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Abstract: Upper tract urothelial carcinoma (UTUC) presents aggressive features and a
tumor microenvironment with T cell depletion. However, the role of tumor-associated
neutrophils in UTUC remains unclear. This study aimed to investigate how UTUC tumor-
derived factors modulate neutrophils and their impact on T cell immune responses. Our
findings demonstrate that UTUC secreted tumor-derived factors, with apolipoprotein A1
(Apo-A1) being the predominant factor, which upregulated arginase-1 expression in neu-
trophils. STAT3 activation was responsible for the upregulation of arginase-1 in neutrophils.
Blocking the interactions between Apo-A1 and its receptors reduced arginase-1 expression
in neutrophils treated with tumor tissue culture supernatant (TTCS). Moreover, both CD4+

T and CD8+ T cell proliferation were inhibited by neutrophils treated with Apo-A1 or TTCS.
Importantly, blocking Apo-A1 signaling in neutrophils reversed the inhibitory effects on T
cells. In UTUC patients, the neutrophil-to-lymphocyte ratio was higher than that in healthy
subjects. The expression of arginase-1 in neutrophils and the level of Apo-A1 within UTUC
tumors were negatively correlated with tumor-infiltrating CD4+ T cells. Additionally,
neutrophils from UTUC patients showed increased expression of arginase-1 and exhib-
ited inhibitory effects of T cell functions. These findings suggest that UTUC orchestrates
an immune-suppressive microenvironment through Apo-A1-mediated upregulation of
arginase-1 in neutrophils, ultimately leading to the inhibition of T cell proliferation.

Keywords: upper tract urothelial carcinoma; tumor tissue culture supernatant; neutrophils;
arginase-1; T cells
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1. Introduction
Cancer treatment has made significant advancements in recent years, particularly

through the revolutionized approach of cancer immunotherapy. PD-1/PD-L1-targeted
immunotherapy has had a profound impact on cancer treatment, leading to long-lasting
clinical benefits across various types of tumors [1]. Given that PD-1 serves as an in-
hibitory receptor for T cell response, tumor cells can upregulate PD-1 ligands to attenuate
T cell-mediated anti-tumor immunity [2]. Despite the promise of PD-1/PD-L1-targeted
therapies, only a subset of cancer patients experience significant clinical benefit from these
treatments [3]. A contributing factor to this limited efficacy is the presence of immunosup-
pressive cells in the tumor microenvironment (TME), such as regulatory T cells, myeloid-
derived suppressor cells (MDSCs), tumor-associated macrophages (TAMs), and neutrophils,
all of which collectively foster an immune-suppressive environment that inhibits effec-
tive antitumor immunity [4]. Additionally, metabolic reprogramming of immune cells,
driven by lipid signaling within the TME, further alters their function, promoting immune
evasion and therapy resistance [5]. Specifically, tumor-associated immunosuppressive
cells can render T cells ineffective and contribute to resistance against PD-1/PD-L1-based
immunotherapies [6].

Upper tract urothelial carcinoma (UTUC) is a type of urothelial carcinoma that is
known to exhibit more aggressive features compared to bladder cancer. Approximately 60%
of UTUC cases are invasive at diagnosis, whereas bladder cancer represents only 15–25%
with aggressive features [7]. The molecular characterization of UTUC predominantly
displays luminal–papillary phenotype, which is associated with a T cell-depleted contexture
in TME [8]. Understanding the cellular and molecular mechanisms that shape the TME in
UTUC is therefore critical for developing more effective and targeted therapeutics for this
cancer type.

The neutrophil-to-lymphocyte ratio (NLR) in peripheral blood is a prognosis marker
in many cancers [9,10]. Higher preoperative and postoperative NLRs in UTUC patients
are associated with poor clinical outcomes [11–13], suggesting a link between neutrophils
and UTUC. Neutrophils are the most prevalent circulating immune cells competent for
host defense against infection. Recently, increasing studies have illustrated the dual role of
neutrophils in cancer progression [14]. Factors released from neutrophils, such as arginase-
1, MMP-9 (matrix metalloproteinase-9), or VEGFs, can promote angiogenesis and tumor
development. On the other hand, neutrophils also express TRAIL or ROS that can inhibit
tumor development [15].

The peripheral immature neutrophils and granulocyte MDSCs (G-MDSCs) exert im-
munosuppressive properties, and their numbers tend to increase as cancer progresses [15].
Tumor-derived factors, including cytokines and lipids secreted by stromal cells, drive
the recruitment and differentiation of these suppressive immune cells within the TME.
These cells exhibit inhibitory effects on T cell activity and positively correlate with tumor
progression and metastasis [16,17]. In bladder cancer, tumor-derived GM-CSF has been
shown to activate neutrophils, inducing the expression of PD-L1 and inhibiting T cell acti-
vation [18]. Targeting infiltrated neutrophils in mouse bladder tumors has been explored as
a potential strategy to enhance the efficacy of immune checkpoint inhibitors [19]. Similarly,
GM-CSF derived from breast cancer could lead to T cell suppression through the induction
of arginase-1 expression in myeloid cells [20]. Arginase-1 catalyzes the breakdown of
arginine into ornithine and urea, leading to the metabolic changes that suppress T cell
proliferation [21,22]. Moreover, the inhibition of arginase-1 production in neutrophils
has been investigated as a therapeutic approach to induce hyperactivation of anergic T
cells from multiple myeloma patients [23]. This evidence underscores the critical role of
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neutrophils, particularly through the expression of PD-L1 and arginase-1, as mediators of
tumor-induced T cell suppression.

The use of metabolites derived from lipids, such as those from lipoprotein hydrolysis
or fatty acid oxidation, is implicated in the immune suppression of macrophages and
neutrophils [5]. For example, fatty acid transport protein 2, expressed on neutrophils, is
involved in lipid accumulation, and lipid mediators like prostaglandin E2 can impair T
cell functions [24]. Moreover, cholesterol efflux in macrophages can drive TAM-mediated
tumor progression, including inhibition of IFN-γ induced gene expression [25]. These
lipid-driven alterations not only support tumor cell energy demands but also foster a
pro-tumor immune phenotype within the TME [24,25]. In UTUC, increased neutrophils
correlate with malignant progression and suppression of lymphocyte-mediated anti-tumor
responses [11,12]. While tumor-associated neutrophils in UTUC have been primarily
studied in the context of NLR and clinical outcomes, the underlying molecular mechanisms
remain largely unexplored.

In this study, we investigate the role of tumor-derived factors in modulating neutrophil
function in UTUC. Using a proteomic array approach, we identified Apolipoprotein A1
(Apo-A1) as a secreted factor from UTUC tumors that exerts a modulatory effect on
neutrophils. We found that Apo-A1 upregulated the expression of arginase-1 in neutrophils.
This upregulation was mediated through signal transducer and activator of transcription-3
(STAT3) activation. Importantly, blocking the interactions between Apo-A1 and its receptors
abolished the immunosuppressive functions of neutrophils. Additionally, we analyzed the
phenotypic and functional characteristics of peripheral neutrophils, as well as the NLR
values in UTUC patients.

2. Materials and Methods
2.1. Study Participants

This study enrolled participants from regular urological practices at the Chia-Yi Chris-
tian Hospital. The tumor lesions in the renal pelvis and ureter were confirmed by computed
tomography. The diagnosis of UTUC was confirmed by pathological evidence from endo-
scopic biopsies or surgical resection of urinary tract cancers. Table 1 presents hematological
data, including proportions of peripheral neutrophil and lymphocyte, as well as the charac-
teristics of the study participants. Ethical approval was obtained from the Chia-Yi Christian
Hospital Ethics Committee (No. 2020121), and the study was conducted in accordance
with the ethical principles outlined in the Declaration of Helsinki for medical research
involving human subjects. Participants gave informed consent to participate in the study
before taking part.

Table 1. Characteristics of the study participants. * p < 0.05, compared with healthy controls.

UTUC Patients
(n = 20)

Healthy Subjects
(n = 21)

Age, year (mean ± SD) 67.65 ± 12.51 69.19 ± 5.14

Gender, n (%)

Male 10 (50) 11 (52.2)

Female 10 (50) 10 (47.8)

Tumor site, n (%)

Ureter 12 (60)

Renal pelvic 11 (55)

Both 3 (15)
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Table 1. Cont.

UTUC Patients
(n = 20)

Healthy Subjects
(n = 21)

T stage, n (%)

≤pT2 9 (45)

>pT2 11 (55)

Neutrophils, % * 71.55 ± 9.15 63.97 ± 8.40

Lymphocytes, % 21.59 ± 9.22 26.73 ± 8.69

NLR * 4.46 ± 3.52 2.69 ± 1.53

2.2. Tumor Tissue Culture Supernatant (TTCS) and Tumor-Infiltrating Cell Collection

Before collecting the TTCS, surgical isolated tumor tissue was washed with 1× PBS for
elimination of residual mucus and blood. The tissues were minced into small pieces using
sterile scissors and subsequently plated in RPMI1640 medium supplemented with penicillin
(100 units/mL, HIMEDIA, Mumbai, India), streptomycin (100 µg/mL, HIMEDIA, Mumbai,
India), and 10% fetal bovine serum (FBS, Gibco, Grand Island, NY, USA). The culture
was incubated for 24 h using 4 mL of medium per gram of tumor, and the supernatant
was collected after centrifugation. To collect the tumor-infiltrating cells, tumor tissues
were digested with collagenase D and DNase I, then passed through 100 µm cell strainers
(BD Falcon, Franklin Lakes, NJ, USA). After resuspending the cells in culture medium,
Ficoll-Paque gradient centrifugation was performed. Cells at the interface were collected
and washed with 1× PBS, and the cell count was determined after replacing PBS with
culture medium.

2.3. Protein Array

The collected TTCS and control medium were analyzed using a Human XL Cytokine
Array Kit (R&D Systems, Minneapolis, MN, USA). A total of 1.5 mL array buffer containing
250 µL TTCS or control medium was incubated with an array membrane overnight at
4 ◦C. The detection antibody cocktails were then added to the array membrane according
to the manufacturer’s protocol. Cytokine dots were performed by chemiluminescence
detection in the MultiGel-21 imaging system (TOPBIO, Taipei, Taiwan). Quantitative data
from images of the spot pixel density of cytokine array was performed by using MATLAB
software (version 9.6).

2.4. In Vitro Neutrophil Culture and Neutrophil/T Cell Coculture

Fresh neutrophils were isolated from the donors (purity > 99%, Figure S1) using
a human whole blood neutrophil isolation kit (Biolegend, San Diego, CA, USA) and
were resuspended in RPMI1640 medium supplemented with 100 unit/mL penicillin,
100 µg/mL streptomycin, and 10% FBS. Neutrophils were treated with 20% TTCS or
40 µg/mL Apolipoprotein A1 (Apo-A1, PROSPEC, Ness-Ziona, Israel) in 5% CO2 at 37 ◦C.
One hour later, neutrophils were washed with 1× PBS twice and dissolved in Trizol
reagent (Ambion, Carlsbad, CA, USA) for total RNA isolation. For phosphorylated STAT3
(pSTAT3) or arginase-1 expression, neutrophils were stained with pSTAT3 antibody (Bi-
olegend, San Diego, CA, USA) or arginase-1 antibody (Biolegend, San Diego, CA, USA),
respectively. In blocking experiments associated with Apo-A1 signaling, neutrophils were
preincubated with anti-SRB1 (reaction concentration 1:200, Novus Biologicals, Littleton,
CO, USA), anti-ABCA1 (1:200, Novus Biologicals, Littleton, CO, USA), or anti-SRB1 and
anti-ABCA1 Abs simultaneously for 30 min before they encountered the TTCS or Apo-
A1. The STAT3-specific inhibitor JSI-124 (cucurbitacin I, Sigma-Aldrich, St. Louis, MO,
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USA) was preincubated with neutrophils for 10 min before TTCS or Apo-A1 treatment.
To compare the neutrophil function in T cell proliferation between UTUC patients and
healthy subjects, purified neutrophils from two groups were cocultured with T cells from
the donors.

CD4+ or CD8+ T cells from PBMCs of the donors were performed by negative selection
using a human T lymphocyte enrichment kit (BD Bioscience, San Jose, CA, USA). Neu-
trophils were cocultured with carboxyfluorescein succinimidyl ester (CFSE, ThermoFisher,
Eugene, OR, USA)-labeled CD4+ or CD8+ T cells (neutrophil:T = 1:1), in 96-well plates.
The coculture wells were incubated with anti-CD3/CD28 Abs (DynabeadsTM human T
activator CD3/CD28, ThermoFisher, Waltham, MA, USA) for T cell stimulation. Four
days after coculture, CFSE-diluted signal was assessed for determination of proliferative T
cell population.

2.5. RNA Extraction and Quantitative Real-Time PCR

The total RNA of the neutrophil was isolated using a GENEzolTM TriRNA Pure Kit
(Geneaid, Taipei, Taiwan) according to the manufacturer’s protocol. cDNA was synthe-
sized from 0.5 µg RNA using an MMLV Reverse Transcription Kit (Protech Technology
Enterprise, Taipei, Taiwan). Quantitative real-time PCR with an SYBR Green on StepOne
cycler (Applied Biosystems/Life Technologies, Foster City, CA, USA) was used to amplify
genes. Specific primers for the CD274 gene included F: 5′-TCACTTGGTAATTCTGGGAGC-
3′ and R: 5′-CTTTGAGTTTGTATCTTGGATGCC-3′; for the ARG1 gene, they included
F: 5′-GGCAAGGTGATGGAAGAAAC-3′ and R: 5′-AGTCCGAAACAAGCCAAGGT-3′;
for the ACTB gene, they included F: 5′-TGCGTGACATTAAGGAGAAG-3′ and R: 5′-
GCTCGTAGCTCTTCTCCA-3′. The expression of the target gene was determined relative
to that of β-actin, and the relative fold change was calculated by the ∆∆Ct method.

2.6. Flow Cytometry

The cells were resuspended with staining buffer (1× PBS containing 2% FBS and 2 mM
EDTA) and then stained with fluorescent dye-conjugated Ab at 4 ◦C, for 30 min in the dark.
For intracellular staining, the cells were fixed and permeabilized by Cytofix/Cytoperm
buffer (BD Biosciences, CA, USA) for 15 min. The cells were followed by staining with
fluorescent dye-conjugated Ab at 4 ◦C for 30 min in the dark. Before the pSTAT3-specific
Ab staining, cells were permeabilized by PhosflowTM perm buffer III (BD Biosciences, CA,
USA) for 30 min. Accuri C6 plus flow cytometer (BD Biosciences, CA, USA) was used for
evaluating the cell markers, and the data were further analyzed by FlowJo software (version
10). Mouse IgG1-PE (clone P3.6.2.8.1) and anti-human CD11b-PE (ICRF44) were purchased
from Thermo Fisher. Mouse IgG2b-APC (clone MPC-11), anti-human CD66b-FITC (G10F5),
CD15-FITC (SSEA-1), CD66b-PE (6/40c), pSTAT3-PE (13A3-1), CD45-PECy7 (2D1), CD15-
APC (SSEA-1), CD4-APC (RPA-T4), and arginase-1-APC (14D2C43) were purchased from
Biolegend. Anti-human CD8-FITC (clone RPA-T8), CD3-PE (UCHT1), PD-L1-PE (M1H1),
and 7-AAD were purchased from BD Biosciences.

2.7. Enzyme-Linked Immunosorbent Assay (ELISA) and Cytometric Bead Array (CBA)

The collected TTCS from UTUC patients was assayed for Apo-A1 expression, using
an ELISA kit (Abcam, Cambridge, MA, USA) according to the manufacturer’s instructions.
For assessing the cytokine level in supernatants from coculture experiments, the CBA kit
(BD Biosciences, CA, USA) including Abs for targeting IL-2, IL-4, IL-6, IL-10, IFN-γ, IL-17A,
and TNF was used according to the manufacturer’s recommendation and analyzed by
flow cytometry.
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2.8. Statistical Analysis

Statistical analysis was performed using GraphPad Prism version 7 (GraphPad Soft-
ware Inc., San Diego, CA, USA). Statistical comparisons were performed using an unpaired
t-test to compare the means between two groups, and the Mann–Whitney test for non-
normally distributed data. Spearman’s rank-correlation test was used to determine the
association between two markers. p-values < 0.05 were considered statistically significant.
The study participants’ characteristics are analyzed as means ± standard deviations.

3. Results
3.1. UTUC Tumor-Derived Apo-A1 Increased Arginase-1 Expression in Neutrophils

The tumor microenvironment secretome not only induced chemotaxis of neutrophils
but also orchestrated the phenotype of tumor-associated neutrophils [26,27]. To identify
tumor-derived factors, the supernatant from UTUC biopsy tissues was collected and an-
alyzed using a membrane-based antibody array (Figure 1A). The ten most upregulated
factors in the TTCS were identified as angiogenin, adiponectin, apolipoprotein A1 (Apo-A1),
macrophage migration inhibitory factor (MIF), EMMPRIN (extracellular matrix metallopro-
teinase inducer), MMP-9, growth differentiation factor 15 (GDF-15), lipocalin-2, vitamin
D-binding protein, and endoglin (Figure 1B).
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Figure 1. Arginase-1 expression was increased in neutrophils treated by UTUC tumor tissue cultured
supernatant (TTCS). (A) Proteome Profiler Cytokine Arrays of TTCS (right panel) or control medium
(ctrl medium, left panel) are presented. (B) Top ten upregulated proteins from the above protein array
were measured by image analysis software. (C) The RNA expression level of arginase-1 (left panel)
and PD-L1 (right panel) were measured in primary neutrophils treated with TTCS or control medium
(ctrl). (D,E) Primary neutrophils were treated with apolipoprotein A1 (Apo-A1), TTCS, or control
medium. The RNA expression level of arginase-1 was evaluated (D). The protein expression level
of arginase-1 is shown in a histogram (E, left panel), and the corresponding statistical analysis
is presented (E, right panel). Three independent experiments were performed. ** p < 0.01 and
*** p < 0.001, unpaired t-tests.

GM-CSF protein expression showed no significant difference between TTCS and
the control medium. To investigate whether UTUC-derived supernatant modulates neu-
trophils, neutrophils were treated with 20% TTCS. The expression of arginase-1 (ARG1)
was significantly increased (Figure 1C. ARG1, p = 0.003), whereas PD-L1 (CD274) expres-
sion remained unchanged (Figure 1C. CD274). Among the top three upregulated factors,
angiogenin was found to inhibit neutrophil degranulation, promoting angiogenesis by
suppressing angiostatin activity [28]. Adiponectin inhibited inflammatory cytokine and
promoted M2 macrophage phenotype, including the upregulation of IL-10 and arginase-1,
in macrophages [29,30]. Apo-A1, a well-known major structural protein of high-density
lipoprotein (HDL), regulates cholesterol trafficking and affects immune responses [31]. Pre-
vious studies demonstrated that Apo-A1 treatment directly attenuates neutrophil activity
in inflammatory conditions [32,33]. Additionally, HDL treatment was shown to increase
arginase-1 and Fizz-1 expression in primary murine macrophages [34].

In addition to the antibody array, tumor-derived factors were also analyzed via West-
ern blot, which revealed a marked increase in Apo-A1 levels in TTCS from UTUC patients
compared to the control medium (Figure S2). To determine which factors induced arginase-
1 expression in UTUC-derived supernatant, adiponectin and Apo-A1 were evaluated.
Quantitative real-time PCR showed that Apo-A1 significantly upregulated ARG1 expres-
sion in neutrophils (Figure 1D. ApoA1 vs. ctrl, p < 0.001; TTCS vs. ctrl, p = 0.006), while
adiponectin alone did not induce ARG1 expression (Figure S3). These findings were cor-
roborated by flow cytometry (Figure 1E. ApoA1 vs. ctrl and TTCS vs. ctrl, p < 0.001) and
Western blot analyses (Figure S4A,B. ApoA1 vs. ctrl and TTCS vs. ctrl, p = 0.001 and
p = 0.021). In summary, our findings demonstrate that Apo-A1 is markedly elevated in the
UTUC microenvironment and promotes arginase-1 expression in neutrophils.

3.2. STAT3 Activation Involved in Arginase-1 Upregulation of Neutrophils by Apo-A1 Signaling

The interactions of Apo-A1 with its receptors are well documented in lipid metabolism
and are known to mediate both pro- or anti-inflammatory immune responses [35,36]. To
explore whether Apo-A1 signaling regulates arginase-1 expression, neutralizing antibodies
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targeting Apo-A1 receptors, including anti-SRB1 (scavenger receptor class B type 1) and anti-
ABCA1 (ATP binding cassette transporter A1) antibodies (Abs), were utilized. Pretreatment
with either anti-SRB1 or anti-ABCA1 antibodies independently abolished Apo-A1-induced
arginase-1 upregulation in neutrophils, both at the RNA level (Figure 2A. ApoA1 + anti-
SRB1 vs. ApoA1, p = 0.005; ApoA1 + anti-ABCA1 vs. ApoA1, p < 0.001) and the protein
level (Figure 2B. ApoA1 + anti-SRB1 vs. ApoA1, p = 0.004; ApoA1 + anti-ABCA1 vs.
ApoA1, p < 0.001).
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anti-SRB1, anti-ABCA1 blocking Ab, or a combination of both two antibodies (TTCS + blockers) for 
30 min. Subsequently, they were treated with Apo-A1 (A,B) or TTCS (C,D). The RNA expression 
(A,C) and protein levels (B,D) of arginase-1 in neutrophils are presented in the left panel, with cor-
responding statistical analysis displayed in the right panel. (E) The dot plot illustrates the pSTAT3 
expression of neutrophils preincubated with STAT3-specific inhibitor (JSI-124) or Apo-A1 blockers 
(α-SRB1 + α-ABCA1), followed by treatment of Apo-A1, TTCS, or control medium (ctrl). The statis-
tical analysis data of (E) are presented in (F). (G) The histogram of arginase-1 protein of neutrophils 
treated with Apo-A1 (blue line), TTCS (red line), or control (filled gray) in combination with STAT3-
specific inhibitors (dotted line) is represented in the left panel, and the statistical analysis is shown 
in the right panel. Two independent experiments were performed. * p < 0.05, ** p < 0.01, and *** p < 
0.001, unpaired t-tests. 

Simultaneous blockade of SRB1 and ABCA1 receptors further suppressed arginase-
1 expression in neutrophils treated with TTCS, as shown by significant reductions at both 
the RNA level (Figure 2C. TTCS + blockers vs. TTCS, p < 0.001) and protein level (by flow 
cytometry: Figure 2D. TTCS + blockers vs. TTCS, p < 0.001; by Western blot: Figure S4A,B. 
TTCS + blockers vs. TTCS, p = 0.008). Similar results were observed in Apo-A1-treated 
neutrophils, with arginase-1 protein expression significantly reduced by receptor block-
ade (Figure S4A,B. ApoA1 + blockers vs. ApoA1, p = 0.001). These findings demonstrate 
that Apo-A1-induced arginase-1 expression in neutrophils can be effectively reversed by 

Figure 2. Apo-A1/pSTAT3 was responsible for arginase-1 upregulation in neutrophils treated by
TTCS of UTUC. (A–D) Neutrophils were preincubated with Apo-A1 receptor antibodies, including
anti-SRB1, anti-ABCA1 blocking Ab, or a combination of both two antibodies (TTCS + blockers) for
30 min. Subsequently, they were treated with Apo-A1 (A,B) or TTCS (C,D). The RNA expression
(A,C) and protein levels (B,D) of arginase-1 in neutrophils are presented in the left panel, with
corresponding statistical analysis displayed in the right panel. (E) The dot plot illustrates the pSTAT3
expression of neutrophils preincubated with STAT3-specific inhibitor (JSI-124) or Apo-A1 blockers (α-
SRB1 + α-ABCA1), followed by treatment of Apo-A1, TTCS, or control medium (ctrl). The statistical
analysis data of (E) are presented in (F). (G) The histogram of arginase-1 protein of neutrophils treated
with Apo-A1 (blue line), TTCS (red line), or control (filled gray) in combination with STAT3-specific
inhibitors (dotted line) is represented in the left panel, and the statistical analysis is shown in the
right panel. Two independent experiments were performed. * p < 0.05, ** p < 0.01, and *** p < 0.001,
unpaired t-tests.

Simultaneous blockade of SRB1 and ABCA1 receptors further suppressed arginase-1
expression in neutrophils treated with TTCS, as shown by significant reductions at both
the RNA level (Figure 2C. TTCS + blockers vs. TTCS, p < 0.001) and protein level (by flow
cytometry: Figure 2D. TTCS + blockers vs. TTCS, p < 0.001; by Western blot: Figure S4A,B.
TTCS + blockers vs. TTCS, p = 0.008). Similar results were observed in Apo-A1-treated
neutrophils, with arginase-1 protein expression significantly reduced by receptor blockade
(Figure S4A,B. ApoA1 + blockers vs. ApoA1, p = 0.001). These findings demonstrate
that Apo-A1-induced arginase-1 expression in neutrophils can be effectively reversed by
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neutralizing antibodies targeting SRB1 and ABCA1, highlighting the critical role of these
receptors in Apo-A1 signaling to induce arginase-1 expression in neutrophils.

The Apo-A1 induced signal transduction via the STAT3 pathway has been correlated
with anti-inflammatory response in macrophages [35]. To explore whether STAT3 activa-
tion is involved in TTCS-treated neutrophils, we analyzed the phosphorylation of STAT3
(pSTAT3) in response to Apo-A1 and TTCS treatment. Our findings revealed that both
Apo-A1 and TTCS treatment significantly upregulated pSTAT3 expression in neutrophils
(Figure 2E. left column; Figure 2F. ApoA1 vs. ctrl, p < 0.001; TTCS vs. ctrl, p = 0.005).
When neutrophils were pretreated with the STAT3-specific inhibitor JSI-124 (Figure 2E.
middle column), the increased pSTAT3 expression observed in the Apo-A1 and TTCS
groups was significantly suppressed (Figure 2E,F. ApoA1 + JSI124 vs. ApoA1, p = 0.002;
TTCS + JSI-124 vs. TTCS, p = 0.037). These results indicate that STAT3 phosphorylation is
specifically induced by Apo-A1 and TTCS treatment. To further investigate whether STAT3
activation mediated by Apo-A1 receptor signaling was responsible for the effects observed
in TTCS-treated neutrophils, neutralizing antibodies targeting Apo-A1 receptors, including
anti-SRB1 and anti-ABCA1, were utilized. Simultaneous blockade of SRB1 and ABCA1
receptors (Figure 2E. right column, blockers) significantly reversed the upregulation of
pSTAT3 expression in neutrophils (Figure 2E,F. ApoA1 + blockers vs. ApoA1, p < 0.001;
TTCS + blockers vs. TTCS, p = 0.005). To investigate whether STAT3 activation is respon-
sible for arginase-1 upregulation, neutrophils were pretreated with the STAT3-specific
inhibitor JSI-124 prior to Apo-A1 or TTCS exposure. As anticipated, pretreatment with
JSI-124 effectively abrogated arginase-1 expression in neutrophils induced by either Apo-A1
or TTCS (Figure 2G. ApoA1 + JSI124 vs. ApoA1 and TTCS + JSI-124 vs. TTCS, p < 0.001).
The above results showed that STAT3 activation was involved in arginase-1 upregulation
of neutrophils treated by Apo-A1 and TTCS.

3.3. Apo-A1 Signaling in Neutrophils Involved in UTUC Mediated T Cell Suppression

To determine whether the modulation of T cell functions by neutrophils in UTUC
depends on Apo-A1 in TTCS, neutrophils pretreated with either Apo-A1 or TTCS were
cocultured with T cells. Apo-A1- or TTCS-pretreated neutrophils reduced both the CD4+ T
(Figure 3A,B. ApoA1 vs. ctrl, p = 0.006; TTCS vs. ctrl, p < 0.001) and CD8+ T cell proliferation
(Figure 3C,D. ApoA1 vs. ctrl, p = 0.003; TTCS vs. ctrl, p = 0.002).
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Figure 3. Apo-A1 signaling in neutrophils involved in suppression of CD4 and CD8⁺ T cell prolifer-
ation treated by TTCS of UTUC. Neutrophils from the donors were preincubated with anti-SRB1 
and anti-ABCA1 Abs simultaneously or with PBS for 30 min. Subsequently, they were treated with 
TTCS, Apo-A1, or control medium (ctrl). After that, neutrophils were cocultured with carboxyfluo-
rescein succinimidyl ester (CFSE)-labeled CD4⁺ T cells (A,B) or CD8⁺ T cells (C,D) at a ratio of 1:1. 
The histograms display the proliferation of CD4⁺ T cells (A) and CD8⁺ T cells (C), and the statistical 
results for CD4⁺ T cells (B) and CD8⁺ T cells (D) are presented. One of three independent experi-
ments is represented. * p < 0.05, ** p < 0.01, and *** p < 0.001, unpaired t-tests. 
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Figure 3. Apo-A1 signaling in neutrophils involved in suppression of CD4 and CD8+ T cell prolifera-
tion treated by TTCS of UTUC. Neutrophils from the donors were preincubated with anti-SRB1 and
anti-ABCA1 Abs simultaneously or with PBS for 30 min. Subsequently, they were treated with TTCS,
Apo-A1, or control medium (ctrl). After that, neutrophils were cocultured with carboxyfluorescein
succinimidyl ester (CFSE)-labeled CD4+ T cells (A,B) or CD8+ T cells (C,D) at a ratio of 1:1. The
histograms display the proliferation of CD4+ T cells (A) and CD8+ T cells (C), and the statistical
results for CD4+ T cells (B) and CD8+ T cells (D) are presented. One of three independent experiments
is represented. * p < 0.05, ** p < 0.01, and *** p < 0.001, unpaired t-tests.

Given that the interaction between Apo-A1 and its receptors is responsible for arginase-
1 induction in neutrophils (Figure 2B,C), which likely affects T cell activity, neutralizing Abs
targeting Apo-A1 receptors on neutrophils were employed to assess their role in modulating
T cell responses. Blocking Apo-A1 receptors with these antibodies effectively reversed the
inhibitory effects on CD4+ T cell proliferation (Figure 3A,B. ApoA1 + blockers vs. ApoA1,
p = 0.015; TTCS + blockers vs. TTCS, p = 0.002) and CD8+ T cells proliferation (Figure 3C,D.
ApoA1 + blockers vs. ApoA1, p = 0.001; TTCS + blockers vs. TTCS, p = 0.017). These
findings demonstrate that Apo-A1 secreted by UTUC contributes to neutrophil-mediated
suppression of T cell proliferation.

3.4. The Characteristics of Neutrophils in UTUC Patients

Suppressive circulating neutrophils, identified as a lower-density population within
PBMCs, express typical granulocyte markers such as CD66b and CD15 and have been
associated with cancer progression [15,37]. In this study, 20 UTUC patients and 21 age-
matched healthy subjects were enrolled to evaluate neutrophil characteristics within PBMCs.
The proportion of CD66b+CD15+ neutrophils was significantly increased in UTUC patients
compared to healthy subjects (Figure 4A. p < 0.001). The NLR of UTUC patients was higher
than that of healthy subjects (Table 1).

Interestingly, the expression of the checkpoint inhibitor PD-L1 on neutrophils did
not differ between UTUC patients and healthy subjects (Figure 4B). However, arginase-1
expression in neutrophils was significantly elevated in UTUC patients (Figure 4C. p = 0.002).
In contrast, the proportion of CD4+ T cells in UTUC patients was significantly lower than
in healthy subjects, while the percentages of CD3+ and CD8+ T cells remained unchanged
(Figure 4D–F. p = 0.004 in CD4 T). These results indicated a higher proportion of neu-
trophils with elevated arginase-1 expression and a decreased CD4+ T cell population in the
peripheral blood of UTUC patients.
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Figure 4. The characteristics of neutrophils and T cells in peripheral blood mononuclear cells
(PBMCs) and tumors of UTUC patients. (A) The percentage of CD66b+ CD15+ neutrophil population
of PBMC, (B) the percentage of PD-L1 expression on neutrophils, (C) the mean fluorescence intensity
of arginase-1 in neutrophils, (D) the percentage of CD3+ population of PBMC, (E) the percentage
of CD3+CD4+ T cell population of PBMCs, and (F) the percentage of CD3+CD8+ T cell population
of PBMC. Peripheral blood of UTUC patients (n = 20) and healthy subjects (n = 21) were collected
and analyzed by flow cytometry. ** p < 0.01 and *** p < 0.001. Statistical comparisons of (A,B) were
analyzed using Mann–Whitney test, and others were analyzed using unpaired t-tests.

Next, tumor-infiltrating cells from UTUC patients were analyzed for arginase-1 expres-
sion in neutrophils and T cell populations. A negative correlation was observed between
the proportion of infiltrating CD4+ T cells and arginase-1 expression in tumor-infiltrating
neutrophils (Figure 5A,B). Furthermore, Apo-A1 levels in TTCS inversely correlated with
infiltrating CD4+ T cells but not CD8+ T cells (Figure 5C,D). These results highlight the
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interplay between neutrophils with elevated arginase-1 expression and the suppression
of CD4+ T cell populations in both peripheral blood and tumor microenvironments of
UTUC patients.
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Figure 5. Assessment of the cell populations, including infiltrating neutrophils, T lymphocytes,
and the Apo-A1 protein level in UTUC tumor tissue. The tumor-infiltrating cells isolated from
UTUC patients were assessed by flow cytometry, and the percentage of (A) CD4+ T (CD4+CD3+) or
(B) CD8+ T (CD8+CD3+) within infiltrating CD45+ cells was correlated with the arginase-1 expression
in infiltrating neutrophils. The Apo-A1 protein level (µg/mL) in TTCS, assessed by ELISA, was
correlated with the percentage of (C) CD4+ T or (D) CD8+ T population in tumor-infiltrating CD45+

cells. The Spearman method for rank correlation was applied to analyze the link between the
two markers.

To evaluate the impact of neutrophils on CD4+ T cell proliferation in UTUC, neu-
trophils isolated from whole blood were cocultured with CD4+ T cells purified from healthy
donors. The results demonstrated that neutrophils from UTUC patients significantly inhib-
ited CD4+ T cell proliferation (Figure 6A,B. p < 0.001). Furthermore, the secreted cytokines,
including IL-2 and IFN-γ, was significantly reduced when CD4+ T cells were cocultured
with neutrophils from UTUC patients (Figure 6C. IL-2, p = 0.012; IFN-γ, p = 0.04). These
findings indicate that neutrophils from UTUC patients exhibit pronounced immunosup-
pressive effects on T cells.
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Figure 6. CD4+ T cell functions were inhibited by neutrophils from UTUC patients. CD4+ T cells
were cocultured with peripheral blood neutrophils isolated from UTUC patients (UTUC) and healthy
subjects (health). (A) Representative CD4+ T cell proliferations were analyzed by flow cytometry.
(B) The corresponding statistical analysis is presented. Additionally, cytokines in the cocultured
supernatants from UTUC patients (black bar) or healthy subjects (white bar) were assessed (C).
* p < 0.05 and *** p < 0.001, unpaired t-tests (n = 11).

4. Discussion
This study reveals that UTUC modulates the immunosuppressive function of neu-

trophils via Apo-A1/pSTAT3 axis-induced arginase-1 expression, and interruption of the
binding between Apo-A1 and its receptors on neutrophils abrogates the suppressive effect
on T cells. Following the in vitro experiments, neutrophils treated with primary biopsy
tumor tissue supernatants exhibited increased arginase-1 expression. The Apo-A1 level
in TTCS or arginase-1 expression in tumor-infiltrating neutrophils is negatively correlated
with tumor-infiltrating CD4+ T population. Functionally, UTUC-associated neutrophils
inhibit CD4+ T cell proliferation and cytokine production, including IL-2 and IFN-γ. These
findings indicate that UTUC leverages Apo-A1 to induce arginase-1 expression in neu-
trophils, thereby suppressing T cell activity.

It has been suggested that circulating G-MDSCs predominantly increase in various
cancers, playing an essential role in cancer progression [38]. Similarly, circulating neu-
trophils often exhibit immunosuppressive phenotypes, infiltrating into tumor tissues and
promoting progression and metastasis [16]. The pro-tumor neutrophils share phenotypic
and functional similarities with G-MDSCs [38]. For instance, bladder tumors induce the PD-
L1 expression on stromal neutrophils to cause T cell inhibition [18]. However, contrasting
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roles of neutrophils have been reported, as tumor-associated neutrophils are enriched in the
“hot tumor” basal-type bladder cancer and are associated with a better outcome [39]. These
findings underscore the dual roles of neutrophils in cancer. Our present study highlights a
pro-tumor role of neutrophils in UTUC through arginase-1 upregulation, contributing to T
cell suppression.

Arginase-1 is mainly expressed in the liver and myeloid lineage cells. The physiological
functions of arginase-1, through the hydrolysis of arginine, perform ammonia detoxifi-
cation and the generation of downstream metabolites for cell development and collagen
formation [21,40]. Arginine is crucial for cellular metabolism, promoting T cell survival and
function. [41]. Depletion of extracellular arginine pool by arginase-1 results in a reduction
in available arginine for effector T cells, leading to T cell suppression [22]. In lung adeno-
carcinoma tissues, arginase-1 localizes predominantly to CD66b+ neutrophils and inversely
correlates with CD3+ T cells [42]. Tumor-educated neutrophils and monocytes acquire
immunosuppressive functions, including arginase-1 expression and anti-inflammatory
cytokine production [43]. Increased arginase-1 expression is a poor prognostic factor in var-
ious cancer types [22]. Arginase inhibitors, combined with immune checkpoint inhibitors,
are under clinical development as therapeutic strategies. [21]. In the present study, we
demonstrate that UTUC induces arginase-1 expression in neutrophils to associate with T
cell suppression, further implicating its role in immune evasion.

The Apo-A1/ABCA1 interaction promotes signal transduction and cholesterol efflux
activity [35]. Apo-A1/ABCA1-STAT3 axis inhibits LPS-induced IL-6, IL-1β, and TNFα
production by macrophages [35], suggesting the anti-inflammatory role of Apo-A1/ABCA1
signaling. It has been revealed that cholesterol efflux induced by Apo-A1/ABCA1 interac-
tion enhanced IL-4 signaling, significantly increasing arginase-1 expression in TAMs [25].
This phenomenon is associated with immunosuppression in the TME [25]. While Apo-A1
has varying prognostic implications in different cancers, evidence links its overexpression
with cancer progression, including increased serum levels in hepatocellular carcinoma [44].
Moreover, the increased Apo-A1 protein from urine has been suggested as a potential
biomarker of bladder cancer [45]. We previously provided evidence of a correlation be-
tween serum Apo-A1 levels and the presence of infiltrating neutrophils and T lymphocytes
in UTUC tumors [46]. Interestingly, infiltrating immune cells show an inverse correlation
with Apo-A1 expression in the tumor tissue of renal clear cell carcinoma [47]. Our present
study demonstrates that Apo-A1 is increased in TTCS, further inducing arginase-1 up-
regulation in neutrophils of UTUC. The blockade of Apo-A1/ABCA1 interaction caused
a reduction in arginase-1 expression in both mRNA and protein levels (Figure 2A,B), re-
flecting that ABCA1 induces arginase-1 expression by Apo-A1 treatment. In primary
tumor tissue, infiltrating CD4+ T cells negatively correlated with Apo-A1 protein level and
arginase-1 expression in infiltrating neutrophils (Figure 5A,C). This indicates that Apo-A1
signaling via ABCA1 is integral to neutrophil-mediated immunosuppression in UTUC.

SRB1 and CD36 (SRB2) belong to the class B family of scavenger receptors and partici-
pate in lipid metabolism [36]. CD36, for example, facilitates metabolic signaling in cancer
cells and TAMs, promoting tumor growth [17]. In cancer cells, higher glucose uptake
increases the SRB1 expression, promoting HDL/SRB1 binding and increasing cholesterol
influx, contributing to proliferation and migration [48]. Several recent studies have reported
that highly expressed SRB1 in tumor tissues is associated with poor prognosis [49–51]. In
lymphocytes and dendritic cells, HDL/SRB1 binding-induced cholesterol efflux causes a re-
duction in antigen presentation and cell differentiation [52]. In this study, the interaction of
Apo-A1 with SRB1 similarly contributes to arginase-1 upregulation in UTUC (Figure 2A,B).
Blocking both ABCA1 and SRB1 receptors abrogated TTCS-induced arginase-1 expres-
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sion (Figure 2D), further highlighting the immunosuppressive role of Apo-A1 signaling
in neutrophils.

Enhanced STAT3 activity plays a critical role in tumor development, affecting both
tumor and immune cells [53]. For example, cancer cell-intrinsic STAT3 activation fosters
secretomes that recruit and polarize neutrophils [54], while silencing STAT3 in G-MDSCs
restores T cell proliferation and cytokine secretion [55]. Lung cancer has been examined to
drive neutrophils toward an N2-like phenotype through STAT3 hyperactivation to enhance
cancer cell migration [56]. This accumulating evidence suggests the pro-tumor function of
STAT3 activation in neutrophils. In this study, we demonstrate that blockage of Apo-A1
signaling reduced the STAT3 activation in UTUC-treated neutrophils (Figure 2E,F), and
thus reversed the suppressive effect on the T cells (Figure 3), demonstrating the mediator
of the STAT3 molecule in UTUC-orchestrated neutrophils.

Tumor-associated neutrophils and macrophages could produce numerous proteases,
including MMPs, which contribute to extracellular matrix degradation, thereby supporting
tumor development and metastasis [57]. EMMPRIN, a well-known inducer of MMPs,
expresses in various tissue and regulates physiological and pathological processes [58].
Overexpression of EMMPRIN in tumor tissues has been associated with poor prognosis
in bladder cancer [58] and is considered a potential prognostic factor in various other can-
cers [59]. EMMPRIN expression on the surface of neutrophils enhances MMP production
and chemotaxis, linking it to the pathogenesis of inflammatory diseases [60]. In many solid
tumors, MMPs produced by stromal cells facilitate the release of soluble EMMPRIN from
the plasma membrane of tumor cells, creating a positive feedback loop that further induces
MMP expression [58]. In this study, among the previously mentioned top three upregulated
factors in UTUC, we focused on examining the role of Apo-A1 in immunosuppressive
neutrophils, rather than investigating the other identified factors, including EMMPRIN
and MMP-9. Therefore, the specific role of neutrophils in cancer metastasis and tumor
development was not explored in our study.

5. Conclusions
In summary, our study demonstrates that UTUC enhances arginase-1 expression in

neutrophils through the Apo-A1/STAT3 axis, thus inhibiting T cell functions (Figure 7).
These findings provide insight into mechanisms in immunosuppression of neutrophils in
UTUC and suggest potential therapeutic targets.
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protein binds to its receptors, such as SRB1 and ABCA1, on the surface of neutrophils. This binding
induces a cell-intrinsic mechanism that activates STAT3. Phosphorylation of STAT3 then promotes
arginase-1 expression in neutrophils, which leads to T cell suppression. These findings suggest that
neutrophils play a key role as mediators in the immunosuppression orchestrated in UTUC. This
figure was Created in Biorender. Chia-Bin Chang. (2023) https://www.biorender.com/ (accessed on
14 May 2023). https://app.biorender.com/illustrations/6481a41e5b09b6019c74cc3b (accesed on 14
May 2023).

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/cells14090660/s1, Figure S1: Gating strategy for the analy-
sis of neutrophils by flow cytometry; Figure S2: Western blot analysis of apolipoprotein A1; Figure S3:
Adiponectin did not increase RNA level of arginase-1 in neutrophils; Figure S4: Western blot analysis
of arginase-1 in neutrophils.

Author Contributions: C.-C.C.: resources, data curation, funding acquisition, investigation.
C.-B.C.: conceptualization, data curation, formal analysis, investigation, visualization, method-
ology, writing—original draft, writing—review and editing. C.-H.S.: conceptualization, resources,
data curation, project administration. M.-Y.L.: resources, data curation. Y.-C.J.: resources, data
curation, methodology. C.-L.T.: resources, data curation, visualization. W.-H.L.: resources, data
curation. C.-F.H.: resources, data curation. M.W.: methodology. Y.-Y.L.: data curation, formal analysis,
visualization. P.-C.C.: resources, data curation, project administration, validation. S.-F.W.: conceptual-
ization, data curation, funding acquisition, supervision, validation, investigation, writing—review
and editing. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by grants from the Ditmanson Medical Foundation Chia-Yi
Christian Hospital Research Program (R109-39) and the National Science and Technology Council
(NSTC 112-2314-B-705-001, Taiwan).

Institutional Review Board Statement: This study was conducted in accordance with the Decla-
ration of Helsinki, and approved by the Institutional Review Board of Chia-Yi Christian Hospital
(No. 2020121, 2 November 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are contained within the article and Supplementary Materials.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations
The following abbreviations are used in this manuscript:

ABCA1 ATP binding cassette transporter A1
Apo-A1 apolipoprotein A1
CFSE carboxyfluorescein succinimidyl ester
EMMPRIN extracellular matrix metalloproteinase inducer
G-MDSCs granulocyte myeloid-derived suppressor cells
MMP matrix metalloproteinase
NLR neutrophil-to-lymphocyte ratio
PBMCs peripheral blood mononuclear cells
PD-L1 programmed cell death-ligand 1
pSTAT3 phosphorylated signal transducer and activator of transcription-3
SRB1 scavenger receptor class B type 1
TTCS tumor tissue culture supernatant
TAM tumor-associated macrophage
UTUC upper tract urothelial carcinoma

https://www.biorender.com/
https://app.biorender.com/illustrations/6481a41e5b09b6019c74cc3b
https://www.mdpi.com/article/10.3390/cells14090660/s1


Cells 2025, 14, 660 20 of 22

References
1. Lin, Q.; Wang, X.; Hu, Y. The opportunities and challenges in immunotherapy: Insights from the regulation of PD-L1 in cancer

cells. Cancer Lett. 2023, 569, 216318. [CrossRef] [PubMed]
2. Waldman, A.D.; Fritz, J.M.; Lenardo, M.J. A guide to cancer immunotherapy: From T cell basic science to clinical practice. Nat.

Rev. Immunol. 2020, 20, 651–668. [CrossRef]
3. Li, H.; van der Merwe, P.A.; Sivakumar, S. Biomarkers of response to PD-1 pathway blockade. Br. J. Cancer 2022, 126, 1663–1675.

[CrossRef]
4. Lei, X.; Lei, Y.; Li, J.K.; Du, W.X.; Li, R.G.; Yang, J.; Li, J.; Li, F.; Tan, H.B. Immune cells within the tumor microenvironment:

Biological functions and roles in cancer immunotherapy. Cancer Lett. 2020, 470, 126–133. [CrossRef] [PubMed]
5. Corn, K.C.; Windham, M.A.; Rafat, M. Lipids in the tumor microenvironment: From cancer progression to treatment. Prog. Lipid

Res. 2020, 80, 101055. [CrossRef] [PubMed]
6. Lei, Q.; Wang, D.; Sun, K.; Wang, L.; Zhang, Y. Resistance Mechanisms of Anti-PD1/PDL1 Therapy in Solid Tumors. Front. Cell

Dev. Biol. 2020, 8, 672. [CrossRef]
7. Leow, J.J.; Martin-Doyle, W.; Fay, A.P.; Choueiri, T.K.; Chang, S.L.; Bellmunt, J. A systematic review and meta-analysis of adjuvant

and neoadjuvant chemotherapy for upper tract urothelial carcinoma. Eur. Urol. 2014, 66, 529–541. [CrossRef]
8. Robinson, B.D.; Vlachostergios, P.J.; Bhinder, B.; Liu, W.; Li, K.; Moss, T.J.; Bareja, R.; Park, K.; Tavassoli, P.; Cyrta, J.; et al. Upper

tract urothelial carcinoma has a luminal-papillary T-cell depleted contexture and activated FGFR3 signaling. Nat. Commun. 2019,
10, 2977. [CrossRef]

9. Shaul, M.E.; Fridlender, Z.G. Tumour-associated neutrophils in patients with cancer. Nat. Rev. Clin. Oncol. 2019, 16, 601–620.
[CrossRef]

10. Marchioni, M.; Primiceri, G.; Ingrosso, M.; Filograna, R.; Castellan, P.; De Francesco, P.; Schips, L. The Clinical Use of the
Neutrophil to Lymphocyte Ratio (NLR) in Urothelial Cancer: A Systematic Review. Clin. Genitourin. Cancer 2016, 14, 473–484.
[CrossRef]

11. Shao, Y.; Li, W.; Wang, D.; Wu, B. Prognostic value of preoperative lymphocyte-related systemic inflammatory biomarkers in
upper tract urothelial carcinoma patients treated with radical nephroureterectomy: A systematic review and meta-analysis. World
J. Surg. Oncol. 2020, 18, 273. [CrossRef] [PubMed]

12. Nishihara, K.; Suekane, S.; Ueda, K.; Nakiri, M.; Matsuo, M.; Igawa, T. High postoperative neutrophil-to-lymphocyte ratio as a
poor prognostic marker in patients with upper tract urothelial carcinoma. Oncol. Lett. 2019, 17, 5241–5250. [CrossRef] [PubMed]

13. Mori, K.; Janisch, F.; Mostafaei, H.; Lysenko, I.; Kimura, S.; Egawa, S.; Shariat, S.F. Prognostic value of preoperative blood-based
biomarkers in upper tract urothelial carcinoma treated with nephroureterectomy: A systematic review and meta-analysis. Urol.
Oncol. 2020, 38, 315–333. [CrossRef] [PubMed]

14. Long, W.; Chen, J.; Gao, C.; Lin, Z.; Xie, X.; Dai, H. Brief review on the roles of neutrophils in cancer development. J. Leukoc. Biol.
2021, 109, 407–413. [CrossRef]

15. Galdiero, M.R.; Varricchi, G.; Loffredo, S.; Mantovani, A.; Marone, G. Roles of neutrophils in cancer growth and progression. J.
Leukoc. Biol. 2018, 103, 457–464. [CrossRef]

16. Wu, W.C.; Sun, H.W.; Chen, H.T.; Liang, J.; Yu, X.J.; Wu, C.; Wang, Z.; Zheng, L. Circulating hematopoietic stem and progenitor
cells are myeloid-biased in cancer patients. Proc. Natl. Acad. Sci. USA 2014, 111, 4221–4226. [CrossRef]

17. Martin-Perez, M.; Urdiroz-Urricelqui, U.; Bigas, C.; Benitah, S.A. The role of lipids in cancer progression and metastasis. Cell
Metab. 2022, 34, 1675–1699. [CrossRef]

18. Yang, M.; Wang, B.; Hou, W.; Yu, H.; Zhou, B.; Zhong, W.; Liu, Z.; Li, J.; Zeng, H.; Liu, C.; et al. Negative Effects of Stromal
Neutrophils on T Cells Reduce Survival in Resectable Urothelial Carcinoma of the Bladder. Front. Immunol. 2022, 13, 827457.
[CrossRef]

19. Kim, G.T.; Kim, E.Y.; Shin, S.H.; Lee, H.; Lee, S.H.; Sohn, K.Y.; Kim, J.W. Improving anticancer effect of aPD-L1 through lowering
neutrophil infiltration by PLAG in tumor implanted with MB49 mouse urothelial carcinoma. BMC Cancer 2022, 22, 727. [CrossRef]

20. Su, X.; Xu, Y.; Fox, G.C.; Xiang, J.; Kwakwa, K.A.; Davis, J.L.; Belle, J.I.; Lee, W.C.; Wong, W.H.; Fontana, F.; et al. Breast
cancer-derived GM-CSF regulates arginase 1 in myeloid cells to promote an immunosuppressive microenvironment. J. Clin.
Invest. 2021, 131, e145296. [CrossRef]

21. Grzywa, T.M.; Sosnowska, A.; Matryba, P.; Rydzynska, Z.; Jasinski, M.; Nowis, D.; Golab, J. Myeloid Cell-Derived Arginase in
Cancer Immune Response. Front. Immunol. 2020, 11, 938. [CrossRef]

22. Marti, I.L.A.A.; Reith, W. Arginine-dependent immune responses. Cell Mol. Life Sci. 2021, 78, 5303–5324. [CrossRef] [PubMed]
23. Vonwirth, V.; Bulbul, Y.; Werner, A.; Echchannaoui, H.; Windschmitt, J.; Habermeier, A.; Ioannidis, S.; Shin, N.; Conradi, R.; Bros,

M.; et al. Inhibition of Arginase 1 Liberates Potent T Cell Immunostimulatory Activity of Human Neutrophil Granulocytes. Front.
Immunol. 2020, 11, 617699. [CrossRef]

24. Ettel, P.; Weichhart, T. Not just sugar: Metabolic control of neutrophil development and effector functions. J. Leukoc. Biol. 2024,
116, 487–510. [CrossRef] [PubMed]

https://doi.org/10.1016/j.canlet.2023.216318
https://www.ncbi.nlm.nih.gov/pubmed/37454966
https://doi.org/10.1038/s41577-020-0306-5
https://doi.org/10.1038/s41416-022-01743-4
https://doi.org/10.1016/j.canlet.2019.11.009
https://www.ncbi.nlm.nih.gov/pubmed/31730903
https://doi.org/10.1016/j.plipres.2020.101055
https://www.ncbi.nlm.nih.gov/pubmed/32791170
https://doi.org/10.3389/fcell.2020.00672
https://doi.org/10.1016/j.eururo.2014.03.003
https://doi.org/10.1038/s41467-019-10873-y
https://doi.org/10.1038/s41571-019-0222-4
https://doi.org/10.1016/j.clgc.2016.04.008
https://doi.org/10.1186/s12957-020-02048-7
https://www.ncbi.nlm.nih.gov/pubmed/33097052
https://doi.org/10.3892/ol.2019.10178
https://www.ncbi.nlm.nih.gov/pubmed/31186740
https://doi.org/10.1016/j.urolonc.2020.01.015
https://www.ncbi.nlm.nih.gov/pubmed/32088103
https://doi.org/10.1002/JLB.4MR0820-011R
https://doi.org/10.1002/JLB.3MR0717-292R
https://doi.org/10.1073/pnas.1320753111
https://doi.org/10.1016/j.cmet.2022.09.023
https://doi.org/10.3389/fimmu.2022.827457
https://doi.org/10.1186/s12885-022-09815-7
https://doi.org/10.1172/JCI145296
https://doi.org/10.3389/fimmu.2020.00938
https://doi.org/10.1007/s00018-021-03828-4
https://www.ncbi.nlm.nih.gov/pubmed/34037806
https://doi.org/10.3389/fimmu.2020.617699
https://doi.org/10.1093/jleuko/qiae057
https://www.ncbi.nlm.nih.gov/pubmed/38450755


Cells 2025, 14, 660 21 of 22

25. Goossens, P.; Rodriguez-Vita, J.; Etzerodt, A.; Masse, M.; Rastoin, O.; Gouirand, V.; Ulas, T.; Papantonopoulou, O.; Van Eck, M.;
Auphan-Anezin, N.; et al. Membrane Cholesterol Efflux Drives Tumor-Associated Macrophage Reprogramming and Tumor
Progression. Cell Metab. 2019, 29, 1376–1389.e1374. [CrossRef] [PubMed]

26. Raftopoulou, S.; Valadez-Cosmes, P.; Mihalic, Z.N.; Schicho, R.; Kargl, J. Tumor-Mediated Neutrophil Polarization and Therapeutic
Implications. Int. J. Mol. Sci. 2022, 23, 3218. [CrossRef]

27. Shaul, M.E.; Fridlender, Z.G. Cancer-related circulating and tumor-associated neutrophils—Subtypes, sources and function. FEBS
J. 2018, 285, 4316–4342. [CrossRef]

28. Tello-Montoliu, A.; Patel, J.V.; Lip, G.Y. Angiogenin: A review of the pathophysiology and potential clinical applications. J.
Thromb. Haemost. 2006, 4, 1864–1874. [CrossRef]

29. Wolf, A.M.; Wolf, D.; Rumpold, H.; Enrich, B.; Tilg, H. Adiponectin induces the anti-inflammatory cytokines IL-10 and IL-1RA in
human leukocytes. Biochem. Biophys. Res. Commun. 2004, 323, 630–635. [CrossRef]

30. Ohashi, K.; Parker, J.L.; Ouchi, N.; Higuchi, A.; Vita, J.A.; Gokce, N.; Pedersen, A.A.; Kalthoff, C.; Tullin, S.; Sams, A.; et al.
Adiponectin promotes macrophage polarization toward an anti-inflammatory phenotype. J. Biol. Chem. 2010, 285, 6153–6160.
[CrossRef]

31. Georgila, K.; Vyrla, D.; Drakos, E. Apolipoprotein A-I (ApoA-I), Immunity, Inflammation and Cancer. Cancers 2019, 11, 1097.
[CrossRef] [PubMed]

32. Liao, X.L.; Lou, B.; Ma, J.; Wu, M.P. Neutrophils activation can be diminished by apolipoprotein A-I. Life Sci. 2005, 77, 325–335.
[CrossRef]

33. Murphy, A.J.; Woollard, K.J.; Suhartoyo, A.; Stirzaker, R.A.; Shaw, J.; Sviridov, D.; Chin-Dusting, J.P. Neutrophil activation
is attenuated by high-density lipoprotein and apolipoprotein A-I in in vitro and in vivo models of inflammation. Arterioscler.
Thromb. Vasc. Biol. 2011, 31, 1333–1341. [CrossRef]

34. Sanson, M.; Distel, E.; Fisher, E.A. HDL induces the expression of the M2 macrophage markers arginase 1 and Fizz-1 in a
STAT6-dependent process. PLoS ONE 2013, 8, e74676. [CrossRef] [PubMed]

35. Zhao, G.J.; Yin, K.; Fu, Y.C.; Tang, C.K. The interaction of ApoA-I and ABCA1 triggers signal transduction pathways to mediate
efflux of cellular lipids. Mol. Med. 2012, 18, 149–158. [CrossRef]

36. Vasquez, M.; Simoes, I.; Consuegra-Fernandez, M.; Aranda, F.; Lozano, F.; Berraondo, P. Exploiting scavenger receptors in cancer
immunotherapy: Lessons from CD5 and SR-B1. Eur. J. Immunol. 2017, 47, 1108–1118. [CrossRef] [PubMed]

37. Cassetta, L.; Baekkevold, E.S.; Brandau, S.; Bujko, A.; Cassatella, M.A.; Dorhoi, A.; Krieg, C.; Lin, A.; Lore, K.; Marini, O.; et al.
Deciphering myeloid-derived suppressor cells: Isolation and markers in humans, mice and non-human primates. Cancer Immunol.
Immunother. 2019, 68, 687–697. [CrossRef]

38. Guc, E.; Pollard, J.W. Redefining macrophage and neutrophil biology in the metastatic cascade. Immunity 2021, 54, 885–902.
[CrossRef]

39. Mandelli, G.E.; Missale, F.; Bresciani, D.; Gatta, L.B.; Scapini, P.; Caveggion, E.; Roca, E.; Bugatti, M.; Monti, M.; Cristinelli, L.; et al.
Tumor Infiltrating Neutrophils Are Enriched in Basal-Type Urothelial Bladder Cancer. Cells 2020, 9, 291. [CrossRef]

40. Caldwell, R.W.; Rodriguez, P.C.; Toque, H.A.; Narayanan, S.P.; Caldwell, R.B. Arginase: A Multifaceted Enzyme Important in
Health and Disease. Physiol. Rev. 2018, 98, 641–665. [CrossRef]

41. Geiger, R.; Rieckmann, J.C.; Wolf, T.; Basso, C.; Feng, Y.; Fuhrer, T.; Kogadeeva, M.; Picotti, P.; Meissner, F.; Mann, M.; et al.
L-Arginine Modulates T Cell Metabolism and Enhances Survival and Anti-tumor Activity. Cell 2016, 167, 829–842.e813. [CrossRef]
[PubMed]

42. Miret, J.J.; Kirschmeier, P.; Koyama, S.; Zhu, M.; Li, Y.Y.; Naito, Y.; Wu, M.; Malladi, V.S.; Huang, W.; Walker, W.; et al. Suppression
of Myeloid Cell Arginase Activity leads to Therapeutic Response in a NSCLC Mouse Model by Activating Anti-Tumor Immunity.
J. Immunother. Cancer 2019, 7, 32. [CrossRef] [PubMed]

43. Veglia, F.; Perego, M.; Gabrilovich, D. Myeloid-derived suppressor cells coming of age. Nat. Immunol. 2018, 19, 108–119. [CrossRef]
[PubMed]

44. Ren, L.; Yi, J.; Li, W.; Zheng, X.; Liu, J.; Wang, J.; Du, G. Apolipoproteins and cancer. Cancer Med. 2019, 8, 7032–7043. [CrossRef]
45. Acta OncolVanarsa, K.; Castillo, J.; Wang, L.; Lee, K.H.; Pedroza, C.; Lotan, Y.; Mohan, C. Comprehensive proteomics and platform

validation of urinary biomarkers for bladder cancer diagnosis and staging. BMC Med. 2023, 21, 133.
46. Chang, C.C.; Chang, C.B.; Chen, C.J.; Tung, C.L.; Hung, C.F.; Lai, W.H.; Shen, C.H.; Tsai, C.Y.; Lai, Y.Y.; Lee, M.Y.; et al. Increased

Apolipoprotein A1 Expression Correlates with Tumor-Associated Neutrophils and T Lymphocytes in Upper Tract Urothelial
Carcinoma. Curr. Issues Mol. Biol. 2024, 46, 2155–2165. [CrossRef]

47. Zeng, W.; Xiong, G.; Hua, L.; Hu, Y.; Guo, X.; Peng, X. APOA1 mRNA and protein in kidney renal clear cell carcinoma correlate
with the disease outcome. Sci. Rep. 2022, 12, 12406. [CrossRef]

48. Wang, D.; Huang, J.; Gui, T.; Yang, Y.; Feng, T.; Tzvetkov, N.T.; Xu, T.; Gai, Z.; Zhou, Y.; Zhang, J.; et al. SR-BI as a target of natural
products and its significance in cancer. Semin. Cancer Biol. 2022, 80, 18–38. [CrossRef]

https://doi.org/10.1016/j.cmet.2019.02.016
https://www.ncbi.nlm.nih.gov/pubmed/30930171
https://doi.org/10.3390/ijms23063218
https://doi.org/10.1111/febs.14524
https://doi.org/10.1111/j.1538-7836.2006.01995.x
https://doi.org/10.1016/j.bbrc.2004.08.145
https://doi.org/10.1074/jbc.M109.088708
https://doi.org/10.3390/cancers11081097
https://www.ncbi.nlm.nih.gov/pubmed/31374929
https://doi.org/10.1016/j.lfs.2004.10.066
https://doi.org/10.1161/ATVBAHA.111.226258
https://doi.org/10.1371/journal.pone.0074676
https://www.ncbi.nlm.nih.gov/pubmed/23991225
https://doi.org/10.2119/molmed.2011.00183
https://doi.org/10.1002/eji.201646903
https://www.ncbi.nlm.nih.gov/pubmed/28504304
https://doi.org/10.1007/s00262-019-02302-2
https://doi.org/10.1016/j.immuni.2021.03.022
https://doi.org/10.3390/cells9020291
https://doi.org/10.1152/physrev.00037.2016
https://doi.org/10.1016/j.cell.2016.09.031
https://www.ncbi.nlm.nih.gov/pubmed/27745970
https://doi.org/10.1186/s40425-019-0504-5
https://www.ncbi.nlm.nih.gov/pubmed/30728077
https://doi.org/10.1038/s41590-017-0022-x
https://www.ncbi.nlm.nih.gov/pubmed/29348500
https://doi.org/10.1002/cam4.2587
https://doi.org/10.3390/cimb46030139
https://doi.org/10.1038/s41598-022-16434-6
https://doi.org/10.1016/j.semcancer.2019.12.025


Cells 2025, 14, 660 22 of 22

49. Feng, H.; Wang, M.; Wu, C.; Yu, J.; Wang, D.; Ma, J.; Han, J. High scavenger receptor class B type I expression is related to tumor
aggressiveness and poor prognosis in lung adenocarcinoma: A STROBE compliant article. Medicine 2018, 97, e0203. [CrossRef]

50. Xu, G.H.; Lou, N.; Shi, H.C.; Xu, Y.C.; Ruan, H.L.; Xiao, W.; Liu, L.; Li, X.; Xiao, H.B.; Qiu, B.; et al. Up-regulation of SR-BI
promotes progression and serves as a prognostic biomarker in clear cell renal cell carcinoma. BMC Cancer 2018, 18, 88. [CrossRef]

51. Traughber, C.A.; Opoku, E.; Brubaker, G.; Major, J.; Lu, H.; Lorkowski, S.W.; Neumann, C.; Hardaway, A.; Chung, Y.M.; Gulshan,
K.; et al. Uptake of high-density lipoprotein by scavenger receptor class B type 1 is associated with prostate cancer proliferation
and tumor progression in mice. J. Biol. Chem. 2020, 295, 8252–8261. [CrossRef] [PubMed]

52. Grao-Cruces, E.; Lopez-Enriquez, S.; Martin, M.E.; Montserrat-de la Paz, S. High-density lipoproteins and immune response: A
review. Int. J. Biol. Macromol. 2022, 195, 117–123. [CrossRef]

53. Huynh, J.; Chand, A.; Gough, D.; Ernst, M. Therapeutically exploiting STAT3 activity in cancer—Using tissue repair as a road
map. Nat. Rev. Cancer 2019, 19, 82–96. [CrossRef] [PubMed]

54. Duits, D.E.M.; de Visser, K.E. Impact of cancer cell-intrinsic features on neutrophil behavior. Semin. Immunol. 2021, 57, 101546.
[CrossRef]

55. Hossain, D.M.; Pal, S.K.; Moreira, D.; Duttagupta, P.; Zhang, Q.; Won, H.; Jones, J.; D’Apuzzo, M.; Forman, S.; Kortylewski, M.
TLR9-Targeted STAT3 Silencing Abrogates Immunosuppressive Activity of Myeloid-Derived Suppressor Cells from Prostate
Cancer Patients. Clin. Cancer Res. 2015, 21, 3771–3782. [CrossRef] [PubMed]

56. Clowers, M.J.; Moghaddam, S.J. Cell Type-Specific Roles of STAT3 Signaling in the Pathogenesis and Progression of K-ras Mutant
Lung Adenocarcinoma. Cancers 2022, 14, 1785. [CrossRef]

57. Winkler, J.; Abisoye-Ogunniyan, A.; Metcalf, K.J.; Werb, Z. Concepts of extracellular matrix remodelling in tumour progression
and metastasis. Nat. Commun. 2020, 11, 5120. [CrossRef]

58. Asgari, R.; Vaisi-Raygani, A.; Aleagha, M.S.E.; Mohammadi, P.; Bakhtiari, M.; Arghiani, N. CD147 and MMPs as key factors in
physiological and pathological processes. Biomed. Pharmacother. 2023, 157, 113983. [CrossRef]

59. Xin, X.; Zeng, X.; Gu, H.; Li, M.; Tan, H.; Jin, Z.; Hua, T.; Shi, R.; Wang, H. CD147/EMMPRIN overexpression and prognosis in
cancer: A systematic review and meta-analysis. Sci. Rep. 2016, 6, 32804. [CrossRef]

60. Wang, C.H.; Dai, J.Y.; Wang, L.; Jia, J.F.; Zheng, Z.H.; Ding, J.; Chen, Z.N.; Zhu, P. Expression of CD147 (EMMPRIN) on neutrophils
in rheumatoid arthritis enhances chemotaxis, matrix metalloproteinase production and invasiveness of synoviocytes. J. Cell Mol.
Med. 2011, 15, 850–860. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1097/MD.0000000000010203
https://doi.org/10.1186/s12885-017-3761-z
https://doi.org/10.1074/jbc.RA120.013694
https://www.ncbi.nlm.nih.gov/pubmed/32358065
https://doi.org/10.1016/j.ijbiomac.2021.12.009
https://doi.org/10.1038/s41568-018-0090-8
https://www.ncbi.nlm.nih.gov/pubmed/30578415
https://doi.org/10.1016/j.smim.2021.101546
https://doi.org/10.1158/1078-0432.CCR-14-3145
https://www.ncbi.nlm.nih.gov/pubmed/25967142
https://doi.org/10.3390/cancers14071785
https://doi.org/10.1038/s41467-020-18794-x
https://doi.org/10.1016/j.biopha.2022.113983
https://doi.org/10.1038/srep32804
https://doi.org/10.1111/j.1582-4934.2010.01084.x

	Introduction 
	Materials and Methods 
	Study Participants 
	Tumor Tissue Culture Supernatant (TTCS) and Tumor-Infiltrating Cell Collection 
	Protein Array 
	In Vitro Neutrophil Culture and Neutrophil/T Cell Coculture 
	RNA Extraction and Quantitative Real-Time PCR 
	Flow Cytometry 
	Enzyme-Linked Immunosorbent Assay (ELISA) and Cytometric Bead Array (CBA) 
	Statistical Analysis 

	Results 
	UTUC Tumor-Derived Apo-A1 Increased Arginase-1 Expression in Neutrophils 
	STAT3 Activation Involved in Arginase-1 Upregulation of Neutrophils by Apo-A1 Signaling 
	Apo-A1 Signaling in Neutrophils Involved in UTUC Mediated T Cell Suppression 
	The Characteristics of Neutrophils in UTUC Patients 

	Discussion 
	Conclusions 
	References

