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Background: Programmed cell death-ligand 1 (PD-L1) has an important role in regulating immune reactions by binding to pro-
grammed death 1 (PD-1) on immune cells, which could prevent the exacerbation of autoimmune thyroid disease (AITD). The aim of 
this study was to evaluate the association of PD-L1 polymorphism with AITD, including Graves’ disease (GD) and Hashimoto’s 
thyroiditis (HT). 
Methods: A total of 189 GD patients, 234 HT patients, and 846 healthy age- and sex-matched controls were enrolled in this study. 
We analyzed PD-L1 single nucleotide polymorphism (SNP) (rs822339) and investigated the associations with clinical disease course 
and outcome.
Results: Genotype frequency at the PD-L1 marker RS822339 in GD (P=0.219) and HT (P=0.764) patients did not differ from that 
among healthy controls. In patients with GD, the A/G or G/G genotype group demonstrated higher TBII titer (20.6±20.5 vs. 28.0±

25.8, P=0.044) and longer treatment duration (39.0±40.4 months vs. 62.4±65.0 months, P=0.003) compared to the A/A genotype 
group. Among patients in whom anti-thyroid peroxidase (TPO) antibody was measured after treatment of GD, post-treatment anti-
TPO positivity was higher in the A/G or G/G genotype group compared to the A/A genotype group (48.1% vs. 69.9%, P=0.045). 
Among patients with HT, there was no significant difference of anti-TPO antibody positivity (79.4% vs. 68.6%, P=0.121), anti-thy-
roglobulin antibody positivity (80.9% vs. 84.7%, P=0.661), or development to overt hypothyroidism (68.0% vs. 71.1%, P=0.632) 
between the A/A genotype group and the A/G or G/G genotype group.
Conclusion: The genotype frequency of PD-L1 (rs822339) is not different in patients with AITD compared with healthy controls. 
The intact PD-1/PD-L1 pathway in GD and HT might be important to maintain chronicity of AITD by protecting immune tolerance. 
However, the PD-L1 SNP could be associated with difficulty in achieving remission in patients with GD, which may be helpful to 
predict the possibility of longer treatment. Further studies are required to investigate the complex immune tolerance system in pa-
tients with AITD.
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INTRODUCTION

Autoimmune thyroid disease (AITD), including Graves’ disease 
(GD) and Hashimoto’s thyroiditis (HT), is the most common 
organ-specific autoimmune disease [1]. Studies of genetic and 
environmental factors related to AITD have progressed, but ge-
netic-environmental interactions and their pathogenesis are still 
unclear [2,3]. Activated immune responses are modulated by 
multi-step regulating factors, and previous studies have demon-
strated that the programmed death 1 (PD-1)/PD-ligand 1 (PD-
L1) axis is an important modulating point for autoimmunity 
[4,5]. The PD-1/PD-L1 axis contributes to maintaining immune 
tolerance by down-regulation of T-cell immune responses and 
cytokine production [6]. PD-1 gene polymorphisms have been 
associated with autoimmune diseases, such as type 1 diabetes 
mellitus and systemic lupus erythematous [7,8], but no associa-
tions were observed in Addison’s disease and GD [9]. Con-
versely, PD-L1 gene single nucleotide polymorphisms (SNP) 
have been related to GD [10]. 

Since immunotherapy with immune checkpoint inhibitors 
(ICPi) was introduced, and has been more frequently used for 
cancer treatment, numerous immune-related adverse effects 
have been reported [11]. Among ICPi-induced endocrinopa-
thies, thyroid immune-related adverse events (irAEs) have been 
the most common, and progression to hypothyroidism through 
rapid inflammatory change has been observed in patients with 
ICPi-induced thyroiditis, which differs from the generally 
chronic course of HT [3,12]. Reduction of immune tolerance by 
gene polymorphisms of PD-1/PD-L1 could cause fast-paced 
thyroiditis in patients treated with ICPi [13]. However, the rela-
tionship between PD-1/PD-L1 polymorphisms and the clinical 
course of AITD is not well established. Only one Japanese study 
showed an association of PD-L1 gene polymorphisms and GD 
development [14]. The aim of this study was to assess a PD-L1 
SNP (rs822339) in patients with GD and HT compared to nor-
mal controls and evaluate the association of the PD-L1 SNP 
with the clinical course of AITD.

METHODS

Subjects
Patients who were diagnosed with AITD, including GD and HT, 
at Chonnam National University Hwasun Hospital between 
April 2013 and January 2015 were included. The diagnostic cri-
teria for GD were biochemical evidence of hyperthyroidism 
with serum anti-thyrotropin receptor antibody (thyrotropin 

binding inhibiting immunoglobulin [TBII]) and/or increased 
diffuse 123I uptake on 99Tc-pertechnetate radionuclide scan or 
presence of Graves’ ophthalmopathy [15]. The diagnosis of HT 
was based on the enlargement of the thyroid gland, typical ultra-
sonographic features [16], positivity of either anti-thyroid per-
oxidase (TPO) or anti-thyroglobulin (Tg), and/or biochemical 
hypothyroidism. Patients with a history of thyroid cancer 
(n=16) were excluded. The control subjects were healthy and 
were matched to patients in a 2:1 ratio by age (within a 3-year 
interval) and sex and were from the same geographic areas. 
Healthy controls did not have a thyroid goiter or personal or 
family histories of AITD. In total, 189 GD patients, 234 HT pa-
tients, and 846 healthy controls were enrolled. After the diagno-
sis of GD, patients were treated with anti-thyroid drugs such as 
methimazole, carbimazole, and propylthiouracil. Follow-up was 
performed every 1 to 3 months with measurement of thyroid 
function status and TBII. Among patients with HT, patients with 
normal thyroid function were followed up every 6 to 12 months, 
and in patients who had overt hypothyroidism, synthyroxine re-
placement therapy was started. Informed consent for study par-
ticipation was obtained from all cases and controls. The study 
was approved by the Institutional Review Board of the Chon-
nam National University Hwasun Hospital in Chonnam, the 
Republic of Korea (IRB No. CNUHH-2015-081).

SNP: PD-L1 (rs822339)
Genomic DNA was extracted from peripheral blood using a 
QIAamp DNA Blood Mini Kit (Qiagen, Valencia, CA, USA), 
according to the manufacturer’s protocol. Genotyping to analyze 
polymorphisms was performed using high-resolution melting 
(HRM) analysis. The forward polymerase chain reaction (PCR) 
primer was (5´-CCCCATTTTAGCAAATGTGAC-3´) and the 
reverse was (5´-CATGAGTCATCATCCTCTTGC-3´). HRM 
genotyping was performed in 10-μL reaction volumes with 200 
nM PCR primer, 1 μM Syto 9 fluorescent dye (Invitrogen, 
Carlsbad, CA, USA), 0.5 U f-Taq polymerase (Solgent, Dae-
jeon, Korea), and 40 ng of genomic DNA, using a Rotor-Gene 
6000 high-resolution melter (Corbett Research, Sydney, Austra-
lia). The cycling conditions included an initial 5-minute hold at 
95°C, followed by 40 cycles at 95°C for 5 seconds, 56°C for 30 
seconds, 72°C for 20 seconds, and melting increasing from 
72°C to 83°C at 0.1°C per second. 

Laboratory test
Thyroid function tests, including thyroid-stimulating hormone, 
free thyroxine (T4), and triiodothyronine, were measured by 
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electrochemiluminescence methods (Roche Cobas e601 auto-
matic immunoassay, Roche Diagnostics, Basel, Switzerland). 
Thyroid anti-TPO and anti-Tg were measured using electroche-
miluminescence (Roche Cobas e601 automatic immunoassay). 
A TPO antibody titer >34 IU/mL and a Tg antibody titer >115 
IU/mL were defined as elevated autoantibody levels.

Statistical analysis
Data were expressed as mean±standard deviation/error or me-
dian (interquartile range) or number (%). Continuous variables 
were analyzed using Student’s t test and categorical variables 
were analyzed using the chi-square test. Hardy-Weinberg equi-
librium was also performed using chi-square test. In subgroup 
analysis for GD patients treated with only anti-thyroid medica-
tions, two adjusted multiple linear regression analysis models 
were used to evaluate an independent association of clinical fac-
tors with PD-L1 SNP (rs822339). Model 1 was adjusted for age 
and sex. Model 2 was adjusted for age, sex, and TBII titer. After 
adopting model 1 model 2, the association between treatment 
duration and PD-L1 SNP (rs822339) was compared by analysis 
of covariance (ANCOVA). All statistical analyses were per-
formed using SPSS statistics version 25 (IBM, Armonk, NY, 
USA), and a P<0.05 was considered statistically significant.

RESULTS

Association between PD-L1 SNP (rs822339) and AITD
The genotype frequencies were not significantly deviated from 
Hardy-Weinberg equilibrium in the control group (P=0.554 for 
GD control and P=0.647 for HT control). Compared with age- 
and sex-matched healthy controls, alleles at PD-L1 markers 
(rs822339) were not associated with GD (P=0.219). Addition-
ally, there was no significant difference in allele or genotype 

frequency of the PD-L1 SNP (rs822339) between patients with 
HT and healthy controls (P=0.764) (Table 1).

Clinical characteristics according to PD-L1 SNP in 
patients with GD
There was no difference of age (47.9±14.7 years vs. 49.9±14.3 
years, P=0.342) or sex (female, 67.9% vs. 67.6%, P=0.971) 
between the A/A genotype group and A/G or G/G genotype 
group. The A/G or G/G genotypes of rs822339 were associated 
with high TBII titer compared to the A/A genotype (20.6±20.5 
vs. 28.0±25.8, P=0.044). The treatment strategy (P=0.849) 
and medication status at the last follow-up (P=0.775) with 
more than a mean of 37.8 months were not different between 
the two groups. Two patients in the A/A genotype group and 
seven patients in the A/G or G/G genotype group converted to 
hypothyroidism spontaneously. Treatment duration in the A/G 
or G/G genotype group was longer than in the A/A genotype 
group (39.0±40.4 months vs. 62.4±65.0 months, P=0.003). 
Among patients in whom anti-TPO antibody was measured af-
ter treatment of GD, post-treatment anti-TPO positivity was 
higher in the A/G or G/G genotype group compared to the A/A 
genotype group (48.1% vs. 69.9%, P=0.045) (Table 2). In sub-
group analysis to evaluate associations between treatment dura-
tion and PD-L1 SNP (rs822339) among GD patients who treat-
ed with only anti-thyroid medications, multiple linear regression 
analyses were performed (Supplemental Table S1). Before ad-
justing for confounding factors, treatment duration in the A/G or 
G/G genotype group was longer compared to A/A genotype 
group (P=0.005). We adopted two multivariable models for 
analyses. Longer treatment duration in the A/G or G/G genotype 
group were observed after adjusting for age and sex (model 1, 
P=0.022) and the statistical significances remained after adjust-
ing for additional TBII titer (model 2, P=0.001).

Table 1. Baseline Characteristics and PD-L1 SNP Status (rs822339) of Study Populations (n=1,269)

Characteristic
Graves’ disease Hashimoto’s thyroiditis

Normal control 
(n=378)

Graves’ disease 
(n=189) P value Normal control 

(n=468)
Hashimoto’s 

thyroiditis (n=234) P value

PD-L1 SNP (rs822339) 0.219 0.764

   AA 132 (34.9) 53 (28.0) 142 (30.3) 75 (32.1)

   AG 178 (47.1) 102 (54.0) 236 (50.4) 119 (50.9)

   GG 68 (18.0) 34 (18.0) 90 (19.2) 40 (17.1)

Values are expressed as number (%).
PD-L1, programmed death-ligand 1; SNP, single nucleotide polymorphism.
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Clinical characteristics according to PD-L1 SNP in 
patients with HT
There was no significant difference regarding age (52.5±11.6 
vs. 52.9±12.4, P=0.831) or sex (female, 85.3% vs. 85.5%, P=  
0.967). Also, anti-TPO antibody (79.4% vs. 68.6%, P=0.121) 
and anti-Tg antibody (80.9% vs. 84.7%, P=0.661) positivity 
did not differ between the A/A genotype group and A/G or G/G 
genotype group at the time of diagnosis. At the last follow-up 
with more than a mean of 38.7 months, development of overt 
hypothyroidism requiring synthyroxine replacement treatment 
in the A/G or G/G genotype groups did not differ from that in 
the A/A genotype group (68.0% vs. 71.1%, P=0.632) (Table 3).

DISCUSSION

The PD-1/PD-L1 pathway is involved in maintaining immune 

intolerance and restraining autoimmune reactivity in patients 
with AITD [17,18]. In particular, PD-L1 expression in thyroid 
follicular cells and intra-thyroidal infiltrating lymphocytes 
might play a key role in the chronic progressive pattern of AITD 
[3]. The polymorphism of the PD-L1 gene could be critical for 
the development and progression of AITD. Two previous stud-
ies revealed an association of the PD-L1 gene SNP with GD in 
Japanese and United Kingdom cohorts [10,14], but no data exist 
on the association between the PD-L1 pathway and HT. Few 
data showed an unequivocal association of cytotoxic T-lympho-
cyte antigen-4 (CTLA-4) SNPs in patients with HT [19,20]. 
This study was the first to investigate a PD-L1 SNP (rs822339) 
in both GD and HT compared with age- and sex-matched 
healthy controls. No differences of the PD-L1 (rs822339) SNP 
in AITD compared with normal healthy controls were observed, 
which indicated that PD-L1 expression was not related to the 
initiation of AITD. After AITD is manifested by well-known 
genetic factors including the human leukocyte antigen (HLA)-
DR family, protein tyrosine phosphatase non-receptor type 22 
(PTPN22), and CTLA-4, the PD-1/PD-L1 pathway could re-
strain the autoimmune activity and maintain chronicity [21]. 
Recent two studies demonstrated PD-L1 SNPs (rs822339 and 
rs1411262) were associated with overall survival benefit in non-
small cell lung cancer patients receiving nivolumab treatment 
by the analysis of seven PD-L1 SNPs which had an association 
with the prevalence of autoimmune disease and cancer [13,22]. 

Table 2. Clinical Characteristics of Patients with Graves’ Dis-
ease According to PD-L1 SNP Status (rs822339)

Characteristic AA 
(n=53)

AG+GG 
(n=136) P value

Age, yr 47.9±14.7 49.9±14.3 0.342

Female sex 36 (67.9) 92 (67.6) 0.971

TBII titer, IU/L 20.6±20.5 28.0±25.8 0.044

Treatment 0.849

   ATD only 39 (73.6) 104 (76.5)

   RAI therapy 14 (26.4) 30 (22.1)

   Surgery 0 2 (1.4)

Duration of treatment, mo 39.0±40.4 62.4±65.0 0.003

Pre-treatment anti-TPO positivity 27/37 (73.0) 71/100 (71.0) 0.820

Pre-treatment anti-Tg positivity 19/37 (51.4) 47/96 (49.0) 0.805

Post-treatment anti-TPO positivity 13/27 (48.1) 51/73 (69.9) 0.045

Post-treatment anti-Tg positivity 8/27 (29.6) 35/73 (47.9) 0.078

Medication at the last follow-up 0.775

   No medication 17 (32.1) 50 (36.8)

   ATDs 21 (39.6) 47 (34.5)

   Synthyroxine replacement 15 (28.3) 39 (28.7)

      Post-therapeutic 13 (86.7) 32 (82.1)

      Spontaneous 2 (13.3) 7 (17.9)

Follow-up period, mo 37.8±19.3 40.8±18.8 0.332

Values are expressed as mean±standard deviation or number (%).
PD-L1, programmed cell death-ligand 1; SNP, single nucleotide poly-
morphism; TBII, thyrotropin binding inhibiting immunoglobulin; ATD, 
anti-thyroid drug; RAI, radioactive iodine; TPO, thyroid peroxidase an-
tibody; Tg, thyroglobulin.

Table 3. Clinical Characteristics of Patients with Hashimoto’s 
Thyroiditis According to PD-L1 SNP Status (rs822339)

Characteristic AA 
(n=75)

AG+GG 
(n=159) P value

Age, yr 52.5±11.6 52.9±12.4 0.831

Female sex 64 (85.3) 136 (85.5) 0.967

Anti-TPO positivity 50/63 (79.4)   83/121 (68.6) 0.121

Anti-Tg positivity 56/68 (80.9) 122/144 (84.7) 0.661

Medication at the last follow-up 0.632

No medication 24 (32.0)   46 (28.9)

Overt hypothyroidism  
requiring synthyroxine 
replacement

51 (68.0) 113 (71.1)

Mean dose of  
synthyroxine, µg/day

83.2±37.6 78.0±35.6 0.549

Follow-up periods, mo 39.1±18.6 38.7±19.4 0.332

Values are expressed as mean±standard deviation or number (%).
PD-L1, programmed cell death-ligand 1; SNP, single nucleotide poly-
morphism; TPO, thyroid peroxidase antibody; Tg, thyroglobulin.
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Additionally, Funazo et al. [13] represented that patients who 
had A allele of rs822339 developed low free T4 level, which is 
related to survival benefit in patients with A/A genotype. Thy-
roid irAE after ICPi treatment represented mainly destructive 
thyroiditis pattern and some of them developed hypothyroidism 
(low T4). However, our study revealed no association between 
PD-L1 SNP (rs822339) and AITD in the clinical setting without 
PD-1/PD-L1 inhibitors. Clinically, ICPi induced thyroiditis and 
AITD have some differences. Thyroid irAEs occurred quickly; 
however, AITD showed generally indolent course of thyroiditis, 
so the patho-mechanism of ICPi induced thyroiditis and AITD 
could be different. 

This study demonstrated that PD-L1 SNP was associated with 
higher TBII and post-treatment anti-TPO antibody. Additional-
ly, GD patients with the PD-L1 SNP (rs822339) showed longer 
treatment duration compared to GD patients without the PD-L1 
SNP. TBII had high sensitivity and specificity for the diagnosis 
of GD and was a possible predictor of relapse of GD [23-25]. In 
our study, higher TBII titer in GD patients with the PD-L1 SNP 
might be related to elevated disease activity through the dysreg-
ulation of immune activities. Positivity for anti-TPO and Tg au-
toantibodies was frequently observed in patients with GD dur-
ing antigen spreading, even though a definitive patho-mecha-
nism was not established [26]. One small study showed an in-
creased anti-TPO titer was associated with relapse among GD 
patients with anti-TPO positivity at the time of diagnosis [27]. 
In a Japanese study, A/C SNP in the PD-L1 gene intron 4 posi-
tion 8923 was related to difficulty in achieving remission of GD 
[14]. The overexpression of PD-1/PD-L1 in patients with GD, 
as shown in several previous studies, might reduce the severity 
of GD by suppressing excessively activated T-cell immunity via 
the PD-1/PD-L1 pathway [3,28]. In the current study, an im-
mune reaction unbalanced by the PD-L1 SNP could prolong the 
treatment duration of GD by blocking the process of suppress-
ing overactivated immunity. 

However, PD-L1 SNP (rs822339) status was not related to 
clinical course and anti-thyroid autoantibodies of HT in our 
study. Only a few studies have shown an association of PD-1 
positive follicular T helper cells and natural killer cells with the 
pathogenesis of HT [29,30]. Follicular T regulatory cells, which 
inhibit follicular T helper cells, were also increased in HT pa-
tients, but this was not associated with anti-TPO and Tg anti-
body titers [31]. Decreased number or dysfunction of regulatory 
T-cells was significantly correlated with the development of hy-
pothyroidism in HT [32]. Apoptosis is important in the destruc-
tion of the thyroid in patients with HT, so the PD-1/PD-L1 path-

way could have an important role through the inhibition of 
apoptotic inhibition, which could be complicated with a com-
pensation process and is still not well-established.

Recently, immunotherapy has become a mainstream anti-can-
cer therapy, but the unleashed innate immune system has caused 
various immune-related adverse effects [33]. During ICPi thera-
py, endocrine organs were frequently attacked, and the thyroid 
gland was the most affected, mainly in the form of thyroiditis 
[34]. Also, the thyroid gland is the most common target organ of 
autoimmune disease [35]. Thyroiditis induced by ICPi and 
AITD have similarities and differences. Both might be triggered 
by the presence of anti-thyroid autoantibodies (anti-TPO and 
anti-Tg) as self-antigens via HLA-DR to T-cells, but anti-thy-
roid autoantibodies have frequently been observed in up to 18% 
of the general population, and immune tolerance prevented cy-
totoxic T-cell response [36]. In the current study, no difference 
of anti-thyroid autoantibodies according to PD-L1 SNP was ob-
served. The progression to AITD might be prevalent in patients 
with a genetic propensity such as HLA-DR B1 [37]. The clini-
cal course and disease activity after immune system activation 
were different between ICPi-induced thyroiditis and AITD. In 
patients with AITD, cytotoxic T-cell response was regulated by 
the innate immune system, and disease activity varied in pace 
and extent [38]. On the contrary, immune tolerance could not 
bear robust cytotoxic activity of ICPi-activated T-cells, which 
resulted in a rapid course of thyroiditis. The majority of cases of 
ICPi-induced thyroiditis might lead to irreversible hypothyroid-
ism due to complete thyroid tissue destruction by an uncon-
trolled immune reaction [38,39]. Our study showed that the de-
velopment of hypothyroidism was not associated with a PD-L1 
SNP among patients with HT. It was assumed that a tighter and 
more complex immune regulation system might exist beyond 
the PD-L1 SNP to prevent thyroid tissue consumption by cyto-
toxic T-cells in patients with HT if a considerable proportion of 
the PD-1/PD-L1 pathway was not blocked by ICPi’s.

Our study has several limitations due to its retrospective de-
sign. Thyroid stimulating receptor antibody was not measured 
in patients with GD. Moreover, measurement of anti-TPO and 
anti-Tg autoantibodies was not performed in all patients with 
GD. This could cause difficulty in precise interpretation of the 
association between anti-thyroid autoantibody and PD-L1 SNP. 
Additionally, follow-up regularity was different in each patient, 
so we were unable to evaluate the recurrence-free time interval 
in GD patients. Our study had relatively small sample size to 
evaluate the association between clinical characteristics and 
AITD. So, we analyzed by dividing to two groups according to 
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rs822339 SNP. Previous genome-wide association studies 
(GWAS) of AITD represented many susceptible loci for AITD 
[40]; however, PD-1/PD-L1 pathway related genetic suscepti-
bility in patients with AITD was not fully analyzed. Recent 
world-widely used ICPi treatment for cancer patients reported 
high prevalence of thyroid irAEs, which is more frequently ob-
served in patients treated by PD-1/PD-L1 inhibitors compared 
with those who treated with CTLA-4 antibodies. Therefore, fu-
ture study using GWAS could provide more significant evi-
dence of genetic susceptibility between PD-1/PD-L1 pathway 
and AITD. 

In conclusion, the incidence of the PD-L1 (rs822339) SNP is 
not different in patients with AITD compared with healthy con-
trols. Patients with AITD might have an intact PD-1/PD-L1 
pathway, which is the basis for the chronicity of AITD. Meticu-
lous follow-up is necessary in GD patients with the PD-L1 SNP 
due to the possibility of longer treatment. Further studies are re-
quired to investigate the complex immune tolerance system in 
patients with GD and HT.

CONFLICTS OF INTEREST

No potential conflict of interest relevant to this article was re-
ported. 

ACKNOWLEDGMENTS 

This work was supported by the Korean Endocrine Society 
New Faculty Research Award 2016.

AUTHOR CONTRIBUTIONS

Conception or design: J.H.Y., H.K.K., H.C.K. Acquisition, anal-
ysis, or interpretation of data: J.H.Y., M.S., H.N.K. Drafting the 
work or revising: J.H.Y., W.C., J.Y.P., A.R.H., H.C.K. Final ap-
proval of the manuscript: H.K.K.

ORCID

Jee Hee Yoon  https://orcid.org/0000-0002-5919-6162
Hee Kyung Kim  https://orcid.org/0000-0002-1617-3171

REFERENCES

1. 	McLeod DS, Cooper DS. The incidence and prevalence of 
thyroid autoimmunity. Endocrine 2012;42:252-65.

2. 	Tomer Y, Huber A. The etiology of autoimmune thyroid dis-
ease: a story of genes and environment. J Autoimmun 2009; 
32:231-9.

3. 	Alvarez-Sierra D, Marin-Sanchez A, Ruiz-Blazquez P, de 
Jesus Gil C, Iglesias-Felip C, Gonzalez O, et al. Analysis of 
the PD-1/PD-L1 axis in human autoimmune thyroid disease: 
insights into pathogenesis and clues to immunotherapy as-
sociated thyroid autoimmunity. J Autoimmun 2019;103: 
102285.

4. 	Chen L, Flies DB. Molecular mechanisms of T cell co-stim-
ulation and co-inhibition. Nat Rev Immunol 2013;13:227-
42.

5. 	Sage PT, Schildberg FA, Sobel RA, Kuchroo VK, Freeman 
GJ, Sharpe AH. Dendritic cell PD-L1 limits autoimmunity 
and follicular T cell differentiation and function. J Immunol 
2018;200:2592-602.

6. 	Brown JA, Dorfman DM, Ma FR, Sullivan EL, Munoz O, 
Wood CR, et al. Blockade of programmed death-1 ligands 
on dendritic cells enhances T cell activation and cytokine 
production. J Immunol;170:1257-66.

7. 	Nielsen C, Hansen D, Husby S, Jacobsen BB, Lillevang ST. 
Association of a putative regulatory polymorphism in the 
PD-1 gene with susceptibility to type 1 diabetes. Tissue An-
tigens 2003;62:492-7.

8. 	Prokunina L, Castillejo-Lopez C, Oberg F, Gunnarsson I, 
Berg L, Magnusson V, et al. A regulatory polymorphism in 
PDCD1 is associated with susceptibility to systemic lupus 
erythematosus in humans. Nat Genet 2002;32:666-9.

9. 	Sutherland A, Davies J, Owen CJ, Vaikkakara S, Walker C, 
Cheetham TD, et al. Genomic polymorphism at the interfer-
on-induced helicase (IFIH1) locus contributes to Graves’ dis-
ease susceptibility. J Clin Endocrinol Metab 2007;92:3338-
41.

10. 	Mitchell AL, Cordell HJ, Soemedi R, Owen K, Skinning-
srud B, Wolff AB, et al. Programmed death ligand 1 (PD-
L1) gene variants contribute to autoimmune Addison’s dis-
ease and Graves’ disease susceptibility. J Clin Endocrinol 
Metab 2009;94:5139-45.

11. 	Castinetti F, Borson-Chazot F. Immunotherapy-induced en-
docrinopathies: insights from the 2018 French Endocrine 
Society Guidelines. Bull Cancer 2019;106:492-6.

12. 	Yamauchi I, Sakane Y, Fukuda Y, Fujii T, Taura D, Hirata M, 
et al. Clinical features of nivolumab-induced thyroiditis: a 
case series study. Thyroid 2017;27:894-901.

13. 	Funazo TY, Nomizo T, Ozasa H, Tsuji T, Yasuda Y, Yoshida 
H, et al. Clinical impact of low serum free T4 in patients 



PD-L1 Polymorphism in Autoimmune Thyroid Disease 

Copyright © 2021 Korean Endocrine Society www.e-enm.org  605

with non-small cell lung cancer treated with nivolumab. Sci 
Rep 2019;9:17085.

14. 	Hayashi M, Kouki T, Takasu N, Sunagawa S, Komiya I. As-
sociation of an A/C single nucleotide polymorphism in pro-
grammed cell death-ligand 1 gene with Graves’ disease in 
Japanese patients. Eur J Endocrinol 2008;158:817-22.

15. 	Ross DS, Burch HB, Cooper DS, Greenlee MC, Laurberg P, 
Maia AL, et al. 2016 American Thyroid Association guide-
lines for diagnosis and management of hyperthyroidism and 
other causes of thyrotoxicosis. Thyroid 2016;26:1343-421.

16. 	Wu G, Zou D, Cai H, Liu Y. Ultrasonography in the diagno-
sis of Hashimoto’s thyroiditis. Front Biosci (Landmark Ed) 
2016;21:1006-12.

17. 	Liang SC, Latchman YE, Buhlmann JE, Tomczak MF, Hor-
witz BH, Freeman GJ, et al. Regulation of PD-1, PD-L1, 
and PD-L2 expression during normal and autoimmune re-
sponses. Eur J Immunol 2003;33:2706-16.

18. 	Han H, Fu X, Huang J, Zhang X, Yu J. PD-1/PD-L1 affects 
Graves progression through lymphocytes on the prolifera-
tion, apoptosis and inflammatory cytokine secretion of thy-
roid follicular epithelial cells. J Toxicol Sci 2020;45:701-11.

19. 	Benhatchi K, Jochmanova I, Habalova V, Wagnerova H, La-
zurova I. CTLA4 exon1 A49G polymorphism in Slovak pa-
tients with rheumatoid arthritis and Hashimoto thyroiditis-
results and the review of the literature. Clin Rheumatol 2011; 
30:1319-24.

20. 	Ramgopal S, Rathika C, Padma MR, Murali V, Arun K, Ka-
maludeen MN, et al. Interaction of HLA-DRB1* alleles and 
CTLA4 (+49 AG) gene polymorphism in autoimmune thy-
roid disease. Gene 2018;642:430-8.

21. 	Tomer Y. Mechanisms of autoimmune thyroid diseases: 
from genetics to epigenetics. Annu Rev Pathol 2014;9:147-
56.

22. 	Yoshida H, Nomizo T, Ozasa H, Tsuji T, Funazo T, Yasuda Y, 
et al. PD-L1 polymorphisms predict survival outcomes in 
advanced non-small-cell lung cancer patients treated with 
PD-1 blockade. Eur J Cancer 2021;144:317-25.

23. 	Takasu N, Oshiro C, Akamine H, Komiya I, Nagata A, Sato 
Y, et al. Thyroid-stimulating antibody and TSH-binding in-
hibitor immunoglobulin in 277 Graves’ patients and in 686 
normal subjects. J Endocrinol Invest 1997;20:452-61.

24. 	Struja T, Fehlberg H, Kutz A, Guebelin L, Degen C, Mueller 
B, et al. Can we predict relapse in Graves’ disease?: results 
from a systematic review and meta-analysis. Eur J Endocri-
nol 2017;176:87-97.

25. 	Talbot JN, Duron F, Feron R, Aubert P, Milhaud G. Thyro-

globulin, thyrotropin and thyrotropin binding inhibiting im-
munoglobulins assayed at the withdrawal of antithyroid 
drug therapy as predictors of relapse of Graves’ disease 
within one year. J Endocrinol Invest 1989;12:589-95.

26.	Smith TJ, Hegedus L. Graves’ disease. N Engl J Med 2016; 
375:1552-65.

27. 	Choi YM, Kwak MK, Hong SM, Hong EG. Changes in thy-
roid peroxidase and thyroglobulin antibodies might be asso-
ciated with Graves’ disease relapse after antithyroid drug 
therapy. Endocrinol Metab (Seoul) 2019;34:268-74.

28. 	Pyzik A, Grywalska E, Matyjaszek-Matuszek B, Smolen A, 
Pyzik D, Rolinski J. Frequencies of PD-1-positive T 
CD3+CD4+, T CD3+CD8+ and B CD19+ lymphocytes in 
female patients with Graves’ disease and healthy controls-
preliminary study. Mol Cell Endocrinol 2017;448:28-33.

29. 	Zhao J, Chen Y, Zhao Q, Shi J, Yang W, Zhu Z, et al. In-
creased circulating Tfh17 and PD-1+Tfh cells are associated 
with autoantibodies in Hashimoto’s thyroiditis. Autoimmu-
nity 2018;51:352-9.

30. 	Ortega-Rodriguez AC, Martinez-Hernandez R, Monsivais-
Urenda A, Serrano-Somavilla A, Sanchez-Gutierrez R, 
Gonzalez-Amaro R, et al. Quantitative and functional analy-
sis of PD-1+ NK cells in patients with autoimmune thyroid 
disease. J Clin Endocrinol Metab 2020;105:dgaa569.

31. 	Zhao J, Chen Y, Xu Z, Yang W, Zhu Z, Song Y, et al. In-
creased circulating follicular regulatory T cells in Hashimo-
to’s thyroiditis. Autoimmunity 2018;51:345-51.

32. 	Pyzik A, Grywalska E, Matyjaszek-Matuszek B, Rolinski J. 
Immune disorders in Hashimoto’s thyroiditis: what do we 
know so far? J Immunol Res 2015;2015:979167.

33. 	Michot JM, Bigenwald C, Champiat S, Collins M, Carbon-
nel F, Postel-Vinay S, et al. Immune-related adverse events 
with immune checkpoint blockade: a comprehensive review. 
Eur J Cancer 2016;54:139-48.

34. 	Iyer PC, Cabanillas ME, Waguespack SG, Hu MI, Thosani S, 
Lavis VR, et al. Immune-related thyroiditis with immune 
checkpoint inhibitors. Thyroid 2018;28:1243-51.

35. 	McGrogan A, Seaman HE, Wright JW, de Vries CS. The in-
cidence of autoimmune thyroid disease: a systematic review 
of the literature. Clin Endocrinol (Oxf) 2008;69:687-96.

36. 	Hollowell JG, Staehling NW, Flanders WD, Hannon WH, 
Gunter EW, Spencer CA, et al. Serum TSH, T (4), and thy-
roid antibodies in the United States population (1988 to 
1994): National Health and Nutrition Examination Survey 
(NHANES III). J Clin Endocrinol Metab 2002;87:489-99.

37. 	Lee HJ, Li CW, Hammerstad SS, Stefan M, Tomer Y. Im-



Yoon JH, et al.

606  www.e-enm.org Copyright © 2021 Korean Endocrine Society

munogenetics of autoimmune thyroid diseases: a compre-
hensive review. J Autoimmun 2015;64:82-90.

38. 	Percik R, Shoenfeld Y. Check point inhibitors and autoim-
munity: why endocrinopathies and who is prone to? Best 
Pract Res Clin Endocrinol Metab 2020;34:101411.

39. 	de Filette J, Andreescu CE, Cools F, Bravenboer B, Velke-

niers B. A systematic review and meta-analysis of endo-
crine-related adverse events associated with immune check-
point inhibitors. Horm Metab Res 2019;51:145-56.

40. 	Hwangbo Y, Park YJ. Genome-wide association studies of 
autoimmune thyroid diseases, thyroid function, and thyroid 
cancer. Endocrinol Metab (Seoul) 2018;33:175-84.


