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Background: It is widely accepted that inflammatory cytokine, interleukin 6 (IL-6), was not only elevated
in cancer but also important in carcinogenesis. But how did IL-6 be produced in tumor microenvironment
remains to be addressed.

Methods: Both bioinformatics tools and quantitative real time polymerase chain reaction (RT-PCR) were
used to examine the expression of IL-6 in cancer cells. To map super-enhancers of IL-6, sgRNAs were
constructed. Stable knockout cells were established and subsequently used for cell proliferation and colony
formation assay. The correlation between mapped super-enhancers and IL-6 expression was studied by
ATAC-seq analysis.

Results: The expression of IL-6 was high in multiple cancers, including pancreatic cancer (PAAD).
The elevated expression of IL-6 in PAAD was further confirmed by transcriptional data and in a panel of
pancreatic cancer cell lines (one immortal HPDEG-C7 cell line and four PDAC cell lines: BxPC-3, PANC-
1, AsPC-1 and CFPAC-1). When treated with JQ-1 and I-BET-762, two inhibitors of super-enhancers, the
expression of IL-6 in multiple cancer cells including CFPAC-1, HeLa and SUM-159 cells was significantly
reduced. By analyzing the H3K27Ac profiling, BRD4 binding, Med1 binding and DNA conservation in
CFPAC-1, HeLa and SUM-159 cells, we identified a potential super-enhancer (IL6-SE) that might be
important for IL-6 expression in cancer. The super-enhancer (IL6-SE) can be further divided into two
elements (IL6-SEa and IL6-SEDb). Genetic deletion of IL6-SEa in cancer cells greatly reduces the expression
of IL-6. IL6-SEa deficient cells also showed low proliferation and colony formation ability. In patients, the
epigenetic activation (ATAC signal) of IL6-SEa is correlated with the expression of IL-6.

Conclusions: In summary, we not only provide convincing experimental evidence to demonstrate that
IL-6 expression in cancer is dependent on super-enhancers but also identified IL6-SEa as a critical DNA
regulatory element. Our findings provide new insights to understand the epigenetic regulation of IL-6

expression in cancers.
Keywords: 1L-6; super-enhancers; BRD4; pancreatic cancer
Submitted Dec 16, 2019. Accepted for publication Jul 03, 2020.

doi: 10.21037/tcr-19-2825
View this article at: http://dx.doi.org/10.21037/tcr-19-2825

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2020;9(9):5555-5565 | http://dx.doi.org/10.21037/tcr-19-2825


mailto:fanyihui@ntu.edu.cn
https://crossmark.crossref.org/dialog/?doi=10.21037/tcr-19-2825

5556

Introduction

Cancer is the leading cause of death in developed countries.
Pancreatic cancer contributes largely to cancer-related death
and becomes the fourth leading cause of cancer mortality,
although it is the tenth most commonly diagnosed
cancer (1). Therefore, it is an extremely malignant
tumor and its overall 5-year survival is only 5% (2).
Pancreatic cancer is almost resistant to all current
therapeutic regimens and this is likely due to broad
heterogeneity of genetic mutations and dense stromal
environment (3). So far, no molecular-targeted therapies
have given satisfactory results and gemcitabine which
approved at 1997, was still the first-line drug for
pancreatic cancer patients at a good performance status
(4,5). Inflammatory conditions such as pancreatitis not
only represent a well-known risk for pancreatic cancer
development but also as a consequence for pancreatic
cancer (6). This is supported by epidemiological evidence
which shows that patients suffering hereditary autoimmune
pancreatitis or patients with chronic pancreatitis carry
40% of lifetime risk or a 13-fold higher risk for PDAC
development, respectively (7,8). Furthermore, the
inflammatory tumor microenvironment contributes
significantly to the chemotherapy resistance and cancer
relapse (9). Inflammatory tumor microenvironment-
inducing oncogenic signal pathways such as nuclear factor-
kB (NF-xB) and STAT3 contribute to not only inherent
resistance but also acquired resistance (10). However, how
inflammatory microenvironment was generated and how
it affects carcinogenesis and chemotherapy resistance are
largely unknown.

The encoding gene for interleukin 6 (IL-6) locates on
chromosome 7p21 and its protein product has pleiotropic
effect on immune response and inflammation. In the acute
phase of stimulation such as infection and tissue injuries,
IL-6 was promptly and transiently produced. Besides its
critical role in immunity, IL-6 widely involved in cancer
progression and therapeutic resistance. IL-6 regulates
multiple cancer-associated processes such as proliferation,
survival, apoptosis, invasiveness and metastasis, angiogenesis
as well as cell metabolism (11-14). Its high expression was
frequently observed in cancer both in patients’ serum and
tumor tissues (15-17). However, the molecular mechanism
that drives IL-6 production in cancer remains to be
understood.

The elevated expression of IL-6 in tumor
microenvironment can be induced by many stimuli
that associated with tissue damage and stresses such as
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ionizing radiation, viruses, reactive oxygen species and
other pro-inflammatory cytokines (18). Its expression is
mainly induced through transcriptional regulation via key
transcriptional factors such as NF-xB, CCAAT/enhancer-
binding protein A and AP-1 (activator protein-1) (18).
There are several small cis-acting elements that locating
in a 1.2-kb fragment of the 5’-flanking region, which
cooperatively with transcriptional factors to induce IL-6
expression (19,20). Super-enhancers are recently defined
large cis-acting elements that have powerful ability to
induce much high gene expression (10). However, it is
unclear whether do super-enhancers play critical role in the
induction of IL-6 in cancer cells.

Methods
Cell culture and transfection

HPDE6-C7, PANC-1, BXPC-3, AsPC-1, CFPAC-1, HeLa
and SUM-159 cells were maintained in Dulbecco Modified
Eagle Medium containing 10% fetal bovine serum at
37 °Cin a 5% CO, condition. HelLa cells were transfected
with Lipofectamine 2000 (Invitrogen) according to the
manufacturer’s manuals. The BRD#4 inhibitors JQ1 (A1910)
and I-BET-762 (B1498) were bought from ApexBio.

Quantitative real time polymerase chain reaction
(RT-PCR)

For RNA extraction, cells will be seeded into 6-cm dishes
and harvested after achievement of 80% confluence.
Trizol (Ambion) was used to extract the total RNA
from indicated cells. The synthesis of cDNA was
performed in accordance with the instructions for reverse
transcription kits supplied by Thermo. The primers
for IL-6 and GAPDH were designed by the primer
design program. Primers sequences as follows: human IL-
6: 5'-AGCCAGAGCTGTGCAGATGAG-3" (forward),
5-GTTGTCATGTCCTGCAGCCAC-3' (reverse); human
GAPDH: 5'-GTGAACCATGAGAAGTATGAC-3' (forward),
5'-AGTGATGGCATGGACTGTGGT-3' (reverse).

Construction of sgRNA

The DNA sequence of IL6-SE was subjected to sgRNA
finder. The oligos for designed sense and antisense
were synthesized and annealed in the annealing buffer:
10mM Tris (pH 7.5), 1 mM EDTA and 50 mM NacCl.
The epiCRISPR vector was digested with BSPQ1 (New
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England Biolads) and purified by Gel purification kits.
The information of epiCRISPR vector was published
previously (21). The annealed oligonucleotides were
inserted into the CRISPR/Cas9 vector via T4 DNA ligase
(New England Biolads) overnight at 16 °C. The plasmid
colonies were examined by digestion of BSPQ1. The
sgRNA sequences were confirmed by direct sequencing.
The cloned sgRNA sequences are shown as follows:

SgRNA-1: GGCACAGTTATATACATATT;

SgRNA-2: GCTTTGCTTTGTGTTGTTTT.

Transfection of sgRNA and genotyping

For knockout of interested super-enhancers, HeLa cells
were placed in 6-well plates and were transfected with
indicated combination of sgRNAs using Lipofactamine
2000. Empty epiCRISPR vector was transfected parallel as
a control. After 48 hours, cells were killed by puromycin
(InvivoGen) and remaining cells were cultured with
puromycin for additional two weeks. Then, total RNA from
selected cells were extracted by Trizol and followed by RT-
PCR examination. To examine the deletion of indicated
DNA region, the cells were digested in protease mixture
(bimake.com) to obtain the genomic DNA according to the
manufacturer’s manuals. The genomic PCR were performed
via 2XM-PCR OPTI Mix (bimake.com) based on the
manufacturer’s manuals. The PCR products were then
analyzed by electrophoresis in 1% agarose gels with nucleic
acid dye (Tanon). The PCR products with right length were
sent for DNA sequencing to confirm the deletion. The
sequences of genotyping primers are as follows: forward:
5'-GAGTCTAGCAAGAGTTGTCTT-3, reverse:
5'-TGCCAGTAGAGCAGGTCTGCC-3".

Cell proliferation and colony formation assay

For cell proliferation assay, cells were inoculated into 96-
well plates with the number of 2x10’ cells for each well. Cell
Counting Kit-8 (CCK-8) was used to evaluate cell number
with indicated days. For colony formation assay, stable cell
lines were inoculated on six-well plates with a density of
5x10° per well. Cell colonies were allowed to grow for 2
weeks and then captured by microscopy.

RNA-seq analysis
We download the raw fastq file by using Aspera (https://

asperasoft.com/). We perform the quality check by using
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fastp (https://github.com/OpenGene/fastp). We next align
reads to the human genome (Version: hg19) by using STAR
(https://github.com/alexdobin/STAR) (22) and perform the
quality control by using multiqe (https://multiqc.info/) (23).
We quantify the gene reads by using FeatureCounts (24)
(http://subread.sourceforge.net/). We use Deseq2 (25) to
perform the differential gene expression analysis (https://
bioconductor.org/packages/release/bioc/html/DESeq?2.
html). We them calculate the TPM expression of each
genes, where we normalize for gene length first and then
normalize for sequencing depth second. As for the RNA-
seq analysis using The Cancer Genome Atlas data, we
fetched the level 3 RINA-seq raw counts from The Cancer
Genome Atlas (https://portal.gdc.cancer.gov/cart). We then
use limma package (https://bioconductor.org/packages/
release/bioc/html/limma.html) to perform the differential
expression analysis. We fetched the clinical annotation data
of patients from The Cancer Genome Atlas (https://portal.
gdc.cancer.gov/cart). The log-rank test was performed to
examine the prognostic significance of IL-6.

ChIP-seq analysis and super-enbancer identification

The fastq file including raw ChIP-seq data was downloaded
by using Aspera (https://asperasoft.com/). We next align
reads to the human genome (Version: hgl9) by using
Bowtie2 (26) (http://bowtie-bio.sourceforge.net/bowtie2/
index.shtml). We use Samtools (27) (http://samtools.
sourceforge.net/) to convert files in to sam and use
bedtools (28) (https://bedtools.readthedocs.io/en/latest/)
to convert files in to bed file type. We next convert the bed
file into bigwig file by using bedGraphToBigWig (http://
hgdownload.cse.ucsc.edu/admin/exe/). As for ATAC-seq
analysis, we download peak data from The Cancer Genome
Atlas (https://portal.gdc.cancer.gov/cart) and perform
the correlation analysis by using ggpubr (https://github.
com/kassambara/ggpubr) in R. To identify the potential
super-enhancers, we conduct the peak calling by using
macsl4 (29) (heep://liulab.dfci.harvard.edu/
MACS/00README.html). We next rank enhancers and
identify super-enhancers by using ROSE (10) (http://

younglab.wi.mit.edu/super_enhancer_code.html).

Results

High expression of IL-6 predicts poor outcome in multiple
cancers

IL-6 has been widely reported to associate with cancer,
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but its regulation is still not fully addressed. To fully
understand the expression of IL-6 across different cancer,
we systematically analyzed the IL-6 expression using
TCGA data. As shown in Figure 1A, the expression of
IL-6 was significantly upregulated in cancers including
pancreatic cancer (PAAD), testicular germ cell tumors
(TGCT), esophageal carcinoma (ESCA) and glioblastoma
(GBM). The upregulation of IL-6 in PAAD was further
confirmed by transcriptional data from individual patients
(Figure 1B). Furthermore, high expression of IL-6 in PAAD
predicts poor outcome (Figure 1C). To confirm the finding
from public data, we examined the expression of IL-6 in
one immortal HPDEG6-C7 cell line and four PDAC cell
lines including BxPC-3, PANC-1, AsPC-1 and CFPAC-1.
Compared to control cells, PDAC cells show elevated
expression of IL-6 in generally (Figure 1D). Interestingly,
the CFPAC-1 cells show extremely high expression of
IL-6. Together, our results reveal that IL-6 was up-
regulated in several cancer and its expression associated
with patients’ outcome.

IL.-6 expression in cancers is dependent on super-enbancers

The molecular mechanism that drives high expression
of IL-6 in cancer is still not fully addressed. We tested
whether IL-6 expression in cancer was dependent on super-
enhancers. We treated the PDAC cells (CFPAC-1) using
inhibitors (JQ-1 and I-BET-762) of super-enhancers.
JQ-1 treatment greatly reduces the expression of IL-6 in
CFPAC-1 cells (Figure 2A4). Using another super-enhancer
inhibitor (I-BET-762), we got similar result (Figure 2A4).
Next, we determined whether super-enhancer-dependent
IL-6 expression is cancer type dependent. We treated
HeLa and SUM-159 cells with JQ-1 and I-BET-762.
We found that both JQ-1 and I-BET-762 significantly
reduces IL-6 expression in both HeLa and SUM-159 cells
(Figure 2B,C). Our results suggest that super-enhancers
drive high expression of IL-6 is a general mechanism in
cancer. Our results were further supported by published
GEO dataset regarding SUM-159 cells treated with or
without JQ-1 (Figure 2D). RNA-seq clearly demonstrates
the reduced expression of IL-6 after JQ-1 treatment in
SUM-159 cells (Figure 2D). ChIP-seq also reveals that JQ-1
treatment greatly reduces the BRD4 and P300 binding in
super-enhancer regions (Figure 2E,F,G,H). Collectively, our
finding suggests a critical role of super-enhancers in the up-
regulation of IL-6 in cancers.
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Potential super-enbancers around IL-6 gene (IL6-SE) in
cancers

Next, we tried to identify the critical super-enhancers
that important for IL-6 expression in cancer. Because,
the expression of IL-6 in CFPAC-1 is significantly higher
than in PANC-1 cells. Super-enhancers are large DNA
regulatory elements enriched with H3K27Ac. Thus, we
reasoned that the potential large DNA elements enriched
with H3K27Ac were exist in CPAC-1 cells but not PANC-
1 cell. Therefore, we compared the H3K27Ac modification
around IL-6 gene locus (Figure 34). Interestingly, we
identified a region at Chr7: 22,615,000-Chr7: 22,630,000
(IL6-SE) in the 5’ end of IL-6 gene was enriched with
H3K27Ac at CFPAC-1 cells but not PANC-1 (Figure 34).
In HeLa cells, this DNA region was also enriched with
H3K27Ac (Figure 3B). The DNA sequence of this region
was conserved between human and mouse (Figure 3C). To
further characterize this region, we analyzed in detail by
different markers including BRD4, MED1 and H3K27Ac
in SUM-159 cells (Figure 3C). Based on BRD4 enrichment
and DNA conservation, this DNA region can be further
divided into two sub-elements that we called IL6-SEa
(Chr7: 22,625,000-Chr7: 22,630,000) and IL6-SEb (Chr7:
22,615,000-Chr7: 22,619,000) (Figure 3C). Collectively, we
identified a potential important super-enhancer (IL6-SE)
that might be important for IL6 expression in cancers. To
verify that the IL-6-SE is a super-enhancer, we ranked the
DNA elements based on the signal of H3K27Ac according
to published protocol (ROSE, Ranking Of Super Enhancer)
(Figure 3D). The exceptionally high amounts of H3K27Ac
modification clearly demonstrates that IL6-SE is a super-
enhancer in SUM-159, HelLa and L3-6 cells (Figure 3D).
Consistently, JQ-1 treatment could significantly reduce
BRD4 and P300 binding at IL-6-SE locus (Figure 3E).
It suggests that IL6-SE is a functional super-enhancer.
In summary, we identified a potential important super-
enhancer that is IL6-SE in the upregulation of IL-6.

Deletion of a super-enbancer greatly reduces IL-6
expression

Next, we determined whether identified super-enhancers
are important for IL-6 expression in cancer cells. We
designed sg-RNAs to delete IL6-SEa and IL6-SEDb in cancer
cells (Figure 44). The transfection efficiency was extremely
low in CFPAC-1 and we failed to generate knockout
colony in such cells. However, we successfully generated
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Figure 1 The expression of IL-6 in cancer tissues and cell lines. (A) The raw data of IL-6 expression in 31 cancers was downloaded from
TCGA database. Comparing to normal tissues, significant higher expression of IL-6 in pancreatic cancer (PAAD), testicular germ cell
tumors (TGCT), esophageal carcinoma (ESCA) and glioblastoma (GBM) was observed. The other TCGA Cancer Codes are as following:
STAD (stomach adenocarcinoma), DLBC (Ilymphoid neoplasm diffuse large B-cell lymphoma), CESC (cervical squamous cell carcinoma
and endocervical adenocarcinoma), OV (ovarian serous cystadenocarcinoma), THYM (thymoma), CHOL (cholangiocarcinoma), UCEC
(uterine corpus endometrial carcinoma), UCS (uterine carcinosarcoma), LIHC (liver hepatocellular carcinoma), KIRC (kidney renal clear
cell carcinoma), LGG (brain lower grade glioma), SKCM (skin cutaneous melanoma), PRAD (prostate adenocarcinoma), READ (rectum
adenocarcinoma), COAD (colon adenocarcinoma), ACC (adrenocortical carcinoma), LAML (acute myeloid leukemia), KIRP (kidney renal
papillary cell carcinoma), THCA (thyroid carcinoma), KICH (kidney chromophobe), HNSC (head and neck squamous cell carcinoma),
PCPG (pheochromocytoma and paraganglioma), SARC (sarcoma), BRCA (breast invasive carcinoma), BLCA (bladder urothelial carcinoma),
LUSC (lung squamous cell carcinoma), LUAD (lung adenocarcinoma). (B) The expression of IL-6 in individual PAAD patients and controls
were present. The expression of IL-6 is significantly higher in PAAD patients when compared to it in controls. (C) In PAAD patients, high
expression of IL-6 predicts poor survival. (D) The mRNA level of IL-6 was measured by RT-PCR in HPDE6-C7, BxPC-3, PANC-1, AsPC-
1 and CFPAC-1 cells. GAPDH was used as a loading control. *, P<0.05.
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Figure 2 JQ-1 and I-BET-762 reduce IL-6 expression in cancer cells. (A) The mRNA level of IL-6 was measured by real time polymerase
chain reaction (RT-PCR) in CFPAC-1 cells treated with or without JQ-1 (or I-BET-762) with indicated doses. (B) The mRNA level of IL-6
was measured by RT-PCR in HeLa cells treated with or without JQ-1 (or I-BET-762) with indicated doses. (C) The mRNA level of IL-6 was
measured by RT-PCR in SUM-159 cells treated with or without JQ-1 (or I-BET-762) with indicated doses. (D) RNA-sequencing data of SUM-
159 cells treated with or without JQ-1 from GEO dataset was downloaded and presented. (E,F) Average ChIP-seq signal (BRD4 and P300) on all
super-enhancers of SUM-159 cells treated with or without JQ-1. The data from GEO Number (GSE131097; GSE87418) was downloaded and re-
analyzed. (G,H) Heatmap of ChIP-seq signal (BRD4 and P300) on all super-enhancers of SUM-159 cells treated with or without JQ-1.
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Figure 3 The H3K27Ac profile and BRD4 binding around IL-6 locus. (A) The distribution of H3K27Ac around IL-6 gene in PANC-1
and CFPAC-1 cells was visualized through UCSC genome browser. The original H3K27Ac data of PANC-1 (GSM1254196) and CFPAC-1
(GSM2439222) cells was downloaded from GEO database. (B) The distribution of H3K27Ac around IL-6 gene in HeLa cells was visualized
through UCSC genome browser. (C) The distribution of H3K27Ac modification, BRD4 and MEDI1 binding around IL-6 gene in SUM-
149 cells was visualized through UCSC genome browser. The DNA conservation between human, Rhesus, Mouse, Dog and elephant was
analyzed and visualized by VISTA tool (http://genome.lbl.gov/vista/index.shtml). (D) Distribution of H3K27Ac ChIP-seq density across all
identified DNA elements. The super-enhancer is a subset of enhancers containing exceptionally high amounts of H3K27Ac modification.
The IL6-SE is a potential super-enhancer based on H3K27Ac density using the published protocol (ROSE) in SUM-159, HeLa and L3-6
cells. (E) Precise analysis of H3K27Ac modification at the DNA region around IL-6 locus. The change of H3K27Ac modification before
and after JQ-1 treatment were also analyzed. The core region (IL6-SE, Chr7: 22,615,000-22,630,000) of potential super-enhancer was
highlighted by yellow color.
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IL6-SEa knockout cells in HeLa cells. Genotyping and
DNA sequencing clearly demonstrate that the IL6-SEa
DNA region was deleted (Figure 4B,C). Deletion of IL6-
SEa region greatly reduces IL-6 expression in HeLa cells
(Figure 4D). The proliferation ability of IL6-SEa-deficient
cells was significantly reduced compared to sgVec control
cells (Figure 4E). Furthermore, the colony formation ability
of IL6-SEa-deficient cells was greatly reduced compared
to sgVec control cells (Figure 4F,G). Our results clearly
demonstrate that IL-6-SEa is functional important for
IL-6 expression and function. To further support such
conclusion, we analyzed the relationship between the
chromatin status of IL6-SEa and 11.-6 expression in patients
(Figure 4H). The ATAC signal which indicating a loose
and active status of IL-6-SEa is positively associated with
IL-6 expression (Figure 4H). It suggests that the regulation
of IL6-SEa on IL-6 expression is patient relevant. Taken
together, we demonstrate that IL6-SEa was critical
important for IL6 expression by genetic tools.

Discussion

IL-6 is a glycosylated polypeptide chain and was discovered
as a B cell differentiation factor to induce their antibody
production (30). IL-6 triggers signal transduction via
a transmembrane receptor (mbIL-6R, also known as
IL-6Ra) and a secretory soluble receptor (sIL-6R)
(31,32). The mbIL-6R with a restricted expression and
predominately expressed on hepatocytes, some epithelial
cells and certain leukocytes (33). Upon IL-6 binding to
mbIL-6R, the complex recruits gp130 and causes gp130
homodimerization to form an activated IL-6 receptor
complex. GP130 is expressed ubiquitously and can also be
activated by IL-6/sIL-6R in various cells including cancer
cells (34,35). Enhanced levels of IL-6 have been found in
many cancers and its high expression inversely related with
the response to chemotherapy (36). Comparing to primary
tumors, recurrent tumors and metastatic lesions show
higher expression of IL-6 (37). However, the molecular
mechanism inducing IL-6 expression in cancer is not
fully understand. It is believed that IL-6 production is
predominantly regulated by various transcription factors
such as NF-kB, CCAAT/enhancer-binding protein-a and
activator protein-1. Here, our results demonstrate a critical
role of epigenetic mechanism that is super-enhancer in
the up-regulation of IL-6 expression. The activation of
super-enhancer DNA might be an initiation step to allow
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TFs binding to DNA. However, the relationship between
identified IL-6 super-enhancer and reported TFs such as
AP1 needs to be further studied.

The human IL-6 gene locates on chromosome 7p21
and has three transcription start sites and three TATA
boxes (38). There is a 1.2-kb fragment of the 5’-flanking
region that has multiple cis-acting elements (19). This
DNA region including promoter has critical role in the
regulation of IL-6 transcription. For example, there are two
pairs of glucocorticoid response elements (GREs) locate at
the positions =557 to =552 and -466 to -461 respectively
(39,40). Besides GRE:s sites, this region tightly occupied by
other identified regulatory sites such as AP-1 binding site
(TGAGTCA) and cyclic AMP (cAMP)-response element
(CRE: ACGTCA) (41). Many trans-acting factors have been
identified to specifically regulate IL-6 expression through
such DNA region. These trans-acting factors such as NF-
kB, C/EBP-b, activator protein-1, interferon regulatory
factor and estrogen receptor are closely associated with
cancer (42-44). This DNA region and its trans-acting
factors are extensively studied. Here, we identified a novel
DNA region, IL6-SE, which is around 15 kb. IL6-SE is
far away to promoter and the distance between IL6-SE
and promoter is about 120 kb. In ATAC profiling, which
shows chromatin accessibility, indicates IL6-SE is active
in cancer cells and the status of IL6-SE correlated with
IL-6 expression. It is interesting to know how IL6-SE
changes its status from silence in normal cells to be active
in cancer cells. One possibility is that the abnormal pioneer
transcriptional factors in cancer cells specifically bind to
IL6-SE region and make it available to transcriptional
machine. However, the abnormal pioneer transcriptional
factors remain to be explored. Based on DNA conservation
and BRD4 binding, IL6-SE can be further divided into
IL6-SEa and IL6-SED. Although, we tried our best, we only
established IL-6-SEa knockout cells. Our results indicate
that IL6-SEa is critical important for IL-6 expression
and cancer cell growth. The role of IL6-SEb in IL-6
expression needs to be further studied. It is also interesting
to known the relationship between IL6-SEa and IL6-SEb.
Furthermore, the trans-acting factors act with IL6-SE DNA
region are also largely unknown.

In summary, we provide convince evidence to show that
super-enhancers play critical role in the induction of IL-6
in cancer. We also identified a novel DNA region (IL6-
SE) that is important for IL-6 expression in cancer. Our
results provide new insights to understand the epigenetic
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Figure 4 Deletion of IL6-SEa impairs IL-6 expression in cancer cells. (A) Schematically presentation of the design of CRISPR/Cas9
mediated deletion of the IL6-SEa locus. The location of sgRINAs and primers that used to validate the deletion was indicated. (B)
Genotyping the deletion of IL6-SEa locus by PCR. (C) Cloning and direct sequencing of the joint DNA sequences after deletion of the
IL6-SEa super-enhancer. (D) Real-time PCR was used to determine the mRNA level of IL-6 in IL6-SEa deficient and control cells. (E) Cell
proliferation of IL6-SEa deficient and control cells was evaluated by CCK-8 assay. (F,G) Anchorage-dependent colony formation of IL6-
SEa deficient and control cells. (G) Crystal violet staining and the magnification =2. (H) The correlation between ATAC signal at IL6-SEa
region and the expression of IL-6 in breast cancer patients was analyzed. *, P<0.05; **, P<0.01.
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regulation of IL-6 transcription.
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