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From Primary Follicle to Ovulation

Primer Follikilden Ovulasyona
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ABSTRACT

Folliculogenesis is a very complex process not clearly understood yet.
Contributions of many hormones, growth factors, regulatory proteins and
different types of cells make this process more confusing. However,
important milestones of understanding female reproductive life are hidden
in this process. Investigations on this issue may yield important data which
may enable us to improve assisted reproduction techniques or prevent/treat
ovarian failure.

We aimed to summarize new aspects of this issue and proposed new
hypotheses in the light of recent literature.
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OzZET

Follikilogenez, hala net olarak anlasilamamis karmasik bir strectir. Birgok
hormonun, blyime faktorlerinin, dizenleyici proteinlerin ve farkh tirde
hiicrelerin katihmi bu sireci daha da karmasik hale getirir. Ancak kadinin
reprodiktif ¢agini anlamak igin 6nem tasiyan kilometre taslar bu sirecte
sakhdir. Bu konudaki ¢alismalar tGremeye yardimci teknikleri gelistirmemize
veya ovaryen yetmezligi engellememize/tedavi etmemize olanak verecek
o6nemli bilgiler saglayabilir. Bu konunun gincel gérinimina, ileri sirilen
yeni hipotezler ve yayinlar isiginda 6zetlemeyi amagladik.
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INTRODUCTION

Primary goal of the folliculogenesis is to release one healthy follicle
capable of being fertilized. This requires a healthy communication of somatic
(theca and granulosa) and germ cells (oocyte) since activation of primordial
follicle till ovulation.

Primordial germ cells originate from yolc sac, allantois, and hindgut
endoderm and migrate to genital ridge in 5-6" gestational weeks. Here they
reach maximum of their number (6-7 millions) in 16-20" weeks via mitosis.
Primordial follicle stable in diplotene phase of meiotic prophase surrounded
by single layer of flat granulose cells constitute a primary follicle.

Activation of a primary follicle

Primordial follicles silently wait until recruitment (Fig 1). Traditionally a
multidirectional complex communication is thought to exist between
germinal and somatic cells mediated by extracellular matrix components and
autocrine/paracrine growth factors (1). New research demonstrated some
inhibitory signals keeping primordial follicles silent, loss of which can cause
early activation, and therefore early depletion, of primordial follicle pool (2).
Only Fox12 (Forkhead Box Protein 12), mutation among investigated genes
such as Tsc-1 (Tuberous sclerosis-1), PTEN (Phosphatase and tensin
homolog), Fox03a (Forkhead Box Protein 03), p27 and FoxI2 is found to be
related to premature ovarian failure (3).
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Selection of silent primordial follicles to growing pool starts in
intrauterine 5-6" weeks and continues in all ages including menopause until
ovarian reserve is completely depleted (when approximately 1000 primordial
follicles are left, in menopause) (4). This is a continuous process different
from recruitment of a single antral follicle cohort under FSH (Follicle
Stimulating Hormone) effect in every cycle. Pregnancy, ovulation and
unovulation periods do not interfere with growth and atresia. Decrement is
proportional to total follicle count, therefore is most prominent in
intrauterine life. Approximately 2 millions of oocytes are present at birth and
300.000 in puberty.

How it is determined which follicles will grow in a cycle is unclear,
however their count is related to inactive primordial follicle count. Effects
narrowing residual follicle pool such as unilateral oophorectomy can cause
early menopause.

It takes 85 days for a silent primordial follicle to become preovulatory.
Follicle to ovulate is determined in last luteal to follicular phase shift (in first
few days of the cycle). Development since then is independent from
gonadotropins (5). Some among the growing follicle pool are rescued from
atresia with increasing FSH (6) and others are eliminated via apoptosis. As
becoming primary follicle, flat granulose cells of primordial follicle gain
cuboidal shape and proliferate. Oocyte enlarges above 60um diameter and
zona pellucida occurs (Fig 2) (7).
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Flat granulosa cells proliferate and become
cuboidal.

Zona pellucida forms. This transformation is

. stimulated by: Kit ligand, FGF-2
(Fibroblast Growth Factor-2), KGF_(Keratinocyte
Growth Factor), LIF (Leukemia Inhibitory
Factor), BMP-4(Bone Morphogenetic Protein-

4), BMP-7, BMP-15, GDF-9
(Growth/differentiation factor)
. inhibited by: PTEN, Tsc 1/MTORC 1

(Tuberous sclerosis-1/Mammalian target of
rapamycin complex 1), Fox 12, p27, AMH (Anti-
Miillerian hormone).

Granulosa cells proliferate by  mitosis
(approximately 600 cells form). Gap junctions
occur connecting them. They carry FSH,
estrogen and androgen receptors. Oocyte
diameter reach 120 um. Germinal vesicle reach
its maximum size. Theca interna and externa
layers begin to form.

Metabolical activity increase. Proteins to be
utilized in early embryo phase are synthesized.
Centrioles disappear. Mitochondria increase in
number. Endoplasmic reticulum and golgi body
are located around the germinal vesicle.

Oocyte diameter reach 150 um. Basal lamina,
Zona pellucida and theca cell layer are formed.
Fluid filled spaces among granulosa cells begin
to appear.

Oocyte diameter reach 200 um. Fluid filled
spaces unite to form antral cavity. Vascularity of
theca layer increase. Theca and granulosa cells
continue to proliferate.

Figure 2: Developmental stages of the follicle

During follicular activation, transcription factor Fox 12 plays an
important role in conversion of pregranulosa cells to granulosa cells.
Channels made of Connexin proteins enable metabolite and intermediary
molecule transfer between oocyte and granulosa cells (8). Expression of
Connexin increases with FSH stimulation and decreases with LH stimulation
(9). After ovulation these channels function in corpus luteum and are
regulated by local oxytocin (10).

Except inhibitory signals blocking premature activation of primordial
follicles, activatory signals encouraging primordial follicle to grow into
primary follicle. These signal originating from oocytes, somatic cells, and
stroma exert a coordinated and sinergistic effect to trigger growth. This
explains survival of primordial follicles in in situ ovarian tissue culture despite
isolated primordial follicles cannot survive in conventional cultures (11). As
primordial follicles donot carry FSH receptors, FSH is not required for
transition of primordial to primary follicles (12).

Studies on transgenic animal models and human ovarian tissues
demonstrated important roles of BMP-4 and BMP-7, TGF- superfamily
members produced by ovarian stromal and/or theca cells (13, 14), and GDF-9
produced by oocytes (15, 16). Growth factors such as Kit ligand and LIF
produced in granulosa cells and acting paracrinally, and FGF-7 and FGF-2
produced in theca and stromal cells and cytokines play roles in primary
follicle growth (17, 18). Promoting effect of insulin in association with Kit
ligand and LIF on primordial to primary follicle transition is also
demonstrated in rat ovarian culture (17, 20). Other genes newly
demonstrated to have roles in initiation of follicle growth are nobox and
Foxo3 (21, 22).

Progression to preantral and antral phases

Primary follicle surrounded by single layer of granulosa cells grows into
secondary follicle surrounded by multiple layers of granulosa cells which
increase in numbers by mitosis. Oocyte diameter increases to 80 um and
follicle diameter to 120 um with approximately 600 granulosa cells. Germinal
vesicle also reaches its maximum size. FSH, estrogen, androgen receptors
and gap junctions appear on granulosa cells. At the end of primary follicle
stage, early theca interna occurs as a result of follicular blood flow. Theca
externa occurs as the follicle grows and compresses surrounding stroma. In
lack of GDF-9 originating from oocyte, theca layer does not exist. (23).

Oocyte is metabolically active in secondary follicle stage, it matures and
differentiates. It synthesizes mRNA and proteins to be used in early
implantation embryo stage. Necessary nutrients, growth factors, and other
molecules are shared through gap junctions on transzonal processes.
Morphologically, centrioles disappear and mitochondria increase in number.
Endoplasmic reticulum and golgi body are placed surrounding germinal
vesicle in this stage. During growing phase, oocyte matures for meiosis.
Regular disjunction of chromosomes during meiosis depends on healthy
folliculogenesis and oocyte development (24).

Oocyte diameter reaches 120-150 pum in pre-antral stage and 200 um in
antral stage. Basal lamina, zona pellucida and theca cell layer occur in this
stage (25). Fluid filled spaces among granulosa cells unite to form antral
cavity (Fig 3).

Figure 3: One primary follicle at the top, one pre-antral follicle on the
bottom-left, antral follicle on the right (arrows).
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Urgent fluid influx through channels made of aquaporins 7, 8, and 9
produced by granulosa cells is the major factor enlarging antrum. Osmotic
gradient necessary for this influx is provided mainly by active ion transport.
Hydrolysis of glycosaminoglycans in antrum also causes fluid influx by
increasing osmolarity of follicular fluid.

Antrum is important not only for transfer of nutrients and waste
products, but also for development of cumulus-oocyte complex and
ovulation. Vascularity of theca cell layer increases, oocyte growth and
proliferation of theca and granulosa cells continue. This stage is independent
from gonadotropins and can last for months. Contribution of FSH to
preantral follicle development is debatable. Although not absolutely
essential, it may enable preantral follicle growth probably by interacting with
other ovarian factors. This hypothesis is based on the facts that this stage
follicles are rarely found in ovaries of hypogonadotropic hypogonadism
patients (26) despite ovarian grafts transplanted to hypoganadal rats show
follicular development up to antral stage (5) however this effect is not
observed in isolated pre-antral follicles cultured with FSH (27).

BMP-4 and 7, TGF-B, GDF-9 and BMP-15 produced by granulosa and/or
theca cells are known to play important roles in this stage (28). Roles of
theca cells on follicular growth are diverse and important. They are the
primary place of androgen synthesis in the ovaries and provide precursors
for estrogen synthesis in granulosa cells. They secrete BMP-4 and 7 to
promote growth of primary follicle and modify FSH signalisation via
increasing estrogen and decreasing progesteron synthesis, thus inhibit
luteinisation. However BMP-4 and 7 cannot exert such an effect in lack of
FSH (29). They secrete HGF and KGF to promote Kit ligand synthesis by
granulosa cells which further increase HGF and KGF production by theca cells
(positive feedback) (30).

Granulosa cells of preantral follicle secrete primarily estrogen, and also
androgens and progestins in lesser amounts. FSH induces aromatization of
androgens to estrogens. Although granulosa cells donot carry FSH receptor
up to preantral stage (12), FSH is necessary afterwards to form an estrogenic
micro-environment (31).

FSH and estrogen increase both number and FSH receptor synthesis of
granulosa cells (32). As follicle grows, granulosa cells differentiate into many
subtypes according to their closeness to the oocyte.

Granulosa cells also carry androgen receptors and are sensitive to the
amount of androgens in their surrounding (33). Little amount of androgens
increase aromatization and therefore estrogens, on the other hand, high
amount of androgens are converted to more potent androgens resistant to
aromatization via 5a reduction (34) leading the follicle to atresia. Success of
a follicle depends on its ability to convert its microenvironment from
androgenic to estrogenic.

Activins secreted from granulosa cells and TGF-B secreted from
granulosa and theca cells are some positive regulators of preantral and antral
follicle growth. Beyond primordial to primary follicle conversion, AMH is
thought to have negative effect on preantral follicle development. AMH
synthesis starts in primary follicle stage and continues up to mid-antral
stages in humans. AMH is a dimeric glycoprotein from TGF-B family and is
expressed in highest amounts in granulosa cells of secondary, pre-antral and
small antral (<4mm) follicles (35). It can be seen in granulosa cells of
developing pre-antral follicles in 36" gestational week (36), reaches its
maximum level at puberty, and disappear after menopause (37). Inclusion of
primordial follicles into rapidly growing follicle pool in AMH-null rats may
designate a negative effect of AMH on conversion of primordial follicles to
primary follicles (38, 39). AMH is believed to be an important indicator of
ovarian reserve and IVF outcome. Its minimum variability within and
between the cycles and excellent correlation with antral follicle count and
number of oocytes picked-up make AMH a very precious marker (40).

Granulosa cells do not have a direct blood source. Basal lamina
seperates granulosa cells from vascularized theca layer and behaves as a
blood-follicle barrier. Therefore close contact between oocyte and
neighbouring granulosa cells is mandatory. Gap junctions penetrating zona
pellucida and connecting granulosa and oocyte cell membranes mediate
their communication. Via expansive gap junctions, granulosa cells form a
entegrated functional synsitium.

Follicle rapidly grows 5-6 days before the ovulation due to granulosa cell
proliferation and antral fluid accumulation and moves towards the surface
leading to Mittelschmerz.

Cell cycle gen Cyclin D2 expression is necessary for this enlargement.
Completing this stage, follicle is ready for ovulation and called Graffian
follicle (Fig 4).

Figure 4: Graffian follicle

Recruitment and Selection of Dominant Follicle

Some follicles from antral follicle pool start their development under
effect of FSH and this is called recruitment. That means rescue of an antral
follicle cohort responsive to FSH from apoptosis at the beginning of the cycle
(32). Follicles in this pool can proceed either to ovulation or to atresia.
Traditionally it is thought that only one follicular development wave occurs in
one cycle however new ultrasonographic studies proposed presence of
multiple follicular development waves (41). Selected follicle and other
members of the cohort are morphologically same. However mitotic index of
granulosa cells of the selected follicle is high and its follicular fluid has a
respectable amount of estrogen and measurable amount of FSH. Estrogen,
FSH and local growth factors effect dominant follicle via autocrine, paracrine
and endocrine ways. Estrogen increases effect of hypophyseal FSH on the
follicle, on the other hand, it decreases hypophyseal FSH secretion via
negative feedback limiting FSH effect on less developed follicles.
Microenvironment of these follicles become androgenic and atresia starts.
Ovarian steroids and other local factors also add to this period. First event in
this period is diminishing FSH receptors on the granulosa cells (32). High
intracellular estrogen and high number of FSH receptors are 2 features of
dominant follicle which rescue itself from diminishing effect of high estrogen
secreted by itself on hypophyseal FSH. Better vascularized theca layer due to
VEGF also enable high amount of gonadotropins to reach dominant follicle.

Ovulation of follicle gains dominance 5-7 days after disappearance of
corpus luteum of the preceeding cycle. Length of menstrual cycle is
determined by the dominant follicle (follicular phase) and corpus luteum
(luteal phase), not the hypothalamus or hypophysis. If the selected dominant
follicle is damaged, no other member of the cohort can replace it.

Intrafollicular estrogen/androgen ratio is low when follicle is smaller
than 8 mm?®. In midfollicular phase this ratio is reversed. Recruited follicle is
capable of producing enough amounts of estrogens and estrogen level in the
vein of dominant ovary is higher than the contralateral ovary in 57" days of
the cycle. As a result of granulosa and theca cell activity, antral fluid can
include higher levels of steroids than plasma. In late follicular phase,
intrafollicular estradiol level is correlated with follicle size, and estradiol level
in systemic circulation reaches its maximum level which is approximately
1mg/ml (42). High FSH and high intrafollicular estrogen level increase LH
receptor concentration in granulosa cells. LH is critical for late maturation of
dominant follicle (43). Following LH peak, intrafollicular estradiol and
androstenedione levels decrease. Reflecting early granulosa cell
luteinization, progesterone and 17-OH-progesterone levels increase. In
preovulatory follicle fluid, estradiol and progesterone levels are high and
androgens are low. In contrast, in small follicles in late follicular phase,
androgen levels are high and estrogen and progesterone levels are low.
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These findings suggest that follicular hormone levels are controlled by the
microenvironment of the follicle individually. In presence of FSH, estrogens
are dominant in follicular fluid and in lack of FSH, androgens become
dominant (44). Early rise in LH slows down mitosis in granulosa cells,
degeneration starts and follicle remains in androgenic micro environment.

Granulosa cells produce peptides called activin, inhibin, and follistatin
and secrete into systemic circulation under FSH stimulation. Hypophyseal
secretion of FSH is stimulated by activin and inhibited by inhibin. Follistatin
binds activin and block its stimulatory effect. With follicular maturation,
inhibin A level increases, and inhibin B, activin A and free follistatin stay
stable. Prolaktin can also be determined in follicular fluid everytime but its
physiologic role is not known (32). Inhibin secreted to systemic circulation
FSH level acting on other follicles and guaranty dominance. Inhibin B is
highest in midfollicular phase and just after ovulation. As corpus luteum
forms, Inhibin-A increases under LH stimulation.

Inhibin A increases FSH receptor synthesis in granulosa cells, suppresses
early phases but induces latter phases of follicular development, and plays
roles in control of aromatase activity. It decreases LH effect, therefore
androgen production in theca cells (45). When activin effect is blocked,
follicular development stops (46, 47). In small follicles, secretion of activin A
is prominent than inhibin A. In bigger antral follicles Inhibin A secretion is
prominent (48). Inhibin A gives substrate to aromatization by increasing
androgen production in theca cells under LH stimulation.

AMH weakens response of preantral and small antral follicles to FSH.
TGF-B show effects similiar to activin effects. BMP-6 from granulosa cells and
BMP-4 and 7 from theca cells lower androgen synthesis in response to LH
limiting substrates of aromatization (28).

CONCLUSION

Better understanding actors of folliculogenesis can enable us to prevent
premature ovarian failure, to develop effective in vitro maturation
techniques and to improve ovarian stimulation protocols.

Conflict of Interest
No conflict of interest was declared by the authors.

REFERENCES

1. Skinner MK. Regulation of primordial follicle assembly and development.
Hum Reprod Update 2005;5:461-71.

2. Reddy P, Liu L, Adhikari D, Jagarlamudi K, Rajareddy S, Shen Y, Du C, Tang
W, Hamalainen T, Peng SL. et al. Oocyte-specific deletion of Pten causes
premature activation of the primordial follicle pool. Science 2008;5863:611-
3.

3. De Baere E, Beysen D, Oley C, Lorenz B, Cocquet J, De Sutter P, Devriendt
K, Dixon M, Fellous M, Fryns JP. et al. FOXL2 and BPES: mutational hotspots,
phenotypic variability, and revision of the genotype-phenotype correlation.
Am J Hum Genet 2003;2:478-87.

4. Oktem O, Oktay K. The ovary: anatomy and function throughout human
life. Ann NY Acad Sci 2008;1127:1-9.

5. Oktay K, Newton H, Mullan J, Gosden RG. Development of human
primordial follicles to antral stages in SCID/hpg mice stimulated with follicle
stimulating hormone. Hum Reprod 1998; 13:1133-8.

6. Schipper I, Hop WC, Frauser BC. The follicle stimulating hormone (FSH)
treshold/window concept examined by different interventions with
exogenous FSH during the follicular phase of the normal menstrual cycle:
duration rather than magnitude, of FSH increase affects follicle development.
J Clin Endocrinol Metab 1998;83:1292-8.

7.Rankin T, Familari M, Lee E, Ginsberg A, Dwyer N, Blanchette-Mackie J,
Drago J, Westphal H, Dean J. Mice homozygous for an insertional mutation in
the Zp3 gene lack a zona pellucida and are infertile. Development
1996;9:2903-10.

8. Ackert CL, Gittens JE, O’Brien MJ,Eppig JJ, Kidder GM. Intercelluler
communication via connexind3 gap junction is required for ovarian
folliculogenesis in the mouse. Dev Biol 2001;233:258-70.

9. Granot |, Dekel N. Developmental expression and regulation of the gap
junction protein and transcription in rat ovaries. Mol reprod Dev
1997;47:231-9.

10. Khan-Dawood FS. Oxytocin in intercellular communication in the corpus
luteum. Seminars Reprod Endocrinol 1998;15:395-407.

11. O’Brien MJ, Pendola JK, Eppig JJ. A revised protocol for in vitro
development of mouse oocytes from primordial follicles dramatically
improves their developmental competence. Biol Reprod 2003;5:1682-6.

12. Oktay K, Briggs D, Gosden RG. Ontogeny of follicle-stimulating hormone
receptor gene expression in isolated human ovarian follicles. J Clin
Endocrinol Metab 1997;11:3748-51.

13. Lee WS, Otsuka F, Moore RK, Shimasaki S. Effect of bone morphogenetic
protein-7 on folliculogenesis and ovulation in the rat. Biol Reprod 2001;
4:994-9.

14. Nilsson EE, Skinner MK. Bone morphogenetic protein-4 acts as an
ovarian follicle survival factor and promotes primordial follicle development.
Biol Reprod 2003;4:1265-72.

15. Dong J, Albertini DF, Nishimori K, Kumar TR, Lu N, Matzuk MM. Growth
differentiation factor-9 is required during early ovarian folliculogenesis.
Nature 1996;6600:531-5.

16. Carabatsos MJ, Elvin J, Matzuk MM, Albertini DF. Characterization of
oocyte and follicle development in growth differentiation factor-9-deficient
mice. Dev Biol 1998;2:373-84.

17. Nilsson EE, Kezele P, Skinner MK. Leukemia inhibitory factor (LIF)
promotes the primordial to primary follicle transition in rat ovaries. Mol Cell
Endocrinol 2002;188:65-73.

18. Nilsson EE, Skinner MK. Kit ligand and basic fibroblast growth factor
interactions in the induction of ovarian primordial to primary follicle
transition. Mol Cell Endocrinol 2004;214:19-25.

19. Nilsson EE, Skinner MK.Growth and differentiation factor-9 stimulates
progression of early primary but not primordial rat ovarian follicle
development. Biol Reprod 2002;67:1018-24.

20. Kezele PR, Nilsson EE, Skinner MK. Insulin but not insulin-like growth
factor-1 promotes the primordial to primary follicle transition. Mol Cell
Endocrinol 2002;192:37-43.

21. Rajkovic A, Pangas SA, Ballow D, Suzumori N, Matzuk MM. NOBOX
deficiency disrupts early folliculogenesis and oocyte-specific gene expression.
Science 2004;5687:1157-9.

22. John GB, Gallardo TD, Shirley LJ, Castrillon DH. Foxo3 is a PI3K-dependent
molecular switch controlling the initiation of oocyte growth. Dev Biol
2008;1:197-204.

23. Hall JE. Neuroendocrine control of the menstrual cycle. In: Strauss JF IlI,
Barbieri RL, editors. Yen and Jaffe’s Reproductive Endocrinology: Physiology,
Pathophysiology, and Clinical Management. 5th ed. Philadelphia: Elsevier
Saunders; 2004.

24. Hodges CA, llagan Ajennings D, et al. Experimental evidence that changes
in oocyte growth influence meiotic chromosome segregation. Hum Reprod
2022;17: 1171-80.

25. Knight PG, Glister C. TGF-beta superfamily members and ovarian follicle
development. Reproduction 2006;2:191-206.

26. Goldenberg RL, Powell RD, Rosen SW, Marshall JR, Ross GT. Ovarian
morphology in women with anosmia and hypogonadotropic hypogonadism.
Am J Obstet Gynecol 1976;1:91-4.

27. McGee E, Spears N, Minami S, Hsu SY, Chun SY, Billig H, Hsueh AJ.
Preantral ovarian follicles in serum-free culture: suppression of apoptosis
after activation of the cyclic guanosine 3’,5-monophosphate pathway and
stimulation of growth and differentiation by

follicle-stimulating hormone. Endocrinology 1997;6:2417-24

28. Oktem O, Urman B. Understanding follicle growth in vivo. Hum Reprod
2010;25:2944-54.

29. Shimasaki S, Zachow RJ, Li D, Kim H, lemura S, Ueno N, Sampath K, Chang
RJ, Erickson GF. A functional bone morphogenetic protein system in the
ovary. Proc Natl Acad Sci USA 1999;13:7282-7.

30. Kezele P, Nilsson EE, Skinner MK. Keratinocyte growth factor acts as a
mesenchymal factor that promotes ovarian primordial to primary follicle
transition. Biol Reprod 2005;5:967-73.

31. Mc Natty KP, Makris A, DeGrazia C, Osathanondh R, Ryan KJ. The
production of progesterone, androgens, and estrogens by granulosa cells,
thecal tissue, and stromal tissue from human ovaries in vitro. J Clin
Endocrinol Metab 1979;49:687-99.

32. Speroff L, Fritz MA. Klinik Jinekolojik Endokrinoloji ve infertilite. Erk A,
Gunalp S (Geviri Editorleri). 7. baski, Ankara: Guines Tip Kitabevi, 2007.

33. Hild-Petito S, West NB, Brenner RM, Stouffer RL. Localization of androgen
receptor in the follicle and corpus luteum of the primate ovary during the
menstruel cycle. Biol Reprod 1991;44:561-8.

34. McNatty KP, Makris A, Reinhold VN, DeGrazia C, Osahanondh R, Ryan KJ.
Meatbolism of androstenedione by human ovarian tissues in vitro with
particular reference to reductase and aromatase activity. Steroids 1979;34:
429-43.

35. Visser JA, Themmen AP. Anti-Mullerian hormone and folliculogenesis.
Mol Cell Endocrinol 2005;234:81-6.

145



146

Taskin et al.
Folliculogenesis

GMJ
2013; 24: 142-146

36. Rajpert-De Meyts E, Jorgensen N, Graem N, Muller J, Cate RL, Skakkebaek
NE. Expression of anti-Mullerian hormone during normal and pathological
gonadal development: association with differentiation of Sertoli and
granulosa cells. J Clin Endocrinol Metab 1999;10:3836-44.

37. de Vet A, Laven JS, de Jong FH, Themmen AP, Fauser BC. Antimullerian
hormone serum levels: a putative marker for ovarian aging. Fertil Steril
2002;2:357-62.

38. Durlinger AL, Kramer P, Karels B, de Jong FH, Uilenbroek JT, Grootegoed
JA, Themmen AP. Control of primordial follicle recruitment by anti-Mullerian
hormone in the mouse ovary. Endocrinology 1999;12:5789-96.

39. Durlinger AL, Gruijters MJ, Kramer P, Karels B, Ingraham HA, Nachtigal
MW, Uilenbroek JT, Grootegoed JA, Themmen AP. Anti-Mullerian hormone
inhibits initiation of primordial follicle growth in the mouse ovary.
Endocrinology 2002;3:1076-84.

40. van Rooij IA, Broekmans FJ, te Velde ER, Fauser BC, Bancsi LF, de Jong FH,
Themmen AP. Serum anti-Mullerian hormone levels: a novel measure of
ovarian reserve. Hum Reprod 2002;12:3065-71.

41. Baerwald AR, Adams GP, Pierson RA. Characterization of ovarian follicular
wave dynamics in women. Biol Reprod 2003;3:1023-31.

42. Westergaard L, Christensen lj, McNatty KP. Steroid levels in ovarian
follicular fluid related to follicle size and health status during the normal
menstrual cycle in women. Hum Reprod 1986;1:227-32.

43. European recombinant Human LH Study Group. recombinant Human LH
to support Recombinant FSH-induced follicular development in LH- and FSH-
deficient anovulatory woman: a dose finding study. J Clin Endocrinol Metab
1998;83: 1507-14.

44. McNatty KP, Makris A, DeGraziak C, Osahanondh R, Ryan KJ.
Steroidogenesis by recombined follicular cells from the human ovary in vitro.
J Clin Endocrinol Metab 1980;51: 1286-92.

45. Hsueh AJ, Dahl KD, Vaughan J, Tucker E, Rivier J, Bardin CW, Vale W.
Heterodimers and homodimers of inhibin subunits have different paracrine
action in the modulation of luteinizing hormone-stimulated androgen
biosynthesis. Proc Natl Acad Sci USA 1987;14:5082-6.

46. Matzuk MM, Kumar TR, Bradley A. Different phenotypes for mice
deficient in either activins or activin receptor type Il. Nature 1995; 6520:356-
60.

47. Guo Q, Kumar TR, Woodruff T, Hadsell LA, DeMayo FJ, Matzuk MM.
Overexpression of mouse follistatin causes reproductive defects in transgenic
mice. Mol Endocrinol 1998;1:96-106.

48. Yamoto M, Minami S, Nakano R, Kobayashi M. Immunohistochemical
localization of inhibin/activin subunits in human ovarian follicles during the
menstrual cycle. J Clin Endocrinol Metab 1992;5:989-93.



