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Abstract

Objective—To explore the temporal expression in granulosa and theca cells of key members of
the MMP and ADAMTS families across the periovulatory period in women in order to gain
insight into their possible roles during ovulation and early luteinization.

Design—Experimental prospective clinical study and laboratory-based investigation.
Setting—University Medical Center and private IVF center.

Animal and Patient(s)—Thirty eight premenopausal women undergoing surgery for tubal
ligation and 6 premenopausal women undergoing ART.

Intervention(s)—Administration of hCG and harvesting of follicles by laparoscopy and
collection of granulosa-lutein cells at oocyte retrieval.

Main Outcome Measure(s)—Expression of mRNA for MMPs and ADAMTSs in human
granulosa cells and theca cells collected across the periovulatory period of the menstrual cycle and
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in cultured granulosa-lutein cells after hCG. Localization of MMPs and ADAMTSs by
immunohistochemistry.

Result(s)—Expression of MMP1 and MMP19 mRNA increased in both granulosa and theca cells
after hCG administration. ADAMTSL and ADAMTS9 mRNA increased in granulosa cells after
hCG treatment, however thecal cell expression for ADAMTSL was unchanged while ADAMTSO
expression was decreased. Expression of MMP8 and MMP13 mRNA was unchanged.
Immunohistochemistry confirmed the localization of MMP1, MMP19, ADAMTS1 and
ADAMTS9 to the granulosa and thecal cell layers.

Conclusion(s)—The collection of the dominant follicle throughout the periovulatory period has
allowed the identification of proteolytic remodeling enzymes in the granulosa and theca
compartments that may be critically involved in human ovulation. These proteinases may work in
concert to regulate breakdown of the follicular wall and release of the oocyte.
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INTRODUCTION

The human ovarian follicle is supported by a complex network of extracellular matrix
(ECM) proteins. The ECM composition of the ovarian follicle, with its granulosa, theca, and
stromal cell compartments, is dependent upon the cell type and this composition changes
throughout the different stages of follicular growth, ovulation and luteinization (1).

In the human, the granulosa cell compartment is comprised of steroidogenic cells supported
by the ECM proteins laminin (2), type IV collagen (3), and type VI collagen (3, 4). This
granulosa cell layer is separated from the theca interna by a basement membrane, or basal
lamina. This basement membrane is composed of a lattice-type network of type IV collagen
intertwined with a mesh of laminin (5, 6) and is stabilized by the binding of other proteins
such as entactin, nidogen, perlecan, collagen type XVIII and the glycoprotein usherin (5). In
the theca cell compartment, collagen type 111 is present in both the theca interna and the
theca externa while collagen type I is only present in the theca externa of the human follicle
(6). In the stroma outside of the theca, collagens I and 111 are distributed in concentric layers
in the capsular stroma with bundles of collagens connecting these layers to form a lattice (7).
Collagen type | is present in larger quantities in the outer layers of the follicle wall while
collagen type 111 showed the inverse distribution with higher abundance in the more central
parts of the capsular stroma (6).

The abundance of extracellular matrix proteins in the follicular wall has led to the
hypothesis that their degradation is paramount for follicular rupture to occur (6, 8, 9). This
concept has been supported by morphological observations that as ovulation approaches in
the human, there is a decrease or fragmentation in the immunostaining intensity of type I, 111
and VI collagens in the perifollicular stroma (4, 6). This fragmented or discontinuous
immunostaining for type VI collagen was evident predominantly in the apical area rather
than in the base of the preovulatory follicle (4, 10). Okamura and colleagues examined the
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human apical wall by electron microscopy and observed a loss of collagen in the theca
externa and tunica albuginea at the follicular apex. After rupture, the theca and tunica
albuginea are occupied by “scattered fibrillar substance” with a loss of collagen bundles
(12).

These morphological changes at the apex of the human follicle are postulated to occur
through the actions of a broad array of proteinases including metallo-, serine and thiol
proteinases (9, 12-17). The expression and activity of these proteinases are set in motion by
the mid-cycle surge of luteinizing hormone (LH) in numerous species (9, 12-17). However,
little is known about the expression of these proteinases in human ovulation due to the
difficulties of collecting human ovarian tissues across the periovulatory period. The human
data on proteinase expression and function in ovulation has mostly come from studies of
granulosa-lutein cells from IVF, which represent cells from an artificial hyperstimulated
cycle, with no possibilities to compare expression to earlier stages of the follicle. In the
present study, we have utilized separated granulosa cells and theca cells of the dominant
follicle at timed intervals across the periovulatory period to investigate the expression and
localization of members of the matrix metalloproteinase (MMPSs) and the A Disintegrin And
Metalloproteinase with ThromboSpondin-like motifs (ADAMTS) families associated with
the ovulatory process in the human. The hCG responsiveness of the in vivo cells was
compared to in vitro models using granulosa-lutein cells collected at the time of I\VVF or
virally transformed granulosa cells.

MATERIALS AND METHODS

Materials

Unless otherwise noted, all chemicals and reagents were purchased from Sigma-Aldrich
Chemical Co. (St. Louis, MO). Molecular biological enzymes, culture media and additives,
Trizol™, TagMan primers and mastermix, were purchased from Life Technologies, Inc.
(Grand Island, NY). Immunohistochemistry reagents for the Starr Trek Avidin-AP labeling
system were purchased from Biocare (Concord, CA).

Human Follicles Collected across the Periovulatory Period

Human granulosa and theca cells from periovulatory follicles were collected as previously
described (18). The study was approved by the regional human ethics committee of
Gothenburg and informed written consent was obtained from all patients. To obtain high
quality patient material, only women with proven fertility, regular menstrual cycles and
without hormonal medications for at least 3 months were included. The women were
monitored with repeated transvaginal ultrasound (TVU) for an average of 2 cycles to enable
planning of follicle collection at one of four time points; pre-, early, late or postovulatory.

For samples collected at the preovulatory phase, surgery was performed prior to the LH
surge when the dominant follicle was =14mm and <17.5mm. The remaining patients
received an injection of human chorionic gonadotropin (s.c., 250 g rhCG, Ovitrelle®, Merck
Serono, Geneva, Switzerland) to mimic the endogenous LH surge and underwent surgery
after varying lengths of time following rhCG injection: early ovulatory phase (12 to < 18h),
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late ovulatory phase (>18 to < 34h), and post ovulatory phase (>44 to <70h). Frequent TVU
examinations after rhCG administration have determined that rupture occurs approximately
36-38h after rhCG (19, 20). Samples for the measurement of serum levels of progesterone
and estradiol were taken immediately before surgery to confirm the patients ovulatory phase
category (7). The entire intact dominant follicle was excised from the ovary using scissors
and without use of diathermy, and placed inside a laparoscopic sac to be retrieved through a
suprapubic trocar incision and processed intact for immunohistochemistry or bisected for the
collection of granulosa and theca cells.

The intact follicles for immunohistochemistry were fixed in 4% paraformaldehyde
overnight, embedded in paraffin and sectioned at 7um. For cell isolation, granulosa cells
were collected by dissecting the follicle to release the loosely attached cells. The mural
granulosa cells were then gently scraped from the follicle wall and pooled with the loosely
attached granulosa cells. Theca cells of the interna layer were harvested mechanically from
the remnant of the follicle by separating the theca interna layer from the theca externa layer.
This theca interna cell layer also contains vascular cells, leukocytes and fibroblasts (6). The
cells were frozen in liquid nitrogen for subsequent processing and analysis of mMRNA
expression for key MMPs and ADAMTS associated with ovulation (MMP1, MMPS8,
MMP13, MMP19, ADAMTSL and ADAMTS9) by real time RTPCR. Theca cells were
obtained from all four periovulatory phases, but granulosa cells could not be collected from
the postovulatory group since large quantities had been lost at follicular rupture.

In Vitro Fertilization (IVF) Granulosa-Lutein Cell Experimentation

Due to the scarcity of human follicles, studies were performed to examine expression of
MMP and ADAMTS in human granulosa-lutein cells from women undergoing in vitro
fertilization (IVF). The study was approved by the human Institutional Review Board (IRB)
of the University of Kentucky. Women (n = 6) were treated with a GnRH agonist (Lupron;
TAP Pharmaceutical Products, Inc., Lake Forest, IL), given recombinant FSH (Gonal-f;
Serono, Inc., Rockland, MA) to induce follicular growth, and monitored by ultrasound and
serum estradiol levels.

When the two largest follicles reached an average diameter of =18 mm, rhCG (250 g,
Ovitrelle®; Merck Serono, Inc.) was administrated s.c. and granulosa-lutein cells were
collected 34-36h post hCG administration by ultrasound guided aspiration. After oocyte
removal, follicular aspirates containing granulosa-lutein cells with red blood cells (RBCs)
were pooled from multiple follicles of the same patient and placed in OptiMEM | media.
The cells were pelleted by centrifugation (2000xg for 5 min), resuspended in 1 ml of
OptiMEM | media, and Percoll gradient centrifugation was used to separate the RBCs from
the granulosa-lutein cells. The isolated granulosa-lutein cells were cultured (2x104 cells/ml
in a 6-well tissue culture plate) in OptiMEM media containing 10% FBS for 6-7 days with
the media being changed every 24 hours. This 6-7 day acclimation culture period allowed
the cells to regain responsiveness to hCG after being desensitized by the ovulatory dose of
hCG as previously shown (21). For experimentation, these cells were serum starved for 1
hour and then treated with or without hCG (1 IU) and collected at 6, 12, and 24 hours.
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HGLS5 Cell Experimentation

The HGLS5 cell line is a virally transformed luteinized granulosa cell line that has been well-
characterized (22). The use of the HGL5 cell line overcomes a major problem of cell
variability in primary human granulosa cells (23) and was used to examine the regulation of
the MMPs and the ADAMTSs.

HGLS5 cells were cultured in DMEM/F12 medium supplemented with 10% Ultra-low 1gG
fetal bovine serum, 1% ITS (insulin-transferrin-selenium), 1% Pen-Strep, and 10 mg/ml
gentamicin. Cells were plated in 12-well plates at a density of 1.5x10° cells per ml per well.
For experimentation, these cells were serum starved for 1 hour and then treated with or
without forskolin (FSK; in ethanol, 10uM) plus phorbol-12-myristate-13-acetate (PMA,; in
DMSO, 20nM) and collected at 6, 12, and 24 hours.

RNA Isolation and Real-Time Quantitative Reverse Transcriptase Polymerase Chain
Reaction (RT-PCR)

Total RNA was isolated from granulosa, theca, granulosa-lutein, or HGL5 cells using
Trizol™ reagent and reversed transcribed according to the manufacturer's protocol.
Messenger RNA expression levels for the collagenase subfamily of MMPs (MMP1, MMPS8,
MMP13) along with MMP19 and select ADAMTS were analyzed by real time PCR using
TagMan methodologies. TagMan primers are as follows: human MMP1 (Hs00899658 m1),
human MMPS8 (Hs01029057_m1), human MMP13 (Hs00233992_m1), human MMP19
(Hs00275699_m1), human ADAMTSL (Hs00199608_m1) and human ADAMTS9
(Hs00332069_m1). Human GAPDH (VIC® MGB Probe, #4326317E) was used as
endogenous control gene. PCR reactions were performed on a Mx3000P® QPCR System
(Agilent Technologies, Inc., Santa Clara, CA). The thermal cycling steps were programmed
as follows: 2 min at 50°C to permit AmpErase® uracil-N-glycosylase optimal activity, a
denaturation step for 10 min at 95°C, and then 15 sec at 95°C and 1 min at 60°C for 45
cycles, followed by 1 min at 95°C, 30 sec at 58°C and 30 sec at 95°C for ramp dissociation.
The relative amount of mMRNA in each sample was calculated following the 2-AACT method
and normalized to GAPDH. The number of samples used in each experiment is indicated in
the figure legends.

Immunohistochemistry of Human Follicles Collected across the Periovulatory Period

Immunohistochemistry was performed as previously described (24). Briefly, sections
containing human follicles (n=a minimum of 2-3 sections from 3 follicles collected at each
periovulatory time point) were deparaffinized, dehydrated, washed in Tris-buffered saline
(TBS) and then quenched with Peroxidazed 1 to block endogenous peroxide activity.
Antigen retrieval utilized DakoCytomation Target Retrieval solution (Dako North America,
Inc., Carpinteria, CA) for 20 min at 100°C. The slides were washed and then were blocked
with Background Sniper. Sections were incubated with antibodies for either MMP1 (ab4043
at 1:100 dilution; Abcam, Cambridge, MA); MMP19 (RP1IMMP19 at 1:500 dilution; Triple
Point Biologics Inc., Forest Grove, OR); ADAMTS1 (RP4ADAMTS-1 at 1:500 dilution;
Triple Point Biologics Inc.); or ADAMTS9 (RPSADAMTS-9 at 1:250 dilution; Triple Point
Biologics Inc.); overnight at 4°C, washed and incubated with biotinylated secondary
antibody for 1h at room temperature (Trekkie Biotinylated Rabbit Link). To amplify the
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reaction signal, the sections were treated with a conjugated streptavidin alkaline phosphatase
(TrekAvidin-AP label) and visualized using a Vulcan Fast Red chromogen, counterstained
with hematoxylin and coverslipped using Permount® mounting media (Thermo Fisher,
Waltham, MA). In control sections, the primary antibody was omitted.

Statistical Analysis

RESULTS

Results are expressed as mean = SEM. Differences in mRNA were analyzed by Kruskal-
Wallis test (follicles) or ANOVA (IVF and HGLS5 cells), and post-hoc comparisons were
performed when appropriate using Dunn's Multiple Comparison test (follicles) or Tukey's
(IVF and HGLS5 cells), P<0.05 was considered significant. Additional analysis was
performed comparing the thecal expression in the preovulatory time period to the pooled
early and late times by Student's t-test.

Expression of MMP and ADAMTS mRNA in the human ovary

Administration of hCG induced the mMRNA expression of MMP19, MMP1, ADAMTS]L, and
ADAMTSI in the granulosa cell compartment (Fig 1). The temporal MRNA expression
pattern of the various MMP and ADAMTS in granulosa cells differed slightly among the
proteinases. Expression of MMP19 (Fig 1A) was elevated during the late ovulatory period
whereas expression of MMP1 (Fig 1B), ADAMTSL (Fig 1C), and ADAMTS9 (Fig 1D)
increased during the early ovulatory period in granulosa cells. For MMP8 and MMP13,
MRNA expression was extremely low and did not change throughout the periovulatory
period in either granulosa or theca cells (data not shown).

In theca cells, MMP19 was the only proteinase that was also induced by hCG with mRNA
expression increasing during the late ovulatory period and remaining elevated during the
postovulatory period (Fig 1A). Due to the variability present in the theca samples, the early
and late periods were combined, reanalyzed, and compared to the preovulatory period.
Pooled analysis revealed an increase in MMP1 mRNA and a decrease in ADAMTS) mRNA
after hCG administration. The postovulatory phase is not presented for the granulosa cells
due to difficulties in collecting granulosa cells following ovulation.

Localization of MMPs and ADAMTSs in human follicles

To explore the pattern of protein expression for the MMPs and ADAMTSs, proteins were
localized in human follicles. For comparison, immunohistochemistry for all of the MMPs
and ADAMTSs is depicted on adjacent sections from the same area of an early follicle (Fig
2A, 2C, 2E, 2G, 2I, and 2K) and a late ovulatory follicle (Fig 2B, 2D, 2F, 2H, 2J, and 2L).
An overall theme regarding the expression of the various proteinases was observed with
increased staining intensity present in the granulosa and theca cell layers after hCG
administration (Fig 2). At 12-18h after hCG, there was diffuse staining in the granulosa,
theca and stroma for MMP19 (Fig 2A), MMP1 (Fig 2C), and ADAMTSL (Fig 2E), whereas
ADAMTS9 staining was observed throughout the follicular wall (Fig 2G). At 18-34h after
hCG administration, intense staining was present for all the proteinases, MMP19 (Fig 2B),
MMP1 (Fig 2D), ADAMTSL1 (Fig 2F), and ADAMTS9 (Fig 2H) in the granulosa cell layer
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with minimal staining in the adjacent stroma. There was no staining in control sections
where the primary antibody was omitted (Fig 2I, 2J). These findings correlate with the
observations of the mRNA expression, in which these proteinases are highly abundant
throughout the follicular cell layers prior to ovulation.

Expression of MMP and ADAMTS in Granulosa-Lutein Cells

Previous studies have demonstrated that granulosa-lutein cells can be acclimatized to regain
responsiveness to hCG to express certain genes associated with the ovulatory process (21).
To determine if cultured cells could be used as a model to mimic our in vivo findings,
granulosa-lutein cells from IVVF were cultured for 6-7 days and then stimulated with hCG.
As seen in Fig 3C, there was an induction of ADAMTS1 mRNA at 12 and 24 hours after
hCG. However, there was no induction of MMP19 (Fig 3A), MMP1 (Fig 3B), or ADAMTS9
(Fig 3D) by hCG stimulation although there was a time dependent increase in MMP19
MRNA expression.

Expression of MMP and ADAMTS in HGL5 Cells

Investigators have used virally transformed granulosa cells to gain insight into granulosa cell
function (23). Thus, we used this model to explore the expression of the MMPs and
ADAMTSs in HGLS5 cells. Treatment with FSK+PMA resulted in an increase in the mRNA
levels of MMPL1 (Fig 4B), ADAMTSL (Fig 4C), and ADAMTSO (Fig 4D), although the
magnitude and temporal sequence of this induction varied among the proteinases.
ADAMTSL mRNA increased by 6 hours after FSK+PMA treatment and returned to control
levels by 12 hours (Fig 4C). Expression of MMP1 and ADAMTSI increased at 12 hours after
FSK+PMA and remained elevated through 24 hours (Fig 4B and 4D respectively). There
was no change in the expression of MMP19 mRNA levels after FSK+PMA administration
(Fig 4A).

DISCUSSION

The present study identifies for the first time key MMPs and ADAMTS that are stimulated
after hCG administration in the dominant follicle of women across the periovulatory period
of the menstrual cycle. This hCG induction of MMP1, MMP19, ADAMTS1 and ADAMTS9
in the human mimics the periovulatory induction of these proteinases in other species, such
as the monkey, cow, rabbit, rat and mouse (discussed below), suggesting there may be a
commonality in the action of these proteinases in the ovulatory process.

Exploration of the members of the collagenase subfamily of MMPs in the present study
(MMP1, MMP8, MMP13) revealed an increase in mRNA for MMP1 with no change in
MMP8, the neutrophil collagenase, or collagenase 3, MMP13. The current findings of an
induction of MMP1 mRNA expression by hCG in the human mimics the changes in this
collagenase reported in many other species. For example in the rhesus macaque, hCG
administration stimulates granulosa cell MMP1 mRNA by 12 hours after hCG and levels
remained elevated at 24 and 36 hours. This hCG induction of MMP1 mRNA was mediated
by progesterone as demonstrated by ablation and replacement studies (25).
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A slightly different pattern of MMP1 mRNA expression was observed in intact follicles
collected from rhesus macaques undergoing a controlled ovulation protocol (26). When the
entire follicle was analyzed, Peluffo and colleagues observed a stimulation of MMP1 mRNA
at 12 hours after hCG which declined at 24 and 36 hours, unlike the isolated granulosa cells
where MMP1 mRNA remained elevated (25). This difference in the pattern of expression
may be related to analysis of isolated granulosa cells compared to the intact follicle. In the
present study, granulosa cell expression of MMP1 mRNA was highly induced and
approximately 100 fold higher than expression in the theca. Therefore, the possibility exists
that analysis of the intact follicle (26) may dilute the overall granulosa cell expression
reported in the monkey (25).

MMP19 has been of interest in the ovulatory process because, like MMPL1, it is induced by
hCG in numerous species (26-31). In the present study, we observed that expression of
MMP19 mRNA was stimulated in both the granulosa and theca cells and remained elevated
prior to and following follicular rupture. Likewise in the rhesus macaque, MMP19 mRNA
was elevated at 12 h after hCG in the dominant follicle and remained elevated across the
periovulatory period and in the postovulatory follicle (26). Similar findings that LH induces
the expression of MMP19 have been reported in the rat (27), mouse (28), and fish (29).
Interestingly, there appears to be temporal differences in MMP19 expression in the bovine
as the hCG induction of MMP19 occurs after ovulation (30, 31).

The importance of ADAMTSL1 in the ovulatory process is highlighted by the observation
that mice lacking ADAMTSL are subfertile (32, 33). These animals showed a 90% decrease
in ovulation rate due to a decline in follicular development, changes in lymphangiogenesis,
and alterations in the final steps of the ovulatory process. These alterations include a
compromise in the thinning and rupture of the follicle wall as well as an inability to cleave
versican in the expanded COC matrix (32-34). As in the mouse, ADAMTSL1 has been
reported to be associated with follicular growth in the human (35) and reflect oocyte
competence (35, 36). For example, ADAMTS1 expression was 3 fold higher in cumulus
cells from oocytes that underwent successful fertilization than in cumulus cells of cocytes
that were not fertilized (35) suggesting a role for ADAMTS1 in human cumulus function.
However, the present findings provide the first evidence that ADAMTSL is increased after
hCG during the periovulatory period in the human and provide further support for an
important role of this proteinase in the ovulatory process. Yet, these observations in the
human are in contrast to reports in the macaque where there was no change in ADAMTS1
mMRNA expression in the dominant follicle until after ovulation (26) suggesting a role in
corpus luteum function. This difference points out the dissimilarities that exist in ovarian
physiology between primate species and highlights the importance of also including human
studies in experiments aimed to elucidate the complex physiology of reproduction.

Few reports exist on the expression of ADAMTS9 in the ovary. In the present study, we
observed an increase in ADAMTS9 mRNA in granulosa cells during the early ovulatory
period which remained elevated until the time of ovulation. These findings are similar to
reports in preovulatory follicles from the macaque, where there was a 4 fold increase in
ADAMTS9 within 12 hours after hCG administration which remained elevated throughout
the periovulatory period (26). Immunohistochemistry confirmed localization to the
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granulosa and theca cells as well as the stroma (26). In PCOS patients, the expression of
ADAMTS9 was lower in cumulus cells derived from oocytes with a higher developmental
competence to develop into a blastocyst compared to oocytes with a lower developmental
competence suggesting that ADAMTS9 may play a role during the oocyte nuclear
maturation progress (37).

Due to the difficulties in obtaining timed in vivo human ovarian tissue, we explored in vitro
models in an attempt to recapitulate the in vivo situation which could then be experimentally
manipulated to understand MMP regulation. The granulosa-lutein cell model takes
advantage of the easy access to cells collected immediately prior to ovulation during IVF
protocols, however, these cells have been stimulated with hCG. To allow the granulosa-
lutein cells to regain responsiveness to hCG after being desensitized by the ovulatory dose
of hCG, cells were cultured for 6-7 days. Freimann and colleagues reported that cells regain
their responsiveness as seen by the induction of amphiregulin (AREG) and epiregulin
(EREGQG) in this model (21). Somewhat surprisingly, in the granulosa lutein cells only
ADAMTSL was increased whereas we have observed that this model mimics expression of
known hCG induced ovulatory genes such as PTGS2, CCL20 and PGR (unpublished
observations).

The HGLS5 cells are a virally transformed human luteinized granulosa cell line that has been
used by numerous investigators to query granulosa cell function (22, 23, 38). These cells are
not LH or FSH responsive but will respond to forskolin or dibutyryl cAMP to produce
progesterone. However, HGL5 cells do not mimic all of the actions of granulosa cells such
as production of inhibin alpha (23). We observed that HGL5 cells were able to respond to
forskolin with an induction of three of the four MMPs observed in vivo. These findings
indicate that the granulosalutein cell model does not mimic the in vivo expression of the
MMPs whereas the HGLS5 cells more closely approximates the in vivo MMP expression.

In conclusion, the collection of the dominant follicle throughout the periovulatory period,
has allowed us to identify key proteolytic remodeling enzymes involved in human follicular
rupture. For example, MMP1 cleaves triple helical type I collagen which is a major
component of the extracellular matrix (ECM) of the follicle wall while MMP19 acts on the
ECM, other MMPs (activates MMP9), and urokinase receptors. ADAMTSL cleaves
follicular versican and ADAMTS9 acts on aggrecan core protein. We would propose that the
presence of these proteinases in both the granulosa and thecal cell layers work in concert to
regulate breakdown of the follicular wall and release of the oocyte.
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MMP and ADAMTS mRNA expression in human granulosa and theca cells from timed
follicles collected across the periovulatory period. (A) MMP19, (B) MMP1, (C) ADAMTSL,
(D) ADAMTS9 (n=5 per group). Different letters or numbers denote significant differences

between groups (P<0.05).
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Figure 2.
Immunohistochemical localization of MMP and ADAMTS expression in follicles collected

during the early (A, C, E, G, |, K) and late (B, D, F, H, J, L) ovulatory time periods (n=4-5
per group). (A, B) MMP19, (C, D) MMP1, (E, F) ADAMTSL, (G, H) ADAMTS 9, (1, J) no
primary antibody. Low magnification photomicrographs of the unstained follicle with red
box indicating where the proceeding photomicrographs were taken (K, L). MMP and
ADAMTS proteins were visualized by the chromogen Vulcan red, hematoxylin was used as
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the counterstain. Bars indicate 50um, except (K) where bar indicates 100um. Panel (L) is a
composite of 4 pictures taken at 4x magnification. G=granulosa layer, T=theca layer.
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Induction of MMP and ADAMTs mRNA expression in human granulosa-lutein cells from
IVF patients. Granulosa-lutein cells were cultured for 6-7 days, stimulated with hCG and
MRNA expression examined at 6, 12 and 24 hours (n=3). Different letters denote significant
differences between groups (P<0.05). (A) MMP19, (B) MMP1, (C) ADAMTSL, (D)

ADAMTSO.
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Figure 4.
MMP and ADAMTS mRNA expression in HGL5 cells cultured in the presence or absence

of forskolin plus PMA for up to 24 hours (n=3). Different letters denote significant
differences between groups (P<0.05). (A) MMP19, (B) MMP1, (C) ADAMTSL, (D)
ADAMTSO.

Fertil Seril. Author manuscript; available in PMC 2016 March 01.



