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Abstract. The plasma protein osteopontin (OPN) is consid-
ered to be a tumor biomarker, where elevated plasma levels 
are associated with poor prognosis. Additionally, OPN is 
expressed in the presence of tumor hypoxia, which is an 
adverse prognostic factor in radiation oncology. One of its 
receptors, the proposed tumor stem cell marker CD44, is 
also associated with aggressive tumors, shown for example in 
colon cancer. The expression of CD44 and its splice variants 
(particularly CD44v6) can be upregulated by OPN itself. In the 
present study, we aimed to investigate the influence of hypoxia 
on the expression of OPN and its binding partners CD44 and 
CD44v6 in colon carcinoma cell lines in vitro, using SW480, 
SW620, HT29 and HCT116 cells. Additionally, we investi-
gated the effect of irradiation on the expression pattern of OPN 
and its ligands, and the influence of hypoxia on the clonogenic 
survival of the cells after irradiation. While the expression 
patterns were nearly unaltered by irradiation, hypoxia led to 
an upregulation of OPN protein expression and an increase in 
the radioresistance in all tested colorectal carcinoma cell lines. 
However, a similar clear statement with regard to the expres-
sion of CD44 and CD44v6 is not possible. We hypothesize that 
the OPN receptors differ in their expression pattern between 
cell lines depending on the degree of their malignancy.

Introduction

Osteopontin (OPN) is a secreted extracellular matrix protein, 
which can be detected in tissues, serum and urine under physi-
ological conditions. Due to an increased expression in many 
tumor tissues, increased serum levels in cancer patients are 

considered as a negative prognostic tumor biomarker. Various 
studies have shown that elevated OPN levels are associated 
with tumor invasion and metastasis particularly in head and 
neck tumors, lung, breast, prostate and colorectal cancer, 
resulting in a worse prognosis of the disease (1-3).

Furthermore, increased levels of OPN could be detected in 
tumors with reduced oxygen content (tumor hypoxia) (4-6). In 
addition, tumor hypoxia is associated with decreased radiation 
sensitivity and a poor prognosis after radiation therapy (7-9). 
Furthermore, we and others recently showed, that silencing of 
OPN expression caused an increase in radiosensitivity (10-12).

One of the binding partners of OPN is the CD44 (CD44s) 
receptor and some of its isoforms (13). These are expressed in 
numerous tumor types and can be upregulated by OPN itself as 
shown in stomach, liver, thyroid and breast cancer tissues (14). 
Via CD44, signaling pathways are activated, which regulate 
cell proliferation, migration and survival signals and lead to 
metastasis (12). Recently, it was shown in a mouse model that 
a CD44 antagonist delayed the tumor growth of glioblastoma 
cells (15). By interaction of OPN with CD44 and its various 
splice variants, the PLC-γ-dependent Akt pathway is acti-
vated which contributes to the motility and survival of tumor 
cells (16). Although there are many splice variants of CD44, 
particularly variant 6 (CD44v6) is highly expressed along 
with OPN in many cancers such as breast and gastric cancer 
or leukemia and is considered a marker for advanced tumor 
disease (17-22).

With this in mind, we analyzed the effect of hypoxia on 
the expression of OPN and its receptors CD44s and CD44v6 
in 4 different human colorectal carcinoma cell lines (SW480, 
SW620, HT29 and HCT116). We aimed to ascertain whether 
hypoxic conditions lead to an increase in OPN and in parallel 
to an upregulation of CD44s, particularly of CD44v6.

Materials and methods

Cell culture. The human colon adenocarcinoma cell lines 
SW480, SW620 (this cell line was isolated from a lymph node 
metastasis of the same patient from which the SW480 cell 
line is derived), HT29 and HCT116 were purchased from the 
American Type Culture Collection (ATCC; Manassas, VA, 
USA).
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SW480 and SW620 cells were grown in RPMI medium 
supplemented with 10% fetal bovine serum (PAA, Cölbe 
Germany), 2 mM L-glutamine and penicillin (100 IU/ml)/strep-
tomycin (100 µg/ml) and 10% non-essential amino acids and 
pyruvat. HT29 and HCT116 cells were cultured in Dulbecco's 
modified Eagle's medium (DMEM) supplemented with 
10% fetal bovine serum, 2 mM L-glutamine and penicillin 
(100 IU/ml)/streptomycin (100 µg/ml) in a humidified atmo-
sphere of 5% CO2 at 37̊C.

To compare expression of OPN, CD44s and C44v6 
under normoxic and hypoxic conditions at the mRNA and 
protein level, the cells were seeded in standard 75 cm2 tissue 
culture flasks (Greiner Bio-One, Frickenhausen, Germany) 
at a concentration of 1x106/flask. Afterwards, the cells were 
allowed to adhere. While a portion of cells was kept under 
normoxic conditions (21% O2, 5% CO2 at 37̊C), the other 
portion was transferred into a hypoxic glove box in parallel 
(Coy Laboratory Products, Grass Lake, MI, USA) and cultured 
at 0.1% O2 (5% CO2 at 37̊C) for 48 h. Afterwards, the cells 
were harvested for preparing RNA or whole-cell lysates.

To examine the effect of additional irradiation on the 
expression of OPN and its ligands (CD44 and CD44 v6) under 
the conditions already mentioned, a portion of the cells was 
irradiated 24 h after onset of the cultures at doses of 2 and 
8 Gy using a 6-MV linear accelerator (Siemens, Concord, CA, 
USA) at a dose rate of 2 Gy/min. After another 24 h of growth 
under standard or hypoxic conditions, respectively, the cells 
were analyzed accordingly. In the case of the colony forming 
assay, the cells were treated in the same way but were irradi-
ated at doses of 2, 3, 5, 7 and 8 Gy or left untreated.

RNA isolation and real-time quantitative PCR (RT-qPCR). 
Total RNA of the cells was purified with the RNeasy Mini® 
kit following the instructions given by the supplier (Qiagen, 
Hilden, Germany). The subsequent reverse transcription 
of the RNA into cDNA was carried out using First Strand 
cDNA Synthesis kit as recommended by the manufacturer 
(Fermentas GmbH, St.  Leon-Rot, Germany). Afterwards 
quantitative real‑time PCR was performed to amplify cDNA 
coding for OPN, CD44s and the housekeeping gene hypo-
xanthine phosphoribosyltransferase (HPRT) using TaqMan® 
Gene Expression Assays (Applied Biosystems, Foster City, 
CA, USA). CAIX RT-qPCR analysis was performed in the 
same way to confirm the hypoxic culture conditions. As the 
threshold cycle (Ct) the number of cycles required to cross the 
threshold was used. The crossing point of the housekeeping 
gene HPRT was taken to normalize the amount of cDNA in 
each sample. Changes in the expression were detected and 
quantified using the comparative Ct method (2-ΔΔCq) (23).

Western blot analyses. Whole-cell lysates were prepared by 
lysing the cells in RIPA buffer according to standard proto-
cols. The proteins were separated by electrophoresis according 
to their size by running on 4-12% Bis-Tris gradient gels 
(Invitrogen, Karlsruhe, Germany). Afterwards they were trans-
ferred to polyacrylamide membranes (Invitrogen) and analyzed 
by western blotting. Polyclonal rabbit anti-human-OPN FL-314 
and monoclonal mouse anti-human-HPRT antibodies were 
purchased from Santa Cruz Biotechnology, Inc. (Heidelberg, 
Germany). Mouse monoclonal anti-CD44std (BMS 150) and 

mouse monoclonal anti-CD44v6 (BMS 125) antibodies were 
purchased from eBioscience (Vienna, Austria). The mouse 
monoclonal antibody against CAIX is a product of BioScience 
(Bratislava, Slovakia). Detection was achieved using species-
specific horseradish peroxidase-coupled secondary antibodies 
(Dako, Hamburg, Germany) and Amersham™ ECL™ Select 
Western Blotting detection reagent (GE Healthcare, Chalfont 
St. Giles, Buckinghamshire, UK).

ELISA assays. For detection of OPN, CD44s and CD44v6 
protein levels in the non-concentrated supernatants of the 
different cell lines, cultured under normoxic or hypoxic condi-
tions, enzyme-linked immunosorbent assay (ELISA) kits from 
IBL (Immuno-Biological Laboratories Co., Ltd., Gunma, 
Japan) were used and performed according to the manufac-
turer's instructions.

Flow cytometric analysis. To detect OPN in the cells, the cells 
were fixed in ice-cold ethanol and permeabilized with 0.5% 
Triton X for 10 min. To block unspecific protein-protein inter-
actions, the cells were incubated with 5% FCS for 1 h at +4̊C. 
Then, an anti-OPN antibody from Abcam (ab8448; Cambridge, 
UK) was added overnight (at +4̊C). For the secondary antibody, 
Alexa Fluor 488 goat anti-rabbit (H+L) (Invitrogen) was used 
at a dilution of 1/1,000 for 1 h. The analyses were performed 
with a FACScan™ (Becton-Dickinson, Mountain View, CA, 
USA). The output data, presented as geometrical means, were 
analyzed using the Flowing Software obtained from P. Terho 
(Turku Centre for Biotechnology, Turku, Finland).

Clonogenic survival assay. Standard colony formation assays 
were performed, analyzing the survival of cells after irra-
diation by graded single doses (0-8 Gy). For that, different 
numbers of cells were seeded in 6-well plates, depending on 
the radiation dose previously defined, and were incubated 
under normoxic (21% O2, 5% CO2 at 37̊C) or hypoxic (0.1% 
O2, 5% CO2 at 37̊C) conditions for 2 weeks. For each exposure 
point, 3 replicates were carried out. Furthermore, the colony 
survival assay was carried out 3 times for each cell line. For 
visualization of the colony formation (colonies ≥50 cells), cells 
were fixed and stained with crystal violet (0.6%). The mean 
survival data for each individual cell line were fitted to the 
linear quadratic (LQ) model SF = exp(-αX - βX2), where SF is 
the survival fraction, X is the irradiation dose, and α and β are 
the fitted parameters.

Statistical analysis. All experiments were performed in tripli-
cates and repeated for at least 2 times. For PCR data, changes 
in expression levels were considered as significant when there 
was a minimum of a 2-fold change. Flow cytometric data were 
quantified using the geometric mean. Fittings of experimental 
curves from the survival assays were carried out with Origin 
software (Microcal, Northampton, MA, USA).

Results

Expression pattern of OPN and CD44s at the mRNA level 
under hypoxia. Four different colorectal carcinoma cell lines 
(SW480, HT29, HCT116 and SW620) were grown under 
normoxic (21%  O2) or hypoxic (0.1%  O2) conditions. The 
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effect of these parameters on CD44v6 mRNA expression was 
not possible, since TaqMan probes were not available for this 
splice variant of CD44. Therefore, CD44v6 expression was 
examined at the protein level.

To assess the effects of hypoxia on OPN and its receptor 
CD44s at the mRNA level, quantitative RT-PCR (RT-qPCR) 
was performed. SW480 cells showed a significant increase in 
OPN mRNA expression under hypoxic conditions (Fig. 1A). 
Concordant results were obtained concerning CD44s mRNA 
expression, but did not reach significance (Fig. 1B).

In contrast to SW480 cells, hypoxia caused a significant 
decrease in the OPN mRNA level in the HT29 cells and 
showed the same trend in the HCT116 cells, but without signif-
icance (Fig. 1A). Additionally, both cell lines showed contrary 
results with slightly increasing CD44s mRNA expression under 
hypoxic conditions. This observation was more pronounced in 
the HCT116 cells than in the HT29 cells (Fig. 1B).

To verify the hypoxic culture conditions, RT-qPCR was 
performed for CAIX expression, which is upregulated under 
hypoxia, depending on HIF-1α. All cell lines responded to 
hypoxia with a clear increase in CAIX expression, which 
was statistically significant (data not shown). SW480 cells 
showed a 73-fold and HCT116 a 75-fold increase in CAIX 
levels, respectively. The increase in CAIX mRNA expression 
in the HT29 (22-fold) and SW620 cells (27-fold) was not as 
strong, since both cell lines showed a background expression 
of CAIX (see also Fig. 2).

Expression pattern of OPN, CD44s and CD44v6 at the protein 
level under hypoxia. The influence of the different culture 
conditions on the expression of OPN, CD44 and CD44v6 at 
the protein level was tested by western blot analysis.

In all cell lines cultured under hypoxic conditions, there 
was an increase in OPN levels compared with the normoxic 
controls (Fig. 2). This increase was more pronounced in the 
SW480, HCT116 and HT29 cells than in the SW620 cells.

Expression of CD44s was slightly enhanced by hypoxia 
in the SW480 cells. In the SW620 cells there was nearly no 
difference in the CD44s protein levels observed depending 
on the culture conditions. HT29 cells responded to hypoxic 
conditions with a significant downregulation of CD44s protein, 
while it was upregulated in the HCT116 cells (Fig. 2). Protein 
levels of CD44v6, which is one of the CD44 isoforms associ-
ated with an increase in tumor malignancy, were unaffected by 
hypoxia in the cell lines SW480, SW620 and HCT116 (Fig. 2). 
Only in HT29 cells, hypoxic conditions led to a clear decrease 
in the CD44v6 protein level, comparable to the downregula-
tion of CD44s in the same cell line.

In all cell lines, a significant upregulation of CAIX protein 
expression was observed under hypoxia, which confirmed 
cultivation under appropriate conditions. While there was 
no expression of CAIX protein detectable under normoxic 
conditions in the SW480 and HCT116 cells, HT29 and SW620 
cells showed a weak ‘background’ secretion under normoxia 

Figure  1. Quantitative RT-qPCR assays were performed to detect the 
mRNA levels of (A) OPN and (B) CD44s under normoxic and hypoxic 
conditions in SW480, SW620, HCT116 and HT29 colorectal carcinoma 
cell lines, respectively. Data represent the mean ± SEM of 3 independent 
experiments. *A ≥2-fold increase or decrease of ≤0.5-fold compared to 
normoxic conditions, respectively.

Figure 2. Western blots were run to detect the protein levels of OPN, CD44s, CD44v6 and CAIX expression under the influence of the different culture condi-
tions (N, normoxia, H, hypoxia) in SW480, SW620, HCT116 and HT29 colorectal carcinoma cell lines. HPRT served as a loading control.
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as already observed at the mRNA level. HPRT was used as a 
loading control, respectively.

Influence of hypoxia on extracellular secretion of OPN, 
CD44 and CD44v6. Next, the effect of the different culture 
conditions on secretion of OPN, CD44s and CD44 v6 was 
investigated. Therefore cell culture supernatants were tested by 
a commercial ELISA system without further preparation (e.g. 
concentration) of the supernatants. In all cell lines, secretion 
of OPN was not detectable. Furthermore, neither CD44s nor 
CD44v6 was actively secreted by SW620 cells (Fig. 3A and B). 
All other cell lines showed secretion of both OPN recep-
tors (Fig. 3). In contrast to HT29 cells, which showed reduced 
CD44s secretion under hypoxic conditions, SW480 and 
HCT116 cells showed nearly no reduction in CD44s secretion 
under hypoxia (Fig. 3A). In terms of CD44v6, hypoxia caused 
a decrease in secretion in all cell lines (Fig. 3B).

Influence of irradiation on expression of OPN and its ligands 
CD44 and CD44v6. An effect of irradiation on OPN mRNA 
expression was only observed in the SW480 cells grown under 
standard conditions (normoxia). While doses of 2 Gy induced 
only a slight increase, irradiation with 8 Gy led to a more 
pronounced OPN mRNA expression (data not shown). This 
was not the case for CD44 mRNA expression, neither in this 
nor in the other cell lines tested. Furthermore, there was also 
no influence of irradiation on protein expression and secretion 
of OPN and its ligands CD44 and CD44v6.

Intracellular immunofluorescence (IF) staining. Although 
the amount of OPN protein increased under hypoxia, no OPN 

secretion was detectable in the supernatants of all cell lines 
tested by ELISA. Therefore intracellular FACS staining for 
OPN was performed to evaluate, whether OPN was stored 
intracellularly instead of being secreted into the cell culture 
medium. By flow cytometry, positive staining for OPN was 
observed in all cell lines, which was more pronounced when 
cells were cultured under hypoxia, particularly in HCT116 and 
HT29 cells (Fig. 4). These observations are in line with the 
results from the western blot analysis.

Effect of hypoxia and irradiation on radiosensitivity and 
clonogenic survival. To assess the effects of normoxia and 
hypoxia on radiosensitivity and survival, cell lines were 
cultured under standard (21%  O2) and hypoxic (0.1%  O2) 
conditions before they were exposed to different increasing 
irradiation doses up to 8 Gy. Afterwards, the survival curves 
of the colony formation assays were calculated according to 
the LQ model. While the plating efficiency in SW480 cells 
was nearly not affected by the different culture conditions, 
all the other cell lines (SW620, HT29 and HCT116) showed a 
significant decrease in this parameter under hypoxia (Table I). 
An increase in clonogenic survival (SF2) was observed 
under oxygen reduction in all cell lines and ranged from 
5%  (HCT116), 6%  (HT29) and 7% (SW480) up to 8% in 
SW620 cells. The radiation dose yielding 10% survival (D10) 
showed a significant increase indicating radioresistance under 
hypoxia, which was most pronounced in the SW480 and HT29 
cells. In the present study, radiation doses of 25 and 19.2 Gy 
were necessary to yield 10% survival, respectively. The corre-
sponding survival curves are shown in Fig. 5.

Discussion

The presence of tumor hypoxia is an established adverse 
prognostic factor in radiation of different tumors. Osteopontin 
(OPN) is a plasma protein that is related with tumor hypoxia. 
Furthermore, it is described that OPN expression is associated 

Figure 3. To detect the influence of normoxia and hypoxia on secretion of 
CD44s and CD44var.6, supernatants of the different colorectal carcinoma 
cell lines were tested by ELISA. Data showing CD44s and CD44var.6 con-
centrations in the different cell lines. No secretion at all was detectable (ND) 
in supernatants of SW620 cells.

Figure 4. Immunofluorescence assays were performed to detect the intra-
cellular OPN expression in SW480, SW620, HCT116 and HT29 colorectal 
carcinoma cell lines under different culture conditions. Shown are the results 
of the intracellular staining, evaluated by FACS analysis. The values of the 
cells cultured under normoxic conditions were normalized to 1. Values are 
shown in geometrical means. *A ≥2-fold increase compared to normoxic 
conditions.
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with tumors with a poor prognosis. This is also true for some 
of its binding partners, such as the cell-surface protein CD44 
and its splice variants (particularly CD44v6), expressed in 
aggressive cancer types  (24,25). The expression of CD44 
has been described in so-called tumor stem cells and is a 
proposed marker for tumor-initiating cells in colon cancer, 
one of the most common cancers worldwide (26). Recently 
it was shown that the downregulation of CD44 expression on 
stem cells using siRNA or shRNA suppresses metastasis in 
breast cancer cells and makes the stem cells more sensitive to 
drug treatment (27,28). In in vitro experiments with stem cell-
like brain tumor cells expressing only large amounts of the 

isoform CD44v6, cell growth was inhibited by downregulation 
of the receptor (knockdown). Furthermore, it was detected 
that interaction of OPN and CD44v6 caused an increase in 
phosphorylated AKT, suggesting the involvement of the AKT 
signaling pathway in signal transduction (29).

In our experiments, we investigated whether, and to what 
extent the cultivation of the cells under hypoxia affected the 
expression of OPN and its receptors CD44s and particularly 
CD44v6. Four different colon cancer cell lines were used: 
HT29, SW480 (derived from a primary tumor), SW620 
(metastasis from the lymph node of the same patient) and 
HCT116.

Table  I. Plating efficiencies and radiosensitivity parameters of tumor cells cultured under normoxic and hypoxic conditions, 
respectively.

	 PE	 SF2	 D10
	 ---------------------------------------------------------------------	 -------------------------------------------------------	 -----------------------------------------------------
Cell line	 Normoxia (%)	 Hypoxia (%)	 Normoxia	 Hypoxia	 Normoxia	 Hypoxia

SW480	 55.3	 54.7	 0.76	 0.83	 7.11	 25.01
SW620	 100.0	 21.2	 0.41	 0.49	 4.04	 5.09
HCT116	 40.7	 7.9	 0.40	 0.45	 4.14	 5.83
HT29	 68.0	 30.3	 0.83	 0.89	 8.87	 19.18

The SF2 and D10 values were derived from the LQ model of the colony survival data. PE, plating efficiencies; SF2, surviving fraction at 2 Gy. 
D10, radiation dose yielding 10% survival.

Figure 5. To investigate the clonogenic survival of the different colorectal carcinoma cell lines: (A) SW480, (B) SW620, (C) HCT116 and (D) HT29 by irradia-
tion, cells were exposed to single doses ranging between 2 and 8 Gy or left untreated. Afterwards they were cultured under normoxic (empty circles) or hypoxic 
(filled boxes) conditions for 2 weeks. Surviving colonies contained >50 cells. Curves are the best fits of the linear quadratic equation.
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As expected, all tested cell lines had a more or less 
strong increase in OPN protein under hypoxic condi-
tions (Figs. 2 and 4). These results agreed with the enhanced 
OPN mRNA expression noted in the SW480 and SW620 
cells under hypoxia (Fig. 1A). In both cell lines a concordant 
response to hypoxia with an increase in OPN and CD44s 
mRNA was detected (Fig. 1A and B). This could be a first 
hint that OPN upregulates its own receptor under these condi-
tions. However, further functional tests must be conducted 
to confirm this hypothesis. The metastatic cell line SW620 
showed a much weaker basal expression of OPN and CD44s 
protein than the primary tumor cells (SW480)  (Fig.  2). 
Furthermore, there was nearly no increase in CD44 expres-
sion and only a small increase in OPN protein under hypoxia. 
This is consistent with published data showing CD44 as a 
metastasis suppressor in some forms of prostate (30) and in 
pancreatic cancer (31). While there was a decrease in CD44s 
expression with increasing malignancy in some prostate 
cancers, there was a complete loss of CD44s expression in 
progressive pancreatic cancer, due to alternative splicing of the 
CD44 pre-RNA. Therefore, we assume that the higher tumori-
genic and metastatic potential of SW620 cells (in comparison 
to SW480) shown by Hewitt et al is one reason for the different 
expression of CD44s and OPN (32).

Our results are also in accordance with recently published 
data, showing that colon cancer cells widely differ in regards to 
the expression of cancer stem cell markers such as CD44 (33). 
The authors speculate that the decreased basal CD44s expres-
sion in SW620 cells can be explained by transition from SW480 
to SW620 cells, leading to the expression of a differentially 
post-translational modified CD44 protein. This may explain 
the weak signal for CD44s expression in comparison to the 
strong CD44v6 signal detected in the western blot analysis. 
Additionally, no CD44s protein could be detected in superna-
tants of SW620 cells in contrast to SW480 cells, as shown by 
ELISA assay (Fig. 3A). This may also favor the thesis of post-
translationally modified CD44. The splice-variant CD44v6 
was also not detectable in SW620 cell supernatants, but in 
supernatants of SW480 cells, where its amount was reduced 
under hypoxic conditions (data not shown and Fig. 3A and B).

HT29 cells responded to hypoxia with a distinct downreg-
ulation of CD44s and CD44v6 protein (Fig. 2) accompanied 
by a significant decrease in OPN mRNA (Fig. 1A) and only 
a weak increase in OPN protein  (Fig. 2). In addition, less 
CD44s and CD44v6 protein was detected in supernatants 
of the HT29 cells, when cells were cultured under hypoxic 
conditions (Fig. 3A and B). Due to the above-cited results (30), 
hypoxia may have caused progressive malignancy in HT29 
cells by downregulation of CD44v6, acting as a metastasis 
suppressor in this colon cancer cell line. The development of 
strong radioresistance under hypoxic culture conditions could 
support the speculation of progressive malignancy in HT29 
cells, triggered by hypoxia (Fig. 5). Our speculation of progres-
sive malignancy in this cell line is supported by Flatmark et al 
who showed the aggressive behavior of HT29 cells within a 
panel of 12 colorectal cancer cell lines which produced lymph 
node metastases with a very high frequency (34).

In contrast, HCT116 cells showed an increase in CD44s at 
the mRNA and protein level under hypoxia (Figs. 1B and 2). 
In parallel, expression of its binding partner OPN was elevated 

as expected (Fig. 2). However, this was not consistent with 
the PCR results, showing a decreased OPN transcription 
rate under hypoxic conditions (Fig. 1A). Similar, but appar-
ently contradictory results concerning OPN upregulation 
at the protein level and downregulation at the mRNA level 
were observed in the HT29 cells (Figs. 2 and 1A). Hence, the 
reduction in transcriptional activity of OPN mRNA could be 
an effect of a possible negative feed-back loop due to intracel-
lular accumulation of OPN protein, shown by staining (Fig. 4). 
This fact could also explain the absence of OPN in cell culture 
supernatants of all used cell lines, regardless of the culture 
conditions; although an increase in OPN protein was detected 
by western blot analysis (Fig. 2). These results are in line with 
the western blotting outcomes in terms of the amount of OPN 
protein and recently published data from our group (35).

We may further examine, whether and to what extent 
OPN has an effect on the malignancy of colorectal tumor cell 
lines by influencing the expression of HIF-1A and HIF-2A. 
Both hypoxia-inducible factors mediate the response of cells 
to hypoxia by regulating downstream target genes. However, 
the functional roles of the two HIF isoforms are completely 
different in colon cancer as shown by Imamura et al, using 
SW480 cells  (36). In this cell line, induction of HIF-1A 
promoted cell growth, while induction of HIF-2A appeared 
to restrain it. Furthermore, the loss of HIF-2A expression (but 
not of HIF-1A) was found to be associated with advanced 
tumor stage. Yang et al showed a significant downregulation of 
HIF-1A expression in breast cancer upon the efficient knock-
down of OPN, promoting the radiosensitivity of the cells (37). 
Furthermore, increased survival of ovarian cancer cells was 
promoted by OPN and mediated via induction of HIF-1A 
expression through the PI3-K/Akt pathway (38). Jiang et al 
demonstrated in bone marrow-derived mesenchymal stem 
cells (BMSCs) an induction of adipogenic differentiation under 
hypoxic conditions regulated by HIF-1A, while in contrast 
OPN mRNA was decreased in these non-malignant cells (39). 
Recently, Cheng et al showed for the first time an association 
between OPN and HIF-2A expression in chondrocytes. In this 
previous study, the expression of HIF-2A at the mRNA level 
was inhibited by OPN (40).

In addition, irradiation itself had nearly no influence on the 
examined parameters. This is in concordance with our results 
obtained in head and neck cancer and glioblastoma cell lines, 
where OPN expression was strongly modulated by hypoxia 
and only to a minor extent by irradiation (35). An unchanged 
CD44 expression profile after irradiation was also observed 
by another group in Ewing sarcoma cell lines  (41). These 
results may be important for the use of radiation therapy in 
the clinical setting, showing no risk of upregulation of OPN 
and its ligands.

Taken together, the experiments and descriptive results 
in this study show that no common statement can be made 
concerning the influence of hypoxia on CD44 and CD44v6 
expression in colorectal cancer cell lines. Each cell line behaved 
differently, probably according to its state of malignancy, as 
discussed. Regarding OPN, all cell lines had in common a 
more or less strong increase in its protein expression and the 
development of radioresistance under hypoxia. Our planned 
future projects should provide more information concerning 
how hypoxia affects the cells on a functional level.
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