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Ovarian cancer has a poor prognosis especially due to late diagnosis, intrinsic resistance to some ther-
apeutic drugs, increased interest in finding novel DNA — binding and transcription factor agents as a
probable chemotherapy in treating ovarian the gynecological cancer. Based on many previous reports it is
evident that the expression of various cellular genes are been regulated by Sp1 the transcription factor,
but still a better understanding is required, about its role in developing and progressing the human
cancer. Sp1 is been found playing dual role such as the activation as well as suppression of the cellular
genes either converting into an oncogene or performing biological activity such as proliferation, differ-
entiation, DNA damage response, apoptosis and angiogenesis. There are even proofs, which suggest that
Sp1 has homologous forms of proteins named as Sp2 and Sp3, which also support Sp1 in contributing the
progression of tumor cells. These typical characters of Sp1 and its interesting facts related to biological
functions are yet to be explained clearly. Thus, in this current review, we briefly explain the role, char-
acters and proteins associated with Sp1 family of transcription factor do contribute as a “hallmarks of
cancer”. We also review the evidence suggesting that Sp1 is highly over — expressing the genes, which
pay ways in promoting ovarian cancer. Thus, we conclude that targeting Sp1 one of the best diagnostic
tool to detect ovarian cancer in early stages or promoting Sp1 as best therapeutic agent would be a best
resolution to reduce the incidence of ovarian cancer.

© 2018 Production and hosting by Elsevier B.V. on behalf of Turkish Society of Medical Oncology. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
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1. Introduction

Ovarian cancer is one of the most lethal gynecological cancers,
especially among older women.! Ovarian cancer is been ranked in
the sixth position as the most common cancer and as the causative
agent of cancer death in seventh position among women
throughout the world.> The over-all 5 year of survival rate for
women diagnosed with later stages of ovarian cancer is only 27%.’
Among the gynecological cancer's, cancer of ovary has the most
unfavorable prognosis. Ovarian cancer is a malignant cancer
described with invasion in the surrounding stroma, distant
metastasis, anticancer drug resistance and angiogenesis.! Many
studies have revealed that, many genes have been over — expressed
or activated by Sp1 and/or by other transcription factors in ovarian
cancer cells, resulting in to tumor development*~°. Thus by using
the potential role of transcription factors in ovarian cancer, a novel
therapeutic target will be developed to treat this cancer in early

* Corresponding author.
E-mail address: geneticsmaha@gmail.com (I. Mahalaxmi).
Peer review under responsibility of Turkish Society of Medical Oncology.

https://doi.org/10.1016/j.jons.2018.03.005

stages.

Some of the biomarkers which is currently been used to detect
ovarian cancer are human epididymis protein 4, carrion - embry-
onic antigen, legumain, mesothelin, osteopontin and vitamin E —
binding plasma protein.'” Some of the promising inhibitor thera-
pies which are been used to treat ovarian cancer are polyadenosine
diphosphate - ribose polymerase inhibitors and angiogenesis in-
hibitors.! However, these treatments are only effective in the initial
stages of the ovarian cancer. Hence, we can say that detection of
ovarian cancer in the early stages is difficult. Thus, a better
knowledge about the molecular biology of the ovarian cancer is an
immediate need to rescue the patients affected with this deadliest
cancer. A combined genomic analysis in ovarian cancer is been
carried out,'! through which an exact link between survival rate,
response to treatment and the role of transcription in ovarian
cancer is been tried to understand.'>!> Thus, it is clear that the
classification of transcription factors for tumorigenesis as well as
for progression of cancer will result in creating appropriate treat-
ments to treat ovarian cancer.'*!>

One of the most common transcription factors, which are been
associated with ovarian cancer progression, is the Specificity
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Protein 1 (Sp1)*~°. Sp1 protein belongs to the family of Sp/Kruppel
— like factors, which is highly indulged in basal regulations of
transcription in various genes.'®!” In the beginning, Sp1 was been
identified as an important promoter — specific binding factor for
transcription of SV40 gene.'®' Sp1 normally binds with GC — rich
double — stranded DNA through zinc fingers and thus managing the
transcription of many housekeeping genes and thus lending its
contribution in various biological functions such as metabolism,
cell cycle and cell death?® 2, In a recent article is has been estab-
lished that in an entire human genome, approximately Sp1 has
12,000 binding sites, thus providing an evidence that Sp1 does
plays major role in promoting cancer by regulating functions of
innumerable cellular genes such as induction and inhibition of
transcription 1724,

The current review investigates the potential role of Sp1 in
progression of ovarian cancer by revealing the over — expression of
cellular genes by transcription especially regulated by Sp1. More-
over, decoding of the molecular footings of ovarian cancer will
greatly contribute to the better understanding of the invasion and
prognosis of the deadliest gynecological cancer in women.
Furthermore, this review will provide a base to create Spl as a
future best diagnostic tool to detect ovarian cancer in the early
stages itself.

2. Symptomatic overview of ovarian cancer

Ovarian cancer is one of the foremost causes of death due to
malignancy in the reproductive organ. It is described by the pres-
ence of dissemination in the peritoneal cavity with a rare occur-
rence of visceral metastases.”> Women with perimenopausal stage
are at higher risk of getting ovarian cancer. Based on the previous
reports it is pretty much clear that ovarian cancer affected subjects
have no particular symptoms to diagnose in the early stages.*® Until
now, there is a lack of availability of knowledge about the exact
symptoms in advance and effective diagnosis for ovarian cancer.
Some of the wide range of symptoms which is been observed in
ovarian cancer are diffuse abdominal complaint's, Tympanites or
meteorism, sudden weight and appetite loss, changes in bowel
habits and abdominal swelling.?® Possible symptoms linked with
early stages of ovarian cancer are pelvic and abdominal pain,
increased abdominal size, bloating, and difficulty in eating.?” While
the symptoms for later — stages of ovarian cancer include gastro-
intestinal problems such as nausea and vomiting, constipation and
diarrhea.”®

3. Characterization of Sp1

Transcription factor Sp1 also referred as specificity protein 1
encoded by SP1 gene in humans. Sp1 protein is the first eukaryotic
transactivator identified with multiple functions towards the
cellular genes. According to a previous study by Veena et al. (1998)
pointed out that purified Sp1 has 778 amino acid single poly-
peptide chains with a molecular mass of 105 kDa.?? It has a dual
role of both activation and inhibition of genes through gene
expression regulation, thus affecting the affinity of DNA - binding,
rate of Sp1 protein synthesis and nuclear translocation.>® According
to the previous reporting it can be stated that the reasons behind
the defaults in gene expression is may be due to modifications in
the post - translations in the Sp1 protein.>! Many studies have re-
ported that Sp1 post - translational changes include phosphoryla-
tion, acetylation and glycosylation.

The transcription factor from Sp family mostly binds with GC
rich domain for the purpose of regulation of genes, which is familiar
with three-conserved Cys2His Zinc fingers DNA binding domain.?°
Through this Sp1 and GC-rich domain binding, the mRNA synthesis

is been activated in the genes, which contains the functional
recognition sites in the genes. Sp1 plays a major role in regulating
the expression of various genes by various mechanism such as
either by GC- rich motifs binding with high affinity>' > or by
modulating the expression of TATA absent and/or present genes
through interactions with other transcription factors like c-myc,>?
c-Jun®® or Stat1** or protein - protein interactions.>® Kadonaga
et al,, in (1986) provided with an evidence about the characteristic
binding site of Sp1, which is a decanucleotide consensus sequence
such as 5’-G(T)GGGCGGG(A)G(A)C(T)-3".2> In any form of location of
the binding site of Sp1 is functional in most of the cellular genes.
Another interesting fact about the Sp1 factor is that they can also
bind to the GT-rich sequences.>®*” In many genes the promoter
region is been activated by the formation of connection between a
series of Sp1 binding sites.?”

4. Proteins associated with Sp1

There are evidences, which suggest that there is existence of
proteins analogous to Spl thus making the Spl even more
complicated to understand.?” The other two proteins similar to Sp1
were evolved during an experiment of T-cell antigen receptor
promoter, where GT-rich elements were able to bind Sp1 along
with other two proteins.’” The two new proteins similar to Sp1 is
been encoded by two different genes such as Sp2 (~80 kDa) and Sp3
(~100 kDa) with a similar kind of protein structure to that of Sp1%°.
All the three proteins Sp1, Sp2 and Sp3 sequence analysis with
cDNA clones revealed that the proteins were encoded with many
transactivation domains along with a wide-ranging homology of
Zinc finer DNA binding domain to that of Sp1 protein.>’ The Sp2
protein has following transactivation domain's such a serine/thre-
onine — rich region, glutamine — rich domain, highly charged
domain and three Zinc fingers. Whereas Sp3 ha two homologous
glutamine — rich regions, a serine/threonine — rich region, three
zinc fingers, highly charged domain and a C-terminal domai. When
it comes to the binding affinity of the Sp proteins it is been observed
that Sp2 protein has a lower affinity to bind with GT box motif and
no affinity to bind with GC — rich domain. On the other hand, Sp3
has a high binding affinity towards both GT — rich and GC-rich
motifs.’® Thus, from the above references it is clear that all the
three Sp proteins that is SP1, Sp2 and Sp3 create a novel Sp1 mul-
tigene family.

5. Role of Sp1 in prometing cancer

Sp1 the transcription factor plays a major role in various cellular
processes which also includes development and progression of
tumor cells. Many recent and earlier reports suggest that Sp1
promotes the cancer cells by manipulating the pathways related to
transcription. According to an earlier study, abnormality in Sp1
leads to deregulation of cell survival, growth and angiogenesis,
resulting into formation and progression of gastric cancer.>® Thus
based on many previous studies it has been made relevant that Sp1
is been over expressed in breast, thyroid, hepatocellular, prostrate,
pancreatic, gastric, lung and ovarian cancers. In a pre-clinical study,
where a small molecule of Sp1 was been inhibited, which further
resulted that there was a successful reduction in tumor burden.*®
Another study, it was found that specific Sp1 binding sites in
mouse FGF21 promoter region, Sp1 positively regulates the tran-
scription of FGF21 in HepG2 cells.” Another interesting study
showed that, there is an increase in epithelial tumors due to Sp1
mRNA and Sp3 DNA binding process when compared to papillomas
in skin.*! In a previous study it was been established that Sp1 is
consistently been over functioning in human pancreatic cancer.*?

The tolfenamic acid (TA) connected with the degradation of Sp1
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