
Abstract. The stem cell marker CD133/prominin-1, is a
pentaspan membrane glycoprotein, which has also been
identified as a cancer stem cell (CSC) marker in several solid
tumor types, including those of the prostate, liver, colon and
brain. The function of CD133 in these tumors is still unknown.
We hypothesize that the function of CD133 is correlated with
the characteristics of the CD133+ CSCs and may affect the
growth of the tumor cell population as a whole. In this study
we used antisense oligodeoxynucleotides (ASODNs) of
CD133 to knock-down (KD) CD133 expression. We showed
that the CD133-KD inhibited proliferation of U251 human
glioma cells, decreased the colony forming ability and altered
the cell cycle distribution in Huh-7 human hepatocellular
carcinoma cells. Our data suggest that CD133 may play an
important functional role in the growth of these tumor cells.
Moreover, this study also showed that prominin-2, another
protein in the same family as CD133/prominin-1, may not
have a similar function.

Introduction

Increasing evidence shows that cancers contain a small
population of cells with ‘stem-like’ characteristics termed
cancer stem cells (CSCs). They have a long lifespan, high
self-renewal capacity, multilineage differentiation ability,
and unlimited proliferative potential which enables them to
maintain and expand the cancer cell population, while they
often stay in a quiescent stage (G0/G1) (1,2) resistant to
chemotherapy or radiation therapy (3,4). Current treatments
that act against the bulk of the cancer but do not target the
CSCs are unlikely to result in long-term remissions (5).

Treatments targeting specific functional proteins that directly
affect the characteristics of CSCs may be a more promising
way to cure cancers.

CD133/prominin-1, a cell surface marker of somatic and
embryonic stem/progenitor cells (6), is the first identified
member of the prominin family of pentaspan membrane
glycoproteins. The specific functions and ligands of the
prominins are still unclear (7-9). Recent research shows that
CD133 is also a cancer stem cell marker in many types of
solid tumors, including those of prostate, liver, colon and
brain (10-16); but the functional role of CD133/prominin-1
in these tumors is unknown.

Some reports have shown that CD133/prominin-1 is
expressed in embryonic stem cells (ESCs) and ESC-derived
progenitors but not in differentiated cells. CD133/prominin-1
transcript and protein levels are down-regulated after dif-
ferentiation (6). Moreover, in the intestine-derived epithelial
cell line Caco-2, researchers found that CD133/prominin-1
expression was also down-regulated upon differentiation,
meanwhile, some membrane particles containing CD133/
prominin-1 were excluded from Caco-2 cells during this
procedure (17).

We hypothesize that CD133/prominin-1 may have a
function correlated with the ‘stem-like’ characteristics of
stem/progenitor cells, including CSCs. Because of the critical
role of CSCs in maintaining the tumor cell population, the
tumor growth may be affected by modulating the expression
of CD133/prominin-1 protein.

Herein we report that knock-down of CD133 expression by
using CD133/prominin-1 antisense oligodeoxynucleotides
(ASODNs) inhibits proliferation of U251 human glioma cells
(low CD133 expression), and decreases colony formation and
alters cell cycle distribution in Huh-7 human hepatocellular
carcinoma cells (high CD133 expression). It is suggested that
CD133 may play a functional role in the growth of these tumor
cells, possibly by affecting the CD133+ CSCs. In addition,
this study also shows that another protein in the prominin
family, prominin-2, does not have the same function.

Materials and methods

Cell lines and culture conditions. Huh-7 cells, a human
hepatocellular carcinoma cell line, and U251 cells, a human
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glioma cell line, were obtained from the XiangYa Medical
University (Hunan, China), and cultured in RPMI-1640
medium (Gibco, BRL, Grand Island, NY, USA) containing
1% penicillin and streptomycin (Gibco), 12.5 mM HEPES
buffer (Sigma, St. Louis, MO, USA), and supplemented with
10% heat-inactivated fetal bovine serum (Sigma).

Oligodeoxynucleotides (ODN) transfection
Phosphorothioate ODN sequences. Non-sense (NS)-ODN
sequence: 5'-GAG GAG AGC GAG GCC CGT-3' (18); two
independent CD133/prominin-1 antisense (AS)-ODN
sequences: sequence 1, 5'-AAG AGA ATG CCA ATG
GGT C-3'; sequence 2, 5'-ATA GCT AGC AAG ATC CTC
C-3'; two independent prominin-2 ASODN sequences:
sequence 1, 5'-AAG GAA CTT GCA GTC TGT G-3';
sequence 2, 5'-GAA AGG ATT GAG CTG CAC C-3'. All
the ODN sequences utilized were synthesized by Sangon
Biotechnology Co., Ltd. (Shanghai, China).

Groups. To investigate whether the function of CD133/
prominin-1 can affect the in vitro growth characteristics of
Huh-7 cells, and whether prominin-2 has a similar or
synergistic function, the Huh-7 cells were divided into five
groups: a control group, 1.5 μg/well NSODN group, 1.5 μg/
well prominin-1 ASODN group, 1.5 μg/well prominin-2 group,
0.75 μg/well prominin-1 ASDON + 0.75 μg/well prominin-2
ASODN group. In another transfection experiment, Huh-7
cells and U251 cells were each divided into three groups:
control group, 1.5 μg/well NSODN group and 1.5 μg/well
prominin-1 ASODN group), to identify the functional role of
CD133/prominin-1 in the in vitro growth of these two types
of tumor cells.

Transfection protocol. The transfection condition was deter-
mined according to the manufacturer's instructions (Dojindo,
Kumamoto, Japan), to optimize the transfection efficiency.
One day before transfection, the cells were collected, resus-
pended in 0.5 ml of culture medium, seeded into 24-well
plates, and incubated at 37˚C. The concentration of the
cells was adjusted to yield 40-60% confluency per well (0.6-
0.9x105 cells). After 24 h, 30 μl of serum-free medium, 1.5 μg
of ODN, and 6 μl of Hilymax transfection reagent (all for each
well) were mixed by gentle pipetting in a sterile tube and
incubated at room temperature for 15 min to allow ODN-
Hilymax complex formation. The ODN-Hilymax complex
was then added into each well of the 24-well plates prepared
before. The plates were incubated at 37˚C in a CO2 incubator
and 4 h after transfection, the medium in the plates was
changed. At 36 h after transfection, CD133 mRNA level and
protein expression were measured.

cDNA production and relative quantitative PCR. Total RNA
was extracted using an RNA kit (Qiagen, Hilden, Germany)
and cDNA was synthesized from 1 μg of total RNA, with
an oligo(dT) primer and Moloney murine leukemia virus
(M-MLV) reverse transcriptase (Gibco, BRL) according to
the manufacturer's instructions. The cDNA samples were
subjected to PCR amplification with specific primers.
Primers were synthesized by Sangon Biotechnology Co., Ltd.
(Shanghai, China). PCR was performed under linear conditions

in order to reflect the original amount of the specific trans-
cripts. CD133 primers were (sense, 5'-CACTCTATACCAA
AGCGTCAA-3'; antisense, 5'-CACGATGCCACTTTCT
CAC-3'). PCR program for CD133: 94˚C for 3 min, followed
by 35 cycles of denaturation at 94˚C for 30 sec, annealing at
53˚C for 55 sec, elongation at 72˚C for 60 sec, followed at
the end by 5 min elongation at 72˚C. The GAPDH house-
keeping gene was used as an internal control. GAPDH
primers were (sense, 5'-CATGACAACTTTGGTATCGTG-3';
antisense, 5'-GTGTCGCTGTTGAAGTCGTCAGA-3'). PCR
program for GAPDH: 94˚C for 3 min, followed by 35 cycles of
denaturation at 94˚C for 30 sec, annealing at 55˚C for 55 sec,
elongation at 72˚C for 60 sec, followed at the end by 5 min
elongation at 72˚C. Amplified products (3 μl) were electro-
phoresed on a 2% agarose gel. Pictures of the gels were taken
under ultraviolet (UV) light and band intensity was expressed
as relative absorbance units for analysis. The CD133 mRNA
levels relative to GAPDH were calculated and analyzed by
Bandscan 5.0. The experiments were performed three
times.

Fluorescent cytometry analysis. The expression of CD133
surface marker was analyzed by fluorescent cytometry
(FACS). Huh-7 or U251 cells were adjust to a concentration
of 1x106 cells/ml, 100 μl of single-cell suspensions were
incubated at 4˚C for 30 min with 0.1 μg/ml FITC-coupled
anti-CD133 antibodies (Biosynthesis, Beijing, China),
analyzed with a BD FACS-Calibur (Becton-Dickinson) and
CellQuest software. The experiments were performed three
times.

Colony forming assays. To investigate whether the function
of CD133/prominin-1 and/or prominin-2 affects the colony
forming ability of Huh-7, the cells were transfected as
follows: control group, 1.5 μg/well NSODN group, 1.5 μg/well
prominin-1 ASODN group, 1.5 μg/well prominin-2 group,
and 0.75 μg/well prominin-1 ASDON + 0.75 μg/well
prominin-2 ASODN group. At 36 h after transfection, single-
cell suspensions were seeded at a density of 25, 50 and
100 cells/well in 96-well plates, 10 wells for each group were
prepared. After 12 h, when all the cells had attached, the
exact number of cells seeded in each well was calculated
visually with an inverted microscope. Colony growth was
assessed at 2 weeks. Percent colony formation (%) = (total
number of colonies/total number of cells seeded) x 100. The
experiments were performed three times.

To investigate whether the function of CD133/prominin-1
affects the colony forming ability of Huh-7, the cells were
transfected in three groups, control, NSODN and prominin-1
ASODN. At 36 h after transfection, single-cell suspensions
from the three Huh-7 groups were seeded at a density of
300 cells/well in 24-well plates, with 3 wells for each group
prepared. Clonal growth was assessed at 2 weeks. Percent
colony formation (%) = (total number of colonies/total number
of cells seeded) x 100. The experiments were performed three
times.

Cell proliferation assay. At 36 h after transfection, single-
cell suspensions from three U251 groups (control, NSODN
and prominin-1 ASODN) were seeded at 100 cells/well in
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96-well plates with 3 wells for each group prepared. After 12 h,
when all the cells had attached, the exact number of cells
seeded in each well was calculated visually with an inverted
microscope. At the end of a two-week culturing, the relative
cell number was determined using Cell Counting Kit-8
(Dojindo) according to the manufacturer's protocol. Briefly,
10 μl of CCK-8 solution was added to each well and the plate
was incubated for 1 h at 37˚C. Cell viability was determined
by measuring the absorbance at 450 nm. The normalized
absorbance = (absorbance of each well/exact number of cells
seeded in each well) x 100. The percent cell viability (%) =
(absorbance of ODN transfected group - blank/absorbance of
control group-blank) x 100. Blank = absorbance of the well
with CCK-8 and culturing medium but no cell.

Cell cycle analysis by propidium iodide (PI) staining. At 36 h
after transfection, 1x105 Huh-7 cells in each group were
collected by centrifugation at 1000 rpm for 5 min and
resuspended in 1 ml of PBS. The cells were fixed by pipeting
into 2.5 ml absolute EtOH to a final EtOH concentration of
70%, then incubating them on ice for 15 min. After fixation,
the cells were resuspended in 500 μl PI-solution (Sigma) in
PBS, containing 50 μg/ml PI, 0.1 mg/ ml RNase A (Sigma)
and 0.05% Triton X-100 (Sigma), and incubated for 30 min
at 4˚C. PI-stained cells were analyzed on the Becton-
Dickinson FACS Calibur system using CellQuest software.
The experiments were performed three times.

Results

Knock-down (KD) of CD133/prominin-1 expression in Huh-7
and U251 cells by ASODN. To compare the CD133/
prominin-1 expression before and after the CD133-KD by
ASODN in two cell lines, Huh-7 and U251, both PCR and
FACS analysis were performed. We found a substantial level
of CD133/prominin-1 gene transcription in untreated Huh-7
cells (Fig. 1A and C), and CD133 expression on the surface
of untreated Huh-7 cells was also quite high (mean of 76.33%
from three separate experiments) (Fig. 2A and B). Meanwhile,
we found a low CD133/prominin-1 gene expression level as
well as a very low cell surface expression rate (1.11%) even
in untreated U251 cells (Figs. 1B and D, and 2C). At 36 h
after transfection, the CD133/prominin-1 mRNA in the
CD133-KD group was apparently down-regulated (Fig. 1A
and C) in both cell lines, and a significant decrease in CD133
expression was also detected in Huh-7 cells (Fig. 2A and B).

To avoid the off-target effects, we used two independent
ASODN sequences respectively to knock-down the CD133/
prominin-1 and prominin-2 expression, and the results were
similar, here we only show the results from CD133/
prominin-1 ASODN sequence 1, and prominin-2 ASODN
sequence 1.

Colony forming assays of Huh-7 cells. The colony forming
rate of each group of Huh-7 cells was evaluated two weeks
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Figure 1. (A) and (B) mRNA levels of CD133/prominin-1 and the internal control GAPDH in each group of Huh-7 and U251 cells 36 h after transfection
were examined by RT-PCR. (C) and (D) A densitometric scan of the RT-PCR band was performed, and the relative CD133/prominin-1 mRNA level of each
group of Huh-7 and U251 cells after the transfection is shown as the percentage ratio between the band intensity of CD133/prominin-1 and GAPDH. The data
are means ± SD from three independent experiments. *p<0.05 compared with NSODN group.
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after ODN transfection. The results show that CD133/
prominin-1 ASODN caused a remarkable decrease in colony
forming ability in Huh-7 cells. Colony forming abilities in both
the CD133/prominin-1 ASODN groups and 1/2 prominin-1
ASDON + 1/2 prominin-2 ASODN groups were significantly
lower than in the NSODN groups. (Table IA and B). On the
other hand, 2 weeks after transfection with prominin-2
ASODN or NSODN, there was no decrease in the colony
forming rates of the cells.

Cell proliferation assay in each group of U251 cells. To
evaluate the change in the in vitro proliferative activity of
U251 cells caused by CD133/prominin-1 ASODN, we deter-
mined the viability of each group of U251 cells two weeks
after transfection. We found that the cell viability of the
CD133/prominin-1 ASODN group was remarkably lower
than that of the NSODN group. Moreover, observation with
an inverted microscope showed that the cells in the CD133/
prominin-1 ASODN group occupied a smaller area of the
well in the plates than the other two groups and had a different

appearance (Fig. 3). These findings show that the in vitro
growth of U251 is inhibited by CD133/prominin-1 ASODN.

Cell cycle analysis of Huh-7 cells. In the cell cycle of Huh-7
cells, a small but significant (p<0.05) increase in the S-phase
ratio and a non-significant (0.05<p<0.10) decrease in the
G0-G1 phase ratio were detected in the CD133/prominin-1
ASODN group compared with the NSODN group. The results
show that CD133/prominin-1 ASODN may alter the cell-
cycle distribution of Huh-7 cells (Fig. 4).

Discussion

Recent research has shown that CD133/prominin-1 often
appears on the surface of cells with stem-like characteristics,
including somatic and embryonic stem/progenitor cells and
cancer stem cells, and also disappears together with the stem-
like characteristics when the cells become differentiated
(6,17). Moreover, some membrane particles containing CD133/
prominin-1 are released from these cells during differentiation
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Figure 2. (A) The expression levels of CD133 in each group of Huh-7 cells 36 h after transfection were examined by FACS analysis. The results shown are
representative of at least three independent experiments. (B) The expression rates (%) of CD133 in each Huh-7 group are shown. The data are means ± SD
from three independent experiments. *p<0.05 compared with NSODN group. (C) The expression level of CD133 in untreated U251 cells was examined by
FACS analysis.
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(17). Why is CD133/prominin-1 always found on cells
possessing stem-like characteristics? We hypothesized that
CD133/prominin-1 plays a functional role in maintaining these
stem-like characteristics and that by modulating the function
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Table I-A. Colony formation rates of the cells from five Huh-7 groups.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Colony forming rates (%)
Densities –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
(Cells seeded Prom1 Prom2 Prom1 and Prom2
per well) Control NSODN ASODN ASODN ASODN
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

100 10.5±1.3 9.8±1.2 3.2±0.4a 9.5+1.6b 4.7±0.6c

50 10.3±1.7 10.7±0.7 1.9±0.3a 9.7±1.9b 3.5±0.5c

25 12.3±2.6 11.5±1.8 5.5±0.7a 10.9±2.3b 7.0±1.3c

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Colony formation rates of the cells from five Huh-7 groups (control, 1.5 μg/well NSODN, 1.5 μg/well prominin-1 ASODN, 1.5 μg/well
prominin-2, 0.75 μg/well prominin-1 ASDON + 0.75 μg/well prominin-2 ASODN) which were seeded at 25, 50 and 100 cells/well in 96-
well plates at 36 h after transfection, were determined two weeks later. The data are means ± SD from three independent experiments.
ap<0.005, bp>0.05, cp<0.05 compared with NSODN groups.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table I-B. Colony formation rates of the cells from three Huh-7 groups.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Densities Colony forming rates (%)
(Cells seeded –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
per well) Control NSODN Prominin-1 ASODN
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

300 15.8±1.2 15.3±0.8 6.6±0.5a

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Colony formation rates of the cells from three Huh-7 groups (control, NSODN and prominin-1 ASODN) seeded at 300 cells/well in 24-well
plates 36 h after transfection, were determined two weeks later. The data are means ± SD from three independent experiments. ap<0.005
compared to the NSODN group.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 3. (A) Two weeks after transfection, each group of U251 cells was
observed with an inverted microscope. Compared to the cells in the control
and NSODN group, the cells in the CD133/prominin-1 ASODN group had a
different appearance (f), and occupied less area in the plate, [in (c and f), large
margins can be seen in the well, which are marked by the black arrow; (a
and d), control group; (b and e), NSODN group; (c and f), CD133/prominin-1
ASODN group]. (B) Cell proliferation assay in each group of U251 cells.
*p<0.05 compared to the NSODN group.

A

B
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or expression of CD133/prominin-1 protein, the critical CSCs
in a tumor will be changed and in consequence the whole
tumor cell population will also be affected.

A better understanding of the functional role of CD133/
prominin-1 in these tumors may potentially revolutionize the
cancer treatment. We investigated whether the expression
level of CD133/prominin-1 can affect the in vitro growth of
two different cancer cell lines, Huh-7 (high CD133 expression)
and U251 (low CD133 expression), both of which have been
shown to contain CD133+ CSCs (15,19). We also investi-
gated whether prominin-2, another protein in the same
family, has a similar function to prominin-1.

In our study, a significant loss of CD133/prominin-1
mRNA occurred in CD133/prominin-1 ASODN-treated cells
that was not seen in treatment with NSODN. The cell surface
expression of CD133 was also significantly decreased after
36 h CD133/prominin-1 ASODN transfection. We showed that
the expression of CD133/prominin-1 was successfully down-
regulated by ASODN.

The results also showed that CD133/prominin-1 ASODN
caused a statistically significant reduction of cell viability in
U251 cells (p<0.005), and a remarkable decrease of colony
forming efficiency in Huh-7 cells (p<0.005). These results
suggested that CD133 plays an important functional role in
the growth of these tumor cells, possibly by affecting the
CD133+ CSCs among them.

In the cell cycle analysis, a small but significant increase
in S-phase ratio (p<0.05) and a non-significant decrease in
G0-G1 phase ratio (0.05<p<0.10) were detected in the CD133/
prominin-1 ASODN group of Huh-7 cells. A reasonable

explanation is based on the total amount of the G1 phase
cells and S phase cells, the population of G1 cells is larger, S
is smaller. Our result could indicate that, by controlling the
expression level of CD133, we may move the cells out from
their quiescent phase into their proliferating phase. This
could be meaningful for therapy, but further investigation is
required before drawing a conclusion.

Finally, the results of prominin-2 ASODN transfection
were similar to the effects of NSODN, and did not induce
any significant response after transfection in our experiment
(p>0.05). Thus it appears that prominin-2 does not have the
same function as prominin-1 in these tumors.

Taken together, our results demonstrate that CD133
expression appears to be a significant part of tumor growth
and progression and suggest that down-regulating this
expression could be used as an anticancer treatment.
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