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Abstract

This work investigated the clinical prognostic implications and biological function of plasma soluble programmed cell death
ligand 1 in breast cancer patients. Plasma sPD-L1 levels of recurrent/metastatic breast cancer patients were determined, and
the association of sPD-L1 levels and metastatic progression-free survival and metastatic overall survival was assessed. The
PD-L1 expression on breast cancer cells was analyzed by flow cytometry, and the level of sPD-L1 in the supernatant of breast
cancer cells was determined by enzyme-linked immunosorbent assay. Furthermore, the effect of sPD-L1 on the proliferation
and apoptosis of T lymphocytes was detected by WST-1 assay and flow cytometry. The plasma sPD-L1 levels in 208 patients
with recurrent/metastatic breast cancer before receiving first-line rescue therapy were measured. The optimal cutoff value
of plasma sPD-L1 for predicting disease progression was 8.774 ng/ml. Univariate and multivariate analyses identified high
sPD-L1 level (>8.774 ng/ml) and visceral metastasis were independent factors associated with poor prognosis. Relevance
analysis showed that the plasma sPD-L1 level was weakly

associated with some systemic inflammation markers, including white cell count (WBC), absolute monocyte

count, and absolute neutrophil count. Furthermore, we found sPD-L1 could be found in supernatant of culture with breast
cancer cell line expressing PD-L1 on the cell surface and inhibit T lymphocyte function, playing a negative regulatory role
in cellular immunity. sPD-L1 was a good tumor predictive maker in breast cancer and it may play a potentially important
role in immune tolerance.
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SD stable disease

sPD-L1  soluble programmed cell death ligand 1
TAMs tumor-associated macrophages

TILD tumor-infiltrating lymphocyte density
Tregs regulatory T cells

Introduction

Breast cancer is the most common malignancy in women
and is the top cause of cancer-related death [1]. Early breast
cancer can be curable, but the treatment of recurrent or met-
astatic breast cancer remains controversial. Early diagnosis,
appropriate treatment and monitoring the treatment response
during the treatment are of important prognostic significance
for recurrent or metastatic breast cancer. Carcinoembryonic
antigen (CEA) and breast cancer antigen (CA153) are the
most widely used serum markers, which play an important
role in the process of monitoring relapse or disease pro-
gression in breast cancer patients [2]. CEA and CA153 are
the non-specific tumor markers, CA153 response paralleled
disease in only approximately 50% of patients who receive
anthracycline-based first-line treatment in prospective
phrase of II and III trials [3]. Consequently, there is a need
to identify biomarkers in breast cancer.

There is a growing body of evidence suggesting that can-
cer immune suppression and immune escape play essential
roles in tumor progression [4, 5]. Thus, identification of the
mechanisms involved in the escape of immune suppression
might help to identify a novel prognostic biomarker. The
programmed death receptor 1 (PD-1)/programmed death
ligand 1 (PD-L1) pathway plays a critical role in regulating
the endogenous immune response to cancer [6-9]. PD-1,
an inhibitory immune checkpoint receptor is constitutively
expressed on activated T cells, protects healthy cells from
excessive inflammatory or autoimmune responses via com-
bination with its ligands PD-L1 and PD-L2 [6, 10]. How-
ever, tumors can co-opt the PD-1/PD-L1 pathway to evade
immune destruction. The binding of PD-L1 to PD-1 could
inhibit T lymphocyte proliferation, cytokine production and
promote T cell apoptosis, thus terminally evading the anti-
tumor immune response and enabling neoplastic growth
[11, 12]. Abundant studies have shown that PD-L1 is over-
expressed on tumor cells and tumor-associated macrophages
in multiple malignancies [6] and is negatively correlated
with survival prognosis [13]. Recently, various clinical tri-
als with anti-PD-1/PD-L1 drugs have shown improved out-
comes and response rates in patients with non-small-cell
lung cancer [14], gastric cancer [15], melanoma [16] and
urothelial cancer [17].

Significantly, high expression of PD-L1 in tumor tissue
is valuable, as is that of sPD-L1, a soluble form of PD-L1
in blood measured by enzyme-linked immunosorbent assay

@ Springer

(ELISA) [18], which is a potential prognostic predictor
in certain hematological malignancies and solid tumors
[19-22]. Finkelmeier et al. [20] stated that high sPD-L1
levels could predict unfavorable outcomes in hepatocellular
carcinoma patients and was positively correlated with the
stages of disease. Rossille et al. [21] reported that the plasma
sPD-L1 level could predict the treatment response and OS in
patients with DLBCL. Similarly, in metastatic or recurrent
gastric cancer, Takahashi et al. [22] also found that elevated
serum sPD-L1 level was an independent predictor for poor
overall survival. A study focused on immune regulatory
molecules in peripheral blood mononuclear cells (PBMCs)
examined PD-L1 mRNA expression in PBMCs with a sig-
nificant fold change in metastatic breast cancer patients in
contrast to healthy volunteers and primary breast cancer
patients, indicating that PD-L1 was a specific gene related
to disease progression [23]. Li Y et al. reported that serum
levels of sPD-1 and sPD-L1 could be used as noninvasive
biomarkers for evaluating the malignancy of TNBC before
neoadjuvant chemotherapy and predicting neoadjuvant
chemotherapy response in TNBC patients [24]. Nonetheless,
the prognostic value of sPD-L1, as well as their association
with clinicopathological factors in breast cancer, remains a
matter of debate.

Thus, despite its potential importance, the regulatory
roles, functions and biological significance of the sPD-L1
are still under investigation. Whether sPD-L1 are involved
in immune regulation and disease progression of breast can-
cer has yet to be elucidated. It is well known that the PD-1/
PD-L1 pathway is identified as the most critical mechanism
of tumor evasion, inhibiting T cell proliferation, inducing
T cell exhaustion and enhancing the activity of regulatory
T cells. It remains to be clarified the biological function
of sPD-L1 in regulating the functions of T lymphocyte in
breast cancer.

In this study, the expression of sPD-L1 in the superna-
tant of breast cancer cell lines was detected, and the effect
of sPD-L1 on the biological function of T lymphocytes in
peripheral blood of healthy people was further tested. By
exploring the effect of sSPD-L1 on T lymphocyte function,
it would provide evidence for the future use of sPD-L1 in
breast cancer.

Materials and methods
Patients

Female patients at the Harbin Medical University Cancer
Hospital who were newly diagnosed with recurrent/meta-
static breast cancer between 2015 September and 2017
February were selected and consecutively recruited in the
prospective study. The inclusion criteria were as follows:
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pathologically diagnosed breast cancer, clinical radiologi-
cally or pathologically confirmed recurrent or metastatic
lesions without anti-tumor therapy since metastasis or
relapse, Eastern Cooperative Oncology Group Performance
Status (ECOG PS) 0 to 1, adequate hematological and organ
function. Patients with a diagnosed second tumor in the pre-
vious 5 years and with severe life-threatening illness, receiv-
ing immunosuppressive medications or with HIV infection,
autoimmunity disease, active infections, hematologic neo-
plasms, history of organ allograft and viral hepatitis were
excluded. In addition, early breast cancer patients at diag-
nosis were enrolled as controls. A total of 208 recurrent/
metastatic patients and 32 patients with preliminary con-
firmed diagnosis of primary early breast cancer formally
entered our study after giving written informed consent for
use of clinical data and materials. Two of them were lost to
follow-up because of being unable to contact. This research
was approved by the ethics committee of Harbin Medical
University Cancer Hospital (KY2018-06).

Treatment and radiologic evaluation

Due to its heterogeneity, breast cancer is divided into differ-
ent relevant molecular subtypes using IHC. Four different
molecular subtypes are categorized as follows: Lumin A-like
subtype (ER/PR positive, HER2 negative, low ki67); Lumin
B-like subtype (ER/PR positive, HER2 negative, high ki67);
HER?2 subtype; non-luminal (ER and PR negative, HER2
positive) or luminal (ER/PR positive, HER2 positive); or
basal-like subtype (ER and PR and HER2 negative, namely
triple-negative breast cancer). Guided by these molecular
subtypes from metastatic or primary tumor biology, systemic
therapy involving endocrine therapy, chemotherapy and
molecular targeted therapy is the first choice for recurrent/
metastatic breast cancer [25]. Patients continued to receive
current first-line rescue therapy until disease progression or
intolerable adverse events.

Patients were regularly radiologically evaluated every six
weeks via contrast-enhanced computed tomography (CT)
according to the Response Evaluation Criteria in Solid
Tumors (RECIST) criteria version 1.1. The therapeutic
responses were categorized as complete remission (CR),
partial remission (PR), stable disease (SD), disease progres-
sion (PD) and non-evaluable (NE).

Blood sample collection

Plasma specimens were obtained from 32 patients with early
breast cancer at diagnosis, 208 recurrent or metastatic breast
cancer patients at baseline, and at the evaluation time (each
2 cycles of treatment).

Blood samples were collected into lithium heparin (LH)
BD blood collection vials within 4 h, centrifuged at 3500 r/

min for 10 min and stored in 1000 pl aliquots at —80 °C until
measurement. Experiment was repeated for three sets using
the same serum samples.

Other clinical laboratory tests were examined before
initiation of first-line palliative chemotherapy, including
white cell count (WBC), absolute monocyte count, abso-
lute neutrophil count, and absolute lymphocyte count. The
lymphocyte-to-monocyte ratio (LMR) was calculated by
dividing the lymphocyte count by the monocyte count, and
the neutrophil-to-lymphocyte ratio (NLR) was calculated by
dividing the neutrophil count by the lymphocyte count.

Measurement of plasma sPD-L1

An ELISA kit was used to measure the protein concentra-
tion of sPD-L1 (PDCD1LG1 ELISA kit, USCN Life Sci-
ence, Wuhan, China) in blood collected from early patient
controls and recurrent/metastatic breast cancer patients. The
minimum detectable dose of plasma sPD-L1 was 0.057 ng/
ml. Following the manufacturer instructions, samples were
measured in triplicate, and the intra- and inter-assay vari-
ations were less than 20%. The same assay and procedure
were used to measure sPD-L1 levels for all studied cohorts.
In our study, each sample was tested in triplicate for sPD-L1,
with the medians used for analysis.

Tissue sample collection and IHC

Biopsy of the first metastatic or recurrent lesion was pro-
posed to verify breast cancer histology and reassess the
tumor biology if clinically feasible because histology might
vary from the primary site due to heterogeneity. We retro-
spectively 86 consecutively recruited patients with adequate
metastatic tissues for PD-L1 and CD8 measurement.

PD-L1 (clone ab58810, Abcam, Paris, France) and CD8
(clone ab66868, Abcam, Paris, France) were assessed in for-
malin-fixed, paraffin-embedded archival tumor samples by
IHC. The positive and negative controls were supplied by the
manufacturer. Slides, each having 1000 tumor cells and 1000
adjacent non-tumor cells, were scored by two pathologists
who did not participate in the clinical data study. Positivity
was defined as PD-L1 and CD8 expression in the stroma
or> 1% in the tumor cells.

In this study, slides of full-face hematoxylin and eosin-
stained sections from primary tumors were retrieved for the
evaluation of TILs by light microscopy and we set the cutoff
value at 20% and defined high TILD.

Cell culture
Human breast cancer cell lines (MDA-MB-231, T47D,

MCF-7, MDA-MB-453) were obtained from the Heilongji-
ang Cancer Institute (Harbin, China). MDA-MB-231 cells
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were cultured in L15 (Gibco, Grand Island, NY, USA) sup-
plemented with 10% fetal bovine serum (Gibco). MCF-7and
T47D cells were cultured in DMEM (Gibco, Grand Island,
NY, USA) supplemented with 10% fetal bovine serum
(Gibco). MDA-MB-453 cells were cultured in RPMI1640
medium (Gibco, Grand Island, NY, USA) supplemented
with 10% fetal bovine serum (Gibco); both cell lines were
then incubated at 37 °C in a humidified atmosphere contain-
ing 5% CO2.

Preparation of T lymphocytes in human peripheral
blood

Fresh peripheral blood of patients with heparin sodium anti-
coagulant was centrifuged by Ficoll density gradient cen-
trifugation for 30 min at 1800 r/min to obtain PBMCs. The
cell concentration was adjusted to 2 X 10° cells/ml, further
separation and purification of human T lymphocytes from
PBMC using the EasySep Human Monocyte Enrichment
Kit, purity >90%; placing the cells in RPMI 1640 medium,
5% CO2, 37 ‘C were cultured to the logarithmic growth
stage.

Analysis of PD-L1 on breast cancer cell surface

Different human breast cancer cell lines were incubated
with PE-mouse anti-human PD-L1 mAb (clone ab270652,
Abcam, Paris, France) at 37 °C for 20 min. After washing
with PBS, labeled cells were detected by flow cytometry
and analyzed by Beckman-Coulter’s Expo32 MULTICOMP
software.

Detection of sPD-L1 in breast cancer cell culture
supernatant

MDA-MB-231, T47D, MCF-7 and MDA-MB-453 cellular
supernatants were centrifuged at 1000 g/min for 20 min,
and the cell-free supernatants were stored at —20 °C for the
ELISA assay. sPD-L1 in cell culture supernatants was meas-
ured using the PathScan total PD-L1 Sandwich ELISA Kit
(Cell Signaling Technology).

Cell viability assay

The viability of the T cells was measured by WST-1 assay.
To generate activated T cells, T lymphocyte cells were
treated with 10 ug/ml PHA for 3 days. The experiment was
divided into 10 groups: resting T lymphocyte, activated T
lymphocyte, activated T lymphocyte plus MDA-MB-231
cell supernatant, activated T lymphocyte plus T47D cell
supernatant, activated T lymphocyte plus MCF-7 cell super-
natant, activated T lymphocyte plus MDA-MB-453 cell
supernatant, activated T lymphocyte plus MDA-MB-231 cell
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supernatant plus anti-PD-L1 atezolizumab (ATE 100 pg/ml),
activation T lymphocyte plus T47D cell supernatant plus
ATE, activated T lymphocyte plus MCF-7 cell supernatant
plus ATE, activated T lymphocyte plus MDA-MB-453 cell
supernatant plus ATE.

In brief, as the confluence of the MDA-MB-231, T47D,
MCF-7 and MDA-MB-453 reached around 70%, they were
seeded in 96-well plates. After 72-h incubation co-cultured
with T lymphocyte cells, WST-1 solution (20 pL, 0.5 mg/
mL in PBS) was added to each well and the plates were incu-
bated at 37 °C for 4 h. Finally, the medium was removed and
dimethyl sulfoxide (DMSO, 150puL) was added to each well
for 10 min to dissolve the purple formazan crystals. Absorb-
ance was measured at 570 nm using a microplate reader. All
assays were performed in three independent experiments.

Flow cytometry

The apoptosis of T lymphocyte was determined by flow
cytometry using the Annexin V-FITC and propidium iodide
(PI) staining. The experimental group was the same as
above, the purified T lymphocytes were added to the 24-well
culture plate at 1 X 10° cells/ml, and the culture plate was
placed in an incubator for 3 days, and then the cell suspen-
sion was transferred to a centrifuge tube. Then, 1x 10%ells
were collected and washed twice with ice-cold PBS. Cells
were dual-stained using a FITC Annexin V Apoptosis Detec-
tion Kit I (BD Biosciences, Franklin Lakes, NJ) according to
the manufacturer’s protocol. Stained cells were immediately
analyzed using a flow cytometer (BD Biosciences).

Statistical analysis

Receiver operating characteristic (ROC) curve analysis was
used to define the discriminating cutoff value with maxi-
mized sensitivity and specificity for sPD-L1 concentration.

Metastatic progression-free survival (PFS) was defined
the period from newly confirmed metastatic or recurrent
breast cancer to disease progression or death because of
disease progression. Metastatic OS was defined the period
from newly confirmed metastatic or recurrent breast cancer
to death because of disease progression. Median PFS and
OS were computed by the Kaplan—-Meier method, and the
comparisons of variance were assessed using log-rank tests.
Potential survival prognostic factors for PFS and OS were
assessed by univariate analysis at first, and factors with p
value less than 0.05 were accessed to multivariate for further
validation. Hazard ratio (HR) and 95% confidence interval
(95% CI) for all variables were calculated in the regression
model.

Comparisons of clinical data between groups were
made using the x2 test, the Mann—Whitney t-test or
the Wilcoxon-matched test, as appropriate. Relevance



Cancer Immunology, Immunotherapy (2021) 70:2893-2909

2897

between plasma sPD-L1 levels and other laboratory
examinations was analyzed using the Spearman or Pear-
son correlation analysis calculating the coefficient. A
two-sided verified p value less than 0.05 was unified as
statistical significance. SPSS version 17.0 statistical soft-
ware and GraphPad Prism 5.01 (GraphPad Software, La
Jolla, CA, USA) were used for statistical analysis.

Results
Patient characteristics

A total of 208 patients with recurrent or metastatic breast
cancer were enrolled in our study. The expected baseline
characteristics are shown in Table 1. Among the 208 cases,
according to biological tumor subtypes, 33 (15.9%) had

Table 1 Clinical characteristics

Characteristics Total patients Low sPD-L1 High sPD-L1 (> p value
of advanced breast cancer (n=208)% (<8.774 ng/ml) 8.774 ng/ml)
according to optimal sPD-L1
level Age, years
<60 160(76.9) 98(83.8) 62(68.1) 0.005
>60 48(23.1) 19(16.2) 29(31.9)
Menopause status
Premenopausal 104(50.0) 58(49.6) 46(50.5) 0.889
Postmenopausal 104(50.0) 59(50.4) 45(49.5)
IHC profile
Triple-negative 33(15.9) 16(13.7) 17(18.6) 0.202
HER-2-positive 99(47.6) 62(53.0) 37(40.7)
Luminal 76(36.5) 39(33.3) 37(40.7)
Location of metastases
Visceral 147(70.7) 86(73.5) 61(67.0) 0.309
Non-visceral 61(29.3) 31(26.5) 30(33.0)
TNM staging
I-1I 101(48.6) 60(51.3) 41(45.1) 0.373
I-1v 107(51.4) 57(48.7) 50(54.9)
Previous chemotherapy
Yes 159(87.8) 89(88.1) 70(87.5) 0.899
No 22(12.2) 12(11.9) 10(12.5)
Previous endocrine therapy
Yes 87(48.0) 51(50.5) 36(45.0) 0.462
No 94(52.0) 50(49.5) 44(55.0)
Previous radiotherapy
Yes 120(66.3) 59(58.4) 61(76.2) 0.012
No 61(33.7) 42(41.6) 19(23.8)
First-line therapy
Targeted therapy 0.635
Trastuzumab + taxane 84(84.8) 51(82.3) 29(60.7)
Lapatinib + capecitabine 15(15.2) 11(17.7) 8(60.0)
Endocrine therapy 0.589
Fulvestrant 4(17.4) 3(17.7) 1(10.0)
Als +deprivation therapy 23(85.2) 14(82.3) 9(90.0)
Chemotherapy 0.605
Capecitabine 5(5.7) 1(2.6) 4(9.1)
Gemcitabine + platinum 29(33.0) 13(34.2) 16(36.4)
Vinorelbine + platinum 7(19.3) 3(7.9) 4(9.1)
Taxane + epirubicin/platinum
/capecitabine 41(46.6) 21(55.3) 20(45.4)

Abbreviations: sPD-L1, soluble programmed death-ligand 1; IHC, immunohistochemical; Als, aromatase

inhibitors
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triple-negative breast cancer, 99 (47.6%) had HER2-positive
disease, and the remaining 76 (36.5%) had luminal disease.
A total of 181 patients (87.0%) relapsed after surgery and
received necessary adjuvant treatment according to routine
clinical practice in the early-stage setting. The location of
metastatic occurrence was primarily liver, lung, or both
(70.7%), and the remainder were located in bone, nodal and
soft tissues (29.3%).

sPD-L1 level with clinical characteristics

The median sPD-L1 level in plasma collected from all recur-
rent/metastatic breast cancer cases before first-line rescue
therapy was 7.964 ng/ml (range: 1.442-21.618), appar-
ently higher than that of control cohorts of 30 early breast
cancer patients at diagnosis (median: 4.891 ng/ml, range:
1.249-10.718, p<0.001, Fig. 1a). The baseline characteris-
tics of these early breast cancer patients are shown in Sup-
plementary Table 1.

The optimal cutoff value of plasma sPD-L1 defined by
the ROC curve in prediction of disease progression was
8.774 ng/ml (AUC=0.676, p<0.001, Supplementary
Fig. 1). According to the optimal cutoff level, 91 (43.8%)
patients were allocated to the high sPD-L1 (>8.774 ng/ml)
group, and 171 (56.2%) were allocated to the low-sPD-L1
(<8.774 ng/ml) group. The high-sPD-L1 group were signifi-
cantly associated with older age (over 60 years) and previ-
ous adjuvant radiotherapy history (»p =0.005 and p=0.012,
respectively, Table 1). In addition, the mean plasma sPD-L1
level showed no visible difference in patients with triple-
negative subtype, HER2-positive subtype and luminal sub-
type (mean: 9.111, 7.765, and 8.402, p > 0.05, respectively,
Fig. 1b). However, no significant correlation was noted
between plasma sPD-L1 level and menopausal status, loca-
tion of metastases, previous chemotherapy, endocrinother-
apy history and different IHC profiles.

In addition, the correlations of plasma sPD-L1 level with
systemic inflammation markers were analyzed, including
white cell count (WBC), absolute monocyte, neutrophil and
lymphocyte count; lymphocyte-to-monocyte ratio (LMR);
and neutrophil-to-lymphocyte ratio (NLR). Weak correla-
tion was found between plasma sPD-L1 level and WBC
(r=0.208, p=0.003, Fig. 2a), absolute monocyte count
(r=0.170, p=0.020, Fig.2b), and absolute neutrophil count
(r=0.112, p=0.011, Fig. 2c). No relevance was found for
other markers, including absolute lymphocyte count, LMR
and NLR (p=0.055, p=0.428, and p=0.411, respectively,
Fig. 2d-f).

Progress analysis

The median follow-up was 25.2 months (range: 1.5-39.0),
at which 166 (79.3%) cases exhibited disease progres-
sion and 99 patients died of breast cancer. As shown in
Fig. 3, 4, high-sPD-L1 patients had poorer prognosis than
low-sPD-L1 patients. Of all of the recurrent/metastatic
patients, Kaplan—Meier analysis showed that patients with
sPD-L1 >8.774 ng/ml had poorer PFS and OS than the
patients with sPD-L1 <8.774 ng/ml (PFS 7.2 m vs. 13.6 m,
p<0.001; OS 21.4 m vs 28.0 m, p=0.001; Figs. 3a, 4a).
For triple-negative breast cancer patients, patients with sPD-
L1>8.774 ng/ml had a significantly poorer outcome than
those with sPD-L1 <8.774 ng/ml (PFS 5.1 m vs. 13.9 m,
p=0.002; OS 17.4 m vs 26.6, p=0.008; Figs. 3b, 4b). Simi-
larly, for the HER2-positive subtype (PFS 7.2 m vs. 13.7 m,
p<0.001; OS 21.7 m vs 26.2 m, p=0.048; Figs. 3c, 4c)
and luminal subtype (PFS 8.0 m vs. 12.3 m, p=0.026; OS
21.9 m vs 29.9 m, p=0.021; Figs. 3d, 4d) breast cancers,
high sPD-L1 level remained significantly associated with
poor PFS and OS.

Univariate analysis and multivariate analysis identi-
fied a high sPD-L1 level and visceral metastasis as factors

a b Advanced breast cancer patients c Advanced breast cancer patients in PR
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Fig. 1 Comparison of plasma sPD-L1 level between different patients
cohorts. a Plasma sPD-L1 protein measurement in 208 patients of our
cohort before first-line treatment and 30 early breast cancer patients
at diagnosis. b Plasma sPD-L1 protein measurement in three molec-
ular subtypes cohort. ¢ Plasma sPD-L1 protein measurement in 32

@ Springer

HER2+

Before-treatment After-treatment
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patients of our cohort in PR (partial remission) with sPD-L1 collected
before first-line treatment and within 1 week after treatment. Statis-
tical analysis was performed using the Mann—Whitney t-test or the
Wilcoxon-matched test
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Fig.2 Correlation between sPD-L1 level and systemic inflammation
marker. a WBC (white cell count), b monocyte count, ¢ neutrophil
count, d lymphocyte count, e LMR (lymphocyte-to-monocyte ratio),

associated with poor prognosis (Table 2). A high plasma
sPD-L1 level (> 8.774 ng/ml) was an independent risk factor
that more significantly affected PFS (HR =3.358, 95%CI:
2.425-4.650, p<0.001) and OS (HR=2.792, 95%CI:

1.863-4.184, p<0.001).

Decreased sPD-L1 level in partial remission patients

All of the recurrent/metastatic patients received rescue first-
line treatment in accordance with patient preference, tumor
biology and disease clinical features. A total of 99 (47.6%)
HER2-positive metastatic patients received trastuzumab
plus taxane chemotherapy or lapatinib plus capecitabine
chemotherapy. A total of 27 (13.0%) HER2-negative luminal
metastatic patients received aromatase inhibitors (Als) com-
bined medicine or surgical deprivation therapy or fulvestrant
therapy. A total of 82 (39.4%) received capecitabine mono-
therapy, gemcitabine monotherapy or combined platinum,
vinorelbine monotherapy or combined platinum, and taxane
monotherapy or taxane-based combined therapy.

Of these, 32 patients achieved partial remission (PR)
according to RESIST criteria version 1.1. The plasma
sPD-L1 levels of these patients were found to significantly
decrease compared with their corresponding levels in plasma
collected before first-line treatment (p =0.049, Fig. 1c). Nev-
ertheless, 11 (34.4%) of the 32 patients showed no disease
progression at the time of the last follow-up (median mPFS:

15.0 m).

f NLR (neutrophil-to-lymphocyte). Statistical analysis was performed
using the Pearson correlation b or Spearman correlation b—f.

Correlation between tumoral PD-L1 and sPD-L1
level in breast cancer patients

The direct comparison of the clinical burden between tis-
sue and serum sPD-L1 had not been examined. Of the 86
patients with recurrent/metastatic breast cancer whose
tumor samples were screened for PD-L1 expression (77 in
nodal and soft tissue, 9 in liver tissue), 35 (40.7%) presented
PD-L1 expression in stroma or at least 1% of tumor cells (as
shown in Fig. 5a). In the analysis of tumoral PD-L1 expres-
sion and the corresponding plasma sPD-L1 level, a signifi-
cant correlation was observed (p <0.01, Fig. 5¢).

Immunohistochemical analysis of CD8-positive T
cells

We evaluated the correlation between the numbers of
CDS8-positive T cells and tissue PD-L1 expression by IHC
(Fig. 4a, b). We found CD8-positive T cells were signifi-
cantly decreased with elevated tissue PD-L1 expression in
the breast cancer tissues (Fig. 5d).

Correlation between TILD and sPD-L1 level in breast
cancer patients

We analyzed the correlation between TILD (tumor-infiltrat-

ing lymphocyte density) and sPD-L1 level in breast can-
cer patients. Of the 86 patients with recurrent/metastatic
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Fig.3 Kaplan—-Meier curves of PFS for all patients and differ-
ent IHC profile patients based on the cutoff sPD-L1 level (<8.774
vs.>8.774 ng/ml). a All patients (n=208), b TNBC (triple-negative

breast cancer whose tumor samples were screened for TILD
expression, 50 (58.1%) presented TILD expression at least
20% (as shown in (Supplementary Fig. 2). In the analysis
of TILD expression and the corresponding plasma sPD-L1
level, a significant correlation was observed (p < 0.001, Sup-
plementary Fig. 2).

sPD-L1 expression in supernatant of breast cancer
cells

To reveal whether breast cancer cell lines expressing mPD-
L1 can produce soluble PD-L1, PD-L1 expression on breast
cancer cells was analyzed by flow cytometry and the level of
sPD-L1 in the supernatant of breast cancer cells was deter-
mined with an ELISA kit (PDCD1LG1 ELISA kit, USCN
Life Science, Wuhan, China). It showed that sSPD-L1 could
be detected in the supernatant of the culture of mPD-L1 (+)
breast cancer cell lines (Fig. 6a, b).
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breast cancer) (n=33) patients, ¢ HER2-positive subtype patients
(n=99), d luminal subtype patients (n=76). p value was from Log-
rank test according to the cutoff value of sPD-L1 level

sPD-L1 inhibits the proliferation of T lymphocytes

We next assessed the effect of the inhibition of T lympho-
cyte after co-culture with the supernatant of MDA-MB-231,
T47D, MCF-7, MDA-MB-453 breast cancer cell lines express-
ing sPD-L1 by WST-1. T cell proliferation was inhibited by
co-culture with MDA-MB-231, T47D, MCF-7, and MDA-
MBA453 breast cancer cell lines producing sPD-L1, whereas
sPD-L1 could effectively restore the inhibitory effect of PD-1/
PD-L1 on T lymphocytes after the addition of anti-PD-L1
antibody (atezolizumab). The results showed that sPD-L1
could inhibit the proliferation of T lymphocytes (p <0.001,
p<0.001, p<0.001 and p <0.01, respectively, Fig. 7a—d).

sPD-L1 increases the apoptosis rate of T
lymphocytes

We performed flow cytometry assays to investigate the effect
of sPD-L1 on regulating the apoptosis of T lymphocytes.
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Fig.4 Kaplan-Meier curves of OS for all patients and differ-
ent IHC profile patients based on the cutoff sPD-L1 level (<8.774
vs.>8.774 ng/ml). a All patients (n=208), b TNBC (triple-negative

Compared with the group without anti-PD-L1 antibody, the
apoptosis rate of containing anti-PD-L1 antibody group was
significantly decreased, the same results were observed in
MDA-MB-231, T47D, MCF-7, MDA-MB-453 breast cancer
cell lines (»p <0.001 all in Fig. 8a—e). We found that sPD-
L1 could promote apoptosis of activated T lymphocytes,
whereas the effect could also be reversed by the adding of
antibody against PD-L1.

Discussion

Recent studies indicated that cancer-associated fibroblasts
(CAFs), tumor-associated macrophages (TAMs) and regula-
tory T cells (Tregs) within the tumor microenvironment were
involved in the process of breast cancer growth, invasion and
metastasis [26—28]. Immune checkpoint molecules such as
PD-1, PD-L1 and CTLAA4 also play a pivotal role in immu-
nosuppression of the tumor microenvironment [6]. Immu-
notherapy with immune checkpoint inhibitors is a promising

TNBC patients (n=33)
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breast cancer) (n=33) patients, ¢ HER2-positive subtype patients
(n=99), d luminal subtype patients (n=76). p value was from Log-
rank test according to the cutoff value of sPD-L1 level

and rapidly growing field of interest in many solid tumors;
to date, pembrolizumab and atezolizumab, two checkpoint
inhibitors, have been most extensively studied in breast can-
cer [29-33].

Except for the expression of immune checkpoint mol-
ecules in the tissues, sPD-L1 detection also drew attention.
Recently, research has shown that high sPD-L1 levels were
proved as prognostic for poor treatment response and sur-
vival prognosis in hepatocellular carcinoma [34], renal cell
cancer [35], ovarian cancer [36], lung cancer [37], gastric
cancer [38], melanoma [39] and extranodal NK/T cell lym-
phoma [40]. To the best of our knowledge, the current work
is the first to investigate the clinical prognostic complica-
tions of plasma sPD-L1 in recurrent or metastatic breast
cancer patients before receiving first-line rescue therapy. In
our study, it suggested that the plasma sPD-L1 level was
comparatively higher in recurrent/metastatic patients than
early-stage patients.

Several studies have shown that PD-1/PD-L1 play an
important role in the occurrence and development of breast
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Fig.5 Immunohistochemical staining of tumoral PD-L1 expression
and correlation with corresponding plasma sPD-L1 level. a Immuno-
histochemical staining of PD-L1 expression in advanced breast can-
cer (10X HPF and 40 x HPF), PD-L1 staining in> 1% of tumor cells
or in stroma cells(left), PD-L1 staining in< 1% of tumor cells (right).
b Immunohistochemical staining of CD8 expression in advanced
breast cancer (10xXHPF and 40 xHPF), PD-L1 staining in>1% of
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b
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tumor cells or in stroma cells(left), PD-L1 staining in< 1% of tumor
cells (right). ¢ Correlation between tumoral PD-L1 expression and
corresponding plasma sPD-L1 level (n=86). Statistical analysis was
performed using the Mann—Whitney U test. **, p<0.01. d A statisti-
cally significant inverse correlation between tumoral PD-L1 and CD8
expression score in 86 cases of breast cancer tissues
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Fig.6 sPD-L1 expression in supernatant of breast cancer cells: a flow
cytometry was analyzed with mPD-L1 expression on breast cancer
cells. b The cell-free supernatants of MDA-MB-231, T47D, MCE-7

& S

and MDA-MB-453 cells were collected to determine the levels of
sPD-L1 by the ELISA method
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cancer. [HC studies showed that PD-L1 expression in breast
cancer was an unfavorable indicator associated with poor
DFS and OS [41]. A genomic analysis on mRNA expression
of immune regulatory molecules in PBMCs from primary
and metastatic breast cancer patients suggested a correlation
between PD-L1 gene and disease progression [23]. In our
study, we found that sPD-L1 level greater than 8.774 ng/
ml measured in the peripheral blood before first-line treat-
ment was significantly associated with a short PFS of recur-
rent or metastatic breast cancer. Consistent with a report in
the 2017 ASCO meeting that higher serum sPD-L1 levels
were prognostic for poor PFS and OS in HER2-positive
metastatic breast cancer patients treated with first-line tras-
tuzumab. Luminal-like subtypes patients corresponded to
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36.5% of our cohort, which would get a long survival if
they received an useful treatment regimen. Hence, we did
not compare the correlation between sPD-L1 levels and OS
of these breast cancer patients. Because breast cancer was
a heterogeneous disease, different subtypes have different
molecular and immunohistochemical profiles, prognoses,
and responses to treatment [29—32]. However, in our study,
plasma sPD-L1 expression showed no difference in different

Fig.8 sPD-L1 increase the apoptosis rate of T lymphocytes. a—e »
Flow cytometric analysis of T cell apoptosis in 231, T47D, MCF-7
and 453 cells, in which cancer cells were co-cultured with activated T
cells alone or activated T cells with ATE at 100 pg/ml concentrations
for 72 h time; ***, p <0.001
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subgroups of breast cancer (triple-negative, HER2-positive,
and luminal-like).

Good tumor biomarkers were expected to predict the ther-
apeutic effect of anti-tumor drugs. A clinical trial reported
that a significant decrease of the sPD-L1 level in DLBCL
patients achieved CR of at least half year compared with
the corresponding levels at diagnosis [19]. Additionally,
we found that elevated levels of sPD-L1 were associated
with poorer prognosis, regardless of the assigned treatment,
and that sPD-L1 levels decreased dramatically for patients
who achieved PR, especially those with high sPD-L1 levels.
These results indicated that sSPD-L1 might be representative
of an anti-tumor immunosuppression state and an improve-
ment in intrinsic adaptive anti-tumor immunity via effective
therapy. These results cleared the way for the further studies
aimed at determining whether monitoring the alternation
of sPD-L1 level before and after therapy in the peripheral
blood can identify patients who are most likely to benefit
from conventional treatments.

Circulating inflammatory cells, including lymphocytes,
monocytes, neutrophils, and their combined index (LMR,
NLR), reflect a systemic inflammatory response to cancer
[42], which indicates that systemic inflammatory response
is an important prognostic factor in tumor development and
progression [43]. Lymphocytes inhibit tumor cell prolifera-
tion and migration, induce cytotoxic cell death and subse-
quently eradicate cancer, and in contrast, monocytes release
cytokines and free radicals related to angiogenesis, tumor
growth and distant spread. Neutrophils mediate tissue dam-
age via certain biochemical mechanisms such as the release
of arachidonic acid metabolites, oxidative free radicals and
other hydrolytic enzymes. The current study shows signifi-
cant relationships between selected inflammatory markers
(monocyte count, neutrophil count) and plasma sPD-L1 lev-
els. He et al. found that the ratio of PD-L1(+) neutrophils
to PD-1(+) T cells was higher in peritumoral tissue and
better predicted the disease-free survival of patients with
HCC [42]. Compared with healthy subjects, interferon-vy,
IL-6 and IL-10 were significantly increased in the plasma of
high-sPD-L1 patients [44]. These data support the hypoth-
esis that sSPD-L1 could indicate the anti-immune response
of the disease and cooperatively impact tumor progression.

Furthermore, findings also showed that soluble PD-L1
associated immune suppression via regulation the function
of T lymphocyte. Shi B. et al. [45] stated that sPD-L1 may
contribute to the proliferation of T cells and the develop-
ment of diabetic macrovascular diseases. Pan X. et al. [46]
suggested that the immune mechanism of sPD-L1 and the
PD-1/PD-L1 pathway is associated with immune response
in tuberculous pleural effusion. Avendafio-Ortiz J. et al. [47]
demonstrated that elevated concentration of sPD-L1 in sep-
sis results in the lowest rate of T cell proliferation by PD-L1/
PD-1 cross talk. Blinova E. et al. [48] showed negative
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correlation of sPD-L1 serum concentration and CD8 + tumor
expression in subgroups of Durvalumab-treated mice that
carried both primary and relapsed non-muscular invasive
bladder cancer of GATA 3 and KRT 5/6 expressed subtypes.
Wu D. et al. [49] reported that activation of the PD-1/PD-L1
pathway using sPD-L1 could improve the imbalance of Th1/
Th2 and Treg/Th17 immune cells in ITP patients. Li Y. et al.
[50] stated that by controlling the expression of sPD-L1, it
may be possible to block the inhibitory effect of the PD-1/
PD-L1 signaling pathway and improve the function of effec-
tor T cells in cystic echinococcosis. Orme et al. [51] showed
that sPD-L1 from tumor cells induces CD8+T cell death
and inhibits anti-tumor immunity. Although sPD-LI have
been recognized as naturally existing regulators of PD-1/
PD-L1 membrane signaling pathways in various disease
systems, the biological activity of sPD-L1 remains incom-
pletely understood, clearly, further work is needed to better
understand the implications of sPD-L1 levels on immuno-
therapy efficacy in breast cancer. The results of this study
indicate that, like other soluble factors with immunoregula-
tory functions, sPD-L1 was present in a functional form in
breast cancer cells. In vitro, MDA-MB-231, T47D, MCF-7,
MDA-MB-453 breast cancer cell lines produced sPD-L1,
the supernatant of breast cancer cells containing sPD-L1
significantly inhibited the proliferation of PHA-stimulated
T cells. Atezolizumab blocked the interaction of PD-1/sPD-
L1 and effectively restored the proliferative capacity of T
cells. It can be speculated that with the increased of sPD-
L1, more sPD-L1 bound to PD-1 on the surface of activated
lymphocytes, which limited the activation and proliferation
of T lymphocytes, leading to the killing effect of breast
cancer cells on immune cells [37]. Studies had shown that
the expression of soluble costimulatory molecules was sig-
nificantly correlated with clinicopathological features such
as lymph node metastasis, tumor size and multiple organ
metastasis.

To summarize, sSPD-L1 is a good tumor maker in recur-
rent or metastatic breast cancer patients before receiving
first-line rescue therapy, and high plasma levels of sPD-L1
are associated with a shorter PFS. This is the first study to
confirm the negative impact of sPD-L1 on the progress of
recurrent or metastatic breast cancer in the patient popula-
tion. Abnormality of soluble factors plays an important role
in the long-term and early immune regulation of the body,
and it is beneficial to the tumor cells to resist the killing and
elimination of lymphocytes in the tumor microenvironment.
Specific anti-PD-L1 antibody can reduce the expression of
sPD-L1 and remove its blocking effect on PD-1/PD-L1
negative signaling pathway, which may help to improve T
cell viability and enhance the killing for breast cancer cells.

Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00262-021-02898-4.
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