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High-level expression of stem cell marker CD133 in clear
cell renal cell carcinoma with favorable prognosis
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Abstract. The cancer stem cell (CSC) model suggests that
high levels of CSCs within a tumor are associated with
poor prognosis. The aim of this study was to investigate the
expression of the stem cell marker CD133 in clear cell renal
cell carcinoma (ccRCC), and its prognostic significance. The
expression of CD133 was examined in 140 cases of ccRCC
using immunohistochemistry. Ki-67 and Oct-4 were double-
immunostained with CDI133 to evaluate the proliferative
activity and the stemness of CD133-expressing cells, respec-
tively. CD133 expression was observed in 45 cases (32.1%)
and high levels of expression were found to be associated
with a macro-/microcystic pattern, non-sarcomatoid changes
and non-metastatic disease. The Ki-67 labeling index tended
to be lower in CD133-expressing ccRCCs compared to non-
expressing tumors. CD133-expressing tumor cells rarely
expressed Oct-4. A high degree of CD133 expression was
observed in ccRCC with more differentiated morphology and
non-metastatic disease, suggesting that CD133 is a favorable
prognostic marker. These results also indicate that CD133 as a
single marker may not be sufficient for CSC identification in
ccRCC and, therefore, more specific CSC markers should be
developed.

Introduction

Renal cell carcinoma (RCC) is the most common malignant
neoplasm of the kidney, accounting for 5% of all malignancies
in the USA (1). RCC is one of the most lethal genitourinary
malignancies, exhibiting a 67% 5-year survival rate (1). Kidney-
confined RCC, however, has a relatively favorable prognosis
with a 70-90% 5-year survival rate, whereas advanced disease
with systemic metastasis results in a poorer prognosis with a
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0-10% 5-year survival rate (2). As systemic metastasis usually
occurs 3.5-4 asymptomatic years after curative surgery, the
precise prediction of RCC prognosis either preoperatively or
in the immediate postoperative period may aid in the selec-
tion of the optimal postoperative treatment modality (3). The
tumor stage and grade are the most widely accepted prognostic
factors (4); however, an integrative approach that combines
various clinicopathological and molecular prognostic factors
appears to improve predictive accuracy (5).

According to the cancer stem cell (CSC) model, tumor
cells are heterogeneous. Typically, a small population of
tumor cells, termed CSCs, are capable of initiating tumor
development due to their self-renewal capacity, which gives
rise to more CSCs and multipotency, generating the bulk of
advanced differentiated tumor cells (6-8). Disseminated CSCs
may induce metastatic disease and high levels of CSCs within
a tumor, resulting in a poor patient outcome (9). However, the
proportion of CSCs and their prognostic significance have yet
to be defined in malignant tumors of the kidney.

The pentaspan membrane  glycoprotein  CDI33
(Prominin-1), initially identified as a cell surface antigen
specific to hematopoietic stem cells, has been used as a stem
cell marker in various normal and neoplastic human tissues,
including the brain, skin, prostate, pancreas and kidney (10,11).
Recent studies have identified CD133 expression as a poor
prognostic factor, particularly in colorectal cancer patients
(12-14). In the normal kidney, it has been well established that
CD133-positive (CD133*) cells exhibit stem cell characteris-
tics, including self-renewal, multipotency and involvement
in renal repair (15). By contrast, the expression of CD133 in
malignant kidney disease requires further clarification. In
this regard, only one previous study described the expression
of CD133 in RCC. CD133 expression was shown in two out
of three cases of clear cell renal cell carcinoma (ccRCC),
the most common malignant neoplasm of the kidney, which
accounts for approximately 83% of RCC cases (16,17).

Oct-4 (also known as OCT3 and POUSF1) is a
POU-domain octamer-binding transcription factor (18).
Typically, Oct-4 expression is confined to the pluripotent cells
of embryo and embryonic stem cells (ESCs). Oct-4 acts as a
key regulator for the self-renewal of normal stem cells and the
maintenance of pluripotency in ESCs. The aberrant expres-
sion of Oct-4 in pluripotent cells results in the initiation of
differentiation and the progressive loss of potency (18-20).
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In the present study, in an attempt to define the prognostic
significance of CDI133 expression in ccRCC, we evaluated its
expression in 140 cases and examined the relationship between
these findings and clinicopathological prognostic factors. The
proliferative activity and stemness of CD133-expressing cells
was evaluated by double immunohistochemical staining with
Ki-67 and Oct-4, respectively.

Materials and methods

Patients and pathological examination. This study was
approved by the Asan Medical Center Institutional Review
Board. We reviewed the pathological materials of 167 RCC
patients treated by surgical tumor removal during the year
2005 at the Asan Medical Center, Seoul, Republic of Korea.
Histological slides from all patients were examined for the
diagnostic reassessment of tumor type according to the 2004
World Health Organization tumor classification and the
Fuhrman nuclear grading system (4,21). A total of 27 patients
with non-ccRCC tumors (chromophobe, 10; unclassified, 8;
papillary, 7; and multilocular cystic, 2) were excluded. In total,
140 patients with ccRCC were selected for this retrospective
study. During the slide review, the proportion of macro- and
microcystic patterns, sarcomatoid region and necrosis were
recorded for each tumor. The clinical information was
obtained through a review of the patient medical records and
radiological findings. Tumors were staged according to the
2002 Tumor Node Metastasis (TNM) staging system proposed
by the American Joint Committee on Cancer (22).

Immunohistochemistry. Representative formalin-fixed and
paraffin-embedded tumor sections were immunostained using
antibodies against CD133 [CDI133/1 (AC133); 1:50 dilution;
Miltenyi Biotec, Auburn, CA, USA] and Ki-67 (1:100 dilution;
Thermo Scientific, Fremont, CA, USA) or Oct-4 (OCT3/4, C-10,
1:200 dilution; Santa Cruz Biotechnology, Santa Cruz, CA,
USA). Double immunostaining was feasible, as CD133 exhibits
distinct cell membrane expression, and both Ki-67 and Oct-4
are expressed in the nucleus. Immunohistochemical staining
was performed as previously described, with minor modifica-
tions (23). Endogenous peroxidase activity and non-specific
binding of antibodies were blocked using hydrogen peroxide
and an Ultra-V block kit (LabVision, Fremont, CA, USA).
Antigen retrieval was achieved by steaming the samples
in 10 mM citrate buffer (pH 6.0) for 15 min in a microwave
apparatus. For the CD133 and Ki-67 staining, sections were
incubated with anti-Ki-67 antibody for 1 h, followed by incuba-
tion in anti-CD133 antibody at 4°C overnight. The incubation
of secondary antibodies and chromogenic detection were
performed using the UltraVision LP large-volume detection
system (Thermo Scientific). Double staining for CD133 and
Oct-4 was performed on 45 cases of CD133-expressing tumors
using the Bond Polymer Intense Detection System (Leica
Microsystems, Wetzlar, Germany) as previously described
(23). The anti-OCT3 antibody was applied for the first 15 min,
followed by incubation with anti-CD133 antibody for another
15 min at room temperature. Sections were then treated with
post-primary and polymer reagents. Diaminobenzidine was
used, as the chromogen and tissues were counterstained with
hematoxylin. Normal human kidney and testicular embryonal
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Table I. Clinicopathological characteristics of 140 patients
with clear cell renal cell carcinoma.

Variable No. of patients (%)
Age (years)

<40 18 (12.9)

41-60 84 (60.0)

>61 38 (27.1)
Gender

Male 100 (71.4)

Female 40 (28.6)
Nephrectomy

Radical 104 (74.3)

Partial 36 (25.7)
Laterality

Right 69 (49.3)

Left 71 (50.7)
Tumor size (cm)

<40 72 (514)

4.1-7.0 47 (33.6)

>7.0 21 (15.0)
Fuhrman grade

1 4(2.9)

2 53 (37.9)

3 51 (364)

4 32 (22.8)
T stage

1 104 (74.3)

2 8(5.7)

3 28 (20.0)
N stage

X 90

0 47 (94.0)

1 1(2.0)

2 2(4.0)
M stage

X 0

0 116 (82.9)

1 24 (17.1)

carcinomas were used as positive controls for CDI33 and
Oct-4, respectively. Negative controls omitting primary anti-
bodies were included.

During the microscopic examination of the immunostained
slides, the sub-cellular localization of CD133 in tumor cells
was recorded and the percentage of CD133* cells was measured
by manual counting. Even a low percentage of CD133* tumor
cells were regarded as CD133-expressing tumors since CSCs
usually constitute only a small proportion of cancer cells,
although the frequency differs with the tumor type and cell
assay methods employed (7,8,24). The Ki-67 labeling index
was measured by calculating the mean percentage of Ki-67*
cells in three representative fields at a high magnification
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Figure 1. Correlation of histological features of clear cell renal cell carcinoma (ccRCC) with the expression of (A-D) CDI133 and (E-H) Ki-67. Double
immunohistochemical staining for CD133 and Ki-67 shows the CD133 expression in the apical/apicolateral cell membrane of tumor cells and Ki-67 in the
nuclei. ccRCC shows (A and E) strong CD133 expression in the microcystic regions, (B and F) weak expression in the alveolar region and no expression in the
(C and G) sarcomatoid and (D and H) necrotic regions. By contrast, Ki-67 nuclear expression is low in (E) microcystic and (F) alveolar regions, but high in

(G) sarcomatoid and (H) necrotic regions (original magnification, x400).

(x400). Strong nuclear staining was regarded as positive for
Oct-4 expression. Oct-4 expression was analyzed in 40 cases
of CDI133-expressing ccRCC, as 5 of the tissue samples were
lost during immunohistochemical staining.

Statistical analysis. Data were analyzed using the SPSS
12.0K software (SPSS, Inc., Chicago, IL, USA). Crosstabs, the
Pearson's Chi-square, Fisher's exact, and the Kruskal-Wallis
tests, as well as a calculation of Pearson's correlation coeffi-
cient were used as appropriate. The Cox's proportional hazard
model was employed in a multivariate analysis. P<0.05 was
regarded as statistically significant.

Results

Clinicopathological characteristics. The clinicopathological
characteristics of the 140 ccRCC cases are shown in Table I.
The ages ranged from 21 to 80 years (median 54), with a
male-to-female ratio of 2.5:1. Seven cases had previously
undergone contralateral nephrectomy due to RCC. Among the
7 cases, 1 case with cerebellar hemangioblastoma was diag-
nosed as von Hippel-Lindau disease. The mean tumor size
was 4.7 cm in the grexatest dimension (range 0.6-17 cm). Most
tumors (112 cases, 80%) were confined to the kidney. The
remaining 28 cases revealed direct invasion to the perinephric
fat tissue (24 cases) and/or gross extension into the renal vein
(15 cases). Regional lymph node dissection was performed in
50 cases and lymph node metastasis was identified in 3 cases.
Distant metastasis was present in 24 cases; as single-organ
metastasis in 16 and as multi-organ metastases in 8 cases.
Fifteen cases presented with metastatic disease at the time of

initial diagnosis, and metastasis developed during the postop-
erative follow-up period in the remaining 9 cases. The most
common metastatic site was the lung (19 cases), followed by
bone (4 cases), liver (3 cases), brain (2 cases), supraclavicular
lymph node (1 case), stomach (1 case), soft tissue (1 case) and
adrenal gland (1 case). During the median follow-up period
of 43.6 months (range 3.7-54.6), 13 patients succumbed and in
4 cases this was due to ccRCC.

Microscopically, the majority of the cases (104 cases,
74.3%) were Fuhrman nuclear grade 2 or 3. The tumors
revealed the characteristic histological features of ccRCC:
alveolar and/or acinar arrangements of tumor cells with a
well-developed network of thin-walled blood vessels and clear
to eosinophilic cytoplasm (Fig. 1A). A macro- or microcystic
pattern of dilated alveolar and acinar structures was noted
in 101 patients (72.1%) with a wide range of the pattern
(1-100%; mean 42%). The two poor prognostic histological
features, tumor necrosis and sarcomatoid changes, were found
in 25 (17.9%) and 6 cases (4.3%), respectively. The necrotic
region ranged from 1 to 80% of tumors (mean 24.7%). The
sarcomatoid region constituted 5-90% (mean 40.8%) of the
tumor sections examined. The mean Ki-67 labeling index of
the 140 cases was 18%, with a range from 1 to 90%.

CDI33 expression in ccRCC with favorable clinicopatho-
logical characteristics. CD133 expression was present in
45 cases (32.1%), with a wide range of expression (1-100%;
mean 36.9%). CD133 was significantly expressed in the apical
or apicolateral membrane of tumor cells in the macro-/micro-
cystic region (Fig. 1A and E). The macrocystic region showed
a greater CDI133 intensity than the microcystic region (data
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not shown). In the alveolar pattern where the luminal space
was indistinct, CD133 was expressed at the cell membrane
of tumor cells with a weaker intensity compared to that in
macro-/microcystic regions (Fig. 1B and F). The CDI133
expression revealed a positive correlation with the proportion
of the macro-/microcystic region (p<0.001).

The relationship between CD133 expression and the clini-
copathological prognostic factors are shown in Table II. The
high-level expression of CD133 was more prevalent in males
compared to females (p=0.001). The kidney-confined ccRCC
revealed a tendency to express more CDI33 than locally
advanced cases (p=0.057). Furthermore, non-metastatic
ccRCC revealed higher CDI133 expression levels than cases
with distant metastasis (p=0.047), although this correlation
was not significant in the multivariate analysis with regard
to stage and Fuhrman grade. CD133 expression in ccRCC
showed a negative correlation with the proportion of sarco-
matoid change (p<0.001). In ccRCCs containing sarcomatoid
change, CDI133 expression was not identified in the sarcoma-
toid region, and only rare CD133* tumor cells were present
in non-sarcomatoid regions (Fig. 1C and G). ccRCC cases
with accompanying necrosis tended to express lower levels of
CD133 than those without necrosis (p=0.081) (Fig. 1D and H).
ccRCCs with a significant tumor necrosis occupying >10% of
the tumor volume were observed in 18 cases, and 14 of these
(77.8%) did not express CDI133 in the tumor. The remaining
4 cases showed a low expression of CD133 (3-20%) in the
viable tumor, with no increased expression in the perinecrotic
region. No significant correlation was evident between the
CD133 expression levels and the Fuhrman grade, tumor size
or nodal metastasis status (Table IT).

Although the disease-related survival did not show any
significant correlation with CD133 expression due to a short
follow-up period, an analysis of the 4 cases that resulted in
death from ccRCC was performed. These 4 cases were char-
acterized by a lack of CDI133 expression, Fuhrman grade 4,
a small amount of macro-/microcystic region (5-25%), lung
metastasis and tumor necrosis. Tumor extension into peri-
nephric fat tissue and lymphatic invasion were also noted in
3 of the 4 patients.

Low proliferative activity of CDI33-expressing ccRCC.
The Ki-67 labeling index was higher in ccRCCs that did not
express CDI133 (mean 19.5%) than in those that did (mean
14.7%), although this difference was not statistically signifi-
cant (p=0.097). CD133* tumor cells lining the macrocystic
spaces rarely expressed Ki-67, whereas sarcomatoid and
perinecrotic regions, where the CD133 expression was low or
absent, revealed high expression levels of Ki-67 (Fig. 1A-H).
The Ki-67 labeling index of CDI133* tumor cells was exam-
ined in 45 cases of CD133-expressing ccRCC to measure the
proliferative activity of CD133* cells. The mean Ki-67 labeling
index of CD133* cells was 7.7%, which was lower than that of
the average Ki-67 labeling index of all 140 ccRCC cases (18%)
and of 95 cases of CDI133 non-expressing ccRCCs (19.5%).

Low expression of Oct-4 in CDI33* tumor cells in CDI33-
expressing ccRCC. Oct-4 expression was investigated in
CD133-expressing tumors to examine the stemness of CD133*
cells. Being a transcription factor, Oct-4 was expressed in the
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Table II. Correlation between CD133 expression and clinico-
pathological features in 140 patients with clear cell renal cell
carcinoma.

Variable Mean percentage of p-value
CD133 expression

Gender
Male 16.4 0.001
Female 0.5

Fuhrman grade
1 and 2 9.6 0.551
3 and 4 13.5

Tumor size (cm)
<40 129 0.833
4.1-7.0 9.6
>7.0 13.6

T stage
T1 and T2 124 0.057
T3 and T4 9.8

LN metastasis
Absent 11.7 0.236
Present 0.0

Distant metastasis
Absent 12.6 0.047
Present 8.1

Necrosis
Absent 133 0.081
Present 52

Sarcomatoid component
Absent 124 <0.001
Present 0.5

LN, lymph node. Regional lymph node dissection was performed in
50 cases.

nucleus, as expected (Fig. 2A-C). CD133* tumor cells rarely
expressed Oct-4 (Fig. 2B), whereas significant Oct-4 expres-
sion was observed in CD133" tumor cells (Fig. 2C).

Discussion

In the present study, CD133 expression was increased in
non-metastatic ccRCC and in those without a sarcomatoid
component. CDI133-expressing ccRCC exhibited a lack of
necrosis and low proliferative activity.

The high expression of CDI133 in ccRCC with favor-
able clinicopathological characteristics was an unexpected
result, as CDI133 has been applied as a putative CSC marker
in numerous malignant tumors, and its high expression has
been considered a poor prognostic factor. CD133 is currently
applied as a cell-surface marker to isolate CSCs in malignant
tumors of the colon, brain, lung, prostate, pancreas, liver,
stomach and uterus (11,25-27). A CDI133* sub-population
in colon cancer was highly enriched with CSCs that were
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Figure 2. Low expression levels of Oct-4 in CD133* tumor cells in CD133-expressing clear cell renal cell carcinoma. Double immunohistochemical staining
for CD133 and Oct-4 demonstrates CD133 expression at the apical/apicolateral cell membrane of tumor cells and Oct-4 in the nuclei. CD133-negative solid
areas (right inset) show higher Oct-4 expression than do CD133-positive microcystic areas (left inset) (A). The microcystic and solid areas in (A) are magni-
fied in (B) and (C), respectively (original magnification: A, x400; B and C, x1,000).

capable of forming tumors in serial xenotransplantation (self-
renewal) and reproducing the heterogeneous morphological
and antigenic patterns of the original tumor (multipotency)
(28,29). Previous studies have shown that CSC has poor
prognostic significance and therapeutic relevance. The
proportion of CD133* cells in the glioma of the brain was
an independent risk factor for tumor regrowth and was thus
negatively correlated with progression-free and overall
survival (30). In colon cancer, high levels of CD133 expres-
sion were associated with a shorter relapse-free interval and
poor overall survival (31). Furthermore, CSCs appear to be
highly resistant to chemoradiation therapy (26,32-34). In an
atypical teratoid/rhabdoid tumor of the brain, high levels of
CD133* cells were positively correlated with radioresistance
(35). A high-level expression of CD133 in residual colon
cancer tissue following radiation therapy predicted poor
disease-free and overall survival rates (13). These findings
suggest that the estimation of the CSC proportion within a
tumor has clinical relevance for CSC-targeted therapy. In
addition, these studies indicate that successful tumor control
requires the eradication of CSCs during cancer treatment.
This issue has been actively studied to develop targeted
therapy for CSCs. For example, an anti-CD133 antibody-
drug complex has been shown to conjugate effectively and
inhibit the growth of the Hep3B hepatocellular carcinoma
cell line in vitro and in vivo (36).

However, it appears that CD133 expression does not
predict poor prognosis for every tumor type. In ovarian
cancer and malignant melanoma patients, no differences were
observed in the overall survival between tumors with nega-
tive CD133 and those expressing the marker (37,38). In the
present study, CD133 expression was increased in ccRCC
patients showing favorable clinicopathological characteris-
tics, although disease-related survival was not significantly
correlated with CD133 levels, mainly due to a short follow-up
period. The indolent nature of CD133* RCC cells is supported
by previous studies demonstrating that CD133* cells isolated
from human RCCs were incapable of forming tumors when
transplanted independently into severe combined immuno-
deficiency (SCID) mice, although these cells significantly
increased tumor development and growth when co-trans-
planted with RCC cells (39). Taken together, these data
indicate that CD133 expression levels may vary with regard to
prognostic significance depending on the tumor type.

In contrast to the widely held theory that CSCs are rela-
tively undifferentiated, our results demonstrate that CD133 is
highly expressed in the more differentiated macro-/microcystic
region of ccRCCs with a low expression of Oct-4 in CD133*
tumor cells, whereas CDI133 expression was absent in the
dedifferentiated sarcomatoid region. CD133 expression was
found to be reduced in those regions with an alveolar growth
pattern, where the luminal structure was inconspicuous. The
high expression of CDI33 in the macro-/microcystic tumor
structures and the favorable prognosis for ccRCC may be
explained in three ways. First, CDI133 is a cell membrane
protein that is usually expressed in plasma membrane protru-
sions, including microvilli (40-44). Given that microvilli
are abundant in differentiated cells, including the proximal
tubules of the adult kidney, this may explain the absent or low
expression levels of CD133 in the undifferentiated sarcomatoid
region and less differentiated alveolar regions. However, this
observation does not fully explain the high expression levels
of CD133 in the macro-/microcystic regions of ccRCC since
not all these regions expressed the marker, and a small number
of cells in the proximal tubules expressed CD133 in normal
kidney tissue remote from the tumor. Second, since CD133 is a
glycoprotein, its expression may reflect aberrant glycosylation
or a variation in glycosylation status according to the degree
of tumor differentiation. It has been well established that the
glycosylation of CD133 varies with cellular differentiation and
malignant transformation, and the anti-CD133 antibody used
in this study identifies only the undefined glycosylated epitopes
(10,16,40). Finally, CD133* cells may represent a heterogeneous
population of tumor cells that contains a small number of
CSCs and a large number of differentiated non-CSC cells. Our
immunohistochemical staining for CD133 and Oct-4 supports
this hypothesis, as the majority of CD133" cells did not express
Oct-4, although a small number of cells co-expressed CD133
and Oct-4. Taken together, these data suggest that the propor-
tion of CDI133-expressing cells in ccRCC identified through
immunohistochemical staining may not accurately reflect
the overall proportion of CSCs. Therefore, CD133 as a single
marker is not sufficient for CSC identification in ccRCC, and
other, more specific CSC markers need to be developed.

In the present study, the ccRCCs from male patients
revealed higher CD133 expression levels than those from
female patients. Although the impact of gender on stem cell
populations should be defined, previous studies have shown
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that the number of circulating CD133* endothelial progenitor
cells is higher in pre-menopausal females compared to post-
menopausal ones and age-matched males (45,46). Therefore,
the gender difference in CD133 expression in ccRCC and its
clinical significance require further clarification.
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