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Abstract

JAK/STAT pathway has been widely acknowledged in the development of human cancers. However, the role of different
phosphorylated STAT proteins translocating into nucleus in transcription activation of target genes is not fully understood.
In present research, ChIP-seq was carried on to investigate the genome-wide distribution of the activated STAT1, STAT?2,
STAT3, STATS and STAT6 in colorectal cancer HCT-116 cells. Our observations indicated that the homodimers rather than
heterodimers of STAT protein predominantly occupied on genomic DNA. STAT3 accounted for the largest proportion among
all STAT proteins HCT-116 cells. Furthermore, the biased binding motif targeted by different STAT homodimers suggested
the distinct biological functions. Here, we noticed that NR5A?2 was a specific co-activator of STAT3 by DNA motif analysis.
Co-IP assay determined that NRSA2 indeed interacted with STAT3 homodimer rather than other homodimers or heterodi-
mers. NR5A?2 knockdown resulted in a reduced binding affinity of STAT3 homodimer in the original regions. Taken together,
we characterize the genome-wide landscape of activated STAT proteins, and reveal the differences of binding patterns as
well as the target genes and associated functions between homodimer and heterodimer of STAT proteins in HCT-116 cells.
We also present some new findings and possible mechanisms regarding the role of NR5SA2 on STAT3 in CRC. Our findings
may provide new insights into the design of STAT inhibitors to treat CRC and other diseases.
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Introduction

Janus kinase/signal transducer and activator of transcrip-
Yanping Hu, Yifen Shen, and Yang Zhao contributed equally to this tion (JAK/STAT) pathway responding to a large number of
work. growth factors and cytokine receptors is critical in immune
function, blood formation and cell growth via transmitting
the signals of anti-apoptotic, proliferation and differentia-
tion in normal circumstances [1]. However, once JAK/STAT
signaling pathway is excessively and continuously activated,
the disordered activities of oncogenes and tumor suppressor
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transcription regulation coordinated with other transcrip-
tion factors; and (v) inhibition of JAKs and STATSs by the
up-regulated suppressors of cytokine singling (SOCS) as a
feedback. Although the selection of JAK proteins for signal
transmission depends on different cytokine receptors, the
activated JAK protein kinases do not seem to have specificity
for particular STAT substrates [4]. However, the types and
distributions of activated STAT family bound on genome
are inconsistent in different diseases. STAT1 contributes to
governing cell cycle progression via affecting the expression
of regulators for apoptosis [5], whereas STAT3 possesses
oncogenic potentials, thus promoting cell proliferation and
survival [6]. STAT4 and STAT6 expressed in immune cells
majorly targets to a series of genes encoding cytokines,
receptors and signaling factors for lymphocytes develop-
ment and inflammatory response [7, 8]. STATS proteins are
associated with cell differentiation lipid mobilization and
hormone synthesis [9]. The above contents suggest that the
defined gene population specifically activated by different
STAT proteins are related to the genomic accessibility and
recognition by the STAT proteins with other cofactors [10].

In colorectal cancer (CRC) cells, STAT3 has been deter-
mined to be constitutively activated in vivo [11], and widely
explored to develop novel therapies for CRC [12]. Neverthe-
less, other STAT proteins except STAT4 are also reported to
participate in CRC carcinogenesis and progression [13, 14].
To data, the components of human activated STAT dimers
in the nucleus are not clear, which includes the synergic,
supplementary or competitive relationship among different
STATs in CRC cells. In current study, chromatin immu-
noprecipitation sequencing (ChIP-seq) was carried on to
decipher the genome-wide accessibility and landscape of
STAT1, STAT2, STAT3, STAT5A/B and STAT6 in human
HCT-116 CRC cells. The bioinformatic analysis attempted
to figure out the different landscapes of STAT dimers on
genomic DNA, which is benefit to searching the precise
therapeutic targets of JAK/STAT pathway and developing
novel drugs for CRC and spreading to other diseases.

Materials and methods
Clinical study

Thirty CRC patients from 2015 to 2019 were enrolled in this
study. All participants signed the informed consent. This
study (2022-KY-0073-001) was approved by the ethics com-
mittee of Henan cancer hospital. The study was carried out
under the standards of the declaration of Helsinki.

Immunohistochemistry (IHC) assay

CRC tissues were fixed at 4 °C overnight by 4% formal-
dehyde solution, then embedded by paraffin, and pre-
pared 8 pm sections by microtome. Primary antibodies
included STATs and p-STATs (STAT1, sc-464; STAT2,
sc-514193; STAT3, sc-293151; STATS5A/B, sc-74442;
STAT6, sc-374021; p-STAT1, sc-8394; p-STAT3, sc-8059;
p-STAT6, sc-136019, Santa Cruz Biotechnology, Santa
Cruz, USA; p-STAT2, AF3342; p-STATS, AF3305,
Affinity Biosciences, Cincinnati, USA) at working solu-
tion (1:200). The slides were dipped in hematoxylin for
10 min, 0.1% HCl-ethanol for 3 min, 0.5% NH;-H,O for
30 s, and then 0.5% eosin-ethanol for 30 s. The slides were
rinsed tap by water for 5 s in experimental gap. Finally,
the sections were dehydrated in graded ethanol, vitrified
by xylene and mounted in neutral balsam. The positive
staining was statistically analyzed using Image J.

Cell culture

CRC HCT-116, RKO and CACO-2 cells as well as normal
colon epithelial HcoEpiC cells and intestinal fibroblasts
CCD-18Co cells were cultured in cultured within Dul-
becco’s Minimum Essential Medium (DMEM) containing
10% fetal bovine serum (FBS) (Thermo Fisher Scientific,
Waltham, MA, USA). NR5A2 siRNA (5’-UCAUUGAGC
AAAAGAAAAGUG-3’) synthesized from GenScript Bio-
tech (Nanjing, Jiangsu, China) was transfected into HCT-
116 cells using PolyFast Transfection Reagent (MedChem-
Express LLC, Shanghai, China) following the instruction
manual. Cells were further cultured 36 h after transfection,
following collection at — 80 °C immediately for the sub-
sequent experiments.

Immunofluorescence (IF) assay

HCT-116 cells were subcultured on p-Slide 8 well (IBIDI,
Martinsried, Bavaria, Germany) and grew to the density
of 1x10°/well. After gently taken away the medium, cells
were crosslinked by 1% paraformaldehyde/PBS solution,
then permeabilized by 0.1% Triton-X-100 and blocked with
1% BSA/PBS solution. Primary antibodies against p-STATs
(1: 200, Refer to “THC assay” for antibodies information)
were sued to incubated at 4 °C overnight. After washing by
PBS, secondary antibodies against rabbit or mouse (1:1000;
Beyotime Biotechnology, Shanghai, China) were incubated
at room temperature for 30 min. After washing by PBS and
air drying in dark room, slides were dropped by Antifade
mounting medium with DAPI and coated with cover glasses.
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Chromatin immunoprecipitation sequencing
(ChIP-seq) assay

ChIP-seq was conducted following previous study [15].
Briefly, genomic DNA of 1x 10" HCT-116 cells were ran-
domly broken into fragments around 200 bp by sonica-
tion. 10% of cell lysates were stored as input, and the rest
lysates mixed with 800 ng IP-grade antibodies against STAT
proteins were slowly rotated at 4 °C overnight. Next day,
20 pL Protein A beads (Thermo Fisher Scientific) were
added for another 2 h rotation. Beads were processed by
washing buffer of LiCl [0.25 M LiCl, 1% Triton-X 100,
2 mM EDTA, 1% sodium deoxycholate, 20 mM Tris—HCI
(pH 8.0)], high [500 mM NaCl, 0.1% SDS, 2 mM EDTA,
1% Triton-X 100, 20 mM Tris—HCI (pH 8.0)] and low salt
[150 mM NaCl, 0.1% SDS, 2 mM EDTA, 1% Triton-X 100,
20 mM Tris—HCI (pH 8.0)] successively. The bound DNA
fragments were extracted by phenol chloroform, and eluted
by sterile water.

For high throughput sequencing, 3’-dA overhangs were
added to the different STAT proteins enriched or input DNA
and then established a DNA library. The libraries were quan-
tified using Qubit 4.0 (Thermo Fisher Scientific), and the
fragment distribution was determined by Agilent Bioana-
lyzer 2100 (Agilent, USA). The libraries were sequenced
with paired-end 2 x 150 on Illumina. High-quality clean
reads were obtained by removing adapters and low-quality
reads using Cutadapt v1.18 and Trimmomatic v0.35. FastQC
was used to obtain high quality of the clean reads. Then, the
processed reads were mapped into human genome (assem-
bly GRCh38) with HISAT2 v2.1.0. Peak calling was car-
ried out using MACS 2 (v2.1.1). Annotation files of human
differential expressed genes (DEGs) were retrieved from
Ensembl genome browser 96 database (http://www.ensem
bl.org/index.html). R package ClusterProfiler was used to
annotate genes with GO terms and KEGG pathways. We
also conducted GO and KEGG-based functional enrichment
analysis using ClusterProfiler. The raw data were submit-
ted to the ArrayExpress database with accession number
E-MTAB-11113.

Immunoprecipitation (IP) assay

Antibodies of STAT proteins and NRSA2 (sc-393369, Santa
Cruz Biotechnology) or IgG were used for target protein
pulling down. Other experimental steps were identical with
ChIP until the beads purification. Beads were washed by
high and low salt washing buffer, and directly added load-
ing buffer [0.28 M Tris—HCl, 30% glycerol, 1% SDS, 0.5 M
DTT, 0.0012% bromophenol blue (pH 6.8)] at 100 °C water
bath for 10 min, and detected STAT proteins and NR5A2
by WB assay.
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WB assay

For regular WB assay, at least 5 x 10% CRC cells were added
RIPA buffer [50 mM Tris—HCl, 150 mM NacCl, 1% Triton-
X 100, 0.5% sodium deoxycholate, 0.1% SDS (pH 7.4)].
30 pg total proteins were separated by 10% SDS gel elec-
trophoresis, and transferred onto PVDF membranes (Mil-
lipore, Billerica, MA, USA). PVDF membranes were incu-
bated with primary antibodies against STAT proteins and
NRS5A2 (1:2000) at 4 °C overnight, then washed by PBST
for three times and incubated with the secondary antibody
against rabbit for 1 h at room temperature. Protein signals
were developed by ECL Plus reagents (Pierce, Rockford, IL,
USA) and exposed under the Tanon 4600SF system (Tanon,
Shanghai, China).

Results
The activity of JAK/STAT pathway in CRC

Initially, 30 CRC tissues and the adjacent tissues collected
from Henan Cancer Hospital were detected the activity of
JAK/STAT signaling pathway. We observed that p-STATSs
were all highly expressed in tumor tissues compared to
para-carcinomatous tissues (Fig. 1A). For in vitro study, we
detected the activities of JAK/STAT pathway in different
CRC HCT-116, RKO and CACO-2 cells as well as normal
colon epithelial HcoEpiC cells and intestinal fibroblasts
CCD-18Co cells. The phosphorylation of STAT1, STAT2,
STAT3, STATS and STAT6 investigated by WB assay were
all highly expressed in CRC cells compared to normal colon
cells (Fig. 1B), indicating that JAK/STAT pathway was sus-
tainedly over-activated in CRC cells. Furthermore, the phos-
phorylated STAT3 seemed to be more robust in HCT-116
compared to other two CRC cell lines, which was further
validated by IF assay (Fig. 1C). Taken together, we con-
cluded that STAT proteins except STAT4 were all generally
continuously activated in CRC in vivo and in vitro.

The overview of genome-wide distribution of STAT
proteins in HCT-116 cells

Next, HCT-116 cells were employed to study the genomic
binding signatures of STAT proteins by ChIP-seq. The
overall calling peaks of different STAT proteins indicated
that STAT3 was the most robustly enriched on genome
in HCT-116 cells (Fig. 2A). The genome-wide distribu-
tion of STAT proteins showed two groups of similar land-
scape (Group I: STAT1, STAT2 and STAT3; Group II:
STATS5 and STAT6) (Fig. 2B), but appeared the obvious
differences in some local areas such as Chromosome 13
(Fig. 2C). We noticed that STAT proteins were profoundly


http://www.ensembl.org/index.html
http://www.ensembl.org/index.html

Genomic distribution of signal transducer and activator of transcription (STAT) family in... 289

A

p-STATI p-STAT2

A

PC

CRC

\6 1 C 0

A o
W 0 g P

STAT1 ‘ — —— ggj%km

HCT-116
p-STATI ‘ — e s —— “)OkDa
STAT2 ‘ e i Apep—— ‘ 110 kDa
RKO
p-STAT2 ‘—-— —_—— —‘ 110 kDa
STAT3 ‘ — . —— ‘()OkDa
p-STAT3 ‘ - § ~d ‘90 kDa CACO2
—_
stats | === = 50 kpa
p-STATS ‘ — s e ‘(’0 kD2 HeoEpiC
STAT6 “"‘ S — — — ‘lZOkDa
p_STAT(, ‘ S —— ‘IZOkDa
CCD-18Co

GAPDH ‘- N = --‘ 37 kDa

Fig.1 The JAK/STAT activity in CRC in vivo and in vitro. A THC
assay showing the p-STATI1, p-STAT2, p-STAT3, p-STATS5 and
p-STAT6 in CRC and para-carcinomatous (PC) tissues. Images are
captured with 200 X magnification. B WB assay showing the expres-
sion of STAT and p-STAT in CRC HCT-116, RKO and CACO-2

enriched on gene promoters and introns from the perspec-
tive of coding genes as well as distal intergenic regions
(Fig. 2D, Table S1-5). We obtained the information of
typical enhancer and super-enhancer of HCT-116 cells
from SEdbV1.05 Database (http://www.licpathway.net/
sedb/), and further analyzed in distal intergenic regions.
Venn diagram showed that the occupancies of different
STAT proteins had a low degree of overlap in promoter
regions, enhancers and super-enhancers (Fig. 2E, G, H),
but a much higher degree of overlap in intron (Fig. 2F).
Taken together, we described the global distribution of
STAT proteins on the genome in HCT-116 cells.

p-STAT3

p-STATS p-STAT6

-~

. L

cells, normal colon epithelial HcoEpiC cells and intestinal fibro-
blasts CCD-18Co cells. C IF assay showing the location of p-STAT3
in CRC HCT-116, RKO and CACO-2 cells, normal colon epithelial
HcoEpiC cells and intestinal fibroblasts CCD-18Co cells. Images are
captured with 200 X magnification

Occupancies of distinct combinations of STAT
proteins on STAT-binding areas

Due to STAT proteins functioning on transcription activa-
tion in the form of dimer in the nucleus, the interplay and
combination of these five STAT proteins was investigated in
pairs. STAT-binding areas could be classified into five clus-
ters based on how many types of STAT on them (Fig. 3A).
Take Cluster II as an example, this cluster containing with
any two STAT proteins indicated three scenarios, namely
two homodimers and one heterodimer. Cluster III, IV and
V presented the superposition state of Cluster II essentially,
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Fig.2 The overview of STAT proteins on genomic DNA. A Total
calling peaks of STAT1, STAT2, STAT3, STATS and STAT6 in HCT-
116 cells. B Circos diagram depicting whole-genome ChIP-seq data
of STAT proteins. Outside-in track from 1 to 6: Cytoband, chromo-
somes are depicted qter to pter; genome-wide reads per kilobase per
million mapped reads (RPKM) values of STAT1, STAT2, STAT3,

and were supposed to display the similar results with Clus-
ter II. We could conclude that 93.33% (336,930/361,008)
of STAT-binding areas were recognized by homodimer of
STAT proteins (Fig. 3B). Whereas only 0.84% areas in Clus-
ter 1T (22,061/22,247) and all areas in Cluster III-V showed
significant difference of binding strength compared between
two STAT proteins in (llog,FCI>0.585, p <0.05) (Table S6),
implying that heterodimers or multiple homodimers of STAT
proteins filled in these areas. By comparison to the peak
counts of STAT proteins in each cluster, we determined that
the occupancy of STAT3 was the most abundant no mat-
ter in homo- or heterodimer, but not absolutely dominant
in genomic DNA, while the other four STAT proteins also
accounted for a certain proportion (Fig. 3C).

Next, we investigated the preference of potential biologi-
cal significance between homo- and heterodimers of STAT
protein in CRC. Candidate genes with single STAT protein
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STATS and STAT6. C A snapshot of the IGV genome browser
showing sequencing reads of STAT1, STAT2, STAT3, STATS5 and
STAT6 normalized by input on Chromosome 10 in HCT-116 cells.
D The distribution of STAT1, STAT2, STAT3, STATS and STAT6 in
genomic contexts of coding genes

binding were picked up (Table S6) to carry out GO analysis.
The top functions associated with these target genes indi-
cated that STAT1, STAT2, STAT3, STATS and STAT6 gov-
erned different sets of genes. STAT1 mainly took responsible
for the expression of genes such as HSPA1A, IMPDH2 and
RAN for cell mitosis and DNA replication including nucleo-
tide biosynthetic process, and spindle as well as microtubule
organization (Fig. 4A, B). STAT?2 affected genes such as
ADIPOR1, BAX and HTRA2 that controlled translational
initiation process, responded to external adverse stress, and
regulated negative feedback of JAK-STAT pathway (Fig. 4C,
D). STAT3 displayed a tissue-specific management on cell
proliferation, migration and differentiation of intestinal
epithelial cells (Fig. 4E, F). STATS majorly modulated
glycosphingolipid biosynthetic and catabolic metabolism,
and mediated the expression of multiple miRNAs (miRNA-
197 and miRNA-494) (Fig. 4G, H). STAT6 governed the
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expression of enzymes for tricarboxylic acid cycle and gly-
colysis (Fig. 41, J). Taken together, we characterized the
combinations of STAT proteins on genome, and determined
that different STAT homodimer managed a specific series of
target genes in HCT-116 cells.

Genomic binding preference of STAT3 homodimer
controlled by NR5A2 in HCT-116 cell

Next, the different binding areas bound by single STAT
protein were collected, and extended additional 50 nucleo-
tides up- and downstream to further analyze the coopera-
tive DNA-binding proteins by MEME tool. Given the top
five credible DNA motifs, we found that Kruppel-like factor
2 (KLF2) and zinc figure proteins seemingly co-localized
with STAT homodimers. Considering about the importance
of STAT3 on CRC, we unexpectedly noticed that nuclear
receptor subfamily 5 group A member 2 (NR5A?2) uniquely
appeared near and affected the interaction of STAT3 on
genomic DNA compared to other STAT proteins (Fig. 5).
To verify the assumption of interaction between NR5A2 and
STAT3 homodimer, co-IP assay showed that the interactions
of STAT1, STAT2, STAT5 and STAT6 with NR5A2 were
extremely weakened compared to STAT3 in HCT-116 cell,

ot
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indicating that NR5A2 was likely to particularly link with
STAT3 homodimer but not heterodimer with other STAT
proteins (Fig. 6A, B). Finally, NR5A2 was silenced in HCT-
116 cells, followed by STAT3 ChIP-seq again. Although
the genome-wide peaks of STAT3 showed no difference
(Fig. 6C), the areas bound with STAT3 homodimer showed
the reduced STAT3 peaks compared to normal HCT-116
cells (Fig. 6D), implying that NRSA?2 might facilitate the
recruitment of STAT3 homodimer on target sites. The pro-
tein structures of NRSA2 and STAT3 were computed by
I-TASSER server [16] via the full length amino acids, and
protein rigid docking was conducted to imitate the inter-
action between STAT3 and NR5A2 by Z-DOCK tool [17]
showed that coiled-coil domain of STAT3 (amino acids
139-318) was likely to approach NR5A2 (Fig. 6E). Taken
together, we determined that NR5A2 could facilitate to for-
mation of STAT3 homodimer in CRC.

Discussion
JAK/ STAT signaling pathway is considered as an essential

signal transduction pathway for cell development [18]. Under
the stimulation from cytokines, tyrosine phosphorylation of
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Fig.4 The involved genes and associated functions of each STAT
homodimer. A Snapshots of IGV genome browser showing STAT1
homodimer on HSPA1A, IMPDH2 and RAN. B GO analysis showing
the involved biological process of binding genes of STAT1 homodi-
mer. C Snapshots of IGV genome browser showing STAT2 homodi-
mer on ADIPOR1, BAX and HTR2A. D GO analysis showing the
involved biological process of binding genes of STAT2 homodimer.
E Snapshots of IGV genome browser showing STAT3 homodimer on

STAT proteins are transiently activated and persistently over-
expressed in multiple neoplasms including CRC [19-21].
Our results confirm that JAK/STAT pathway is continuously
activated in CRC tissues and cell lines compared to normal
colon cells (Fig. 1), and we determine that STAT3 accounts
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FANCE, FANCF and MYDS88. F GO analysis showing the involved
biological process of binding genes of STAT3 homodimer. G Snap-
shots of IGV genome browser showing STATS homodimer on miR-
197, miR-494 and PDGFB. H GO analysis showing the involved bio-
logical process of binding genes of STATS homodimer. I Snapshots
of IGV genome browser showing STAT6 homodimer on ALDOA,
ENOI1 and PKLR. J GO analysis showing the involved biological
process of binding genes of STAT6 homodimer

for the vast majority of the activated STAT proteins in CRC.
From the similar pattern of STAT protein expressions in dif-
ferent CRC and normal colon cells, the genetic regulation of
STAT proteins by cytokines is supposed to be identical, and
the presence of predominant protein expression of p-STAT3
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Fig.6 The interaction between NRSA2 and STAT3 in HCT-116 cells.
A WB assay showing the interaction of STATI1, STAT2, STAT3,
STATS5 and STAT6 with NRSA2 by NR5A2 pull down in HCT-116
cells. B WB assay showing the interaction of NR5A2 with STATI,
STAT?2, STAT3, STATS and STAT6 by STAT proteins respective pull
down in HCT-116 cells. C Total calling peaks of STAT3 in HCT-116

cells with or without NR5A2 knockdown. “KD” means knockdown.
D Total calling peaks of STAT3 homodimer in HCT-116 cells with
or without NR5A2 knockdown. “KD” means knockdown. E Pymol
showing the protein docking between NR5SA2 and STAT3. Pink one
is NR5A2 while yellow one is STAT3. The coiled-coil domain con-
taining four a-helices is entangled with NR5A2
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among all p-STAT proteins in CRC indicates that the acti-
vation and degradation processes of JAK/STAT pathway in
cytoplasm determine the primary importance of STAT3 in
CRC. Nevertheless, we still lack sufficient evidence to sup-
port this hypothesis by current data.

Phosphorylated STAT homodimers and heterodimers
possess a DNA-binding capability and mediated transcrip-
tional regulation via combination with co-activator proteins.
Herein, our findings suggest that the vast majority of STAT
proteins bound to genomic DNA appear as homologous
dimers, while the heterodimers composed by different com-
bination of STAT proteins only occupy a small proportion
on genomic DNA (Fig. 3A). In general, STAT proteins are
able to form either homo- or heterodimers by interacting via
their SH, domains when they are activated in cytoplasm.
However, the amino acid sequences of SH2 domain in differ-
ent human STAT proteins are actually not consistent, and the
affinity between different SH2 sequences is certainly not as
strong as the identical ones. Moreover, the initial specificity
for the dimerization via this reciprocal SH2 interaction may
be also affected by the specific interactions between STATSs
and their receptors [3] as well as the different splicing iso-
forms or mutations of the same STAT protein [22]. There-
fore, the known structural mechanism of STAT proteins is
still not sufficient to exactly figure out the properties that are
more prone to homologous dimer.

Since we declare that the activated STAT proteins trans-
locating into nucleus are mainly homologous dimers, the
involved functions of different STAT proteins are ques-
tioned. GO analysis on target genes indicates a selective and
biased pattern of target genes by distinct STAT proteins on
genome in CRC cells (Fig. 4). We speculate that a series of
other epigenetic factors or transcription factors coordinated
with certain STAT may facilitate the recruitment of STAT
towards the target binding sites such as cyclic AMP response
element-binding protein (CBP)/EA1 binding protein p300
(p300), SMAD family members (SMADs), minichromo-
some maintenance complex component 5 (MCMS), glu-
cocorticoid receptor (GR) and N-myc and STAT interactor
(NMI), and these factors are tightly connected with tissue or
disease specificity [23]. Mechanistically, these interactions
appear to be divided into two distinct categories, one for
DNA-binding stabilization and the other for enhancement of
transcription factor activity without affecting the association
with DNA.

In our study, the extent DNA motif assay and IP study
both suggest that NR5A?2 is a potential specific co-activator
of STAT3 in CRC. NR5A?2 also named as Liver receptor
homolog-1 (LRH1) plays a constitutively active role in driv-
ing the transcription of its target genes for intestinal func-
tion, coordinating with cell regeneration and immunologic
function with implications to regular intestinal diseases [24].
Previous study has also showed that NRSA2 can assist in
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DNMT1 recruitment on CpG islands in neurons [25], indi-
cating that NR5A?2, beyond the transcription factor, also
acts as an epigenetic regulator to guide and stabilize the
DNA-protein complex formation. In our system, we may
infer that reinforce of STAT3 homodimer is likely to be
attributed to NR5A2. The predicted protein docking indi-
cates that NR5A2 seemingly approaches to the coiled-coil
domain of STAT3, in which these a-helices is crucial for
interplay between STAT3 and its receptor. Then, NR5A2
can further facilitate the effects of tyrosine phosphorylation
on stimulation by epidermal growth factor (EGF) or inter-
leukin-6 (IL-6) for dimer formation, nuclear translocation
and genomic binding [26, 27]. Although we have discussed
about the structural insights of NRSA2-STAT3 based on pro-
tein docking, this new crystal complex needs to be further
deciphered and illustrated in vitro in future study.

Finally, more questions are raised about our observations.
First, the function of STAT proteins in non-coding regions
are not studied although 30% of them are observed to occupy
at distal intergenic regions (Fig. 2D). Second, there are still
some regions where homodimer and heterodimer of STAT
proteins are overlapping in CRC (Fig. 4), but which com-
bination of dimer drives the transcription activity of target
gene more powerfully is unknown. More extensively, dis-
closure of the proteomics even non-coding RNA profiles
physically linked with activated STATSs within nucleus is a
valuable research direction from health to disease.

Conclusion

In summary, we characterize the genome-wide landscape
of activated STAT proteins, and reveal the differences of
binding patterns as well as the target genes and associated
functions between homodimer and heterodimer of STAT
proteins in HCT-116 cells. We also present some new find-
ings and possible mechanisms regarding the role of NR5SA2
on STAT3 in CRC. Our findings may provide new insights
into the design of STAT inhibitors to treat CRC and other
diseases.
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