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Tumor Cell-Intrinsic SETD2 Deficiency Reprograms
Neutrophils to Foster Immune Escape in Pancreatic
Tumorigenesis

Ningning Niu,* Xuqing Shen, Li Zhang, Yueyue Chen, Ping Lu, Wenjuan Yang,
Mingzhu Liu, Juanjuan Shi, Dapeng Xu, Yingying Tang, Xiaotong Yang, Yawen Weng,
Xinxin Zhao, Lian-Ming Wu, Yongwei Sun, and Jing Xue*

Genetic and epigenetic alterations play central roles in shaping the
immunosuppressive tumor microenvironment (TME) to evade immune
surveillance. The previous study shows that SETD2-H3K36me3 loss promotes
KRAS-induced pancreatic tumorigenesis. However, little is known about its
role in remodeling the TME and immune evasion. Here, it is shown that
SETD2 deficiency can reprogram neutrophils to an immunosuppressive
phenotype, thereby promoting immune escape during pancreatic tumor
progression. By comprehensive profiling of the intratumoral immune cells,
neutrophils are identified as the subset with the most significant changes
upon Setd2 loss. Setd2-deficient pancreatic tumor cells directly enhance
neutrophil recruitment and reprogramming, thereby inhibiting the cytotoxicity
of CD8+ T cells to foster tumor progression. Mechanistically, it is revealed
that Setd2-H3K36me3 loss leads to ectopic gain of H3K27me3 to
downregulate Cxadr expression, which boosts the PI3K-AKT pathway and
excessive expression of CXCL1 and GM-CSF, thereby promoting neutrophil
recruitment and reprogramming toward an immunosuppressive phenotype.
The study provides mechanistic insights into how tumor cell-intrinsic Setd2
deficiency strengthens the immune escape during pancreatic tumorigenesis,
which may offer potential therapeutic implications for pancreatic cancer
patients with SETD2 deficiency.
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1. Introduction

The TME is highly heterogeneous and
plays a vital role in tumor initiation and
progression, immune evasion and ther-
apy response. Tumor cells have the abil-
ity to sculpt their microenvironment by
reprogramming surrounding cells.[1] Ac-
cumulating evidence has shown that tu-
mor cell–intrinsic factors play a central
role in shaping the immunosuppressive
TME to foster immune escape and tumor
progression.[1a,b] For example, oncogenic
mutation of KRAS reprograms myeloid
cells to favor the initiation and progres-
sion of pancreatic tumor.[2] Recently, ben-
efiting from CRISPR–Cas9 screening, sev-
eral epigenetic regulators (e.g., ARID1A,
ASF1A, KDM3A, and SETDB1) have been
identified as cell-intrinsic factors that trig-
ger immune TME remodeling and thus
have become promising targets to improve
immunotherapy.[3]

Neutrophils are defined as a type of
myeloid cell stored in the bone mar-
row and rapidly mobilized in physiologi-
cal and pathological conditions.[4] Similar to
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macrophages, the high plasticity of neutrophils enables them to
be reprogrammed by tumor-derived signals.[4b,5] Whether tumor-
infiltrating neutrophils (TANs) exert pro- or antitumoral effects
depends, in part, on tumor type and stage.[6] In patients with pan-
creatic cancer, the circulating neutrophil-to-lymphocyte ratio is
strongly associated with poor prognosis, and intratumoral neu-
trophils have the ability to favor tumor growth and metastasis
by enhancing the immunosuppressive TME.[7] However, little is
known about whether tumor cell-intrinsic genetic or epigenetic
alterations are able to mobilize and reprogram neutrophils.

SETD2 is a histone H3K36 trimethyltransferase, and its mu-
tation is widespread in diverse tumor types and accounts for 5%
of all cancers in the TCGA cohort (521/10953). It functions as a
tumor suppressor involved in multiple solid tumors with distinct
mechanisms, including colorectal adenocarcinoma, kidney renal
clear cell carcinoma, prostate cancer, and pancreatic ductal ade-
nocarcinoma (PDAC).[8] Therefore, it is of great significance to
develop patient-tailored therapies based on SETD2-H3K36me3
mutations or deficiency. However, SETD2-targeting molecules
with therapeutic potential have not yet been developed. Whether
tumor cell-intrinsic SETD2 alteration triggers TME reshaping,
which might provide an alternative therapeutic strategy to treat
patients with SETD2 deficiency, remains to be explored.

Previously, with genetically engineered mouse models
(GEMMs) and established cell lines of pancreatic tumor, we
determined that Setd2 deficiency facilitated Kras-induced pan-
creatic tumorigenesis.[8a] Strikingly, we observed a significant
difference in proliferative capacity between Setd2-proficient
(Setd2WT) and Setd2-deficient (Setd2KO) pancreatic tumors under
in vivo condition that was not observed under in vitro culture
conditions. The above results drove us to further investigate
whether Setd2 loss could reshape the TME to favor the pan-
creatic tumorigenesis. By comprehensively comparing the
intratumoral immune cell profiles between Setd2-proficient and
Setd2-deficient groups, neutrophils were the subset with the
most significant change in pancreatic tumors. Future studies
delineated that Setd2 loss enhanced recruitment and neutrophil
reprogramming, thereby facilitating immune escape by inhibit-
ing the cytotoxicity of CD8+ T cells. Mechanistically, we revealed
that Setd2-H3K36me3 loss led to ectopic gain of H3K27me3 to
downregulate Cxadr in pancreatic tumor cells, which boosted
the PI3K-AKT pathway and excessive expression of CXCL1 and
GM-CSF, thereby contributing to neutrophil recruitment and
reprogramming toward an immunosuppressive phenotype.
Herein, we highlight that tumor-intrinsic SETD2 deficiency
reshapes the immunosuppressive TME via neutrophils in
pancreatic tumorigenesis, potentially providing a therapeutic
strategy for pancreatic cancer patients with SETD2 deficiency.

2. Results

2.1. SETD2 Loss Reshapes the Immune TME, Particularly the
Increase in Infiltrating Neutrophils, to Foster Tumor Progression

Our previous study determined the role of SETD2 in pancreatic
tumorigenesis, in which SETD2 deficiency promotes acinar-to-
ductal metaplasia and EMT-related metastasis.[8a] Interestingly,
we found that pancreatic tumor cells lacking Setd2 (KPC1199-
Setd2KO, hereafter termed Setd2KO) grew slightly slower than con-

trol cells (Setd2WT) in vitro (Figure S1A, Supporting Informa-
tion). However, Setd2KO cells displayed remarkably high tumori-
genicity in C57BL/6J wild-type immunocompetent mice (Fig-
ure S1A,B, Supporting Information). According to transcriptome
databases of human and murine pancreatic tumors, gene set en-
richment analysis (GSEA) revealed that human pancreatic tumor
with low level of SETD2 (TCGA-PAAD) was coupled with en-
hanced inflammatory response (Figure S1C, Supporting Infor-
mation). Similar results were obtained in murine Setd2KO cells
(versus Setd2WT, GES126302). Thus, we speculated that the TME,
especially the immune TME, might contribute to the SETD2-
deficient tumor progression in vivo.

By comparing our previously generated spontaneous pancre-
atic tumor models KC (Pdxcre; LSL-KrasG12D) and KSC (Pdxcre;
LSL-KrasG12D; Setd2f/f), we found a remarkable difference in the
relative proportion of immune cells in the pancreas between
KC and KSC mice (interaction P = 0.015, Two-way ANOVA).
Of note, the proportion of neutrophils (CD11b+Ly6G+) in the
pancreas of KSC mice was significantly higher than that of KC
mice, and no difference was found in other immune cell types
between the two groups (Figure 1A–C; Figure S1D, Support-
ing Information). In addition, neutrophils in the peripheral
blood and spleen of KSC mice were also increased, as observed
(Figure S1E, Supporting Information). Myeloperoxidase (MPO)
staining further confirmed the elevated neutrophils in KSC
tumors (Figure 1D). Next, orthotopic Setd2WT and Setd2KO

tumors were further employed to decipher the proportion of
tumor-infiltrating immune cells. Consistent with the genetically
engineered murine models (GEMMs), we found that the propor-
tion and number of neutrophils in Setd2KO tumors were greatly
increased (Figure 1E,F). Elevated neutrophils were also seen
in the peripheral blood and spleen of Setd2KO tumor-bearing
mice (Figure S1F, Supporting Information). In addition, similar
results were observed in Setd2KO-derived subcutaneous tumors
and lung metastasis sites (Figure S1G,H, Supporting Informa-
tion). Herein, above data imply that Setd2 deficiency enhances
intratumoral neutrophil infiltration during pancreatic tumor
progression. Notably, although macrophages are the predomi-
nant subtype in the immune microenvironment of pancreatic
tumors, we did not find any changes in macrophage numbers
or polarization upon Setd2 depletion (Figure S1I,J, Supporting
Information).

The infiltrating neutrophils in the pancreas inoculated with
Setd2KO pancreatic tumor cells increased significantly as early
as 5 days and were maintained at higher levels as tumor pro-
gressed, suggesting their early role in the tumor progression
of Setd2KO (Figure 1G). To assess the potential role of accu-
mulated neutrophils, we used a Ly6G neutralizing antibody (𝛼-
Ly6G) to deplete neutrophils in orthotopic tumor-bearing mice.
Interestingly, depletion of neutrophils significantly suppressed
Setd2KO tumor growth but failed to shrink Setd2WT tumors (Fig-
ure 1H,I; Figure S2A, Supporting Information). In addition,
Setd2KO tumor-bearing mice injected with 𝛼-Ly6G showed a re-
duction in tumor-infiltrating neutrophils, as well as peripheral
neutrophils, but had less effect on tumor-infiltrating monocytes
and macrophages (Figure 1I; Figure S2B,C, Supporting Informa-
tion). Similar responses were observed in mice bearing subcuta-
neous Setd2WT or Setd2KO tumors upon depletion of neutrophils
(Figure S2D,E, Supporting Information). Taken together, these

Adv. Sci. 2023, 10, 2202937 © 2022 The Authors. Advanced Science published by Wiley-VCH GmbH2202937 (2 of 14)



www.advancedsciencenews.com www.advancedscience.com

Adv. Sci. 2023, 10, 2202937 © 2022 The Authors. Advanced Science published by Wiley-VCH GmbH2202937 (3 of 14)



www.advancedsciencenews.com www.advancedscience.com

data indicate that tumor-infiltrating neutrophils are essential for
Setd2-deficient pancreatic tumor progression.

Furthermore, we assessed the clinical relevance between
SETD2/H3K36me3 levels and neutrophil infiltration. Our pre-
vious study showed that the SETD2 expression level was closely
related to H3K36me3 levels in pancreatic tumors.[8a] Here, we ob-
served that the expression of SETD2/H3K36me3 was negatively
correlated with MPO levels in pancreatic tumors (Figure 1J, 𝜒2

= 12.57, P < 0.001). To further confirm our finding, we used
CIBERSORTx, a digital cytometry tool, to evaluate the correla-
tion between neutrophil infiltration and SETD2 levels.[9] Consis-
tently, tumor-infiltrating neutrophils exhibited relatively higher
proportions in tumors with low expression of SETD2 in TCGA-
PAAD and QCMG-PAAD datasets (Figure 1K; Figure S3A,B,
Supporting Information). Of note, similar results were observed
in TCGA-LUAD (lung adenocarcinoma) and TCGA-COAD (col-
orectal adenocarcinoma) datasets as well, further indicating the
role of SETD2 deficiency in reshaping the immune TME, espe-
cially for neutrophils (Figure S3C–E, Supporting Information).

2.2. SETD2 Loss in Pancreatic Tumor Enhances the Recruitment
and Immunosuppressive Phenotype of Neutrophils

To explore how Setd2 loss leads to excessive neutrophil accumu-
lation in the TME, we first compared the recruitment potential
between Setd2KO and Setd2WT pancreatic tumor cells. Through
in vitro chemotaxis analysis, we found that the supernatants of
Setd2KO cells significantly accelerated neutrophil trafficking com-
pared with those of Setd2WT cells (Figure 2A). Neutrophil CXCR2
is essential for its emigration from bone marrow and traffick-
ing toward sites of inflammation and tumors.[10] As expected,
intraperitoneal injection of the CXCR2 antagonist SB225002 in
Setd2KO tumor-bearing mice significantly decreased tumor bur-
den in the pancreas, further reinforcing the protumoral function
of neutrophils in Setd2KO tumors (Figure 2B,C; Figure S4A, Sup-
porting Information). Of note, CXCR2 antagonist largely reduced
tumor-infiltrating and peripheral neutrophils, but had less effect
on tumor-infiltrating monocytes and macrophages (Figure 2C;
Figure S4B–D, Supporting Information).

Neutrophils are extremely short-lived cells and die upon spon-
taneous apoptosis, but their life span is prolonged once they ar-
rive at inflammation or tumor sites.[4a,6a] As shown, conditioned
medium from pancreatic tumor cells could largely enhance the
longevity of neutrophils; however, there was no significant dif-
ference between the Setd2WT and Setd2KO groups (Figure S4E,
Supporting Information). The above results indicate that the in-
crease in neutrophils in Setd2KO pancreatic tumors mainly occurs
through enhancing their chemotactic migration ability rather
than anti-apoptotic survival.

Neutrophil diversity and plasticity underlie its dual poten-
tial in the TME.[4b] Therefore, the role of neutrophils in tu-
mor progression has two sides, including antitumoral func-
tion via directly killing tumor cells and protumoral function
by impairing T-cell mediated cytotoxicity or enhancing metas-
tasis through NETosis.[6–7] Next, we asked whether Setd2 loss
was able to reprogram neutrophils into protumoral function
directly. To this end, BM-derived neutrophils were freshly iso-
lated and cultured in control medium (Cont), as well as con-
ditioned medium from Setd2WT and Setd2KO pancreatic tumor
cells. We performed RNA sequencing (RNA-seq) on the above
neutrophils, and principal component analysis (PCA) demon-
strated distinct transcriptome profiles among the three groups
of neutrophils (Figure 2D), implying that Setd2-deficient pan-
creatic tumor cells may significantly rewire neutrophil charac-
teristics. There were 4244 differentially expressed genes (DEG-
1, fold change ≥ 1.5, P value ≤ 0.05) between the Neu-Setd2WT

and Neu-Cont groups and 2382 differentially expressed genes
(DEG-2, fold change ≥ 1.5, P value ≤ 0.05) between the Neu-
Setd2WT and Neu-Setd2KO groups (Figure 2E). We focused on
both altered genes from DEG-1 and DEG-2, and overlapped 1084
genes were divided into 4 clusters based on expression pro-
files, including cluster A (up_up, 141 genes), cluster B (up_dn,
322 genes), cluster C (dn_up, 359 genes) and cluster D (dn_dn,
262 genes) (Figure 2E; Tables S1–S4, Supporting Information).
Next, gene ontology (GO) analyses were performed with the
above gene clusters (Figure 2F–I). In line with our previous
findings (Figure 2A), genes in cluster A (up_up) were closely
related to neutrophil chemotaxis and CXCR chemokine recep-
tor binding (Figure 2F). The prostaglandin metabolic process,

Figure 1. Setd2 loss reshapes the immune TME, particularly the increase in infiltrating neutrophils, to foster tumor progression. A) Pancreatic tissues
from the indicated mice at 13 weeks of age were used for H&E staining and lesion area quantification. Scale bars = 1 mm and 100 μm (for insets).
Ratio of ADM, PanINs, and PDAC lesions in affected pancreatic areas from each group (n = 6 per group). B) Polychromatic flow cytometry analysis
of leukocyte populations in pancreatic tissues of the indicated mice. The results are shown as the percentage of total CD45.2+ cells for the indicated
subpopulations (n = 6 per group). C) Representative flow cytometric plots (left) and percentage of neutrophils and CD8+ T cells (right) in pancreatic
tissues of the indicated mice at 13 weeks of age (n = 6–9 per group). D) Representative images (left) and quantification analysis (right) of H3K36me3-,
CK19-, MPO-, and CD8-positive signals in pancreatic tissues of the indicated mice (shown in A) by immunofluorescence staining. Scale bars = 100 μm.
E) Relative proportion of leukocyte subpopulations of total CD45.2+ cells in orthotopic Setd2WT and Setd2KO pancreatic tumors (n = 4–6 per group). F)
Representative plots (left), cell proportion (middle), and absolute numbers (right) of neutrophils and CD8+ T cells in orthotopic Setd2WT and Setd2KO

pancreatic tumors (n = 6–9 per group). G) The absolute numbers of neutrophils from the indicated orthotopic pancreatic tumors on the 5th and 10th
days after inoculation (n = 6 per group). H,I) Mice bearing Setd2WT and Setd2KO pancreatic tumors (orthotopic model) were administered IgG and Ly6G
neutralizing antibodies (1 mg kg−1 every other day) for 12 days. H) Representative MRI and H&E staining are shown (The yellow dashed line in the MRI
image identifies the tumor growth on the pancreas, Scale bar = 2 mm). I) Quantification of lesion area and the percentage of neutrophils in tumor tissues
from the indicated groups (right, n = 4 per groups). J) Left panel, representative IHC staining of SETD2, H3K36me3, and MPO in pancreatic tumors.
Scale bar = 500 and 100 μm (for insets). Right, statistical analysis of the correlation between MPO and SETD2&H3K36me3 levels in the pancreatic tumor
tissue array from the Renji cohort (𝜒2 = 12.57, P value < 0.001). K) CIBERSORTx analyses to estimate the abundance of tumor-infiltrating neutrophils
in the database as indicated. Data are represented as the mean ± SEM. Statistical differences were determined with unpaired Student’s t test in (A, C–F,
and K); Two-way ANOVA and Bonferroni’s multiple comparisons test in (B); Two-way ANOVA and Tukey’s multiple comparisons test in (I); One way
ANOVA and Tukey’s multiple comparisons test in (G); and Chi-square with Yates’ correction test in (J).
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Figure 2. Setd2 loss in pancreatic tumor promotes the recruitment and immunosuppressive phenotype of neutrophils. A) Neutrophil chemotaxis assay
using 20% conditioned medium from Setd2WT or Setd2KO pancreatic tumor cells. Representative flow cytometry plots and statistical analysis are shown
(n = 3). B,C) Orthotopic Setd2WT and Setd2KO tumor-bearing mice were administered CXCR2 antagonist (CXCR2i, SB225002, 1 mg kg−1 every other
day) and DMSO as a control for 12 days. B) Pancreatic tissues were collected for H&E staining. C) Quantification of lesion area and percentage of
infiltrating neutrophils from the indicated mice (n = 4 per group). Scale bar = 2 mm. D) Neutrophils sorted from bone marrow (BM) were treated with
conditioned medium from Setd2WT or Setd2KO cells, as well as control medium for 24 h. The above-primed neutrophils were collected for RNA-seq.
Principal component analysis (PCA) scores plot indicating discrimination among Neu-Cont, Neu-Setd2WT, and Neu-Setd2KO (n = 3 per groups). E)
Heatmap of RNA-Seq data to compare the gene expression among the Neu-Cont, Neu-Setd2WT, and Neu-Setd2KO groups. F–I) Pathway enrichment of
the indicated gene cluster based on RNA-Seq data. The experiments had three replicates and were repeated three times (A). Data are represented as
the mean ± SD (A) or mean ± SEM (C). Statistical differences were determined with unpaired Student’s t test in (A), and one-way ANOVA and Tukey’s
multiple comparisons test in (C).

which is associated with the immunosuppressive phenotype of
neutrophils,[11] was also upregulated in the Neu-Setd2KO group
(Figure 2F). Moreover, genes in clusters B (up_dn) and D (dn-dn)
were linked to the NOD-like receptor signaling pathway, TNF sig-
naling pathway, NF-kappa B signaling pathway, cytosolic DNA-
sensing pathway, Toll-like receptor signaling pathway, and HIF-1
signaling pathway, indicating that the proinflammatory features
of neutrophils were suppressed in the Neu-Setd2KO group (Fig-
ure 2G,H). Moreover, genes in cluster C (dn_up) were associated
with mitochondrial-related pathways, such as lactate oxidation,
oxidation–reduction and lipid metabolic processes (Figure 2I).
Accumulating evidence has demonstrated that mitochondrial ox-
idative metabolism is critical for neutrophil chemotaxis, which is
consistent with our finding that Neu-Setd2KO have higher chemo-
tactic ability. Some researchers raised the N1 and N2 terms to de-
fine neutrophils with pro-inflammatory and anti-inflammatory
features, respectively.[12] By applying marker genes of N1 and
N2, we found that most of N1-associated genes were significantly

down-regulated in Neu-Setd2KO compared to Neu-Setd2WT, such
as Tnfa, Ifng, Nos2, Icam1, Cxcl9, and Cxcl10. Moreover, some
N2-associated genes like Mrc1, Il10, and Ccl7 were further up-
regulated in Neu-Setd2KO compared to Neu-Setd2WT (Figure S4F,
Supporting Information). Collectively, Setd2 deficiency in pan-
creatic tumor cells not only enhances neutrophil chemotaxis but
also rewires them into a pro-tumoral phenotype with immuno-
suppressive cues.

2.3. Neutrophils from Setd2-Deficient Tumors Favor Immune
Escape by Impeding CD8+ T Cells

We speculated that loss of Setd2 reprogrammed neutrophils to
form an immunosuppressive TME, thereby allowing tumor cells
to evade immune surveillance.[13] Given that the proportion of
CD8+ T cells did not differ significantly upon Setd2 loss (Fig-
ure 1C–F), we speculated that the cytotoxicity of CD8+ T cells
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might be altered in Setd2-deficient pancreatic tumors. To this
end, we compared the proliferation, cytotoxicity, and immune
checkpoint PD-1 expression of infiltrating CD8+ T cells by using
GEMM and orthotopic models of pancreatic tumor. As expected,
in the tumor-infiltrating CD8+ T cells, Ki67 expression did not
differ between the two groups (Figure S5A, Supporting Informa-
tion). However, in Setd2-deficient GEMM and orthotopic mod-
els, we both observed increased PD-1 expression and decreased
IFN𝛾 and granzyme B (GzmB) production in intratumoral CD8+

T cells, indicating their impaired cytotoxicity (Figure 3A,B). More
importantly, the impaired cytotoxicity of CD8+ T cells in Setd2KO

tumors could be partially rescued by neutrophil depletion (Fig-
ure 3C). Next, to explore whether the protumoral function of
neutrophils in Setd2-deficient tumors was dependent on CD8+

T cells, we injected a neutralizing antibody against Ly6G and/or
CD8 into tumor-bearing mice. As shown, the CD8 neutralizing
antibody (𝛼-CD8) had fewer effects on Setd2KO tumors than on
Setd2WT tumors, consistent with the above finding that the cy-
totoxic CD8+ T cells were largely suppressed in Setd2KO tumors
(Figure 3D). For Setd2KO tumors, depletion of neutrophils greatly
reduced tumor size, which could be rescued by blockade of CD8+

T cells (Figure 3D; Figure S5B, Supporting Information). These
data suggest that the tumor-promoting effects of neutrophils in
Setd2KO tumors are largely mediated through the inhibition of
CD8+ T cells.

To further examine whether Neu-Setd2KO (Setd2KO tumor-
primed neutrophils) had direct effects on CD8+ T cells, we set up
a coculture system in which CD8+ T cells from the spleen were
cocultured with or without neutrophils (sorted from bone mar-
row) upon treatment with conditioned medium from Setd2WT

and Setd2KO cells, respectively (Figure 3E). Upon treatment with
conditioned medium from tumor cells, the IFN𝛾 levels of CD8+

T cells were greatly increased in both groups, while only the neu-
trophils primed by Setd2KO cells were able to reduce IFN𝛾 , and
surface PD-1 levels in CD8+ T cells (Figure 3F–G). Meanwhile,
we observed that Neu-Setd2KO also decreased GzmB and perforin
(Prf1) production in CD8+ T cells compared with Neu-Setd2WT,
but did not affect CD8+ T cell proliferation (Figure S5C, Support-
ing Information). Consistently, only neutrophils cocultured with
Setd2KO cells were able to impair the cytotoxicity of CD8+ T cells
(Figure 3H). In contrast, the above findings could not be repeated
in CD4+ T cells (Figure S5D,E, Supporting Information).

In addition to tumor cell-derived PD-L1, immunosuppressive
neutrophils with elevated PD-L1 levels participate in the inhi-
bition of cytotoxic CD8+ T cells.[7c,14] As shown in Figure 3I,
neutrophils treated with Setd2KO cell-conditioned medium dis-
played higher PD-L1 levels than those treated with Setd2WT cell-
conditioned medium (Figure 3I). In the neutrophil and CD8+

T-cell coculture system, blockade of PD-L1 significantly rescued
the IFN𝛾 expression in CD8+ T cells that was suppressed by
Setd2KO-primed neutrophils (Figure 3J). Notably, we observed a
higher level of PD-L1 on tumor-infiltrating neutrophils (TANs)
from Setd2KO orthotopic tumors than on TANs from Setd2WT or-
thotopic tumors, and the expression of PD-L1 on TANs was much
higher than that on epithelial tumor cells (Figure S5F, Support-
ing Information). These data suggest that PD-L1/PD-1 axis be-
tween neutrophils and CD8+ T cells plays a critical role in CD8+ T
cell dysregulation in Setd2-deficient pancreatic tumors. Next, we
divided orthotopic Setd2WT and Setd2KO tumor-bearing mice into

4 groups treated with Ly6G antibody (𝛼-Ly6G), PD-1 antibody (a-
PD-1), Ly6G plus PD-1 antibodies, and control IgG (Figure 3K).
As shown, the Setd2KO tumor burden on the pancreas was re-
duced in both a-Ly6G and a-PD-1 treatment groups in Setd2WT

and Setd2KO tumor-bearing mice, accompanied by a marked in-
crease in IFN𝛾 production in CD8+ T cells (Figure 3K; Fig-
ure S5G, Supporting Information). As shown, in Setd2KO tumor-
bearing mice, blockade of Ly6G had a similar effect as a-PD-1 on
reducing pancreatic tumor burden and increasing IFN𝛾 produc-
tion in tumor-infiltrating CD8+ T cells (Figure 3K). Of note, no
significant synergistic effects were observed with the combina-
tion of the two antibodies, and all treatments failed to reduce pan-
creatic tumor burden in Setd2WT tumor-bearing mice (Figure 3K;
Figure S5G, Supporting Information). Consistently, blockade of
PD-1 or Ly6G had similar inhibitory effects on tumor lesions and
liver metastases in KSC mice (Figure 3L; Figure S5H, Supporting
Information). Taken together, we propose that tumor-infiltrating
neutrophils in Setd2-deficient pancreatic tumors impair the cyto-
toxicity of CD8+ T cells, at least partially, in a PD-L1/PD-1 axis-
dependent manner.

2.4. Tumor Cell-Intrinsic SETD2 Loss Reprograms Neutrophils
via AKT Activation

Next, we aimed to elucidate mechanism by which SETD2 defi-
ciency in pancreatic tumor reprogrammed neutrophils. Accord-
ing to our previous RNA-seq data, we found that the neutrophil
chemoattractant-related gene Cxcl1, granulocyte (macrophage
and neutrophil) migration- and differentiation-related genes Csf1
(encoding M-CSF) and Csf2 (encoding GM-CSF) were predomi-
nantly expressed and significantly elevated in Setd2KO pancreatic
tumor cells (Figure 4A). The elevated mRNA and protein levels of
CXCL1 in Setd2KO were further validated (Figure 4B; Figure S6A,
Supporting Information). As a chemokine receptor of CXCL1,
CXCR2 expression was much higher on TANs than CXCR1 (Fig-
ure S6B, Supporting Information). As expected, blockade of the
CXCL1-CXCR2 axis almost completely eliminated the increase
in neutrophil trafficking upon Setd2 depletion (Figure 4C). GM-
CSF has been demonstrated to increase neutrophil PD-L1 levels
in gastric cancer.[7a] Consistently, GM-CSF, rather than M-CSF,
was able to upregulate neutrophil surface PD-L1 expression (Fig-
ure 4D). First, elevated mRNA and protein levels of GM-CSF were
confirmed in Setd2KO (Figure 4E; Figure S6A, Supporting Infor-
mation), and neutralizing GM-CSF secreted by Setd2KO greatly
downregulated PD-L1 levels in neutrophils (Figure 4F). Next, we
applied neutralized conditioned medium to the neutrophil/CD8+

T-cell coculture system. As expected, blockade of GM-CSF se-
creted by Setd2KO effectively rescued the decreased IFN𝛾 expres-
sion and increased PD-1 levels in CD8+ T cells (Figure 4G). In
addition, we confirmed that the serum levels of CXCL1 and GM-
CSF in Setd2KO tumor-bearing mice were also greatly increased
(Figure S6C, Supporting Information). Moreover, in the GEMM
model, elevated levels of CXCL1 and GM-CSF were detected in
H3K36me3-negative ductal lesions from KSC mice compared
with H3K36me3-positive lesions from KC mice (Figure S6D,E,
Supporting Information).

Previously, we reported that PI3K-AKT signaling was boosted
in Setd2KO pancreatic tumor cells.[8a] Here, in an orthotopic
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model, we further confirmed the high level of AKT phosphory-
lation in Setd2KO tumors compared with Setd2WT tumors (Fig-
ure 4H). Consistently, activation of the AKT signal (p-AKT) was
detected in malignant lesions with low H3K36me3 levels in KSC
mice, while the p-AKT signal was barely found in H3K36me3-
positive lesions in KC mice (Figure 4I). It is worth noting that
lesions with high levels of p-AKT usually came with high levels
of CXCL1 (Figure 4I). Previous studies have shown that PI3K-
AKT can upregulate various cytokines and chemokines, includ-
ing CXCL1 and GM-CSF.[15] As expected, the upregulated mRNA
and protein levels of Cxcl1/CXCL1 and Csf2/GM-CSF were al-
most abolished by PI3K/AKT inhibitors in Setd2KO (Figure 4J,K;
Figure S6F, Supporting Information). Furthermore, in the estab-
lished orthotopic tumor model of Setd2KO, we found that inhibi-
tion of the PI3K-AKT pathway by MK2206 (pAKTi) partially re-
duced tumor burden and neutrophil recruitment in the pancreas
but had no effect on macrophage abundance (Figure 4L). Of note,
AKT and CXCR2 inhibitors had comparable effects on antitumor
growth and neutrophil depletion. However, in combination with
CXCR2 and AKT antagonists, no further beneficial effect was ob-
served (Figure 4L).

2.5. SETD2-H3K36me3 Epigenetically Regulates CXADR to
Restrain AKT Activation

We further investigated how SETD2 loss augments AKT activa-
tion. Previous studies have shown that H3K36me3 plays an im-
portant role in cross-talk with other histone marks, such as ex-
cluding H3K27me3, in embryonic development and prostate can-
cer progression.[8b,16] Consistently, we found that the H3K27me3
levels were significantly increased along with the reduction in
H3K36me3 levels in Setd2KO cells (Figure 5A), as well as in pan-
creatic tumor lesions of KSC mice (Figure 5B). H3K27me3 mod-
ifications, regulated by the enhancer of zeste (EZH2)-SET do-
main of polycomb repressive complex2 (PRC2) lead to the global
gene silencing.[8b,16] CUT&Tag analysis further confirmed that
the global H3K27me3 occupancy was significantly elevated (Fig-
ure S7A, Supporting Information). Consistently, the transcript
levels in Setd2WT cells were positively correlated with H3K36me3

levels and negatively correlated with H3K27me3 levels (Fig-
ure S7B, Supporting Information). Intriguingly, in Setd2KO cells,
loss of H3K36me3 in gene bodies correlated with gene repres-
sion, and genes that acquired ectopic H3K27me3 either at pro-
moters or in gene bodies were preferentially downregulated (Fig-
ure S7C–E, Supporting Information). Herein, our results demon-
strate that transcriptional repression in Setd2-deficient pancreatic
tumor cells is associated with both H3K36me3 loss and ectopic
H3K27me3 deposition.

To further define the direct targets of SETD2-H3K36me3,
we intersected the RNA-seq (KO vs WT, DN) and CUT&Tag of
H3K36me3 (KO vs WT, loss) and H3K27me3 (KO vs WT, gain)
datasets (Figure 5C). We divided overlapping genes into three
clusters, in which there were 421 downregulated genes (Clus-
ter E) linked to both H3K36me3 loss and H3K27me3 gain, while
846 genes (Cluster F) and 681 genes (Cluster G) were related to
H3K27me3 gain and H3K36me3 loss, respectively (Figure 5C–E;
Figure S7F and Tables S5–S7, Supporting Information). Genes
in clusters E and G were both marked by H3K36me3 in Setd2WT

cells, but only genes in cluster E acquired ectopic H3K27me3
upon Setd2 loss, while genes in cluster F with ectopic deposi-
tion of H3K27me3 were independent of H3K36me3 (Figure 5F).
Notably, for H3K36me3 direct target genes, the expression of
genes in cluster E was lower than that in cluster G, indicating
that H3K27me3 plays an indispensable role in repressing gene
expression upon Setd2 loss (Figure 5G). The genes in cluster E
were involved in cell–cell adhesion (e.g., Cxadr, Cdh1, and Tjp3),
transcription (e.g., Gata4, Gata5, and Elf3), and lipid metabolic
processes (Fads1), of which Cxadr (coxsackie and adenovirus re-
ceptor), the negative regulator of the PI3K-AKT pathway, attracted
our attention (Figure 5H; Figure S7G, Supporting Information).
The mRNA and protein levels of Cxadr were both downregulated
in Setd2KO cells, which could be partially rescued by EZH2 an-
tagonist treatment (Figure 5H,I; Figure S7I–K, Supporting Infor-
mation). Furthermore, using ChIP–qPCR, we confirmed the en-
richment of H3K36me3 on Cxadr gene bodies (Figure 5J). With
the deletion of Setd2, the H3K36me3 signals decreased, while the
H3K27me3 marks increased in the indicated regions of Cxadr
(Figure 5J). These results indicate that Cxadr is a direct target
gene of Setd2/H3K36me3.

Figure 3. Neutrophils primed by Setd2-deficient tumor cells favor immune escape via CD8+ T cells. A,B) Representative plots and statistical analysis of
IFN𝛾 and GzmB production, and surface PD-1 of tumor-infiltrating CD8+ T cells from the indicated mice (n= 4 per group). C) Setd2WT and Setd2KO tumor-
bearing mice (orthotopic model) were administered with IgG and Ly6G neutralizing antibodies (1 mg kg−1, every other day) for 12 days. Representative
plots and statistical analysis of IFN𝛾 and GzmB production, and surface PD-1 of tumor-infiltrating CD8+ T cells from the indicated mice (n = 4 per
group). D) Mice bearing Setd2WT and Setd2KO tumors (subcutaneous model) were administered Ly6G neutralizing antibody, CD8 neutralizing antibody,
the combination and IgG as a control every other day for 10 days. Tumors were collected for weight quantification (n = 6 per group). Scale bar = 1 cm. E)
Schematic diagram of the coculture of CD8+ T cells (sorted from spleen) with and without neutrophils (sorted from bone marrow) upon treatment with
different pancreatic tumor cell-derived conditioned medium (CM). After 24 h, immune cells were used for flow cytometry analysis. F) Representative
plots and statistical analysis of IFN𝛾 production by CD8+ T cells from the indicated coculture groups as described in (E). G) Representative plots (left)
and statistical analysis (right) of surface PD-1 on CD8+ T cells from the indicated groups as described in (E). H) CTL-mediated cytotoxicity analysis
of CD8+ T cells on Setd2WT and Setd2KO cells with or without neutrophils. I) PD-L1 levels on neutrophils after priming with the indicated conditioned
medium for 24 h. Representative data (left) and statistical analysis (right) are shown. J) Conditioned medium (CM) from Setd2WT or Setd2KO pancreatic
tumor cells was neutralized with PD-L1 or control IgG for 6 h and then added to the CD8+ T-cell and neutrophil coculture system for 24 h before
analysis. Representative plots and bar graphs of IFN𝛾 produced by CD8+ T cells are shown. K) Orthotopic Setd2WT and Setd2KO tumor-bearing mice
were administered as indicated (𝛼-Ly6G, 1 mg kg−1, and 𝛼-PD-1, 1 mg kg−1). Pancreatic tissues were collected for H&E staining (left) and lesion area
quantification (right, n = 4 per group). Scale bar = 2 mm. L) Seven-week-old KSC mice were administered with Ly6G- and PD-1- neutralizing antibodies,
and IgG as a control for 6 weeks (twice every week). Representative MRI and H&E staining images are shown, the yellow dashed line in the MRI image
identifies the pancreas. Scale bar = 2 mm (left). Quantification of lesion area from the indicated groups (right, n = 3–5 per groups). The experiments had
three replicates and were repeated three times (F–J). Data are represented as the mean ± SEM (A–D and K–L) or mean ± SD (F–J). Statistical differences
were determined with unpaired Student’s t test in (A and B) and one-way ANOVA and Tukey’s multiple comparisons test in (C,D and F–L).
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Figure 4. Tumor cell-intrinsic SETD2 loss reprograms neutrophils via AKT activation-mediated CXCL1 and GM-CSF. A) Heatmap of RNA-Seq data
comparing the expression of cytokine- and chemokine-encoding genes between Setd2WT and Setd2KO pancreatic tumor cells. B) ELISA analysis of
CXCL1 levels in the supernatant of Setd2WT and Setd2KO cells. C) Neutrophil chemotaxis assay using 20% conditioned medium from Setd2KO cells with
or without CXCR2 inhibitor. D) PD-L1 levels on neutrophils upon treatment with M-CSF and GM-CSF for 24 h. E) ELISA analysis of GM-CSF levels in
the supernatant of Setd2WT and Setd2KO cells. F) Neutrophils were treated with conditioned medium (CM) from Setd2KO cells neutralized with GM-CSF
antibody or control IgG for 6 h. PD-L1 levels on neutrophils were determined after 24 h. G) Representative plot (left) and statistical analysis (right) of
IFN𝛾 production and surface PD-1 of CD8+ T cells from the indicated coculture groups. H) E-cadherin, phosphorylation and total AKT, H3K36me3, and
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Consistent with previous reports, we demonstrated that knock-
down of Cxadr could facilitate AKT activation and E-cadherin
downregulation in pancreatic tumor cells (Figure 6A).[8a] In ad-
dition, the mRNA levels of both Cxcl1 and Csf2 were also up-
regulated in step with AKT phosphorylation (Figure 6A). More
importantly, rescue of Cxadr expression in Setd2KO cells largely

impaired AKT activation and reduced the mRNA levels of Cxcl1
and Csf2 (Figure 6B). Furthermore, the supernatants of Cxadr-
overexpressing Setd2KO cells decreased neutrophil trafficking and
surface PD-L1 levels (Figure 6C,D). In the neutrophil and CD8+

T-cell coculture system, overexpression of Cxadr significantly res-
cued the IFN𝛾 level of CD8+ T cells that was suppressed in

GAPDH levels in orthotopic Setd2WT and Setd2KO pancreatic tumors were analyzed by western blot. I) IHC staining of CXCL1 (green), phosphorylated
AKT (purple), and H3K36me3 (red) in pancreatic tissue from KC and KSC mice. Scale bars = 100 μm and 20 μm (for inset). J,K) Setd2WT and Setd2KO

cells were treated with LY294002 (PI3Ki, 500 nM), MK2206 (pAKTi, 500 nM), or DMSO as a control for 24 h. Left, the mRNA levels of J) Cxcl1 and K) Csf2
were determined with qPCR assay. Right panel, ELISA analyses of J) CXCL1 and K) GM-CSF levels in the supernatant of Setd2WT and Setd2KO cells. L)
Orthotopic Setd2KO tumor-bearing mice were treated with pAKTi (200 mM kg−1, every other day), CXCR2i (1 mg kg−1, every other day), the combination
and DMSO as a control for 10 days. Pancreatic tissues were collected for H&E staining (left) and lesion area quantification (right). Representative flow
cytometry plots and proportion of neutrophils and macrophages from the indicated groups (n = 3 per group). The experiments had three replicates
and were repeated three times (B–G, J–K). Data are represented as the mean ± SD (B–G, and J–K) or mean ± SEM (L). Statistical differences were
determined with unpaired Student’s t test in (B,C and E–G) and one-way ANOVA and Tukey’s multiple comparisons test in (D, and J–L). ns, P value >

0.05; *, 0.01 < P value ≤ 0.05; **, 0.001 < P value < 0.01; ***, P value ≤ 0.001.

Figure 5. Setd2 loss triggers hyperactivation of PI3K-AKT via downregulation of Cxadr. A) The levels of the indicated histone modification marks were
determined in Setd2WT and Setd2KO pancreatic tumor cells. B) Representative images of H3K36me3 and H3K27me3 in pancreatic tissues of the indicated
mice by immunofluorescence staining. Scale bars = 100 μm. C) Venn diagram illustration of downregulated genes (RNA-seq, FC ≥ 1.5, P ≤ 0.05)
overlapping with H3K36me3-loss- and H3K27me3-gain-related genes (CUT&Tag, FC ≥ 1.5) upon Setd2 loss in pancreatic tumor cells. D) Heatmap
illustrating the occupation of H3K36me3 and H3K27me3, as well as the mRNA expression of genes from clusters E, F, and G. E) Representative IGV
screenshot of H3K36me3 and H3k27me3 CUT&Tag signals of the indicated genes from Setd2WT and Setd2KO cells. F) The violin plot represents the
H3K36me3 distribution on genes from the indicated clusters. G) Box plot showing normalized transcriptional changes (Setd2KO versus Setd2WT, Log2FC)
of genes from the indicated clusters. The H) mRNA and I) protein levels of Cxadr were validated in Setd2WT and Setd2KO cells. J) Quantitative PCR analysis
of H3K36me3 and H3K27me3 occupancies in the zones indicated in (E) of the Cxadr gene. IgG was used as the control. Data are represented as the mean
with range (F and G) and mean ± SD (H and J). The experiments had three replicates and were repeated three times (H and J). Statistical differences
were determined using unpaired Student’s t test in (F–H and J).
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Figure 6. Overexpression of Cxadr rescues AKT activation, neutrophil infiltration and tumor progression upon Setd2 deficiency. A) Western blot analysis
of CXADR, phosphorylation and total AKT and GAPDH levels in cells as indicated (left). The mRNA expression of Cxadr, Cxcl1 and Csf2 was determined
by qPCR assays (right). B) Left, western blot analysis of CXADR, phosphorylation and total AKT and GAPDH levels in Setd2KO cells overexpressing the
Cxadr gene (Cxadr OE) and control cells (Cont). Right, the mRNA expression of Cxadr, Cxcl1 and Csf2 was determined with qPCR assays in the indicated
cells. C) Neutrophil chemotaxis assay using to 20% conditioned medium from the indicated cells. D) Flow cytometry analysis of surface PD-L1 levels on
neutrophils after treatment with cell supernatants from the indicated pancreatic tumor cells. E) Representative plot (left) and statistical analysis (right)
of IFN𝛾 production in CD8+ T cells from the indicated coculture groups. F) Orthotopic tumors were inoculated with Cont and Cxadr OE pancreatic
tumor cells for 14 days (n = 4 per group). Pancreatic tissues were collected for quantification of relative pancreas weight (left), H&E staining (middle)
and lesion area (right). Scale bar = 1 mm. G) ELISA analyses of serum CXCL1 (left) and GM-CSF (right) levels from (F). H) Representative plot (left)
and statistical analysis (right) of tumor-infiltrating neutrophils in pancreas tissues from (F). I) Representative plot (left) and statistical analysis (right) of
IFN𝛾-producing CD8+ T cells in pancreas tissues from (F). Data are represented as the mean ± SD (A–E) or mean ± SEM (F–I). The experiments had
three replicates and were repeated three times (A–E). Statistical differences were determined with one-way ANOVA and Tukey’s multiple comparisons
test in (A), unpaired Student’s t test in (B–D and F–I), and two-way ANOVA and Tukey’s multiple comparisons test in (E). ns, P value > 0.05; *, 0.01 <

P value ≤ 0.05; **, 0.001 < P value < 0.01.
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Setd2KO cells (Figure 6E). Unlike parental Setd2KO cells, neutral-
izing PD-L1 could not further enhance IFN𝛾 expression when
Cxadr was overexpressed (Figure 6E). We further examined the
in vivo tumorigenicity and immune TME reshaping capability of
Cxadr-overexpressing Setd2KO cells. As shown, compared to pa-
ternal Setd2KO cells, Cxadr overexpression retarded tumor growth
(Figure 6F) and reduced serum CXCL1 and GM-CSF levels in the
corresponding tumor-bearing mice (Figure 6G). In addition, Cx-
adr overexpression largely rescued the excessive neutrophil infil-
tration and cytotoxic CD8+ T-cell suppression in Setd2-deficient
pancreatic tumors (Figure 6H,I). Taken together, Setd2 deficiency
leads to H3K36me3 loss and ectopic gain of H3K27me3 to
downregulate Cxadr expression, thereby remodeling the TME by
boosting AKT activation and related cytokines/chemokines.

3. Discussion

The immunosuppressive microenvironmen in vivo ork, we
found that neutrophils were major executors of immune es-
cape in Setd2-deficient pancreatic tumors. A recent study demon-
strated that the gain-of-function Trp53R172H mutation promoted
the accumulation of neutrophils in pancreatic tumors.[18] We ob-
served that loss of Setd2 could enhance neutrophil accumula-
tion in pancreatic tumorigenesis, from KrasG12D-induced precan-
cerous pancreatic intraepithelial neoplasia (PanIN) to malignant
pancreatic tumors with KrasG12D/+ and Trp53R172H/+ mutations.
More importantly, we further demonstrated the pro-tumor func-
tion of infiltrating neutrophils in Setd2-deficient pancreatic tu-
mor progression. In addition, our data indicates that the role of
SETD2 in reprogramming neutrophils is not affected by Trp53
status. It is worth noting that the correlation between SETD2 loss
and elevated neutrophils might be not only in pancreatic cancer
but also in lung and colon cancers, which still needs further in-
vestigation.

Genetic and epigenetic alterations confer inter- and intra-
heterogeneity of pancreatic tumors. Along with the increasing
incidence of pancreatic cancer in recent years, targeted ther-
apy for patients harboring specific mutations will be of great
significance to improve their therapeutic efficacy. SETD2 mu-
tations are widespread in many tumor types, and the role of
SETD2 in multiple tumors, including pancreatic tumor, has been
explored.[8a,b,19] However, no small molecules or antibodies have
shown specific targeted therapeutic potential for SETD2 and/or
H3K36me3 loss.[20] Understanding how SETD2-H3K36me3 loss
reprograms the TME might provide an alternative strategy for
targeting SETD2-deficient/low tumors. Here, our study reveals
an anti-neutrophil immunotherapy targeting pancreatic tumors
with SETD2/H3K36me3 deficiency or low expression.

Of note, recent studies have demonstrated that the heterogene-
ity of the immune TME is a tumor cell-intrinsic trait.[21] As im-
munotherapy has achieved promising clinical benefits, a large
portion of in vivo CRISPR–Cas9 screens have been used to iden-
tify the tumor-intrinsic factors that might modulate immune es-
cape or sensitivity to immunotherapy. Intriguingly, several epige-
netic regulators (e.g., Setdb1, Asf1a, Ezh2, Kdm3a) were screened
out with cell-intrinsic effects on tumor immunogenicity or sensi-
tivity to immunotherapy, raising the possibility that epigenetic
therapy could enhance the efficacy of immunotherapy.[3a,c,d,22]

However, little is known about how epigenetic regulators con-

tribute to immune escape in pancreatic cancer. From a different
perspective, our study identified that SETD2 contributed to im-
mune surveillance in pancreatic tumorigenesis. Oncogenic Kras
activation drives immune evasion,[23] and loss of Setd2 further
enhanced immune evasion by reprogramming neutrophils into
an immunosuppressive phenotype to inhibit the cytotoxicity of
CD8+ T cells rather than directly affecting CD8+ T cells (Fig-
ure 3A,B,E,G). Our findings provide more evidence for how epi-
genetic dysregulation in tumor cells contributes to immune eva-
sion.

More interestingly, a recent study utilized an autochthonous
pancreatic tumor model, KPC mice, to uncover the diversity
of epigenetic landscapes in tumor cells with or without T-cell
infiltration.[21] The key tumor cell-intrinsic immune regulator
Cxcl1 increased in a non-T-cell-inflamed microenvironment due
to enhanced chromatin accessibility.[21] Recently, a study proved
that suppression of neutrophils with lorlatinib attenuated pan-
creatic cancer growth and improved immune checkpoint block-
ade treatment.[24] In line with our study, these findings indi-
cate the importance of neutrophils in modulating the immune
TME of pancreatic tumors. In addition, we also noticed ele-
vated levels of several CXCR2 ligand-encoding genes, includ-
ing Cxcl1, Cxcl3 and Cxcl5, in Neu-Setd2KO cells compared with
Neu-Setd2WT cells, indicating that neutrophils reprogrammed by
Setd2-deficient pancreatic tumor cells could further strengthen
the recruitment of neutrophils (Table S1, Supporting Informa-
tion). In addition to enhancing the PD-L1/PD-1 axis, we also
found elevated arachidonic acid and prostaglandin metabolic pro-
cesses in Setd2KO-primed neutrophils, which contributed to the
immunosuppressive function of neutrophils (Figure 2F–I).[7c,11]

SETD2 is the primary methyltransferase catalyzing H3K36
trimethylation (H3K36me3), which is associated with transcrip-
tion elongation, RNA splicing and DNA repair. Recent stud-
ies have shown that H3K36me3 also participates in cross-talk
with other chromatin marks, including antagonizing H3K4me3
and H3K27me3.[8b,16] Similarly, loss of Setd2 in pancreatic tu-
mor cells triggered a profound decrease in H3K36me3 levels, ac-
companied by an increase in H3K27me3 levels. Downregulated
genes in Setd2KO cells were more related to ectopic spreading of
H3K27me3 both on transcribed regions (gene body) and promot-
ers. Of note, only approximately 30% of genes with H3K27me3
gain were guided by H3K36me3 loss. In addition, the redistribu-
tion of H3K27me3 also led to H3K27me3 loss at the promoter or
gene body of other gene loci, accounting for 39.2% of the upreg-
ulated genes in Setd2KO cells (Figure S7H, Supporting Informa-
tion). Yuan et al recently showed that SETD2 was able to methy-
late EZH2 at K735 to promote EZH2 degradation, which provides
a mechanism for how H3K36m3 excludes H3K27me3 signals
during prostate cancer development.[8b] However, in different
contexts, whether and how H3K36me3 antagonizes H3K27me3
remains to be explored in depth.

4. Conclusion

In summary, our study revealed that Setd2 deficiency directly
enhanced the recruitment and reprogramming of neutrophils,
thereby facilitating immune escape and fostering tumor progres-
sion by inhibiting cytotoxicity of CD8+ T cells. Mechanistically,
we revealed that SETD2-H3K36me3 loss directly downregulated
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Cxadr expression in pancreatic tumor cells, allowing for PI3K-
AKT activation and the release of excessive CXCL1 and GM-CSF,
which attracted neutrophils and reprogrammed them toward an
immunosuppressive phenotype. Our work provides mechanis-
tic insights into how tumor-intrinsic SETD2 deficiency reshapes
the immunosuppressive TME via neutrophils, thereby providing
the potential use of anti-neutrophil immunotherapy in pancreatic
cancer patients with SETD2 deficiency.

5. Experimental Section
Mouse Models and Treatments: Pdxcre; LSL-KrasG12D; Setd2f/f (KSC),

Pdxcre; LSL-KrasG12D (KC) were generated as described.[8a] All geneti-
cally modified mice were on a C57BL/6J background. C57BL/6J wild-type
mice were purchased from Shanghai SLAC Laboratory Animal Co., Ltd.
(Shanghai, China). Age- and sex-matched mice were used in the follow-
ing experiments. Setd2WT and Setd2KO pancreatic tumor cells (1 × 106)
were injected into the pancreas of C57BL/6J mice at 8 weeks of age
to establish orthotopic tumor models. Mice were sacrificed at the in-
dicated times after injection. Subcutaneous tumor models were estab-
lished by subcutaneous injection of Setd2WT and Setd2KO pancreatic tu-
mor cells (1 × 106) into 8-week-old C57BL/6J mice. For the lung metas-
tasis model, Setd2WT and Setd2KO pancreatic tumor cells (5 × 105) were
injected into 8-week-old C57BL/6J mice via the tail vein, and mice were har-
vested 2 weeks after injection for lung tumor burden analysis. In the treat-
ment groups, mice (1) received i.p. injection of 𝛼-Ly6G (1 mg/kg/time,
BE0075-1, clone-1A8, BioXcell), or (2) 𝛼-PD-1 (1 mg/kg/time, BE0146,
clone-RMP1-14, BioXcell), or (3) combined (1) and (2), or (4) 𝛼-CD8
(1 mg/kg/time, BE0004-1, clone-53-6.7, BioXcell), or (5) combined (1)
and (4), or (6) IgG (BE0089, clone-2A3, BioXcell); (7) CXCR2 inhibitor,
SB225002 (1 mg/kg/time, S7651, Selleck); or (8) inhibitor of phosphory-
lation AKT, MK2206 (200 mM/kg/time, S1078, Selleck); (9) combined (7)
and (8), or (10) dimethyl sulfoxide as indicated.

Magnetic Resonance Imaging (MRI): The mice underwent repetitive
MRI examinations (at time points) using a 7-Tesla dedicated animal scan-
ner (Bruker, Biospin, Ettlingen, Germany) and a one-channel circular polar-
ized volume coil (Bruker, Ettlingen, Germany). To minimize motion effects
in the imaging process, animals were anesthetized by 2.0% isoflurane in-
halation, and their respiration was monitored and kept constant between
30–50 breaths per min during the entire examination. The imaging pro-
tocol consisted of a T1-weighted spin echo and a T2-weighted turbo spin
echo sequence. T2 maps were generated using a multislice multiecho se-
quence with the following parameters: TE1 = 6 ms, ΔTE = 6 ms, Echoes
= 12, TR = 3000 ms FOV = 30 mm×30 mm, slice thickness = 1 mm, slice
gap = 0.2 mm, slices = 10, matrix128×128, Average = 2, BW = 125000 Hz.
To avoid respiratory artifacts, all sequences were triggered by respiratory
gating. The MRI data analysis was accomplished by postprocessing soft-
ware of the Biospin system (Paravision 6.0.1, Bruker, Ettlingen, Germany).

Deciphering the Proportion of Tumor-Infiltrating Immune Cells: CIBER-
SORTx was employed to estimate the abundance of tumor-infiltrating im-
mune cells.[9] For a specific sample, the most abundant types of immune
cells were identified within the TME by using the R package CIBERSORTx
(R/supportFunc_cibersort. R). Statistical analyses were performed using
GraphPad Software (Prism 9.0). All data are presented as the mean ± SEM
or mean with range.

CUT&Tag Analysis: The CUT&Tag assay was performed following the
manual of the hyperactive pG-Tn5/pA-Tn5 transposase for CUT&Tag kit
(Vazyme, TD901). DNA libraries were prepared according to the manu-
facturer’s instructions of the Trueprep index kit v2 (Vazyme, TD202). The
DNA library was sequenced to an average of 20 million reads per sam-
ple. All raw sequence data were quality trimmed for adaptor sequences,
and reads shorter than 50 bp were discarded using Fastp v 0.20.1. Then,
all reads were aligned to the mm10 mouse genome using Bowtie2 ver-
sion 2.4.2 with the following parameters: –very-sensitive-local–no-unal–
no-mixed–no-discordant–phred33 -I 10 -X 700. Reads were then normal-
ized by calculating the reads per kilobase of transcript per million mapped

reads (RPKM). Peak calling used macs2 v 2.2.7.1 with the following pa-
rameters: -B -t –broad -g mm –broad-cutoff 0.1. Scatterplots, correlation
plots, and heatmaps are displayed using deepTools v3.5.0. Annotation of
peaks was performed using the R/Bioconductor package ChIPseeker.

Data Availability : Datasets for this study have been deposited into the
GEO database (http://www.ncbi.nlm.nih.gov/geo) under accession iden-
tification numbers GSE173430, GSE176013, and GSE126302.

Statistical Analysis: Statistical analyses were performed using Graph-
Pad Software (Prism 9.0). All data are presented as the mean ± SD (in
vitro), ± SEM (in vivo) or mean with range. The values were defined as
outliers (Z-score>3) and removed from the data. Unless otherwise stated,
one-way or two-way ANOVA together with the indicated post-hoc test was
used to determine statistical significance among multiple groups. Un-
paired Student’s t test was used to determine statistical significance be-
tween two groups. Unless indicated, the results are from at least two or
three independent experiments. In all analyses, a P value of <0.05 was
considered to be statistically significant.

Study Approval: All animal experiments were approved by the Animal
Care and Use Committees at Ren Ji Hospital (RJ2020-0505), Shanghai Jiao
Tong University School of Medicine. The human pancreatic tumor mi-
croarray from Ren Ji Hospital was approved with Local Ethics Committee
approval and patient consent (KY2022-036-B).
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