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CD90 has been identified as a candidate marker of cancer stem cells (CSCs) for HCC, whereas it also has been considered
as a marker for tumor-associated fibroblasts (CAFs). OCT4, as a key transcription factor required to maintain pluripotency of
human embryonic stem cell and cancer cells, has been characterized to be involved in malignant transformation and tumori-
genesis of various cancers. This study aimed to examine expression patterns of CD90 in HCC and investigate whether com-
bination of both CD90 and OCT4 could provide a more powerful predictor for prognosis of HCC than either one alone.

CD90 and OCT4 were examined by immunohistochemistry. The relationship between CD90/OCT4 expression and
clinicopathologic characteristics was analyzed. The correlation between CD90/OCT4 expression and overall survival and
disease-free survival was determined with Kaplan-Meier analysis.

CD90 was found mainly expressed in tumor-associated CAFs and OCT4 was mainly expressed in tumor cells. The ex-
pression of CD90 and OCT4 in HCC was significantly higher than in adjacent non-tumor and normal liver tissues. CD90
expression was correlated with pathological grade, satellite lesion, PVTT and recurrence. OCT4 expression was correlated
with pathological grade, tumor size and recurrence. Data demonstrated no correlation between CD90 and OCT4. High ex-
pression of CD90 or OCT4 predicts a poor prognosis. Furthermore, combination of both CD90 and OCT4 provides a more
sensitive predictor for prognosis of HCC than either marker alone.

CD90 and OCT4 are both independent and reliable biomarker for predicting prognosis of HCC patients after hepatic
resection. Our results indicated the accuracy of prediction can be enhanced by their combination.
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Hepatocellular carcinoma (HCC) is one of the most aggres-
sive malignancies worldwide, especially in China, East Asia
and South Africa [1]. The main risk factors associated with
HCC are chronic hepatitis B or hepatitis C, aflatoxin B and
alcoholism [2-5]. Despite great improvement in the curative
treatments, such as surgical resection, radiofrequency abla-
tion and liver transplantation, the long-time survival after
HCC resection still remains unsatisfactory, because of a high
incidence of recurrence [6]. So it is very important and urgent
to find an effective biomarker to identify patients with a high
risk of recurrences, and provide appropriate therapy to reduce
the risk.

Recently, the concept of tumor microenvironment (TME)
had been proposed and extensively accepted that tumor cells
and tumor-associated stroma cells interact with each other
and influence disease initiation, progression and prognosis
together [7]. In the TME, cancer-associated fibroblasts (CAFs),
amain kind of tumor-associated stroma cells, are distinct from
normal fibroblasts and are present in aberrantly high numbers.
CAFs play a crucial role in tumorigenesis and tumor metastasis
by providing a major source of secreted growth factors [8].

CD90 (also known as Thy-1) is a 25-37 kDa cell surface
glycoprotein. In humans, it is mainly expressed on several
types of cells including: fibroblasts, blood stem cells and
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activated microvascular endothelial cells (ECs) [9, 10].
Nevertheless, high level of CD90 expression has also been
observed in CAFs [11-13]. Sukowati et al [14] found that
CAFs isolated from human HCC tissues were positive for
CD90. In addition, Chen et al’ study [15] identified CD90 as
one of markers of CAFs and demonstrated that CD90* CAFs
promoted stem-like properties in lung cancer cells. However,
the prognostic value of CD90 as the biomarker of CAFs is
not well-known.

OCT4 (also known as POU5F1) is one of embryonic
stem cell markers. OCT4 plays an important role in the
maintenance of the stemness properties [16, 17]. Normally,
expression of OCT4 is confined to pluripotent cells in the
developing embryo [18, 19]. Recently, OCT4 expression had
been observed in cancer cells of some malignancies, such as
breast and prostate cancer, bladder cancer and HCC [20-23].
Latest studies demonstrated that OCT4 plays crucial roles in
the malignant behavior of embryonic stem cells (ESCs) [24].
What's more, OCT4 inactivation leaded to regression of the
malignancy, indicating significance of OCT4 for maintaining
the malignant phenotype and determining the oncogenic fate
of ESCs [25]. However, relatively little is known about the
prognostic value of OCT4.

It is therefore of interest to investigate CD90 and OCT4
as potential and reliable biomarkers for HCC patients after
curative resection. Though there have been studies reporting
prognostic value of OCT4 for HCC [26], testing combination
of CD90 and OCT4 for prediction of prognosis has not been
previously investigated. The prognostic accuracy of testing can
be enhanced by combination of them, because effects of tumor
cells and stroma cells were both taken into consideration by
the combination.

Methods

Ethics. This study was approved by the medical ethics
committee of the West China hospital, Sichuan University. All
participating subjects voluntarily offered written informed con-
sent. All clinical investigations were conducted in accordance
with the principles expressed in the Declaration of Helsinki.

Patients and tissue samples. Paraffin-embedded liver
specimens used in this study were obtained from the West
China hospital, Chengdu, China. HCC tissue samples (n=86)
and corresponding adjacent non-tumor tissues (n=86)were

obtained from patients who underwent curative resection
form April 2009 to March 2011. The diagnoses of these HCC
samples were verified by senior pathologists. None of the
patients had received prior radiotherapy or chemotherapy
treatment when the tissue samples were collected. Complete
pathological and clinical data were all collected and described
in Table 2. Cirrhosis samples (n=22) and hepatitis samples
(n=11) were collected from individuals without cancers who
went though hepatic resection or hepatic puncture biopsy. In
addition, 10 normal liver tissues were obtained from adult
patients who underwent hepatectomy for benign conditions
such as hemangioma. All samples were obtained with previ-
ous written consent.

Follow-up. Post-operative patients were followed up once
a month during the first half year, and then every 3 months
afterwards. Serum AFP level and abdominal ultrasonography
were performed each time during the routine review. Comput-
ed tomography (CT) was conducted every 3 to 6 months after
operation. Survival status of all patients was obtained from
patient records or follow-up telephone calls by the endpoint
of April 2015. Date of death for each patient was verified by lo-
cal civil affairs department. Survival time was calculated from
the date of operation to the date of death or the last follow-up.
The median follow-up period was 31.5 months (range 3 to 72
months). Recurrence was confirmed on the basis of positron
emission tomography -CT (PET-CT), or the combination of
increased serum AFP levels and evidences from ultrasonog-
raphy, CT, magnetic resonance imaging (MRI), according to
the latest guidelines released. Increase in serum AFP alone
was not considered as evidence of recurrence.

Immunohistochemical (IHC) staining. The paraffin-
embedded tissues were cut into 4-mm-thick sections for ITHC
staining using a standard two-step method. After the slides
were deparaffinized and rehydrated, antigen retrieval was
achieved in 10mM sodium citrate buffer (pH 6.0) for 30 min
at 98°C. Then, slides were treated with 3% hydrogen peroxide
20 min for the inactivation of endogenous peroxidase.

After blocking for 30 min, sections were incubated with
mouse anti-CD90 (Abcam, ab181469, at 1:400 dilution) or
rabbit anti-OCT4 (Abcam, ab19857, at 1:150 dilution) primary
antibodies overnight at 4°C. After washing, slides were then
incubated with HRP-labeled secondary antibody for 40 min
at 37°C. 3,3’-Diaminobenzidine tetrahydrochloride (DAB)
was used as the suitable substrate-chromogen and Mayer’s

Table 1. The expression of CD90 and OCT4 in different types of liver diseases

Group N Expression of CD90 Expression of OCT4

High Low High Low
Normal liver 10 2 (20.0%) 8(80.0%) 0 (0%) 10 (100.0%)
Hepatitis 11 6 (54.5%) 5 (45.6%) 4(36.4%) 7 (63.6%)
Cirrhosis 22 19 (86.4%) 3(13.6%) 6(27.3%) 16 (72.7%)
Adjacent non-tumor 86 41 (47.7%) 45 (52.3%) 30 (34.9%) 56 (65.1%)
HCC 86 58 (67.4%) 26 (32.6%) 52 (60.5%) 34 (39.5%)
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hematoxylin was used for nuclear counterstaining. Negative
controls were treated the same way, replacing the primary
antibody by mouse or rabbit IgG..

Evaluation of staining. Three random fields (x400) were
examined and photographed with a Leica optical microscope.
Two pathologists (Gong and Guan) who were blinded to
the clinical data examined the slides independently. Im-
munohistochemical staining was evaluated by using the
immunoreactivity score (IRS) as previously described [27].
The details were as follows: The staining intensity was scored
as 0 (negative), 1 (weak), 2 (moderate), and 3 (strong). The ex-
tent of staining was scored as 0 (0%), 1 (<10%), 2 (10%-50%),

3 (51%-80%), and 4 (>80%), according to the percentages of
the positive staining areas in relation to the entire carcinoma.
The IRS (0-12) was then calculated by multiplying the score
values. For the purpose of staining evaluation, sections were
graded as high expression (total score >4) and low expression
(total score <4).

Statistical analysis. Statistical analyses were performed
with the SPSS version 19.0 software (Chicago, IL, USA)
and GraphPad Prism version 5.0 (La Jolla, CA). The Mann-
Whitney U test was employed to compare expression level
of CD90 and OCT4 among different types of liver diseases.
Chi-square test or Fisher’s exact test was used to assess dif-

Table 2. Correlation between clinicalpathological characteristics and expression of CD90 and OCT4 in HCC patients

CD90 expression OCT4 expression
Variables Case P value P value
High Low High Low

Gender 58 28 52 34
Male 67 46 21 0.652 42 25 0.429
Female 19 12 7 10 9

Age (years)
<60 69 46 23 0.757 42 27 0.518
>60 17 12 5 10 7

HBsAg
Negative 13 7 6 0.337 6 7 0.252
Positive 73 51 22 46 27

AFP (ng/ml)
<400 42 31 11 0.218 21 21 0.077
>400 44 27 17 31 13

Cirrhosis
Yes 45 33 12 0.222 28 17 0.727
No 41 25 16 24 17

Tumor Size (cm)
<5 39 26 13 0.889 19 20 0.042*
>5 47 32 15 33 14

Pathological grade
WD 12 5 7 0.030* 3 9 0.008*
MD 57 38 19 35 22
PD 17 15 2 14 3

Tumor encapsulation
Complete 48 32 16 0.873 28 20 0.650
Incomplete 38 26 12 24 14

Satellite lesion
Yes 18 16 2 0.029* 13 5 0.251
No 68 42 26 39 29

PVTT
Yes 30 25 5 0.021* 19 11 0.690
No 56 33 23 33 23

Recurrence
Yes 59 45 14 0.010* 43 16 <0.001*
No 27 13 14 9 18

* Statistically significant (P<0.05)

HBsAg, hepatitis B surface antigen; AFP, Alpha-fetoprotein; PD, poorly differentiated; MD, moderately differentiated; WD, well differentiated; PVTT, portal

vein tumor thrombi;
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ferences between categorical variables. Spearman correlation
test and Chi-square test were performed to evaluate the
correlation between CD90 and OCT4 expression. Survival
analyses were determined using the Kaplan-Meier method
with GraphPad Prism v 5.0. Log-rank test was applied to
compare survival of patients between subgroups. Univariable

analysis was firstly used to determine prognostic factors for
patients. Then variables with statistical significance from the
univariable analysis were entered in the multivariable analy-
sis, performed with the Cox-proportional hazards model
with forward stepwise selection. P <0.05 was considered
statistically significant.
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Figure 1. CD90 expression in different types of liver diseases. (A) Immunohistochemical staining in normal liver (a), hepatitis (b), cirrhosis (c), adjacent
non-tumor (d), and HCC (e, f). Original magnification: 100x(a-e) and 400x(f). (B) Expression fraction of CD90. (C) Comparison of staining score of

CD90 expression among different types of liver diseases.
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Results

Expression patterns of CD90 in different types of liver
diseases. We examined expression of CD90 in 86 pairs of HCC
and adjacent non-tumor tissues, 22 cirrhosis, 11 hepatitis and
10 normal liver tissues using immunohistochemistry stain-
ing. In normal livers, CD90 only showed weak and sparse
staining in the portal tract area. Only 20% normal liver tis-

A

sues expressed high level of CD90 (2/10). While in chronic
hepatitis, CD90 expression was observed in the activated
fibroblasts, with a higher rate of 54.5% (6/11). Whereas in
HCC tissues, CD90 was abundantly expressed in activated
stroma cells, including CAFs and vascular endothelial cells,
and the CD90 high expression rate increased to 67.4% (58/86).
Besides, staining of adjacent non-tumor tissues (47.7%, 41/86)
showed CD90 expression extended to hepatocytes around the
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Figure 2. OCT4 expression in different types of liver diseases. (A) Inmunohistochemical staining in normal liver (a), hepatitis (b), cirrhosis (c), adjacent
non-tumor (d), and HCC (e, f). Original magnification: 100x(a-e) and 400x(f). (B) Expression fraction of OCT4. (C) Comparison of staining score of

OCT#4 expression among different types of liver diseases.
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portal tract area, except for stroma cells. Notably, in cirrhosis,
CD90 was highly over expressed. 86.4% (19/22) of cirrhosis
specimens presented high expression of CD90, with strong
staining in fibroblasts surrounding the regeneration nodules
(Table 1, Fig. 1A, B).

Significantly increased expression of CD90 in hepatocel-
lular carcinoma and cirrhosis. CD90 expression in different
liver disease groups was evaluated by IHC staining score
(from 0 to 12). We found the staining score was remarkably
increased in HCC, compared with adjacent non-tumor tissues
(P<0.0001) and normal liver tissues (P<0.001). But it shows
no difference from cirrhosis or hepatitis samples. In addition,
the staining score of cirrhosis was distinctly higher than those
of adjacent non-tumor tissues (P<0.0001), hepatitis (P<0.01)
and normal liver tissues (P<0.001). However, no differences
were detected in other comparisons (Fig. 1C).

OCT4 was over expressed in hepatocellular carcinoma.
These sections were also employed to determine expression
of OCT4. None of normal liver tissues was detected with
high level expression of OCT4 (0%, 0/10). Furthermore, ad-
jacent non-tumor, cirrhosis and hepatitis tissues all exhibited
a relatively low rate of high expression of 34.9% (30/86), 27.3%
(6/22), and 36.4% (4/11), respectively. However, we found
distinctly increased expression of OCT4 in HCC (60.5%,
52/86)(Table 1, Fig. 2B). The subcellular location of OCT4
was predominantly expressed in the cytoplasm of cancer cells
with moderate nuclear staining (Fig. 2A). The results of IHC
score suggested that expression of OCT4 in HCC was evidently
higher than the adjacent non-tumor (P<0.0001), cirrhosis
(P<0.001) and normal liver tissues (P<0.01). Nevertheless, it
showed no difference between HCC and hepatitis. Interest-
ingly, we found increased expression of OCT4 in hepatitis
compared to normal liver (P<0.05) (Fig. 2C).

Correlation of CD90 and OCT4 expression with
clinicopathologic parameters in HCC. We analyzed the
relationships between the expression of these two proteins
and clinicopathologic parameters, such as gender, age, HB-
sAg, AFP, cirrhosis, tumor size, pathological grade, tumor
encapsulation, satellite lesion, PV'TT and recurrence. As listed
in Table 2, the expression of CD90 was positively associated
with pathological grade (P=0.030), satellite lesion (P=0.029),
PVTT (P=0.021) and recurrence (P=0.010). Moreover,
OCT4 expression was positively correlated with tumor size
(P=0.042), pathological grade (P=0.008), and recurrence
(P<0.001),too (Table 2).

Independent prognostic factors of HCC. In order to
determine the risk factors related to postoperative Overall
Survival (OS) and Disease free Survival (DFS), CD90, OCT4
and clinicopathologic parameters were firstly evaluated by
univariate analysis. The factors with statistical significance
were than adopted in the Cox regression model. Using the
univariate analysis, we observed that risk factors for OS of
HCC were CD90 expression, OCT4 expression, tumor size,
pathological grade and PVTT. Similar results were found for
DEFS of HCC. The significant factors were CD90 expression,
OCT4 expression, AFP, pathological grade and PVTT (all
P <0.05). The results of Cox regression multivariate analysis
showed that CD90 expression, OCT4 expression, pathological
grade and PVTT were risk factors both for OS of HCC and
DFS of HCC (Table 3).

CD90 and OCT4 are both independent biomarkers for
prognosis of HCC patients. According to CD90 expres-
sion level, HCC patients were divided into two groups: the
high-expression group (n=58) and the low-expression group
(n=28). The results of Kaplan-Meier analysis showed that the
1-, 3- and 5- year OS rates were of low-expression CD90 group

Table 3. Prognostic factors for OS and DFS by univariate and multivariate analyses in HCC patients

Variables Overall Survival (OS) Disease-free Survival (DFS)
Univariate Multivariate Univariate Multivariate
HR (95% CI) P HR (95% CI) P

CD90 0.003* 2.096 (1.076-4.084) 0.030* 0.004* 1.865 (1.014-3.430) 0.045*
OCT4 <0.001* 2.341 (1.248-4.393) 0.008* 0.004* 1.914 (1.086-3.371) 0.025*
Gender male vs. female 0.860 - NA 0.381 - NA
Age (years) 260 vs. <60 0.326 - NA 0.575 - NA
HBsAg 0.387 - NA 0.259 - NA
AFP (ng/ml) 2400 vs. <400 0.068 - NA 0.023* 0.996 (0.553-1.794) 0.989
Cirrhosis 0.516 - NA 0.541 - NA
Tumor Size (cm) =5 vs. <5 0.047* 1.560 (0.885-2.747) 0.124 0.148 - NA
Pathological grade (P: M: W) 0.006* 0.608 (0.378-0.977) 0.040* 0.010* 0.571 (0.345-0.945) 0.029*
Tumor encapsulation 0.292 - NA 0.512 - NA
Satellite lesion 0.178 - NA 0.267 - NA
PVTT 0.009* 1.958 (1.108-3.459) 0.021* 0.001* 2.474 (1.408-4.348) 0.002*

* Statistically significant (P<0.05)

HBsAg, hepatitis B surface antigen; AFP, Alpha-fetoprotein; P, poorly differentiated; M, moderately differentiated; W, well differentiated; PVT'T, portal vein

tumor thrombi;
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was evidently higher than that of high-expression CD90 group
(P=0.003) (Table 3, Fig. 3A). Furthermore, the 1-, 3- and 5-
year DES rates of low-expression group were also remarkably
higher than those of high-expression group (P=0.004) (Table
3, Fig. 3B). These results demonstrated that low-expression
CD90 group obviously has better survival rates than the high-
expression group.

In the same way, 86 HCC patients were divided into two
groups according to the OCT4 expression level: the high-
expression group (n=52) and the low-expression group
(n=34). The results were similar with CD90: compared with
high-expression OCT4 group, the low-expression OCT4
group possessed distinctly higher OS rates (P<0.001)(Table
3, Fig. 3C). Meanwhile, the 1-, 3- and 5- year DFS rates of
low-expression OCT4 group were significantly higher than
high-expression OCT4 group (P=0.004) (Table 3, Fig. 3D).

Consequently, we could conclude that the high level of OCT4
expression predicts poor survival.

CD90 expression is not correlated with OCT4. The cor-
relation between CD90 and OCT4 was then determined at
their protein expression levels. We employed Spearman cor-
relation analysis to determine the association between CD90
and OCT4 expression, considering them as two continuous
variables. However, we failed to observe correlation (r=0.145,
P=0.183) (Fig. 4A). Next, the expression level of CD90 and
OCT4 was counted as two categorical variables, and the fre-
quency distribution of them was listed in contingency tables.
The frequency distribution results also demonstrated no cor-
relation between CD90 and OCT4 expression, as analyzed by
Chi-square test (P=0.974) (Fig. 4B).

Low expression of both CD90 and OCT4 is associated
with favorable prognosis. To further analyze the prognostic
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Figure 3. Kaplan-Meier survival curves of HCC patients after surgery for HCC according to CD90 and OCT4 expression. (A, B) Compared with CD90-
high expression group, the overall survival time and disease-free survival time were significantly higher in the CD90-low expression group. (C, D)
Compared with OCT4-high expression group, the overall survival time and disease-free survival time were was significantly higher in the OCT4-low

expression group.
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Figure 4. CD90 expression is not correlated with OCT4. (A) Spearman correlation analysis showed no association between CD90 and OCT4 expression.
(B) Chi-square test demonstrated no correlation between CD90 and OCT4 expression when these two proteins were counted as categorical variables

as well.

value of combining CD90 and OCT4 for HCC, we divided
patients into four groups as below: CD90 ¥ /OCT4 ™", CD90
High /OCT4 ¥, CD90 ¥ /OCT4 Hishand CD90 Hieh /OCT4 High,
The survival curve demonstrated that CD90 v /OCT4 ™~
group showed best survival rates for both OS and DFS. Other
three subgroups showed remarkably decreased OS and RFS
rates. Notably, the CD90 " /OCT4 i group had the worst
clinical outcomes.

The 1-, 3- and 5- year OS rates of CD90 "> /OCT4 " group
were obviously higher than those of CD90 > /OCT4 Hieh
group (P=0.012), and CD90 Mie" /OCT4 i group (P<0.001).
Similar results were observed for DFS rates. The 1-, 3- and 5-
year DFS rates of CD90 ¥ /OCT4 ¥ group were remarkably
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higher than those of CD90 ¥ /OCT4 "&" group (P=0.024)
and CD90 High /OCT4 High group (P<0.001) (Fig. 3). Whereas
it demonstrated no difference between CD90 " /OCT4 Hish
group and CD90 Mie" /OCT4 ¥ group for OS (P=0.059) or
DES (P=0.051). These results propose that lower level of
both CD90 and OCT4 predicts favorable prognosis. On the
contrary, higher expression of both proteins is associated with
the poorest clinical outcome (Fig. 5).

Discussion

In the present study, we investigated the variation of expres-
sion of CD90 and OCT4 in different types of liver diseases. We
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Figure 5. The combination of CD90 and OCT4 was found to enhance accuracy of predicting prognosis for HCC patients. (A) Overall survival curve.

(B) Disease-free survival curve.
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found that CD90 was mainly expressed in CAFs. Expression
levels of CD90 and OCT4 in HCC were remarkably higher
than in adjacent non-tumor and normal liver tissues. Kaplan-
Meier analysis demonstrated HCC patients with a higher level
of CD90 or OCT4 suffered a shorter post-operation survival
than the low-expression groups. Furthermore, patients with
both high expression of these two markers had the worst
prognosis.

CD90 has been considered as a candidate biomarker for
CSCs in diverse malignancies, such as HCC [28], esophageal
cancer [29], and glioma [30]. Fan et al isolated CD90*CD45
cells from HCC tissues and found it had stronger tumorigenic
capacity, compared with CD90-CD45" subsets. Furthermore,
the CD90*CD45" subpopulation was detected in more than
90% of blood samples and all of tumor specimens of HCC
patients [28]. But there still existed different voices. Another re-
search demonstrated that no expression of CD90 was detected
in the hepatic oval/progenitor cell population. Instead, they
reported CD90 as a maker of satellite cells/myofibroblasts sub-
population [31]. Sukowati et al [13] found that CAFs isolated
from human HCC tissues were positive for CD90. In addition,
Chen et al’ study [15] identified CD90 as one of marker of
CAFsand demonstrated that CD90* CAFs promoted stem-like
properties in lung cancer cells. Evidences from multiple studies
indicated CD90 as a candidate marker of CAFs [13-15, 32].
Our findings showed that most of CD90 was mainly expressed
in CAFs and some endothelium, which were consistent with
previous findings in pancreatic carcinoma [32], lung cancer
[15] and HCC [14]. Like previous studies [13, 28], our results
demonstrated that CD90 was up-regulated in HCC tissues.
Interestingly, not HCC, but cirrhosis samples showed highest
expression of CD90. The reason may be that cirrhosis tissues
contains abundant fibroblasts which are the origin of CD90. To
further determine the prognostic value of CD90, we analyzed
relationships between CD90 and clinicopathologic parameters.
We also found positive correlation between CD90 and several
clinicopathologic parameters: pathological grade, satellite le-
sion and PVTT, which was consistent with the concept that
CD90 promoted metastatic properties of tumors [12, 29]. We
divided HCC patients into two groups according to CD90
expression and discovered that it could be an independent
predictor for prognosis. So we concluded that CD90* tumor
stroma cells have an impact on clinical outcome of HCC pa-
tients, which had not been reported before.

Although a similar study about OCT4 was performed by
Dong etal. [26], they only detected OCT4 expression in HCC
and cirrhosis samples. As it is a sequential progress from
hepatitis, cirrhosis to HCC [33, 34], we additionally exam-
ined OCT4 expression in adjacent non-tumor, hepatitis and
normal liver sections, conferring a comprehensive recognition
of OCT4 expression in the progression of HCC. Immunohis-
tochemical staining revealed higher expression of OCT4 in
HCC, compared to adjacent non-tumor, cirrhosis, and normal
liver sections, indicating a significant up-regulation of OCT4
protein in HCC tissues. However, we failed to find difference

between HCC and hepatitis sections. This may be due to that
inflammatory reaction activated the self-renewal property of
hepatic cells with reactive increase of OCT4. Besides, relatively
small sample size with only 11 hepatitis specimens may limit
detection of statistical differences. Approximately consistent
with previous study [26], our data showed OCT4 expression
positively correlated with tumor size, pathological grade and
recurrence. The results of Kaplan-Meier analysis exhibited that
HCC patients with high level of OCT4 had a poorer post-
operation survival.

Yang et al used CD90* CAFs as feeder cells to co-culture
with lung cancer cells and generated OCT4* CSCs. Moreover,
they observed that CAFs secreted IGF-II for paracrine regula-
tion on cancer cells [15]. It is therefore of interest to investigate
the correlation of CD90 and OCT4 in HCC patients. How-
ever, we failed to find correlation between these two proteins
by neither chi-square test nor linear regression. This may be
explained as followings: Firstly, there existed methodology
unicity that we only adopted immunohistochemical staining
method and limited examination to protein level. Testing
expression at transcription level may have higher efficiency
of detecting correlation. Secondly, discoveries in lung cancer
may be not suitable for HCC duo to heterogeneity between
different types of cancers. CSCs of HCC may be not influence
by CAFs as much as lung cancer because of existence of IGF-
IT autocrine regulation in HCC [35], which was not observed
in lung cancer.

The function of tumor associated stroma cells on the
initiation and progression of malignancies had always been
ignored, before the theory of tumor microenvironment (TME)
was proposed and extensively accepted in recent years. As it
said, tumor associated stroma cells interacted with tumor
cells and influenced disease initiation, progression and pa-
tient prognosis together [7]. Hence, combination of tumor
stroma cells maker CD90 and CSCs marker OCT4 may yield
more information and enhance the accuracy of prediction for
prognosis of HCC patients. Our results suggested that their
combination confers a better prognostic value, compared with
either one alone. For instance, HCC patients with both high
CD90 and high OCT4 expression had the poorest OS and DFS
rates, while those patients with both low expression had the
most favorable survival. The second best prognosis belonged
to these patients with high CD90 expression and low OCT4
expression, implying OCT4 may be a more important factor
for prognosis of patient with HCC than CD90. After all, the
CSCs is the true endopathic cause and the tumor associated
stroma cells are just promptive factors.

In conclusion, we demonstrate that expression of CD90
and OCT4 are increased in HCC and higher expression of
these two proteins is correlated with poor prognosis of HCC
patients. Although no relationship between CD90 and OCT4,
patients with double high expression of CD90 and OCT4
had shortest OS and DFS. Furthermore, we found that the
predictive range of CD90 combined with OCT4 expression
was more sensitive than ether CD90 or OCT4 alone. From
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a diagnostic viewpoint, our study indicated that combined
detection of CD90 and OCT4 could be employed as a new
marker to predict prognosis of HCC patients.
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