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Abstract

Stat proteins, transcription factors that convert extracellular stimuli into
appropriate biological responses, are involved in many normal physiological
cell processes, including proliferation, differentiation, apoptosis, angiogenesis,
and immune system regulation. Irregular Stat activation is often associated
with tumorigenesis. This situation has made the Stat pathway an interesting
target for drug development studies in cancer treatment and has led to
the development of various inhibitors targeting this pathway. Stat signal
inhibitors are divided into two main groups as inhibitors with direct and
indirect effects. Direct inhibitors target the SH domain, DNA binding
domain, or N-terminal domain of the Stat3 protein; indirect inhibitors target
upstream components of the Stat3 pathway, such as JAK2 and EGFR. It
is known that Stat3 has a strong relationship with the formation of breast
cancer and its permanent activation is most pronounced in breast cancer. In
this study, primarily the components of the Stat signaling pathway, activation/
nactivation and the functions of Stat3 were emphasized, the inhibitors that
act by directly inhibiting the SH2 domain of Stat3 proteins in breast cancer
cells were focused, and the results of the research examining the effects of
these inhibitors on breast cancer cells were compiled.

Introduction

Signal converter and transcription activator (Stat) proteins are transcription
factors that convert extracellular stimuli into appropriate biological responses
(Catlett-Falcone, Dalton, & Jove, 1999). Stat proteins were first identified
in 1994 as key proteins involved in cytokine signaling and interferon-
related antiviral activity (Jr, Kerr, & Stark, 1994; Sadowski, Shuai, Jr, &
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Gilman, 1993). Over time, they have been found to be involved in many
normal physiological cell processes, including proliferation, differentiation,
apoptosis, angiogenesis, and immune system regulation (Verhoeven et al.,
2020). The Stat protein family consists of seven members, Statl, Stat2,
Stat3, Stat4, Stat5a, Stat5b, and Stat6 (Logotheti & Piitzer, 2019). All
Stat proteins consist of structurally and functionally conserved regions
(Verhoeven et al., 2020). Although each is encoded by a separate gene
(Furqan et al., 2013), they show high homology in their functional domains
(Logotheti & Piitzer, 2019). Structurally functional parts of Stat proteins;
The N-terminal domain (ND), DNA binding domain, coiled-coil domain
(CCD), Src-homology 2 (SH2) domain, and C-terminal transcriptional
activation domain (TAD) each have an important function. ND mediates
homo- and heterodimerization of Stat monomers with the highly conserved
SH2 domain, which is the target of many Stat inhibitors. The DNA binding
domain enables the DNA and Stat complex to form. CCD functions as a
nuclear localization signal. The C-terminal transcription domain with highly
conserved phosphorylated tyrosine (Y) and serine (S) residues recruits
additional transcriptional activators and enhances the transcriptional activity
of Stat (Verhoeven et al., 2020; Xin et al., 2020). Stat structural domains
are shown in Figure 1.
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Figuve 1: Schematic vepresentation of STAT structural domains

1. ACTIVATION of STAT SIGNALING PATHWAY

The activation process of Stats begins following the binding of cytokines,
growth factors, and hormones to their receptors on the cell surface (Turkson
& Jove, 2000). These receptors are receptor-related tyrosine kinases such as
Janus kinase (JAK) or receptors with intrinsic tyrosine kinase activity such as
Platelet-derived growth factor receptor (PDGFR), Epidermal growth factor
recepor (EGFR), Fms-like tyrosine kinase 3 (FLT3). Stats are also known
to be activated by constitutively active non-receptor protein tyrosine kinases
(PTKs) such as c-Src Ber-Abl and Breast tumor kinase (Brk) (Buettner, Mora,
& Jove, 2002; Furqan et al., 2013; Weaver & Silva, 2007). With specific
phosphorylation of Stat proteins by these tyrosine kinases (Furqan et al.,
2013), the two Stat monomers form dimers via reciprocal phosphotyrosine-
SH2 interactions, translocate to the nucleus, and bind to Stat-specific



Busra Demir Cetinkaya | 145

DNA response elements of target genes to induce gene transcription
(Turkson & Jove, 2000) and mediate processes related to cellular immunity,
proliferation, apoptosis and differentiation (Logotheti & Piitzer, 2019).
However, the functionality of Stat proteins is not limited to forming dimers
by phosphorylation. Unphosphorylated Stat dimers and tetramer/oligomer
conformations also play a role in the functionality of some Stats (Moriggl et
al., 2005; Park et al., 2016). Two nonphosphorylated Stat dimers can form
tetramers with N-terminal oligomerization domains, stabilizing its binding
to DNA (Y. Zhao et al., 2013). The regulation of the Stat signaling pathway
is shown in Figure 2.
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Figure 2: Regulation of STAT signaling pathway
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2. NEGATIVE REGULATORS of STAT SIGNALING
PATHWAY

The state of activation of stat proteins is transient. Activated Stat
proteins are deactivated within hours and returned to the cytoplasm (Calo
et al., 2003). Inactivation of Stat proteins is mediated by suppressor of
cytokine signaling (SOCS), protein inhibitor of activated Stat (PIAS),
and negative regulators including phosphatases (T. K. Kim & Maniatis,
1996). SOC is also known as JAK binding proteins (JABs) or cytokine-
induced SH2 (CIS) proteins or Stat-induced Stat inhibitors (SSI) (Calo
et al.,, 2003). The SOCS family consists of eight members, namely SOCS-
1/JAB/SSI-1, SOCS-2, SOCS-3, SOCS-4, SOCS-5, SOCS-6, SOCS-
7 and CIS (Lim & Cao, 2006). They inhibit Stat proteins by different
mechanisms based on suppression of JAKs or competition for receptor
binding (Lim & Cao, 2006). Namely; SOCS-1 suppresses JAK activity
through direct interaction, while SOCS-3 inhibits Stat activation by
tirst interacting with the phosphorylated receptor and then interacting
with JAKs. CIS inhibits activation by competing with Stats for the same
docking site on phosphorylated receptors (Lim & Cao, 2006). Some
SOCS genes are transcriptionally regulated by Stats themselves, forming
part of a classical negative feedback loop for cytokine signaling, indicating
that Stats can negatively regulate their phosphorylation states (Calo et al.,
2003; Desrivieres et al., 20006). It is also known that SOCS proteins can
cause receptor protein turnover mediated proteolytic degradation process
via a ubiquitin-proteasome (Krebs & Hilton, 2001).

A second class of proteins that cause inactivation of Stat proteins is
the protein inhibitor of activated Stat (PIAS). These proteins interact
directly with Stat dimers in the nucleus to form protein complexes and
block transcription. Namely; The resulting complexes cannot induce gene
transcription because they do not bind to DNA or because nuclear co-
repressor molecules are recruited into transcription complexes (Desrivieres
et al., 2006; Hodge, Hurt, & Farrar, 2005). The mammalian PIAS family,
which consists of PIAS1, PIAS3, PIASy, PTASxa/ARIP3, and PIASxb/Mizl
have a certain degree of specificity towards Stat members; PIAS1 and PIASy
are specific to Statl, PIAS3 to Stat3 and Stat5, and PIASx to Stat4 (Liu &
Shuai, 2003).

Another group of negative regulators of stat proteins is phosphatases.
TC45,anuclear tyrosine phosphatasein this group, deactivates phosphorylated
Stats in the nucleus (Desrivieres et al., 2006). There is evidence that TC45 is
a related Stat phosphatase for Statl and Stat3, and has also been reported to
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be involved in the regulation of cytoplasmic dephosphorylation of JAK1 and
JAK3 (Ibarra-Sanchez et al., 2000; Simononic, Lee-Loy, Barder, Tremblay,
& McGlade, 2002).

In addition to TC45, tyrosine phosphatases such as SHP1 and SHP2
are localized in the cytoplasm and have SH2 domains. These phosphatases
disrupt JAK/Stat signaling by interacting with SH2 domains and
phosphorylated tyrosine residues of JAKs and Stats (Desrivicres et al.,
20006). CD45, an active transmembrane molecule in hematopoietic cells,
and PTP1B and TC-PTP phosphatases active in the cytoplasm of these cells
are among the phosphatases responsible for the negative regulation of Stat
proteins (Desrivieres et al., 20006).

3. THE ROLE of STAT3 PROTEINS in the BREAST GLAND

Stat3 and Stat5 proteins are involved in fundamental changes in the
mammary gland, including processes such as lactation and involution. Mice
deficient in Stat3 have been found to die during early embryogenesis (Takeda
etal., 1997). Mammary gland involution is a multi-step process in which the
lactating gland morphologically returns to a state close to the pre-pregnancy
state and a high degree of epithelial cell death and stromal rearrangement
occurs (Groner & von Manstein, 2017; Stein, Salomonis, & Gusterson,
2007). Stat3 signaling induces epithelial cell death to clear differentiated
milk-producing cells during involution (Groner & von Manstein, 2017). It
has been shown that the disappearance of the lactation stimulus causes Stat3
phosphorylation to initiate involution, but the upregulation of pStat3 is
not due to the decrease in lactogenic hormones, while Leukemia inhibitory
factor (LIF) is the first activator of Stat3 during involution (Hughes &
Watson, 2018; Kritikou et al., 2003; M. Li et al., 1997).

4. THE ROLE of STAT3 PROTEINS in BREAST CANCER

Stat3 is overactive in many types of cancer as a result of autocrine and
paracrine stimulation by cytokines and growth factors such as interleukins
(IL-6, IL-10, IL-12), interferons (IFNs), granulocyte colony stimulating
factor (G-CSF or CSF3), prolactin (PRL), growth hormone (HGH),
epidermal growth factor (EGF) , hepatocyte growth factor (HGF), essential
fibroblast growth factor (FGF2), virus proteins (e.g., v-Src, v-Fps, v-Sis)
or due to persistent activation via Intrinsic tyrosine kinase activities such
as erb-b2 receptor tyrosine kinase 2 (ERBB2), epidermal growth factor
receptor (EGFR), and hepatocyte growth factor receptor HGFR, non-
receptor tyrosine kinases (such as c¢-Src and c-abl) or G protein-coupled
receptor (Kortylewski, Jove, & Yu, 2005; Lim & Cao, 2006). It is known
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that Stat3 is strongly associated with breast cancer formation and its
permanent activation is most prominent in breast cancer (Groner & von
Manstein, 2017).

Stat3 has been shown to be constitutively activated in approximately 70%
of breast tumors (Alvarez et al., 2005). Although activated in all types of
breast cancer, it has been most commonly associated with triple-negative
breast cancer that lacks estrogen receptor (ER) or progesterone receptor (PR)
expression and does not show Her2 amplification (L. Marotta et al., 2011;
S.R Walker et al., 2009). It is an interesting paradox that Stat3 protein, which
is involved in every stage of mammary gland development and has important
roles in the basic changes in the mammary gland, has a strong relationship
with mammary tumor formation (Groner & von Manstein, 2017; Sarah R.
Walker, Xiang, & Frank, 2014). In normal breast cells, Stat3 is activated by
Leukemia inhibitory factor (LIF) to promote involution with the abolition
of the lactation stimulus (Hughes & Watson, 2018; Sarah R. Walker et al.,
2014), whereas in many breast cancer cell lines, it is activated in an autocrine
tashion by interleukin-6 (IL-6) produced by These cells (Lieblein et al., 2008;
L. Marotta et al., 2011). Stat3, which is constantly in the activated state; can
lead to malignant cell behavior by upregulating genes such as B-cell ymphoma
2 (BCL2), B-cell lymphoma-extra large (BCL-XL), Myeloid Cell Leukemia
Sequence 1 (MCLI) that play a role in apoptosis, gene expression of cyclin D,
the main target of transcriptional control of the cell cycle and other cell cycle
and survival-related genes such as B -cell lymphoma 2 (BCL2), myc proto-
oncogene (c-MYC). (Igelmann, Neubauer, & Ferbeyre, 2019). Recent studies
have shown that Stat3 promotes the process of malignant transformation by
activating genes involved in the Phosphoinositide 3-Kinase (PI3K) /AKT/
Mammalian Target of Rapamycin (mTOR) pathway, the Nuclear Factor
Kappa-Light-Chain Enhancer of Activated B-Cells (NF-«kB) pathway, and
the cell cycle regulation pathway (Banerjee & Resat, 2016; Igelmann et al.,
2019).

Oncostatin M (OSM), a member of the IL-6 cytokine family, can
promote breast cancer progression by inducing upregulation of IL-6 and
phosphorylation of stat3 (Ma, Qin, & Li, 2020; Tawara, Scott, Emathinger,
Ide, et al., 2019; Tawara, Scott, Emathinger, Wolf, et al., 2019). In addition,
while IL-35 inhibits conventional T (T-conv) cells and promotes breast cancer
progression through Stat3 and Statl activation, IL-8 and growth-regulated
oncogene (GRO) chemokines contribute to breast cancer progression by
activating Stat3 (Hao). et al., 2018; Ma et al., 2020; Valeta-Magara et al.,
2019). Stat3 is also known to contribute to breast cancer metastasis. Stat3
along with IL-6 has been shown to contribute to the malignant phenotype
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of cancer cell by upregulating the expression of the EMT-inducing Twist,
in part by promoting invasion and epithelial-mesenchymal transition (Lo
et al., 2007; Sullivan et al., 2009; Sarah R. Walker). et al., 2014; Yadav,
Kumar, Datta, Teknos, & Kumar, 2011). Stat3 is known to contribute to
breast cancer metastasis by upregulating Matrix metallopeptidase 2 (MMP2),
Matrix metallopeptidase 9 (MMP9), Snail, Slug, and vimentin (Kamran, Patil,
& Gude, 2013; Z. Li et al., 2019; Ma et al., 2020). Stat3 is a protein that
also affects the angiogenesis process of the tumor cell. It contributes to this
process by up-regulating nodal factors of angiogenesis, particularly vascular
endothelial growth factor (VEGEF), hypoxia-inducible factor 1 alpha (HIF-
la), and Matrix metalloproteinase-2 (MMP-2) (Kortylewski et al., 2005).
Stat3 is also known to localize to mitochondria, and mito-Stat3 is known
to regulate mitochondrial metabolism and mitochondrial gene expression
(Chueh, Leong, & Yu, 2010; Igelmann et al., 2019; Macias, Rao, Carbajal,
Kiguchi, & DiGiovanni). , 2014; Sala et al., 2019; Wegrzyn et al., 2009;
Q. Zhang et al., 2013). Recent evidence suggests that Stat3 may promote
survival of breast cancer cells through its effects on mitochondrial function
(Gough et al., 2009). These proteins are known to cause drug resistance
as well as processes such as tumor initiation, cell cycle, survival, metastasis
and angiogenesis. Cancer stem cells (CSCs), also called tumor initiating cells
(TICs), are a group of specialized cancer cells found in tumors that have
the ability to self-renew and specifically produce a variety of tumor cells.
These cells are considered to be responsible for recurrence and metastasis and
resistance to treatment (Gibbs et al., 2005). In breast cancer, Stat3 has been
shown to be essential for the viability of cancer stem cells (Hirsch, Iliopoulos,
& Struhl, 2013), it has been reported that a non-CSC population can be
transformed into a CSC-like population through OCT-4 regulation of the
IL-6/JAK1/Stat3 signaling pathway (S. Y. Kim et al., 2013). In addition,
it has been found that the JAK2/Stat3 signaling pathway in breast cancer
increases chemoresistance by increasing carnitine palmitoyltransferase 1B
(CPT1B) and fatty acid beta oxidation (FAO) (Wang et al., 2018). It has been
determined that the Src/Stat3 signaling pathway is involved in multidrug
resistance in triple negative breast cancer cells (Tzeng et al., 2018).

5. INHIBITON of STAT3 PROTEINS in BREAST CANCER
TREATMENT

Stat signaling inhibitors are divided into two main groups as inhibitors
that act directly and indirectly. Direct inhibitors target the SH domain,
DNA binding domain, or N-terminal domain of Stat3 protein (McMurray,
2006; Xiong, Yang, Shen, Zhou, & Shen, 2014), indirect inhibitors target
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upstream components of the Stat3 pathway such as JAK2 and epidermal
growth factor receptor (EGFR) (Thilakasiria et al., 2021). In this review,
we focused on inhibitors that act by directly inhibiting SH2 domain of Stat3
proteins in breast cancer cells.

5.1. SH2 Domain Inhibitors or Dimerization Inhibitors

The SH2 domain plays a critical role both in mediating the activation of
Stat3 through its interaction with phosphorylated tyrosine residues on the
cytoplasmic portion of the receptors, and in forming dimers of the two Stat3
monomers through reciprocal phosphotyrosine-SH2 interactions (Turkson
& Jove, 2000; Xiong et al., 2014). Stat dimers migrate to the nucleus and
mediate processes related to cellular immunity, proliferation, apoptosis and
differentiation by binding to Stat-specific DNA response elements of target
genes to induce gene transcription (Turkson & Jove, 2000) (Logotheti &
Piitzer, 2019). Inhibition of the SH2 domain suppresses the phosphorylation
and activation of the Stat3 protein, resulting in inhibition of the cellular
processes it mediates (Xiong et al., 2014). Considering the mentioned
functions of the SH2 domain, molecules capable of blocking the SH2
domain of Stat3 have been evaluated for the treatment of different tumors
(Tolomeo & Cascio, 2021). It can be said that the SH2 domain inhibits
both the activation and dimerization of Stat3 proteins and is important in
terms of creating an effective treatment approach for cancer treatment by
preventing the dimerization of proteins that escape activation (Berg, 2008).
Compounds that inhibit the SH2 domain of Stat3 proteins can be grouped
as peptide and peptidomimetic and non-peptidic chemical inhibitors
(new series of small molecules) considering their chemical structures. The
schematic representation of SH2 domain inhibitors studied in breast cancer
cells is shown in Figure 3.

SH2 Domain Inhibitors in
Breast Cancer

Peptides and Peptidomimetics or Nonpeptidic Chemical Inhibitors
Dimerization Distuptors (New Series of Small Molecules)
+SPI «Stattic
+S31-M2001 STA-21
*CI-1383 *$31-201
+BP-1-102

Figure 3: Schematic vepresentation of SH2 domain inbibitors studied in breast cancer
cells
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5.1.1. Peptides and Peptidomimetics Targeting the STAT3 SH2
Domain in Breast Cancer

The SH2 domain inhibitor SPI is a 28-mer peptide derived from the
SH2 domain of Stat3. It acts by strongly and selectively inhibiting the Stat3
SH2 domain interaction with the pTyr residue on the cytoplasmic tail of
IL-6R (Xiong et al., 2014) (W. Zhao, Jaganathan, & Turkson, 2010). In
a study by Zhao et al., SPI dose-dependently reduced cell viability and
growth in MDA-MB-231 and MDA-MB-435 breast cancer cell lines with
constitutively activated Stat3, and also induced apoptosis in MDA-MB-231
cells with constitutively activated Stat3 (W. Zhao et al., 2010).

Since peptidomimetics have better pharmacokinetic properties than
peptides, peptidomimetic compounds have been developed by using the
peptide XpYL compound as the basic scaffold (Furqan et al., 2013). CJ-
1383 is a cell permeable small molecule peptidomimetic targeting the SH2
domain (Chen et al., 2010; Thilakasiria et al., 2021). In the study of Chen
et al., it was shown that CJ-1383 inhibited cellular Stat3 signaling and
cell growth and induced apoptosis in a dose-dependent manner in MDA-
MB-468 breast cancer cell line with constitutively activated Stat3 (Chen et
al., 2010). S3I-M2001 is an oxazole-based peptidomimetic of the Stat3 SH2
domain-binding phosphotyrosine peptide (K. A. Z. Siddiquee et al., 2007).
The compound has been shown to inhibit Stat3-dependent transcription,
transformation, survival and migration in both human and mouse cells by
selectively disrupting Stat3 dimerization (K. A. Z. Siddiquee et al., 2007).
In the study of Siddiquee et al., it was determined that S31-M2001 inhibited
the growth of human breast tumor xenografts (K. A. Z. Siddiquee et al.,
2007).

5.1.2. Nonpeptidic Chemical Inhibitors Targeting the STAT3 SH2
Domain in Breast Cancer

The low cell penetration of phosphopeptides led to evaluation of the
efficacy of a “new set of small molecules” for Stat3 SH2 domain inhibition
(Xiong et al., 2014). These non-peptide molecules are cell permeable and
have better physicochemical properties, unlike molecules derived from
peptides or peptidomimetics (Yue & Turkson, 2009). Their mechanism of
action is similar to peptidomimetics: by interacting with the Stat3-SH2
domain, they inhibit Stat3:Stat3 dimerization and thus nuclear translocation
and transcriptional activity (Furqan et al., 2013).

Stattic (Stat three-inhibitory compound) was the first non-peptide
inhibitor of Stat3 discovered (Schust, Sperl, Hollis, Mayer, & Berg, 2000).
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Stattic inhibits the function of the SH2 domain of both unphosphorylated
and phosphorylated Stat3, preventing Stat3 dimerization and binding
to DNA (Berg, 2008) (Xiong et al., 2014). Stattic shows selective Stat3
inhibition; While it does not inhibit Statl and Stat5b in vitro, it has been
shown to inhibit Stat3 (Berg, 2008). Stattic has been shown to induce
apoptosis after permanently inhibiting the phosphorylation of Stat3
in breast cancer cell lines MDA-MB-231 and MDA-MB-435, which
constitutively show Stat3 activation (Schust et al., 2006).STA-21 is a
natural deoxytetrangomycin, an angucycline antibiotic (Song, Wang, Wang,
& Lin, 2005). It binds effectively to the SH2 domain of Stat3, effectively
inhibiting Stat3 dimerization and abolishing its nuclear translocation. If we
look at the results of the studies carried out in breast cancer cells in detail;
STA-21 inhibited Stat3-dependent luciferase activity in MDA-MB-435s
breast cancer cell line with constitutively activated Stat3 and showed high
DNA binding activity in these cells. Another breast cancer cell line with
constitutively active stat3 signaling, MDA-MB-468, also inhibited stat3
DNA binding activity and its donwstream antiapoptotic factors (Bcl-XL and
cyclin D1), but phosphorylation of upstream regulators of Stat3 (P-JAK2,
P-Src, P-EGFR) unaffected by STA-21.In the same study, the effects of STA-
21 on cell growth and survival in breast cancer cell lines with constitutively
active Stat3 activity as well as luciferase activity and DNA binding activity
were investigated: MDA-MB-231, MDA-MB-435s, and MDA-MB-468
(that express persistently activated Stat3) significantly inhibited the survival
of breast cancer cell lines, but showed minimal inhibitory effect on MCEF-
7 and MDA-MB-435 breast cancer cells (that have no constitutive Stat3
signaling) (Song et al., 2005). $3I-201 (also known as NSC 74859) is a low
molecular weight salicylic acid derivative and inhibits Stat3 dimerization by
coupling the salicylic acid moiety with the pTyr binding site of the Stat3-
SH2 domain (K. Siddiquee et al., 2007). S3I-201 significantly inhibited
constitutive Stat3 activation in MDA-MB-231, MDA-MB-435 and MDA-
MB-468 breast cancer cell lines with harbor constitutive Stat3 activation. In
addition, treatment with S3I-201 in all three cell lines caused a decrease in
the number of viable cells, while cell viability was not significantly affected
in the MDA-MB-453 breast cancer cell line which do not harbor aberrant
Stat3 activity. When it was examined whether the loss of cell viability caused
by S3I-201 was mediated by apoptosis, it was determined that S3I-201
significantly induced apoptosis in the MDA-MB-435 breast cancer cell line
with harbor constitutive Stat3 activation. In the same study, it was noted
that S31-201 caused a significant decrease in the expression of Stat3 target
genes encoding Cyclin D1, Bcl-xL and Survivin in the MDA-MB-231 breast



Busra Demir Cetinkaya | 153

cancer cell line with constitutive Stat3 activation. In the same study, it was
determined that S3I-201 strongly inhibited tumor growth in human breast
(MDA-MB-231) tumor-bearing mice (K. Siddiquee et al., 2007). BP-102,
an analog of S3I-201, binds to the SH2 domain of Stat3, inhibiting Stat3-
phospho-tyrosine (pTyr) peptide interactions and hence Stat3 activation by
the same mechanism as S31-201 (X. Zhang et al., 2012). In the study of
Zhang et al., BP-1-102 suppressed cell proliferation, anchorage-dependent
and independent growth, and colony numbers and also induced apoptosis in
MDA-MB-231 breast cancer cells harboring aberrantly active Stat3. Overall,
induction of Focal adhesion kinase (FAK) and paxillin phosphorylation and
downregulation of E-cadherin are thought to contribute to Stat3-mediated
malignant progression. Decreased phosphorylation of paxillin and FAK and
increased expression of E-cadherin were seen in MDA-MB-231 cells treated
with BP-1-102. To further investigate the effect of BP-1-102 on Stat3 cross-
talks, the study examined its effect on the production of soluble factors by
tumor cells: In culture medium from MDA-MB-231 cells treated with BP-
1-102, granulocyte colony-stimulating factor (G-CSF), soluble intercellular
adhesion molecule (sSICAM) 1 and macrophage migration-inhibitory factor
(MIF)/ glycosylation-inhibiting factor (GIF) levels were found to be lower,
so it was concluded that BP-1-102 inhibited the production of soluble
factors by tumor cells. Again in the same study, it was shown that BP-1-102
inhibited the growth of mouse xenografts of human breast (MDA-MB-231)
tumor that harbor aberrantly active Stat3 as a result of intravenous and oral
gavage administration without any significant changes in body weights or
significant signs of toxicity such as loss of appetite, decreased activity or
lethargy (X. Zhang et al., 2012).

6. CONCLUSION

Deregulated activation of the Stat pathway, which is involved in many
normal physiological cell processes, including proliferation, differentiation,
apoptosis, angiogenesis, and immune system regulation (Verhoeven et al.,
2020), is frequently associated with tumorigenesis. It is known that Stat3
is strongly associated with breast cancer formation and its permanent
activation is most prominent in breast cancer (Groner & von Manstein,
2017). Although activated in all types of breast cancer, it has been most
associated with triple-negative breast cancer that lacks estrogen receptor
(ER) or progesterone receptor (PR) expression and does not show Her2
amplification (L. L. C. Marotta et al., 2011; S.R Walker et al., 2009; Sarah
R. Walker et al., 2014). The role of the Stat pathway in cancer development
has made this pathway an interesting target for drug development in cancer
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therapy and has led to the development of many inhibitors targeting this
pathway. Stat signaling inhibitors are divided into two main groups as
inhibitors that act directly and indirectly. Direct inhibitors target the SH
domain, DNA binding domain, or N-terminal domain of Stat3 protein
(McMurray, 2006; Xiong et al., 2014), indirect inhibitors target upstream
components of the Stat3 pathway such as JAK2 and epidermal growth factor
receptor (EGFR) (Thilakasiria et al., 2021). In our study, we focused on
inhibitors that act by directly inhibiting the SH2 domain of Stat3 proteins in
breast cancer cells. Considering their chemical structures, these compounds
can be grouped as peptides (SPI), peptidomimetics (CJ-1383, S31-M2001)
and non-peptidic chemical inhibitors (new series of small molecules)
(Stattic, STA-21, S31-201, BP-1- 102). When the results of the studies
investigating the effects of these compounds on breast cancer cells with
constitutively active Stat3 signaling were examined, it was observed that
the compounds showed anticarcinogenic eftects such as inhibition of cell
viability, migration, induction of apoptosis and inhibition of tumor growth
in breast tumor xenograft models. Based on these results, it can be said that
the SH2 domain of Stat3 is an important target for breast cancer treatment,
worthy of further investigation, and that SH2 domain inhibitors can be
used alone or in combination with existing chemotherapeutics, resulting in
clinically significant results such as higher efficacy and less toxicity:
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