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Master Regulators of Female Fertility
Nava Dekel, Ph.D.

Ovulation, initiated by the proestrus surge of the
pituitary luteinizing hormone, culminates in the
rupture of the ovarian follicle and is followed by
the delivery of a mature oocyte. This event, an
essential prelude to fertilization, has long piqued
curiosity and is a focus of research in reproduc-
tion. Fan et al.* recently found that two signaling
molecules — extracellular signal-regulated ki-
nases 1 and 2 (Erk1l and Erk2) — are critical to
luteinizing hormone-induced ovulation in mice.

The ovulatory response in mammals repre-
sents a complex series of events consisting of at
least four distinct components: the resumption
of meiosis (also known as oocyte maturation),
the expansion and mucification of the cumulus
oophorus, a shift from the production of follicu-
lar estrogen to the production of progesterone
(with luteinization of the granulosa cells), and
the disintegration of the follicle wall, which al-
lows the release of the oocyte (Fig. 1). It has
previously been shown that Erk1l and Erk2 medi-
ate the effect of luteinizing hormone on both
cumulus expansion and oocyte maturation (as es-
tablished in vitro, with the use of cumulus-oocyte
cultures and isolated intact ovarian follicles®3).
Moreover, a study of primary granulosa cell cul-
ture suggests that Erkl and Erk2 mediate the
luteinizing hormone-induced breakdown of cell-
to-cell communication, a prerequisite of oocyte
maturation (Fig. 1).> However, through their re-
cent study, Fan et al. have found that Erk1l and
Erk2 are essential to the entire repertoire of ovar-
ian responses that result in ovulation.

Central to their study is a mouse model of fe-
male infertility; they engineered a mouse that did
not produce Erkl or Erk2, specifically, in the
granulosa cells (and thus also in the cumulus
cells, which are derived from the granulosa cells).
The sexually mature mutant female mice did not
ovulate and were completely infertile. The ovaries
of these mice contained preovulatory follicles but
not corpora lutea; accordingly, concentrations of
serum estradiol in the mice were elevated, where-
as progesterone concentrations remained low.
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The lack of response to luteinizing hormone was
also observed in sexually immature mutant mice
treated with exogenous hormones; their oocytes
remained meiotically arrested, and the cumulus
oophorus did not expand. Neither luteinization
nor follicle rupture occurred in these animals.

This study defines Erkl and Erk2 as master
regulators of fertility that mediate the effect of
luteinizing hormone on all components of the
ovulatory response: oocyte maturation, cumulus
expansion, luteinization, and follicle rupture.
These findings seem to suggest that any defect in
the signal-transduction pathway of Erkl or Erk2
inevitably results in a global fertility failure that
cannot be treated with exogenous hormones.
However, as shown by Fan et al., if the molecular
pathology is restricted to the somatic cells of the
ovarian follicle, the oocyte is fully able to resume
meiotic maturation: when the authors physically
isolated oocytes from the ovarian follicle, the
oocytes spontaneously matured, arresting in meta-
phase 1L

Fan et al. intended the engineered mouse to
be lacking Erkl and Erk2 only in the somatic
cells of the ovarian follicle. The oocytes of these
mutant mice would be expected to express Erkl
and Erk2, leading to the question of whether such
a strategy to “rescue” fertility would work in
women who are infertile because of an aberration
in this signaling pathway. Such aberration would
presumably affect all cell types, including the
oocyte. However, Erkl and Erk2 signaling in the
oocyte is not known to be involved in the first
meiotic division; rather, it regulates arrest of the
metaphase in the second meiotic division.

One can thus envisage a strategy to extricate
fertility — by aspirating the oocyte from the ovar-
ian follicle — which would presumably result in
the spontaneous resumption of meiosis. Oocytes
that undergo in vitro maturation are identified
by the presence of the first polar body. These
oocytes would then be subjected to in vitro fertil-
ization, followed by embryo transfer. The ab-
sence of a corpus luteum would necessitate a

AUGUST 13, 2009

The New England Journal of Medicine

Downloaded from nejm.org at WEIZMANN INST OF SCIENCE on July 14, 2013. For personal use only. No other uses without permission.

Copyright © 2009 Massachusetts Medical Society. All rights reserved.



CLINICAL IMPLICATIONS OF BASIC RESEARCH

S

Ovary z / C \
4 Cj LH surge O
4 |

4 @  Corpus luteum )
\ formation Erkl and 2

) I activation \

\.

F —_ & Mature
graafian follicle

o

Follicular- o
wall rupture
Cumulus cell Zona pellucida Oocyte
R L |
N 0 ‘e [o =
Extracellular 1 Erkl / s “
. 4
matrix /¢ f |
: =
/ ; Gap junction |{cAmP
. f - |
o - \ |
h & 4 < \ :
\ N cAMP ) _______,%
) 1B

Secretion of extracellular matrix
by cumulus cells results in
cumulus expansion

Reduction of cCAMP levels
allows progression of meiosis and
therefore oocyte maturation

Gap-junction communication is terminated

Figure 1. Luteinizing Hormone, Signaling, and Ovulation.

Fan et al.* found that luteinizing hormone (LH) induces the ovulatory response in the mouse through the extracellular
signal—regulated kinases 1 and 2 (Erkl and Erk2). This study, together with others,?? suggests a scenario in which
Erkl and Erk2, in response to follicular exposure to LH, phosphorylate the gap-junction proteins in the granulosa and
cumulus cells, leading to a diminution in the flow of molecules, such as cyclic AMP (cAMP), both between these
cells and between the cumulus cells and the oocyte. In the oocyte, CAMP represses the resumption of meiosis and
thus maturation; a reduction of cAMP in the oocyte (brought about through diminished contact between the oocyte
and cumulus cells) results in a resumption of meiosis and thus oocyte maturation. The mucification of cells around

and the formation of the corpus luteum.

the oocyte also depends on Erkl and Erk2. These proteins also mediate LH-induced rupture of the follicular wall

progesterone supplement to maintain pregnancy
throughout the first trimester. Of course, the suc-
cess of such a strategy depends on many factors
not yet established, such as the extent to which
ERK1 and ERK2 in women mimic their ortholo-
gous genes in the mouse and whether inactivation
of the ERK1 and ERK?2 pathways (for example, by
mutation) causes infertility in humans. The work
by Fan et al. calls for further research that will
address such issues.
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