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Abstract

Background: Cancer stem cells (CSCs) play a critical role in tumor development, progression, metastasis and
recurrence.

Aim: To evaluate hepatic expression of CD44 and CD133 in Egyptian patients with HCV-induced chronic liver
diseases and hepatocellular carcinomas (HCCs), and to assess its correlation with inflammatory activity scores,
stages of fibrosis (in chronic hepatitis with or without cirrhosis) and grades of HCC.

Methods: This prospective case-control study was conducted on eighty subjects who attended the Tropical
Diseases Department, Al-Azhar University Hospital, and in collaboration with Theodor Bilharz Research
Institute (2014-2016). They were divided as follows: A) Control healthy group: Ten individuals with
serologically negative HCV-Ab and HBsAg, and histopathologically normal liver, B) Seventy patients
subdivided into 3 groups; Twenty subjects each, as: HCV-Ab+ non-cirrhotic, HCV-Ab+ cirrhotic and HCC.
Necroinflammatory activity and fibrosis in non-neoplastic liver biopsies were scored according to the METAVIR
scoring system. CD44 and CD133 immunostaining was evaluated in all groups semi-quantitatively using H score.
Statistical analysis was performed by SPSS version 22, using independent-samples t-test.

Results: Our study showed a significant increase of mean CD44 & CD133 expression values with disease
progression among the groups (p<0.05). Their expressions increased significantly with the inflammatory activity
scores and stages of fibrosis, reaching the highest values in A3F4 score compared to A1F1 (p<0.05). Moreover,
there was a significant increase of their expressions across HCC grades (p<0.05), however with no significant
correlation with focal lesions size.

Conclusion: CSCs clusters exhibiting CD133+ and/or CD44+ profiles were identified in chronic hepatitis, liver
cirrhosis and HCC. CD133 and CD44 expressions significantly corresponded to the increased inflammatory
activity, fibrosis stages and higher tumor grades. Therefore, evaluation of CD44 and CD 133 expression profiles
as CSCs markers in non-neoplastic liver and HCCs can help in development of novel therapeutic agents for HCC
targeting and prevention.
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1. Introduction

Hepatocellular carcinoma (HCC) is the most common liver cancer, the sixth most common cancer worldwide and
the third leading cause of cancer-related death (1). It is estimated that each year, half a million new cases are
diagnosed worldwide. It was reported that developing countries have the highest prevalence of the disease (2).
Although there are extensive regional variations in the causes and spread of HCC, chronic hepatitis B virus (HBV)
and HCV infection make up the majority of HCC cases worldwide (3), with Egypt having the highest prevalence of
HCV (4). HCC - as the main complication of cirrhosis - shows a growing incidence, as HCV is a primary risk factor
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(5, 6). Although, during the past few decades, there has been development in its treatment process, the prognosis of
HCC still remains poor, largely because of the high recurrence rate which can reach as high as 70% following
conventional methods like chemotherapy, surgical resection, arterial embolization, and radiofrequency ablation (7).
Despite the cytological pathogenesis of HCC being unclear, HCCs exhibit great heterogeneity (8). In this regard,
there are fewer cancer cells with stem cell properties, called liver cancer stem cells (LCSCs), responsible for HCC
growth, metastasis or recurrence, or indeed chemotherapy and radiotherapy failure (9). Thus, although most tumor
cells are killed off by liver cancer therapies, the possibility remains that therapies can still fail because of the
inability to eliminate LCSCs, which survive to develop new tumors. Therefore, the theory of the cancer stem cell
offers a different understanding of tumor diagnosis, treatment and prevention. So, in order to achieve greater
knowledge, and consequently, better treatment of liver CSCs, we must recognize their markers of stemness which
correspond to poor prognosis, metastasis, and resistance. Markers of stemness are necessary to study CSCs
biological characteristics so they can be targeted efficiently for therapeutic purposes (10). In this regard, CD44 is a
multifunctional class I transmembrane glycoprotein (11). Typically, it is mostly involved in homing, cell cell, cell
matrix interactions, cell migration, production and formation of new blood vessels (angiogenesis) in which, under
certain situations, they pathologically characterize malignancy (12). Furthermore, CD44 was recognized as CSCs
marker in a number of human cancers, including breast cancer (13), gastric cancer, prostatic cancer (14) and
colorectal malignancies (15). Its expression is associated with poor HCC prognosis (16, 17). Furthermore, CD44+
LCSCs are associated with metastasis and tumor invasiveness (18). In the same context, since other markers were
reported to more accurately define the surface phenotype of LCSCs (19), CD133 (Prominin-1) - a membrane
glycoprotein encoded by the CD133/ Prom-1 gene (20) was first detected as a marker of hematopoietic stem cells
and then it was reported to be a marker of CSCs in prostatic, colonic, and ovarian tumors (21-23). Furthermore,
Suetsugu et al. (24) initially identified CD133+ HCC cells as CSCs subpopulation which display greater
proliferative and tumorigenic potential, as well as lower levels of mature hepatocyte marker expressions in
comparison to CD133- counterparts, thus considering that CD133+ cells signify loss of differentiation in tumors
(25). Moreover, it was suggested that enhanced CD133 expression was an independent prognostic indicator for
survival and recurrence of tumors in HCC patients (17). Our study aimed at evaluation of the hepatic expression of
CD44 and CD133 in Egyptian patients with HCV-induced chronic liver diseases and HCC, as well as assessment of
the correlation of their expression with inflammatory activity scores, stages of fibrosis (in chronic hepatitis with or
without cirrhosis) and grades of HCC.

2. Material and Methods

2.1. Research design and participants

This prospective case-control study was carried out on eighty subjects who attended the Department of Tropical
Diseases at Al-Azhar University Hospital, and in collaboration with Theodor Bilharz Research Institute, in the
period from October 2014 to March 2016. Control group consisted of ten healthy individuals that
histopathologically showed normal liver profile and serologically were negative for HCV-Ab and HBsAg. The other
seventy patients were divided into three groups, each composed of twenty subjects, as follows: I) HCV-Ab positive
non-cirrhotic group, II) HCV-Ab positive cirrhotic group, III) HCC. All subjects underwent complete history
analysis, full physical examination, routine laboratory investigations, abdominal ultrasound and Triphasic Spiral
Computed Tomography (CT) for HCC patients.

2.2. Histological assessment

Ultrasound guided liver biopsies were performed under local anesthesia using a 16-gauge Tru-cut needle (Quick-
Core, Cook-Medical, Bloomington, Indiana, USA). Hepatocellular carcinomas were obtained from partial
hepatectomy specimens. The liver biopsies were scored according to METAVIR scoring system for
necroinflammatory activity and fibrosis grading (26).

2.3. Specimen Collection and Handling

Specimens were fixed in 10% buffered formalin. Paraffin blocks were prepared. Histopathologic sections were cut at
4 pm thick. All slides were treated with 3-amino-propyl-triethoxysilane (3APTES/SIGMA-A-3648). These slides
were used instead of the ordinary albumenized slides to minimize staining artifacts and for better fixation of sections
on the slides.

2.4. Immunohistochemistry staining for detection of CD44 and CD133 antigens
Immunohistochemical reaction was performed using avidin biotin complex (ABC) immunoperoxidase technique
according to Hsu and Raine (27). Sections were de-waxed in xylene, and hydrated in descending grades of ethanol.
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Endogenous peroxidase activity was quenched by incubation in 3% hydrogen peroxide and then in 100% methanol
for 20 minutes. Antigen retrieval was performed by microwaving the sections in citrate buffer (PH 6.0) for 15
minutes at 700 W. Sections were incubated overnight at 40C with the antihuman primary monoclonal antibodies
against CD44 and CD133 (Santa Cruz Biotechnology Inc.; Santa Cruz, USA) and diluted at 1:100 and 1:150
respectively. Next day, sections were washed in PBS then incubated with streptavidin-biotin peroxidase complex
and substantiated using a peroxidase/DAB (diaminobenzidine) enzymatic reaction for CD44 and CD133. Staining
was completed by 5 to10 minutes incubation with 3, 3'- diaminobenzidine (DAB) + substrate — chromogen which
resulted in a brown-colored precipitate at the antigen sites of CD44 and CD133 (cytoplasmic stain). Slides were
washed in PBS for five minutes then placed in 70%, 95% and 100% alcohol for five minutes each. The nuclei were
counterstained with Mayer's hematoxylin. Cover slips were mounted using Dpx. Positive and negative control slides
for each marker were included within each session. As a negative control, liver tissue section was processed in the
above-mentioned sequences but with omission of the primary antibodies.

2.5. CD44 and CD133 Immunostaining Interpretation

All immunostained slides were analyzed using Zeis microscope with high resolution (Axio Scope, Germany) in ten
successive high-power fields (HPFs). Both CD44 and CD133 antigens were expressed as brown cytoplasmic
staining. Two features of immuno-reactions were assessed separately on a semi-quantitative basis (H score) as
follows: 1) The extent of staining was assessed as the percentage of positively stained cells in 10 HPFs in the highest
expression (hot spot) areas in each case. Then, means of percentages were calculated. 2) The intensity of staining of
the positive cells was relatively designated as + (mild or weak), ++ (moderate), and +++ (strong) according to Itoi H
et al., (28).

2.6. Statistical analysis

The data were analyzed using Microsoft Excel 2010 and Statistical Package for Social Science (SPSS version 22.0)
for windows (SPSS IBM., Chicago, IL). Results were expressed as mean + SD with 95% confidence interval using
mean for quantitative variables, frequencies and percentages for qualitative ones. P<0.05 was considered statistically
significant. Quantitative data were analyzed by applying one-way analysis of variance (ANOVA) test for
comparison of the mean of more than two groups, while independent-samples t-test was used for comparison of the
means of two groups. Chi-square test was used to compare proportions between two qualitative parameters.

3. Results

The study included seventy patients, of which, fifty (71.4%) were males and twenty (28.6%) were females. On
serological evaluation, despite the progressive increase of total bilirubin and direct bilirubin with disease
progression, the albumin significantly and steadily decreased with disease progression compared to control group
(p<0.05). Moreover, ALT and AST enzymes were above the upper normal limit in non cirrhotic cases, while the
highest values were significantly recorded in the cirrhotic group compared to the control group (p<0.05).
Furthermore, gamma-glutamyl transpeptidase and alkaline phosphatase enzymes were higher in non cirrhotic cases
than in the control group, with maximum levels reached in the HCC group (p<0.001). In addition, prothrombin
concentration, white blood cells count, red blood corpuscle count, platelet count and hemoglobin levels showed
significant progressive decrease with disease progression compared to the control group (p<0.05) (Table 1). On
radiological evaluation, abdominal ultrasound screening of liver showed increased liver size in eight (40%) cases of
the non cirrhotic chronic hepatitis group, ten (50%) cases of cirrhotic group and fifteen (75%) cases of HCC
(p<0.05) in comparison with the control group. Moreover, liver surface was smooth in all of the cases of the chronic
hepatitis group, and it was irregular in all of the cirrhotic and HCC groups, with a statistically significant difference
compared to normal (p<0.05). Furthermore, the liver texture in the non-cirrhotic group was bright in eight (40 %)
cases, and coarse in twenty (100%) cases of both cirrhotic and HCC groups (Table 2). On Histopathological
evaluation, there was no tissue expression of CD44 and CD133 in the liver tissue of control normal group (Table 3).
In contrast, group I (hepatitis non-cirrhotic) and group II (cirrhosis), CD44 and CDI133 positive cells were
predominantly visualized in the portal areas and/or within fibrous septa, while in group III (HCC) they were
localized in peri-tumoral adjacent connective tissue and within invaded vessels, suggesting that these cells may
undergo metastasis. Moreover, the mean expression of CD44 values showed a highly significant increase with
disease progression as it raised from 33.7% in chronic non-cirrhotic hepatitis, to 58.65 % in the cirrhotic group and
up to 78.35% in HCC group (p<0.05). Similarly, the mean expression values of CD133 showed a significant
increase with disease progression from 20.5% in the chronic non-cirrhotic hepatitis group, to 37.75% in the cirrhotic
group, recording the highest value (76.7%) in the HCC group (p<0.05) (Table 3, Figures 1, 2).
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case showing A2 inflammatory activity and F1 fibrosis. C) HCV infected case showing F4 fibrosis with formation
of cirrhotic nodule and A3 activity. D) HCC grade IT (H&E x200).

Table 1. Laboratory parameters of the studied groups (Mean+SD)

Hepatic Profile | Control (n=10) | Group I (n=20) | Group II (n=20) Group III (n=20)
WBC 6.02£1.3 54+1.02 (4.7 +0.5)*° (3.9 +£0.42)2b¢
Hb 13.8+0.27 13.5+0.63 (12.7 £ 0.6)*° (11.7 £0.3)%bbc
PLTs 210.3 £48.5 (182.4£27.5)* | (122.1 £29.05)* " | (98.2 + 10.08)% Pb-¢
ALT 15.8+7.5 (118.95+£61.2)= | (81.5+31.8)™° (97.9 +25.8)%b-c
AST 17.2+£8.5 (108.2 £48.4)™ | (74.05 +38.7)*° (89.6 + 24.8)™>-c
Alk.Ph 98.6 +9.07 (1642 +£25.2)* | (169.4 + 77.4)* (256.8 + 72.6) bb e
GGT 21.2+6.5 (94.6 £49.13) | (101.4 £ 68.8)* (152.6 + 42.9) bb-c
Alb 4.03+0.26 (3.95+£0.73) (3.46 £ 0.49)* (3.2 £0.68)™

T. Bil 0.72+0.18 (1.4 +£0.65)* (1.64 £ 0.21)* (2.8 +1.08)* ¢

D. Bil 0.21+0.07 (0.84 £ 0.42)* (1.18 £0.32)%° (1.89 +£1.18)™bc
PC 932+49 88.7 + 14.08 (71.6 £ 9.6)™° (68.8 £ 10.5)™

ap= Another group compared with control; *p= Group II and Group III compared with Group I; °p= Group III

compared with Group II.
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Figure 2. CD44 immunohistochemically stained liver sections. A) Control normal liver negative for CD44 (IHC,
DAB. x200). B) HCV-infected non-cirrhotic case with A1l inflammatory activity, F1 fibrosis and 20% expression of
CD44 in hepatocytes as cytoplasmic brownish stain (arrow) (IHC, DAB. x200). C) HCV-infected case with A3
inflamatory activity and F4 fibrosis with formation of regenerating nodule and > 50 % expression of CD44 in
hepatocytes as cytoplasmic brownish stain (arrow) (IHC, DAB. x200). D) HCC grade II case with strong expression
of CD44 in > 70 % of hepatocytes as cytoplasmic brownish stain (arrows) (IHC, DAB. X400).

Table 2. Abdominal Ultrasound Features of the Studied Groups
Ultrasonography Findings Control (n=10) | Group I (n=20)
V)

Group II (n=20) | Group III (n=20) | p-value
o V)

n % n % n % n %

Liver size Normal 10 100.0 12 60.0 4 20.0 3 15.0 0.01*
Enlarged 0 0.0 8 40.0 10 50.0 15 75.0
Shrunken 0 0.0 0 0.0 6 30.0 2 10.0

Liver surface | Smooth 10 100.0 20 100.0 0 0.0 0 0.0 0.001*
Irregular 0 0.0 0 0.0 20 100.0 20 100.0

Liver Echo. | Normal 9 90.0 12 60.0 0 0.0 0 0.0 0.001*
Bright 1 10.0 8 40.0 0 0.0 0 0.0
Coarse 0 0.0 0 0.0 20 100.0 20 100.0

PV dil Average 10 100.0 20 100.0 3 15.0 1 5.0 0.01*
Dilated 0 0.0 0 0.0 17 85.0 19 95.0

Spleen Not Enlarged | 10 100.0 20 100.0 3 15.0 1 5.0 0.001*
Enlarged 0 0.0 0 0.0 17 85.0 19 95.0

Ascites Negative 10 100.0 20 100.0 20 100.0 18 90.0 0.001*
Positive 0 0.0 0 0.0 0 0.0 2 10.0

*Significant differences between groups by ANOVA Test (p<0.05).
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Figure 3. CD133 immunohistochemically stained liver sections. A) Control normal liver negative for CD133 (IHC,
DAB. x200). B) HCV-infected non-cirrhotic case with A2 inflammatory activity, F1 fibrosis and 70% expression of
CD133 in hepatocytes as cytoplasmic brownish stain (arrow) (IHC, DAB. x200). C) HCV-infected case with A3
inflamatory activity, F4 fibrosis with formation of regenerating nodule and 50% expression of CD133 in hepatocytes
as cytoplasmic brownish stain (arrow) (IHC, DAB. x200). D) HCC grade II with 35% expression of CD133 in
hepatocytes as cytoplasmic brownish stain (arrows) (IHC, DAB. x200).

Table 3. Tissue expression of CD44 and CD133 among the studied groups

Biomarkers | Group N Range Mean | SD p-value
Min | Max p P P
CD 44 Control 10 | 0.00 | 0.0 0.0 0.0

Group I 20 | 5.00 | 75.0 | 33.7 254 0.001*
Group II 20 | 26.0 | 85.0 | 58.65 | 18.7 0.001* | 0.001*
GroupIIl | 20 | 50.0 | 97.0 | 78.35 | 13.63 | 0.001* | 0.001* | 0.001*
CD 133 Control 10 | 0.0 0.0 0.0 0.0
Group I 20 | 0.0 40.0 | 20.5 11.17 | 0.001*
Group II 20 | 20.0 | 60.0 | 3775 | 124 0.001* | 0.001*
GroupIIl | 20 | 45.0 | 92.0 | 76.7 15.56 | 0.001* | 0.001* | 0.001%*
ap= Another group compared with control; *p= Group II and Group III compared with Group I; °p= Group III
compared with Group II. *Significant differences between groups by ANOVA Test (p<0.05).

Furthermore, we found that the tissue expression of CD44 and CD133 raised with the increase of inflammatory
activity and fibrosis stage evaluated with METAVIR score, with highly significant increase reported in A3F4
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(58.65% for CD44 and 37.75% for CD133 regarding A3 inflamatory activity score, and 58.65% for CD44 and
37.75% for CD133 regarding F4 fibrosis stage / cirrhosis) compared to A1F1 (25.9% for CD44 and 19.3% for
CD133 regarding Al inflamatory activity score, and 21.4% for CD44 and 16.2% for CD133 regarding FO-F1
fibrosis stage) (p<<0.05) (Tables 4, 5, Figure 3). Also in our study, there was a significant correlation with HCC
grades with significant increase of CD44 and CD133 tissue expression among HCC grades (85.6% for G3 compared
to 72.1% for Gl regarding CD44 expression, and 77.3% for G3 compared to 74.2% for G1 regarding CD133
expression) (p<0.05) (Table 6). Nevertheless, there was no significant correlation between the expression of (CD44
and CD133) and the size of focal lesions (Table 6).

Table 4. The histopathological METAVIR scoring of the non-neoplastic groups

Classification Group I (chronic non-cirrhotic hepatitis) | Group II (cirrhosis) | p-value
N % N %

Grades of inflammation | Al 16 80.0 0 0.0 0.01*
A2 4 20.0 0 0.0
A3 0 0.0 20 100.0

Stages of fibrosis FO-F1 | 11 55.0 0 0.0 0.01*
F2-F3 | 9 45.0 0 0.0
F4 0 0.0 20 100

*Significant differences between groups by ANOVA Test (p<0.05).

Table 5. METAVIR inflamatory activity scores, fibrosis stages and tissue expression of CD44 & CD133 among the
non-neoplastic groups

Classification N | CDh44 CD133
Mean+SD p-value Mean+SD p-value
Al A2 Al A2

Grades of inflammation | Al 16 | 25.9+23.2 19.349.5

A2 4 41.5£27.5 0.001™ 21.7£12.9 0.03"

A3 20 | 58.65+18.7 | 0.001™ | 0.01" | 37.75£12.4 | 0.001™ | 0.01"
Stages of fibrosis FO-F1 | 11 | 21.4+£233 16.248.8

F2-F3 | 9 45.9+£27.5 0.001™ 24.8+13.6 0.01"

F4 20 | 58.65+18.7 | 0.001™ | 0.01" | 37.75+12.4 | 0.001™ | 0.01"

*Significant differences between groups by ANOVA Test (p<0.05).

Table 6. Tissue expression of CD44 and CD133 regarding HCC grades and size of the lesions

Classification n | CD44 CD133
Mean+ S. D | p-value Mean+ S. D | p-value
Grade 1 | Grade 2 Grade 1 | Grade 2

Grades of HCC Grade 1l | 4 | 72.1+18.3 74.2+10.9

Grade2 | 8 | 77.3£10.9 0.09 76.3£15.6 0.2

Grade3 | 8 | 85.6%11.7 0.01%* 0.03* 79.5+£19.2 0.03* 0.05%*
Size of focal lesions (cm) | <5 17 | 79.5¢12.1 0.1 76.5£16.08 | 0.2

>5 3 | 72.5+£31.8 84.5+13.4

*Significant differences between groups by ANOVA Test (p<0.05).

4. Discussion

Hepatitis C infection is a global health problem in which about 170 million individuals are infected annually
worldwide (29). Egypt is one of the countries with the highest prevalence of HCV infection worldwide,
predominantly with genotype-4, in over 90% of cases (30). Infection of HCV leads to chronic hepatitis in up to
60%-80% of patients and is associated with liver steatosis, fibrosis, cirrhosis, and hepatocellular carcinoma (31).
HCC remains one of the most prevalent cancer types in past decades, despite great advances in anti-cancer drugs
(32). Recently, much evidence has been accumulated supporting the hypothesis of CSCs subpopulation in solid
tumors which indicates a capacity of self-renewal, tumor maintenance, metastasis (33) and resistance toward chemo
and radio therapy (34). Therefore, it is significantly important to detect and investigate CSCs markers for
determination of HCC clinical outcomes. In HCC, some of the most frequently reported CSCs markers are CD44
and CD133. In our study, histopathological examination of liver sections revealed absent tissue expression of CD44
in the normal liver control group. Moreover, the mean expression values of CD44 and CD133 level showed a
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statistically significant increase in cirrhotic livers (group II) and HCC (group III) compared to the non-cirrhotic
group I, with a significant increase in group III compared to group II. Our findings were in agreement with Zhao et
al. (35) who reported that in patients with liver cirrhosis, the number of patients with high CD44 expression was
more than those with low CD44 expression, however in contrast, with non-significant differences. Also, our results
coincided with Zhu et al. (36) who reported that CD44 was preferentially expressed in specific HCC cells (the
CD133+ population) at both mRNA and the protein levels confirmed by real time RT-PCR and flow cytometric
analysis. Moreover, our study showed no tissue expression of neither CD44 nor CD133 in the liver specimens of the
normal control group. Our findings were in line with Ma et al., (37) study, in which CD133+ cells were found in
human HCC tissue samples but not in normal liver tissues. Also, this came in agreement with Mansour et al., (38)
who reported that CD133 expression was detected in HCCs as well as cirrhotic liver tissue but not in normal liver. In
the same context, Zhao et al., (35) reported that liver cirrhosis significantly affected CD133 expression in which
CD133 + cells were noticed in patients with liver cirrhosis rather than those without cirrhosis. In addition, we found
that the tissue expression of both CD44 and CD133 increased and correlated significantly with METAVIR
inflammation activity score and fibrosis stage, reaching the highest values in A3F4 cases compared to A 1F]1cases.
Regarding HCC, we found significantly increased both CD44 and CD133 expression across all grades of HCC.
Nevertheless, our study showed no significant correlation with the tumor stage. This came in agreement with Endo
and Terada (39) who reported that CD44 expression was correlated with high HCC histologic grades, vascular
invasion, and poorer survival outcomes. Also, similarly, Zhao et al. (35) reported that the size of HCC did not affect
CD44 expression pattern. However, in contrast, recent meta-analysis data reported by Luo and Tan (40) indicated
that CD44 expression correlated with HCC stage. Overall, our data imply that elevated CD44 and CD133 expression
can contribute to HCC development and progression, and may be useful in identification of patients with poor HCC
prognosis. Accordingly, CD44 and CD133 can function as prognostic markers for prediction of HCC outcomes. In
this regard, Zhao et al. (35) observed shorter survival rates in HCCs exhibiting combined CD133 and CD44
expression. Moreover, positive CD44 expression was reported to be associated with a worse outcome and reduced
survival compared to CD44-negative expression (40). Also, as previously mentioned, CD133 indicated poor HCC
prognosis (24, 34), shorter overall survival and higher recurrence rate compared to patients with CD133- tumors (41,
42). Therefore, owing to the great heterogeneity of HCC, a combination of several markers can significantly
increase the predictive power (43, 44), and help in the evolution of HCC therapeutic and preventive modalities.

5. Conclusions

Clusters of CD133+ and/or CD44+ CSCs were identified in chronic non-cirrhotic hepatitis, liver cirrhosis and
HCCs, but not in normal liver. In non-neoplastic liver, their expression correlated with increased inflamatory
activity and fibrosis stage. In HCCs, increased CD133 and CD44 expression corresponded to higher grade, thus
indicating poorer prognosis. Therefore, the expression profiles of several CSCs markers can enhance our
understanding of HCC initiation, progression, prognosis, metastasis and relapse, in addition to the help in the
development of novel therapeutic agents targeting and/or preventing HCC.
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