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ABSTRACT
Mesenchymal-epithelial
cell interactions
between
thecal and granulosa cells in bovine ovarian
follicles were investigated.
Experiments
were designed
to examine
the local production
and action
of two
mesenchymal
(stromal)-derived
growth
factors,
keratinocyte
and hepatocyte growth
factors (KGF
and HGF).
Using reverse transcriptionpolymerase
chain reaction,
gene expression
for KGF and HGF was
detected in the mesenchymal-derived
thecal cells, but not in the epithelial granulosa
cells. The bovine polymerase
chain reaction
products
for KGF and HGF were sequenced
and found to be similar
to known
mouse, rat, and human
sequences.
The bovine
KGF
sequence
was
found to have a high degree of identity
(86-95%)
with the other species,
whereas bovine HGF has a lesser degree of identity
(60-63%).
Immunoprecipitation
of radiolabeled
thecal cell secreted proteins
with a KGF
antibody
demonstrated
production
of the 28-kilodalton
(kDa)
KGF

protein.
An immunoblot
of thecal cell secreted
proteins
with HGF
antibodies
detected
the 87-kDa
HGF as well as relevant
69- and 34kDa subunits.
Therefore,
thecal cells were found to express the genes
and secrete the nroteins
for KGF and HGF.
Granulosa
cells had no
detectable
KGF or HGF expression.
Treatment
with recombinant
KGF
or HGF stimulated
the proliferation
of granulosa
cells, but not thecal
cells. Therefore,
the actions of KGF and HGF in the ovarian
follicle
appear to be restricted
to granulosa
cells. The combined
results indicate
that KGF and HGF are produced
locally in the bovine ovarian
follicle
bv thecal cells. and that both of these arowth
factors
can act on
Ganulosa
cells to influence
cell proliferation.
These observations
demonstrate
that KGF and HGF can mediate
mesenchvmal-enithelial
cell
interactions
between
thecal and granulosa
cells. The potential
importance that the mesenchymal
derived
thecal cells may have in ovarian
follicle development
is discussed.
(Endocrinology
135: 569-575,
1994)
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chymal-epithelial interactions between thecal and granulosa
cells appear to be important for ovarian physiology and
follicle development.
Two recently identified mesenchymal-derived growth factors that mediate mesenchymal-epithelial interactions are
keratinocyte and hepatocyte growth factors (KGF and HGF).
KGF is a fibroblast growth factor (FGF-7)-related molecule
that was originally isolated from keratinocyte-conditioned
medium and found to stimulate epithelial cell proliferation
(9). KGF is a 28-kilodalton (kDa) protein that appears to be
produced primarily by mesenchymal cells. KGF acts mainly
as an epithelial cell mitogen (10). The receptor to KGF is a
FGF receptor splice variant of the FGFR2 isoform that specifically binds KGF (11-15). The KGF receptor appears to
primarily be localized on epithelial cells (15). HGF is an 87kDa protein composed of a 69-kDa a-subunit and a 34-kDa
P-subunit that was originally isolated from human and rabbit
plasma and rat platelets on the basisof its ability to stimulate
mitogenesis of rat hepatocytes (16-21). HGF stimulates the
proliferation of a number of epithelial cell types, including
kidney epithelial cell lines (22-24). In addition, HGF promotes tubule formation and morphogenesis(20, 25). HGF is
a unique protein containing a kringle structure, with identity
to the protease domain of plasmin (26-29). Interestingly an
alternately spliced low mol wt form of HGF acts as an
antagonist of HGF action (29, 30). The receptor for HGF has
been identified as the c-met protooncogene, which is a tyrosine kinase receptor (31-33). The HGF receptor (met) is

ESENCHYMAL-epithelial cell interactions are present
in essentially every organ and are one of the most
common cell-cell interactions between different cell types. It
has long been recognized that differentiation of epithelial
cells is directed by adjacent mesenchymal cells during embryonic development and optimally maintained by adjacent
stroma in adult tissues (1, 2). Although the importance of
mesenchymal-epithelial cell interactions has been established
for most tissues(3), the molecular mechanismsinvolved in
these cell-cell interactions remain to be elucidated.
The ovarian follicle provides a useful model system to
investigate mesenchymal-epithelial cell interactions in a hormonally responsive tissue. During each reproductive cycle,
the epithelial-derived granulosa cells support the oocyte and
form the antrum of the follicle. The mesenchymal-derived
thecal cells surround both the follicle and the outer layer of
granulosa cells to provide structural integrity for the follicle.
Theta cells have been shown to provide androgen to granulosa cells as a substrate for estrogen production (4). Thecal
cells also produce transforming growth factor-a and -p,
which can regulate the granulosa and thecal cell proliferation
required for follicle development (5-8). Therefore, mesenReceived March 1, 1994.
* This work was supported
by the University
of California-San
Francisco Reproductive
Endocrinology
Center (HD-11979)
and USDA Grant
(9202519;
to M.K.S.).
t To whom
all correspondence
and requests for reprints
should be
addressed.

KGF AND HGF IN THE OVARY

570

Materials and Methods

TGMTGTG
Tissue isolation
344bp-

and serum-free

cell culture

-335bp
Bovine
ovaries
were obtained
from primarily
young
nonpregnant
cycling heifers less than 10 min after slaughter.
Ovaries
were delivered
fresh on ice by Golden
Genes (Fresno, CA). Morphology
was used to
select follicular
phase ovaries, and healthy
developing
follicles between
5-15 mm in diameter
were isolated.
Thecal and granulosa
cells were
isolated
from fresh tissue and either used to prepare
RNA or cultured
as previously
described
(5, 8,37, 38). Granulosa
cells were shaken from
the follicle, and the theta-intema
shell was microdissected
and cleaned
of adhering
granulosa
and stromal cells. Cells were plated with an initial
density of approximately
lo6 cells/Z cm’ and maintained
for l-3 days
at 37 C in a 5% CO1 atmosphere
in Ham’s F-12 in the absence of serum

-143bp

KGF

HGF

IBIS

FIG. 1. Analysis
of KGF and HGF gene expression.
Reverse transcription-PCR
analysis
of KGF, HGF,
and cyclophilin
(IB15)
messenger
RNA in thecal cells (T) and granulosa
cells (G). Basepair
sizes are
determined
with respect to DNA
mol wt standards
(M).
Data are
representative
of at least five experiments.

(37, 38).
Immunoprecipitation

predominantly expressed in epithelial cells (34-36). Both
KGF and HGF are useful candidates for mesenchymal
growth factors that mediate mesenchymal-epithelial cell
interactions.
The current study was designed to investigate the possible
role that KGF and HGF may have in mediating thecagranulosa cell interactions in the ovarian follicle.
(A)

BOVINE

1 [TGACATGGAT
GTTCCAGCCC

181 TGAGAAGACT
241
301

(B)
FIG. 2. DNA
sequence
of bovine
KGF
PCR product.
Subcloned
bovine
KGF
PCR product
was sequenced
from several primer
sites within
the vector, and
a consensus
of at least five sequences
is
shown. A, Partial
DNA sequence of bovine KGF (305 bp). The boxed nucleotides indicate primer sequences and are
not confirmed
bovine
sequence.
B, Sequence comparison
of bovine,
human,
mouse,
and rat KGF
sequence
fragments.
The bovine
(first) sequence is
shown,
with the other
sequences
displayed
as follows:
uppercase letters,
aligned nonidentical
bases; --,
aligned
identical
bases; - - -, gap. Relative
identities to the bovine sequence are: human,
95%; mouse, 90%; and rat, 86%.

TCAAAGGGAC
TTZZ!

SPECIES

BOVINE:

Conditioned
medium
from thecal cell cultures was collected for l-3
days and concentrated
by ultrafiltration
using a 3-kDa
mol wt sire
exclusion membrane.
For fluorography,
cells were grown in methioninefree medium
containing
5 &/ml
[35S]methionine.
Before electrophoretic
separation,
the concentrated
medium
was treated with either a mouse
monoclonal
antibody
directed against purified
human KGF (generously
provided
by Dr. Jeff Rubin,
NCI) or a polyclonal
antibody
raised in

KGF SEQUENCE

61 GCACTATATC
121

and immunoblotting

ccTGcc&GT
TTTAGCTTGC
CGAGCGACAT
CTTCTGTCGA
TCAAGAGATG

TTGCTCTACA
AATGACATGA
ACMGAAGTT
ACACAGTGGT
AAGAATAATT

GATCATGCTT
CTCCAGAGCA
ATGATTACAT
ATCTGAGGAT
ACAACATCAT
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AATGGCTACA
GGAAGGAGGA
TGATAAACGC
GGAAhTCAGG
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HGF SEQUENCE

1 ~AGCTTTTT
GCCTTCGAK T~CGGGGTA
61 CTCGAGGGGA AGAAGGGGGA CCTTGGTGTT
121 CTGCAATGGG GAAAGTTACC
GAGGTCCCAT
181 GCGCTGGGAT
CATCAGACAC
CACACCGGCA
241
301

FIG. 3. DNA
sequence
of bovine
HGF
PCR product.
Subcloned
bovine
HGF
PCR product
was sequenced
from several primer
sites within
the vector,
and
a consensus
of at least three sequences
is shown. A, Partial
DNA
sequence
of
bovine HGF (301 bp). The boxed nucleotides indicate primer sequences and are
not confirmed
bovine
sequence.
B, Sequence
comparison
of human,
bovine,
mouse,
and rat HGF
sequence
fragments. The human
(first)
sequence
is
shown,
with the other
sequences
displayed
as follows:
uppercase letters,
aligned nonidentical
bases; lowercase letters, unaligned
bases; --,
aligned identical bases; - - -, gap. Relative
identities
to the bovine sequence are: human, 63%;
mouse, 60%; and rat, 63%.

(B)

GGGCTTTGAT
B

SPECIES
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GGGTTGATGC

CGGTAAACTG

AAGACCTACA GGAAAACTAC TGTCGAAATC
TCACAAGCAA TCCAGAGTTG AATGCATGAC
GGATCACACA

GAAACAGGCA

AGATTTGTCA

CAAATTCTTG CCAGAAAGAT ATCCCGACAA
TTGCNG#@A

TCCCGACCAA

GGGCTTTGAT]

COMPARISON

HUMAN:
BOVINE:
MOUSE:
RAT:

ACAGCTT'ITTGCCTTCGAGCTATCGGGGTAAAGACCTACAGG~CTACTGTCGAAAK
------------------------------------------------------------------------------------C----------------------------------------------------------C----------------------------------

HUMAN:
BOVINE:
MOUSE:
RAT:

CTCGAGGGGAAGAAGGGGGACCCTGGTGTTTCCCAGAGGTACGCTACGAAG
----------------------T------------------------T-.......---.
-----_____-________-____________________-------------------------______________----------------------------------------

HUMAN:
BOVINE:
MOUSE:
RAT:

TCTGTGACATTCCTCAGTG....
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-----__-----____---.~
. ..---------------------.------.C--T--A

HUMAN:
BOVINE:
MOUSE:
RAT:

AGTTATCGAGGTCTCATGCAT................ACAGAATCAGGC....~GA
-T--G--.--..
-G-TG-------cagacaccacaccggc---A-T--TT--caga----

HUMAN:
BOVINE:
MOUSE:
RAT:

TTTGTC....AGCGC....

HUMAN:
BOVINE:
MOUSE:
RAT:

?dAGATATCCCGA.CAAGGGCTI'TGATG
.NGc---------c-------------_--____------~-_-_-_________
_-____-_-----~-_____-~~~~~~~

--C--CA------C---------C............,...------------....-----C--CA------C---------C..............------------....----
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rabbit, directed
against human
HGF (generously
provided
by Dr. Jeff
Rubin,
NCI).
Immune
complexes
were then aggregated
with 60 ~1
protein-A-Sepharose
(Pharmacia,
Piscataway,
NJ) slurry in the presence
of incubation
NET buffer [NET buffer
= 50 mM Tris (pH 7.4), 150 mM
NaCl, 0.1% Nonidet
P-40, 1 mM EDTA, 0.25% gelatin, and 0.02% Na
azide]. After incubation,
the aggregated
immune
complexes
were washed
five times with NET buffer,
the pellets were boiled in Laemmli
buffer
for 2-3 min, and the proteins
were resolved
by electrophoresis
on a
10% polyacrylamide
gel under
reducing
conditions.
Gels were then
fluorographed
with
diphenyloxazole
in acetic
acid, as previously
described (39).
For immunoblotting,
concentrated
media were further
purified
on a
l-ml
heparin-Sepharose
column
(Pharmacia).
The retained
proteins
were eluted with a 1 M NaCl solution
in 10 mM phosphate
buffer,
dialyzed
overnight
against 50 mM NHn HC03,
concentrated
by drying
in a Speed-Vat
centrifuge
(Savant
Instruments,
Hicksville,
NY), resuspended in Laemmli
buffer, and separated
by electrophoresis
on a 10%
polyacrylamide
gel under reducing
conditions.
The separated
proteins
were then transferred
to a polyvinylidone
difluoride
membrane
(Immobilon
Millipore,
South San Francisco, CA) by electrophoresis
in Trisglycine buffer
containing
20% methanol.
The blot was then blocked
with 3% nonfat milk [dissolved
in 50 mu Tris (pH 7.4), 150 mM NaCl,
and 0.05% Nonidet
P-401 for 1 h at room temperature
and probed for 2
h with a polyclonal
antibody
directed
against
human
HGF
[1:500
dilution
in 1% nonfat
milk, 50 mM Tris (pH 7.4), 150 mM NaCI, and
0.05% Nonidet
P-401. After three washes (15 min each), the blot was
hybridized
with a secondary
antibody
(1:3000 dilution;
directed against
rabbit immunoglobulin
G) conjugated
to horseradish
peroxidase
for 1 h

at room temperature.
After
described
above, detection
using the chemiluminescent
Heights, IL).

Polymerase

chain reaction

five washes under the same conditions
as
of the immune
complexes
was performed
ECL method
(Amersham
Corp., Arlington

(PCR) of KGF and HGF

Total RNA was extracted
from bovine
thecal and granulosa
cells
using a guanidinium
thiocyanate
procedure
and further
purified
by
centrifugation
through
a cesium chloride
gradient
(15). Total RNA was
reverse
transcribed
to obtain complementary
DNA using avian myoblastosis virus reverse transcriptase
(Promega,
Madison,
WI). The complementary
DNA template
was amplified
by PCR,using
specific primers
whose sequences were derived from published
KGF and HGF sequences.
The primer
sequences were designed
as follows.
KGF primers
were a
consensus of rat, mouse, and human sequences: primer 1,5’-GGG
TCG
ACC TGC AGT CTA GAA AGC TTA TAC TGA CAT GGA TCC TGC
CA-3’;
and primer
2, 5’-CTC
GGA TCC TCC AAC TGC CAC GGT
CCT GAT-3’
(10, 37). HGF primers
were a consensus
of rat, mouse,
and human
sequences:
primer
1, 5’-GGG
TCG ACT CTA GAA AGC
TTA CAG CTT TTT GCC TTC GAG CTA-3’;
and primer
2, 5’-GGA
GAT CTG GAT CCC ATC AAA CCC CTT GTC GGG ATA-3’
(21,29).
Primer sequences designed to amplify
cyclophilin
(IB15 gene) were used
as a positive control: primer 1,5’-GGA
TCC CTG CAG ACA CGC CAT
AAT GGC ACT GG-3’;
and primer
2, 5’-GAA
TTC ATT TGC CAT
GGA CAA GAT GCC-3’.
Amplification
was performed
under stringent
conditions
for 45 cycles, using Tu9 DNA
polymerase
(Perkin-Elmer,
Norwalk,
CT). The 344-basepair
(bp; KGF), 335-bp (HGF), and 143-bp

572

KGF

AND

HGF

IN THE

Growth

TSP

B

03)
TSP

TSP

.,., /
(C>

i

‘.

B
:::,,/:
.,.>::?i:‘:‘:::‘i,‘~i:i.::;
:.‘.::,::::.;
.“’ ‘,,‘. ., !-g7~
,,,:.,,;
:/
‘.. .,. .:,, $

::

FIG. 4. KGF and HGF protein production by thecal cells. A, KGF
immunoprecipitation
of Y&labeled thecal cell secreted proteins with
monoclonal KGF antibody (KGF), nonspecific mouse immunoglobulin
G (IgG), or nonimmune serum (NS). Antibody complexes were precipitated, disrupted with sodium dodecyl sulfa& sample buffer, elect&
phoresed under reducing conditions, and detected by fluorography. B,
Immunoblot of thecal cell secreted proteins (TSP) with rabbit HGF
antibodies (B indicates a blank lane). C, Immunoblot of thecal cell
secreted proteins (TSP) with rabbit nonimmune serum (B indicates a
blank lane). A representative of four different experiments is shown.
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Treatment
FIG. 5. Effects of KGF and HGF on proliferation
of thecal and granulosa cells. [3H]Thymidine incorporation into DNA. Data (mean + SE)
are presented as a percentage of the control (CON). The number of
different experiments is indicated in parentheses below each treatment.
pz$es for the control were generally greater than 2 x lo3 cpm/pg

(cyclophilin, IB15) fragments were visualized by LJV illumination
polyacrylamide gels stained with 0.5 pg/ml ethidium bromide.
Cloning

Endo.
Voll35.

1994
No 2

(40) was performed using the Sequenase version 2.0 chain termination
DNA seauencina kit bv incomoratinp. 135Sldeoxv-ATP nucleotides (U.S.
Biochemical, Cl&&&,
OH).*Seque$c’es were entered into GenBank to
search for identities to KGF and HGF.

-28K

TSP

OVARY

on 5%

and DNA sequencing

KGF and HGF PCR products were ligated into Bluescript SK(-) at the
SmaI site in the multicloning site. Blunt end ligations were performed
using 5-10 LJ T4 DNA ligase (Boehringer Mannheim, Indianapolis, IN).
All ligase reactions were initiated on wet ice, transferred to room
temperature, and incubated for 30 min to overnight. DNA sequencing

assays

Cell growth was analyzed by quantitating [3H]thymidine incorporation into newly synthesized DNA. Thecal and granulosa cells were
plated (-1 million cells/cm’) in 0.5 ml Dulbecco’s Modified Eagle’s
Medium containing 0.1% calf serum. After 24 h, cells were treated with
no growth factor Tcontrol), lo-100 rig/ml KGF, or 5-50 rig/ml HGF
ceenerouslv urovided bv Dr. Ieff Rubin, NCIL Granulosa cells were also
geated wiih‘lO0 ng/mi ba& FGF. Thecal &lls were also treated with
50 rig/ml epidermal growth factor. Cells were plated for 24 h, then
treated for 24 or 48 h. After treatment, 0.5 ml Dulbecco’s Modified
Eagle’s Medium containing 2.5 &i [3H]thymidine was added to each
well, and the cells were incubated for 4 h at 37 C and then sonicated.
The quantity of [3H]thymidine incorporated into DNA was determined,
as previously described (41). Data were normalized to total DNA per
well using an ethidium bromide procedure, described previously (38).

Results
Both thecal and granulosa cells were obtained from freshly
isolated bovine ovarian follicles. Cells were used immediately
for RNA preparation or placed in cell culture. The gene
expression of KGF and HGF was examined with a reverse
transcription-PCR procedure. Both KGF and HGF were
found to be expressed in thecal cells, but not in granulosa
cells (Fig. 1). A constitutively expressedprotein, cyclophilin,
was used to analyze the integrity of the RNA. With the
appropriate primers a 143-bp cyclophilin, a 344-bp KGF,
and a 335-bp HGF PCR product were observed from freshly
isolated thecal cell RNA (Fig. 1). Negative controls with no
template or each primer alone did not produce a PCR product
(data not shown). Granulosa cells did not express detectable
levels of steady state KGF or HGF transcripts, but did express
cyclophilin (Fig. 1). Cultured granulosa cell RNA was also
not positive for the growth factors. Both freshly isolated and
cultured thecal cell RNA preparations were consistently positive for KGF and HGF. Therefore, thecal cells appear to
express the KGF and HGF genes, but granulosa cells do not
have any detectable KGF or HGF gene expression.
The bovine KGF and HGF PCR products were subcloned
into the bacterial plasmid Bluescript by blunt end ligation (at
the SmaI restriction site). Both the KGF and HGF DNA inserts
were sequenced several times from different priming sites
using the chain termination DNA-sequencing method (Figs.
2 and 3). These partial sequencesare the only bovine KGF
and HGF sequencespublished to date. A comparison of the
bovine KGF sequence with the known rat (86% identity;
125-427 bp) (42), mouse(90% identity; 17-319 bp; GenBank
accessionno. Z22703), and human (95% identity; 462-764
bp) (10) sequencesdemonstrates a high degree of similarity
in this region of the protein (Fig. 2). A similar comparison of
the bovine HGF sequencewith rat (63% identity; 624-915
bp) (21), mouse (60% identity; 482-773 bp; GenBank accession no. D10212), and human (63% identity; 555-846 bp)
(29) sequencesalso demonstrates a significant yet reduced
similarity. Rat, mouse,and human HGF nucleotide sequences
in this region show 96% homology. Bovine HGF appears to
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be lesshomologous in regard to nucleotide sequencein this
region, due to several gaps and inserts (Fig. 3). The deduced
amino acid sequenceof bovine HGF, however, was found to
have an 88-90s identity with the rat, mouse, and human
HGF amino acid sequencesin this region of the protein. In
determining the amino acid sequence of bovine HGF from
the nucleotide sequence, an apparent missing G residue at
nucleotide residue 107 was identified that is probably due to
a PCR artifact or a reproducible sequencing compression.
Although the bovine HGF nucleotide sequence is less homologous, the deduced amino acid sequenceis similar.
The ability of thecal cells to secrete KGF and HGF protein
was examined to extend the above gene expression data.
Thecal cells were cultured in the presence of [35S]methionine,
and then radiolabeled secreted proteins were collected from
the conditioned medium. Radiolabeled secreted proteins
were incubated with KGF monoclonal antibody and then
precipitated, electrophoresed, and fluorographed. The KGF
antibody specifically precipitated a 28-kDa protein from the
radiolabeled thecal cell secreted proteins (Fig. 4). The HGF
antibodies did not work well in immunoprecipitations and
were used in an immunoblot of thecal cell secreted proteins.
The HGF antibodies specifically detected an 87-kDa protein
(Fig. 4) as well as relevant 69- and 34-kDa subunits (data
not shown). The 87-kDa form of HGF detected is most likely
the nonreduced or unprocessed form of HGF, lacking the
proteolytic cleavage to generate the 69- and 34-kDa subunits.
These proteins are the anticipated sizes for both KGF and
HGF. Therefore, thecal cells have the capacity to synthesize
and secreteboth KGF and HGF proteins.
The actions of KGF and HGF in the ovarian follicle were
examined through an analysis of the mitogenic activity of
the growth factors on purified granulosa and thecal cells.
After initial plating, freshly isolated granulosa and thecal
cells were cultured in the absenceor presenceof recombinant
KGF or HGF for 20 h and then in the presence of [3H]
thymidine for 4 h to assessthe incorporation of [3H]thymidine into DNA. Both KGF and HGF were found to stimulate
the proliferation of bovine granulosa cells, as indicated by
increasesin thymidine incorporation (Fig. 5). Basic FGF (100
rig/ml) was used asa positive control to stimulate the growth
of granulosa cells, and epidermal growth factor (50 rig/ml)
was used to stimulate the growth of theta cells. The results
indicate that both KGF and HGF can stimulate granulosa cell
proliferation, but not that of thecal cells.
Discussion

Thecal cell-granulosa cell interactions are an example of
an essential mesenchymal-epithelial cell interaction in the
ovary. Mesenchymal cells are proposed to influence adjacent
epithelial cells through the production of mesenchymal derived inducer proteins that act on the epithelium (l-3).
Although the role that thecal cells have in regulating granulosa cell steroidogenesisis well established (4, 43-47), the
role of thecal cellsin regulating other granulosa cell functions
remains to be elucidated. Previous observations have implied
that thecal cells may influence granulosa cell proliferation
through the local production of transforming growth factors
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(5-8, 38-42, 48). Two growth factors that appear to be
restricted to mesenchymal-epithelial cell interactions are KGF
and HGF. The current study was designed to identify the
potential role KGF and HGF may have in mediating thecalgranulosa cell interactions.
The mesenchymal-derived thecal cells were found to express both the KGF and HGF genes as well as synthesize
and secrete KGF and HGF proteins. In contrast, epithelialderived granulosa cells had no detectable KGF or HGF
messenger RNA expression. Therefore, the growth factors
are produced by the mesenchymal cell population in the
ovarian follicle, consistent with results from other tissues.
The KGF and HGF receptors are primarily expressed by
epithelial cells, such as the granulosa cells. Both KGF and
HGF were found to stimulate granulosa cell proliferation,
but not that of thecal cells. These observations imply that
KGF and HGF have the capacity to mediate mesenchymalepithelial cell interactions between thecal and granulosa cells.
Further analysis of KGF, HGF, and their receptor expression
during follicle development with in situ hybridization, immunocytochemistry, and direct measurements is needed.
This analysis will assesswhether KGF and HGF function
during early and/or late follicle development. Analysis of
the hormonal regulation of KGF and HGF expression will
reveal the significance of this mesenchymal-epithelial cell
interaction in the endocrine regulation of follicular growth.
Investigation of the actions of KGF and HGF demonstrated
that granulosa cell proliferation is increased by these growth
factors. Analysis of the actions of KGF and HGF on granulosa
cell steroidogenesis is now needed to determine whether
these growth factors also influence granulosa cell differentiation. The stage of follicle development may also influence
the responsiveness of granulosa cells to KGF and HGF.
Indeed, other growth factors known to influence granulosa
cell growth and steroidogenesishave been shown to have
altered actions during different stages of follicle development (37, 38). The actions of KGF and HGF on granulosa
cell growth and differentiation (i.e. steroidogenesis)at various stages of follicle development are currently under
investigation.
The current study demonstrates the local production and
action of two mesenchymal-derived growth factors, KGF and
HGF. These observations provide additional support for the
importance of thecal cell-granulosa cell interactions in the
regulation of follicle development. The previously identified
concept that the mesenchymal cell population may have a
significant role in the regulation of tissuegrowth is supported
by the current observations. Mesenchymal controlled tissue
growth may be a general phenomenon present in other
tissues, but this requires more rigorous investigations. Although the current study suggeststhat KGF and HGF can
mediate mesenchymal-epithelial cell interactions between
thecal and granulosa cells, the in vim expression, action, and
physiological importance of this cell-cell interaction remain
to be elucidated.
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