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ABSTRACT
In this study, we investigated the effect of a short deletion in the DNA-binding domain of STAT3 (STAT3del) on
the transcriptional activation of STAT3 target genes and its relationship with colon carcinogenesis. We used the
CRISPR-CAS9 gene editing system to delete a short sequence encoding amino acids 400-411 in the DNA-binding
domain (amino acid sequence: 317-567) from STAT3 gene in SW480, SW620 and HCT116 colon cancer cells. ChIP
sequencing analysis showed that STAT3del occupancy was significantly reduced in 1029 genes and significantly
increased in 475 genes compared to wild-type STAT3. The mutation altered the DNA motifs recognized by
STAT3del as compared to the wild-type STAT3. We observed a strong correlation between expression of the
STAT3 target genes and the loss or gain of STAT3del binding to their promoters. CCK-8, wound healing, and
TUNEL assays showed reduced proliferation, migration, and survival of SW480, SW620 and HCT-116 cells
expressing STAT3del as compared to the corresponding controls. These findings demonstrate that a short
deletion in the DNA-binding domain of STAT3 alters its genome-wide DNA-binding and transcriptional profile of
STAT3-target proteins, and suppresses the growth, progression and survival of colon cancer cells.
biomarkers are differentially expressed in the tumor
tissues compared to para-cancerous or normal tissues.

INTRODUCTION
Colorectal cancer (CRC) is the third most commonly
diagnosed cancer [1] that accounts annually for nearly
0.7 million deaths and 1.4 million newly diagnosed
cases worldwide [2]. Next-generation sequencing and
multi-omics studies have greatly improved our
understanding of genes and pathways that regulate
cancer development and progression. The Cancer
Genome Atlas (TCGA) project was launched to screen
genetic alterations in large cohorts of cancer patients
through high-throughput genomic sequencing and
integrated
multi-dimensional
analysis,
and
subsequently identify reliable diagnostic and
prognostic biomarkers [3]. In general, these
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The signal transducer and activator of transcription
(STAT) proteins are an integral component of the Janus
activated kinase (JAK)-STAT signaling pathway. JAKs
phosphorylate STAT proteins, which enter the nucleus
as dimers, bind to the target genes, and activate
transcription [4]. STATs contain N-terminal, DNA
binding, Src homology 2 (SH2), and C-terminal
domains. The N-terminal domain is required for dimer
stability, whereas the highly conserved SH2 domain
contains the tyrosine residue, which is phosphorylated
by JAKs and is required for dimerization [5]. All STAT
proteins except STAT2 also contain a putative DNA-
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binding domain between amino acid residues 400 and
500 of the nearly 750 amino-acid long STAT proteins.
However, sequences of different STAT proteins do not
show significant homology, thereby suggesting that the
STAT protein may target different genes because of
variations in DNA motif recognition and affinity [6, 7].
STAT3 is a member of STAT family that is upregulated in several human malignancies, and is a
potential target for anticancer drugs. The crystal
structure of the human STAT3-DNA complex suggests
that the amino-acid residues between 325 and 464 form
the DNA-binding domain [8]. In hyper-IgE syndrome
patients, mutations in R382 affect hydrogen-bond
interactions with V463 and E435 and disrupt DNA
recognition [9]. Moreover, F384, T389, H437 and N466
amino acid residues are all required for STAT3-DNA
interface stability. Although the structure of STAT3 is
known, the molecular details of changes in DNAbinding properties of mutated STAT3 and their
relationship with human diseases including cancers is
not clear. Therefore, in this study, we deleted a
sequence encoding amino acids 400-411 in the DNAbinding domain of STAT3 (STAT3del) using the
CRISPR-CAS9 gene editing system in multiple colon
cancer cell lines (SW480, SW620, and HCT116) and
characterized its effects on genome-wide binding to
STAT3-target genes using ChIP-seq analysis. We also
performed in vitro functional experiments to determine
the effects of STAT3del on colon cancer cell growth,
progression and survival.

RESULTS
The mutation landscape of STAT3 coding region in
human cancers
We used the TCGA database to investigate the mutation
status in the coding region of STAT3 among 10953
cases from 32 types of cancers and identified 1.3%
mutation (121 mis-sense and 22 truncating mutations).
Among these, we identified 53 mutations in the DNAbinding domain (325-574), 31 mutations in the SH2
domain (584 - 674), and the remaining 73 mutations in
other coding regions. We further observed that tumor
malignancy was significantly lower in patients with
mutations in the DNA-binding domain of STAT3
compared to those with the mutations in the SH2
domain (χ2=12.346, p=0.011) and the N- or C-terminal
regions (χ2=5.611, p=0.027) (Figure 1A). Moreover,
STAT3 mRNA expression levels were not associated
with STAT3 gene mutations (p>0.05) (Figure 1B).
Furthermore, patients with mutations in the DNAbinding domain (p=0.037) and SH2 domain (p=0.042)
of STAT3 showed significantly higher overall survival
rate compared those with mutations in the other regions

www.aging-us.com

5186

of the STAT3 gene (Figure 1C). Overall, mutations were
evenly distributed in the DNA-binding domain, but, in
more than 50% of cancer types that were derived from
epithelioid cells, such as colon, bladder, and uterine
endometrioid cancers, the mutations were concentrated
in the region between amino acid residues 400 and 411
(“NNGSLSAEFKHL”) compared to the other regions
(Figure 1D). Hence, we considered this sequence as a
hot spot for mutations in colon cancer and focused on
further characterizing the significance of mutation in
this region to colon carcinogenesis. Taken together, our
results suggest that STAT3 mutations in the DNAbinding domain are tumor suppressive.
The genomic binding pattern of mutant STAT3 in
colon cancer cells
We used the CRISPR-CAS9 gene editing system to
delete the sequence encoding “NNGSLSAEFKHL”
amino-acid sequence in the STAT3 gene in SW480,
SW620 and HCT116 colon cancer cells and designated
it as STAT3del. We confirmed the edited genomic
sequence by Sanger sequencing (Figure 2A). The
activation of STAT3 was independent of the deletion
and its phosphorylation by JAK was inhibited by
TG101348 (JAK2 inhibitor) treatment (Figure 2B).
ChIP-qPCR analysis showed that the DNA-binding
affinity of STAT3 was significantly reduced at the
known target genes such as Snail [10], Spg20 [11],
Mmp3 [12] in the colon cancer cells with STAT3del,
especially in the SW480 cells with STAT3del (Figure
2C). We further investigated the alteration in the
genome-wide binding pattern of STAT3del in the
SW480 cells using ChIP-seq. The raw data consisted of
approximately 81.6 M reads from the wild type SW480
cells and 83.2 M reads from the SW480 cells with
STAT3del (Supplementary Table 2). The genomic
occupancy of STAT3del was significantly lower
compared to the wild type STAT3 in SW480 cells
(p=0.013; Figure 2D). SW480 cells with STAT3del lost
1029 peaks and gained 475 peaks compared to the wild
type SW480 cells (log2FC>1 or <-1 and p<0.05; Figure
2E). As shown in Figure 2F, STAT3del enrichment was
significantly lower than the wild type STAT3 at the
promoter regions (21.3% vs. 35.9%, p=0.024), but
significantly higher in the distal intergenic regions
(38.3% vs. 26%, p=0.033). The STAT3 and STAT3del
binding status in the HNRNPAB, SDE2, STEAP1 and
TARDBP genes in the wild type and mutant SW480 is
shown in Figure 2G. DNA motif analysis showed that
STAT3del recognized a variable DNA motif compared
to the “CTTCCGGGAA” motif that is recognized by
the wild-type STAT3 (p<0.0001; Figure 2H). The
altered DNA recognition motif “HNBTCACT”
(symbols for mix-bases) (p<0.0001) was observed in the
promoter region of STAT3 target genes such as
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HNRNPAB, SDE2, STEAP1 and TARDBP genes. These
data demonstrate that deletion of the 400-411 amino
acid sequence in STAT3 significantly alters its genomewide binding pattern.
The tumor suppressive role of the hot spot mutation
in the DNA-binding domain of STAT3 in colon
cancer cells
Since hyper-activation of the JAK/STAT3 signaling
pathway promotes survival of cancer cells, we
investigated the proliferation, migration, and survival
status of SW480 cells with STAT3del in comparison
with the wild-type SW480 cells. MTT, wound healing
and TUNEL assays demonstrated that proliferation,
migration and survival of SW480 cells with STAT3del
was significantly reduced compared to the wild type
SW480 cells (Figure 3A–3C). The top ten Gene
Ontology (GO) terms related to biological function (BF)

and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways that are differentially activated in
SW480 cells with STAT3del based on the ChIP-seq data
are shown in Figure 3D, 3E. We then used qRT-PCR
and western blotting analyses to determine the mRNA
and protein expression levels of the top five genes
showed enhanced STAT3del binding, namely,
HNRNPAB, SDE2, STEAP1, TARDBP and SYNJ2, as
well as top five genes that showed reduced STAT3del
binding, namely, IL12RB2, IFNA13, IL17D, CCND2
and SOCS6 in the SW480, SW620 and HCT116 cells
with STAT3 or STAT3del. Majority of the target genes
with enhanced binding of STAT3del showed
significantly higher expression, whereas majority those
that showed reduced STAT3del binding demonstrated
significantly reduced expression in the three colon
cancer cells with STAT3del compared to those with
wild-type STAT3 (Figure 3F, 3G). STEAP1 plays an
integral role in the cell junctions and performs a tumor

Figure 1. The relationship between mutations in different domains of STAT3 and tumor stages, STAT3 mRNA levels and
overall survival times of cancer patients belonging to 32 different human cancers in the TCGA database. (A) The ratio of human
cancer patients with early (stages I-II; blue) and advanced (stages III-IV; orange) stage cancers in the TCGA database grouped according to the
mutations in the DNA-binding domain, SH2 domain and N- or C-terminal regions of the STAT3 gene. χ2 analysis was used to evaluate
differences between the groups. (B) The levels of STAT3 transcripts in human cancers with mutations in different regions of STAT3. (C)
Kaplan-Meier survival curve analysis shows overall survival of cancer patients from the TCGA database with mutations in the DNA-binding
domain (red), SH2 domain (yellow), and N- or C-terminals (blue) of STAT3. (D) The overview of the mutational landscape in the DNA-binding
domain of the STAT3 gene.
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suppressor function in endometrial carcinomas [13],
breast cancers [14] and gastric cancer [15]. STEAP1
was up-regulated in the colon cancer cells with
STAT3del compared to those with the wild type STAT3
(Figure 3F, 3G). We also determined the binding sites
of STAT3del in the promoter regions of the target genes
in the mutant SW480, SW620 and HCT-116 cells using
ChIP-qPCR (Figure 3H). Overall, STAT3del enrichment
was consistent with the expression of the target genes
(Figure 3F, 3G). Overall, our results demonstrate that

altered genome-wide binding of STAT3del suppresses
tumor growth and progression. Hence, mutations in the
DNA-binding domain of STAT3 may be potentially
useful in determining cancer diagnosis.

DISCUSSION
Several studies have shown that JAK/STAT3 signaling
pathway promotes colorectal carcinogenesis [16]. The
SH2 domain of STAT3 is phosphorylated by JAKs that

Figure 2. The genomic binding pattern of STAT3del in colon cancer cells. (A) Sequence alignment shows the deletion of sequence
encoding amino acid residues between 400 and 411 (NNGSLSAEFKHL) in the DNA-binding domain of STAT3 in the colon cancer cells (SW480,
SW620, and HCT116) using CRISPR-CAS9. (B) Representative western blot shows the total and phosphorylated levels of JAK2 and STAT3 in
control and TG101348 (JAK2 inhibitor)-treated wild-type and STAT3del SW480, SW620, and HCT116 cells. Βeta-actin is shown as the loading
control. Each experiment was performed in triplicates. (C) ChIP-qPCR results show the occupancy of STAT3del in the promoter regions of Snail,
Spg20 and MMP3 genes in SW480, SW620, and HCT116 cells with wild-type STAT3 or STAT3del. * denotes p < 0.05. Each experiment was
performed in triplicate. (D) The heatmap shows the genome-wide occupancy of STAT3 and STAT3del at all the annotated gene promoters in
the SW480 cells as determined by ChIP-seq. The average STAT3 enrichment is measured based on the log2 (peak p values) in 200-bp bins and
is shown within genomic regions covering 2 kb upstream and downstream of the center. (E) The volcano plot shows the comparison of
different peaks (representing STAT3 genomic occupancy) between wild type and STAT3del SW480 cells. Brown spots represent significantly
altered peaks between STAT3 and STAT3del; blue spots represent peaks without statistical significance. (F) The genome-wide distribution of
STAT3 binding regions in wild-type and STAT3del SW480 cells. The various genomic regions are represented by different colors. (G) Enrichment
of STAT3 (purple) or STAT3del (yellow) in the HNRNPAB, SDE2, STEAP1, and TARDBP genes. ChIP-seq data are shown in reads per million; yaxis floor is set to 0.5 reads per million. (H) Predicted DNA-binding motifs that are enriched in the loci bound by wild type STAT3 (top) and
STAT3del (bottom) in the SW480 cells.
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Figure 3. STAT3del reduces in vitro growth, survival and migration of colon cancer cells. (A) CCK8 assay results show the
proliferation rate of SW480, SW620 and HCT-116 cells with wild type STAT3 or STAT3del. (B) TUNEL assay results show the apoptotic rate of
SW480, SW620 and HCT-116 cells with wild type STAT3 or STAT3del. (C) Wound healing assay results show the migration rate of SW480,
SW620 and HCT-116 cells with wild type STAT3 or STAT3del. * denotes p <0.05. Each experiment was performed with three replicates. (D, E)
The top ten enriched GO terms related to biological process (D) and KEGG signaling pathways (E) based on the genes associated with
differential peaks. (F) The mRNA and (G) protein levels of several genes with differential STAT3 binding ability in SW480 cells with wild type
STAT3 or STAT3del. (H) STAT3 occupancy in genes with differential STAT3 binding ability in the SW480, SW620 and HCT116 cells with wild type
STAT3 or STAT3del. * denotes p < 0.05. Each experiment was performed with three replicates.
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are activated by multiple ligands such as interleukins
[17], EGF [18], HGF [19], FGF [20], and VEGF [21].
The activated STAT3 dimerizes, translocates to the
nucleus and binds to its target gene sequences through
the DNA-binding domain [22, 23]. Hyperactivation of
STAT3 enhances the expression of its target genes,
which promote tumor cell migration and proliferation.
However, mutations in the STAT3 gene, especially in its
DNA-binding domain, diminish its ability to promote
gene transcription despite normal activation of the
JAK/STAT3 signaling pathway, and thereby represent a
potential avenue for cancer therapy. In this study, we
demonstrate that the natural mutations in the DNAbinding domain of STAT3 are associated with reduced
malignancy of several cancers (Figure 1). Moreover,
mutations in the SH2 and other regions of STAT3 are
associated with increased tumor malignancy (Figure
1A) because they induce hyper-activation of the
JAK/STAT
pathway
and
resistance
to
dephosphorylation of STAT3 [24]. However, the
sample size of human cancer samples containing
STAT3 mutations is low and hence this conclusion
needs to be supported by further evidence.

SW480 cells (Figure 3A–3C). We also demonstrate that
the higher expression of multiple genes such as SDE2,
STEAP1, and SYNJ2 is associated with enhanced
binding of STAT3del to their gene sequences including
promoters (Figure 2G, 3F–3H). STEAP1 is a tumor
suppressor gene in colon, breast and gastric cancers, but
acts as an oncogene in prostate cancer [26, 27]. Our data
demonstrates that STAT3del aberrantly regulates several
genes, which need to be evaluated as potential risk
factors for colon cancer diagnosis.
Taken together, our data demonstrates that deletion of
the hotspot mutation region in the DNA-binding domain
of STAT3 reduces colon cancer cell growth and
progression because of genome-wide changes in the
transcription of STAT3-target genes. Therefore, we
postulate that mutations in the DNA-binding domain of
STAT3 or the novel downstream genes that are
upregulated by the mutant STAT3 are potential
biomarkers for colon cancer diagnosis.

MATERIALS AND METHODS
TCGA data mining

In this study, we investigated the role of mutations in
the DNA-binding domain of STAT3 in carcinogenesis.
However, deleting the entire DNA-binding domain of
STAT3 is not the best option because it could be toxic
or completely abolish the JAK/STAT3 pathway
signaling. Therefore, we deleted short sequence that
represents a hot spot mutant region in the DNA-binding
domain involving amino acid residues between 400 and
411 (NNGSLSAEFKHL). We observed that this region
was one of the most frequently mutated sequences in
epithelial cancers according to TCGA database analysis.
We then used ChIP-seq analysis to evaluate the
differential binding patterns of STAT3del and wild-type
STAT3 in multiple colon cancer cells. Overall, we
observed reduced STAT3del binding to the known target
gene sequences compared to the wild-type (Figure 2D,
2E). We also observed that STAT3del bound to new
DNA sequences compared to the wild-type STAT3
(Figure 2F–2H). Based on the STAT3/DNA complex
(PDB code 1BG1) [25], we observed that the amino
acid residues from 430 to 470 formed the core sequence
that directly interacted with the DNA. However,
“NNGSLSAEFKHL” constitutes a β-sheet, which acts
as a scaffold to support and maintain STAT3 close to
the DNA. Therefore, deleting this sequence may reduce
the binding affinity between STAT3 and DNA, but
these data require analyzing the crystal structure of
STAT3del, which is beyond the scope of our study.
Consistent with the in vivo data in human cancer
samples from the TCGA database, we demonstrate that
STAT3del reduces growth, progression, and survival of
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We compared the correlation between STAT3
mutations and tumor malignancy, overall survival rate,
and STAT3 expression in 10528 cases belonging to 32
types of cancer from the TCGA database [28]. The data
was
downloaded
from
the
c-Bioportal
(https://www.cbioportal.org/) [3, 29].
Generation of colon cancer cell lines with STAT3
deletion
We obtained SW480, SW620 and HCT116 colon cancer
cell lines from the Type Culture Collection of the
Chinese Academy of Sciences (Beijing, China) and
cultured them in DMEM medium with 10% FBS
(Thermo Fisher Scientific, USA) in a humidified
incubator at 37° C and 5% CO2. To generate a cell line
with a specific STAT3 deletion, we cloned gRNA
oligonucleotides (http://crispr.mit.edu): 5’-CCGACCC
GATAGGCTGCAAGG-3’ and 5’- AGGCACCGTCG
AGACGCGG -3’ into px330 plasmid (Cat. No. 73131;
Addgene), and transfected the recombinant plasmids
into the colon cancer cells using lipofectamine 3000
(Thermo Fisher Scientific, Waltham, USA). The
positive clones were screened using DMEM medium
containing 10 μg/ml puromycin. The partial STAT3
exon 10 (1198-1233 bp) containing the deleted
sequence was confirmed by Sanger sequencing. The
wild-type and mutant colon cancer cells were treated
with 300 nM TG101348 (MedChemExpress,
Monmouth Junction, USA), a JAK2 inhibitor, for
48 h [30].
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Chromatin immunoprecipitation (ChIP) assay

Western blotting

The ChIP assay was performed as previously described
[31]. In brief, whole cell lysates were sonicated to break
up the genomic DNA into 200-500 bp fragments. Then,
10% of the sonicated whole cell lysates were saved as
input and the remaining were incubated with 1 μg IP
grade STAT3 antibody (#4904, CST, Danvers, USA)
overnight at 4° C. This was followed by incubating for
2 h with Protein A beads (Thermo Fisher Scientific) at
37° C to pull down STAT3-bound DNA fragments. We
then isolated the DNA fragments from the pull-down by
ethanol precipitation and performed quantitative PCR
assay (see the qPCR method section for details). For
high throughput sequencing, we added 3’-dA overhang
to the STAT3 enriched or input DNA and ligated them
to the adapter to build a DNA library. DNA library with
ligated adapters were isolated based on appropriate size
for sequencing using the Illumina Hiseq2000 platform.
The raw sequence reads of input and IP were trimmed
based on adaptors and low quality reads were filtered
out using Cutadapt (v1.9.1) and Trimmomatic (v0.35)
[32]. The quality of the clean reads was checked using
Fastqc [33]. The clean reads were mapped to the human
genome (assembly hg38) using the Bowtie 2 (v2.2.6)
algorithm [34], and peak calling (p<0.01) was
performed using MACS 2 (v2.1.1) [35]. The genes that
bound differentially to STAT3del relative to wild-type
STAT3 were analyzed based on FDR value less than
0.05 and annotated using DiffBind [36]. De novo motifs
were analyzed using R language and MEME [37–40].
The relevant peaks on the genomic loci were visualized
using the Integrative Genomics Viewer (IGV). Gene
ontology (GO) analysis was used to determine the
biological function of genes associated with the
differential peaks [40]. The ChIP sequencing data was
submitted to the SRA database and registered with the
accession number E-MTAB-8417.

Total cellular protein extracts were prepared using the
RIPA buffer (Beyotime, Shanghai, China) and the
protein concentration was determined using the
bicinchoninic acid (BCA) assay. Equal amounts of
protein samples were resolved by SDS-PAGE and
transferred to the PVDF membranes. The membranes
were then blocked for 30 mins with 5% skimmed milk
in 1X TBST buffer and then incubated overnight at 4° C
with primary antibodies against JAK2 (#3230, CST,
1:2000), p-JAK2 (#3771, CST, 1:500), STAT3 (#4904,
CST, 1:2000), p-STAT3 (#9145, CST, 1:500),
HNRNPAB (CSB-PA010604LA01HU, CUSABIO,
1:3000), SDE2 (#491314, US Biological, 1:2000),
STEAP1 (#88677S, CST, 1:2500), TARDBP (#89789,
CST, 1:4000), SYNJ2 (#AP19970c, ABCEPTA, 1:500),
IL12RB2 (PA5-21479, Thermo Fisher, 1:5000),
IFNA13 (MA5-24415, Thermo Fisher, 1:5000), IL17D
(MA5-23946, Thermo Fisher, 1:5000), CCND2 (MA512731, Thermo Fisher, 1:2000), SOCS6 (PA5-50263,
Thermo Fisher, 1:2500), and β-actin (#3700, 1:5000).
Then, the blots were incubated with the horseradish
peroxidase (HRP)-conjugated anti-mouse or anti-rabbit
secondary antibodies (1: 10000, Beyotime) at room
temperature for 1 h. β-actin was used as the loading
control. The blots were developed using ECL (Pierce,
USA), photographed using Image Lab (Bio-Rad) and
analyzed using Image J.

Quantitative PCR
We extracted total RNA from SW480 cells using
TRIZOL (Takara, Dalian City, China). We then
reverse transcribed equal amounts of RNA samples to
generate
cDNA
using
QuantiTect
Reverse
Transcription Kit (Qiagen, Germany). We then
performed quantitative PCR (qPCR) using the
QuantStudio 3 Real-time PCR system (Thermo Fisher
Scientific). The qPCR protocol included initial
denaturation at 95° C for 30 s followed by 40 cycles at
95° C for 5 s and annealing for 10 s at 72° C. The final
annealing was at 72° C for 30 s. The relative
expression was calculated from the Ct values by using
the 2-ΔΔCt method. β-actin was used as the internal
control. All primers used in this study are listed in
Supplementary Table 1.
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CCK-8 cell proliferation assay
SW480 cells were cultured in a 96 well plate until they
reached 80% density. Then, 10 μl CCK-8 solution
(Solarbio, China) was added to all wells and the cells
were further incubated for 1 h. Then, the absorption
values were measured at 450 nm using the Multiskan
FC microplate reader (Thermo Fisher Scientific, USA)
and the IC50 value was calculated using the regression
equation. The cell proliferation rates were determined
based on the IC50 value of each sample.
TUNEL assay
We transferred 100 μl of the 1-2×107 cells/mL in PBS
into a 96-well plate and fixed the cells on ice using 2%
formaldehyde for 15 min. The cells were then washed by
PBS, then incubated 1×105 cells in 50 μl TdT
equilibration buffer (Beyotime) at 37° C for 10 min with
occasional gentle mixing. Then, after washing the cells
twice with PBS, the cells were incubated with 100 μl
TdT staining buffer at room temperature for 30 min in the
dark. The cells were then mounted on coverslips using
the mounting medium (Sigma-Aldrich, San Francisco,
USA) and imaged under a DM2000 fluorescence
microscope (Leica Biosystems, Wetzlar, Germany).

AGING

https://doi.org/10.3748/wjg.v23.i33.6049
PMID:28970720

Scratch wound healing assay
We cultured 1×105 colon cancer cells in 6-well plates
overnight to form a uniform monolayer. Then, the
monolayer was scratched with a sterile tip to generate a
wound and the floating cells were removed by washing
twice with PBS. Then, the cells were cultured in DMEM
medium without FBS for 48 h. Images were captured at
0 (T0), 24 (T24), and 48 (T48) h. The edge distance and
the scratch area was measured at all time points using
Image J. The cell migration distance was calculated as
Area at zero time (T0)-Area at 24h or 48h (Tt).

3.
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PMID:23550210

4.

Banerjee S, Biehl A, Gadina M, Hasni S, Schwartz DM.
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PMID:28255960
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conserved motif in the linker domain of STAT1
transcription factor is required for both recognition
and release from high-affinity DNA-binding sites. PLoS
One. 2014; 9:e97633.
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PMID:24847715
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Neidle S. Molecular dynamics studies of the STAT3
homodimer:DNA complex: relationships between
STAT3 mutations and protein-DNA recognition. J Chem
Inf Model. 2012; 52:1179–92.
https://doi.org/10.1021/ci200625q PMID:22500887

9.
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Dominant-negative activity of the STAT3-Y705F mutant
depends on the N-terminal domain. Cell Commun
Signal. 2013; 11:83.
https://doi.org/10.1186/1478-811X-11-83
PMID:24192293

Statistical analysis
The experimental data was analyzed using the SPSS
20.0 software. The chi-square (χ2) test was used to
analyze the correlation between STAT3 mutations in
different domains and tumor malignancy. Kaplan-Meier
survival curve analysis was used to evaluate the
correlation between STAT3 mutations in different
domains and the survival rate of cancer patients.
Student’s t-test was used to compare the differences
between the wild type and mutant STAT3 groups.
P < 0.05 was considered statistically significant.
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SUPPLEMENTARY MATERIALS
Supplementary Tables
Supplementary Table 1. All the primers used in this study were listed in this table.
Sequence
TCAGGTTGCTGGTCA
GGTCAGCATGTTGTACC
TCGGCAGCTGAACCGA
GCCGATTACCGTGCAG
GCCGATTTGACCGAG
CGTCCGTGAATTGACC
GGCCTCGGCGCAGCCGA
GACCGAGCGCTGCAG

Tm (o C)
56

TGGCCGAGAGGACGG
GGGTTACACCTTCGAA
AATGCGGCTAGCAGGCC
GAGGCCCCGGAGCCAATGG

62

STEAP1 for ChIP-assay

GAGCCGTTGCAGCTG
GAGACGTGCACATGG

60

TARDBP for ChIP-assay

TTTCTTATCTTTGGCCA
GGATTCGTTCACGTT
TTGTGCAGTACCCAGGTG
TAGTTATCCGATTGA
ATGCTGTGCACACACT
CATTGCTGATCACACA
ACATGCTGTGGCACAGGC
GGGGTGCGGCTAACCGGTT
TTGGTTACCCAAAC
CAACACACTTGTGCAC
CACACTGTTGGTTTTCACA
CACCGGCTCCTTCCGACC
CCACTTGGCACCACA
TTGGTTCACACGTG
TTGGTGCTGATGTGTGAC
GATGACACGTGAGATG
GATGATGGAGTGGG
GGTGTGTCCTGCTACA
CCAATCCTGGTCAT
GAGACACATAAATCTC
TATCTACTTGGCTATCAGA
CACGTGAGTGGACCAC
TGATGGCCACAGTG
CACAGGGGGTGCATGAAGTT
CAAATTGGTAGCTGACA
ATTGGACAATTGGACATGA
CCAATCCTGGTCAT

58

Symbol
STAT3 for identification
and detection
Snail for ChIP-assay
Spg20 for ChIP-assay
Mmp3 for ChIP-assay
HNRNPAB for ChIPassay
SDE2 for ChIP-assay

SYNJ2 for ChIP-assay
IL12RB2 for ChIP-assay
IFNA13 for ChIP-assay
IL17D for ChIP-assay
CCND2 for ChIP-assay
SOCS6 for ChIP-assay
HNRNPAB for qPCR
SDE2 for qPCR
STEAP1 for qPCR
TARDBP for qPCR
SYNJ2 for qPCR
IL12RB2 for qPCR
IFNA13 for qPCR
IL17D for qPCR
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60
58
58

54

56
58
60
60
58
60
60
58
58
56
56
55
58
58
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CCND2 for qPCR
SOCS6 for qPCR
β-actin

GGAGCCACGGTGGAC
GGAGGACCCATCTACACGG
GAGGGCCATCTGGCACA
GAGCAGGAGAGACAGT
GACCACACGGGACCCATTT
CAGGGCGTGATGGTGGGCA
CAAACATCATCTGGGTCATCTTCTC

58
56
58

Supplementary Table 2. The basic information of the sequencing data.
Sample
Total Raw Reads
Total Raw Bases
Total Clean
Reads
Total Clean
Bases
Mapped Reads
Mapped Ratio
Unique Mapped
Reads
Unique Mapped
Ratio

MT1_Input
20347878
1546438728
20229383

MT2_Input
21145236
1607037936
21027590

MT1
20050877
1523866652
19962725

MT2
20079109
1526012284
19999408

WT1_Input
20154533
1531744508
20041558

WT2_Input
21352412
1622783312
21224271

WT1
20234033
1537786508
20159353

WT2
21431912
1628825312
21147387

1525944696

1586740803

1507071661

1510655073

1512346277

1600610000

1523162485

1585258639

20008881
98.91%
15657282

20798048
98.91%
16286655

19550649
97.94%
15430889

19583796
97.92%
15470657

19822067
98.90%
15522511

20991514
98.90%
16426580

19453838
96.50%
15524317

20407766
96.50%
16207577

77.40%

77.45%

77.30%

77.36%

77.45%

77.40%

77.01%

76.64%
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