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Abstract
Programmed cell death ligand 1 (PD- L1), inducing T cell exhaustion to facilitate im-
mune escape of tumor cells, is upregulated by interleukin 6 (IL- 6) in T cell lymphoma 
and ovarian cancer. The purpose of this study is to investigate the expression of IL- 6 
and PD- L1 in thyroid cancer, and whether IL- 6 regulates PD- L1 expression. As a re-
sult, IL- 6 and PD- L1 were highly expressed in thyroid cancer tissues. Multivariate lo-
gistic analysis showed that tumor size, distant metastasis, and risk stratification were 
significantly associated with IL- 6 expression (P < .05), and multifocality, lymph node 
metastasis, distant metastasis, risk stratification, and IL- 6 expression were identified 
as the independent predictors of PD- L1 expression (P < .05). The invasiveness of 
thyroid cancer was significantly enhanced after IL- 6 treatment or PD- L1 overexpres-
sion. PD- L1 positive rate correlated with IL- 6 expression in cancer tissues (P < .001), 
and after IL- 6 treatment, the PD- L1 expression in TPC- 1 and BCPAP significantly 
increased. The mitogen- activated protein kinase pathway (MAPK) and the Janus- 
activated kinase (JAK)– signal transducers and activators of transcription 3 (STAT3) 
signaling pathways were activated by IL- 6, and the IL- 6– induced PD- L1 expression 
decreased after treatment with these two signaling pathway inhibitors. Knockdown 
of transcription factors c- Jun and stat3 suppressed the expression of PD- L1 induced 
by IL- 6, and these two factors could bind to PD- L1 gene promoter directly and pro-
mote its transcription. It is concluded that IL- 6 and PD- L1 are overexpressed in thy-
roid cancer and are related to tumor invasiveness. IL- 6 upregulates PD- L1 expression 
through the MAPK and JAK- STAT3 signaling pathways, which function via transcrip-
tion factors c- Jun and stat3.
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1  | INTRODUC TION

Thyroid cancer is the most common endocrine malignancy, account-
ing for 1.5% of all newly diagnosed human cancers, with incidence 
rate on the rise.1 It has been well established that tumor microen-
vironment, the primary location where tumor cells communicate 
with the outside, is closely correlated with tumor initiation and pro-
gression. Tumor microenvironment is mainly composed of innate 
immune cells, adaptive immune cells and stromal cells,2 all of which 
could secrete cytokines. Cytokines are small molecular peptides or 
glycoproteins which mediate the intercellular interactions in a para-
crine or autocrine manner, regulating the proliferation, differenti-
ation, and survival of targeted cells.3 Depending on function, cell 
target, and structure, cytokines are classified into several catego-
ries, including interleukins, chemokines, and lymphokines.4 Secreted 
cytokines that bind to specific receptors and act as mediators in the 
communication among leukocytes are called interleukin.5 IL- 6, a gly-
coprotein which is composed of 184 amino acids and consists of four 
long a- helices,6,7 could be produced by innate immune cells such as 
macrophages and monocytes, mesenchymal cells, and fibroblasts.8 It 
was originally discovered to regulate the differentiation of B- cells.9 
Since its high expression was found in serum and tumor tissues of 
many cancers, researchers have paid more and more attention to 
its promoting effects on tumor. It is highly expressed in almost all 
kinds of cancer10 and plays a critical role in tumorigenesis and pro-
gression.11 The serum level of IL- 6 is also reported to be significantly 
higher in thyroid cancer patients than in healthy control or patients 
with benign diseases, and it is associated with disease aggressive-
ness and poor survival of patients with differentiated thyroid can-
cer.12 However, the exact roles of this proinflammation cytokine in 
thyroid cancer microenvironment have hardly been studied.

Programmed cell death ligand 1 (PD- L1) is one of the immune 
checkpoints, which could be detected on the membrane of immune 
cells, epithelial cells, and tumor cells. Its main receptor, programmed 
cell death protein 1 (PD- 1), acts as a coinhibitory receptor on the sur-
face of antigen- stimulated T- cells. When the extracellular domains 
of PD- L1 and PD- 1 recognize each other, the PD- 1 cytoplasmic im-
mune receptor tyrosine– based inhibitory motif is activated to trans-
fer a negative regulatory signal to T- cells,13 inhibiting proliferation, 
survival, and cytokine production. The PD- L1 pathway promotes 
immune escape of tumor cells through inducing T- cell apoptosis, an-
ergy, and exhaustion. In addition, PD- L1 has also been found to play 
a tumor- protective role in CD8+ cytotoxic T- cell– mediated killing 
and apoptosis induced by Fas ligation or protein kinase inhibitor.14 It 
has been reported that PD- L1 is expressed in thyroid cancer,15,16 and 
PD- L1 expression is associated with tumor aggressiveness and could 
predict poor survival.17,18 This molecule plays an important role in 
the development of thyroid cancer and is a potential target for ther-
apy. However, the regulatory mechanism of its expression has not 
been fully elucidated, which impedes the progress of tumor treat-
ment. It has been reported that PD- L1 is upregulated by IL- 6 in den-
dritic cells, cutaneous T- cell lymphoma, and ovarian cancer,19- 21 but 
it has never been studied in thyroid cancer. Therefore, the purpose 

of this study is to investigate the expression levels of IL- 6 and PD- L1 
in thyroid cancer, and whether IL- 6 is involved in the regulation of 
PD- L1 expression.

2  | MATERIAL S AND METHODS

2.1 | Patients and immunohistochemistry (IHC)

The present study was performed at Shanghai Jiao Tong University 
Affiliated Sixth People's Hospital and was approved by the Ethics 
Committee of it. A total of 100 patients diagnosed with papillary 
or follicular thyroid cancer were included in this study. IHC stain-
ing was performed on the tissue microarrays with primary antibody 
against IL- 6 (Abcam, ab9324) and PD- L1 (CST, #13684). Staining 
results were analyzed by two pathologists. The IHC score was as-
signed based on staining intensity and percentage of positive cells. 
The intensity score was assigned as 0 (no staining), 1 (weak staining), 
2 (moderate staining), and 3 (strong staining). The proportion score 
of positive cells was defined as 0 (<5%), 1 (6- 25%), 2 (26- 50%), 3 
(51- 75%), and 4 (>75%). The final score was obtained by the multipli-
cation of the intensity and proportion scores, ranging from 0 to 12. 
For statistical analysis, the cutoff value of 6 was selected to divide 
the low- expression (with the final score < 6) and the high- expression 
group (with the final score ≥ 6).18

2.2 | Double immunofluorescence analysis

Immunofluorescence colocalization experiments were performed 
on three thyroid cancer specimens to observe the positional rela-
tionship between IL- 6 and M2- phenotype macrophages within the 
tumor. Briefly, the tumor tissue sections were incubated with pri-
mary antibodies against IL- 6 (21865- 1- AP, Proteintech Group Inc) and 
CD206 (18704- 1- AP, Proteintech Group Inc), a specific marker of the 
M2 phenotype, and then incubated with Alexa Fluor 492– labelled 
donkey anti- rabbit IgG(H + L) and Alexa Fluor 550– labelled don-
key anti- rabbit IgG(H + L). Nuclei were counterstained with DAPI. 
Fluorescent images were obtained by a confocal laser- scanning mi-
croscope (Ti2- E- A1, Nikon).

2.3 | Cell lines, reagents, and transfection

Two human thyroid cancer cell lines, TPC- 1 and BCPAP, were pur-
chased from the Chinese Academy of Sciences. All cell lines had been 
tested and authenticated by DNA analysis. TPC- 1 and BCPAP cells 
were cultured in Roswell Park Memorial Institute (RPMI)- 1640 medium 
(HyClone) supplemented with 10% fetal bovine serum (FBS; Gibco). IL- 6 
was obtained from R&D systems (206- IL/CF). U0126, SP600125, and 
Ruxolitinib were obtained from MedChemExpress (MCE) Company. 
After being planted for 24 hours, tumor cells were transfected with 
siRNA for 6 hours using Lipofectamine 2000 (Invitrogen) according to 
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the manufacturer's protocol. All siRNAs were purchased from Asia- 
Vector Biotechnology Co. Ltd. After transfection, the cells were cul-
tured for another 48 hours, and the knockout efficiency was detected 
by qPCR. PD- L1 overexpression in TPC- 1 and BCPAP was achieved by 
transfection with pcDNA3.1 (Asia- Vector Biotechnology Co. Ltd) using 
Lipofectamine 2000, and the transfection efficiency was illustrated by 
observing green fluorescent protein under fluorescence microscopy.

2.4 | Transwell invasion assay

Invasion assays were performed in Transwell chambers (Costar, 
Corning Inc) coated with Matrigel (BD Biosciences) on the upper sur-
face. Tumor cells were harvested, suspended in serum- free medium, 
and plated into the upper chamber for the invasion assays; medium 
supplemented with 20% FBS was placed into the lower chamber. 
After 24 hours of incubation, the cells which invaded through the 
membrane to the lower surface were fixed, stained, and counted 
under an inverted microscope.

2.5 | Western blotting

Western blotting was performed as described previously.22 Primary 
antibodies included anti- PD- L1 antibody (CST, #13684), anti- ERK 
antibody (CST, #4695), anti- p- ERK antibody (CST #4370), anti- JNK 
antibody (CST, #9252), anti- p- JNK antibody (CST, #4669), anti- 
c- Jun antibody (Abcam, ab31419), anti- p- c- Jun antibody (Abcam, 
ab32385), anti- JAK antibody (CST, #3230), anti- stat3 antibody (CST, 
#9139), anti- p- stat3 antibody (CST, #9145), anti- AKT antibody (CST, 
#4695), and anti- p- AKT antibody (CST, #4695). HRP- conjugated 
secondary antibodies included anti- mouse IgG (CST, #7076) and 
anti- rabbit IgG (CST, #7074). All antibodies were stored in −20°C.

2.6 | Quantitative polymerase chain reaction (qPCR)

Total RNA was extracted from TPC- 1 and BCPAP cells by TRIzol 
Reagent (Invitrogen; Thermo Fisher Scientific, Inc) with the instruc-
tions provided by the manufacturer. RNA concentration and purity 
were evaluated by a Qubit Fluorometer (Thermo Fisher Scientific, 
Inc). The first- strand cDNA was synthesized by a total of 1 μg RNA 
using a reverse transcription kit (TransGen Biotech). qPCR was per-
formed on the Applied Biosystems 7500 Real- Time PCR System 
(Applied Biosystems). All primers were synthesized by Sangon 
Biotech Co., Ltd, and their sequences are listed in Table S1. The re-
action system consisted of 4.0 μL cDNA, 25 μL SYBR Green, 4.0 μL 
of primers, and PCR- grade water to the final total volume of 50 μL. 
The PCR thermocycling conditions included a predenaturation at 
95°C for 30 seconds, and 40 cycles of 95°C for 5 seconds and 60°C 
for 30 seconds. The fold change for each gene is calculated using 
the 2−ΔΔCq method, and the expression levels were normalized to 
GADPH (glyceraldehyde- 3- phosphate dehydrogenase).

2.7 | Flow cytometry

The PD- L1 membrane expression on TPC- 1 and BCPAP was quanti-
fied by flow cytometry assay. Cells were incubated with anti- PD- L1 
antibody (16- 5983- 82, Invitrogen; Thermo Fisher Scientific) for 
30 minutes at 4°C and then washed twice with staining buffer. Three 
fresh thyroid cancer tissues were selected for tumor- associated mac-
rophage (TAM) analysis. Tissues were first minced into small pieces 
and digested with collagenase type IV, hyaluronidase, and DNase 
(Sigma) for 1 hour. After digestion, the cells extracted were washed 
twice in RPMI 1640 medium. The TAM population was characterized 
using anti- F4/80 (#17- 4801- 80, eBioscience), and M2- phenotype 
macrophage was characterized using CD206 (#12- 2069- 41, eBiosci-
ence). For intracellular IL- 6 staining of TAMs, the cells were fixed and 
permeabilized in fixation/permeabilization solution and stained with 
FITC- anti- IL- 6 (#11- 7069- 81; eBioscience) according to the manu-
facturer's instructions. The cells were analyzed by flow cytometer 
(Beckman Coulter FC500) and FlowJo software.

2.8 | Chromatin immunoprecipitation (CHIP)- qPCR

The detailed experimental operations have been described previ-
ously.23 DNA fragments were purified with a purification kit (EP101, 
TransGen Biotech). Input and immunoprecipitated chromatin were 
used as DNA templates for qPCR analysis. The primer sequences are 
presented in Table S2.

2.9 | Statistical analysis

Statistical analysis was performed using SPSS Statistics 21.0 (SPSS 
Inc). The paired- samples t test was applied to compare the expres-
sion of IL- 6 and PD- L1 in cancer tissues and corresponding paracan-
cer normal thyroid tissues. Multivariate logistic analysis model was 
used to identify independent factors which influence the expression 
of IL- 6 and PD- L1. Pearson's correlation test was used to analyze the 
association between PD- L1 and IL- 6 positive rate in cancer tissues. 
The differences among groups in Transwell invasion assay, Western 
blotting, flow cytometry, qPCR, and CHIP were estimated using 
Student's t tests or one- way ANOVA. All tests were two- sided, and 
P- value < .05 was considered statistically significant.

3  | RESULTS

3.1 | IL- 6 and PD- L1 overexpression enhance the 
invasiveness of thyroid cancer

Clinicopathological features of included patients are shown in Table S3. 
IHC staining results showed that IL- 6 and PD- L1 were expressed in both 
thyroid cancer and normal thyroid tissues. However, the expression of 
these two molecules was higher in cancer tissues (P < .001, Figure 1). 
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Based on the threshold value of 6 in a semiquantitative scoring system, 
patients were divided into two groups: 50 patients (50%) into the IL- 6 
high- expression group and the remaining patients (50%) into the IL- 6 
low- expression group. Multivariate logistic analysis showed that tumor 
size, distant metastasis, risk stratification, and PD- L1 expression were 
significantly associated with IL- 6 expression (P < .05) (Table 1). From 
the 100 patients, 35 patients (35%) were in the PD- L1 high- expression 
group and the others (65%) in the PD- L1 low- expression group. Factors 
such as multifocality, lymph node metastasis, distant metastasis, risk 
stratification, and IL- 6 expression were determined as the independ-
ent predictors of PD- L1 expression. The details are shown in Table 2. 
It is suggested that IL- 6 and PD- L1 expression are associated with the 
invasiveness of thyroid cancer. Two cell lines TPC- 1 and BCPAP were 
selected to testify the above hypothesis. Transwell invasion assay was 
performed to investigate whether IL- 6 and PD- L1 expression increase 
the invasiveness of thyroid cancer in vitro. The cell lines TPC- 1OE and 
BCPAPOE with PD- L1 overexpression were constructed by plasmid 
transfection. Compared with the control group, after IL- 6 treatment 
or PD- L1 overexpression, the invasiveness of thyroid cancer cells was 
significantly enhanced (Figure 2).

3.2 | IL- 6 produced by TAMs induced higher PD- 
L1 expression

Multivariate analysis showed that IL- 6 expression was an independ-
ent predictor of PD- L1 expression in thyroid cancer (Table 2). We 
also found that there was a positive correlation between PD- L1 and 
IL- 6 positive rate in cancer tissues (P < .0001, Figure 3A). Therefore, 
we speculated that IL- 6 may be involved in the regulation of PD- L1 
expression in thyroid cancer. Western blot results showed that total 
PD- L1 protein in TPC- 1 and BCPAP significantly increased after IL- 6 

treatment (2 ng/mL) for 24 hours (Figure 3B,C). Considering that the 
PD- L1 molecule, which actually induces T- cell exhaustion, is located 
on the tumor cell membrane, flow cytometry was used to detect the 
changes of membrane PD- L1 expression. After IL- 6 treatment, the 
PD- L1 expression on the membrane of TPC- 1 and BCPAP increased 
(Figure 3D). Therefore, it is proved that IL- 6 could upregulate PD- L1 
expression in thyroid cancer. It is reported that IL- 6– producing cells 
include macrophages, monocytes, and fibroblasts. TAMs account for 
50% of tumor microenvironment cells and confers colorectal cancer 
chemoresistance by IL- 6 production.24 Moreover, TAMs induce PD- 
L1 expression of ovarian cancer through IL- 6 secretion.21 Therefore, 
it was studied whether IL- 6 was produced by TAMs in thyroid can-
cer. Three fresh thyroid cancer tissue samples were selected for flow 
cytometric analysis. The results showed that IL- 6 was distributed in 
F4/80- staining positive TAMs (Figure 4A). TAMs have high plastic-
ity and are predominantly present as M2 phenotype in tumor micro-
environment, which is associated with cancer metastasis and poor 
prognosis. Therefore, we further studied whether M2 phenotype is 
the subset of IL- 6– producing macrophages. Flow cytometric analy-
sis showed that IL- 6 was distributed in CD206- staining positive cells 
(Figure 4B), meaning M2- phenotype macrophages. In addition, double 
immunofluorescence analysis illustrated colocalization of IL- 6 and M2 
phenotype within thyroid cancer (Figure 4C). It is proved that M2- 
phenotype macrophages produce IL- 6 in thyroid cancer.

3.3 | MAPK and JAK- STAT3 signaling pathways, 
but not the PI3K/AKT pathway, are activated by IL- 6 
in thyroid cancer

It is reported that IL- 6 promotes tumorigenesis and progression 
mainly through three signaling pathways, the mitogen- activated 

F I G U R E  1   Overexpression of interleukin 6 (IL- 6) and programmed cell death ligand 1 (PD- L1) in thyroid cancer. A, Immunohistochemistry 
(IHC) staining results of IL- 6 and PD- L1 in thyroid cancer and normal control. B, IHC score results showed that IL- 6 and PD- L1 were 
overexpressed in thyroid cancer. PA, para- cancer tissues; CA, cancer tissues
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protein kinase pathway (MAPK), Janus- activated kinase– signal 
transducers and activators of transcription 3 pathway (JAK- STAT3), 
and phosphatidylinositol 3- kinase/protein serine- threonine kinase 

pathway (PI3K- AKT).7 Therefore, we tested whether these path-
ways are also activated by IL- 6 in thyroid cancer. The phospho-
rylation levels of extracellular signal– regulated kinase (ERK) and 

Variations Cases

IL- 6 expression Multivariate analysis

Low High OR (95% CI)
P- 
value

Age (y)

<55 76 38 38 1 .842

≥55 24 12 12 0.885 (0.265- 2.949)

Sex

Male 28 13 15 1 .813

Female 72 37 35 0.881 (0.308- 2.522)

Pathological type

FTC 14 8 6 1 .082

PTC 86 42 44 6.095 (0.796- 46.681)

Multifocality

No 69 30 39 1 .050

Yes 31 20 11 0.335 (0.112- 0.998)

Tumor size (cm)

<2 71 40 31 1 .031

≥2 29 10 19 3.740 (1.128- 12.396)

Extrathyroid extension

No 75 40 35 1 .642

Yes 25 10 15 1.341 (0.389- 4.621)

Lymph node metastasis

No 25 13 12 1 .167

Yes 75 37 38 0.246 (0.034- 1.797)

Distant metastasis

No 92 44 48 1 <.001

Yes 8 2 6 A*

Risk stratification

Low risk 18 12 6 1 <.001

Intermediate risk 76 34 42 A*

High risk 6 2 4 A*

TNM

I- II 96 48 48 1 .422

III- IV 4 2 2 3.188 (0.188- 54.154)

Lymphocytic thyroiditis

No 74 38 36 1 .436

Yes 26 12 14 1.521 (0.529- 4.372)

PD- L1 expression

Low 65 39 26 1 .004

High 35 11 24 4.730 (1.645- 13.602)

Note: A*>105.
Abbreviations: CI, confidence interval; FTC, follicular thyroid cancer; IL- 6, interleukin 6; OR, odds 
radio; PD- L1, programmed cell death ligand 1; PTC, papillary thyroid cancer; TNM, tumor- lymph 
node- metastasis stage.

TA B L E  1   The clinicopathological 
factors influencing IL- 6 expression by 
multivariate logistic analysis
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c- Jun NH2– terminal kinase (JNK), downstream effectors of the 
MAPK pathway, significantly increased after IL- 6 treatment in 
TPC- 1 and BCPAP. Similarly, the expression of phosphorylation- 
stat3 (p- stat3) also increased after IL- 6 stimulation. However, 

the phosphorylation- AKT expression was not found to increase 
(Figure 5A). It is suggested that the MAPK and JAK- STAT3 path-
way, but not the PI3K- AKT pathway, are activated by IL- 6 in thy-
roid cancer.

Variations Cases

PD- L1 expression Multivariate analysis

Low High OR (95% CI)
P- 
value

Age (y)

<55 76 49 27 1 .697

≥55 24 16 8 1.262 (0.392- 4.065)

Sex

Male 28 20 8 1 .304

Female 72 45 27 1.837 (0.577- 5.848)

Pathological type

FTC 14 9 5 1 .075

PTC 86 56 30 0.194 (0.032- 1.182)

Multifocality

No 69 47 22 1 .032

Yes 31 18 13 3.391 (1.112- 10.346)

Tumor size (cm)

<2 71 47 24 1 .853

≥2 29 18 11 1.115 (0.352- 3.527)

Extrathyroid extension

No 75 50 25 1 .357

Yes 25 15 10 1.779 (0.532- 6.049)

Lymph node metastasis

No 25 19 6 1 .036

Yes 75 46 29 7.508 (1.144- 49.291)

Distant metastasis

No 92 59 33 1 <.001

Yes 8 2 6 A*

Risk stratification

Low risk 18 13 5 1 <.001

Intermediate risk 76 48 28 A*

High risk 6 2 4 A*

TNM

I- II 96 62 34 1 .298

III- IV 4 3 1 0.195 (0.009- 4.240)

Lymphocytic thyroiditis

No 74 49 25 1 .977

Yes 26 16 10 0.985 (0.350- 2.768)

IL- 6 expression

Low 50 39 11 1 .004

High 50 26 24 4.754 (1.655- 13.657)

Note: A*>105.
Abbreviations: CI, confidence interval; FTC, follicular thyroid cancer; IL- 6, interleukin 6; OR, odds 
radio; PD- L1, programmed cell death ligand 1; PTC, papillary thyroid cancer; TNM, tumor- lymph 
node- metastasis stage.

TA B L E  2   The clinicopathological 
factors influencing PD- L1 expression by 
multivariate logistic analysis
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3.4 | IL- 6 regulates PD- L1 expression through the 
MAPK signaling pathway

As IL- 6 could induce PD- L1 expression and activate the MAPK path-
way, experiments were thus performed to investigate whether IL- 6 
upregulates PD- L1 expression through this signaling pathway. We 
found that two downstream molecules of the MAPK pathway, p- ERK 
and p- JNK, increased by IL- 6 treatment. The ERK and JNK inhibitors 

(U0126 and SP600125) were used. After treatment with U0126 
(10 μmol/L) and SP600125 (10 μmol/L) for 24 hours, the expression 
levels of p- ERK and p- JNK induced by IL- 6 significantly decreased, 
accompanied by inhibition of PD- L1 expression (Figure 5B). The 
positive rate of membrane PD- L1 increased after IL- 6 treatment but 
decreased after subsequent treatments with U0126 and SP600125 
(Figure 5C). qPCR was used to detect the changes of PD- L1 mRNA. 
The results showed that IL- 6 enhanced the transcription of the PD- 
L1 gene (Figure 5D).

F I G U R E  2   Transwell invasion assay showed that interleukin 6 (IL- 6) and programmed cell death ligand 1 (PD- L1) overexpression enhance 
the invasiveness of thyroid cancer

F I G U R E  3   Induction of interleukin 6 
(IL- 6) on programmed cell death ligand 
1 (PD- L1) expression in thyroid cancer. 
A, The PD- L1 positive rate positively 
correlated with IL- 6 expression in thyroid 
cancer. B and C, Western blotting results 
showed that the total PD- L1 protein in 
TPC- 1 and BCPAP increased significantly 
after IL- 6 treatment. D, Flow cytometry 
results showed that IL- 6 upregulated the 
PD- L1 membrane expression significantly
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F I G U R E  4   M2- phenotype macrophages produce interleukin 6 (IL- 6) in thyroid cancer. A, Flow cytometry showed that IL- 6 was 
distributed in F4/80 staining– positive tumor- associated macrophages (TAMs). B, Flow cytometry showed that IL- 6 was distributed in 
CD206- positive M2- phenotype macrophages. C, Double immunofluorescence analysis illustrated the colocalization of IL- 6 and M2 
phenotype within thyroid cancer

F I G U R E  5   Interleukin 6 (IL- 6) 
upregulated programmed cell death 
ligand 1 (PD- L1) expression through the 
mitogen- activated protein kinase (MAPK) 
pathway. A, In TPC- 1 and BAPCP, after 
IL- 6 treatment, the phosphorylation 
levels of extracellular signal– regulated 
kinase (ERK), C- Jun NH(2)– terminal 
kinase (JNK), and signal transducers and 
activators of transcription 3 (STAT3) 
significantly increased, while those of 
protein serine- threonine kinase (AKT) did 
not. B, After treatment with U0126 (ERK 
inhibitor) or SP600125 (JNK inhibitor), 
the IL- 6– induced total PD- L1 protein 
reduced, and combination of them had a 
synergistic effect on PD- L1 expression. 
C, Flow cytometry result showed that the 
membrane PD- L1 expression increased 
after IL- 6 treatment but decreased after 
subsequent treatment with U0126 or 
SP600125. D, The level of PD- L1 mRNA 
in the IL- 6 group was higher than that in 
the control group. It was inhibited after 
treatment with U0126 or SP600125 
which worked synergistically. #Indicates 
P < .05. *Indicates P ≥ .05
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It is reported that transcription factor c- Jun could induce the 
transcription of the PD- L1 gene.25 It is also found to be regulated 
by the MAPK- ERK and MAPK- JNK pathways, which was further 
confirmed in our study. The c- Jun phosphorylation level (p- c- Jun) 
increased with the activation of the MAPK- ERK and MAPK- JNK 
pathways and decreased with pathway inhibitors (Figure 6A). In 
addition, we observed that the expression trend of p- c- Jun after 
different treatments was similar to that of PD- L1 (Figure 6A). It is 
hypothesized that the MAPK- ERK and MAPK- JNK pathways en-
hance the transcription of the PD- L1 gene via the transcription 
factor c- Jun.

To testify the hypothesis above, three small interfering RNAs 
(siRNAs) were selected to knock down c- Jun expression. The ex-
pression of c- Jun mRNA was significantly reduced by siRNA1 and 
siRNA2, but not siRNA3 (Figure 6B). Therefore, these two siRNAs 
were used to inhibit the c- Jun expression in TPC- 1 and BCPAP. 
Compared with IL- 6 treatment alone, the PD- L1 mRNA level signifi-
cantly decreased after combination treatment with IL- 6 and siRNA 
(Figure 6C). Western blot results showed that the IL- 6– induced 

PD- L1 expression decreased after treatment with c- Jun siRNA1 or 
siRNA2 (Figure 6D). These results indicate that IL- 6 upregulates 
PD- L1 expression through the transcription factor c- Jun. The PD- L1 
gene promoter was divided into five regions on average (Figure 6E). 
CHIP- qPCR results showed that the c- Jun binding sites were mainly 
concentrated in region 3, and the fold enrichment of this region in-
creased significantly after c- Jun overexpression (Figure 6F).

It is evidenced that IL- 6 induces PD- L1 expression by activating 
the MAPK- ERK/JNK pathways, which function through transcrip-
tion factor c- Jun.

3.5 | IL- 6 regulates PD- L1 expression through the 
JAK- STAT3 signaling pathway

Considering that IL- 6 could also activate the JAK- STAT3 pathway 
in thyroid cancer, we further investigated whether this pathway 
is involved in IL- 6– induced PD- L1 expression. Ruxolitinib, a small 
molecular kinase inhibitor targeting JAK, was used to inhibit the 

F I G U R E  6   Interleukin 6 (IL- 6) 
promotes programmed cell death ligand 
1 (PD- L1) gene transcription through 
the mitogen- activated protein kinase 
(MAPK) pathway, which functions via 
transcription factor c- Jun. A, The level of 
p- c- Jun increased with the activation of 
signaling pathways induced by IL- 6 but 
decreased with the subsequent inhibitors 
U0126 or SP600125. The expression 
trend of p- c- Jun after different treatments 
was similar to that of PD- L1. B, Three 
small interfering RNAs (siRNAs) were 
selected to knock down c- Jun expression. 
qPCR results showed that the expression 
of c- Jun was significantly reduced by 
siRNA1 and siRNA2 but not by siRNA3. 
C, qPCR results showed that, compared 
with IL- 6 treatment alone, the PD- L1 
mRNA level significantly decreased with 
the combination treatment of IL- 6 and 
siRNA. D, Western blot results showed 
that the IL- 6– induced total PD- L1 protein 
decreased after treatment with c- Jun 
siRNA1 or siRNA2. E, The PD- L1 gene 
promoter. F, C- Jun binding sites were 
mainly concentrated in region 3, and fold 
enrichment increased significantly after 
c- Jun overexpression. #indicates P < .05. 
*indicates P ≥ .05
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function of the JAK- STAT3 pathway. The results showed that the 
induced expression of p- stat3 by IL- 6 was significantly reduced 
after Ruxolitinib (10 μmol/L) treatment for 24 hours (Figure 7A). 
With the suppression of p- stat3 expression, the expression levels 
of PD- L1 protein and mRNA decreased (Figure 7A,B), suggesting 
that the JAK- STAT3 pathway is also involved in the transcriptional 
regulation of the PD- L1 gene by IL- 6. To further prove the above 
hypothesis, three siRNAs were selected to knock down stat3, and 
the interference efficiency results are shown in Figure 5C. SiRNA1 
and siRNA2 were ultimately used to interfere with stat3 expression 
in TPC- 1 and BCPAP. After siRNA treatment, the IL- 6– induced p- 
stat3 expression was reduced greatly, accompanied by a significant 
decrease of PD- L1 expression (Figure 7A). Similarly, the membrane 
PD- L1 positive rate induced by IL- 6 decreased to a large extent 
after siRNA treatment (Figure 7D). CHIP results showed that stat3 
could bind to the PD- L1 promoter (Figure 7E). It is concluded that 
IL- 6 promotes PD- L1 expression through the JAK- STAT3 signaling 
pathway.

3.6 | Synergistic effect of the MAPK and JAK- STAT3 
signaling pathways on IL- 6– induced PD- L1 expression

SiRNAs targeting c- Jun and stat3 were used to treat TCP- 1 and 
BCPAP. The results are shown in Figure 6. IL- 6– induced PD- L1 pro-
tein decreased after treatment with c- Jun siRNA or stat3 siRNA, 
and its expression further decreased with the combination of both 
siRNAs (Figure 8A). The constitutive membrane PD- L1 expression 
was 24% and 43% on TPC- 1 and BCPAP and increased to 58% and 
95% after IL- 6 treatment. After treatment with c- Jun siRNA or stat3 
siRNA, the induced PD- L1 expression decreased to 40% or 37% on 
TPC- 1, and to 63% or 61% on BCPAP. After combined treatment 
with siRNAs targeting c- Jun and stat3, the membrane positive rate 
of TPC- 1 and BCPAP further decreased to 31% and 42% (Figure 8B, 
8C). The level of PD- L1 mRNA showed similar results (Figure 8D). 
It is concluded here that the MPAK and JAK- STAT3 pathways play 
a synergistic role in the upregulation of PD- L1 expression induced 
by IL- 6.

F I G U R E  7   Interleukin 6 (IL- 6) promotes programmed cell death ligand 1 (PD- L1) gene transcription through the Janus- activated kinase 
(JAK)– signal transducers and activators of transcription 3 (STAT3) pathway, which functions via transcription factor stat3. A, The level of 
p- stat3 increased after IL- 6 treatment but decreased after subsequent treatment with JAK inhibitor Ruxolitinib or STAT3 small interfering 
RNA (siRNA). The expression trend of p- stat3 after different treatments was similar to that of PD- L1. B, The relative expression of PD- L1 
in different groups. C, Three siRNAs were selected to knock down stat3 expression. Stat3 siRNA1 and siRNA2 significantly reduced the 
expression of stat3, while siRNA3 did not. D, Flow cytometry result showed that the membrane PD- L1 expression increased after IL- 6 
treatment, but decreased after subsequent treatment with Ruxolitinib or stat3 siRNA. E, Stat3 binding sites were mainly concentrated in 
promoter regions 2- 4, and fold enrichment increased significantly after stat3 overexpression. #indicates P < .05. *indicates P ≥ .05
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IL- 6 needs to bind to the IL- 6 receptor (IL- 6R) and exert effects 
with the help of glycoprotein 130 (gp130).10 Therefore, it is con-
cluded that IL- 6 is produced by TAMs and upregulates PD- L1 expres-
sion through the MAPK and JAK- STAT3 pathways, which promote 
PD- L1 gene transcription through transcription factors c- Jun and 
stat3 (Figure 9).

4  | DISCUSSION

In the present study, IL- 6 and PD- L1 are overexpressed in thyroid 
cancer and enhance the invasion capacity of tumor cells. In thyroid 
cancer, IL- 6, produced by M2- phenotype macrophages, could acti-
vate the MAPK and JAK- STAT3 signaling pathways, but not the PI3K- 
AKT pathway. The MAPK and JAK- STAT3 pathways are involved in 
the regulatory mechanism of IL- 6 on PD- L1 expression. IL- 6 activates 
these two pathways, resulting in increased expression of transcrip-
tion factors p- c- Jun and p- stat3, which bind to the PD- L1 promoter 
to enhance gene transcription.

IL- 6, a proinflammation cytokine, has been reported to promote 
tumorigenesis and progression. In our study, semiquantitative 

analysis of IHC showed that IL- 6 was overexpressed in thyroid 
cancer, which is consistent with published results.10 In addition, 
IL- 6 expression was related to clinicopathological factors such as 
tumor size, distant metastasis, and risk stratification. Therefore, 
there is evidence that IL- 6 is associated with tumor aggressiveness, 
which is consistent with the report by Kobawala et al.12 Moreover, 
we demonstrated that IL- 6 could enhance the invasion of thyroid 
cancer in vitro through Transwell invasion assay. PD- L1 overex-
pression has been repeatedly reported in hematologic and solid 
tumors.26 Herein, we found that it was expressed both in thyroid 
cancer and normal control samples. But the expression was signifi-
cantly higher in cancer, which is consistent with previous reports 
by Shi et al.18 Moreover, PD- L1 expression was associated with the 
aggressiveness of thyroid cancer, which is demonstrated by the 
positive correlation between its expression and clinicopatholog-
ical factors such as multifocality, lymph node metastasis, distant 
metastasis, and risk stratification. The results here are consistent 
with previous reports.15,18,27 In addition, we found that thyroid 
cancer cell lines with PD- L1 overexpression showed stronger in-
vasion capacity, with mechanisms that need to be investigated in 
future studies.

F I G U R E  8   Synergistic effect of the 
mitogen- activated protein kinase (MAPK) 
and Janus- activated kinase (JAK)– signal 
transducers and activators of transcription 
3 (STAT3) signaling pathways on 
interleukin 6 (IL- 6)- induced programmed 
cell death ligand 1 (PD- L1) expression. A, 
IL- 6– induced PD- L1 expression decreased 
after treatment with c- Jun small 
interfering RNA (siRNA) or stat3 siRNA, 
and its expression further decreased after 
treatment with the combination of c- Jun 
siRNA and stat3 siRNA. B and C, The 
constitutive membrane PD- L1 expression 
was 24% and 43% on TPC- 1 and BCPAP, 
and increased to 58% and 95% after IL- 6 
treatment. After treatment with c- Jun 
siRNA or stat3 siRNA, the induced PD- L1 
expression decreased to 40% or 37% 
on TPC- 1 and to 63% or 61% on BCPAP. 
After combining siRNAs target c- Jun 
and stat3, the membrane positive rate 
further decreased to 31% and 42% on 
TPC- 1 and BCPAP. D, The level of PD- L1 
mRNA increases after IL- 6 treatment, but 
decreases after subsequent treatment 
with c- Jun siRNA or stat3 siRNA. 
Combination of these two siRNAs has 
a synergistic effect on the inhibition of 
IL- 6– induced PD- L1 mRNA. #indicates 
P < .05
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Considering that PD- L1 expression is positively correlated with 
IL- 6 expression in thyroid cancer, it is speculated that IL- 6 may be 
involved in the regulation of PD- L1 expression. Two thyroid cancer 
cell lines, TPC- 1 and BCPAP, were selected to testify the hypothe-
sis. After IL- 6 treatment, total PD- L1 protein increased significantly. 
The membrane PD- L1 protein has been suggested to be the actual 
effector ligand for its receptor PD- 1 on the T- cell membrane, with 
their mutual recognition inducing T- cell exhaustion in tumor micro-
environment. Therefore, the membrane PD- L1 expression was de-
tected. The constitutive membrane positive rate of PD- L1 was 24% 
on TPC- 1 and 43% on BCPAP. The membrane PD- L1 expression in-
creased greatly after IL- 6 treatment, with induced membrane posi-
tive rates of 57% on TPC- 1 and 95% on BCPAP. It is demonstrated 
that IL- 6 could upregulate PD- L1 expression in thyroid cancer, which 
is consistent with published reports.19- 21 Then, we were interested in 
what kind of cells produce IL- 6 in thyroid cancer microenvironment. 
Through flow cytometry and double immunofluorescence analysis 
of fresh thyroid cancer tissues, we found that it is TAMs that pro-
duce IL- 6 in thyroid cancer, with M2- phenotype macrophages being 
predominant. Thus, it is concluded that TAMs could upregulate PD- 
L1 expression of thyroid cancer through producing IL- 6, which is 
consistent with the findings in ovarian cancer.21

After demonstrating that IL- 6 could increase PD- L1 expression, 
the regulatory mechanism was further studied. The MAPK- ERK/JNK 
and JAK- STAT3 pathways were activated by IL- 6, which is in agree-
ment with previous reports.28 However, it was not found that the 
PI3K- AKT pathway was activated, which contradicts the findings of 
Zegeye et al, who reported that the PI3K- AKT pathway is crucial for 
IL- 6– induced proinflammation.29 Pathway inhibitors were added to 

cell supernatant with IL- 6 in order to block the IL- 6– activated signal-
ing pathways. After treatment with ERK inhibitor U0126, JNK inhib-
itor SP600125, or JAK inhibitor Ruxolitinib, the IL- 6– induced PD- L1 
total protein and membrane positive rate decreased, suggesting that 
these pathways are all involved in the regulation of PD- L1 by IL- 6. 
Transcription factors c- Jun and stat3 have been reported to promote 
PD- L1 gene transcription,25 and these two factors significantly in-
creased after IL- 6 treatment in TPC- 1 and BCPAP. However, after 
treatment with U0126 or SP600125, the phosphorylation level of 
c- Jun induced by IL- 6 decreased, and the phosphorylation level of 
stat3 induced by IL- 6 decreased after Ruxolitinib treatment. Both 
the decreased phosphorylation levels of c- Jun and stat3 are accom-
panied by the inhibition of PD- L1 expression. It is suggested that 
c- Jun and stat3 may be involved in the regulation of PD- L1 expres-
sion in thyroid cancer. SiRNAs that block the expression of c- Jun and 
stat3 were applied. The results showed that after treatment with 
c- Jun siRNA or stat3 siRNA, the IL- 6– induced PD- L1 expression was 
significantly reduced, and the two siRNAs had a synergistic inhibi-
tory effect on PD- L1 expression. The results of chromatin immuno-
precipitation demonstrated that these two factors bind to the PD- L1 
gene promoter, suggesting that they promote gene transcription 
directly.

It has been reported that IL- 6 binds to its receptor, and the re-
sultant IL- 6/IL- 6R complex associates with gp130 and causes gp130 
homo- dimerization to form a hexameric effector complex, consisting 
of two molecules each of IL- 6, IL- 6R and gp130, which can activate 
the downstream signaling pathways and promote tumorigenesis 
and development.10 In the present study, we found that IL- 6 could 
enhance the invasiveness of thyroid cancer and induce negative 

F I G U R E  9   The mechanism by 
which interleukin 6 (IL- 6) , secreted by 
tumor- associated macrophages (TAMs), 
regulates the expression of programmed 
cell death ligand 1 (PD- L1) through the 
mitogen- activated protein kinase (MAPK) 
and Janus- activated kinase (JAK)– signal 
transducers and activators of transcription 
3 (STAT3) signaling pathway. ERK, 
extracellular signal– regulated kinase; JNK, 
C- Jun NH(2)– terminal kinase
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immune checkpoint PD- L1 expression. Therefore, we suggest that 
IL- 6 promotes tumor development not only through its positive stim-
ulation to tumor cells but also through its tumor- protective effect, 
which is achieved by increasing PD- L1 expression to enhance the 
immune escape of tumor cells. The hypothesis needs to be inves-
tigated by further studies. Considering the limitations of current 
tumor treatment, new therapy models have been explored. The 
IL- 6/IL- 6R pathway blockade with monoclonal antibodies has shown 
promising results.30 With the development of tumor immunology, 
tumor immunotherapy has attracted the attention of researchers, 
of which the blockade of the PD- L1/PD- 1 pathway is predominant. 
The PD- L1 inhibitor and PD- 1 inhibitor have been shown to be ef-
fective against a variety of cancers including melanoma, non– small 
cell lung cancer, renal cells cancer, and Hodgkin lymphoma. This 
therapy achieved a favorable response to Hodgkin lymphoma, re-
lapsed follicular lymphoma, and metastatic bladder cancer, with 
response rates of 87%, 66%, and 52%, respectively. However, its ef-
fects were limited in most cancers.31 Novel therapy treatments have 
been investigated to solve the problem and improve the prognosis 
of patients. Fortunately, the combination model of different inhib-
itors alleviates this problem to some extent. It is reported that the 
combination of the IL- 6 and PD- L1 pathway inhibitor showed a bet-
ter antitumor response.32- 34 Therefore, it is suggested that the IL- 6 
pathway blockade alone or combined with the PD- L1/PD- 1 pathway 
inhibitor is a potential treatment to thyroid cancer, which deserves 
to be further studied.

In summary, the present study demonstrated the higher expres-
sion of the IL- 6 and PD- L1 in thyroid cancer, both of which could 
enhance the invasiveness of thyroid cancer. The cytokine IL- 6 is 
released by TAMs and could upregulate PD- L1 expression via the 
MAPK and JAK- STAT3 pathways. The comprehensive effects of IL- 6 
on thyroid cancer and the therapeutic value of its pathway blockade 
deserve to be further investigated.
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