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We have investigated the biological characteristics of an immortalized granulosa cell line (COV434), which

may be used to study follicular and oocyte maturation in vitro. Granulosa cell function was defined as

consisting of three distinct properties: (i) production of 17β-oestradiol in response to follicle stimulating

hormone (FSH); (ii) presence of specific molecular markers of apoptosis enabling the induction of follicular

atresia; and (iii) capacity to form intercellular connections with cells surrounding an oocyte. The addition of

FSH to the culture medium supplemented with 10% fetal calf serum and 4-androstene-3,17-dione resulted in

proliferation of the COV434 granulosa cells and in an increased synthesis of 17β-oestradiol, indicating the

presence of the FSH receptor and cytochrome P450 aromatase in these cells. The receptor for luteinizing

hormone (LH) was undetectable. Similar expression of various apoptosis-associated genes was found in

COV434 granulosa cells and in granulosa cells of patients stimulated with gonadotrophins for in-vitro

fertilization, thus indicating that the immortalized COV434 granulosa cells were able to sustain apoptosis.

Multiple intercellular connections were formed during co-culture of COV434 granulosa cells with cumulus

cells containing an immature oocyte but not with cumulus cells devoid of an oocyte. Detailed morphological

analysis of the intercellular connections with scanning electron microscopy and confocal light microscopy

demonstrated the presence of long slender structures. It is concluded that the immortalized human granulosa

cell line COV434 may be useful for experimental studies on follicular development.
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Introduction

The first known function of the granulosa cells in developing
ovarian follicles is a hormonal one, mainly the production of
17β-oestradiol through the action of the cytochrome P450
aromatase (Erickson and Hsueh, 1978). The hormonally active
granulosa cells are located predominantly on the parietal wall
of the ovarian follicle. Secondly, granulosa cells support the
growth of the oocyte during the development of the surrounding
follicle (Buccione et al., 1990). During the initial stages
of follicular development, granulosa cells proliferate into a
multilayered structure investing the oocyte. Within the avascu-
lar structure of the ovarian follicle the growth of the oocyte
is mediated by the surrounding granulosa cells, some of which
are connected directly to the oocyte (corona radiata). Other
granulosa cells gradually form a syncytium to become the
cumulus oophorus. During later development an antrum filled
with follicular fluid is formed. All these processes involve
extensive proliferation of some granulosa cells but also pro-
grammed death of others, thereby constantly remodelling the
cell tissue within the follicle (Hulboy et al., 1997; Kaipia and
Hsueh, 1997). Apoptosis is the third function of the granulosa
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cells encompassing follicular atresia, which affects all but few
of the originally available follicles (Gougeon, 1996).

The cellular and molecular mechanisms involved in the
development of the various compartments of the growing
ovarian follicle are still largely unknown. Isolated granulosa
cells cannot be cultured longer than a few days. The interplay
between the granulosa cells and the oocyte seems to be
important for the differentiation of the different compartments
of the follicle. Not only is the development of the oocyte
enhanced by the surrounding granulosa cells (Bachvarova
et al., 1980) but the oocyte also exerts various stimuli inducing
differentiation of the granulosa cells (Buccione et al., 1990;
Eppig et al., 1997). An immortalized cell line of human
granulosa cells may be useful to study some of the complex
processes involved in the development of human follicles.
Immortalized granulosa cell lines of various animal species
have been described (mouse: Kananen et al., 1995; cow:
Lerner et al., 1995; rat: Li et al., 1997; pig: Chedrese et al.,
1998) and recently also for the human (Lie et al., 1996;
Hosokawa et al., 1998). The latter two human granulosa cell
lines were established by transfection of luteinized granulosa
cells donated by in-vitro fertilization (IVF) patients, but these



Immortalized human granulosa cell line

Table I. The primers used for reverse transcription–polymerase chain reaction studies and DNA sequencing analyses

Gene Primers (a: upstream, b: downstream) Predicted length Reference Restriction endonuclease
analysis

Bcl-Xl a. ATGTCTCAGAGCAACCGGGAG 631 Boise et al., 1993 SmaI
b. GGCCAGGAACGCTTCAACCGCTGAGAT

Bak a. GAAGATCTCATATGGCTTCGGGGCAAGGCC 752 Farrow et al., 1995 PstI
b. CTGAACTTGGGCAATGGTCCCTGAGGATCCCG

Bag a. CGGGATCCACACCGTTGTCAGCACTTGG 282 Takayama et al., 1995 PvuII
b. GGAGGAGATTGACACAATGGGAATTCCC

Nip1 a. GGAATTCCATATGGCGGCTCCCCAAGAC 823 Boyd et al., 1994 PvuII
b. CAGGTTGGATGGAACACAGTGTCGACGAATTCC

Nip2 a. GGAATTCCATATGGAAGGTGTGGAACTTAA 1138 Boyd et al., 1994 BamHI
b. GACTGTTCACTGCTGTACTGGTCGACGAATTCC

Bad a. GGGAATTCAGCCGAGTGAGCAGGAAGAC 482 Yang et al., 1995 PvuII
b. AGAGCGCAGGCACTGCAACAGGATCCCG

LH a. TTCAATGGGACGACACTGACTT 458 Minegishi et al., 1990
receptor b. TTCAGGAGCACATCGGGGTG

Table II. The antibodies used in Western blotting for study of apoptosis-associated gene expression

Protein Source First antibodies

Bcl-2 Idun, San Diego, CA, USA Monoclonal mouse anti-human Bcl-2
Bcl-Xl Idun, San Diego, CA, USA Monoclonal mouse anti-human Bcl-Xl
Bax Pharmingen, San Diego, CA, USA Polyclonal rabbit anti-human Bax
Cpp32 p10 Idun, San Diego, CA, USA Monoclonal rabbit anti-human
Cpp32 p20 Idun, San Diego, CA, USA Monoclonal rabbit anti-human
Tx Santa Cruz, CA, USA Polyclonal goat anti-human Tx p20
ICH-IL Transduction Laboratories, KY, USA Mouse anti-ICH-1L mAb
Bad Santa Cruz, CA, USA Goat polyclonal IgG Bad (C20)

cells did not possess a functional follicle stimulating hormone
(FSH) receptor. This communication describes some endocrine
and structural characteristics of a cell line of human immortal-
ized granulosa cells originating from a granulosa cell tumour
(Van den Berg-Bakker et al., 1993).

Materials and methods

The line of immortalized granulosa cells (COV434) was established
from a primary human granulosa cell tumour and was donated by
P.I.Schrier of the Department of Oncology of the University of
Leiden, The Netherlands (Van den Berg-Bakker et al., 1993). The
cells were collected and established in 1984 from a 27 year old
female suffering from a metastatic granulosa cell carcinoma. The
experiments described in this report were all done with cells from
passage no. 24. In order to augment the number of cells available for
experimental purposes the granulosa cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 10% (v/v)
fetal calf serum (FCS; Gibco, Basel, Switzerland). The culture medium
was also supplemented with penicillin/streptomycin (50 µg/ml), with
L-glutamine (3 mmol/l) and with L-asparagine (1 mmol/l) (Van den
Berg-Bakker et al., 1993). Two or three times a week, the cells were
harvested by pipetting or trypsinization, then centrifuged for 5 min
at 400 g and subjected to experiments or stored at –80°C in 15%
(v/v) dimethylsulphoxide (DMSO) in culture medium for 24 h. Before
preparation for light and electron microscopy, the COV434 granulosa
cells were thawed and cultured for 18 h. For long-term storage the
cells were kept in liquid nitrogen. During additional 14 passages
the properties of the COV434 granulosa cells did not undergo
significant changes.
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Collection of granulosa cells from IVF or ICSI patients

Initially, it was planned for control experiments to collect granulosa
cells from single follicles in untreated menstrual cycles. However,
for the purpose of the experiments outlined below, insufficient
numbers of granulosa cells were aspirated (�107 per follicle) and
pooling of single follicles was not possible. Therefore, control
granulosa cells were aspirated from patients treated with IVF or
intracytoplasmic sperm injection (ICSI) by transvaginal ultrasound-
guided puncture of mature ovarian follicles. These patients had been
treated hormonally with human menopausal gonadotrophins (HMG,
Pergonal; Serono, Aubonne, Switzerland), with recombinant FSH
(Gonal F, 75 IU per ampoule; Serono) and with 10 000 IU of
human chorionic gonadotrophin (HCG, Profasi; Serono) after previous
desensitization of endogenous gonadotrophin secretion with 3.75 mg
of triptorelin (Decapeptyl Retard; Ferring, Kiel, Germany). After
identification and removal of the cumulus oophorus–oocyte complexes
(COC) the freshly collected follicular aspirates were centrifuged for
5 min at 400 g. The pellet was disolved in 4 ml of PBS and
centrifuged on 6 ml of Ficoll paque PLUS (Pharmacia, Uppsala,
Sweden) for 20 min at 400 g. The granulosa cells were visible in the
interphase layer, isolated by pipetting, washed twice in 10 ml of PBS
and centrifuged again at 400 g for 5 min for final collection of the
cells. The infertile patients’ granulosa cells were prepared for light
and electron microscopy after their collection.

Light microscopy

COV434 granulosa cells and granulosa cells of infertile patients
treated for IVF or ICSI were fixed with 3% glutaraldehyde on glass
slides and stained according to Papanicolaou. Thereafter, they were
observed at �630 magnification with a Leica DM LB microscope
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Figure 1. Light microscopic images of COV434 granulosa cells
and of granulosa cells collected from an in-vitro fertilization (IVF)
patient. The cells were stained fixed, stained according to
Papanicolaou and photographed at �640 magnification. The
granulosa cells of IVF patients contained more lipid droplets.

Figure 2. The detailed morphological structure of COV434 granulosa cells and cells collected from in-vitro fertilization patients. The
surface of the immortalized granulosa cells of the COV434 granulosa cells appeared smoother as fewer microvilli were present. Some
immortalized granulosa cells were able to construct intercellular junctions with others (inset).
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(Wetzlar, Germany). The number of lipid droplets per cell was counted
in 100 of each of both cell types in four sections. The functional
capacity of the COV434 granulosa cells was studied by co-culture
with immature COC, collected from ovarian follicles with a diameter
of 5–10 mm by transvaginal ultrasound-guided aspiration in four
patients treated with IVF or ICSI. Cultured COV434 granulosa cells
were stimulated overnight with FSH (200 ng/ml in culture medium,
each well containing 5�106 cells). Five cumulus-enclosed human
oocytes originating from immature follicles of one patient and two
immature COC from another patient were layered upon these cultured
COV434 granulosa cells and evaluated daily at �200 magnfication
with an inverted microscope (Leica DM IRB) using Hoffmann contrast
optics over a period of nine days.

Transmission electron microscopy

COV434 granulosa cells or infertile patients’ granulosa were harvested
to a pellet, fixed with 3% glutaraldehyde in PBS buffer for 20 min,
postfixed with 1% OsO4 in cacodylate buffer for 30 min and then
dehydrated in increasing concentrations of ethanol. Thereafter, the
pelleted cells were embedded in Epon 512 and heat-polymerized at
65°C for 24 h. Blocks were sectioned on an ultramicrotome (Reichert
Ultracut) and imaged in the transmission electron microscope (Zeiss
EM 900, Oberkochen, Germany).

Scanning electron microscopy

COV434 granulosa cells were co-cultured with four COC on sterilized
12 mm diameter cover glasses. After 2 days, the cover glasses were
washed in PBS buffer, then rapidly rinsed with distilled water and
fixed in 3% aqueous glutaraldehyde for 20 min. After an additional
wash in distilled water, the probes were blotted and frozen in liquid
nitrogen. The probes were then transferred to a cryo-SEM (Jeol 6300,
Balzers SCU020) for imaging.

Confocal laser scanning microscopy (CLSM)

Two co-cultured COV434 granulosa–COC were grown on sterilized
12 mm diameter cover glasses. After 2 days these cell complexes
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Figure 3. Multiple intercellular connections were formed between
COV434 granulosa cells, and cells of a cumulus oophorus were
formed only in the presence of an oocyte (A), but not if the
cumulus complex did not contain an oocyte (B) (photographed
after 24 h of culture, at �400 magnification, light microscopy,
inverted microscope).

were fixed with 3% glutaraldehyde for 60 min and mounted with
MOWIOL mounting medium. The aldehyde-induced autofluorescence
was imaged in a CLSM (NORAN Odyssey XL) in the rhodamine
channel with �63 magnification oil immersion objective lenses.

Production of 17β-oestradiol and of cAMP

For assessment of aromatase activity, immortalized COV434 granulosa
cells (105 per ml) were plated in a 24-well tissue culture plate in
DMEM culture medium containing 10% v/v FCS supplemented with
4-androstene-3,17-dione (10 µmol/l; Sigma, Steinheim, Germany) in
the presence of recombinant FSH (100 ng/ml or 3�10–4 IU/ml, Gonal
F; Serono) of recombinant LH (100 ng/ml or 3�10–4 IU/ml, LHadi;
Serono) or of urinary HCG (100 ng/ml or 3�10–4 IU/ml, Profasi;
Serono). At different periods after initiation of the culture 500 µl of
the supernatant were collected from each well for measurement of
the concentrations of 17β-oestradiol using commercial assay kits
(Cobas Core, Roche, Basel). The production of cAMP was measured
in the presence of FSH (100 ng/ml), of LH (100 ng/ml) and of
forskolin (1 mmol/l) using a commercial enzyme immunoassay kit
(Amersham, Buckinghamshire, UK).
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Figure 4. Scanning electron microscopic image of immortalized
COV434 granulosa cells in the presence of an intact oocyte. Long,
slender, neurite-like intercellular connections are formed between
granulosa cells. These structures did not appear in cultures of
COV434 granulosa cells without an oocyte.

RNA extraction and reverse transcription–polymerase chain

reaction (RT–PCR) analysis

Total RNA was extracted from 1�107 granulosa cells using a
commercially available RNeasy Total RNA kit from Qiagen (Hilden,
Germany). The quantity of RNA was assessed by measuring the
optical density at A260 nm. Total RNA (1 µg) from granulosa cells
was reverse transcribed into single strand cDNA using the cDNA
synthesis kit (Boehringer Mannheim, Mannheim, Germany). All
primers were synthetized by Microsynth, Balgath, Switzerland (Table
I). The single strand cDNA was used for polymerase chain reaction
(PCR). Then the single strand cDNA was subjected to 40 cycles of
PCR amplification using one of the primer sets (50 s denaturation at
94°C, 50 s annealing at 60°C, and 30 s extension at 72°C). The
amplified products were separated on 1% agarose gels. The PCR
products were analysed by single restriction endonucleases (Table I;
Biolab, Beverly, MA, USA) and DNA sequencing (ABI, PE Applied
Biosystems, Foster City CA, USA) following the prediction based
on their molecular size. Blanks served as a negative control.

Protein extraction and Western blotting

Granulosa cells (1�107 cells) were lysed in a lysis buffer (10 mmol/
l Tris, 1 mM EDTA, 1% Triton, protease inhibitor cocktail) for 10
min in ice and were sonicated twice for 10 s. For the assessment of
Bcl-2 and of Bcl-Xl the samples were sonicated and quantified
directly with a protein assay (Biorad, Hercules, USA). For the
assessment of Bax, CPP32, Tx, ICH-IL and Bad the samples were
first centrifuged for 10 min at 4°C at 12 000 g and only supernatants
were quantified. Samples were boiled for 10 min and 20–30 µg
of total protein was loaded on 15% sodium dodecyl sulphate–
polyacrylamide gel electrophoresis. They were then were electrotrans-
ferred to a membrane (Millipore, Bedford, MA, USA), immunoblotted
with different specific first antibodies (Table II) and developed with
NBT/BCIP (Sigma, Steinheim, Germany).

All experiments outlined above were presented to and approved
by the Ethics Committee of the Medical Department of the University
of Basel, Switzerland. All patients involved were informed about the
rationale of the experiments and consented to the use of some of
their biological material for experimental purposes. Statistical analyses
were performed with the Kruskal–Wallis and Wilcoxon tests. The
level of statistical significance was set at P � 0.05.
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Figure 5. Confocal images of COV434 granulosa cells stimulated by an oocyte (A) and in the absence of an oocyte (B), projected in x–y
(main image), x–z (bottom) and y–z (right) directions. The COV434 granulosa cells formed in the presence of an oocyte extended fine
fibrillar connections that did not form in the absence of an oocyte.

Results

Morphological characterization of the human
granulosa cell line

The cultured COV434 granulosa cells grew in the culture
medium as small aggregates on the bottom of the culture dish
or flask and they formed colonies within 6 h. The granular
appearance of the COV434 granulosa cells, as visible with
light microscopy, was very similar to that of granulosa cells
aspirated from IVF or ICSI patients (Figure 1). Some cells
formed intercellular junctions with other cells (Figure 2, inset).
The freshly collected granulosa cells of the patients displayed
numerous microvilli, which were virtually absent in the
COV434 granulosa cells (Figure 2). Lipid droplets were
observed with light and electron microscopy both in the
granulosa cells collected from infertile patients and in the
COV434 granulosa cells, but the number of the lipid droplets
in the former was much higher than in the latter. The mean
number of lipid droplets counted in granulosa cells from IVF
or ICSI patients was 104 [95% confidence interval (CI): 10.6],
whereas the median number of droplets visible in a COV434
granulosa cell was only 6 (95% CI: 0.7, P � 0.0001).

Co-culture of COV434 granulosa cells with COC

The development of intercellular interactions between COV434
granulosa cells and COC was observed in culture medium,
supplemented with FCS (10%) and FSH (200 ng/ml or 6�10–4

IU/ml). One day after initiation of the co-culture, multiple
intercellular connections between the cumulus cells and the
COV434 granulosa cells became apparent at high magnification
and remained until day 8 of the co-culture (Figure 3). Intercellu-
lar connections remained absent between COV434 granulosa
cells and the cells of one cumulus oophorus, which contained
no oocyte as confirmed both with the stereomicroscope and
the inverted microscope (Figure 3). Images of the intercellular
connections between the immortalized COV434 granulosa
cells and COC are presented in Figure 4 (scanning electron
microscopy) and in Figure 5 (confocal light microscopy).

Evaluation of endocrine function

The effects of FSH on the secretion of 17β-oestradiol in the
supernatant medium by incubated COV434 granulosa cells
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and of LH, FSH and HCG on the secretion of 17β-oestradiol
during prolonged culture of the COV434 granulosa cells are
shown in Figure 6. Approximately 8 h after the addition of
100 ng/ml FSH to the culture medium the COV434 granulosa
cells started to secrete 17β-oestradiol, whereas in the control
samples lacking FSH there was no secretion of 17β-oestradiol
(Figure 6A). During prolonged culture in the presence of FSH,
higher levels of 17β-oestradiol were secreted than during
prolonged culture in presence of LH and HCG (Figure 6B).
The production of cAMP by COV434 granulosa cells was
enhanced by FSH (100 ng/ml) and by forskolin (1 mmol/l),
but not by LH (100 ng/ml, Figure 6C). Under the experimental
conditions outlined above, the secretion of progesterone was
not altered by the addition of FSH, LH or HCG to the in-vitro
culture of COV434 granulosa cells (data not shown). Since
the COV434 granulosa cells did not respond to stimulation
with LH or HCG, the expression of LH receptor was examined
by RT–PCR (Table I). Whereas LH receptor mRNA was
readily identified by RT–PCR in granulosa cells from patients
treated with IVF or ICSI, LH receptor mRNA was undetectable
in COV434 granulosa cells cultured in culture medium devoid
of FSH (Figure 7).

Apoptosis-associated gene expression in COV434

granulosa cells

The expression of several pro-apoptotic genes including bax,
bad, bak, Casp-2, Casp-3 and Casp-4 were analysed together
with anti-apoptotic genes such as bcl-2, bcl-Xl, Bag and genes
encoding for Bcl-2 interacting proteins, Nip1 and Nip2. Gene
expression in COV434 granulosa cells was evaluated by RT–
PCR and Western blotting and the results were compared to
those in granulosa cells collected from IVF and ICSI patients.
The mRNA expression of nip1, nip2 (Boyd et al., 1994),
bcl-Xl (Boise et al., 1993), bak (Farrow et al., 1995), bad
(Yang et al., 1995) and bag (Takayama et al., 1995) were
observed both in COV434 granulosa cells and in granulosa
cells from infertile patients (Table I and Figure 8A). Western
blot analysis revealed that Bax, Casp-2 (ICH-1L) and Bad
proteins were similarly expressed in both granulosa cell types.
However, Bcl-2 and Casp-3 (CPP32) proteins were expressed
in granulosa cells from IVF and ICSI patients but not in



Immortalized human granulosa cell line

Figure 6. (A) Secretion of 17β-oestradiol in the supernatant culture
medium during incubation of COV434 granulosa cells (105/ml) in
presence of follicle stimulating hormone (FSH) (100 ng/ml). The
experiment was repeated three times and the results are presented
as mean values � SEM. The black column represents the
concentration of 17β-oestradiol in the culture medium, whereas the
white columns represent the fluctuation in 17β-oestradiol
concentration produced by COV434 granulosa cells in the absence
of FSH. (B) Synthesis and secretion of 17β-oestradiol by
immortalized COV434 granulosa cells (105 per ml) during
prolonged culture in the presence of FSH, luteinizing hormone
(LH) or human chorionic gonadotrophin (HCG) (100 ng/ml each)
or in non-supplemented culture medium (control). The
concentration of 17β-oestradiol in the supernatant was significantly
higher in the presence of FSH than in controls lacking FSH (*P �
0.05). The height of each column indicates the mean � SEM.
(C) Production of cAMP of immortalized COV434 granulosa cells
(105 per ml) in the presence of FSH or LH (100 ng/ml each) or of
forskolin (1 mM). Culture medium without these additives was
used as a control. The production of cAMP was enhanced in the
presence of FSH and forskolin, but not of LH.
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Figure 7. Expression of luteinizing hormone receptor (LHR) was
examined by reverse transcription–polymerase chain reaction in
pooled granulosa cells of 10 patients treated for in-vitro
fertilization or intracytoplasmic sperm injection (1) and in COV434
granulosa cells (2). The arrow indicates the expected size of LHR
at 458 bp, which was confirmed by DNA sequencing.

COV434 granulosa cells. On the other hand, Bcl-Xl and Casp-4
(TX) proteins were only expressed in COV434 granulosa cells
but not in granulosa cells from IVF and ICSI patients (Table
II and Figure 8B).

Discussion

Granulosa cells play a key role in the functional maturation
of the follicle and the oocyte and display a high degree of
structural change. These changes occur in the presence of
numerous hormonal and paracrine stimuli and consist of a
complex balance of proliferation and programmed cell death.
The molecular pathways responsible for the differentiation of
granulosa cells in parietal granulosa cells, which tend to be
the main hormonally active portion of the granulosa cells, or
in cumulus or coronal granulosa cells, which surround and
nurse the oocyte (Buccione et al., 1990), are still largely
unknown.

We have investigated whether an immortalized granulosa
cell line can be produced to mimic the complex processes of
follicular development. To our knowledge, the cell line isolated
by Van den Berg-Bakker et al. (1993) is the first ever described
human immortalized granulosa cell line collected from a
granulosa cell tumour still displaying functional receptivity to
FSH. The following features were considered essential for the
definition of normal functionality of the COV434 granulosa
cells: increased synthesis and secretion of 17β-oestradiol after
stimulation of cytochrome P450 aromatase with FSH (Erickson
and Hsueh, 1978), establishment of intercellular connections
between the immortalized granulosa cells and cells of a
cumulus oophorus (Eppig, 1979; Bachvarova et al., 1980;
Schultz, 1985; Sirard and Bilodeau, 1990) and the potential
response to similar inducers of proliferation and apoptosis as
compared to natural granulosa cells (Kaipia and Hsueh, 1997).

Various experiments demonstrate that several of the proper-
ties considered essential for normal granulosa cell function are
present in the immortalized human granulosa cell line COV434.
First, the production and secretion of 17β-oestradiol in the
supernatant culture medium could be stimulated with FSH.
Secondly, the proliferation of the COV434 granulosa cells
was stimulated by the addition of FSH in culture medium
supplemented with FCS. These observations accord with a
recent communication which demonstrated the presence of
intact FSH receptors in cells collected from granulosa cell
tumours (Fuller et al., 1998). Although the granulosa cells
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Figure 8. Expression of apoptosis-associated genes in COV434. (A) mRNA expression of six apoptosis-associated genes was analysed by
reverse transcription–polymerase chain reaction of total RNA. (B) protein expressions were examined by Western blotting. RNA and protein
samples were extracted from either COV434 granulosa cells (1) or granulosa cells from patients treated with in-vitro fertilization or
intracytoplasmic sperm injection (2).

also proliferated and secreted 17β-oestradiol in the absence of
FSH, their activity was significantly enhanced by FSH. A
similar observation was made recently (Földesi et al., 1998)
using cultured luteinized granulosa cells obtained from IVF
patients. Thirdly, within hours, intercellular connections
between the COV434 granulosa cells and cells of a cumulus
oophorus containing an oocyte became visible. Interestingly,
these intercellular connections were not formed with cells of
a cumulus oophorus not containing an oocyte, indicating that
the proximity of an intact oocyte is essential for normal
granulosa cell function. Recent findings have stressed the role
of the oocyte by demonstrating that expansion of the cumulus
oophorus depends on the presence of an intact oocyte (Buccione
et al., 1990) and that the oocyte participates in suppressing
the expression of the LH receptor mRNA in the surrounding
granulosa cells (Eppig et al., 1997). It is also important to
note that the intercellular connections were formed exclusively
in the presence of a viable oocyte. Their appearance is more
similar to the oocyte-derived structures involved in early
folliculogenesis (Dong et al., 1996). The exact nature of this
type of intercellular connection is currently being investigated.
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Considering apoptosis-associated gene expression, some
differences were found between the COV434 granulosa cells
and granulosa cells from patients treated with gonadotrophins
for IVF or ICSI. Whereas Nip1, Nip2, Bak, Bad (protein but
not mRNA), Bag, Bax and Casp-2 (ICH-1L) were similarly
observed in both granulosa cell types, it was demonstrated
that others, Bcl-2 and Casp-3 (CPP32), were expressed only
in granulosa cells from treated patients. Bcl-Xl and Casp-4
were detected only in COV434 granulosa cells. Whether these
differences in apoptosis-associated gene expression between
both granulosa cell types are caused by immortalization or by
the treatment with exogenous gonadotrophins, mainly HCG,
which was given 35 h prior to follicular aspiration for final
maturation of the oocytes, remains to be clarified experiment-
ally. The differences in apoptosis-associated gene expression
may also be caused by the different availability of matrix
metalloproteinases among both granulosa cell types. Matrix
metalloproteinases are known to be involved in tissue remodel-
ling during ovulation and may have been more abundant
among the luteinized granulosa cells collected from the IVF and
ICSI patients (Hulboy et al., 1997). Some of the morphological
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differences between both granulosa cell types such as the
presence of microvilli and lipid droplets may also be caused
by gonadotrophin treatment. The density of microvilli on the
outer surface of the granulosa cells and of lipid droplets within
the cytoplasm are related to the action of FSH (Amsterdam
and Rotmensch, 1987). Further studies are necessary to deter-
mine the optimal concentration of FSH to obtain the normal
morphological appearance of the COV434 granulosa cells.

A constantly available immortalized granulosa cell line with
well-defined biological characteristics may be used for the
development of in-vitro maturation of immature oocytes. In
recent years, increased efforts have been devoted to this
technique both in the human (Cha et al., 1991; Trounson et al.,
1994) and in the animal (Eppig and O’Brien, 1996). Altogether,
in-vitro maturation of human oocytes has only been successful
to a limited extent (Cha et al., 1991; Trounson et al., 1994;
Jaroudi et al., 1997; Russell et al., 1997). The low develop-
mental capacity of in-vitro matured oocytes may be caused by
the lack of support by surrounding and nursing granulosa cells
(Bachvarova et al., 1980) and a constantly available pool of
granulosa cells may be used for this purpose. In such a setting,
the inability of the COV434 granulosa cells to luteinize could
be considered an important advantage. An immortalized human
granulosa cell line may also become valuable for other purposes
including the establishment of standardized bioassays of FSH
or for basic research concerning the balance between apoptotic
processes and hormonal actions on the syncytial complex
surrounding the maturing oocyte.
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