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Objective Graves’ disease is the most common autoimmune thyroid disease and its prevalence and clinical
manifestations are disparate between females and males. Costimulatory molecules play an essential role in
regulating autoimmune responses. The objective of this study was to determine if expression of inhibitory
molecules was correlated with treatment by dihydrotestosterone (DHT) in an in vivo BALB/c mouse model of
experimental autoimmune Graves’ disease.

Methods Female BALB/c mice were immunized three times with thyroid stimulating hormone receptor
A-subunit encoded by adenovirus to establish a Graves’ disease model. Three different doses of DHT or a
matching placebo were administered by implantation of slow-release pellets a week before the first immunization.
Four weeks after the third immunization, the mice were euthanatized, and then the spleen and thymus were
removed. Total thyroxine and free thyroxine levels in serum of mice were detected using a radioimmunoassay
kit. Real-time polymerase chain reaction was performed to estimate the expression of costimulatory molecules in
lymphocytes from the spleen and thymus. Flow cytometry was used to analyze the percentage of CD4" T cells in
splenic lymphocytes. Quantitative data were compared with unpaired ¢-tests. Correlation between two variables
was analyzed using Analysis of Variance.

Results Treatment with DHT can dramatically reduce total thyroxine and free thyroxine levels. Higher

expression of programmed death-1 was found in the spleen of Graves’ disease mice receiving 5 mg of DHT
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treatment (0.635£0.296 vs. 0.327£0.212; t=2.714, P=0.014), similarly, T-cell immunoglobulin domain and
mucin domain 3 (TIM-3) in both the spleen (1.004£0.338 vs. 0.64610.314; t=2.205, P=0.022) and the thymus
(0.263£0.127 v5. 0.120£0.076; t=3.221, P=0.004) also increased after 5 mg of DHT treatment compared with
the parallel placebo model mice. Moreover, the percentage of CD4 " T cells declined in the splenic lymphocytes of
Graves disease mice treated with 5 mg of DHT (19.90%%3.985% vs. 24.05%12.587%; t=2.804, P=0.012). A
significant negative association was observed between expression of TIM-3 in the spleen and serum levels of total
thyroxine (r=—0.7106, P=0.014) as well as free thyroxine (r=—0.6542, P=0.029).

Conclusion This study demonstrates that DHT can ameliorate experimental autoimmune Graves’ disease,

which may occur by up—regulating expression of programmed death-1 and TIM-3 and inhibiting development of

CD4 " T cells.

RAVES'’ disease (GD) is the most common

autoimmune thyroid disease and displays

significant gender-related differences in

prevalence and clinical feature. It has
been established that GD is a multifactorial disease
caused by a complex interaction between genetic and
environmental factors, which results in the loss of im-
mune tolerance to thyroid antigens, leading to the ini-
tiation of immune reactions against the thyroid.!*! GD
arises from circulating antibodies that mimic the action
of thyroid stimulating hormone (TSH) by binding to
and activating the TSH receptor (TSHR), causing in-
creased synthesis and release of thyroid hormones and
subsequent hyperthyroidism.™

The course of autoimmune disorders involves
immune cells such as T lymphocytes, B lymphocytes
and antigen presenting cells.” The full activation of T
cells resulting in proliferation and cytokine secretion
requires at least two distinct signals. The first signal is
antigen-specific, while the second costimulatory signal
is pivotal for full activation of the naive T lymphocyte.™
Costimulatory molecules also play a role in the patho-
genesis of GD.'! The immune system possesses var-
ious mechanisms to inhibit harmful activation of im-
mune cells. One mechanism is to maintain a balance
between stimulatory and inhibitory receptors on lym-
phocytes.™ In the absence of the second costimulatory
signal, some T lymphocytes will become unresponsive
to antigen stimulation.”™ Costimulatory molecules are
distinctly classified into stimulatory and inhibitory re-
ceptors, depending on the effect of the signal on T cell
activation.

The CD28 family contains four related members:
CD28, cytotoxic T-lymphocyte-associated protein 4
(CTLA-4), inducible T cell costimulatory (ICOS) and
programmed death-1 (PD-1).P*) CD28 is a stimulatory
receptor for T cell proliferation, survival and produc-

tion of interleukin-2 (IL-2).17 A study has shown a
remarkable increase in the percentage of lymphocytes
expressing CD28 in the peripheral blood of children,
adolescents and adults'”! with hyperthyroidism, which
may indicate that this abnormality is associated with
development of autoimmune disorders. CTLA-4 is a
negative regulator of T cell activation. It is expressed
by activated T cells and is essential for maintaining
tolerance to self-antigens in autoimmune disorders.®
ICOS is similar to CD28 in function.’”’ ICOS gene is ex-
pressed in resting T cells and the expression increases
following T cell activation induced by costimulatory
CD28.11 PD-1, a member of CD28/B7 superfamily of
inhibitory receptors, is expressed on activated CD4"
T cells, CD8" T cells and antigen presenting cells to
modulate T cell tolerance.!"™ PD-1 exerts an inhibitory
signal on activated T cells similar to CTLA-4.1"%) B and
T lymphocyte attenuator (BTLA) is also an inhibitory
receptor controlling activation of T cells and has effects
similar to CTLA-4 and PD-1.1*! The ligand for BTLA is
herpes virus-entry mediator—a tumor necrosis factor
receptor family protein, and the interaction between
BTLA and herpes virus-entry mediator inhibits activa-
tion of T lymphocytes.!™*

T cell immunoglobulin domain and mucin domain
3 (TIM-3), a member of the TIM family, was first iden-
tified as a surface molecule expressed on CD4" T help-
er type 1 (Thl) and on CD8"* T cytotoxic type 1 (Tcl)
cells.™™ The TIM family includes eight members (TIM1
through TIM8) in mice, but only TIM1, TIM-3 and TIM4
are expressed in humans. The lectin galectin 9 (Gal9)
was then discovered as a TIM-3 ligand. The interac-
tion of Gal9 and TIM-3 on Th1 cells has been shown to
contribute to cell death.™® Thus, TIM-3 came to be re-
vealed as a negative regulatory molecule important for
inhibiting immune responses driven by Thl and Tcl.

CD154 (CD40 ligand, CD40L) is another surface



Vol. 35, No. 3

protein expressed predominantly by CD4" T cells.'*”!
The interaction between CD154 and CD40 stimulates B
cell proliferation and secretion of immunoglobulins.™®
CD154 has been shown to be an essential regulator of
immune inflammatory responses in autoimmune dis-
eases, and thus increases the severity of autoimmune
diseases.!"”) Expression of OX40 (CD134), a member of
the tumor necrosis factor receptor superfamily, is re-
stricted to T cells.”?™ Interaction of OX40/0X40 ligand
(OX40L) plays a key role in CD4* Th1 cell responses!*”
and proliferation of memory T cells."

In many autoimmune diseases, sex hormones
play a significant role. Numerous autoimmune disor-
ders including thyroiditis, rheumatoid arthritis, system-
ic sclerosis and systemic lupus erythematosus affect
more women than men.?”

Studies have revealed that androgen can pro-
vide protection against autoimmune thyroiditis.?* 2%
Observers have found that GD is caused by both Thl
and Th2 immune responses,'” and may be related by
similar autoimmune processes with thyroiditis.”*! In
our previous study, we used dihydrotestosterone (DHT)
to pretreat female BALB/c mice with experimental
autoimmune Graves’ disease (EAGD) induced by ad-
enovirus Ad-TSHR289. And the severity of EAGD was
ameliorated after DHT treatment.”

To further understand the influence of androgen
on costimulatory molecules in T cells, we utilized mice
with EAGD, which is an established model of hyperthy-
roidism.” Induced by immunization with Ad-TSHR289
expressed in adenovirus, EAGD is characterized by the
production of autoantibodies against TSHR and elevat-
ed levels of pro-inflammatory cytokines.”” We evalu-
ated the effect of DHT on the expression of four stimu-
latory molecules (CD28, ICOS, 0X40, and CD154) and
four inhibitory molecules (CTLA-4, BTLA, PD-1, and
TIM-3) in lymphocytes from the spleen and thymus of
the mice with EAGD, using quantitative real-time PCR.
We also investigated the percentage of CD4" T cells in
splenocytes by flow cytometry.

MATERIALS AND METHODS

Mice and treatment

Ninety-six healthy female 6-8-week-old BALB/c mice
(weighting 18.38+0.22 g) housed in specific patho-
gen-free conditions were purchased from the Labora-
tory Animal Center (Xi‘an Jiaotong University School
of Medicine, China). All mice were maintained under
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constant temperature (23°C) and humidity (60%) and
12-h-light and 12-h-dark cycles. Water and standard
lab chow were available ad libitum. The 96 mice were
randomly divided into eight groups, 12 in each group,
7 groups of which were immunized with adenovirus
Ad-TSHR289 to establish EAGD model. This experiment
was approved by the Animal Care and Use Committee
of Xi‘an Jiaotong University.

Ninety-day release pellets of DHT at doses of
1.5, 5 and 15 mg and matching placebos were pur-
chased from Innovative Research of America (Sarasota,
FL, USA). For six immunized groups, a week before
immunization, a DHT-containing pellet or a placebo
pellet was implanted under the skin of the neck™” of
the mouse who was anesthetized with 10% ketamine
(0.03-0.05 ml/10 g).

Immunization of mice with Ad-TSHR289 and sampling
Ad-TSHR289 was constructed as previously described,”®
In brief, Ad-TSHR289 was propagated in HEK293 cells
and purified by ion-exchange column chromatography.
Immunization with Ad-TSHR289 was performed accord-
ing to the method described previously.®"! Each mouse
in the immunized groups was injected intramuscularly
with Ad-TSHR289 in 50 pl of phosphate buffered saline
containing 10° virus particles. The control mice were
injected with null adenovirus. Immunizations were per-
formed three times at three-week intervals.

Four weeks after the third immunization, blood
was collected to measure thyroid function and autoan-
tibodies, and after the mice were euthanatized, thyroid
tissues, spleen and thymus were removed. The thyroid
glands were fixed in 10% formalin for histological ex-
amination. Part of each spleen and thymus was rapidly
frozen in liquid nitrogen and processed for RNA ex-
traction and real-time polymerase chain reaction (PCR)
as described below. The remaining portion of each
spleen was used for analyzing percentage of CD4* T
cells by flow cytometry.

Thyroid function and autoantibodies
Total thyroxine (TT4) and free thyroxine (FT4) levels in
undiluted serum of mice (50 pl) were detected using a
radioimmunoassay kit (Beijing Atomic Hi-Tech Co. Ltd.,
Beijing, China), according to the manufacturer’s proto-
cols.

The levels of thyrotrophin receptor antibodies in
undiluted serum (100 pl) and diluted serum (50 ul and
35 pl) were measured using a commercial kit (Medi-
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pan GmbH, Berlin, Germany) based on the manufac-
turer’s protocols, and thyroid stimulating hormone
(TSH)-binding inhibition (TBI) was analyzed using the
formula=[1—(TSH binding in the presence of test se-
rum—nonspecific binding)/(TSH binding in the pres-
ence of normal serum—nonspecific binding)]x100.2*

Thyroid histology

Thyroid tissues were fixed with 10% formalin in phos-
phate buffered saline. Tissues were embedded in
paraffin and 5 mm thick sections were prepared and
stained with hematoxylin and eosin.

RNA extraction and quantitative real-time PCR

Total RNA was extracted from each spleen and thy-
mus using RNAiso Plus (TaKaRa Biotechnology Co.
LTD, Dalian, China), according to the manufacturer’s
instructions. Reverse transcription (RT) reactions were
performed using a PrimeScript RT reagent kit (TaKa-
Ra). RNA transcripts were primed for transcription
using both oligo-dT primers (TaKaRa) at a final con-
centration of 25 pmol/L and six random primers at 50
pmol/L. Real-time PCR reactions were performed on
a CFX96 Real-Time System (C1000 Thermal cycler,
Bio-Rad Laboratories, Hercules, CA, USA). All primers
were synthesized by TaKaRa, and primer sequences for
amplifying the following molecules, such as CTLA-4,5%
BTLA,®* PD-1,B% TIM-3,P% D28, 1C0s,”” 0x40,"®
CD154,%%" and GAPDH,™® are listed in Table 1. Ampli-
fication conditions were 95°C for 30 s, followed by 40
cycles of 5 s at 95°C, 30 s at 60°C, and 5 s at 60°C.

Preparation of cell suspension and flow cytometry
The resected spleens were gently dispersed into a sin-

Table 1. Primer sequences for PCR amplification

September 2020

gle-cell suspension through a nylon mesh. After red
blood cells were lysed with a red blood cell lysis buffer
(Tiangen Biotech Co. Ltd., Beijing, China), a single-cell
suspension was prepared in RPMI-1640 (HyClone, Lo-
gan, USA) containing 10% heat-inactivated fetal calf
serum (Hangzhou Sijiging Biological Engineering Ma-
terials Co. Ltd., Hangzhou, China), at a final concen-
tration of 1x10” cells/ml. Splenic cells from mice were
immunostained with FITC-conjugated anti-mouse CD4
using a mouse regulatory T cell staining kit (eBiosci-
ence, San Diago, USA), following the manufacturer’s
protocol. The samples were analyzed using a FACSCal-
ibur flow cytometer (BD, Franklin Lakes, USA) and the
results were analyzed.

Statistical analysis

Quantitative data were presented as the means=
standard deviation (SD), and compared with unpaired
t-tests. Correlation between two variables was analyzed
using Analysis of Variance (ANOVA). Qualitative data
were expressed as percent. A P-value <0.05 was con-
sidered to be statistically significant. Statistical analyses
were performed using Graph Pad Prism software pro-
gram 6 (GraphPad Software, Inc. La Jolla, Cal., USA).

RESULTS

Effect of DHT on TBI and thyroid function
Twelve mice died of hyperthyroidism during the experi-
ment (Table 2).

As shown in Table 2, treatment with DHT can
dramatically reduce TT4 and FT4 levels. A reduction
for TBI obtained in 100 pl of undiluted serum was also
found in the DHT treated mice.

Genes Forward primers Reverse primers Fragment size (bp)
CTLA-4 5'-TGGGTTCAAACACATCTCAAGGC-3’ 5'-TGTCGTGGCACAGACCTCAG-3’ 349
BTLA 5'-GCCATTCAGTAACCATCCATGTG-3' 5'-GCAAGGTGTAAAGCAGCCAAGTC-3' 150
PD-1 5'-CCGCTTCCAGATCATACAG-3' 5’-CTCTGGCCTCTGACATACTTG-3’ 329
TIM-3 5'-AGCCCATGTGGAAATTTTTG-3’ 5'-CTCCAAGAACCCTAACCACG-3’ 95
CD28 5'-GTGGTTGCTGGAGTCCGTT-3" 5'-GCTGGTAAGGCTTTCGAGTG-3’ 151
ICOS 5'-GTCAAACAACAGCGTCTC-3’ 5'-TGCAAATATCCTCCACTAA-3’ 129
0X40 5’-GTAGACCAGGCACCCAACC-3’ 5'-GGCCAGACTGTGGTGGATTGG-3' 268
CD154 5'-ACGTTGTAAGCGAAGCCAAC-3’ 5'-TATCCTTTCTTGGCCCACTG-3’ 61
GAPDH 5’-CATGACCACAGTCCATGCCAT-3' 5'-TCAGATCCACGACGGACACATT-3" 215

CTLA-4: cytotoxic T-lymphocyte-associated protein 4; BTLA: B and T lymphocyte attenuator; PD-1: programmed death-1;
TIM-3: T cell immunoglobulin domain and mucin domain 3; ICOS: inducible T cell costimulatory.



Vol. 35, No. 3

Table 2. TBI and serum levels of thyroid hormones in mice®
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Control group 12 0.67+6.91 38.22+10.18 4,13+2.02
EAGD group 10 80.30+£11.31 159.33+76.58 18.43+11.21
t value 20.31 5.446 4.354

P value <0.0001 <0.0001 0.0003
Placebo; s mg onr 10 79.10+11.13 130.37+62.03 15.57+12.26
1.5 mg DHT group 11 70.36+10.01 75.29+35.78 11.09+5.02
t value 1.894 2.524 1.116

P value 0.07 0.02 0.28
Placebos mg onr 10 81.50+7.75 154.31+£71.69 16.69+12.24
5 mg DHT group 11 70.00+20.09 78.12+32.18 6.831+3.02
t value 1.696 4.962 2.554

P value 0.11 0.01 0.02
Placebos mg oxr 9 80.11+11.24 136.81£72.20 17.89+12.16
15 mg DHT group 11 69.82+12.81 75.80+£53.15 6.90+4.38
t value 1.972 2.176 2.799

P value 0.06 0.04 0.01

§: Plus-minus values are means*SD.

TBI®: thyroid stimulating hormone-binding inhibition measured in 100 pl of undiluted serum; TT4: total thyroxine; FT4:
free thyroxine; DHT: dihydrotestosterone. Control group: normal mice injected with a null adenovirus; EAGD group: mice
immunized with Ad-TSHR289; Placebo groups: mice immunized with Ad-TSHR289 and treated with matching placebo; DHT
groups: mice immunized with Ad-TSHR289 and treated with DHT.

Effect of DHT on thyroid histology

Compared to the control mice, all hyperthyroid BALB/
¢ mice had enlarged thyroid glands and larger thyroid
follicles that intruded into follicular lumen. No lympho-
cytes infiltrating into the thyroid were observed. Com-
pared with the placebo mice, the DHT treated mice
had smaller thyroid follicles and fewer thyroid follicular
cells (Figure 1).

Effects of DHT on mRNA expressions of costimulatory
molecule genes in the spleen and the thymus

In the spleen, real-time PCR results showed com-
pared to the controls the mRNA expressions of PD-1
(t=2.624, P=0.035) and TIM-3 (t=2.669, P=0.015)
in the immunized mice were significantly decreased,
and expression of CD154 increased (t=2.473,
P=0.023) (Figure 2A). There were no significant dif-
ferences were observed in the expression of CTLA-4,
BTLA, CD28, ICOS and OX40 in the spleen between
the immunized mice and controls (Figure 2A).

We then examined changes in the expression of
costimulatory molecules in the spleen of mice after
treatment with DHT. The results showed the increase in
PD-1 (t=2.714, P=0.014) as well as TIM-3 mRNA ex-

pressions (t=2.205, P=0.022) in the spleen was great-
er after 5 mg of DHT treatment than that of the placebo
groups. Finally, we did not find any significant differenc-
es in mRNA levels of CTLA-4, BTLA, CD28, ICOS, 0X40
and CD154 of the spleen between 5 mg DHT treated

placebo 5 mg DHT 5 mg

20x

D NS o MR S w S AR
Figure 1. Thyroid histological pictures of female BALB/c
mice with experimental autoimmune Graves’ disease.
Histological examination shows compared with the mice
pretreated with 5¢-DHT, the mice in the placebo group
have larger thyroid follicles with epithelial cells intrud-
ing into the follicular lumen, and more follicular cells. HE
staining.

i1 \
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mice and placebo treated mice (Figure 2A).

In the thymus, a significant decrease was detect-
ed in the expression of TIM-3 mRNA in the immunized
BALB/c mice compared to the control mice (t=2.293,
P=0.033, Figure 2B). In contrast, a significant in-
crease was observed in the expression of ICOS mRNA
(t=4.831, P=0.0008), but no significant changes were
seen in PD-1, CTLA-4, BTLA, CD28, 0X40, and CD154
expressions after immunization (P>0.05, Figure 2B).
5 mg (t=3.221, P=0.004, Figure 2B) and 15 mg DHT
(0.210+0.058 vs. 0.132+0.049; t=3.190, P=0.005)
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had a significant effect on TIM-3 mRNA expression.
No significant differences were found in expression of
PD-1, CTLA-4, and BTLA mRNAs between the 5 mg
DHT group and the placebo group. With regard to the
stimulating molecules, no significant changes were
observed in CD28, ICOS, 0OX40 and CD154 after treat-
ment with 5 mg DHT in the thymus.

Effects of different doses of DHT on mRNA

expressions of costimulatory molecule genes
The effects of three doses of DHT on mRNA expression
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Figure 2. Comparisons of mRNA expressions of costimulatory molecule genes in the spleen (A) and the thymus (B).

Six to eight weeks old female BALB/c mice were injected with 10° particles of Ad-TSHR289 diluted in 50 ml PBS for 3 times
at one-week interval (EAGD group). Meanwhile, BALB/c mice receiving null adenovirus injection served as the Control (Con).
A week before immunization, mouse was implanted with a pellet containing 5 mg DHT (DHT group) or matching placebo
(Placebo group). The spleen and the thymus were obtained respectively 4 weeks after the third immunization. The extract-
ed total RNAs from the spleen and the thymus were used to analyze mRNA expressions of costimulatory molecule genes
with quantitative real-time PCR assay. Data are expressed as the means+SD. Con (n=12), EAGD (n=10), Placebo (n=10),

kK

DHT (n=11). ""P<0.001, “P<0.01, P<0.05.
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levels of costimulatory molecules in the spleen and
thymus were not exactly the same and not dose-de-
pendent. The increase in PD-1 and TIM-3 mRNA ex-
pressions in the spleen of model mice pretreated with
5 mg of DHT was greater, with a remarkable increase
in TIM-3 mRNA of the mice exposed to a lower dos-
age of DHT (1.5 mg). But no effect of 15 mg DHT was
observed on the expressions of PD-1, CTLA-4, TIM-3,
and BTLA mRNA. In the thymus, both 5 mg and 15 mg
DHT had an effective influence on TIM-3 expression.
No significant differences were found in expression of
four inhibitory costimulatory molecules after 1.5 mg
DHT treatment. As to the stimulating molecules, no
available changes were observed in CD28, ICOS, OX40
and CD154 after treatment with three doses of DHT in
both the spleen and thymus.

Effect of DHT on percentage of CD4" T cells in the
splenic lymphocytes

Flow cytometry showed that the percentage of CD4*
T cells was dramatically less in the immunized mice
supplemented with 5 mg DHT than that of the placebo
EAGD mice (t=2.804, P=0.012; Figure 3).

Correlation between TBI/thyroid function and
expression of costimulatory molecules in EAGD
mice treated with 5 mg DHT

Linear regression analysis revealed excellent correla-
tion between serum TT4 and FT4 levels in the EAGD
mice treated with 5 mg of DHT (r=0.9494, P<0.0001).

TBI was negatively associated with expression of
CTLA-4 (r=-0.7962, P=0.003) and BTLA (r=-0.7944,
P=0.004) in the thymus (Figure 4). Correlations
of TBI with PD-1 (r=-0.2356, P>0.05) and TIM-3
(r=0.2392, P>0.05) in the thymus were not statisti-
cally significant (Figure 4).

Serum TT4 level was negatively associated
with expression of TIM-3 in the spleen (r=-0.7106,
P=0.014; Figure 5). In addition, a prominent nega-
tive association was found between serum level of FT4
and expression of TIM-3 in the spleen (r=-0.6542,
P=0.029; Figure 5).

DISCUSSION

The costimulatory signal is required for full activa-
tion of T lymphocytes. ! Multiple studies indicate that
a deficiency or mutation of inhibitory molecules con-
tributes to the development of autoimmune diseases in
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Figure 3. Percentage of CD4" cells in the splenic lympho-
cytes of mice analyzed by flow cytometry.

Placebo (n=10): Ad-TSHR289 immunized mice treated
with matching placebo; DHT (n=11): Ad-TSHR289 immu-
nized mice treated with 5 mg of DHT. Data are expressed
as mean+SD. P < 0.05.

mice as well as humans, suggesting that the negative
signals from inhibitory receptors play an important role
in inhibiting autoimmunity. Inhibitory molecules includ-
ing CTLA-4, BTLA, PD-1 and TIM-3 can prevent im-
mune responses to autoantigens. In the present study,
we explored mRNA expressions of these inhibitory
receptors as well as the stimulatory molecules CD28,
ICOS, 0X40, and CD154.

Our results showed a significant decrease in the
expression of PD-1 in the spleen and TIM-3 in both the
spleen and thymus after immunization; in contrast,
a significant increase was seen in the expression of
CD154 in the spleen and ICOS in the thymus compared
to the control mice. Polymorphisms in the ICOS and
ICOSL genes have been proved to be associated with
the pathogenesis of autoimmune thyroid diseases.!"
Recently, another study has shown that CD154 (CD40
ligand) can up-regulate the expression of vascular cell
adhesion molecule 1 and E-selectin, and may play a
role in patients with Graves’ orbitopathy.!*?

We found that expression of PD-1 was up-regulat-
ed in the spleen, while TIM-3 was up-regulated in both
the spleen and thymus of the mice treated with 5 mg
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Figure 4. Correlations between mRNA expressions of CTLA-4 (A), BTLA (B), PD-1 (C), and TIM-3 (D) in the thymus and

TBI analyzed by linear regression.
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Figure 5. Correlations between TIM-3 mRNA expression in the spleen (A, B) and the thymus (C, D) and TT4/FT4 in serum

analyzed by linear regression.

of DHT. We also discovered that the expression of TIM-
3 not only increased in the spleen of EAGD mice after
treatment with 1.5 mg of DHT but also in the thymus
of EAGD mice treated with 15 mg of DHT. The effect
of DHT on BALB/c mice model was not dose depen-
dent. The influence of the dose of DHT 5 mg was more
remarkable. PD-1 and its ligands (PD-L1 and PD-L2)
regulate suppressive T cell activation that mediates
mechanisms of tolerance and immune homeostasis. Li-
gation of PD-1 as a secondary signal to T cells in com-

bination with T cell receptor signaling contributes to a
negative signal.'** TIM-3 has been reported to play a
critical role in the maintenance of peripheral tolerance.
A study revealed that the TIM-3 pathway blocks the
development of a mouse model with multiple sclerosis
by negatively regulating the production of cytokines
in CD4* and CD8* T cells.*” There is also increasing
evidence that TIM-3 influences chronic autoimmune
diseases. Galectin-9, a TIM-3 ligand, induces Th1 cell
death by interacting with TIM-3, and galectin-9-de-
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ficient mice become susceptible to collagen-induced
arthritis.!** As mentioned above, we have shown an
effect of DHT on PD-1 and TIM-3. To further under-
stand the effects of DHT on the interactions between
PD-1 and PD-L1/PD-L2, as well as the interaction be-
tween TIM-3 and Galectin-9, we plan to investigate
PD-L1, PD-L2 and Galectin-9 in subsequent studies.
The Galectin-9 signaling pathway in particular should
be investigated because of the significant negative cor-
relations we observed between TIM-3 expression in the
spleen and serum levels of FT4/TT4.

A recent study showed that the percentage of
CD4* T cells was significantly decreased in the testis of
an experimental allergic orchitis rat model supplement-
ed with testosterone.*® Consistent with this finding,
our investigation showed a decrease in the percentage
of CD4" T cells in the spleen of BALB/c mice implanted
with a pellet of 5 mg DHT. Furthermore, we observed a
significant negative association between serum levels
of TT4/FT4 and expression of TIM-3 in the spleen. Our
results thus suggest that DHT might alleviate EAGD via
up-regulating PD-1 and TIM-3 expression and inhib-
iting CD4" T cell development. In our previous study,
we researched the influence of DHT on cytokines in
GD mice model by flow cytometry, and found the pro-
duction of cytokines interferon-y and interleukin-2 was
decreased in DHT-pretreated mice.?”? In this study, the
effect of DHT on costimulatory molecules in GD mice
model was explored by RT-PCR. In the next step, we
will observe other mechanisms of DHT on costimulato-
ry molecules in GD mice model using different meth-
ods, including flow cytometry.

In summary, administration of DHT significant-
ly ameliorated the severity of GD in a female BALB/c
mouse model possibly by enhancing the expression of
PD-1 and TIM-3. These observations suggest that DHT
may have therapeutic potential for the treatment of GD.
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