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Abstract—Overexpression of the transcription factor POU2F1 (Oct-1) increases the malignant potential of
the tumor and determines the unfavorable prognosis for both solid and hematological cases of the disease in
human carcinogenesis. The Oct-1 level determines the rate of development of the disease in acute myelodys-
plastic leukemia (AML), and a decrease in its expression significantly delays the development of leukemia in
mice; however, a complete knockout of Oct-1 leads to the death of the animals. POU2F1 (Oct-1) is expressed
as several isoforms transcribed from alternative promoters. They include both ubiquitous and tissue-specific
isoforms. It was shown that in Burkitt’s lymphoma Namalwa cells 5-azacytidine specifically suppresses the
expression of the tissue-specific isoform Oct-1L mRNA (level of Oct-1L is abnormally increased in these
cells), while not causing changes in the amount of the ubiquitous isoform Oct-1A mRNA. These results show
that it is possible to selectively reduce the transcription level of the Oct-1L isoform aberrantly expressed in
human tumor cells.
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Malignant tumors of hematopoietic and lymphoid
tissue account for approximately 8% of all malignant
diseases. They are divided into two large groups—lym-
phomas and leukemias; many of them are character-
ized by poor prognosis and low survival rate. The
search for markers and therapeutic targets for person-
alized treatment of oncological diseases showed that
the product of the POU2F1 (Oct-1) gene is an
extremely significant factor in the development and
progression of many malignant tumors of both epithe-
lial origin and tumors of the hematopoietic and lym-
phoid tissues [1].

The transcription factor Oct-1 belongs to the fam-
ily of POU transcription factors with a highly con-
served DNA-binding domain and controls the differ-
entiation, survival, and proliferation of immune sys-
tem cells and hematopoietic cells [2, 3]. Oct-1 is
expressed in all cells of the body, regulates the differ-
entiation of B and T cells and hematopoietic stem cells
[2, 3], is involved in protecting cells from various types
of stresses (genotoxic, oxidative, hypoxic, and endo-
plasmic reticulum stress), and modulates the response
of the cell for chemotherapy drugs [4, 5].
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An increase in the level of Oct-1 expression in
tumor cells significantly contributes to an unfavorable
prognosis for the development of oncological diseases.
For example, determining the expression level of
POU2F1 (Oct-1) in gastric cancer is of an even higher
prognostic value than determining the stage (I–IV) of
the disease according to AJCC [6]. For tumors of the
hematopoietic system, the pro-oncogenic functions of
Oct-1 have been described for Hodgkin’s lymphoma,
thymus lymphoma, diffuse large B-lymphoma, and
acute myeloid leukemia [7–9]. Overexpression of
Oct-1 is often observed in diffuse large B-cell lym-
phoma and is an independent predictor of poor out-
come [8]. Oct-1 is an important regulator of leukemo-
genicity and hematopoietic stress. A high expression
level of the transcription factor Oct-1 protects hema-
topoietic cells from stress but promotes the develop-
ment of thymic lymphoma [1] and acute myeloid leu-
kemia [9] in mice. In contrast, downregulation of Oct-
1 protects mice from leukemia induced by the MLL–
AF9 fusion oncoprotein. The combination of this
AML model system with Oct-1 knockout showed that
the loss of one Oct-1 allele significantly delayed the
development of leukemia. Deletion of both Oct-1
alleles completely protects mice from leukemia but
leads to bone marrow failure and death of animals [9].
Analysis of these data indicates that Oct-1 is a potent
factor that determines the malignant potential of a
tumor and its response to chemotherapy drugs.
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Fig. 1. Exon–intron organization of the POU2F1 (Oct-1) gene. The structure of isoforms transcribed from the ubiquitous U-pro-
moter and the tissue-specific L-promoter is shown. Exons are indicated by rectangles. Alternative 5'-end exons are indicated by
shading. The start of transcription is shown with turning arrows. The translation starts and the stop codons are indicated by arrows
and asterisks, respectively.
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The polyfunctionality of Oct-1 is largely deter-
mined by the fact that it exists in the cell as a number
of different isoforms that are formed due to alternative
splicing and/or alternative transcription initiation
[10]. There are alternative promoters in the POU2F1
gene [10–12]. As can be seen from Fig. 1, the tran-
scripts read from them have different first exons and
encode isoforms that differ in their N-terminal
sequences [11]: the Oct-1A ubiquitous isoform is read
from the U promoter, whereas the tissue-specific Oct-
1L and Oct-1R isoforms are read from the L promoter.

The expression of Oct-1 isoforms changes during
hematopoietic cell differentiation: in pluripotent
CD34+ hematopoietic cells (PHC), Oct-1L is
expressed at a high level; its expression level drastically
decreases during the differentiation of T cells (CD3+)
and monocytic cells (CD14+) but almost does not
change during the differentiation of B cells (CD19+)
[13, 14]. The human Oct-1R isoform is expressed only
in B cells and was not found in PHCs [13]. Character-
istically, the level of the ubiquitous Oct-1A isoform
does not undergo significant changes during the dif-
ferentiation of hematopoietic cells.

In all normal hematopoietic cells, the activity of
the tissue-specific L promoter and, therefore, the con-
centration of the tissue-specific isoforms is lower than
the activity of the ubiquitous U promoter and the con-
centration of the ubiquitous Oct-1A isoform. In
Burkitt’s B-cell lymphomas Namalwa and Raji, this
ratio is disturbed, and the concentration of the L iso-
form significantly exceeds the content of the A isoform
in cells. The concentration of the tissue-specific Oct-
1L isoform in Namalwa B cells is several times higher
than in the normal B cells (CD19+) [13]; its expres-
sion level is also increased in the Jurkat T cell line as
compared to the normal T cells (CD3+) [13]. Notably,
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all these cell lines were originally derived from poorly
differentiated lymphoblasts.

Previously, it was shown that overexpression of
Oct-1R and Oct-1L in Namalwa cells leads to repres-
sion of many genes involved in the differentiation of B
and T cells, as well as monocytic cells (CD14+) [13, 14].
The high level of the Oct-1L isoform observed in lym-
phoblastic tumor cell lines indicates that an excess of
Oct-1L, apparently, significantly reduces their ability
to differentiate. The existence of alternative promoters
in the POU2F1(Oct-1) gene makes it possible to influ-
ence not only the expression of total Oct-1, which has
a detrimental effect on the body, but also the expres-
sion of its individual isoforms, the level of which is
increased in tumor cells.

In this study, we investigated the effect of 5-azacyt-
idine on the transcription of the POU2F1 gene and
showed that it selectively suppresses the transcription
from the tissue-specific L promoter of the POU2F1
gene and reduces the concentration of the Oct-L iso-
form in tumor cells of Namalwa Burkitt’s lymphoma.

The DNA methylation inhibitor 5-azacytidine is
used in clinical practice to treat myelodysplastic syn-
drome (MDS) and acute myeloid leukemia (AML).
To study its effect on the level of transcription of alter-
native Ost-1 protein isoforms, Namalwa cells were
seeded into 6-well plates (2 × 106 per well) in DMEM
medium supplemented with  10%  fetal  serum.
5-Azacytidine (Sigma-Aldrich) dissolved in 8 μL of
DMSO was added to the cells at concentrations 10, 5,
2.5, and 1.25 μM; 8 μL of DMSO was added to the
control wells. To assess the effect of 5-azacytidine on
the level of transcription of different Oct-1 isoforms,
RNA was isolated from the cell culture by the trizol
method. Then, reverse transcription was performed
using the Maxima First Strand cDNA Synthesis Kit
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Fig. 2. Effect of 5-azacytidine on the transcription level
from the alternative U and L promoters of the POU2F1
(Oct-1) gene. Quantitative PCR results. The chart rep-
resents the mean value ±SEM for three independent
experiments; t tests were performed to determine whether
the difference between the mean values for the control and
treated cells was significant (** p < 0.01).
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for RT-qPCR (Thermo Scientific), and real-time
PCR was performed using primers specific to A and L
isoforms (Oct-1A-sense: 5'-tattcaaaatggcggacgga-3';
Oct-1L-sense: 5'-ccaccccaaactgctacctgt-3'; Oct-1-
antisense, common for both isoforms: 5 '-ctgacg-
gattgttcattcttgagt-3'). Normalization was performed
with respect to the GUS gene (GUS sense 5'-cgtggttg-
gagagctcatttgga-3' and GUS antisense 5'-attccccag-
cactctcgtcggt-3').

As can be seen from Fig. 2, when Namalwa cells
were cultured for 24 h in a medium containing 5-
azacytidine, the amount of the Oct-1L isoform tran-
scribed from the alternative tissue-specific L promoter
significantly decreased, whereas the amount of
mRNA of the ubiquitous Oct-1A isoform remained
virtually unchanged. This effect was dose-dependent
and manifested itself at the level of concentrations
used in  clinical practice. In the presence of  10 µM
5-azacytidine in the culture medium, the amount of
Oct-1L mRNA in Namalwa cells decreased 3 times
compared with the control, and in the presence of
5 µM 5-azacytidine it decreased twice. A further
decrease in the concentration of 5-azacytidine did not
cause significant changes in the Oct-1L expression.

The presented results indicate that 5-azacytidine
inhibits the transcription from the tissue-specific L
promoter, reducing the concentration of the tissue-
specific isoforms in tumor cells, but has almost no
effect on the transcription from the ubiquitous U pro-
moter and on the concentration of mRNA of the ubiq-
uitous isoform A.

At low concentrations, which are currently used in
oncohematological practice, 5-azacytidine serves as a
hypomethylating agent that inhibits DNA methyl-
transferase by incorporating azacitidine triphosphate
into DNA. This leads to loss of DNA methylation and
reactivation of repressed genes. It is believed that
pathological DNA methylation patterns determine the
development of high-risk myelodysplastic syndromes
and acute myelocytic leukemia, and hypomethylation
can restore the normal function of genes that control dif-
ferentiation and proliferation [15–17]. After 16 years of
clinical use, 5-azacytidine remains the key drug used
for treatment for MDS and AML. However, the exact
mechanism of its action is still not fully understood
[17]. In our study, we have shown that 5-azacytidine
suppresses the transcription from the tissue-specific L
promoter of the POU2F1 gene and selectively reduces
the expression of the Oct-1L isoform 2–3 times at
concentrations used in clinical practice.

We analyzed the region of the alternative L pro-
moter of the POU2F1 gene and found no CpG islands
there that could be methylated. Therefore, we believe
that the discovered effect of 5-azacytidine is not asso-
ciated with the demethylation of the L promoter. Pos-
sibly, more distant regions of the POU2F1 gene regulating
the transcription of the tissue-specific promoter undergo
DOKLADY
demethylation, or other properties of 5-azacytidine that
are not associated with demethylation are manifested.

In the treatment of oncological diseases, attention
should be paid to the following facts: (1) a high level of
Oct-1 expression complicates the course of the disease
in hematological tumors such as AML, diffuse large
B-cell lymphoma, Hodgkin’s lymphoma, and thymus
lymphoma; (2) artificially induced hypoexpression of
Oct-1 in AML delays the development of leukemia;
(3) B- and T-cell lymphomas (Namalwa, Raji, and
Jurkat cell lines) are characterized by an abnormally
high expression of the Oct-1L isoform, which is
uncharacteristic of normal lymphoid cells; (4) in some
tumor cell lines, the expression level of the Oct-1L
isoform significantly exceeds that in the normal cells
of the same origin [18]. Taken together, these data led
us to conclude that the aberrant expression of the tis-
sue-specific Oct-1L isoform is an unfavorable prog-
nostic factor and can become a therapeutic target for
tumors with a high level of Oct-1. In these cases, it is
possible to use 5-azacytidine, which selectively sup-
presses the expression of the Oct-1L isoform, in com-
bination therapy. This assumption requires further
analysis of the expression of Oct-1 isoforms in primary
tumors.

It is known from clinical practice that monother-
apy with 5-azacytidine is effective in the treatment of
MDS and AML. However, there is currently insuffi-
cient evidence to support the use of 5-azacytidine in
the treatment of solid tumors or other hematological
malignancies. The only attempt to use 5-azacytidine
for the treatment of solid tumors was made in 1977. An
antitumor effect was observed only in 17% of the
examined patients with breast carcinoma and in 21%
of patients with malignant lymphomas. As a result, it
was concluded that the drug is ineffective for solid
tumors [15]. However, recent studies have shown that
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tumors should be divided according to the level of
Oct-1 expression. Overexpression of Oct-1 correlates
with tumor aggressiveness in cancers of the breast,
esophagus, stomach, prostate, lung, head and neck,
cervix, colorectal cancer, diffuse large B-cell lym-
phoma, and other malignant tumors [1, 8]. Possibly,
the positive antitumor effect of 5-azacytidine in the
1977 study was observed precisely in the patients with
overexpression of Oct-1L in the tumor.

Our results support the importance of detailed gene
expression analysis as a strategy for identifying new
biomarkers and therapeutic targets in lymphomas and
leukemias. The ability of 5-azacytidine to suppress the
Oct-1L expression in tumor cells may be an important
step for its use in the treatment of tumors with
increased Oct-1L expression.

FUNDING

This study was supported by the Russian Science Foun-
dation (project no. 19-14-00365).

OPEN ACCESS

This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original
author(s) and the source, provide a link to the Creative Com-
mons license, and indicate if changes were made. The images
or other third party material in this article are included in the
article’s Creative Commons license, unless indicated other-
wise in a credit line to the material. If material is not included
in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit
http://creativecommons.org/licenses/by/4.0/.

REFERENCES
1. Vázquez-Arreguín, K. and Tantin, D., The Oct1 tran-

scription factor and epithelial malignancies: old protein
learns new tricks, Biochim. Biophys. Acta, 2016,
vol. 1859, no. 6, pp. 792–804.

2. Maddox, J., Shakya, A., South, S., et al., Transcription
factor Oct1 is a somatic and cancer stem cell determi-
nant, PLoS Genet., 2012, vol. 8, art. ID e1003048.

3. Shakya, A., Goren, A., Shalek, A., et al., Oct1 and
OCA-B are selectively required for CD4 memory T cell
function, J. Exp. Med., 2015, vol. 212, pp. 2115–2131.

4. Shakya, A., Cooksey, R., Cox, J.E., Wang, V., Mc-
Clain, D.A., and Tantin, D., Oct1 loss of function in-
duces a coordinate metabolic shift that opposes tumorige-
nicity, Nat. Cell Biol., 2009, vol. 11, no. 3, pp. 320–327.

5. Portseva, T.N., Pankratova, E.V., Stepchenko, A.G.,
and Georgieva, S.G., Increased level of Oct-1 protein
in tumor cells modulates cellular response to anticancer
drugs, Dokl. Biochem. Biophys., 2016, vol. 469,
pp. 269–272.

6. Qian, J., Kong, X., Deng, N., et al., OCT1 is a determi-
nant of synbindin-related ERK signalling with inde-
pendent prognostic significance in gastric cancer, Gut,
2015, vol. 64, no. 1, pp. 37–48.

7. García-Cosío, M., Santón, A., Martín, P., et al., Anal-
ysis of transcription factor OCT.1, OCT.2 and BOB.1
expression using tissue arrays in classical Hodgkin’s
lymphoma, Mod. Pathol., 2004, vol. 17, no. 12,
pp. 1531–1538.

8. Gouveia, G.R., Ferreira, S.C., Siqueira, S.A.C., et al.,
Overexpression of OCT-1 gene is a biomarker of adverse
prognosis for diffuse large B-cell lymphoma (DLBCL):
data from a retrospective cohort of 77 Brazilian pa-
tients, BMC Cancer, 2020, vol. 20, no. 1, p. 1041.

9. Jafek, J.L., Shakya, A., Tai, P.Y., et al. Transcription
factor Oct1 protects against hematopoietic stress and
promotes acute myeloid leukemia, Exp. Hematol., 2019,
vol. 76, pp. 38–48.

10. Sytina, E.V. and Pankratova, E.V., Transcription factor
Oct-1: plasticity and multiplicity of functions, Mol. Biol.
(Moscow), 2003, vol. 37, no. 5, pp. 637–648.

11. Pankratova, E.V., Stepchenko, A.G., Portseva, T.,
Mogila, V.A., and Georgieva, S.G., Different N-termi-
nal isoforms of Oct-1 control expression of distinct sets of
genes and their high levels in Namalwa Burkitt’s lympho-
ma cells affect a wide range of cellular processes, Nucleic
Acids Res., 2016, vol. 44, no. 19, pp. 9218–9230.

12. Pankratova, E.V., Deyev, I.E., Zhenilo, S.V., and Pola-
novsky, O.L., Tissue-specific isoforms of the ubiqui-
tous transcription factor Oct-1, Mol. Genet. Genomics,
2001, vol. 266, no. 2, pp. 239–245.

13. Pankratova, E.V., Stepchenko, A.G., Krylova, I.D.,
Portseva, T.N., and Georgieva, S.G., The regulatory
interplay between Oct-1 isoforms contributes to hema-
topoiesis and the isoforms imbalance correlates with a
malignant transformation of B cells, Oncotarget, 2018,
vol. 9, no. 52, pp. 29892–29905.

14. Stepchenko, A.G., Lyanova, B.M., Krylova, I.D., Il-
yin, Y.V., Georgieva, S.G., and Pankratova, E.V., Dif-
ferentiation of monocytic cells is accompanied by a
change in the expression of the set of Oct-1 isoforms,
Dokl. Biochem. Biophys., 2018, vol. 483, pp. 306–308.

15. Semochkin, S.V., Tolstykh, T.N., and Rumyantsev, A.G.,
Myelodysplastic syndromes: therapeutic problems and
solutions, Onkogematologiya, 2012, vol. 2, pp. 57–66.

16. Ovechkina, V.N., Bondarenko, S.N., Morozova, E.V.,
Slesarchuk, O.A., Smirnova, A.G., Ekushev, K.A.,
Zubarovskaya, L.S., and Afanas’ev, B.V., Efficacy and
safety of 5-azacytidine after allogeneic hematopoietic
stem cell transplantation in acute myeloid leukemia and
myelodysplastic syndrome, Klet. Ter. Transplant., 2015,
vol. 5, p. 71.

17. Kordella, C., Lamprianidou, E., and Kotsianidis, I.,
Mechanisms of action of hypomethylating agents: en-
dogenous retroelements at the epicenter, Front. Oncol.,
2021, vol. 11, art. ID 650473.

18. Luchina, N.N., Krivega, I.V., and Pankratova, E.V.,
Human Oct-1L isoform has tissue-specific expression
pattern similar to Oct-2, Immunol. Lett., 2003, vol. 85,
no. 3, pp. 237–241.

Translated by M. Batrukova
DOKLADY BIOCHEMISTRY AND BIOPHYSICS  Vol. 503  2022


	REFERENCES

		2022-04-29T21:46:54+0300
	Preflight Ticket Signature




