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Abstract
Background: Phosphoribosyl pyrophosphate synthetase 2 (PRPS2) is known as an
oncogene in many types of cancers, including lung cancer. However, its role in regu-
lating tumor-associated macrophages (TAM) and myeloid-derived suppressor cells
(MDSC) remains unclear. Our study aimed to explore the involvement of PRPS2 in
TAM and MDSC regulation.
Methods: Stable Lewis lung cancer (LLC) cell lines were established using a lentivirus
system. These LLC lines were then used to establish tumor model in mice. The levels
of target genes were determined using qPCR, western blotting, and ELISA assays. The
percentage of different immune cell types was analyzed using fluorescence-activated
cell sorting. The chemotaxis ability of TAM and MDSC was evaluated using an
in vitro transwell chemotaxis assay.
Results: Notably, PRPS2 was found to regulate the chemotaxis of TAM and MDSC in
tumor cells, as evidenced by the positive correlation of PRPS2 expression levels and
abundance of TAM and MDSC populations. In addition, the expression of CCL2,
mediated by PRPS2, was identified as a key factor in the chemotaxis of TAM and
MDSC, as evidenced by a significant reduction in macrophages and MDSC numbers
in the presence of the CCL2 antibody. Furthermore, in vivo experiments confirmed
the involvement of PRPS2 in mediating CCL2 expression. PRPS2 was also found to
regulate immune cell infiltration into tumors, whereas knockdown of CCL2 reversed
the phenotype induced by PRPS2 overexpression. In tumor tissues from mice
implanted with LLC-PRPS2-shCCL2 cells, a notable increase in CD4+ and CD8+ T
cell percentages, alongside a marked decrease in TAMs, M-MDSC, and PMN-MDSC,
was observed.
Conclusion: Taken together, PRPS2 plays a crucial role in modulating the antitumor
immune response by reprogramming CCL2-mediated TAM and MDSC.
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INTRODUCTION

Lung cancer is a pervasive malignancy with a global impact.1

Recent estimates from GLOBOCAN in 2018 revealed an
incidence of approximately 2 094 000 new cases worldwide.2

Lung cancer is the second most prevalent cancer in both
men (1 369 000 cases) and women (725 000 cases).2 The
five-year relative survival rate for all subtypes of lung cancer,
including non-small cell lung cancer and small cell lung can-
cer, is a mere 19%.3 These statistics highlight the pressing
need to explore novel therapeutic strategies for lung cancer,
aiming to significantly improve patient outcomes and sur-
vival rates.Qing Liu and Ningzi Wu contributed equally to this work.
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In addition to cancer cells, the tumor microenviron-
ment consists of a diverse array of immune cells, including
T cells, tumor-associated macrophages (TAM), and
myeloid-derived suppressor cells (MDSC).4–6 The intricate
interplay between cancer cells and immune cells is crucial
for shaping the tumor immune landscape, exerting signifi-
cant effects on antitumor immune responses, tumor cell
proliferation, and metastasis.5,7 TAM, as a predominant
immune cell subset infiltrating tumors, exhibit remarkable
phenotypic plasticity and can be broadly categorized into
two distinctive polarization named M1 and M2
macrophages.7,8 M1 macrophages display potent antitu-
mor effector functions, including cytotoxicity and
antibody-dependent cell-mediated cytotoxicity (ADCC),
which contribute to the elimination of malignant cells.
Conversely, M2 macrophages promote tumor growth,
metastatic dissemination, angiogenesis, and dampen T
cell-mediated immune responses.7 Additionally, within
the tumor microenvironment, various populations of poly-
morphonuclear cells (PMN), including classical PMN,
polymorphonuclear myeloid-derived suppressor cells
(PMN-MDSC), and activated PMN-MDSC, contribute to
the immunosuppressive activities observed in tumor tis-
sues.9,10 Therefore, targeting the chemotaxis of TAM and
MDSC represents a promising therapeutic strategy for
antitumor therapy.

Phosphoribosyl pyrophosphate synthetase 2 (PRPS2)
has emerged as an oncogenic factor in various cancer
types, supported by its documented involvement in pro-
moting carcinogenesis.11 Previous in vitro studies from
our group have unveiled the role of PRPS2 in enhancing
cisplatin resistance in lung cancer through the promotion
of M2 macrophage polarization.12 Nevertheless, the regu-
latory impact of PRPS2 on TAM and MDSC within the
in vivo context, particularly in immunocompetent mice,
remains largely unexplored. Notably, TAM and MDSC
hold critical significance within the tumor microenviron-
ment by exerting potent immune suppressive effects and
facilitating tumor progression. Intriguingly, CCL2, a
potent chemokine known to attract monocytes and vari-
ous immune cell populations, has been identified as a piv-
otal chemotactic factor involved in the recruitment of
TAM and MDSC into tumor tissues.13 In detail, CCL2 is
recognized for its role in recruiting TAMs to tumor tissues
and influencing their polarization, as well as MDSC. More
importantly, the CCR2/CCL2 axis is required for MDSC
and TAM functional specialization.13 However, it remains
unclear whether the regulatory roles of PRPS2 in TAMs
and MDSC are linked to CCL2. Herein, we aimed to shed
light on the roles of PRPS2 in regulating the recruitment
of TAM and MDSC, while also investigating the potential
interplay between PRPS2 and CCL2 in the context of lung
cancer. Our results provided novel insights into the crucial
role of PRPS2 in modulating the anticancer immune
response through the reprogramming of CCL2-mediated
TAM and MDSC functions.

METHODS

Cell culture

Lewis lung cancer (LLC) cell lines were obtained from the
ATCC and cultured in Dulbecco’s modified Eagle medium
(DMEM) supplemented with 10% fetal bovine serum (FBS,
Hyclone) and 10 μg/mL penicillin–streptomycin (Gibco).
Cells were cultured at 37�C in a humidified atmosphere with
5% CO2.

Western blotting

Western blotting was conducted as previously described.14

The following primary antibodies were used including
PRPS2 antibody (ThermoFisher, cat no: PA5-42007; at a
dilution of 1:2000), CCL2 antibody (Abcam, cat no:
ab25124; at a dilution of 1:1000), and glyceraldehyde
3-phosphate dehydrogenase (GAPDH) antibody (CST, cat
no: 2118; at a dilution of 1:5000). Briefly, 50 μg of protein
was subjected to electrophoresis on a 12% (v/v) SDS-
polyacrylamide gel. Subsequently, the protein was trans-
ferred onto a polyvinylidene fluoride (PVDF) membrane
through electroblotting. To prevent nonspecific binding, the
membrane was exposed to a solution of phosphate buffered
saline (PBS) containing 5% non-fat milk for 1 h at room
temperature. Subsequently, the membrane was incubated
with primary antibodies overnight at 4�C. Following the
primary antibody incubation, a horseradish peroxidase-
conjugated secondary antibody was applied to the mem-
brane for 1 h. After three washes, the membrane was visual-
ized using an enhanced chemiluminescence system.

Quantitative real-time polymerase chain
reaction (qRT-PCR)

The qRT-PCR method was performed as previously
described.14 The primer sequences used are as follows:
PRPS2: Forward: 50-ATG CCTAACATCGTGCTCTTC-30,
Reverse: 50-GATCTCGACACTGGTCTCCTG-30; CCL2:
Forward: 5’-CAGCCAGATGCAATCAATGCC-30, Reverse:
50-TGGAATCCTGAACCCACTTCT-30; S100A8: For-
ward:50-AAATCACCATGCCCTCTACAAG-30, Reverse: 50-
CCCACTTTTATCACCATCGCAA-30; S100A9: Forward:
50-ATACTCTAGGAAGGAAGGACACC-30, Reverse: 50-TC
CATGATGTCATTTATGAGGGC-30; Nos2: Forward: 50-
GGAGTGACGGCAAACATGACT-30, Reverse: 50-TCG
ATGCACAACTGGGTGAAC-30; Arg1: Forward: 50-CT
CCAAGCCAAAGTCCTTAGAG-30, Reverse: 50-GGA
GCTGTCATTAGGGACATCA-30; GAPDH: Forward: 50-
AGGTCGGTGTGAACGGATTTG-30, Reverse: 50-TGTAG
ACCATGT AGTTGAGGTCA-30. In brief, TRIzol reagent
was used to extract total RNA. To synthesize complemen-
tary DNA (cDNA), 1 μg of total RNA was added to the
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SuperScript master mix, and reverse transcription was con-
ducted. Quantitative PCR was performed using SYBR Green
Supermix (Bio-Rad, USA). The expression levels of the
genes of interest in different samples were determined using
the comparative Ct value method. The mRNA levels were
normalized to the reference gene GAPDH, which served as
the internal control.

Stable cell line construction

LLC stable cell lines were established through the utilization
of lentiviral vectors.15 Specifically, PLKO.1-TRC (Addgene)
was employed to generate lentiviral vectors encoding
shRNAs, namely shPRPS2 (Sigma, TRCN0000025543),
LLC-shCCL2 (Sigma, TRCN0000034470), and shControl
(Sigma, SHC016). In addition, pLV-puro (Addgene) was uti-
lized to construct lentiviral vectors containing the mouse
PRPS2 gene. LLC cells transduced with the control virus
served as the negative control and were designated as LLC.
The production of lentivirus and subsequent cell infection
were carried out following the recommended lentiviral vec-
tor protocol provided by Addgene. Infected cells were
selected using puromycin for a period of 2 weeks to establish
stable cell lines.

In vitro transwell chemotaxis assay

The in vitro chemotaxis assay for TAM and MDSC was per-
formed as referenced.16 TAM (F4/80+CD206+) and MDSC
(CD11b+Gr-1+) were isolated from LLC mouse tumor using
flow cytometry. Then, 105 TAM or MDSC were added to
the upper chambers of transwell plates with 5-μm pore
inserts (Corning). Supernatants from various LLC, LLC-
PRPS2, LLC-shPRPS2 cells were added to the lower cham-
bers with or without neutralizing anti-CCL2 antibody
(500 ng/mL, eBioscience). After a 4-h incubation, the
migrated cells in the lower chambers were counted using a
hemocytometer.

Fluorescence-activated cell sorting analysis

The method for preparing single-cell suspensions from
tumor tissue and the fluorescence-activated cell sorting
(FACS) experiment were performed as previously
described.15 All of the antibodies for the FACS experiment
were purchased from Biolegend. Specific details regarding
the antibodies used can be found in the reference.

ELISA

The Ccl2 enzyme-linked immunosorbent assay (ELISA)
method was performed as previously reported.14 In brief, to
ensure uniform protein quantities, the protein content was

determined using a bicinchoninic acid (BCA) assay
(Thermo Scientific). CCL2 levels were then assessed using
an ELISA assay following the instructions provided by the
manufacturer (R&D Systems).

LLC tumor model construction and drug
treatment

The LLC tumor model and drug treatment methods were
performed as previously reported.17 The different stable cell
lines were cultured and subsequently implanted subcutane-
ously into C57BL/6 mice (female, 6–8 week-old). Tumor
growth was measured using calipers on the dimensions, and
the tumor volume was calculated according to these mea-
surements. To deplete macrophages, clodronate liposomes
(200 μL, FormuMax Scientific Inc., USA) or empty lipo-
somes were injected intraperitoneally into the mice 24 h
prior to the implantation of tumor cells, and subsequently
every 5 days. For depletion of MDSC, anti-Gr-1 antibody
(2 mg/kg, twice weekly) was administered via intraperitoneal
injection. Animal studies were approved by Fujian Medical
University Union Hospital.

Statistical analysis

One-way analysis of variance (ANOVA) or two-way
ANOVA tests were conducted in GraphPad Prism 8. The
error bars represent the mean ± standard deviation (SD). A
statistical significance was concluded as follows: *p < 0.05,
**p < 0.01, ***p < 0.001, ns, not significant.

RESULTS

PRPS2 regulated chemotaxis of TAM and
MDSC in tumor cells

In this study, we successfully manipulated the expression of
PRPS2 in tumor cells, as evidenced by the corresponding
decrease/increase in PRPS2 mRNA levels (Figure 1a) and
protein levels (Figure 1b) in LLC cells transfected with
shPRPS2 or PRPS2-containing plasmid, respectively. Inter-
estingly, we made an intriguing observation that the migra-
tion of macrophages (Figure 1c) was significantly reduced,
while the number of MDSC cells (Figure 1d) was elevated.
These findings indicated that PRPS2 plays a regulatory role
in the chemotaxis of TAM and MDSC within the tumor
microenvironment.

PRPS2-mediated CCL2 in tumor cells regulates
chemotaxis of TAM and MDSC

In order to elucidate the underlying mechanism by which
PRPS2 regulates the chemotaxis of TAM and MDSC, we
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conducted further investigations to explore the relationship
between PRPS2 and the chemokine CCL2. A positive corre-
lation between PRPS2 and CCL2 was observed, as suggested
by the decrease in CCL2 levels at the mRNA (Figure 2a),
intracellular (Figure 2b), and extracellular levels (Figure 2c)
upon PRPS2 knockout, while PRPS2 overexpression led to
an increase in CCL2 levels (Figure 2a–c). To validate the
association between PRPS2 and CCL2, we introduced a
CCL2 antibody into the system. Interestingly, we observed
a significant reduction in the number of macrophages
(Figure 2d) and MDSC (Figure 2e) in the presence of the
CCL2 antibody, suggesting that PRPS2-mediated regulation
of CCL2 in tumor cells plays a crucial role in the chemotaxis
of TAMs and MDSC.

PRPS2 mediates CCL2 expression

We conducted an in vivo animal study to investigate the
relationship between PRPS2 and CCL2. First, we observed
a significant decrease in both tumor volume and tumor
weight in mice implanted withLLC-shPRPS2 cells
(Figure 3a). Conversely, mice implanted withLLC-PRPS2
cells displayed an increase in tumor volume and tumor
weight (Figure 3b). Intriguingly, we also observed a similar
trend in CCL2 levels, both at the mRNA and protein
levels, in tumor tissues (Figure 3c and d), further confirm-
ing the positive correlation between PRPS2 and CCL2 in
the LLC tumor tissues.

PRPS2 regulates immune cell infiltration into
tumors

We then proceeded to investigate the impact of PRPS2 on
immune cell infiltration into tumors by examining the
percentage of T cells (CD4+ and CD8+), TAM, and
MDSC, as well as their associated biomarkers. Remark-
ably, in the tumor tissues of mice implanted with LLC-
shPRPS2 cells, we observed a significant increase in the
percentage of CD4+ T cells (Figure 4a) and CD8+ T cells
(Figure 4b), along with a notable reduction in the percent-
age of TAM (Figure 4c), M-MDSC (Figure 4d), and PMN-
MDSC (Figure 4e). Conversely, in the tumor tissues
derived from mice implanted with LLC-PRPS2 cells, we
observed a significant decrease in the percentage of CD4+
T cells (Figure 4a) and CD8+ T cells (Figure 4b), coupled
with a significant increase in the percentage of TAMs
(Figure 4c), M-MDSC (Figure 4d), and PMN-MDSC
(Figure 4e).

Furthermore, we assessed the relative mRNA levels of
S100A8 (Figure 4f), S100A9 (Figure 4g), Nos2 (Figure 4h),
and Arg1 (Figure 4i) in the tumor tissues. Notably, we found
that the mRNA levels of these biomarkers were significantly
decreased in the tumor tissues of mice implanted with LLC-
shPRPS2 cells, whereas they were significantly increased in
the tumor tissues of mice implanted with LLC-PRPS2 cells.
Collectively, these findings provide evidence that PRPS2
may play a role in regulating immune cell infiltration into
tumors.

F I G U R E 1 PRPS2 regulates chemotaxis of tumor-associated macrophages (TAM) and myeloid-derived suppressor cells (MDSC) in tumor cells.
(a) Relative mRNA and (b) protein levels of PRPS2 in control Lewis lung cancer (LLC), LLC-shPRPS2, and LLC-PRPS2 cells. (c) Number of migrated
macrophages and (d) MDSC in a transwell chemotactic assay. Four wells per group. Statistical significance was analyzed using one-way analysis of variance
(ANOVA).

1742 LIU ET AL.



F I G U R E 3 PRPS2 mediates CCL2 expression in vivo. (a) Lewis lung cancer (LLC) tumor volume at day 7, 10, and 14, and representative tumor images
at day 14. Statistical significance was analyzed using two-way analysis of variance (ANOVA). (b) Tumor weight at day 14. Eight mice per group. (c) The
mRNA and (d) protein levels of CCL2 in control LLC, LLC-shPRPS2, and LLC-PRPS2 tumor tissues. Four mice per group. Statistical significance was
analyzed using one-way ANOVA.

F I G U R E 2 PRPS2-mediated CCL2 in tumor cells regulates chemotaxis of tumor-associated macrophages (TAM) and myeloid-derived suppressor cells
(MDSC). (a) Relative mRNA and (b) protein levels of Ccl2 in control Lewis lung cancer (LLC), LLC-shPRPS2, and LLC-PRPS2 cells. (c) CCL2 protein level
in the culture medium of control LLC, LLC-shPRPS2, and LLC-PRPS2 cells. (d) Number of migrated macrophages and (e) MDSC in a transwell chemotactic
assay using isotype or anti-CCL2 antibody. Four wells per group. Statistical significance was analyzed using one-way analysis of variance (ANOVA).
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Knockdown of CCL2 reversed the phenotype of
PRPS2 overexpression

To further validate the positive correlation between PRPS2
and CCL2, we conducted in vitro experiments by xenograft-
ing mice with LLC-PRPS2-shCCL2 cells. Initially, we suc-
cessfully achieved CCL2 knockdown, as evidenced by a
significant decrease in CCL2 mRNA levels (Figure 5a) and
secretion (Figure 5b) in the LLC-PRPS2-shCCL2 cells. Sub-
sequently, we observed a notable reduction in both tumor
volume and tumor weight in mice implanted with LLC-
PRPS2-shCCL2 cells (Figure 5c and d). As expected, we also
observed a similar trend in CCL2 levels, both at the mRNA
and protein levels, in tumor tissues (Figure 5e,f). The
mRNA and protein expression levels of Ccl2 were both sig-
nificantly reduced in the LLC-PRPS2-shCCL2 cells. Addi-
tionally, in the tumor tissues of mice implanted with LLC-
PRPS2-shCCL2 cells, we observed a significant increase in
the percentage of CD4+ T cells (Figure 5g) and CD8+ T
cells (Figure 5h), accompanied by a significant decrease in

the percentage of TAMs (Figure 5i), M-MDSC (Figure 5j),
and PMN-MDSC (Figure 5k). These findings suggested that
knockdown of Ccl2 reversed the phenotype associated with
PRPS2 overexpression.

Depletion of TAM and MDSC reverses the
phenotype of PRPS2 overexpression

To investigate the impact of depleting TAMs and MDSC on
the phenotype resulting from PRPS2 overexpression, we uti-
lized clodronate liposomes (CL) and anti-Gr-1 antibody in a
xenograft animal model. Remarkably, the TAM and MDSC
depletion groups exhibited a significant reduction in both
tumor volume and tumor weight (Figure 6a,b).

We then assessed the composition of immune cells
within the tumor microenvironment. Specifically, we ana-
lyzed the percentages of CD4 T cells (Figure 6c), CD8 T cells
(Figure 6d), TAM (CD45 + F4/80 + CD206+) (Figure 6e),
M-MDSC (CD45 + CD11b + Ly6C+) (Figure 6f), and

F I G U R E 4 PRPS2 regulates immune cell infiltration into tumors. Percentage of (a) CD4 T cells (CD3+CD4+), (b) CD8 T cells (CD3+CD8+),
(c) tumor-associated macrophages (TAM) (CD45+F4/80+CD206+), (d) M-MDSC (CD45+CD11b+Ly6C+), and (e) PMN-MDSC (CD45+CD11b+Ly6G+) in
control Lewis lung cancer (LLC), LLC-shPRPS2, and LLC-PRPS2 tumor tissues at day 14. Relative mRNA levels of (f) S100A8, (g) S100A9, (h) Nos2, and
(i) Arg1 in control LLC, LLC-shPRPS2, and LLC-PRPS2 tumor tissues at day 14. Four mice per group. Statistical significance was analyzed using one-way
analysis of variance (ANOVA).
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PMN-MDSC (CD45 + CD11b + Ly6G+) (Figure 6g).
Notably, upon TAM and MDSC depletion, we observed a
significant increase in the percentages of CD4 T cells and
CD8 T cells, accompanied by a significant decrease in the
percentages of TAM, M-MDSC, and PMN-MDSC
(Figure 6c–g).

These findings suggested PRPS2 promoted the infiltra-
tion of TAM and MDSC into tumors. The use of clodronate
liposomes and anti-Gr-1 antibody effectively reversed the
phenotypic effects of PRPS2 overexpression, emphasizing

the importance of TAM and MDSC in mediating the func-
tions of PRPS2 in the tumor microenvironment.

DISCUSSION

Our study investigated the role of PRPS2 in regulating the
chemotaxis of TAM and MDSC within the tumor microen-
vironment. TAM and MDSC are known to contribute to the
immunosuppressive milieu in cancer.5,7,18 Previous research

F I G U R E 5 Knockdown of CCL2 reverses the phenotype of PRPS2 overexpression. (a) Relative mRNA level of CCL2 in control Lewis lung cancer (LLC),
LLC-PRPS2-shControl, and LLC-PRPS2-shCCL2 cells in vitro. (b) CCL2 protein level in the culture medium of control LLC, LLC-PRPS2-shControl, and
LLC-PRPS2-shCCL2 cells. Four wells per group. Statistical significance was analyzed using one-way analysis of variance (ANOVA). (c) LLC tumor volume at
day 7, 10, and 14. Statistical significance was analyzed using two-way ANOVA. (d) Tumor weight and representative tumor images at day 14. Eight mice per
group. The (e) mRNA and (f) protein levels of Ccl2 in control LLC, LLC-PRPS2-shControl, and LLC-PRPS2-shCCL2 tumor tissues. (g) Percentage of CD4 T
cells (CD3+CD4+), (h) CD8 T cells (CD3+CD8+), (i) tumor-associated macrophages (TAM) (CD45+F4/80+CD206+), (j) M-MDSC (CD45+CD11b+Ly6C+)
and (k) PMN-MDSC (CD45+CD11b+Ly6G+) in control LLC, LLC-PRPS2-shControl, and LLC-PRPS2-shCcl2 tumor tissues at day 14. Four mice per group.
Statistical significance was analyzed using one-way ANOVA.
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has reported an association between increased TAM fre-
quency and poor prognosis in several human tumors.7

MDSC, on the other hand, exhibit myeloid lineage charac-
teristics and diverse cellular composition, enabling them to
negatively regulate immune responses against cancer.18

While TAM and MDSC are traditionally considered distinct
cell populations, their boundaries are not clearly defined,
and they share common feature. Herein, we modulated the
expression of PRPS2 in tumor cells and observed a signifi-
cant impact on macrophage migration and MDSC number.
These findings suggest that PRPS2 plays a regulatory role in
modulating the chemotaxis of TAM and MDSC within the
tumor microenvironment.

Prior investigations have established the essential role of
the CCR2/CCL2 axis in the accumulation and functional
specialization of MDSC and TAM.19 Within tumors, TAM
are largely derived from CCR2+ monocytes, which are
recruited from the bone marrow by CCL2.8 In another
study, MDSC subsets had shown a positive correlation with

CCL2.20 Herein, to elucidate the underlying mechanism, we
explored the relationship between PRPS2 and the chemo-
kine CCL2. Our results demonstrated a positive correlation
between PRPS2 and CCL2, with PRPS2 knockout leading to
decreased CCL2 levels, while PRPS2 overexpression resulted
in increased CCL2 levels. Furthermore, the presence of a
CCL2 antibody led to a reduction in the number of macro-
phages and MDSC, indicating the involvement of
PRPS2-mediated regulation of CCL2 in the chemotaxis
of TAM and MDSC.

In order to validate our in vitro findings, we conducted
an in vivo animal study to further investigate the role of
PRPS2 in tumor development. Consistent with our in vitro
observations, mice implanted with PRPS2 knockdown cells
exhibited a significant reduction in tumor volume and
weight, concomitant with a decrease in CCL2 levels within
the tumor tissues. To understand the immune cell landscape
in the tumor microenvironment, we assessed the composi-
tion of immune cells involved in both innate and adaptive

F I G U R E 6 Depletion of tumor-associated macrophages (TAM) and myeloid-derived suppressor cells (MDSC) reverses the phenotype of PRPS2
overexpression. (a) Lewis lung cancer (LLC) tumor volume at day 7, 10, and 14. (b) Tumor weight at day 14. Eight mice per group. (c) Percentage of CD4 T
cells (CD3+CD4+), (d) CD8 T cells (CD3+CD8+), (e) TAM (CD45+F4/80+CD206+), (f) M-MDSC (CD45+CD11b+Ly6C+) and (g) PMN-MDSC
(CD45+CD11b+Ly6G+) in LLC-PRPS2 tumor tissues at day 14 from mice treated with control reagent (control liposomes and isotype antibody), clodronate
liposomes (CL), or anti-Gr-1 antibody. Four mice per group. Statistical significance was analyzed using one-way analysis of variance (ANOVA).
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immunity. Tumor tissues consist of various immune cell
types, including T cells, TAM, and two distinct subsets of
MDSC: M-MDSC and PMN-MDSC.5,7,9,18 M-MDSC, char-
acterized by their monocytic lineage origin and identified as
CD11b + Ly6C + Ly6G- cells with a monocyte-like mor-
phology, play a significant role in immunosuppression and
regulation of immune responses within tumor tissues.9,18

PMN-MDSC, distinguished by their polymorphonuclear
morphology and expression of markers such as
CD11b + Ly6C-Ly6G+, exhibit unique immunosuppressive
functions similar to neutrophils and contribute to the inhibi-
tion of T cell responses and facilitation of immune evasion
by tumors.18 TAM represents a significant population of
immune cells within the tumor microenvironment, along-
side MDSC. TAMs are often classified into two distinct
populations: M1 macrophages, which exhibit proinflamma-
tory properties, and M2 macrophages, which are associated
with anti-inflammatory functions.5,7,9,18 While TAM and
MDSC are recognized as distinct entities, the boundaries
between them are not always clear, as they share many char-
acteristics.5,7,9,18 To comprehensively investigate the impact
of PRPS2 on the recruitment of these immune cell popula-
tions, we employed fluorescence-activated cell sorting analy-
sis. Our results revealed that mice implanted with PRPS2
knockdown cells displayed an increased percentage of
CD4+ and CD8+ T cells, accompanied by a decreased per-
centage of TAM, M-MDSC, and PMN-MDSC within the
tumor tissues. In contrast, mice implanted with
PRPS2-overexpressing cells exhibited an opposite pattern in
the composition of immune cells.

In addition to investigating the immune cell populations,
we assessed the impact of PRPS2 on the regulation of spe-
cific biomarkers. S100A8 and S100A9 are recognized bio-
markers associated with myeloid cells, including neutrophils
and macrophages. Nos2 exhibits predominant expression in
macrophages, dendritic cells, and neutrophils, while Arg1 is
closely associated with macrophages and MDSC. Notably,
our study revealed significant reductions in the mRNA
levels of these biomarkers in the tumor tissues of mice
implanted with LLC-shPRPS2 cells. Conversely, there were
substantial increases in the mRNA levels of these bio-
markers in the tumor tissues of mice implanted with LLC-
PRPS2 cells. These findings collectively provide compelling
evidence suggesting the potential role of PRPS2 in the regu-
lation of immune cell infiltration within tumor
microenvironments.

Furthermore, we investigated the impact of depleting
TAM and MDSC on the phenotype resulting from PRPS2
overexpression. TAM and MDSC depletion resulted in
reduced tumor volume and weight, along with increased
percentages of T cells and decreased percentages of TAM,
M-MDSC, and PMN-MDSC within the tumor microenvi-
ronment. These results indicate that TAMs and
MDSCMDSC play a crucial role in mediating the functions
of PRPS2 in the tumor microenvironment.

Finally, we have shown a positive correlation between
PRPS2 and CCL2, and our in vivo findings further support

the importance of PRPS2 in modulating immune cell infil-
tration into tumors. The use of clodronate liposomes and
anti-Gr-1 antibody effectively reversed the phenotypic
effects of PRPS2 overexpression, highlighting the signifi-
cance of TAM and MDSC in mediating the functions of
PRPS2 in the tumor microenvironment. While these find-
ings are compelling, a limitation of this study was in the uti-
lization of a single cell line (LLC cells) and its corresponding
animal model. Thus, future investigations should validate
these findings across various cell lines and animal models.
Nonetheless, these findings enhance our comprehension of
the regulatory mechanisms involved in immune cell recruit-
ment in cancer and propose PRPS2 as a promising target for
therapeutic interventions.

In conclusion, PRPS2 regulated the chemotaxis of TAM
and MDSC in tumor cells by controlling CCL2 expression.
In vivo experiments confirmed the involvement of PRPS2 in
mediating CCL2 expression and regulating immune cell
infiltration into tumors. Knockdown of CCL2 reversed the
effects of PRPS2 overexpression. These findings underscored
the crucial role of PRPS2 in reprogramming CCL2-mediated
TAM and MDSC functions, shaping the antitumor immune
response in lung cancer.
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