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Abstract
Background: The expression of PD-L1 and its regulation in tumors remains
unclear. The importance of IFN-γ in upregulating the PD-L1 expression in vari-
ous tumors, and the effects of other essential cytokines in the tumor microenvi-
ronment (TME), need to be further elucidated.
Methods: Constitutive expression of PD-L1 and CD137L in all 13 lung cancer
cell lines were tested by flow cytometry. CD137L mRNA of lung cancer cell lines
was detected by RT-PCR. PD-L1 expression rates following stimulation with
these cytokines (IFN-γ, TNFα and IL2) were measured. After coculture of cells
expressing CD137L (lung cancer cells or 293FT cells transfected with CD137L
plasmid) with T cells, the PDL1 expression of lung cancer cells and IFN-γ in
supernatant was detected.
Results: Our data revealed that adenocarcinoma and squamous cell carcinoma
cells had the highest positive expression rate. IFN-γ was the core-inducing factor
for enhancing the PD-L1 expression. CD137L was also widely expressed in the
lung cancer cell lines at the mRNA level, whereas its expression was generally
low at the protein level. However, the low expression of CD137L protein was still
enough to induce T cells to produce IFN-γ, which subsequently increased the
PD-L1 expression by lung cancer cells. The CD137 signal induces IFN-γ secre-
tion by T cells, which stimulates high-level of PD-L1 expression in cancer cells;
this negative immune regulation may represent a mechanism of immune escape
regulation.
Conclusions: CD137L mRNA was widely expressed in lung cancer cell lines
whereas levels of protein expression were generally low. The low level of CD137L
protein was still enough to induce T cells to produce IFN-γ that subsequently
increased PD-L1 expression. The CD137L-induced negative immune regulation
may represent a mechanism of immune escape.

Introduction

The PD-1/PD-L1 pathway plays a leading role in tumor
escape from immune responses.1 Immune checkpoint
inhibitors abolish the inhibitory signal of T cell activation,
allowing tumor-reactive T cells to overcome regulatory
mechanisms and produce potent antitumor responses.2–4

Pembrolizumab, an inhibitor of PD-1/PD-L1, was first
approved for therapeutic use in 2014 and is currently avail-
able for treating various tumor types.5 Among them, non-

small cell lung cancer is the strongest indication for this
therapy. However, only a few of patients benefit from this
treatment. Therefore, identifying biomarkers that can pre-
dict patient response has become a top priority.6

It has been proposed that tumor cell PD-L1 plays a sig-
nificant role in impeding T lymphocyte-mediated killing.
PD-L1 is an important factor for poor prognosis in
patients with lung adenocarcinoma.7 Furthermore, PD-L1
higher expression of carcinoma cells has been shown to be
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connected with a better immunological response after
checkpoint blockade. Thus, the PD-L1 expression on can-
cer cells plays a large role in predicting the therapeutic
effect and patient prognosis of immune checkpoint block
therapy.8–11

PD-L1 expression can be constitutive or inducible. In
carcinogenesis, PD-L1 can be overexpressed as a result of
driver oncogenic events.12 Of note, it has previously been
reported that a variety of cytokines could induce PD-L1
expression, such as interferon gamma (IFN-γ),13 tumor
necrosis factor alpha (TNF-α),14 interleukin 17 (IL-17),15

IL-10,16 IL-1β,17 IL-6,18 and IL-27.19 In particular, further
work on the potential role of IFN-γ is needed because this
cytokine is significant for blocking PD-1/PD-L1 clinically
and could lead to the development of related combination
therapy.
CD137, a representative costimulatory molecule belong

to TNF-receptor superfamily, is an important target for
tumor immunotherapy.20 Its gene expression is inducible
in activated T cells.21 In early reports, monoclonal anti-
bodies (mAbs) against CD137 have been shown to prefer-
entially induce CD8 T cell proliferation compared to CD4
T cells and to eradicate established tumors in a mouse
model.21,22 Stimulating CD137 in vivo was found to alter
the trafficking of CD8+ T lymphocytes and elevate the pro-
duction of IFN-γ and TNF-α. These events were dependent
on increasing CD8 T lymphocytes.22,23 Expression of
CD137 ligand (CD137L) has been found on activated
T cells, B cells, dendritic cells, and macrophages.24,25 Fur-
thermore, CD137L is constitutively expressed on cancer
cell lines, and, when T cells were cocultured with carci-
noma cells, the expression of CD137L resulted in higher
levels of IFN-γ production by the activated T cells.26

Although the antitumor effect of CD137 mAb has been
widely recognized, there are still cases of treatment failure.
Treatment with an anti-CD137 antibody that was associ-
ated with inducing PD-L1 expression in tumors was found
to be ineffective for curing tumors in a mouse model.9

Additionally, multiple studies have shown a powerful syn-
ergy between anti-CD137 mAb and anti-PD-1/PD-L1 mAb
when they are applied in combination.27–29 Here, we
focused on lung cancer cell lines and investigated whether
CD137L could upregulate PD-L1 expression by lung cancer
cells via feedback involving IFN-γ production by activated
T lymphocytes.

Methods

Cell preparation

Human T lymphocytes were derived from EDTA anti-
coagulated peripheral blood from healthy donors. Periph-
eral blood mononuclear cells were isolated by Ficoll-Paque

PLUS (GE Healthcare Life Sciences, Uppsala, Sweden).
T lymphocytes labeled with antihuman CD3 microbeads
(Miltenyi Biotec Inc., Bergisch Gladbach, Germany) were
sorted using a Miltenyi mini kit (Miltenyi Biotec Inc.). The
human lung cancer cell lines and 293FT cells were pur-
chased from the Cell Resource Center of the Institute of
Basic Medical Sciences of the Chinese Academy of Medical
Sciences. Adenocarcinoma cell lines(A2, A549, NCI-
H2009, HCC-827, CALU-1), squamous cell carcinoma cell
lines (NCI-H2170, NCI-H1703), large cell carcinoma
cell lines (PLA-801D, NCI-H460, NCI-H661) and small
cell carcinoma cell lines (NCI-H446, NCI-H69) were all
cultured in 10% FBS/RPMI-1640 medium. NCI-H209
(small cell carcinoma) was cultured in 20% FBS/RPMI-
1640 medium. 293FT cells were cultured in 10%
FBS/DMEM medium. They were all cultured at 37�C in
5% CO2. The study was approved in advance by healthy
donors consent and the Ethics Committee of Beijing Chest
Hospital affiliated to Capital Medical University.

293FT cell transfection

To express CD137L on the surface of 293FT cell mem-
branes, the cDNA encoding the extracellular domain of
CD137L was transferred into the 293FT cytoplasm via the
vector pCMV3-C-GFPSpark (Sino Biological Inc., Beijing,
China) and the lipofectamine 2000 reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s
instructions. After transfection, the cells were cultured in
10% FBS/DMEM medium for 48 hours. The positive rate
of transfection was obtained by flow cytometry.

Antibody and proteins

Antihuman PD-L1 mAb (clone MIH1), mouse IgG1, κ isotype
control (clone X40), antihuman CD137L (clone C65-485)
and antihuman CD137 mAb (clone h41BB-M127) were
purchased from BD Biosciences (San Jose, CA, USA). Goat
antimouse IgG polyclonal Ab was purchased from Abcam
(Cambridge, MA, USA). Human TNF-α protein, TNF-β
protein, IL2 protein, IFN-γ protein and human CD137 pro-
tein (with the Fc region of human IgG1) were purchased
from Sino Biological Inc. Rabbit Antihuman IgG polyclonal
Ab was purchased from Bioss (Tongzhou, Beijing, China).
Antihuman CD3 mAb (clone OKT3) was purchased from
Miltenyi Biotec Inc.

Flow cytometry

The membrane PD-L1 or CD137L expression of lung can-
cer cell lines was detected via flow cytometry. The cells were
stained with PE-CF594-labeled antihuman PD-L1 mAb,
PE-labeled antihuman CD137L mAb, or PE-CF594-labeled
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mouse IgG1, κ isotype control. To obtain enhanced signals
of PD-L1, the cells were stained with mouse antihuman
PD-L1 mAb or mouse IgG1, κ isotype control, followed by
staining with a secondary DyLight 488-conjugated goat
antimouse polyclonal Ab. To obtain intensive signals of
CD137L, the cells were stained with human CD137 protein
(with the Fc region of human IgG) or human B7-2Ig,
followed by staining with a secondary APC-conjugated rab-
bit antihuman IgG polyclonal Ab. Analytical gates were
established using isotype, fluorescent matching and non-
specific monoclonal antibodies as controls. Lung cancer cell
lines were treated with IFN-γ (100 ng/mL), TNF-α
(50 ng/mL), TNF-β (10 ng/mL), IL-2 (100 U/mL) for
72 hours, respectively. PD-L1 or CD137L expression was
then detected. FlowJo software (Tree Star V10, Ashland,
OR, USA) was utilized for flow cytometric data analysis.
The mean fluorescence intensity (MFI) of the same patho-
logical type before or after induction of IFN-γ was
averaged.

RNA extraction

The total RNA of the lung cancer cell lines was extracted
with RNAprep Pure Cell Kit (Tiangen Biotech, Beijing,
China) according to the manufacturer’s instructions. cDNA
was then synthesized at 42�C for 15 minutes followed by
heating to 95�C for three minutes to establish a library
according to the instructions provided in the FastQuant
cDNA First Chain Synthesis Kit (Tiangen Biotech).

RT-PCR

The expression of CD137L mRNA in lung cancer cell lines
was detected using RT-PCR. To amplify human CD137L
cDNA, the following primers were used: sense primer, 50

ATT ACC GGT GCA GCC TGC CCC TGG GCC GTG-30;

and antisense primer, 50-ATT GGA TCC TTC CGA CCT
CGG TGA AGG GAG-30. The housekeeping gene β-actin
served as a control: sense primer, 50-CCC AGA TCA TGT
TTG AGA CCTT-30; antisense primer, 50-GTG GTG GTG
AAG CTG TAG CC-30. After denaturation at 95�C for five
minutes, 35 cycles of PCR were performed, each consisting
of a denaturation step (94�C for 30 seconds), an annealing
step (62�C for 30 seconds), and an elongation step (72�C
for 30 seconds), followed by a final extension at 72�C for
10 minutes. The PCR products of CD137L and β-actin
were separated by electrophoresis on a 1% agarose gel con-
taining ethidium bromide (EB) and then photographed
under ultraviolet light.

T cells coculture

To detect CD137L-induced T cell release of IFN-γ,
CD137L-expressing 293FT cells and HCC-827 cells were
each cocultured with T cells. First, 1 × 105 transfected
(293FT*) or untransfected 293FT cells or HCC-827 cells
and 1 × 105 T cells were separately cultured or cocultured
in 96-well plates in medium alone or media containing
anti-CD3 mAb (1 μg/mL) or anti-CD137 mAb (10 μg/
mL). Control 293FT or HCC-827 cells were cultured
under the same conditions but without adding cDNA.
After 48 hours, the supernatant was harvested, and the
IFN-γ concentration was measured. Following the removal
of T cells by antihuman CD3 microbeads, the PD-L1
expression of HCC-827 cells was analyzed by flow
cytometry.

Detection of supernatant IFN-γ by flow
cytometry

IFN-γ of the supernatant (15 μL of cell supernatant per
sample) was detected using an AimPlex Analyte Kit

Table 1 The characteristics of the human lung cancer cell lines

Pathological types Cell lines PD-L1 expression before IFN-γ coculture (%) PD-L1 expression after IFN-γ coculture (%) After-before

AC A2 1.91 51.60 49.69
AC A549 0.29 44.60 44.31
AC NCI-H2009 22.30 77.60 54.70
AC HCC-827 40.00 93.00 53.00
AC CALU-1 0.41 54.50 54.09
SC NCI-H2170 18.10 3.40 −14.70
SC NCI-H1703 2.15 31.80 29.65
LCC PLA-801D 1.03 34.50 33.47
LCC NCI-H661 1.10 24.00 22.90
LCC NCI-H460 1.20 55.90 54.70
SCC NCI-H209 3.04 11.30 8.26
SCC NCI-H69 0.90 7.80 6.90
SCC NCI-H446 0.73 43.00 42.27

AC, adenocarcinoma; LCC, large cell carcinoma; SCC, small cell carcinoma; SC, squamous cell carcinoma.
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(AimPlex Biosciences, Inc., Pomona, CA, USA) according
to the manufacturer’s instructions. The measured IFN-γ
concentrations are presented as the mean � standard devi-
ation. Statistical analysis was performed using a one-way
analysis of variance (ANOVA) followed by the Dunnett’s
multiple comparisons test. P < 0.05 were considered to
indicate a significant difference.

Results

PD-L1 expression by lung cancer cells

We first analyzed the PD-L1 expression in 13 human lung
cancer cell lines by flow cytometry. In the present study,
we found that all the cell lines expressed PD-L1 by direct
fluorescence staining, including A2 (1.91%), A549 (0.29%),
NCI-H2009 (22.30%), HCC-827 (40.00%), CALU-1
(0.41%), NCI-H2170 (18.1%), NCI-H1703 (2.15%), PLA-
801D (1.03%), NCI-H460 (1.20%), NCI-H661 (1.10%),
NCI-H446 (0.73%), NCI-H69 (0.90%), NCI-H209 (3.04%)
(Table 1). Compared to fluorescence staining directly, PD-
L1 expression by indirect fluorescence staining was higher,
including PLA-801D (4.02%), A549 (11.1%), CALU-1
(9.17%), HCC-827 (71.80%), NCI-H2009 (98.90%) (Fig 1).
Among these, two of five (40%) adenocarcinoma cell lines
highly expressed PD-L1. Additionally, one of two (50%)
squamous cell carcinoma cell lines highly expressed PD-
L1, and large cell carcinoma cell lines lowly expressed PD-
L1. Among the three small cell carcinoma cell lines, one

had high PD-L1 expression with a positive rate of 33.3%.
The PD-L1 high expression rate of non-small cell carci-
noma was 40%. Overall, the total PD-L1 high expression
rate of the 13 cell lines was 38.5%. Adenocarcinoma had
the highest fluorescence intensity measurements, followed
by squamous cell carcinoma, large cell carcinoma, and
small cell carcinoma. Thus, the PD-L1 expression is higher
in non-small cell carcinoma compared with small cell
carcinoma.

IFN-γ is the major cytokine that induces
PD-L1 expression

IFN-γ induced the expression of PD-L1 in almost all tested
cell lines, across different pathological types. As shown in
Table 1, the highest PD-L1 levels were induced in five of
the adenocarcinoma cell lines, followed by the three large
cell cancer cell lines. Among these cell lines, CALU-1,
NCI-H1703, NCI-H460, and NCI-H661 also displayed PD-
L1 expression following stimulation by TNF and IL-2.
Although the other cell lines did not exhibit enhanced PD-
L1 expression following TNF and IL-2 stimulation, IFN-γ
still induced a relatively high level of PD-L1 expression in
these cells. Our analysis of the PD-L1 induction by IFN-γ
on cell lines of various pathological types revealed that the
effect of this cytokine was the strongest on adenocarci-
noma, followed by large cell carcinoma, small cell carci-
noma, and squamous cell carcinoma (Fig 2).

Figure 1 Detected the PD-L1 expression of human lung cancer cell lines by flow cytometry. (a) Of the 13 human lung cancer cell lines, each was sta-
ined with PE-CF594-labeled mouse antihuman PD-L1 monoclonal antibody (open histograms) or PE-CF594-labeled mouse IgG1, κ isotype control
(shaded histograms). (b) Each was stained with mouse antihuman PD-L1 mAb (open histograms) or mouse IgG1, κ isotype control (shaded histo-
grams), followed by staining with a secondary DyLight 488-conjugated goat antimouse polyclonal Ab.
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Weak synergistic effect of TNF-α and IL-2
with IFN-γ on inducing PD-L1 expression

NCI-H2009 and HCC-827 cells were used to examine the
potential synergistic induction of PD-L1 by various cyto-
kine combinations. TNF-α and IL-2 each had a weak syn-
ergistic effect with IFN-γ on inducing PD-L1 expression.
Notably, the synergistic induction of PD-L1 by TNF-α and
IL-2 was significantly weaker than that by IFN-γ
alone (Fig 3).

Weak CD137L expression by lung cancer
cells and IFN-γ can induce increased
expression of CD137L

CD137L mRNA levels in cell lines were detected by RT-PCR.
Two adenocarcinoma cell lines (CALU-1 and A2), one squa-
mous cell carcinoma cell line (NCI-H1703), and two large cell
carcinoma cell lines (NCI-H661 and PLA-801D) had no or
weak CD137L mRNA expression, whereas CD137L mRNA
was highly expressed by the other tested cell lines (Fig 4(a)).
A flow cytometry analysis of the lung cancer cells to detect
constitutive CD137L protein expression by staining directly
revealed that all 13 cell lines weakly expressed this protein
(Fig 4(b)). But, CD137L protein expression by staining indi-
rectly was higher (Fig 4(c)). In the five cell lines with weak or
no CD137L mRNA expression, the CD137L expression was
significantly enhanced in CALU-1, A2, NCI-H1703, and PLA-
801D after stimulation with IFN-γ. Among the other eight cell
lines with high CD137L mRNA expression, two cell lines

(HCC-827 and NCI-H2170) did not exhibit significant
changes in the CD137L expression following stimulation with
IFN-γ, whereas the other six cell lines displayed various levels
of enhanced CD137L expression (Fig 4(d)).

CD137L-expressing lung cancer cells
induced T cell secretion of IFN-γ to
promote PD-L1 expression

To evaluate whether CD137L expressed on tumor cells was
functionally active, CD137L-expressing HCC-827 cells
were cocultured with T cells in the presence or absence of
soluble antihuman CD3 mAb or antihuman CD137 mAb,
and the supernatant IFN-γ concentration was then mea-
sured. Cocultures of HCC-827 cells with T cells sup-
plemented with anti-CD3 mAb induced significant
increases in the levels of IFN-γ (28.65 � 4.41 pg/mL)
(P < 0.05) compared to absence of anti-CD3 mAb or
HCC-827. In the presence of anti-CD137 mAb and anti-
CD3 mAb, T cells cocultured with HCC-827 cells pro-
duced extremely low levels of IFN-γ (3.52 � 0.71 pg/mL)
(P < 0.05) (Fig 5(a)). Flow cytometry analysis of PD-L1
expression in each group containing HCC-827 showed that
HCC-827 cells cocultured with T cells and antihuman CD3
mAb had the highest PD-L1 expression (MFI 719), which
was significantly higher than that of containing T cells only
group (MFI 581) and containing anti-CD3 mAb only
group (MFI 474) (Fig 5(b)). Interestingly, anti-CD137
mAb also induced PD-L1 expression in lung cancer cells

Figure 2 The inducible expression of PD-L1 in human lung cancer cell lines determined by flow cytometry. Each cell line was cultured in a 24-well
plate. IFN-γ (100 ng/mL) or TNF-α (50 ng/mL) or TNF-β (10 ng/mL) or IL-2 (100 U/mL) was added per well, respectively and cultured for 72 hours.
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and led to a synergistic increase when added with IFN-γ
(data not shown).
To further confirm that the production of IFN-γ was due

to the expression of CD137L by lung cancer cells, transfected
293FT cells (293FT*) were cocultured with T cells. The posi-
tive rate of transfection was 15.1% (Fig 5(d)). In the presence
of soluble anti-CD3 mAb, 293FT or 293FT* cells cocultured
with T cells produced more IFN-γ (55.01 � 5.09 pg/mL and
87.07 � 1.45 pg/mL, respectively) (P < 0.0001) than alone.
Furthermore, 293FT* cells produced more IFN-γ than the
293FT cells (P < 0.01). However, in the presence of anti-
CD137 mAb and anti-CD3 mAb, T cells cocultured with
293FT* cells produced extremely low levels of IFN-γ
(8.95 � 2.03 pg/mL) (Fig 5(c)).

Discussion

Many suppressive mechanisms have been recognized, such
as the functional impairment or deletion of tumor-reactive
T lymphocytes to suppress T cell function. The recent dis-
covery and definition of the immune escape mechanism in
carcinoma development suggested that the mechanism of
immune escape leads to local rather than systemic immu-
nosuppression.10,30,31 With the progressing study of the PD-
1-mediated tumor escape mechanism and its successful
application in the clinical treatment of tumors, the PD-1/
PD-L1 pathway has been discovered to be a key adaptive
immune escape mechanism of tumors. However, the PD-
L1 expression in lung cancer and its regulation by cyto-
kines in the immunologic tumor microenvironment (TME)
is at present not well established. Here, we first examined
the PD-L1 expression status in various established lung
cancer cell lines. When the expression of PD-L1 was
detected at the protein level, the total positive rate of PD-
L1 detection was 38.5% across all 13 cell lines. This result
demonstrates that the PD-L1 expression is different among

various pathological types. Non-small cell carcinoma had
higher PD-L1 expression compared with small cell carci-
noma, which supports the current indications for anti-PD-
1/PD-L1 immunotherapy. Only one out of the three tested
small lung cancer cell lines displayed detectable PD-L1
expression. In the KEYNOTE-028 study, the objective
effective rate of anti-PD-1 therapy for small cell lung can-
cer was 33%,32,33 indicating that anti-PD-1 immunotherapy
may also have value for treating small cell lung cancer in
some patients. Our five adenocarcinoma cell lines exhibited
the most PD-L1 expression among the tested cell lines;
thus, this pathological type is likely to have the greatest
benefit from PD-L1-based immunotherapy. Based on our
findings regarding the PD-L1 expression rates and patho-
logical type distribution, the constitutive in vitro expression
of PD-L1 in lung cancer cell lines is basically consistent
with the current therapeutic effects of blocking PD-1/PD-
L1 clinically.
An effective antitumor immune response demands col-

laboration between CD8+ and CD4+ T lymphocytes, and
CD8+ cytotoxic T lymphocytes (CTL) play a central part in
antitumor immunity through the production of IFN-γ,
TNF, and granzyme B following ligation of their T cell
receptors (TCRs).34,35 It has been clearly established that
IFN can regulate the PD-L1 expression in cancer cells and
is the mechanism by which carcinoma cells elude being
killed by immune cells. In contrast, the other cytokines
and molecular pathways that regulate PD-L1 expression
have not been well identified. Here, we further analyzed
the potential effects of IFN-γ, TNF-α and IL-2 on PD-L1
expression. Our results support previous reports that IFN-
γ is the key regulator of PD-L1 expression. Among of all
tested cell lines, the five adenocarcinoma cell lines showed
the most obvious induction of PD-L1 expression. Not sur-
prisingly, the intensity of PD-L1 expression varied among
the tested lung cancer types. The IFN-γ induction

Figure 3 Flow cytometry analysis of
TNF-α, IL-2 and IFN-γ synergistically-
induced lung cancer cells to express
PD-L1. NCI-H2009 and HCC-827 cells
were cultured in 24-well plates. IFN-γ
(100 ng/mL), TNF-α (50 ng/mL), IL-2
(100 U/mL) was added to each well in
different combinations, respectively
and cultured for 72 hours.
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efficiency was the strongest in adenocarcinoma. Studies
have reported that PD-L1 expression in adenocarcinoma
was higher compared with squamous cell carcinoma in

tissue.12,36–40 Thus, this study further confirmed that IFN-γ
is one of the most important cytokines for PD-L1 expres-
sion in lung cancer.

Figure 4 CD137L expression levels were detected by RT-PCR and flow cytometry with staining directly or indirectly compared to isotype. (a) RT-PCR
analysis of lung cancer cell lines CD137L mRNA expression. (b) Lung cancer cell lines were each stained with mouse antihuman CD137L mAb (open
histograms) or mouse IgG1, κ isotype control (shaded histograms). (c) The cells were stained with human CD137 protein (with the Fc region of
human IgG) (open histograms) or human B7-2Ig (shaded histograms), followed by staining with a secondary rabbit antihuman IgG polyclonal Ab. (d)
The cells were treated with IFN-γ (dotted line) and control (open histograms) to analyze the CD137L expression by flow cytometry. CD137L,
Isotype, Control and IFN-γ.
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An IFN-induced upregulation of PD-L1 expression in
carcinoma cell lines was first reported by Dong et al.41 and
tumor cell-associated PD-L1 expression was later found to
increase the apoptosis of antigen-specific T lymphocytes
in vitro. This mechanism represents a localized immune
deficiency that allows tumors to escape, known as “adap-
tive immune tolerance”.39,40 Both TNF-α and IL-2 are criti-
cal components of an inflammatory TME, which may
contribute to regulating PD-L1 expression. It was previ-
ously reported that TNF-α and IFN-γ synergistically
induced PD-L1 expression in hepatocellular carcinoma
cells.42 However, in our study on 13 lung cancer cell lines,
these two cytokines in isolation have limited regulatory
effects on PD-L1 expression. The cells treated with TNF or
IL-2 had only a minor synergistic effect on the IFN-

γ-induced expression of PD-L1. Our results indicate that
IFN-γ is the core cytokine that regulates PD-L1 expression
in the lung carcinoma microenvironment.
Anti-CD137 mAb stimulates CD8+ T cells to produce

IFN-γ.43 CD137 signaling can enhance T cell function and
is also dependent on other TNF-receptor associated factors
(TRAFs) that associate TNFRs with NF-κB and on stress
kinase signaling pathways.34,35 In vivo, there were also
reports showing a strong IFN-γ production when CD137
signaling was stimulated by using a CD137 agonist.44,45

CD137L provides a CD28-independent signal resulting in
cell division, and delivered systemically increases CD8+ T
cell expansion in comparison to CD4+ T cell expansion.46,47

IFN-γ is mainly derived from CD8+ T cells and is the key
effective factor of active CD8+ T cells. The constitutive

Figure 5 Lung cancer cell lines expressing CD137L induced T cell secretion of IFN-γ to promote its own PD-L1 expression. (a, c) HCC-827 or 293FT*
(transfected with CD137L plasmid) and T cells were cultured separately or cocultured in 96-well plates, supplemented with or without anti-CD3 mAb
and anti-CD137 mAb, and the supernatant was harvested 48 hours later to measure IFN-γ. (b) The PD-L1 expression of HCC-827 was determined by
flow cytometry after CHCC-827 cultured alone or cocultured with T cells for 48 hours. (d) the 293FT* cells (open histograms) and the control cells
nontransfected 293FT (shaded histograms) were detected by flow cytometry. Differences were considered significant at * P < 0.05, ** P < 0.01.
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expression of functional CD137L has been reported on vari-
ous carcinoma cells, along with the suggestion that CD137L
expressed by carcinoma cells may significantly affect the
outcome of T cell-tumor cell interactions.26 In the present
work, we found that except for two large cell lung cancer
cell lines that did not express or only weakly expressed
CD137L, most lung cancer cell lines tested in our study
highly expressed CD137L at the mRNA level, which is in
accordance with a previous report.26 However, when the
CD137L expression in lung carcinoma cells was analyzed
by flow cytometry, all 13 lung cancer cell lines showed weak
expression at the protein level. Interestingly, we found that
IFN-γ could also upregulate CD137L expression in lung
carcinoma cell lines across various pathological types, with
a particularly strong effect in the adenocarcinoma lines.
The 293FT cells transfected with CD137L clearly showed
costimulating effects on T lymphocytes. A cytokine analysis
of the activated T lymphocytes revealed that CD137L
costimulation markedly enhanced the production of IFN-γ
by T lymphocytes. The HCC-827, in which the CD137L
expression is low at the protein level, had an improved PD-
L1 expression following coculture with T cells, most likely
mediated by IFN-γ. Additionally, the CD137L expression
on HCC-827 cells significantly induced IFN-γ production
because this could be completely inhibited by treatment
with anti-CD137 mAb. It has been suggested that CD137 is
sensitive to stimulation by CD137L,48,49 so even these low
expression levels might be sufficient to trigger CD137 sig-
naling upon interaction with CD137L. More interestingly,
we found that anti-CD137 mAb can also induce the expres-
sion of PD-L1 in lung cancer cells and synergize with IFN-γ.
The relevant mechanism needs further study.
Based on our findings, we propose that CD137L could

upregulate PD-L1 expression on lung cancer via a feedback
loop involving IFN-γ production by T cells. This regulatory
loop probably exists in the TME. The finding that CD137L
expressed by tumor cells promoted T cells to secrete IFN-
γ, which subsequently enhanced the PDL1 and CD137L
expression in lung carcinoma cells simultaneous. CD137L,
as a positive feedback of costimulatory molecule, not only
positively regulates the immune function of T cells, but
also initiates the negative immune regulation mechanism.
This may represent a potential mechanism of tumor escape
from cytotoxic T lymphocytes. From this point of view,
our results may support the combined therapeutic value of
anti-CD137 mAb and anti-PD-1/PD-L1 mAb, which, in
addition to being assessed in several preclinical studies, has
been investigated in clinical trials.20

In conclusion, we found that CD137L mRNA was widely
expressed in lung cancer cell lines whereas levels of protein
expression were generally low. However, the low level of
CD137L protein was still enough to induce T cells to pro-
duce IFN-γ that subsequently increased PD-L1 expression.

The CD137L-induced negative immune regulation may
represent a mechanism of immune escape.
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