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Abstract: Cancer stem cells (CSCs) have been found in many different types of malignant tumors. In our previous 
study, we found that sphere-forming cells (SFCs) from the renal cell carcinoma (RCC) cell line SK-RC-42 are rich in 
CSCs. However, our previous reports are based on only one human RCC cell line, which makes it difficult to deter-
mine whether the findings from this cell line represent the general mechanisms in human RCC. Therefore, in this 
study, we attempted to evaluate whether the sphere culture method could enrich for CSCs from another human RCC 
cell line, 786-O, and to characterize their immunological phenotype. We discovered that a small population of 786-
O cells was capable of growing as tumor spheres. The SFCs had many properties similar to CSCs, including greater 
ability to self-renew in vitro and in vivo, higher mRNA expression levels of several ‘stemness’ genes, stronger tumori-
genicity and resistance to chemotherapeutic agents than monolayer adherent cells (MACs). The SFCs expressed 
low levels of MHC-I, HLA-DR, CD80, CD86, CD152 and CD154. Additionally, the SFCs had lower expression levels of 
Her2 and hTERT, FasL, Fas, the transcription factor forkhead box protein 3 (FoxP3) and activating natural killer cell 
receptors than did the MACs. In addition, both 786-O SFCs and MACs were weakly positive for B7-H4 expression, 
while the expression level of B7-H1 in 786-O SFCs was lower than that in MACs. Furthermore, 786-O SFCs and MACs 
both expressed substantial and comparable levels of membrane complement regulatory proteins (mCRPs). Finally, 
we found that 786-O SFCs triggered T cell apoptosis. These findings suggested that tumor spheres from 786-O cells 
are rich in CSCs. The immunological phenotype of the SFCs described in our study suggests that CSCs might play an 
important role in tumor immune evasion.
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Introduction

Renal cell carcinoma (RCC) is one of the most 
common types of urologic tumors, representing 
more than 80% of all malignancies of the kid-
ney. RCC is also known to be highly vascular 
and relatively radioresistant [1]. Emerging evi-
dence shows that cancer stem cells (CSCs) play 
an important role in cancer initiation, progres-
sion and recurrence [2, 3]. A useful approach 
for the identification and purification of CSCs, 
specifically in the absence of suitable surface 
marker expression, is based on the phenome-
non that stem cells have the ability to form 
spheres in serum-free medium (SFM) [4]. 

Sphere-forming cells (SFCs) were first isolated 
from the central nervous system and were able 
to generate neurons and astrocytes in culture 
[5]. The sphere culture method has since been 
employed to isolate and characterize adult 
stem cells. Under similar environmental condi-
tions, a subpopulation of tumor-derived cells 
have been found to behave similarly to endoge-
nous stem cells and are thus referred to as 
CSCs [4].

In our previous study, we successfully used the 
sphere culture method to identify and enrich for 
CSCs from an established human RCC cell line 
SK-RC-42 [6]. However, our previous reports 
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are based on only one human RCC cell line, 
which makes it difficult to determine whether 
the observations based on the cell line repre-
sent general mechanisms in human RCC. Thus, 
in this study, we attempted to evaluate whether 
the sphere culture method could enrich for 
CSCs from another human RCC cell line, 786-O, 
and to further characterize their immunological 
phenotype.

Materials and methods

Ethics statement

Mice were housed in facilities accredited by the 
Experimental Animal Center of Central South 
University (Changsha, Hunan, China). Our study 
was conducted in accordance with the recom-
mendations of the Guide for the Care and Use 
of Laboratory Animals published by the National 
Institutes of Health. The study protocol was 
approved by the Animal Experimental Ethics 
Committee of Hunan Province and the Research 
Ethics Committee of our hospital. Informed 
consent was obtained from healthy donors. 

Culture of RCC cells, tumor spheres and tumor 
subspheres 

The human RCC cell line 786-O was obtained 
from the Cell Bank of the Chinese Academy of 
Sciences (Shanghai, China). Monolayer adher-
ent cells (MACs) were maintained in Dulbecco’s 
modified Eagle’s medium (DMEM)/F-12 medi-
um with 10% FBS. Sphere cell culture was per-
formed according to published protocols with 
modifications [5, 6]. Briefly, single cells were 
plated in ultra-low attachment plates (Corning, 
NY) at a density of 10,000 viable cells/ml in the 
initial passage and 500 cells/ml in subsequent 
passages. The cells were grown in SFM consist-
ing of DMEM/F-12 medium supplemented with 
20 ng/ml EGF (Sigma), 20 ng/ml bFGF (Sigma) 
and B27 (Invitrogen). To passage sphere cells, 
we dissociated cells with 0.1% trypsin and 1 
mM EDTA (Invitrogen), strained them through a 
40-μm nylon mesh (Falcon) and microscopical-
ly analyzed single cells and used them for sub-
sequent experiments.

Side population (SP) analysis, proliferation 
assay, cell cycle analysis, semiquantitative re-
verse transcription polymerase chain reaction 
(RT-PCR), and drug sensitivity assay

The detailed procedures have been described 
in our recent paper [6].

Flow cytometry

The following anti-human monoclonal antibod-
ies (mAbs) were used for flow cytometry: anti-
CD133-PE (Miltenyi-Biotec); anti-OX40-PE, anti- 
CD44-FITC and anti-CD24-PE (BD Bioscienc- 
es); anti-CD105-PE, anti-HLA-I-FITC, anti-CD95-
FITC, anti-CD95L-PE, anti-CD155-PE, anti-
CD112-PE, anti-B7-H1-PE, anti-B7-H4-PE, anti-
FoxP3-PE, anti-HLA-E-PE, anti-HLA-G-PE, anti-
CD46-PE, anti-CD55-PE and anti-CD59-PE 
(eBioscience); anti-CD40-PE, anti-HLA-DR-PE, 
anti-CD34-PE, anti-CD80-FITC and anti-CD86-
PE (Immunotech); anti-CD200-FITC (AbD Sero- 
tec); and anti-Her2-FITC (Bender Medsystems). 
Unconjugated mouse anti-hTERT antibodies 
and FITC-conjugated goat anti-mouse IgM were 
also used. Appropriate isotype controls were 
used for each antibody. Intracellular forkhead 
box protein 3 (FoxP3) and hTERT staining was 
performed after fixation and permeabilization 
of cells with Fix/Perm buffers (BD Pharmingen) 
according to the manufacturer’s instructions. 
Flow cytometry was performed using a COU- 
LTER EPICS XL flow cytometer (Beckman 
Coulter) equipped with the Expo32 software. 
Side-scatter and forward-scatter profiles were 
used to eliminate cell doublets. The results are 
expressed as the mean fluorescence intensity 
(MFI) and % of positive cells.

Tumorigenicity and histological analysis

Five-week-old BALB/c female nude mice were 
purchased from the Animal Institute of Peking 
Union Medical College (PUMC). Approximately 5 
× 104 786-O SFCs and MACs were subcutane-
ously injected into the left and right axilla, 
respectively, of the same nude mouse (n = 5) to 
comparatively evaluate their tumorigenic poten-
tial. Hematoxylin and eosin (H&E) staining was 
performed on 5-μm paraffin-embedded sec-
tions following standard protocols.

Apoptosis assay

Peripheral blood mononuclear cells (PBMCs) 
were prepared from healthy donor blood by 
centrifugation on a Ficoll-Hypaque density gra-
dient (Sigma-Aldrich). Supernatants from 786- 
O SFCs and MACs were collected after 3 days in 
culture. T cell apoptosis assays were performed 
with the Annexin V/7-AAD staining kit (BD 
Pharmingen). Healthy donor PBMCs were cul-
tured in medium, 786-O SFC supernatant or 
786-O MAC supernatant and harvested by cen-
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Figure 1. Tumor spheres derived from 786-O cells share relevant features with 
stem cells. (A) Examples of primary spheres in 786-O and subspheres re-formed 
after single 786-O sphere cells were re-seeded at a clonal density and grown 
in DMEM/F-12 medium supplemented with 20 ng/ml EGF, 20 ng/ml bFGF and 
B27. (B) 786-O SFCs and MACs were incubated with antibodies against CD44, 
CD24, CD105, CD133 and CD34 and analyzed by flow cytometry. 786-O SFCs 
(C, D) and MACs (E, F) were incubated with Hoechst 33342. Control cells (C, 
E) were also incubated with verapamil (50 µM, Sigma) to block pumps that 
eliminate Hoechst 33342. The population selected by the P3 gate represents 
SP cells. SFCs, sphere-forming cells; MACs, monolayer adherent cells. One rep-
resentative staining image of three independent experiments is shown.
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trifugation after 24 h. The cells were stained 
with PE-conjugated anti-CD3 antibodies. Next, 
FITC-conjugated Annexin V and 7-AAD were 
added, and CD3+ T cell apoptosis was analyzed 
by flow cytometry.

Statistical methods

The results are expressed as the mean ± SD. 
Student’s t-test was used to compare the differ-
ences among groups. P < 0.05 was considered 
significant. Statistical analyses were performed 
using SPSS 19.0 software (SPSS Inc., Chicago, 
IL, USA).

Results

786-O RCC cells can form self-renewing tumor 
spheres

To determine if 786-O cells can form tumor 
spheres, we cultured the cells as monolayers in 
the presence of 10% FBS and subsequently in 
SFM containing EGF and bFGF. Large tumor 
spheres were formed 12 days later (Figure 1A). 

The self-renewal capacity of 786-O SFCs was 
assessed by dissociating the primary tumor 
spheres into single cells and growing them at a 
clonal density of 500 cells/ml in SFM contain-
ing EGF and bFGF. Tumor subspheres were 
formed after 14 days (Figure 1A), displaying 
the self-renewal capacity of the 786-O tumor 
spheres.

Expression of putative stem cell markers and 
the presence of SPs in 786-O SFCs

To explore whether the tumor spheres could be 
used to enrich for cells expressing stem cell 
markers [7, 8], we stained 786-O SFCs and 
MACs for CD44, CD24, CD34, CD105 and 
CD133. However, no significant differences 
were found regarding the expression of these 
cell surface markers between the two cell types 
(Figure 1B). 

In many normal tissues or tumors, side popula-
tion (SP) cells are thought to contain tissue 
stem cells or CSCs, respectively [9]. Therefore, 
we attempted to explore whether such SP cells 

Figure 2. Cell growth curve and cell cycle distribu-
tion of 786-O SFCs and MACs. A. Approximately 500 
healthy 786-O SFCs and MACs were exposed to 
DMEM/F-12 medium containing 10% FBS. The absor-
bance of the cells was measured for 7 days using the 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) method, and the cell growth curve was 
constructed accordingly. SFCs proliferate at a signifi-
cantly slower rate than MACs (P < 0.05). B. For cell 
cycle analysis, 786-O SFCs and MACs were stained 
with 40 µg/ml propidium iodide and 1 mg/ml RNase 
after being fixed with 70% ethanol for 24 h. The cells 
were then collected using a COULTER EPICS XL flow 
cytometer (Beckman Coulter, USA). Compared to 786-
O MACs, 786-O SFCs show a predominance of the 
population in G0/G1 phase (n = 3) (P < 0.01). The 
experiment has been repeated twice.
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were present in 786-O SFCs. As shown in Figure 
1C-F, 786-O SFCs contained more SP cells than 
MACs (P < 0.01, n = 3).

Cell growth rates and cell cycle distribution

As shown in Figure 2A, 786-O SFCs proliferat-
ed at a significantly slower rate than MACs (P < 
0.05), which is in accordance with our previous 
data [6]. 

The cell cycle distributions of 786-O SFCs and 
MACs are shown in Figure 2B. Compared with 
786-O MACs, SFCs showed a predominance of 
cells in the G0/G1 phase (P < 0.01, n = 3) 
(Figure 2B). 

Drug sensitivity of 786-O SFCs 

As shown in Figure 3A-C, 786-O SFCs and 
MACs were cultured in 96-well plates and treat-
ed with various concentrations of doxorubicin, 
mitomycin C and cisplatin. The SFCs showed 

significantly greater resistance to these three 
agents than did the MACs (P < 0.01, n = 3).

Tumorigenicity of 786-O SFCs

To determine if 786-O SFCs differed in tumori-
genicity from MACs, we implanted 786-O cells 
of each type into nude mice (n = 5). While the 
subcutaneous injection of 5 × 104 SFCs invari-
ably gave rise to tumors, the same number of 
MACs was unable to generate tumors in mice 
after one month (Figure 4A). H&E staining 
results confirmed that the tumors formed by 
786-O SFCs had typical features of human 
clear cell RCC. Importantly, more than 106 
786-O MACs were required to form tumors in 
nude mice (data not shown). Thus, the tumor-
formation ability of 786-O SFCs was 20 times 
greater than that of MACs. 

When mice were sacrificed 45 days after cell 
implantation, we isolated and cultured RCC 
cells from tumors grown from SFCs. Typical 

Figure 3. Results of chemotherapeutic drug sensitiv-
ity assays in 786-O SFCs and MACs. Approximately 
2,000 SFCs and MACs were plated in 96-well flat-bot-
tom plates. Different chemotherapeutic agents along 
a concentration gradient were added to the plates 
on the following day and in three replicate wells. Cell 
viability was evaluated after 2 days of drug treatment 
by the MTT (Sigma) assay. 786-O SFCs were more 
resistant to anticancer drugs doxorubicin (A), mito-
mycin C (B) and cisplatin (C) than were MACs. **P < 
0.01. The experiment has been repeated twice. 
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tumor spheres were formed within 2 to 3 weeks 
in SFM plus EGF and bFGF (Figure 4B). 
Furthermore, 5 × 104 tumor sphere cells were 
subcutaneously injected into the axilla of nude 
mice (n = 4). After 4 weeks, all injected mice 
developed tumors. These results indicate that 
a stem cell population exists in 786-O SFCs 
after in vivo transplantation. 

Expression of ‘stemness’ genes by 786-O SFCs 

As shown in Figure 4C and Supplemental Data, 
we found that 786-O SFCs expressed signifi-
cantly higher mRNA levels of Oct3/4 and β-ca- 
tenin than MACs, although neither 786-O SFCs 
not MACs displayed Bmi or Nanog expression, 
indicating that 786-O SFCs could be enriched 
for cells possessing stem cell-like properties.

Expression of MHC molecules, costimulatory 
molecules and tumor-associated antigens 
(TAAs) by 786-O SFCs

To characterize the immunologic phenotype of 
786-O SFCs, we assessed the expression of 
MHC-I, MHC-II (HLA-DR), CD80, CD86, CD40, 
CD154, CD152 and OX40 by flow cytometry. As 
shown in Figure 5A and 5B, very few SFCs and 
MACs expressed MHC-I, HLA-DR, CD80, CD86, 
CD152 and CD154. In contrast, CD40 was con-
sistently and significantly expressed by 786-O 
SFCs and MACs (Figure 5B). In addition, com-
pared to MACs, SFCs showed preferential 
expression of OX40 (Figure 5B). These results 
suggested that 786-O SFCs and MACs do not 
possess the capacity to deliver signals for T cell 

activation and cannot be recognized by activat-
ed CD8+ cytotoxic T lymphocytes (CTLs).

Next, flow cytometric analysis was used to 
explore the expression of tumor-associated 
antigens (TAAs) reported to be expressed by 
RCC cells [10]. Our results revealed Her2 
expression in 74.97 ± 6.49% (mean ± SEM, n = 
3) of MACs. In contrast, only 2.23 ± 0.84% 
(mean ± SEM, n = 3) of SFCs expressed Her2 
(Figure 5C). In addition, hTERT was consistently 
expressed by 786-O SFCs and MACs (Figure 
5C). Nonetheless, the expression level of hTERT 
in SFCs was lower than that in MACs (28.07 ± 
3.43 versus 55.33 ± 4.61 MFI, n = 3). These 
results are in line with our previous data [6]. 
Taken together, these data suggest that 786-O 
SFCs likely downregulate the expression of 
TAAs to escape T cell surveillance.

Expression of immune evasion-associated mol-
ecules by 786-O SFCs

Recent reports suggest that CD200 expression 
by tumor cells suppresses antitumor respons-
es [11]. However, CD200 was only expressed 
by very few 786-O SFCs and MACs (Figure 5D). 
Interestingly, we discovered that the expres-
sion levels of CD95L and CD95 on 786-O SFCs 
were lower than those on MACs (Figure 5D).

The expression of coinhibitory B7 family mem-
bers, such as B7-H1 and B7-H4, by tumor cells 
has been shown to inhibit tumor-specific T cell-
mediated immunity [12]. Both 786-O SFCs and 
MACs were weakly positive for B7-H4 expres-

Figure 4. Tumorigenicity and preferential expression of ‘stemness’ genes in 786-O SFCs. A. Approximately 5 × 104 
786-O SFCs and MACs were subcutaneously injected into the left and right axilla, respectively, of the same nude 
mouse, and the mouse was photographed one month after injection. The experiment has been repeated once with 
similar outcomes. B. When the mice were sacrificed 45 days after implantation, RCC cells were isolated from tumors 
grown from SFCs and cultured in SFM plus EGF and bFGF. Typical tumor spheres were formed within 2 to 3 weeks. 
C. Semiquantitative RT-PCR analysis of ‘stemness’ genes using 786-O SFCs and MACs. The experiment has been 
repeated twice with similar outcomes.
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Figure 5. Immunophenotypes of 786-O SFCs and MACs. 786-O SFCs and MACs were incubated with Abs against 
MHC class I, MHC class II and costimulatory molecules (A and B), TAAs (C) and immune evasion-associated mol-
ecules (D), respectively. Then, the expression of MHC class I, MHC class II and costimulatory molecules (A and B), 
TAAs (C) and immune evasion-associated molecules (D) by 786-O SFCs and MACs was determined by flow cytometry. 
Proportions of the positive populations are shown. One representative staining image of three independent experi-
ments is shown.
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sion (Figure 6A), but the expression level of 
B7-H1 in 786-O SFCs was lower than that in 
MACs (Figure 6A). 

HLA-E and HLA-G are non-classical MHC class I 
molecules, and accumulating evidence indi-
cates their biological roles in inactivating 
immune responses [13]. Indeed, the expres-
sion level of HLA-E was lower and the expres-
sion level of HLA-G was higher in 786-O SFCs 
than in 786-O MACs (Figure 6B).

More interestingly, flow cytometric analysis 
revealed that 786-O MACs expressed substan-
tial levels of the transcription factor FoxP3 
(Figure 6B). However, the expression level of 
FoxP3 in 786-O SFCs was lower than that in 
MACs (Figure 6B).

Expression of ligands specific for natural killer 
(NK) cell receptors and membrane comple-
ment regulatory proteins (mCRPs) on 786-O 
SFCs

Natural killer (NK) cells have been shown to 
play important roles in tumor immunity. Thus, 
we detected the expression of ligands for acti-
vating NK cell receptors on 786-O SFCs and 
MACs. As shown in Figure 6C, the ligands for 
DNAM-1, such as poliovirus receptor (PVR) and 
Nectin-2, were expressed by nearly all 786-O 
SFCs and MACs. However, the expression of 

these two molecules on SFCs was much lower 
than that on MACs. Moreover, lower expression 
levels of cell surface NKG2DL were observed 
on 786-O SFCs than on MACs (Figure 6C), 
which is in line with our previous data [6] and 
findings of other investigators [14]. 

Furthermore, membrane complement regula-
tory proteins (mCRPs), such as CD46, CD55 
and CD59, can be overexpressed by tumor cells 
to limit immune surveillance by the comple-
ment system [15]. Nearly all 786-O SFCs and 
MACs expressed CD46, CD55 and CD59 
(Figure 6D), which is in line with our previous 
data [6].

786-O SFCs induce T cell apoptosis

As shown in Figure 7, compared with MAC 
supernatant or medium alone, 786-O SFC 
supernatant could significantly induce T cell 
apoptosis in PBMCs from healthy donors (P < 
0.01, n = 3). These results are in line with previ-
ous data obtained by other investigators [16].

Discussion

In this study, we found that another human RCC 
cell line, 786-O, was also capable of forming 
tumor spheres when grown in defined media, 
consistent with our previous reports [6]. The 
786-O SFCs maintained their ability to prolifer-

Figure 6. Expression of immune evasion-associated molecules on 786-O SFCs and MACs. Representative flow cyto-
metric analyses of 786-O SFCs and MACs stained for coinhibitory B7 family members (A), non-classical MHC class 
I molecules (B) and ligands for activating NK receptors (C). (D) Single-color flow cytometric analyses of 786-O SFCs 
and MACs for the expression of mCRPs. One representative staining image of three independent experiments is 
shown.

Figure 7. 786-O SFC supernatant induces T cell apoptosis after 24 h of exposure. After culturing with 786-O SFCs 
supernatant, MAC supernatant or medium alone, T cells were stained with 7-AAD and Annexin V. Compared with 
786-O MAC supernatant or medium alone, 786-O SFC supernatant enhanced T cell apoptosis.
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ate and to self-renew. The SFCs displayed high-
er tumorigenicity than the MACs in vivo. 

Thus far, many reports have shown that SP 
cells are rich in CSCs [17, 18]. More recently, 
one research group reported that the Rh123high 
population in cultured RCC 786-O cells dis-
played stem-like characteristics in vitro [19]. 
Here, we found that 786-O SFCs contained 
almost 9-fold more SP cells than 786-O MACs, 
which may provide an additional explanation for 
the higher tumorigenicity of 786-O SFCs than 
MACs. However, we could not find significant 
differences between SFCs and MACs regarding 
the expression of putative stem cell markers, 
including CD44, CD24, CD34, CD105 and 
CD133 [4, 20], indicating that these cell sur-
face markers cannot substitute the sphere for-
mation technique for isolating 786-O CSCs. 

In our study, we discovered that in vitro, the 
786-O SFCs were more resistant to commonly 
used chemotherapeutic agents, including doxo-
rubicin, mitomycin C and cisplatin, than were 
the 786-O MACs. Additionally, we demonstrat-
ed that 786-O SFCs expressed higher mRNA 
levels of several ‘stemness’ genes [21], includ-
ing Oct-3/4 and β-catenin, indicating that 
786-O SFCs are rich in cells possessing stem 
cell-like properties.

Furthermore, we investigated the immunologi-
cal phenotype of 786-O SFCs and MACs. On 
one hand, our results revealed almost com-
plete absence of MHC class I molecule and 
HLA-DR expression in both 786-O SFCs and 
MACs, which has been considered the most 
common strategy exploited by tumors cells to 
escape T cell control [22]. In addition, the 
expression of very low levels of CD80 and CD86 
was observed in both 786-O SFCs and MACs, 
which can be anticipated to induce T cell aner-
gy [16]. On the other hand, by downregulating 
the expression of TAAs (such as Her2 and 
hTERT), 786-O SFCs could escape the surveil-
lance of tumor-specific CTLs.

The FasL (CD95L) counterattack hypothesis is 
one of the most controversial mechanisms of 
tumor immune evasion [22]. Interestingly, we 
discovered that the expression level of FasL 
was lower in 786-O SFCs than in MACs. In addi-
tion, with lower expression of Fas (CD95), 
786-O SFCs may be less sensitive to cytotoxic-
ity mediated by tumor-specific T cells. Recently, 

one research group reported that CD200 was 
expressed on approximately threefold more 
CSCs than on non-CSCs in several cancer cell 
lines [23]. Nonetheless, CD200 was only ex- 
pressed by very few 786-O SFCs and MACs, 
suggesting that the expression of CD200 was 
not a major mechanism used by 786-O SFCs to 
evade antitumor responses.

The selective expression of inhibitory B7 mole-
cules, including B7-H1 and B7-H4, on tumor 
cells has been recognized as an important 
immunosuppressive mechanism [12]. Despite 
expressing low levels of B7-H4, most of the 
786-O SFCs expressed B7-H1, indicating that 
786-O SFCs probably induce T cell apoptosis 
and resist immune-mediated destruction [12]. 

Strong evidence supports the role of non-clas-
sical MHC class I molecules, most notably 
HLA-E and HLA-G, in tumor immune escape 
[13]. With higher expression of HLA-G than 
MACs, 786-O SFCs might have the ability to 
prevent antitumor responses.

FoxP3 is a key transcription factor regulating 
the development and function of regulatory T 
(Treg) cells [24]. However, recent reports have 
demonstrated that FOXP3 expressed in pancre-
atic ductal adenocarcinoma serves as a prog-
nostic biomarker and a crucial determinant of 
an immunosuppressive microenvironment by 
recruiting Treg cells by directly transactivating 
CCL5 [25]. Inconsistent with our previous data 
[6], the expression level of FoxP3 was markedly 
lower in 786-O SFCs than in MACs, indicating 
that FoxP3 probably does not play a major role 
in immune evasion mediated by 786-O SFCs.

NK cells have potent antitumor activity. The 
function of NK cells is regulated by the activa-
tion or inhibition of receptors present on their 
surfaces. The activation of NK cells results in 
cytotoxic activity on target cells through the 
release of toxic granules and inflammatory 
cytokines [26]. With reduced expression levels 
of ligands of DNAM-1 and NKG2D, 786-O SFCs 
may display decreased sensitivity to NK cell-
mediated killing. 

mCRPs impose an obvious obstacle to antican-
cer antibody-based therapy [15]. In line with our 
previous data [6], we discovered high expres-
sion levels of mCRPs, such as CD46, CD55 and 
CD59, on 786-O SFCs, indicating that the ther-
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apeutic potential of anticancer antibodies may 
be significantly limited in these cells due to the 
inhibition of complement-dependent cellular 
cytotoxicity (CDCC). 

Tumor-induced T cell apoptosis is an important 
mechanism of immune evasion by RCC [27]. To 
avoid allogeneic responses that could con-
found the interpretation of the data, we used 
supernatants from 786-O SFCs and MACs in 
immunologic assays with T cells from healthy 
donors to determine the effects of CSCs in the 
absence of preexisting T cell immunosuppres-
sion. We found that the supernatant from 
786-O SFCs could increase immune cell apop-
tosis in PBMCs from healthy donors, indicating 
that 786-O SFCs can mediate immunosuppres-
sion by the apoptotic elimination of immune 
cells likely by secretion of factor(s). However, 
the exact factor(s) need to be validated in future 
experiments.

In summary, our present study suggested that 
SFCs derived from 786-O cells possess CSC 
characteristics. More importantly, our study 
highlights a detailed analysis of the immuno-
logic features of CSCs enriched from an RCC 
cell line, suggesting that CSCs in RCC may con-
tribute to immune suppression by multiple 
mechanisms. Further research will be carried 
out using primary RCC tumor samples to con-
firm and expand on the findings of this study. 
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Supplemental Data

786-O SFCs and MACs were harvested in Trizol (Invitrogen) and total RNA was extracted following manu-
facturer’s protocol. First strand cDNA was made using Oligo (dT) 12-18 (Invitrogen) primers, 1.2 μg of 
total RNA, and SuperScript II RNase H Reverse Transcriptase (Invitrogen), according to the manufac-
turer’s recommendations. The target cDNA was amplified using Platinum Taq DNA Polymerase 
(Invitrogen) for 28 to 30 cycles. The primers were described in our previous paper (Zhong Y, Guan K, Guo 
S, Zhou C, Wang D, Ma W, Zhang Y, Li C and Zhang S. Spheres derived from the human SK-RC-42 renal 
cell carcinoma cell line are enriched in cancer stem cells. Cancer Lett 2010; 299: 150-160.). Aliquots of 
8 μl of the amplification products were separated by electrophoresis in 1.2% agarose gels and visualized 
by ethidium bromide staining.

Figure S1. Lane 3, 8, 11, 100 bp DNA ladder marker; lane 1: β-actin for 786-O MACs; lane 2: β-actin for 786-O SFCs; 
lane 4: β-catenin for 786-O MACs; lane 5: β-catenin for 786-O SFCs; Lane 6: Nanog for 786-O MACs; lane 7: Nanog 
for 786-O SFCs; lane 9: Oct-4 for 786-O MACs; lane 10: Oct-4 for 786-O SFCs; lane 12: Bmi for 786-O MACs; lane 
13: Bmi for 786-O SFCs.


