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Abstract
Background Polymorphonuclear myeloid-derived suppressor cells (PMN-MDSCs) promote tumor immune
tolerance and cause tumor immunotherapy failure. In this study, we found that high PMN-MDSCs
in�ltration, overexpressed fatty acid transporter protein 2 (FATP2) and underexpressed receptor-
interacting protein kinase 3 (RIPK3) existed in the mouse and human bladder cancer tissues. However, the
related mechanisms remain largely unknown.

Methods and results Both FATP2 and RIPK3 expressions were associated with clinical stage. FATP2
knockout or up-regulating RIPK3 reduced the synthesis of prostaglandin E2 (PGE2) in PMN-MDSCs,
attenuated the suppressive activity of PMN-MDSCs on CD8+ T cells functions and inhibited the tumor
growth. There was a PGE2-mediated synergy between FATP2 and RIPK3 pathways, which markedly
promoted the immunosuppressive activity of PMN-MDSCs. Combination therapy with inhibition of FATP2
and activation of RIPK3 can effectively inhibit tumor growth.

Conclusions This study demonstrated that a synergy between FATP2 and RIPK3 pathways in PMN-
MDSCs signi�cantly promoted the synthesis of PGE2, which severely impaired the CD8+ T cell functions.
This study may provide new ideas for immunotherapy of human bladder cancer.

Introduction
Bladder cancer (BCa) is one of the most common malignancies and has a high recurrence rate [1]. One of
the important reasons for the di�culty in controlling tumors is that tumor cells continue to grow by
evading the killing effect of immune cells through immune escape mechanisms [2]. Polymorphonuclear
myeloid-derived suppressor cells (PMN-MDSCs) is pathologically activated neutrophils that accumulate
in many diseases [3]. PMN-MDSCs in�ltration is one of the most important causes for tumor progression
and therapeutic failure, and their presence correlates with poor prognosis [4]. PMN-MDSCs can induce
immune tolerance by overexpressing arginase 1 (Arg-1), inducible nitric oxide synthase (iNOS), and
reactive oxygen species (ROS) [5]. The mechanisms responsible for pathological activation of neutrophils
remain largely unknown. With the discovery of the molecular marker (LOX-1 protein) [6], PMN-MDSCs can
be distinguished from other neutrophils, thereby promoting the related research on the regulatory
mechanism of PMN-MDSCs functions.

Both Fatty acid transporter protein 2 (FATP2) and receptor-interacting protein kinase 3 (RIPK3) are
important regulatory molecules for MDSCs to exert immunosuppressive functions [7,8]. FATP2 is a long-
chain fatty acid transporter and acetyl-CoA synthetase and promotes oxidation of fatty acids and lipid
synthesis [9]. As con�rmed by a previous study, FATP2 enhanced the immune suppressive activity of
PMN-MDSCs by promoting the synthesis of prostaglandin E2 (PGE2) [7]. In addition, RIPK3 also has
important regulatory roles in tumor immunity.[10,11] Yan et al. �rstly reported a RIPK3-PGE2 circuit in
PMN-MDSCs, which signi�cantly promoted the synthesis of PGE2, thereby greatly enhancing the
immunosuppressive activity of PMN-MDSCs [8].
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In this study, we found that the bladder tumor tissue was in�ltrated with a large number of PMN-MDSCs.
Moreover, the FATP2 expression was up-regulated, and the RIPK3 expression was down-regulated. The
PMN-MDSCs in�ltration was positively correlated with the FATP2 expression and negatively correlated
with RIPK3 expression. However, it is unclear whether there is an interaction between the FATP2 and the
RIPK3 pathways. Therefore, the aim of this study was to elucidate a synergy between the FATP2 and the
RIPK3 pathways in promoting the immunosuppressive activity of PMN-MDSCs. Addressing the
mechanisms regulating MDSCs will provide new ideas for the immunotherapy of bladder cancer.

Materials And Methods

Human samples
Samples of tumor tissues were collected from 18 patients with stage I-IV bladder cancer at Nanfang
hospital of Southern Medical University (Guangzhou, China). This cohort includes 12 females and 6
males. The age ranged from 42 to 70 years. The study was approved by the Ethics Committee of
Nanfang hospital. All patients signed the approved consent forms.

Animals and cells
The mouse bladder cancer cell line was obtained from the ATCC. MycoplasmaOUT (Genloci) was used to
protect the cells against mycoplasma contamination. All cell lines used in this study have been
authenticated every six months. C57BL/6 mice were obtained from the experimental animal center of
Southern Medical University (Guangzhou, China). FATP2 knockout (KO) C57BL/6 mice generated using
CRISPR-Cas9 genome-editing system were kindly provided by Guanxin Wang (Sun Yat-sen University,
Guangzhou, China).

Animal experiments
Animal experiments were approved by Animal Care and Use Committee of Southern Medical University
(Ethical number: L2018113). All wild-type (WT) and KO C57BL mice were randomly assigned to the
treatment groups. Subcutaneous models of bladder cancer were established by injecting subcutaneously
with mouse bladder cancer cell lines. For some indicated experiments, lipofermata or 666 − 15 was
injected intraperitoneally every 2 days until the mice were sacri�ced. Tumor size was measured with
calipers. Tumors and spleens were removed upon sacri�ce at indicated interval. All experimental
procedures were performed in accordance with the relevant laws and institutional guidelines of Southern
Medical University.

Immuno�uorescence
Tumor tissues were embedded in freeze embedding medium. The frozen sections were �xed and
incubated with anti-CD11b (eBioscience) and anti-LOX-1 antibodies (eBioscience) for 60 minutes. The
secondary antibodies (Alexa Fluor 647-labeled goat anti-rabbit Abs and Alexa Fluor 488-labeled goat anti-
rat Abs)(eBioscience) were then added and incubated for 30 minutes. The slides were mounted with a
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Vectashield DAPI-containing kit. Then CD11b+LOX-1+ cells in the tumor tissue were visualized with
�uorescence microscopy.

Immunohistochemistry
Tumor tissues were �xed, para�n-embedded, dewaxed, rehydrated, and antigen retrieval. Then samples
were incubated with anti-FATP2 or anti-RIPK3 antibody (Epitomics) for 30 minutes. The slides were
washed with TBST for 5 minutes three times and incubated in secondary biotinylated antibody for 30
minutes. The positively expressed protein was visualized using the anti-rat Ig SABC kit (spring) and
counter stained with hematoxylin and eosin.

Western blot analysis
Cells were lysed by RIPA lysis buffer. After protein extraction and electrophoresis, transfer to membrane
and blocking, the samples were incubated with primary antibody at 4°C overnight, following by
incubation with horseradish peroxidase-conjugated secondary antibodies for 1 hour at room temperature.
Finally, the membranes were visualized after incubation with chemiluminescence using a Tanon 5200
system. The primary antibodies used in this experiment include anti-FATP2, anti-RIPK3, anti-PKA, anti-
CREB, anti-p65, anti-COX-2 and anti-GAPDH.

Isolation of PMN-MDSCs and PMNs
Single-cell suspensions were prepared from spleen and followed by red blood cell lysed. Single-cell
suspensions from tumor tissues were prepared using Tumor Dissociation Kit (Miltenyi). PMN-MDSCs and
PMNs were isolated using anti-PE beads and MACS column (Miltenyi). Cells were then culture in
RPMI1640 containing 10% fetal bovine serum, 1% penicillin/streptomycin and 0.1% sodium pyruvate.

CD8+ T-cell isolation and proliferation assay
CD8+ T cells were isolated from the spleen of C57BL/6 mice by CD8+ T Cell Enrichment Kit (BioLegend).
PMN-MDSCs were isolated from the tumor or spleen of C57BL/6 mice by magnetic beads (BioLegend).
PMN-MDSCs were then cocultured with CFDA-SE (Carboxy�uorescein diacetate, succinimidyl ester)
labeled CD8+ T cells in the medium containing anti-CD3 (1 µg/mL) and anti-CD28 (1 µg/mL) antibodies
(BD Biosciences) for 72 hours. To enumerate the CFSE+CD8+ and IFN-γ+CD8+ T-cell subset, cells were �rst
stained with FITC-labeled anti-mCD8 (Biolegend), then �xed or permeabilized before they were stained
with PE-labeled anti-IFN-γ antibody (Biolegend). The CFSE+CD8+ and IFN-γ+CD8+ T cells were detected by
�ow cytometry (Becton Dickinson, San Jose, CA, USA).

Quantitative real-time PCR
Total RNA from cells was extracted using the Arcturus PicoPure RNA isolation kit (Biosciences). cDNA
was synthesized with Reverse Transcription system (Toyobo). Real-time PCR was performed using SYBR
Green PCR Master Mix (Applied Biosystems). Normalization and fold changes were calculated using the
ΔΔCt method, and GAPDH was used as negative control.
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Liquid chromatography-mass-spectrometry of lipids (LC-
MS)
PMN-MDSCs and PMNs were isolated by the methods described above. Cells were then cultured in
RPMI1640 for 48 hours. The supernatants were collected for evaluating lipids and PGE2 concentrations.
Extracted samples were separated by an Acquity UPLC system (Waters). Lipids and PGE2 were analyzed
using scheduled multiple reaction monitoring (MRM). Analysis of LC-MS data acquisitions were
performed using Analyst 1.6.2 software (Applied Biosystems).

ELISA
PMN-MDSCs and PMNs were isolated by the methods described above. Cells were then cultured in
RPMI1640 containing 10% fetal bovine serum, 1% penicillin/streptomycin and 0.1% sodium pyruvate. The
supernatant was harvested by centrifugation. According to the manufacturer's instructions, the
concentrations of Arg-1, IL-10 and iNOS were measured by ELISA (R & D Systems, Minneapolis, MN).

Statistics
Immunohistochemistry, immuno�uorescence, FACS, qPCR, LC-MS and ELISA data were analyzed using T
test or one-way ANOVA. The tumor volume data was analyzed using repeated measures design. All
analyses were performed using SPSS (version 19.0). P < 0.05 was considered indicative of statistical
signi�cance.

Results

PMN-MDSCs, overexpressed FATP2 and underexpressed
RIPK3 in the tumor tissues
Tumor tissues were collected to detect PMN-MDSCs in�ltration, FATP2 and RIPK3 expression. The double
positive cells (CD11b+LOX-1+) were considered PMN-MDSCs, which were visualized with �uorescence
microscopy. FATP2 and RIPK3 expression were display by immunohistochemistry. As shown in Fig. 1A, a
large number of PMN-MDSCs existed in the tumor tissues. FATP2 expression was signi�cantly up-
regulated, and RIPK3 expression was signi�cantly down-regulated (Fig. 1B, C). The results of statistical
analysis showed that the number of PMN-MDSCs in the tumor tissues was positively correlated with
FATP2 expression and negatively correlated with RIPK3 expression (Fig. 1D, E). To con�rm whether this
phenomenon also exists in the tumor tissues of human bladder cancer, clinical bladder cancer tissue
were collected. Immunohistochemical results showed that the expressions of LOX-1 and FATP2 in human
bladder cancer tissue were higher than that in adjacent tissues, and the RIPK3 expression was lower than
that in adjacent tissues (Fig. 1F). Moreover, the expression of FATP2 in patients with stage III/IV bladder
cancer was higher than that in stage I/II, while the RIPK3 expression showed the opposite result (Fig. 1G).
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Overexpressed FATP2 and underexpressed RIPK3 in PMN-
MDSCs
To further evaluate the aberrantly expressed FATP2 and RIPK3 in PMN-MDSCs, we compared PMN-
MDSCs isolated from tumor-bearing mice with PMNs isolated from normal mice. FATP2 and RIPK3
expression in PMN-MDSCs or PMNs were detected by immunohistochemistry, lipid metabolism-related
molecules were detected by LC-MS, and immunosuppressive factors were detected by ELISA. As shown in
Fig. 2A, the FATP2 expression in PMN-MDSCs of tumor-bearing mice was higher than that in PMNs of
normal mice. Moreover, the PMN-MDSCs isolated from tumor tissues showed higher FATP2 expression
than that isolated from spleen. The RIPK3 expression in PMN-MDSCs of tumor-bearing mice was lower
than that in PMNs of normal mice, and the PMN-MDSCs isolated from tumor tissues showed lower RIPK3
expression than that isolated from spleen (Fig. 2B). The concentrations of lipid metabolism-related
molecules (triglycerides (TG), arachidonic acid (AA), PGE2) and immunosuppressive molecules (Arg-1,
INOS, IL-10) in the PMN-MDSCs of tumor-bearing mice were signi�cantly higher than those in the PMNs
of normal mice (Fig. 2C,D). 

Effects of FATP2 KO on the functions of PMN-MDSCs.
To investigate the effect of FATP2 on lipid metabolism and immunosuppressive activity of PMN-MDSCs,
FATP2 gene (SLC27A2) was knocked out with CRISPR/Cas9. As shown in Fig. 3A, Western blotting and
RT-qPCR showed the results of SLC27A2 knockout. FATP2 KO reduced the concentrations of lipid
metabolism-related molecules (TG, AA, PGE2) in PMN-MDSCs (Fig. 3B). In addition, FATP2 KO
signi�cantly promoted the IFN-γ and Granzyme B expressions in CD8+ T cells (Fig. 3C, D). As shown in
Fig. 3E, FATP2 KO attenuated the suppressive activity of PMN-MDSCs on the proliferation of CD8+ T cells.
Finally, FATP2 KO signi�cantly inhibited the tumor growth in tumor-bearing mice (Fig. 3F).
Effects of RIPK3-activated on the functions of PMN-MDSCs.
To investigate the effect of RIPK3 on immunosuppressive activity of PMN-MDSCs, 666 − 15 was used to
activate the RIPK3 expression. RT-qPCR and western blotting showed the up-regulation of RIPK3
expression after 666 − 15 treatment (Fig. 4A). Up-regulating RIPK3 signi�cantly reduced the
concentrations of Arg-1 and PGE2 (Fig. 4B). Similar to the effect of FATP2 KO, Up-regulating RIPK3
signi�cantly promoted the IFN-γ and Granzyme B expressions in CD8+ T cells (Fig. 4C, D). As shown in
Fig. 4E, FATP2 KO attenuated the suppressive activity of PMN-MDSCs on the proliferation of CD8+ T cells.
Finally, FATP2 KO signi�cantly inhibited the tumor growth in tumor-bearing mice (Fig. 4F). These results
indicate that both FATP2 and RIPK3 play an important role in maintaining the suppressive activity of
PMN-MDSCs. As shown in Fig. 3B and Fig. 4B, FATP2 KO minimized the synthesis of PGE2 in PMN-
MDSCs in vitro. However, up-regulating RIPK3 also reduced the synthesis of PGE2 in PMN-MDSCs, but it
could not reduce that to the greatest extent.

Synergy between FATP2 and RIPK3 pathways was mediated through PGE2.
One of the key triggers of the RIPK3-PGE2 circuit is PGE2, which can be synthesized by PMN-MDSCs, or
by other cells, such as tumor cells.8 To investigate whether there was a synergy between FATP2 and
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RIPK3 pathways, which was mediated through PGE2, FATP2 KO PMN-MDSCs were co-cultured with PGE2
and/or 666 − 15. As shown in Fig. 5A, FATP2 KO signi�cantly up-regulated the RIPK3 expression. This
results indicated that FATP2 KO not only reduced the synthesis of PGE2 but also broken the RIPK3-PGE2
circuit. However, as shown in Fig. 5B, adding exogenous PGE2 to FATP2 KO PMN-MDSCs down-regulated
the RIPK3 expression and successfully restored the RIPK3-PGE2 circuit. These results indicated that a
synergy between FATP2 and RIPK3 pathways was mediated through PGE2. The PGE2-mediated synergy
between FATP2 and RIPK3 pathways in PMN-MDSCs severely impaired the proliferation of CD8+ T cells
and inhibited the IFN-γ and Granzyme B expressions in CD8+ T cells, while activating RIPK3 could
effectively inhibited this effect (Fig. 5C, 5D and 5E). Similarly, the PGE2-mediated synergistic effect
signi�cantly promoted the synthesis of Arg-1 and PGE2 in PMN-MDSCs, and activating RIPK3 effectively
inhibited this effect (Fig. 5F and 5G).

 

Effect of combination therapy with lipofermata and 666 − 15 on tumor-bearing mice.

To con�rm whether combination therapy with inhibition of FATP2 and activation of RIPK3 can effectively
inhibit tumor growth in vivo, lipofermata and 666 − 15 was used to inhibit the FATP2 and activate the
RIPK3 expressions, respectively. As shown in Fig. 6A and 6B, combination therapy with lipofermata and
666 − 15 markedly inhibited the tumor growth and prolonged the survival time in the mouse model of
bladder cancer.

 

Discussion
The immunosuppressive cells existing in the tumor microenvironment lead to tumor immune tolerance
and treatment failure [12,13]. Inhibiting the activity of these immunosuppressive cells is the key to
improving the e�cacy of immunotherapy [14,15]. The in�ltration of PMN-MDSCs in tumor
microenvironment is closely related to poor prognosis [16]. PMN-MDSCs exert immunosuppressive
functions via multiple signal pathways, such as secreting inhibitory cytokines (IL-1, IL-6, IL-10, and TGF-β)
[17], inducing the expression of Arg-1 and iNOS [18], expressing a series of reactive oxygen species ROS
[19], and inducing the production of CD25+ FOXP3+ Treg cells [20]. Inhibiting the immunosuppressive
activity of PMN-MDSCs may be an effective way to improve anti-tumor immunity [21]. Therefore, it is of
great signi�cance to further explore the related mechanisms by which PMN-MDSCs exerts
immunosuppressive functions.

In recent years, several studies have shown that both FATP2 and RIPK3 play a key role in promoting the
suppressive activity of PMN-MDSCs [7,8]. Both FATP2 and RIPK3 enhance the suppressive activity of
PMN-MDSCs by promoting the synthesis of PGE2, which is an important immunosuppressive molecule in
maintaining the immunosuppressive activity of PMN-MDSCs [22]. In the study, we also found that a large
number of PMN-MDSCs existed in the tumor microenvironment, and PMN-MDSCs in�ltration signi�cantly
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correlated with FATP2 and RIPK3 expression. This phenomenon also exists in the tumor
microenvironment of human bladder cancer. Moreover, FATP2 and RIPK3 expression was correlated with
clinical stage, which indicated that overexpressed FATP2 and underexpressed RIPK3 were associated
with poor prognosis.

Despite the fact that PMN-MDSCs and neutrophils share same origin and the same differentiation
pathways, PMN-MDSCs have distinct genomic and biochemical features and are immunosuppressive
[23]. When compared with PMNs, FATP2 expression was signi�cantly up-regulated in PMN-MDSCs, while
RIPK3 expression was signi�cantly down-regulated. More interestingly, PMN-MDSCs isolated from tumor
tissue showed higher FATP2 expression and lower RIPK3 expression than PMN-MDSCs isolated from
spleen. This phenomenon has also been reported by a previous study [8]. At present, the speci�c
mechanism by which this phenomenon occurs in the tumor microenvironment remain largely unknown.

FATP2 is a key molecule that regulates lipid metabolism in PMN-MDSCs [7]. Abnormal lipid metabolism
could contribute to pathological activation of PMN-MDSCs [24]. An accumulation of lipids in cancer has
been shown in macrophages [25], dendritic cells (DC) [26], and total population of MDSCs where it was
associated with immunosuppressive activity [27]. A previous study have reported that FATP2 enhanced
the suppressive activity of PMN-MDSCs by promoting arachidonic acid utilization and PGE2 synthesis
[7]. In this study, FATP2 KO signi�cantly decreased arachidonic acid and arachidonic acid metabolite
PGE2 in PMN-MDSCs and seriously impaired the immunosuppressive effect of PMN-MDSCs on CD8+ T
cells. At present, although STAT5 has been reported to be one of the key molecules regulating FATP2
expression [7], the mechanism that regulates FATP2 still not fully understood.

RIPK3, as a key regulator of programmed cell necrosis, plays an important role in both in�ammation and
tumors [28]. RIPK3 was negatively correlated with tumor stage and is an important prognostic factor for
colon cancer [29]. Recently, a previous study revealed the regulatory mechanism of a RIPK3-PGE2 circuit
in PMN-MDSCs [8]. Lacking RIPK3 PMN-MDSCs had a stronger immunosuppressive activity. RIPK3
reduction activated the NF-κB-COX2-PGE2 signaling pathway and promoted PGE2 synthesis. The PGE2
further inhibited the expression of RIPK3 and promoted the NF-kB/COX-2 and Arg-1 expression through
the cAMP/PKA-CREB signaling pathway, thus forming the RIPK3-PGE2 circuit. In the tumor
microenvironment, PMN-MDSCs signi�cantly promoted the PGE2 synthesis through the RIPK3-PGE2
circuit, thereby enhancing the immunosuppressive activity of PMN-MDSCs. As shown by the results of
this study, breaking the RIPK3-PGE2 circuit by up-regulating RIPK3 signi�cantly reduced the synthesis of
PGE2 and further inhibited the immunosuppressive activity of PMN-MDSCs.

In PMN-MDSCs, both FATP2 and RIPK3 pathways could synthesize the PGE2 [8,30]. The PGE2
synthesized by the FATP2 pathway could further promote the synthesis of PGE2 through the RIPK3-PGE2
circuit, so the RIPK3-PGE2 circuit might be an ampli�er of the FATP2 pathway in terms of promoting
PGE2 synthesis. In vitro, FATP2 KO signi�cantly up-regulated the RIPK3 expression and reduced PGE2
synthesis in PMN-MDSCs. However, after exogenous PGE2 stimulation, FATP2 KO PMN-MDSCs could
also synthesize PGE2. In vivo, PGE2 is derived not only from MDSCs but also from tumor cells or other
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cells [31]. Blocking FATP2 partially reduced the PGE2 synthesis of PMN-MDSCs, but it cannot completely
inhibit the PGE2 synthesis in vivo. There was a synergy between FATP2 and RIPK3 pathways in
promoting the PGE2 synthesis of PMN-MDSCs. Therefore, blocking the FATP2 and RIPK3 pathways at the
same time can successfully minimize the synthesis of PGE2 in PMN-MDSCs. Our in vitro experiments
also con�rmed that blocking the FATP2 combined with up-regulating the RIPK3 minimized the PGE2
synthesis of PMN-MDSCs even adding exogenous PGE2.

In this study, there are some shortcomings. This study initially proved that there were a large number of
PMN-MDSCs in tumor tissues, and the expression of FATP2 was down-regulated, and RIPK3 was down-
regulated. However, this study has not yet elucidated the molecular mechanism that causes this
phenomenon in the tumor microenvironment. Elucidating the molecular mechanism is likely to help
discover more effective therapeutic targets to overcome PMN-MDSCs-mediated immune escape. In
addition, the clinical sample size included in this study is small, and a larger sample is needed to verify
the conclusions of the study.

In summary, our results demonstrated that the synergy between FATP2 and RIPK3 pathways in PMN-
MDSCs signi�cantly promoted the synthesis of PGE2, which severely impaired the CD8+ T cell function
and IFN-γ secretion. Combination therapy with targeting FATP2 and RIPK3 might be considered for
rational treatment for inhibiting the immunosuppressive activity of PMN-MDSCs and enhancing the
antitumor immunity. These �ndings provided the molecular basis and potential ideas for the
immunotherapy of bladder cancer.
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Figures

Figure 1
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PMN-MDSCs, overexpressed FATP2 and underexpressed RIPK3 in the tumor microenvironment.

(A) Immuno�uorescence assays were performed to detect the PMN-MDSCs with anti-CD11b (red) and
anti-LOX-1 (green) antibodies. Tumor cell nuclei were stained with DAPI (blue). The double positive cells
(CD11b+LOX-1+) (yellow) were considered to be PMN-MDSCs (bar = 200 um). (B and C)
Immunohistochemistry assays of FATP2 and RIPK3 proteins with anti-FATP2 or anti-RIPK3 antibody (bar
= 200 um). (D and E) Correlation analysis between the number of PMN-MDSCs and FATP2 or RIPK3
expression in tumor tissues. (F) Expressions of LOX-1, FATP2 and RIPK3 in human bladder cancer tissues
and adjacent tissues. (G) Expressions of FATP2 and RIPK3 were signi�cantly correlated with clinical
stage. (* P < 0.05)

Figure 2

Overexpressed FATP2 and underexpressed RIPK3 in PMN-MDSCs.

(A) Western blotting detected the FATP2 expression in PMN-MDSCs isolated from spleen and tumor
tissue. (B) Western blotting detected the RIPK3 expression in PMN-MDSCs isolated from spleen and
tumor tissue. (C) LC/MS detected the triglycerides (TG), arachidonic acid (AA), prostaglandin E2 (PGE2) in
PMN-MDSCs from tumor-bearing mice or PMNs from normal mice. (D) The immunosuppressive
molecules (Arg-1, INOS, IL-10) in PMN-MDSCs or PMNs were detected by ELISA. (*P<0.05)
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Figure 3

Effects of FATP2 KO on the functions of PMN-MDSCs.

(A) Western blotting detected the FATP2 expression in WT and FATP2 KO PMN-MDSCs. (B) LC-MS
detected the TG, AA and PGE2 in WT and FATP2 KO PMN-MDSCs. (C and D) Flow cytometry detected the
IFN-γ and Granzyme B expressions in CD8+ T cells co-cultured with WT and FATP2 KO PMN-MDSCs. (E)
CFSE ananlysis was performed to evaluated the proliferation of CD8+ T cells co-cultured with WT and
FATP2 KO PMN-MDSCs. (F) FATP2 KO effectively inhibited tumor growth in mice. (* P < 0.05)

Figure 4

Effects of RIPK3-activated on the functions of PMN-MDSCs.

(A) Western blotting detected the RIPK3 expression in RIPK3-activated PMN-MDSCs and control. (B) LC-
MS detected the TG, AA and PGE2 in RIPK3-activated PMN-MDSCs and control. (C and D) Flow cytometry
detected the IFN-γ and Granzyme B expressions in CD8+ T cells co-cultured with RIPK3-activated PMN-
MDSCs and control. (E) CFSE ananlysis was performed to evaluated the proliferation of CD8+ T cells co-
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cultured with RIPK3-activated PMN-MDSCs and control. (F) 666-15 (RIPK3-activated) effectively inhibited
tumor growth in mice. (* P < 0.05)

Figure 5

Synergy between FATP2 and RIPK3 Pathways was mediated through PGE2.

(A and B) Western blotting detected the expressions of RIPK3-PGE2 circuit-related signaling proteins in
WT, FATP2 KO PMN-MDSCs and PGE2-activated FATP2 KO PMN-MDSCs. (C) CFSE ananlysis was
performed to evaluated the proliferation of CD8+ T cells co-cultured with WT, FATP2 KO PMN-MDSCs and
PGE2-activated FATP2 KO PMN-MDSCs. (D and E) Flow cytometry detected the IFN-γ and Granzyme B
expressions in CD8+ T cells co-cultured with WT, FATP2 KO PMN-MDSCs and PGE2-activated FATP2 KO
PMN-MDSCs. (F and G) PGE2-mediated synergy between FATP2 and RIPK3 pathways in PMN-MDSCs
promoted the synthesis of Arg-1 and PGE2. (* P < 0.05)

Figure 6

Effect of combination therapy with lipofermata and 666-15 on tumor-bearing mice.

Lipofermata and 666-15 was used to inhibit the FATP2 and activate the RIPK3 expressions, respectively.
The tumor volume (A) and survival time (B) re�ect the effects of combination therapy with lipofermata
and 666-15 on tumor growth in the mouse model of bladder cancer. (*P < 0.05)


