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ABSTRACT • Background and aims: Hypoxia-inducible factor-1 α (HIF-1 α) is 
an important factor in the adaptation of cells to hypoxic environments and significantly 
contributes to the aggressiveness and chemoresistance of a number of different tu-
mours. In this study, we aimed to investigate the effects of HIF-1α gene overexpression 
in pancreatic cancer cell line (PancI) on cell survival and drug resistance. Materials 
and Methods: For this purpose, HIF-1α cDNA was cloned into the pcDNA mammalian 
expression vector. Sequentially HIF-1α ectopically overexpressed in PancI cell line and 
phenotypic changes including cell survive, and drug resistance were investigated. Cell 
survive, and drug resistance (doxorubicin) were tested with MTT assay. Colony forming 
assay was used as another test for the drug resistance analysis. Multiplex RT-PCR and 
western blot were utilized for the gene and protein expression analysis respectively. 
Results: Results showed that HIF-1α overexpression increases cell survival as much 
as 40% in three days. However, doxorubicin decreased cell survival at the same rate 
in both cells overexpressing HIF-1α and not. Expression analysis of the Akt-1, Bax, 
mTOR, cIAPI, cIAPII, Bcl2 and XIAP showed that neither of the genes’ expressions was 
effected by the HIF-1α overexpression. Conclusion: As a conclusion the results of this 
study showed that HIF-1α increase the cell survival in PancI cell and doxorubicin may 
act on the targets related to the cell survival.
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gers the transcription of gene products that are 
associated with resistance to anticancer agents (8).

In here, we aimed to investigate the effects of HIF-
1α gene overexpression in pancreatic cancer cell 
line (PancI) on cell survival and drug resistance. 
For this purpose, HIF-1α cDNA was cloned into the 
pcDNA mammalian expression vector. Sequential-
ly HIF-1α ectopically overexpressed in PancI cell 
line and phenotypic changes including cell survive, 
and drug resistance was investigated. 

MATERIAL and METHODS

Cell and cell growth condition 

PancI (a gift from Dr. G. H. Su, The Johns Hop-
kins University), a human pancreatic cancer cell 
line was used in these experiments. The cells 
were grown in Dulbecco’s modification of Eagle’s 
medium (DMEM) (Biochrom-Germany) supple-
mented with 10% (vol/vol) fetal bovine serum (Bio-
chrom-Germany) Penicillin-Streptomycin 1% (Bio-
chrom-Germany) in a 5% CO2 atmosphere at 37 °C.

Drug and doses

Two different doses of doxorubicin HCl (ADRİ-
BLAST the vial- Deva-Turkey) was applied. Dose 1 
(D1) is twice of clinical dose (2,5 mg/L) and dose 2 
(D2) is clinical dose of 1,25 mg/L.

Total RNA isolation 

Total cell RNA was isolated from cells using Trizol 
(Invitrogen, Carlsbad, CA) according to the manu-
facturer’s protocol. RNA quantification was carried 
out by spectrophotometry, and each sample was al-
iquoted and frozen at −80 °C until required.

cDNA Synthesis

The RNA samples were used as a template for 
reverse transcription with the RevertAid_First 
Strand cDNA Synthesis Kit according to the pro-
tocol supplied by the manufacturer (MBI, Fermen-
tas, Germany). 

INTRODUCTION

The drug resistance may be the consequence 

of the increased cell viability by HIF-1  in 

Pancreatic cancer cell

Cancer is one of the most frequent causes of death 
in the world. Chemotherapy is one of the main 
treatment used to treat cancer. However, the de-
velopment of resistance to chemotherapy treat-
ment against cancer is one of the major problems. 
Hypoxia is oxygen deficiency condition, which is 
common in many forms of solid tumors (1-3). It 
occurs when the stromal vascular system can not 
send a sufficient amount of O2 to the growing tum-
ors. Consequently, tumor provides genetic changes 
to avoid from the hypoxia-related cell death includ-
ing necrosis.

Responses to hypoxia are mediated by Hypoxia-in-
ducible factor-1 (HIF-1), a protein heterodimer 
overexpressed in over 50% of solid tumors as a re-
sult of the hypoxic conditions inside the tumor (2, 
4). Necrotic regions of tumors show high levels of 
HIF-1α, indicating HIF-1α levels are regulated by 
tumor oxygenation. In hypoxic conditions, HIF-1α 
gives the tolerance and adaptation to the stress 
caused by hypoxia in cells (5). Studies showed that 
HIF-1α contributes to the regulation vital biologi-
cal processes required for tumor survival and pro-
gression (5). Accordingly, HIF-1α-positive patients 
in the clinic show significantly low 5-year survival 
rates compared to HIF-1α-negative patients (2). 
Controlled expression by hypoxia, HIF-1α plays a 
role in the regulation of many genes (6). The most 
of the genes are related to metabolic changes. HIF-
1α regulates almost all the enzymes leading to 
glucose breakdown during glycolysis and regulates 
lactate production and lactate removal from cells 
by activating lactate dehydrogenase A and the lac-
tate transporter MCT4 (7, 8).

In addition to the metabolic changes seen in re-
sponse to HIF-1α, the HIF-1 heterodimer also trig-
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trol were designed with the Primer3: WWW prim-
er tool program (http://biotools.umassmed.edu/bi-
oapps/primer3_www.cgi) and are shown in Table 
1. Primers were made by IDT, Inc. (Coralville, IA 
USA).

Antibodies 

The antibodies used in immunoblotting for detec-
tion of HIF-1α, were HIF-1 (Cell Signalling), Akt-1 
(C73H10-Cell Signalling-USA) and pIkB (Cell Sig-
nalling). 

Immunoblotting 

For western blotting, cells were lysed by addition 
of 1 ml of lysis buffer (50 mM Tris (pH 8.0), 5 mM 
EDTA, 150 mM NaCl, 0.5% NP-40, 1 mM PMSF 

Multiplex RT-PCR

Multiplex RT-PCR (MRT-PCR) was used first to 
determine the linear range of target genes. Second, 
the linear range of the internal standard was de-
termined using actin primers. Conditions for MRT-
PCR were optimized so that the target genes and 
internal control would be in the linear range. The 
PCR machine was programmed as follows; 94 °C 
for 2 minutes to denature template; 94 °C for 45 
seconds for denaturation; at 60 °C for 45 seconds 
for annealing; and 68 °C for 1 minute for an exten-
sion. The PCR products were run in a 1.5% agarose 
gel, and the gel was stained with EtBr. 

Primers used in the multiplex RT-PCR

All primers related to the genes and internal con-

Table 1  Primers used in the study

Primer name Sequence Used for

HIF-1α / HindIIIR AAGCTTTAACTTGATCCAAAGCTCTG Hif-1 cDNA cloning

Primer HIF-1α/ HindIIIF AAGCTTAGACATCGCGGGGACCGATT Hif-1 cDNA  cloning

HIF-1-F TGCTCATCAGTTGCCACTTC Hif-1 expression

HIF-1-R GTACTGTCCTGTGGTGACTT Hif-1 expression

Akt1-F ATGAGCGACGTGGCTAT Akt1expression

Akt1-R GAGGCCGTCAGCCACAG Akt1expression

Bax F CTGCAGAGGATGATTGCCG Bax expression

Bax R TGCCACTCGGAAAAAGACCT Bax expression

mTOR F GCACATTGACTTTGGGGACT  mTOR expression

mTOR R CGCTTGTTGCCTTTGGTATT  mTOR expression

cIAPI F GCACATTCATTATCTCCCACCTTG  cIAPI expression

cIAPI R CATCATCCTTTGGTTCCCAGTTAC  cIAPI expression

cIAPП F CCTCTCAGCCTACTTTTCCTTCTTC  cIAPП expression

cIAPП R CATAGCATTATCCTTCGGTTCCC  cIAPП expression

XIAP F TCAGCATCAACACTGGCACGAG  XIAP expression

XIAP R TCTCTTGGGGTTAGGTGAGCATAG  XIAP expression

Bcl 2F CGACGACTTCTCCCGCCGCTACCGC  Bcl expression

Bcl 2R CCGCATGCTGGGGCCGTACAGTTCC  Bcl expression

Aktin F GGTCAGAAGGATTCCTATGTG  Actin expression

Aktin R GTCCACGTCACACTTCATGATG  Actin expression
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Transfection of pcDNA/HIF-1  vector into 
the PancI cell line

Panc-1 human pancreatic cancer cells were trans-
fected when they reach a density of 70%. For 
transfection of the pcDNA/HIF-1α vector, ExGen 
500 Transfection Reagent (Pure Extreme/Fermen-
tas) was used according to the protocol. As a con-
trol, the same amount pcDNA empty plasmid was 
transfected into the cells.

Clonogenic (colony forming) assay

The cells transfected with pcDNA/HIF-1α or pcDNA 
were trypsinized after 42 hours. Cells were counted 
and the same amount of cell plated into the 100 mm 
plates with DMEM containing 10 ml 10% FBS, 1% 
L-Glutamine, 1% Penicillin-streptomycin. Twen-
ty-four hours later, 0,4 mg/ml of G418 (Neomycin) 
was added into the each cell culture. Two weeks 
later, cells were washed with PBS and were fixed 
and stained with 1% methylene blue-methanol. A 
cluster of blue-staining cells was counted from the 
each cell plate.

Drug treatment 

Two different doses of doxorubicin HCl (ADRİ-
BLAST the vial- Deva-Turkey) was applied. Dose 
1 (D1) is twice of clinical dose (2,5mg /L) and dose 
2 (D2) is clinical dose of 1,25 mg/L. Twenty-four 
well plate were seeded with 5X104 of PancI and 24 
hours after 6 well of plates were transfected with 
pcDNA/HIF-1α and another 6 wells were transfect-
ed with pcDNA as a control. 48 hours later medium 
from the cell was discarded. The medium contain-
ing doxorubicin HCl were added to the cell plates. 

Cell survival assay (MTT) 

MTT test was used for this purpose. MTT stock 
solution was prepared by diluting 25 mg MTT (3- 
(4,5-dimethyl diazole-2-yl) -2,5 diphenyl tetrazoli-
um bromide) in 5 ml PBS. 72 hours after the trans-
fection of the pcDNA/HIF-1α, cell medium was 
removed, and 100 μl medium containing 10% w/w 
MTT was added to the cells. Three hours after the 

and 0.01 mg of aprotinin per ml to the cell mon-
olayer. Cell-free extracts prepared from 1x106 cells 
were electrophoresed on sodium dodecyl sulfate-po-
lyacrylamide gel electrophoresis (SDS-PAGE) gels 
and transferred to Hybond ECL membranes (Am-
ersham; Arlington Heights, IL). Antibodies de-
scribed above were used for immunoblotting.

CLONING OF THE HIF-1α GENE INTO THE 
pcDNA MAMMALIAN EXPRESSION VECTOR 

Obtaining the whole cDNA of HIF-1

The forward primer was chosen from the 5’ site in-
cluding ATG codon of the HIF-1α gen and Kozak 
sequence (Table 1). Reverse primers were chosen 
from the end of the HIF-1α including the stop co-
don. The PCR containing HIF-1α specific primers, 
proofreading enzyme and cDNA obtained from the 
PancI cell line was performed. PCR product runs 
on the 1% agarose gel. The PCR product corre-
sponding to the HIF-1α cDNA was obtained from 
the gel using gene cleaning kit.

Cloning of the HIF-1  gene into the pcDNA

Since proofreading enzyme used in the PCR, 
the PCR product is blunt ended. pcDNA was cut 
with EcoRV enzyme and dephosphorylated using 
dephosphorylating enzyme (FastAP) (Fermen-
tas-Germany) and pcDNA vector and HIF-1α 
cDNA product were ligated using T4 ligation en-
zyme (Fermentas-Germany) according the proto-
col.

Transformation

To obtain pcDNA/HIF-1α vector, pcDNA HIF-1α 
ligated vector was transformed into competent 
DH5α E.coli using heat shock transformation 
method (9). 

Mini prep plasmid isolation

Alkaline lysis method was performed for to select 
the HIF-1α containing pcDNA/HIF-1α vector.
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SDS agarose. Immunoblot was completed using 
HIF-1α specific antibody. At the same time, anoth-
er immunoblot was completed using the Actin-spe-
cific antibody for the internal protein control. 
Immunoblot results showed that pcDNA- HIF-1α 
transfected cell have more than twice as much as 
HIF-1α compared to the pcDNA transfected cell. 
Both results of the PCR and Western blot showed 
that HIF-1α cDNA was correctly cloned into the 
pcDNA vector. Also, overexpression of HIF-1α oc-
curs in the PancI cell.

Effect of HIF-1  on the cell proliferation

MTT test was used to investigate the cells prolif-
eration. pcDNA- HIF-1α transfected and pcDNA 
transfected cell lines were investigated 72 hours 
later after the transfection. MTT result shows that 
HIF-1α overexpression increases cell survival as 
much as 40% in three days (Figure 3).

To investigate the protective effect of the 

HIF-1  against cytotoxic drugs

For this purpose, two different doses of doxoru-
bicin were added into HIF-1α over-expressing or 
not HIF-1α over-expressing cells. 48 hours later, 

medium removed and lysis solution 1% SDS, 6% 
Acetic acid DMSO added. After 10-minute moder-
ate shaking absorbance was measured at 570/630 
with the spectrophotometer.

RESULTS

Overexpression of HIF-1  in PancI cell

To show the expression of HIF-1α cloned vector 
(pcDNA- HIF-1α), 72 hours after the transfection 
of pcDNA- HIF-1α, RNAs are obtained from the 
cell lines pcDNA- HIF-1α or pcDNA transfected, 
and then cDNA synthesis was completed. To show 
the RNA expression, PCR was performed from the 
cDNAs obtained from the cell transfected with 
pcDNA- HIF-1α or pcDNA. PCR products were in-
vestigated at the cycle of 15., 20, and 25 (Figure 1). 
While HIF-1α expression is observed at the cycle of 
15 for the cell line transfected with pcDNA- HIF-
1α, endogeneus expression of HIF-1α was not ap-
peared until the cycle of 25.

To understand how much RNA converted into the 
protein, western blot was performed from the cell 
lines either transfected with pcDNA- HIF-1α or 
pcDNA (control) (Figure 2). The same amount of 
proteins were extracted from each cell and run in 

Figure 1  PCR products were investigated at the cycle of 
15, 20, 25 of the cDNAs obtained from the PancI cell trans-
fected with pcDNA (control) or pcDNA-HIF-1.

Figure 2  Western blot analysis of the HIF-1 protein exp-
ression obtained from the PancI cell transfected with pcDNA 
(control) or pcDNA-HIF-1.
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4). In addition to doxorubicin, we also investigated 
the protective effect of the HIF-1α against G418. 
Commonly know as G418, Geneticin reagent is an 
aminoglycoside related to Gentamicin. The mech-
anism by which G418 exerts its slow toxicity in 
eukaryotes is thought to involve inhibition of pro-

cell survival was investigated using MTT test. 
The result of the MTT showed that doxorubicin 
decrease cell number around 20% depending on 
the drug dose in both HIF-1α overexpressing and 
control cells compared to the cells transfected with 
pcDNA- HIF-1α or pcDNA (no drug used) (Figure 

Figure 4  Two different doses of doxorubicin was added into HIF-1 over-expressing or not HIF-1 over-expressing cells.  48 
hours later cell survival was investigated using MTT test.

Figure 3  PancI cells transfected 
with pcDNA (control) or pcDNA-HIF-1 
were analysed for cell survival. MTT 
test was used 72 hours after the 
transfection.
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Investigation of genes’ expressions that may 

cause proliferation

To understand the possible signal pathways relat-
ed with HIF-1α, Akt-1, Bax, mTOR, cIAPI, cIA-
PII, Bcl2 and XIAP gene expression was investi-

tein synthesis by binding to 80S ribosomes. Colo-
ny forming assay was used to test the protective 
effect of the HIF-1α against G418. Geniticin was 
added into HIF-1α over-expressing or not HIF-1α 
over-expressing the cells. 24 hours after the trans-
fection of the vectors medium was changed with 
medium containing geniticin. Two weeks later, 
colonies which are survived against the toxicity of 
geniticin were counted. Results of counting showed 
that HIF-1α overexpressing colonies 20-30% more 
colonies compared to the control cell (Figure 5).

Figure 5  Colony forming assay of the cells HIF-1 over-exp-
ressing or not HIF-1 over-expressing in the presence of G418.

Figure 6  Akt-1, Bax, mTOR, cIAP-I, cIAP-II, Bcl2 and XIAP 
gene expression were investigated with Multiplex RT-PCR.
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DISCUSSION

In this study, we aimed to investigate phenotyp-
ic effects of the HIF-1α on the PancI cell survival 
and resistance to the doxorubicin. It was shown 
in different studies that HIF-1α contributes to the 
regulation vital biological processes required for 
tumor survival and progression (7). HIFs are DNA 
binding transcription factors that mediate cellular 
responses to reduced oxygen availability through 
transcriptional activation of a multitude of through 
transcriptional activation of over 100 downstream 
genes that encode proteins needed for oxygen deliv-
ery to tissues and energy metabolism (10, 11).

In this study, we showed that ectopic expression 
of the HIF-1α increased the tumor survival and 
progression. HIF-1α overexpressing cells growth 
almost 40% more in 72 hours compared to mock 
cells in pancreatic cell line PancI. 

From the previous studies, HIF-1α-induced drug 
resistance in tumors has been reported for vincris-
tine, doxorubicin, cisplatin, etoposide in different 
cells (2,4). Therefore, we next investigated roles 
of the HIF-1α for resistance to doxorubicin. We 
found that doxorubicin decreased cell survival at 
the same rate in both cells overexpressing HIF-
1α and not. Initially, we assumed that if HIF-1α 
has a direct effect on the doxorubicin resistance we 
expected to see HIF-1α overexpressing cell would 
decrease less compared to the control cells. The re-
sult show that HIF-1α increase cell survival and 
doxorubicin just prevent cell survival in some part. 
Therefore, we assumed that the drug resistance 
may be the consequence of the increased cell via-
bility by HIF-1α. 

Drug resistance studies showed that HIF-1α tran-
scriptional targets may induce drug resistance by 
affecting drug transporters, e.g. increased p-glyco-
protein; drug targets, e.g. decreased topoisomer-
ase II; or by changing the response to drugs, for 
instance by modifying drug-induced apoptosis, re-
ducing drug-induced senescence, or inducing auto-
phagy in response to drugs (2,7,12).

gated with Multiplex RT-PCR. In addition, Akt-1 
and pIkB protein expressions were investigated 
with western blot. For Multiplex RT-PCR, first 
the linear range of target genes and the internal 
standard actin was determined, and then MRT-
PCR was completed using specific primers for each 
gene. MRT-PCR results showed that none of the 
genes showed any difference in the cell expressing 
ectopic HIF-1α (Figure 6). Similarly, the western 
blot results showed that Akt-1 and pIkB protein 
expression was not significantly changed by the ec-
topic HIF-1α expression (Figure 7).

Figure 7  Akt-1 and  pIkB protein expression were investi-
gated with western blot.
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disrupting the integrity of these two components, 
which is essential for inhibiting cap-dependent 
mRNA translation, resulting in enhanced HIF-1α 

protein translation (2,19).

Therefore to understand the possible signal path-
ways related with HIF-1α in PancI cell, we investi-
gated expression of genes which are mainly in the 
PI3K pathway. Akt-1, Bax, mTOR, cIAP-I, cIAP-
II, Bcl2 and XIAP gene expression were investi-
gated with Multiplex RT-PCR. In addition, Akt-1 
and pIkB protein expressions were investigated 
with western blot. MRT-PCR results showed that 
none of the genes showed any difference in a cell 
expressing ectopic HIF-1α. Similarly, the western 
blot results showed that Akt-1 and pIkB protein 
expression was not significantly changed by the ec-
topic HIF-1α expression. These results show that 
these genes’ expression were not changed by the 
ectopic expression of the HIF-1α. However, since 
the used antibodies detected the amount of the 
protein only, results may not show the activation 
status of the protein. Therefore, further studies 
including phosphorylation status of the protein 
detection would give more data related to the acti-
vation of the protein.

As the conclusion, results of this study may indi-
cate that HIF-1α increase the cell survival in PancI 
cell and doxorubicin may act on the targets related 
to cell survival. 
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Related to the doxorubicin resistance a study con-
ducted by Chen et al. showed that doxorubicin re-
sistance caused by induction of the multi-drug-as-
sociated protein has also been demonstrated in 
many cancer lines which are one of the target genes 
of the HIF-1α in the glioma cell (13). Interestingly, 
another study conducted with pancreatic cancer 
showed that doxorubicin resistance caused by in-
duction of survivin expression (14). Survivin has 
dual roles in promoting cell proliferation and pre-
venting apoptosis (15). Therefore, in the presence 
of HIF-1α, doxorubicin resistance is not caused by 
drug exclusion or inactivation but increased cell 
survival which supports our results.

The resistance to hypoxia-induced apoptosis may 
be due to the increased expression of anti-apop-
totic factors including the IAP3 and Bcl-2 family 
of proteins. phosphoinositol-3-kinase (PI3K) path-
way, nuclear factor kappa-B (NF-κB), and STAT-3 
are involved with the resistance to cytostatics in 
hypoxia, implying a role for these pathways in hy-
poxia-induced drug resistance (2, 16, 17). However, 
the degree in which they are dependent on func-
tional HIF-1α is uncertain. NF-κB up-regulates 
the expression of anti-apoptotic genes such as Bcl-
2, cellular inhibitors of apoptosis (cIAPs) (2, 18).

Activation of phosphatidyl inositol-4,5-bisphos-
phate-3-kinase (PI3K) can upregulate the HIF-1α 
protein translation. PI3K regulates protein syn-
theses through its target protein kinase B (Akt) 
and downstream component mammalian target of 
rapamycin (mTOR). mTOR mediates its action via 
phosphorylation of the eukaryotic translation ini-
tiation factor 4E (eIF-4E) binding protein (4E-BP1) 
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