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Oct-1 modifies S100A4 exchange between intra- and extracellular compartments
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ABSTRACT
S100A4, a small intra- and extracellular Ca2C-binding protein, is involved in tumor progression and metastasis
with S100A4 level shown to be correlated with tumor cells metastatic potential. Simultaneously, Octamer
transcription factor 1 (Oct-1) regulates a wide range of genes and participates in tumor cell progressionwith high
Oct-1 level associated with a poor prognosis for different tumors. In this study, following the establishment of
Oct-1 binding site, we used Burkit lymphoma B cells (Namalwa cells) which express different isoforms of Oct-1
(Oct-1A, Oct-1L and Oct-1X) to investigate the role of Oct-1 in S100A4 expression and sustaining intra- and extra-
cellular S100A4 levels. As antitumor agents, we used dexamethasone which effect is mediated by the activation
of intracellular glucocorticoid receptors and camptothecin whichmolecular target is nuclear DNA topoisomerase
I (TOP1). We established that, firstly, the most significant increase in S100A4 gene expression has been
demonstrated in the cells transfected with Oct-1A. Secondly, we have established that high level of Oct-1 and
decreased intracellular S100A4 level decline the survival of Namalwa cells under dexamethasone treatment.
Thirdly, we have shown that the tumor cells transformation by different Oct-1 isoforms retained those cells’
sensitivity to the antitumor effect of combined dexamethasone and camptothecin. In contrast, in the non-
transformed Namalwa cells, dexamethasone decreased the camptothecin effect on the cells survivorship, thus,
emphasizing Oct-1 role in the regulation of cell response to different antitumor agents. The results identify a
necessity to consider Oct-1 level for combined chemotherapeutic drug treatment.
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Introduction

One of the indicators of the most malignant tumors is their high
metastatic activity. Metastatic potential of tumor cells manifests
in several biomarkers, for instance via the expression of S100A4/
Mts (11 kDa) protein belonging to S-100 protein family.1

The molecular mechanisms of S100A4 involvement into
tumor progression are defined by the protein localization.
S100A4 protein contains both inside cells, mainly within cyto-
plasm, and is secreted into extracellular spaces. The role of
intracellular S100A4 in tumor progression is associated with
the interaction of that protein and cytoskeleton proteins, par-
ticularly with nonmuscle myosin heavy chain (NMMHC) IIA
which leads to increased cell motility and invasiveness.2 Specifi-
cally, the data demonstrates S100A4 participation in the induc-
tion of epithelial to mesenchymal transition (EMT) and, thus,
the promotion of tumor cells invasiveness and motility.3 Addi-
tionally, the intracellular S100A4 expression is associated with
MMPs and E-cadherin genes regulation; however, the molecu-
lar mechanisms of that regulation are currently unknown.

The role of extracellular S100A4 in tumor progression is no
less important. Extracellular S100A4 is secreted by both tumor
and stromal cells. By interacting with annexin II (AII) and

tissue plasminogen activator (tPA) on endothelial cells surface,
S100A4 stimulates the conversion of plasminogen into plasmin
and, hence, induces angiogenesis.4 Additionally, by biding with
RAGE receptor located on the cellular surface, S100A4 activates
intracellular signal transduction cascades including mitogen-
activated protein kinases which results in increased Ca2C con-
centration within tumor cells cytoplasm. Consequently, cell
motility, invasiveness, and angiogenesis altogether contribute
to the stimulation of metastasis.5

Unfortunately, the mechanism of S100A4 secretion as well as
proteins controlling that process is currently unknown. The iden-
tification of that mechanism promises new opportunities for
controlling tumor cells metastasis. Thus, in this study we investi-
gated proteins stimulating S1004A secretion in tumor cells in
order to strengthen our understanding of S100A4 turnover.

Likewise, the mechanisms regulating S100A4 transcription in
cells are still being investigated. However, we have identified the
site for Oct-1 transcription factor in s100a4 gene’s regulatory
region (ONCOMINE database) and, thus, decided to investigate
the role of that factor in S100A4 transcription regulation.

Oct-1 (gene symbol POU2F1) is a member of DNA-binding
POU domain containing group of proteins, which includes
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transcription regulators among higher eukaryotes.6,7,8 Oct-1
controls the vast number of targets and is considered to be one
of the important regulators of normal and tumor cell function-
ing. The high level of Oct-1 in tumor cells is strongly associated
with poor survival of patients suffering from several malignant
tumors.9 The present data demonstrates that Oct-1 is a positive
regulator of tumor progression by means of activating cell pro-
liferation and repressing the genes related both to antigen proc-
essing and presentation and cytokine-cytokine receptor
interaction. Oct-1 has multiple isoforms: the most studied are
abundantly expressed Oct-1A and tissue-specific isoforms Oct-
1L and Oct-1X.10 The three isoforms differ by their N-terminal
sequences and control the expression of different but overlap-
ping sets of genes. Therefore, in the current study we investi-
gated the role of different Oct-1 isoforms in S100A4 expression
and secretion by tumor cells.

Finally, in our previous studies we demonstrated that the
high level of S100A4 within tumor cells decreases their death
rate caused by dexamethasone, a synthetic analog of glucocorti-
coid hydrocortisone.11 Dexamethasone as a medication is
included into standard treatment schemes of antitumor therapy
with demonstrated inhibitory effects on lymphocytes prolifera-
tion during lymphoma and leukemia treatments. Additionally,
in our previous studies we established that highly metastatic
KSML-100 adenocarcinoma cells with increased S100A4 level
were insensitive to dexamethasone effect. Moreover, Oct-1 was
shown to participate in the maintenance of target cell specificity
of glucocorticoid responsiveness.12 Considering that glucocorti-
coids are also widely used as a co-medication in cancer therapy
for malignant tumors, for instance in a combination with a che-
motherapy agent, camptothecin,13 we tested if tumor cells’ sen-
sitivity to dexamethasone retains under the dexamethasone-
camptothecin combination. Taking in account the important
role of glucocorticoids in suppressive therapy of lymphoid
malignancies, in the current study, we additionally investigated
the effects of different Oct-1 isoforms on the survival of malig-
nant lymphoid Namalwa cells incubated with dexamethasone
and dexamethasone-camptothecin.

Results

High level of oct-1 isoforms in the namalwa cells activates
S100A4 transcription

The first goal of our study was to verify if Oct-1 isoforms influ-
ence S100A4 transcription. For our work Namalwa cell culture
(Burkit lymphoma B cells) has been chosen since the expres-
sion of both S100A4 and Oct-1 was demonstrated in these cells.
The computer analysis of DNA sequence for Mts1/S100A4
gene (http://www.genecards.org) identified an Oct-1 binding
site 3.5 kbp upstream of start transcription. That finding
allowed considering an Oct-1 regulatory function in S100A4
expression. We suggested that Oct-1 may participate in regula-
tion of S100A4 transcription level. Consequently, the presence
of Oct-1 on its binding site upstream of S100A4 in the
Namalwa cells was verified by chromatin immunoprecipitation
(Fig. 1A). The level of Oct-1 on intron region of CD3 gene was
used as a control. The ChIP experiments demonstrated the
presence of significant amount of Oct-1 on the corresponding

site in the Namalwa cells. All overexpressed isoforms were also
found at this site. The highest affinity was observed for Oct-1A
isoform. Thus, the endogenous form of Oct-1 as well as the
overexpressed isoforms are present at the Oct-1 binding site
upstream of S100A4 and may participate in its regulation.

Further, we investigated the effect of Oct-1 overexpression
on S100A4 transcription level (Fig. 1B). Our data demonstrated
that S100A4 transcription level correlates with the level of Oct-
1 isoform on its binding site (r D 0.77; p < 0.05). Specifically,
the S100A4 level increases in 1.5 and 2 times respectively for
Oct-1L and Oct-1X isoforms but rises 4-fold in the cells trans-
fected with Oct-1A. All Oct-1 isoforms activate S100A4 gene
with the greatest effect observed for Oct-1A, the isoform dem-
onstrated to be expressed in all human tissues.14 Therefore, we
have established a positive correlation between S100A4 mRNA
level (Fig. 1B) and Oct-1 enrichment (Fig. 1A) regardless of
Oct-1 isoform.

High level of Oct-1 isoforms in the namalwa cells
influences S100A4 secretion

In order to identify a correlation between Oct-1 transcription
level and S100A4 expression, we measured S100A4 level in
Namalwa cells transformed with different Oct-1 isoforms. Our
data demonstrated that intracellular S100A4 level is signifi-
cantly decreased in the cells transformed with Oct-1 isoforms
in comparison with the non-transformed Namalwa cells
(Fig. 2A, B). Since these changes did not correlate with the
increase of Oct-1 transcription level, we suggested that high
level of Oct-1 may also stimulate S100A4 secretion. Indeed, we
observed the significant increase of S100A4 in the condition
medium of cells transformed with Oct-1 isoforms. Thus, we
concluded that the increase of total amount of S100A4 in trans-
formed cells correlates with the increase of Oct-1 transcription.
However, S100A4 intercellular level goes down due to the
increase of S100A4 secretion in Oct-1 transformed cells.

The analysis of the correlation between intracellular levels of
S100A4 and S100A4 secretion in the cells transformed by differ-
ent Oct-1 isoforms demonstrated that S100A4 secretion is not
directly dependent on S100A4 concentration in the cells. For
instance, the 4-fold increase in S100A4 transcription for Oct-1A
Namalwa cells leads to the increase of S100A4 level in the
medium in less than to 2 times. At the same time, the 2-fold
increase in S100A4 transcription for Oct-1X isoform leads to
S100A4 level increased in almost 6 times. No increase of S100A4
secretion was observed under over-expression of Oct-1L.

In addition, Oct-1 isoforms have different influence on
S100A4 transcription and secretion. While Oct-1A induces the
S100A4 transcription the most, Oct-1X is the most efficient in
the stimulation of S100A4 secretion into the condition
medium. We propose that specific Oct1 isoforms participate in
the regulation of S100A4 transcription and secretion to differ-
ent extents and that these 2 processes induced by Oct-1 are
likely independent of each other.

S100A4 protein is known to exist in both monomeric and
oligomeric forms with the oligomeric form being a functional
form secreted extracellularly. Western blot analysis revealed
that the intracellular protein in Namalwa cells is mostly present
in monomeric form (10 kDa) and to a lesser extent in dimeric
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Figure 2. The effect of Oct-1 overexpression on S100A4 protein level in the Namalwa cells (intracellular) and protein secreted by the cells into the culture medium (extra-
cellular). The S100A4 content in the samples was measured by ELISA. NOct1A, NOct1L, NOct1X – Namalwa cells transformed with Oct-1A, Oct-1L, Oct-1X isoforms. Error
bars show SEM based on 5 biological replicates. �p < 0.05 B. The effect of Oct-1 overexpression on intracellular S100A4 protein level. Total protein was extracted from
the intact Namalwa cells and Namalwa cells transformed with Oct-1A, Oct-1L, Oct-1X isoforms (NOct1A, NOct1L, NOct1X ) and western blotting was performed using anti-
bodies against S100A4. C. Western blot analysis of materials from the Namalwa cells. Intracellular S100A4 protein (cells) and S100A4 secreted into the condition medium
(c.m.).

Figure 1. ChIP analysis of Oct-1 at the 50-CGCCCTGCGTATTCCT-30 (S100A4) site of the regulatory region of s100a4 gene. The data was quantified and normalized to the
level of gene CD3 used as a control. Columns: (1) Namalwa – non-transformed Namalwa cells, (2) NOct1A, (3) NOct1L, (4) NOct1X – the Namalva cells transformed with
Oct-1A, Oct-1L, and Oct-1X isoforms respectively. Namalwa – ChIP was performed with anti- Oct-1 antibodies; NOct1A, NOct1L, NOct1X – ChIP was performed with anti-
FLAG antibodies. The data corresponds to single biological samples analyzed in triplicates. B. The effect of Oct-1 overexpression on S100A4 transcription level. The relative
amounts of mRNA in the transformed cells were quantified and normalized to the corresponding mRNA amounts in the non-transformed cells. The relative transcription
level of S100A4 mRNAs in the cells was measured by Real-Time PCR. Error bars show SEM based on 5 biological replicates. A, B �p < 0.05.
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(20 kDa) and tetrameric (40 kDa) forms. At the same time, in
the condition medium the protein is present as a dimer or as a
tetramer (Fig. 2C).

Further we investigated how the increased Oct-1 level effects
the distribution of S100A4 protein forms within the cells.

Co-facilitator role of dexamethasone and Oct-1L/Oct-1X in
extracellular and intracellular distribution of S100A4
protein

Our previous studies demonstrated that high level of S100A4
within tumor cells decreases their death rate caused by dexa-
methasone.11 Dexamethasone, most commonly used to prevent
or decrease the side effects of chemotherapy and radiation, has
also shown an anti-cancer activity when used alone (for exam-
ple, in cases of acute lymphoblastic leukemia, lymphoma, and
multiple myeloma) or in combination with chemotherapeutic
agents. We used dexamethasone, a synthetic glucocorticoid
agonist, which demonstrates the characteristics different from
those of other glucocorticoid agonists (hydrocortisone and
prednisolone). Specifically, dexamethasone binds to culture
medium serum proteins in much lower levels than other gluco-
corticoids while demonstrating high glucocorticoid receptor
affinity.15 In addition, Oct-1 was shown to participate in the
maintenance of target cell specificity of glucocorticoid respon-
siveness.12 Thus, we investigated the influence of dexametha-
sone on S100A4 expression and secretion in cells with high
level of Oct-1 expression. First, we established that Namalwa
cells cultivation with dexamethasone did not modify those
genes transcription levels (Fig 3A). At the same time, in
Namalwa cell lines with overexpressed Oct-1 isoforms, dexa-
methasone enhanced the level of S100A4 transcription suggest-
ing that at high concentration Oct-1 co-operates with
dexamethasone in S100A4 activation (Fig. 3B). The highest
increase of the transcription was observed for the cells trans-
formed with Oct-1L and Oct-1X isoforms: in 3 and 2.5 times
respectively in comparison with control measurements.

Further, we studied how high level of Oct-1 isoforms influ-
ences S100A4 extra- and intracellular level in the cells incu-
bated with dexamethasone. In the intact Namalwa cells,
intracellular S100A4 level did not change under the dexametha-
sone treatment (Fig. 3C). In the cells expressing Oct-1 isoforms,
we did not observe the influence of dexamethasone on intracel-
lular content of S100A4 (Fig. 3C). The maximum increase in
S100A4 level under the dexamethasone treatment was observed
for Oct-1X transformed cells – 1.5 times. Thus, intracellular
S100A4 level decreased due to overexpression of Oct-1 iso-
forms did not change significantly under the dexamethasone
effect.

Extracellular S100A4 secretion by the intact Namalwa cells
cultivated with dexamethasone was increased in 1.5 times
(Fig. 3C). In turn, in the cells transformed with Oct-1 isoforms
under the dexamethasone treatment, we observed the increase
of S100A4 secretion comparable with the level in the intact
cells. Specifically, for the cells transformed with Oct-1A – in
1.4 times and for the cells transformed with Oct-1L – in
1.8 times. Thus, the overexpression of Oct-1 isoforms did not
influence the dexamethasone effect on S100A4 secretion with
the exception of the cells transformed with Oct-1X where no

reliable changes in the secretion were observed. Comparing
with the intact Namalwa cells, these results indicate that Oct-
1X overexpression someway represses the effect of dexametha-
sone on S100A4 secretion.

Summarizing these findings, we observed the co-facilitator
of dexamethasone with both Oct-1L and Oct-1X in S100A4
protein expression level. Dexamethasone itself stimulates secre-
tion of S100A4. The overexpression of Oct-1A and Oct-1L iso-
forms does not alter the secretion level of S100A4 stimulated
by dexamethasone while Oct-1X has some repressive effect.

Oct-1 overexpression influence on Namalwa cells
sensitivity to dexamethasone and combined effect of
dexamethasone and camptothecin

Since dexamethasone demonstrates inhibitory effects on lym-
phocytes proliferation during lymphoma and leukemia treat-
ments, it is included as a medication into standard treatment
schemes of antitumor therapy. We investigated the effect of
higher level of Oct-1 and increased S100A4 extracellular secre-
tion on Namalwa cells’ viability in the presence of dexametha-
sone. We observed that the number of living cells after 36-hour
incubation with dexamethasone was lower for the cell cultures
transformed with Oct-1 rather than for the intact Namalwa
line (Fig. 3D). The number of surviving cells transformed with
Oct-1L and Oct-1X was reliable lower than in the intact cells
and Namalwa cells stably expressing Oct-1A. The survival cor-
related with S100A4 intracellular level: for cells transformed
with Oct-1A the level decreased in 1.7 times, for Oct-1L and
Oct-1X plummeted in 13 and 20 times respectively (Fig. 1C).

Nuclear DNA topoisomerase I (TOP1) is an essential
human enzyme. TOP1 is targeted by camptothecins which
include alkaloid camptothecin and its derivatives, anticancer
agents, irinotecan and topotecan; however, camptothecin pene-
trates vertebrate cells readily and target TOP1 within minutes
of exposure.16 Camptothecins’ adverse effects preclude their
wide use in the medical practice. At the same time, glucocorti-
coids, such as dexamethasone, are widely used as a co-treat-
ment with chemotherapy because of their effectiveness to
prevent those adverse effects (edema, nausea, and toxic reac-
tion) caused by cytotoxic treatment in tumor patients.17 Thus,
we tested if tumor cells’ sensitivity to dexamethasone retains
under the dexamethasone-camptothecin combination
(Fig. 3D). As expected, the number of surviving cells under
camptothecin effect dramatically decreased in the intact
Namalwa cells. The number of surviving cells under the camp-
tothecin effect was the lowest in the cell line transformed by
Oct-1X, the highest in the cell line transformed by Oct-1A, and
remained at the level of the intact cells for the cell line trans-
formed by Oct-1L.

The combined effect of dexamethasone and camptothecin
on the intact Namalwa cells led to a modest increase in the
number of surviving cells in comparison with camptothecin-
only effect which concurs with the study demonstrating a
decreased camptothecin effect if dexamethasone is also pres-
ent.13 In contrast, in all cell lines with over-expressed Oct-1,
dexamethasone has increased camptothecin antitumor effect.
Thus, the observed efficacy of glucocorticoids on cell viability
correlates with decreased intracellular S100A4 level caused by
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overexpression of Oct-1 isoforms. Those findings agree with
the previously established insensitivity to dexamethasone effect
for cells with increased S100A4 level.11

Discussion

In our study we demonstrated that the high expression levels of
Octamer transcription factor (Oct-1) isoforms: Oct-1A, Oct-1L
and Oct-1X - in tumor cells activate S100A4 gene transcription
and lead to active secretion of S100A4 protein, a main bio-
marker of highly metastatic cells. At the same time, the
decreased intracellular S100A4 level results in higher cells’ sen-
sitivity to dexamethasone lethal effect.

We suggest that the active S100A4 transcription is caused by
Oct-1 biding with the regulatory region of S100A4 gene thus
inducing the transcription process. It was demonstrated that
Oct-1 regulates the transcription of target genes by interacting
with both promoters and enhancers. For instance, Oct-1 acti-
vates the transcription of immunoglobulin genes by interacting
with a heavy-chain enhancer.18

Additionally, we demonstrated that simultaneous Oct-1
overexpression and cells cultivation with dexamethasone
results in enhanced S100A4 gene activation. This may be
explained by the interaction of Oct-1 and glucocorticoid

receptor since the glucocorticoid receptor cultivated with its
agonist, dexamethasone, is able to interact with DNA-bound
Oct-1 which results in the regulation of genes transcription.19,20

Like all glucocorticoids, dexamethasone interacts with a gluco-
corticoid receptor which is a member of the nuclear receptor
superfamily. Multiple signaling pathways are involved follow-
ing binding of the steroid to the receptor, including direct
DNA binding which results in changes to gene transcription.21

Thus, we propose that, in case of Oct-1 overexpression, the sur-
plus of the recombinant protein also binds with the glucocorti-
coid receptor enhancing S100A4 gene activation.

We suggest that active S100A4 secretion which decreases
intracellular S100A4 level causes higher dexamethasone lethal-
ity in cells due to the effect on chaperon proteins. The system
of chaperon proteins Hsp90/Hsp70 was shown to determine
the cell-targets sensitivity to glucocorticoids regulating func-
tional activity of the glucocorticoid receptor.22 In our previous
studies we established that S100A4 binds with chaperone
Hsp70 forming a non-active complex.23 We propose that
S100A4 disrupts the stability and functionality of GCGR com-
plex by interrupting Hsp70 and Hsp90 interaction which
results in decreasing apoptotic cell response to glucocorticoids.
The decreased intracellular S100A4 level in cells with overex-
pressed isoforms Oct-1L and Oct-1X in our experiments is

Figure 3. The effect of dexamethasone on Oct-1 and S100A4 transcription levels in the Namalva cells. The relative transcription level of total Oct-1 and S100A4 mRNAs in
the cells was measured by Real-Time PCR. B. The resulting effect of dexamethasone and Oct-1-overexpressing on S100A4 transcription level in the Namalva cells. The rela-
tive transcription level of total S100A4 mRNAs in the the dexamethasone-treated and in the non-dexamethasone-treated cells was measured by Real-Time PCR. A, B. Error
bars show SEM from 5 separate experiments. C. The effect of dexamethasone and Oct-1-overexpressing on S100A4 intracellular level in the Namalva cells (intracellular)
and on the secretion of S100A4 by Namalva cells (extracellular). The relative amounts of S100A4 protein in the dexamethasone-treated cells were quantified and normal-
ized to the corresponding amounts of S100A4 protein in non-treated cells. The S100A4 content in the samples was measured by ELISA. The histograms are representative
of 5 separate experiments. D. The effect of Oct-1 overexpression on cell viability; the cells treated with dexamethasone or camptothecin or both. Namalwa cell viability
was scored by MTT assays. Relative survival was calculated by setting the values in the corresponding non-dexamethasone and non-camptothecin cells as 100%. The his-
tograms are representative of 5 separate experiments. B, C, D �p < 0.05.
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proposed to mitigate that disruptive effect of S100A4 on the
dexamethasone-induced tumor cells death. Therefore, the
increased levels of Oct-1L and particularly Oct-1X in maligned
cells indicates the possibility of effective antitumor glucocorti-
coid therapy.

As for the increased level of extracellular S100A4, it was
shown to lead to tumor growth progression.24 At the same
time, our earlier studies demonstrated that the increased level
of extracellular S100A4 also leads to inhibited lymphocytes
cytotoxic activity.25 In our experiments the extracellular
S100A4 level was significantly increased for Oct-1A and partic-
ularly Oct-1X isoforms. Thus, the active S100A4 secretion
induced by overexpressed Oct-1X leads to increased lymphoid
tumor malignization.

Summarily, the increased Oct-1 isoforms overexpression
exerts oppositely directed effect on S100A4-mediated tumor
cells progression. On one side, the overexpression increases
S100A4 synthesis and extracellular concentration leading to
tumor progression. On the other side, the overexpression
decreases the S100A4 intracellular level leading to higher tumor
cells sensitivity to glucocorticoids.

A synergetic effect of the dexamethasone-camptothecin
combination leading to higher cells sensitivity to those agents is
most probably based on the modification of S100A4 exchange
between intra- and extracellular compartments. Since in the
intact Namalwa cells dexamethasone was decreasing campto-
thecin effect on the cell’s viability, Oct-1 plays an important
role in the regulation of cell response to antitumor agents with
different mechanisms of actions.

Our findings are especially important as during recent years
the role of Oct-1 in tumor development has become more evi-
dent. Our study demonstrates an additional way Oct-1 influen-
ces tumor progression via stimulating the transcription level of
S100A4 and its secretion by tumor cells. Moreover, as Oct-1-
induced S100A4 overexpression and extracellular secretion is
proposed to be an important mechanism regulating tumor cells
sensitivity to glucocorticoids, Oct-1 isoforms could also be
potential targets for the pharmacotherapeutic malignization
control.

Materials and methods

Cell cultures and transduction of namalwa cells

Namalwa, human lymphoblastoid cells were grown in the sus-
pension culture in RPMI 1640 medium supplemented with
10% fetal calf serum and antibiotics in a humidified incubator
with 5% CO2 atmosphere at 37�C. Cell lines were maintained
in DMEM with 10% FCS, penicillin 100 U/ml, and streptomy-
cin 100 mg/ml. ViralPower Lentiviral Expression System (Invi-
trogen) was used for the stable transduction of Namalwa cells
in accordance with the manufacturer’s protocol. Blasticidin was
used to maintain the stably transformed cells and was with-
drawn from the medium 3 d before the experiment.

Constructs

The constructs pL-Oct-1A-3FLAG, pL-Oct-1L-3FLAG, and
pL-Oct-1X-3FLAG were generated by inserting a copy of

human Oct-1 coding sequences into pLenti6/V5-D-TOPO
expression vector (Invitrogen). The Oct-1 transcript containing
the open reading frame for Oct-1A protein which represents
the longest form of Oct-1 including all internal exones (766
amino acids) was cloned in Human NM_002697. We have pro-
vided a GenBank accession number for the nucleotide
sequence: SEQ1.sqn Portseva_2 SEQ1 KT438684. We have also
demonstrated that Oct-1A, Oct-1L and Oct-1X are transcribed
from alternative promoters of POU2F1 gene and the predicted
isoforms differing by their N-terminus.10,26,27

RNA purification and RT-PCR analysis

The expression level of Oct-1 and S100A4 was measured by
RT-PCR. Total RNA was extracted from the cells using Rneasy
Plus Mini Kit (Qiagen). The cDNA was synthesized with oligo-
dT primer and 2 mkg RNA in 20 mkl volume. The following
primers were used: Oct-1-total Forw 50-AGGAGCAATCT-
CAACAGCCC-30; Rev 50- GACTGAGCAGCAGCCTGTAA-
30. The following primers were used for S100A4: Forw 50-
GCCCTGGATGTGATGGTGTCCA and Rev 50-TCATGGC-
GATGCAGGACAGGA. Measurements at each point were
made in at least 3 replications, and the mean value was
calculated.

Computational analysis of gene regulatory regions

Potential transcription factor binding sites were predicted with
NCBI (http://www/ncbi.nlm.nih.gov). Identification and analy-
sis of the regulatory regions of S100A4 gene in Namalva cells
was performed using the Primer3 (http://frodo.wi.mit.edu) and
program Vector NTI (InforMax); GeneCard (http://www/gene
card.org).

Determination of S100A4 in samples

The protein quantitation was made using the Quant-iT Protein
Assay Kit (Invitrogen) and Qubit Fluorometer. S100A4 content
in the samples was measured by competitive EIA.28 Recombi-
nant S100A4 in a concentration of 200 ng/ml was adsorbed in
the wells of a 96-well plate. The reaction was carried out by
adding 50 ml polyclonal rabbit antibodies to S100A4 (1:1000,
Neo Markers) to 50 ml analyzed fluid. Recombinant S100A4 in
concentrations of 1-1000 ng/ml was used for plotting the cali-
bration curve.

Antibodies and immunoblotting

We used Rabbit polyclonal anti-S100A4 antibodies (Ab-8),
NeoMarkers (Fremont, CA). Samples were resolved by 10–15%
SDS-PAGE and blotted onto a PVDF membrane (GE Health-
care Ltd., UK). The membrane was blocked with 1% non-fat
dry milk and incubated with primary antibodies and horserad-
ish peroxidase-conjugated secondary antibodies (GE Health-
care). Proteins were visualized using ECL Plus detection
reagents (GE Healthcare) in accordance with the manufac-
turer’s protocol.
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Dexamethasone and camptothecin treatment and MTT
assay

We used CellTiter 96� AQueous One Solution Cell Prolifera-
tion Assay (Promega Corporation) as a colorimetric method
for determining the number of viable cells. Cells were seeded in
96-well plates and were incubated in DMEM with 10% fetal
calf serum at 37�C in a humidified, 5% CO2 atmosphere for
18 h. The cell amounts were selected based on the previously
conducted experiments and was the 20-50 thousands cells on
well of a 96-well plate for MT-4 and Namalva cells. 100 ml
DMEM/well with dexamethasone (1 mmol/L), or without for
the control cells were added to the samples and incubated
12 hours, then camptothecin (4mg/ml) or without for the con-
trol cells were added to the samples and incubated 24 hours.
Assays were performed by adding 20ml/well of CellTiter 96!
AQueous One Solution Reagent directly to the culture wells
and by incubating for 2 hours and then recording the absor-
bance at 490nm with a 96-well plate reader. All samples were
determined from at least 5 independent experiments.

ChIP and qPCR analysis

ChIP was performed in accordance with the published proce-
dure.29 DNA was cross-linked (1% FA, 10 min) and sheared to
a size of 300 base pairs (bp). Approximately 3x106 cells and
10 mg of the antibody were taken for one experiment. After
ChIP, the recovered DNA was analyzed by qPCR with MiniOp-
ticon (Bio-Rad). Sequences of the primers used are available
upon request. Each point was measured in at least 5 experi-
ments, and the mean value was calculated. The level of intron
gene CD3 used as a control.

Statistical analysis

Data are presented as a mean value § SD. Student two-tiled t-
test for the means (paired 2 samples) was used for calculating
significance. As pairs we used control series versus sample series
affected by dexamethasone, camptothecin or Oct-1 transfection.
P-values below 0.05 were considered statistically significant.
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