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Gonadotropinreleasing hormone (GnRH) from the hypothal-
amus regulates the synthesis and secretion of gonadotropin
hormones, luteinizing hormone (LH) and follicle-stimu-
lating hormone (FSH). LH regulates steroidogenesis in
both sexes and ovulation in females, while FSH stimulates
folliculogenesis in females and spermatogenesis in males.
LH and FSH are heterodimers of a common alpha subunit
and a unique beta subunit, which provides biological spec-
ificity and is the rate limiting factor in hormone synthesis.
Immediate early genes, early growth response 1 (Egrl)
and fos proto-oncogene (cFos) are critical in the induction
of LH-beta and FSH-beta subunits by GnRH, respectfully.
However, gaps exist in our understanding of developmental
initiation and hormonal regulation of gonadotropin gene
expression. Specifically, epigenetic mechanisms that may
play a role in beta subunit transcriptional regulation are
unknown. The aim of this work was to identify transcrip-
tional cofactors that are recruited to gonadotropin beta-
subunit promoters with or without GnRH. Transcription
factors interact with cofactors that recruit chromatin
remodeling enzymes in order to regulate transcription.
Identification of cofactors may explain tight regulation of
gonadotropin hormone levels in reproductive physiology.
Previous studies identified regions on the beta-subunit
promoters that are necessary for GnRH responsiveness.
These regions were used to pull down interacting proteins
that bind to these response elements using nuclear extracts
from the immortalized mature gonadotrope cell line, LET2.
Using a discovery proteomics approach, we identified dif-
ferent transcriptional cofactors that are recruited to beta
subunit promoters with or without GnRH. Approximately
1500-2000 proteins were identified per pulldown. As ex-
pected, proteins known to interact with beta subunit
promoters, such as Egrl, cFos and cJun were identified in
the DNA pulldown experiments as positive controls. We
identified 63 proteins unique for LH-beta promoter under
control conditions and 60 unique for FSH-beta promoter, of
which 7 proteins for LH-beta and 8 proteins for FSH-beta
may play a role as corepressors. We further identified 97
proteins that were pulled down with the LH-beta promoter
following GnRH treatment, of which 9 proteins were also
pulled down with Egrl as potential coactivator candidates.
We also identified 72 proteins that were pulled down with
the FSH-beta promoter following GnRH treatment, of
which 6 proteins were pulled down with cFos as potential
coactivator candidates. Functional studies to identify roles
of these cofactors in gonadotropin hormone expression are
in progress. The identification of epigenetic regulators will
allow for better understanding of the transcriptional regu-
lation of gonadotropin beta-subunit gene expression, which
is critical for reproductive function.
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Estrogen (E2) is essential for multiple physiological
effects in females, ensuring maximum reproductive fit-
ness and maintaining skeletal homeostasis. E2 has been
shown to stimulate cancellous bone formation via activa-
tion of estrogen receptor alpha (ERa), an effect widely ac-
cepted to be mediated directly at bone. A recent landmark
study (Herber et al., Nat Commun 2019) demonstrated
bone density increases in female mice harboring ERa-
deletions specifically in arcuate Kiss-1 neurons. In this
study, bone from transgenic females showed higher oste-
oblast functioning and increases in the expression of sp7
and runx2, positing a direct neural-bone regulatory axis
altered by circulating E2 acting in brain. Our laboratory
has used two immortalized Kisspeptin (Kiss1)-expressing
and -secreting cell lines, KTaR-1 (representative of fe-
male arcuate Kiss-1 neurons) and KTaV-3 cells (repre-
sentative of female AVPV Kiss-1 neurons) as models to
explore the role of Kiss-1 in multiple physiological reg-
ulatory contexts. We recently determined that factors in
the media of female ARC-derived KTaR-1 cells can af-
fect parameters of osteoblast function in vitro, including
increases in sp7 and runx2 expression, and formation of
bone matrix (evaluated by Alizarin Red assay). Exposure
of canine osteosarcoma cells to conditioned media from
KTaR-1 cells led to increases in sp7 expression in an
E2-dependent manner, and 24h E2-deprivation of these
neurons stimulated secretion of osteogenic factors. In
this current study, we have used LCMS-MS proteomic
analysis to determine the contents of exosomes isolated
from Kisspeptin neurons under varying E2 exposure
conditions in vitro. Preliminary results reveal ~150-170
proteins up-regulated by E2 exposure and ~200-220
proteins downregulated by E2 exposure in exosomes of
both KTaR-1 and KTaV-3 Kisspeptin neurons. Estrogen-
regulated Kiss-1 exosomal proteins include several
candidates involved in bone remodeling (pentraxin,
osteonectin, osteoclast-stimulating factor-1) and neuronal
synaptic plasticity and signaling (annexins, semaphorins,
connexins). Current work is exploring the effects of ex-
posure of purified exosomes on morphology and gene ex-
pression in immortalized GnRH neurons and osteoblasts.
While further study is required, initial results suggest
that exosomes may represent additional cellular commu-
nication pathways utilized by Kisspeptin neurons to elicit
changes in brain and bone.
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Background: Obesity is a state of relative growth hor-
mone (GH) and insulin-like growth factor-1 (IGF-1) de-
ficiency, and the GH/IGF-1 axis has been implicated in
the pathophysiology of nonalcoholic fatty liver disease
(NAFLD) and the progression to steatohepatitis (NASH)
in preclinical models and human studies. GH has both li-
polytic and anti-inflammatory properties while IGF-1 has
been implicated in reducing hepatic fibrosis and promoting
hepatic regeneration. The GH/IGF-1 axis may be a ther-
apeutic target in NAFLD/NASH, however, IGF-1, IGF-1
receptor (IGF-1R) and GH receptor (GHR) expression in
adult human hepatic tissue has not been studied across the
spectrum of disease severity.

Methods: We quantified IGF-1, IGF-1R, and GHR gene
expression in hepatic tissue from 318 adults with obesity
using the Nanostring nCounter assay. Subjects were clas-
sified into four categories of disease severity based on his-
topathology: normal liver histology (NLH) (n=76, 24%),
steatosis only (Steatosis) (n=88, 28%), NASH without fi-
brosis (NASH F0) (n=72, 23%), and NASH with fibrosis
(NASH F1-F4) (n=82, 26%). Gene expression analysis is
presented as normalized gene counts by group with p-value
of the generalized linear model controlled for age, sex
and BMI.

Results: Mean (+SD) age (whole cohort 44.0+12 years) and
BMI (whole cohort 46.8+7.2 kg/m? did not differ across
groups (p=0.2 for both). ALT was higher with increasing di-
sease severity (NLH 30.1+26.7, Steatosis 31.9+15.7, NASH
F0 35.7+16.5, NASH F1-4 48.4+34.9, p<0.001). IGF-1 gene
expression was lower in all NAFLD/NASH groups compared
to the NLH reference group (NLH 485.4+292.7; Steatosis
396.3+£238.0, p=0.04; NASH FO 349.8+220.1, p=0.01 and
NASH F1-4 341.21268.6, p=0.03, all p-values vs NLH).
There was no difference in IGF-1R or GHR gene expression
across disease severity groups (IGF-1R NLH 43.3+10.2,
Steatosis 41.4+11.6, NASH F0O 38.8+8.8 and NASH F1-4
39.1£8.1, p>0.05 between any disease state; GHR NLH
638212366, Steatosis 654412699, NASH FO 722012542 and
NASH F1-4 599712352, p>0.05 between any disease state).
Conclusion: We demonstrated that IGF-1 gene expres-
sion was lower in liver tissue from patients with NAFLD
and NASH than healthy controls. This is consistent with
our prior finding that histologic NASH and fibrosis are
associated with lower serum IGF-1 levels. Moreover, we
demonstrated that hepatic IGF-1R and GHR gene expres-
sion is not lower in liver tissue from patients with NAFLD
and does not decline across disease severity. This reinforces
our prior finding that GHR staining intensity and zonality
by immunohistochemistry does not change with increasing
disease severity in NAFLD/NASH. These data demon-
strate that the GH axis is relatively suppressed but that
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expression of GHR and IGF-1R receptors is stable with
worsening disease severity in NAFLD/NASH, suggesting
that GH augmentation may be a viable therapeutic target
in NAFLD.
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Puberty onset depends upon an increase in pulsatile
GnRH/LH secretion, which in sheep is the result of reduced
sensitivity to estrogen negative feedback. Neurons within
the arcuate nucleus of the hypothalamus (ARC) expressing
kisspeptin, neurokinin B (NKB), and dynorphin (i.e. KNDy
neurons) express estrogen receptors and are believed to play
a key role in mediating the effects of estrogen on GnRH/LH
secretion. Therefore, the purpose of this study was to as-
sess changes in kisspeptin, NKB, and dynorphin within the
ARC across pubertal development in female sheep. Blood
samples were collected at 12-minute intervals for 4 hours
and assessed for LH secretion in five age groups of ewes:
5 months (n=6), 6 months (n=6), 7 months (n=5), 8 months
(n=5), and 10 months (n=6) of age. Following each bleed,
ewes were sacrificed, hypothalamic tissue containing the
ARC was collected, and then processed for use in dual im-
munofluorescence and RNAscope. Mean LH and LH pulse
frequencies followed the expected patterns: concentrations
and frequencies were low during the prepubertal ages
(5-7 months of age), intermediate during the peripubertal
age (8 months of age), and elevated in the postpubertal
age group (10 months of age). Using immunofluorescence,
kisspeptin and NKB immuno-positive cell numbers did not
change significantly (P > 0.50) over time with cell num-
bers averaging 235.3+16.8 and 231.3%116.8, respectively.
Colocalization of kisspeptin and NKB was greater than
90% for all age groups. Using RNAscope, the total number
of cells expressing mRNA for kisspeptin and dynorphin did
not change significantly (P > 0.05) over time with cell num-
bers averaging 46.7£12.0 and 28.3110.0 cells/hemisection,
respectively. Taken together, our data suggest that the
increase in LH secretion that drives puberty onset is not
limited by changes in kisspeptin, NKB, or dynorphin ex-
pression, but may instead depend on other factors such as
changes in receptor expression or changes in KNDy neuron
activity via a reduction in inhibitory and/or an increase in
stimulatory afferent inputs.
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