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Abstract
After the historic discovery of IPSCs by Shinya Yamanaka, Sox2 became a highly important factor for its crucial 

role in reprogramming of somatic cells. The transcriptional control of various phases of nerve cell development, 
which include stem-cell maintenance, glial specification and lineage-specific terminal differentiation, are not well 
understood. This is where Sox proteins come into play. Recently, SOX2 expression has been corroborated in several 
tumor types including ovarian carcinoma, which suggests an involvement of SOX2 in regulation of cancer stem cells 
(CSC). SOX antibodies have been categorized as specific serological markers for Small cell lung cancer. However 
Sox2 reduction leads to neurodegeneration. Thus understanding the expression of this protein is very important. 
Here is an overview of the present knowledge we possess about the functional mechanisms of SOX family, with an 
effort to understand the role in both development and disease.
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Introduction
The Sox family of transcription factors are identified by a high-

mobility-group DNA-binding domain which was first observed in the 
mammalian Sry protein [1-3]. There are 20 different Sox proteins in 
mammals and eight in Drosophila melanogaster [1]. Later in 2006, 
24 different candidate factors were tested for their ability to induce 
pluripotency. The analysis substantiated that introduction of four 
transcription factors (Oct-3/4, Sox2, c-Myc, and KLF4) into mouse 
embryonic or adult fibroblasts by a retro-viral mediation and selection 
for the expression of Fbx15, a target of Oct-3/4 and Sox2, resulted in 
the generation of cells which are similar to embryonic stem cells in 
morphology, proliferation, and teratoma formation [4] and are now 
recognised as Induced Pluripotent Stem Cells (iPSc) [5]. Experiments 
to see roles of different Sox factors in development and disease have 
been performed.

Literature Review
Role in development

SOX 1: Initiation of the expression of SOX1 factor, has been observed 
at the time of neural induction, both in case of in vivo as well as in vitro, 
and appears to be limited to ectodermal cells committed to the neural 
fate [4-6]. As neural cells egress mitosis to terminally differentiate, 
the expression of SOX1 is subsequently downregulated [4,6,7]. The 
compiled data signifies that the inception of SOX1 expression is closely 
associated with the acquisition of neural fate by the ectoderm, both in 
vitro and in vivo [4,6-8]. In vitro SOX1 expression has been observed 
to initiate within 24 hours of the addition of retinoic acid and P19 
aggregates coincident with the induction of neuroepithelial markers 
like NESTIN, Mash1 and Wnt1 [6,7]. In mouse and rat embryos SOX1 
has been detected initially in late primitive streak stage embryos and is 
found to be restricted to the cells of the antero/distal ectoderm [6,7]. 
Fate mapping studies conducted prior to these, indicate that this region 
of the epiblast constitutes the primordium of the nervous system 
[6,7,9]. SOX1 gene expression has been observed all through the cells 
of the neural plate and early neural tube along its entire anteroposterior 
axis [4,6,7]. The early and uniform SOX1 expression throughout the 
possible CNS demonstrates that SOX1 is activated by neural promoting 
signals and bolsters the proposition, that a two-step response of the 

ectoderm to organizer signals leads to the generation of a nervous 
system: [4,6,7] neuralization precedes regionalization expression of 
SOX1 is closely associated with acquiring neural fate in vivo and in 
vitro. SOX1 expression can solely induce neural fate in uncommitted 
P19 cells [4,6,7,10].  Sox1 knockout in mice can lead to neural defects [11].

SOX 2: Sox-2 has traditionally been employed as marker for 
characterizing pluripotent embryonic stem cells, more recent 
reports have detailed the role of this transcription factor in cell fate 
determination, particularly neuroectoderm formation [12]. Sox2 has 
been identified as Sox (SRY-related HMG box) protein expressed in EC 
cells [3,13]. The high mobility group (HMG) domain is a DNA binding 
domain conserved in abundant chromosomal proteins including 
HMG1 and HMG2, which bind to the DNA with little or no sequence 
specificity, and in sequence-specific transcription factors, including 
SRY, SOX, and LEF-1 [3,13-16]. All SOX factors appear to recognize a 
analogous binding motif, A/TA/TCAAA/TG [3-4,13-16]. Just as Oct-
3/4, Sox2 also marks the pluripotent lineage of the early mouse embryo 
[3-5,14-16], it is expressed in the ICM, epiblast, and germ cells [3-5]. 
Unlike Oct-3/4, however, Sox2 is also expressed by the multipotential 
cells of the extraembryonic ectoderm [3,13,15-17].

Sox2 expression has also been associated with uncommitted 
dividing stem and precursor cells of the developing central nervous 
system (CNS), and it can be used to isolate such cells [3,4,13,18].

Sox2 null embryos have been reported to die at the time of 
implantation due to a failure of epiblast (primitive ectoderm) 
development [17,19]. Homozygous mutant blastocysts appear 
morphologically normal, but undifferentiated cells fail to proliferate 
when blastocysts are cultured in vitro, and only trophectoderm and 
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primitive endoderm-like cells are produced [3,13,19]. The deletion 
of Sox2 in ES cells has resulted in trophectoderm differentiation 
[20]. Therefore, Sox2, like Oct-3/4, is essential for the maintenance of 
pluripotency [19]. Resident astrocytes can be converted to doublecortin 
(DCX)-positive neuroblasts by a single transcription factor, SOX2, 
in the injured adult spinal cord [21,22]. Importantly, these induced 
neuroblasts can mature into synapse-forming neurons in vivo Sox2 
is considered a transcription factor necessary for the proliferation 
maintenance of at least one type of stem cell, the epiblast stem cell 
[17,22].  Sox2 is found to be expressed in neural stem/precursor cells 
of adult mouse, and is found to be required for their proliferation and 
maintenance. In addition to neural proliferation defects, adult brains of 
Sox2 mutants have shown the loss of thalamo-striatal parenchyma, cell 
degeneration and neurological abnormalities [23].

SOX 4 and SOX11: Proneural bHLH transcription factors have 
been observed to be essential for the progression of neurogenesis and 
can induce cell cycle exit and commit progenitors to a neurogenic 
program [14-15,24-26], but how these proteins promote differentiated 
progeny to obtain a neuronal phenotype has remained elusive. It is 
seen that Sox4 and Sox11 function downstream from proneural bHLH 
protein as critical activators of both generic and subtype specific 
neuronal properties. Elimination of Sox4 and Sox11 activity did not 
disrupt the ability of proneural bHLH proteins to promote cell cycle 
exit, but blocked their capacity to establish the expression of neuronal 
properties. Together, these data reveal a central regulatory role of 
group-C Sox proteins during neuronal maturation and suggest that the 
induction of Sox4 and Sox11 expression reflects a critical step in the 
acquisition of a neuronal phenotype [27].

Expression of Sox11 was increased after SCI and mainly located in 
ependymal cells lining the central canal and in newly-generated neurons 
in the spinal cord. A lentiviral vector expressing GFP containing the 
Sox11 gene was introduced into the injured spinal cords to evaluate 
the therapeutic potential of Sox11 in mice with SCI. Sox11 markedly 
improved locomotor recovery and this recovery was accompanied by 
an up-regulation of Nestin/Doublecortin expression in the injured 
spinal cord. Moreover, some GFP-positive cells along the central canal 
expressed Nestin, a neural stem cell marker and some GFP-positive 
cells in the gray matter of injured spinal cords expressed Doublecortin, 
an immature neuronal cell marker [28].

SOX 21: The studies have suggested that the generation of neurons 
from precursor cells depends on Sox21 repressor activity, which 
promotes neurogenesis by counteracting the function of Sox1–3 
[29]. Thus, whether neural cells remain as progenitors or commit 
to neuronal differentiation appears to be dependent on the intrinsic 
balance of Sox21 and Sox1–3 activity [29]. Data has shown that 
proneural proteins upregulate the expression of Sox21 and thereby shift 
the balance of Sox21 and Sox1–3 activity [29]. Sox21 has been found to 
have a central role during neurogenesis. Amount of Sox21 expression 
shows a progressive increase in progenitor cells. Until a critical level 
was reached at which Sox1–3–activated genes are repressed, inducing 
these cells to commit to differentiation [29]. Indeed, these findings 
favour the idea, as the expression of Sox21 was most pronounced in the 
lateral aspect of the ventricular zone. Hence, the activity of Sox21, and 
its ability to promote differentiation, seems to be reflected by its level 
of expression [29,30].

SOX 9 AND SOX 10: SOX10 preserves both neurogenic and 
gliogenic differentiation capacity from extinction by lineage restriction 
factors [31]. SOX10 inhibits overt neuronal and smooth muscle 
differentia- SOX10 prevents TGF_-induced proliferative embryos.

SOX9 is a key determinant of multipotent NSCs in both the 
embryonic and adult CNS. The NSC-promoting activity of SHH 
signalling is mediated at least in part by induction of Sox9. SOX9 
has been shown to be expressed by radial glia, at least some of which 
possess NSC char-acteristic, and Sox9 been implicated in the switch 
from neurogenesis to gliogenesis in progenitors of the embryonic 
spinal cord [32].

Role in diseases

SOX 2 in ovarian carcinoma: SOX2 is recognised as a key regulator 
for maintaining the pluripotency and self-renewal of embryonic stem 
cells and contributes to the reprogramming of differentiated somatic 
cells back to a pluripotent stem cell state [11,33,34]. More recently, 
enhancement in SOX2 expression has been detected in several epithelial 
tumors which suggest that SOX2 also regulates tumorigenesis [33]. 
On the basis of its prominent role in pluripotent stem cell stemness, 
SOX2 expression has been proposed as a general feature of CSCs [33]. 
The reported data, however, shows that divergent SOX2 expression 
patterns and functions across tumors, suggesting that SOX2 adopts 
specific roles in individual tumor types [33]. In breast cancer cells, for 
instance, SOX2 has been seen to promote CSC characteristics such 
as in vitro tumor sphere formation and in vivo tumorigenicity [33]. 
When cultured under nonadherent sphere conditions that enrich for 
CSCs, breast cancer cells upregulated SOX2 expression. This indicated 
a tight link between SOX2 expression and functional stem cell state. 
Furthermore, immunohistochemical analysis of primary breast 
carcinomas has exhibited a heterogeneous SOX2 protein expression in 
only a minority of tumor cells consistent with the putative role of SOX2 
as a breast CSC marker [33,35].

SOX 1 in small cell lung cancer (SCLC): SOX antibodies have been 
recognised as important markers for premature diagnosis of cancer [4]. 
Unlike before when testing was elaborate and determination of antibody 
titers was difficult [4], the newly developed ELISA has been able 
solve issues and is amenable to high throughput screening [4]. SOX1 
antibodies have been commonly observed in small-cell lung carcinoma 
(SCLC) with and without paraneoplastic syndrome (PNS) and can 
serve as serological tumor marker [4]. Addition of other antibodies 
might improve its diagnostic power.  Validation of an enzyme-linked 
immunosorbent assay (ELISA) to assess the diagnostic value of serum 
antibodies in SCLC and Lambert-Eaton myasthenic syndrome (LEMS) 
was done [4] which detected SOX or -Hu serum antibodies in 43% of 
SCLC patients without clinical paraneoplastic disease and in 67% of 
SCLC patients with LEMS [4]. Out of the four SOX proteins, antibodies 
against SOX1 were found most frequently (32%) in SCLC patients 
without PNS Cross-reactivity among SOX proteins which has been 
studied in greater detail [4]. Absorption with SOX1 protein showed 
neutralization of all SOX21 reactivity, but Vice-versa absorption with 
SOX21 only partially neutralized SOX-B1 (SOX1, SOX2, and SOX3) 
reactivity [4]. This suggested that SOX-B1 antigens, possibly SOX1 
itself, were more likely to be the primary antigen eliciting the initial 
immune response. SOX antibodies are recognised as tumor markers 
and are considered to be exclusively present in patients with a tumor 
[4,36].

SOX 2-A frequently amplified gene in small cell lung cancer: 
Lung cancer is the leading cause of cancer mortality in the United 
States, where it is responsible for over 160,000 deaths annually. 
Approximately 10–15% of the new lung cancer cases diagnosed each 
year is SCLC [37].

SOX2 protein overexpression has previously been noted in high-
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grade SCLC [38], and immunoreactive antibodies against SOX2 have 
been detected in sera from SCLC patients [39].

Suppression of SOX2 using shRNAs blocked proliferation of 
SOX2-amplified SCLC lines [39].

The siRNA-mediated knockdown of SOX2 in D121 lung carcinoma 
cells, which led to the decisive inhibition of these cells’ migration in a 
transwell migration assay, suggests that this transcription factor may 
regulate key biological functions of these cells. SOX2 signalling pathway 
as well as its downstream genes Oct 4 and Nanog in the development 
and maintenance of cancer stem cells are still being investigated. SOX2 
signaling pathway is involved in cancer stem cell development and 
that its deregulation can effectively suppress growth and metastasis of 
non-small cell lung carcinoma cells [40,41]. This novel strategy may 
contribute to the future development of efficacious cancer treatments [39].

Discussion and Conclusion
Transcription factors of the Sox family provide important clues 

about the control of events in neurogenesis [3]. In the central nervous 
system, Sox1, Sox2 and Sox3 are required for stem-cell maintenance, 
and their effects have been observed to be counteracted by Sox21 
[3]. Sox9 has been seen in altering the potential of stem cells from 
neurogenic to gliogenic, whereas Sox10 is indispensable for terminal 
oligodendrocyte differentiation [3]. In the peripheral nervous system 
the same Sox proteins have altered functions, uncovering vital 
developmental differences between the CNS and PNS [3]. Some Sox 
genes, such as Sox7 and Sox17 are epigenetically silenced in many 
human cancers and they appear to act as tumor suppressors [42].

Over expression of SOX7 or SOX17 in human colon cancer cell lines 
has been found to have a suppressive role in the hyperactive β-catenin 
activity in cancerous cells as well as reduce Cyclin-D1 expression and 
repress proliferation [42]. The stable transfection of SOX4 was found 
to transform prostate cells [43], whereas antisense depletion of SOX4 
from prostate or colon cancer cell lines inhibited Cyclin-D1 expression 
and reduced proliferation [42-44]. There are cases where the same Sox 
gene behaves in a different way in different cancers [42]. For instance, 
SOX2 has been observed to be frequently over expressed in aggressive 
human breast carcinomas, where it promotes β-catenin stimulated 
proliferation [45], whereas in gastric cancer, Sox2 is often down 
regulated and when over expressed in those cells represses Cyclin-D1 
expression and proliferation [42,46]. Even during formation of iPSCs 
Yamanaka discovered that though Sox2 in an inevitable factor it also 
leads to teratoma formation. Role of Sox family, its various interactions 
with pathways as well as its presence in disease and disorders is yet 
to be completely understood by scientists. Its importance in various 
processes cannot be denied. Also how various animals having a 
capacity to regenerate balance between the stem cell proliferation and 
Cancer formation properties of Sox family is an enigmatic mystery yet 
to be unravelled.
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