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INTRODUCTION 
Hepatocellular cancer (HCC) 0s the 3rd most common 
cause of death worldw0de (1). The most important 
reason for this is that it is resistant to treatment and it 
relapses easily. Local recurrences and metastases 
that occur 0n a short per0od of t0me lead to the death 
of pat0ents due to the lack of effect0ve treatment 
opt0on. Currently, the most effect0ve treatment 
modal0t0es for HCC are l0ver resect0on w0th tumor-free 
surg0cal marg0ns or l0ver transplantat0on (LT) 0n 
selected cases (2,3).  L0ver transplantation prov0des 
the chance to el0m0nate both HCC and the underly0ng 
chron0c l0ver d0sease (3,4). D0fferent cr0ter0a have 
been def0ned for select0on of pat0ents w0th HCC as 
l0ver transplant rec0p0ents (4). Although M0lan and 
Un0vers0ty of Cal0forn0a San Franc0sco (UCSF) cr0ter0a 
are frequently used, some l0ver transplant centers 
may also use other cr0ter0a. Recurrence rate of HCC 
after l0ver transplantat0on 0s reported to be around 20-
25% worldw0de (5). Unfortunately, there 0s st0ll no 
effect0ve treatment for prevent0on and treatment of 
recurrence. System0c chemotherapeut0c agents are 
0nadequate. Therefore, solut0ons to prevent and treat 
HCC recurrence after surg0cal resect0on or LT are 
needed.  
In recent years, 0mportance of cancer stem cells 
(CSCs) 0n tumor b0ology has been revealed (6,7). Th0s 
top0c has been w0dely 0nvest0gated and stud0es have 
d0scovered many spec0f0c CSC surface markers  

 
for certa0n tumors. Determ0n0ng spes0f0c CSCs 
markers prom0ses to develop target therap0es for 
tumors (1,6,7). As a result of current stud0es, the ma0n 
CSCs surface markers of HCC are: CD 133, CD44, 
CD47, CD13, CD24, OV6, CD90 and EpCAM 
(ep0thel0al cell adhes0on molecule) (8-10). 
Exper0mental and cl0n0cal researches for targeted 
treatment strateg0es regard0ng def0ned markers 
cont0nue worldw0de. However, most of the studies are 
cell line based and there are few studies using human 
tissues. 
The a0m of th0s study was to 0nvest0gate the presence 
of CSCs markers 0n the l0ver t0ssues of pat0ents that 
underwent LT for HCC and to determ0ne the 
relat0onsh0p between these markers and d0sease 
prognos0s. 
 
MATERIAL AND METHODS  
The study was des0gned as a cross-sect0onal study. 
Inst0tut0onal eth0cs comm0ttee approval was obta0ned. 
Cases who underwent LT for HCC between February 
1998 and September 2018 0n our Hosp0tal were 
analysed. Patients over 18 years of age and whose 
data could be obtained reliably were included. 
Paraff0n blocks of l0ver explants conta0n0ng HCC from 
the pat0ents 0ncluded 0n the study were obta0ned. For 
0mmunoh0stochem0cal sta0n0ng of CSCs surface 
markers, CD13, CD44, CD47, CD90 and EpCAM 
spec0f0c monoclonal ant0bod0es were used. These 

ABSTRACT 
Background and purpose: To investigate the relevance between cancer stem cell(CSC) markers and 
tumor progression in hepatocellular carcinoma(HCC).  
Methods: Data of patients who underwent liver transplantation(LT) for HCC between February 1998 and 
September 2018 were collected. Patients over 18 years of age were included. Immunohistochemical 
staining were performed in paraffin blocks of liver explants containing HCC in terms of CSC markers, 
CD13, CD44, CD47, CD90 and EpCAM. Follow-up period, cancer recurrence, disease-free and overall 
survival were investigated. 
Results: There were 71 patients who met the inclusion criteria. Optimal evaluation conditions were not 
met for CD13 and CD90 staining. Disease recurrence was found to be more frequent in CD 44+ cases 
(p=0.008). Disease-free survival was significantly longer in CD44- group(160.2 vs 103.0 months, p=0.043). 
Overall survival was significantly shorter in CD44+ cases(171.7 vs 107.8 months, p=0.018). No statistically 
difference was found between CD47+/- or EpCAM+/- groups in terms of recurrence (p=0.27, p=0.24). 
There was no significant difference in disease-free and overall survival in CD47+/- or EpCAM+/- cases, 
respectively (CD47+/-; p=0.82, p=0.90, EpCAM; p=0.76, p=0.69). 
Conclusion: Positive CD44markers in HCC is associated with a more aggressive course of disease. 
Targeted therapies for CD44antigens of CSCs may prevent disease recurrence and increase survival. 
 
Keywords: Hepatocellular cancer, cancer stem cell, tumor markers, liver transplantatio 

705 



J Basic Clin Health Sci 2024; 8: 704-709   Egeli T et al. Exploring cancer stem cell markers in tumors 

  

ant0bod0es and the0r brands/models were CD90 
(Santa Cruz B0otechnology, SCBT, sc-5316), CD44 
(Santa Cruz B0otechnology, SCBT, sc-9960), CD13 
(Santa Cruz B0otechnology, SCBT, sc-13536), CD47 
(Thermo F0sher Sc0ent0f0c, Inv0trogen B6H12), EpCAM 
(Thermo F0sher Sc0ent0f0c, Inv0trogen MA512604). 
Sta0n0ng patterns were scored and recorded. Data of 
age, gender, type of l0ver transplantat0on (l0v0ng/ 
cadaver0c), follow-up per0od, cancer recurrence, 
disease-free and overall survival were recorded.     
The values were entered 0nto a M0crosoft Off0ce Excel 
2020 (M0crosoft Corp., Redmond, Wash0ngton, USA) 
database. The records underwent an extens0ve data 
ed0t0ng process to check for 0ncons0stenc0es between 
data f0elds. After val0dat0on, error-free data were 
entered 0nto the master f0le. Data were 0mported 0nto 
IBM SPSS stat0st0cs 23.0 (SPSS, Ch0cago, Ill0no0s, 
USA) for analys0s. Descr0pt0ve stat0st0cal methods 
(mean, med0an, standard dev0at0on), un0var0ate and 
mult0var0ate analyses and surv0val analyses were 
performed.   
In un0var0ate analys0s, t-test or Mann-Wh0tney U test 
was used for un0var0ate analys0s accord0ng to the 
compl0ance w0th normal d0str0but0on 0n the compar0son 
of the data obta0ned by measurement. Ch0-square 
test was used to compare the data obta0ned by 
count0ng. Ch0-square test or F0sher's exact test was 
used 0n the analys0s of census and/or categor0cal  
 

data. Accord0ng to these results, p<0.05 was 
cons0dered s0gn0f0cant. "Kaplan-Me0er" method was 
used for surv0val analys0s and "log-rank" test was 
used for compar0son of groups.   
 
RESULTS 
There were 71 pat0ents who met the 0nclus0on cr0ter0a. 
After exclus0on of 5 pat0ents w0th early mortal0ty (f0rst 
90 days), 54 (81%) males/12 (18%) females, total 66 
pat0ents were analysed. The mean age of the pat0ents 
was 55.95±7.4 years (37-68) and the med0an age was 
55 years. Th0rty-f0ve (53.7%) of the pat0ents rece0ved 
LT from l0v0ng and 31 (46.9%) from cadaver0c donors. 
The mean follow-up per0od was 107.46±65.82 (3.22-
231.36) months. HCC recurrence occurred 0n 
14(21%) pat0ents. The s0tes of recurrence were lung, 
bone, l0ver and sk0n. The med0an t0me to recurrence 
was 25.17±21.48 (2.10-58.35) months. The med0an 
d0sease-free surv0val was 145.81±11.92 and the 
med0an overall surv0val was 145.81±11.58 months.   
Paraff0n blocks were evaluated 
0mmunoh0stochem0cally for the presence of HCC 
stem cell markers CD13, CD44, CD47, CD90 and 
EpCAM. Desp0te many attempts, opt0mal 
0mmunoh0stochem0cal evaluat0on could not be 
ach0ved for CD13 and CD90. Therefore these two 
markers could not be evaluated. Assesment of other 
3 markers accompl0shed successfully.  

 

 
F7gure 1. A. Hepatocellular cancer case of w]thout recurrence after LT. Low dens]ty of CD44+ cells (brown sta]n]ng) 
]n explanted l]ver (x20 magn]f]cat]on. B. Case w]th HCC recurrence after LT. Dramat]cally dense CD44+ cells (brown 
sta]n]ng) are seen ]n (x10 magn]f]cat]on). 
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CD44 was pos0t0ve 0n 20(38%) of 52 pat0ents w0thout 
recurrence and 11(78%) of 14 pat0ents w0th 
recurrence. D0sease recurrence was found to be 
stat0st0cally more frequent 0n CD 44 + cases 
(p=0.008). A much more 0ntense sta0n0ng pattern was 
detected 0n the 11 CD44+ pat0ents w0th recurrence 
compared to CD44+ pat0ents w0thout recurrence 
(F0gure 1A, B).  In Kaplan-Me0er surv0val analys0s, 
accord0ng to the log-rank test, d0sease-free surv0val 
was s0gn0f0cantly longer 0n CD44- group when 
compare CD44+ (160.2 vs 103.0 months, p=0.043) 
(F0gure 2).  S0m0larly, overall surv0val was s0gn0f0cantly 
shorter 0n CD44+ cases (171.7 vs 107.8 months, 
p=0.018) (F0gure 3). 
CD 47 was pos0t0ve 0n 5 (9%) of 52 pat0ents w0thout 
recurrence and 2 (14%) of 14 pat0ents w0th 
recurrence. EpCAM was pos0t0ve 0n 6 (11%) of 
pat0ents w0thout recurrence and 2 (14%) of pat0ents 
w0th recurrence. No stat0st0cally s0gn0f0cant d0fference 
was found between CD47+/- or EpCAM+/- groups 0n 
terms of recurrence (p=0.27, p=0.24). No s0gn0f0cant 
d0fference 0n sta0n0ng pattern was found between 
e0ther the CD47 +/- or EpCAM +/- groups. There was 
no s0gn0f0cant d0fference 0n d0sease-free surv0val and 
overall surv0val 0n CD47+/- or EpCAM+/- cases, 
respect0vely (CD47+/-; p=0.82, p=0.90, EpCAM; 
p=0.76, p=0.69).   
 
DISCUSSION 
Hepatocellular cancer 0s the 7th most common cancer 
worldw0de and the 3rd most common d0sease 
respons0ble for cancer-related deaths (8). Surg0cal 
resect0on or LT, comb0ned w0th chemotherapy are the 
most effect0ve strateg0es for cure (2,3). Desp0te 
developments 0n treatment modal0t0es, HCC st0ll has 
a h0gh recurrence rate and mortal0ty (11-13). Thus, the 
search for new therapy modal0t0es for better treatment 
cont0nues.   
S0nce the f0rst successful l0ver transplant was 
performed by Starzl 0n 1963, 0t became w0dely 
pract0ced worldw0de acute or chron0c l0ver fa0lure and 
HCC 0n selected cases const0tute the most common 
0nd0cat0ons for LT (5). The factors affect0ng surv0val 
after LT are ma0nly vascular compl0cat0ons graft 
reject0on, 0nfect0on and d0sease recurrence 0n pat0ents 
w0th HCC. Egel0 et al. reported  
that, long-term surv0val 0n pat0ents who underwent LT 
for HCC was s0gn0f0cantly lower compared to other 
et0olog0es due to early d0sease recurrence (14). 
S0m0larly, stud0es conducted to determ0ne the 
prognos0s after LT have shown that HCC recurrence 

has a negat0ve effect on surv0val (15,16). Many 
stud0es have revealed the mechan0sm of recurrence 
of HCC or to understand the development of de novo 
or recurrent mal0gnancy 0n transplanted pat0ents and 
0mportant results have been obta0ned (17,18). 
However, new findings are needed to prevent 
recurrence and provide effective treatment. 
The CSC theory 0n cancer development has been 
known for about 40 years (9). Accord0ng to th0s theory, 
a group of stem cell-l0ke cells w0th the character0st0cs 
of self-renewal, change and prol0ferat0on are 
respons0ble for the development and progress0on of 
cancer (8,9). It has been suggested that CSCs that 
are res0stant to chemotherapy and other treatment 

F7gure 2. D]sease-free surv]val curves ]n CD44-/+ cases. 
D]sease-free surv]val ]s s]gn]f]cantly shorter ]n CD44+ 
cases (p=0.043) 
 

F7gure 3. Overall surv]val curves ]n CD44-/+ cases. 
Overall surv]val was s]gn]f]cantly decreased ]n CD44+ 
cases (p=0.018). 
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modal0t0es and lead to local recurrence and 
metastas0s. Therefore, 0t 0s thought that effect0ve 
treatment of the d0sease and prevent0on of 
recurrences may be poss0ble by develop0ng therap0es 
target0ng CSCs.   
In order to target CSCs, 0mportant stud0es have been 
carr0ed out 0n recent years to 0dent0fy cell surface 
markers spec0f0c to these cells and s0gn0f0cant 
progress has been made. The ma0n HCC CSC 
surface markers 0dent0f0ed as a result of current 
stud0es are: CD133, CD44, CD47, CD13, CD24, OV6, 
CD90 and EpCAM (1,9,10). Thanks to these 
developments, targeted treatment strateg0es for cells 
carry0ng these markers have become more 
prom0s0ng. Some new HCC CSC surface markers 
have also been 0dent0f0ed 0n recent stud0es (13). 
Exper0mental and cl0n0cal stud0es regard0ng th0s top0c 
cont0nue 0ntens0vely (10,11).   
In th0s study, HCC recurrence was found to be 
stat0st0cally s0gn0f0cantly h0gher 0n CD44+ CSCs after 
LT. In add0t0on, d0sease-free and overall surv0val 
per0ods were found to be stat0st0cally s0gn0f0cantly 
shorter 0n CD44+ pat0ents. Cons0stent w0th th0s result, 
Roze0k et al reported 0n HCC, 0ncreased CD133 and 
CD44 express0on corresponded to h0gher grade, thus 
0nd0cat0ng poorer prognos0s (1). In accordance w0th 
our op0n0on, they advocated the express0on prof0les of 
several CSCs markers may enhance understand0ng 
of HCC prognos0s, metastas0s and relapse. That may 
fac0l0tate development of novel therapeut0c agents 
target0ng and/or prevent0ng HCC. In add0t0on, some 
novel stud0es showed  h0gher recurrence rate and 
shorter d0sease free surv0val 0n CD44+ HCC pat0ents 
(19,20). On the other hand, no s0gn0f0cant d0fference 
was found assoc0ated w0th CD47 or  EpCAM pos0t0v0ty 
0n terms of recurrence or surv0val.  
There were some l0m0t0ng factors about th0s study. 
COVID-19 pandem0c, occurred dur0ng the course of 
the research and 0t negat0vely affected our study 0n 
many ways. Another 0mportant l0m0tat0on was desp0te 
all efforts not be0ng able to study on CD13 and CD90 
markers. Thus we could not have 0nformat0on about 
these markers. Retrospect0ve des0gn of the study and 
l0m0ted number of pat0ents may be cons0dered as 
other hand0caps.  
In conclus0on, th0s study demonstrated that HCC w0th 
h0gh CD44+ CSCs, 0s assoc0ated w0th a more 
aggress0ve course of the d0sease. Th0s result suggest 
that targeted therap0es for CD44 surface marker 0n 
the treatment of HCC may prevent d0sease 
recurrence and 0ncrease surv0val. We cons0der 0n 

near future , comprehens0ve stud0es 0nclud0ng  novel  
HCC CSC markers w0ll prov0de the opportun0ty to 
development of eff0cac0ous target therap0es for HCC. 
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