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Background: To explore new biomarkers for indicating the recurrence and prognosis in
hepatitis B virus (HBV)-related hepatocellular carcinoma (HCC) patients after tumor resection,
we investigated the expression and prognostic value of c-kit(CD117) in HBV-related HCC.
Materials and methods: Immunohistochemistry was used to estimate the expression of
c-kit(CD117) and CD34 in the liver cancer tissues. The correlations between the expression of
these biomarkers and the clinicopathologic characteristics were analyzed.

Results: The positive rate of c-kit(CD117) expression in 206 HCC cases was 48.1%, and c-kit
expression was significantly related with CD34-positive microvessel density. CD34-microvessel
density numbers were much higher in c-kit(+) HCC tissues than in c-kit(—) HCC tissues
(44.13£17.01 vs 26.87+13.16, P=0.003). The expression of c-kit was significantly higher in
patients with Edmondson grade III-IV (P<<0.001) and TNM stage III (P<<0.001). Moreover,
Kaplan—Meier survival analysis showed that c-kit (P<<0.001) expression was correlated with
reduced disease-free survival (DFS). Multivariate analysis identified c-kit as an independent
poor prognostic factor of DFS in HCC patients (P<<0.001).

Conclusion: Increased c-kit expression could be considered as an independent unfavorable prog-
nostic factor for predicting DFS in HBV-related HCC patients after surgery. These results could
be used to identify patients at a higher risk of early tumor recurrence and poor prognosis.
Keywords: c-kit, CD34, hepatocellular carcinoma, prognosis, immunohistochemistry

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common malignant tumor in the
world and the second leading cause of cancer-related death in men. HCC occurs all
over the world, but is mainly prevalent in East Asia, Central Africa, and parts of West
Africa, with China alone accounting for about 50% of the total number of cases and
deaths.! The most effective treatment for HCC is early curative resection or liver trans-
plantation. However, the rate of tumor recurrence and metastasis after liver resection
remains high, mainly due to the persistence of chronic hepatitis and cirrhosis. For those
who undergo hepatic resection, the recurrence rate is about 50% after 2 years.” There-
fore, risk factors and prognostic biomarkers for prognosis must be clarified to manage
patients after curative hepatectomy. There have been some investigations of cancerous
tissues of HCC to predict intrahepatic recurrence, especially intrahepatic metastasis.
In these investigations, the most frequent risk factors related with HCC were alcohol
intake and hepatitis C virus (HCV). However, up to 80% of HCC cases in China are
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attributable to hepatitis B virus (HBV).¢ Therefore, the field
of prognostic biomarkers for HBV-related HCC remains open
and requires further extensive investigation.

Angiogenesis is the basic and important stage in the
process of tumorigenesis, invasion, and metastasis. Tumor
angiogenesis also contributes to the aggressiveness and poor
prognosis of HCC.” Neovascularization not only supplies
oxygen and nutrients to the proliferative tumor cells, but
also serves as the conduit for migration.® CD34 is an antigen
associated with neovascularization and can be detected in
some kinds of tumors that originate from blood vessels or
mesenchymal tissue.’ Thus, at present, CD34 is used to label
microvessel density (MVD).'" MVD is the most recognized
indicator to evaluate angiogenesis of solid tumors. !

The proto-oncogene c-kit is a member of the platelet-
derived growth factor receptor family and encodes a receptor
tyrosine kinase. It has been reported that c-kit is expressed
in many tumors and is well known to be highly expressed in
gastrointestinal stromal tumors.'? Imatinib, targeting c-kit,
a small compound that selectively inhibits the activity of a
limited number of receptor tyrosine kinases, has been shown
to exert marked clinical activity in malignant gastrointestinal
stromal tumors (GISTs)." But only little data exist regarding
the overexpression of c-kit in HCC. The positive expres-
sion of c-kit was observed in the mitotic, proliferating, and
also dysplastic hepatic cells.'* Others have reported that the
c-kit(+) tumor cells might be present in human HB V-associ-
ated HCC.'s Furthermore, previous studies have revealed that
CD34 and c-kit may be used as indicators closely related to
the invasion and metastasis of malignant tumors.'"* How-
ever, paradoxical results have also been noted.>'®!” Becker
et al® found that the overall percentage of c-kit-positive
immunohistochemical (IHC) staining of HCC (related with
alcohol in about 50% of patients) was 2.3% (6/258) and there
seems to be no role for the use of imatinib. CD34 expres-
sion also cannot be used singly as a prognostic indicator for
pancreatic cancer and HCC patients.'®'8

In this study, IHC was used to evaluate the expression
of CD34 and c-kit in patients with HCC undergoing radical
hepatectomy. The expression of c-kit in HCC and its rela-
tionship with clinicopathologic features and prognosis were
calculated and analyzed.

Materials and methods

Subjects and samples

We identified 206 cases of HCC and 23 cases of liver cirrhosis
without HCC who had undergone segmentectomy or lobec-
tomy of the liver at the hepatobiliary surgery center of Beijing
302 Hospital (Beijing, China). All HCC patients were staged

at the time of surgery according to the guidelines of the
American Association for the Study of Liver Diseases."” All
HCC patients underwent initial curative hepatectomy between
May 2010 and October 2013, with a total follow-up time of
48 months. Curative hepatectomy was defined as a resection
in which all of the tumors were macroscopically resected at
the time of surgery. All diagnoses of HCC were confirmed
pathologically. All HCC patients had a history of >10 years
of chronic HBV infection. All patients were hospitalized or
followed up in Beijing 302 Hospital. All the patients included
in the study had received antiviral therapy (nucleoside/
nucleotide analogs) >1 year. All 206 cases of HCC patients
were hepatitis B virus surface antigen positive. Seventy-nine
patients were serum hepatitis B e-antigen (HBeAg) positive.
All the patients were serum HBV-DNA negative. Exclusion
criteria included: 1) patients with intrahepatic cholangio-
carcioma or other concomitant tumors; 2) patients with past
history of alcohol addiction; 3) patients who received pre-
operative interventional treatment, local ablation treatment,
radiotherapy, or chemotherapy; 4) patients with coinfections
of HCV, hepatitis D virus, and human immunodeficiency
virus infections; and 5) patients who had concurrent autoim-
mune liver disease or alcoholic liver disease. The clinico-
pathologic characters of patients, such as gender, age, tumor
diameter, serum alpha-fetoprotein (AFP) level, HBeAg status,
liver cirrhosis, vascular invasion, Edmondson grade, and
TNM stage, were summarized. The patients enrolled in this
retrospective study consisted of 136 males and 70 females
with a mean age of 56.3 years (range 32—65 years). The
preoperative liver function of all patients was classified as
Child—Pugh class A. Tumor differentiation grades were
defined according to the Edmondson—Steiner classification
system. Tumor clinical staging followed the sixth edition
TNM classification standard revised by the International
Union against Cancer. All 206 patients were followed up and
all relevant data were collected. Disease-free survival (DFS)
was analyzed as the length of time from the date of surgery to
the date of recurrence. Diagnosis of HCC recurrence is based
on noninvasive criteria or biopsy.'>? Noninvasive criteria can
only be applied to cirrhotic patients and are based on imaging
techniques obtained by four-phase multidetector computed
tomography scan or dynamic contrast-enhanced magnetic
resonance imaging.?’ Healthy liver tissues were collected
from fifteen donation after cardiac death (DCD) donors whose
livers were subsequently used for liver transplantation. The
study protocol was in accordance with the ethical guidelines
of the 1964 Declaration of Helsinki and was approved by the
Ethics Committee of Beijing 302 Hospital. Written informed
consent was obtained from all participants.
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IHC staining

IHC staining adopted a two-step method according to
PV-9000 instructions, and the main protocols are as follows.
Surgically resected tissue samples were soaked in formalin,
embedded in paraffin, and cut into 4 um slices. Slices
were baked at 65°C for 30 min and then soaked in xylene
(10 minx2) and decreasing concentrations of ethanol (100%
5 minx2, 95% 3 minx2, 90% 2 minx1, 80% 2 minx1). After
that, the slices were washed with tap water (2 minx2) and
distilled water (2 minx2). The antigen was retrieved in the
heated citrate buffer (92°C—98°C, pH 6.0) for 15 min and then
cooled to room temperature for 2 hours. After performing
distilled washing for two times, 3% H,0, was used to elimi-
nate endogenous peroxidase at room temperature for 30 min.
Next, the slices were washed with tap water (3 minx3), dis-
tilled water (3 minx2), and PBS (2 minx2). After blocking
with 5% concentration of sheep serum for 30 min at room
temperature, the slices were incubated with primary anti-
bodies CD34 (dilution 1:100, MA1-10202; Thermo Fisher
Scientific, Rockford, IL, USA) and CD117 (dilution 1:100,
MAS5-12944; Thermo Fisher Scientific) at 4°C overnight. The
next day, the slices were incubated at room temperature for
5-10 min and then washed with PBS (3 minx3). They were
incubated with Second Antibody Enhancer at 37°C for 20 min
and washed with PBS (3 minx3). They were then incubated
with secondary antibody at 37°C for 20 min and washed
with PBS (3 minx3). The coloration was observed by apply-
ing DAB for 5 min. Slices were dipped in tap water to stop
coloration and washed for three times. Slices were soaked
in hematoxylin solution for 1 min and then washed with tap
water for three times. Next, the slices were dehydrated in
an increasing concentration of ethanol (80% 2 minx1, 90%
2 minx1, 95% 2 minx2, 100% 2 minx2) and soaked in xylene

(2 minx2). After mounting the slices, they were scanned by
the slice scanning instrument (Nano Zoomer) and scored by
two independent pathologists. The positive controls came
from the pathology, and the negative controls were treated
with PBS instead of primary antibody.

IHC scoring method

Quantitative IHC scores of c-kit(CD117) were composed
of the proportion of positively stained cells (0—4) and the
staining intensity (0—3). The proportion score was calculated
as 0 (<5%), 1 (6%-25%), 2 (26%—50%), 3 (51%—75%),
and 4 (>76%). As show in Figure 1, the intensity score
was calculated as 0 (), 1 (+), 2 (++), and 3 (+++). The final
THC score was the product of proportion score and intensity
score.?! It is positive when the final score is =1.

The location of CD34 staining was vascular endothelial
cells. Thus, the IHC result of CD34 staining is represented
by the MVD. First, the regions with the highest positive
rate (hot spots) were selected at low magnification (100x).
Then, three regions in the hot spots were selected randomly
at high magnification (200x) and the average of the number
of positive vascular endothelial cells was calculated as MVD,
expressed by the mean+SD.!"!® The median MVD (30.14)
was used as the cutoff for CD34 high or low expression.

Statistical analysis

Quantitative data were expressed as meantSD. The Mann—
Whitney U test was used for quantitative analysis of data
between two groups. Categorical data were expressed as
frequency with percentage. Categorical variables were
statistically analyzed using the Pearson’s y* test or Fisher’s
exact test. DFS was calculated using the Kaplan—Meier
method, and comparisons between the groups were made
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Figure | Representative IHC images of c-kit and CD34 staining according to the intensities of c-kit and CD34 staining in the consecutive clinical specimens of HCC.

Notes: (A, B) c-kit was scored as 0, with negative expression (100x, 200x). (C, D) CD34 staining in the continuous slices corresponding to A, B (100x, 200x). (E, F) c-kit
was scored as |, defined as (+) expression (100x, 200x). (G, H) CD34 staining in the continuous slices corresponding to E, F (100x, 200x). (I, J) c-kit was scored as 2, defined
as (++) expression (100x, 200x). (K, L) CD34 staining in the continuous slices corresponding to I, J (100x, 200x). (M, N) c-kit was scored as 3, defined as (+++) expression
(100x, 200x). (O, P) CD34 staining in the continuous slices corresponding to I, J (100x, 200x).

Abbreviations: HCC, hepatocellular carcinoma; IHC, immunohistochemistry.
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using log-rank tests. Multivariate survival analysis was
performed using Cox proportional hazards regression
model. All data were analyzed using SPSS version 16.0
for Windows (SPSS, Chicago, IL, USA). Tests were two-
sided and a probability (P) value of <0.05 was considered
statistically significant.

Results

c-kit(CD117) and CD34 expression

by IHC

In healthy liver tissues, none or indefinite c-kit positivity was
seen (0/15) (Figure 2A-B). In healthy liver tissues, 2 cases
were positive for CD34 expression (2/15) (Figure 2C-D).
Only 2 of 23 cirrhosis cases showed c-kit-positive staining
(Figure 2E—F). Only 5 of 23 cirrhotic cases showed CD34-
positive staining (Figure 2G—H). The greatest number of the
c-kit positive cells was found in the liver cancer tissues of
patients with HCC. The positive rate of c-kit expression in
206 HCC cases was 48.1% (99/206), with positive expression
observed in the cellular membrane or endochylema (Figure 21
and 2J). We observed that the positive rate of CD34 expres-
sion in HCC was 100%(206/206), with positive expression
observed in the peribiliary capillaries and periportal and
perilobular sinusoids (Figure 2K-L). Both c-kit- and CD34-
positive expression were significantly higher in HCC tissues
than in other groups (Table 1). The MVD of CD34-positive
cells in HCC tissues ranged from 11.24 to 108.53. More-
over, CD34-MVD numbers were much higher in c-kit(+)
HCC tissues than in c-kit(—) HCC tissues (44.13£17.01 vs
26.87+13.16, P=0.003; Figure 3).

Correlation between c-kit(CD117) or

CD34 and clinicopathologic features

The correlations of c-kit(CD117) expression with clinico-
pathologic parameters are listed in Table 2. The expression
of c-kit(CD117) was significantly related to Edmondson
grade (P<<0.001) and TNM stage (P<<0.001), but was not
significantly associated with age, gender, tumor diameter,
vascular invasion, liver cirrhosis, HBeAg status, or AFP level
(P>0.05; Table 2). When the median value (30.14) of MVD
was used as the cutoff point for CD34 expression, all the 206
HCC patients were divided into two subgroups: high CD34
group (MVD>30.14) and low CD34 group (MVD=30.14).
Increased expression of CD34 was correlated with vascular
invasion (P=0.042) and Edmondson grade (P<<0.001). How-
ever, CD34 expression was not significantly related with age,
gender, tumor diameter, cirrhosis, HBeAg status, AFP level,
or TNM stage (P>0.05; Table 2).

Relationship between CD34 or c-kit

expression and prognosis

The median DFS was 37 months in the entire cohort of
206 patients. It was found that the expression of c-kit in HCC
patients was negatively correlated with DFS. HCC patients
with positive expression of c-kit had significantly shorter
DFS than those with negative expression of c-kit (26 vs
40 months, P<<0.001; Figure 4A). However, Kaplan—-Meier
analysis revealed no significant difference between patients
with CD34-high expression, that is, MVD>30.14, and those
with CD34-low expression, that is, MVD=30.14 (38 vs
35 months, P=0.670; Figure 4B).
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Figure 2 Representative IHC images of c-kit and CD34 staining in the consecutive clinical samples from one HC, one patient with LC, and one patient with HCC,

respectively.

Notes: (A, B) c-kit staining in the HC (100x, 200x). (C, D) CD34 staining in the HC with continuous slices according to A, B (100x, 200x). (E, F) c-kit staining in the LC
(100x, 200x). (G, H) CD34 staining in the LC with continuous slices according to E, F (100x, 200x). (I, J) c-kit staining in the HCC (100x, 200x). (K, L) CD34 staining in

the HCC with continuous slices according to I, J (100x, 200x).

Abbreviations: HCC, hepatocellular carcinoma; IHC, immunohistochemistry; LC, liver cirrhosis; HC, healthy control.
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Table | Differential expression of c-kit and CD34 in healthy liver
tissues, cirrhosis tissues, and HCC tissues

Tissues Healthy Cirrhosis HCC

liver tissues tissues tissues
Case number 15 23 206
c-kit-positive expression 0 (0%)* 2 (8.7%)* 99 (48.1%)°<
CD34-positive expression 2 (13.3%)* 5(21.7%)* 206 (100%)°<

Notes: :P<<0.05 compared to HCC tissues group; *P<<0.05 compared to cirrhosis
tissues group; ‘P<<0.05 compared to healthy liver tissues group. Data are expressed
as number with percentage.

Abbreviation: HCC, hepatocellular carcinoma.

Univariate and multivariate survival
analyses of prognostic variables in
HCC patients

Table 3 shows the results of the univariate and multivariate
survival analyses for variables measured at baseline. Param-
eters associated with DFS were c-kit expression, age, tumor
diameter, vascular invasion, Edmondson grade, AFP level,
and TNM stage. Subsequent multivariate survival analysis
was conducted by incorporating all the above factors as
covariates. In multivariate analysis, c-kit expression was an
independent prognostic factor for DFS (hazard ratio 3.583,
95% CI2.170-5.917; P<<0.001). Additionally, Edmondson
grade, AFP level, and TNM stage were also of significant
value in predicting DFS. Detailed results are shown in
Table 3. To further elucidate the validity of c-kit expression
level in predicting the postoperative recurrence, Kaplan—
Meier survival analysis was used to compare DFS of patients
with weak and strong positive c-kit. The median value (2)
of THC score of c-kit-positive cells was used as the cutoff.
According to the median value, these patients were divided
into weak positive c-kit group (=2) and strong positive c-kit
group (>2). Both strong positive c-kit (16 vs 40 months,

100 =
P=0.003
| |

80 =
S

E. 60 =
3

A 40-
(&}

20 -

c-kit positive c-kit negative

Figure 3 Immunohistochemical staining of CD34, labeled by MVD, in HCC tissues.
Note: MVD numbers were higher in HCC with positive c-kit expression compared
to that with negative c-kit expression (44.13£17.01 vs 26.87+13.16, P=0.003).
Abbreviations: HCC, hepatocellular carcinoma; MVD, microvessel density.

P<0.001; Figure 5) and weak positive c-kit (34 vs 40 months,
P<0.001) groups had a shorter DFS time than those with
negative expression of c-kit. Notably, the strong positive
c-kit group also had a shorter DFS time compared to the weak
positive c-kit group (16 vs 34 months, P<0.001; Figure 5).

Discussion

The recurrence rate of HCC after curative surgical resec-
tion remained very high. In China, up to 80% of HCC cases
are attributable to HBV and ~20% of HCC patients test
positive for HCV-RNA.?2 Long-term follow-up data after
surgery showed that the recurrence rate of HBV-positive
HCC patients was 59%.% Therefore, high-quality prognostic
markers are very important in clinical use.

The positive expression rate of CD34 in 206 HCC cases
was 100%, which is consistent with the multivascular supply
of HCC and the ability related to tumoral vascular formation.>*
Wang et al® found CD34 was an independent prognostic
factor for overall survival and recurrence-free survival in
HCC. However, in our study, CD34 expression was negatively
correlated with Edmondson grade. In addition, univariate
and multivariate analyses showed that CD34 expression
had no independent impact on DFS in HCC patients. Sup-
porting our data, Wu et al'” have shown that positive CD34
expression has no significant effect on the prognosis of HCC
patients. Therefore, it remains elusive whether CD34 can be
used as a prognostic indicator for HCC patients.

c-kit(CD117) is a transmembrane tyrosine kinase that
acts as a receptor for mast cell growth factor.?® It belongs
to the receptor kinases type III family and can be detected
in some normal cells, including hematopoietic stem cells.”’
Different studies assessing c-kit expression in HCC have
shown contradictory results, with some showing increased
expression and others reporting no or weak expression.>!*1
Our study of 206 HBV-related HCC tissue sections showed
that c-kit receptors were expressed in 48.1%. This result
confirms the results of previous studies. Kara et al'* have
shown the overall percentage of c-kit-positive IHC staining of
HBV-related HCC was 82.6%. In addition, Lee et al"® found
40 of 50 HBV-associated HCC tissue sections (80%) positive
for c-kit by IHC staining. In contrast to these results, Becker
et al® found that the overall percentage of c-kit-positive
IHC staining of HCC (related with alcohol in about 50% of
patients) was 2.3% (6/258). In their study, only 1/90 patient
with hepatitis was positive for c-kit. We also found that the
overall percentage of c-kit-positive IHC staining of HCV-
related HCC samples was <15% (Figure 6). We have no
valid explanation for the contradiction between the results of
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Table 2 Relationship between c-kit(CD | 17), CD34 expression, and clinicopathologic parameters in 206 patients with HCC

Parameters c-kit(+) c-kit(-) r P-value CD34- CD34- r P-value
MVD high MVD low

N (%) 99 (48.1%) 107 (51.9%) 102 (49.5%) 104 (50.5%)

Age (years)
=60 67 (45.3%) 81 (54.7%) 1.264 0.261 74 (50%) 74 (50%) 0.050 0.824
>60 32 (55.2%) 26 (44.8%) 28 (48.3%) 30 (51.7%)

Gender
Male 59 (43.4%) 77 (56.6%) 2.976 0.085 71 (52.2%) 65 (47.8%) 0.864 0.352
Female 40 (57.1%) 30 (42.9%) 31 (44.3%) 39 (55.7%)

Tumor diameter (cm)
=5 57 (44.2%) 72 (55.8%) 1.679 0.195 66 (51.2%) 63 (48.8%) 0.219 0.639
>5 42 (54.5%) 35 (45.5%) 36 (46.8%) 41 (53.2%)

Vascular invasion
Present 19 (57.6%) 14 (42.4%) 1.008 0.315 Il (33.3%) 22 (66.7%) 4.116 0.042
Absent 80 (46.2%) 93 (53.8%) 91 (52.6%) 82 (47.4%)

Edmondson grade
-l 20 (27.8%) 52 (72.2%) 17.010 <0.001 54 (75.0%) 18 (25.0%) 27213 <0.001
-V 79 (59.0%) 55 (41.0%) 48 (35.8%) 86 (64.2%)

Liver cirrhosis
Present 86 (47.3%) 96 (52.7%) 0.176 0.675 93 (51.1%) 89 (48.9%) 1.072 0.301
Absent 13 (54.2%) I'l (45.8%) 9 (37.5%) I5 (62.5%)

HBeAg
Positive 40 (50.6%) 39 (49.4%) 0.194 0.660 35 (44.3%) 44 (55.7%) 1.074 0.300
Negative 59 (46.5%) 68 (53.5%) 67 (52.8%) 60 (47.2%)

AFP level (ug/L)
=400 23 (45.1%) 28 (54.9%) 0.106 0.744 27 (52.9%) 24 (47.1%) 0.162 0.687
>400 76 (49.0%) 79 (51.0%) 75 (48.4%) 80 (51.6%)

TNM stage
-l 35 (27.3%) 93 (72.7%) 55.939 <0.001 62 (48.4%) 66 (51.6%) 0.064 0.801

64 (82.1%) 14 (17.9%)

40 (51.3%)

38 (48.7%)

Note: Data are expressed as number with percentage.
Abbreviations: AFP, alpha-fetoprotein; HBeAg, hepatitis B e-antigen; HCC, hepatocellular carcinoma; MVD, microvessel density.

c-kit staining of HCC in different studies. Our results further

demonstrated that c-kit overexpression was significantly
associated with poor Edmondson grade and advanced TNM
stage. These findings suggest an important role for c-kit in

tumor development and progression.

>

DFS rate (%)

In our study, all HCC patients had a history of >10 years
of chronic HBV infection and had received antiviral therapy

(nucleoside/nucleotide analogs) >1 year. All patients

were hepatitis B virus surface antigen positive and serum

HBV-DNA negative. Seventy-nine patients were serum

B
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Figure 4 Kaplan—Meier curves for patients regarding DFS are plotted. c-kit(CD | 17) expression was divided into a positive group (n=99) and a negative group (n=107), and
CD34 expression was divided into an MVD-high group (n=102) and an MVD-low group (n=104). A log-rank test was used to calculate significance.
Notes: (A) HCC patients with c-kit positivity showed notably worse DFS rates than those with c-kit-negativity (26 vs 40 months, P<<0.001). (B) There was no significant
difference between HCC patients with high CD34-MVD and those with low CD34-MVD (38 vs 35 months, P=0.670).
Abbreviations: DFS, disease-free survival; HCC, hepatocellular carcinoma; MVD, microvessel density.
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Table 3 Univariate and multivariate analysis of factors associated with DFS

Parameters Univariate 95% CI P-value Multivariate 95% CI P-value
analysis analysis
Hazard ratio Lower-upper Hazard ratio Lower-upper
c-kit(positive/negative) 2710 1.845-3.980 <0.001 3.583 2.170-5.917 <0.001
CD34-MVD(high/low) 0.925 0.638-1.340 0.679
Age (>60/=60 years) 1.712 1.114-2.633 0.014
Gender (male/female) 0.923 0.631-1.788 0.474
Tumor diameter (>5/=5 cm) 1.995 1.362-2.922 0.001
Vascular invasion (present/absent) 4.091 2.546-6.575 <0.001
Edmondson grade (IlI-V/I-l) 2.531 1.679-3.815 <0.001 1.912 1.144-3.196 0.013
Liver cirrhosis (present/absent) 0.973 0.490-1.934 0.938
HBeAg (positive/negative) 0.812 0.546—1.208 0.304
AFP level (>400/=400 pg/L) 2.769 1.751-4.379 <0.001 2.705 1.550-4.719 <0.001
TNM stage (1ll/1-11) 7.081 4.668-10.742 <0.001 2,978 1.707-5.195 <0.001

Abbreviations: AFP, alpha-fetoprotein; DFS, disease-free survival; HBeAg, hepatitis B e-antigen; MVD, microvessel density.

HBeAg positive. However, c-kit expression was not sig-
nificantly correlated with HBeAg status (P=0.660). Further
researches are needed to investigate the relationship between
HBYV and c-kit in hepatic cells.

In our study, it was found that DFS was significantly
different between patient groups with positive and nega-
tive expression of c-kit. We further observed that c-kit was
an independent poor predictor of DFS in the multivari-
able analysis. Therefore, we believe that c-kit(CD117) can be
used as an indicator of prognosis for resectable HB V-related
HCC patients.

c-kit expression
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Figure 5 Kaplan—Meier analysis of DFS curves of patients with HCC based on c-kit
expression as strong positive (n=51), weak positive (n=48), or negative (n=107).
Notes: The HCC patients with c-kit positivity showed much worse DFS rates
than those with c-kit-negativity. The survival of patients with strong positive c-kit
expression was poorest.

Abbreviations: DFS, disease-free survival; HCC, hepatocellular carcinoma.

Angiogenesis is critical for the growth and progression
of HCC. It was found that the CD34 antigen is related to
vascular formation.? Interestingly, we found that there
was a significantly positive correlation between c-kit and
CD34 expression. This raises a possibility that c-kit might
be involved in angiogenesis in HCC. However, additional
researches are required to explore the “true” roles of c-kit in
tumor angiogenesis in HCC.

A few limitations deserve further discussion. First of all,
because data were retrospectively recorded from patients,
this study may be associated with a potential selection bias.
Second, in our study, there is no direct evidence that c-kit
plays a key role in the development and progression of HCC.
Despite these shortcomings, the advantage of our study is that
we examined the expression of ¢-kit in HCC tissue developed
in HBV infection progress.
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Figure 6 Representative IHC images of c-kit and CD34 staining in the continuous
slices of clinical HCV-related HCC.

Notes: (A, B) c-kit staining was marked as negative (100%, 200x). (C, D) CD34
staining in the continuous slices corresponding to A, B (100x, 200x). (E, F) c-kit
staining was marked as weak positive (100X, 200x). (G, H) CD34 staining in the
continuous slices corresponding to E, F (100x, 200x).

Abbreviations: HCC, hepatocellular carcinoma; HCV, hepatitis C virus; IHC,
immunohistochemistry.
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Taken together, our data demonstrated, for the first time,
that upregulation of c-kit is an independent prognostic factor
for predicting early tumor recurrence and poor prognosis in
HBV-related HCC. Therefore, c-kit might be used to identify
patients at a higher risk of early tumor recurrence and repre-
sents a potential therapeutic target for this disease.?®
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