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Intestinal epithelium-derived BATF3 promotes colitis-
associated colon cancer through facilitating CXCL5-mediated
neutrophils recruitment
Y. Lin1, L. Cheng1, Y. Liu1, Y. Wang1, Q. Wang1, H. L. Wang1, G. Shi1, J. S. Li1, Q. N. Wang1, Q. M. Yang1, S. Chen1, X. L. Su1, Y. Yang1,
M. Jiang2, X. Hu3, P. Fan3, C. Fang4, Z. G. Zhou4, L. Dai1 and H. X. Deng 1

Inflammation is a critical player in the development and progression of colon cancer. Basic leucine zipper transcription factor ATF-
like 3 (BATF3) plays an important role in infection and tumor immunity through regulating the development of conventional type 1
dendritic cells (cDC1s). However, the function of BATF3 in colitis and colitis-associated colon cancer (CAC) remains unclear. Here,
BATF3 wild-type and knockout mice were used to construct an AOM/DSS-induced CAC model. In addition, DSS-induced chronic
colitis, bone marrow cross-transfusion (BMT), neutrophil knockout, and other animal models were used for in-depth research. We
found that BATF3 deficiency in intestinal epithelial cells rather than in cDC1s inhibited CAC, which was depended on inflammatory
stimulation. Mechanistically, BATF3 directly promoted transcription of CXCL5 by forming a heterodimer with JunD, and accelerated
the recruitment of neutrophils through the CXCL5-CXCR2 axis, ultimately increasing the occurrence and development of CAC.
Tissue microarray and TCGA data also indicated that high expression of BATF3 was positively correlated with poor prognosis of
colorectal cancer and other inflammation-related tumors. In summary, our results demonstrate that intestinal epithelial-derived
BATF3 relies on inflammatory stimulation to promote CAC, and BATF3 is expected to be a novel diagnostic indicator for colitis
and CAC.

Mucosal Immunology (2021) 14:187–198; https://doi.org/10.1038/s41385-020-0297-3

INTRODUCTION
Colorectal cancer (CRC) can be effectively detected and prevented
before malignant transformation.1 However, most cases are
diagnosed in an advanced stage and have poor overall survival,
making CRC the second most frequent cause of cancer-related
deaths.2 The etiology of CRC is multifactorial, including mutations,
inflammatory bowel disease, gut microbiota, and diet.3 Among
these, inflammation is a critical player in the development,
progression, and metastasis of both CAC and sporadic CRC.4

Therefore, understanding the pathogenesis of colitis promoting
CAC will provide novel therapy strategies for CRC.
The main pathological feature of CRC involves dysregulated

intestinal homeostasis, characterized by mucosal damage and
microbiota translocation, which contribute to colon carcinogen-
esis by recruiting proinflammatory immune cells, producing
tumor-promoting cytokines, and establishing a tumor immune
microenvironment.5 Among infiltrating immune cells, neutrophils
are the most abundant involved in innate immunity,6,7 and their
numbers are significantly increased in patients and mice with
colitis or CRC.8,9 Neutrophils play an important regulatory role in
tumor initiation, proliferation, immune regulation, angiogenesis,
and metastasis in various tumors.6 Recruitment of neutrophils to

the tumor location is regulated by interactions between the
chemokines CXCL1, CXCL2, CXCL5, CXCL7, CXCL12, and chemo-
kine receptors CXCR1 and CXCR2. Inhibition of CXCR2 or clearance
of neutrophils can significantly impair tumor development and
progression.9,10 It is widely accepted that neutrophils contribute to
cancer immune evasion by suppressing the functions of T and NK
cells.11 However, the mechanisms by which these chemokines
increase and neutrophils promote CAC progression remain to be
explored.
Basic leucine zipper transcription factor ATF family contains

BATF, BATF2, and BATF3, which competes with c-Fos to form a
heterodimer with c-Jun.12 It has been demonstrated that BATF is
highly expressed in colon cancer and promotes CAC by regulating
Th17 cells,13 whereas BATF2 demonstrates low expression in CRC
and plays an important role in inhibiting angiogenesis in colon
cancer.14 BATF3 is crucial to the development of CD4−CD8α+ DCs
in lymphoid tissues and CD103+CD11b− DCs in peripheral
tissues.15,16 During infection and tumor immunity, cDC1s regu-
lated by BATF3 are stimulated to secrete interleukin 12 (IL-12),
thereby stimulating T and NK cells to secrete interferon γ (IFNγ),
thus inhibiting tumors and infection.15,17,18 In addition to
regulating the development of cDC1s, BATF3 also acts as a
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proto-oncogene to promote the proliferation and invasion of
lymphoma.19,20 Previous work has demonstrated that BATF3 is
upregulated and associated with poor prognosis in CRC;21

however, the functional role of BATF3 in colitis and CAC has not
been reported.
In this study, we found that BATF3 deficient in intestinal

epithelial cells could suppress CAC depending on reducing
recruitment of neutrophils. Mechanically, BATF3 transcriptively
activated chemokine CXCL5 expression in epithelial under
inflammatory stimuli leading to recruitment of CXCR2+ neutro-
phils. Collectively, the results of our study point to a novel
diagnostic indicator for colitis and CAC, as well as for other
inflammation-associated cancers.

RESULTS
Intestinal epithelial-derived BATF3 promotes the development of
CAC
To investigate the functional role of BATF3 in CAC, an AOM/DSS
model was established in WT and BATF3−/− mice (Fig. S1A–C). The
survival time of BATF3−/− mice was significantly prolonged
(Fig. 1a). High-resolution mini-endoscopy imaging and macro-
scopic images showed that BATF3−/− observably suppressed the
size and number of tumor (Fig. 1b, c). Statistical analysis found
that the colon length of BATF3−/− mice was longer, the number of
tumors was reduced (Fig. 1d), and the tumor area and tumor load
were smaller (Fig. S1D). H&E staining indicated that the colon
tissues of BATF3−/− mice had fewer tumor areas, less colon injury,
and less immune cell infiltration (Fig. 1e). Further, we detected
decreased proliferation, increased apoptosis, and decreased
expression of inflammatory factors in the colon tissues of
BATF3−/− mice (Fig. 1f, g, S1E). Stool score and bleeding score
were also lower in BATF3−/− mice (Fig. S1F). As reported,21 BATF3
was highly expressed in human CRC tissues (Fig. S2A, B). We found
that BATF3 was also highly expressed in mouse CAC tissues
(Fig. S2C–E), and BATF3 was mainly expressed in epithelial cells of
human and mouse colon cancer (Fig. 1h, i). Our results also
confirmed the significant reduction of cDC1s in BATF3−/−

mice15,16 (Fig. S3A, B), but there was no significant difference in
CD103+CD11b− DCs and DNGR-1+CD103+ DCs between
untreated and AOM/DSS-treated mice22,23 (Fig. 1j, S3C). Further-
more, BATF3 deficiency had limited effects on colon development,
proliferation activity, apoptosis activity, and inflammatory cytokine
expression under normal conditions16 (Fig. S3D-H). Thus, we
speculated that BATF3 may play a crucial role in the AOM/DSS
process through other mechanisms rather than regulating cDC1s.
To address this, BMT mice were constructed for the CAC model.
We found that tumor number and area were significantly reduced
in BATF3−/− receptor mice (Fig. 1k, l), indicating that BATF3
knockout inhibited colon cancer due to the deletion of BATF3
gene in non-immune cells. Above all, BATF3 deficiency in
intestinal epithelial cells attenuates AOM/DSS-induced CAC
progression.

BATF3 deficiency suppresses CAC depends on inflammation
In the AOM/DSS-mediated primary cancer model, AOM-mediated
mutation and DSS-mediated inflammation have synergistic effects
in the development of CAC.24 To address whether inflammation is
necessary for BATF3 to promote CAC, we evaluated a colitis-
independent colon cancer model (Fig. S4A). Our results showed
no dramatic difference in tumor incidence (Fig. 2a–c). Further
statistical analysis confirmed there were no significant differences
in colon length (Fig. S4B). H&E staining and qPCR also showed no
notable differences in tumor area and inflammation (Fig. 2d, e). In
addition, WT and BATF3−/− mice were administered 2% DSS to
induce chronic colitis (Fig. S4C). Representative mini-endoscopic
images indicated that BATF3−/− mice developed mild colitis
(Fig. 2f). Macroscopic images and statistical analysis found that the

colon length of BATF3−/− mice was much longer in the chronic
colitis model (Fig. 2g, h), and the spleen of BATF3−/− mice was
much smaller (Fig. S4D). Compared with WT mice, body weight
reduction in BATF3−/− mice was significantly less (Fig. S4E), and
stool score and bleeding scores were lower (Fig. 2i). H&E staining
also indicated that colon tissues of BATF3−/− mice had smaller
areas of tissue destruction with altered crypt structure accom-
panied by less immune cell infiltration (Fig. 2j). Further, we found
decreased expression of inflammatory factors and proliferation
(Fig. 2k, l) in the colon tissues of BATF3−/− mice. Taken together,
these results indicate that inflammation is required for BATF3 to
promote colon cancer.

BATF3 deficiency inhibits CAC depends on recruitment of
neutrophils
The mechanism by which BATF3 promotes the occurrence and
development of CAC remains unclear. As demonstrated by H&E
staining in the AOM/DSS and DSS models, infiltration of immune
cells in colon tissues of BATF3−/− mice was reduced. Consistently,
flow cytometry revealed that BATF3−/− mice had fewer immune
cells (CD45+) in the colonic lamina propria in the AOM/DSS model
(Fig. 3a). To examine whether BATF3 was involved in immune cell
infiltration, we analyzed immune cell profiles in the colonic lamina
propria at the end of the AOM/DSS treatment, found that there
were many neutrophils (CD11b+Ly6G+) in WT mice, and they
were significantly decreased in BATF3−/− mice (Fig. 3b). Further,
flow cytometry detected neutrophils in colonic lamina propria at
0, 21, and 70 days of the AOM/DSS model, confirming that
neutrophils were significantly increased in the course of CAC, but
that there were significantly fewer neutrophils in BATF3−/− mice
(Fig. 3c), which were also confirmed by IF staining (Fig. 3d).
Similarly, neutrophils were significantly decreased in BATF3−/−

mice in the chronic colitis model (Fig. S5A). However, there was no
difference in neutrophils in the colon, bone marrow, blood, and
liver between WT and BATF3 mice under normal conditions
(Fig. 3c, S5B), indicating that BATF3 does not affect the
development of neutrophils, but affects their recruitment instead.
We also found that neutrophils were significantly reduced in
BATF3−/− receptor mice at the end of the AOM/DSS treatment
(Fig. 3e). The above results suggest that BATF3 expressed by
epithelial cells plays an important role in promoting neutrophil
recruitment. Neutrophils have been reported to increase sig-
nificantly and play an important role in colitis and colon cancer
tissues in patients and mice.6,8,9 It is widely accepted that
neutrophils inhibit the infiltration and function of T cells.25,26

Our flow cytometry results also showed decreased IL-17A+CD4+

T cells and increased CD4+IFNγ+ T cells in the colon tissues of
BATF3−/− mice treated with AOM/DSS (Fig. 3f, g).
To determine whether BATF3 promotes the progression of CAC

by inhibiting the recruitment of neutrophils, neutrophils were
depleted in WT and BATF3−/− mice by injecting anti-mouse Ly6G
antibody 1A8 during the modeling process.27 We found that
neutrophil deletion suppressed the tumor number and area in WT
mice, but had little effect on BATF3−/− mice (Fig. 3h, i, S5C–E).
These results demonstrated that BATF3 deficiency inhibition CAC
is dependent on recruitment of neutrophils.

BATF3 deficiency restrains CAC by inhibiting the secretion of
CXCL5 in intestinal epithelial cells
To investigate how BATF3 promotes chemotaxis of neutrophils,
we examined the expression of related proteins using inflamma-
tion antibody array. Among the differentially expressed proteins in
colon tissues under the AOM/DSS treatment, the expression of
CXCL5 was highest in WT mice and significantly decreased in
BATF3−/− mice (Fig. 4a), which plays an important role in
recruiting neutrophils.9,28,29 Similarly, ELISA showed that CXCL5
was significantly increased in WT mice after treatment with AOM/
DSS, while BATF3−/− mice showed much lower levels (Fig. 4b).
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Fig. 1 Intestinal epithelial-derived BATF3 promotes the development of CAC. a Overall survival curve of WT and BATF3−/− mice in the
AOM/DSS model (log-rank test). Representative mini-endoscopy images (b) and images of colon tissues (c) at the end of the AOM/DSS
treatment. d Statistical analysis of colon length and tumor number in WT and BATF3−/− mice (n= 8). e H&E stained images and tumor area
statistics of colon tissues (n= 7). f Proliferation marker Ki-67 staining of colon tissues by IHC and quantification of Ki-67+ cells (n= 3). g qPCR
analysis of the relative expression of inflammatory factors (IL-1α, TNF-α, COX-2 and IL-1β) in colon tissues (n= 4). h Representative IF-stained
images of BATF3 and EpCAM in human malignant colon tissues, counterstained with DAPI. i qPCR analysis of BATF3 relative expression in
various cell types screened by flow cytometry from untreated or AOM/DSS-treated colon tissues (n= 4; EpCAM+ refers to intestinal epithelial
cells; CD45+ refers to intestinal immune cells; CD140α+ refers to intestinal fibroblasts; EpCAM−CD45−CD140α− refers to the other cells). j Flow
cytometry analysis of the CD103+CD11b− DCs in untreated or AOM/DSS-treated colon tissues (n= 4). k Representative images of colon
tissues from bone marrow chimeric mice at the end of the AOM/DSS treatment (BM−/− miceWT means that BATF3−/− BM was injected back
into BATF3WT mice, and the others were in sequence). l Statistical analysis of tumor number and tumor area (n ≥ 7). All data are representative
of three independent experiments. See also Figs. S1–S3.
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Other chemokines30 promoting neutrophil chemokines showed
no significant difference (Fig. S6A, B). Consistently, CXCL5 was also
significantly reduced in BATF3−/− mice in the chronic colitis model
(Fig. S6C). Furthermore, ELISA showed that CXCL5 expression was
significantly reduced in BATF3−/− receptor mice at the end of the
AOM/DSS treatment (Fig. S6D). qPCR and IF staining both
confirmed that CXCL5 was mainly expressed in epithelial cells in
the AOM/DSS model (Fig. 4c, e). CXCL5 relative expression was
also much lower in colon organoids of BATF3−/− mice (Fig. 4d,
S6E). Neutrophil chemotactic receptors mainly include CXCR1 and

CXCR2.31 We found that CXCR2 was significantly lower in colon
tissues of BATF3−/− mice, but CXCR1 showed no marked
difference in the AOM/DSS model (Fig. 4f, S6F). qPCR and flow
cytometry further confirmed that CXCR2 was specifically
expressed in neutrophils (Fig. 4g, h). As reported, CXCL5
recruited neutrophils via CXCR2 in vivo and in vitro chemotactic
experiments.7,9 Based on the above results, we speculate that
BATF3 regulates the secretion of CXCL5 in intestinal
epithelial cells, thereby recruiting neutrophils through CXCR2 to
promote CAC.

Fig. 2 BATF3 deficiency suppresses CAC depends on inflammation. Representative mini-endoscopy images (a) and images of colon tissues
(b) at the end of 6×AOM treatment. c Statistical analysis of tumor incidence (n ≥ 7). d H&E-stained images and tumor area statistics of colon
tissues treated by AOM (n= 7). e qPCR analysis of the relative expression of inflammatory factors in colon tissues (n= 7). Representative mini-
endoscopy images (f) and images of colon tissues (g) at the end of DSS treatment. h Statistical analysis of colon length of WT and BATF3−/−

mice at the end of the DSS treatment (n= 7). i Statistical analysis of stool score and bleeding score (n= 7, Mann–Whitney test). j H&E stained
images and corresponding histological score statistics of colon tissues (n= 7, Mann–Whitney test). k Ki-67 staining of colon tissues by IHC and
quantification of Ki-67+ cells (n= 3). l qPCR analysis of the relative expression of several inflammatory factors (n= 7). All data are
representative of three independent experiments. See also Fig. S4.
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Fig. 3 BATF3 deficiency inhibits CAC depends on recruitment of neutrophils. a Flow cytometry analysis of CD45+ cells in colon tissues at
the end of the AOM/DSS treatment (n= 5). b Flow cytometry analysis of various types of immune cells in colon tissues at the end of AOM/DSS
treatment (n= 5). c Flow cytometry analysis CD11b+Ly6G+ neutrophils in colon tissues at 0, 21, and 70 days of the AOM/DSS model (n= 3).
d Representative IF images and quantification of neutrophils based on CD11b and Ly6G staining in colon tissues at the end of AOM/DSS
treatment (n= 4). e Flow cytometry analysis of CD11b+Ly6G+ in colon tissues of bone marrow chimeric mice at the end of AOM/DSS
treatment (n= 4). (f) Flow cytometry analysis of IL17A+CD4+ T cells in colon tissues of WT and BATF3−/− mice at the end of AOM/
DSS treatment (n= 3). g Flow cytometry analysis of INFγ+ T cells in colon tissues (n= 3). h Representative images of colon tissues from IgG or
anti-mouse Ly6G antibody (1A8)-injected WT and BATF3−/− mice at the end of AOM/DSS treatment. i Statistical analysis of colon tumor
number and tumor area (n ≥ 7). All data are representative of three independent experiments. See also Fig. S5.
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To verify this, WT and BATF3−/− mice were injected with the
CXCR2 inhibitor SB22500232 to block CXCL5 recruitment of
neutrophils in the AOM/DSS model. We found that blocking
neutrophil recruitment with SB225002 in WT mice significantly

inhibited tumor number and tumor area, but had little effect on
BATF3−/− mice (Fig. 4i, j, S6G). Taken together, these results
indicate that BATF3 exacerbates CAC by promoting the secretion
of CXCL5 in intestinal epithelial cells.

Fig. 4 BATF3 deficiency restrains CAC by inhibiting the secretion of CXCL5 in intestinal epithelial cells. a Expression of inflammatory
cytokines in WT and BATF3−/− mouse colon tissues at the end of AOM/DSS treatment. b ELISA for CXCL5 expression in colon tissues from
untreated or AOM/DSS-treated WT and BATF3−/− mice (n ≥ 6). c qPCR analysis of CXCL5 relative expression in various types of cells in colon
tissues at the end of AOM/DSS treatment (n= 3). d qPCR analysis of CXCL5 relative expression in colon organoids from normal WT and
BATF3−/− mice (n= 4). e Representative IF-stained images and quantification of CXCL5 and EpCAM in colon tissues at the end of AOM/DSS
treatment (n= 4). f qPCR analysis of CXCR2 relative expression in colon tissues from WT and BATF3−/− mice at the end of AOM/DSS treatment
(n= 6). g qPCR analysis of CXCR2 relative expression in various types of cells in colon tissues at the end of AOM/DSS treatment (n= 3). h Flow
cytometry analysis of CD45+CXCR2+ and CD11b+Ly6G+ cells in blood and colon tissues from WT mice at the end of AOM/DSS treatment.
i Representative images of colon tissues from or vehicle (1% DMSO in PBS) or CXCR2 inhibitors (SB225002)-injected WT and BATF3−/− mice at
the end of AOM/DSS treatment. j Statistical analysis of colon tumor number and tumor area (n= 8). All data are representative of three
independent experiments. See also Fig. S6.
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BATF3 directly promotes transcription of CXCL5
Although we have shown that BATF3 promotes CXCL5 expression
in intestinal epithelial cells induced by AOM/DSS, the specific
molecular mechanism by which BATF3 regulates CXCL5 expres-
sion remains unclear. It has been reported that TNFα can simulate
inflammatory stimulation at the cellular level, thereby promoting
CXCL5 expression.33 We also found that the expression of BATF3
and CXCL5 in human intestinal epithelial cells (HIEC) and SW480
cells was significantly increased under stimulation with TNFα,
meanwhile CXCL5 was the most upregulated in the case of BATF3
overexpression (Fig. 5a, b). Similarly, BATF3 knockout significantly
inhibited CXCL5 expression (Fig. 5c, S7A). Furthermore, CXCL5
expression was elevated in colonic organoids stimulated with M5,
but markedly downregulated in BATF3−/− intestinal organs34

(Fig. 5d). JNK, ERK, and P38 can regulate the expression of
CXCL5,35 western blotting showed that the expression of p-JNK, p-
ERK, and p-P38 was increased under stimulation with TNFα, but
the overexpression of BATF3 had little effect on these signaling
pathways, thereby ruling out a possible regulatory role (Fig. S7B).
As a transcription factor, BATF3 can directly bind to the promoter
regions of IRF4, IRF8, MYC and other genes to promote their
transcription.20,36 Whether BATF3 can directly regulate transcrip-
tion of CXCL5 has not been reported, we found that BATF3
enhanced the reporter with WT CXCL5 promoter but not the
mutated ones in the SW480 and HT-29 cells37 (Fig. 5e). Through
ChIP-qPCR, we further found that BATF3 could bind directly to the
promoter region of the CXCL5 gene (Fig. 5f), thus confirming that
BATF3 can directly regulate the transcription of CXCL5. As
reported,38 BATF3 consists of 128 amino acids, the 37–62 amino
acid group is the basic DNA-binding region, and the 63–91 amino
acid group is the leucine zipper region. Stepwise deletion of
BATF3 indicated that the amino acids 1–62 and 63–128 in the
BATF3 fragment could not regulate the transcription of CXCL5
alone (Fig. 5g–j), In conclusion, full-length BATF3 directly
promotes the transcription of CXCL5.

BATF3 promotes CXCL5 transcription by forming heterodimer with
JunD
Previous studies have reported that BATF3 is an important
transcription factor, which forms dimers with c-Jun, JunB, IL-9
and other proteins to generate transcriptional activity.12,37,39,40 It is
unclear whether BATF3 regulates transcription of CXCL5 by
binding to other proteins. We found that BATF3 directly combined
with JunD in SW480 and HT-29 cells, as confirmed by IP-mass
spectrometry, IP-WB, and IF staining (Fig. 6a–c). As for in both
normal and AOM/DSS-treated colon tissues of WT mice, the BATF3
protein could also form heterodimers through binding to JunD
(Fig. 6d). Stepwise deletion of BATF3 further indicated that the
amino acids 1–62 or 63–128 of the BATF3 fragment cannot bind to
JunD alone, but require full-length BATF3 (Fig. 6e). JunD knockout
inhibited CXCL5 expression in SW480 and HT-29 cells (Figs. S8A, 6f,
g). ChIP-qPCR further revealed that BATF3 regulated transcription
of CXCL5 dependent on JunD (Fig. 6h). Collectively, we confirmed
that full-length BATF3 directly promotes the transcription of
CXCL5 by forming a heterodimer with JunD.

BATF3 positively correlates with CXCL5 and CD66b in human CRC
tissues
To further explore the prognostic importance of BATF3 in patients
with CRC, we analyzed the expression of BATF3 in human CRC
Tissue microarray (TMAs). The results suggested that BATF3
expression positively correlates with tumor grade (Fig. 7a),
Kaplan–Meier analysis and TCGA data analysis revealed that
patients with high BATF3 expression were associated with
unfavorable prognosis (Fig. 7b, c). Based on the mechanism
identified above, we proceeded to explore the expression and
clinical relevance between BATF3, CXCL5, and CD66b (a marker of
human neutrophils) in human CRC TMAs, and we showed that the

expression of BATF3, CXCL5, and CD66b were significantly
increased in human malignant colon cancer tissues (Fig. 7d–f).
Indeed, there were significant positive correlations between the
expression of BATF3 and CXCL5, as well as BATF3 and CD66b in
human colon cancer tissues (Fig. 7g, h). Furthermore, as found in
the TCGA database, high expression of BATF3 also corresponded
to a short survival period in tumors closely linked with
inflammation, such as renal cancer, liver cancer, and stomach
cancer (Fig. S9A), indicating that the BATF3 gene was closely
related to inflammation and cancer. Based on the above results,
we demonstrate that BATF3 in intestinal epithelial cells directly
promotes the transcription of CXCL5 by forming a heterodimer
with JunD, thereby recruiting neutrophils through CXCR2, and
finally promoting CAC (Fig. 7i).

DISCUSSION
Previous studies have found that the BATF3 gene plays a crucial
role in regulating development of cDC1s,15,16 thereby regulating
infection and tumor immunity.15–17,39,41 Although BATF3 is highly
expressed in colon cancer,21 the effect of BATF3 on CAC has not
yet been reported. Our results suggest that BATF3 deficiency in
intestinal epithelial cells, but not in cDC1s, impairs CAC mainly
through inhibiting the transcriptional activity of CXCL5, resulting a
blocked recruitment of CXCR2+ neutrophils. This important
discovery will help us to broaden the narrow conception that
BATF3−/− mice are equivalent to cDC1s-deficient mice, meaning
that the influence of the BATF3 gene on non-cDC1s under
pathological conditions should also be considered.
Basic leucine zipper transcription factor ATF-like (BATF), BATF2

and BATF3 comprise the BATF family. Members of the BATF family
play opposing roles in inflammation and inflammation-associated
cancers. BATF2 has a low expression in CAC, and impairs colitis,
and plays an important role in inhibiting angiogenesis in colon
cancer.14,42 Meanwhile, BATF is highly expressed in colon cancer
and promotes CAC by regulating Th17 cells.13 In the present study,
we demonstrated that BATF3 is dependent on inflammatory
stimulation to promote CAC in murine models. Under inflamma-
tory stimulation, expression of BATF3 was significantly upregu-
lated in in vitro and in vivo experiments, which further promoted
the secretion of CXCL5 in intestinal epithelial cells. Various studies
have clarified the regulatory role of BATF3 in the development of
cDC1s.15,16 Notably, in the process of CAC, CD103−CD11b+ DCs
increased significantly and played a major role,23,43 while the
number of CD103+CD11b− DCs changed little. Our results
confirmed the low proportion of cDC1s (about 0.1% of CD45+

cells) in colon tissues after CAC formed. Furthermore, cDC1s
regulated by BATF3 express DNGR-1, which inhibits the functional
activity of cDC1s22; but BATF3 deficiencies in T cells suppresses
TL1A-driven mucosal inflammation.40 cDC1s also play a limited
role in tumor antigen presentation,39,41 which indicated that
cDC1s had minimal effect during the development of CAC. Finally,
the main upregulation of BATF3 during inflammation-
stimulation occurs in intestinal epithelial cells rather than in
immune cells in this study. The BMT experiment further proves
that promotion of colon cancer by BATF3 depends on non-
immune cells rather than on immune cells (cDC1s). In sum, BATF3
deficiency impaired colitis and CAC through intestinal epithelial
cells, rather than cDC1s.
Intestinal epithelial cells, macrophages, neutrophils, T cells,

dendritic cells, and fibroblasts make up the immune microenvir-
onment, which responds to colitis, germ infection, and tumor-
igenesis.44 In this context, neutrophils are significantly increased in
various tumors and play an important role in promoting the
development and metastasis of tumors.6,8 In our study, fewer
neutrophils were observed in BATF3−/− mice under colitis and
CAC. By knocking out neutrophils, we blocked the regulatory
effect of BATF3 on CAC. Many studies have reported that
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Fig. 5 BATF3 directly promotes transcription of CXCL5. qPCR and western blotting analysis of BATF3 and CXCL5 expression in HIEC (a) and
SW480 (b) cells overexpressing Flag-BATF3, stimulated with 10 ng/ml TNFα for 48 h. c qPCR and western blotting analysis of BATF3 and CXCL5
expression in HIEC and SW480 cells; knockout of BATF3 targeted by gRNA (n= 3). d qPCR analysis of CXCL5 relative expression in colon
organoids from normal WT and BATF3−/− mice with M5 stimulated (n= 3, M5 included TNFα, IL-1β, IL-12p70, IL-23, and IL-6). e Schematic
representation the reporter designed for determining BATF3 binding on CXCL5 loci (left), and the relative luciferase activity in SW480 and HT-
29 cells (right, n= 3). f ChIP-qPCR analysis of BATF3 binding to the CXCL5 promoter in SW480 and HT-29 cells overexpressing Flag-BATF3 (n=
3). g Schematic structures of full-length BATF3, BATF3-1-62, BATF3-63-128. h qPCR analysis of BATF3 and CXCL5 expression in SW480 and HT-
29 cells (n= 3). i Western blotting analysis of BATF3 and CXCL5 expression in SW480 and HT-29 cells. j ChIP-qPCR analysis of BATF3 binding to
the CXCL5 promoter in SW480 cells (n= 3). All data are representative of three independent experiments. See also Fig. S7.
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neutrophil recruitment is promoted by cytokines including CXCL1,
CXCL2, CXCL5, and CXCL7.9,45 In our study, we demonstrated the
downregulation of CXCL5 in intestinal epithelial cells from
BATF3−/− mice under inflammation conditions. Inhibition of
CXCL5-CXCR2 signaling also attenuated the impairment of CAC
in BATF3−/− mice. Furthermore, neutrophils can control the
number and activation status of T and NK cells.11 We found
increased CD4+IFNγ+ T cell and decreased IL17A+CD4+ T cell
counts in colon cancer tissues of BATF3−/− mice; this result was
consistent with the antitumor effect of BATF3 deficiency. It is
known that BATF promotes CAC by promoting Th17 cells.13 We
also found that BATF significantly increased in colon tissues of
AOM/DSS-treated mice, but BATF3 gene knockout did not affect
the expression of BATF. Thus, we speculated that the promoting
role of BATF3 on CAC is BATF independent (data not shown). Thus,
our results indicate that neutrophils recruited by intestinal

epithelial BATF3 may promote colon cancer by regulating these
T cells, although the detailed mechanism needs to be further
investigated.
BATF3 belongs to the AP-1 superfamily. As a transcription factor,

BATF3 forms dimers with c-Jun, JunB, IL-9 and other proteins to
generate transcriptional activity.12,37,40 The results by Co-IP-mass
spectrometry and subsequent IP-WB verification suggest that
BATF3 directly combines with JunD. JunD knockout inhibited
CXCL5 expression. On the other hand, BATF3 can directly bind to
the promoter region of IRF4, IRF8, MYC and other genes to
promote their transcription.20,36 Through ChIP-qPCR, we found
that BATF3 can bind directly to the promoter region of the CXCL5
gene, thereby directly regulating transcription of CXCL5 in the
presence of JunD. Thus, we addressed the fact that BATF3 directly
promotes the transcription of CXCL5 by binding to JunD to form
a dimer.

Fig. 6 BATF3 promotes CXCL5 transcription by forming heterodimer with JunD. a Coomassie blue staining of coimmunoprecipitation of
SW480 cell line overexpressing Flag-BATF3. Differential bands were analyzed by mass spectrometry (MS). b Coimmunoprecipitation analysis of
whole lysates from SW480 cells overexpressing Flag-BATF3. c Representative IF-stained images of JunD and Flag in SW480 (up) and HT-29
(down) cells overexpressing Flag-BATF3. d Coimmunoprecipitation analysis of whole lysates from in both normal and AOM/DSS-treated colon
tissues of WT mice. e Coimmunoprecipitation analysis of whole lysates in SW480 cells. f qPCR analysis of CXCL5 relative expression in SW480
(up) and HT-29 (down) overexpressed Flag-BATF3, with JunD knockout (n= 4). g Western blotting analysis of CXCL5, JunD, and BATF3
expression in SW480 (up) and HT-29 (down) cells overexpressing Flag-BATF3, with JunD knockout. h ChIP-qPCR analysis of BATF3 binding to
the CXCL5 promoter in SW480 (up) and HT-29 (down) overexpressing Flag-BATF3, with JunD knockout (n= 3). All data are representative of
three independent experiments.
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Fig. 7 BATF3 positively correlates with CXCL5 and CD66b in human CRC tissues. a Percentage of patients with high or low expression of
BATF3 according to tumor stage, numbers in bars represent the percentage of patients. b Kaplan–Meier curve shows overall survival of
patients with colon cancer, stratified by BATF3 expression (log-rank test). c Overall survival curve of patients with colorectal cancer,
stratified by BATF3 expression (website of TCGA RNA-seq data: https://www.proteinatlas.org/ENSG00000 123685-BATF3/pathology/tissue/
colorectal+cancer). Representative images and quantification of BATF3 (d), CXCL5 (e) and CD66b (f) via IHC staining of human normal and
malignant colon tissues (n= 20, Mann–Whitney test). g Statistical analysis of the correlation between BATF3 and CXCL5, as well as BATF3 and
CD66b in colon cancer TMAs (n= 85, linear regression). h Correlation analysis of TCGA RNA-seq data for BATF3 and CXCL5 expression across
colorectal cancer samples (n= 595, Pearson correlation coefficients, website of TCGA RNA-seq data: https://www.proteinatlas.org/ENSG0000
123685-BATF3/pathology/tissue/colorectal+cancer). i Schematic representation of the BATF3-CXCL5-neutrophil axis in colitis-associated colon
cancer. See also Fig. S8.
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BATF3 is an oncogene in CRC and glioma, and also predicts
the poor prognosis of patients.19,20 Our results confirm the
upregulation of BATF3 in CRC tissues from patients and the
correlation between BATF3 expression and poor prognosis of
CRC patients. CXCL5 has also been shown to be a predictor of
poor prognosis in CRC,46 while aggregation of neutrophils often
correlates with shorter survival time in CRC patients.47 The
results of IHC staining in CRC TMAs confirmed the positive
correlation between BATF3 and CXCL5 expression, as well as
BATF3 and CD66b expression. These findings were consistent
with those of mechanistic investigations, providing further
evidence of the predictive role of BATF3 in the prognosis of
patients. In addition, TCGA database analysis showed that high
expression of BATF3 was negatively correlated with survival of
CRC, renal cancer, liver cancer, and stomach cancer, which are
closely related to inflammation, indicating that the BATF3 gene
may play a significant role in promoting several inflammation-
related cancers, and can be used as a potential target for clinical
diagnosis of CRC.
In summary, under inflammatory stimulation, intestinal epithe-

lial BATF3 directly promotes the transcription of CXCL5 by forming
a heterodimer with JunD, thereby recruiting neutrophils through
CXCR2, regulating T cells, and finally promoting CAC. The novel
findings in our study suggest that BATF3 may be a novel
diagnostic indicator for CAC, and possibly for other inflammation-
associated cancers, as well.

MATERIALS AND METHODS
Clinical samples
TMAs of human malignant colon tissues and their adjacent normal
tissues were purchased from Shanghai Outdo Biotech. Co. Ltd
(HColA180Su10, China). Additional human malignant colon tissues
and some adjacent normal tissues were obtained from the clinical
sample database of West China Hospital (Chengdu, China).

Mice and cell lines
The BATF3 wild-type (C57BL/6J, 000664), BATF3-deficient (B6.129S
(C)-Batf3tm1Kmm/J, 013755) mice were purchased from Jackson
Laboratory (USA). Normal CD45.1 mice were obtained from Prof
Chong Chen (Sichuan University). HEK293T cells, HIEC, human
colon cancer cells SW480, and HT-29 were purchased from the
American Type Culture Collection (USA). All of the cell lines have
been confirmed as mycoplasma contamination free with the kit
from Yise Medical Technology (PM008, China).

Animal models
Animal models were established in a previous study.24 Briefly, to
create the CAC model, mice were injected intraperitoneally (i.p.)
with 10 mg/kg AOM (Sigma, A5486, Germany). After 7 days, 2%
DSS (MP Biologicals, USA) was given in drinking water for 7 days,
followed by regular drinking water for 14 days. This cycle was
repeated twice, and mice were sacrificed after the last DSS cycle.
To create the model of colitis-independent colon cancer, mice
received an injection of 10 mg/kg of AOM for 6 weeks and were
sacrificed 25 weeks after the last injection. The degree of tumor
formation and colitis was observed by high-resolution mini-
endoscopy (KARL STOKZ, Germany). Scoring for stool consistency
and occult blood was performed as previously described.24

Double-blind histological assessments of colitis and severity
scores were given after hematoxylin and eosin (H&E) staining as
described.48

Bone marrow cross-transfusion (BMT)
Cell suspensions from male WT (CD45.1) and BATF3−/− (CD45.2)
mouse bone marrow were prepared. The WT and BATF3−/− male
mice were γ-irradiated with 8 Gray using the RS-200 Biological
Irradiator (Rad-Source Technologies, USA), and then received a

single intravenous injection of 1 × 107 bone marrow cells. Two
months after BM reconstitution, mice were used for CAC
experiments.49

Flow cytometry analysis and sorting
Colonic lamina propria immunocytes were isolated according to a
previous report.50 Fixable Viability Stain 620 (BD Biosciences, USA)
was used to discriminate live cells. We then blocked with Fc-block
(BD Biosciences, USA) and stained using antibodies. Data were
acquired and analyzed on a NovoCyte flow cytometer (ACEA
Biosciences, USA). Labeled cells were sorted on a flow cell sorter
(BD: FACSAria SORP). All flow antibodies are listed in Supplemental
information.

Chromatin immunoprecipitation (ChIP)
Instructions for the Simple ChIP® Plus Enzymatic Chromatin IP Kit
(CST, 9005, USA) were followed. In brief, cells were crosslinked
with 4% formaldehyde followed by cell collection and enzymatic
digestion to yield genomic DNA fragments 150–900 bp. Chroma-
tin was immunoprecipitated using an anti-histone H3 antibody
(CST, 4620, USA), or anti-Flag antibody (CST, 14793, USA).

Statistical analysis
Data were analyzed using GraphPad Prism 5 software. Results are
expressed as means ± standard error of the mean (SEM). Statistical
significance between groups was determined using the Student’s
t test or one-way ANOVA. Survival analysis was presented using
the Kaplan–Meier survival estimate. In the figures, symbols used to
denote significance are as follows: *P < 0.05, **P < 0.01, ***P <
0.001, and ns no statistical significance.
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