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Abstract. Soluble and membrane-bound programmed death 
ligand-1 (sPD-L1 and mPD-L1, respectively) have been 
demonstrated to participate in the immune suppression of 
non-small cell lung cancer. However, the contribution of 
sPD-L1 and mPD-L1 to immune regulation and disease 
progression in patients with pleural effusions remains 
unknown. The present study evaluated the levels of sPD-L1 
and membrane-bound PD-1/PD-L1 in the peripheral blood 
and pleural effusions of patients with tuberculous pleural 
effusion (TPE), malignant pleural effusion (MPE) and 
non-tuberculous non-malignant pleural effusion (n-TB n-M). 
Furthermore, selected T lymphocytes and cluster of differen-
tiation (CD)14+ monocytes were co-cultured to investigate the 
potential effect of the PD-1/PD-L1 pathway in TPE. Levels 
of sPD-L1 and PD-L1 on CD14+ monocytes were increased 
in the TPE group, as compared with the MPE and n-TB n-M 
groups. Furthermore, sPD-L1 levels and the expression levels 
of PD-L1 on CD14+ monocytes were demonstrated to be 
positively correlated with interferon (IFN)-γ concentration in 
pleural effusions. Therefore, IFN-γ may increase the expres-
sion of PD-L1 on CD14+ monocytes in vitro. Cell counting 
kit-8 analysis demonstrated that anti-PD-L1 antibody was able 

to partially reverse the proliferation of T lymphocytes in the 
co-culture system. The results of the present study indicated 
that sPD-L1 or mPD-L1 are associated with the immune 
regulation and disease progression of TPE, and may serve as 
possible biomarkers of TPE. Furthermore, sPD-L1 and the 
PD-1/PD-L1 pathway of TPE may be associated with the Th1 
immune response; therefore, an anti-PD-1/PD-L1 pathway 
suggests a potential immune therapy strategy for the treatment 
of TPE.

Introduction

Tuberculosis (TB) remains one of the top three deadly diseases 
worldwide with 1.4 million deaths reported in 2011 (1). TB 
pleurisy is the most common type of extra-pulmonary tuber-
culosis, accounting for 10-20% of patients with tuberculous 
and 10-30% of patients with TB pleurisy suffer from pleural 
effusions (PFs) (2). TB‑associated PF results from the infil-
tration of pleural space by M. tuberculosis (M. tb) antigens 
or bacilli, which induce a strong Th1 immune response (3). 
Currently, non-invasive methods including conventional chest 
X-ray, chest computed tomography scan, ultrasonography, 
pleural fluid laboratory tests, thoracocentesis, pleural biopsy 
and thoracoscopy are used to determine the existence and 
etiology of PFs (4). Pleural fluid M. tb culture remains the gold 
standard criterion with a diagnostic detection rate of <20% (5).

Programmed death ligand 1 (PD-L1), which is also 
known as CD274, has been well-characterized as a critical 
membrane-bound co-stimulatory molecule that inhibits 
immune responses through its receptor, programmed death 1 
(PD-1) by downregulating T cell activation and cytokine 
secretion (6,7). PD-L1 is constitutively expressed in various 
immunocytes, including T cells, B cells, dendritic cells (DCs), 
macrophages and a wide range of tumor cell lines and solid 
tumor tissues, and the expression of PD-L1 is further upregu-
lated following activation (8). PD-1 is a type I glycoprotein and 
its expression can be induced in T cells, B cells, natural killer 
T cells and activated monocytes (9). Various co-stimulatory 
molecules express PD-1 in two forms, the soluble (sPD-L1) 
and membrane-bound (mPD-L1) forms. sPD-L1 has been 
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demonstrated in various members of the B7 superfamily, 
including OX40 and B7-H3 (10,11). sPD-L1 was initially iden-
tified in the blood serum of patients with non‑small cell lung 
cancer, and increased sPD-L1 expression is associated with 
lung cancer TNM staging and the patient's clinical response 
to treatment (12). Increased levels of serum sPD-L1 have 
also been detected in other solid tumors, such as aggressive 
renal cell carcinoma, breast cancer and autoimmune diseases, 
including systemic lupus erythematosus, rheumatoid arthritis 
and type 2 diabetes mellitus (13-16). Therefore, sPD-L1 may 
have important roles in the regulation of co-stimulatory 
signals. Th1 cytokines, including interferon (IFN)-γ, tumor 
necrosis factor (TNF)-α and interleukin-2, have also been 
demonstrated to have critical roles in granuloma formation 
and the damage of tubercle bacilli within macrophages (17). 
However, whether sPD-L1 and mPD-L1 are involved in 
immune regulation and disease progression of TPE has yet to 
be elucidated. In the present study, the immune regulatory role 
of sPD-L1 and the PD-1/PD-L1 pathway involved in TPE, and 
the correlation with Th1 immune response, will be explored. 
In addition, the possibility of a potential immune-checkpoint 
in the treatment of TPE will be investigated.

Materials and methods

Subjects. The present study was approved by the Ethics 
Committee of The Second Affiliated Hospital of Soochow 
University (Suzhou, China). Written informed consents for the 
collection of blood and PF samples and subsequent analysis 
were obtained from all participants prior to the initiation of 
the study. Fresh PF and peripheral blood (PB) samples were 
harvested from 68 subjects. Of 68 patients with evaluable data, 
24 were assigned to the tuberculous pleural effusion (TPE) 
group, 30 were assigned to the malignant pleural effusion 
(MPE) group and 14 were assigned to the non-tuberculous 
non-malignant pleural effusion (n-TB n-M) group. Within the 
n-TB n-M group, the 14 participants presented with systemic 
lupus erythematosus (SLE; n-1), heart failure (n=3), pneumonia 
(n=5) and an unknown medical condition (n=5). Clinical and 
microbiological characteristics of subjects were obtained from 
the patient records and are reported in Table I. 

Patients were diagnosed with TPE on the basis 
of: i) Presence of acid fast bacilli in a pleural fluid specimen, 

growth of M. tb from pleural fluid, or demonstration of granu-
lomatous pleurisy on closed pleural biopsy specimen in the 
absence of any evidence of other granulomatous diseases; 
ii) an exudative lymphocytic effusion with an adenosine 
deaminase level of >40 U/l, a positive purified protein 
derivative skin test result and the exclusion of any other 
potential causes of pleurisy; iii) or a good response to TB 
treatment (18). Exudative effusion was classified according 
the criteria outlined by Light et al (19). A diagnosis of MPE 
was established following demonstration of malignant cells 
in pleural fluid and/or pleural biopsy specimen (20). SLE was 
diagnosed according to the criteria outlined by the American 
College of Rheumatology in 1982 (21). Cardiogenic PF was 
diagnosed according to the symptoms and laboratory tests of 
heart failure. Para-pneumonic PF was diagnosed following 
evidence of pulmonary infections associated with acute febrile 
illness, pulmonary infiltrates, purulent sputum and response 
to antibiotic treatment (22). Ten PB samples were collected 
from healthy clinical trial volunteers. At the time of sample 
collection, none of the patients had received anti-TB therapy, 
anticancer therapy, corticosteroids, other non-steroid drugs or 
invasive procedures directed into the pleural cavity.

Determination of immune cell profiles in PF and PB. PF 
monocyte cells (PEMCs) were obtained by Ficoll-Hypaque 
density centrifugation at 543 x g for 30 min. PEMCs (~5x105 
cells/test) and PB (50 µl/test) were surface-stained with fluo-
rescein isothiocyanate (FITC)-labeled anti-human CD4 (clone 
SK3) and CD8 (clone OKT8) monoclonal antibodies (mAbs) 
and (eBioscience, Inc., San Diego, CA, USA), FITC-labeled 
anti-human CD14 mAb (clone 61D3; eBioscience, Inc.), 
phycoerythrin-labeled anti-human PD-1 (clone EH12. 2H7) 
and PD-L1 (clone 29E. 2A3) mAbs (BioLegend, Inc., San 
Diego, CA, USA) for 30 min at 4˚C according to the manufac-
turer's protocol. A blank was used for the control. For PEMCs, 
500 µl fluorescence-activated cell sorting (FACS) buffer 
(Beckman Coulter, Inc., Brea, CA, USA) was used for flow 
cytometry acquisition. For the blood samples, 300 µl erythro-
cyte lysis buffer (Beckman Coulter, Inc.) was added to the cell 
suspensions following antibody staining and incubated for a 
further 10 min at 42˚C, followed by the addition of 500 µl FACS 
buffer for flow cytometry acquisition. Data were acquired on 
a 2‑color flow cytometer (Beckman Coulter cytomics FC500) 

Table I. Basic characteristics of the subjects enrolled in the present study.

Characteristic TPE MPE n-TB n-M

Number of subjects 24 30 14
Age (years) 46.42±23.44a 67.70±8.19 63.36±17.27
Gender (M/F) 20/4 13/17 12/2
Pleural effusion side (right/left/bilateral) 7/17/0 16/12/2 3/3/8
Presence of fever admission (yes/no) 14/10 2/28 4/10
Smoking (yes/no) 8/16 7/23 4/10
Ethnic group Chinese Chinese Chinese

TPE, tuberculous pleural effusion; MPE, malignant pleural effusion; n-TB n-M, non-tuberculous and non-malignant pleural effusion. Data 
are presented as the mean ± standard deviation. aP<0.0001, vs. the MPE and n-TB n-M groups.
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and analyzed with Expo32 MultiCOMP software version 1.2 
(both Beckman Coulter, Inc.).

Determination of sPD‑L1 and IFN‑γ levels. PF (50 ml) and 
PB (5 ml) samples were centrifuged at 543 x g for 10 min 
and the supernatants were stored at ‑80˚C for subsequent 
ELISA assays. Expression levels of sPD-L1 in PFs and sera 
were determined in duplicate wells using the sPD-L1 ELISA 
system, as previously described by our group (9). Expression 
levels of IFN-γ were analyzed using a commercial ELISA kit 
(cat no. EK0373; Boster Biological Technology, Ltd., Wuhan, 
China) according to the manufacturer's protocol.

Determination of PD‑L1 on CD14+ monocytes. PB mono-
cyte cells (PBMCs) were collected from healthy donors by 
Ficoll-Hypaque density centrifugation and seeded into 6-well 
plate at a density of 3x105 cells/well. TPE were co-cultured 
with PBMCs for 48 h at 37˚C in an incubated atmosphere 
containing 5% CO2. Alterations in the levels of PD-L1 on 
CD14+ monocytes were evaluated by flow cytometry.

Determination of cell proliferation. PEMCs from TPE were 
collected and CD14+ monocytes were isolated using human 
CD14 MicroBeads (Miltenyi Biotec, GmbH, Bergisch 
Gladbach, Germany) with positive selection. Subsequently, 
purified T cells were obtained using a T cell negative kit 
(Stemcell Technologies, Inc., Vancouver, BC, Canada). CD14+ 
monocytes and T lymphocytes were seeded at a ratio of 1:5 
into a 96-well plate pre-coated with functional anti-human 
CD3 mAb (2 µg/ml; cat no. IM1304; Immunotech S.A.S, 
Marseille, France). Anti-PD-L1 mAb (2H11; 1 µg/ml), which 
was developed by our own group (9), or the control antibody 
mouse anti-human IgG (cat no. 6602872) was added into the 
medium. Following co-culturing for 3-5 days, cell proliferation 
was detected by a cell counting kit-8 (CCK-8; cat no. CK04).

Statistical analysis. Data were analyzed using GraphPad 
Prism 5.0 (Graph Pad Software Inc., San Diego, CA, USA) and 
SPSS 17.0 (IBM, Chicago, USA). Data with normal distribution 
were analyzed with paired and unpaired t-test, and one-way 
analysis of variance with Newman-Keuls test. Data without 
a normal distribution were analyzed with Wilcoxon matched 
pairs test, Mann-Whitney U-test and Kruskal-Wallis test with 
Dunn's Multiple Comparison. Spearman correlation analysis 
was used to calculate the correlation coefficient. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Immune cell profiles in PF differ from those in PB. Immune 
cell profiles of CD4+ and CD8+ cells, which included the 
expression of PD-1 on CD4+ cells and CD8+ cells, and CD14+ 
monocytes, which included the expression of PD-L1 on CD14+ 

monocytes in PF and in PB from 41 subjects, were analyzed 
(Tables II and III). With the exception of CD8+ cells (which 
were lower in PF compared with those in PB), expressions of 
PD-1 on CD4+ cells, PD-1 on CD8+ cells, CD14+ monocytes 
and PD-L1 on CD14+ monocytes in PF were higher compared 
with those in PB, and the p-values were P<0.0001, P<0.0001, 
P=0.0003 and P=0.0123, respectively.. The ratio of CD4+/CD8+ 

Ta
bl

e 
II

. C
om

pa
ris

on
 b

et
w

ee
n 

th
e 

ex
pr

es
si

on
 o

f i
m

m
un

e 
su

bs
et

s i
n 

th
e 

pl
eu

ra
l e

ffu
si

on
 a

nd
 p

er
ip

he
ra

l b
lo

od
 o

f t
he

 sa
m

e 
su

bj
ec

t.

 
TP

E 
(n

=1
8)

 
M

PE
 (n

=1
6)

 
n-

TB
 n

-M
 (n

=7
)

 
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

      
      

      
      

 ----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

--- 
      

      
      

      -
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

----
----

--
Su

bs
et

 (%
) 

PF
 

PB
 

PF
 

PB
 

PF
 

PB

C
D

4 
49

.8
 (4

1.
6-

61
.2

) 
35

.2
 (2

5.
8-

42
.8

) 
46

.2
 (2

9.
6-

61
.4

) 
41

.1
 (3

5.
6-

54
.7

) 
24

.7
 (1

0.
6-

50
.2

) 
29

.2
 (2

6.
5-

38
.7

)
C

D
8 

18
.7

 (1
3.

5-
23

.4
) 

28
.6

 (2
0.

0-
32

.1
) 

5.
8 

(3
.6

-1
2.

0)
 

24
.7

 (1
5.

6-
34

.2
) 

10
.1

 (8
.2

-1
8.

5)
 

27
.0

 (2
0.

3-
28

.5
)

C
D

4/
C

D
8 

ra
tio

 
2.

5 
(2

.1
-5

.0
) 

1.
23

 (0
.8

5-
2.

33
) 

4.
9 

(3
.1

-1
2.

2)
 

1.
9 

(1
.2

-2
.7

) 
2.

7 
(1

.1
-3

.0
) 

1.
2 

(1
.0

-1
.7

)
C

D
14

 
30

.5
 (6

.9
-6

3.
0)

 
22

.5
 (1

4.
1-

25
.5

) 
59

.4
 (3

5.
9-

80
.1

) 
18

.0
 (6

.4
-2

8.
7)

 
62

.5
 (3

4.
6-

84
.0

) 
14

.5
 (9

.6
-2

8.
8)

C
D

4+ 
PD

-1
+  

38
.6

 (2
4.

6-
44

.8
) 

19
.5

 (1
3.

9-
28

.3
) 

51
.2

 (3
1.

0-
57

.7
) 

24
.4

 (1
8.

2-
39

.7
) 

41
.5

 (2
4.

3-
65

.2
) 

29
.0

 (2
6.

3-
37

.1
)

C
D

8+ 
PD

-1
+  

19
.3

 (1
0.

7-
25

.9
) 

11
.8

 (8
.8

-2
0.

9)
 

35
.2

 (1
5.

9-
44

.4
) 

18
.7

 (9
.5

-2
1.

3)
 

23
.9

 (1
4.

8-
39

.5
) 

19
.5

 (1
1.

3-
35

.8
)

C
D

4+ /C
D

8+ 
PD

-1
+ 
ra

tio
 

2.
3 

(1
.2

-2
.5

) 
1.

41
 (1

.2
0-

2.
19

) 
1.

3 
(1

.1
7-

2.
1)

 
1.

7 
(1

.2
-2

.5
) 

1.
7 

(1
.2

-1
.9

) 
1.

5 
(0

.8
-2

.3
)

C
D

14
+ 
PD

-L
1+  

92
.0

 (7
6.

9-
97

.3
) 

44
.1

 (2
8.

4-
63

.3
) 

19
.1

 (1
2.

2-
33

.5
) 

14
.8

 (7
.8

-3
8.

3)
 

42
.9

 (8
.9

-7
6.

9)
 

61
.5

 (1
8.

8-
67

.5
)

D
at

a 
ar

e 
pr

es
en

te
d 

as
 th

e 
m

ed
ia

n 
(in

te
rq

ua
rti

le
 ra

ng
e)

. P
F,

 p
le

ur
al

 e
ffu

si
on

; P
B

, p
er

ip
he

ra
l b

lo
od

; T
PE

, t
ub

er
cu

lo
us

 p
le

ur
al

 e
ffu

si
on

; M
PE

, m
al

ig
na

nt
 p

le
ur

al
 e

ffu
si

on
; n

-T
B

 n
-M

, n
on

-tu
be

rc
ul

ou
s 

an
d 

no
n-

m
al

ig
na

nt
 p

le
ur

al
 e

ffu
si

on
; C

D
, c

lu
st

er
 o

f d
iff

er
en

tia
tio

n;
 P

D
, p

ro
gr

am
m

ed
 d

ea
th

.
 



PAN et al:  INCREASED SOLUBLE AND MEMBRANE-BOUND PD-L1 IN TUBERCULOUS PLEURAL EFFUSION2164

cells was significantly increased in PF, as compared with PB 
(P<0.001; Tables II and III). For subjects who were diagnosed 
with TPE, with the exception of CD14+ monocytes (P=0.2066), 
expression levels of CD4+, CD8+, CD4+PD-1+ and CD8+PD-1+ 

cells and CD14+PD-L1+ monocytes in PF were significantly 
different from those in PB. In addition, in subjects who were 
diagnosed with TPE, expression of CD4+PD-1 and CD8+PD-1+ 
cells were higher in PF than PB, and P-values were P=0.0035 
and P=0.0131. Percentage of CD4+ cells was increased in PF, 
as compared with PB, whereas the opposite was true for CD8+ 

cells. Furthermore, the expression levels of PD-L1 on CD14+ 
monocytes in PF were significantly increased, as compared 
with those in PB.

For immune subsets in PB, the percentage of CD4+ cells 
and the level of PD-L1 on CD14+ monocytes in the MPE group 
were significantly increased compared with those in the TPE 
and n-TB n-M groups (P=0.018 and P=0.0128, respectively). No 
significant differences in PB were detected in the other subsets 
(data not shown). For immune subsets in PF, the percentage of 
CD8+ cells was increased in the TPE group, as compared with 
the MPE and the n-TB n-M groups. Furthermore, increased 
expression of PD-L1 on CD14+ monocytes was detected in the 
TPE group, as compared with the MPE and n-TB n-M groups 
(Fig. 1; Tables II and III). Expression of PD-L1 was increased 
in the TPE group, as compared with the MPE and n-TB n-M 
groups at the mRNA level.

Subjects diagnosed with TPE and non-TPE were analyzed 
for potential biomarkers that may distinguish between them. 
No differences in the total expression levels of CD4+, CD8+, 
CD4+PD-1+ and CD8+PD-1+ cells, and CD14+ and CD14+PD-L1+ 
monocytes were detected in PB (data not shown). For immune 
subsets in PF, an increased level CD14+ PD-L1+monocytes 
was demonstrated in the TPE group, as compared with the 
non-TPE group (Table III). The P-values for CD14+PL-L1+ and 
CD8+ cells and CD8+PD-1+ cells were P<0.0001, P<0.0001 
and P=0.0195, respectively. Consistent with the result of CD8+ 

cells above, the levels of CD8+ cells were increased in the TPE 
group, as compared with the MPE and the n-TB n-M groups; 
whereas the expression of PD-1 on CD8+ cells was decreased in 
TPE. Thus, sPD-L1 and mPD-L1 are involved in the immune 
regulation and disease progression of TPE.

Expression levels of sPD‑L1 and IFN‑γ are elevated in 
TPE. Expression levels of sPD-L1 were increased in PF, 
as compared with PB for the same subject (P=0.0033; 
Fig. 2A and B). Furthermore, increased expression levels of 
sPD-L1 were detected in the TPE group, as compared with the 
MPE and n-TB n-M groups (both P<0.05; Fig. 2C); however, 
no significant differences were detected between the MPE 
and n-TB n-M PF groups. Expression levels of sPD-L1 were 
increased in the TPE group, as compared with the non-TPE 
group (Fig. 2D; Table IV). Increased expression levels of 
IFN-γ were detected in the TPE group, as compared with the 
MPE and n-TB n-M groups (P<0.05; Fig. 2E); however, no 
differences were detected between the MPE and n-TB n-M 
groups. Expression levels of IFN-γ in the TPE group were 
significantly increased, as compared with the non-TPE 
group (P<0.0001; Fig. 2F; Table IV). According to receiver 
operating curve analysis, levels of >2.41 ng/ml sPD-L1 in 
PF were able to discriminate between the TPE and non-TPE 
groups, with a specificity (Sp) of 82.9%, sensitivity (Se) of 
82.6% and area under the curve (AUC) of 0.840. Using an 
IFN-γ expression level of >31.06 pg/ml as the cut off value, 
the TPE group was successfully differentiated from the 
non-TPE group (Sp, 95.1%; Se, 87%; AUC, 0.923). Using a 
value of >72.75% PD-L1 on CD14+ monocytes as the cut off 
value, the TPE group was successfully differentiated from 
the non-TPE group (Sp, 92.7%; Se, 78.3%; AUC, 0.898) 
(Table IV). Furthermore, a combination of sPD-L1, IFN-γ and 
PD-L1 on CD14+ monocytes demonstrated an increased AUC 
of 0.962 (Sp, 100%; Se, 91.3%), as compared with the param-
eters alone, using multivariate analysis. sPD-L1 and PD-L1 on 

Table III. Comparison of immune subsets in pleural effusion and peripheral blood.

   TPE vs. MPE
 PF vs. PB TB (PF vs. PB) vs. n-TB n-M
 ----------------- ------------------------- -------------------------
Subset (%) P-value P-value P-value TPE (n=18) Non-TPE (n=23) P-value

CD4+ 0.0919 0.0007 0.0183 49.8 (41.6-61.2) 44.3 (22.8-55.9) 0.0902
CD8+ <0.0001 <0.0001 0.0001 18.7 (13.5-23.4) 8.2 (3.9-14.3) <0.0001
CD4+/CD8+ ratio <0.0001 <0.0001 0.0054 2.5 (2.1-5.0) 3.1 (2.6-8.8) 0.0853
CD14+ 0.0003 0.2066 0.0434 30.5 (6.9-63.0) 62.4 (34.9-81.8) 0.0168
CD4+ PD-1+ <0.0001 0.0035 0.3330 38.6 (24.6-44.8) 47.7 (24.9-57.8) 0.1619
CD8+ PD-1+ <0.0001 0.0131 0.0571 19.3 (10.7-25.9) 34.7 (14.8-43.0) 0.0195
CD4+/CD8+ PD-1+ ratio 0.7558 0.1914 0.1494 2.3 (1.21-2.45) 1.4 (1.17-1.90) 0.0719
CD14+ PD-L1+ 0.0123 <0.0001 <0.0001 92.0 (76.9-97.3) 21.2 (11.3-40.0) <0.0001

Data are presented as the median (interquartile range) from subjects with TPE (n=18) and non-TPE (n=23). PF vs. PB, the difference between 
immune subsets for the same subject; TB (PF vs. PB), the difference between immune subsets for the same subject diagnosed with TB pleurisy; 
TPE vs. MPE vs. n‑TB n‑M, the difference between immune subsets in different pleural effusions. Statistically significant (P<0.05) differences 
are indicated in bold. PF, pleural effusion; PB, peripheral blood; TPE, tuberculous pleural effusion; MPE, malignant pleural effusion; n-TB 
n-M, non-tuberculous and non-malignant pleural effusion; CD, cluster of differentiation; PD, programmed death.
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CD14+ monocytes are higher in TPE, which suggests that they 
may serve as possible biomarkers of TPE.

IFN‑γ increases the expression levels of sPD‑L1 and PD‑L1 
on CD14+ monocytes in PBMCs. The results of flow cytometry 
demonstrated that the expression levels of PD-L1 on CD14+ 
monocytes were improved in the TPE-stimulated group, 
as compared with the control (P<0.05; Fig. 3A). In order 
to investigate the possible correlation between IFN-γ and 
mPD-L1 in PF, all the 68 subjects were studied. The results 
of this analysis demonstrated that the expression of PD-L1 
on CD14+ monocytes was significantly positively correlated 
with the level of IFN-γ, based on Spearman's correlation 
(P<0.0001; Fig. 3B); however, no significant differences were 
detected in the TPE group (r=0.16; P=0.4552). In addition, 
Spearman's correlation analysis of sPD-L1 demonstrated 
that sPD-L1 expression levels were positively correlated with 
IFN-γ, (P=0.0004; Fig. 3C) and PD-L1 on CD14+ monocytes 
(r=0.2984; P=0.0166). Thus, he immune mechanism of 

sPD-L1, and the PD-1/PD-L1 pathway involved in TPE are 
associated with Th1 immune response. 

Anti‑PD‑L1 mAb enhances the proliferation of T lymphocytes 
in co‑cultivation with CD14+ monocytes. To determine the 
effect of PD‑L1 in TPE, enriched T cells and purified CD14+ 
monocytes were co-cultured and the proliferation of T cells 
in the co-culture system was evaluated by CCK-8 kit. The 
results demonstrated that T cells were activated in association 
with anti-CD3 mAb following 4-day stimulation (P<0.0001; 
Fig. 3D). Notably, supplementing the medium with PD-L1 anti-
body (2H11) partially reversed this effect (P=0.005; Fig. 3D). 
Anti-PD-1/PD-L1 pathway is a potential immune-checkpoint  
in the treatment of TPE.

Discussion

Tuberculous PF is usually the result of a hypersensitivity reac-
tion to TB protein with chronic inflammatory infiltration by 

Figure 1. Expression of PD-L1 on CD14+ monocytes, as detected by flow cytometry. (A) Total distribution of pleural effusion monocyte cells from the subject 
who was diagnosed with tuberculous pleural effusion. (B) Expression of CD14+ monocytes in the proportion of region marked in (A). (C) Expression of PD-L1 
on CD14+ monocytes in the region marked in (B). TPE, MPE and n-TB n-M demonstrate the expression of PD-L1 on CD14+ monocytes in different pleural 
effusions by flow cytometry. PD‑L1, programmed death ligand‑1; CD, cluster of differentiation; TPE, tuberculous pleural effusion; MPE, malignant pleural 
effusion; n-TB n-M, non-TB non-M pleural effusion.

Table IV. Se and Sp of pleural effusion indices in distinguishing TPE from non-TPE.

Parameter TPE Non-TPE P-value Se (%) Sp (%) AUC Cutoff

sPD-L1 4.2 (2.53-6.3) 1.7 (0.90-2.26) <0.0001 82.6 82.9 0.840 2.41 ng/ml
IFN-γ 338.6 (128.7-626.9) 9.4 (6.5-18.6) <0.0001 87.0 95.1 0.923 31.06 pg/ml
CD14+ PD-L1+ 89.9 (73.5-97.9) 16.9 (12.6-44.8) <0.0001 78.3 92.7 0.898 72.75%
CD14+ sPD-L1+ IFN-γ+ PD-L1+ None None None 91.3 100.0 0.962 None

Data are presented as the median (interquartile range) from subjects with TPE (n=24) and non‑TPE (n=44). Statistically significant (P<0.05) 
differences are indicated in bold. Se, sensitivity; Sp, specificity; TPE, tuberculous pleural effusion; AUC, area under the curve; sPD‑L1, soluble 
programmed death ligand-1; IFN, interferon.
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immune cells, including monocytes/macrophages and natural 
killer cells, in the pleural cavity. Previous studies have demon-
strated that the PD-1/PD-L1 pathway has an important role 
in the immune response during infection with M. tb (23-25). 
However, the immune mechanism of the PD-1/PD-L1 path-
way's involvement in TB is yet to be fully elucidated. The 
present study analyzed the expression levels of mPD-L1 and 
sPD-L1 in the PB and PF in patients with PFs, since sPD-L1 
acts as an essential cytokine in lung cancer (12). As hypothe-
sized, the expression levels of PD-L1 on CD14+ monocytes and 
sPD-L1 were increased in the TPE group and the Th1 cytokine 
IFN-γ in PF may enhance this effect. It was also determined 
that anti-PD-L1 mAb is able to partially reverse the attenu-
ated proliferation of T lymphocytes mediated by high levels of 
PD-L1 binding to PD-1 in vitro.

An accumulation of lymphocytes, particularly CD4+ 
T cells, in TPE has been well documented in previous studies, 
demonstrating that patients who were infected with M. tb may 
exhibit a strong Th1 immune response to kill M. tb, particu-
larly in the young (26-28). Therefore, the PD-1/PD-L1 pathway 
and increased sPD-L1 levels may deliver a potent negative 
co-inhibitory signal to T cells. Alternatively, this phenomenon 
may prevent excessive immune injury and maintain balance in 
the immune system (29). However, the underlying pathogenesis 
remains unclear. Amarnath et al (30) have previously demon-
strated that human regulatory T (Treg) cells promote immune 
suppression through dendritic cell modulation via the upregula-
tion of PD-L1. Trinath et al (31) have also reported that M. tb 
may promote the expansion of Treg cells via the induction of 

PD-L1 on dendritic cells. In the present study, high expression 
levels of membranous and soluble PD-L1 in TPE indicated that 
PD-1/PD-L1 and sPD-L1 may have a role in M. tb infection via 
Treg cells.

Although both myeloid and T lymphocytes exhibit mPD-L1 
expression, the release of sPD-L1 is a feature of the myeloid 
population (32,33). The results of the present study demonstrated 
that the expression levels of sPD-L1 in PF were increased, as 
compared with PB; this may be due to the high concentrations 
of cytokines in the local pleural cavity. High concentration 
of IFN-γ were consistently detected in TPE, supporting the 
hypothesis that IFN-γ may serve as a diagnostic biomarker (34). 
Lee et al (35) have previously suggested that IFN-γ may upregu-
late the expression of PD-L1 via IFN regulatory factor-1. The 
results of the present study also indicated that sPD-L1 may 
be released with matrix metalloproteinases from the surface 
of immune and tumor cells (9). Notably, the expression levels 
of PD-L1 on CD14+ monocytes increased when the PBMCs 
were supplemented with TPE; however, the proliferation rate 
remained lower than is achieved with commercial IFN-γ stimu-
lation (16). It is possible that IFN-γ is not the only cytokine with 
a role in the TB microenvironment, other cytokines, such as 
IFN-α, may also have an effect (26,36). In a previous study it 
was reported that IFN-α and IFN-β strongly inhibited IFN-γ 
responsiveness and the production of type I cytokines (15); 
however, no differences in IFN-α levels were detected in the 
TPE, MPE and n-TB n-M groups in the present study.

Previous studies have determined high levels of IFN-γ in PF 
with a cutoff point varying from 60 to 240 pg/ml for TPE (37-41). 

Figure 2. (A) Expression of sPD-L1 in PB and PF. (B) Expression of sPD-L1 in PF and PB in patients diagnosed with TPE. (C) Expression of sPD-L1 in the 
TPE, MPE and n-TB n-M groups. (D) Expression of sPD-L1 in patients diagnosed with TPE and non-TPE. (E) Expression of IFN-γ in the TPE, MPE and 
n-TB n-M groups. (F) Expression of IFN-γ in patients diagnosed with TPE and non-TPE. **P<0.05; ***P<0.0001. sPD-L1, sPD-L1, soluble programmed death 
ligand-1; PF, pleural effusion; PB, peripheral blood; TPE, tuberculous pleural effusion; MPE, malignant pleural effusion; n-TB n-M, non-TB non-M pleural 
effusion; IFN, interferon.
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The result of the present study demonstrated a cutoff point of 
31.06 pg/ml for IFN-γ. This difference may be attributed to 
the different methods, sample number and ethnicity of partici-
pants in the studies. Furthermore, in the present study it was 
demonstrated that anti-PD-L1 mAb enhanced the proliferation 
of T lymphocytes in co-cultivation with CD14+ monocytes, 
which indicated that an immune therapy method associated 
with PD-1/PD-L1 pathway in tuberculous PF may be developed.

In conclusion, the results of the present study suggested that 
sPD-L1 and mPD-L1 may be associated with the immune regu-
lation and disease progression of TPE.sPD-L1. Increased levels 
of PD-L1 on CD14+ monocytes were detected in patients with 
TPE, indicating that PD-L1 may serve as a potential biomarker 
for TPE. The results also suggested that the immune mechanism 
of sPD-L1 and the PD-1/PD-L1 pathway in TPE are associated 
with the Th1 immune response; therefore, an anti-PD-1/PD-L1 
pathway may be a potential therapeutic strategy for the treat-
ment of TPE.
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