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Abstract
Introduction: This study aims to investigate the role of myeloid-derived suppressor cells (MDSCs) in
metastatic-hormone sensitive prostate cancer (mHSPC).

Materials and methods: MDSC subsets in peripheral blood samples were classi�ed and evaluated by �ow
cytometry into early MDSCs (e-MDSCs), polymorphonuclear MDSCs (PMN-MDSCs), and monocytic
MDSCs (M-MDSCs). Prostate-speci�c antigen progression free survival (PSA–PFS) and overall survival
(OS) were evaluated to assess the prognostic value of each of the MDSC subsets. The immune cell
dynamics and gene expression alteration were analyzed by single cell RNA sequencing (scRNA-seq) in
the representative case.

Results: Thirty-one patients with mHSPC and eleven healthy controls (HCs) were included in this study. In
patients with mHSPC, PMN/M-MDSCs were signi�cantly higher than those of HCs (p < 0.05) before
treatment and declined to almost the same level as in the HCs after treatment. Although there were no
differences between high and low ratio of e-MDSCs and M-MDSCs, patients with a high ratio of PMN-
MDSCs (≥ 0.30%) displayed a lower PSA–PFS and OS than those with a low ratio (< 0.30%) (p < 0.05).
The analysis of scRNA-seq showed that the expression of genes implicated in tumor progression was
upregulated in a representative mHSPC case.

Conclusion: The high frequency of PMN-MDSCs correlated with poor prognosis in patients with mHSPC.
PMN-MDSCs and their highly expressed genes are included as potential novel therapeutic targets for
mHSPC.

Introduction
Together with lung and colorectal cancer, prostate cancer (PC) is one of the three most common cancers
among men. Metastatic PC is only 6% in all newly diagnosed PC patients, but has a poor prognosis, with
a 5-year relative survival rate of only 30% [1]. Androgen deprivation therapy (ADT), which is the primary
treatment of metastatic PC, provides temporary disease control in the majority of patients [2]. Within two
years, however, more than half of patients with metastatic PC progress to castration-resistance prostate
cancer (CRPC), which is refractory to ADT [3]. The prognosis of CRPC is still poor even with other
treatments, including taxane chemotherapy. Various immunotherapies widely used in other cancers have
been tried to improve the prognosis of metastatic PC patients, such as immune checkpoint inhibitors [4].
Despite this, there are still no approved therapies for PC except for an autologous dendritic cell vaccine
called sipuleucel-T [5]. In order to establish a novel effective treatment, it is necessary to investigate how
immunotherapy-resistance metastatic PC affects the host immune system. 

                Myeloid-derived suppressor cells (MDSCs) are the immunosuppressive immature myeloid cells
that are expanded in the tumor-bearing condition [6]. MDSCs are heterogenous immature myeloid cells
which can be divided into three representative subsets based on their phenotypic and morphological
characteristics [7]. Polymorphonuclear MDSCs (PMN-MDSCs) and monocytic MDSCs (M-MDSCs) are
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phenotypically and morphologically similar to neutrophil and monocyte, respectively. The immature
subsets of MDSCs, which lack monocytic and granulocytic markers are called early-stage MDSCs (e-
MDSCs). Each of the MDSC subsets are not only phenotypically and morphologically distinct, but also
have unique functional characteristics and biochemical traits that suppress the anti-tumor immunity in
tumor-associated immune system. For example, PMN-MDSCs have been reported to enhance
angiogenesis through the production of matrix metallopeptidase (MMP)-9 and the vascular endothelial
growth factor (VEGF), and also to have a suppressive effect against T cells [8]. M-MDSCs have been
shown to differentiate into tumor associated macrophages (TAMs) after migration to the tumor site, and
act to play an immunosuppressive role [9]. In head and neck canner and ovarian cancer, it has been
reported that e-MDSCs have an immunosuppressive property, but their speci�c roles are still uncertain in
other tumors [10]. It has been reported that the high frequency of MDSCs in peripheral blood is associated
the disease progression and poor prognosis of many malignant neoplasms, including lung cancer and
gastric cancer [11, 12]. The several studies which have shown the role of MDSCs in localized PC or CRPC
have been mainly focused on either PMN-MDSCs or M-MDSCs, however, there have been no reports on
the involvement of the three MDSC subsets in untreated metastatic PC patients [13-16]. 

In this study, to investigate which of the MDSC subtypes is associated with tumor progression and the
poor prognosis in pre-treated metastatic PC, we analyzed three types of MDSCs in the periphery before
and after treatment with a GnRH antagonist and clari�ed the correlation between each of the MDSC
subsets ratios with PFS and OS in metastatic-hormone sensitive prostate cancer (mHSPC). We also
analyzed the immune cell dynamics and gene expression alteration by single cell RNA-sequencing
(scRNA-seq) in the representative case. We found that PMN-MDSC fractions were correlated with a poor
prognosis in mHSPC patients, and the different immune cell subsets and immunosuppressive gene
expression of PMN-MDSCs in the data of the scRNA-seq suggested PMN-MDSCs are implicated in the
response to ADT for mHSPC. 

Subjects/patients And Methods
Patient population and study design

The present study was a prospective analysis of data acquired from patients with newly diagnosed
mHSPC between 2017 and 2021. This study was approved by the clinical research ethics board
of Tohoku Medical and Pharmaceutical Hospital. All patients were diagnosed with metastatic prostate
cancer because metastatic �ndings were detected in the lymph node outside the pelvis, bone, and viscera,
and the following were determined by pathological and clinical tests: biopsy Gleason score; neutrophile,
lymphocyte and monocyte counts; and the levels of prostate-speci�c antigen (PSA), alkaline phosphatase
(ALP), lactate dehydrogenase (LDH), hemoglobin (Hb) and albumin (Alb). PSA progression was de�ned
as a �rst increase in PSA greater than 25% and > 2 ng/mL above nadir based on the Prostate Cancer
Clinical Trials Working Group 3 [17]. PSA progression-free survival (PSA-PFS) was de�ned as the duration
between the start of ADT to PSA progression. Patients showing normalized PSA levels after 3 months of
ADT with GnRH agonist (degarelix) were diagnosed with mHSPC and were included in this study. The
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patients’ characteristics are detailed in Table 1 and Supplementary (Suppl.) Table 1. Eleven healthy
volunteers (median; 41, range; 24–52) served as normal controls.

PBMCs isolation and Flowcytometric analysis of MDSC subsets

Blood samples (4 mL) from the patients were drawn into heparin blood collection tubes and processed
within 2 hours. After the removal of red blood cells (RBCs) using HetaSep (STEMCELL Technologies,
Vancouver, Canada), the peripheral blood cells (PBMCs) were enriched by density gradient centrifugation
(TOMY, Tokyo, Japan) at 90 x g for 4 minutes at room temperature. PBMCs were isolated from the
interface and washed in 35 ml of phosphate-buffered saline (PBS). The solution was centrifuged at 120 x
g for 11 minutes by density centrifugation. 

The fractions of MDSCs in the peripheral blood was tested by using Flow cytometry (Attune NxT Flow
Cytometer, Thermo Fisher Scienti�c, Waltham, MA). Flow cytometry was conducted using the following
antibodies [7]: anti-CD3-FITC (UCHT1, eBioscience, San Diego, CA.), anti-CD11b-Super Bright436 (ICRF44,
eBioscience), anti-CD14-PE-Cy5 (61D3, eBioscience), anti-CD15-Brilliant Violet711 (W6D3, Biolegend,
Sandiego, CA.), anti-CD19-FITC (HIB19, Tonbo Biosciences, Sandiego, CA.), anti-CD33-PE (WM53,
eBioscience), anti-CD45-PerCP/Cy5.5 (HI30, Biolegend,), anti-CD56-FITC (TULY56, Thermo, Tokyo, Japan),
anti-HLA-DR-APC-eFluor780 (LN3, eBioscience). The data of 10,000–100,000 events were analyzed using
the FlowJo software programs (BD bioscience, San Jose, CA). The MDSC subsets were de�ned as
following surface markers [6]: M-MDSCs; CD11b+CD15−CD14+HLA-DR−, PMN-MDSCs;
CD11b+CD14−CD15+, e-MDSCs; CD11b+CD33+CD15−CD14−Lineage (CD3/19/ 56)− HLA-DR−. The
proportions of each MDSC subsets calculated using CD45-positive cell fraction.

Single-cell RNA sequence and data analysis

An scRNA-seq of gene expression and immune cell pro�ling analysis were performed using the 10X
Genomics Chromium Single Cell platform according to the manufacturer's instructions. Brie�y, RBC
removal PBMCs were capsulized using micro�uidics technology, and were then barcoded by a unique
molecular identi�er (UMI). complementary DNA was sequenced on an Illumina 3000 HiSeq system. Raw
reads were aligned to the GRCh38 human transcriptome using STAR (Spliced Transcripts Alignment to a
Reference) and gene expression was quanti�ed by the Cell Ranger software package (version 5.0.0) with
default parameters. The total number of cells passing the �lters was 3,885 cells for the patient and 4,800
cells for the healthy subject, with 21, 697 and 21, 280 genes, respectively, which were passed the quality
control check. We compressed the dimensions using T-distributed stochastic neighbor embedding (t-SNE)
and plotted the single cells in two dimensions. Data were log-normalized for expression levels and scaled
around zero to calculate the relative expression of the genes. 

Statistical Analysis

Differences in variables with a continuous distribution across dichotomous categories were assessed
using the Wilcoxon signed-rank test. Spearman’s rank correlation coe�cient was used to assess the
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respective correlations between each MDSC sub-domains and clinicopathological factors. PSA-PFS and
overall survival (OS) were estimated using the Kaplan–Meier method. All statistical analyses were
conducted using JMP pro 16.0.0 (SAS Institute Inc., Cary, NC, USA), with p < 0.05 indicating statistical
signi�cance.

Results
Parallel �uctuation of circulating PMN-MDSCs and M-MDSCs in patients with mHSPC in response to ADT

We investigated three MDSC subsets, e-MDSCs, PMN-MDSCs, and M-MDSCs from PBMCs in patients
with newly diagnosed mHSPC. In a total of 74 metastatic PC patients, 43 patients were excluded for the
following reasons: they were CRPC patients, had no prostatic biopsy or did not consent to this study. A
total of 31 patients with untreated metastatic PC patients were included in this study (Fig. 1). We �rst
evaluated the therapeutic effect of ADT in patients with untreated metastatic PC and con�rmed that all
patients were sensitive to hormonal therapy. As shown in Suppl. Fig. 1, the PSA levels in all 31 patients
declined from pre-ADT to 3 months post-treatment, indicating that all subjects were mHSPC. Fig. 2-A
shows the representative dot plots for one of the patients in the study to illustrate the gating strategy.
Since an expansion of MDSCs has been reported in patients with diabetes and also in smokers [18,
19], this was considered in the population of MDSCs in this study. No effect on MDSC frequencies from
either diabetes or smoking was found in the subjects in our study (Suppl. Fig. 2). We next investigated the
cell fractions from hormone-sensitive patients before and 3 months after treatment. As shown in Fig. 2-B,
while there was no signi�cant difference in the e-MDSC subset between mHSPC patients (median value
:0.76%) and the healthy control (0.67%), the PMN/M-MDSC fraction was signi�cantly elevated in patients
relative to the controls before the treatment (PMN-MDSCs: 0.28% vs 0.11%, M-MDSCs: 1.46% vs
0.58%) (Fig. 2-B). The percentage of PMN/M-MDSCs in patients declined to almost the same level as in
the healthy subjects after treatment, suggesting that these MDSC subsets �uctuated in conjunction with
the therapeutic effects of the GnRH antagonist. 

Relevance of MDSC fractions with serological and hematological examination

While it has been reported that PSA levels are associated with the frequencies of M-MDSCs [14, 16], their
correlation with e-MDSCs and/or PMN-MDSCs has not been investigated in PC patients. Furthermore,
there are no reports showing an association between each MDSC subset and other
serological/hematological tests in PC patients. Therefore, we investigated the correlation between each
of the MDSC subsets and the results of serological and hematological examinations (PSA, ALP, LDH,
peripheral blood factions, biopsy Gleason score) in patients with mHSPC at the start of the treatment (Fig
3, and Suppl. Fig. 2, 3). The frequency of e-MDSCs did not correlate with serum PSA and ALP levels, but
not with PSA levels. M-MDSC fractions correlated with PSA levels as previously reported [14, 16], in
addition to ALP levels. MDSC have been reported to differentiate into osteoclast-like cells and cause bone
destruction in mice with bone metastatic carcinoma [20], which may be re�ected in the correlation with
increased ALP levels. On the other hand, no correlation was found between the percentages of
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neutrophils, monocytes, and lymphocytes and the ratios of each of the MDSC subsets. According to these
results, there is a clear correlation between PMN-MDSC and M-MDSC frequencies and the PSA and/or
ALP levels in patients with newly diagnosed mHSPC.  

Prognostic value of MDSCs for patients with mHSPC

The high frequency of MDSCs was shown to be associated with a poor prognosis with various malignant
neoplasms via the immunosuppressive effect in the tumor-associated immune system [11, 12]. While the
association between the total MDSC subsets and OS in PC patients has been reported in an earlier
study [15], no studies have examined the impact of each of the MDSC subsets on the prognosis of
patients with mHSPC. Therefore, we assessed the prognostic value of pretreatment MDSCs in mHSPC
patients (The mean follow-up time: 567 days). During the follow-up period, 19 patients with mHSPC had
PSA progression, and 3 patients expired due to tumor aggravation. In order to evaluate the prognostic
value of MDSCs, we compared mHSPC patients with high and low percentages of each of the MDSC
subsets. While cut-off values from retrospective studies have been used in previous studies [21, 22], it is
necessary to set a more sensitive cut-off value for a prospective therapeutic intervention study in
untreated subjects. We determined the cut-off value for the high percentage of PMN-MDSCs and M-
MDSCs, except for e-MDSCs, at three times the median value of normal subjects, and a value well above
the standard deviation (SD) of normal subjects. The cut-off value for the high percentage of e-MDSCs
was set to be approximately above median values of the patient’s e-MDSCs because there were no
signi�cant differences between patients and healthy subjects. Therefore, we speci�cally de�ned the
following values as cut off values for each of the MDSC subsets: e-MDSCs 0.75%, PMN-MDSCs 0.30%,
M-MDSCs 1.70%. As shown in Fig. 4-A, patients with a high ratio of PMN-MDSCs displayed a lower PSA–
PFS than those with a low ratio. In addition, a high frequency of PMN-MDSCs was associated with a
lower OS in subjects (Fig. 4-B). However, high percentages of e-MDSCs and/or M-MDSCs did not relate
with PSA–PFS and OS (Fig. 4). These results suggested that PMN-MDSCs subset gain a prognostic value
for metastatic PC patients receiving �rst-line treatment. 

Different cell fractions and gene expressions in mHSPC revealed by scRNA-seq analysis

Since the fraction of MDSCs was signi�cantly increased in mHSPC patients, we investigated the immune
cell dynamics and gene expressions of MDSCs using an scRNA-seq analysis of PBMCs from a patient
with an average percentage increase in the fraction of PMN-MDSCs (Neutrophil; 64.4%, Lymphocyte;
26.3%, Monocyte; 8.4%, e-MDSCs; 1.10%, PMN-MDSCs; 0.79%, M-MDSCs 3.24%) and a healthy volunteer
(Neutrophil; 51.6%, Lymphocyte; 43.3%, Monocyte; 3.4%, e-MDSCs; 0.74%, PMN-MDSCs; 0.04%, M-MDSCs
2.76%). The transcripts of cells were obtained by the 10X Genomics platform, and we acquired 21,280
and 21,697 genes of single cells from the subject and control, respectively. Fig.5-A showed the t-SNE plots
displaying clusters of all immune cells of the mHSPC patient (3885 cells) and the healthy control (4639
cells). We obtained 14 clusters by unbiased graph-based clustering, and identi�ed cell groups consisting
of T cells, B cells, innate immune cells (γδT cells, NK cells, and NKT cells), and myeloid cells. A greater
increase in the frequencies of innate immune cells and myeloid cells was shown in the patient than in the



Page 8/22

control (Fig. 5-A), and the gene expressions of these immune cells differed among subjects (Suppl. Table
2). For example, the expression of S100 proteins, which relates to the development and progression of
various cancers, was increased in the innate immune cells and myeloid cells of the PC patient. We also
con�rm that the gene expressions were different even in the same cell subset by the reclustering of T
cells, innate lymphoid cells and myeloid cells (Supple. Fig. 4). While the population of effecter memory
CD4/8 T cells was almost the same between PC patient and control, the ratio of central memory CD4/8 T
cells was decreased remarkably in the patient, inferring that the differentiation of T cells into effector
cells was enhanced in the tumor-bearing state. Immune checkpoint molecules were not detected as
differentially expressed genes in T cell subsets (Suppl. Table 2), whereas the S100 gene-expressing γδT
cells and monocytes were increased in the mHSPC sample (Suppl. Fig. 4). In addition, we were able to
detect small cell groups of PMN-MDSCs and found the enhanced expression of genes involved in tumor
progression (CXCL8, IL-1b, proteoglycan versican (VCAN), and Transforming growth factor b induced
(TGFBI)) (Fig. 5-B). While we acknowledge that further data accumulation is needed, our present RNA-seq
data were largely consistent with previous reports on other cancers [23, 24], suggesting that these genes
could also be potential therapeutic targets in mHSPC.

Discussion
This is the �rst study that showing the implication of MDSC subsets in the prognostic value for patients
with mHSPC. While it has been reported that an expansion of PMN-MDSC and M-MDSC subsets occurred
in the peripheral blood and tumor tissue of CRPC [13–16, 25], it was unclear whether PMN-MDSCs has a
predictive value in the progress of mHSPC. In this study, we found the elevated proportion of PMN-MDSC
fraction were associated with a poor prognosis. In addition, an analysis of the scRNA-seq in the mHSPC
subject showed different immune cell subsets and the immunosuppressive gene expression of PMN-
MDSCs.

A unique feature of this study is the �nding that the PSA-PFS and OS was poorer when the percentage of
PMN-MDSCs was above a speci�c ratio (≥ 0.30%) than when it was below a ratio (< 0.30%). High
percentages of MDSCs have been reported to be associated with a poor prognosis in various malignant
neoplasms [21, 22, 26]. However, this correlation was found between the cancer prognosis and total
MDSC fractions, rather than the three subsets of MDSCs [21, 22]. In addition, while further measures are
required to con�rm the contribution of MDSCs to the cancer prognosis on how many times the
percentage of MDSCs in the target population increases compared to those of responders or healthy
individuals, the high ratio of MDSC fractions in earlier studies was de�ned as a greater than the mean + 
2SD of healthy controls [27], with no proper assessment of MDSC subsets or ratios. In the present study,
we de�ned a high percentage of PMN-MDSCs as above 0.30%, which is close to the median value
(0.28%) of patients and about three times that of healthy subjects (0.11%), and we found a signi�cant
correlation with the prognosis of mHSPC. This method provides useful insights into the importance of
determining the distinct ratio of the speci�c MDSC subset.
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It has been shown that high M-MDSC levels are associated with a shorter OS in CRPC, indicating a
relationship between M-MDSCs and a poor clinical outcome [13–16, 25]. In this study, while the
proportion of M-MDSCs was increased remarkably in patients with mHSPC, there was no signi�cant
difference in either the PSA-PFS and OS of patients and the healthy controls. While it has been reported
that PD-L1 was highly expressed on M-MDSCs [28], no expression of PD-L1 on M-MDSCs patients was
found in our �ow cytometric analysis (data not shown). In addition, the administration of an androgen
receptor antagonist was shown to raise the immunosuppressive effect of M-MDSCs via glycolysis
enhancement in the murine model [29]. The present scRNA-seq analysis also detected only a small
number of M-MDSCs in both the patient (10 cells) and the control (2 cells) and the data was not
conclusive with regard to the presence or absence of suppressive gene expressions. Although
comparative studies between mHSPC and CRPC are needed to clarify the effect of ADT on the inhibitory
function of M-MDSCs, it is possible that M-MDSCs grown on mHSPC are less immuno-suppressive before
treatment.

Our scRNA-seq results showed the different proportions of immune cells in the mHSPC patient. Despite
the obvious limitation of the present data in that it was from the analysis of a representative case, a
greater increase in the ratio of γδT cells and monocytes was found in the PC subject than in the control
(Fig. 5-A and Suppl. Figure 4). It was reported that γδT cells are involved in the growth of MDSCs and
their recruitment to tumor sites [30]. In this study, the patient’s γδT cells displayed high expression levels
of S100B, PTGDS, ALOX5P and SPON2 genes, which have been shown to implicate in the MDSC
differentiation or tumor progression, suggesting that γδT cells affect MDSC characteristics, including its
differentiation in PCs with metastasis [31–33]. Classical monocytes have been reported to show an
elevated gene expression on �brin-binding F13A1 [34], and to function as a scaffold for lung cancer
metastasis, while intermediate monocytes have been reported to express a scavenger receptor [35],
MARCO which is associated with the poor prognosis of various cancers [36]. Since it has been reported
that peripheral blood monocyte counts are correlated with TAM in�ltration and prognosis in PC patients
after prostatectomy [37], further studies are required to clarify whether these above molecules (S100B,
PTGDS, ALOX5P, SPON2, and F13A1) are involved in the progress of mHSPC.

In this scRNA-seq analysis, we were able to detect a small number of PMN-MDSCs, which showed
augmented expressions of several genes whose appearance is already known in PMN-MDSCs (Fig. 5-B)
[38]. For example, CXCL-8 (IL-8) and IL-1β have been shown to promote cancer progression as well as
tra�c MDSCs to the tumor microenvironment [24, 39]. VCAN and TGBI enhance tumor metastasis [40,
41]. Because PMN-MDSCs help circulating tumor cell extravasation and contribute to the pre-metastatic
niche formation [42], it is possible that these highly expressed genes might be implicated in the
metastatic status of PCs. On the other hand, our scRNA-seq did not detect a signi�cant difference in the
expression of immune checkpoint molecules expressed on T cells and myeloid cells between the mHSPC
patient and the control (Suppl. Table 2). While it may be that detection is only possible when data from a
number of subjects is accumulated, it also may be that differences in the expression of immune-check
point molecules contributed to the �nding that those inhibitors are less effective in PCs than other
carcinomas.
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In conclusion, our present study showed that PMN-MDSCs are correlated with the poor prognosis of
patients with mHSPC. The results of an scRNA-seq analysis detected PMN-MDSCs with a high expression
gene involved in cancer progress. According to these results, PMN-MDSCs, including their highly
expressed genes, have potential as novel therapeutic targets against mHSPC.

Abbreviations
PC = prostate cancer

ADT = androgen deprivation therapy 

CRPC = castration resistance prostate cancer

MDSCs = myeloid-derived suppressor cells

PMN-MDSCs = polymorphonuclear myeloid-derived suppressor cells

M-MDSCs = monocytic myeloid-derived suppressor cells

e-MDSCs = early-stage myeloid-derived suppressor cells

MMP-9 = matrix metallopeptidase-9 

VEGF = vascular endothelial growth factor

TAMs = tumor associated macrophages

mHSPC = metastatic-hormone sensitive prostate cancer

scRNA-seq = single cell RNA-sequencing

PSA = prostate-speci�c antigen

ALP = alkaline phosphatase 

LDH = lactate dehydrogenase

Hb = hemoglobin

Alb = albumin

CRP = c-reactive protein

PSA-PFS   = PSA progression-free survival

Suppl. = supplementary



Page 11/22

RBCs = red blood cells

PBMCs = peripheral blood cells

PBS = phosphate-buffered saline
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Variables All patients

n = 31

Age (years): median (range) 73 (63–84)

Diabetes  

 no 22 (71.0)

 yes 9 (29.0)

Status of smoking  

 non-smoker 11 (35.5)

 current or past smoker 20 (64.5)

Gleason score: n (%)  

 8 13 (41.9)

 9, 10 18 (58.1)

Prostate-speci�c antigen (ng/mL): median (range) 224.0 (2.7–10116.0)

Alkaline phosphatase (IU/L): median (range) 298.0 (104.0–1910.0)

Lactate dehydrogenase (IU/L): median (range) 198.0 (144.0–432.0)

Hemoglobin (g/dL): median (range) 13.6 (9.8–15.6)

Albumin (g/dL): median (range) 4.0 (3.1–4.6)

White blood cell (/μL): median (range) 5300 (1400–9400)

Neutrophil (%): median (range) 63.4 (46.2–80.0)

Lymphocyte (%): median (range) 25.8 (12.9–43.1)

Monocyte (%): median (range) 7.1 (4.5–14.0)

Eosinophil (%): median (range) 1.8 (0.1–6.7)

Basophil (%): median (range) 0.7 (0.0–1.5)

Neutrophil-lymphocyte ratio: median (range) 2.45 (1.27–6.20)

Figures
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Figure 1

Selective strategy of patients with mHSPC in this study
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Figure 2

A: Gating strategy for the identi�cation of peripheral MDSC subsets of the mHSPC patient by Flow
cytometry. Each of the MDSC subsets listed below was detected in the cell fraction excluding CD45-
negative cells (RBCs and endothelial cells). M-MDSCs; CD11b+CD15−CD14+HLA-DR− cells, PMN-MDSCs;
CD11b+CD14− CD15+ cells, e-MDSCs; CD11b+CD33+CD15−CD14−Lineage (CD3/19/56)−HLA-DR− cells. B:
A comparing of the percentage of each of the MDSC subsets of the healthy control, pretreated mHSPC
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patients, and those treated by ADT for 3 months. B1. e-MDSCs, healthy control; median 0.67%, range
0.28–2.64%, mHSPC; median 0.76%, range 0.09–3.38%, 3 months; median 0.57%, range 0.13–1.01%, B2.
PMN-MDSCs, healthy control; median 0.11%, range 0.04–0.53%, mHSPC; median 0.28%, range 0.05–
2.60%, 3 months; median 0.25%, range 0.03–2.76%, B3. M-MDSCs, healthy control; median 0.58%, range
0.11–1.98%, mHSPC; median 1.46%, range 0.01–7.10%, 3 months; median 1.20%, range 0.29–10.67%.
MDSCs; myeloid-derived suppressor cells, mHSPC; metastatic-hormone sensitive prostate cancer, PMN-
MDSCs; polymorphonuclear MDSCs, M-MDSCs; monocytic MDSCs, e-MDSCs; early-stage MDSCs

Figure 3

Relevance between each MDSC subset and PSA and ALP. MDSCs; myeloid-derived suppressor cells, PMN-
MDSCs; polymorphonuclear MDSCs, M-MDSCs; monocytic MDSCs, e-MDSCs; early-stage MDSCs, PSA;
prostate-speci�c antigen, ALP; alkaline phosphatase
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Figure 4

Kaplan–Meier curve of PSA– progression free survival (A) and OS (B) in patients with high and low
percentages of each MDSC fraction. PSA; prostate-speci�c antigen, OS; overall survival, MDSCs; myeloid-
derived suppressor cells, PMN-MDSCs; polymorphonuclear MDSCs, M-MDSCs; monocytic MDSCs, e-
MDSCs; early-stage MDSCs
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Figure 5

A. t-SNE plot showing clusters of all immune and non-immune cells of both the mHSPC patient and the
healthy control generated from 10X Genomics platform. Cell fractions identi�ed for each cluster and their
counts are shown. B. Violin plots showing the elevated genes of secreted proteins in the patient PMN-
MDSCs compared with that of the healthy control. t-SNE; T-distributed stochastic neighbor embedding,
mHSPC; metastatic-hormone sensitive prostate cancer, PMN-MDSCs; poly-morphonuclear MDSCs
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