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Abstract: Cancer stem cells (CSCs) are responsible for cancer recurrence and metastasis and are related to poor
prognosis in patients with hepatocellular carcinoma (HCC). CD133 is one of the most commonly used CSC markers.
In this study, expression and the biological significance of CSC marker CD133 was evaluated in HCC, at mRNA and
protein levels. We demonstrate that both mRNA and protein levels of CD133 are significantly elevated in HCC relative to that in adjacent non-cancerous tissue based on bioinformatics and immunohistochemical analysis, respectively (P < 0.01). Intriguingly, we detected nuclear distribution of CD133 and found that nuclear CD133 expression
was indicative of poor patient prognosis (median survival 12 months versus 34.5 months) (Log-Rank, P = 0.0258).
Meanwhile, our findings suggest that nuclear CD133 expression is positively correlated with tumor size and serves
as an independent prognostic factor for HCC after surgical resection (HR = 0.564, 95% CI 0.313-1.018, P = 0.057).
Nuclear CD133 expression can potentially serve as a biomarker for clinical diagnosis and prognosis of HCC.
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Introduction
Hepatocellular carcinoma (HCC) is currently the
second most common cause of cancer-related
deaths worldwide [1]. In China, HCC is one of
five most commonly diagnosed cancers among
men and also the third leading cause of cancer
deaths among both men and women [2]. Although several approaches have been applied for
treatment of HCC, unsatisfactory clinical outcomes highlight the need for novel indicators of
survival as well as the need for reliable therapeutic targets.
Accumulating evidence suggests that cancer
stem cells (CSCs) are responsible for recurrence, metastasis, and multidrug resistance of
tumors. CSCs also participate in tumorigenesis
and affect prognosis of patients. It is well documented that CSCs exist in several different
cancers, including HCC. Among commonly used CSC markers, CD133 and CD44 were found
to be significantly elevated in HCC compared
to peritumoral tissues, indicating a potential
prognostic value in HCC patients [3]. Therein,

CD133 began gathering increasingly more attention from researchers due to its distinct distribution in cancers [4-6]. CD133 is a pentaspan transmembrane glycoprotein and originally
identified in a subpopulation of CD34-positive
haematopoietic stem cells [7]. The protein localizes to membrane protrusions and is known
to be presented in adult stem cells. CD133 has
been used to find CSCs in several cancers such
as human colon cancer [8], acute myeloid leukemia [9], and liver cancer [10]. Moreover, many
studies have suggested that CD133 contributes to the initiation and growth of HCC and is
tightly linked to liver cancer [11].
In our present study, we investigated expression and the biological significance of CD133 in
HCC, at mRNA and protein levels. Based on bioinformatics and immunohistochemical analysis, we showed that both mRNA and protein
levels of CD133 were upregulated in HCC relative to that in adjacent non-cancerous tissues.
Intriguingly, we found that CD133 was not only
located on the membrane and in cytoplasm
but also in the nucleus of HCC tissue. Nuclear
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Figure 1. Bioinformatics analysis of CD133 in HCC tissues and adjacent non-cancerous tissue. A. Comparison of
CD133 expression between HCC tissues and adjacent non-cancerous tissues. B. Comparison of CD133 expression
between Stage I/II and Stage III/IV HCC. C. GSEA analysis of CD133 showing significant enrichment of the gene set
involved in the regulation of liver cancer survival based on the TCGA database. D. GSEA analysis of CD133 showing significant enrichment of the gene set involved in the regulation of liver cancer stem cells based on the TCGA
database.

CD133 expression was positively correlated
with tumor size and poor patient prognosis in
HCC. Additionally, our results demonstrate that
nuclear expression is an independent prognostic factor for HCC patients.
Materials and methods

non-cancerous tissues. Clinical information of
only 377 patients was available on the website.
For statistical analysis, patients with mRNA
expression values greater than the median
value were added to the high expression group
while the rest were classified in low expression
group.

Bioinformatics analysis

Patients and tissues

RNA-Seq data of Liver Hepatocellular Carcinoma (LIHC) was downloaded from The Cancer Genome Atlas (TCGA) (http://cancergenome.nih.gov/). The data included 424 HCC
patients, of which 50 patients were with paired

Overall, 93 HCC and 87 non-tumor subjects
with available clinical information and paraffinembedded blocks were enrolled in this study.
All of the patients had undergone surgery
as initial treatment. Cancerous and adjacent
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non-cancerous tissues were collected from
patients during surgery. Pathologic diagnosis
was carried out by two pathologists, using existing hematoxylin-eosin (H&E) slides. Follow ups
ranged from 4 to 6.7 years. Protocols were
approved by the Ethical Committee and Institutional Review Board of Traditional Chinese
Medicine-Integrated Hospital of Southern Medical University and written informed consent
was obtained from each subject. All clinicopathological characteristics including age, gender, tumor stage, presence of hepatic cirrhosis,
Edmondson-Steiner grade, tumor number, tumor size, and prognostic information were retrospectively collected from patient medical
records. All procedures were performed in
accordance with approved protocols.
Immunohistochemistry (IHC)
Tissue sections (4-μm thick) were de-paraffinized and rehydrated in a xylene and alcohol
bath solution. Antigen retrieval was then conducted by incubating slides in 0.01 M citrate
buffer (pH 6.0). The slides were blocked in
3% hydrogen peroxide for 10 minutes to eliminate endogenous peroxidase activity. Then, slides were incubated for 60 minutes at room
temperature, with primary antibodies for CD133 (1:100, Proteintech, USA, 18470-1-AP).
Finally, the slides were incubated with a horseradish peroxidase-labeled secondary antibody
and counterstained using 3, 3’-diaminobenzidine and hematoxylin.
Evaluation and scoring
IHC sections were scored by two blinded pathologists and any disagreement was resolved by
reaching a consensus. A third pathologist was
then invited to review scores judged by the
two pathologists. Staining was scored according to intensity and the percentage of positively-stained cells. Staining intensity was scored
as 0 (no staining), 1 (weakly positive staining),
2 (moderately positive staining), and 3 (strong
staining). Percentages were estimated on a
scale of 0 to 4, as follows: 0 (0%), 1 (≤ 25%), 2
(26%-50%), 3 (51%-75%), and 4 (76%-100%).
Final staining scores were calculated through
multiplying the intensity score by the percentage score. For statistical analysis, a score ≤ 8
was regarded as low expression and > 8 as
high expression. Tumor cells with more than
10% nuclear staining were judged as positive
nuclear expression.
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Statistical analysis
All data analyses were performed using SPSS
software, version 21.0 (SPSS Inc., USA). For
comparison, a nonparametric test was performed to investigate differential expression of
each protein between the two groups of
patients. Relationships between clinicopathological factors and gene expression were investigated using Pearson’s X2 test. Log-rank tests
were performed on Kaplan-Meier survival curves to elucidate any significant relationship
between gene expression and overall patient
survival. Univariate and multivariate survival
analysis was performed using Cox proportional
hazards regression model. Univariate regression models were fitted to identify independent
factors associated with overall survival and
only variables with P < 0.1 were included in
multivariate analysis. Hazard ratio (HR) and
corresponding 95% confidence intervals (95%
CI) were calculated for each factor. All tests
were two-sided and P < 0.05 was considered
statistically significant.
Results
CD133 mRNA levels are elevated in HCC
To explore the role of CD133 in HCC, we initially
assessed its mRNA expression in HCC based
on the TCGA LIHC dataset. RNA-seq data from
HCC and adjacent non-cancerous tissues showed that CD133 expression was significantly
elevated in HCC tissues compared with adjacent non-cancerous tissues (P < 0.001, Figure
1A). In addition, CD133 expression was positively correlated with pathological stage in HCC
(P = 0.0458, Figure 1B). Furthermore, gene set
enrichment analysis (GSEA), based on the TCGA
LIHC dataset, indicated that low CD133 expression was positively correlated with upregulation
of liver cancer survival (Figure 1C) and downregulation of liver cancer stem cell (Figure 1D).
Clinicopathological features
Clinicopathological features of the 93 HCC
patients are shown in Table 1. Patient ages
ranged from 25 to 73 years, with a mean of
54 years. Additionally, 43 out of 93 patients
(46.7%) were older than 54 years and most
patients (89.2%) were male. Of the total number of HCC patients, 12 were in stage I, 31 in
stage II, 40 in stage III, and only 2 in stage IV
based on criteria set by the AJCC 8th edition.
Int J Clin Exp Pathol 2018;11(4):2092-2099
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Table 1. Correlation between nuclear CD133 expression and
clinicopathological features of hepatocellular carcinoma patients
Characteristics
Age (years)
≤ Median
> Median
Gender
Male
Female
AJCC stage
I-II
III-IV
T classification
T1-T2
T3-T4
N classification
N0
N1
Distant metastasis
No
Yes
Hepatic cirrhosis
No
Yes
Edmondson-Steiner grade
I-II
III-IV
Tumor number
Single
Multiple
Tumor size (cm)
≤5
>5

Tatal

Nuclear CD133 expression
P value
Low, n (%)
High, n (%)

49
43

36 (73.5%)
31 (72.1%)

13 (26.5%)
12 (27.9%)

0.882

83
10

59 (71.1%)
9 (90.0%)

24 (28.9%)
1 (10.0%)

0.188

43
42

34 (79.1%)
27 (33.3%)

9 (20.9%)
15 (35.7%)

0.130

43
42

34 (79.1%)
27 (33.3%)

9 (20.9%)
15 (35.7%)

0.130

83
1

59 (71.1%)
1 (100.0%)

24 (28.9%)
0 (0.0%)

0.714

84
1

61 (72.6%)
0 (0.0%)

23 (27.4%)
1 (100.0%)

0.282

expression between HCC specimens and adjacent non-cancerous tissues (P = 0.002,
Table 2; Figure 2B, 2C). Intriguingly, we found that CD133
was not only located on the
membrane and in cytoplasm
but also in the nucleus of HCC
tissue (Figure 2D). Although there was no relationship between nuclear CD133 expression and most patient features
such as age, gender, TNM classification, hepatic cirrhosis, Edmondson-Steiner grade, and
number of tumors, we showed
that high CD133 expression
was positively correlated with
tumor size (P = 0.038, Table 1).
Nuclear CD133 expression is
indicative of poor prognosis in
HCC

The relationship between CD133 protein levels and overall
52 38 (73.1%) 14 (26.9%) 0.992
survival of HCC patients was
41 30 (73.2%) 11 (26.8%)
further explored by survival
analysis. However, there was no
61 45 (73.8%) 16 (26.2%) 0.845
relationship between CD133
32 23 (71.9%)
9 (28.1%)
expression and HCC patient prognosis (data not shown). Subsequently, we investigated wh24 15 (62.5%)
9 (37.5%)
0.255
ether the nuclear location of
45 34 (75.6%) 11 (24.4%)
CD133 was correlated with
prognosis in HCC patients and
42 35 (83.3%)
7 (16.7%)
0.038
found that nuclear transloca50 32 (64.0%) 18 (36.0%)
tion of CD133 was indicative
of poor prognosis (median surAccording to available medical records, only 1
vival 12 months versus 34.5 months) (LogRank, P = 0.0258, Figure 2E).
patient had lymph node metastasis and 1 case
had distant metastasis.
Following the above findings, univariate Cox
proportional hazards analysis was performed
Correlations between nuclear CD133 expresto correlate nuclear CD133 expression with
sion and clinicopathological characteristics of
clinicopathological parameters and overall surHCC patients
vival of the 93 HCC patients (as shown in Table
To verify findings obtained via bioinformatics
3). Non-nuclear CD133 expression, AJCC staganalysis, we then detected protein levels of
es I-II, without distant metastasis, and small
CD133 by immunohistochemistry in 93 HCC
tumor size (≤ 5 cm in diameter) contributed to
cases. Analysis suggested that patients exhiblonger overall survival time of HCC patients.
ited different CD133 levels, indicated by
Meanwhile, multivariate Cox proportional hazards analysis was conducted to evaluate mestrength of staining (weak to strong; Figure 2A).
aningful parameters identified by univariate
There were significant differences in CD133
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Figure 2. CD133 protein levels are elevated in HCC tissues and its nuclear expression confers poor prognosis for
HCC patients. A. Representative images of CD133 staining in HCC (original magnification ×400). B. Representative
images of CD133 staining in HCC tissues and adjacent non-cancerous tissues (original magnification ×400). C.
Differential expression levels of CD133 in tumor tissues and adjacent non-cancerous tissues. D. Representative
images of CD133 staining with and without nuclear distribution in HCC tissues (original magnification ×400). E.
Kaplan-Meier survival analysis based on CD133 expression.

Table 2. Nuclear CD133 expression in HCC tissues and adjacent
non-cancerous tissues
Group
Hepatocellular carcinoma
Para-carcinoma tissue

Cases (n)
93
87

Nucler CD133 expression
P value
Low
High
5 (5.4%)
88 (94.6%) 0.002
18 (20.7%) 69 (79.3%)

Cox analysis. Since T classification was consistent with AJCC stage classification and only 1
patient had lymph node metastasis and 1 case had distant metastasis, we included nuclear CD133 expression, AJCC stage, and tumor
size in multivariate Cox analysis for HCC patients. Nuclear CD133 expression (HR = 0.564,
95% CI 0.313-1.018, P = 0.057) and AJCC
stage (HR = 0.319, 95% CI 0.152-0.673, P =
2096

0.003) served as independent
prognostic factors for HCC
patients (Table 3).
Discussion

Cancer stem cells are resistant to chemotherapy and radiotherapy, contributing to cancer recurrence and metastasis. Therefore,
CSC-associated biomarkers could be helpful in
predicting prognosis of cancer patients and
might also constitute potential targets for cancer treatment. In the present work, CD133
expr-ession and its biological significance in
HCC was studied. Both mRNA and protein levels of CD133 were upregulated in HCC.
Moreover, we showed that nuclear translocaInt J Clin Exp Pathol 2018;11(4):2092-2099
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Table 3. Univariate and multivariate survival analysis of clinicpathological variables of hepatocellular
carcinoma patients
Overall survival
Clinical parameters
Nuclear CD133 expression
Negative
Positive
Age (years)
≤ Median
> Median
Gender
Male
Female
AJCC stage
I-II
III-IV
T classification
T1-T2
T3-T4
N classification
N0
N1
Distant metastasis
No
Yes
Hepatic cirrhosis
No
Yes
Edmondson-Steiner grade
I-II
III-IV
Tumor number
Single
Multiple
Tumor size (cm)
≤5
>5

HR
0.473

Univariate analysis
95% CI
P value
(0.245-0.914)
0.026

1.260

(0.751-2.113)

0.382

1.393

(0.626-3.097)

0.416

0.340

(0.192-0.602)

< 0.001

0.340

(0.192-0.602)

< 0.001

0.121

(0.004-3.930)

0.235

0.000

(0.000-0.000)

< 0.001

0.858

(0.508-1.450)

0.568

0.784

(0.451-1.363)

0.388

1.796

(0.912-3.540)

0.101

0.490

(0.289-0.831)

0.008

tion of CD133 was presented in HCC tissues
and that nuclear CD133 expression contributed to poor prognosis of HCC patients.
CD133, also named Prominin 1, is normally
located on the cell membrane and is thought
to function in maintaining stem cell properties
by suppressing differentiation. As a putative
marker of CSCs, CD133 also plays a vital role
in several kinds of cancers. CD133 was shown
to modulate cell differentiation and survival
2097

HR
0.564

Multivariate analysis
95% CI
P value
(0.313-1.018)
0.057

0.319

(0.152-0.673)

0.003

0.909

(0.438-1.887)

0.797

[12, 13] and is closely related to the Wnt/βcatenin signaling pathway [14-16]. In our work,
bioinformatics analysis confirmed that low
CD133 expression was positively associated
with downregulation of liver cancer stem cells.
In recent years, many reports have shown that
cytoplasmic and nuclear CD133 expression
impacts patient survival in several types of cancer [17-20] and that CD133 could exert its prometastatic activity when released extracellularly [21]. In HCC, increased CD133 expression
Int J Clin Exp Pathol 2018;11(4):2092-2099
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levels were correlated with increased tumor
grade, advanced disease stage, elevated serum alpha-fetoprotein levels, higher recurrence
rates, and poor patient prognosis. Moreover,
increased CD133 expression was an independent prognostic factor for survival and tumor
recurrence in patients with HCC [3, 22]. In the
present work, we found that low CD133 expression conferred to good prognosis in HCC
based on the TCGA database. Although our
present study detected no impact of CD133
protein levels on overall survival of HCC
patients, we believe that significant results
could be obtained by increasing the sample
volume.
It has been reported that HCC patients with
high cytoplasmic CD133 expression have poorer clinical outcomes while HCC patients with
high nuclear CD133 expression have better
clinical outcomes [23]. However, in most cases,
cytoplasmic or nuclear CD133 expression was
assessed as an indicator of poor prognosis in
triple-negative breast cancer and non-small
cell lung cancer [6, 24] and was related to
tumor diameter, tumor differentiation, and TNM
stage in non-small cell lung cancer [24]. Herein,
we demonstrated that nuclear localization of
CD133 is positively correlated with poor prognosis in HCC patients. CD133 mRNA and protein levels were also elevated in HCC compared
to non-cancerous tissues, based on bioinformatics and immunohistochemical analysis,
respectively. Further analysis suggests that
nuclear CD133 expression is correlated with
tumor size and could serve as an independent
prognostic factor for HCC patients.
Taken together, our results aid in unraveling the
oncogenic roles of CD133 in HCC. We show
that nuclear CD133 expression can potentially
serve as a biomarker for clinical diagnosis and
prognosis evaluation of HCC. Lastly, targeted
inhibition of CD133 might be an alternative
strategy for management of HCC.
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