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MYO1IF in neutrophils is required for the response to
immune checkpoint blockade therapy
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Tumor-associated neutrophils (TANs) represent a significant barrier to the effectiveness of immune checkpoint blockade (ICB)
therapy. A comprehensive understanding of TANs’ regulatory mechanisms is therefore essential for predicting ICB efficacy and
improving immunotherapy strategies. Our study reveals that MYO1F is selectively downregulated in neutrophils within both
human cancers and murine tumor models, showing a negative correlation with ICB response. Mechanistically, MYO1F normally
inhibits neutrophil immunosuppression and proliferation by restraining STAT3 activity. However, during tumorigenesis, tumor-
derived TGF-B1 disrupts the binding of SPI1 to intron 8 of Myolf via DNA methylation, thereby suppressing Myolf
transcription. The resultant decrease in MYOIF reprograms neutrophils into an immunosuppressive state through the STAT3-
dependent signaling pathways. This immunosuppressive state further contributes to tumor microenvironment (TME)
remodeling by inducing CTL exhaustion. These findings establish MYO1F as a critical regulator within TANs, highlighting its

significant role in modulating ICB therapy efficacy.

Introduction

Low response of immune checkpoint blockade (ICB) is an im-
portant obstacle to immunotherapies. In cancer, heterogeneous
neutrophils released from the bone marrow (BM) have emerged
as important components of the tumor microenvironment
(TME) (Jaillon et al., 2020; Quail et al., 2022) with high plasticity
and display protumorigenic functions. Tumor-associated neu-
trophils (TANs) are defined by the surface expression of
CD11b*Ly6ClWLy6Ghigh in mice and CD11b*CD14owCD33hieh in
humans. Fridlender et al. (2009) suggested that TGF-1, an im-
munosuppressive cytokine expressed by tumor cells, could
transform TANs from anti-tumorigenic neutrophils (N1) into
protumorigenic neutrophils (N2) (Fridlender et al., 2009). Most
neutrophils in tumor appear to have an N2 phenotype and
thus contribute to tumor growth and immunosuppression
(Antuamwine et al., 2023; Chung et al., 2021; Shojaei et al., 2008;
Yin et al., 2022; Zhang et al., 2024). N2 neutrophil depletion led
to a decrease in tumor growth in mouse models (Fridlender
et al.,, 2009). Although TGF-Bl-mediated N2 neutrophils are
involved in the immunosuppression in most solid tumors, the

underlying molecular mechanism is not fully understood. High
levels of N2 neutrophils are indicative of a poor response to ICB
therapies, such as ipilimumab and nivolumab (de Coafia et al.,
2017; Martens et al., 2016; Sade-Feldman et al., 2016), particu-
larly in patients with nonresectable melanoma (Weber et al.,
2016), which was mainly attributed to potent immunosuppres-
sion and continuous expansion. Unraveling the molecular
mechanisms behind these decisive events is a prerequisite for
the development of therapy targeting neutrophils.

For immunosuppression, N2-like neutrophils play a pivotal
role in facilitating tumor immune evasion by remodeling the
TME through a variety of mediators, including ROS, arginase
1 (ARG1), inducible nitric oxide synthase (NOS2), IL-10, and
indoleamine 2,3-dioxygenase 1 (IDO1), which collectively sup-
press effector T cell activity (Gabrilovich and Nagaraj, 2009).
ROS has emerged as one of the main characteristics of neu-
trophils in both tumor-bearing mice and patients with cancer
(Kusmartsev et al., 2004; Schmielau and Finn, 2001). The inhi-
bition of ROS production in neutrophils isolated from mice and
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tumor patients completely abrogated the suppressive effect of
these cells in vitro (Kusmartsev et al., 2004; Szuster-Ciesielska
et al., 2004).

For expansion, neutrophil heterogeneity also exists in the BM
in the form of various precursors and maturation stages. Tumor-
induced chronic inflammation triggers the expansion of neu-
trophils via activation of the STAT3 signaling pathway and
premature egress of these precursors into the circulation and
subsequently infiltrating into the tumor (Evrard et al., 2018;
Khoyratty et al., 2021; Ng et al., 2019), which has emerged as a
significant barrier to ICB response (Bronte et al., 2001; Jiang
et al., 2015; Jordan et al., 2013; Meyer et al., 2014; Morad et al.,
2022; Weide et al., 2014). Ablation of STAT3 expression in
conditional KO mice or selective STAT3 inhibitors markedly
reduce the expansion of neutrophils and increase T cell anti-
tumor responses (Kortylewski et al., 2005; Nefedova et al.,
2005).

The long-tailed unconventional class I myosin, myosin 1F
(MYOI1F), has been proposed to play a role in the migration and
polarization of neutrophils, macrophages, and dendritic cells
(DCs) (Kim et al., 2006; Navinés-Ferrer et al., 2019; Teixeira,
2018; Wang et al., 2021b). Interestingly, deficiency of MYOIF
induced by gene fusion or mutation has been implicated in in-
fant acute monocytic leukemia and thyroid cancer, indicating
a direct involvement of MYOIF in cell proliferation
(Diquigiovanni et al., 2018; Duhoux et al., 2011; Taki et al., 2005).
However, our understanding of the impact of MYOIF in myeloid-
derived cells during tumor progression is still in its infancy.
MYOIF and MYOIE, which are the only two long-tailed type I
myosin proteins that exhibit high structural and functional
similarity, perform essential roles in various physiological pro-
cesses, such as endocytosis, exocytosis, cell adhesion, and mi-
gration (McConnell and Tyska, 2010; Navinés-Ferrer and
Martin, 2020).

In this study, we examined databases with information on
the clinical response to ICB therapy and identified a correlation
between reduced expression of MYOIF and a poor response to
ICB therapy. Further research revealed that MYOIF was highly
expressed in neutrophils and restrained the amplification of
neutrophils under normal physiological conditions via MYOIF/
TRIM21/prohibitin 1 (PHB1) axis. During tumorigenesis, tumor-
derived TGF-1 can specifically downregulate Myolf expression
in BM neutrophils by interfering with the binding of SPI1 to
intron 8 of Myolf. The reduced MYOLIF level triggered the pro-
liferation of pathologically activated neutrophils through
STAT3-ROS/PD-LI signaling pathways. These neutrophils pos-
sessing high immunosuppressive ability remodeled the TME by
inducing CTL exhaustion. Our study revealed that the MYOIF is
pivotal in restricting both quality and quantity of TANs to im-
prove the ICB efficacy.

Results

MYOIF level is a predictive biomarker for the outcome of

ICB therapy

To seek possible predictors for ICB treatment, we profiled
gene expression in samples from patients in the Tumor
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Immunotherapy Gene Expression Resource (TIGER) (Chen
et al., 2023) and The Cancer Genome Atlas (TCGA) database
to comprehensively investigate gene expression of tumor tissue
during ICB treatment (Chen et al., 2023). Based on the inves-
tigation from two databases, we found that low expression of
MYOIF, but not MYOI1E, was associated with a poor response to
ICB therapy and a poor survival rate in a dataset of patients
with melanoma treated with aPD-1 and aCTLA-4 immuno-
therapy (Fig. 1 A and Fig. S1, A-C). Given that low expression
of MYOIF presented clinical correlation with tumor pro-
gression (Diquigiovanni et al., 2018; Duhoux et al., 2011; Taki
etal., 2005) without corresponding mechanisms support, this
piqued our interest in the potential role of MYOIF in tumor
progression and ICB resistance. To verify the above findings,
we used another immunotherapy database, the ICBatlas
(Yang et al., 2022). Consistently, lower MYOIF in tumor tis-
sue was observed in the nonresponse datasets of multiple
solid cancer types (Fig. S1, D and E). Thus, a low level of
MYOIF might be an indicator of a poor response to ICB
therapy.

To determine the role of MYOIF in tumor, we analyzed the
MYOIF expression level in clinical tumor tissues and normal
tissues from the TCGA database via the GEPIA2 website (Tang
et al,, 2019). Lower MYOIF expression in tumor tissue was ob-
served in 18 cancer types, and liver hepatocellular carcinoma
served as representative examples (Fig. 1 B). Besides, high level
of MYOIF is correlated with lower survival hazard ratio (Fig. 1
C); correspondingly, low expression of MYOIF was accompanied
by a lower survival rate represented by sarcoma as a typical
example (Fig. 1 D). Additionally, we compared MYOIF expression
between normal and tumor tissues from the same patient and
found that MYOIF expression was significantly reduced in tumor
tissue (Fig. S1 F). In contrast, no obvious difference in MYOIE
gene expression was observed within the same sample set. Low
levels of MYOIF were also verified by immunofluorescence
staining of a 45-sample melanoma tissue Chromatin Immuno-
precipitation (CHIP) (Fig. 1 E). The above clinical data indicated
that the MYOIF level could affect tumor progression and the
response to ICB therapy.

To investigate the role of MYOIF in tumor cells, we used
shRNA to knock down Mpyolf in the B16F10 and MC38 tumor cell
lines (Fig. S1 G). Interestingly, we found no significant difference
in the tumor growth or the response rate to ICB treatment after
Myolf knockdown (Fig. 1, F and G; and Fig. S1, H and I). These
data led us to speculate that MYOIF may affect tumor pro-
gression and the response to ICB therapy by directly modu-
lating immune cell function rather than tumor cell function.
We then used Myolf KO mice to assess the overall impact of
MYOIF on the response to ICB therapy. To mimic ICB therapy
in melanoma patients, aCTLA-4 and aPD-1 ICB treatments
were administered to KO mice bearing B16F10 melanoma tu-
mors. Compared with WT mice, which responded positively to
treatment, KO model mice exhibited poorer responses to ICB
treatment (Fig. 1 H). These data indicate that MYOLF is not a
tumor suppressor gene directly but rather a contributor to the
response to ICB therapy through manipulation of anti-tumor
immune components.
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Figure 1. The expression level of MYOIF is correlated with the efficacy of ICB therapy in both humans and mice. (A) Left: MYOIF and MYOIE gene
expression of tumor tissue pooled from responder (N = 49) and nonresponder (N = 42) of PRJEB23709_anti-CTLA-4 + anti-PD-1 datasets. Right: The cor-
responding Kaplan-Meier survival curves. Data are from the TIGER database. (B) Left: MYOIF and MYOIE gene expression pooled from liver hepatocellular
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carcinoma (LIHC) tumor tissues (N = 369) and normal tissues (N = 160). Right: MYOIF and MYOIE gene expression pooled from 18 types of tumor tissues and
normal tissues from the TCGA database via the GEPAI2 website. Gene level in normal tissue was normalized to 1. The 18 cancers are: adrenocortical carcinoma
(ACC), bladder urothelial carcinoma (BLCA), breast invasive carcinoma (BRCA), cervical squamous cell carcinoma and endocervical adenocarcinoma (CESC),
colon adenocarcinoma (COAD), lymphoid neoplasm diffuse large B cell lymphoma (DLBC), kidney chromophobe (KICH), LIHC, lung adenocarcinoma (LUAD),
lung squamous cell carcinoma (LUSC), ovarian serous cystadenocarcinoma (OV), pheochromocytoma and paraganglioma (PCPG), prostate adenocarcinoma
(PRAD), rectum adenocarcinoma (READ), thyroid carcinoma (THCA), thymoma (THYM), uterine corpus endometrial carcinoma (UCEC), and uterine carcino-
sarcoma (UCS). (C) Hazard ratio with high and low expression levels of MYOIF in tumor tissue from 18 types of cancers; ratio in low MYOIF tissues was
normalized to 1. The data are from TCGA database via the GEPAI2 website. (D) Kaplan-Meier survival curves of sarcoma. SARC, sarcoma. The data are from the
TCGA database via the GEPAI2 website, N (high) = 131; N (low) = 131. (E) Left: Immunofluorescence staining of MYO1F on human normal and melanoma tissue.
DAPI used for cell nucleus indication. Right: Statistical value of MYOIF fluorescence intensity, normal, N = 5; tumor, N = 45. Scale bar: 500 pm. (F) Left: Tumor
tissues were collected. Right: Tumor growth curve over time following subcutaneous injection of 2 x 10> WT and shRNA-Myolf B16F10 cells into immuno-
competent C57BL/6 mice (N = 5). (G) Tumour growth curve over time after inoculation. Immunocompetent C57BL/6 mice were subcutaneously injected with
2 x 10° WT and shRNA-Myolf B16F10 cells, following with administered intraperitoneally of anti-PD-1 (10 mg/kg)/ anti-CTLA-4 (10 mg/kg) antibodies on days
10, 14, and 18 (N = 10 in each group). After the treatment with antibodies, tumors were extracted and photographed. (H) Left: Tumor tissues were collected.
WT and MyoIf~/~ C57BL/6 mice were subcutaneously injected with 2 x 10° B16F10 cells. Anti-PD-1 (10 mg/kg) and anti-CTLA-4 (10 mg/kg) were administered
intraperitoneally on days 10, 14, and 18 (N = 5 in each group). Right: The corresponding tumor growth over time. Data in F-H represent one experiment of three
independent repeats, and E represents one experiment of two independent repeats. Data are presented as mean = SD. P values were analyzed by one-way
ANOVA test (F-H); nonparametric Wilcoxon matched-pairs signed-rank test (A and B); Kaplan-Meier (D); and two-tailed unpaired Student’s t test (C and E);

*P < 0.05, **P < 0.01, and ***P < 0.001. ns, no significance.

MYOTF deficiency induced the accumulation of TANs to
promote tumor progression

To investigate the role of MYOIF in tumor progression, WT and
KO mice were subcutaneously injected with murine B16F10 or
MC38 tumor cells. Compared with WT mice, KO mice developed
significantly larger tumors and had shorter survival times
(Fig. 2, A-C; and Fig. S2, A-C). We then used flow cytometry to
investigate changes in tumor-infiltrating immune cells. Among
the tumor-infiltrating immune cells, CD8* T cell exhibited
weakened anti-tumor function (reduced IFN-y and GZMB), with
an increased proportion and cell number of CD11b*Grl* popu-
lation (Fig. 2 D). According to the presence of Ly6C and Ly6G,
further characterization revealed that the CD11b*Ly6G* neutro-
phil subset accounted for more than twofold increase in KO mice
(Fig. 2 E and Fig. S2 D).

Previous studies have shown that increased TANs during
tumor progression is accompanied by splenomegaly (Browne,
2015; Ravindranathan et al.,, 2018). Notably, the KO tumor-
bearing mice presented significant splenomegaly, with an av-
erage 2.5-fold increase in spleen weight (Fig. S2 E). As shown in
Fig. 1E, the MYOIF level was decreased in melanoma tissues. To
verify whether a low level of MYOIF is associated with high
tumor infiltration of neutrophils in humans, we performed
immunofluorescence staining for two typical human TAN
markers (Poschke and Kiessling, 2012) on 45-sample melanoma
tissue CHIP. As expected, neutrophils accumulated extensively
in melanoma than normal tissues (Fig. 2, F and G). Moreover,
high infiltration of neutrophils was associated with the lower
level of MYOIF (Fig. S2 F).

To verify whether tumor-infiltrating neutrophils are the
main functional cell type that lead to tumor progression in
MYOI1F-deficient mice, intratumoral CD45.1*CD11b*Ly6G* neu-
trophils from the tumor tissues of the WT or KO B16F10 tumor-
bearing mice were sorted and transferred to the irradiated
tumor-bearing recipients (Fig. 2 H and Fig. S2 G). Prior to
transplantation, the MYOIF expression level was verified via
western blotting (Fig. S2 H), and the irradiated tumor-bearing
recipients were detected to exclude the influence of self-BM
(Fig. S2 I). Given the short lifespans of TANs (Ng et al., 2024;
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Pillay et al., 2010), the isolated neutrophils were injected every
4 days into recipients in equal quantities. Compared with the
group transferred with WT tumor-derived neutrophils, the
group transferred with KO tumor-derived neutrophils presented
increased tumor growth (Fig. 2 I) and downregulation of acti-
vation markers of tumor-infiltrating CD8* T cell, such as Ki-67,
IFN-y, and GZMB (Fig. S2 J). We also observed the transferred
CD45.1* neutrophil counts for more at both proportion and ab-
solute number in the KO donation (DON) group than the WT
DON group (Fig. S2 K). These findings suggested that MYO1F-
deficient tumor-infiltrating neutrophils contributed to tumor
progression.

Neutrophils are pathologically expanded in the BM and are
recruited to tumors through CXCR1/2 chemokine gradients
(Davis et al., 2017; Lang et al., 2018). To further assess the im-
portance of the trafficking of neutrophils for tumor infiltration
in MYOI1F-deficient mice, we treated B16F10 tumor cell-
inoculated mice with SX-682, an effective CXCR1/2 inhibitor
that blocks the recruitment of neutrophils from the BM to tu-
mors. The proportion of tumor-infiltrating neutrophils did not
significantly differ between WT and KO mice after SX-682
treatment (Fig. S2 L), followed by no significant differences in
tumor growth (Fig. 2 ]) or survival rates (Fig. S2 M). Moreover,
we found that SX-682 treatment also rescued GZMB production
of CD8* T cell from KO mice (Fig. 2 K).

Finally, we aimed to determine the cause of the increased
infiltration of neutrophils in tumors under the context of MYOIF
deficiency. Given the potential role of MYOIF in cell mobility,
we wondered whether the increase of assembled tumor-
infiltrating neutrophils was due to enhanced migration abil-
ity. However, the results of the chemotaxis assay revealed no
significant difference in migration between neutrophils isolate
from WT tumor tissues and those from KO (Fig. S3 A).

Given that TANs are short-lived effector cells, continuous
release from the BM into tumors is necessary to maintain their
immunosuppressive function. We analyzed BM cells by flow
cytometry and confirmed a significant, approximately twofold
increase in the proportion and numbers of CD11b*Ly6G* neu-
trophils in KO tumor-bearing mice (Fig. 2 L and Fig. S3 B).
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Figure 2. MYOIF deficiency promoted tumor growth by inducing the expansion of TANSs. (A) Left: WT and Myo1f~/~ C57BL/6 mice were subcutaneously
injected with 2 x 10° B16F10 cells, tumor collection at day 21 (N = 5 in each group). Right: The corresponding tumor weight. (B) Tumor growth curve over time
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of WT and Myolf/~ C57BL/6 mice were subcutaneously injected with 2 x 10° B16F10 cells. (C) Kaplan-Meier survival curves of B16F10 tumor models described
in A (N =10 in each group). (D) FACS analyses of intratumoral CD45*, CD4*, CD8* (IFN-y* and GZMB*) cells, and neutrophils from tumor tissues described in A.
(E) FACS analyses of intratumoral neutrophils from tumor tissues described in A. (F) Immunofluorescence staining of CD11b (green) and CD33 (red) in human
melanoma (normal, N = 5; melanoma, N = 45). Scale bar: 200 pm. (G) Quantity statistics of colocalization in immunofluorescence staining (F). (H) Schematic of
intratumoral neutrophil transfer from donor (CD45.1 B16F10 tumor-bearing WT or KO mice) to recipient (CD45.2 WT mice). (I) Tumor neutrophil transfer effect
on tumor progression. Sorted neutrophils from donor tumor tissues of B16F10-bearing mice transfer into B16F10 tumor models of recipient. Left: Tumor
collection on day 24 after subcutaneously injected with 2 x 10° B16F10 cells. Right: Tumor growth curve over time (N = 5 in each group). (J) SX-682 effect on
B16F10 tumor models. Left: Tumor collection on day 26 after subcutaneously injected with 2 x 10° B16F10 cells. Right: Tumor growth curve over time (N = 5 in
each group). Dose: 50 mg/kg, i.g., bid. (K) FACS analyses of intratumoral CD8* (GZMB*) T cells (N = 5). (L) Top: Flow cytometry analyses of Ly6G and CD11b in
BM CD45* myeloid cells from WT and Myo1f~/~ B16F10 models of day 21. Bottom: Statistic of neutrophil proportion and numbers by counting through FACS
(N = 5). (M) Top: Flow cytometry analyses of Ki-67 in CD11b*Ly6G* (Neu) clusters from BM of WT and Myolf~/~ B16F10 tumor models of day 21. Bottom:
Statistic of Ki-67 proportion (N = 5). (N) Left: Representative immunofluorescence staining of CD11b (green) and Ly6G (red) in BM from WT and MyoIf/~
B16F10 model. Right: Statistic of neutrophil numbers by counting colocalization (N = 3). Scale bar: 500 um. (0) BM neutrophil transfer effect on tumor growth
curve over time. Sorted BM neutrophils from donor tumor tissues of B16F10-bearing mice of day 21 were transferred into B16F10 tumor models of recipient
(N = 5). (P) FACS analyses of intratumoral CD8* (GZMB*) T cells (N = 5). Data in A-E, H-M, O, and P represent one experiment of three independent repeats; F
and N represent one experiment of two independent repeats. Data are presented as mean + SD. P values were analyzed by one-way ANOVA test (B, I, J, and O);
log-rank (Mantel-Cox) (C); two-tailed unpaired Student’s t test (A, D, E, G, K-N, and P), *P < 0.05, **P < 0.01, and ***P < 0.001. ns, no significance. Neu,

neutrophil.

Moreover, we detected a significant difference in the proliferative
marker Ki-67 specifically in the BM-derived CD45*CD11b*Ly6G*
(neutrophil) populations but not in the CD45*Ly6G~ (non-neu-
trophil) populations in KO mice (Fig. 2 M and Fig. S3 C). To
validate this, the tibia was collected for immunofluorescence
staining. Consistently, compared with those from WT mice, the
BMs from KO tumor-bearing mice presented greater accumula-
tion of the CD11b*Ly6G* neutrophil populations (Fig. 2 N). Re-
turning to the issue of neutrophil aggregation in tumors, we
observed a similar trend of neutrophil expansion in the peripheral
blood and spleen of KO mice (Fig. S3 D), which indicated that the
massively expanded neutrophils infiltrated tumor tissues through
the circulation, similar to the previously reported consensus. To
define the role of BM neutrophils in tumor progression, this subset
was sorted from tumor-bearing mice and transferred into mye-
loablative recipient tumor models (Fig. S3, E and F). Compared
with the group of WT DON, the group treated with KO DON
presented increased tumor growth (Fig. 2 O and Fig. S3 G) and
decreased CD8" T cell activation (Fig. 2 P).

Neutrophils contains huge amounts of SI00A8 protein (one
of the Ca?*-binding S100 protein family member) in the cyto-
plasm, which makes it a marker to target neutrophils (Pruenster
et al., 2016). We used Myolfflox/flox_S100A8C"¢ mice to consolidate
the role of MYOIF in neutrophil during tumor progression.
Importantly, we obtained results coincided with the total Myolf
KO mice regarding tumor growth (Fig. S3 H), survival rate (Fig.
S3 1), neutrophil infiltration (Fig. S3 J), tumor-infiltrated CD8*
T cell activity (Fg. S3 K), and neutrophil aggregation in BM (Fig.
S3, L and M).

Collectively, both mouse tumor models and human mela-
noma samples revealed a correlation between low level of
MYOIF and extensive intratumoral neutrophils, which lead to
an impaired anti-tumor immunity.

MYOIF deficiency enhances the immunosuppressive function
of neutrophils and remodels the TME by inducing

CTLs exhaustion

To determine the function of MYOIF in neutrophils, we sorted
intratumoral neutrophils from B16F10 tumor-bearing WT and
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KO mice (Fig. S2 D) and compared the gene expression profiles
via RNA-sequencing (RNA-Seq) analysis (Fig. 3 A). Notably,
neutrophils from KO mice presented high levels of Cd274 (PD-
L1), Cxcl9 (CXCL9), Nos2 (NOS2), Cybb (NOX2), Argl (ARG1), IlIO
(IL-10), and Idol (IDO1), indicative of an immunosuppressive
potential of these MYOIF-deficient neutrophils. These genes
were also verified via quantitative RT-PCR (RT-qPCR) (Fig. 3 B),
which revealed a reshaped subset induced by MYOIF deficiency.
While no significant change in the expression of Icaml, which
was identified as the dominant regulator of neutrophil migration
(Lyck and Enzmann, 2015), was consistent with that, MYOIF
deficiency did not influence the migration ability in our study
(Fig. S3 A).

Suppressions in immune response and inflammatory reac-
tion are the prominent features of N2-like neutrophils, we then
analyzed these two signaling base on the gene set enrichment
analysis assay and found that the intratumoral neutrophils from
KO mice exhibited markedly weaker activation for these path-
ways, further corroborating the role of MYOIF deficiency in
promoting the immunosuppressive function of neutrophils (Fig.
S3 N). Consistently, we found the high expression of Argl (Argl),
Ccl2 (CCL2), and Ccl5 (CCL5) in KO neutrophils, which are three
classic markers (red color) for immunosuppressive N2-type
neutrophils (Fig. 3 A). We then conducted co-culture assay of
tumor-infiltrating neutrophils and CD8* T cells. Besides the in-
hibition of proliferation, the exhaustion of T cells, identified by
PD-1" and TIM3* signature of terminally exhausted T cells (Im
etal., 2016; Paley et al., 2012; Wolf et al., 2020), was increased in
KO neutrophil group (Fig. 3 C).

Interestingly, we analyzed the BM neutrophil transfer assay
described in Fig. 2 O and found that the number of intratumoral
CD45.1* neutrophils in recipient of KO DON was >50% of WT
DON (Fig. 3 D and Fig. S4 A), which was coincided with tumor
neutrophil transfer assay in Fig. S2 K. We then detected apo-
ptosis via annexin V and PI staining and found that the intra-
tumoral CD45.1* neutrophils in recipient of KO DON exhibited
lower levels of late-stage apoptosis (annexin V*PI*) than those
of WT DON at the endpoint of the experiment (Fig. 3 E and
Fig. S4 B). To confirm this result, we detected the apoptosis in
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Figure 3. MYOZIF deficiency enhances the immunosuppressive function of TANs. (A) Volcano plot of mRNA sequencing data of sorted tumor-infiltrating
neutrophils from WT and MyoIf~~ B16F10 model. (B) Gene mRNA level was detected by RT-qPCR from sorted tumor-infiltrating neutrophils from WT and
Myolf~~ B16F10 model (N = 5). (C) FACS analyses of PD-1" and TIM3* of CFSE-labeled CD8* T cell co-culture with sorted tumor neutrophils from WT and
Myolf-~ B16F10 tumor models of day 21 (N = 5). (D) FACS analyses of recipient intratumoral CD45.1* neutrophils in the BM neutrophil transfer tumor model as
described in Fig. 2 O (N = 5). (E) FACS analyses of apoptosis in intratumoral CD45.1* neutrophils by staining with annexin V and Pl in the BM neutrophil transfer
tumor model as described in Fig. 2 O (N = 5). (F) FACS analyses of PD-L1 in intratumoral CD45.1* neutrophils in recipient (N = 5). (G) Cultured neutrophils from
WT mice were transfected with siCtrl, siMyolf, and PD-L1 on neutrophils were analyzed 48 h after transfection by FACS (N = 5). (H) Cultured neutrophils from
WT mice were transfected with siCtrl and siCd274; after 24 h, cells were treated with cisplatin at 1 uM, and annexin V and Pl staining were analyzed at 48 h
after transfection by FACS (N = 3). (1) Cultured neutrophils from WT and Myolf/~ were incubated with anti-PD-L1 neutralizing antibody at 10 pg/ml, and
annexin V and Pl staining were analyzed at 48 h after incubation by FACS (N = 5). (J) FACS analyses of CXCL9 on intratumoral neutrophils from WT and
MyoIf/~ B16F10 model (N = 5). (K) Cxcl9 mRNA levels were detected by RT-gPCR from cultured neutrophils treated with siCtrl or siMyolf (N = 5).

Qu et al.
MYOIF is required for the response to ICB therapy

Journal of Experimental Medicine
https://doi.org/10.1084/jem.20241957

620z JequiedeQ L0 uo 3senb Aq ypd- 16614202 Wel/LZeZy6L/L56112028/9/zze/pd-eie/wal/Bio sseidny//:dny woly papeojumoq

7 of 22


https://doi.org/10.1084/jem.20241957

(L) Chemotaxis assay of CD8* T cell induced by cytokine and cell lysate. CD8* T cell in the lower chamber counts by FACS with anti-CD8 flow staining with
different treatment (N = 5). (M) Chemotaxis assay of CD8* T cell induced by neutrophils. Cultured neutrophils from day 4 were transfected with siRNA or
siCxcl9 for 24 h and set into the lower chamber with 3 x 10° cells. Sorted CD8* T cells were placed into the upper chamber of transwell set with 1 x 10° cells.
After 6 h, CD8* T cell in the lower chamber counts by FACS with anti-CD8 flow staining with different treatment (N = 5). (N) FACS analyses of DCFH-
DA-labeled tumor neutrophils from WT and Myolf-/~ B16F10 model of day 21 (N = 5). (O) FACS analyses of DCFH-DA-labeled cultured neutrophils from WT
mice with transfections of siRNA of siCtrl or siMyoIf (N = 5). (P) Cybb mRNA levels were detected by RT-qPCR from cultured WT neutrophils treated with siCtrl
or siMyolf (N = 5). (Q) FACS analyses of DCFH-DA in cultured neutrophils from MyoIf~/~ mice with treatment of NOX2i for 24 h (N = 5). (R) Chemotaxis assay of
CD8* T cellinduced by cytokine and small molecular compound. CD8* T cell in the lower chamber counts by FACS with anti-CD8 flow staining (N = 5). (S) FACS
analyses of CFSE-labeled CD8* T cell from BM neutrophil and CD8* T cell co-culture assay (N = 3). (T) ELISA detection of IFN-y level from the supernatant of
BM neutrophil and CD8* T cell co-culture assay (N = 3). (U) Cultured neutrophil transfer effect on tumor growth curve over time. Cultured neutrophils at day 5
treated with stattic (5 uM) for 24 h before transfer (N = 5). (V) FACS analyses of intratumoral CD8* (GZMB*) T cells described in U. Data in B-V represent one
experiment of three independent repeats; A represents one experiment of two independent repeats. Data are presented as mean = SD. P values were analyzed

by one-way ANOVA test (H, |, L, M, O, and R-V); two-tailed unpaired Student’s t test (B-G, J, K, N, P, and Q); *P < 0.05, **P < 0.0, and ***P < 0.001.

intratumoral CD45.1* neutrophils in recipient within 36 h after
transfer and observed the late-stage apoptosis was also de-
creased in KO DON (Fig. S4 C). Recent studies revealed that high
levels of PD-L1 could delay neutrophil apoptosis (Deng et al.,
2021; Wang et al., 2021a). We found Cd274 (PD-L1) was highly
expressed in KO neutrophils according to the RNA-Seq data, and
this phenomenon was verified on intratumoral CD45.1* neu-
trophils in recipients of KO DON (Fig. 3 F) and also on neu-
trophils in KO DON (Fig. S4 D). To determine the relationship
between MYOIF and PD-L1, MYOIF was knocked down with
siRNA (Fig. S4 E) in cultured BM neutrophils from TF WT mice,
and the PD-LI level subsequently increased (Fig. 3 G). To de-
termine the effect of PD-L1 on neutrophil apoptosis in vitro, we
detected apoptosis 24 h after the transfection of siRNA-Cd274
into cultured WT BM neutrophils followed by cisplatin (CDDP)
induction and found that the number of apoptotic cells was
greater in the siRNA-Cd274-transfected group than in the
scramble control siRNA-transfected group (Fig. 3 H and Fig.
S4 F) and that PD-L1 blockade decreased the apoptosis of neu-
trophils from KO mice (Fig. 3 I). Collectively, these data suggest
that MYOIF deficiency could delay the apoptosis of neutrophils.

High expression levels of CXCL9 were detected at both
transcriptional (Fig. 3, A and B) and protein levels in KO neu-
trophils (Fig. 3 J), and siRNA-Myolf significantly upregulated
Cxcl9 (Fig. 3 K). Previous studies have shown that macrophages
and DCs attract CD8* T cell via high expression of CXCL9 (Chow
et al., 2019), whereas the role of CXCL9 in N2-like neutrophils is
not yet clear. Consistently, ILIb was increased in KO neutrophils
(Fig. 3, A and B), which upregulated both Cxcl9 mRNA and
stimulated the secretion of CXCL9 ligand (Guo et al., 2018). The
upregulation of Cxcl9 was verified in cultured neutrophils (from
WT tumor-free BM) treated with IL-1B (Fig. S4G). We speculated
that a high level of CXCL9 could attract CD8* T cell to neu-
trophils, leading to the exhaustion and apoptosis of T cells. We
tested the chemotaxis of CD8* T cell induced by either CXCL9 or
neutrophils lysates with a transwell assay. Compared with WT
neutrophils, KO neutrophils attracted 2.3-fold more CD8* T cell
into the lower chamber (Fig. 3 L) and that the knockdown of
Cxcl9 with siRNA in cultured MYOIF-KO neutrophils abolished
the chemotaxis of CD8* T cell (Fig. 3 M). Furthermore, immu-
nofluorescence staining was performed in tumor tissues of mice
and co-culture of neutrophils and CD8* T cells. Combination of
neutrophils to CD8* T cell in vivo was significantly increased in
tumor tissues from Myolf7/£-S100A8¢*¢ mice of B16F10 bearing
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(Fig. S4, H and I). This trend of increasing binding ability was
also validated in vitro by co-culture of KO neutrophils and CD8*
T cells (Fig. S4, ] and K).

Next, we examined the factors that drive the reshaping of
N2-like features in KO neutrophils. High expression of Cybb
(NOX2) suggests the possibility of high ROS production, which
was verified in tumor-infiltrating neutrophils (Fig. 3 N). This
phenomenon was also observed in BM neutrophils of tumor
model (Fig. S4 L), which indicated that the provenance of the
ROS was from the BM. Since ROS are managed and feedback is
from Nos2, Argl, 1110, Cd274, and Idol expression (Ju et al., 2021;
Vasquez-Dunddel et al., 2013), more work is needed to identify
the driving factors involved. Neutrophils isolated from KO BM
were pretreated with EUK-134, a superoxide dismutase mimic
with catalase activity, and then stimulated with LPS to induce
ROS (Fig. S4 M). Nos2, Ilib, and IlI0 were mostly rescued to
different degrees under EUK-134 treatment, unlike the other
immunosuppressive factors, Cd274 (PD-L1) expression was not
driven by ROS (Fig. S4 N). ROS are produced through NADPH
oxidases (NOXs) (Prasad et al., 2017). Although Cybb (NOX2)
expression is significantly increased in KO neutrophils, no direct
evidence suggests that MYOIF regulates ROS production. To
identify NOXs that determine high levels of ROS, MYOIF was
knocked down with siRNA in cultured neutrophils (from WT
tumor-free BM), which triggered ROS production (Fig. 3 0). The
mRNA levels of NOXs were analyzed, and the NOX2 isoform was
found to be significantly increased (Fig. 3 P and Fig. S4 O), which
was consistent with the RNA-Seq data in Fig. 3 A. To validate the
role of ROS induced by NOX2 in reshaping N2-like features, we
used a NOX2 inhibitor (GSK2795039 and NOX2i) on cultured KO
BM neutrophils and found that high levels of ROS could be
rescued (Fig. 3 Q).

In addition, the chemotaxis of CD8* T cell induced by KO
neutrophils could be repressed by pretreatment with NOX2i
(Fig. 3 R), which indicated that ROS were the driving factor
leading to CD8* T cell immune suppression. To further validate
the effect of NOX2-induced ROS on the function of neutrophils,
neutrophils were co-cultured with CD8* T cell with or without
NOX2i treatment. NOX2i-treated neutrophils from MYOIF-KO
mice presented decreased immunosuppressive ability based on
proliferation (Fig. 3 S) and IFN-y secretion (Fig. 3 T) by CD8*
T cell. We then transferred NOX2i-treated BM neutrophils into
B16F10 models and found that, compared with no treatment,
NOX2i treatment suppressed tumor growth (Fig. 3 U) and
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rescued low GZMB production of intratumoral CD8* T cell in KO
adoptive receptors (Fig. 3 V and Fig. S4 P). Thus, the ROS pro-
duction in MYOIF-deficient neutrophils was a crucial factor in
shaping the N2-like features, and the new shaped subset re-
modeled the TME mainly by inducing CTLs exhaustion.

STATS3 activation is required for the proliferation and
immunosuppressive function of TANs

Although the above findings indicate that ROS and PD-L1 regu-
lated by MYOIF determine tumor progression and immuno-
therapy effects through neutrophils, the underlying signaling
pathways are not yet clear. We analyzed the KEGG pathways
associated with the RNA-Seq data and found enriched tendency
in STATS3 activation pathway (Fig. S5 A). Moreover, we found
that the phosphorylation of STAT3 was increased approximately
threefold in BM neutrophils from KO tumor-bearing mice via
FACS analysis (Fig. 4 A). We further used stattic, a classical in-
hibitor that blocks the STAT3 signaling pathway by preventing
STATS3 phosphorylation (Fig. 4 B) (McMurray, 2006). Following
treatment with stattic, the cultured KO neutrophils expansion
capacity was markedly decreased in vitro, as indicated by the
reduced Ki-67 level (Fig. 4 C).

Previous studies have shown that STAT3 signaling can
promote NOX2 transcription and enhance ROS production
(Condamine and Gabrilovich, 2011). Consistently, we found en-
hanced NOX2 transcription in MYO1F-knockdown neutrophils
(Fig. 3 P), which further supports the assertion that MYOIF af-
fects STAT3 signaling. Thus, we further used stattic to test the
levels of ROS and NOX2 in cultured neutrophils from WT and
KO mice and found that ROS production was repressed under
stattic treatment condition (Fig. 4 D).

Besides, STAT3 activation induced PD-L1 expression in neu-
trophils from tumor-bearing mice and patients (Youn et al.,
2008; Zhang et al., 2013). Importantly, the high PD-L1 level on
KO neutrophils decreased after stattic treatment (Fig. 4 E). Both
Cybb (NOX2) and CD274 (PD-L1) mRNA levels in KO BM neu-
trophils were decreased after stattic treatment (Fig. 4 F).

To verify the importance of STAT3 signaling in neutrophils
immunosuppression triggered by MYOIF deficiency, we co-
cultured BM neutrophils from WT and KO tumor-bearing mice
and CD8* T cell in vitro and found that stattic treatment rescued
CD8" T cell activation (Fig. 4 G). To validate the effect of
MYOIF-mediated STAT3 regulation on tumor progression, we
transferred stattic-treated BM neutrophils into myeloablative
tumor-bearing mice (Fig. 4 H). Interestingly, tumor growth was
slower after the transplantation of stattic-treated neutrophils
(Fig. 4 I and Fig. S5 B).

The above data demonstrated that both phenotype reshaping
and expansion of neutrophils induced by MYOIF deficiency
were dependent on the STAT3-ROS/PD-LI signaling (Fig. 4 J).

MYOIF restrains STAT3 activation by inhibiting TRIM21-
mediated degradation of PHB1

We next sought to elucidate the molecular mechanism of MYOIF
in regulating STAT3 signaling. To identify possible target pro-
teins, we profiled previously published mass spectrometry data
from MYOIF immunoprecipitates and identified TRIM21, an
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E3 ubiquitin-protein ligase, as one of the top potential inter-
actors (Sun et al., 2021). TRIM21 is a crucial trigger for STAT3
activation by binding to PHBI, which induces its ubiquitination
and degradation (Alomari, 2021), and PHBI acts as a tumor
suppressor gene restraining cell proliferation by inhibiting
STATS3 activity (Kathiria et al., 2012; Qureshi et al., 2015; Wang
etal., 2019). We then performed confocal microscopy to confirm
the colocalization of MYOIF with the TRIM21 protein in neu-
trophils (Fig. 5 A). Additionally, via pull-down experiments, we
demonstrated the direct interaction of MYOIF with the TRIM21
protein both in neutrophils and in the 293T cell overexpression
system (Fig. 5, B and C; and Fig. S5, C and D). Through the use of
a variety of truncation/deletion designs and immunoprecipita-
tion (IP) experiments, we revealed that the SH3 domain in the C
terminus of MYOIF and the BBOX domain of TRIM21 are re-
quired for the protein interaction (Fig. 5, D-H).

TRIM21 is known to facilitate the ubiquitination of PHBI,
which suppresses STAT3 phosphorylation (Kathiria et al., 2012;
Qureshi et al., 2015; Wang et al., 2019). However, the binding
ability of TRIM21/PHBI is not constant, and in the presence of
competitive binding partners, PHBI is released to avoid degra-
dation (Alomari, 2021). Interestingly, we discovered that MYOIF
competitively interacted with TRIM21 to prevent its binding to
PHBI (Fig. 5 I). Moreover, we showed that this MYO1F/TRIM21
interaction directly suppressed the ubiquitination of PHBI
in vitro (Fig. 5]). To confirm the role of PHBI in STATS activity,
we found STAT3 activity increased in neutrophils after the
siRNA knockdown of Phbl gene (Fig. 5 K). We further knocked
down Mpyolf via siRNA, which led to a decrease in the PHB1
protein level (Fig. 5 L). To further verify the effect of MYOIF KO
on PHBI degradation, we performed ubiquitination detection
in vitro and found an increase in the level of ubiquitination
(Fig. 5 M). In conclusion, MYOIF restrained STATS activation by
interacting with TRIM21 competitively, preventing PHBI from
ubiquitination and subsequent degradation (Fig. 5 N).

Tumor-derived TGF-B1 downregulates Myolf expression in
neutrophils
We applied MC38 tumor models in WT mice as a pathological
condition to examine the dynamics of MYOIF level during tumor
progression. We found the number of neutrophils in the BM
increased after tumor inoculation (Fig. 6 A). Notably, we ob-
served that the level of MYOIF decreased 1.5-fold in the neu-
trophil subset but not in the non-neutrophil subset from
MC38 tumor-bearing mice (Fig. 6 B). We also detected MYOIF in
neutrophils with the human melanoma array mentioned in Fig. 1
E and found that MYOIF level in neutrophils from normal tissues
was higher than the nearby cells and decreased in melanoma
(Fig. 6, C and D). Consistently, the MYOIF level detected by flow
showed gradual reduction during tumor progression (Fig. 6 E).

To explore whether potential factors are derived from tumor
cells, further in vitro treatment of neutrophils with conditioned
media from various tumor cell lines revealed that MC38 and
Hepal-6 cell supernatants reduced MYOIF protein levels and
suppressed Myolf transcription in neutrophils (Fig. 6 F).

To identify the specific factor that affects Myolf gene ex-
pression, we examined the level of MYOIF after treatment with
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Figure 4. Activation of STAT3 in neutrophils. (A) FACS analyses of phosphorylated STAT3 on primary BM neutrophils from WT and Myo1f-/~ B16F10 tumor
models. (B) FACS analyses of phosphorylated STAT3 on cultured BM neutrophils from WT mice after 24 h of treatment with stattic (5 pM, N = 3). (C) FACS
analyses of Ki-67 on cultured neutrophils from WT BM after 5 days of treatment with stattic (5 uM, N = 5). (D) FACS analyses of DCFH-DA-labeled BM
neutrophils from WT and Myolf~/~ tumor-free model at day 5 after treated with stattic (5 uM) for 24 h, (N = 5). (E) FACS analyses of PD-L1 on cultured BM
neutrophils from WT and Myo1f~/~ tumor-free model at day 5 after treated with stattic (5 uM) for 24 h (N = 5). (F) Cybb and Cd274 mRNA level were detected by
RT-qPCR on cultured BM neutrophils from WT and Myolf~/~ tumor-free model at day 5 after treated with stattic (5 uM) for 24 h (N = 5). (G) FACS analyses of
CD8* (GZMB*) T cells from co-culture BM neutrophils from WT and Myolf/~ tumor-free model treated with stattic (5 uM) for 24 h (N = 5). (H) Schematic of
cultured neutrophils with stattic (5 pM) treatment transfer from donor (CD45.1 WT and KO mice) to recipient (CD45.2 B16F10 tumor-bearing mice).
(1) Recipient tumor growth curve over time (N = 5). (J) Schematic diagram of MYOIF regulates ROS and PD-L1 by inhibiting STAT3 activation. Data in A-I
represent one experiment of three independent repeats. Data are presented as mean + SD. P values were analyzed by one-way ANOVA test (D-G and I); two-
tailed unpaired Student’s t test (A-C); *P < 0.05, **P < 0.01, and ***P < 0.001. Neu, neutrophil; TB, tumor bearing; TF, tumor free.

various tumor-derived cytokines. Interestingly, we found that
TGF-P1 specifically decreased both MYOIF protein and mRNA
levels in vitro (Fig. 6, G and H; and Fig. S5 E). Importantly, the
induction of neutrophils expansion by tumor medium was also
mimicked by TGF-f1 treatment, as indicated by increases in Ki-
67 expression (Fig. 6 I). We then treated neutrophils with a
neutralizing antibody to reduce TGF-1 in the tumor medium
supernatant, which resulted in reduced expansion (Fig. 6 J). To
further validate the downregulation of MYOIF induced by TGF-
B1 from tumor cells described in Fig. 6 F, we approximated the
TGF-f1 levels in tumor cell lines via FACS and ELISA and found
that MC38 and Hepal-6 cells presented high levels of TGF-
B1 (Fig. S5 F). We next quantified TGF-P1 secretion from tumor-
infiltrating immune cells and detected comparable levels of TGF-
Bl in tumor cells and myeloid-derived cells (Fig. S5, G-I).

However, considering the extremely low proportion of immune
cells in the TME (Fig. S5]), the results indicated that TGF-B1 was
mostly derived from tumor cells.

To correlate the levels of TGF-f1 and MYOIF in clinical
conditions, the correlation analysis between the two factors with
different tumor stages was profiled from the TCGA database. We
found that increased TGF-P1 expression with tumor progression
correlated with a decreased MYOIF expression in 18 solid can-
cers (Fig. 6 K).

To further validate the effect of tumor-derived TGF-B1 on
neutrophils expansion, we generated a TGF-f1 KO B16F10 cell
line via CRISPR sgRNA-Tgfbl (Fig. S5, K and L). Tumors with
TGF-B1 KO were inoculated into WT mice, and significantly
fewer neutrophils were observed in the BM with the sgRNA-
Tgfbl than in the BM of the mice inoculated with the sgRNA-Ctrl
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Figure 5. MYOIF interacts with TRIM21 to prevent the ubiquitination and degradation of PHB1. (A) Immunofluorescent staining of TRIM21 (red) and
MYOTF (green) on neutrophils from WT BM obtained with laser modes and confocal fluorescence microscopy, DAPI used for cell nucleus indication. White
arrowhead, colocalization of red and green colocalization (fosi). Scale bar: 50 um. (B) Endogenous IP (co-IP) blot with BM neutrophils from WT mice, where IP
was performed for MYO1F, and then precipitates were immunoblotted (IB) with an anti-TRIM21 antibody. (C) Exogenous co-IP blot with transfection of Flag-
tagged MYOIF and His-tagged TRIM21 in 293T, where IP was performed for Flag, and then IB with an anti-His antibody. (D) Schematic diagram of protein
structure of MYOLF and TRIM21. (E and F) Specific combined domain to TRIM21 on MYO1F. Exogenous co-IP blot with transfection of Flag-tagged TRIM21 and
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His-tagged truncated MYOLF in 293T, IP was performed for Flag, and then precipitates were IB with an anti-His antibody. (G and H) Specific combined domain
to MYOIF on TRIM21. Exogenous Co-IP blot with transfection of Flag-tagged MYO1F and His-tagged TRIM21 in 293T, IP was performed for Flag, and then
precipitates were |B with an anti-His. () MYO1F effect on TRIM21 and PHB1 binding ability. Exogenous co-IP blot with transfection of Flag-tagged TRIM21, His-
tagged PHBL and Myc-tagged MYOIF in 293T, IP was performed for Flag, and then precipitates were IB with anti-His and anti-Myc antibodies. (J) MYO1F effect
on exogenous PHBI ubiquitination. Exogenous co-IP blot with transfection of Flag-tagged PHBI, His-tagged TRIM21, Myc-tagged MYO1F, and HA-tagged
ubiquitin in 293T, IP was performed for Flag, and then precipitates were IB with anti-ubiquitin antibody. (K) Cultured neutrophils from WT mice were
transfected with siPhbl, and MYOIF protein levels were analyzed 48 h after transfection by immunoblotting. (L) Cultured neutrophils from WT mice were
transfected with increased siMyo1f (0, 5, 10, and 20 pM); MYO1F and PHBL protein levels were analyzed 48 h after transfection by immunoblotting. (M) MYO1F
effect on endogenous PHB1 ubiquitination. Cultured neutrophils from WT mice were transfected with siMyoIf 20 pM, and PHB1 was immunoprecipitated with
corresponding antibody and 1B with anti-ubiquitin antibody. (N) Schematic diagram of MYO1F regulates STAT3 activation by interacting with TRIM21 and
protecting PHB1 from degradation. Data in A-M represent one experiment of three independent repeats. Source data are available for this figure: SourceData

F5.

tumors (Fig. 6 L and Fig. S5 M). The MYOIF expression level was
also restored to a level comparable with that in tumor-free mice
(Fig. 6 M). Moreover, decreased TGF-p1 levels in both blood and
BM were observed in mice inoculated with TGF-B1 KO tumor
cells, which demonstrated the direct impact of tumor-derived
TGF-B1 on neutrophils in the BM through the circulation
(Fig. 6 N). Notably, TGF-P1 signaling could lead to STAT3 acti-
vation by multiple downstream activities (Calon et al., 2012).
Interestingly, we found a decrease of STAT3 activation under
condition of MYOIF overexpression in cultured neutrophils (Fig.
S5 N) and a significant increase under MYOIF deficiency con-
dition (Fig. S5 0). Thus, tumor-derived TGF-B1 regulates STAT3
activity by modulating the level of MYOIF in neutrophils.

TGF-f1 regulated Myolf expression by promoting CpG
methylation of SPI1-binding region in the intron 8
Determining the mechanism underlying the TGF-Bl-mediated
regulation of MYOIF expression in neutrophils is urgent. We
first predicted possible transcription factors of the Myolf gene
via analysis of the JASPAR database (Castro-Mondragon et al.,
2022). Interestingly, we found that SPI1 has the potential to bind
to multiple introns within the Myolf locus (Fig. S5 P). We further
analyzed the expression patterns of MYOIF and SPII in clinical
cancer specimens via the GEPIA2 and detected a strong corre-
lation between the expression of the MYOIF and SPII genes but
not between the expression of the MYOIE and SPII genes (Fig. 7
A). SPII is a member of the ETS domain transcription factor
family, which is critical for myeloid and lymphoid lineage
commitment and maturation (Olson et al., 1995). We next con-
ducted siRNA experiments on neutrophils and found that Spil
knockdown induced significant downregulation of MYOIF at
both the transcript and protein levels (Fig. 7, B and C).

We analyzed SPII chromatin immunoprecipitation sequenc-
ing (ChIP-Seq) data from the Cistrome database (Wang et al.,
2014) and found that SPI1 was bound to multiple sites within the
Myolf gene locus in different immune cells (Fig. 7 D) (Bornstein
et al, 2014; Calero-Nieto et al, 2014; Carey et al, 2018;
Eichenfield et al., 2016; Humblin et al., 2017; Ochiai et al., 2013).
Notably, most binding peaks were distributed in introns, and no
obvious binding peaks on the classical promoter region (-2 kb to
the TSS), which is consistent with the binding sites predicted by
JASPAR (Fig. S5 P). Importantly, SPI1 specifically bound to in-
tron 8 of Myolf in cells of the myeloid lineage, including BM
myeloid cells, DCs, and macrophages, whereas no binding was
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detected in cells of the lymphoid lineage (Fig. 7 D). Moreover,
this binding pattern of SPI1 to intron 8 was correlated with high
MYOIF protein levels in myeloid cell types (Fig. 7 E) and with
high mRNA level in sorted immune neutrophils (Fig. S5 Q) from
tumor-free mice spleen, which also indicated MYOIF was spe-
cifically highly expressed in neutrophils.

Recent advances have shown that introns can significantly
increase gene expression by acting as internal promoters (Nott
etal., 2003). Thus, we cloned the 400-bp segment containing the
ChIP-binding peaks of SPI1 in different regions (-4 kb; introns 1,
8, and 21; 3’ UTRs) into a pGL3 vector to examine the promoter
activity via a dual-luciferase reporter assay. Surprisingly, the
400-bp segment of intron 8 showed strong promoter activity
(Fig. 7 F). We predicted intron 8 in its entirety via Softberry;
notably, the conserved segment overlapped with the SPII-
binding potential, and the predicted TATA box and promotor
implied potential promoter activity for intron 8 (Fig. S5 R).
Collectively, these data indicate that the binding of SPI1 to intron
8 of Myolf is the key to promote transcription of Myolf.

We next explored the core-binding site of SPI1 on intron 8.
Notably, the 100-bp core peak sequence (two flanking of the
SPI1-ChIP peak) within the 400-bp segment of intron 8 con-
tained a conserved 10-bp SPI1-binding motif (MA0079.2) on the
reverse strand (Fig. 7 G). Importantly, the luciferase assay re-
vealed that deletions of either the 100-bp core peak or the 10-bp
SPI1-binding motif abolished promoter activity compared with
the 400-bp segment of intron 8 (Fig. 7 H). The above data sug-
gested that SPI1 promotes Myolf gene expression by specifically
binding to intron 8 of the Myolf gene.

Recent research has suggested that the binding capacity of
SPI1 to targeted promoters could be regulated by TGF-B1 (Heinz
et al., 2006; Jurkin et al., 2010). We found that treatment of
neutrophils with TGF-B1 attenuated the promoter activity of
intron 8, as observed in the luciferase assays (Fig. 7 I), which
indicated the decreased binding capacity of SPI1 to intron 8. We
then used ChIP-RT-qPCR to validate this finding and found that
the segment (100-bp core peak) binding to SPI was significantly
reduced after TGF-P1 treatment (Fig. 7 J).

To investigate whether DNA methylation is induced by TGF-
B1, we performed bisulfite sequencing PCR (BSP) on intron 8 of
Myolf in TGF-Bl-treated neutrophils. Interestingly, the CpG
methylation at position #2 increased 42% under TGF-P1 treat-
ment, whereas methylation at the other CpG positions did not
significantly change (Fig. 7 K). Notably, CpG #2 is located only
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Figure 6. TGF-Blinduces downregulation of MYOIF level in neutrophils. (A) FACS analyses of CD11b*Ly6G* neutrophils in primary BM from MC38 tumor-
free and MC38 tumor-bearing models (N = 9). (B) FACS analyses of MYOIF on neutrophils and non-neutrophils in primary BM from tumor-free and
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MC38 tumor-bearing models (N = 9). (C) Representative fluorescence staining of neutrophils infiltration in human melanoma (blue, DAPI; grayish white, CD33;
red, MYOIF), 30 (normal) and 50 (melanoma) representative images for each group were counted. Scale bar: 50 um. (D) Statistical analyses of fluorescence
intensity of MYOLF in neutrophils, Neu_Normal, N = 30; Neu_Melanoma, N = 50. (E) FACS analyses of MYOIF level by staining with fluorescent antibody-
targeting MYOLF on BM neutrophils and tumor-infiltrating neutrophils at different time (N = 5). (F) Cultured neutrophils were treated with supernatant from
cell lines; MYOIF protein levels were analyzed 72 h after treatment by immunoblotting. Myolf mRNA levels were detected by RT-qPCR from cultured neu-
trophils treated with mixture supernatant from MC38 and Hepal-6 cell lines (N = 5). TM: mixture supernatant from MC38 and Hepal-6 cell lines. (G) Cultures
neutrophils were treated with indicated commercial cytokines; MYOIF protein levels were analyzed 48 h after treatment by immunoblotting. TM: mixture
supernatant from MC38 and Hepal-6 cell lines was used as positive control. (H) Cultured neutrophils were treated with TGF-B1 (1, 2, and 5 ng/ml); Myolf
mRNA levels were detected by RT-qPCR (N = 3). (1) Neutrophils at day 2 treated with medium, TM, and TGF-B1 (5 ng/ml); Ki-67 was detected as proliferation
marker by FACS 96 h after TGF-B1 treatment (N = 3). (J) Anti-TGF-B1 (0, 1, 2, and 5 ug/ml) used in TM-cultured neutrophils to neutralize supernumerary TGF-
B1in microenvironment; Ki-67 was detected as proliferation marker by FACS 96 h after anti-TGF-f1 treatment; isotype control antibody used as control; TM:
mixture supernatant from MC38 and Hepal-6 cell lines. (K) Violin plots of TGFBI and MYOIF gene expression in tumor stages of 18 cancers: ACC, CESC,
cholangio carcinoma (CHOL), COAD, glioblastoma multiforme (GBM), head and neck squamous carcinoma (HNSC), KICH, kidney renal papillary cell carcinoma
(KIRP), acute myeloid leukemia (LAML), brain lower grade glioma (LGG), LIHC, LUAD, OV, sarcoma (SARC), testicular germ cell tumors (TGCT), THCA, THYM,
and UCEC. (L) FACS analyses of CD11b*Ly6G* neutrophils in BM CD45* myeloid cells from sgRNA-transfected B16F10 models, tumor-free mice. (M) FACS
analyses of MYO1F protein level on CD11b*Ly6G* neutrophils. (N) ELISA detection of TGF-B1 level from peripheral blood serum (dilution in 400 pl RPMI1640 of
100 ul serum) and extract of total BM (dilution in 500 ul RPMI1640 of a tibia). Data in A, B, F-J, and L-N represent one experiment of three independent
repeats; C—F represent one experiment of two independent repeats. Data are presented as mean + SD. P values were analyzed by one-way ANOVA test (E and
H-N); two-tailed unpaired Student’s t test (A, B, D, and F), *P < 0.05, **P < 0.01, and ***P < 0.001. ns, no significance; TM, tumor medium; TF, tumor free; TB,

tumor bearing. Source data are available for this figure: SourceData F6.

1 bp away from the SPIl-binding site (Fig. 7 K). Moreover, re-
placement of the mutant CpG #2 site with adenine reversed the
suppression of promoter activation induced by TGF-P1 treat-
ment (Fig. 7 L), which indicated that CpG #2 is the main site at
which TGF-B1 induces DNA methylation to prevent the binding
of SPIL.

Discussion

Previous studies have identified N2 phenotype TANs cause ICB
resistance, revealing the molecular mechanism underlying the
function and proliferation of TANS is critical for improving the
efficacy of immunotherapy. Our study revealed that MYOIF
plays a key role in suppressing neutrophil expansion and toward
N2-like phenotype transforming, providing valuable insights
into indicators of ICB efficacy.

TGF-P1 within the TME is considered the trigger for re-
shaping the N2 protumor phenotype (Fridlender et al., 2009).
However, the specific underlying mechanism is still not clear. Of
note, both immunosuppressive N2 TANs and TGF-f1 are critical
factors in determining ICB response, either dependent or inde-
pendent. In this study, we connected these two factors at the
molecular level by revealing the MYOIF as the regulatory hub.

MYOIF has been proposed in myeloid proliferation during
tumor progression (Diquigiovanni et al., 2018; Duhoux et al.,
2011; Taki et al., 2005) and remodeling immunological charac-
teristics of neutrophils (Kim et al., 2006). We found that MYOIF
is downregulated in human cancers and shows an unfavorable
correlation with patient survival. Moreover, our data demon-
strated TGF-B1 can specifically downregulate Myolf expression
in neutrophils and reshape them into N2-like neutrophils.

Abnormal DNA methylation patterns lead to differential gene
expression, and TGF-Bl-induced DNA methylation plays an
important role in the occurrence and development of tumors
(Matsumura et al., 2011; Zhang et al., 2011). Our work demon-
strated that the regulatory mechanism of MYOIF expression in
neutrophils is that the binding ability of SPII to Myolf eighth
intron, which acting as the internal promoter of Myolf gene, was
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inhibited by TGF-Bl-induced DNA methylation of neighboring
site. Consistently, we found that the binding of SPII to the eighth
intron of Myolf is specific in myeloid cells but not in lymphoid
cells based on the current CHIPseq database of Cistrome.

STAT3 is a critical regulator in reshaping immunological
characteristics of TANs (Bitsch et al., 2022; Wang et al., 2023).
The activation of STAT3 is influenced by ubiquitin ligases and
deubiquitinating enzymes, which affect upstream regulatory
factors (Lin et al., 2021; Sarri et al., 2022). Here, we identified
TRIM21 as the specific E3 ligase determining STAT3 activation in
MYOIF pathway. Interestingly, TGF-B1 is also the effective sig-
nal to induce the activation of STAT3 (Calon et al., 2012; Tang
et al,, 2017). Thus, we discovered the whole pathway of TGF-B1/
MYOIF/STATS3, providing a new direction for investigating the
functional mechanism of TANs.

ROS-related metabolic reprogramming underpins the re-
shaping of immunosuppressive ability and chemotaxis of TANs
(Arazna et al., 2015; Correale, 2021; Fossati et al., 2003; Ju et al.,
2021; Kelly et al., 2010). ROS does not function alone, and the
mutual regulatory effects of ROS with NOS2, ARG, IL-10, IDO1,
etc., together contribute to the potent immunosuppressive
ability of TANs (Chen et al., 2012; Hegde et al., 2021; Holokai
et al., 2020). In this study, we found that the high level of ROS
induced by MYOIF deficiency played a dominant role in shaping
neutrophils into an N2-like protumor phenotype.

It is worth noting that the disability of CD8* T cell is an im-
portant event in the TME leading to the resistance to ICB ther-
apies (Budimir et al., 2022; Dolina et al., 2021; Kang et al., 2024).
N2 neutrophils were proved to decrease the activation status of
CD8* T cell (Fridlender et al., 2009). Previous studies have
suggested pro-inflammatory N1 neutrophils could attract and
activate CD8* T cell by producing pro-inflammatory cytokines
(Scapini et al., 2000). N2 neutrophils do not produce high levels
of such pro-inflammatory agents, and the interaction pattern of
N2 neutrophils with CD8* T cell is unclear. Here, we demon-
strated that N2 neutrophils induced by MYOIF deficiency could
also attract CD8* T cell with in vitro chemotaxis assay
and in vivo visualization validation in tumor tissues by

Journal of Experimental Medicine
https://doi.org/10.1084/jem.20241957

620z JequiedeQ L0 uo 3senb Aq ypd- 16614202 Wel/LZeZy6L/L56112028/9/zze/pd-eie/wal/Bio sseidny//:dny woly papeojumoq

14 of 22


https://doi.org/10.1084/jem.20241957

53 EM
« ¢
50
TCGA Normal TCGA Tumors Myo1flevel in Neu siSpi1
6
104 siCtrl 10 nM__ 20 nM
= | pvalue=o0 < | prvalue=0 T 157 .. OSCH o040 ‘
2 5 R=0091 2 8{RrR=073 S siSpit MYO“E
[= [= Q.
2 = L 6 £8 10
e Qo Eo 35kD GAPDH
X 34 X Z | —
44 o
3 2 25 05
8 4 S 24 53
o ke &=
14 o 0.0
2 4 6 8 0 2 4 6 8 D chr17:33771681-33826738 Myo1f SPI1-CHIPseq
log2 (SPI1TPM) log2 (SPI1 TPM) 69 33780K 33790K 33800K 33810K 33820K
TCGA Normal TCGA Tumors 8M | | T J
_ Myeloid o N A
34 84 " " 16 ot
s = acrophage ’ :ll 14.52
& 4 z ok o H R )
3.4, N
W W '
w g w DC | P22 L
S 9 4 281 L P i T | " e
6 - i
§ T LR ‘E’ 2] ) Mast cell ' 10.16 L i
8 7 palie = 4,1e-08"’ 8 |p-valie=0. ggA - H -
R=02 .= "~ 041R=-0.029 T cell ’ ' 1038 l
2 4 6 8 . i : i : OO0Gkid: o & o ‘i dba saw o w Bt ssns wa L b aludul ) N
0 2 4 6 8 37 T
log2 (SPI1 TPM) log2 (SPI1 TPM) Bosl o
;—i —_ [ | —
-4 Kb intron-8 intron-21 3’ UTR
E Splenocytes (TF) F Promoter activation
Neu 6500 kK Ixk
y N *kk
1 *%k%
CcD11b* . -~ 40000 ~ X** *xk 0 pGL3-Vector
M h ] i kK @ 400 bp of 8" intron
acrophage
phag el g v 30000+ 4 400 bp of -4 Kb
= s = |
DC 5 3250 & 5 ¥ 400 bp of 21 intron
o S 20000+ 400 bp of 3' UTR
Mast cell i s Hs 2 P
cosTeel| A\ ﬁ ﬂ ﬁ ﬁ 10000+
0
coaTeel| AN P8 00\00\\«&\\&@\ > o
B cell P X & o 0
\ & Y&
K
° MYO1F
H olgG
G SPI1 binding motif Promoter activation Promoter activation of CHIP-gPCR 0 aSPI1
2.0 400 bp of 8" intron *%
Matrix ID__| MA0079.2| 44 4 ok ki kol fukaiad
Score 83134 | C < . o4 0.08
Relevance 0.8407 ’ - -
3
Strand Reverse gz C QIQ QQQ i’ nl:ﬁ 3 " 0.06
N - . —t
72345678910 35 3, = bod
e : 2 =} 3
; D 3 £
75 b " \rw— 9 15bp T 1 1 0.02
100 bp of core peak ! == 'gaggcagagg === Pk =
! ctecgtotce m== o 0 0.00
chtj]:§?799401-33799500 SPI1 bind‘\‘ngs'né‘ o\é Q\@(\ Qz%(. Qé{@ 0(}0& O\\\ ég‘;\ H Ctrl TGF-B1
T, G PR SRR 7 N\
400 bp of 8" intron B 0\?’ & 6\00 ",\Qb Q('g\”b
i | ] N
in Myotflocus  or17:33799271-33799670 TR L
© S
>
K L -
CpG position of MyoTflocus _chr17: 33799270-3379914 Promoter activation of
400 bp of 8" intron
185 bpJ17 b b _'*21sbg.54 bE.118b2.29bP‘ ns
#1 2 |4 #3 #4 #5  #6 32000 -
SPI1 binding site & 24000
120 FkKk 2
- o Ctrl O 16000
= D M @D (%m (%ass 2
6 A TGF-p1 T
- 80 8000
S
il ¢ :
2 S N
= 40 L q/@ &
= N7 % Q&
5 O O
o R R o
C T T T T T T Q OQ
& 0&” 0%“-’ O&P 0&" 0&@ TGF-p1
X R R R R R

Figure 7. TGF-P1 promotes CpG methylation in the intron 8 of Myo1f locus to inhibit SPI1 binding. (A) Correlation analysis of SPI1 and MYOIF/MYOIE,
using expression datasets from the TCGA database via the GEPIA2 website. (B) Myolf mRNA levels were detected by RT-qPCR from cultured neutrophils 48 h
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after transfection of siSpil (N = 3). (C) MYOIF protein levels were analyzed 72 h after transfection of siSpil. (D) Murine SPI1-CHIP-Seq peak plot on chrl7:
33771681-33826738. References are described in the main text. (E) FACS analyses of MYOIF on immune cells from WT mice (N = 5). (F) The transcription
activity of 400-bp segment included each peak, measured by using a pGL3 vector luciferase reporter gene assay, after transfection into cultured neutrophils.
(G) Schematic of SPI1-binding segment located on eighth intron. (H) The transcription activity of full-length and SPI1-binding truncated eighth intron measured
by using a pGL3 vector luciferase reporter gene assay after 48 h of transfection into cultured neutrophils. (I) The transcription activity of 400-bp SPI1-binding
segment 36 h after TGF-B1 5 ng/ml treatment. (J) ChIP-RT-qPCR on enriched DNA IP by anti-SPI1 pulldown; IgG was used as control. (K) Top: Schematic of CpG
methylation distributed in eighth intron of chrl7: 33799270-3379914. Bottom: Evaluation of CpG methylation by BSP sequencing. (L) The transcription activity
of WT (CpG#2 mutant) and adenine-replaced mutant (CpG #2 mutant) of 400-bp SPI1-binding segment, 48 h after TGF-B15 ng/ml treatment. Datain B, C, E, F,
and H-L represent one experiment of three independent repeats. Data are presented as mean = SD. P values were analyzed by one-way ANOVA test (E, F, H-),
and L); two-tailed unpaired Student’s t test (B), *P < 0.05, **P < 0.01, and ***P < 0.001. ns, no significance. Neu, neutrophil. Source data are available for this

figure: SourceData F7.

overexpression of CXCL9. This establishes that MYOIF defi-
ciency in neutrophils is an important factor in remodeling the
TME by inducing the exhaustion of T cells efficiently.

As the expression level of MHC-I on tumor is a key element
in immunogenicity that related with ICB response (Gu et al.,
2021). B16F10 tumor model was recognized as an immunologi-
cally “cold” tumor that typically exhibits moderate responsive-
ness to ICB (Francis et al., 2020). Though with moderate MHC-I
expression and ICB responsiveness, this mouse melanoma model
can mimic the characteristics of human melanoma in terms of
histopathology and molecular arrangement, which is helpful for
studying the pathogenesis of human melanoma and the func-
tions of TILs. Thus, B16F10 was used in animal model for ICB
therapies (Chin et al., 2021; Francis et al., 2020; Xun et al., 2024;
Zhou et al., 2024). Moreover, by conducting experiments in both
B16F10 and MC38 tumor models with distinct characteristics
under Myolf KO conditions, we have demonstrated the critical
role of the TGF-P1-MYOIF axis in modulating immune re-
sponses in both conditions.

In conclusion, our study revealed that TGF-Pl-induced
downregulation of MYOIF in neutrophils could promote the
immunosuppressive ability and expansion via the STAT3-ROS/
PD-L1 signaling pathways. This work provides valuable insights
into indicators of ICB efficacy and prognosis. We acknowledge
the limitations of our study, which primarily used mouse tumor
models, and further validation is needed to confirm the appli-
cability of our findings to human tumors. Further investigation
of MYOI1F-STAT3-ROS/PD-L1 pathway is needed to plot the de-
tailed reprogramming map of N2-like neutrophils in vivo.

Materials and methods

Study design

The primary aims of this study were to (1) characterize a crucial
factor regulating neutrophils involved in ICB resistance, (2)
identify the molecular mechanism underlying regulation of
neutrophils, and (3) investigate the pathological regulation
mechanism of crucial factor in neutrophils. We first profiled
gene expression in clinical cancers and ICB cases and identified
MYOIF as a key factor. We then used a combination of research
methods in MYOIF KO mice, including RNA-Seq, B16F10, and
MC38 tumor models; adoptive transfer models; flow cytometry;
and basic molecular biochemical techniques. Through tumor
models on gene KO mice, MYOIF was confirmed as the crucial
factor in suppressing tumor progression by restraining
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neutrophils accumulation. Through adoptive transfer experi-
ments, we demonstrated that the immunosuppressive ability,
apoptosis, and proliferation of neutrophils were reshaped me-
diated by MYOIF deficiency. RNA-Seq was then performed and
identified the driven genes and potent signaling pathway un-
derlying in reshaping neutrophils. Last, through the co-culture
of tumor cell lines supernatant and cytokines with neutrophils,
it was finally confirmed that TGF-P1 is the key factor regulating
MYOIF expression in the pathological environment. In the end,
the specific molecular mechanism of TGF-Bl-regulating MYO1F
was identified through methylation sequencing and ChIP-RT-
gPCR by combining CHIP-Seq data from Cistrome database.
Experiments in this study were conducted at least three times
unless otherwise specified in the figure legends.

Mice

C57BL/6] WT and Myolf/~ mice and B6.SJL-Ptprca Pepcb/Boy]
(CD45.1) (stock number 002014) mice were purchased from The
Jackson Laboratory. CD45.1-tagged WT and Myolf /- mice were
generated by hybridizing C57BL/6] WT Myolf /- with CD45.1
mice, and homozygotes were obtained by inbreeding of
filial generation at least two generations for homozygotes.
Myolf flox/fox mice and SI00A8°™ mice were generously provided
by Dr. Chenhui Wang, The Key Laboratory for Human Disease
Gene Study of Sichuan Province and the Department of Labo-
ratory Medicine, Sichuan Provincial People’s Hospital, Univer-
sity of Electronic Science and Technology of China, Chengdu,
China (Wang et al., 2025) and Dr. Jing Wang, Shanghai Institute
of Immunology, Department of Immunology and Microbiology,
State Key Laboratory of Oncogenes and Related Genes, Shanghai
Jiao Tong University School of Medicine, Shanghai, China (Miao
et al., 2023), respectively. Myolf flox/fox_S100A8*¢ mice were
generated by hybridizing the two strains at least two gen-
erations for homozygotes. All the mice were housed under
specific pathogen-free conditions, and the experimental pro-
tocols were approved by the Institutional Animal Care and Use
Committee of the Shanghai Jiao Tong University School of
Medicine.

Cell lines

293T, B16F10, MC38, Hepal-6, NIH3T3, CHO, and MB49 cells
were maintained in Dulbecco’s modified Eagle’s medium plus
10% FBS and 1% penicillin-streptomycin. 4T1 were maintained
in RPMI-1640 medium plus 10% FBS and 1% penicillin-
streptomycin.
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Generation of neutrophils from murine BM in vitro

The generation of neutrophils in vitro was performed as pre-
viously described (Eckert et al., 2021). Briefly, CD11b*Ly6G* cells
were sorted from healthy C57BL/6 mice BM with Neutrophil
Isolation Kit (Miltenyi Biotec) according to the manufacturer’s
manual. 2.5 x 10¢ sorted cells were cultured in a 10-cm cell
culture dish (Corning FALCON) in 10 ml RPMI-1640 medium
with GlutaMAX supplemented with 10% heat-inactivated FBS,
1% penicillin/streptomycin, 10 mM Hepes buffer, 1 mM sodium
pyruvate, 50 pM B-mercaptoethanol, 1 mM MEM nonessential
amino acids (all Thermo Fisher Scientific), 40 ng/ml GM-CSF
(PeproTech), and 40 ng/ml IL-6 (PeproTech) for 6 days. In this
study, most in vitro cell experiments start at day 4 if there is no
special indication.

Neutrophil transplant

For tumor-infiltrating neutrophil transplantation. C57BL/6
(CD45.2+) recipient mice were subjected to subcutaneous inoc-
ulation of B16F10 on its back 10 days before. Tumor same-sized
mice (~150 mm?3) were chosen for conditional irradiation (950
rad) with a lead shielding chamber to protect tumor from irra-
diation. The tumor-infiltrating neutrophils in donor were sorted
by aseptic flow cytometry from tumor tissues of WT (CD45.1*)
and Myolf/- (CD45.1*) mice at day 21 after B16F10 inoculation.
Briefly, first enrich the lymphocytes by percoll and stain with
live and dead dyes followed by subsequent anti-CD11b (PE) and
Ly6G (APC) staining. CD11b*Ly6G* population was sorted by BD
FACS Calibur for subsequent transplant. The flow sorting was
performed depending on injecting time points. 2 x 10° tumor-
infiltrating neutrophils were i.v. injected every 4 days into each
irradiated recipient. Tumor was harvested 24 days after first
injection.

ROS assay

Cultured neutrophils were preloaded with 10 uM DCFH-DA for
30 min in the dark. Probe was washed and incubated in probe-
free medium for another 10 min. FACS was used to detect the
degree of probe loading with FITC channel.

Western blot

Tissues or cell lysates were prepared for western blot analysis
with the following antibodies: MYOIF (sc-376534; Santa Cruz),
TRIM21 (A13547; ABclonal), PHB1 (2426S; CST), STAT3 (9132;
CST), pSTAT3 (9145; CST), His-tag antibody (12698; CST), Flag-
tag antibody (14793; CST), and GAPDH (9145; CST). ANTI-FLAG
M2 Affinity Gel (A2220-1ML; Sigma-Aldrich).

Immunofluorescence

For MYOIF and TRIM21 colocalization, 1 x 10° cultured neu-
trophils from day 4 were seeded onto a 35-mm glass slide in the
form of cell suspension and cultivated in a CO, incubator for
another 6 h. The adherent cells were washed with PBS and fixed
with 4% paraformaldehyde subsequently. After permeabiliza-
tion with 0.5% Triton X-100 for 15 min at room temperature,
cells were incubated with 1% BSA and then incubated with
primary antibodies overnight at 4°C (MYOLF, sc-376534; Santa
Cruz; TRIM21, A13547; ABclonal) and detected with goat anti-
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mouse Alexa 488(1:1,000; Abcam), goat anti-rabbit Alexa 647 (1:
1,000; Abcam), and DAPI (1:1,000; Thermo Fisher Scientific).
Images were acquired with Leica SP8 laser confocal microscope
and further analyzed with Image] software.

For neutrophil imaging in bone, tibias were freshly isolated
from euthanized mice and decalcified in 10% EDTA for 3 days at
room temperature. Tibias were cryopreserved in 30% sucrose
for 48 h at 4°C, followed by embedding in a 50% O.C.T.
(Tissue-Tek) and 50% (30%) sucrose mixture in a liquid ni-
trogen bath. Bones were then sectioned into 12-uM slices at
longitudinal axis, and the slices with most contents were
chosen on slides for next step. Slides were incubated with
goat serum plus 0.1% Triton X-100 for 30 min at room tem-
perature, then incubated with primary antibodies overnight
at 4°C (CD11b, ab8878; Abcam; Ly6G, A22270; ABclonal) and
detected with goat anti-Rat IgG (1:1,000; Abcam), goat anti-
rabbit IgG (1:1,000; Abcam), and DAPI (1:1,000; Thermo
Fisher Scientific).

For neutrophils in mice tumor and human melanoma cancer
tissue microarray (YP-MME1002c, YEPCOMEBio), multiplex
immunofluorescence staining procedure on paraffin-embedded
tissue section was followed by the instruction of supplier (cat.
no. abs50013; Absin) and blocked with TBST containing 5% goat
serum before incubation with antibodies (CD11b, ab8878; Ab-
cam; Ly6G, A22270; ABclonal; CD8, abs120101; Absin; MYOLIF, sc-
376534; Santa Cruz; CD33, ab269456; Abcam). The nuclei were
stained with DAPI before sealing, and all sections were scanned
by the automated multispectral microscopy system Vectra 3.0
(PerkinElmer).

RT-qPCR
RNA was extracted using TRIzol Reagent (Invitrogen), and cDNA
was synthesized by RT of total RNA (Applied Biosystems) fol-
lowing standard procedures. The primer sequences (5'-3') used
are as follows: Myolf F: 5'-CTTTCACTGGCAGAGTCACAA-3', R:
5'-ATGAAGCGTTTGCGGAGGTT-3’; Il1b F: 5'-GAAATGCCACCT
TTTGACAGTG-3', 5'-TGGATGCTCTCATCAGGACAG-3'; Nos2 F:
5'-GTTCTCAGCCCAACAATACAAGA-3’, R: 5'-GTGGACGGGTCG
ATGTCAC-3'; Ccl5 F: 5'-GCTGCTTTGCCTACCTCTCC-3', R: 5'-
TCGAGTGACAAACACGACTGC-3'; Cd274 F: 5'-GCTCCAAAGGAC
TTGTACGTG-3’, R: 5'-TGATCTGAAGGGCAGCATTTC-3’; IlI0 F:
5'-GCTCTTACTGACTGGCATGAG-3', R: 5'-CGCAGCTCTAGG
AGCATGTG-3’; Cybb F: 5-TGTGGTTGGGGCTGAATGTC-3', R:
5'-CTGAGAAAGGAGAGCAGATTTCG-3'; Argl F: 5'-CTCCAAGCC
AAAGTCCTTAGAG-3', R: 5-AGGAGCTGTCATTAGGGACATC-
3’; Idol F: 5'-GCTTTGCTCTACCACATCCAC-3', R: 5'-CAGGCG
CTGTAACCTGTGT-3'; Ccl2 F: 5'-TTAAAAACCTGGATCGGAACC
AA-3',R:5'-GCATTAGCTTCAGATTTACGGGT-3'; Nox1 F: 5'-GGT
TGGGGCTGAACATTTTTC-3', R: 5'-TCGACACACAGGAATCAG
GAT-3'; Nox3 F: 5'-CAACGCACAGGCTCAAATGG-3', R: 5'-CAC
TCTCGTTCAGAATCCAGC-3'; Nox4 F: 5'-GAAGGGGTTAAACAC
CTCTGC-3', R: 5'-ATGCTCTGCTTAAACACAATCCT-3'; DuoxI F:
5'-AAAACACCAGGAACGGATTGT-3’, R: 5'-AGAAGACATTGG
GCTGTAGGG-3'; and Duox2 F: 5'-AAGTTCAAGCAGTACAAGCGA
T-3’, R: 5'-TAGGCACGGTCTGCAAACAG-3'.

Relative gene expression was determined using the AA-°t
method versus the housekeeping gene Gapdh.
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In vitro chemotaxis assay

For neutrophil migration under CXCL2 treatment. Cultured
neutrophil of day 4 were starved for 24 h with serum-free me-
dium and dissociated by Trypsin-EDTA (0.05%) (25300054;
Gibco). Suspended cells were washed and resuspend in serum-
free RPMI 1640 medium at 3 x 10 cells/ml. 5-um pore transwell
insert (Corning) was precoated inside the upper chamber with
Matrigel (356231; Corning) and placed in 24-well plate. Medium
containing CXCL2 (100 ng/ml) (25015; PeproTech) were added
in the 24-well plate with 650 pl and suspended neutrophils were
added into the upper chamber with 200 pl. After 6 h at 37°C and
5% CO,, the insert was collected and fixed/stained with 4%
formaldehyde solution and 0.5% crystal violet solution. After
wiping the inner layer with a cotton swab, the number of cells
that had migrated was quantitated by counting the mean
number of cells in four randomly selected areas per well
(magnification: x200) under microscope. For CD8* T chemo-
taxis, CD8* T was sorted with CD8* T Cell Isolation Kit (Cat
#19853; STEMCELL) and resuspend in serum-free RPMI 1640
medium at 2 x 107 cells/ml, and 200 pl suspension was added
into the precoated upper chamber of 5-pm pore transwell.
Neutrophils (3 x 106 cells/well) or cell lysate were placed into
the 24-well plate with 650 pl. Cell lysate was obtained from 2 x
107 cells/ml by ultrasonication under 4°C in cold PBS and
centrifuged at 10,000 rpm containing protease inhibitors
(P8340; Sigma-Aldrich). After 6 h, CD8* T cell in the lower
chamber counts by FACS with anti-CD8 flow staining with
different treatment.

Co-IP

Cells were lysed in non-denaturing NP-40 lysis buffer (50 mM
Tris HCl, pH 7.4, 0.25% sodium deoxycholate, 150 mM NaCl,
1 mM EDTA, and 1% NP-40) supplemented with 1 mM PMSF,
1 mM dithiothreitol (DTT), 1x PhosStop, and 1x protease inhib-
itor Complete Mini EDTA-free. For each reaction, 1 mg of total
protein was immunoprecipitated using 50 ul Dynabeads Protein
G (Thermo Fisher Scientific) incubated with 2 pg of primary
antibody in PBST while agitating overnight at 4°C. After several
washing steps, the precipitated protein fraction was eluted by
shaking the beads in 20 pl of 1x loading buffer (62.5 mM Tris, pH
6.8, 2% SDS, 10% glycerol, 25 mM DTT, and 0.01% bromophenol
blue) for 15 min at room temperature. The supernatant con-
taining the IP fraction was boiled for 5 min at 95°C before SDS-
PAGE and western blot analysis.

In vitro co-culture of neutrophils and CD8* T cells

Neutrophils were isolated by flow sorting from tumor tissues of
WT and Myolf/~ mice as described above. CD8* T cell were
isolated from the spleens of naive C57BL/6 WT mice using a
Mouse CD8* T Cell Isolation kit (Cat #19853; STEMCELL) ac-
cording to the manufacturer’s instructions. Splenic CD8* T cells
were stained with 2 nM CFSE for 5 min at 37°C. The CFSE-
labeled T cells were co-cultured with neutrophils (1:4 ratio) in
RPMI-1640 medium with GlutaMAX (supplemented as for
neutrophil vitality) for 72 h in 96-well round bottom plates
precoated for 3 h with anti-CD3 (100 ng/ml, clone 37.51) and
anti-CD28 antibodies (50 ng/ml, clone 17A2; both eBioscience).
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The proliferation of CD8* T cell was assessed after 72 h of
co-culture by measuring CFSE dilution using the BD FACS
LSRFortessa flow cytometer.

siRNA and shRNA transfection

For siRNA transfection, cultured neutrophils (2 x 105 cells) were
transfected with scrambled or target siRNA duplexes (2 nM)
using siRNA Transfection Medium (jetPRIME, polyplus) ac-
cording to the manufacturer’s instructions. After 24 h, the
medium was replaced with RPMI 10% FBS (500 pl), and the
cells were incubated for an additional 24 h. Efficacy of
the target silencing was determined by western blotting in the
cell lysates or by q-PCR. siRNA-Myolf used here was described
in our previous publication (Wang et al., 2021b). siRNA-Cd274
(SC-39700) and siRNA-Cxcl9 (SC-60027) were from Santa
Cruz. siRNA-Phbl sequence of 5'-AGGAUAAGCCCAAAUGUU
GCC-3'.

For gene silencing using shRNA lentivirus, targeting guide of
5'-GCCGTAAGATGGACAGCAAAT-3' was cloned into shRNA
lentiviral plasmid of PLKO.1-puro vector. Functional sequences
in the shRNA vectors are as follows: 5'-CCGGGCCGTAAGATG
GACAGCAAATCTCGAGATTTGCTGTCCATCTTACGGCTTTTTG-
3'. For the generation of lentiviral particles, 293FT cells were
co-transfected with the plasmid pLKO.l-puro and lentiviral
packaging mix using Lipo3000 (PLKO.1:psPAX2:pMD2.G = 3:1:1)
(L3000015; Invitrogen), and supernatants containing lentivirus
were harvested and concentrated (C2901S, Virus Concentration
Kit; Beyotime) at 48 h after transfection. For lentiviral trans-
duction, MC38 and B16F10 cells were treated with concentrated
virus from 293FT cells in the presence of 10 pg/ml polybrene,
and stable cell lines expressing shRNA were generated by se-
lection with puromycin (8 ug/ml).

Construction of sgRNA-expressed B16F10 cell line

The lentiCRISPR v2 (No. 52961; Addgene) was digested by Esp3i
and recovered through agar gel electrophoresis. The annealed
sgRNA (5'-AGCACTAGAAGCCACGGGAG-3') was ligated to the
recovered digested product by a rapid ligase. The ligation pro-
duct was transferred to DH5a competent cells (Sangon), and the
clones were screened on ampicillin-resistant LB plates. The
positive clones were screened and sequenced by Sangon Biotech.
The recombinant plasmid was extracted from the correct clones.
The constructed lentiCRISPR v2-sgRNA plasmid and two other
lentiviral packaging plasmids psPAX2 (no. 12260; Addgene)
and pMD2.G (no. 12259; Addgene) were co-transfected into
HEK293FT cells at a molar ratio of 2:1:1 using the Lipofectamine
3000 Transfection Reagent Kit (Invitrogen). At 60 h after
transfection, the lentivirus was harvested and centrifuged in 1.5-
ml eppendorf tube at 15,000 x g at 4°C for 5 min. The super-
natant was retained and filtered with a 0.45-um filter before
using. BI6F10 cells were seeded into 24-well plate and infected
with 200 pl of the packaged lentivirus. The next day, 5 pug/ml
puromycin was added to the cell supernatant for drug screening.
Cells were diluted and seeded into 96-well plates with one cell
per well at day 4. After the single cell grew into a cell mass, the
monoclonal cell mass was digested and moved to a 6-well plate to
continue the culture.
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BSP methylation sequencing

Cultured neutrophils in vitro (day 5) were starved for 36 h be-
fore treating with TGF-B1 or for another 24 h. Neutrophils were
collected, and genomic DNA was extracted using a Q[Aamp DNA
kit (Cat #51306; Qiagen). Genomic DNA was modified and pu-
rified using an EpiTect Fast DNA bisulfite kit (Cat #59824;
Qiagen). 300 ng of converted DNA was stored at —-20°C until
required for use. A 50 ng quantity of converted DNA was used in
a 50 pl reaction system with BSP primers. These PCR products
were cloned into a pMDI19-T vector. 10 clones per sample were
sequenced. The methylation levels were evaluated by calculating
the percentage of converted cytosines to the total number of
cytosines. Primers were designed using Methyl Primer Ex-
press v1.0 software to amplify CG island fragments in the
target region. For the target sequence region to be detected,
use the CpG island analysis software CpGPlot provided by
the European EBI website for online analysis of genomic
DNA sequences (https://www.ebi.ac.uk/Tools/seqstats/emboss_
cpgplot/). TA cloning sequencing results were analyzed using
BiQ Analyzer software.

Primers used are as follows: Myolf-1-NF: 5 -TAGATATTT
ATAAGGTGGAAGGTAT-3'; Myolf-1-NR: 5'-CCTATCTCTACTAC
CCCAATACTA-3'; Myolf-1-WF: 5'-TTTAGGAGTAGTAGTAGAA
TTTAGGAT-3'; and Myolf-1-WR: 5'-ATTAACTAATTTAATCAA
ACCAAATA-3'.

Online supplemental material

Fig. S1 shows the correlation of MYOIF level and ICB response.
Fig. S2 shows the regulation of MYOIF deficiency on tumor
growth and the gating strategy of distribution and sorting of
neutrophils. Fig. S3 contains the analysis of neutrophil in cir-
culation and supporting data from conditional KO mice (Myolf7/f-
SI00A8<™). Fig. S4 contains the ROS production and the
combination of neutrophil to CD8" T cell. Fig. S5 contains the
provenance of TGF-B1 and the prediction of binding sites of SPI
in MYOIF.

Data availability

RNA-Seq data in this study have been deposited in the Sequence
Read Archive (accession PRJNA1224833). The reanalyzed data in
Fig. 1 A and Fig. S1, A and B are openly available in the National
Library of Medicine under accession nos. PRJEB23709 (ALL),
PRJEB23709 (a-PD-1), PRJEB23709 (a-PD-1 + o-CTLA-4), and
PRJNA306069 (Melanoma-Nathanson_2017_o-CTLA-4). The re-
analyzed data in Fig. 1 B and Fig. S1F are openly available in The
Cancer Genome Atlas with Ensembl ID: ENSG00000142347. The
reanalyzed data of Fig. 1, D and E are openly available in the
National Library of Medicine Sequence Read Archive under acces-
sion nos. SRP183455 (PRJNA520852), SRP217040 (PRJNA557841),
ERP105482 (PRJEB23709), SRP150548 (PRJNA476140), SRP128156
(PRJNA420786), SRP011540 (PRJNA82747), SRP070710
(PRJNA312948), SRP094781 (PRJNA356761), SRP230414 (PRJN
A578193), SRP250849 (PRJNA608935), and SRP302761 (PRJNA
693857). The reanalyzed SPII-CHIP-seq results are openly
available in the National Library of Medicine Gene Expression
Omnibus under accession nos. GSM1875484, GSM2863951,
GSM1531741, GSM1167581, GSM2634690, and GSM1133498.
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Figure S1. Low level of MYOIF in clinical tumors is associated with low ICB response. (A) Left: MYOIF gene expression pooled from responder (N = 23)
and nonresponder (N = 27) of PRJEB23709_anti-PD-1 datasets. Right: MYOIF gene expression pooled from responder (N = 32) and nonresponder (N = 15) of
PRJEB23709_anti-CTLA-4 datasets (TIGER database). P values were analyzed by Wilcoxon signed-rank test, *P < 0.05, **P < 0.01, ***P < 0.00L
(B) Kaplan-Meier survival curves of Melanoma-Nathanson_2017_anti_CTLA-4 (TIGER database). P values were analyzed by log-rank test (Mantel-Cox), *P <
0.05, **P < 0.01, ***P < 0.001. (C) Schematic diagram of protein structure of MYO1F and MYOIE. (D) MYOIF and MYOIE gene expression in responder and
nonresponder datasets from different immunotherapies datasets (ICBatlas database). (E) Statistic plots of MYOIF and MYOIE gene expression in responder and
nonresponder datasets described in D (ICBatlas database). P values were analyzed by one-way ANOVA test, *P < 0.05, **P < 0.01, ***P < 0.001. (F) MYO1F and
MYOIE gene expression pooled from tumor tissues and normal tissues of same patient (TCGA database). Pancreatic adenocarcinoma (PAAD): N (tumor) = 4, N
(normal) = 4; LIHC: N (tumor) = 50, N (normal) = 50; LUSC: N (tumor) = 51, N (normal) = 51; LUAD: N (tumor) = 58, N (normal) = 58; COAD: N (tumor) = 40, N
(normal) = 40. P values were analyzed by nonparametric Wilcoxon matched-pairs signed rank test, *P < 0.05, **P < 0.01, ***P < 0.001. (G) B16F10 was
transfected with a control shRNA construct or shRNA-Myolf construct. After 48 h of treatment, cell lysates were prepared and probed with antibody against
MYOLF by immunoblotting. (H) Tumor growth curve over time. MC38 was transfected with a control shRNA construct or shRNA-Myolf construct, then
subcutaneously injected with 1 x 10° cells on C57BL/6 mice (N = 10). Data were analyzed by one-way ANOVA test; ns, no significance. (1) Tumor collection at
day 30 after tumor inoculation (N = 10 in each group). Data in H and | represent one experiment of three independent repeats; G represents one experiment of
two independent repeats. Source data are available for this figure: SourceData FS1.
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Figure S2. MYO1F-KO neutrophil promoted tumor growth and inhibited anti-tumor response of CD8* T cells. (A) WT and Myolf/- C57BL/6 mice were
subcutaneously injected with 1 x 106 MC38 cells; tumor collection at day 21 (N = 5). (B) Tumor growth curve over time (N = 5). (C) Kaplan-Meier survival curves
of MC38 tumor models (N = 10 in each group). (D) Gate strategy of tumor-infiltrating neutrophil flow sorting. (E) Spleen weight in B16F10 and MC38 tumor
models of WT and Myo1f~~ mice. (F) Immunofluorescence intensity of MYO1F analyzed by Image]; low and high were distinguished artificially according to the
number of infiltrations. N (Low Neu infiltration) = 25, N (High Neu infiltration) = 20. (G) Gate strategy of intratumoral CD45.1* neutrophil sorting from tumor.
(H) Cell lysates of sorted tumor neutrophils were prepared and probed with antibody against MYO1F by immunoblotting. (I) Left: Gate strategy of the presence
of total myeloid cells and neutrophils in BM at day 11 after irradiation without intervention. Right: Statistic of total myeloid cell and neutrophil counts in one
tibia (N = 5). (J) Left: FACS analyses of intratumoral CD8* (IFN-y*, GZMB*, and Ki-67") cells from tumor tissues. Right: Statistical analysis. (K) FACS analyses of
intratumoral CD11b*Ly6G* neutrophils from recipient tumor tissues. Right: Statistic of proportion and counts of neutrophils. (L) FACS analyses of intratumoral
CD11b*Ly6G* neutrophils from tumor tissues. (M) Kaplan-Meier survival curves of SX-682-treated B16F10 tumor models (N = 20 in each group). Data in A-E
and G-L represent one experiment of three independent repeats; F represents one experiment of two independent repeats. Data are presented as mean + SD.
P values were analyzed by one-way ANOVA test (B, L, and M); log-rank (Mantel-Cox) (C); two-tailed unpaired Student’s t test (A, E, F, and I-K), *P < 0.05, **P <
0.01, and ***P < 0.001. ns, no significance. Neu, neutrophil. Source data are available for this figure: SourceData FS2.
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Figure S3. MYO1F-deficient neutrophil suppressed immune response during tumor progression. (A) Cell migration ability evaluated by chemotaxis
transwell induced by CXCL2; passed cells adhered to the lower chamber surface were counted. (B) Gate strategy of BM neutrophils from B16F10 tumor model
at day 21. (C) FACS analyses of Ki-67 in CD45*Ly6G™ clusters from BM of WT and MyoIf~~ B16F10 tumor models at day 21 (N = 5). (D) FACS analyses of
neutrophils in peripheral blood and spleen from B16F10 tumor model at day 21 (N = 3). (E) Schematic of BM neutrophils transfer from donor (CD45.1
B16F10 tumor-bearing WT or KO mice) to recipient (CD45.2 WT mice). (F) Gate strategy of BM neutrophils sorting from B16F10 tumor model at day 21.
(G) Tumor collection at day 20 after tumor inoculation. (H) Top: Tumor growth curve over time. Bottom: Tumor collection at day 21 after tumor inoculation
(N =10). (1) Kaplan-Meier survival curves (N = 20). (J) FACS analyses of intratumoral CD11b*Ly6G* neutrophils from tumor tissues (N = 5). (K) FACS analyses of
intratumoral CD8* (IFN-y* and Ki-67*) cells from tumor tissues (N = 5). (L) Left: Immunofluorescence staining of CD11b (green) and Ly6G (red) in BM from
B16F10 models. Right: Statistic of numbers by counting colocalization (N = 3). Scale bar: 200 um. (M) Counts of total CD11b*Ly6G* neutrophils in one tibia by
FACS (N = 5). (N) Gene set enrichment analysis of inflammatory response signaling pathway and immune response signaling pathway. Data in A-] and L
represent one experiment of three independent repeats; K and M represent one experiment of two independent repeats. Data are presented as mean + SD. P
values were analyzed by one-way ANOVA test (H); log-rank (Mantel-Cox) (I); two-tailed unpaired Student’s t test (A, C, D, and ]-M), *P < 0.05, **P < 0.01, and
***P < 0.001. ns, no significance; Neu, neutrophil; TB, tumor bearing.
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Figure S4. The absence of MYOIF in neutrophils leads to delayed apoptosis and increased recruitment of CD8* T cells. (A) Counts of intratumoral
CD11b*Ly6G* neutrophils in recipient by FACS (N = 5). (B and C) FACS analyses of apoptosis of intratumoral CD11b*Ly6G* neutrophils by staining with annexin
V and PI. (D) FACS analyses of PD-L1 on BM neutrophils from WT and Myo1f~~ B16F10 tumor models at day 21 (N = 5). (E) Cultured neutrophils from WT were
transfected with siMyolf (20 pM); MYOIF protein levels were analyzed 48 h after transfection by immunoblotting. (F) Cultured neutrophils from WT were
transfected with siCtrl or siCd274 (20 pM); FACS analyses of apoptosis of neutrophils by staining with annexin V and P after induction of cisplatin (2 pM) (N =
5). (G) Cxcl9 mRNA levels were detected by qPCR from cultured neutrophils treated with IL-1B (50 ng/ml) (N = 5). (H) Immunofluorescence staining of CD11b
(green), Ly6G (red), and CD8 (yellow) in B16F10 tumor models at day 20. 50 representative images for each group were counted (white arrow, co-binding site).
Scale bar: 50 um. (1) Statistic of combination numbers of CD8* T and CD11b*Ly6G* neutrophils by counting colocalization. N = 50 per group. (J) Immuno-
fluorescence staining of Ly6G (green) and CD8 (red) in co-culture of CD8* T cell and CD11b*Ly6G* neutrophils. 30 representative images for each group were
counted (white arrow, co-binding site). Scale bar: 50 pm. (K) Statistic of combination numbers of CD8* T cell and Ly6G* neutrophils by counting colocalization.
N =30 per group. (L) FACS analyses of ROS in BM neutrophils by labeling DCFH-DA. Neutrophils from WT and Myo1f~/~ B16F10 tumor models at day 21 (N = 5).
(M) FACS analyses of ROS in cultured neutrophils by labeling DCFH-DA after induction of LPS (500 ng/ml) for 18 h (N = 5). (N) Cultured WT neutrophils were
treated with EUK-134 (20 pM) for 12 h and induced with LPS (500 ng/ml) for another 18 h; Nos2, Il1b, I[10, and Cd274 mRNA levels were detected by gPCR (N =
5). (0) NoxI, Nox3, Nox4, Duox, and Duox2 mRNA levels were detected by qPCR from WT cultured neutrophils at 48 h after transfection of siRNA (N = 5).
(P) FACS analyses of intratumoral CD8* (GZMB*) cells from tumor tissues. Data in A-P represent one experiment of three independent repeats. Data are
presented as mean + SD. P values were analyzed by one-way ANOVA test (N); two-tailed unpaired Student’s t test (A, C, D, G, I, K-M, and O), *P < 0.05, **P <
0.01, and ***P < 0.001. ns, no significance. Neu, neutrophil. Source data are available for this figure: SourceData FS4.
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Figure S5. Tumor-derived TGF-B1 promoted STAT3 activation by inhibiting Myolf expression. (A) KEGG pathway. Blue star indicates phospho-STAT3
signaling. (B) Tumor collection at day 27 (N = 5). (C) Endogenous IP (co-IP) blot with BM neutrophils from WT mice, where IP was performed for TRIM21, and
then precipitates were immunoblotted (IB) with an anti-MYO1F antibody. (D) Exogenous co-IP blot with transfection of Flag-tagged TRIM21 and His-tagged
MYOIF in 293T, where IP was performed for Flag, and then IB with an anti-His antibody. (E) Cultured WT neutrophils was treated with TGF-B1; MYOIF protein
levels were analyzed 72 h after treatment by immunoblotting. (F) Top: FACS analyses of cytoplasmic TGF-B1 in different cell lines and neutrophils. Bottom:
ELISA analysis of TGF-B1 from supernatant of cell lines. (G) Gate strategy of intratumoral immune cells from WT B16F10 tumor model. (H and 1) FACS analyses
of cytoplasmic TGF-B1 in different tumor-infiltrated immune cells and statistics of TGF-B1 MFI level. (J) Statistics of immune cells in total tumor cells as
described in H. (K and L) FACS analyses of cytoplasmic TGF-B1in B16F10 cells transfected with sgCtrl or sgTgfb; ELISA analysis of TGF-B1 from supernatant of
B16F10 cells (N = 3). (M) Counts of total CD11b* Ly6G* neutrophils in one tibia by FACS (N = 5). (N) Detecting STAT3 phosphorylation level of cultured
neutrophils with overexpression of Flag-tagged MYOIF through western blotting, ratio of phosphor-STAT3 to total STAT3 was shown in the middle.
(0) Detecting STAT3 phosphorylation level of cultured neutrophils with knockdown of MYO1F by siMyolf, ratio of phospho-STAT3 to total STAT3 was shown in
the middle. (P) SPIl-binding sites on Myolf predicted by JASPAR. (Q) Myolf mRNA levels were detected by qPCR from sorted immune cells (N = 3).
(R) Transcription-related sites and SPI1-binding sites predicted by Softberry. Data in B-O and Q represent one experiment of three independent repeats. Data
are presented as mean + SD. P values were analyzed by one-way ANOVA test (M and Q); two-tailed unpaired Student’s t test (K and L), *P < 0.05, **P < 0.0,
and ***P < 0.001. ns, no significance. Neu, neutrophil. Source data are available for this figure: SourceData FS5.
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