endothelial cells [11]. The bidirectional 

crosstalk between HCC cells and TME cells 

reinforced proliferation, migration, metastasis, 

chemo-resistance, and induction of tolerance 

against tumor cells [12,13]. Persistent injury of 

liver cells leads to the activation of hepatic satellite 

cells (HSCs). Once EMT occurrs, the source of 

CAFs will mainly be from activated HSCs. In 2019, 

Huang et al. found that a specific type of CAFs 

could increase the proliferation and progression of 

CSCs. increasing the stemness of cancer. In turn, 

CSCs can maintain CAFs in an activated state 

through the releasie of specific cytokines as a 

positive feedback loop through the CAF-CSC 

crosstalk [14]. In 2016, Attieh and Vignjevic 

reported that CAFs can lead and guide malignant 

cells, creating a  specific path for them [15].  

Cancer stem cells were found to be responsible for 

chemotherapy resistance and cancer recurrence 

[16,17]. Identifying CSCs subpopulations inside a 

tumor provides a unique idea concerning diagnosis, 

prevention and treatment of tumor [18]. Several 

markers were associated with liver CSCs such as 

CD44, CD133, and CD90, and their expression has 

been linked to poor prognosis [19,20].  

In 2005, Katayama defined CD44 as a receptor for 

hyaluronic acid, glycoprotein class I trans-

membrane [21]. It was associated with cell homing, 

interactions, and new blood angiogenesis. It was 

expressed in many mammalian cells as neutrophils 

and monocytes [22, 23].  CD44 was negative or 

lowly expressed in normal liver tissue with variable 

levels of expression in viral hepatitis, HCC, peri-

HCC, HB (hepatoblastoma) [24]. CD44+CSC in 

HCC was usually accompanied by other CSC 

markers such as CD90 and CD133 [25,26]. Inverse 

correlation was reported between the level of CD44 

expression and survival time [27].  

Prominin-1 (CD133) was defined as a 

hematopoietic stem cell marker [28, 29]. Normally, 

it was not expressed in hepatocytes [30, 31]. 

However, it was expressed in many tumors and 

liver-related diseases [32-37]. Hepatitis C virus 

enhanced CD133 expression as reported by Ma, 

[38]. Both CD44 and CD133 were considered 

prognostic markers as they were associated with a 

higher rate of recurrence, carcinogenetic potential 

and lower overall survival [39, 40]. An inverse 

association between CD 133 expression and overall 

survival rate was found by Song et al., in contrast to 

CD44, CD133 was associated with tumor grade, 

stage and alpha feto-protein (AFP) serum level 

[41].  

Also, multiple markers have been associated with 

CAFs identification as fibroblast activation protein 

(FAP), fibroblast specific protein 1 (FSP1 or 

S100A4), α-smooth muscle actin (α-SMA), 

platelet-derived growth factor (PDGF), Collagen 

Type XI Alpha I Chain (COLL11A1) fibronectin, 

integrin α-11 and podoplanin [42].   

Alpha smooth muscle actin was expressed on the 

vascular smooth muscle cells. It was involved in the 

process of fibrogenesis [43]. Previously, it was 

associated with early stages of liver damage and 

treatment efficacy monitoring [44]. Collagen Type 

XI Alpha I Chain was associated with the 

development of bones and the assembly of collagen 

fiber. It was increased in many cancers, and its high 

level was reported with recurrence, 

chemoresistance, and poor outcome. In solid 

tumors, it was overexpressed on CAFs beside 

malignant cells, highlighted as a specific marker for 

CAFs [45]. 

The goal of surveillance is to detect subclinical 

lesions that can be potentially curative [46]. 

Prevention of recurrence can be done by serial 

screening follow-up in order to detect any 

malignant cells before cancer cells become evident 

or suspected. Hepatocellular carcinoma has a long 

subclinical proliferative period, enabling curative 

therapies to be usually effective [47].  

Our study aimed to study the expression of markers 

of both CSCs (CD133 & CD 44), and CAFs (α- 

SMA & COLL11A1), in the peripheral blood as 

non-invasive diagnostic tools with prognostic value 

in chronic hepatitis C patients in Egypt to open new 

avenues for overcoming HCC progression. 

Materials and methods  
Subjects and samples collection 

The present case-control study was conducted on 200 

subjects recruited in the outpatient clinic and inpatient 

wards at Hepato-Gastroenterology Department. They 

were divided into four equal groups: 50 non-cirrhotic 

patients, 50 cirrhotic patients, 50 HCC patients, and 

50 healthy controls. All hepatic patients were post-

CHC infection as confirmed by positive anti-HCV 

antibodies testing using 3rd generation enzyme-linked 

immuno-sorbent assay (ELISA), viral load was 

detected by HCV quantitative real-time RNA PCR. 

Cirrhotic patients were confirmed by abdominal 

ultrasound and fibro-scan. Triphasic computerized 

tomography (CT) scan and 𝛼-FP (𝛼-FP ≥ 100 𝜇g/ml) 

were used to diagnose HCC patients. All HCV 

patients co-infected with other viruses such as 
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hepatitis B virus (HBV) or human immunodeficiency 

virus (HIV), any patient with a history of cancers 

other than HCC, patients with previous liver 

transplantation, immunosuppression or any 

autoimmune diseases were excluded from the study. 

Laboratory work was conducted at Theodor Bilharz 

Research Institute (TBRI). Routine chemical and 

hematological lab tests were done to all groups 

included: complete blood picture (CBC) (Quintus five 

parts differential, Sweden), serum total and direct 

bilirubin, aspartate transaminase (AST), alanine 

transaminase (ALT), serum albumin (Cobas 8000 

auto-analysis, Japan), serum potassium (K), sodium 

(Na), serum urea and serum creatinine (Beckman 

AU480 Analyzer, USA), Prothrombin time and 

international normalization ratio (INR) (Stago STA 

compact max, France), Anti-HBV surface antigen 

(anti-HBsAg),  HCV antibody (HCV Ab), & HIV Ab 

(Abbott Alinity Analyzer, USA). 

Ethical approval 

The study was approved by Theodor Bilharz Research 

Institute's Human Research Ethics Committee and the 

ethical committee of the faculty of medicine, Ain 

Shams University. All participants provided written 

informed consent. 

Analysis of cancer stem cells by flow-cytometer 

Peripheral blood mononuclear cell layers were 

separated using the Ficoll-hypaque method [48]. 

Then, analysis for liver circulating cancer stem cells 

(LCSC) markers such as anti-human cluster of 

differentiation 133 (CD133, Prominin-1) and anti-

human/mouse cluster of differentiation 44 (CD44)  

monoclonal antibody conjugated with phycoerythrin 

(PE) (eBioscience), analysis was done by flow-

cytometer (Beckman Coulter Epics XL-MCL, USA).  

Detection of cancer associated fibroblasts 
markers 
CAFs markers (α-SMA & COLL11A1) were detected 

in the serum by commercially available ELISA kits 

(Chongqing Biospes Co., Ltd, China). 

Statistical methods 

The current results were conducted by the 26
th
 

version of the statistical Package for the social 

science (SPSS) (IBM Corp., Chicago, IL, USA) and 

Excel (Microsoft Office 2010). Descriptive 

quantitative statistics were presented as mean ± 

SEM (standard error of the mean) for all 

quantitative variables. Descriptive qualitative 

statistics as percentages and numbers for all 

qualitative variables. Chi-square test (χ2- test) to 

compare among different groups for all qualitative 

variables. Analysis of variance (ANOVA) test for 

comparisons between means of different groups. 

Post Hoc test (Bonferroni) to study significance 

between individual groups. True- and false-positive 

fractions of all assessed markers at different cutoff 

points were conducted by receiver operating 

characteristic (ROC) curve. Sensitivities, 

specificities and areas under the ROC curve (AUC) 

were computed. Significant level (p-value) was 

expressed as follows p>0.05 was considered non-

significant, p<0.05 was considered significant. 

p<0.01 was considered highly significant.  

Results 
Subjects and investigations 
A total of 200 subjects were included in this case-

control study, 112 males (56%) and 88 females 

(44%) with an age above 18 years. They were 

divided into four groups: 50 chronic hepatitis C 

(CHC)-non-cirrhotic patients, 50 CHC-cirrhotic 

patients, 50 patients with HCC on top of CHC and 

50 healthy controls. The demographic, biochemical, 

and radiological profiles are presented in Tables 1 

and 2.  

Flow-cytometric analysis for cancer stem cells 
(CSCs) detection   
A significant increase in CD 133 and CD 44 was 

observed in non-cirrhotic and cirrhotic groups 

compared to healthy controls (p<0.001) and in 

HCC group compared to other groups (p<0.001). 

However, their percentages did not show any 

significant differences between non-cirrhotic and 

cirrhotic groups (p>0.05). (Table 3). 

Detection of cancer-associated fibroblasts 
(CAFs) markers 
Alpha-smooth muscle actin was significantly 
increased in the non-cirrhotic group compared to 
the healthy controls (p<0.05). However, it showed a 
significant decrease in cirrhotic and HCC groups 
compared to the healthy controls and non-cirrhotic 
group (p<0.01). There were no significant 
differences observed between the cirrhotic and 
HCC groups (p>0.05) (Table 4). COLL11A1 also 
showed a significant increase in non-cirrhotic, 
cirrhotic, and HCC groups compared to the healthy 
controls (p<0.001). However, it did not show any 
significant differences between the cirrhotic group 
and the non-cirrhotic group, as well as between the 
HCC group and both non-cirrhotic and cirrhotic 
groups (p>0.05) (Table 4). 

Diagnostic performance of cancer stem cells 
(CSCs) and cancer-associated fibroblasts 
(CAFs) markers  
Concerning HCC, the receiver operating curve 

(ROC) showed that, CD133 was the most 

significant predictor with the largest area under the 

curve (AUC) of 0.962, along with a sensitivity of 

77.78% and specificity of 88.24%, followed by 
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COLL11A1 with AUC of 0.785, higher sensitivity 

of 83.33%, but a slightly lower specificity of 

73.33%. CD44 and CD133/CD44 exhibited lower 

AUC values (0.647 and 0.345, respectively), 

sensitivities (63.16% and 64.71%, respectively), 

and specificities (71.43% and 73.58%, 

respectively). Alpha-smooth muscle actin (α-SMA) 

had the lowest AUC value of 0.229, with a 

sensitivity of 61.54% and specificity of 66.67%.  

On the other side, AFP, at a value of >19 ng/ml, 

had an AUC of 0.754, sensitivity of 66.67%, and 

specificity of 81.82% (Table 5, Figure 1). 

Discussion  
Regular detection of CSCs and CAFs in circulation 

may aid in the diagnosis and prognosis of cirrhotic 

and HCC patients. Since the presence of LCSCs 

and CAFs themselves, irrespective of their number, 

in the peripheral blood was diagnostic for the 

presence of ongoing tumor growth and metastatic 

lesions, finding an accurate simple non-invasive 

tool to diagnose and screen high risk hepatic 

patients is mandatory.  

In 2021, Espejo-Cruz et al. reported that circulating 

CSC was derived during EMT or directly from the 

primary tumor [49]. Liver cancer stem cells have 

the ability to circulate within the body. Metastatic 

cancer stem cells (CTCs / LCSCs) EMT, could 

invade lymphatic/ blood stroma by intra-vasation, 

then secondary tumor growth could be initiated by 

extravasation [50, 51]. 

Therefore, detection of CTCs and CAFs markers in 

circulation can be used as diagnostic markers for 

ongoing metastasis and/or relapse. Up to our 

knowledge, no previous studies were conducted to 

detect circulating cancer stem cells (CCSCs) and 

CAFs in the peripheral blood of HCC patients, by 

using combination of CSCs and CAFs markers, as 

all previous researches were conducted on liver 

biopsies.  

Our study showed a gradual increase in the level 

of CD44 and CD133 with significant differences 

between the different studied groups. There was a 

significant increase in non-cirrhotic and cirrhotic 

groups compared to the healthy control group 

(p<0.001) and in the HCC group compared to 

other studied groups (p<0.001). Our results 

agreed with previous researchwhich reported that 

CD 133 +cells were highly expressed in cirrhotic 

livers and HCC, while totally absent in normal 

liver biopsies as reported by previous studies [27, 

30,52]. Indeed, in 2017, Rozeik et al. reported 

metastatic behavior of LCSC by changing the site 

of CD133 and CD44 expression in the liver. They 

were localized in fibrous septa and portal areas in 

non-cirrhotic and cirrhotic patients, while they 

were found within invaded vessels and peri-

tumoral adjacent connective tissue in HCC 

biopsies enforced the migratory and metastatic 

invasion behavior of CSCs [53].  

It was  reported that CD133 was associated with 

a higher rate of lymphatic metastasis with great 

invasiveness in HCC [54, 55]. It was found that 

overexpression of CD133 was associated with 

poor prognosis and advanced tumor stage in HCC 

as reported by previous research [56-59]. The 

same was found concerning CD44, as Zhu et al. 

reported that CD44 was expressed predominantly 

on CD133+ population in HCC [25]. Although in 

our study, there were no significant differences in 

the level of CD133 and CD44 between cirrhotic 

and non-cirrhotic patients, there were significant 

differences between HCC and both cirrhotic and 

non-cirrhotic patients. This increase with disease 

progression indicates the predictive value of 

CSCs markers in HCC, enforcing their usage in 

diagnosis and follow up. Cancer stem cells 

CD133+/CD44+ were reported to be an important 

population of HCC cells resistant to Sorafenib as 

they could survive under this therapy [60, 61]. 

Our results mirrored those of liver biopsy results 

which revealed significant differences in the level 

of expression of the CSCs markers in tissue 

biopsies [53].  

Concerning α-SMA, a significant increase was 

found in non-cirrhotic patients compared to 

controls followed by a progressive decrease in 

both cirrhotic and HCC groups compared to 

healthy controls and non-cirrhotic groups 

(p<0.01). There was controversy in previous 

research concerning the level of α-SMA. 

Contrarily, Yamaoka et al. found that increased 

α-SMA positive cells were always associated 

with the progression of fibrosis in CHC and 

alcoholic liver disease. [62]. Also, Liu et al. 

demonstrated up-regulation of α-SMA and fibro-

nectin coding genes leading to activation of HSC 

[63]. Hautekeete & Geerts found that elevated α-

SMA levels could suppress T-cell response 

leading to tumor tolerance and progression of 

HCC [64]. 

Although our results concerning α-SMA weren’t 

in line with the majority of previous results. This 

variation may be attributed to differences in the 

type of studied samples, as previous research 

depended on the detection of the level of 

expression in liver biopsies differing from our 

method which depends on measuring the level of 

secreted protein which reflects the secretory 

function of cirrhotic livers. We explain the 

decreasing level of secreted α-SMA by 

decreasing secretory function of liver cells with 

the progression of the disease and the occurence 

of fibrosis which may be accompanied by high 

expression of the marker without an increase in 
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the secretory function. We are also in line with 

other explanations found by other researchers 

such as Lau et al., who investigated different 

stages of fibrosis in CHC by reporting staining 

patterns of α-SMA in 21 liver biopsies [65]. They 

observed that α-SMA–positive cells were 

observed in stage 0 fibrosis, suggesting early 

activation of HSC. However, they decreased with 

advanced fibrosis. Also, they reported inactive 

state return of HSCs once fibrosis was well 

established without ongoing hepatic 

inflammation. In 2017, Anggorowati et al. 

reported that α-SMA expression was higher in 

benign ovarian tumors compared to malignant 

tumors They explained the previous result by the 

differences in the maturity of blood vessels, as, 

blood vessels in malignant tumors (which results 

from angiogenesis) were less mature than those 

in benign tumors [66]. Also, Karata et al. 

reported that some markers were found to be 

down-regulated during invasion and 

dissemination during epithelial-mesenchymal 

transition [51]. As α -SMA, was reported as a 

marker for the EMT process, it could be affected 

according to the degree of blood vessel maturity.  

Levy et al. reported that there was no association 

between development of fibrosis and α-SMA-

positive HSCs [67]. 

To our knowledge, COL11A1 has not 

investigated in HCC as in other tumors. 

COL11A1 was reported as a central component 

of the ECM in many cancers, which was 

predominantly produced by CAFs [68]. 

Normally, COL11A1 was expressed in 

mesenchymal stem cells and cartilaginous 

tissues, while its expression was almost 

undetectable in other normal tissues, including 

resident fibroblasts differing from other CAF 

markers. In 2015, Raglow & Thomas reported 

that poor prognosis and aggressive tumor 

phenotypes were associated with high levels of 

COL11A1 in several types, such as breast, 

ovarian, colorectal and pancreatic cancers [69]. 

COL11A1 over-expression has only been 

observed in desmoplastic areas of tumors 

composed mostly of different cancers not in 

inflammatory diseases, suggesting that COL11A1 

could be a unique marker for CAFs [70].  In our 

study, a significant increase in the level of 

COLL11A1 was seen in hepatic patients 

compared to normal controls (p<0.001). In 

contrast to our results, many researchers found 

that COL11A1 was a sensitive biomarker that 

could discriminate between malignant cells and 

chronic inflammatory cells in the pancreas and 

predict cancer prognosis [71-73]. 

In our study, CD133 has specificities of 88.24% 

and sensitivities of 77.78% followed by 

COL11A1 which emerged as 2nd significant 

predictor of HCC with specificities of 73.33% 

and sensitivities of 83.33%. On the other hand, 

CD44, CD133/CD44 and α-SMA exhibited lower 

sensitivities, and specificities. In line with our 

findings, Makled et al. reported that CD133 

demonstrated a high sensitivity of 97% and 

specificity of 80% in the detection of HCC, 

suggesting its effectiveness in detecting HCC 

with high sensitivity [74]. Additionally, Jun et al. 

also reported high specificity and sensitivity for 

CD133 (both 70%) in the detection of HCC [75]. 

In spite of being sensitive and specific (83.33%, 

73.33%) by ROC curve, COL11A1 couldn’t 

discriminate between cirrhotic patients and HCC 

patients by post -Hoc test, although there was a 

difference in the levels detected (51.28±6.74, 

56.22±4.26). Salimian et al. reported that 

COL11A1 could potentially be used as a useful 

diagnostic marker in other malignancies such as 

breast cancer, colorectal cancer and gastric 

cancer [76]. Also, Sun et al. identified COL11A1 

as a potential diagnostic marker for gastric 

cancer, with an AUC value of 0.934 (95% CI: 

0.906–0.962), respectively [77]. Di et al. revealed 

high specificity and sensitivity of COL11A1 for 

the diagnosis of oral squamous cell carcinoma 

(AUC = 0.781, p<0.05) [78].  

Previous discrepancies in the results could be due 

to differences in sample size and type of studied 

sample. As we previously mentioned serum 

sample analysis might not correlate with the level 

of expression. Another cause was the lack of 

research that investigated COL11A1 in HCC or 

even hepatic patients as all previous researches 

were conducted in other types of tumors. The 

major drawback of this study was that the levels 

of the studied markers were not correlated with 

HCC stage and response to treatment. Also, a 

larger sample size is needed to validate these 

markers. Regular detection of CSCs and CAFs in 

circulation may serve as diagnostic and 

prognostic markers in patients with liver cirrhosis 

and HCC. Further research and validation studies 

are necessary to confirm the utility of these 

markers in clinical settings correlating them with 

tissue samples, tumor staging and their ability to 

predict relapse. 
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Table 1 Demographic, clinical and radiological data among groups. 

 Groups 

 

 

Variables 

Healthy 

control 

group 

Non-

cirrhotic 

group 

Cirrhotic 

group 

Hepatocellular 

carcinoma 

group  

 

p-value 

Age 53.16±1.82 51.92±2.18 55.40±3.09 60.17±1.12 NS● 

Gender 

(males/females) 

11/14 

 

12/13 

 

10/15 

 

23/2 NS♠ 

Smoking      

No 18 (72%) 17 (68%) 20 (80%) 14 (56%) <0.05♠ 

Yes 7 (28%) 8 (32%) 5 (20%) 11 (44%)
*
  

Hypertension      

No 16 (64%) 15 (60%) 16 (64%) 17 (68%) NS♠ 

Yes 9 (36%) 10 (40%) 9 (36%) 8 (32%)  

Diabetes      

No 14 (56%) 18 (72%) 9 (36%) 8 (32%) <0.01♠ 

Yes 11 (44.0%) 7 (28.0%) 16 (64.0%)
**

 17 (68.0%)
**

  

Stages of fibrosis  by abdominal sonar ultrasound  

F0 25 (100%) 14 (56%) 0 0  

 

 

<0.001♦ 

F1 0 11(44%) 0 0 

F2 0 0 0 0 

F3 0 0 6 (24%) 0 

F4 0 0 19 (76%) 25 (100%) 

  

● Data for age are expressed as mean±SEM; Categorical data expressed as number (percentage); ♠ Chi-

square test (χ2- test); ♦ ANOVA (Post Hoc test –Bonferroni); 
*
P<0.05 significant increase than healthy 

control and cirrhotic groups; 
**

P<0.01 significant increase than healthy control and non-cirrhotic groups; NS= 

statistical not significant differences between groups. F0: no fibrosis; F1: portal fibrosis with insignificant abnormal areas; F2: portal 

fibrosis with septa and abnormalities in wider areas; F3: numerous septa without cirrhosis and prominent abnormalities; and F4: 

cirrhosis 
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Table 2 Routine lab investigations among groups. 

                    Groups 

 

Variables 

Healthy 

control group 

Non-cirrhotic 

group 

Cirrhotic 

group 

Hepatocellular 

carcinoma group  

 

Hemoglobin (g/dl) 13.07±0.27 13.80±0.29 9.68±0.44
a 11.4±0.32

b 

RBS/glucose(mg/dl) 114.68±4.57 106.88±3.28 179.12±21.46
c
 163.23±13.49

c
 

WBC (x103/µl) 8.72±0.35 6.76±0.37
d
 5.58±0.58

d
 8.38±0.77 

Platelet count (x103/µl) 301.20±15.89 222.92±13.25 102.29±10.98
a
 126.31±14.31

a
 

PC 96.96±0.69 94.24±1.64 62.84±3.46
a
 60.87±2.49

a
 

PT 13.88±0.13 13.95±0.16 19.49±0.96
e
 19.58±0.75

e
 

INR 1.04±0.009 1.04±0.012 1.47±0.078
e
 1.49±0.062

e
 

Urea (mg/dl) 34.44±2.66 53.04±3.03 61.37±9.13
e
 97.96±10.48

e
 

Creatinine (mg/dl) 0.75±0.05 0.97±0.06 0.98±0.08 1.51±0.1
f
 

Na (meq/L) 140.36±0.99 139.52±0.67 135.12±1.20 133.62±1.13 

K (meq/l) 4.26±0.09 4.11±0.08 4.12±0.09 4.35±0.11 

AST (IU/L) 37.0±1.75 42.60±6.49 49.64±7.76 179.78±28.47
f
 

ALT (IU/L) 44.65±1.84 47.04±6.85 27.04±2.87
a
 61.04±5.84

b
 

Serum albumin (g/dl) 4.17±0.09 4.37±0.07 2.73±0.11
c
 2.81±0.11

c
 

Total bilirubin (mg/dL) 0.75±0.03 0.91±0.23 2.27±0.39 14.54±2.54
f
 

AFP (ng/ml) 5.98±0.5 4.69±0.84 5.93±0.69 8113.09±4313.24
f
 

 CBC: complete blood picture; AST: aspartate transaminase; ALT: alanine transaminase; K:serum potassium; Na:     sodium; 

PT: Prothrombin time; INR: international normalization ratio (INR); AFP: Alfa-fetoprotein . 
a
p<0.001 significant 

decrease than control and non-cirrhotic groups; 
b
p<0.001 significant increase than cirrhotic group; 

c
p<0.05significant 

decrease than healthy control and non-cirrhotic groups; 
d
p<0.01 significant decrease than healthy control and HCC 

groups; 
e
p<0.001 significant increase than healthy control and non-cirrhotic groups; 

f
p<0.001 significant increase than 

healthy control, non-cirrhotic, and cirrhotic groups 
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Table 3 Percentage of cluster of differentiation 133 (CD133) and cluster of differentiation 44 (CD44) 

expression among different study groups 

 Healthy control 

group 

Non-cirrhotic 

group 

Cirrhotic group Hepatocellular 

carcinoma group  

P-Value 

CD 133 (%) 5.59±1.32 9.43±1.39a 10.65±2.83a 18.19±4.27b <0.001♦ 

CD 44 (%) 0.42±0.17 5.35±1.71a 11.91±3.58a 14.72±4.45b <0.001♦ 

Numerical data are expressed as mean±SEM (standard error of the mean); ♦ ANOVA (Post Hoc test –

Bonferroni); CD 133: Cluster of differentiation 133; CD 44: Cluster of differentiation 44; CHC: Chronic 

Hepatitis C; HCC: Hepatocellular Carcinoma; p-value: probability value, 
a
p<0.001 significant increase than 

healthy control group; 
b
p<0.001 significant increase than healthy control, non-cirrhotic, and cirrhotic groups. 

Table 4 Plasma levels of Collagen Type XI Alpha I Chain (COLL11A1) and α-smooth muscle actin among 

(α-SMA) different study groups 

        Groups 

 

variable 

Healthy control Non-cirrhotic Cirrhotic Hepatocellular 

carcinoma group  

p-Value 

α-SMA (ng/L) 134.32±4.79 165.28±18.84a 99.84±3.75b 98.04±3.84b <0.001♦ 

COLL11A1 (pg/ml) 0.70±0.47a 48.08±7.74c 51.28±6.74c 56.22±4.26c <0.001♦ 

Numerical data are expressed as mean ± SEM (standard error of the mean); ♦ ANOVA (Post Hoc test –

Bonferroni). 

 α-SMA: Alpha-smooth muscle actin; COLL11A1: Collagen Type XI Alpha I Chain; CHC: Chronic 

Hepatitis C; HCC: Hepatocellular Carcinoma; p-value: probability value, 
a
p<0.001 significant increase than 

healthy control group; 
b
p<0.001 significant decrease than healthy control, non-cirrhotic groups; 

c
p<0.001 

significant increase than healthy control, non-cirrhotic, and cirrhotic groups. 

 
Table 5 Receiver operating characteristic curve (ROC) analysis for the predictive ability of hepatocellular 

carcinoma among (HCC) chronic hepatitis C (CHC) patients 

Variable(s) 
Area under 

the curve  

95% 

Confidence 

Interval 

Sensitivity Specificity 

CD133 0.962 0.930- 0.994 77.78% 88.24% 

COLL11A1 0.785 0.699-0.872 83.33% 73.33% 

AFP 0.754 0.647- 0.862 66.67% 81.82% 

CD44 0.647 0.526-0.769 63.16% 71.43% 

CD133/CD44 0.345 0.216-0.434 64.71% 73.58% 

αSMA 0.229 0.131-0.328 61.54% 66.67% 

CD 133: Cluster of differentiation 133; COLL11A1: Collagen Type XI Alpha I Chain; AFP: Alpha-

fetoprotein; α-SMA: Alpha-smooth muscle actin; CD 44: Cluster of differentiation 44; AUC: Area under the 

curve; ROC: Receiver operating characteristic curve  
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Fig. 1 The receiver operating curve (ROC) showing performance of CD133, CD 44, α-SMA and COLL11A1 for 

detecting hepatocellular carcinoma (HCC) in patients with chronic hepatitis C (CHC); CD 133: Cluster of 

differentiation 133; COLL11A1: Collagen Type XI Alpha I Chain; AFP: Alpha-fetoprotein; α-SMA: Alpha-smooth 

muscle actin; CD 44: Cluster of differentiation 44   

 

Conclusion 
We found that CD133 emerges as a promising 

diagnostic marker for HCC, followed by 

COL11A1. However, CD44 and α-SMA may have 

limited effectiveness as standalone markers for 

HCC diagnosis however using of combination may 

increase predictive value. 

Abbreviations  
AFP            :  Alpha feto-protein serum level 

α-SMA       :  α-smooth muscle actin 

AUC           :  Areas under the ROC curve 

CAFs          :  Cancer-associated fibroblasts 

CSCs          :  Cancer stem cells 

CHC           :  Chronic hepatitis C 

CD133        :  Cluster of differentiation 133 

CD44          :  Cluster of differentiation 44 

 

COL11A1  :  Collagen Type XI Alpha I Chain 

CCSCs        :  Circulating cancer stem cells 

HCV           :  Hepatitis C virus 

HCC           :  Hepatocellular carcinoma 

HB              :  Hepatoblastoma 

LCSCs        :  Liver cancer stem cells 

TME           :  Tumor microenvironment 

TAMs         :  Tumor-associated macrophages 

ROC           :  Receiver operating characteristic 

TBRI          :  Theodor Bilharz Research Institute 

References 
1. Schwander B, Feldstein J, Sulo S, Gonzalez L, 

ElShishiney G, Hassany M. Pursuing Elimination of 

Hepatitis C in Egypt: Cost-Effectiveness and 

Economic Evaluation of a Country-Wide Program. 

Infect Dis Ther. 2022 Jun;11(3):1193-1203. doi: 



10  Egyptian Pharmaceutical Journal, Vol.00 No.0, Month - Month 2025   
 

10.1007/s40121-022-00631-x. Epub 2022 Apr 22. 

PMID: 35451742; PMCID: PMC9124269.  

2. Oe N, Takeda H, Eso Y, Takai A, Marusawa H. 

Clinical and Molecular Basis of Hepatocellular 

Carcinoma after Hepatitis C Virus Eradication. 

Pathogens. 2022 Apr 1;11(4):430. doi: 

10.3390/pathogens11040430. PMID: 35456105; 

PMCID: PMC9028726.    

3. Enomoto M, Vutien P, Kawada N. Hepatocelluar 

Carcinoma Risk in Advanced Fibrosis After 

Sustained Virologic Response: When Can We 

Safely Stop Hepatocellular Carcinoma Surveillance? 

Hepatol Commun. 2022 Mar;6(3):445-447. doi: 

10.1002/hep4.1864. PMID: 35202513; PMCID: 

PMC8870040. 

4. Meringer H, Shibolet O, Deutsch L. Hepatocellular 

carcinoma in the post-hepatitis C virus era: Should 

we change the paradigm? World J Gastroenterol. 

2019 Aug 7;25(29):3929-3940. doi: 

10.3748/wjg.v25.i29.3929. PMID: 31413528; 

PMCID: PMC6689810.   

5. Hassan M, Attia MS, Ali-Eldin Z, El Attar G, 

Elzallat M, Saad HHK, Isaac A. Programmed death-

ligand 1 (PD-L1) polymorphisms as predictive 

biomarkers for the development of liver cirrhosis 

and hepatocellular carcinoma in HCV Egyptian 

patients. Tumour Virus Res. 2022;14:200249. 

doi:10.1016/j.tvr.2022.200249 

6. Li J, Zhang Y, Ruan R, He W, Qian Y. The novel 

interplay between CD44 standard isoform and the 

caspase-1/IL1B pathway to induce hepatocellular 

carcinoma progression. Cell Death Dis. 2020 Nov 

9;11(11):961. doi: 10.1038/s41419-020-03158-6. 

PMID: 33168816; PMCID: PMC7652828.  

7. Bruno S, Di Marco V, Iavarone M, Roffi L, 

Boccaccio V, Crosignani A, Cabibbo G, Rossi S, 

Calvaruso V, Aghemo A, Giacomelli L, Craxì A, 

Colombo M, Maisonneuve P. Improved survival of 

patients with hepatocellular carcinoma and 

compensated hepatitis C virus-related cirrhosis who 

attained sustained virological response. Liver Int. 

2017 Oct;37(10):1526-1534. doi: 10.1111/liv.13452. 

Epub 2017 May 20. PMID: 28418617. 

8. Sasaki R, Devhare P, Ray RB, Ray R. Hepatitis C 

virus-induced tumor-initiating cancer stem-like cells 

activate stromal fibroblasts in a xenograft tumor 

model. Hepatology. 2017 Dec;66(6):1766-1778. doi: 

10.1002/hep.29346. Epub 2017 Oct 30. PMID: 

28664988; PMCID: PMC5696059. 

9. Affo S, Yu LX, Schwabe RF. The Role of Cancer-

Associated Fibroblasts and Fibrosis in Liver Cancer. 

Annu Rev Pathol. 2017 Jan 24;12:153-186. doi: 

10.1146/annurev-pathol-052016-100322. Epub 2016 

Dec 5. PMID: 27959632; PMCID: PMC5720358.  

10. EBioMedicine. The Tumor Microenvironment: A 

Druggable Target for Metastatic Disease? 

EBioMedicine. 2018 May;31:1-2. doi: 

10.1016/j.ebiom.2018.05.005. Epub 2018 May 11. 

PMID: 29759482; PMCID: PMC6014574.   

11. Baglieri J, Brenner DA, Kisseleva T. The Role of 

Fibrosis and Liver-Associated Fibroblasts in the 

Pathogenesis of Hepatocellular Carcinoma. Int J 

Mol Sci. 2019 Apr 7;20(7):1723. doi: 

10.3390/ijms20071723. PMID: 30959975; PMCID: 

PMC6479943.   

12. Hernandez-Gea V, Toffanin S, Friedman SL, Llovet 

JM. Role of the microenvironment in the 

pathogenesis and treatment of hepatocellular 

carcinoma. Gastroenterology. 2013 Mar;144(3):512-

27. doi: 10.1053/j.gastro.2013.01.002. Epub 2013 

Jan 9. PMID: 23313965; PMCID: PMC3578068. 

13. Yin Z, Jiang K, Li R, Dong C, Wang L. Multipotent 

mesenchymal stromal cells play critical roles in 

hepatocellular carcinoma initiation, progression and 

therapy. Mol Cancer. 2018 Dec 28;17(1):178. doi: 

10.1186/s12943-018-0926-6. PMID: 30593276; 

PMCID: PMC6309092.  

14. Huang TX, Guan XY, Fu L. Therapeutic targeting 

of the crosstalk between cancer-associated 

fibroblasts and cancer stem cells. Am J Cancer Res. 

2019 Sep 1;9(9):1889-1904. PMID: 31598393; 

PMCID: PMC6780671. 

15. Attieh Y, Vignjevic DM. The hallmarks of CAFs in 

cancer invasion. Eur J Cell Biol. 2016 

Nov;95(11):493-502. doi: 

10.1016/j.ejcb.2016.07.004. Epub 2016 Aug 22. 

PMID: 27575401.   

16. Eastman B, Wodarz D, Kohandel M. The effects of 

phenotypic plasticity on the fixation probability of 

mutant cancer stem cells. J Theor Biol. 2020 Oct 

21;503:110384. doi: 10.1016/j.jtbi.2020.110384. 

Epub 2020 Jun 27. PMID: 32603669; PMCID: 

PMC9438749. 

17. Zhou HM, Zhang JG, Zhang X, Li Q. Targeting 

cancer stem cells for reversing therapy resistance: 

mechanism, signaling, and prospective agents. 

Signal Transduct Target Ther. 2021 Feb 15;6(1):62. 

doi: 10.1038/s41392-020-00430-1. PMID: 

33589595; PMCID: PMC7884707. 

18. Sun JH, Luo Q, Liu LL, Song GB. Liver cancer 

stem cell markers: Progression and therapeutic 

implications. World J Gastroenterol. 2016 Apr 

7;22(13):3547-57. doi: 10.3748/wjg.v22.i13.3547. 

PMID: 27053846; PMCID: PMC4814640. 

19. 19- Koyama S, Tsuchiya H, Amisaki M, Sakaguchi 

H, Honjo S, Fujiwara Y, Shiota G. NEAT1 is 

Required for the Expression of the Liver Cancer 

Stem Cell Marker CD44. Int J Mol Sci. 2020 Mar 

11;21(6):1927. doi: 10.3390/ijms21061927. PMID: 

32168951; PMCID: PMC7139689. 

20. Khalifa AA, Abdeen N, Mikhael NL, Elmalah S, 

Elshayeb A. CHRIST: CD44-Incorporated 

Hepatocellular Carcinoma Risk Index Scoring Tool-

A Novel Prognostic Scoring System for 

Hepatocellular Carcinoma Development and 

Aggressiveness. Medicines (Basel). 2022 Feb 

21;9(2):14. doi: 10.3390/medicines9020014. PMID: 

35200757; PMCID: PMC8876239. 

21. Katayama Y, Hidalgo A, Chang J, Peired A, 

Frenette PS. CD44 is a physiological E-selectin 

ligand on neutrophils. J Exp Med. 2005 Apr 

18;201(8):1183-9. doi: 10.1084/jem.20042014. 

Epub 2005 Apr 11. PMID: 15824084; PMCID: 

PMC2213157. 

22. Zhang G, Zhang H, Liu Y, He Y, Wang W, Du Y, 

Yang C, Gao F. CD44 clustering is involved in 

monocyte differentiation. Acta Biochim Biophys Sin 



CAFs and CSCs markers in HCC, Elzallat et al.   11 

  

 

(Shanghai). 2014 Jul;46(7):540-7. doi: 

10.1093/abbs/gmu042. Epub 2014 May 21. PMID: 

24850301. 

23. Chen C, Zhao S, Karnad A, Freeman JW. The 

biology and role of CD44 in cancer progression: 

therapeutic implications. J Hematol Oncol. 2018 

May 10;11(1):64. doi: 10.1186/s13045-018-0605-5. 

PMID: 29747682; PMCID: PMC5946470. 

24. Lingala S, Cui YY, Chen X, Ruebner BH, Qian XF, 

Zern MA, Wu J. Immunohistochemical staining of 

cancer stem cell markers in hepatocellular 

carcinoma. Exp Mol Pathol. 2010 Aug;89(1):27-35. 

doi: 10.1016/j.yexmp.2010.05.005. Epub 2010 May 

16. PMID: 20511115; PMCID: PMC2900434. 

25. Zhu Z, Hao X, Yan M, Yao M, Ge C, Gu J, Li J. 

Cancer stem/progenitor cells are highly enriched in 

CD133+CD44+ population in hepatocellular 

carcinoma. Int J Cancer. 2010 May 1;126(9):2067-

78. doi: 10.1002/ijc.24868. PMID: 19711346. 

26. Yang ZF, Ho DW, Ng MN, Lau CK, Yu WC, Ngai 

P, Chu PW, Lam CT, Poon RT, Fan ST. 

Significance of CD90+ cancer stem cells in human 

liver cancer. Cancer Cell. 2008 Feb;13(2):153-66. 

doi: 10.1016/j.ccr.2008.01.013. PMID: 18242515. 

27. Zhao Q, Zhou H, Liu Q, Cao Y, Wang G, Hu A, 

Ruan L, Wang S, Bo Q, Chen W, Hu C, Xu D, Tao 

F, Cao J, Ge Y, Yu Z, Li L, Wang H. Prognostic 

value of the expression of cancer stem cell-related 

markers CD133 and CD44 in hepatocellular 

carcinoma: From patients to patient-derived tumor 

xenograft models. Oncotarget. 2016 Jul 

26;7(30):47431-47443. doi: 

10.18632/oncotarget.10164. PMID: 27329727; 

PMCID: PMC5216952. 

28. Qin Q, Sun Y, Fei M, Zhang J, Jia Y, Gu M, Xia R, 

Chen S, Deng A. Expression of putative stem 

marker nestin and CD133 in advanced serous 

ovarian cancer. Neoplasma. 2012;59(3):310-5. doi: 

10.4149/neo_2012_040. PMID: 22296500. 

29. Li Z. CD133: a stem cell biomarker and beyond. 

Exp Hematol Oncol. 2013 Jul 1;2(1):17. doi: 

10.1186/2162-3619-2-17. PMID: 23815814; 

PMCID: PMC3701589.  

30. Yin S, Li J, Hu C, Chen X, Yao M, Yan M, Jiang G, 

Ge C, Xie H, Wan D, Yang S, Zheng S, Gu J. 

CD133 positive hepatocellular carcinoma cells 

possess high capacity for tumorigenicity. Int J 

Cancer. 2007 Apr 1;120(7):1444-50. doi: 

10.1002/ijc.22476. PMID: 17205516. 

31. Ferrandina G, Bonanno G, Pierelli L, Perillo A, 

Procoli A, Mariotti A, Corallo M, Martinelli E, 

Rutella S, Paglia A, Zannoni G, Mancuso S, 

Scambia G. Expression of CD133-1 and CD133-2 in 

ovarian cancer. Int J Gynecol Cancer. 2008 May-

Jun;18(3):506-14. doi: 10.1111/j.1525-

1438.2007.01056.x. Epub 2007 Sep 13. PMID: 

17868344. 

32. Eramo A, Lotti F, Sette G, Pilozzi E, Biffoni M, Di 

Virgilio A, Conticello C, Ruco L, Peschle C, De 

Maria R. Identification and expansion of the 

tumorigenic lung cancer stem cell population. Cell 

Death Differ. 2008 Mar;15(3):504-14. doi: 

10.1038/sj. cdd.4402283. Epub 2007 Nov 30. 

PMID: 18049477. 

33. Suetsugu A, Nagaki M, Aoki H, Motohashi T, 

Kunisada T, Moriwaki H. Characterization of 

CD133+ hepatocellular carcinoma cells as cancer 

stem/progenitor cells. Biochem Biophys Res 

Commun. 2006 Dec 29;351(4):820-4. doi: 

10.1016/j.bbrc.2006.10.128. Epub 2006 Nov 2. 

PMID: 17097610. 

34. Singh SK, Clarke ID, Terasaki M, Bonn VE, 

Hawkins C, Squire J, Dirks PB. Identification of a 

cancer stem cell in human brain tumors. Cancer Res. 

2003 Sep 15;63(18):5821-8. PMID: 14522905. 

35. Zheng L, Lv Z, Gong Z, Sheng Q, Gao Z, Zhang Y, 

Yu S, Zhou J, Xi Z, Wang X. Fn14 hepatic 

progenitor cells are associated with liver fibrosis in 

biliary atresia. Pediatr Surg Int. 2017 

May;33(5):593-599. doi: 10.1007/s00383-017-4068-

5. Epub 2017 Feb 8. PMID: 28180936. 

36. Bahnassy AA, Fawzy M, El-Wakil M, Zekri AR, 

Abdel-Sayed A, Sheta M. Aberrant expression of 

cancer stem cell markers (CD44, CD90, and 

CD133) contributes to disease progression and 

reduced survival in hepatoblastoma patients: 4-year 

survival data. Transl Res. 2015 Mar;165(3):396-406. 

doi: 10.1016/j.trsl.2014.07.009. Epub 2014 Aug 7. 

PMID: 25168019. 

37. Ward SC, Waxman S. Fibrolamellar carcinoma: a 

review with focus on genetics and comparison to 

other malignant primary liver tumors. Semin Liver 

Dis. 2011 Feb;31(1):61-70. doi: 10.1055/s-0031-

1272835. Epub 2011 Feb 22. PMID: 21344351. 

38. Ma S. Biology and clinical implications of 

CD133(+) liver cancer stem cells. Exp Cell Res. 

2013 Jan 15;319(2):126-32. doi: 

10.1016/j.yexcr.2012.09.007. Epub 2012 Sep 19. 

PMID: 22999864.  

39. Hassan M, Nasr SM, Elzallat M. Effect of CD133 

polymorphisms on the risk of developing liver 

cirrhosis and hepatocellular carcinoma induced by 

viral hepatitis. Virus Res. 2022;312:198714. 

doi:10.1016/j.virusres.2022.198714 

40. Ma S, Tang KH, Chan YP, Lee TK, Kwan PS, 

Castilho A, Ng I, Man K, Wong N, To KF, Zheng 

BJ, Lai PB, Lo CM, Chan KW, Guan XY. miR-

130b Promotes CD133(+) liver tumor-initiating cell 

growth and self-renewal via tumor protein 53-

induced nuclear protein 1. Cell Stem Cell. 2010 Dec 

3;7(6):694-707. doi: 10.1016/j.stem.2010.11.010. 

PMID: 21112564. 

41. Song W, Li H, Tao K, Li R, Song Z, Zhao Q, Zhang 

F, Dou K. Expression and clinical significance of 

the stem cell marker CD133 in hepatocellular 

carcinoma. Int J Clin Pract. 2008 Aug;62(8):1212-8. 

doi: 10.1111/j.1742-1241.2008.01777.x. Epub 2008 

May 8. PMID: 18479363. 

42. Wang C, Shang C, Gai X, Song T, Han S, Liu Q, 

Zheng X. Sulfatase 2-Induced Cancer-Associated 

Fibroblasts Promote Hepatocellular Carcinoma 

Progression via Inhibition of Apoptosis and 

Induction of Epithelial-to-Mesenchymal Transition. 

Front Cell Dev Biol. 2021 Apr 6;9:631931. doi: 

10.3389/fcell.2021.631931. PMID: 33889573; 

PMCID: PMC8056031.  

43. Zhang J, Gu C, Song Q, Zhu M, Xu Y, Xiao M, 

Zheng W. Identifying cancer-associated fibroblasts 



12  Egyptian Pharmaceutical Journal, Vol.00 No.0, Month - Month 2025   
 

as emerging targets for hepatocellular carcinoma. 

Cell Biosci. 2020 Oct 31;10(1):127. doi: 

10.1186/s13578-020-00488-y. PMID: 33292459; 

PMCID: PMC7603733. 

44. Ahrari A, Najafzadehvarzi H, Taravati A, Tohidi F. 

The inhibitory effect of PLGA-encapsulated 

berberine on hepatotoxicity and α-smooth muscle 

actin (α-SMA) gene expression. Life Sci. 2021 Nov 

1;284:119884. doi: 10.1016/j.lfs.2021.119884. Epub 

2021 Aug 11. PMID: 34389401. 

45. Nallanthighal S, Heiserman JP, Cheon DJ. Collagen 

Type XI Alpha 1 (COL11A1): A Novel Biomarker 

and a Key Player in Cancer. Cancers (Basel). 2021 

Feb 24;13(5):935. doi: 10.3390/cancers13050935. 

PMID: 33668097; PMCID: PMC7956367. 

46. Francica G, Borzio M. Status of, and strategies for 

improving, adherence to HCC screening and 

surveillance. J Hepatocell Carcinoma. 2019 Jul 

24;6:131-141. doi: 10.2147/JHC.S159269. PMID: 

31440486; PMCID: PMC6664854. 

47. Forner A, Reig M, Bruix J. Hepatocellular 

carcinoma. Lancet. 2018 Mar 31;391(10127):1301-

1314. doi: 10.1016/S0140-6736(18)30010-2. Epub 

2018 Jan 5. PMID: 29307467. 

48. Hassan M, Nasr SM, Amin NA, El-Ahwany E, 

Zoheiry M, Elzallat M. Circulating liver cancer stem 

cells and their stemness-associated MicroRNAs as 

diagnostic and prognostic biomarkers for viral 

hepatitis-induced liver cirrhosis and hepatocellular 

carcinoma. Noncoding RNA Res. 2022 Dec 

30;8(2):155-163. doi: 10.1016/j.ncrna.2022.12.006. 

PMID: 36632614; PMCID: PMC9826835. 

49. Espejo-Cruz ML, González-Rubio S, Zamora-Olaya 

J, Amado-Torres V, Alejandre R, Sánchez-Frías M, 

Ciria R, De la Mata M, Rodríguez-Perálvarez M, 

Ferrín G. Circulating Tumor Cells in Hepatocellular 

Carcinoma: A Comprehensive Review and Critical 

Appraisal. Int J Mol Sci. 2021 Dec 3;22(23):13073. 

doi: 10.3390/ijms222313073. PMID: 34884878; 

PMCID: PMC8657934. 

50. Mocan T, Simão AL, Castro RE, Rodrigues CMP, 

Słomka A, Wang B, Strassburg C, Wöhler A, 

Willms AG, Kornek M. Liquid Biopsies in 

Hepatocellular Carcinoma: Are We Winning? J Clin 

Med. 2020 May 20;9(5):1541. doi: 

10.3390/jcm9051541. PMID: 32443747; PMCID: 

PMC7291267. 

51. Kantara C, O'Connell MR, Luthra G, Gajjar A, 

Sarkar S, Ullrich RL, Singh P. Methods for 

detecting circulating cancer stem cells (CCSCs) as a 

novel approach for diagnosis of colon cancer 

relapse/metastasis. Lab Invest. 2015 Jan;95(1):100-

12. doi: 10.1038/labinvest.2014.133. Epub 2014 Oct 

27. PMID: 25347154; PMCID: PMC4281282. 

52. Ma S, Chan KW, Hu L, Lee TK, Wo JY, Ng IO, 

Zheng BJ, Guan XY. Identification and 

characterization of tumorigenic liver cancer 

stem/progenitor cells. Gastroenterology. 2007 

Jun;132(7):2542-56. doi: 

10.1053/j.gastro.2007.04.025. Epub 2007 Apr 15. 

PMID: 17570225.  

53. Rozeik MS, Hammam OA, Ali AI, Magdy M, 

Khalil H, Anas A, Abo El Hassan AA, Rahim AA, 

El-Shabasy AI. Evaluation of CD44 and CD133 as 

markers of liver cancer stem cells in Egyptian 

patients with HCV-induced chronic liver diseases 

versus hepatocellular carcinoma. Electron Physician. 

2017 Jul 25;9(7):4708-4717. doi: 10.19082/4708. 

PMID: 28894525; PMCID: PMC5586983.  

54. Tang KH, Ma S, Lee TK, Chan YP, Kwan PS, Tong 

CM, Ng IO, Man K, To KF, Lai PB, Lo CM, Guan 

XY, Chan KW. CD133(+) liver tumor-initiating 

cells promote tumor angiogenesis, growth, and self-

renewal through neurotensin/interleukin-8/CXCL1 

signaling. Hepatology. 2012 Mar;55(3):807-20. doi: 

10.1002/hep.24739. Epub 2012 Jan 13. PMID: 

21994122.  

55. Jin Y, Mao J, Wang H, Hou Z, Ma W, Zhang J, 

Wang B, Huang Y, Zang S, Tang J, Li L. Enhanced 

tumorigenesis and lymphatic metastasis of CD133+ 

hepatocarcinoma ascites syngeneic cell lines 

mediated by JNK signaling pathway in vitro and in 

vivo. Biomed Pharmacother. 2013 May;67(4):337-

45. doi: 10.1016/j.biopha.2013.02.006. Epub 2013 

Feb 27. PMID: 23582787. 

56. Kim JB, Lee S, Kim HR, Park SY, Lee M, Yoon JH, 

Kim YJ. Transforming growth factor-β decreases 

side population cells in hepatocellular carcinoma in 

vitro. Oncol Lett. 2018 Jun;15(6):8723-8728. doi: 

10.3892/ol.2018.8441. Epub 2018 Apr 5. PMID: 

29805610; PMCID: PMC5958710. 

57. Endo K, Terada T. Protein expression of CD44 

(standard and variant isoforms) in hepatocellular 

carcinoma: relationships with tumor grade, 

clinicopathologic parameters, p53 expression, and 

patient survival. J Hepatol. 2000 Jan;32(1):78-84. 

doi: 10.1016/s0168-8278(00)80192-0. PMID: 

10673070. 

58. Ryu HS, Park SH, Lee KB, Shin E, Jang JJ. 

Expression of the Transmembrane Glycoprotein 

CD44s Is Potentially an Independent Predictor of 

Recurrence in Hepatocellular Carcinoma. Gut Liver. 

2011 Jun;5(2):204-9. doi: 10.5009/gnl.2011.5.2.204. 

Epub 2011 Jun 23. PMID: 21814602; PMCID: 

PMC3140667. 

59. Dang H, Steinway SN, Ding W, Rountree CB. 

Induction of tumor initiation is dependent on CD44s 

in c-Met⁺  hepatocellular carcinoma. BMC Cancer. 

2015 Mar 21;15:161. doi: 10.1186/s12885-015-

1166-4. PMID: 25886575; PMCID: PMC4380258.  

60. Zarębska I, Gzil A, Durślewicz J, Jaworski D, 

Antosik P, Ahmadi N, Smolińska-Świtała M, 

Grzanka D, Szylberg Ł. The clinical, prognostic and 

therapeutic significance of liver cancer stem cells 

and their markers. Clin Res Hepatol Gastroenterol. 

2021 May;45(3):101664. doi: 

10.1016/j.clinre.2021.101664. Epub 2021 Mar 3. 

PMID: 33667731. 

61. Chow AK, Ng L, Lam CS, Wong SK, Wan TM, 

Cheng NS, Yau TC, Poon RT, Pang RW. The 

Enhanced metastatic potential of hepatocellular 

carcinoma (HCC) cells with sorafenib resistance. 

PLoS One. 2013 Nov 11;8(11):e78675. doi: 

10.1371/journal.pone.0078675. PMID: 24244338; 

PMCID: PMC3823841.   

62. Yamaoka K, Nouchi T, Marumo F, Sato C. Alpha-

smooth-muscle actin expression in normal and 

fibrotic human livers. Dig Dis Sci. 1993 



CAFs and CSCs markers in HCC, Elzallat et al.   13 

  

 

Aug;38(8):1473-9. doi: 10.1007/BF01308606. 

PMID: 8344103. 

63. Liu L, Zhang J, Hu D. The prognostic role of 

CD44v6 in hepatocellular carcinoma: a meta-

analysis. Int J Clin Exp Med 2016.  

64. Hautekeete ML, Geerts A. The hepatic stellate (Ito) 

cell: its role in human liver disease. Virchows Arch. 

1997 Mar;430(3):195-207. doi: 

10.1007/BF01324802. PMID: 9099976. 

65. Lau DT, Luxon BA, Xiao SY, Beard MR, Lemon 

SM. Intrahepatic gene expression profiles and alpha-

smooth muscle actin patterns in hepatitis C virus 

induced fibrosis. Hepatology. 2005 Aug;42(2):273-

81. doi: 10.1002/hep.20767. PMID: 15986378. 

66. Anggorowati N, Ratna Kurniasari Ch, Damayanti K, 

Cahyanti T, Widodo I, Ghozali A, Romi MM, Sari 

DC, Arfian N. Histochemical and 

Immunohistochemical Study of α-SMA, Collagen, 

and PCNA in Epithelial Ovarian Neoplasm. Asian 

Pac J Cancer Prev. 2017 Mar 1;18(3):667-671. doi: 

10.22034/APJCP.2017.18.3.667. PMID: 28440973; 

PMCID: PMC5464482.  

67. Levy MT, McCaughan GW, Marinos G, Gorrell 

MD. Intrahepatic expression of the hepatic stellate 

cell marker fibroblast activation protein correlates 

with the degree of fibrosis in hepatitis C virus 

infection. Liver. 2002 Apr;22(2):93-101. doi: 

10.1034/j.1600-0676.2002.01503.x. PMID: 

12028401. 

68. Arolt C, Hoffmann F, Nachtsheim L, Wolber P, 

Guntinas-Lichius O, Buettner R, von Eggeling F, 

Quaas A, Klußmann JP. Mutually Exclusive 

Expression of COL11A1 by CAFs and Tumour 

Cells in a Large panCancer and a Salivary Gland 

Carcinoma Cohort. Head Neck Pathol. 2022 

Jun;16(2):394-406. doi: 10.1007/s12105-021-01370-

0. Epub 2021 Aug 10. Erratum in: Head Neck 

Pathol. 2022 Mar;16(1):338. PMID: 34378164; 

PMCID: PMC9187800. 

69. Raglow Z and Thomas S . Tumor matrix protein 

collagen XIα1 in cancer. Cancer letters.2015; 

357(2): 448-453. 

70. Jia D, Liu Z, Deng N, Tan TZ, Huang RY, Taylor-

Harding B, Cheon DJ, Lawrenson K, Wiedemeyer 

WR, Walts AE, Karlan BY, Orsulic S. A COL11A1-

correlated pan-cancer gene signature of activated 

fibroblasts for the prioritization of therapeutic 

targets. Cancer Lett. 2016 Nov 28;382(2):203-214. 

doi: 10.1016/j.canlet.2016.09.001. Epub 2016 Sep 5. 

PMID: 27609069; PMCID: PMC5077659. 

71. Fuentes-Martínez N, García-Pravia C, García-

Ocaña M, Menéndez-Rodríguez P, Del Amo J, 

Suárez-Fernández L, Galván J, De los Toyos J and 

Barneo L . Overexpression of proCOL11A1 as a 

stromal marker of breast cancer. Histol 

Histopathol.2015; 30(1): 87-93. 

 

 

 

 

 

 

 

 

 

72. Kleinert R, Prenzel K, Stoecklein N, Alakus H, 

Bollschweiler E, Hölscher A, Warnecke-Eberz U. 

Gene Expression of Col11A1 Is a Marker Not only 

for Pancreas Carcinoma But also for 

Adenocarcinoma of the Papilla of Vater, 

Discriminating Between Carcinoma and Chronic 

Pancreatitis. Anticancer Res. 2015 

Nov;35(11):6153-8. PMID: 26504042. 

73. Wang H, Zhou H, Ni H, Shen X. COL11A1-Driven 

Epithelial-Mesenchymal Transition and Stemness of 

Pancreatic Cancer Cells Induce Cell Migration and 

Invasion by Modulating the AKT/GSK-3β/Snail 

Pathway. Biomolecules. 2022 Mar 2;12(3):391. doi: 

10.3390/biom12030391. PMID: 35327583; PMCID: 

PMC8945532. 

74. Makled A, Ghoneim E, Shebl N, Azzam A, El Refai 

Khalil H and Allam H . Role of Some Cancer Stem 

Cell Markers in Hepatitis C Virus-Associated Liver 

Disease. Egyptian Journal of Medical Microbiology. 

2020;29(3): 9-17. 

75. Jun SY, Jeon SJ, Yoon JY, Lee JJ, Yoon HR, Choi 

MH, Halder D, Lee K, Kim NS. The positive 

correlation of TIPRL with LC3 and CD133 

contributes to cancer aggressiveness: potential 

biomarkers for early liver cancer. Sci Rep. 2019 

Nov 14;9(1):16802. doi: 10.1038/s41598-019-

53191-5. PMID: 31727942; PMCID: PMC6856114. 

76. Salimian N, Peymani M, Ghaedi K, Hashemi M, 

Rahimi E. Collagen 1A1 (COL1A1) and 

Collagen11A1(COL11A1) as diagnostic biomarkers 

in Breast, colorectal and gastric cancers. Gene. 2024 

Jan 20;892:147867. doi: 

10.1016/j.gene.2023.147867. Epub 2023 Oct 1. 

PMID: 37783295.  

77. Sun C, Chen Y, Kim NH, Lowe S, Ma S, Zhou Z, 

Bentley R, Chen YS, Tuason MW, Gu W, Bhan C, 

Tuason JPW, Thapa P, Cheng C, Zhou Q, Zhu Y. 

Identification and Verification of Potential 

Biomarkers in Gastric Cancer By Integrated 

Bioinformatic Analysis. Front Genet. 2022 Jul 

15;13:911740. doi: 10.3389/fgene.2022.911740. 

PMID: 35910202; PMCID: PMC9337873. 

78. Di YB, Bao Y, Guo J, Liu W, Zhang SX, Zhang 

GH, Li TK. COL11A1 as a potential prognostic 

target for oral squamous cell carcinoma. Medicine 

(Baltimore). 2022 Oct 7;101(40):e30989. doi: 

10.1097/MD.0000000000030989. PMID: 

36221427; PMCID: PMC9542892. 

 

 

 

 

 

 


