
ORIGINAL ARTICLE

Expression of Programmed Death-Ligand 1 in Laryngeal Carcinoma
and its Effects on Immune Cell Subgroup Infiltration

Dan Yu1
& Jinzhang Cheng1

& Kai Xue1
& Xue Zhao1

& Lianji Wen1
& Chengbi Xu1

Received: 24 October 2017 /Accepted: 15 October 2018 /Published online: 25 October 2018
# Arányi Lajos Foundation 2018

Abstract
To study the expression of programmed death-ligand 1 (PD-L1), and its effects on CD8+ tumor infiltrating lymphocytes (TILs)
and tumor associated macrophages (TAMs) in human laryngeal squamous cell carcinoma. Sixty-nine patients with laryngeal
carcinoma and 10 with vocal cord leukoplakia received tumor resection at Neck Surgery Department in the Second Affiliation
Hospital of Jilin University (Changchun, Jilin) from Jan. 2010 to Dec. 2015. The expressions of PD-L1, CD8, CD16 and CD206
in laryngeal carcinoma, paracancerous and vocal cord leukoplakia tissues were detected with immunohistochemistry. The
associations between PD-L1 expression and clinicopathologic features, expression of TAMs and CD8+ T cell infiltration were
analyzed. Expression of PD-L1 is significantly higher in laryngeal carcinoma than in paracancerous or leukoplakia tissue. The
expression of PD-L1 is closely associated with stage of laryngeal cancer, histological differentiation and neck lymphatic metas-
tasis. PD-L1 expression is negatively correlated with the number of CD8+ TILs and CD16+ cells (M1 type TAMs), while is
positively associated with CD206+ (M2 type TAMs). PD-L1 is highly expressed in the laryngeal cancer with the tumor micro-
environment immunosuppression.
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Introduction

Immunosuppression plays an important role in the occurrence
and development of laryngeal carcinoma, including immune
surveillance defects, abnormal function of antigen presenting
cells (APC) and T cells, and abnormal secretion of immune
cells [1]. Recent investigations reveal that programmed death-
ligand 1 (PD-L1) is highly expressed in the tumor microenvi-
ronment and related with infiltration of tumor-associated mac-
rophages (TAMs), which plays important roles in immuno-
suppression [2, 3]. PD-L1 binds to programmed death 1
(PD-1), one of the members of CD28 family and inhibits the
activation, proliferation and cytokine secretion of CD8+ cyto-
toxic T lymphocytes through different mechanisms [4, 5]. In
this condition, effector T cells turn into non-reaction cells or
program into apoptosis [6]. TAMs account for about 30–50%

in the tumor stroma, and take part in the occurrence, invasion
and metastasis of tumor cells and influence the prognosis of
the cancer patients. In tumor tissues, TAMs are more like M2
macrophages in function and phenotypes [7]. Moreover, it
was reported that infiltration of TAMs has a close relationship
with the high expression of PD-L1 in in hepatocellular carci-
nomas [8]. In this study, we investigated the expression
of PD-L1 in human laryngeal squamous cell carcinoma
and disclosed the association of PD-L1 with the infiltra-
tion of CD8 + T lymphocytes and TAMs. Our study
would reveal the biological and clinical significance of
PD-L1 in laryngeal carcinoma.

Patients and Methods

Patients

Sixty-nine patients (52 male and 17 female aging from 54 to
68 years) of laryngeal carcinoma (as Laryngeal carcinoma
group) and 10 patients of vocal cord leukoplakia (as leukopla-
kia group) received tumor resection at Neck Surgery
Department in the Second Affiliation Hospital of Jilin
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University (Changchun, Jilin) from Jan. 2010 to Dec. 2015.
Laryngeal carcinoma was diagnosed according to the medical
history, physical examination, image examination, intraoper-
ative findings and postoperative pathological results. All 69
cases received surgery, without preoperative radiotherapy /
chemotherapy.

Immunohistochemistry

The expression of PD-L1, CD8, CD16 and CD206 were de-
tected by immunohistochemistry in laryngeal carcinoma and
paracancerous tissues. All the resected specimens were fixed
in 4% formalin and embedded in paraffin tissue. Slices were
continuously (4 m-thickness) sectioned. CD8, CD16 and
CD206 primary antibodies were purchased from Boster
Company (Wuhan, China). The samples were incubated

with the antibodies at 4 °C in a dilution of 1:100.
Immunohistochemical SP method was performed ac-
cord ing to the ins t ruc t ion of the k i t . 3 , 3 -
diaminobenzidine (DAB) staining was utilized to color
the target protein and nuclei were stained by hematox-
ylin. The slides were observed under light microscope.

Five fields in each specimen were randomly selected. Cells
in brown yellow or brown granules were determined as posi-
tive staining. The positive cell numbers and dyeing strength
were calculated. PD-L1 expression was evaluated as follows:
0 point (positive rate: < 6%), 1 point (positive rate: 6% - 25%),
2 points (positive rate: 26% - 50%), 3 points (positive rate:
51% - 75%) and 4 points (positive rate > 75%). Semi-
quantitative staining intensity was divided into 4 grades: grade
0 (negative), grade 1 (weak positive), 2 (moderately positive),
and 3 (strongly positive). A final comprehensive rate was

Table 1 Basic information of and PD-L1 expression in patients with laryngeal carcinoma or with voice cord leukoplakia

Variables Laryngeal cancer, n = 69 Leukoplakia patients, n = 10 P value

Age (years), Mean ± SD. 62.87 ± 8.84 54.9 ± 7.28 0.008

Male, n(%) 52 (75.36) 10 (100.0) 0.174

PD-L1 expression in diseased tissue, n(%) <0.001
– 0 (0.00) 8 (80.00)

+ 15 (21.74) 2 (20.00)

++ 33 (47.83) 0 (0.00)

++++ 21 (30.43) 0 (0.00)

PD-L1 expression in paracancerous tissue, n(%) <0.001
– 20 (28.99) 10 (100.0)

+ 41 (59.42) 0 (0.00)

++ 8 (11.59) 0 (0.00)

Fig. 1 Expression of PD-L1
(shown in brown) in laryngeal
squamous cell carcinoma and
laryngo-leukoplakia tissue. a PD-
L1 was rarely expressed in
laryngo-leukoplakia tissue. b PD-
L1 was lowly expressed in the
high differentiation laryngeal car-
cinoma. c PD-L1 was highly
expressed in the tissue medium
and low differentiation laryngeal
carcinoma. d PD-L1 was also
expressed in the paracancerous
tissue (400×)
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established: 0 (negative), + [1, 2], + + [3, 4] and + + + [5–7].
B0^ or B+^ was considered as no expression or low expres-
sion. B++^ and B+++^ were deemed as medium and high
expression, respectively.

CD8+T cell invasion was evaluated. According to the dis-
tribution of tumor epithelial cells and stromal tumor, the
CD8+T cell invasion was divided into strong infiltration (>
10/100 of epithelial cells; >20/100 stromal cell infiltration)
and weak infiltration (< 10/100 epithelial cells; < 20/100 stro-
mal cell infiltration). CD16 and CD206 staining were detected
in tumor stroma using a similar method.

Statistical Analysis

Quantitative data were expressed as mean and standard devi-
ation (S.D.) and analyzed with the t-test between two groups.
When the comparisons were among three groups, one-way
ANOVA followed by Student-Newman-Keuls Test was ap-
plied. The enumeration data were analyzed using the Chi-

square test. The association between PD-L1 expression and
tumor differentiation, TNM classification, CD8 expression or
CD16+ and CD206+ cell infiltration was analyzed using
Cochran-Mantel-Haenszel non-zero correlation. When
the correlation was statistically significant, Spearman’s
correlation coefficient was calculated. All statistics were
carried out using SAS 9.3. P < 0.05 was considered as
significant difference.

Results

Sixty-nine cases of laryngeal cancer and 10 leukoplakia pa-
tients were included in the study. The basic information of the
patients was listed in Table 1. The age in two groups were 68
± 8.84 (laryngeal cancer) and 54.9 ± 7.28 (leukoplakia), re-
spectively. There was a significant difference when comparing
the age (P = 0.008). The gender ratio in two groups was com-
parable. PD-L1 expression was significantly higher in

Table 2 Clinical characteristics in
tissues with different level of PD-
L1 expression

Variables Tumor PD-L1 expression level P value

+, n = 15 ++, n = 33 +++, n = 21

Male, n(%) 10 (66.67) 23 (69.70) 19 (90.48) 0.152

Age (years), mean ± SD 60.8 ± 8.55 63.91 ± 8.42 62.71 ± 9.79 0.533

Tumor diameters (cm), mean ± SD 1.99 ± 0.94 2.58 ± 1.33 3.21 ± 1.49a 0.029

Growth locationb, n(%) 0.113
Other 1 (6.67) 3 (9.38) 4 (19.05)

Supraglottic 3 (20.00) 13 (40.63) 11 (52.38)

Glottic 11 (73.33) 16 (50.00) 6 (28.57)

Lymph node metastasis, n(%) 1 (6.67) 7 (21.21) 9 (42.86) 0.037

Differentiation, n(%) 0.001c

High 12 (80.00) 17 (51.52) 7 (33.33)

Medium 3 (20.00) 16 (48.48) 10 (47.62)

Low 0 (0.00) 0 (0.00) 4 (19.05)

T typingd, n(%) 0.087
1 4 (26.67) 7 (21.88) 3 (17.65)

2 8 (53.33) 16 (50.00) 5 (29.41)

3 2 (13.33) 4 (12.50) 5 (29.41)

4 1 (6.67) 5 (15.63) 4 (23.53)

N typingd, n(%) 0.066
0 14 (93.33) 27 (84.38) 11 (64.71)

1 1 (6.67) 4 (12.50) 6 (35.29)

2 0 (0.00) 1 (3.13) 0 (0.00)

M typingd, n(%) 0.051
0 15 (100.0) 32 (100.0) 15 (88.24)

1 0 (0.00) 0 (0.00) 2 (11.76)

Death in 3 years b, n(%) 0 (0.00) 2 (6.25) 3 (14.29) 0.355

a compared with PD-L1 (+), P < 0.05
b loss of one case
c Spearman’s correlation coefficient was 0.372 ± 0.107
d loss of five cases
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laryngeal cancer than in leukoplakia (P < 0.001) (Fig.1,
Table 1). Moreover, PD-L1 was highly expressed in
paracancerous tissue from laryngeal cancer group compared
with that in leukoplakia group (P < 0.001). These data impli-
cated that PD-L1 expression was related to laryngeal cancer.

The association between PD-L1 expression and tumor dif-
ferentiation was also investigated. As shown in Table 2, tumor
diameter was significantly different in the groups divided based
upon the expression PD-L1 (Table 2). The patients with a high
expression of PD-L1 also had a large tumor. PD-L1 expression
did not determine the location of tumor growth. However, PD-
L1 expression influenced lymph node metastasis and tumor
differentiation. By contrast, PD-L1 expression did not influ-
ence tumor grading (T, N, M) and 3-year mortality rate.

The consistence of the PD-L1 in tumor tissue and
paracancerous tissue was also analyzed. As shown in
Table 3, the consistence of PD-L1 expression in tumor tissue
and paracancerous tissue was significant (Kappa: 0.2020,
(95CI, 0.012–0.391)) (P = 0.006) (Table 3).

PD-L1 expression in tumor tissue was negatively and
weakly correlated with CD8 expression in epithelial cells
(P < 0.001, Spearman’s correlation coefficient: −0.550 ±
0.083) (Fig. 2, Table 4), very low correlated with
CD16+ infiltration (P = 0.016, Spearman’s correlation
coefficient: −0.290 ± 0.102) and with CD206+ infiltra-
tion (P < 0.001, Spearman’s correlation coefficient:
0.426 ± 0.095) (Fig. 3, Table 4).

Discussion

In this study, we demonstrated that PD-L1 expression in la-
ryngeal cancer tissue was significantly higher compared with
the expression in leukoplakia patients. Moreover, PD-L1
was up-regulated with the deterioration of the cancer.
Additionally, PD-L1 expression was associated with
the pathological degree, cervical lymph node metastasis
and clinical classification.

Table 3 Consistence of the PD-
L1 in tumor and paracancerous
tissue

PDL1 in paracancerous tissue PD-L1 in tumor tissue Total P value

– + ++ +++

– 0 (0.00) 8 (53.33) 12 (36.36) 0 (0.00) 20 0.006
+ 0 (0.00) 7 (46.67) 20 (60.61) 14 (66.67) 41

++ 0 (0.00) 0 (0.00) 1 (3.03) 7 (33.33) 8

+++ 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0

Total 0 15 33 21 69

Kappa0.2020 (95CI,0.012–0.391)

Fig. 2 Infiltration of CD8 + T
(shown in brown) in laryngeal
carcinoma with high and low
expression of PD-L1. a
Infiltration in stroma of CD8 + T
in low expression of PD-L1
group. b Intraepithelial infiltration
of CD8 + T in low expression of
PD-L1 group. c Infiltration in
stroma of CD8 + T in high ex-
pression of PD-L1 group. d
Intraepithelial infiltration of
CD8 + T in high expression of
PD-L1 group (400×)
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PD-L1, one kind of type I transmembrane glycoprotein is a
member of the B7 superfamily, which is extensively expressed
in a variety of immune cells, epithelial cells and tumor cells.
As reported, PD-L1 plays an important role in tumor

immunity [9]. High expression of PD-L1 in tumor cells, bind
to PD-1 receptor on cytotoxic T lymphocytes (CTLs) to trans-
fer the negative regulatory signals to regulate expression and
secretion of cytokine, leading to apoptosis of CTLs.
Subsequently, the tumor cells escape from the immune mon-
itor and survive [10]. The experimental data also demonstrat-
ed that PD-L1 expression was related to tumor stage and tu-
mor differentiation. Moreover, the high expression of PD-L1
is one of the adverse prognostic factors and PD-L1 has be-
come a new biological marker for cancer detection and prog-
nosis prediction [11, 12]. Our data revealed that PD-L1 was
still expressed in paracancerous tissue, but lower than that in
tumor tissue.

The effector CD8+ TILs are important executors of antitu-
mor immunity in vivo. Studies have shown that a high number
of infiltrations of CD8+ TILs in tumor epithelial cells or stro-
ma are often associated with a positive prognosis [13]. The
binding of PD-L1 to PD1 induces apoptosis of effector CD8 +
Tcells in tumor tissue and leads to a decrease in the number of
TILs in tumor tissue. In other words, depletion of TILs in
tumor microenvironment is related to the binding of PD-1
with PD-L1 [14]. In order to investigate the correlation be-
tween PD-L1 and CD8 + T cells in laryngeal carcinoma, this
study utilized continuous section and detected PD-L1 expres-
sion by immunohistochemical staining. The numbers of infil-
trating tumor epithelial and interstitial cells of CD8 + T com-
puting in low expression and high expression of PD-L1 group
were compared. The results showed that the expression
of PD-L1 was correlated with infiltration of tumor
CD8 + T cells in laryngeal carcinoma. More infiltrations

Table 4 Correlation of PD-L1expressions with CD8, CD16+, CD206+

Variables PD-L1 in tumor tissue P value

+, n = 15 ++, n = 33 +++, n = 21

Epithelial CD8, n(%) <0.001a

+ 1 (6.67) 10 (30.30) 15 (71.43)

++ 4 (26.67) 12 (36.36) 5 (23.81)

+++ 10 (66.67) 11 (33.33) 1 (4.76)

CD8 in stroma, n(%) 0.142
– 0 (0.00) 1 (3.03) 0 (0.00)

+ 6 (40.00) 7 (21.21) 14 (66.67)

++ 7 (46.67) 19 (57.58) 5 (23.81)

+++ 2 (13.33) 6 (18.18) 2 (9.52)

CD16+ expression 0.016b

+ 1 (6.67) 12 (36.36) 9 (42.86)

++ 9 (60.00) 14 (42.42) 10 (47.62)

+++ 5 (33.33) 7 (21.21) 2 (9.52)

CD206+expression <0.001c

+ 9 (60.00) 15 (45.45) 3 (14.29)

++ 6(40.00) 14 (42.42) 10 (47.62)

+++ 0(0.00) 4 (12.12) 8 (38.10)

a Spearman correlation coefficient: −0.550 ± 0.083
b Spearman correlation coefficient was −0.290 ± 0.102
c Spearman correlation coefficient was 0.426 ± 0.095

Fig. 3 Infiltration of CD16+

(brown) and CD206+ (brown)
cells in laryngeal carcinoma with
high and low expression of PD-
L1. a CD16 was highly expressed
in PD-L1 low expression group. b
CD206 was lowly expressed in
PD-L1 low expression group. c
CD16 was lowly expressed in
PD-L1 high expression group. d
CD206 was highly expressed in
PD-L1 high expression group.
(400×)
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of CD8+T lymphocyte were found in the cancer tissue
with high expression of PD-L1. Subsequently, tumor
cells in low differentiated squamous cell carcinoma can-
not be effectively killed due to immune escape.

Tumor associated macrophages are the main cells in
the stroma of tumors, and are important components of
inhibitory tumor microenvironment. Under the tumor
microenvironment Bdomestication^ function, TAMs tend
to differentiate into M2 type macrophage [15]. The lat-
ter is the alternative activated macrophages, mainly in-
volved in the Th2 immune response. The antigen pre-
senting ability is low, through its complicated autocrine
and paracrine IL-10, TGF-β and other cytokines to in-
hibit the immune defense function [16]. The relationship
between PD-L1 expression and TAMs has attracted
more and more attention. Many cytokines in TAMs
and tumor microenvironment can regulate the phenotype
of tumor cells. For example, Chen et al. [17] found that
lung cancer cells can upregulate the expression of B7-
H3 and B7-H4 under the action of TAMs, and that
IFN-γ can upregulate the expression of PD-L1 in tumor
cells. Kuang et al. [18] found that TNF-β and IL-10
induced PD-L1 expression in an autocrine manner.
Kang et al. showed that the expression level of PD-L1
protein in hepatocellular carcinoma (HCC) tissues was
significantly related to TAMs infiltration. In vitro cul-
ture of macrophages could upregulate the expression of
PD-L1 in hepatoma cell line [19].

In order to investigate the correlation between TAMs
clarification and PD-L1 expression, we selected CD16 as
the antigen marker of M1 TAMs and CD206 as antigen
marker of M2 TAMs. The expression of TAMs in cancers
with high and low PD-L1 expression was compared. PD-
L1 low expression group displayed higher degree of M1
TAMs, while PD-L1 high expression group displayed
higher degree of M2 TAMs in the tumor stroma infiltra-
tion. These results reflect the inherent link between the
expression of PD-L1 in laryngeal squamous cell carcino-
ma and the expression of TAMs classification. These data
likely implicate that high expression of PDL1 associated
tumor microenvironment TAMs is one of the important
factors of immune suppression [20].

The high expression of PDL1 was associated with the in-
crease of CD8+ T infiltration and decrease of M1 type TAMs
and increase of M2 TAMs. The relationship between PDL1
and immune cell subsets further confirmed its participation in
the development and progression of laryngeal carcinoma and
invasion. However, the exact role of PD-L1 in laryngeal car-
cinoma and its specific mechanism required further research.
How PDL1 regulates TAMs still deserves further investiga-
tion. Moreover, the expression site of PDL1 (cytoplasm or cell
membrane, epithelial or mesenchymal cells) might have dif-
ferent effects on CD8+ T.

Conclusion

The high expression of PD-L1 in laryngeal carcinoma is one
of the important characteristics of tumor microenvironment
with immunosuppression.
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