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Abstract
Sex determining region Y-box 2 (Sox2) is a transcription factor that is essential for maintaining self-renewal or pluripotency of
undifferentiated embryonic stem cells. The expression and distribution of Sox2 in tumor tissues have been extensively recorded,
which are related to the progression and metastasis of tumor. However, a complete mechanistic understanding of Sox2 regulation
and function remains to be studied. Herein, we show new potential properties of Sox2 regulation and functions from bioinfor-
matics analysis. We use numerous algorithms to characterize the Sox2 gene promoter elements and the Sox2 protein structure,
physio-chemical, localization properties and its evolutionary relationships. The expression of Sox2 is regulated by a diverse set of
transcription factors and associated with the levels of methylation of CpG Islands in promoters. The structural properties of Sox2
indicate that Sox2 expresses as a stem cell marker in a variety of stem cells. Sox2 together with other transcription factors or
proteins regulate the expression of downstream target genes, which makes a great difference to the biological function of stem
cells. Not only stem cells, Sox2 also play an important role in tumor cells. In conclusion, this information from bioinformatics
analysis will help to understand Sox2 regulation and functions better in future attempts.
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Introduction

The Sox gene family is composed of a class of SRY related
genes, which encode a family of transcription factors that bind
to the minor groove in DNA. The Sox gene family consisting
of at least 20 members are divided into 8 groups (from A to
H), based on their HMG sequence identity in humans [1].
Many Sox genes are involved in sex determination, some
are also important in processes such as neuronal development
[2]. Sox2 as one of the main members of the Sox family is
essential for maintaining self-renewal or pluripotency of un-
differentiated embryonic stem cells. Sox2 has a critical role in
maintenance of embryonic and neural stem cells.
Transcription factor Sox2 can regulate gene expression by
interacting with other proteins. Sox2 is a critical downstream

target of fibroblast growth factor signaling, which mediates
self-renewal of trophoblast stem cells [3].

Sox2 gene is located on 3q26.33, its expression is mainly
found in stem cells and many different kinds of cancer cells,
including glioma, breast cancer, colorectal cancer and etc. [4].
Over-expression of Sox2 strongly enhanced the growth of
tumor cells. It has been reported that Sox2 was involved in
the regulation of cell behavior in a variety of pathways, such
as Wnt/β-catenin, PI3K-AKT-Mtor, MAP4K4/JNK and etc.
[5]. Although some functions of Sox2 are still known, a com-
plete understanding of Sox2 regulation and function remains
to be studied. Bioinformatics analysis to predict regulatory
mechanism of the gene and protein expression greatly solves
these problems.

Bioinformatics is an interdisciplinary field, which com-
bines molecular biology and genetics, computer science,
mathematics, statistics to develop methods and software tools
for processing and understanding biological data [6]. In the
field of genetics and genomics, it helps to sequence and an-
notate the genome and its observed mutations. Sequence anal-
ysis is the analysis of DNA and protein sequences to find
functional clues, including homologous identification, multi-
sequence alignment, search sequence patterns and evolution
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analysis and other sub-problems, which helps to explain the
biological meaning and function of the gene and protein. In
addition, protein structure prediction is another important ap-
plication of bioinformatics. The amino acid sequence of a
protein, the so-called primary structure, can be easily deter-
mined from the sequence on the gene that codes for it. In the
vast majority of cases, this primary structure uniquely deter-
mines a structure in its native environment. Knowledge of this
structure is vital in understanding the function of the protein.
Moreover, network analysis seeks to understand the relation-
ships within biological networks such as metabolic or protein-
protein, small molecular interaction networks. Therefore, bio-
informatics tools can aid in the comparison of genetic and
genomic data and more generally in the understanding of evo-
lutionary aspects of molecular biology as well as, at a more
integrative level, analyzing and cataloguing of the biological
pathways and networks that are an important part of systems
biology [7].

In this study, we used bioinformatics tools to examine the
Sox2 sequence to characterize the gene promoter, CpG
islands, potential transcriptional factors binding sites
(TFBS), encoded protein structure and its subcellular locali-
zation, secondary and tertiary structures, and even evolution-
ary relationships. These characteristics will help define the
basis for Sox2 regulation and differential expression in stem
cell and cancer. These various bioinformatics tools are among
the common tools of molecular biology helping investigators
finding leads to investigate genes/proteins.

Materials and Methods

The following prediction methods were used for Sox2 regu-
latory elements, structure and function: Promoter:- Neural
Network Promoter Prediction (http://www.fruitfly.org/seq_
tools/promoter.html) [8]; CpG island:- EMBOSS (http://
www.ebi.ac.uk/Tools/emboss/) and MethPrimer 2.0 (http://
www.urogene.org/methprimer2) [9, 10];TFBS:- PROMO
(http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.
cgi?dirDB=TF_8.3) [11]; The relatively molecular, amino
acid sequences, protein relatively molecular quality, mass of
amino acids, theoretical isoelectric point, PI, half-life, unstable
factor, the total average hydrophilic:- ProtParam (http://www.
expasy.org/ tools /protparam.html) [12] ; Polar i ty,
hydrophilicity, refractivity:-Protscale (http://www.expasy.
org/tools/protscale.html) [12];The secondary structure:-
SOPMA (http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?
page=npsa_sopma.html) and GOR4(http://npsa-pbil.ibcp.fr/
cgi-bin/npsa_automat.pl?page=npsa_gor4.html) [13, 14];
Signal peptide cutting locus:- SignalP4.1 Server (http://
www.cbs.dtu.dk/services/SignalP/) [15]; Nuclear localization
signal prediction:- NLSTRADAMUS (http://www.moseslab.
csb.utoronto.ca/NLStradamus/) [16];Subcellular location:-

TargetP 1.1 Server (http://www.cbs.dtu.dk/services/TargetP/)
and PSORT II (https://psort.hgc.jp/form2.html) [17, 18];
Protein structure and function:- InterPro (http://www.ebi.ac.
uk/interpro/) [19];Transmembrane domain:- TMHMM
(http://www.cbs.dtu.dk/services/TMHMM/) [20]; Advanced
structure:- SWISS-MODEL (http://www.expasy.ch/
swissmod/SWISS-MODEL.html) [21]; Evolutionary tree:-
Clustalx program (http://www.clustal.org/download/current/)
and Tree view (http://www.taxonomy.zool-ogy.gla.ac.uk/rod/
rod.html) [22, 23]; Protein-protein interactions:- String
(ht tps: / /s t r ing-db.org/) [24]; Phylogenet ic t ree:-
BLAST(https://blast.ncbi.nlm.nih.gov/Blast.cgi) and
MEGA7(https://mega.co.nz/) [25, 26]; Signaling pathway:-
KEGG (http://www.genome.jp/kegg/) [27].

Results

Properties of the TATA-Box, GC-Box, CAAT-Box Motifs
in the 5’ Regulatory Region of Sox2

To determine whether there are TATA-box, GC-box, CAAT-
box motifs in the 5’ regulatory region of human Sox2 and to
which the transcription factors TBP, SP1 and CBF can bind.
We BLAST searched Sox2 mRNA (NM_003106) and human
genomic sequences between −2000 bp to 200 bp from the
transcription start site, for the motifs TATAWAW (where W
represents A or T), GGGCGG and CCAAT.We identified two
GC-box fragments, and one TATA-, but no CCAAT, suggest-
ing that expression and transcriptional activity of Sox2 is reg-
ulated by SP1 and TBP.

Promoter, CpG Island and TFBS Prediction in the 5’
Regulatory Region of Sox2

The Sox2 promoter sequence and TFs that bind to this se-
quence determine the temporal and spatial expression pattern
of the gene. Therefore, defining of TFBS is important in the
study of gene regulation. We used online programs, such as
neural network promoter prediction, EMBOSS, MethPrimer
2.0 and PROMO to predict promoters, CpG Islands and TFBS
in 5’ regulatory region sequences of human Sox2. We identi-
fied four promoters shown in Table 1. CpG Islands are regions
with a high frequency of CpG sites. Though objective defini-
tions for CpG islands are limited, the usual formal definition is
a region with at least 200 bp, a GC percentage greater than
50%, and an observed-to-expected CpG ratio greater than
60%, but we cannot find CpG Island in this way.
Hackenberg M et al. Find that the shortest length of CpG
Island can be shorter than 200 bp, as long as it has the meaning
of CpG Island [28]. Therefore, we reduced the length of CpG
Island. Finally, we find two CpG islands. These CpG islands
have different length and location as shown in Fig. 1a.
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MethPrimer 2.0 also identified two different CpG islands (Fig.
1b). PROMO program predicted 77 potential TFBS with a
score higher than 85 points, 70 potential TFBS with a score
higher than 90 points, 46 potential TFBS with a score higher
than 95 points and 19 potential TFBS with a score over 99
points (Fig. 2). Together, these findings suggest that Sox2
expression is associated with the levels of methylation of
CpG islands in its promoters. Different transcription start sites
makes Sox2 transcription in a different way, and then produce
a variety of different biological functions of a transcription
product.

The Amino Acid Sequence and Physicochemical
Properties of Sox2 Protein

To predict the protein structure of Sox2, we used ProtParam
online software (http://au.expasy.org/tools/) to analyze amino
acid composition, molecular formula, molecular weight and
isoelectric point. Sox2 consists of 317 amino acids with 20
different amino acids, including alanine (8.2%), glycine (11.
0%), leucine (6.3%), serine (11.4%) and Methionine (7.9%)
(Table 2a). Sox2 has the following properties: protein formula
C1467H2321N443O457S26, molecular weight 34.
30982 kDa, theoretical PI 9.74, estimated half-life in vitro
30 h, instability index 58.73 and the hydrophilic residue ratio
is lower than that of the hydrophobic residues. The threshold
value of Sox2 hydrophilicity is highest at 31–44, 53–77 and
80–126 bp (Fig. 3a and Table 2b). The threshold value of
Sox2 polarity is highest at 6–10, 36–44, 53–126, 158–160,
197–202 and 268–273 bp (Fig. 3b and Table 2b). The thresh-
old value of turn-back coefficient is highest at 5–8, 37–125,
156–164, 174–180, 195–204, 225–227, 272–276, 293–
297 bp (Fig. 3c and Table 2b). The overlapping range of these
parameters is shown in Table 2b at 37–44, 53–77, 80–125 bp.
Taken together, these data suggest that Sox2 mainly contains
hydrophilic amino acid and polar amino acids, functional
overlapping structure ranges from 37 to 125 bp, and that
Sox2 protein maybe a Hydrophilic and unstable protein.

Secondary Structure Prediction for Sox2 Protein

The arrangement of atoms in space of the main polypeptide
chain (α helix, extended strand, β turn and random coil) de-
termines basic protein secondary structure. Determination of
this arrangement can help predict functions, and protein

modifications. We used ExPASy-SOPMA and GOR4 second-
ary structure prediction module to calculate Sox2 secondary
structure, and to draw the structure model. The prediction
results can be shown as a peak figure or the diagram can be
simplified to show as the random of coiled and folded areas.
The SOPMA method identified 95 (29.97%) α helix, 32
(10.09%) extended strands, 26(8.2%) β turns and 164
(51.74%) random coils and irregular coiled and folded struc-
tures located mainly at 7–25, 32–44, 48–57, 102–151, 219–
237, 246–259 and 296–317 bp between the peak figure and
simplified diagram (Fig. 4a and Table 3). The GOR4 method
identified 82 (25.87%)α helix, 72 (22.71%) extended strands,
and 163 (51.42%) random coils and irregular coiled and
folded structures located mainly at 1–24, 31–46, 105–153,
158–189, 198–282 and 297–317 bp (Fig. 4b and Table 3).
The comparison of two secondary structure prediction results
is shown in Table 3. Sox2 secondary structure mainly consists
of the irregular curl overlapping areas at 7–24,32–44, 105–
153, 219–237, 246–259 and 297–317 bp, suggesting that
these areas are mainly composed of α helix, extended strand
and random coil structure. Taken together, the functional do-
main of Sox2 protein is likely to be limited to these overlapped
areas.

Analysis of Signal Peptide Cleavage Site, Subcellular
Location, Transmembrane Domains in the Sox2
Protein

Signal peptides direct protein localization in cells and usually
consists of 15–30 N-terminal amino acid residues. To analyze
the Sox2 signal peptide, we first used the Antheprot signal
peptide cutting locus analysis module and the result showed
Sox2 may have two signal peptide cutting locus in Fig. 5a.
Consistent with previous results, the Sox2 isoelectric point is
approximately near 10.0, and the physiological state of Sox2
molecules is closest to pH 9.08, with a positive charge of
10.065, as shown in Fig. 5b.

We also used SignalP4.1 to predict the signal peptide and
its cleavage site. As shown in Fig. 5c and Table 4, there is no
signal peptide cleavage site. We also used NLStradamus, a
simple Hidden Markov Model for nuclear localization signal
prediction, to show that there was one nuclear localization
signal sequences, suggesting that Sox2 enter the nucleus.
TargetP1.1 predicts Sox2 to be located in the other localization
within cell (92.5%) (Table 5), and PSORT II Prediction

Table 1 Sox2 promoter site
prediction using online Neural
Network Promoter Prediction
program

Start sites End sites Score Promoter Sequence

382 432 0.88 aagccctttataaaaaagaaatggcatcaggtttttttttctttattccc

631 681 0.96 ggagagcggctaaaattaccctcttgggtcctgggcgggcaagattcctg

1689 1739 0.96 gtttaaagaaaaaaaaacccacgtagtcttagtgctgtttacccacttcc

1851 1901 0.87 cccccggcctcccccgcgcggccggcggcgcgggaggccccgcccccttt
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Fig. 1 CpG Island prediction for Sox2 using two prediction programs. a
CpG island prediction using online EMBOSS. These CpG Islands were
136 bp in length (located at 527–662 bp), 171 bp (1823–1993 bp). bCpG

island prediction using MethPrimer 2.0 program, Urogene program
identified two different CpG islands of 99 bp (1407–1502 bp) and
136 bp (1829–1984 bp)
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indicated that Sox2 may locate to the nuclear (73.9%), cyto-
skeletal (8.7%), vesicles of secretory system (4.3%), plasma
membrane (4.3%), Golgi (4.3%) and cytoplasmic (4.3%)
(Table 6). Therefore, we considered that Sox2 is a nuclear
protein that corresponds to its function.

Prediction of Sox2 Protein Domain and Function Site

To predict Sox2 structural domain and important functional
sites, we used InterPro software. The results show that Sox2
belongs to the high mobility group box domain superfamily

Table 2 The basic properties of
Sox2 analyzed by using
ProtParam online software

A. Amino acids composition of Sox2

Amino acids Abbreviation Number Conposition (%)

Alanine Ala(A) 26 8.20%

Arginine Arg(R) 17 5.40%

Asparagine Asn(N) 15 4.70%

Aspartate Asp(D) 9 2.80%

Cystine Cys(C) 1 0.30%

Glutamine Gla(Q) 18 5.70%

Glutamate Glu(E) 12 3.80%

Glycine Gly(G) 35 11.00%

Histidine His(H) 11 3.50%

Isoleucine Ile(I) 4 1.30%

Leucine Leu(L) 20 6.30%

Lysine Lys(K) 17 5.40%

Methionine Met(M) 25 7.90%

Phenylalanine Phe(F) 2 0.60%

Proline Pro(P) 26 8.20%

Serine Ser(S) 36 11.40%

Threonine Thr(T) 14 4.40%

Tryptophan Trp(W) 3 0.90%

Tryosine Try(Y) 14 4.40%

Valine Val(V) 12 3.80%

B. Molecular formula, molecular weight, isoelectric point and other basic properties of Sox2

Parameters Predication results

Formula C1467H2321N443O457S26

Molecular weight 34,309.82

Theoretical pI 9.74

Total number of atoms 4714

Number of amino acids 317

Total number of negatively charged residues 21

Total number of positively charged residues 34

Estimated half-life(mammalian reticulocytes,
in vitro)

30 h

Instability index 58.73

Hydrophilic 31–44, 53–77, 80–126

Polarity 6–10, 36–44, 53–126, 158–160, 197–202, 268–273

Turn-back coefficient 5–8, 37–125, 156–164, 174–180, 195–204, 225–227,
272–276, 293–297

The predicted results the overlapping area 37–44, 53–77, 80–125

Fig. 2 There are 24 potential TFBSs prediction for Sox2 with a score of 99 using PROMO program prediction
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Fig. 3 Nucleotide and deduced
amino acid sequences of human
Sox2 analyzed using protscale. a
Hydrophilicity plot analysis of
Sox2. b Polarity analysis of Sox2.
c Refractivity analysis of Sox2
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(IPR036910) and Sox (IPR22097) as shown in Fig. 6. Its
function is associated with structural molecular activity (GO:
0003677) and that action contributes to the regulation of tran-
scription and DNA-templated (GO: 0006355).

Transmembrane domain usually denotes a transmem-
brane segment of single alpha helix of a transmembrane
protein. More broadly, a transmembrane domain is any
membrane-spanning protein domain. We used TMHMM
Server 2.0 to predict the transmembrane domain in Sox2

and the result showed Sox2 is not have a transmembrane
domain (Fig. 7).

Advanced Structure of Human Sox2 Protein

Analysis of the detailed structures of Sox2 will further our
understanding of its biological role. To obtain a simulation
map of high-level protein structure, the amino acid sequence
was analyzed using Swiss-model server. Sox2 protein and its

Fig. 4 Secondary structure analysis of Sox2 protein using SOPMA (a,
up: schematic illustration; down: the peak figure) and GOR4 (b, up:
schematic illustration; down: the peak figure) prediction software. Helix

(blue), spiral structure; Sheet (red), folding; Turn (green), corner
structure; Coil (purple), irregular curly structure

Table 3 Comparison of Sox2
secondary structure prediction
results between SOPMA and
GOR4 methods

Secondary structure prediction methods Prediction results

SOPMA 7–25, 32–44, 48–57, 102–151, 219–237, 246–259, 296–317

GOR4 1–24, 31–46, 105–153, 158–189, 198–282, 297–317

The predicated results of the overlapping area 7–24, 32–44, 105–153, 219–237, 246–259, 297–317

Bioinformatics Analysis Makes Revelation to Potential Properties on Regulation and Functions of Human Sox2 699



structure database template 2le4.1.A, has 69.14% amino acid
sequence, which is derived from the template sex-determining

region Y protein that GMQE is 0.19 and QMEAN4 is −2.74,
which 3D structure as shown in Fig. 8a-d.

Fig. 5 Signal peptide cleavage site and titration curve of Sox2 using
Antheprot and SignalP analysis. a Antheprot signal peptide cleavage
site, subcellular localization prediction using TargetP1.1 and PSORT II

Prediction. b Titration curve of Sox2 using Antheprot analysis. cCurve of
Sox2 protein signal peptide using SignalP-4.1 predictions

Table 5 Subcellular localization prediction of SOX2 using TargetP1.1

Name Length mTP SP other Loc RC

Sequence 317 0.045 0.097 0.925 _ 1

cut off 0.000 0.000 0.000

[i] The location assignment is based on the predicted presence of any
SOX2 N-terminal presequences: mitochondrial targeting peptide (mTP)
or secretory pathway signal peptide; other, other localization within cells.
Number of query sequences: 1, cleavage site predictions are not included
using Non-Plant networks

Table 4 Results of Sox2 protein signal peptide using SignalP-4.1 euk
predictions

Measure Position Value Cutoff Signal peptide

Max.C 49 0.111 NO

Max.Y 54 0.107 NO

Max.S 56 0.114 NO

Mean S 1–53 0.098 NO

D 1–53 0.102 0.45 NO
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The Evolutionary Tree of Sox Family Amino Acid
Sequence Rendering System and Homology Analysis
of Human Sox2 Protein Sequences

With Clustalx program construct phylogenetic tree, and with
the TreeView software on the system of evolutionary tree edit
and comparison, the family system evolutionary tree of Sox
protein amino acid sequence was drawn. All members of Sox
are clustered closely except Sox3, Sox14, SRY, Sox15, Sox11,
Sox5a, Sox5f, Sox5c, Sox5b, Sox13, Sox7, Sox8 and Sox30,
14 members of the others exist in pairs and Sox2 in particular
is paired with Sox1, suggesting they are the closest (Fig. 9a).
Through the relevant data in the library collection, download
sequence similarity information encoding protein of the spe-
cies to build the system tree. The evolutionary history was
inferred using the Neighbor-Joining method and the optimal
tree with the sum of branch length = 0.05158097 is shown.
The tree is drawn to scale, with branch lengths in the same
units as those of the evolutionary distances used to infer the
phylogenetic tree (Fig. 9b).

Known and Predicted Protein-Protein Interactions
with Sox2

STRING is a database of known and predicted protein inter-
actions that are derived from four sources, including Bgenomic
context,^ Bhigh-throughput experiments,^ Bcoexpression,^
and Bprevious knowledge.^ In this study, many factors
showed protein-protein interactions with Sox2 and were
displayed in the network view (Fig. 10). The network nodes
will display the details about the protein. Based on the above
description, we could find that TDGF1, POU5F1, DPPA4,
LIN28A, NANOG, KLF4, ASLL4, CTNNB1, FGF2 and
STAT3 were shown to have protein-protein interactions with
Sox2. Interestingly, Nanog is a pivotal transcription factor in
embryonic stem (ES) cells and is essential for maintaining the
pluripotency and self-renewal of ES cells, which is similar to
the function of Sox2 [29]. Moreover, Nanog and Sox2 partic-
ipate in the formation of core transcriptional network [30].

Sox2 Related Signaling Pathway Analysis

To identify Sox2-related signaling pathway, we focused on
Sox2-related molecular network information in KEGG path-
way maps. Sox2 is related to two signaling pathways includ-
ing ko04390, ko04550 and has been identified as related to
Septo-optic dysplasia, Anophthalmia and microphthalmia
(A/M). Septo-optic dysplasia is a heterogeneous condition
with optic nerve hypoplasia, dysgenesis of the septum
pellucidum, and pituitary hypofunction. Septal dysplasia has
been confirmed to be associated with the lack of Sonic hedge-
hog (Shh) in the hypothalamus, and Sox 2 is a dose-dependent
regulator of Shh transcription that directly bind and activate a

Table 6 Sox2 protein may locate in the nucleus (73.9%), cytoskeleton
(8.7%), vesicles of secretory system (4.3%), plasma membrane (4.3%),
Golgi (4.3%) and cytoplasm (4.3%) using PSORT II Prediction

K = 9/23

73.9%: nucleus

8.7%: cytoskeleton

4.3%: vesicles of secretory system

4.3%: plasma membrane

4.3%: Golgi

4.3%: cytoplasm

> > prediction for QUERY is nuc (k = 23)

Fig. 6 Function of Sox2. a Sox2 belongs to the High mobility group box domain superfamily (IPR036910) and Sox (IPR22097) according to the
InterPro software
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long-range Shh forebrain enhancer [31]. Therefore, the lack of
Sox2 may be related to Septo-optic dysplasia. A/M can be
defined as an absence or reduced size of the globe in the orbit.
The occurrence of A / M is related to the mutation of Sox2
gene, but the exact reason is still unclear.

The transcriptional coactivator yes-associated protein 1
(YAP1), which is the oncogenic component of the Hippo signal-
ing pathway (ko04390). It has been reported that the effects of
YAP1 were mediated through the embryonic stem cell transcrip-
tion factor Sox2. YAP1 could transcriptionally induce Sox2

Fig. 7 Transmembrance domain
analysis of Sox2 using TMHMM
Server 2.0

Fig. 8 Predicted three-dimensional structure of Sox2 with Swissmodel server. a Sox2 protein and its structure database template 2le4.1.A. b Sox2
protein has 69.14% amino acid sequence. c GMQE is 0.19 and QMEAN4 is −2.74. d The predicted 3D structure of Sox2

J. Zhang et al.702



Fig. 9 Evolutionary tree of the
SOX family. a The family system
evolutionary tree of SOX protein
amino acid sequence was drawn.
b The phylogenetic tree of
Sox2.Evolutionary analyses were
conducted in MEGA7.The
evolutionary distances were
computed using the Poisson
correction method and are in the
units of the number of amino acid
substitutions per site. The analysis
involved 20 amino acid
sequences. All positions
containing gaps and missing data
were eliminated. There were 312
positions in the final dataset
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through a physical interaction with Oct4 [32]. Meanwhile Sox2
could promote YAP1 expression by binding to an intronic en-
hancer element. Thus, Sox2 and YAP1 reinforce each other’s
expression to maintain stemness and tumorigenicity [33]
(Fig. 11).The other signaling pathway is ko04550. Through this
signaling pathway, Sox2 establishes connections with other sig-
naling molecules, regulates stem cell development, homeostasis
maintenance and aging processes. For example, Wnt/β-catenin
signaling pathway promotes the expression of differentiation
genes, and the expression of Wnt is decreased in hippocampal
astrocytes during aging, thereby driving neural progenitor cells to

quiescence [34]. Interestingly, Sox2 reduced Wnt signal by up-
regulation of APC and GSK 3β and down-regulation of Fzd in
osteoblasts [35]. Sox2 knockdown by small interfering RNAs
(siRNAs) in two-cell embryo mostly leads to a decrease in
Sox2 level at morulae stage, developmental arrest at the
morulae/blastocyst transition, and inability to form
trophectoderm [36]. Not just stem cells, the research on the rela-
tionship between Sox2 and tumor has been carried out in the
experimental and clinical research. For example, breast cancer,
prostate cancer, oral squamous cell carcinoma, ovarian epithelial
cancer, liver cancer etc. [37–41].

Discussion

Sox2 encodes a 34-kDa transcription factor on chromosome
3q26.33. Sox2 has been shown to be expressed differentially in
various tumor tissues and cells [42, 43], and to a certain degree its
alteration can inhibit or promote tumor cell growth, apoptosis,
invasion, migration and EMT in vitro, and methylation of the
gene may be involved in tumorigenesis [5, 44–46]. Although we
have clarified some functions of Sox2, more questions remain to
be answered. Why it is differentially expressed in different cells,
which signal pathway relates to it and how it is regulated, sug-
gesting alternative ways are needed to answer the questions.
Bioinformatics may be a way complementary to experimental
biology in understanding Sox2 regulation and function, which
necessarily must be validated by experiments in vitro or in vivo.

We studied the 5’ regulatory region of Sox2 using bioinfor-
matics tools and found that it contained two GC-boxes and one
TATA-box, two CpG islands. In the 5′ regulatory region

Fig. 10 Known and predicted protein-protein Interactions with Sox2.The
edges represent the predicted functional associations and are drawn with
up to 7 differently colored lines that represent the existence of the 7 types
of evidence used in predicting the associations: (1) red line: fusion

evidence; (2) green line: neighborhood evidence; (3) blue line: co-
occurrence evidence; (4) purple line: experimental evidence; (5) yellow
line: text-mining evidence; (6) light blue line: database evidence; (7)
black line: coexpression evidence

Fig. 11 Sox2-related signaling pathways identified using KEGG
pathway searches
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sequence 77 and 19 potential TFBS were predicted with a score
of 85–99 and diverse TFs such as SP1 are predicted to bind to
these TFBS. These results are supported by published literatures,
e.g. Tornin J and Martinez-Cruzado L documented that the asso-
ciations between Sox2 expression and mRNA levels of SP1 in
sarcoma [47], as well as transcription factors such as P53 and
P21 [48], the expression of Sox2 is associated with methylating
CpG islands; treatment with 5-azacitidine and Dimethyl
Sulfoxide induced marked decreases in the levels of methylation
of CpG islands in the promoters of Sox2 [49, 50]. In addition, it is
reported that some TFBS, including those for YB-1, HMGA2,
ARID3B, FOXM1 andMSX2 have been shown to contribute to
Sox2 regulation [51–54].

The amino acid sequence of Sox2 was also analyzed by bio-
informaticsmethods. The results showed that the isoelectric point
was 9.74; alanine, glycine, leucine, serine and Methionine were
the most abundant amino acids; Sox2 was an unstable protein,
which has Hydrophilic amino acids. The main predicted second-
ary structures of Sox2 are α helices, extended strands and ran-
dom coils in our results. Our Sox evolutionary tree shows Sox2
and Sox1 are most closely related, which is similar to a report by
Tenley C. Archer et al. and it is reported that continuous expres-
sion of Sox1 and Sox2 in transgenic embryos represses neuron
differentiation and inhibits anterior developmentwhile increasing
cell proliferation [55], suggesting they have common functions.
Sox2 related signaling pathway analysis results obtained from
these tools are used to support Sox2 promotes YAP1 expression
in osteosarcoma [33].

In summary, these results reveal that Sox2 gene may have
diverse transcription start sites and its transcription is regulat-
ed by DNAmethylation and transcription factors such as SP1.
Additionally, Sox2 may act as a transcription factor in the
nucleus to regulate the expression of other genes.
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