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Abstract
Objective: OCT4B1, a novel variant of OCT4, is expressed in cancer cell lines and tis-
sues. Based on our previous reports, OCT4B1 appears to have a crucial role in regulating 
apoptosis as well as stress response [heat shock proteins (HSPs)] pathways. The aim of 
the present study was to determine the effects of OCT4B1 silencing on the expression of 
high molecular weight HSPs in three different human tumor cell lines.

Materials and Methods: In this experimental study, OCT4B1 expression was suppressed 
in AGS (gastric adenocarcinoma), 5637 (bladder tumor) and U-87MG (brain tumor) cell 
lines using RNAi strategy. Real-time polymerase chain reaction (PCR) array was em-
ployed for expression level analysis and the fold changes were calculated using RT2  Pro-
filer PCR array data analysis software version 3.5.    
Results: Our data revealed up-regulation of HSPD1 (from HSP60 family) as well as 
HSPA14, HSPA1L, HSPA4, HSPA5 and HSPA8 (from HSP70 family) following OCT4B1 
knock-down in all three cell lines. In contrast, the expression of HSP90AA1 and HSP-
90AB1 (from HSP90 family) as well as HSPA1B and HSPA6 (from HSP70 family) was 
down-regulated under similar conditions. Other stress-related genes showed varying ex-
pression pattern in the examined tumor cell lines.                 
Conclusion: Our data suggest a direct or indirect correlation between the expression of 
OCT4B1 and HSP90 gene family. However, OCT4B1 expression was not strongly corre-
lated with the expression of HSP70 and HSP60 gene families.      
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Introduction
Based on the cancer stem cell hypothesis, adult 

stem cells (present in nearly all human tissues) 
or reprogrammed somatic cells are the primary 
source for tumor initiation (1-3). According to this 
hypothesis, the embryonic stem cell (ESC)-specif-
ic markers are re-expressed in tumor tissues and 
could therefore be employed as tumor markers for 
diagnosis or targeted therapy of various cancers.

Octamer-binding transcription factor 4 (OCT4) 
belongs to a family of transcription regulatory pro-
teins containing the POU DNA binding domain 
(4). OCT4 expression is primarily restricted to 
ESC, where its suppression induces cell differen-
tiation (5). Besides its part, as the main transcrip-
tion factor, in regulating the stemness property of  
ESCs, OCT4 also plays a key role in modulating 
survival of cancer cells (6, 7). OCT4 potentially 
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encodes at least three different variants via alterna-
tive splicing (variants A, B and B1) (8). OCT4A 
is exclusively expressed in the nucleus of ES and 
some adult stem cells, and control the pluripotency 
of the cells. OCT4B is widely expressed in the cy-
toplasm of stem and tumor cells and seems to have 
a role in apoptosis and stress pathways. A novel 
splice variant of OCT4 (OCT4B1) has recently 
been reported to be expressed in both pluripotent 
and cancer cells by Atlasi et al. (9). Subsequent 
studies revealed up-regulation of OCT4B1 in gas-
tric (8), colorectal (9), bladder (10), and germ cell 
tumors (11), where it functions as an anti-apop-
totic factor (7, 8). Moreover, it was reported by 
Farashahi et al. (10) that under stress conditions 
(heat shock), the ratio of OCT4B1/OCT4B was 
significantly elevated in bladder tumor cell lines.

Heat shock proteins (HSPs) are among the 
most conserved proteins expressed in both 
prokaryotes and eukaryotes (10). A wide vari-
ety of physiological and environmental insults 
such as heat shock stress could alter expression 
of HSPs. As molecular chaperones, these pro-
teins play fundamental roles in correct folding 
of nascent and stress-accumulated misfolded 
proteins, and hence prevent their aggregation 
(11). According to their location (intracellular 
or extracellular), HSPs play dual protective and/
or inducing functions. While intracellular HSPs 
help the cells to survive from lethal conditions, 
extracellular or membrane-bound HSPs interact 
with various components of the regulated pro-
grammed cell death pathways (12). In physi-
ological conditions, HSPs are expressed in nor-
mal cells, however, under stress conditions (i.e. 
heat shock) their expression is up-regulated.

Based on their molecular sizes, mammalian 
HSPs have been classified in two subgroups of 
high and small molecular weight HSPs. HSP60, 
HSP70 and HSP90 belong to the high molecular 
weight group, while HSPs with molecular weights 
less than 60 kDa are classified in the small mo-
lecular weight group. Moreover, some members of 
HSPs are constitutively expressed, whereas the ex-
pression of others is induced by stress conditions 
(13). Under stress conditions, HSPs could also 
target some selected proteins toward proteasome-
mediated degradation. Altogether, these properties 
make HSPs suitable potential targets for regulating 
cell death pathways (14).

HSPs are up-regulated in a wide range of human 
cancers and are associated with several properties 
common to tumorigenesis including proliferation, 
invasion and metastasis (14). HSP70 gene fam-
ily have anti-apoptotic potency and up-regulated 
in malignant human tumors. Interestingly, HSP70 
gene family enhances the tumorigenic potency of 
rodent cells (15).

HSP90, ATP-dependent molecular chaperones, 
are essential for the activation and stabilization of 
several proteins involved in various cellular path-
ways, including apoptosis. Therefore, it is widely 
considered as an interesting target for cancer ther-
apy (16).

Based on our previous finding (10) on a possi-
ble involvement of the OCT4B1 variant in stress 
pathways, we knocked-down the expression of 
OCT4B1 in three human tumor cell lines and pro-
filed expression changes of stress-related genes in 
the treated cells.

Materials and Methods
Cell culture

In this experimental study, AGS, 5637, and U87MG 
tumor cell lines were obtained from the Iranian Na-
tional Cell Bank (Pasteur Institute, Iran) and cultured 
in RPMI-1640 (Gibco, UK) supplemented with 10% 
(v/v) heat-inactivated fetal bovine serum (FBS) and 2 
mM L-glutamine (Sigma, USA) at 37˚C and 5% CO2.

RNA extraction, reverse transcription (RT) and 
real-time polymerase chain reaction (PCR)

Real-time RT-PCR was carried out to evalu-
ate the expression level of OCT4 variants in the 
studied tumor cell lines. Total RNA was isolated 
from cultured cells (106 cells per milliliter), us-
ing Trizol (Invitrogen, USA) and according to 
the manufacturer’s guidelines. To remove any 
possible DNA contamination, RNA was treated 
with TURBO DNase. The purity and integrity 
of RNA were measured by spectrophotometer 
(260/280 nm ratio) and visual observation of 
the samples on agarose gel electrophoresis (1% 
agarose gel), respectively. The first strand of 
cDNA was synthesized at 42˚C for 60 minutes 
using 100 pmol oligo(dT) primers, 1 µg of total 
RNA and a cDNA synthesis kit from (ParsTous 
Co., Iran), according to the manufacturer’s in-
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structions. Specific primers were designed for 
OCT4A, OCT4B, OCT4B1, and ß-actin (as a 
housekeeping gene) using Gene Runner (ver-
sion 3.02) and Allele ID (version 4.0) softwares 
(Table 1).

Quantitative real-time PCR was performed by 
addition of SYBR green master mix (ParsTous, 
Iran), 200 ng of the previously generated 
cDNA and 2 pg/µl of the appropriate primers. 
The following cycling conditions was set on a 
BIO-RAD CFX96 system (Bio-Rad Company, 
USA): one cycle of 95˚C for 15 minutes, 40 cyC-
cles of 95˚C for 30 seconds, 60˚C for 30 secC-

onds (61˚C for 20 seconds for OCT4B1) and 
72˚C for 30 seconds. Real-time PCR was car -
ried out in triplicate and ß-actin was employed 
as a housekeeping gene for normalizing ampli-
fication signals of the target genes. The relative 
amounts of PCR products were determined us-
ing the 2-∆∆Ct formula. The dissociation stages, 
melting curves and quantitative analyses of the 
data were performed using the CFX manager 
software version 1.1.308.111 (Bio-Rad, USA). 
All PCR products were visualized with agarose 
gel electrophoresis to confirm the uniqueness 
and correct size of the PCR products.

Table 1: Sequences of the primers used for siRNA and real-time PCR

SequencesDirectionName

AAGGAGTATCCCTGAACCTAGTargetVersion I
OCT4B1:siRNA

(GGAGUAUCCCUGAACCUAG) dTdTSense

(CUAGGUUCAGGGAUACUCC) dTdTAnti-sense

AAGAGGTGGTAAGCTTGGATCTargetVersion II
OCT4B1:siRNA

(CAGUGGUAAGCUUGGAUC) dTdTSense

(AAUCCAAGCUUACCACCUC) dTdTAnti-sense

(GCGGAGAGGCUUAGGUGUA) dTdTSenseScramble:siRNA

(UACACCUAAGCCUCUCCGC) dTdTAnti-sense

CGCAAGCCCTCATTTCACFOCT4A
primer

CATCACCTCCACCACCTGR

CAGGGAATGGGTGAATGACFOCT4B
primer

AGGCAGAAGACTTGTAAGAACR

GGTTCTATTTGGTGGGTTCCFOCT4B1
primer

TTCTCCCTCTCCCTACTCCTCR

CACACCTTCTACAATGAGCFß-actin
primer

ATAGCACAGCCTGGATAGR

PCR; Polymerase chain reaction.
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OCT4B1 siRNA and scramble siRNA transfection
In order to suppress OCT4B1, two specific siR-

NAs complementary to the unique region of the-
OCT4B1 sequence (exon2b), and one irrelevant/
scrambled siRNA (with no complementary target 
sequence in the human genome, as control) were 
designed, using the siRNA selection program 
(Whitehead Institute for Biomedical Research, 
http://jura.wi.mit.edu/,  MWG Co., Germany) 
(Table 1).

Tumor cell lines (1×105 cells/ml) were cultured 
in six-well plates in RPMI-1640 medium without 
antibiotics in two groups (test and control). At a 
confluency of 30-50%, cells were transfected with 
50 nmol/ml of OCT4B1-siRNA (scramble siRNA 
for the control group) using lipofectamin 2000 
(Invitrogen, USA) and opti-MEM media accord-
ing to the manufacturer’s instructions. Briefly, 5 µl 
of siRNA (25 µM) and 4.5 µl RNAi-MAX were 
diluted in 250 µl Opti-MEM and incubated for 10 
minutes at room temperature. The mixture was 
then added to the cells in a final volume of 2.5 ml, 
and incubated at 37˚C in a humidified atmosphere 
and 5% CO2 for 72 hours.

To determine the efficiency of gene suppression, 
OCT4B1 expression was quantified in OCT4B1-
siRNA (test group) and scramble-siRNA (control 
group) transfected cells at 24, 48 and 72 hours af-
ter cell transfection.

High molecular weight heat shock proteins 
genes profiling   

Forty-eight hours after transfection, cells were 
heat-shock treated at 45˚C for 1 hour (10). Total 
RNA was extracted from cells of the test and con-
trol groups, and cDNA was synthesized immedi-
ately as described previously (17). Quantitative 
gene expression analysis was performed using a 
real-time PCR array approach (SABiosciences 
Company, USA).

Statistical analysis  
Gene expression analysis and chart drawing 

were carried out using the CFX96 manager soft-
ware (Bio-Rad, USA) and RT2 Profiler PCR Ar-
ray Data Analysis (version 3.5) respectively. The 
statistical analysis was carried out by one-way 
ANOVA (SPSS software, version 18).

Results
OCT4 variants were expressed in all exam-
ined cell lines and down-regulated after siRNA 
transfection

Our real-time PCR data demonstrated that all 
three OCT4 variants were expressed in all three 
cell lines (Fig.1A), with the highest expression lev-
el of OCT4B1 observed in the U87-MG cell line. 
As expected, after siRNA transfection, OCT4B1 
expression was dramatically decreased at 24, 48 
and 72 hours. As shown in figure 1B, the highest 
level of OCT4B1 suppression was observed at 48 
hours post-transfection.

Fig.1: A. The expression levels of OCT4 variants in U87MG, 5637, 
and AGS cell lines. Y axis shows OCT4 variants mRNA expression 
level normalized to that of ß-actin (as a housekeeping control 
gene) and B. OCT4B1 mRNA expression level at 24, 48 and 72 
hours after transfecting AGS cells with OCT4B1 or scramble siR-
NAs. OCT4B1 expression level is dramatically reduced 48 hours 
after transfection with OCT4B1 siRNA, confirming the specificity 
of the designed siRNA. 

Expression alteration of HSP60, HSP70 and 
HSP90 gene families following OCT4B1 sup-
pression  

Results of real-time PCR revealed an similar 
but not identical pattern of expression alteration 

A

B
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in all three studied tumor cell lines. For instance, 
HSPD1, a member of the HSP60 gene family, was 
upregulated in all three tumor cell lines, following 
OCT4B1 suppression (Table 2, Fig.2). Five out of 
eleven members of the HSP70 gene family were 
up-regulated, whereas two genes were down-regu-
lated after OCT4B1 silencing. Although HSPA1A, 
HSPA2, and HSPA9 genes showed down-regula-
tion in AGS and 5637 cells, they were up-regulated 

in U87MG cells. Similar inconsistency was observed 
for HSPA4L which showed down-regulation in AGS 
and U87MG cells and up-regulation in 5637 cells 
(Table 2, Fig.3). Three members of the HSP90 gene 
family (HSP90AA1, HSP90AB1, and HSP90B1) an-
alyzed were all down-regulated following OCT4B1 
suppression in all three tumor cell lines except for 
HSP90B1 in AGS cells that showed less than 2-fold 
up-regulation (Table 2, Fig.4).

Table 2: Altered expressions of HSP60, HSP70, and HSP90 gene families in AGS, 5637 and U87MG tumor cell lines at 48 hours after 
OCT4B1 suppression

Fold changes/cell linesDescription of genesGene categories/name

U87MG5637AGS

HSP90 family members

-2.12-6.04-9.32Heat shock protein 90 kDa alpha (cytosolic), class A member 1HSP90AA1

-3.60-10.25-7.48Heat shock protein 90 kDa alpha (cytosolic), class B member 1HSP90AB1

-2.08-10.421.65Heat shock protein 90 kDa beta (Grp94), member 1HSP90B1

HSP70 family members

3.6210.8914.31Heat shock 70 kDa protein 14HSPA14

1.02-2.80-2.05Heat shock 70 kDa protein 1AHSPA1A

-1.13-3.22-2.35Heat shock 70 kDa protein 1BHSPA1B

8.4813.107.87Heat shock 70 kDa protein 1-likeHSPA1L

1.00-2.84-2.08Heat shock 70 kDa protein 2HSPA2

8.109.2913.26Heat shock 70 kDa protein 4HSPA4

-2.181.62-5.33Heat shock 70 kDa protein 4-likeHSPA4L

2.3529.8311.02Heat shock 70 kDa protein 5 (glucose-regulated protein, 78 kDa)HSPA5

-1.01-2.88-2.11Heat shock 70 kDa protein 6HSPA6

4.3812.6317.30Heat shock 70 kDa protein 8HSPA8

1.73-1.64-1.20Heat shock 70 kDa protein 9 (mortalin)HSPA9

HSP60 family member

6.8411.2526.46Heat shock 60 kDa protein 1 (chaperonin)HSPD1

PCR; Polymerase chain reaction.
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Fig.2: Altered expression of HSPD1 (member of the HSP60 gene family) at 48 hours after OCT4B1: siRNA transfection in U87MG, 5637 and 
AGS cell lines. Y axis shows the fold changes in gene expression.

Fig.3: Altered expression of HSP70 gene family members at 48 hours after OCT4B1:siRNA transfection in U87MG, 5637 and AGS cell lines. 
Y axis shows the fold changes in gene expression.

Fig.4: Altered expression of HSP90 gene family members, 48 hours after OCT4B1:siRNA transfection in U87MG, 5637 and AGS cell lines. Y 
axis shows the fold changes in gene expression.
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Discussion
In our previous work (10), we presented evi-

dence suggesting a potential role for OCT4B1 in 
stress response. Due to the direct link of stress 
response in cancer initiation, we aimed here to 
decipher the molecular targets in stress path-
ways regulated by OCT4B1. For that reason, we 
examined expression changes of high molecular 
weight HSPs (HSP60, HSP70 and HSP90) fol-
lowing OCT4B1 suppression in three different 
tumor cell lines.

In contrast to genes in the HSP70 gene fam-
ily, the three members of the HSP90 gene fam-
ily (HSP90AA1, HSP90AB1, and HSP90B1) 
were slightly down-regulated, suggesting that 
this gene family is a target of OCT4B1 medi-
ated stress pathway. HSPD1, the candidate gene 
from the HSP60 gene family, showed up-regu-
lation in all three examined cell lines.

Our data revealed some cell-type specific ef-
fects among the three cell lines. For example, 
while HSPA1A, HSPA2, and HSPA9, the mem-
bers of HSP70 gene family, were down-regu-
lated in AGS and 5637 cells, they showed up-
regulation in U87MG cells. Similarly, HSPA4L 
was down-regulated in AGS and U87MG cells, 
while up-regulated in 5637 tumor cell line.

It has been evidenced that the members of the 
HSP90 gene family are essential for cell cycle 
regulation, survival, and apoptosis (18). These 
molecules primarily participate in maintenance 
of cellular protein homeostasis, by acting as 
molecular chaperones to ensure correct folding 
of nascent proteins. Interestingly, the HSP90 
gene family is considered as a novel therapeu-
tic target for can certherapy (18). Heat, reac-
tive oxygen species, γ-irradiation and injury 
are the main inducers of Hsp90 expression by 
tumor cells (19). Members of this gene family 
interact with over 400 client proteins, indicat-
ing their importance in cell behavior regulation. 
The client molecules are involved in mediating 
signal transduction pathways which lead to cel-
lular growth and apoptotic evasion (20). Our re-
sults demonstrated that following OCT4B1 sup-
pression, the expression level of HSP90 genes 
were decreased, suggesting that up-regulation 
of OCT4B1 in cancer cells and tissues induces 
the expression of HSP90 genes. Centenera et al. 

(21) reported that HSP90 proteins play signifi-
cant roles in the stability of critical signaling 
proteins important in initiation and progression 
of prostate cancer. Moreover, Niknejad et al. 
(22), reported that HSP90 suppress apoptosis, 
enhances angiogenesis and promote cell cycle 
progression in cancer cells. Accordingly, up-
regulation of HSP90 genes has been reported in 
cancer tissue samples (23).

Over-expression of OCT4B1 in cancer cells 
and tissues (22), it santi-apoptotic effect (24) 
and its association with stress signaling path-
ways (25) imply that OCT4B1 up-regulation 
in tumor cells could lead to over-expression of 
HSP90 members. Accordingly, this association 
may be considered as a probable mechanism for 
mediating the anti-apoptotic role of OCT4B1 in 
tumor cells. In other words, down-regulation of 
OCT4B1 could be considered as an alternative 
strategy for HSP90-mediating molecular thera-
py of cancers.

The HSP70 family is mostly considered as 
a potent buffering system for cellular stress 
which is necessary for cancer cell survival (26). 
Therefore, it has been proposed that the HSP70 
family serve as crucial survival mediators in the 
cells. Several reports exist on the critical role 
of HSP70 molecules in cancer progression (26-
28). However, there is little knowledge on the 
molecular mechanisms by which HSPs medi-
ate survival. According to our results, follow-
ing OCT4B1 suppression in studied tumor cell 
lines, the expression level of 5 out of 11 mem-
bers of the HSP70 gene family was increased, 
while, two genes showed down-regulation and 
four remaining members showed no significant 
alteration in their expression level. Thus, we 
failed to demonstrate direct co-expression of 
OCT4B1 and HSP70 genes.

Significant changes in HSP60 expression 
during the progression of some tumors sug-
gest that these molecules play a critical role 
in carcinogenesis. HSP60 is mainly expressed 
in mitochondria, however their expression has 
been also reported within cytosol, on the cell 
membrane as well as in intracellular vesicles 
and extracellular spaces (29). Interestingly, it 
has been reported that HSP60 are up-regulat-
ed in medulloblastoma (30), colorectal cancer 
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(31), leukemia (32), breast carcinoma (33) and 
prostate cancer (34). Hence, it appears that 
HSP60 expression may be associated with en-
hanced proliferation of cancer cells. The over-
expression of HSPD1, a member of HSP60 
family, following OCT4B1 suppression led us 
to hypothesize that up-regulation of HSPD1 is a 
normal response of tumor cells to escape from 
apoptosis and that it may not be a direct target 
of OCT4B1. Accordingly, it seems that the in-
tracellular regulation of HSPs in tumors is com-
plex, and also cell-type specific.

Conclusion
Our data support our previous report on a pos-

sible direct association between the expression 
of OCT4B1 and the HSP90 gene family. Accord-
ingly, suppression of OCT4B1 in different tumor 
cell lines caused significant down-regulation of the 
members of the HSP90 family. However, a direct 
link between the expression level of OCT4B1 and 
those of HSP70 and HSP60 gene families were 
less evident. 
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