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Abstract OCT4B1 is a newly discovered spliced variant of
OCT4 which is primarily expressed in pluripotent and tumor
cells. Based on our previous studies, OCT4B1 is significantly
overexpressed in tumors, where it endows an anti-apoptotic
property to tumor cells. However, the mechanism by which
OCT4B1 regulates the apoptotic pathway is not yet elucidat-
ed. Here, we investigated the effects of OCT4B1 suppression
on the expression alteration of 84 genes involved in apoptotic
pathway. The AGS (gastric adenocarcinoma), 5637 (bladder
tumor), and U-87MG (brain tumor) cell lines were transfected
with OCT4B1 or irrelevant siRNAs. The expression level of
apoptotic genes was then quantified using a human apoptosis
panel-PCR kit. Our data revealed an almost similar pattern of
alteration in the expression profile of apoptotic genes in all
three studied cell lines, following OCT4B1 suppression. In
general, the expression of more than 54 apoptotic genes (64 %
of arrayed genes) showed significant changes. Among these,
some up-regulated (CIDEA, CIDEB, TNFRSF1A,
TNFRSF21, TNFRSF11B, TNFRSF10B, and CASP7) and

down-regulated (BCL2, BCL2L11, TP73, TP53, BAD,
TRAF3, TRAF2, BRAF, BNIP3L, BFAR, and BAX) genes
had on average more than tenfold gene expression alteration in
all three examined cell lines. With some minor exceptions,
suppression of OCT4B1 caused upregulation of pro-apoptotic
and down-regulation of anti-apoptotic genes in transfected
tumor cells. Uncovering OCT4B1 down-stream targets could
further elucidate its part in tumorigenesis, and could lead to
finding a new approach to combat cancer, based on targeting
OCT4B1.

Keywords OCT4B1 .siRNA .Apoptosispathway .CIDEA .

TNFRSF21

Introduction

POU class 5 homeobox 1 (POU5F1), known as OCT4
(octamer DNA binding transcription factor 4), is an im-
portant family member of transcription regulatory genes
containing the POU DNA binding domain [1]. Human
OCT4 is located on chromosome 6, where it generates
at least three variants (A, B, and B1) via alternative
splicing [2]. In collaboration with other proteins such as
SOX2 (SRY (sex-determining region Y)-box 2), NANOG
(Nanog homeobox), and KLF4 (Kruppel-like factor 4),
OCT4 regulates self-renewal and pluripotency of stem
cells [3]. Accordingly, expression of OCT4 induces stem
cell pluripotency, while its silencing or down-regulation
triggers cell differentiation [1].

While discovering the re-expression of OCT4 in tumor
cells [4] supported the cancer stem cells hypothesis, the exis-
tence of various OCT4 spliced variants and numerous
pseudogenes made some confusion in the fields of stem cell
and cancer [5, 6]. The OCT4A variant is mainly expressed in
the embryonic and some adult stem cells, where it primarily
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regulates the stemness property of these cells [7]. The specific
function of OCT4B variant is unknown; however, it is report-
ed that stress elevates its expression [6, 8]. Recently, Atlasi
et al., reported the presence of a novel OCT4 variant
(OCT4B1) in both cancer tissues and cancer cell lines [9].
Subsequent studies revealed OCT4B1 up-regulation in gastric
[10], colorectal [2], bladder [11], and germ cell tumors [6],
where it seems to function as an anti-apoptotic factor [8, 10].

Apoptosis is controlled by several gene families and sig-
naling pathways. The main gene families regulating apoptosis
are: tumor necrosis factor (TNF) ligand, TNF receptor, Bcl-2,
caspase, inhibitor of apoptosis (IAP), tumor necrosis factor
receptor-associated factors (TRAF), CARD, death domain,
death effector domain, cell death-inducing DFFA-like effector
(CIDE) domain, p53 and DNA damage response, and anti-
apoptosis gene families [12–19]. Considering the close asso-
ciation between OCT4B1 expression and apoptosis, we aimed
to determine the genes and signaling pathways regulated by
OCT4B1 in different tumor cell lines.

Materials and methods

Cell culture and maintenance

The human tumor cell lines AGS (gastric adenocarcinoma),
5637 (bladder tumor), and U-87MG (brain tumor) were ob-
tained from the Iranian national cell bank (Pasteur Institute of
Iran, Tehran) and were cultured in RPMI-1640 medium
(Gibco, UK), supplemented with 100 u/ml penicillin,
100 μg/ml streptomycin and 10 % fetal bovine serum (FBS;
Gibco, UK), at 37 °C in a humidified atmosphere of 5 % CO2.

RNA extraction, cDNA synthesis, and real-time PCR

Total RNAwas extracted from the cultured cells (~106 cells/
ml), using TRIzol reagent (Invitrogen, USA). To remove any
trace of possible DNA contamination, the extracted RNAwas
treated by TURBODNase I (Fermentas, Lithuania) and purity
and integrity of RNA was measured by spectrophotometry
(260/280 nm absorbance ratio) and 1 % agarose gel electro-
phoresis, respectively. Complementary DNA (cDNA) synthe-
sis was carried out by using 100 pmol of oligo(dT) primer,
200 units of M-MuLV reverse transcriptase, and 1 μg of total
RNA. The reaction was then incubated at 42 °C for 60 min
(Fermentas, Lithuania).

Specific primers were designed for OCT4B1 and ß-actin
(GeneBank accession numbers: EU518650 and NM-001101,
respectively) using Gene Runner (version 3.02) and Allele ID
(version 4.0) software (Table 1). Quantitative real-time PCR
was performed by addition of SYBR green master mix
(QIAGEN, USA), 200 ng of the cDNA, and 2 pg/μl of the
appropriate primer pairs. The following cycling program was

employed on the Bio-Rad CFX96 instrument (Bio-Rad
Company, USA): one cycle at 95 °C for 15 min, 40 cycles
at: 95 °C for 30 s, 60 °C for 30 s (for OCT4B1 61 °C for 20 s),
and 72 °C for 30 s. Real-time PCR was carried out in triplicate
and ß-actin was used as a housekeeping internal control for
normalization of amplified target genes. The proportional
amounts of PCR products were determined using the
2−ΔΔCt formula. The dissociation stages, melting curves,
and quantitative analyses of the data were performed
using CFX manager software version 1.1.308.111 (Bio-
Rad, USA).

All of the PCR products were electrophoresed and visual-
ized using 1 % agarose gels containing 0.5 mg/ml ethidium
bromide to visualize the size and uniqueness of amplified
products.

OCT4B1 knock-down in tumor cell lines

In order to suppress OCT4B1 expression, two specific small
interfering RNAs (siRNAs) were designed (Whitehead
Institute for Biomedical Research, htt://jura.wi.mit.edu/)
based on the sequence of exon2b (the sequence which
differentiates OCT4B1 variant from OCT4A and OCT4B
ones). An irrelevant/scrambled siRNA (with no complemen-
tary target sequence in the human genome) was also employed
as a control (MWG Co., Germany; Table 1).

For siRNA transfection, 1×105 cells/ml was seeded onto
six-well plates in culture media without antibiotics, and divid-
ed in two groups (test and control). During the logarithmic
growth phase (30–50 % of confluencey), cells were
transfected with 50 nmol/ml OCT4B1 or irrelevant siRNAs,
using Lipofectamine 2000 and OptiMEMmedia, according to
the manufacturer's instructions (Invitrogen, USA). In brief,
5 μl of siRNA (25 μM) and 4.5 μl RNAiMAX reagents were
diluted in 250 μl Opti-MEM and incubated for 10min at room
temperature. The mixture was added to the cells in a final
volume of 2.5 ml. The cells were then incubated at 37 °C in a
humid atmosphere of 5 % CO2 for 72 h.

MTT assay

Approximately 7×104 cells (in 200-μl media) per well were
seeded onto a 96-well plate. After transfection, the media were
replaced with 200 μl of warm RPMI 1640 (without phenol
red). After addition of 10 μl of 5 mg/ml MTT to each well,
plates were incubated at 37 °C for 3.5 h while avoiding light
exposure (until the development of a purple precipitate, which
is visible under a light microscope). Then, 100 μl of DMSO
(dimethysulfomides) was added to each well, and after
15 min, absorbance of the samples was read at 570 nm with
a reference filter of 620 nm.

Tumor Biol.
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Apoptosis analysis

Forty eight hours after transfecting the cells with OCT4B1 or
irrelevant siRNAs, a single-cell suspension was prepared.
Annexin V-FLUOS kit (Roch, Germany) was then used for
detection of the exposed phosphatidylserine the cell mem-
branes of apoptotic cells, according to the manufacturer’s
instruction and as described elsewhere [20]. Briefly, 48 h after
transfection, ~1×106 cells were centrifuged and the pellet re-
suspended in 200 μl of binding buffer. After 5 min, 1 μl of
Annexin V-FLUOS and propidium iodide (PI) were added to
the cells and incubated for 5 min at room temperature,
avoiding light exposure, before being analyzed by a
Beckman-Coulter Elite flow cytometer. Annexin V-FLUOS
binding was detected using a FITC signal detector (FL1), and
PI staining was detected by a phycoerythrin emission sig-
nal detector (FL3). The percentages of FITC/PI positive
cells (apoptotic proportion) were then calculated from
flow histograms [20].

Panel PCR profiling

OCT4B1 and irrelevant siRNAs transfected cells were har-
vested, 48 h after transfection. Total RNA extracted and
reverse transcribed to cDNAs, using the RT2 first strand kit
(QIAGEN, USA), and according to the manufacturer’s
instructions.

The PCR array technique was performed with the custom-
ized human apoptosis RT2 profiler PCR array (PAHS-D-012,
SABiosciences, USA), on a real-time PCR system (Bio-Rad,
CFX96, USA), according to the manufacturer’s instruction.
The 96-well plates of RT2 Profiler PCR arrays contain primers
for 84 apoptosis-related, as well as five housekeeping genes.
Furthermore, one well contains a genomic DNA control, three
wells contain reverse-transcription controls, and three wells
contain positive PCR controls.

The cDNAs obtained from the treated tumor cell lines were
mixed with an appropriate RT2 SYBR Green master mix. The
master mix is equally aliquoted into the wells of the RT2

Profiler PCR panels. The PCR reactions were performed with
an initial denaturation at 95 °C for 15 min, followed by
45 cycles of denaturation at 95 °C for 15 s, annealing at
55 °C for 40 s, and extension at 72 °C for 30 s. Finally, the
relative expression of each gene was determined according to
the data from the real-time cycler and the ΔΔCT method,
using RT2 Profiler PCR array data analysis version 3.5
software.

Bioinformatics analysis

Genes that were up- or down-regulated in our study
were further classified by gene ontology (GO) and path-
way analysis using the DAVID web server (http://david.
abcc.ncifcrf.gov/) with default parameters. These genes
were also mapped on the Kyoto Encyclopedia of Genes
and Genomes (KEGG) apoptosis pathway (map04210).
We also developed a biological network using the
GeneMANIA database which finds interactions and
complementary genes that are related to a set of input
genes.

Results

Suppression of OCT4B1 variant in AGS, 5637, and U87MG
cell lines

After confirming the expression of OCT4B1 in three different
cell lines, AGS (gastric cancer), 5637 (bladder cancer), and
U87MG (glioblastoma), we employed two specific siRNAs to
suppress OCT4B1 expression in these cells. Compared to the

Table 1 Sequences of the
primers used for amplification
and suppression of OCT4B1 and
the control sequences

Name Direction Sequences

OCT4B1/siRNA

(version 1)

Target AAGGAGTATCCCTGAACCTAG

Sense (GGAGUAUCCCUGAACCUAG) dTdT

Anti-sense (CUAGGUUCAGGGAUACUCC) dTdT

OCT4B1/siRNA

(version 2)

Target AAGAGGTGGTAAGCTTGGATC

Sense (CAGUGGUAAGCUUGGAUC) dTdT

Anti-sense (AAUCCAAGCUUACCACCUC) dTdT

Scramble/siRNA Sense GCGGAGAGGCUUAGGUGUAdTdT

Anti-sense UACACCUAAGCCUCUCCGCdTdT

OCT4B1 primer F GGTTCTATTTGGTGGGTTCC

R TTCTCCCTCTCCCTACTCCTC

ß-actin primer F CACACCTTCTACAATGAGC

R ATAGCACAGCCTGGATAG

Tumor Biol.
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cells transfected with an irrelevant siRNA, as the control
group, the expression of OCT4B1 was sharply suppressed at
24, 48, and 72 h following OCT4B1/siRNA transfection. As it
is shown in Fig. 1 for AGS cells, the highest decline in
OCT4B1 expression occurred at 48-h post-transfection, using
OCT4B1/siRNA version 1. For that reason, the following
experiments were carried out by siRNA version 1 and for
48-h post-transfection time, and in triplicate. The same obser-
vations were made for the other tested cell lines (data not
shown). While morphology of the 5637, and U87MG cells
was not distinguishable for the cells transfected with OCT4B1
vs. irrelevant siRNAs, a remarkable morphological change
including the presence of multinucleate giant cells was ob-
served in AGS cells transfected with OCT4B1/siRNA (data
not shown).

Diminished cell survival rate in tumor cell lines treated
with OCT4B1-siRNA

MTT assay demonstrated a significant reduction in cell
viability rate in 5637 cells transfected with OCT4B1/
siRNA, compared to the cells transfected with irrelevant
siRNA (Fig. 2a). A similar observation was made for
the other tested cell lines (data not shown). Moreover,
flow cytometry analysis of the cells stained with
Annexin V and PI showed that more than 29 % of the
cells transfected with OCT4B1/siRNA underwent apo-
ptosis, at 48-h post-transfection, compared to the cells
transfected with irrelevant siRNA (Fig. 2b).

Profiling the expression alteration of apoptotic genes
in OCT4B1-suppressed tumor cell lines

Following total RNA extraction and cDNA synthesis, the
expression profile of 84 apoptotic genes was determined by
means of a commercially available panel PCR kit. Interestingly,
we observed a similar expression alteration for apoptotic genes
in all three examined cell lines (Fig. 3 and Table 3). Among 84
apoptosis-associated genes arrayed on the panel, the expression
of 64 % of the genes was significantly altered in response to
OCT4B1 knock-down. As it is presented in Table 3, 34
genes were down-regulated and 13 genes were up-regulated
more than threefold in all three examined tumor cell lines.
Among theses, cell death-inducing DFFA-like effector a
(CIDEA) and tumor necrosis factor receptor superfamily,
member 21 (TNFRSF21) showed the highest level of up-
regulation (~21 and 18 times, respectively), while TP73,
TRAF3, and BCL2 showed the most level of down-

Fig. 1 Suppressed OCT4B1 expression after OCT4B1/siRNA transfec-
tion in AGS cell line. The OCT4B1 expression level is determined in
AGS cell line after 24-, 48-, and 72 h of transfection with either OCT4B1
or irrelevant siRNAs. As it is evident, OCT4B1 expression level is
dramatically reduced 48 h after transfection with OCT4B1 siRNA,
confirming the specificity of the siRNA. Yaxis shows the relative expres-
sion of OCT4B1 to ß-actin (as the internal control) in AGS cells
transfected with either OCT4B1 (black) or irrelevant/scrambled siRNAs
(gray). X axis shows different time points (24, 48, and 72 h) after
transfection

Fig. 2 Reduced viability and increased apoptosis rate of the cells
transfected with OCT4B1. aMTTassay was performed to determine cell
viability in cells transfected with either OCT4B1 or irrelevant/scrambled
siRNAs in the 5,637 tumor cell line. A significant decline in the number
of viable cells is evident in all time points after OCT4B1 siRNA trans-
fection, compared to that of the irrelevant siRNA transfected cells. b A
representative flow cytometry plot of the OCT4B1 and irrelevant siRNA
transfected cells stained with Annexin Vand PI. Note that more than 30%
of the cells transfected with OCT4B/siRNA underwent apoptosis, at 48-h
post-transfection, compared to the cells transfected with irrelevant siRNA

Tumor Biol.



Fig. 3 A scatter plot of the apoptosis gene expression profile in 5637,
AGS, and U87MG cell lines. The figure shows a scatter plot of the
expression of 84 genes within the apoptotic pathway in three studied
tumor cell lines (5637, AGS, and U87MG). Red spots show up-regulated,
while green and black spots show down-regulated and unchanged

expressions of the genes, respectively. Diagonal lines show borders of
up- and down-regulated as well as unchanged expression of the genes in
all three cell lines transfected with OCT4B1/siRNA, compared to the cells
transfected with irrelevant/scrambled siRNA

Table 2 Genes up/down regulated after OCT4B1 suppression (>10 folds)

Gene symbol Protein/gene name Activity Fold changes/cell lines

AGS 5637 U87MG

BAD BCL2-associated agonist of cell death Anti-apoptosis −19.62 −7.74 −19.99
BAG4 BCL2-associated athanogene 4 Anti-apoptosis −6.16 −4.57 −10.34
BAK1 BCL2-antagonist/killer 1 Anti-apoptosis −6.16 −4.57 −10.34
BAX BCL2-associated X protein Anti-apoptosis −16.49 −12.31 −6.92
BCL2 B-cell CLL/lymphoma 2 Anti-apoptosis −20.87 −13.01 −20.26
BCL2L11 BCL2-like 11 (apoptosis facilitator) Anti-apoptosis −10.76 −14.68 −17.93
BFAR Bifunctional apoptosis regulator Anti-apoptosis −15.11 −10.02 −12.86
BNIP2 BCL2/adenovirus E1B 19 kDa interacting protein 2 Anti-apoptosis −5.52 −10.35 −8.00
BNIP3L BCL2/adenovirus E1B 19 kDa interacting protein 3-like Anti-apoptosis −14.35 −8.29 −16.45
BRAF V-raf murine sarcoma viral oncogene homologue B1 Anti-apoptosis −18.33 −10.73 −12.23
FADD Fas (TNFRSF6)-associated via death domain Anti-apoptosis −12.85 −7.62 −5.12
CD27 CD27 molecule Anti-apoptosis −11.74 −3.63 −4.29
TNFRSF9 Tumor necrosis factor receptor superfamily, member 9 Anti-apoptosis −13.71 −9.50 −5.93
TNFSF8 Tumor necrosis factor (ligand) superfamily, member 8 Anti-apoptosis −9.43 −10.02 −7.69
TP53 Tumor protein p53 Anti-apoptosis −11.53 −10.89 −12.33
TP73 Tumor protein p73 Anti-apoptosis −28.20 −12.25 −8.23
TRAF2 TNF receptor-associated factor 2 Anti-apoptosis −11.74 −10.42 −10.48
TRAF3 TNF receptor-associated factor 3 Anti-apoptosis −21.96 −9.48 −14.36
CASP1 Caspase 1, apoptosis-related cysteine peptidase Pro-apoptosis 5.28 12.66 8.71

CASP7 Caspase 7, apoptosis-related cysteine peptidase Pro-apoptosis 14.59 5.38 10.85

CIDEA Cell death-inducing DFFA-like effector a Pro-apoptosis 7.03 21.04 14.28

CIDEB Cell death-inducing DFFA-like effector b Pro-apoptosis 12.21 17.17 11.74

TNFRSF10B Tumor necrosis factor receptor superfamily, member 10b Pro-apoptosis 6.02 8.18 15.70

TNFRSF11B Tumor necrosis factor receptor superfamily, member 11b Pro-apoptosis 8.55 12.37 9.64

TNFRSF1A Tumor necrosis factor receptor superfamily, member 1A Pro-apoptosis 16.52 15.76 10.93

TNFRSF21 Tumor necrosis factor receptor superfamily, member 21 Pro-apoptosis 17.67 10.30 9.76
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Table 3 A complete list of apoptotic genes’ expression alteration in all three examined cell lines

No Regulation intensity Position in PCR panel Gene symbol Cell lines/fold regulation

5637 AGS U87MG

1 ↑↑↑↑↑ E01 CIDEA 21.04 7.03 14.28

2 ↑↑↑↑ F11 TNFRSF21 10.30 17.67 9.76

3 ↑↑↑↑ E02 CIDEB 17.17 12.21 11.74

4 ↑↑↑↑ F10 TNFRSF1A 15.76 16.52 10.93

5 ↑↑↑↑ F08 TNFRSF10B 8.18 6.02 15.70

6 ↑↑↑ D07 CASP7 5.38 14.59 10.85

7 ↑↑↑ C11 CASP1 12.66 5.28 8.71

8 ↑↑↑ F09 TNFRSF11B 12.37 8.55 9.64

9 ↑↑ C12 CASP10 9.83 8.60 7.05

10 ↑↑ F07 TNFRSF10A 6.36 8.73 8.88

11 ↑↑ F12 TNFRSF25 5.70 8.40 8.71

12 ↑↑ F06 TNF 8.37 6.03 3.38

13 ↑↑ E11 IGF1R 1.88 3.14 7.30

14 ↑↑ F02 MCL1 2.77 1.47 5.55

15 ↑↑ D02 CASP2 3.30 5.28 3.51

16 ↑ E09 GADD45A 3.09 2.39 4.71

17 ↑ D06 CASP6 3.75 1.14 1.45

18 ↑ E05 DFFA 2.08 2.49 3.28

19 ↑ D03 CASP3 3.12 1.66 3.17

20 ↑ E04 DAPK1 1.75 1.39 2.80

21 ↑ A03 APAF1 2.47 1.57 1.17

22 ↑ D01 CASP14 2.20 1.89 1.85

23 ↑ D05 CASP5 2.09 1.54 1.78

24 ↔ D04 CASP4 1.84 1.03 1.06

25 ↔ C08 NOD1 1.62 1.37 1.65

26 ↔ B12 XIAP 1.62 1.37 1.65

27 ↔ B05 BCLAF1 1.62 1.37 1.65

28 ↔ D11 CD40LG 1.62 1.37 1.65

29 ↔ F03 NOL3 1.62 1.37 1.65

30 ↔ A01 ABL1 1.08 1.07 1.10

31 ↔ G09 TRADD 1.87 −1.03 3.03

32 ↔ F01 LTBR 1.10 −1.15 1.80

33 ↔ D12 CFLAR −1.20 −1.23 1.07

34 ↔ D09 CASP9 −1.14 1.33 −1.05
35 ↔ D08 CASP8 −1.29 −1.63 1.23

36 ↔ C10 CARD8 −1.63 1.75 −1.02
37 ↓ E03 CRADD −2.00 −1.31 −1.31
38 ↓ E07 FAS −2.19 −2.61 −1.29
39 ↓ B08 BIK −2.19 −2.36 −1.57
40 ↓ E08 FASLG −2.36 1.48 −1.42
41 ↓ D10 CD40 −1.01 −2.53 −1.75
42 ↓ C09 CARD6 −1.43 −1.18 −2.79
43 ↓ A02 AKT1 −1.35 −3.16 −1.42
44 ↓ B02 BCL2L10 −2.22 −2.32 −3.46
45 ↓ F04 PYCARD −3.62 −4.05 −2.92
46 ↓ A05 BAG1 −3.89 −4.26 −3.27
47 ↓ A05 BAG1 −3.89 −4.26 −3.27
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regulation in OCT4B1 suppressed cells (~28, 22, and 21
times, respectively, Table 2).

Among the various families of apoptosis genes, the Bcl2
(18 out of 21members), TRAF (all 3 members), and IAP (5 out
of 6 members) families showed consistently more than two

folds down-regulation in all three examined cell lines. In
contrast, the other anti-apoptotic families showed a less con-
sistent down-regulation after OCT4B1 knock-down. For ex-
ample, only 5 out of 16 members of the CARD anti-apoptotic
family members showed more than two times down-regulation

Table 3 (continued)

No Regulation intensity Position in PCR panel Gene symbol Cell lines/fold regulation

5637 AGS U87MG

48 ↓ E10 HRK −4.83 −3.24 −3.05
49 ↓ B04 BCL2L2 −3.95 −4.91 −4.17
50 ↓ E12 LTA −3.47 −4.95 −2.21
51 ↓↓ A12 BCL2A1 −2.54 −4.43 −5.01
52 ↓↓ B09 NAIP −2.81 −5.58 −3.55
53 ↓↓ C05 BNIP3 −4.30 −6.39 −4.24
54 ↓↓ F05 RIPK2 −2.95 −6.76 −1.92
55 ↓↓ A10 BCL10 −5.49 −6.96 −7.39
56 ↓↓ C02 BIRC8 −5.30 −6.76 −7.91
57 ↓↓ A06 BAG3 −3.89 −4.96 −8.16
58 ↓↓ C03 BNIP1 −8.28 −5.86 −3.55
59 ↓↓ B07 BID −7.30 −8.23 −8.32
60 ↓↓ C01 BIRC6 −5.87 −7.04 −8.35
61 ↓↓ G03 TNFSF10 −8.56 −8.17 −7.87
62 ↓↓ G07 TP53BP2 −4.78 −8.39 −8.61
63 ↓↓ B10 BIRC2 −5.13 −8.88 −6.22
64 ↓↓ G04 CD70 −9.75 −7.87 −5.48
65 ↓↓ B11 BIRC3 −9.81 −5.80 −3.42
66 ↓↓ G12 TRAF4 −8.45 −9.13 −9.97
67 ↓↓↓ G05 TNFSF8 −10.02 −9.43 −7.69
68 ↓↓↓ A07 BAG4 −4.57 −6.16 −10.34
69 ↓↓↓ C04 BNIP2 −10.35 −5.52 −8.00
70 ↓↓↓ G01 CD27 −3.63 −11.74 −4.29
71 ↓↓↓ G10 TRAF2 −10.42 −11.74 −10.48
72 ↓↓↓ G06 TP53 −10.89 −11.53 −12.33
73 ↓↓↓ E06 FADD −7.62 −12.85 −5.12
74 ↓↓↓ G02 TNFRSF9 −9.50 −13.71 −5.93
75 ↓↓↓ B06 BFAR −10.02 −15.11 −12.86
76 ↓↓↓↓ C06 BNIP3L −8.29 −14.35 −16.45
77 ↓↓↓↓ A09 BAX −12.31 −16.49 −6.92
78 ↓↓↓↓ A08 BAK1 −16.90 −13.00 −7.30
79 ↓↓↓↓ B03 BCL2L11 −14.68 −10.76 −17.93
80 ↓↓↓↓ C07 BRAF −10.73 −18.33 −12.23
81 ↓↓↓↓ A04 BAD −7.74 −19.62 −19.99
82 ↓↓↓↓↓ A11 BCL2 −13.01 −20.87 −20.26
83 ↓↓↓↓↓ G11 TRAF3 −9.48 −21.96 −14.36
84 ↓↓↓↓↓ G08 TP73 −12.25 −28.20 −8.23

↑ Up-regulation (↑: 2–5, ↑↑: 5–10, ↑↑↑: 10–15, ↑↑↑↑: 15–20, and ↑↑↑↑↑: more than 20-folds)

↓: Down-regulation (↓: 2–5, ↓↓: 5–10, ↓↓↓: 10–15, ↓↓↓↓: 15–20, and ↓↓↓↓↓ more than 20-folds)

↔: No regulation changed
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in all three examined cell lines. CIDEA, TNFRSF21, CIDEB,
TNFRSF1A, TNFRSF10B, CASP7, CASP1, and
TNFRSF11B were up-regulated more than tenfold at least in
one of the studied tumor cell lines (Tables 2 and 3).

Analyzing biological functions of the putative target genes

We used gene ontology (GO) analysis to depict the exact
part of the altered genes within the apoptotic pathways.
Accordingly, based on GO term, pathways that deposited
in DAVID database, and network topology, the gene on-
tology and network analysis of the statistically significant
up- and down-regulated genes was performed to function-
ally categorize the gene set into subcategories. This anal-
ysis confirmed that the majority of the down-regulated
genes have an anti-apoptotic, while most of the up-
regulated genes have a pro-apoptotic role within cells
(Figs. 4 and 5). Interestingly, protein interaction analyzes
revealed a bilateral interactions among mentioned proteins
(Fig. 5).

Discussion

In a continuation of our previous works on the discovery [7, 9]
and characterization of OCT4B1 [8, 10, 21] in stem and tumor
cells, we aimed to explore the potential targets of OCT4B1
variant within the apoptotic pathway. The data provided here
could shedmore light on the mechanism of action of OCT4B1
during tumorigenesis. An anti-apoptotic role of OCT4B1 in
tumorigenesis has already been reported for gastric [10] and
bladder [21] cancers. However, the molecular mechanism
governing the anti-apoptotic function of OCT4B1 is not yet
elucidated.

The apoptotic pathway is widely impaired in various can-
cers. Therefore, in order to minimize the chance of missing a
given target of OCT4B1 due to possible apoptosis pathway
impairment, we compared the outcome of OCT4B1 suppres-
sion in three different tumor cell lines (AGS, 5637 and
U87MG). Our results demonstrated that OCT4B1 variant is
highly expressed in all aforementioned cell lines.
Interestingly, OCT4B1 suppression generated almost similar
pattern of gene expression alterations in all three cell lines,

Fig. 4 KEGG apoptosis pathway (map04210). Genes that are shown in the red boxes are up-regulated and those in green boxes are down-regulated in
OCT4B1 suppressed cells. Note that those presented within white boxes are unchanged apoptotic genes
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suggesting the existence of general targets of OCT4B1 within
apoptotic pathway.

As expected, OCT4B1 suppression caused a significant
decrease in cell survival and a significant elevation in apopto-
sis rate of the transfected cells [8, 10]. At the molecular level,
using a commercially available panel PCR array, we deter-
mined the expression alteration of 84 apoptosis-associated
genes in the cells transfected with OCT4B1/siRNA. Overall,
the expression of 54 genes showed more than two times
alterations in all three cell lines. According to our expecta-
tion, with some exceptions, the expression of pro-apoptotic
genes was elevated, while the expression of anti-apoptotic
genes was declined in OCT4B1 suppressed cell lines.
Interestingly, for the genes showing more than 10 times
altered expression in all three cell lines, there was no excep-
tion in up-regulation of pro-apoptotic and down-regulation
of anti-apoptotic genes. The latter findings are in agreement
with the previous reports on anti-apoptotic role of OCT4B1
in tumor cells [10, 21].

Based on our data, CIDEA and TNFRSF21 had the highest
level of up-regulation, while TP73, TRAF3, and BCL2 had
the lowest level of down-regulation in OCT4B1-suppressed

cells. Cell death-inducing DFFA-like effector (CIDE) family
members are protein-coding genes affiliated with long non-
coding RNAs (lncRNAs). Diseases associated with these
genes include obesity and chronic myeloid leukemia [17].
CIDEA and CIDEB over-expression induces apoptosis; how-
ever, the physiological significance of its role in apoptosis is
unclear [16, 17]. Tumor necrosis factor receptor superfamily
(TNFRSFs) serves as death receptors in apoptotic pathway
[19]. Encoded protein of TNFRSF21 induces apoptosis by
activating nuclear factor kappa-B and mitogen-activated pro-
tein kinase 8 (also called c-Jun N-terminal kinase 1) [22].
Caspases (short for ‘cysteinyl aspartate proteases’) are in-
volved in the signal transduction pathways of apoptosis, ne-
crosis and inflammation [23]. These enzymes can be divided
into two major classes—initiator sand effectors. The initiator
isoforms (caspases-1,-4,-5,-8,-9,-10,-11,-12) are activated by
upstream adaptor molecules through protein-protein interac-
tion domains known as CARD and DED. Effector caspases (-
3,-6,-7) are responsible for cleaving downstream substrates
and are sometimes referred to as the executioner caspases.
More than 400 caspase substrates have, so far, been identified.
Caspases are regulated by inhibitors of apoptosis and by

Fig. 5 Biological network of
differentially expressed genes
(DEGs) after OCT4B1
suppression, determined using the
GeneMANIA and STRING
databases. Genes that are shown
in the red boxes are pro-apoptotic
genes with up-regulated
expressions; green circles show
anti-apoptotic genes with down-
regulated expressions; yellow
circles show pro-apoptotic genes
with down-regulated or
unchanged expressions; and blue
circles show anti-apoptotic genes
with up-regulated or unchanged
expressions in OCT4B1-
suppressed cells
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dominant negative isoforms [24]. Among the members of the
caspase family, CASP7 and CASP1 showedmore than tenfold
over-expression following OCT4B1 suppression in the exam-
ined tumor cell lines.

At least 18 apoptosis-related genes showed more than
tenfold down-regulation in the studied tumor cell lines
after OCT4B1 suppression. Among these, eight belong to
BCL2 family, three to anti-apoptosis gene family, two to
TRAF and two to P53 and DNA damage gene families.
All these gene families have negative control in apoptosis
pathway.

Bcl-2 family proteins contribute in both intrinsic and
extrinsic apoptosis pathways. Most Bcl-2 family members
contain a C-terminal transmembrane domain that func-
tions to target these proteins to the outer mitochondrial
and other intracellular membranes to block the apoptotic
death [12, 25]. Constitutive expression of BCL2, such as
in the case of translocation of BCL2 to Ig heavy chain
locus, is thought to be the cause of follicular lymphoma
[26].

TNF receptor-associated factor (TRAF) family contains
several members that encode proteins which participate in
TNF receptor establishment [27]. They serve as the major
signal transducers for signaling [28]. Three genes in the
TRAF family (TRAF1, 2, and 3) were evaluated here and a
significant down-regulation (more than eightfold) was ob-
served in the expression of these genes, subsequent to
OCT4B1 suppression.

Inhibitor of apoptosis protein (IAP) gene family con-
tains several members, and their over-expression in tumor
cells negatively regulate apoptosis [29]. Expression level
of five human IAP genes including NAIP (BIRC1), c-
IAP1 (BIRC2), c-IAP2 (BIRC3), survivin (BIRC6), and
IAP-like protein 2 (BIRC8) were down-regulated after
OCT4B1 suppression. BIRC3 participates in TNF-α-
mediated NF-κB activation, while BIRC8 binds to the
active sites of effector caspases including casp-3, casp-7,
and casp-9 to prevent substrate binding and subsequent
catalysis through its BIR2 domain with N-terminal linker
[30]. BIRC3 and BIRC8 were significantly down-regulated
48 h after OCT4B1 suppression, which could lead to
apoptosis.

Topological analyzing of reconstructed network demon-
strated a regular relationship between up-regulated and
down-regulated genes. For example, CIDEA, CIDEB,
CASP7, DFFA, and CASP1 genes are pro-apoptotic and their
protein products are highly connected. Finally, based on
connectivity/node degree of each gene, the differentially
expressed genes can be grouped into two clusters: pro-
apoptotic genes and anti-apoptotic genes.

This finding is in accordance with our initial prediction for
potential suppression of the members of these families by
OCT4B1 in tumorigenesis.

As clearly demonstrated in Table 3, the other gene families
exhibited different patterns of expression. The essential
genes of TNF receptor family were up-regulated; how-
ever, the expression of TNFRSF9 and CD27 were down-
regulated. All of the anti-apoptosis genes families were
down-regulated except for CASP2, IGF1R, MCL1 and
TNF. Similarly, in P53 and DNA damage response family,
nine genes were down-regulated and four genes were up-
regulated (more than threefold). The TNF, as the major
gene of TNF ligand family which induces apoptosis in a
wide variety of cancer cells [31], showed eightfold over-
expression after OCT4B1 suppression.

Gene ontology (GO) and pathway analysis of statistically
significant up- and down-regulated genes confirmed the
apoptosis-related biological processes. KEGG (Kyoto
Encyclopedia of Genes and Genomes) apoptosis pathway
(map04210) analysis revealed that OCT4B1 suppression in-
duces both intrinsic and extrinsic apoptosis pathways.

Conclusion

To elucidate the potential downstream targets of OCT4B1, we
profiled apoptosis-associated genes in different tumor cell
lines transfected with OCT4B1/siRNA. OCT4B1 suppression
caused up-regulation of some pro-apoptotic and down-
regulation of some anti-apoptotic genes. Among these,
CIDEA, CIDEB, TNFRSF1A, TNFRSF21, TNFRSF11B,
TNFRSF10B, and CASP7 genes with more than tenfold up-
regulation and BCL2, BCL2L11, TP73, TP53, BAD, TRAF3,
TRAF2, BRAF, BNIP3L, BFAR, and BAX genes with more
than tenfold down-regulation showed the highest level of gene
expression alteration. According to our findings, OCT4B1
contributes to tumorigenesis by suppressing a wide range of
pro-apoptotic genes as well as elevating the expression of
many anti-apoptotic genes in cancer cells. Accordingly, sup-
pressing this variant in tumor cells could restore apoptotic
process.
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