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Abstract
Mural granulosa cells (mGCs) undergo waves of proliferation throughout the reproductive lifespan, and
facilitate a timely gene expression response to the surge of luteinizing hormone in order to achieve
ovulation and corpus luteum formation. High-throughput RNA sequencing has highlighted the amplitude
of non-encoded RNA polymorphisms, particularly adenosine-to-inosine (A-to-1) transitions, in numerous
tissues, but never in the somatic cells of the ovary. Such edits are catalyzed by the family of editing
enzymes, adenosine deaminases acting on RNA (ADAR). Editing dependent and independent functions
of adenosine deaminases acting on dsRNA affect codon usage, splice sites, transcript stability, and
miRNA biogenesis. Physiological consequences of disrupting ADAR in murine cardiomyocytes and liver
tissue include apoptosis and fibrosis. Utilizing Adar™/F-/Aromatase®* and wild-type control littermate
female mice, the current thesis examines the role of Adar in mGCs. RNAScope was performed to confirm
Adar depletion in mGCs. Fertility was assessed in a 7-month breeding trial, and morphology and state of
fibrosis of the ovaries were evaluated using H&E and Picrosirius Red staining. VVaginal lavages were
performed to confirm mating and visualize vaginal epithelium patterning. Ovulation was assessed via
intraperitoneal injection of PMSG and hCG. Morphology of Adar™F-/Aromatase®®* ovaries at 16, 18,
and 20 hours post-hCG administration was evaluated with H&E staining. Together, these data have
shown that Adar in mGCs is critical for female fertility in mice. Mice lacking Adar exhibited extreme
infertility with very few pups born despite recorded breeding attempts. Increased fibrosis was observed in
ovaries of breeding trial mice lacking Adar compared to controls while H&E revealed intact follicles of
varying sizes and the presence of luteal tissue. Estrous cycle pattern coordination was disrupted, and
ovulation was delayed following exogenous gonadotropin administration. Oocytes were found trapped in
follicles of a range of luteinization states in Adar™F-/Aromatase®®* ovaries. A lack of Adar in mGCs
disrupts coordination of ovulation and luteinization, underscoring the fundamental role of Adar in
granulosa cell physiology. Further studies to distinguish editing-dependent and editing-independent roles
of ADAR in mGCs are warranted. Future investigations regarding the increased fibrosis observed in

Adarf-F- /Aromatase®®* breeding trial ovaries will determine the earliest age of significant fibrosis



accumulation in Adar™-F-/Aromatase®* ovaries. Long term, studies may develop to evaluate the role of

ADAR in balancing inflammation and immunity in mGCs to promote female fertility.
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Chapter 1: Introduction



Before the existence of the field of epitranscriptomics emerged, the phenomenon of RNA editing had
been described (Benne et al. 1986). Since then, a paradigm developed to give structure to analyzing the
observation of events in the transcriptome that are not reflected in the genome. Such observation
encompasses methylation of a nucleotide to base modifications, termed RNA editing (Harcourt, Kietrys,
and Kool 2017). More specifically, adenosine-to-inosine (A-to-1) editing was first observed in
trypanosomes (Benne et al. 1986); then, it was found in a wide array of animals from flies (Palladino et al.
2000) to humans (U. Kim et al. 1994). The omnipresence of A-to-I editing across species spurred
investigation into the causative factor, a family of enzymes called adenosine deaminases that act on
dsRNA (ADARs) (Gerber and Keller 2001). ADARs and A-to-I editing have been described in a variety
of murine tissues including brain, heart, liver, and testes (Melcher et al. 1996; El Azzouzi et al. 2020;
Snyder, Licht, and Braun 2017; Ben-Shoshan et al. 2017). The body of knowledge surrounding Adar is
comprised of tissue specific studies due to the embryonic lethal nature of an organism-wide Adar deletion
in mice (Hartner et al. 2004). Therefore, the extent of the role of ADARs in female reproduction is largely
unknown with published studies limited to the oocyte in Xenapus laevis and mice. (Saccomanno and Bass
1999; Brachova et al. 2019; Garcia-Lépez, Hourcade, and Del Mazo 2013). The function of ADARs in

granulosa cells of the ovary has not been investigated prior to the thesis at present.

Variety is the splice of life with ADARs

In mice, the family of ADARSs is composed of three enzymes. Adar (ADAR), Adarbl (ADAR?2), and
Adarb2 (ADAR3). ADAR and ADAR? are catalytically active, facilitating the signature A-to-I editing
reaction while ADAR3 is not catalytically active but retains the ability to bind dsRNA (Chen et al. 2000).
In A-to-I editing, the native adenosine base is deaminated, resulting in an inosine base. Inosines are
interpreted as a guanosine (G) by the cellular machinery and sequencing technology, thus manifesting as
an A-to-G mismatch in the RNA sequence to genomic sequence. ADAR?2 is notorious for the critical
editing event of glutamate receptor, ionotropic, AMPAZ2 (alpha 2; Gria2) receptor mRNA in the brain (Li

and Church 2013). Adarb1 null mice experience early onset seizures and die young. With the introduction
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of a “G” in place of the native “A” in the alleles encoding the AMPA receptor in the Adarbl null
background, the phenotype was rescued (Higuchi et al. 2000). Few site-specific editing events have been
identified, mostly confined to brain tissue and attributed to ADAR2 (Sergeeva, Amberger, and Haas
2007). In contrast, Adar is more strongly expressed in the periphery (Eisenberg and Levanon 2018). Adar
generates two isoforms; the smaller p110 is constitutively expressed and generally found in the nucleus,
while the larger, cytoplasmic p150 is the interferon-inducible isoform (Patterson and Samuel 1995).

The mechanism by which ADARs recognize substrates is not well defined. A consensus sequence for
binding domains of the ADARs has not been found. Substrate structure beyond the primary sequence is
critical. The secondary structure of RNA is required for binding of ADAR and ADARZ2, thus defining
dsRNA binding domains, but ADAR3 binds ssRNA in addition to dsSRNA (Chen et al. 2000). Further
substrate specificity is influenced by the respective catalytic domains of ADAR and ADAR2 (Wong,
Sato, and Lazinski 2001). Target specificity is strengthened by the necessity of ADAR?2 for proper editing
efficiency in the brain. Tertiary structure of dsRNA has been found to influence transcript editing site
identification by positioning editing sites along a single side of the helix (Enster6 et al. 2009).
Mechanisms of initiation of target identification have remained elusive in mouse and human, but protein-
protein interactions have been proposed in Caenorhabditis elegans (Rajendren et al. 2018). Additional
trans regulators have been identified in flies (Sapiro et al. 2020) and human derived cell lines (Freund et
al. 2020). RNA binding proteins containing domain associated with zinc fingers domains were found to
regulate RNA editing by binding near editing sites, therefore competing for RNA binding (Freund et al.
2020). The pool of ADAR interacting proteins ranges from tissue-specific to editing-site-specific
regulators. Such diversity emphasizes the wide range implications of ADAR physiology. Regardless of
the complexities of target recognition, the consequences of ADAR functionality have been investigated.
The canonical role of ADAR as an A-to-1 editor has the immediate consequence of recoding individual
bases; the lasting impact of recoding events range from altering codon usage, creating splice sites,
changing miRNA targeting regions, altering miRNA sequences, and distinguishing endogenous RNA

products from foreign molecules (Liddicoat et al. 2015). Chemically marking self RNA prevents
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abnormal activation of innate immune system signaling meant to protect against viral infection (Mannion
et al. 2014). In the presence of foreign dsSRNA, mitochondrial antiviral signaling protein (MAVS) is
activated by the dsRNA sensing protein melanoma differentiation-associated protein 5 (MDADS).
Activated MAVS proteins aggregate, compromising mitochondrial integrity, and initiating mitochondrial-
mediated inflammation (Sandhir, Halder, and Sunkaria 2017). Without the incorporation of inosine
residues by ADAR, self dsSRNA would activate the innate immune system, as occurs in Aicardi-Goutiéres
Syndrome (AGS; Crow 2005). The interferon type | signature found in AGS patients is replicated in mice
lacking catalytically active ADAR (Rice et al. 2012; Liddicoat, Chalk, and Walkley 2016). Prevention of
aberrant innate immunity activation is apparent in murine erythropoiesis when compared to mice lacking
Adar in erythroid cells (Liddicoat et al. 2016). A lack of mature erythroid cells is recapitulated with an
erythroid-specific catalytically inactive Adar allele. Editing was detected in neighboring SINE elements
on the wild-type background but was not detected in the absence of catalytically active ADAR,
suggesting that regions of dsSRNA were maintained. Together, their findings illustrate the physiological
role of ADAR in erythroid cells as the canonical editing-dependent toleration of endogenous dsRNA
(Liddicoat et al. 2016). While this study did not find significant differences in miRNA, others have
displayed implications of ADAR in miRNA physiology.

ADAR-dependent effects have been identified in nuclear and cytoplasmic segments of mMiRNA
biogenesis. Nuclear ADAR editing of pri-miRNA prevents loading and subsequent maturation processes
facilitated by Drosha and DGCRS (Yang et al. 2006). Hyperedited pri-miRNA is altogether removed from
the miRNA maturation pathways by Tudor-SN mediated degradation (Yang et al. 2006; Garcia-Ldpez,
Hourcade, and Del Mazo 2013). While pre-miRNAs are edited in the cytoplasm, and editing at this step
can prevent loading and further maturation by the Dicer complex (lizasa et al. 2010; Kawahara,
Zinshteyn, Chendrimada, et al. 2007). If editing does not halt the miRNA maturation process, the edited
miRNA can be redirected to a new target mRNA (Pfeffer et al. 2005; Kawahara, Zinshteyn, Sethupathy,

et al. 2007). Outside of the miRNA biogenesis, ADAR-mediated editing has been shown to alter miRNA
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target sites of 3’ UTR thus rendering a transcript resistant to repression by miRNA or creating novel
miRNA target sites (Liang and Landweber 2007; Tomaselli et al. 2013).

ADAR elicits additional effects on RNA metabolism. Human ADAR1 was shown to protect cytoplasmic
transcripts by binding the 3’UTR and preventing Staufen-mediated MRNA decay in response to cellular
stress (Sakurai et al. 2017). In the murine oocyte, ADAR-attributed inosines are enriched in the wobble
position of codons and correlates with transcript stability during oocyte maturation (Brachova et al. 2019).
It is proposed that the impact of altering transcript stability manifests as improper gene dosage in the
mature egg, that then alters subsequent developmental processes. The physiological relevance in female

reproduction outside of the oocyte has not been defined.

Mural Granulosa Cells

Ovulation is the ultimate product of the surge of luteinizing hormone (LH) produced by gonadotropes of
the anterior pituitary gland. Mural granulosa cells (mGCs) of the preovulatory follicle coordinate the
follicle with such ovulatory cues, as cumulus cells and the oocyte lack the cognate receptor, LHCGR. A
multitude of effects of LHCGR activation have been compiled over the decades with three main themes
culminating into granulosa cell terminal differentiation, oocyte maturation, and follicle rupture (Richards
and Ascoli 2018). Mouse models are indispensable in these studies due to the ease of genetic
manipulation and ability to exogenously control the estrous cycle through superovulation protocols of
pregnant mare serum gonadotropin (PMSGG) administration followed by human chorionic gonadotropin
(hCG) 48 hours later to mimic the endogenous LH surge. On average, ovulation is achieved
approximately 11-14 hours after the surge in mice with several critical gene networks reaching the highest
expression four hours post-hCG (Robker et al. 2000; J. Kim, Bagchi, and Bagchi 2009). However, gene
expression changes can be detected as quickly as 1 hour post-hCG (Carletti and Christenson 2009).
Attenuation of gene expression is as important as induction as illustrated in female mice lacking C/EBP.

Without C/EBP, expression of PTGS2 and Aromatase are not curtailed, resulting in infertility from a
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failure to achieve ovulation (Sterneck, Tessarollo, and Johnson 1997). Fine tuning of a gene’s expression
and its product in mGCs is essential to adequately coordinate ovulation.

Not only do mGCs lay at the center of follicle survival to promote successful reproduction, mGCs also
initiate follicular atresia. Apoptosis is first observed in the internal mGCs before spreading throughout the
follicle ultimately resulting in whole follicle death (Da et al. 2012). The normal function of follicular
atresia is to remove follicles that are not destined for ovulation. With age, the number of follicles
subjected to atresia increases. This coincides with an increase of fibrosis within the ovarian stroma with
age in mice (Briley et al. 2016). An increase in collagen deposition is observed in mice harboring genetic
disruption of aromatase that exacerbates with age (Britt et al. 2000). It has been proposed that increased
collagen and extracellular matrix deposition alters the stiffness of ovarian tissue and ultimately negatively
affects the process of ovulation (Woodruff and Shea 2011). The explicit molecular mechanism behind the
increase in ovarian fibrosis with age is unknown.

In general, post-transcriptional gene regulation enforces fine-tuning of gene expression without
reprogramming at the nuclear level. Other tissues employ the ADARs to facilitate this fine-tuning through
editing and non-editing dependent processes. Adar is the highest expressed adenosine deaminase in
murine mural granulosa cells (Edgar, Domrachev, and Lash 2002; “NCBI GEO Database. Accession
GSE80326” n.d.), yet there has been no insight into the physiological role of ADAR or the molecular
mechanisms it enacts within mGCs. Here, the physiological consequences of mGC-specific Adar deletion
are characterized. Granulosa cell competence was found to be compromised; an inadequate response to
ovulatory cues was observed, resulting in female infertility. Utilizing this model, the editing effects of
ADAR can be examined in preovulatory follicles since the gene is truncated during the gonadotropin
dependent phase of growth. The deletion of Adar results in inflammation and fibrosis in the murine liver
(Ben-Shoshan et al. 2017). While fibrosis occurs in the aged, wild-type murine ovary, the extent of
fibrosis and collagen deposition observed in ovaries of 8-month-old mice lacking mGC Adar appears to

be premature. Adar is necessary for normal granulosa cell physiology and maintaining female fertility.
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Chapter 2: Granulosa cell specific loss of Adar delays ovulation, resulting in infertility in mice



Introduction

Studies in post-transcriptional gene regulation have revealed the ubiquity of MRNA modifications from
deposition of chemical moieties as seen in N6-methyladenosine to complete catalysis of transition as seen
in adenosine to inosine (A-to-1) editing (Harcourt, Kietrys, and Kool 2017). The factor deemed the
“writer” of A-to-I editing is one family of enzymes, the adenosine deaminases acting on dsRNA
(ADARS). Of the three members of this enzyme family, Adar (ADAR) and Adarbl (ADAR?2) are
catalytically active and facilitate the distinctive canonical editing function of ADAR enzymes, while
Adarb2 (ADAR3) does not catalyze the A-to-I transition (Brenda L. Bass 2002). All of the ADARs
maintain the dsRNA binding domain, preserving the potential to elicit an effect through non-canonical
mechanisms (Chen et al. 2000). This includes functional implications of ADARSs in miRNA pathways
from biogenesis to target recognition (Tomaselli et al. 2013; Kazuko Nishikura 2016), as well as in the
ability to sequester transcripts from degradation (Sakurai et al. 2017). Effects of ADARs are ubiquitous,
however Adar is often found to be more strongly expressed outside of the central nervous system
(Eisenberg and Levanon 2018). Adar generates two isoforms; the smaller p110 is constitutively expressed
and generally found in the nucleus, while the larger, cytoplasmic p150 is the interferon-inducible isoform
(Patterson and Samuel 1995).

The widespread expression of Adar, and the status of A-to-I editing as the most prevalent mammalian
RNA editing event (Picardi et al. 2015; Eisenberg and Levanon 2018; O’Connell 2015), begs the question
of its physiological role. However, organism-wide Adar deletion is embryonic lethal due to liver
disintegration and hematopoietic insufficiency in mice, preventing investigation in adult tissues (Hartner
et al. 2004). Implementing models for spatially and temporally controlled Adar deletion has revealed a
critical role in inducing organ fibrosis as a result of decreased cell proliferation and survival in the murine
liver and the adult heart (Ben-Shoshan et al. 2017; El Azzouzi et al. 2020). A general function of ADAR

has been proposed to protect against stress-induced apoptosis in developing vertebrae, heart, liver, and
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mouse embryonic fibroblasts (Wang et al. 2004). These data indicate a need to explore the implications of
loss of Adar in other proliferative tissues.

Periovulatory follicles provide an in vivo system to evaluate the consequences of Adar deletion. Mural
granulosa cells (mGCs) of the ovarian follicle undergo cycles of proliferation and differentiation
throughout each wave of follicle recruitment during the reproductive lifespan of an organism.
Maintenance of mGC proliferation and differentiation in dominant follicles is fundamental to achieving
ovulation and therefore female fertility (Richards and Ascoli 2018). The body of knowledge regarding
mGC function allows for measurable outcomes of mGC manipulation. Utilizing the cohort of
periovulatory follicles of the murine ovary, this study aims to characterize the phenotypic outcomes of

Adar deletion in mGCs and assess the effects on female murine fertility.

Materials and Methods

Animals and Generation of Conditional Knockout

All procedures involving animals were reviewed and approved by the Institutional Animal Care and Use
Committee at the University of Kansas Medical Center and were performed in accordance with the
Guiding Principles for the Care and Use of Laboratory Animals. Such experiments were performed on
conditional knockout female mice, Adar™/F-/Aromatase®®*, generated by breeding homozygous
Adar-Ft female mice with heterozygous Aromatase®®* and Adar™F- males. The Adar™~F- mice were
generously provided by Dr. Stuart H. Orkin (Harvard University), while the Cyp19-CRE mice were
provided by Dr. Jan Gossen (Osteo-Pharma BV). The details of these mice are found in Hartner et al.
2004 and Fan et al. 2008. Briefly, under the granulosa cell-specific aromatase promoter, Cre-
Recombinase excised lox-p sites flanking exons 7-9 of Adar resulting in a gene lacking the coding region
corresponding to the deaminase domain. Mice were maintained in a humidity and temperature-controlled

environment with a 14-h light, 10-h dark cycle (7 am to 9 pm) with ad libitum access to food and water.
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Animal Experiments

Fertility was assessed by pairing female Adar™F-/Aromatase®®* mice (42 days of age, n = 5) as well as
wild-type control littermates (n=6) with adult wild-type C57BL/6J, 7-8-week-old males of known
fertility. All females were continually exposed to males for 7 months. Female mice were euthanized at the
conclusion of the breeding trial and ovaries were dissected away from the uterus proximal to the
uterotubal junction, rinsed in sterile PBS and placed in cold 4% paraformaldehyde (PFA).

Vaginal cytology was characterized in sexually mature, 42-day old mice in absence of males and in those
mice exposed to males during the breeding trial. Mice of 42 days of age were cycled for at least 21 days
while Adar"-FL/Aromatase®* females from the breeding trial were staged during the fifth month of the
trial for 26 days. Wild-type control females from the breeding trial were not cycle staged due to
pregnancy. All cycle staging was performed at 8:00-10:00 a.m. Approximately 200 pl of sterile saline
was gently flushed into and aspirated from vaginal opening using a glass dropper. The aspirated lavage
was then placed on glass slides and allowed to dry at room temperature. Smears were stained with 1%
crystal violet in water (w/v) for 2 minutes, followed by gentle rinsing with water. Samples were mounted
with 15 pl of glycerol and coverslip for microscopic visualization on a Nikon YS2-T microscope at 10X
magnification.

Presence and relative abundance of leukocytes, nucleated epithelial cells, and cornified squamous
epithelial cells was used to categorize mice into proestrus, estrus, metestrus, and diestrus (McLean et al.
2012). Presence of sperm, or visualization of a seminal plug preventing lavage in breeding trial females,
was recorded as a positive mating.

Superovulation was induced in 21-day old mice via an intraperitoneal (i.p.) injection of 5 IU of pregnant
mare serum gonadotropin (PMSG) (Calbiochem) followed by 5 IU of human chorionic gonadotropin
(hCG) 46 hours after PMSG with relevant lengths of hCG (MilliporeSigma) exposure used for each
experiment. To determine ovulation rates, mice were euthanized 16, 18, and 20 hours after hCG and

ovaries and oviducts were collected by dissection distal to the uterotubal junction to ensure complete

10
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removal of the oviduct without disruption. The oviduct and bursal encapsulated ovary were washed in
dPBS before separation in warmed FHM media (MilliporeSigma) supplemented with bovine serum
albumin (BSA) (4 mg/ml, MilliporeSigma) in 35 mm dishes. Cumulus oocyte complexes (COCs) were
expressed from oviducts. COCs were transferred to 25 ul FHM media droplets containing 5 ul of
hyaluronidase (MilliporeSigma) at 10 mg/mL for ten minutes to remove cumulus cells. Freed oocytes

were counted and discarded.

RNAScope

RNAScope manual assay kit (Advanced Cell Diagnostics) was used following the manufacturer's
protocol with modifications. Ovaries were collected from 6-week-old Adar™-F-/Aromatase®®* (n=3) and
wild-type littermates (n=3). Tissues were fixed in 4% PFA overnight at 4 °C before placement in 70%
ethanol at 4 °C prior to paraffin embedding. Paraffin embedded ovarian tissues were sectioned at 7 pm
and dried overnight. Slides were cleared of paraffin then hydrated in the recommended ethanol series.
Endogenous peroxidases were quenched using the manufacturer’s prepared H.O; solution for ten minutes
and washed in MilliQ water. Target retrieval was performed by suspending slides in gently boiling target
retrieval solution for 15 minutes. Following MilliQ water washes and an ethanol wash, the slides were set
at room temperature without humidity to allow a drawn hydrophobic barrier to dry. Protease inhibition
was performed by incubation within a humidifying chamber. The chamber was assembled using a shallow
tray with lid and humidifying paper. The tray was lined with parafilm along the rim to secure the lid.
Slides were placed upon an aluminum foil strip on top of wet humidifying paper to allow for easy slide
removal from the tray. The sealed tray was placed at 40 °C in a cell culture incubator with ambient air
CO; and O; levels for 30 minutes. The Adar specific probe was designed to target bases 2212-2699,
corresponding to the region of Adar that is deleted in conditional knockout females. The probe was
hybridized to the target tissue for two hours within the humidifying chamber at 40 °C. Subsequent
incubations for kit-labeled solutions AMP1-AMP4 were performed in the same tray and incubator, while

kit-labeled AMP5-AMP6 were performed at room temperature within the tray, per protocol guidelines.
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Slides were placed in prepared washing buffer in glass coplin jars with gentle agitation twice between
each incubation. Approximately 100 ul of DAB substrate, which was modified from kit instructions based
on the smaller tissue area (Advanced Cell Diagnostics), was utilized to detect the target signal. After the
10-minute incubation, slides were rinsed in MilliQ water. Counterstain was achieved by a two-minute
incubation in hematoxylin droplets applied to tissue at room temperature with brief bluing by 1M
ammonia water. After dehydration in the recommended ethanol series, slides were mounted and sealed

with Cytoseal (ThermoFisher) and glass coverslip.

Histology

Ovaries collected for histological analysis were immediately placed in cold 4% paraformaldehyde.
Fixation occurred overnight at 4 °C before ovaries were placed in 70% ethanol for paraffin embedding.
Tissues were sectioned at 8 um and stained with hematoxylin and eosin.

Additional 8 um sections of ovarian tissue from breeding trial mice were stained with Picrosirius Red as
previously described (Briley et al. 2016). Red intensity was quantified using the same protocol by

quantifying red staining intensity on ImageJ (Briley et al. 2016; “Quantifying Stained Liver Tissue” n.d.)

Statistics

Statistical analysis was performed using GraphPad Prism (Version 8 GraphPad Software Inc. San Diego,
CA). A t-test was performed to determine significance of PSR staining intensity and average litter size
between groups. An ANOVA was used to determine the significance of the number of eggs retrieved

from superovulation. P value < 0.05 was considered significant.

Results

AdarfF-/Aromatase®™®* mice show decreased detection of Adar via RNAScope while Adar was detected
in wild-type littermate controls of the same age (Figure 1). Adar™-F-/Aromatase®* female mice exhibit

grievously diminished fertility, as shown by four of five Adar™/F-/Aromatase®®* mice failing to produce
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offspring over a 7-month breeding trial. One Adar™-F-/Aromatase®"* female produced two small litters of
four and five pups, while wild-type control female littermates (Adar ™ or F/*, lacking Aromatase®*) all
produced at least three litters each with an average of 8.0 = 0.4 pups per litter (Figure 2). Normal breeding
behaviors between breeding pairs was confirmed by visualization of a seminal plug or presence of sperm
in vaginal smears of Adar™~F-/Aromatase“®* female mice. Plugs or sperm were found every 10-12 days
(Figure 3). Cytology indicative of pseudopregnancy was observed in each smear between breeding

events. Darkly stained leukocytes were seen in abundance with varying proportions of nucleated epithelial
cells and few cornified epithelial cells (Figure 3). With positive breeding attempts recorded and
appropriate pseudopregnancy evidence, Adar™/F-/Aromatase®* fertility must be affected at the level of
the internal reproductive tract.

At the conclusion of the breeding trial, female mice were euthanized to observe gross reproductive tract
morphology. Uteruses appeared normal size in width and length as expected. Ovary sizes were not
significantly different in Adar™/F-/Aromatase®™* specimens. Ovaries were collected for histological
analysis due to Aromatase®®* expression confined to the gonad. Follicles of various sizes were seen in
sections from the middle region of ovarian tissue in both Adar-/Aromatase®®* and wild-type controls
(Figure 4). Each display eosinophilic structures, indicating granulosa cell luteinization. Yellow to brown,
multinucleated-cells were visualized in the stroma of each tissue. Picrosirius Red staining revealed an
increase in extracellular matrix deposition, presumed to be collagen, in Adar"™~F-/Aromatase®* mid-
region tissue sections when compared to breeding trial controls (Figure 5). Thus, disruption of Adar in
granulosa cells impacts ovarian tissue composition in adult mice.

Estrous cycle staging was performed to determine if Adar ™~ -/Aromatase®®* mice exhibited 4-5-day
cycle patterns. Wild-type control mice progressed through cycle stages chronologically as expected, from
proestrus, to estrus, to metestrus, through diestrus before repeating. However, Adar™~F-/Aromatase®*
mice did not exhibit any discernible cycle patterns, with prolonged periods of metestrus and diestrus
observed. Proestrus was almost never identified (Figure 6). Disrupted estrous cycling indicates disrupted

ovarian cycling, or an inability for the ovary to coordinate timely estrous patterning.
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To determine if the disrupted cycling could be overcome, immature (21-day-old) mice were
superovulated. Wild-type animals ovulated significantly more eggs (44.0 £ 8.0; n=11) than
Adar™-F/Aromatase®®* mice (0.75 + 0.62; n=8). However, when oviduct dissection was postponed to 18
and 20 hours following hCG administration, more eggs were recovered (16.02 = 8.06; n=5and 7.3 £ 1.6;
n=6, respectively) from Adar™~F-/Aromatase®®* mice (Figure 7). Eggs from wild-type control mice were
released from oviducts as one large, cloud-like mass of multiple COCs while eggs from
Adarf-F-/Aromatase“™®* mice were extracted as individual COCs. As expected at 16 hours post-hCG,
control ovaries displayed eosinophilic corpora lutea and evidence of follicle rupture (Figure 8). In
AdarfF-/Aromatase®™* ovaries, there were trapped oocytes often surrounded by densely compacted
cumulus cells, and these follicles with trapped oocytes did not display evidence of luteinization at 16
hours post-hCG injection (Figure 8). However, trapped oocytes within luteinized follicles were observed
in Adar™-F-/Aromatase®* ovaries at 18 hours post-hCG alongside antral follicles that had not yet been
luteinized (Figure 8). Mixed populations of luteinized and not yet luteinized follicles were also observed
at 20 hours post-hCG in Adar™-F-/Aromatase®* tissues. A delay in responding to gonadotropins results
in dyssynchronous ovulation and luteinization, preventing the proper timing of fertilization and

subsequent implantation.

Discussion

Granulosa cell specific knockdown of Adar guided by Aromatase-Cre recombinase activity produced
female mice with severely diminished fertility. Despite observing positive breeding events, most Adarf-/F-
/Aromatase®®* mice of the breeding trial failed to produce pups. Rhythmic estrous cycling was not
observed in Adar"-F-/Aromatase“™®* mice, indicating a failure in ovarian controlled estrous patterning.
While ovulation could be induced in Adar™-F-/Aromatase®®* mice, the rate of ovulation was significantly
decreased compared to wild-type controls. A modest increase in the number of eggs recovered from
oviducts was observed with increased time between hCG administration and oviduct dissection.

Differentiation of the ovarian somatic cells appeared to be sporadically delayed as well. At the conclusion
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of the described breeding trial, increased macrophage presence and Picrosirius Red staining indicate an
increase of fibrosis in Adar™-F-/Aromatase®®* mice compared to wild-type littermate controls of the
same age. These data suggest that mGCs of Adar™F-/Aromatase®™®* ovaries are unable to coordinate
differentiation into luteal cells and successful ovulation. Foundational studies utilizing a progesterone
receptor deficient model report a complete obstruction of ovulation (Lydon et al. 1996), thus highlighting
the critical role of mGC control and coordination in the periovulatory follicle. However, lack of
progesterone receptor displayed a loss of mGC differentiation to luteal cells, while here we observed an
inefficient mGC response to ovulatory, and succeeding, luteinization cues with eventual differentiation
achieved.

In contrast to hormonal control of mGC function, the extent of inflammatory cues and inhibitions have
also been defined. Inflammation mediated by COX-2 is critical for ovulation to occur. COX-2 7 females
are infertile due to defective ovulation and fertilization (Lim et al. 1997). The importance of timely
expression of COX-2 is highlighted with knockdown of the transcription factor CEBP/B. Without
CEBP/B, the expression of COX-2 is not attenuated, resulting in reduced ovulation in response to
gonadotropins (Sterneck, Tessarollo, and Johnson 1997). The present study similarly describes a delay
that does not result in absolute sterility, illustrated by the Adar™F-/Aromatase®®* dam producing two
smaller litters of pups and the recovery of a small number of eggs from the oviduct of superovulated
AdarfFt/Aromatase®®* mice, akin to what is seen in CEBP/B 7~ mice. It is well documented that a lack of
Adar induces inflammatory pathways in many tissues (Hartner et al. 2004; Pestal et al. 2015; Liddicoat,
Chalk, and Walkley 2016; Bajad et al. 2020), but this has yet to be characterized in the ovary. The ovary
is a unique tissue that requires a balance in inflammation for ovulation, and where imbalances in
inflammation impact fertility.

Loss of Adar in other tissues has been shown to induce fibrosis in addition to inflammation (Ben-Shoshan
etal. 2017). An increase in ovarian fibrosis and inflammation is observed with age (Briley et al. 2016).
This correlates with the notion of decreased fertility with age in both humans and mice. A recent study

displayed long term effects of manipulating the inflammasome within the ovary where an improved

15


https://paperpile.com/c/ttgdVd/ELG3P
https://paperpile.com/c/ttgdVd/djKo8
https://paperpile.com/c/ttgdVd/mJ1jT
https://paperpile.com/c/ttgdVd/LkgC+9AZQB+W7xp+ueMrI
https://paperpile.com/c/ttgdVd/LkgC+9AZQB+W7xp+ueMrI
https://paperpile.com/c/ttgdVd/1vWq
https://paperpile.com/c/ttgdVd/1vWq
https://paperpile.com/c/ttgdVd/dKEB

reproductive rate at 12 months of age was observed by suppression of NLRP3 (Navarro-Pando et al.
2020). Here we observed an increase in fibrosis of ovaries from Adar™/F-/Aromatase®* mice compared
to wild-type controls at eight months of age, suggesting a novel mechanism of inducing fibrosis in the
ovary. An ongoing study is evaluating the role of loss of Adar induced inflammation and fibrosis in
accelerated ovarian aging.

Implications of Adar deficiency have recently extended to miRNA biogenesis and processing (Yang et al.
2006; El Azzouzi et al. 2020). miRNA associated pathways are critical to female fertility from
development (Hong et al. 2008) to modulating mature follicular atresia (Worku et al. 2017). Combined
with our data, it is interesting to speculate the extent of the role of Adar in miRNA processing in mural

granulosa cells.

16


https://paperpile.com/c/ttgdVd/R9xi1
https://paperpile.com/c/ttgdVd/R9xi1
https://paperpile.com/c/ttgdVd/hLez+t4ka
https://paperpile.com/c/ttgdVd/hLez+t4ka
https://paperpile.com/c/ttgdVd/FjtJF
https://paperpile.com/c/ttgdVd/4Zspx

Chapter 3: Additional Studies and Future Directions
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Additional experiments have been designed with limited sample collection to supplement the studies
reported in Chapter 2. While these additional experiments have not been carried out to completion, the
training | had in aspects of design and specimen collection were instrumental to this thesis. Here,
methodology used for collected samples and intended methods of analysis for such samples are described
for transcriptomics and ovarian aging investigations in AdarF-/Aromatase®®* mice and wild-type

littermate controls.

Exploring A-to-I editing in granulosa cells

The study of epitranscriptomics has revealed over 50 RNA modifications in mammals (O’Connell 2015).
These modifications range from methylation of nucleotides to catalytic conversion of one base to another
(Harcourt, Kietrys, and Kool 2017). Knowledge of RNA modifications and the repercussions in the
context of female reproduction is scant. Chemotherapy treatment was found to inhibit follicle
development via an increase of N6-methyladenosine (mfA) in granulosa cells (Huang et al. 2019).
However, the changes in m®A over the stages of folliculogenesis was not examined.

RNA A-to-1 editing, a type of RNA modification, has recently been investigated in murine oocytes
(Brachova et al. 2019). A-to-I editing is the conversion of adenosine to inosine by an adenosine
deaminase acting on dsRNA (ADARsS) (B. L. Bass and Weintraub 1988; Wagner et al. 1989; K.
Nishikura et al. 1991). The A-to-I editing signature in oocytes was attributed to ADAR (Adar) and
affected transcript stability during oocyte maturation (Brachova et al. 2019). ADAR is one of two
catalytically active enzymes of the family of ADARs; ADAR2 (Adarbl) is also active, while ADAR3
(Adarb2) does not have catalytic activity (Melcher et al. 1996; Chen et al. 2000; Gerber and Keller 2001).
Consequences of A-to-1 editing manifest as changing codon usage, altering splice sites, changing miRNA
targeting regions, altering miRNA sequences, and distinguishing endogenous RNA products from foreign
molecules (Liddicoat, Chalk, and Walkley 2016; Eisenberg and Levanon 2018; Rueter, Dawson, and
Emeson 1999; Tomaselli et al. 2013). Despite the widespread implications of A-to-I editing on post-

transcriptional gene regulation and the status of Adar as the highest expressed adenosine deaminase in
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granulosa cells (“NCBI GEO Database. Accession GSE80326” n.d.), it has not been studied in mural
granulosa cells.

Mural granulosa cells exhibit acuity in gene expression in response to the LH surge in preparation for
ovulation. Changes in gene expression are observed even one hour after the ovulatory cue (Carletti and
Christenson 2009). Many genes identified as critical for ovulation peak in expression level approximately
four hours after the cue (Robker et al. 2000; J. Kim, Bagchi, and Bagchi 2009). The significance of
curtailing expression was observed in mice lacking C/EBPJ where prostaglandin expression was not
attenuated, resulting in fettered ovulation (Sterneck, Tessarollo, and Johnson 1997). Mice with a
granulosa cell specific deletion of Adar exhibit severely delayed or blocked ovulation resulting in
infertility (Chapter 2). Due to A-to-I editing contributions to the precision of gene expression control,

ADAR may elicit effects on granulosa cell physiology in an editing-dependent manner.

Materials and Methods

Granulosa Cell Collection

Adult 6-7-week-old Adar - /Aromatase®* (see Chapter 2) and wild-type littermates were utilized for
mural granulosa cell collection. Mice were hormonally stimulated with 5 1U of pregnant mare serum
gonadotropin (PMSG; Calbiochem) via intraperitoneal injection (i.p.), followed 46 hours later with 5 1U
of i.p. human chorionic gonadotropin (hCG; MilliporeSigma), and 4 hours after hCG administration mice
were euthanized and ovaries were collected. Another group of Adar™-F-/Aromatase®™®* and wild-type
littermates were subjected to 5 IU of PMSG for 46 hours and euthanized without hCG exposure. In
summary, AdarfF-/Aromatase®®* at 46 hours of PMSG and 0 hours of hCG exposure (n=3), wild-type
littermates at 46 hours of PMSG and 0 hours of hCG exposure (n=3), AdarfF-/Aromatase®®* at 46 hours
of PMSG and 4 hours of hCG exposure (n=3), and wild-type littermates at 46 hours of PMSG and 4 hours
of hCG exposure (n=3) have been collected and will be utilized, for a total of 4 experimental groups.
Ovary and surrounding oviductal tissues were dissected at the uterotubal junction and away from the

perigonadal fat pad. Ovaries were briefly washed in dPBS to remove blood and extra debris before
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placement in FHM media (MilliporeSigma) supplemented with BSA (4 mg/ml, MilliporeSigma). The
ovary was then carefully removed by cutting the bursa and peeling the membrane away from the tissue
while being visualized under a Nikon SMZ1000 with Nikon NI-150 high intensity illuminator. All tissue
beside the ovary was gently removed from the dish. Large follicles were visualized and punctured with
28-gauge needles to expel granulosa cells of preovulatory follicles. Punctured ovaries were removed from
the dish and discarded. Individual oocytes and cumulus oocyte complexes were removed from the media
using a mouth pipette. Suspended cells were transferred to 1.5 pl Eppendorf tubes and gently pelleted at
800 g at 4 °C for 7 minutes. Media was gently aspirated using a micropipette. 500 ul of TRI Reagent
(Invitrogen) was applied to the cell pellet and RNA was isolated following the manufacturer’s protocol.
RNA-Seq

RNA samples with quality values RIN > 8.0 as determined by Agilent TapeStation 4200 will be selected
for direct RNA Nanopore sequencing. Approximately 500ng will be submitted for direct RNA sequencing
using nanopore technology. Collected raw RNA-Seq data will be analyzed to detect gene expression
differences between Adar™F-/Aromatase®®* and wild-type littermates both before hCG exposure and at
4 hours post hCG administration. Editing events will be detected and analyzed by comparing Adarf-F-
/Aromatase®®* to wild-type control littermates before and after hCG exposure.

For transcript abundance analysis, captured RNA-Seq data will undergo sequence alignment, and
subsequently transcript abundance analysis. Methods previously established by our lab will be utilized
(Brachova et al. 2019). Briefly, reads will be aligned against the mm10 Mus musculus curated database
from RefSeq by Kallisto (Bray et al. 2016; O’Leary et al. 2016). Differential transcript abundance can
then be determined between treatment groups using Sleuth (Pimentel et al. 2017).

For transcript editing analysis, RNA editing events again will be analyzed using methods previously used
by our lab. The inosine bases will be identified using a pipeline composed of the Genome Analysis Tool
Kit, (GATK), HiSAT2, Ensembl Variant Effect Predictor (VEP), and dbSNP (McLaren et al. 2016; D.
Kim, Langmead, and Salzberg 2015; McKenna et al. 2010). HiSat2 and dbSNP will be used to align the

sequence and disqualify single nucleotide polymorphisms as editing events. Then, RNA to DNA
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differences are identified using GATK and HiSAT2. VEP is used to not only identify edited transcripts
but classify where the edit occurs within the transcript and infer the consequence of the editing event on

the transcript (DePristo et al. 2011; Ramaswami et al. 2013).

Expected Results

Expression of known LH induced genes is expected to b decreased in Adar™~F-/Aromatase“®* at 4 hours
post-hCG compared to wild-type controls at the same timepoint. Candidate genes include but are not
limited to CEBPB, Ptgs2, PGR, AREG, EREG, Btc, and 38-HSD. It is expected that A-to-I editing will not
occur, and therefore not be detected, in all AdarFF-/Aromatase™* derived samples. It would be
interesting to see if editing changes in the 3° UTR and has an effect on miRNA binding targets.
Enrichment for inosine modifications at the wobble position may also be identified and further confirm

the observation made in oocytes, colon, heart, large intestine, and stomach (Brachova et al. 2019).

Ovarian Aging

With age, the ovary becomes less efficient at follicle development and ovulation (Faddy 2000). This
decrease coincides with increased granulosa cell death and overall decreased granulosa cell quality
(Sadraie et al. 2000; Tatone and Amicarelli 2013). Stromal fibrosis has been shown to increase with age
in mice (Briley et al. 2016). Adar™F-/Aromatase®®* female mice display a premature aging phenotype at
8 months of age when compared to wild-type littermates (Chapter 2). Loss of Adar has been shown to
induce apoptosis and fibrosis in the liver and heart (Hartner et al. 2004; Ben-Shoshan et al. 2017; El
Azzouzi et al. 2020). The contemporary trend of delaying childbearing until later in life has encouraged
focus on mechanisms of ovarian aging in order to better understand and support such pregnancies.
Utilizing a repository of aged murine tissues from Adar™F-/Aromatase®* and wild-type littermates of
ages 6 weeks, and 3, 6, 9, 12, and 16 months, the role of Adar in granulosa cells of aged ovaries will be

investigated.
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Materials and Methods

Animal Experiments

AdarfFt /Aromatase®®* (generation previously described, this document) and wild-type littermates were
utilized for mural granulosa cell collection. Female mice aged 6 weeks, 3, 6, 9, 12, and 16 months were
administered 5 IU pregnant mare serum gonadotropin (PMSG) (Calbiochem) via intraperitoneal injection
(i.p.), followed by 5 1U i.p. human chorionic gonadotropin (hCG) (MilliporeSigma) 46 hours later, and
euthanization four hours following the last injection.

Ovary complexes were dissected at the uterotubal junction and perigonadal fat pad. One ovary, oviduct,
and partial perigonadal fat pad were immediately placed in cold 4% paraformaldehyde (PFA) for fixation
at 4 °C overnight before being placed in 70% ethanol for paraffin embedding. The other ovary was
carefully removed from the bursal sac in dPBS under illumination of dissection scope (Nikon SMZ1000
with Nikon NI-150 high intensity illuminator) before being placed in FHM media (MilliporeSigma)
supplemented with bovine serum albumin (BSA) (4 mg/ml, MilliporeSigma) in a 30mm plate on ice. Left
and right perigonadal fat pads were dissected and evenly distributed to two Eppendorf tubes to determine
fat weight before freezing in liquid nitrogen for storage at -80 °C for future use. Two 2-3mm uterine
sections were dissected and frozen in liquid nitrogen for storage at -80 °C for future use. The ovary
removed from the bursal sac was punctured with 28-gauge needles to expel follicular contents. Punctured
ovaries were frozen in liquid nitrogen for storage at -80 °C for future use. Oocytes and cumulus oocyte
complexes were removed from follicular contents via mouth pipette. Remaining cells, presumed to be
mural granulosa cells in majority, were transferred to Eppendorf tubes. The remaining plate was placed
on ice. Cells were gently pelletized at 800 g for 7 minutes and media was gently aspirated from the pellet.
500 pl of TRI Reagent (Invitrogen) was briefly applied to the plate kept on ice before immediately
application to the cell pellet. The plate was briefly washed to collect all cells that stick to the plate. Aged
ovaries that lacked follicular structures visualized under the dissecting scope were frozen in liquid

nitrogen for storage at -80 °C for future homogenization for TRI Reagent application.
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Histology

Ovary, oviduct, and perigonadal fat pad complexes PFA-fixed and paraffin embedded will be sectioned
via microtome at 7-8 um. Chronological sections will be stained with standard H&E and Picrosirius Red
with Fast-Green, or Picrosirius Red alone, following protocols described by (Briley et al. 2016). Red
staining intensity can be quantified on ImageJ using protocols previously described (Briley et al. 2016;

“Quantifying Stained Liver Tissue” n.d.).

Expected Results

AdarF-Ft /Aromatase®®* mice display increased collagen deposition at 8 months of age compared to wild-
type littermates of the same age (Chapter 2), so it is expected that Adar™"-/Aromatase®®* mice will
display an increase of fibrosis at a younger age than wild-type counterparts. This would indicate that
Adarf-F- /Aromatase®®* exhibit premature ovarian aging, a phenotype associated with primary ovarian
insufficiency in women. It would be interesting to evaluate the status of the NLRP3, caspase 1 and IL-1p
in Adar™-F-/Aromatase®"* mice, as these factors have been shown to be elevated in patients of primary
ovarian insufficiency (Huhtaniemi et al. 2018). Attenuation of ovarian aging and prolonging of female
fertility murine fertility was observed with inhibition of NLRP3-mediated inflammation (Navarro-Pando
et al. 2020), so it is expected that Adar deletion would employ the reverse. If Adar expression decreases
in granulosa cells with age, this could also contribute to the increase of fibrosis and inflammation with

age.

Concluding Remarks

The ubiquitous expression and multitude of effects of ADARSs has led to studies ranging from the brain to
the liver (Melcher et al. 1996; Hartner et al. 2004; Ben-Shoshan et al. 2017). Now for the first time, the
role of Adar in granulosa cell physiology has been investigated. Adar is necessary for murine female
fertility, and without it, ovulation is severely delayed and the rate of ovulation is decreased. Granulosa

cell luteinization is delayed in Adar™~F-/Aromatase“™®* mice, further contributing to an inadequate
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response to the LH surge. An increase in ovarian fibrosis in Adar"™~F-/Aromatase®™®* mice compared to
wild-type littermates is observed at 8-months of age, indicative of a premature aging phenotype. It is
interesting to speculate if the increased fibrosis, and therefore increased ovarian stiffness, contributes to a
difficulty in follicular rupture necessary for ovulation as previously proposed (Woodruff and Shea 2011).
The strong phenotypic characteristics of Adar™/F-/Aromatase®®* female mice warrant further
investigation into the molecular mechanisms behind these phenomena. Canonical functions of ADAR are
manifestations of the signature A-to-I editing in altered codon usage, altered splice sites, edited miRNA
binding sites, and edited miRNA seed sequences (Eisenberg and Levanon 2018). Each product can be
investigated using the Adar™/-/Aromatase®®* model. Physiological consequences of Adar, or lack
thereof, with age can be investigated using the repository of tissues collected for these studies. First, the
progressive fibrosis can be characterized and the point of divergence of Adar™/F-/Aromatase®®* mice
from wild-type controls can be identified.

Creation and utilization of a novel mouse model will complement findings of Adar™/F-/Aromatase®’*
based studies. The initial model resulted in a truncated form of Adar upon aromatase expression from
follicle stimulating hormone receptor activation, whereas the additional model will result in a modified
product of Adar that is biotinylated by BirA ligase. Avi-tag-ADAR mice generated from breeding Avi-
Adar, Aromatase®*, and BirA ligase genotype lines will produce an ADAR protein fused with a motif
that can be biotinylated in granulosa cells by BirA ligase under Cre-recombinase control. By utilizing the
biotinylation sequence, ADAR-containing complexes can be precipitated from cells via streptavidin
recognition. Future studies would identify granulosa cell specific ADAR binding partners, and continue to

develop our understanding of the role of ADAR in mural granulosa cells.
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Figure 1. Preliminary RNAScope observations display successful completion of the technique on ovarian

tissue using kit provided positive and negative control probes on Adar™-F-/Aromatase“®* (n=3) and wild-
type littermate controls (n=3). Detection of Adar is seen in granulosa cells of wild-type samples as brown

speckles that are not seen in Adar™F-/Aromatase®®* derived samples.
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Figure 2. Breeding trial litter counts. Pups per litter for Adar™-/Aromatase®®* (n=5) and wild-type
littermate control mice (n= 6) were counted over a 7-month period. Individual mice are indicated by
unique icons. Each litter is plotted by the number of pups counted or placed at zero to indicate no litters
were ever observed. Control mice had an average of 8.0 + 0.4 pups/litter.
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Figure 3. Vaginal cytology Adar™F-/Aromatase®™®* breeding trial mice. Smears displayed an abundance
of leukocytes characteristic of pseudopregnancy. Representative image of daily observed cytology is
shown. Breeding events are indicated with black arrows. A seminal plug or sperm in the smear was
visualized at regular intervals, approximately every 10 days.
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Figure 4. Histology of ovaries from Adart-F-/Aromatase®** (n=5) and wild-type littermate control
breeding trial mice (n= 6). Sections from the middle region of tissue were selected for H&E staining.
Control ovaries display corpora lutea (CL) and follicles (asterisk *) of varying size. Ovaries from
conditional knockout females display fewer corpora lutea and similar follicle sizes. Yellow-
multinucleated (arrows) cells can be seen in all ovaries with an increase in average in conditional
knockout ovaries.
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Figure 5. Picrosirius Red Staining was calculated using the area of the tissue of interest, excluding all
tissues outside of the body of the ovary. Wild-type mice have red staining intensity of 45133 + 14019
pixels/um? (n=3) while Adar™-F-/Aromatase“®* mice have increased intensity at 166005 + 36643
pixels/um? (n=4; p=0.04). Bottom panels provide higher magnification of tissues featured above.
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Figure 6. Estrous cycle stage was determined for Adar™/F-/Aromatase®* (n= 3) and wild-type females
(n= 3). Vaginal smears were collected from 42-day old female mice for at least 21 days. Smears were
staged as based upon cytology visualized by crystal violet staining. Representative graphs of
chronological stages observed for each genotype are shown. Adar™-F- /Aromatase®®* have disrupted
cycling with prolonged periods of diestrus and metestrus while wild-type controls display the expected
cyclical pattern.
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Figure 7. Ovulated eggs retrieved from oviducts 16, 18, and 20 hours after ovulation induction. Eggs were
collected from oviducts of immature, 24-day-old wild-type and Adar™F-/Aromatase“™* after 46 hours of
PMSG stimulation followed by 16 hours (44.0 £ 8.0; n=11) or 16 hours (0.75 + 0.62; n= 8), 18 hours
(16.02 + 8.06; n=5), and 20 hours (7.3 + 1.6; n= 6) of hCG treatment, respectively. Adar /-
/Aromatase®* mice exhibit a delay and reduction in the number of eggs ovulated compared to wild-type

controls.
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Figure 8. Histology of ovaries from immature superovulated wild-type and AdarF-F-/Aromatase®®* mice.
H&E staining of wild-type ovaries display corpora lutea (CL) and ovulation sites (arrow) while Adarf-F-
/Aromatase®®* ovaries display trapped oocytes with lack of luteinization of follicles at 16 hours post-
hCG administration. Variation in luteinized follicles with trapped oocytes (arrowhead) are observed at 18
and 20 hours post-hCG administration.

42



