Autoimmune activation of the GnRH receptor induces insulin

resistance in a rat model of polycystic ovary syndrome

Hongliang LiY", Gege Zhang?3, Yankai Guo'??, Jielin Deng'*, Hayley Fischer!, LaTasha B
Craig®, David Kem?, Xichun Yu?

Short Title: GnRHR autoantibody-induced insulin resistance in rats

Department of Medicine, Endocrinology section and the Harold Hamm Diabetes Center,
The University of Oklahoma Health Sciences Center, Oklahoma City, OK 73104, USA.
2Cardiac Pacing and Electrophysiology Department, the First Affiliated Hospital of Xinjiang
Medical University, Urumagi, China.

3Xinjiang key laboratory of cardiac electrophysiology and remodeling, the First Affiliated
Hospital of Xinjiang Medical University, Urumgi, China.

‘Department of Cardiology, Renmin Hospital of Wuhan University, Wuhan, Hubei, China
5Section of Reproductive Endocrinology and Infertility, Department of Obstetrics and
Gynecology, The University of Oklahoma Health Sciences Center, Oklahoma City, OK

73104, USA.

Hongliang Li and Gege Zhang contributed equally to this manuscript.

*Corresponding author: Hongliang Li, E-mail address: hongliang-li@ouhsc.edu



Abbreviations:

PCOS: polycystic ovary syndrome

GnRHR-ECL2 AAb: gonadotropin-releasing hormone receptor ECL2 autoantibody
GPCR: G protein coupled receptors

ECL2: extracellular loop 2

LH: luteinizing hormone

T: testosterone

IR: insulin resistance

HPO axis: hypothalamic-pituitary-ovarian axis



Summary:

Polycystic ovary syndrome (PCOS), a metabolic and reproductive disease, is frequently
associated with type 2 diabetes. We previously demonstrated that autoantibodies (AAb)
directed toward the second extracellular loop (ECL2) of the gonadotropin-releasing
hormone receptor (GNRHR) are present in a high percentage of PCOS patients. It is unclear
whether GnRHR-AAb can induce peripheral tissue insulin resistance (IR) in animal models.
In the present study, we examined the impact of GhnRHR-AAb on glucose metabolism,
inflammation, and insulin signaling in a recently established autoimmune rat model of
PCOS. Sixteen rats were divided into two groups: a GnRHR ECL2 peptide-immunized
group, and a control group. Sera GhnRHR-AADb, luteinizing hormone (LH), and testosterone
were measured by ELISA. All immunized rats produced elevated anti-GnRHR ECL2
antibody titers and higher concentration of testosterone and LH. Intraperitoneal glucose
tolerance tests demonstrated higher blood glucose levels in immunized rats at 30 minutes
and 60 minutes. A homeostatic model assessment of insulin resistance index was also
higher. Furthermore, the mRNA expression levels of insulin signaling genes in peripheral
tissue were decreased. The concentration of sera TNF-a, IL-1a, and IL-18 were increased,
while IL-4 and IL-10 were inhibited in the immunized group. These data support the
likelihood of GhRHR-ECL2 AAbs inducing IR in peripheral tissue. GhRHR-ECL2 AAb may
alter the synthesis and pulsatile secretion of LH thus leading to hyperandrogenemia,
inflammation, and IR. Our studies provide the realistic expectation of new knowledge
regarding the etiology of IR in PCOS as well as a pathway for development of novel effective

treatment.
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Introduction

Polycystic ovary syndrome (PCOS) is a common and complex endocrine disorder of
women in their reproductive years, with prevalence between 5% and 10% [1]. PCOS is a
common endocrinopathy that is associated with hyperandrogenism and an adverse
metabolic profile including obesity and insulin resistance [2]. PCOS is characterized by a
variable and erratic elevation of luteinizing hormone (LH) of unknown etiology. The
hypothalamic/pituitary gonadotropin-releasing hormone (GnRH) system is a key regulator
of the reproductive system, triggering the synthesis and release of LH from the pituitary [3].
The etiology of this heterogeneous disorder is unknown and previous attempts to identify
an autoimmune pathophysiological target have been unsuccessful. Furthermore, molecular
alterations in GnRH or its receptor (GnRHR) have not been associated with causation in
PCOS patients.

Our previous studies demonstrated that elevation of an activating autoantibody (AAb)
was directed toward the extracellular loop 2 (ECL2) of GhnRHR in many subjects with
previously diagnosed PCOS. Purified IgG from some of these PCOS subjects with elevated
GnRHR-AAb demonstrated a dose-dependent effect on GnRHR activation in GhRHR-
transfected cells; and this in vitro activity was suppressed by the GnRHR antagonist-
Cetrorelix [4]. This important and novel discovery and its potential involvement in the
receptor control of LH release raises the possibility that PCOS constitutes an autoimmune
disease.

Insulin resistance and impaired glucose tolerance are present in a large percentage
(ranging from 44%-70%) of women with PCOS [5]. Insulin resistance is a key contributor to
metabolic disturbance and is a driver in the pathogenesis of PCOS. Previous studies

reported that all three primary energy storage tissues, liver, white adipose tissue(WAT), and



skeletal muscle, showed impaired insulin signaling pathway in PCOS models[6-8]. How
insulin dysregulation occurs in this syndrome is not entirely known. Multiple studies showed
associations between insulin resistance and hyperandrogenism in human[9] and animal
models[10].

Women with PCOS may have chronic low level inflammation [11]. Adiposity may play a
central role in generating and maintaining the syndrome [12]. Visceral adipose tissue is
strongly linked to both inflammation and insulin resistance through produces various pro-
inflammatory cytokines. Rui et al[13] reported that TNF-a possibly acting as the triggering
cytokine in these events. Recent study showed that excess androgens cause adipocyte
hypertrophy and increase inflammation, which is related to insulin resistance[14]. However,
it is still unclear whether androgen excess in PCOS promotes a state of inflammation.

In this study, we first established an autoimmune rat model with an immunological
GnRHR ECL2 peptide to further detect GhRHR-AAb activity and androgen concentrations.
We also evaluated the effects of GhnRHR-AAb on insulin signaling and inflammatory status.
The results showed that GnRHR-AAb induces insulin resistance associated with excess
androgen and inflammatory cytokines.

Materials and methods

Animals and experimental protocol

Sixteen rats were divided into two groups: an immune group (PCOS group) and a control
group. Eight rats in the immune group (average weight 150-175g) were immunized with
1mg/Kg of GnRHR-ECL2 peptide in 200ul complete Freund’s adjuvant. The rats were
boosted with the same peptide with incomplete Freund’s adjuvant at 4, 8, 12, and 16 weeks.
Sera were obtained from all rats for antibody detection (Figure 1). All animal experimental

procedures were reviewed and approved by the Institutional Animal Care Committee



(IACUC300837) and performed according to American Veterinary Medical Association
criteria.

Enzyme-linked immunosorbent assay

Antibody titers in sera were determined by ELISA. Briefly, microtiter plates were coated with
GnRHR ECL2 target peptide at 10 pg/ml in coating buffer. Sera was diluted in a series of
concentrations from 1:20,000 to 1:2,560,000 in diluent buffer. Alkaline phosphatase-
conjugated affinipure goat anti-rat IgG and alkaline phosphatase substrate were used in
following detection. Titers were determined as the highest dilution with an OD value of 0.10
at 60 minutes.

LH (ENZ-KIT 107, Enzo Life Sciences, Farmingdale, NY, USA) and free testosterone (T)
(ADI-900-065, Enzo Life Sciences, Farmingdale, NY, USA) concentrations were detected
with ELISA kits following the manufacturer's protocol. Sera samples were diluted 1:50 with
a standard diluent prepared before testing. Plates were coated with goat anti-mouse IgG
and mouse monoclonal LH or free T antibodies for their appropriate assays were added to
the plate after standards and samples. Then alkaline phosphatase conjugate and p-
nitrophenyl phosphate were used to determine hormone concentration. OD value at 405
nm was read after stop solution was added.

Cell-based GnRHR assay

Sera activation of GnRHR in GhnRHR-NFAT-bla CHO-K1 cells were assessed using the
GeneBLAzer FRET-based [-lactamase reporter assay (Invitrogen) according to
manufacturer's instructions. Briefly, cells were plated in 384-well plates and incubated
overnight. The individual sera samples and positive and negative controls were then added
and incubated for 4 hours. The B-lactamase substrate CCF4-AM (LiveBLAzer-FRET B/G

Loading Kit, Invitrogen, Carlsbad, CA, USA) was then added and incubated at room



temperature for 2 hours in the dark. The plates were read using a fluorescence microplate
reader (BioTek Synergy 2 Multi-Detection Microplate Reader). All samples were assayed in
triplicate. Data were expressed as the ratio of the emissions 460/530 nm (blue/green) after
subtraction of the background values.

Fasting blood glucose, body weight, intraperitoneal glucose tolerance tests (IPGTT)
Rat weights were measured using an electronic scale at 0, 4, 8, 12, 16, and 20 weeks. The
IPGTT was performed at 18 weeks. For this procedure each rat was fasted overnight and
deprived of water. Then 5 pl of blood (one drop) from the back leg vein was transferred
directly onto a glucose indicator strip for assay of blood glucose with a glucometer
(ONETOUCH®Verio Flex, Lifescan, USA ). The rats were given an intraperitoneal injection
of glucose (2 g/kg) with a 24 G needle. Blood samples were obtained before the glucose
injection and at 15, 30, 60, and 120 min. The rats were returned to their cage and monitored
visually between each of these time points. Related area under curve (AUC), describing
blood glucose levels in each rat after glucose loading, was calculated[15].

Insulin sensitivity evaluation by HOMA-IR

By the end of week 20, a venous blood sample was drawn from each individual rat after 12
hours of fasting. The sera was separated from the collected blood samples by centrifugation
for 10 min at 2000 rpm and stored at -80°C. The levels of insulin were analyzed by ELISA
(ERINS, Thermo Fisher Scientific, Waltham, MA, USA) per the manufacturer’s instructions.
The value of homeostatic model assessment of insulin resistance (HOMA-IR) was
calculated as the following: HOMA-IR = (fasting glucose x fasting insulin)/22.5. This value
was inversely proportional to insulin sensitivity [16, 17].

In vivo insulin administration



At 20 weeks, the control and PCOS rats were fasted over night and administered 0.5U/kg
body weight(BW) insulin via intraperitoneal (ip) injection (Eli Lilly, Indianapolis, IN) or saline.
Ten minutes after ip injection, the mice were euthanized with CO2, and liver tissues, WAT,
pituitaries, and ovaries were extracted.

RT-PCR analysis

Liver tissues, WAT, and skeletal muscle tissues from fed rats were harvested. RNA was
extracted by lysing tissue (= 5 mg) in 300ul of TRI reagent (732-6890, Bio Rad, Hercules,
California, USA) and homogenized. In order to remove particulate debris, homogenized
tissue was centrifuged and the supernatant transferred into an RNase-free tube. RNA
purification included application of prepared samples in TRI reagent directly to the Zymo-
Spin IC column and subsequent spinning, washing, and elution of the RNA. cDNA was
synthesized with a reaction mix [4 ul iScript reverse transcription supermix (1708841, Bio
Rad, Hercules, California, USA), 2ul RNA, and 14 ul nuclease-free water] in a thermal cycle
(5 min at 25°C, 20 min at 46°C, and 1 min at 95°C). Finally, RT-PCR was done with the
reaction mix [10ul iTag SYBR Green supermix (1725124, Bio Rad, Hercules, California,
USA), 1ul of each forward and reverse primers 1ul cDNA, and 7ul nuclease-free water] in
a thermal cycle. During the experiment, an iCycler iQ5 Q-PCR machine (Bio-Rad, Hercules,
California, USA) was used. All primers are indicated in Table 1.

Western blot analysis

Liver tissues, WAT and skeletal muscle tissue from fed and overnight fasted rats were
harvested. Small tissue pieces (= 5 mg) were homogenized in 1ml RIPA lysis buffer. The
protein concentration was measured by a spectrophotometer (ND-1000, NanoDrop,
Marshall Scientific, Boston, USA), and then all samples were balanced to the same

concentration of protein. Mixed with loading buffer, samples were separated by SDS-PAGE



(Thermo Scientific, Waltham, MA, USA) gel and transferred to a nitrocellulose membrane.
TBS-T containing 5% BSA was used to block the membrane before adding primary mouse
anti-rat antibodies (p-AKT) (sc-293125, Santa Cruz Biotechnology, Texas, Dallas, USA) @
1:200 incubation. Membranes were washed 3 times with TBS-T and secondary anti-mouse
antibody (sc-516102, Santa Cruz Biotechnology, Texas, Dallas, USA) was diluted 1:1000
and used for incubation. Protein bands were detected in a chemiluminescent detection mix
(GE Healthcare) and detected with an imaging system (Image J).

Immunofluorescence detection of IRS-1 and PI3K

Rats’ tissues, including liver tissues, WAT and skeletal muscle, were fixed in paraffin and
cut into slices. Hydrogen peroxide blockade was added to cover sections and then antigen
retrieval was done in citrate buffer (pH 6). After protein blocking for 10 min, mouse anti-rat
antibodies (IRS-1, sc-8038; PI3k sc-293172, Santa Cruz Biotechnology, Texas, Dallas,
USA) were applied and incubated overnight at 4 °C. The sections sequentially were
incubated with secondary Alexa Fluor 555-conjugated goat polyclonal anti-mouse IgG
(A32727; Thermo Fisher Scientific, Miami, OK, USA) and secondary Alexa Fluor 488-
conjugated goat polyclonal anti-mouse IgG (A32723; Thermo Fisher Scientific, Miami, OK,
USA), respectively. Hematoxylin was added to sections before they were placed in 100%
alcohol, xylene, and mounted with cover slips. The images were recorded using a confocal
laser scanning microscope (Leica TCS SP5, Germany).

Analysis of inflammatory biomarkers

The levels of inflammatory markers tumor necrosis factor (TNF-a), interleukin (IL)-1q,
interleukin (IL)-4, interleukin (IL)-10, and interleukin (IL)-18 were measured in sera from all
the rats. This was done using Bio-plex Pro™ magnetic bead-based assays (Bio-Rad,

Hercules, USA) on the Bio-plex® platform (Bio-Rad), according to the manufacturer’s
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instruction. Following previous optimization, samples were evaluated undiluted, in a blinded
manner. Bio-Plex Manager™ software, version 6.0 was used for bead acquisition and
analysis.

Statistical analysis

Data are expressed as mean * standard error of the man (SEM). Two-tailed students’ tests
were used for comparison between two groups, and repeated-measures ANOVA tests were
used for comparison among three. Values of p <0.05 were deemed statistically significant.
Results

A PCOS rat’s model with GhRHR-AAb of high titer and activity

Immunized for 20 weeks, the GnRHR-AAD titer (Figure 2A) and GhnRHR-AAD activity (Figure
2B) was tested with ELISA. Sera of PCOS and control rats were diluted to 1: 256,000 and
exposed to the coated GnRH-ECL2 peptide. The strength of reactions were expressed with
OD value at the same dilution. Results showed that the OD values of PCOS rats were
significantly higher than that of control rats (p<0.01). The GnRHR-AAb activity for the PCOS
groups was significantly greater than the controls (p<0.01).

Elevated GnRHR-AAD levels increase LH and testosterone concentrations in PCOS
rats

The concentration of LH (Figure 3A) and T (Figure 3B) in sera of both groups were detected
with ELISA kits. Sera from rats at 16 weeks was used and diluted to 1:50. After calculated
with standard curves, PCOS rats displayed higher concentrations of LH and T compared
with control rats (p<0.05).

Metabolic changes after elevated GnRHR-AAD levels in PCOS rats

During the experiment, all rats were measured for body weight (Figure 4A) and fasting blood

glucose levels (Figure 4B). There was no significant difference between the PCOS rats and



the control group (p>0.05). However, as the experiment proceded, we observed that the
fasting blood insulin levels in the PCOS rats gradually increased compared with the control
group (p<0.01) (Figure 4C). Two weeks ahead of the terminal study, all rats underwent an
IPGTT study. After glucose was injected, blood glucose levels were recorded and are
shown in Figure 4D. Glucose levels in both groups were low at baseline and elevated rapidly
at 15 min. There was a minor decrease at 30 min before an obvious one at 60 min. At 120
min, the glucose levels returned to baseline. However, it was found that the glucose levels
of PCOS rats at 30 and 60 min were higher than those of control rats with an apparent
slower clearance of blood glucose. The incremental area under the two-hour blood glucose
response curves was calculated and shown for the two groups in Figure 4E. The AUC of
PCOS group was higher than that of the control group (p<0.01). The calculated HOMA-IR
index of reactive insulin sensitivity was also significantly increased in the PCOS rats group
compared to the controls animals (p<0.01) (Figure 4F).
GnRHR-AADb decreases expression of insulin signaling in liver, WAT, and skeletal
muscle
MRNA expression of insulin signaling genes were examined by RT-PCR. Representative
genes of insulin signaling and glucose transport were included in the PCR and included
hepatic (PI3K, AKT, GLUT-2, Figure 5A), WAT (IR, IRS-1, AKT, GLUT-4, Figure 5B), and
skeletal muscle (AKT, GLUT-4, Figure 5C). These were significantly decreased in
immunized rats compared with the controls (p<0.05).

Western blot analysis demonstrated representative bands and quantified the influence of
20 weeks GnRH immunization of rats on protein expression levels in different peripheral

tissue as shown in Figure 6 (A represents liver tissue, B represents WAT, and C represents



skeletal tissue). The expression of p-AKT decreased significantly in the PCOS group
compared with control group (p<0.05).

Protein expression of insulin signaling was tested with immunofluorescence staining in
serveral tissues. Representative images of IF staining are shown in Figure 7A and target
proteins were stained red (IRS-1) and green (PI3K). Compared with non-immunized
controls, expression of IRS-1 (Figure 7B) and PI3K (Figure 7C) were lower in the PCOS
group (p<0.01).

Markers of chronic inflammation were increased after elevated GnRHR-AAb levels
The effects of GhNRHR autoantibody on TNF-q, IL-1a, IL-4, IL-10 and IL-18 are illustrated in
Figure 8. The concentration of proinflammatory cytokines (TNF-a, IL-1a, IL-18) were
significantly increased in the sera of the GnRHR immunized rats compared with the control
rats (Figure 8A). PCOS rats also demonstrated significantly reduced anti-proinflammatory
proteins (IL-4, IL-10) when compared with normal control rats (Figure 8B).

Discussion

In the current study, we induced an autoimmune rat model using a specific synthetic
GnRHR ECL2 peptide. GhnRHR-AAb activity, LH and T concentrations were elevated in this
rat model compatible with that observed in humans with PCOS. The increased GnRHR-
ECL2 AADb and T appear to induce insulin resistance by inhibiting IRS-1-PI3K-Akt signaling
and producing reciprocal changes in certain inflammatory cytokines. Our results support
the notion that antibody activation of GRHR and the subsequent increase in androgens and
chronic inflammation may be important mechanisms associated with PCOS and insulin
resistance (Figure 9). In this experiment we found that the increased LH and T secretion in

immunized rats indicates that GhRHR antibody could specifically bind to and activate
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GnRHR to stimulate the synthesis and secretion of these hormones characteristically
observed in PCOS .

Although we did not directly assess insulin sensitivity, we measured surrogate markers
of insulin sensitivity such as fasting serum insulin, fasting blood glucose, and the HOMA-IR
index (which reflects the glucose-insulin relationship). Our results demonstrated that the
fasting blood glucose in GnRHR immunized rats did not change; however, the blood
glucose level at 30 min and 60 min in IPGTT test was increased and the AUC blood glucose
concentration during IPGTT was also increased. The insulin levels were significantly
increased and the HOMA-IR index estimating the peripheral insulin resistance was
significantly higher in the PCOS rats than in the control group, suggesting that PCOS rats
developed insulin resistance. Currently, PCOS animal models are mainly divided into two
types: androgen and gene induction models [18]. The androgens currently used to induce
PCOS in mice are mainly dihydrotestosterone (DHT) [19, 20], dehydroepiandrosterone
(DHEA)[21] and T[22]. Both prenatal [19] and prepubertal [20] DHT administration causes
metabolic alterations, such as increased obesity, altered adipokine levels, and glucose
intolerance. Treatment with DHEA induced an increase in body weight, and also increased
fasting insulin and glucose levels [21]. Testosterone-induced mouse models[22] cannot be
fully excluded as their metabolic phenotype (including conversion to dihyrotestosterone)
has been less extensively studied. Genetic models are useful in understanding the etiology
of PCOS, but they do not fully replicate the phenotype of PCOS [23].

The mechanistic interaction between GnRHR-AAb and the insulin signaling pathway is
still unclear. Andrisse et al[10] established a PCOS mouse model by administration of low
dose dihydrotestosterone (DHT) and found that energy storage tissues displayed

differential effects on the insulin-signaling pathway. WAT and liver displayed lower mRNA



and protein expression of insulin signaling intermediates while skeletal muscles exhibited
normal levels. We provide evidence that experimentally induced elevation of GhRHR-ECL2
AADb in rats decreases the expression of insulin signaling mRNA and proteins in WAT and
liver tissue. However, we also observed that an insulin signaling pathway was down-
regulated in skeletal muscles. We hypothesize that GhRHR-AAb induces LH secretion
resulting in an increase in the synthesis and secretion of androgen and thus interrupting
insulin signaling pathways in peripheral tissues. This supports the concept that GhRHR-
ECL2 AAD induced hyperandrogenemia may be the key to induction of insulin resistance.

We observed a reciprocal rise in the inflammatory response in the immunized group.
Compared with the control group, the level of pro-inflammatory cytokines (TNF-a, IL-1q,
and IL-18) were significantly increased in the immunized group, while the level of anti-
inflammatory cytokines (IL-4 and IL-10) was significantly decreased. Our findings are
consistent with previous studies demonstrating increased proinflammatory and decreased
anti-inflammatory cytokines in PCOS patients[24-31]. Our experiment indicates that
GnRHR-ECL2 AAb may lead to an imbalance between pro- and anti-inflammatory cytokines
and further induce peripheral insulin resistance.

Previous studies have implied that androgen, adipose tissue, and inflammatory factors
are closely linked[21, 32]. It is still unclear whether androgen excess in PCOS promotes a
state of inflammation. Androgens cause adipocyte hypertrophy and this could explain their
involvement in the development of chronic low-grade inflammation [14]. Our data highlights
the importance of GnRHR-ECL2 AAD in triggering inflammation and insulin resistance by
secondarily stimulating-androgen production.

In summary, we have provided evidence that GhnRHR-ECL2 AAb induces insulin

resistance in energy storage tissue and peripheral tissue. GhnRHR-ECL2 specific AAb may



alter the synthesis and pulsatile secretion of LH, leading to hyperandrogenemia, insulin
resistance, and metabolic abnormalities. Our studies provide the realistic expectation of
new knowledge regarding the etiology of insulin resistance in PCOS as well as a pathway
for development of novel effective treatment. This rat model, with our previously reported
data demonstrating the presence of GnRHR-ECL2 activating autoantibodies in humans,

fulfills Witebsky’s criteria for an autoimmune basis for PCOS [33].
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Figure legend:

Figure 1. Immunization design of protocol performed on the rats. Sixteen rats were divided
into two groups: immune group and control group. All rats in the immunized group were
immunized with GnRHR ECL2 peptide at the beginning of experiment and they were
boosted with peptide every 4 weeks. Rats were killed at week 20 in which blood and tissue
samples were collected for subsequent studies.

Figure 2. GnRHR antibody titer and GnRHR activity tested by ELISA of immune rats after
8, 16, and 20-week immunization and control rats. Immune rats developed high titer of
GnRHR antibody after being immunized. ** p<0.01 vs. control.

Figure 3. Concentration of LH (A) and testosterone (B) detected by ELISA in sera. Immune
rats were found with higher concentration of LH and testosterone compared with control
ones after 16 weeks immunization. * p<0.05 vs. control.

Figure 4. Insulin resistance occurs after immunization. Rats body weight change (A),
Fasting blood glucose (B), Insulin concentration (C), Intraperitoneal glucose tolerance test
(D), Related area under curve (AUC) (E), and HOMA-IR (F). During the experiment, there
was no significant difference in rat’'s body weight changes or fasting blood glucose level
between the experimental group and the control group. Insulin concentrations increased
significantly compared with control group. Rats were injected with 2g/kg glucose at baseline
(BS) and blood glucose level was tested at 15, 30, 60, and 120 min. Blood glucose levels
of immune rats were higher at 30 and 60 min than those of control rats. The incremental
area under the two-hour blood glucose response curve was compared and immune rats
displayed larger of AUC. HOMA-IR levels of immune rats were higher than those of control

rats. ** p<0.01 vs. control.



Figure 5. Insulin signaling pathway genes expression detected by RT-PCR in liver tissue
(A), white adipose tissue (WAT, B) and skeletal muscle tissue (C). The mRNA expression
of both insulin signaling and glucose transporter genes in the liver (PI3K, AKT, GLUT-2),
white adipose tissue (IR, IRS-1, AKT, GLUT-4), and skeletal muscle (AKT, GLUT-4) were
significantly lowered by GnRHR antibodies in immune rats compared with the controls.
*p<0.05 vs. control.

Figure 6. Representative images of western blot of p-AKT and B-Actin protein levels in liver
tissue (A), WAT (B), and skeletal muscle (C). Immune rats displayed lower protein levels of
p-AKT after 20-week immunization of GhRHR ECL2 peptide. * p<0.05 vs. control.

Figure 7. Representative images (Figure 7A) of immunofluorescence staining in liver tissue,
WAT, and skeletal muscle, and target proteins were stained red (IRS-1) and green (PI3K).
Immune rats expressed decreased protein level of IRS-1 (Figure 7B) and PI3K (Figure 7C)
in the liver, WAT, and skeletal muscle compared with control rats. * p<0.05 vs. normal
control. ** p<0.01 vs. normal control.

Figure 8. Effects of GnRHR autoantibody on levels of TNF-q, IL-1q, IL-4, IL-10, and IL-18
in normal and PCOS rats. The concentration of pro-inflammatory cytokines (TNF-a, IL-1a,
IL-18) were significantly increased in the sera of GhRHR immunized rats when compared
with the control rats (Figure 8A). PCOS rats displayed significantly reduced anti-
proinflammatory proteins (IL-4, IL-10) when compared with normal control rats (Figure 8B).
* p<0.05 vs. normal control. ** p<0.01 vs. normal control.

Figure 9. Representative images of the proposed pathophysiological mechanisms of
GnRHR-ECL2 AADb, hyperandrogenemia, inflammation, and insulin resistance in PCOS.
GnRHR-ECL2 AAb can promote the release of GnRH from the hypothalamus and release

of LH from the pituitary gland. The presence of high concentration of testosterone can be



detected in the blood and elevated sera testosterone levels lead to the rebalancing of

inflammatory factors in this disorder and thereby induce insulin resistance.
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Figure 4
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Figure 6
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Figure 7
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Figure 8
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Table 1 Primers used in RT-PCR

Primer Forward Reverse

IR GGCCCGATGCTGAGAACA CGTCATTCCAAAGTCTCCGA
IRS-1 GATACCGATGGCTTCTCAGACG TCGTTCTCATAATACTCCAGGCG
PI3K AGATGCTTTCAAACGCTAT GCTGTCGCTCACTCCA

AKT CCTGAGGTGCTAGAGGACAAT GCTGAGGAAGAACCGATGC
GLUT-2 CTGGGTCTGCAATTTCATCA CGTAAGGCCCGAGGAAGT
GLUT4 GCACAGCCAGGACATTGTTG CCCCCTCAGCAGCGAGTGA




