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Abstract
Background: Thyroid autoantibodies are markers for the diagnosis of
Hashimoto’s thyroiditis (HT), and B lymphocytes play an important role in the
pathogenesis of HT. Enhancer of Zeste homolog 2 (EZH2) is an epigenetic pro-
tein that plays an important role in the regulation of lymphocyte development
and function.

Objective: This study investigates the expression of EZH2 in plasmablasts and
plasma cells in HT thyroid tissue, and further explores the therapeutic effect of
EZH2 inhibitors in an experimental autoimmune thyroiditis (EAT) model.

Methods: Six patients who underwent thyroid surgery at Peking University
First Hospital between 2010 and 2020 were enrolled; thyroid tissue from the
contralateral side of the tumor was obtained (3 cases of HT and 3 cases of
normal thyroid tissue), and B lymphocyte-related gene expression was screened
by RNA-seq. Thyroid tissues were collected from 16 HT patients and 8 healthy
donor (HD) controls, and immunohistochemistry and immunofluorescence were
used to verify EZH2 expression in B lymphocytes in HT thyroid tissue. Twenty-
five HT thyroid fine-needle aspiration (FNA) samples, 19 HT peripheral blood
samples, and 12 healthy donor PB samples were collected, and flow cytometry
was performed to detect alterations in EZH2 expression in plasmablasts and
plasma cells. Fifteen 7-week-old NOD.H-2h4 mice with EAT were divided into
a control group (n=5), an EAT without injection group (n=5), and an EZH2
inhibitor GSK126 treatment group (10 mg/kg, 3 intraperitoneal injections per
week, n=5). After 8 weeks, the degree of thyroid inflammation and TgAb levels
were assessed.
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Results: RNA-seq results showed that EZH2 levels were upregulated in HT
thyroid tissue compared with normal thyroid tissue, with concomitant increases
in several B lymphocyte phenotype-related genes such as CD19, CD27, CD38,
and CD52. Immunohistochemistry revealed positive EZH2-stained cells in ger-
minal centers (GC) in all 16 HT thyroid tissue specimens, with strong positiv-
ity; no positive cells were observed in the 8 normal thyroid tissue specimens.
EZH2 staining was highly expressed in the GC area of HT thyroid tissue, and
EZH2 was specifically expressed in CD19+ B lymphocytes. Flow cytometry
results showed that the proportions of CD19+ B lymphocytes, plasmablasts,
and plasma cells in HT FNA samples were higher than those in HD peripheral
blood and HT peripheral blood samples (P<0.01), and the positive proportion
of EZH2 in CD19+ B lymphocytes and plasmablasts in HT FNA samples was
higher than that in HT peripheral blood (P<0.005). In mouse experiments,
thyroid lymphocyte infiltration was increased in the EAT group compared with
the control group. The inflammation score and TgAb level in the GSK126 treat-
ment group were higher than those in the control group and lower than those
in the EAT group, with statistically significant differences (P<0.001).

Conclusion: EZH2 expression is abnormally elevated in CD19+ B lymphocytes
in HT thyroid tissue, which may promote the differentiation of B lymphocytes
into plasma cells and thereby promote autoantibody production that destroys
the thyroid. EZH2 inhibitors can alleviate thyroid inflammation in the EAT
model. Increased EZH2 expression in plasmablasts may be involved in the
pathogenesis of HT. EZH2 may represent a novel therapeutic target for HT,
and the related mechanisms require further in-depth investigation.
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Abstract

Background: Thyroid autoantibodies are diagnostic markers for Hashimoto’s
thyroiditis (HT), and B lymphocytes play a crucial role in the pathogenesis of
HT. Enhancer of zeste homolog 2 (EZH2) is an epigenetic protein that plays an
important role in the regulation of lymphocyte development and function.

Objective: This study investigates EZH2 expression in plasmablasts and
plasma cells in HT thyroid tissue and further explores the therapeutic effect of
EZH2 inhibitors in an experimental autoimmune thyroiditis (EAT) model.

Methods: We collected thyroid tissues from 6 patients who underwent thyroid
surgery at Peking University First Hospital between 2010 and 2020, obtaining
tissue from the contralateral lobe (3 HT cases and 3 normal thyroid tissues),
and screened for B lymphocyte-related gene expression via RNA-seq. We col-
lected thyroid tissues from 16 HT patients and 8 healthy donor (HD) thyroid
tissues, and verified EZH2 expression in B lymphocytes in HT thyroid tissues
using immunohistochemistry and immunofluorescence. We collected fine-needle
aspiration (FNA) samples from 25 HT patients, peripheral blood from 19 HT
patients, and peripheral blood from 12 healthy individuals, and used flow cytom-
etry to detect altered EZH2 expression in plasmablasts and plasma cells. Fifteen
7-week-old NOD.H-2h4 mice with EAT were divided into control (n=5), EAT
without injection (n=5), and EZH2 inhibitor GSK126 treatment (10 mg/kg, 3
intraperitoneal injections/week, n=5) groups. After 8 weeks, thyroid inflamma-
tion severity and TgAb levels were assessed.

Results: RNA-seq results showed that EZH2 levels were upregulated in HT
thyroid tissues compared with normal thyroid tissues, with corresponding in-
creases in B lymphocyte phenotype-related genes such as CD19, CD27, CD38,
and CD52. Immunohistochemical results revealed strongly positive EZH2 stain-
ing in germinal center (GC) regions in all 16 HT thyroid tissue specimens, while
no positive cells were observed in 8 normal thyroid tissues. EZH2 staining was
highly expressed in GC regions of HT thyroid tissues and specifically expressed
in CD19+ B lymphocytes. Flow cytometry analysis showed that the propor-
tions of CD19+ B lymphocytes, plasmablasts, and plasma cells in HT FNA
samples were higher than those in HD peripheral blood and HT peripheral
blood samples (P<0.01). The positive rate of EZH2 in CD19+ B lymphocytes
and plasmablasts was higher in HT FNA samples than in HT peripheral blood
(P<0.005). In mouse experiments, lymphocytic infiltration in the thyroid was
increased in the EAT group compared with the control group. The GSK126
treatment group showed inflammatory scores and TgAb levels higher than the
control group but lower than the EAT group, with statistically significant dif-
ferences (P<0.001).

Conclusion: EZH2 expression is abnormally elevated in CD19+ B lympho-
cytes in HT thyroid tissue, potentially promoting B lymphocyte differentiation
into plasma cells and thereby enhancing autoantibody production that destroys
thyroid tissue. EZH2 inhibitors can alleviate thyroid inflammation in the EAT
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model. Increased EZH2 expression in plasmablasts may be involved in the
pathogenesis of HT. EZH2 may represent a novel therapeutic target for HT,
though further mechanistic studies are needed.

Key words: Hashimoto’s thyroiditis; B-lymphocyte subsets; Enhancer of Zeste
homolog 2 protein; Hypothyroidism; Targeted therapy

Introduction
Hashimoto’s thyroiditis (HT) is an organ-specific autoimmune thyroid disease
and the leading cause of hypothyroidism, which can significantly impair patients’
quality of life and even be life-threatening. Current clinical management of HT
primarily focuses on symptomatic treatment and hormone replacement therapy
for hypothyroidism. Therefore, further investigation into the pathogenesis of
HT is needed to develop novel therapeutic strategies and reduce the incidence
of hypothyroidism.

The pathogenesis of HT is directly related to the infiltration of numerous lym-
phocytes, including T and B lymphocytes in germinal centers (GC) visible on
histopathological sections, and the production of autoantibodies. Recent studies
have shown that, in addition to genetic and environmental factors, epigenetic
regulation also contributes to the development of HT. Enhancer of zeste ho-
molog 2 (EZH2) is an important epigenetic protein that plays a crucial role
in regulating the development and function of immune cells such as lympho-
cytes. Research has demonstrated that EZH2 participates in the pathogenesis
of autoimmune diseases such as lupus nephritis in systemic lupus erythematosus
and inflammatory bowel disease through epigenetic mechanisms. Abnormally
elevated EZH2 can promote CD4+ T lymphocyte adhesion and migration, acti-
vate B lymphocytes, regulate plasma cell differentiation, and enhance antibody
production, while EZH2 inhibitors can suppress autoantibody formation. Thus,
EZH2 may represent a novel therapeutic target for autoimmune diseases. This
study aims to investigate EZH2 expression in B lymphocytes in HT thyroid
tissue and explore the effect of EZH2 inhibitors in alleviating thyroid inflamma-
tion in an experimental autoimmune thyroiditis (EAT) mouse model, providing
a theoretical basis for the future use of EZH2 small-molecule inhibitors in HT
treatment.

Materials and Methods
1.1 Study Subjects and Specimen Collection

The study involved three parts: (1) Thyroid tissues from 6 patients who under-
went thyroidectomy between 2010-2020 were obtained from the contralateral
lobe to the tumor (3 HT cases and 3 healthy controls, aged 35-51 and 22-59
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respectively) for RNA extraction and RNA-seq analysis; (2) Thyroid tissue sec-
tions from 16 HT patients and 8 healthy donor thyroid tissues (distant from
papillary thyroid carcinoma) collected between 2010-2020 were used for immuno-
histochemistry and immunofluorescence to verify EZH2 expression patterns; (3)
Peripheral blood from 12 healthy donors (aged 22-62) and 19 HT patients (aged
25-67), and FNA samples from 25 HT patients (aged 27-74) were collected for
flow cytometry analysis of B lymphocyte subsets and EZH2 expression (col-
lected between 2017-2020). The study was approved by the Ethics Committee
(Approval No. 2020 科研 062).

1.2 Diagnostic Criteria for HT Patients

HT was diagnosed based on thyroid autoantibodies combined with thyroid
ultrasound, postoperative pathology, or fine-needle aspiration pathology. Ex-
clusion criteria included: (1) Pathological evidence of other thyroid diseases;
(2) Other malignancies, particularly EZH2-related tumors such as melanoma,
lung cancer, or bladder cancer; (3) Pregnancy or conditions affecting thyroid
hormone-binding globulin; (4) Hematological malignancies such as leukemia or
lymphoma; (5) Other autoimmune diseases beyond thyroid autoimmunity such
as systemic lupus erythematosus or psoriasis. Healthy controls had normal thy-
roid function, negative thyroid autoantibodies, and normal thyroid ultrasound,
with exclusion of thyroid disease history/family history and other autoimmune
diseases or malignancies.

1.3 Experimental Animals

Female NOD.H-2h4 mice (7 weeks old, 20-25 g) were purchased from Cyagen
(Suzhou) Biotechnology Co., Ltd. The experimental protocol was approved by
the Animal Management Committee of Peking University First Hospital (Ap-
proval No. J2023021) and complied with Chinese Ministry of Health animal
management regulations.

1.4 Reagents and Instruments

EZH2 antibody (Cell Signaling Technology, USA), CD19 antibody (Biolegend,
USA), immunohistochemistry kit (PV9000, Zhongshan Jinqiao), FITC-CD19,
BV510-CD27, PerCp-Cy5.5-CD38, APC-CD138, PE-Cy7-IgD, BV421-EZH2
(Biolegend, USA), goat anti-mouse/rabbit fluorescent secondary antibodies
(Invitrogen, Alexa Fluor 488/595, USA), GSK126 (Selleck, USA), lysis solution
(BD, USA), bovine thyroglobulin (bTg, Sigma-Aldrich, USA), laser confocal
microscope (Leica, Germany), flow cytometer (BD FACS Canto II, USA).

1.5 Experimental Methods

1.5.1 RNA-seq Detection: Commercial kits were used to extract RNA from
fresh thyroid tissues (Part 1). Shanghai Biotechnology Corporation performed
the sample testing. Data analysis used fold-change and t-test statistical methods
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to screen differentially expressed genes with criteria: Fold Change (linear) <0.5
or >1.5; t-test, P<0.05.

1.5.2 Immunohistochemistry: Thyroid specimens (Part 2) were processed as
paraffin sections, baked, dewaxed, rehydrated, subjected to antigen retrieval, en-
dogenous peroxidase inactivation, and blocking. EZH2 (1:100) or CD19 (1:100)
antibodies were incubated for immunohistochemical staining. Secondary anti-
bodies (PV9000, Zhongshan Jinqiao) were incubated at room temperature for
30 minutes, followed by washing, counterstaining, dehydration, clearing, and
mounting.

1.5.3 Immunofluorescence and Laser Confocal Microscopy: Paraffin
sections were baked, dewaxed, rehydrated, and repaired with citrate buffer at
95°C for 25 minutes, then incubated with 3% hydrogen peroxide at room tem-
perature for 15 minutes. EZH2 (1:400) and CD19 (1:500) were co-incubated for
immunofluorescence. Goat anti-mouse/rabbit fluorescent secondary antibodies
(Alexa Fluor 488/595) were incubated at room temperature for 2 hours, followed
by mounting with DAPI-containing medium. A Leica laser confocal microscope
with 405/488/543 lasers was used to observe target cell staining.

1.5.4 Flow Cytometry Staining: Based on references [12,13], flow cytometry
(Part 3) was used to detect B lymphocyte proportions and EZH2 expression.
Single-cell suspensions were prepared by lysing red blood cells with lysis solution
(BD, San Diego, CA, USA). Cells were stained with FITC-CD19, BV510-CD27,
PerCp-Cy5.5-CD38, APC-CD138, BV421-EZH2 (all 1:100), and PE-Cy7-IgD
(1:200) at room temperature for 30 minutes. Isotype-matched antibodies served
as negative controls. Samples were washed, resuspended, and analyzed on a BD
FACS Canto II flow cytometer using FACS Diva software (BD, San Diego, CA,
USA).

1.5.5 Experimental Animal Grouping: Fifteen 7-week-old female NOD.H-
2h4 mice were randomly divided into three groups (n=5 each): Group A (wild-
type control) received no treatment; Group B (EAT group) received 0.9%
sodium chloride solution (equal volume) intraperitoneally 3 times/week starting
with iodized water feeding; Group C (EZH2 inhibitor group) received GSK126
(10 mg/kg) intraperitoneally 3 times/week starting with iodized water feeding.
Groups B and C were fed 0.05% sodium iodide (NaI) high-iodine water for 8
weeks to establish the EAT mouse model [14]. After 8 weeks, mice were sacri-
ficed to assess thyroid inflammation severity and TgAb levels.

1.5.6 Assessment of Thyroid Inflammation Severity: Mouse thyroid tis-
sues were fixed in 4% formalin, routinely paraffin-embedded, and sectioned (5
�m). HE staining was performed and observed under light microscopy. Lym-
phocytic infiltration was expressed as a percentage. Thyroid inflammation was
scored as: 0 = no mononuclear cell infiltration; 1 = 2-3 follicular spaces with in-
filtration; 2 = 2-3 infiltration foci within one follicle; 3 = 10-40% area infiltrated;
4 = 41-80% area infiltrated; 5 = >80% area infiltrated [14].

1.5.7 TgAb Measurement: Mouse serum was collected via retro-orbital bleed-
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ing. TgAb levels were detected by ELISA. Commercial bTg was diluted to 4
�g/mL in 0.05M carbonate buffer for coating. After washing with PBST and
blocking with 3% BSA, mouse serum (diluted 1:50 in PBST) was added to
96-well plates. After washing, HRP-labeled goat anti-mouse IgG secondary an-
tibody was incubated, followed by color development. OD values were measured
at 490 nm using a microplate reader, and absolute values (test OD - blank OD)
were compared.

1.6 Statistical Methods

GraphPad Prism 7 (GraphPad Software, USA) was used for data processing,
statistical analysis, and graphing. Normally distributed data were expressed
as mean ± standard deviation (x̄±s) and compared using independent samples
t-test between two groups or one-way ANOVA among multiple groups. Non-
normally distributed data were expressed as median (P25, P75) and compared
using non-parametric tests. P<0.05 was considered statistically significant.

Results
2.1 RNA-seq Results

RNA-seq analysis of HT and normal thyroid tissues revealed upregulated EZH2
levels in HT thyroid tissues, with corresponding increases in B lymphocyte
phenotype-related genes including CD19, CD27, CD38, and CD52 [Figure 1:
see original paper].

2.2 Immunohistochemistry and Immunofluorescence Results

EZH2 immunohistochemical staining was strongly positive in GC regions in
all 16 HT thyroid tissue specimens, while no positive cells were observed in 8
normal thyroid tissues. EZH2 staining was highly expressed in GC regions of
HT thyroid tissues and specifically expressed in CD19+ B lymphocytes [Figure
2: see original paper]. Immunofluorescence double staining for EZH2 and CD19
confirmed specific high expression of EZH2 in CD19+ B lymphocytes [Figure 3:
see original paper].

2.3 Flow Cytometry Results

Flow cytometry gating strategies for B lymphocyte subsets in HT FNA and
peripheral blood samples are shown in [Figure 4: see original paper]. The
proportions of CD19+ B lymphocytes, plasmablasts (CD27+CD38+ B lympho-
cytes), and plasma cells (CD27+CD138+ B lymphocytes) in HT FNA samples
were significantly higher than those in HD peripheral blood and HT peripheral
blood samples (P<0.05) . The positive rate of EZH2 in CD19+ B lymphocytes
and plasmablasts was higher in HT FNA samples than in HT peripheral blood
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(P<0.005), while no significant difference was observed in EZH2 positivity in
plasma cells between HT peripheral blood and HT FNA samples (P>0.05) .

2.4 EAT Mouse Model Results

Lymphocytic infiltration in thyroid tissues was increased in the EAT group
compared with the control group [Figure 5: see original paper]. The GSK126
treatment group showed inflammatory scores and TgAb levels higher than the
control group but lower than the EAT group, with statistically significant dif-
ferences (P<0.001) .

Discussion
B lymphocytes and thyroid autoantibodies play important roles in HT
pathogenesis. Thyroglobulin antibody (TgAb) and thyroid peroxidase anti-
body (TPOAb), hallmark antibodies of HT, can damage thyroid follicular
cells through antibody-dependent cell-mediated cytotoxicity (ADCC) and/or
complement-dependent cytotoxicity. Targeting B lymphocytes to explore the
mechanisms of thyroid autoantibody production and prevent thyroid tissue
destruction may be a direction to prevent irreversible hypothyroidism. Studies
have shown that selective B lymphocyte depletion immunotherapy in multiple
sclerosis can effectively reduce disease recurrence and new inflammation [15-16],
suggesting B lymphocytes as a potential therapeutic target for autoimmune
diseases.

This study found abnormal distribution of B lymphocyte subsets such as plas-
mablasts and plasma cells in HT patient thyroids, confirming the important role
of B lymphocytes in HT pathogenesis. Further results demonstrated that EZH2
was specifically overexpressed in CD19+ B lymphocytes in GCs of HT thyroid
tissues, with elevated EZH2 levels in plasmablasts. EZH2, a member of the poly-
comb protein family and a catalytic subunit of polycomb repressive complex 2
(PRC2) [17], is an important epigenetic regulator. EZH2 can suppress gene
expression through histone methyltransferase-mediated chromatin remodeling
[18], and can also activate downstream genes through PRC2-independent mech-
anisms by methylating non-histone targets or directly interacting with other
proteins [19]. Studies have reported that EZH2 can suppress B lymphocyte
differentiation gene expression, regulate B lymphocyte differentiation, maintain
antibody gene random mutation, and promote antibody diversification and affin-
ity maturation in the immune system [7]. In autoimmune diseases such as sys-
temic lupus erythematosus and Sjögren’s syndrome, EZH2 has been shown to
promote B lymphocyte proliferation and antibody secretion [8-9]. Therefore,
we hypothesize that abnormal elevation of EZH2 in CD19+ B lymphocytes,
particularly plasmablasts, in HT thyroid tissues may promote B lymphocyte
differentiation into plasma cells, thereby enhancing thyroid autoantibody pro-
duction and accelerating the destruction of thyroid follicular cells, leading to
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irreversible hypothyroidism. Thus, EZH2 may play an important role in B lym-
phocyte differentiation in HT thyroid tissue and represent a novel therapeutic
target.

EZH2 plays different pathogenic roles in different autoimmune diseases. Most
studies demonstrate that EZH2 promotes B lymphocyte differentiation, func-
tion, and antibody production through epigenetic suppression/activation of
downstream genes or signaling pathways. However, other studies have found
that in colitis and experimental autoimmune encephalomyelitis, EZH2 promotes
autoimmune inflammatory responses by mediating Toll-like receptor (TLR)-
induced pro-inflammatory gene expression and activating macrophages and mi-
croglia [11,20]. In inflammatory bowel disease, EZH2 promotes inflammation
by inhibiting myeloid-derived suppressor cell function [11,20]. Therefore, EZH2
plays different roles in autoimmune diseases, and its mechanisms require further
investigation.

In this study, 8-week treatment with the EZH2 inhibitor GSK126 in the EAT
model significantly alleviated thyroid inflammation as assessed by HE staining
and serum TgAb levels. Previous studies have shown that elevated EZH2 pro-
motes autoantibody production in multiple sclerosis and lupus patients [9,21],
and EZH2 inhibition can ameliorate autoimmune diseases such as systemic lu-
pus erythematosus and inflammatory bowel disease [11,22]. This study observed
similar immunosuppressive effects of EZH2 inhibitors in the EAT model. More
specific drugs targeting EZH2 epigenetic activity have entered clinical trials,
and GSK126 is a potent EZH2 enzymatic inhibitor that has been shown in
preclinical and clinical studies to broadly reduce EZH2 methyltransferase activ-
ity and effectively inhibit its pathogenic effects [23]. This study suggests that
EZH2 inhibitors may have significant development prospects and translational
significance for HT treatment.

Additionally, our results showed no change in B lymphocyte subset distribu-
tion in PB samples from HT patients compared with healthy donors, but a
significant increase in CD19+ cell percentage in HT FNA samples, particularly
plasmablasts and plasma cells, supporting HT as an organ-specific autoimmune
disorder. FNA samples may be more representative than PB samples for reflect-
ing HT autoimmune characteristics. Previous literature also suggests that HT
is characterized by thyroid lymphocyte infiltration including B and T lympho-
cytes, and that abnormal B lymphocyte function and autoantibody formation
are the main immune responses in autoimmune thyroid disease [6].

This study has limitations. First, we only investigated EZH2 expression in HT
patients without exploring the function and pathogenic mechanisms of EZH2+
B lymphocyte subsets. Future functional studies are needed to confirm the role
of EZH2 in regulating B lymphocyte differentiation and stimulating plasmablast
differentiation into plasma cells at the cellular and animal levels. Second, the
upstream regulatory mechanisms of abnormal EZH2 elevation remain unclear
and require further exploration.
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In conclusion, this study found that abnormal EZH2 overexpression in HT may
promote B lymphocyte differentiation into plasma cells, thereby enhancing thy-
roid autoantibody production, and that EZH2 inhibitors can alleviate thyroid
inflammation in mouse models. Increased EZH2 expression in plasmablasts may
be involved in HT pathogenesis. EZH2 may serve as a future therapeutic target
for HT, though further mechanistic studies are needed.
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