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Objective: Thyroid-associated ophthalmopathy (TAO) is an autoimmune disease that involves the remodeling of orbit and periorbital
tissues. Thyroid-stimulating hormone receptor (TSHR) and insulin-like growth factor 1 receptor (IGF-1R) may stimulate the activation
of autoimmunity in TAO, but the exact mechanism is unclear. We investigated whether IGF-1R/TSHR modulation in TAO may
involve microRNA regulation.

Methods: We conducted microarray analysis using RNA from the orbital connective tissue samples of 3 healthy and 3 patients with
TAO. The involvement of differentially regulated microRNA in IGF-1R/TSHR modulation in TAO was evaluated in orbital fibroblasts
(OFs) and female BALB/c mice.

Results: Using hierarchical cluster analysis, we identified that miR-143 was downregulated in TAO. The expression levels of miR-143
in OFs were significantly reduced under IL-1B stimulation. However, OF proliferation and inflammatory responses decreased when
miR-143 is overexpressed. In contrast, the suppression of miR-143 increased levels of inflammatory markers (IL-6, IL-8, MCP1) and
hyaluronan accumulation. Moreover, overexpression of miR-143 significantly lowers levels of IGF-1R and TSHR. A luciferase assay
indicated that miR-143 targets the 3'-UTR of IGF-1R. Increases in the expression of IGF-1R increased the expression of the
inflammasome marker NLRP3 and apoptotic marker cleaved caspase-1; however, miR-143 overexpression decreased levels of IGF-
IR, TSHR, NLRP3, cleaved caspase 1, IL-1B, and IL-18. In a mouse model of TAO, overexpression of miR-143 significantly reduced
levels of IGF-1R and attenuated the adipogenesis associated with TAO.

Conclusion: We found that miR-143 directly targets IGF-1R to alleviate the inflammatory response in TAO by indirectly decreasing
levels of TSHR and inactivating NLRP3.

Keywords: thyroid-associated ophthalmopathy, miR-143, thyroid-stimulating hormone receptor, insulin-like growth factor 1 receptor,
NLRP3

Introduction

Thyroid-associated ophthalmopathy (TAO) is a tissue-specific autoimmune condition.'” The distinct characteristics of
TAO involve the remodeling of orbit and periorbital tissues and can include eyelid retraction, dysthyroid optic
neuropathy, edema, and proptosis.” The enlargement of orbital tissues results from the deposition of hyaluronan and
an increase in adipogenesis.* Although different mechanisms give rise to Grave’s disease and TAO they both involve the
activities of thyroid-stimulating hormone receptor (TSHR) and TSHR-stimulating antibodies (TSADb) in the thyroid and
the orbit.”® The exogenous expression of TSHR is known to induce both Grave’s disease and TAO in animal models.”
Antibodies against TSHR (TRAD) are found at high levels in patients with Grave’s disease and are believed to correlate
with the severity of TAO.®
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Recent evidence suggests that interactions between TSHR and insulin-like growth factor 1 receptor (IGF-1R) may
stimulate the activation of autoimmunity in TAO but the exact mechanism remains uncertain.” "' IGF-1R is thought to
participate in the activation of orbital fibroblasts (OFs) in TAO because levels of IGF-1R are elevated in the thyroid and
orbital tissues of patients with the disease.®'> TSHR is also found at high levels in OFs and is believed to form a signal
complex with IGF-1R."* When IGF-1R is blocked by teprotumumab, a monoclonal antibody, the expression of TSHR is
also lowered.'* IGF-1R is believed to enhance the expression of TSHR but the exact interaction between the two
receptors is unclear.'’

NLRP3 is expressed in macrophages and forms part of the inflammasome complex.'®!” It is used as an inflamma-
some marker and contributes to several diseases associated with the inflammatory response.'®'? In TAO, T and B
lymphocytes are thought to direct an inflammatory response that stimulates OF activation and leads to hyaluronan
accumulation and the physiological characteristics of the disease.”’ Several studies have implicated the inflammatory
process in the manifestation of TAO.?'*? In fact, the NLRP3 inflammasome is known to activate interleukin (IL) 1B,*
which in turn stimulates an increase of hyaluronan accumulation in OFs** and also increases levels of IL-6 and
prostaglandin E2.2%%

The identification of microRNA (miRNA) that are associated with TAO has been the focus of recent studies.”®® For
instance, fibroblast proliferation in TAO is thought to be stimulated by TSHR through miR-146a and miR-155 and the
induction of the PI3K/Akt pathway.?’ Therefore, in this study, we searched for miRNAs that were differentially regulated
in TAO and identified miR-143 as a miRNA that was significantly downregulated. MiR-143 is known to target IGF-1R in
the regulation of the Ras/p38 MAPK signaling pathway and the proliferation and apoptosis of fibroblasts.*” In this study,
we assessed whether miR-143 targets IGF-1R in TAO and the impact this has on TSHR expression and the inflamma-
some by measuring levels of cytokines and NLRP3. Our findings will enhance knowledge on the etiology of TAO and the
involvement of miRNA regulation.

Materials and Methods

Subjects

Orbital connective tissue from 8 TAO patients (4 females and 4 males, mean age 44.87 + 12.44 years) and 8§ healthy
control subjects (4 females and 4 males, mean age 44.80 + 11.97 years) with no history of TAO. The clinical activity
score (CAS) system was used to assess the activity of TAO.?" Informed written consent was obtained from all patients
and healthy control subjects. This study was conducted in accordance with the Declaration of Helsinki and was approved
by the Institutional Review Board of Shanghai Changzheng hospital. All the TAO patients had not received steroid
treatment or radiation therapy for at least 3 months before the study.

miRNA Microarray Analysis

The total RNA from the orbital connective tissue samples of healthy and TAO patients were obtained using Trizol
reagent (Thermo Fisher Scientific, Waltham, MA, USA) according to the manufacturer’s instructions. The quality and
quantity of the samples were assessed using a bioanalyzer (Agilent, Santa Clara, CA, USA). The samples were processed
as described in a previous study.®” The arrays were scanned using an Affymetrix scanner (Affymetrix Gene Chip Scanner
3000, Affymetrix, Santa Clara, CA, USA). An expression console (Affymetrix) was used to calculate miRNA expression
levels. Relative signal intensities were assessed using a multi-array average algorithm. Quantile normalization and log-
transformed values were also analyzed using Agilent Technologies. Fold changes were calculated between healthy and
TAO samples. Expression changes between healthy and TAO samples were considered significant if the fold change was
more than 1.5.

Orbital Fibroblast Cell Culture

Orbital tissue was minced and suspended in Dulbecco’s modified Eagle’s medium (DMEM)/F-12 with 20% fetal bovine
serum (FBS) and penicillin-streptomycin (P/S) and cultured as described in a previous study.*® The cells were passaged
at 80% confluency. Passaging was achieved using trypsin/EDTA and cultures were continued with 10% FBS and 1% P/S.
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Table | Primers Used in the Study

Primer Sequence 5'—3’

Ué-F CTCGCTTCGGCAGCACA

Ué-R AACGCTTCACGAATTTGCGT
hsa-miR-27b-F TTCACAGTGGCTAAGTTCTGC
hsa-miR-27b-R GCCGTTCACAGTGGCTAAGTTC
hsa-miR-143-F TGAGATGAAGCACTGTAGCTCA
hsa-miR-143-R CGCTGAGATGAAGCACTGTAGC
hsa-miR-378-F ACTGGACTTGGAGTCAGAAGG
hsa-miR-378-R AGCCACTGGACTTGGAGTCAG
hsa-miR-24-F TGGCTCAGTTCAGCAGGAACAG
hsa-miR-24-R GATTGGCTCAGTTCAGCAGGA
hsa-miR-22-F AAGCTGCCAGTTGAAGAACTGT
hsa-miR-22-R ACCAAGCTGCCAGTTGAAGAA

Quantitative Real-Time PCR

Total RNA was isolated from samples using Trizol reagent. After quantification, 500 ng of RNA was used for cDNA
synthesis with an M-MLV First Strand Kit (Takara, Kyoto, Japan). Then, 1 uL of cDNA was used to perform quantitative
real-time PCR (qPCR). The miRNA was initially reverse transcribed using a Go Script Reverse Transcription System Kit
(Promega, Madison, WI, USA) with a stem-loop primer. RNU6B (U6) was measured as an internal control for miRNA.
The primers for qPCR are listed in Table 1.

Vectors and Lentiviral Transduction

All the vectors and lentiviruses used in this study were obtained from Hanbio Biotechnology Company (Shanghai,
China). The lentivirus packages contained either miR-143 mimic, negative control miRNA mimic, miR-143 inhibitor, or
negative control miRNA inhibitor. The sequences wused are as follows: miR-143 mimic, sense: 5'-
CACAGAUAGAAGGGCCUCGU-3', antisense: 5'-CCAGGUGAAGCUACUGCAAG-3’; negative control miRNA
mimic, sense: 5'-GCUGAUGUCAGAGAAGCAA-3’, antisense: 5'-CAGAGACAUUUCCUGAAGA-3"; miR-143 inhi-
bitor: 5'-CCUGUGCACUGUGACAAUA-3’; negative control miRNA inhibitor: 5'-GAGGCUGGGUCUAAUUAGU-3'.

Cell Counting Kit-8 (CCK-8) Assay

Cell proliferation was assessed using CCK-8 (Sigma-Aldrich, St Louis, MO, USA) following the manufacturer’s
instructions. Briefly, cells were seeded onto 96-well plates at a confluency of 5x10° cells/well. CCK-8 solution (10
uL) was mixed with 90 uL. of DMEM and then added to each well. The cells were incubated with CCK-8 solution for 2 h
and absorbance was measured at 450 nm.

ELISA in Cell Supernatant and Serum

IL-6, IL-8, MCP1, and hyaluronic acid (HA) protein levels were assessed in cell supernatant and thyroxine (T4) and
TRAD levels were assessed in the serum using an ELISA kit (Thermo Fisher Scientific) according to the manufacturer’s
instructions.

Luciferase Reporter Assay

For the luciferase reporter assay, the 3'-UTR of IGF-1R was amplified using PCR from human ¢cDNA (forward primer:
5'-GCTGGGGCTCTTGTTTACCA-3', reverse primer, 5'-CCCTCCAAAAACAAGGGCGA-3'). To mutate the miR-143
binding site, the complementary sequence in the 3'-UTR region of IGF-1R was replaced by the mutated sequence. The
PCR products were digested with restriction enzymes and inserted into a reporter plasmid. Cells were seeded and co-
transfected with IGF-1R reporter plasmids containing either wild type or mutant 3'-UTR along with miR-143 mimic or
control.
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Western Blot Analysis

Protein samples were isolated from tissue using M-PER tissue protein extraction reagent (Thermo Fisher Scientific),
EDTA, and protease inhibitor cocktail. Protein concentration was assessed using Bradford’s method and an equal
concentration of protein were loaded onto gels and separated using SDS-PAGE. Proteins were transferred onto a
PVDF membrane, which was blocked using 5% skim milk in TBS-0.1% Tween buffer. Membranes were incubated in
the presence of primary antibodies (anti-NLRP3, anti-cleaved caspase-1, IL-1B, IL-18, TSHR, IGF-1R, or B-actin)
overnight at 4°C. The membrane was then incubated with HRP-conjugated secondary antibody for 1 h at room
temperature. The blots were washed thoroughly before incubation with chemiluminescence detection fluid which was
further imaged using a chemiluminescent reader. Protein bands were quantified by densitometric analysis using Image J
software.

Mice and Immunization

All the mice used in this study were female BALB/c mice, which were provided by Jie Si Jie Lab Animal Ltd., Shanghai,
China. All animals were allowed free access to food and water and were used in accordance with the standard of Animal
Research Ethics Committee of Second Military Medical University/Naval Medical University (Shanghai, China). Mice
received 2—4% isoflurane before euthanasia. TAO was induced by injecting mice intramuscularly with adenovirus
expressing the TSHR A-subunit (Ad-TSHR289, 10° particles in 50 puL PBS) as described previously.** Control mice
were injected with empty adenovirus in 50 uL PBS. Three injections were delivered over 3-week intervals and mice were
euthanized 4 weeks after the final injection. Serum and orbital tissue were collected for analysis. Serum samples were
stored at —80°C until assayed for total serum thyroxine (T4) and TSHR antibodies (TRAb).

Adeno-Associated Virus (AAV) Transfection and Experimental Animal Grouping

AAV was designed and constructed by Hanbio Biotechnology Company (Shanghai, China). Mice in the experimental
groups TAO+AAV-NC (n=6), TAO+AAV-miR-143 (n=6), and TAO+AAV-miR-143-antago (n=6) were first injected
through the tail vein with either AAV-NC, AAV-miR-143, or AAV-miR-143-antago (10'? vg particles/mouse), respec-
tively. Two weeks later mice were immunized with Ad-TSHR289 (10° particles in 50 pL PBS) to induce TAO as
described above.

Histological Examination

The histological examination of sections from the orbital tissue of mice was performed as described previously.> Briefly,
fixed (10% formalin) and paraffin-embedded tissues were stained with hematoxylin and eosin (HE). Images were
captured using a compound microscope with dedicated software (Olympus, Tokyo, Japan).

Statistical Analysis

All data are presented as the means and standard deviations of at least three independent experiments. Statistical analyses
were performed using GraphPad Prism v6 (GraphPad Software, La Jolla, CA, USA) and Image] software was used in the
densitometric analysis. Comparisons were assessed with the Student’s f-test and p-values <0.05 were considered

significant.

Results

Demographic and Clinical Characteristics

8 TAO patients and 8§ control subjects were included in the study. No significant difference was found in age (P = 0.258)
or gender (P = 0.991) between the two groups. The CAS was 2.42 + 1.38 of TAO patients. Compared with control
subjects, TAO patients demonstrated significantly decreased visual acuity (control: 0.99 + 0.21; TAO: 0.78 + 0.29, P =
0.004).
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Figure | MiR-143 is downregulated in thyroid-associated ophthalmopathy (TAO). (A) Microarray analysis was performed with RNA extracted from orbital tissues of
patients with TAO (n = 3) and normal controls (NC, n = 3). Hierarchical cluster analysis of significantly differentially expressed miRNA:s: bright green, under-expression; gray,
no change; bright red, overexpression. (B) The relative expression levels of the top five differentially expressed miRNAs were validated by qRT-PCR and were normalized to
Ué. *P < 0.05, **P < 0.01 compared to the NC group. (C) The miR-143 expression levels in orbital fibroblasts (OFs) from NC and TAO patients with or without stimulation
of 10ng/mL IL-1B for 24 h were analyzed by qRT-PCR. Expression levels were normalized to U6. *P < 0.05, **P < 0.01.

miR-143 is Downregulated in TAO

To understand the involvement of miRNAs in TAO, we assessed the differential levels of miRNAs in orbital tissue
samples using microarray analysis. Cluster analysis (Figure 1A) clearly illustrated that many miRNAs in TAO tissue
samples were highly deregulated compared with the transcriptome of healthy control orbital tissue samples. Among the
differential miRNAs, we selected five with altered expression in TAO (miR-22, miR-24, miR-27b, miR-143, and miR-
378) and confirmed expression levels with qRT-PCR (Figure 1B). Of these miRNAs, miR-22, miR-27b, and miR-378
were significantly upregulated whereas miR-143 levels were significantly downregulated in TAO samples compared with
healthy controls. Next, we selected miR-143 for further assessment. To determine if there was an association between the
inflammatory response and the expression levels of miR-143 in TAO, we treated the OFs from TAO and control patient
samples with IL-1B stimulation and assessed the levels of miR-143 (Figure 1C). In response to inflammatory stimulation,
the expression levels of miR-143 significantly decreased in TAO and control samples. The difference between the
decrease in TAO and control samples was also significant. These results indicate a potential role for miR-143 in TAO.

Orbital Fibroblast Proliferation and the Inflammatory Response is Regulated by miR-
143 in TAO

To further understand the role of miR-143 in TAO, we transfected TAO OFs with miR-143 mimics or miR-143 inhibitor
with respective controls. We confirmed the efficacy of the transfection using qRT-PCR and that miR-143 mimics
increased relative miR-143 levels and a miR-143 inhibitor decreased levels (Figure 2A). Using a CCK-8 assay, we
observed that miR-143 mimics decreased OF proliferation, whereas a miR-143 inhibitor significantly increased
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Figure 2 MiR-143 regulates proliferation and inflammation in thyroid-associated ophthalmopathy (TAO). (A and B) TAO OFs were transfected with miR-143 mimic or miR-
143 inhibitor for 48 h. (A) Expression of miR-143 was detected by qRT-PCR. (B) Cell proliferation was measured by the CCK-8 assay. *P < 0.05, **P < 0.0| compared to the
normal control group. (C-F) Transfected TAO OFS were stimulated with 10ng/mL of IL-1B for 24 hours. Release of IL-6 (C), IL-18 (D), and MCPI (E), and HA (F) were
determined by ELISA. *P< 0.05 compared to the group as indicated.

proliferation (Figure 2B). To assess the response to inflammation, the TAO OFs which were transfected with miR-143
mimics or inhibitors were further stimulated with IL-1B for 24 h. Simultaneously, we assessed the levels of IL-6, IL-18,
monocyte chemoattractant protein-1 (MCP1), and HA using ELISA (Figure 2C-F). In the presence of miR-143 mimics,
the levels of inflammatory markers (IL-6, IL-8, MCP1) and HA decreased significantly. However, in the presence of a
miR-143 inhibitor, the levels of IL-6, IL-8, MCP1, and HA increased (Figure 2C—F). These results indicate that miR-143

is associated with the regulation of proliferation and inflammatory response in TAO.

MiR-143 Binds IGF-IR to Regulate Its Expression

To understand the function of miR-143 in TAO, we assessed its role in regulating its potential target, IGF-1R. We
identified that miR-143 potentially binds to the 3'-UTR of IGF-1R and is evolutionarily conserved in humans, mice, rats,
and rabbits (Figure 3A). To determine whether miR-143 has a regulatory role with IGF-1R, we designed a luciferase
reporter assay with either the wild-type (wt) or mutant (mut) sequence of IGF-1R 3'-UTR. When cells were co-
transfected with wt IGF-1R 3'-UTR in the presence of miR-143 mimic, the luciferase activity was significantly decreased
compared to the control (Figure 3B). However, such a decrease was not observed in cells transfected with mut IGF-1R 3'-
UTR, indicating a loss of miR-143 binding and a reduction in the inhibitory effect on IGFIR (Figure 3C). We
additionally confirmed the effect of miR-143 on IGF-1R using Western blotting. Our results indicated that the use of
miR-143 mimics significantly decreased IGF-1R and TSHR, however, the use of miR-143 inhibitors significantly
reversed this effect and increased the levels of both IGF-1R and TSHR protein levels (Figure 3D-F). Experiments
were subsequently performed to understand the role of miR-143. First, we overexpressed IGF-1R in TAO OFs and
confirmed its overexpression using Western blotting. IGF-1R overexpression increased TSHR as indicated previously. It
was also evident that overexpression of IGF-1R increased the expression of the inflammasome marker NLRP3 and
apoptotic marker cleaved caspase-1. Additionally, we observed an increase in levels of proinflammatory markers such as
IL-1B and IL-18. However, the use of miR-143 mimics decreased IGF-1R, TSHR, NLRP3, cleaved caspase-1, IL-1B,
and IL-18 levels, compared to the control group (Figure 4A—G). These results further confirmed the role of miR-143 in

https: Journal of Inflammation Research 2022:15

1548

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Tang et al

C e control mimic

A
hsa-miR-143-3p 3'-CUCGAUGUCACGAA--GUAGAGU-5' . .
B miR-143 mimic

Human ACAAAAGAAU-ACAUCUCAC =1
Mouse UAUAUAUAAU-ACAUCUCAC S 10 _I_ _}
Rat UGUGUAAAAU-ACAUCUCAC ® *
Rabbit AGAGGAAU-ACAUCUCAC & 0.84
B S 0.6
wtIGF1R 3UTR 5. ACAAAAGAAU-ACAUCUCAC..3 3 |
2
hsa-miR-143-3p 3-CUCGAUGUCACGAA-GUAGAGU-5 B 02-
(04
WIGF1R 3UTR 5. ACAAAAGAAU-AGAACACUC...3' 00— e
D E 10- F 107
% *%
IGF-1R c 0.8 0.8-
3 {- =
m o
- 067 ? 0.6
TSHR = o -}- < '-I.
[0 d _ .
- 04 -I-‘{' x 04 'I'-}
) ok 2
= 0.2- 0.2 wok
. L
oc L ] L} L} L} O-C L] L ) ] )
> & S > A€ S
SO RO
PPN O DS W NS
&L & NS L & NS E
&L SN & E LI
N &P 6'\9‘ < &P 6‘8‘

Figure 3 MiR-143 binds to IGF-IR and regulates its expression. (A) Putative binding site of miR-143 within the 3'-UTR of IGF-IR. (B) A luciferase reporter was constructed
with either the wild-type (wt) or mutant (mut) sequences of the IGF-IR 3’-UTR binding site. (C) Relative luciferase activity in thyroid-associated ophthalmopathy (TAO)
orbital fibroblasts (OFs) was measured after 48 h transfection. *P< 0.05 compared to control mimic. (D) Western blot analysis was used to evaluate the expression of IGF-
IR and TSHR in TAO OFs following miR-143 mimic or miR-143 inhibitor transfection. Densitometric analysis of IGF-1R (E) and TSHR (F) protein expression normalized to
B-actin in each group. *P < 0.05, **P < 0.01 compared to the normal control group.

regulating its downstream target IGF-1R and in turn modulating the expression of other inflammatory and apoptotic
markers. We next used cells transfected with miR-143 mimics and IGF-1R with their respective controls to assess cell
proliferation. The overexpression of IGF-1R increased the proliferation rate, whereas simultaneous use of miR-143
mimics decreased proliferation (Figure 4H). These results indicate that a lack of miR-143 increases IGF-1R which leads

to an increase in OF proliferation.

miR-143 Interacts with IGF-IR in TAO in vivo

To further explore the role of miR-143 in TAO, we developed an in vivo model, by injecting mice intramuscularly with
an adenovirus expressing the TSHR A-subunit (Ad-TSHR289; TAO group). Mice in the TAO group displayed decreased
miR-143 levels, compared to the control group (Figure 5A). After 2 weeks, these mice were injected with AAV
expressing miR-143. The mice displayed a significant rescue in miR-143 levels. However, anti-miR-143 decreased the
levels of miR-143 in TAO mice (Figure 5A). Next, we assessed the levels of IGF-1R using Western blotting.
Evidentially, mice in the TAO group displayed a significantly high level of IGF-1R. However, overexpression of miR-
143 significantly decreased IGF-1R levels (Figure 5B). The use of anti-miR-143 increased IGF-1R levels. We checked
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Figure 4 MiR-143 regulates inflammation and apoptosis in thyroid-associated ophthalmopathy (TAO) through modulation of IGF-IR. (A-G) TAO orbital fibroblasts (OFs)
were co-transfected control mimic with overexpression IGF-1R (OV), miR-143 mimic with empty vector (EV), or OV for 48 h. (A) IGF-IR, TSHR, NLRP3, cleaved caspase-
I, IL-1B, and IL-18 protein levels were analyzed using Western blotting. (B—G) Each protein was normalized to B-actin. (H) Cell proliferation was measured by the CCK-8
assay. *P < 0.05, **P < 0.0] compared to the normal control group.

serum T4 and TRAD levels in these mice groups. Interestingly, the serum T4 and TRAD levels were significantly higher
in the TAO group than in the control group (Figure 5C and D). Overexpression of miR-143 significantly decreased serum
T4 and TRAD levels. However, further use of anti-miR-143 significantly increased serum T4 and TRADb levels (Figure 5C
and D). These results further confirm that the lack of miR-143 increases IGF-1R levels leading to an increase of serum
T4 and TRAD levels thus contributing to the progression of TAO. Furthermore, we examined the morphological changes
in mice orbital tissues either in the presence or absence of miR-143 using HE staining. We observed that TAO models
displayed an increased volume of adipose tissue compared to the control. However, overexpression of miR-143
significantly decreased the volume of adipose tissue. Alternatively, the use of anti-miR-143 significantly increased the
volume of adipose tissue in TAO mice (Figure 6). These results further confirmed the role of miR-143 in regulating TAO.

Inflammation and Apoptosis are Regulated by miR-143 in a TAO Mouse Model

To confirm our results in vitro, we also assessed the levels of NLRP3, cleaved caspase 1, IL-1B, and IL-18 in TAO mice
models (Figure 7A—E). We observed that NLRP3, cleaved caspase 1, IL-1B, and IL-18 levels significantly increased in
TAO mice. However, when miR-143 is overexpressed, NLRP3, cleaved caspase 1, IL-1B, and IL-18 were significantly
decreased. Furthermore, in the presence of anti-miR-143, NLRP3, cleaved caspase 1, IL-1B, and IL-18 increased again.
These results further confirmed our in vitro observations, that miR-143 influences TAO by regulating IGF-1R levels,
which in turn modulates inflammation and apoptosis, as indicated by changes in the levels of NLRP3, cleaved caspase 1,
IL-1B, and IL-18.

Discussion
TAO is a debilitating autoimmune disease that involves the activation of proinflammatory cytokines and increased
production of hyaluronan in OFs.**® The exact mechanism in the progression of TAO is unclear although several studies
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Figure 5 MiR-143 levels regulate IGF-IR in thyroid-associated ophthalmopathy (TAO) in vivo. (A) Expression of miR-143 in orbital tissues of each mouse was detected by
qRT-PCR. (B) The IGF-IR levels in orbital tissues were analyzed by Western blotting and normalized to B-actin. Serum T4 (C) and TRAb (D) levels were detected by ELISA.
n = 6 per group. *P < 0.05, **P < 0.01, ***P < 0.00| compared to the control group. #P < 0.05 compared to the TAO+PBS group.

implicate TSHR and IGF-1R, which are both upregulated in the OFs of patients with TAO.>*” The miRNA regulation of
genes involved in TAO is gaining interest,*® therefore, in our study, we focused on miRNA that may be involved in the
regulation of the inflammasome in TAO using relevant markers such as NLRP3. We found a number of miRNAs that
were differentially regulated in the orbital connective tissue of TAO patients and confirmed that three of these were
significantly upregulated (miR-22, miR-27b, and miR-378) and one was significantly downregulated (miR-143). Of
these, miR-22 and miR-27b have been associated with Grave’s disease and orbitopathy®® and miR-378 has been
associated with Sjogren’s syndrome, an autoimmune disease with OF involvement.>® We selected miR-143 for further
study because it is known to interact with IGF-1R.>* However, to our knowledge, there are no previous reports on an
association between miR-143 and TAO.

In our study, we found that an increase in miR-143 levels using mimics led to a decrease in the levels of IGF-1R and
TSHR whereas miR-143 inhibitors reversed this effect and led to increased levels of IGF-1R and TSHR. Additionally,
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Figure 6 Role of miR-143 in the pathogenesis of thyroid-associated ophthalmopathy (TAO) using an in vivo model. Representative images of HE staining in mouse orbital
tissue. The volume of adipose tissue was quantified. n = 6 per group. *P < 0.05, **P < 0.01 compared to the control group. #P < 0.05 compared to the TAO+PBS group.

the overexpression of IGF-1R led to increased levels of the inflammasome marker NLRP3. However, increased levels of
miR-143 reduced levels of IGF-1R, TSHR, and NLRP3. Overall, our results signify that miR-143 regulates its down-
stream target IGF-1R to suppress the inflammatory response in TAO. Other studies have also found that the inhibition of
IGF-1R can suppress inflammatory responses in TAO.”*° This has led to the development of teprotumumab, a human
IGF-1R inhibiting antibody, which is the only medication currently approved by the US FDA for the treatment of
TAO.'*4%4! We obtained similar results to those obtained by teprotumumab in a mouse model of TAO treated with miR-
143. HE staining indicated a reduction in the volume of adipose tissue and reduced levels of inflammation in response to
the overexpression of miR-143.

From our results, we deduced that the modulation of IGFR1 by miR-143 may, in turn, modulate the inflammasome as
demonstrated by NLRP3 levels, this leads to a reduction in TSHR levels and suppresses the characteristics of TAO. We
did not examine the interaction between TSHR and IGF-1R in detail however our results suggest that they may interact
indirectly rather than directly. Several studies have arrived at similar conclusions, the two receptors share interacting
signal pathways but may not necessarily activate each other.>” However, immunoprecipitation results in some studies
have suggested that TSHR and IGF-1R may colocalize.'?

To conclude, our study showed that miR-143 directly targets IGF-1R alleviating the inflammatory response in TAO
via a decrease in TSHR and inactivation of NLRP3. Further studies are required on the exact interactions between TSHR
and IGF-1R, but our results signify that miR-143 could have potential in the alleviation of TAO and may increase

understanding in disease etiology.
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Figure 7 MiR-143 regulates inflammation and apoptosis in thyroid-associated ophthalmopathy (TAO) in vivo. (A) Levels of NLRP3, cleaved caspase-I, IL-1B, and IL-18
protein in mouse orbital tissue were analyzed by Western blot. (B—E) Each protein was normalized to B-actin. *P < 0.05, **P < 0.01, ***P < 0.001 compared to the control
group. #P < 0.05 compared to the TAO+PBS group.
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