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Ovarian Systems Biology
Cell Biology of the Ovary
-Cell types/organization
-Developmental stages (Folliculogenesis)
-Atresia/apoptosis
-Oogenesis
Regulation of Folliculogenesis
-Growth properties of ovarian follicles
-Local production and action of growth factors
-Growth regulations during development
-Primordial follicle transition
Endocrine Regulation of Tissue Function
-Gonadotropin actions (Pituitary/Gonadal Axis)
-Steroid production and action
-Two cell theory modifications
-Hormone actions during development
Cell-Cell Interactions
-Categorization of different cell-cell interactions in the ovary
-Growth factor regulation follicle development
-Oogenesis and systems biology

Required Reading
Bahr JM. (2018) Ovary, Overview. in: Encyclopedia of Reproduction 2nd Edition, Ed: MK Skinner.
Elsevier. Vol 2: 3-7.
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Glossary
Corpus luteum An endocrine gland formed from the granulosa and theca layers of an ovulated follicle.
Follicle A structure in the ovary consisting of the oocyte and surrounding granulosa and theca cell layers.
Granulosa cells Somatic cells directly surrounding the oocyte.
Meiosis A type of cell division which the oocyte undergoes reducing the number of chromosomes so that the oocyte has one
copy of each chromosome.
Oocyte The female gamete.
Ovary The female gonad.
Steroids Molecules with a basic structure similar to that of cholesterol.
Theca cells Layer of steroidogenic cells and connective tissue surrounding the granulosa cells and forming the outer layer of
the follicle.

Introduction
Ovaries are female gonads responsible for the generation of female gametes (oocytes) and synthesis of hormones necessary
for the regulation of reproductive functions. Since the ﬁrst description of the ovary reported by Aristotle more than 2000 years
ago, information about the ovary has expanded signiﬁcantly. Knowledge of the formation of the ovary and its endocrine function
is essential to understand the mystery of the regeneration of life.

Anatomy of the Ovary
Most vertebrates develop a pair of ovaries with the exception of some birds, reptiles and a few mammals that only have one ovary.
Ovaries lie on either side of the upper pelvic cavity and against the pelvic wall. They are held in place by a mesentery (mesovarium)
connected to a broad ligament. Ovaries are one of the most vascular organs in the body. The ovarian artery (or utero-ovarian artery)
which arises from the abdominal aorta reaches the ovary along with the mesovarium. Branches of the ovarian artery enter the ovary
through the hilus, the same site at which the venous blood exits. Adrenergic and cholinergic nerves also enter the ovary through
the hilus.
Even though the size of the ovary varies, the structure of the ovary is similar among mammalian species (Fig. 1). The
ovary consists of an inner medulla, containing a rich vascular bed within loose connective tissue and an outer cortex, where
the ovarian follicles are located. The outermost lay of the cortex is a single squamous or cuboidal surface epithelium derived
from the peritoneum. Under the surface epithelium lies the tunica albuginea, a poorly delineated layer of dense connective tissue
that gives the ovary a whitish color. The cortex of the ovary is made up of numerous follicles of varies sizes and stages of
development embedded in the stroma. The stroma is composed of at least three different cell types: connective tissue cells
(ﬁbroblasts) performing support functions, smooth muscle cells regulating the contraction of blood vessels and interstitial cells
including undifferentiated theca cells and degenerated cells from atretic follicles and regressed corpora lutea. The follicles (follicle
is Latin for “little bag”) are structurally very conspicuous because of their variation in size. The microscopic appearance of follicles
is different depending on the stage of follicular development whereas the basic cellular organization of follicles is the same.
A follicle consists of an oocyte and surrounding follicular wall. Between the oocyte and surrounding follicular wall is a thin
transparent membrane, the zona pellucida. The follicular wall contains an inner granulosa layer and an outer theca layer. The
granulosa layer surrounds the oocyte and is separated from the theca layer by the basement membrane. The number and function
of the granulosa cells changes during follicular growth. In mature follicles, the theca layer can be divided in the theca externa and
interna. The theca externa consists of concentrically arranged smooth muscles cells innervated with autonomic nerves. The theca
interna has epithelioid cells called interstitial cells, which are steroid producing cells. These cells contain LH and insulin receptors
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Fig. 1 A cross-section of the ovary illustrating follicles at different stages of development (from primordial to Graaﬁan follicles), corpus hemorrhagicum, corpus luteum, and corpus albicans. The microscopic structures of follicles are also shown. Adapted from Jones, R.E. (1991) The ovaries
in human reproductive biology, pp. 39–53. Academic Press, San Diego. p. 42.

and synthesize primarily androgens, of which the predominant steroid is androstenedione. The theca interna has both blood
vessels and nerves. The granulosa layer is devoid of blood vessels and nerves at all times.
Once ovulation of the Grafﬁan follicle (tertiary) has occurred, blood derived from torn blood vessels of the theca layer inﬁltrates
the collapsed follicle and results in the formation of the corpus hemorrhagicum, a developing corpus luteum with a bloody core.
Luteinizing granulosa and thecal cells begin to divide and invade the antral cavity, which remains after ovulation of the oocyte,
forming the corpus luteum (Latin for “yellow body”). Blood vessels from the theca layer grow and penetrate the developing luteal
cell mass. If pregnancy does not occur, the corpus luteum degenerates after a certain length of time depending upon the species. The
connective tissues replaces the luteal cells and forms the corpus albicans (Latin for “white body”). The ovarian medulla devoid of
follicles, contains large, spirally arranged blood vessels, lymphatic vessels and nerves.

Functions of the Ovary
Generation of the Female Gametes
Oogenesis
Female gametes, or oocytes, provide the maternal genetic material for the formation of an embryo. The ovary nurtures thousands of
oocytes and functions as an incubator for their development. The development of oocytes (oogenesis) starts with primordial germ
cells, residing in sex cords which divide mitotically producing oogonia. Oogonia then become primary oocytes and undergo the ﬁrst
meiosis. The primary oocytes are arrested at the diplotene stage of the ﬁrst meiosis until they experience the preovulatory LH surge.
Then the ﬁrst meiosis is reinitiated and the membrane of the oocyte nucleus (germinal vesicle) disintegrates, which is called
germinal vesicle breakdown. Meiosis of the oocyte is unequal producing a large haploid secondary oocyte and a tiny haploid ﬁrst
polar body. This polar body can divide again or remain single; in either case, it degenerates. Then the secondary oocyte begins the
second meiotic division but this division is arrested at metaphase until after sperm penetration of the oocyte, which occurs in the
oviduct. Completion of the second meiosis results in a haploid ovum and the second polar body.

Folliculogenesis
Folliculogenesis is a developmental sequence regulated by a number of genes, transcription factors and hormones. During fetal
development of humans and postnatal development of mice, oocytes are present in clusters or nests. Majority of these oocytes
enter meiosis during embryonic life. As the oocytes separate into individual oocytes, they form primordial follicles and undergo
further development called oogenesis. Maturation of oocytes (oogenesis) is closely associated with the development of follicles
because factors produced by the oocytes have a major impact on the development of the granulosa and theca layers. Folliculogenesis always begins in the innermost part of the ovarian cortex in mammals. Primordial follicles consist of primary oocytes
surrounded by ﬂat squamous pre-granulosa cells. Primordial follicles are the only available source of oocytes during the entire
reproductive period of the female. As primordial follicles develop into primary follicles, there are changes in the oocyte. It
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increases in diameter and develops an extracellular matrix, the zona pellucida. Reactivation of the oocyte genome causes the
oocyte to secrete growth factors which play a crucial role in the growth of the follicle. As primary follicles grow, the granulosa
cells divide mitotically so that secondary follicles have two to six layers of cuboidal-shaped granulosa cells. Secondary follicles
also acquire an additional somatic cell layer, the theca. There are at least two sources of the theca progenitor cells: somatic precursors of the fetal ovary and mesenchymal cells in the neighboring mesonephros. The formation of this theca layer is dependent
upon the presence of growth differentiation factor-9 (GDF-9) produced by the oocyte. The theca layer forms around the basement
membrane in secondary follicles and ultimately forms the theca interna and theca externa. Follicular growth from primordial
to secondary follicles is gonadotrophin-independent. During the formation of tertiary follicles or preantral follicles,
follicles continue to grow in size. As follicles progress from secondary follicles to antral follicles, granulosa cells secrete a ﬂuid
that accumulates between cells. Large amounts of additional ﬂuid diffuse out of the thecal blood vessels and are added to
the ﬂuid which is called follicular ﬂuid. Follicular ﬂuid contains steroid and protein hormones, anticoagulants, enzymes, and
electrolytes and is similar to blood serum in appearance and contents. The follicle ﬁlled with follicular ﬂuid is the tertiary or
preovulatory follicle. These follicles have a mural granulosa layer of four to six layers and the theca layer is differentiated into
an inner theca interna and an outer theca externa. Oocytes in preovulatory follicles are suspended in follicular ﬂuid by a stalk
of granulosa cells, the cumulus oophorus. Immediately surrounding the oocyte is a thin ring of granulosa cells, the corona
radiata. At this state the follicle is called the Graaﬁan follicle and appears as a transparent vesicle that bulges from the surface
of the ovary.
Even though one of the function of the ovary is to produce oocytes, the majority of oocytes never ovulate. The number of oocytes
reaches its maximum soon after the ovaries are formed. After that time oocyte number decreases dramatically. At birth, a female has
all the oocytes she will have in her life; no new oocytes are formed after birth. The vast majority of oocytes, enclosed in follicles,
around 99.9%, are eliminated before ovulation through a process called atresia which is due to the activation of apoptosis in
the oocyte and granulosa cells. Follicles can become atretic at any stage of development.

Production of Hormones
Another function of the ovary is to secrete hormones which act on the hypothalamus and pituitary to regulate the secretion of
hormones by these two tissues, thus establishing the hypothalamic-pituitary–ovarian axis. The ovarian hormones also regulate
the function of the reproductive tract and ultimately reproduction.

Protein and peptide hormones
(i) Inhibin and activin: Inhibin and activin were ﬁrst isolated from gonadal ﬂuids because of their effects on production of follicle
stimulating hormone (FSH) by the pituitary in mammals. Inhibins consist of two disulﬁde-bridged subunits, the a and
b subunits, whereas activins consist of two b subunits. The primary source of inhibin and activin in the ovary is the maturing
follicles and the corpus luteum. The function of inhibins is to modulate FSH secretion at the level of the pituitary, whereas the
function of activins is to increase FSH secretion at the level of the pituitary. Inhibins and activins have antagonistic actions.
Inhibins and activins also function as intraovarian hormones.
(ii) Follistatin: Follistatin is a FSH-modulating polypeptide not related to TGF-b. Follistatin acts as a binding protein and a functional antagonist of activin. Granulosa cells in antral follicles and luteal cells secrete follistatin.
(iii) Relaxin: Relaxin is produced by the corpus luteum. The structure of relaxin is very similar to that of insulin but has <20%
amino acid homology. In the human, relaxin is the highest during the ﬁrst trimester of pregnancy after which the concentrations are relative stable. In the rat and the pig, relaxin reaches the highest concentration prior to parturition. Relaxin in these
species functions to soften the cervix and vagina for the passage of the fetus during parturition and to promote the growth of
nipples. Relaxin also acts on nonreproductive tissues, such as skin and the gastrointestinal tract.
(iv) Growth factors: The ovary not only secretes endocrine hormones to regulate functions of other reproductive organs but also
produces growth factors to coordinate the activities of different ovarian compartments. Many growth factors, such as insulinlike growth factors, transforming growth factors and epidermal growth factor are produced by the oocyte and somatic cells in
the ovary. This complex intraovarian regulation system is no less important than the extraovarian regulation by the pituitary
hormones. These growth factors form a delicate interactive communication web inside the ovary. Without them, the ovarian
cells cannot interact with each other and the growth of the ovary is halted.

Steroid hormones
The ovary uses cholesterol as the precursor for steroid synthesis. Cholesterol is metabolized into progestins, androgens, and estrogens by different compartments of the follicles (Fig. 2).
(i) Progestins pregnenolone. Is the most important progestins (C21 pregnane family) produced by follicles because of its
key position as the precursor of all steroid hormones. The most abundant progestin is progesterone, produced as
a biosynthetic intermediate by follicles at all growing stages of development and as a secretory end product of the
corpus luteum. In the developing follicles, the theca layer is the primary site of progestin productions. Immediately prior
to ovulation, the granulosa cells stimulated by LH also synthesize progesterone. After ovulation the corpus luteum
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Fig. 2 Biosynthesis of steroid hormones from cholesterol. This scheme provides a simplistic view of a highly organized and complicated process
that requires multiple enzymes. Adapted from Hafez, E.S.E (1993) Folliculogenesis, egg maturation, and ovulation. In Reproduction in farm animals,
6th ed., pp. 114–143. Lea and Febiger, Philadelphia, p. 79.

synthesizes copious amounts of progesterone needed to prepare the uterus for implantation and later for the maintenance
of pregnancy.
(ii) Androgens. The follicle is a signiﬁcant source of ovarian androgens (C19 androstane family). Pregnenolone and progesterone
are converted into androgen metabolites, dehydroepiandrosterone and androstenedione, respectively. These are two metabolites are then transformed into testosterone. The theca layer of the follicle is the primary source of ovarian androgens.
(iii) Estrogens. Physiologically, the estrogens (C18 estrane family) especially estrone and estradiol-17-b, are the most important
of the ovarian steroids. Androstenedione and testosterone are the immediate biosynthetic precursors of estrone and
estradiol-17-b, respectively. Their names reﬂect their roles in the induction of sexual receptivity (estrus) in female mammals.
Estrone was the ﬁrst sex steroid isolated and identiﬁed. The granulosa layer is the major site of estrogen synthesis in the
mammalian ovary.

Regulation of Ovarian Functions
Regulation of Folliculogenesis
Growth of primordial follicles to the preantral stage is independent of gonadotropins and is controlled by intraovarian growth
factors. Growth of follicles after the preantral stage depends on appropriate patterns of secretion, sufﬁcient concentrations and
adequate ratios of FSH and LH in the blood. FSH plays a major role in early follicular development. FSH stimulates granulosa cell
mitosis and accumulation of follicular ﬂuid. Granulosa cells synthesize estrogens in response to FSH which further enhance the
mitotic effect of FSH. Moreover, FSH induces granulosa cell sensitivity to LH by increasing LH receptor expression. Abundant LH
receptors in granulosa cells prepare the luteinization of granulosa cells in response to the ovulatory LH surge in mammals. In
contrast, theca cells are stimulated only by LH and LH receptors are present from the beginning of the formation of the theca
layer.
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Fig. 3 “Two-cell, two-hormone” theory of follicular steroidogenesis. LH binds to speciﬁc membrane receptors on theca calls and stimulates cyclic
AMP production and the conversion of cholesterol to androgens, primarily androstenedione and testosterone. These androgens diffuse into the circulation and across the basement membrane into granulosa cells. FSH binds to speciﬁc membrane receptors on granulosa cells and stimulates cyclic
AMP production, which leads to increased aromatase enzyme activity and the conversion of theca androgens to estrogens. Adapted from Yen, S. S.
C. and Jaffe, R. B. (1986). Reproductive Endocrinology (2nd ed.), Philadelphia: Saunders.

Regulation of Steroidogenesis
The steroidogenic output of the ovary is a function of coordinated actions of theca and granulosa cells. Differences in gonadotropin
receptors on the membrane, in the activity of steroidogenic enzymes and in compartmentalization in the follicle result in a unique
partnership in steroid synthesis between theca and granulosa cells. The principal site of estrogen synthesis in the mammalian ovary
is granulosa cells under the control of FSH. Androgen production appears to be the primary steroidogenic function of theca cells in
response to LH. Androgens from theca cells provide substrates for granulosa cells to synthesize estrogens. The action of LH on theca
androgen production, together with the action of FSH on granulosa estrogen synthesis, forms the basis of the “two-cell, twohormone” theory for the control of steroidogenesis in the ovary (Fig. 3).
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Ovarian Systems Biology
Cell Biology of the Ovary
-Cell types/organization
-Developmental stages (Folliculogenesis)
-Atresia/apoptosis
-Oogenesis
Regulation of Folliculogenesis
-Growth properties of ovarian follicles
-Local production and action of growth factors
-Growth regulations during development
-Primordial follicle transition
Endocrine Regulation of Tissue Function
-Gonadotropin actions (Pituitary/Gonadal Axis)
-Steroid production and action
-Two cell theory modifications
-Hormone actions during development
Cell-Cell Interactions
-Categorization of different cell-cell interactions in the ovary
-Growth factor regulation follicle development
-Oogenesis and systems biology
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Discussion
Student 19: Reference 1 above
• What cumulus and mural granulosa cells?
• What gene categories and networks were identified?
• What oocyte paracrine interactions were identified?

Student 20: Reference 2 above
• What are the technology used and objectives?
• What epigenetic regulation and gene network were identified?
• What insights are provided into the development of polycystic ovarian disease?

Student 21: Reference 3 above
• What is the experimental and systems approach?
• What new insights provided on primordial follicle development?
• What gene signaling networks were identified for primordial follicle development?

The Mammalian Ovary
Ovulatory Follicle
Graffian Follicle
Corpus Luteum

Antral Follicle

Primordial Follicles
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Cell Death 1858 Virchow - discuss process active & passive
Process = necrosis & degenerative
1860’s-1870’s- Weigert & Cohnheim - Students Virchow
Describe further - physiological need
1885 - Walter Flemming - ovary model used
1st micrograph apoptosis
previously he described - chromatin & mitosis
termed cell death process - chromatolysis

•Apoptosis termed -1914 for programmed cell death
•Rediscovered in 1980’s
•Term not best
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Figure 2
--------------------------------------------------------------------Influences of
pro-and antiapoptotic
effectors on
death receptormediated
apoptosis.
Apoptosis is
controlled by
several pro(green) and anti(red) apoptotic
proteins. The
balance of these
proteins are
important to
ensure tissue
homeostasis.
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The Mammalian Ovary
Ovulatory Follicle
Graffian Follicle
Corpus Luteum

Antral Follicle

Primordial Follicles
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Number of Oocytes During Stages of
Early Folliculogenesis

Rodent
Primate

Proliferation
75,000
6,800,000

Assembly
27,000
1,000,000

Oogonial Stem Cell

Puberty
10,000
700,000

Only 500 human follicles ovulate.
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Follicular Assembly and Primordial to
Primary Follicle Transition
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Oocyte Nest

Primordial
Follicles

Primary Follicles
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Nuclear exclusion of SMAD2/3 in granulosa cells is associated with primordial follicle activation in the mouse ovary.
Hardy K, Mora JM, Dunlop C, Carzaniga R, Franks S, Fenwick MA.
J Cell Sci. 2018 Sep 7;131(17). pii: jcs218123.

LONG-TERM CULTURE
Interaction of Follicle-Stimulating Hormone and Stem Cell Factor to Promote Primordial Follicle Assembly in the Chicken.
Guo C, Liu G, Zhao D, Mi Y, Zhang C, Li J.
Front Endocrinol (Lausanne). 2019 Feb 19;10:91.

RAT OVARY ORGAN CULTURE
c
75

c

Fresh
Control

a

KL
b
50

bFGF

b

a
25

c

c

0

Primordial

FOLLICLE

Developing

Effects of FSH treatment on chicken folliculogenesis in vivo. (A,B) Morphology of the primordial and growing follicles in 6-day-old chicken ovaries. Scale bar: 20 μm.
Arrowheads and arrows represent the somatic cells and oocytes, respectively. (C) Changes in the primordial and growing follicle numbers after FSH treatment. (D) The
c-KIT and SCF mRNA expressions were measured by qRT-PCR in ovaries from the 6-day-old chickens after FSH treatment at day 4. GAPDH was used as the
normalization control. T-tests were used to determine statistically significant differences. The values are the mean ± SEM of six experiments. Asterisks indicate
significant differences (*P < 0.05, **P < 0.01, ***P < 0.001).

STAGE
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FOXO1/3 depletion in granulosa cells alters follicle growth, death and regulation of pituitary FSH.
Liu Z, et al.
Mol Endocrinol. (2013) Feb;27(2):238-52.
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Unassembled

Primordial

Percent Per Stage

In Vivo Follicular Kinetics
100
90
80
70
60
50
40
30
20
10
0

146

126

94

Oocytes
Primordial
Primary

2332
Postnatal Day 0

80

Postnatal Day 4

115

Time Point

Percent per Stage

In Vitro Follicular Kinetics

151

100
90
80
70
60
50
40
30
20
10
0

% oocytes
% Primordial
% Primary

0 days

Primary
Unassembled to Primordial

Primordial to Primary

Total Genes (>2X)

64 Genes Up Regulated

62 Genes Up Regulated

Total Genes (>2X)

28 Genes Down Regulated

121 Genes Down Regulated

Postnatal Day 6
Time Point

Candidate Factors for Primordial
to Primary Follicle Transition
•
•
•
•
•
•
•
•
•
•
•

KL (Stem Cell Factor)(Kit Ligand )
bFGF (basic Fibroblast Growth Factor)
LIF (Leukemia Inhibitory Factor)
GDF-9 (Growth and Differentiation Factor 9)
BMP-4 (Bone Morphogenic Protein 4)
EGF (Epidermal Growth Factor)
HGF (Hepatocyte Growth Factor)
KGF (FGF-7)(Karotinocyte Growth Factor)
IGF-1 (Insulin Like Growth Factor 1)
VEGF (Vascular Endothelial Growth Factor)
TNFa (Tumor Necrosis Factor)
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Current Model of Early Folliculogenesis
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TNF!

Neurotrophin NT3 promotes ovarian primordial to primary follicle transition.
Nilsson E, Dole G, Skinner MK.
Reproduction. 2009 Oct;138(4):697-707.
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Systems Biology Approach:
1.Comparative mRNA expression
with several treatments.
2.Network analysis.
3.Unbiased literature analysis.
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KL
GDNF
NT3

Gdnf
Ntf3

glial cell derived neurotrophic factor
neurotrophin 3

All compounds had effect on Primordial to Primary Follicle Transition
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BMP4

fibroblast growth factor 2
platelet-derived growth factor beta polypeptide
Leukemia inhibitory factor
fibroblast growth factor 7
bone morphogenetic protein 4
anti-Mullerian hormone
KIT ligand
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LIF
KGF
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Oocyte “Nest”

Gene Co-expression Network
*

* * * *

*

Size, #
genes
Module
turquoise *
194
blue *
182
brown *
158
yellow *
150
green
139
red *
112
black
99
pink
85
magenta
68
purple *
45
greenyellow
32
tan
29
salmon
28
cyan
22
midnightblue
20
lightcyan
20

“Short” list of 55 most connected
in network genes
CTGF, connective tissue growth factor

* - chosen
(Hierarchical Clustering over the module-module similarity matrix
heatmap derived from a network.)
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Organ culture experiments to test if CTGF regulates follicle transition:
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The Mammalian Ovary
Ovulatory Follicle
Graffian Follicle
Corpus Luteum

Antral Follicle

Primordial Follicles
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Hypothetical diagram of RTEC induced earlier menopause. The red line represents normal ovarian dynamics during aging while the
blue line represents ovarian dynamics in a premature menopause scenario.
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Fig. 4. Schematic of the prpoosed steroidmediated interactions between ovarian theca cells
and granulosa cells. The steroids involved
include androgens (A), estogens (E) and
progestins (P) with both positive (+) and negative
(-) effects on steroidogenesis. The gonadotropins
involved include luteinizing hormone (LH) and
follicle stimulating hormone (FSH).

“FSH Actions on Granulosa Cells “

“Actions of LH on Granulosa Cells”
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Transforming Growth-Beta Factor
Family
- PGC
- PGC

- PGC

- oocyte/follicle

- Granulosa
- Theca/Granulosa
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Signalling pathways involved in the cooperative effects of ovine and murine GDF9+BMP15-stimulated
thymidine uptake by rat granulosa cells.
Reader KL, et al.
Reproduction. (2011) Jul;142(1):123-31.
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Fibroblast Growth Factor
Basic Fibroblast Growth Factor (bFGF)
Vascular Endothelial Growth Factor (VEGF)
~14kDa protein
-interacts with heparin components of ECM
-Active in fmol (pg) levels
-Angiogenic factor, promote vascularization
-Growth factor

Ovary postulated GC
FGF
- act as growth factor GC
-act as angiogenic factor for follicle
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KGF

- keratinocyte growth factor
28kDA mesenchymal cell derived growth factor
(FGF-7); receptor FGFR-2 splice variant
Receptor only on epithelial type cells
HGF
- hepatocyte growth factor
28kDA mesenchymal cell derived growth factor
(scatter factor); promote kidney tubulogenesis
Receptor is c-met protooncogene
only on epithelium
Both mediate mesenchymal-epithelial interactions
Theca cellsexpress/secrete KGF & HGF
Granulosa cells- respond growth

Parrott et al (1994)
Endocrinology
135:569

KGF
HGF
GDF9

Theca
Theca
Oocyte

BMP15

Oocyte

Granulosa
Granulosa
Granulosa/
Theca
Granulosa

+growth
+growth
+growth/
+differentiation
+growth
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CELL CELL INTERACTIONS IN THE ANTRAL FOLLICLE
LH

The role of Notch signaling in the mammalian ovary

FSH

Reproduction. 2017 Jun;153(6):R187-R204.
Vanorny DA, Mayo KE.

Theca
Cell

A

Granulosa
Cell

E

E
TGF a

GDF-9

Oocyte

KGF
HGF
KL

KL
LIF ?

bFGF
LIF ?
GDF-9?

Environmental
ThecaGranulosa

ECM

Nutritional
Androgen

Regulatory
Estrogen
Progestin

The Mammalian Ovary
Ovulatory Follicle
Graffian Follicle

TGFa
TGFb
HGF
KGF

GranulosaOocyte

Minimal ECM
Cytoarchitectural
Support

Gap Junctions
(<800mw)

cAMP
Xanthine
Dirivatives
OMI
Kit-ligand (SCF)
GDF-9

GranulosaGranulosa

Minimal ECM
Gap Junctions

Gap Junctions
(cAMP)

Estrogen
IGF
FRP

Corpus Luteum

Antral Follicle

Primordial Follicles
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The dormant and the fully competent oocyte: comparing the transcriptome of human oocytes from
primordial follicles and in metaphase II.

Proteomics-based systems biology modeling of bovine germinal vesicle stage oocyte and cumulus cell
interaction.

Grøndahl ML, et al.
Mol Hum Reprod. (2013) 19(9):600-17.

Peddinti D, et al.
PLoS One. (2010) Jun 21;5(6):e11240.
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Schedule/Lecture Outline –
January 14 & 16
21 & 23
28 & 30
February 4 & 6
11 & 13
18 & 20
25 & 27
March 3 & 5
10 & 12
16 – 20
24 & 26
31 & 2
April
7&9
14 & 16
21 & 23
28 & 30
May
5&7

Week 1
Week 2
Week 3
Week 4
Week 5
Week 6
Week 7
Week 8
Week 9
Week 10
Week 11
Week 12
Week 13
Week 14
Week 15
Week 16
Week 17

Systems Biology Introduction
Molecular/ Cellular/ Reproduction Systems
Sex Determination Systems
Male Reproductive Tract Development & Function
Female Reproductive Tract Development & Function
Gonadal Developmental Systems Biology
Testis Systems Biology
Ovary Systems Biology
Epigenetics and Transgenerational Gonadal Disease
Spring Break
Gametogenesis/ Stem Cells/ Cloning
Hypothalamus-Pituitary Development & Function
Reproductive Endocrinology Systems
Fertilization & Implantation Systems
Fetal Development & Birth Systems
Assisted Reproduction/Contraception
Exam or Grant Review
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