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High expression of PD-L1 in lung cancer may contribute to poor
prognosis and tumor cells immune escape through suppressing
tumor infiltrating dendritic cells maturation
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Abstract The immunohistochemical analysis was used to
evaluate the expression of PD-L1 in 109 non-small cell
lung cancer (NSCLC) tissues and para-tumor tissues.
Associations between expressed PD-L1 and tumor histo-
logical types, degree of differentiation, and lymph node
metastasis were calculated, and overall survival was
assessed. Meanwhile, immunohistochemistry and immu-
nofluorescence double labeling technique were performed
to detect the expressions of PD-L1, CDl«, and CD83 on
TIDC of 20 lung cancer tissues, and the expression of PD-
L1 in CD1a"DCs and CD83*DCs and their significances
were also explored. We found that the expression rate of
PD-L1 in NSCLC was associated with histological types
and overall survival. Patients with either adenocarcinoma
or survival time after surgery less than 3 years showed
higher expression rate of PD-L1. Furthermore, Cox model
analysis indicated that PD-L1 might be regarded as a poor
prognostic factor. PD-L1 could be also detected in CD1a™
immature DC in NSCLC, indicating that as a class of key
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anti-tumor immunocyte in tumor microenvironment, DC
expressing PD-L1 itself might play an important role in
keeping its immature status and contributing to tumor cells
immune escape and disease progression.
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Introduction

Lung cancer is one of the most common fatal malignant
tumors, and chemotherapy and radiotherapy have low
efficacy against it. Studies of new therapeutic strategies
including immunotherapy are in progress [1]. However,
researches demonstrate that tumor cells could evade host
immune surveillance by several strategies. These include
down-regulation of cell surface major histocompatibility
complex class I molecules, secretion of immunosuppres-
sive factors, lack of T-cell costimulation, and expression of
death ligands or negative ligands [2—4].

Recently, programmed-death receptor ligand 1 (PD-L1)
has been shown to be involved in negative regulation of
immune responses through PD-1 receptor on activated T
and B cells and has been thought to be an important strategy
by which cancer cells evade host immune surveillance.
Cancer cells expressing PD-L1 have been shown to increase
apoptosis of antigen-specific human T-cell clones and to
inhibit CD4 and CDS8 T-cell activation in vitro [5-7].
However, tumor cells may suppress immune response by
several other strategies. Data have revealed that antigen
presentation by immature dendritic cells (imDCs) plays a
role in establishing and maintaining T-cell tolerance, and
PD-L1, acted as a negative regulator, also could inhibit
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antigen-specific dendritic cells (DC) activation and immune
function [8]. Many studies focus on the relationship
between PD-L1 and immune escape of lung cancer, and our
previous study manifested blockade of PD-L1 on murine
imDCs could promote T-cell proliferation and IL-2 pro-
duction, but no pathological data of PD-L1 expression and
relationship with tumor infiltrating DCs (TIDC) is presented
in microenvironment of human lung cancer tissue sites at
present. Here, we want to explore the association between
TIDC subset expression, especially PD-L1, and tumor
immunity in non-small cell lung cancer (NSCLC).

Materials and methods
Subjects

Formalin-fixed, paraffin-embedded tissue samples were
obtained from a randomly selected group of 109 patients
with lung cancer, who underwent lobectomy surgery in the
first affiliated hospital of Soochow University from January
2002 to March 2006. The surgically resected specimens
included 46 adenocarcinomas and 63 squamous cell car-
cinomas. Tumors were classified as stage I (n = 36), stage
Il (n = 35), and stage III (n = 38), The American Joint
Committee on Cancer staging was used for staging of the
patients [9]. Resected lymph nodes had been histologically
verified (NO = 39, N1 =32, N2 =36, N3 =2). No
patient underwent radiation or chemotherapy before
surgery. Thirty-two patients survived above 3 years, 77
patients survived less than 3 years, and all patients who
were analyzed for overall survival must meet the following
criteria: (a) survived for 3 months after surgery and (b) did
not die of any cause other than lung cancer after surgery.
Twenty tissue samples obtained at surgery were immedi-
ately embedded in OCT and then frozen and stored at
—80°C for immunofluorescence staining. All tumors were
evaluated according to H&E staining.

Immunohistochemical stain (IHC) and
immunofluorescence

Sections were deparaffinized in xylene and rehydrated in
graded alcohols and water. For antigen retrieval, speci-
mens were exposed to 10 mM buffer (pH 6.0) and heated
for 15 min in a water bath (120°C). Endogenous peroxi-
dase activity was blocked by treatment with 3% hydrogen
peroxide for 10 min. After washing in PBS, the slides
were incubated overnight at 4°C with primary monoclonal
antibodies directed against PD-L1 and CDla. After sev-
eral rinses in phosphate-buffered saline, the sections were

incubated in the biotinylated secondary antibodies. Bound
antibodies were detected by the streptavidin—biotin
method. Slides were rinsed in phosphate-buffered saline,
exposed to diaminobenzidine, and counterstained with
Mayer’s hematoxylin. The negative controls for these
proteins were made by the omission of the primary
antibody during the process of immunohistochemical
staining.

For immunofluorescence, frozen samples were cut into
serial 5-um-thick sections, and after fixing with acetone,
they were incubated with primary antibody of PD-L1, then
followed by CDla or CD83. In a subsequent secondary
step, FITC-conjugated goat anti-rabbit and Rhodami-
neB200-conjugated goat anti-mouse IgG were used. Con-
focal laser scanning microscopy was performed with a
confocal laser scanning microscope equipped with 10, 20,
and 40 objectives.

Microscopic evaluation of tumor sections

Diagnoses were histologically verified at the department of
pathology, the slides were examined independently by
two observers blinded to both clinical and pathologic data.
PD-L1 positive tumor cells displayed membranous and
cytoplasmic staining. CD1a-positive DC were identified by
their brown membranous staining patterns and cytoplasmic
flame-like extensions. PD-L1 and CDlo proteins were
quantified using a visual grading system based on the
extent of staining (by percentage of positive tumor cells
graded on a scale of 0-3: 0 = none, 1 = 1-10%, 2 =
11-50%, 3 = 51-100%) and the intensity of staining
(graded on a scale of 0-3: 0 = no staining, 1 = weak
staining, 2 = moderate staining, 3 = strong staining). A
semi-quantitative H-score was obtained by multiplying the
grades of extent and intensity of staining. The median
value of all the H-scores was chosen as the cutoff value
for dividing the expression of proteins into high and
low [10].

Statistical analysis

A comparison of clinic-pathologic characteristics of
patients was evaluated with the Fisher’s exact test. Overall
survival (OS) was calculated using the Kaplan—Meier
method. OS was defined as the time from start of treatment
to death. The differences between the survival curves were
tested by using the log-rank test. The Cox proportional
hazards regression model was used to determine the joint
effects of several variables on survival. All P values were
performed two-tailed, with SPSS 12.0 software.
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Fig. 1 Representative
immunohistochemical staining
in non-small cell lung cancer.
PD-L1 positive case of non-
small cell lung cancer in a
cluster pattern (a and b) and a
scattered pattern (¢ and d),
PD-L1-negative control (e),
H&E staining (f) (Original
magnifications a, ¢, e and f
200x, b and d 400x)

Results

Association between PD-L1 expression and the
clinicopathological variables

The expression of PD-L1 was demonstrated in the cell
membrane and cytoplasm (Fig. 1). The percentage of PD-
L1-positive cells in non-small cell lung cancer was 53.2%
(58/109), whereas only 4.8% (5/109) expressed in the lung
parenchyma adjacent to tumor (P = 0.004). The percent-
age of PD-L1-positive cells in adenocarcinoma was higher
than that in squamous cell carcinoma (65.2% vs. 44.4%,
P = 0.032).

Prognostic significance of PD-L1-positive tumor cells

Correlation of survival with clinicopathologic factors in
patients with lung cancer. The clinicopathologic features

@ Springer

affecting patient survival are summarized in Table 1. In
multivariate analysis, PD-L1-positive lung cancer cells
were significantly related to a poor prognosis (Fig. 2).

Changed infiltration of TIDC with changed PD-L1
expression in tumor tissues

Cells stained with CD1o antibody were found in 59 (54%)
of 109 lung cancer samples. Positively stained cells indi-
cated immature DC, characterized by the expression of
CDle, and showed a typical dendritic morphology, resided
in the tumor margins in a cluster pattern and a scattered
pattern (Fig. 3). To evaluate whether PD-L1 expression on
non-small cell lung cancers limited immune effector cell
infiltration within tumors, we also analyzed the correlation
between expression of PD-L1 on tumor cells and CDlo-
positive TIDC. The result indicated that CDla-positive
TIDC were increased in PD-L1-positive sections.
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g:tli)(:st:, Pﬁg?{?if;gg;gi and Characteristics PD-L1 expression P CD1o expression P
clinicopathologic parameters Positive Negative Positive Negative
Histology
Squamous cell carcinoma 28 35 0.032%* 29 34 0.395
Adenocarcinoma 30 16 20 26
Differentiation
Well 12 17 0.136 10 19 0.248
Moderate/poor 46 34 39 41
PN classifications
NO 20 19 0.566 17 22 0.652
N1 16 16 13 19
N2 20 16 18 18
N3 2 0 1 1
Stage classifications
1 18 18 0.768 14 22 0.712
11 18 17 15 20
I 22 16 20 18
Survival years after surgery
<3 year 46 31 0.034* 39 38 0.063
=3 year 12 20 10 22
* P <0.05
[ +ro-LL®) PD-LL ()] (Fig. 4), expression of PD-L1 on CDIla™DCs and
CD83*DCs is (65.68 & 12.50)% and (37.16 £ 9.52)%,
1.0 7 : respectively (Table 2), which presents a negative correla-
o tion between ratio of CD83/CDla and PD-L1/CDla
+ (rs = —0.532, P = 0.016), while presents a positive cor-
e ahatiag relation between ratio of PD-L1/CD1o and PD-L1/CD83
(rs = 0.537, P = 0.015).
g 06
3 1.
5 | Discussion
3 044 5 . .
: PD-L1 is one member of the B7 superfamily and more
2 Rishisie S broadly expressed than the other B7 superfamily members
024 N [11, 12]. PD-L1 expressing on cancer cells could increase
-:—1_._. apoptosis of human T-cell clones. We and others have
found while blockade PD-L1 has been shown to increase
00 antitumoral T-cell responses directed against PD-L1-posi-
. At oo it g ctnn tive tumors in vitro and in vivo [13—15]. Thus, PD-L1 may

Months after surgery
Fig. 2 Kaplan—Meier survival curves of patients with lung cancer

according to the presence of PD-L1-positive lung cancer cells

Expression of PD-L1 on CD1a"DCs is higher
than that on CD83*"DCs

Immunofluorescence staining on frozen sections of lung
cancer tissues were evaluated by confocal microscopy

function as a negative regulator of effector T-cell-mediated
antitumoral immunity [16-18]. Consistent with above
observations, we have demonstrated the expression of PD-
L1 in surgically resected specimens of non-small cell lung
cancer, and expression of these molecules is found in both
the plasma membrane and cytoplasm of cancer cells. In
contrast, paratumor tissues failed to express PD-L1. In the
present study, there was a statistically significant correla-
tion between the percentage of PD-L1-positive cells
and histological type. Otherwise, the higher percentage of
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Fig. 3 In lung cancer tissues, CD1a¢"DCs were found to infiltrate the tumor beds with brown stain and dendritic morphology, they are selectively

adhere to tumor cells. (Original magnifications a 200x, b 400x)

Fig. 4 Immunofluorescence staining on lung cancer tissue frozen
sections evaluated by confocal microscopy. a and d, dendritic cells
are stained with PD-L1 antibody (green). b and e, dendritic cells are

PD-L1 positive lung cancer cells was significantly related to
a poor prognosis. No correlation was observed between
PD-L1 expression and other clinicopathological parameters.
So, we can draw a conclusion that PD-L1 plays a role in
disease progression and detecting PD-L1 molecule on lung
cancer tissues will help estimate the prognosis of patients.

The result also manifests that CD1a-positive DC could
infiltrate in the tumor, and high percentage infiltration of
CDla-positive DC in tumor was significantly correlated
with the expression of PD-L1-positive lung cancer. So, we
presume that, besides T cells, the other immune cells,
include DC, in the local tumor area are all affected by PD-
L1 expression in tumor microenvironment.

DC in general play a key role in the development and
maintenance of an immune response and present an
important role in a cellular antitumor immune response
[19, 20].They perform antitumor process by infiltrating,
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stained with CD83 and CD1a antibodies, respectively (red) ¢ and f,
PD-L1*CD83% and PD-LITCDIloa" dendritic cells are identified
(deep yellow). (Original magnifications, 200x)

capturing, and processing tumor antigens and subsequent
presentation, activation, and recruitment of lymphocytes.
Several previous studies have already showed a correlation
between the quantity of TIDC and clinical outcome in dif-
ferent tumor types and clinical outcome. DC can be iden-
tified with series different markers (CD1a, CD83, HLA
class II, and PD-L1, etc.). CD83 is a highly specific marker
for mature DC. CD1« is another antigen-presenting mole-
cule expressed on dendritic cell subtypes and often being
regarded as a marker for immature DC [21-24]. Although
IL-10, TGF-pf, and VEGF are considered as potent inhibi-
tory mediators of DC maturation and function and have
been associated with various extents with a defective anti-
tumor immune response, but in some previous studies, these
three factors were detected, regardless of the subsets of DC
present in the tumor, and no correlation was observed with
the number of CDla-positive cells [25-27]. Therefore,
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Table 2 The percentage of PD-L1 on CDloa- and CD83-positive
TIDC in tumor regions

Tumor CD83/CD10% PD-L1/CD12%  PD-L1/CD83%
specimen

1 40.0 62.2 27.8

2 51.2 56.1 429

3 69.2 69.2 40.7

4 475 71.5 47.4

5 37.1 74.3 30.8

6 524 61.9 54.5

7 68.9 57.8 51.6

8 34.0 74.0 41.2

9 514 70.3 42.1

10 54.2 41.7 15.4

11 116.7 50.0 28.6

12 66.1 58.9 40.5

13 353 559 25.0

14 28.3 87.0 30.8

15 459 78.4 353

16 31.6 81.6 333

17 51.2 65.9 429

18 66.7 70.6 44.1

19 76.7 76.7 30.4

20 126.1 43.5 379
Mean £+ SD 5823 £ 26.14  65.68 £ 12.50 37.16 &+ 9.52
rs —0.532 0.537
P 0.016* 0.015*
* P < 0.05

whether or not there is relationship between PD-L1
expression in tumor microenvironment and DC maturation
disability needs to be reconsidered and further studied.

It is still unclear how TIDC interact with tumor cells and
other immune cells in the local tumor area. In this study, a
distinct infiltration pattern was found according to the
maturation and activation status of the DC. We presume
that antigen-capturing and antigen-processing DC on their
way to the tumor cells are hindered in their function due
to inhibiting factors in the tumor environment and maybe
PD-L1 is one of important inhibiting factors expression by
lung cancer cells.

Our data also manifest that expression of PD-L1 on
CD1o*DCs is higher than on CD83DCs, indicating there
is a positive correlation between PD-L1 expression and DC
mature status. So, maturing DC in the tumor cells might be
hindered in their ways to migrate out to secondary lym-
phoid tissue after antigen captured possibly by expression
of PD-L1 on lung cancer cells.

Expression of PD-L1 on lung cancer cells has ever been
confirmed as an activator of antigen-specific T cell [28]. In
this study, we just to demonstrate that correlation between

PD-L1 expression and TIDC mature status, furthermore,
PD-L1 may contribute to tumor cells immune escape and
poor prognosis through suppress TIDC maturation as
another way. Thus, we could perform a further research
based on this result.

Conclusion

All that we have found above indicate PD-L1 expression
had contributed to DC maturation within tumor cell area
and correlated with the survival of patients with lung
cancer. So, further studies will be required to establish the
specific role of the PD-L1 in tumor immunity and to draw
conclusions for the design of therapeutic strategies.
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