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ABSTRACT

Background. This study assessed programmed cell death
ligand 1 (PD-L1) expression in primary tissues and soluble
PD-L1 (sPD-L1) concentration in matched preoperative
serum in gastric cancer (GC) patients to perform direct
comparison between tissue and serum PD-L1 expression
and to clarify the prognostic implication in GC.
Methods. The study enrolled 180 GC patients who
underwent surgery for GC at the authors’ institution. The
study evaluated tissue PD-L1 expression using immuno-
histochemistry and quantified sPD-L1 concentration in
preoperative serum using enzyme-linked immunosorbent
assay in GC patients.

Results. The findings showed that PD-L1 was overex-
pressed in GC tissues compared with normal mucosa. Tissue
PD-L1 expression was significantly higher in the GC patients
with advanced T stage, presence of lympho-vascular inva-
sion, lymph node metastasis, and peritoneal metastasis.
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Furthermore, elevated tissue PD-L1 expression was signifi-
cantly associated with poor prognosis for overall survival
(OS) and disease-free survival (DFS). Serum sPD-L1 was
significantly higher in the GC patients than in the healthy
volunteers. Although serum sPD-L1 was not correlated with
any clinicopathologic factors, the patients with high serum
sPD-L1 showed poorer OS and DFS than those with low sPD-
L1. Multivariate analyses showed that both elevated tissue
PD-L1 and serum sPD-L1 were independent prognostic
factors for poor OS [tissue PD-L1: hazard ratio (HR), 4.28;
95% confidence interval (CI), 1.43-12.8; P = 0.0094 vs.
serum sPD-L1: HR, 11.2; 95% CI, 3.44-36.7; P = 0.0001]
and poor DFS (tissue PD-L1: HR, 6.96; 95% CI, 2.48-19.6;
P = 0.0002 vs. serum sPD-L1: HR, 8.7; 95% CI, 3.16-23.9;
P < 0.0001) for the GC patients. Furthermore, infiltrative
CDS8- and Foxp3-positive T cells were significantly increased
in the GC patients with elevated tissue PD-L1 expression.
Conclusion. Both serum sPD-L1 and tissue PD-LI
expression may serve as predictive biomarkers for recur-
rence and prognosis in GC patients.

Gastric cancer (GC) is the fourth most common cancer
and the second leading cause of cancer-related deaths
worldwide.'™ To improve disease outcome, an urgent need
exists for the development of prognostic and predictive
biomarkers to identify appropriate GC patient groups for
the most effective treatment choices.

The immune system can recognize cancer cells and
suppress tumor development and the metastasis process.*”’
Some studies have shown that tumor cells have the
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capacity to escape immune detection and attack by the host
immune responses through the use of diverse mecha-
nisms.®° Thus, identification of the mechanisms involved
in the escape of immune suppression might help identify
novel therapeutic targets for the development of more
robust and targeted therapeutic regimens.'® Indeed, several
studies have established the success of immune checkpoint
inhibitors in various cancers, including non-small cell lung
carcinoma, renal cell carcinoma, melanoma, and Ge.!-B

The programmed cell death ligand 1 (PD-L1)/pro-
grammed cell death receptor 1 (PD-1) pathway has been
considered a promising target for cancer treatment based
on its role in tumor immunity. Typically, PD-1 is expressed
by activated lymphocytes and interacts with the PD-L1
ligand. Binding of PD-1 to a ligand results in the inhibition
of the proliferation and activation of T cells, eventually
leading to the immune evasion of tumor cells.'*"”

Several studies have shown that PD-L1 overexpression
is an indicator of a poor prognosis in several malignan-
cies."™ Tt is known that PD-L1 localizes to the cell
surface of tumor and immune cells, and a recent study
showed the existence of soluble PD-L1 (sPD-L1) released
from PD-L1-positive cells in human serum.>* Furthermore,
several lines of evidence demonstrate the clinical burden of
sPD-L1 in hematopoietic malignancies.?>=°

Although several studies have shown the clinical burden
and prognostic impact of tissue PD-L1 expression in GC
patients, to the best of our knowledge, the clinical signifi-
cance of circulating sPD-L1 in GC and direct comparison
of the clinical burden between tissue and serum sPD-L1
have not been examined.

MATERIALS AND METHODS
Patients and Sample Collection

The study enrolled 180 GC patients (116 men and 64
women) who underwent surgery for GC at Mie University
Hospital, Japan from 2008 to 2014. The patients were
included according to the availability of matched tissue and
serum samples with complete clinical data. Additional
information is described in Supplementary Materials and
Methods.

Immunohistochemical Analysis and Evaluation of PD-
LI Expression Scores

Formalin-fixed, paraffin-embedded sections (5 pm
thick) were prepared from surgical specimens of the GC
patients and incubated with an antibody against PD-L1
(diluted 1:100; 27A2, LS-C179481; LifeSpan Bio-
sciences,Inc., Seattle, WA, USA) at 4 °C overnight.

Additional information is described in Supplementary
Materials and Methods.

Each slide was observed by scanning of the entire tissue
specimen at magnifications of x40 and x200. Two
pathologists without prior knowledge of patient clinico-
pathologic characteristics evaluated PD-L1
immunoreactivity at the core of GC according to the
intensity and extent of staining. The evaluators used a
multihead microscope to resolve discrepancies. Additional
information is described in Supplementary Materials and
Methods (Fig. S1).

Immunohistochemical Analysis to Detect Foxp3
and CDS8 Expression in GC Tissues

Formalin-fixed, paraffin-embedded (FFPE) specimens
were sliced into 5-pum sections and subjected to immuno-
histochemical analysis to detect Foxp3 and CDS8
expression. The primary antibodies used were monoclonal
mouse anti-human Foxp3 antibody (clone: 236A/E, dilu-
tion 1:100; Abcam, Cambridge, UK) for regulatory T cells
and monoclonal rabbit anti-human CD8 (clone: EP1150,
dilution 1:1000; GeneTex, San Antonio, TX, USA) for
cytotoxic T cells. Additional information is described in
Supplementary Materials and Methods.

Scoring Foxp3- and CDS-Positive T Cells

Foxp3- and CD8-positive T cells were counted using a
scanner system under an Olympus BX-51 and DP21
(Olympus, Tokyo, Japan) with Cellsens software imaging
system, as previously described.”” Additional information
is described in Supplementary Materials and Methods.

Enzyme-Linked Immunosorbent Assay

Serum sPD-L1 concentrations were determined using
enzyme-linked immunosorbent assay kits for human PD-
L1 (WLS Cloud-Clone Corp., Houston, TX, USA), as
previously described.?**® Further information is described
in Supplementary Materials and Methods.

Statistical Analysis

Statistical analyses were performed using JMP version
10 (SAS Institute, Cary, NC, USA). The results are
expressed as mean + standard deviation (SD). Receiver
operating characteristic (ROC) curves were generated to
determine cut-off values of tissue and serum PD-L1
expression for analysis of survival by Youden’s Index
(tissue PD-L1: score 6; serum sPD-L1: 0.507 ng/mL).
Additional information is described in Supplementary
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Materials and Methods. All P values were two-sided, and
P values lower than 0.05 were considered statistically
significant.

RESULTS
Expression Pattern of PD-LI in GC Tissues

To assess the expression pattern of PD-L1 in GC tissues,
we performed immunohistochemical analysis of PD-L1
using GC tissues and adjacent normal mucosa and quan-
tifying staining as described in the Methods section. We
stained PD-L1 mainly in the cellular membrane of GC
cells, consistent with previous reports for other types of
cancers.”” Notably, expression of PD-L1 was significantly
upregulated in GC cells compared with adjacent normal
mucosa (P < 0.0001, Wilcoxon rank correlation test;
Fig. 1a, Fig. S1).

High PD-LI Expression Was Significantly Correlated
With Clinicopathologic Factors in GC Patients

We next assessed the relationship between tissue PD-L1
expression and various clinicopathologic variables in the
GC patients. Interestingly, higher PD-L1 expression in GC
tissues was significantly correlated with well-established
disease progression factors, including advanced T stage
(P = 0.0003), presence of vessel (P < 0.0001) and lym-
phatic vessel involvement (P = 0.0005), lymph node
metastasis positivity (P = 0.023), and peritoneal metastasis
positivity (P = 0.0098) in the GC patients (Table 1).

We next generated a Kaplan—Meier survival curve based
on PD-L1 expression to perform the time-to-event analysis
and evaluate the potential use of tissue PD-L1 expression
as a prognostic biomarker. Interestingly, the patients with
elevated PD-L1 expression in GC tissues had a signifi-
cantly poorer prognosis than those with tissue PD-LI
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FIG.1 a-c Programmed cell death ligand 1 (PD-L1) is highly
expressed in gastric cancer (GC) tissues, and elevated PD-LI
expression in GC tissues was significantly correlated with poor
overall survival (OS) and disease-free survival (DFS) for the GC
patients. a PD-L1 expression was significantly increased in cancerous
tissues compared with matched adjacent normal mucosa in 180 GC
patients (P < 0.0001). b, ¢ Kaplan—Meier survival curves for OS and
DES for the GC patients based on PD-L1 expression in GC tissues.
b The overall survival (OS) for the GC patients with high PD-L1
expression in GC tissues was significantly lower than for the patients
with low PD-L1 expression (P = 0.0001, log-rank test). ¢ The DFS
for the GC patients with high PD-L1 expression in GC tissues was
significantly lower than for the patients with low PD-L1 expression
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(P < 0.0001, log-rank test). d—f Serum soluble PD-L1 (sPD-L1) was
significantly increased in the GC patients, and a high level of serum
sPD-L1 was significantly correlated with poor OS and DFS for the
GC patients. d The serum sPD-L1 concentration was significantly
increased in the GC patients compared with the healthy control
subjects (P < 0.0001). e, f Kaplan—Meier survival curves for OS and
DES for the GC patients based on sPD-L1 levels in the preoperative
serum of the GC patients. e The OS for the GC patients with high
sPD-L1 levels was significantly lower than for those with low sPD-L1
levels in preoperative serum (P = 0.0027, log-rank test). f The DFS
for the GC patients with high sPD-L1 levels was significantly lower
than for those with low sPD-L1 levels in preoperative serum
(P < 0.0001, log-rank test). All statistical tests were two-sided
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TABLE 1 Correlation between clinicopathologic variables and
tissue programmed cell death ligand 1 (PD-L1) expression in
gastric cancer (GC) patients

Variable n PD-L1 expression P value
Mean £+ SD

Gender
Male 116 5.65 £ 4.32 0.12
Female 64 4.75 £ 4.03

Age (years)”
> 70 100 479 £ 4.12 0.13
> 70 80 6.01 £ 4.29

Histologic type
Intestinal type 78 6.21 £ 4.24 0.014°
Diffuse type 102 4.63 + 4.14

Pathologic T category
pT1/2 108 433 £3.94 0.0003°
pT3/4 72 6.83 £+ 4.29

Vessel invasion
Present 63 7.17 £ 422 < 0.0001°
Absent 117 434 £3.92

Lymphatic vessel invasion
Present 109 6.38 + 4.31 0.0005"
Absent 71 3.73 + 3.60

Lymph node metastasis
Present 73 6.37 £ 4.37 0.023°
Absent 107 4.63 £ 4.01

Peritoneal metastasis
Present 13 7.84 £+ 4.02 0.0098"
Absent 167 5.14 £ 4.20

Distant metastasis
Present 15 6.60 + 4.61 0.42
Absent 165 522 £ 4.19

UICC TNM classification
Stage 1 98 3.87 £ 3.60
Stage 2 27 5.38 £ 4.20
Stage 3 29 8.24 + 4.00
Stage 4 26 7.11 £ 4.37

SD standard deviation, UICC Union for International Cancer Control,
TNM tumor-node-metastasis

“The median age at surgery is 70 years for GC patients
°P < 0.05

expression under the cut-off point in terms of OS in the GC
cohort (P = 0.0001, log-rank test; Fig. 1b). Furthermore,
increased PD-L1 expression in GC tisseues was signifi-
cantly correlated with poorer disease-free survival (DFS)
than low PD-L1 expression (P < 0.0001, log-rank test;
Fig. 1c).

Concentration of sPD-LI in Preoperative Serum From
GC Patients

Based on the finding of PD-L1 overexpression in GC
tissues, we examined the sPD-L1 levels in tissue-matched
preoperative serum specimens from the GC patients and
the healthy volunteers to clarify the diagnostic potential of
sPD-L1 in GC. The sPD-L1 concentration in preoperative
serum was significantly higher in the GC patients than in
the healthy control subjects (P < 0.0001; Fig. 1d). None of
the clinicopathologic factors except lymphatic vessel
invasion were correlated with the preoperative serum sPD-
L1 levels in the GC patients (Table 2). However, the GC
patients with high sPD-L1 levels in preoperative serum
showed poorer OS and DFS than the patients with low
serum sPD-L1 levels (P =0.0027 and P < 0.0001,
respectively; Fig. le and f).

High sPD-LI Level in Preoperative Serum
was an Independent Prognostic Factor for Both OS
and DFS in GC Patients

We next performed a multivariate Cox regression
analysis to elucidate the potential of prognostic biomarkers
in the GC patients. The univariate analysis showed that the
risk factors for poor OS were advanced T stage
(P = 0.0006), vessel involvement (P = 0.0012), lymphatic
vessel involvement (P = 0.016), lymph node metastasis
(P = 0.0002), peritoneal metastasis (P < 0.0001), distant
metastasis (P < 0.0001), high tissue PD-L1 expression
(P =0.0006), and high serum PD-L1 concentration
(P = 0.0054) (Table 3a).

In addition, the multivariate analysis showed that the
risk factors for poor OS were lymph node metastasis
[hazard ratio (HR), 9.67; 95% confidence interval (CI),
1.95-47.9; P = 0.0054], peritoneal metastasis (HR, 3.84;
95% CI, 1.17-12.5; P = 0.026), distant metastasis (HR,
24.7; 95% CI, 7.6-79.9; P < 0.0001), high tissue PD-L1
expression (HR, 4.28; 95% CI, 1.43-12.8; P = 0.0094),
and high serum PD-L1 concentration (HR, 11.2; 95% CI,
3.44-36.7; P =0.0001) (Table 3a). Notably, the multi-
variate analysis for DFS showed that the independent risk
factors for poor DFS were high tissue PD-L1 expression
(HR, 6.96; 95% CI, 2.48-19.6; P = 0.0002) and high serum
PD-L1 concentration (HR, 8.7; 95% CI, 3.16-23.9;
P < 0.0001) (Table 3b).

Collectively, these data suggest that both tissue PD-L1
expression and sPD-L1 levels in preoperative serum could
be used as predictive biomarkers for poor oncologic out-
come and for the identification of a GC population at high
risk for recurrence.
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TABLE 2 Correlation between clinicopathologic variables and
serum soluble programmed cell death ligand 1 (sPD-L1) levels in
gastic cancer (GC) patients

Variable n sPD-L1 levels P value
Mean £+ SD

Gender
Male 116 0.26 £ 0.21 0.76
Female 64 0.24 + 0.17

Age (years)”
> 70 100 0.24 + 0.20 0.55
> 70 80 0.26 + 0.19

Histologic type
Intestinal type 78 0.26 £ 0.23 0.95
Diffuse type 102 0.245 £+ 0.17

Pathologic T category
pT1/2 108 0.25 + 0.21 0.54
pT3/4 72 0.24 + 0.18

Vessel invasion
Present 63 0.23 + 0.17 0.44
Absent 117 0.26 + 0.21

Lymphatic vessel invasion
Present 109 0.23 £+ 0.17 0.023°
Absent 71 0.28 + 0.23

Lymph node metastasis
NO 107 0.27 + 0.21 0.096
N1 73 0.22 + 0.17

Peritoneal metastasis
PO 167 0.25 £ 0.01 0.77
Pl 13 0.25 + 0.19

Distant metastasis
MO 165 0.25 + 0.20 0.18
Ml 15 0.16 + 0.13

UICC TNM classification
Stage 1 98 0.26 + 0.21
Stage 2 27 0.25 + 0.16
Stage 3 29 0.22 + 0.18
Stage 4 26 0.21 £ 0.17

SD Standard deviation, UICC union for international cancer control,
TNM tumor-node-metastasis

“The median age at surgery is 70 years for GC patients
°P < 0.05

Correlation Between Tissue PD-L1 and Serum sPD-L1
Levels in GC Patients

We assessed the correlation between tissue PD-L1 and
serum sPD-L1 levels in the GC patients. Although preop-
erative serum sPD-1 showed a tendency toward elevation
in the GC patients with high tissue PD-L1 expression
compared with those who had low tissue PD-L1

expression, a significant correlation was not observed
(P = 0.1; Fig. S2).

Immunohistochemical Analysis of Tumor-Infiltrating
Foxp3- and CDS-Positive T Cells

Finally, we evaluated the magnitude of tumor-infiltrat-
ing lymphocytes (TILs) by counting the numbers of
intratumoral Foxp3- and CD8-positive T cells to clarify the
correlation between TILs and tissue or serum PD-L1
expression in the GC patients (Fig. S3). In the marginal
part, the median numbers of CD8- and Foxp3-positive T
cells were respectively 57 (range, 3.33—165.6) and 42.6
(range, 5.33—-135.3). Although we did not find any signif-
icant correlation between preoperative serum sPD-L1
levels and TILs, infiltrative CD8- and Foxp3-positive T
cells were significantly increased in the GC patients with
elevated tissue PD-L1 expression (P =0.037 and
P =0.0006, respectively; Table 4).

DISCUSSION

This study investigated tissue PD-L1 expression and
serum sPD-L1 levels using matched specimens from GC
patients and made several novel discoveries. First, we
assessed PD-L1 expression in GC tissues from 180 GC
patients and showed that PD-L1 was significantly overex-
pressed in GC tissues compared with adjacent normal
mucosa. Overexpression of PD-L1 was significantly cor-
related with local disease progression factors, including
advanced depth of invasion, lymphatic vessel, and vascular
invasion in GC patients. Second, the patients with high PD-
L1 expression in GC tissues showed poorer prognosis of
both OS and DFS than those with low PD-L1 expression.
Third, the serum sPD-L1 levels in the GC patients were
significantly higher than in the healthy volunteers, and the
high levels of serum sPD-L1 in the GC patients were sig-
nificantly correlated with poorer OS and DFS than for the
patients with low serum sPD-L1 levels. Finally, the mul-
tivariate analysis clearly showed that both the high levels
serum sPD-L1 and the high PD-L1 expression in GC tis-
sues were independent prognostic factors for both OS and
DFS in the GC patients.

As a type 1 transmembrane protein and as a member of
the CD28/CTLA-4 immunoglobulin family,® PD-1 is
expressed on various types of immune cells, including
monocytes, dendritic cells, natural killer cells, B cells, T
cells, and many tumor-infiltrating lymphocytes (TILs)."’
Also, PD-1 is one of the most important inhibitory co-
receptors expressed by T cells via activation of an
immunoreceptor tyrosine-based switch motif.>' Further-
more, PD-1 also is expressed on regulatory T cells and can
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TABLE 3 Prognostic .imp act. Variables Univariate Multivariate

of serum sPD-L1 level in gastric

cancer (GC) patients. HR 95% CI P value HR 95% CI P value

Multivariate analysis for (a)

predictors of overall survival, (a)

(b) predictors of disease-free Gender (male) 175 0.644.78 027

survival Age (> 70 years) 1.68 0.71-397 0.4
Histologic type (diffuse type) 1.98 0.77-5.11 0.16
T classification (pT3/4) 585 2.14-16 0.0006° 091 0.19-4.47 0.91
Vessel involvement (present) 4.48 1.8-11.1 0.0012°  0.97 0.29-3.18 0.96
Lymphatic vessel involvement (present)  4.48 1.32-152  0.016" 0.64 0.11-3.81 0.62
Lymph node metastasis (present) 104 3.06-35.3  0.0002° 9.67 1.95-47.9 0.0054°
Peritoneal metastasis (present) 139 547-355 <0.0001° 3.84 1.17-125  0.026"
Distant metastasis (present) 19.8  8.02-49.1 <0.0001° 247  7.6-79.9 <0.0001°
Tissue PD-L1 expression (score > 6) 498 2.0-124  0.0006° 428 1.43-12.8 0.0094°
Serum sPD-L1 level (> 0.507 ng/mL) 3.87 1.49-10 0.0054° 112  3.44-36.7 0.0001°
(b)
Gender (male) 2.01 0.74-5.44 0.17
Age (> 70 years)” 1.9 0.82-441 0.13
Histologic type (diffuse type) 2.87 1.06-7.77  0.039° 1.76  0.56-5.52 0.33
T classification (pT3/4) 11.6  391-342 <0.0001° 3.62 091-14.4 0.069
Vessel involvement (present) 4.09 1.75-9.58 0.0012°  0.93 0.36-2.4 0.87
Lymphatic vessel involvement (present)  9.16 2.14-39.2  0.0028" 136 0.19-9.83 0.76
Lymph node metastasis (present) 107 3.62-31.7 <0.0001® 45 1.1-18.3 0.036"
Tissue PD-L1 expression (score > 6) 639 2.6-157  0.0001® 696 2.48-19.6 0.0002°
Serum sPD-L1 level (> 0.507 ng/mL) 578 241-13.8  0.0001® 87 3.16-23.9 < 0.0001°

HR Hazard ratio, CI confidence interval, PD-LI programmed cell death ligand 1, sPD-LI soluble PD-L1

“The median age at surgery is 70 years for gastric cancer patients

°P < 0.05

TABLE 4 Correlation between

i filtrative 1 h Variable N Tissue PD-L1 expression P value Serum sPD-L1 levels P value
tumor infiltrative lymphocytes Mean + SD Mean + SD
and tissue and serum
p;(]))giulnriled lce!l death.ligand 1 CD8-positive TILs"
(PD-L1) levels in gastric cancer 90 608+ 4.08 0.037b" 024 £ 021 0.55
(GC) patients
Low 90 4.57 £ 4.27 0.25 £ 0.18
Foxp3-positive TILs"
High 89 6.55 £+ 3.89 0.0006° 0.23 £+ 0.18 0.1
Low 91 4.14 £+ 3.89 0.27 £+ 0.22

sPD-LI Soluble PD-L1, SD standard deviation, T/L tumor-infiltrating lymphocyte

4Cutoff points of CD8- and Foxp3-positive TILs were determined by the median value of each covariate

P < 0.05

enhance the proliferation of regulatory T cells and restrain
the immune response.’”> Both PD-L1 (also named B7-HI;
CD274) and PD-L2 (B7-DC; CD273) have been identified
as ligands of PD-1. Whereas PD-L2 is expressed on mac-
rophages and dendric cells, PD-L1 is broadly expressed on
various types of cells, including B cells, T cells, dendric
cells, macrophages, and vascular endothelial cells, and in
various malignancies.'®23-%34

To date, several lines of evidence have demonstrated the
prognostic burden of tissue PD-L1 expression in malig-
nancies, including in GC.3538 Recently, Ju et al.¥
evaluated PD-L1 expression and TILs in primary tissues
from 105 GC patients and demonstrated that PD-L1
expression in tumor cells was significantly associated with
poor prognosis in GC patients. Furthermore, overexpres-
sion of PD-L1 with low-density CD3+ and CD8+ TILs
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showed a shorter OS than high-density CD3+ and/or
CDS8+ TILs, and these results suggested that PD-L1 might
be deeply involved in disease development via modulation
of host tumor immunity in primary tumor sites. Consistent
with these results, our study clearly showed that high PD-
L1 expression in GC tissues was significantly correlated
with local disease-progression factors, high density of both
CD8- and Foxp3-postive TILs, and poor prognosis of OS
and DFS in GC patients.

Another major finding of this study was the clinical
burden of serum sPD-L1 demonstrated by direct compar-
ison between tissue PD-L1 expression and serum sPD-L1
levels in GC patients. Based on recent studies showing the
clinical burden of tissue PD-L1 expression in malignancies,
circulating sPD-L1 was demonstrated to be a prognostic
biomarker in several types of cancer.”>*® Whereas PD-L1
is expressed on the membrane of tumor cells, circulating
sPD-L1 is thought to be released from PD-LI-positive
tumor cells or immune cells. Chen et al.** previously
evaluated PD-L1 concentration in supernatants from vari-
ous cell lines with or without PD-L1 expression and
demonstrated that PD-L1 was detectable in supernatants
from PD-L1(+) cells but not from PD-L1(-) cell lines. In
line with this evidence, our study showed that circulating
sPD-L1 concentration was significantly increased in GC
patients compared with healthy volunteers.

Several studies have demonstrated the feasibility of
circulating sPD-L1 as a prognostic marker in patients with
malignancies. Ha et al. *® evaluated sPD-L1 concentration
in serum specimens from 158 patients with biliary tract
cancer and showed that high sPD-L1 was one of the
independent poor prognostic factors for advanced biliary
tract cancer patients treated with palliative chemotherapy.
More recently, Amatatsu et al. *° quantified circulating PD-
L1 mRNA expression using peripheral blood specimens
from 124 GC patients and showed that elevated expression
of PD-L1 mRNA in peripheral blood is an independent
prognostic factor in GC patients.

In our study, despite the lack of statistical correlation
between preoperative serum sPD-L1 levels and clinico-
pathologic factors, the GC patients with high sPD-L1 levels
in preoperative serum showed poorer OS and DFS than
those with low serum sPD-L1 levels. Interestingly, the
multivariate analysis showed that both high serum sPD-L1
concentration and tissue PD-L1 expression were indepen-
dent risk factors for both poor OS and poor DFS.

We should consider two major points from this study.
The first major point is the source of the circulating sPD-L1
in the GC patients. Although our study showed an increase
of PD-L1 expression in both cancer tissues and GC
patients, circulating sPD-L1 concentration was not signif-
icantly correlated with tissue PD-L1 expression in the GC
patients. Previous evidence suggested that circulating sPD-

L1 in patients with malignancies might arise from multiple
sources produced by distinct mechanisms such as intrinsic
splicing activities in tumor cells, pro-tumor inflammatory
responses, and antitumor immune responses. These multi-
ple sources might play an influential role in the circulating
sPD-L1 concentration in GC patients.

The second major point is the functional role of circulat-
ing sPD-L1 in GC patients. Accumulating evidences have
shown that PD-L1/PD-1 binding in the tumor microenvi-
ronment suppresses the activation of T cells and immune
evasion through recruitment of SHP-2.#! Furthermore,
findings also show that soluble PD-L1 is involved in tumor-
associated immune suppression and host-immune damage
via inhibition of T cell activation.”~**

Considering these evidences, our findings suggested that
PD-L1 expression in cancer tissues could reflect the local
disease development in the tumor site, and sPD-L1 might
reflect the systemic immunologic status for malignancies in
the host. Therefore, serum PD-L1 concentration was not
significantly correlated with clinicopathologic variables
about tumor stage. On the other hand, PD-L1 expression
status in primary tissues was significantly correlated with
clinicopathologic variables reflect for local development,
including advanced tumor depth and presence of lympho-
vascular invasion.

In conclusion, this study showed that PD-L1 expression
in cancer tissues and preoperative sPD-L1 concentration
have different clinical significances in GC, and that both
circulating sPD-L1 and tissue PD-L1 expression might be
used as prognostic biomarkers in GC patients.

ACKNOWLEDGMENT The authors thank Yuki Orito and
Amphone Okada for their excellent technical assistance. They also
thank the Edanz Group (www.edanzediting.com/ac) for editing a draft
of this manuscript. A part of this study was supported by a Grant in
Aid for Scientific Research (16K10533) from the Ministry of Edu-
cation, Culture, Sports, Science, and Technology, Japan.

AUTHOR CONTRIBUTIONS Study concept and design (TS, YT,
YO, TS, KM); provision of samples (TI, SI, HF, HY, JH, SY, MO,
TA, MK); acquisition of data (TS, YO, AY, LY, AN, TS); analysis
and interpretation of data (TS, YT, YO, HY, SY, MO); statistical
analysis (TS, YT, YO); drafting the manuscript (TS, YT, YO, MK).

DISCLOSURE There are no conflicts of interest.

REFERENCES

1. Kashihara H, Shimada M, Yoshikawa K, et al. Risk factors for
recurrence of gastric cancer after curative laparoscopic gastrec-
tomy. J Med Investig. 2017;64:79-84.

2. Marano L, Polom K, Patriti A, et al. Surgical management of
advanced gastric cancer: an evolving issue. Eur J Surg Oncol.
2016;42:18-27.

3. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017. CA
Cancer J Clin. 2017;67:7-30.


http://www.edanzediting.com/ac

Tissue and Serum PD-L1 in Gastric Cancer

883

4.

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

Vennin C, Murphy KJ, Morton JP, Cox TR, Pajic M, Timpson P.
Reshaping the tumor stroma for treatment of pancreatic cancer.
Gastroenterology. 2018;154:820-38.

. Bertucci F, Finetti P, Perrot D, et al. PDL1 expression is a poor-

prognosis factor in soft-tissue sarcomas.
2017;6:€1278100.

Oncoimmunology.

. Schreiber RD, Old LJ, Smyth MJ. Cancer immunoediting: inte-

grating immunity’s roles in cancer suppression and promotion.
Science. 2011;331:1565-70.

. Vesely MD, Kershaw MH, Schreiber RD, Smyth MJ. Natural

innate and adaptive immunity to cancer. Annu Rev Immunol.
2011;29:235-71.

. Jiang X, Shapiro DJ. The immune system and inflammation in

breast cancer. Mol Cell Endocrinol. 2014;382:673-82.

. Bertucci F, Finetti P, Mamessier E, et al. PDL1 expression is an

independent prognostic factor in localized GIST. Oncoimmunol-
ogy. 2015;4:€1002729.

Hanahan D, Weinberg RA. Hallmarks of cancer: the next gen-
eration. Cell. 2011;144:646-74.

Schachter J, Ribas A, Long GV, et al. Pembrolizumab versus
ipilimumab for advanced melanoma: final overall survival results
of a multicentre, randomised, open-label phase 3 study (KEY-
NOTE-006). Lancet. 2017;390:1853-62.

Garon EB, Rizvi NA, Hui R, et al. Pembrolizumab for the
treatment of non-small cell lung cancer. N Engl J Med.
2015;372:2018-28.

Kang YK, Boku N, Satoh T, et al. Nivolumab in patients with
advanced gastric or gastro-oesophageal junction cancer refractory
to, or intolerant of, at least two previous chemotherapy regimens
(ONO-4538-12, ATTRACTION-2): a randomised, double-blind,
placebo-controlled, phase 3 trial. Lancet. 2017;390:2461-71.
Pardoll DM. The blockade of immune checkpoints in cancer
immunotherapy. Nat Rev Cancer. 2012;12:252-64.

Afreen S, Dermime S. The immunoinhibitory B7-H1 molecule as
a potential target in cancer: killing many birds with one stone.
Hematol Oncol Stem Cell Ther. 2014;7:1-17.

Blank C, Gajewski TF, Mackensen A. Interaction of PD-L1 on
tumor cells with PD-1 on tumor-specific T cells as a mechanism
of immune evasion: implications for tumor immunotherapy.
Cancer Immunol Immunother. 2005;54:307-14.

. Keir ME, Butte MJ, Freeman GJ, Sharpe AH. PD-1 and its

ligands in tolerance and immunity. Annu Rev Immunol.
2008;26:677-704.

Nomi T, Sho M, Akahori T, et al. Clinical significance and
therapeutic potential of the programmed death-1 ligand/pro-
grammed death-1 pathway in human pancreatic cancer. Clin
Cancer Res. 2007;13:2151-7.

Kim JW, Nam KH, Ahn SH, et al. Prognostic implications of
immunosuppressive protein expression in tumors as well as
immune cell infiltration within the tumor microenvironment in
gastric cancer. Gastric Cancer. 2016;19:42-52.

Velcheti V, Schalper KA, Carvajal DE, et al. Programmed death
ligand-1 expression in non-small cell lung cancer. Lab Invest.
2014;94:107-16.

Boland JM, Kwon ED, Harrington SM, et al. Tumor B7-H1 and
B7-H3 expression in squamous cell carcinoma of the lung. Clin
Lung Cancer. 2013;14:157-63.

Spranger S, Spaapen RM, Zha Y, et al. Up-regulation of PD-L1,
IDO, and T(regs) in the melanoma tumor microenvironment is
driven by CD8(+) T cells. Sci Translat Med. 2013;5:200ral16.
Thompson RH, Gillett MD, Cheville JC, et al. Costimulatory
molecule B7-HI1 in primary and metastatic clear cell renal cell
carcinoma. Cancer. 2005;104:2084-91.

Chen Y, Wang Q, Shi B, et al. Development of a sandwich
ELISA for evaluating soluble PD-L1 (CD274) in human sera of

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

different ages as well as supernatants of PD-L1 4 cell lines.
Cytokine. 2011;56:231-8.

Rossille D, Gressier M, Damotte D, et al. High level of soluble
programmed cell death ligand 1 in blood impacts overall survival
in aggressive diffuse large B-Cell lymphoma: results from a
French multicenter clinical trial. Leukemia. 2014;28:2367-75.
Wang L, Wang H, Chen H, et al. Serum levels of soluble pro-
grammed death ligand 1 predict treatment response and
progression free survival in multiple myeloma. Oncotarget.
2015;6:41228-36.

Mori K, Toiyama Y, Saigusa S, et al. Systemic analysis of pre-
dictive biomarkers for recurrence in colorectal cancer patients
treated with curative surgery. Dig Dis Sci. 2015;60:2477-87.
Ha H, Nam AR, Bang JH, et al. Soluble programmed death-
ligand 1 (sPDL1) and neutrophil-to-lymphocyte ratio (NLR)
predicts survival in advanced biliary tract cancer patients treated
with palliative chemotherapy. Oncotarget. 2016;7:76604—12.
Lin G, Fan X, Zhu W, et al. Prognostic significance of PD-L1
expression and tumor infiltrating lymphocyte in surgically
resectable  non-small cell lung cancer. Oncotarget.
2017;8:83986-94.

Ceeraz S, Nowak EC, Noelle RJ. B7 family checkpoint regulators
in immune regulation and disease. Trends Immunol.
2013;34:556-63.

Riley JL. PD-1 signaling in primary T cells. Immunol Rev.
2009;229:114-25.

Francisco LM, Salinas VH, Brown KE, et al. PD-L1 regulates the
development, maintenance, and function of induced regulatory T
cells. J Exper Med. 2009;206:3015-29.

He J, Hu Y, Hu M, Li B. Development of PD-1/PD-L1 pathway
in tumor immune microenvironment and treatment for non-small
cell lung cancer. Sci Rep. 2015;5:13110.

Frigola X, Inman BA, Lohse CM, et al. Identification of a soluble
form of B7-HI1 that retains immunosuppressive activity and is
associated with aggressive renal cell carcinoma. Clin Cancer Res.
2011;17:1915-23.

Tamura T, Ohira M, Tanaka H, et al. Programmed death-1
ligand-1 (pdll) expression is associated with the prognosis of
patients with stage II/IIl gastric cancer. Anticancer Res.
2015;35:5369-76.

Zhang M, Dong Y, Liu H, et al. The clinicopathological and
prognostic significance of PD-L1 expression in gastric cancer: a
meta-analysis of 10 studies with 1901 patients. Sci Rep.
2016;6:37933.

Brody R, Zhang Y, Ballas M, et al. PD-L1 expression in
advanced NSCLC: insights into risk stratification and treatment
selection from a systematic literature review. Lung Cancer
Amsterdam. 2017;112:200-15.

Wu P, Wu D, Li L, Chai Y, Huang J. PD-L1 and survival in solid
tumors: a meta-analysis. PloS One. 2015;10:e0131403.

Ju X, Shen R, Huang P, et al. Predictive relevance of PD-L1
expression with pre-existing TILs in gastric cancer. Oncotarget.
2017;8:99372-81.

Amatatsu M, Arigami T, Uenosono Y, et al. PD-L1 is a promising
blood marker for predicting tumor progression and prognosis in
patients with gastric cancer. Cancer Sci. 2018;109:814-20.
Okazaki T, Maeda A, Nishimura H, Kurosaki T, Honjo T. PD-1
immunoreceptor inhibits B cell receptor-mediated signaling by
recruiting SRC homology 2-domain-containing tyrosine phos-
phatase 2 to phosphotyrosine. Proc Natl Acad Sci USA.
2001;98:13866-71.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Soluble PD-L1 Expression in Circulation as a Predictive Marker for Recurrence and Prognosis in Gastric Cancer: Direct Comparison of the Clinical Burden Between Tissue and Serum PD-L1 Expression
	Abstract
	Background
	Methods
	Results
	Conclusion

	Materials and Methods
	Patients and Sample Collection
	Immunohistochemical Analysis and Evaluation of PD-L1 Expression Scores
	Immunohistochemical Analysis to Detect Foxp3 and CD8 Expression in GC Tissues
	Scoring Foxp3- and CD8-Positive T Cells
	Enzyme-Linked Immunosorbent Assay
	Statistical Analysis

	Results
	Expression Pattern of PD-L1 in GC Tissues
	High PD-L1 Expression Was Significantly Correlated With Clinicopathologic Factors in GC Patients
	Concentration of sPD-L1 in Preoperative Serum From GC Patients
	High sPD-L1 Level in Preoperative Serum was an Independent Prognostic Factor for Both OS and DFS in GC Patients
	Correlation Between Tissue PD-L1 and Serum sPD-L1 Levels in GC Patients
	Immunohistochemical Analysis of Tumor-Infiltrating Foxp3- and CD8-Positive T Cells

	Discussion
	Acknowledgment
	Author Contributions
	References




