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Abstract

Experiments were conducted to determine the influence of basal lamina on the morphology of ovarian granulosa cells
in vitro. Pure and intact basal lamina was isolated from the large preovulatory follicles of the chicken ovary and
designated basal lamina of avian ovarian follicle (BLAOF). Examination of the isolated basal lamina with electron
microscope revealed an ultrastructure that is similar to that of basal lamina in the intact ovarian follicle. Pieces of the
intact basal lamina were attached to the bottom of 32 mm culture dishes (BLAOF-coated dishes) in which differentiated
granulosa cells isolated from the largest preovulatory follicle or undifferentiated granulosa cells isolated from immature
small yellow chicken ovarian follicles were cultured; uncoated dishes served as controls. Granulosa cells incubated on
intact basal lamina assumed spherical shape, whereas granulosa cells incubated directly on plastic in control dishes
became highly flattened. Interestingly, granulosa cells that attached to plastic close to BLAOF (in BLAOF-containing
dishes) became rounded. The storage of BLAOF-coated culture dishes at 4OC  for 2 years had no apparent effect on its
ability of the matrix material to induce changes in granulosa cell shape. Some components of the basal lamina could be
solubilized with guanidine-HCl  alone (fraction 1; 90-95%  of total protein in BLAOF) with the remaining components
solubilized with P-mercaptoethanol  containing guanidine-HCl (fraction 2; 5-10X  of total protein in BLAOF).
Differentiated and undifferentiated chicken granulosa cells became rounded when incubated in fraction 1 -pre-coated
wells; whereas those incubated directly on plastic in control wells were flattened. Similarly, when fraction 1 of solubilized
basal lamina was added as liquid to incubation mixture, it caused both differentiated and undifferentiated granulosa cells
to assume spherical shapes. The storage of fraction l-coated culture dishes at 4OC  for 12 or more months had no
apparent effect on its ability to influence granulosa cell shape. Fraction l-induced changes in granulosa cell shape were
similar to those observed for complete and intact basal lamina (BLAOF). These findings demonstrate that intact
homologous basal lamina (BLAOF) or its solubilized (fluidized) form can induce normal (in vivo) morphology in
granulosa cells. It is suggested that BLAOF or its solubilized form can be used to culture cells in experiments designed
to examine the influence of the natural basal lamina microenvironment on cellular behavior and function. 0 2000
Elsevier Science Inc. All rights reserved.
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1. Introduction

Basement membranes are extracellular matrix
sheets that compartmentalize tissues and act as
physical barriers in separating different types of
cells such as endothelia, epithelia and muscle
fibers. The thickness of basement membranes vary
in different  organs and t issues (Inoue and
Leblond, 1988). Two, and sometimes three layers
have been identified in basement membranes (Ke-
falides et al., 1979; Inoue and Leblond, 1988). The
layer closest to the basolateral plasmalemma of
associated cells is pale and is referred to as lamina
lucida (lamina rara). The next layer known as
lamina densa  is a dark continuous sheet made up
of fairly compact material. The third layer, often
absent, is in continuity with the connective tissue
and is known as lamina fibroreticularis (Kefalides
et al., 1979; Laurie and Leblond, 1985; Inoue and
Leblond, 1988). In some cases the lamina
fibroreticularis contains collagen fibrils (anchoring
fibers) (Yurchenco and Schittny, 1990). The lam-
ina lucida (rara) and lamina densa  are collectively
known as basal lamina (Laurie and Leblond,
1985). The basement membrane (basal lamina) of
the rat ovarian follicle appears to have all three
layers of basement membranes Bagavandoss et
al., 1983, however, the lamina lucida is absent at
points where the anchoring fibrils are attached to
the lamina densa  (Bagavandoss et al., 1983). The
basal lamina of the chicken ovarian follicle is a 1
pm thick continuous sheet and appears homoge-
nous  at low magnifications and lacks lamina
fibroreticularis (Perry et al., 1978). At high mag-
nifications however, indistinct laminations and fo-
cal densities can be seen (Perry et al., 1978).

In situ, cells are either associated or surrounded
with extracellular matrix which may regulate their
structure and function; granulosa cells in the
avian ovarian follicle exist in association with
basal lamina. The influence of homologous basal
lamina on the behavior of granulosa cells is un-
known. Therefore, the goal of the present study
was to isolate pure and intact basal lamina from
the chicken ovarian follicle and assess its effect on
the shape of granulosa cells.

The unique anatomical structure of the avian
ovarian follicle made possible the isolation of
pure intact basal lamina. In the mature avian
ovarian follicle, a single layer of granulosa cells is
located between basal lamina and perivitelline
layer to form the granulosal layer (membrana

granulosa) (e.g. see Wyburn et al., 1965; Perry et
al., 1978; Bakst, 1979; Callebaut et al., 1991). The
membrana granulosa (basal lamina-granulosa cell
layer-perivitelline layer complex) can be easily
separated from the theta  layer (Gilbert et al.,
1977) and basal lamina isolated in hypotonic
solution.

2. Materials and methods

2.1. Chemicals

N-2-Hydroxyethylpiperazine-N’  - 2  - ethanesulfo -
nit  acid (HEPES), collagenase type IV, soybean
trypsin inhibitor, bovine serum albumin (BSA,
Fraction V), penicillin G, streptomycin, fungizone
and Trizma-base were purchased from Sigma, St.
Louis, MO. Medium 199 (M199) containing
Hank’s salts was from Gibco-BRL, Grand Island,
NY.

2.2. Animals

Single Comb White Leghorn hens obtained
from Purdue University Poultry Research Farms,
West Lafayette, IN, in their first year of reproduc-
tive activity, were caged individually in a window-
less, air-conditioned room with a 14 h light:10  h
darkness cycle. They had free access to a layer
ration and tap water. The time of egg lay of each
bird in the colony was noted to the nearest 30 min
(daily). The animals were killed by cervical dislo-
cation about lo-  12 h before the expected time of
ovulation of the largest preovulatory follicle. The
first, second, third, fifth to seventh largest (F,, F,,
F,,  F,-,,) preovulatory follicles and a pool of
small yellow follicles (SYF) were removed. The
follicles were classified according to the criteria of
Robinson and Etches (1986). The follicles were
placed in ice-cold Hank’s salt solution containing
NaCl  140 mM, KC1 5 mM, MgCl,  1.1 mM, CaCl,
2.5 mM, Hepes 10 mM, Glucose 5.6 mM, pH 7.4.
The thecal and granulosal layers (membrana
granulosa) were separated by the method de-
scribed by Gilbert et al. (1977). The granulosa
cells were dissociated in Ml99 containing
NaHCO,  (350 mg/l),  HEPES (10 mmol/l),  pH 7.4,
penicillin G (100 000 U/l), streptomycin (100 mg/
l), fungizone (250 I@), collagenase (500 000 U/l)
and trypsin inhibitor (200 mg/l)  (Novero and
Asem, 1993). Cell viability, determined by the
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trypan  blue exclusion method, was routinely
greater than 90%.

2.3. Isolation of busal lumina

The granulosal layer (membrana granulosa)
was placed in a hypotonic solution containing
Tris-HCl 10 mM  (pH 7.4), leupeptin 0.5 mg/l,
EDTA--Na,  1  mM, p e p s t a t i n  0 . 7  mg/l,  a n d
phenylmethylsulfonyl fluoride (PMSF) 0.2 mM  in
a petri dish. The granulosa cells, sandwiched be-
tween the basal lamina and perivitelline layer were
lysed hypoosmotically and the basal lamina and
perivitelline layer were separated. The duration of
time required for complete separation of the two
layers (basal lamina and perivitelline layer) was
dependent on the hypotonicity of the solution.
The separation was much faster (l-3 min) in the
absence of Tris-HCl than in Tris-HCl-contain-
ing solution (4-8 min). This basal lamina of avian
ovarian follicle (BLAOF) preparation is intact
and complete basal lamina. The side of basal
lamina in contact with granulosa cells in situ is
designated as ‘granulosa-side’ and the side in con-
tact with thecal tissue was assigned the name
‘theta-side’.

2.4. Trunsmission electron microscopy

Granulosal layer or isolated basal lamina was
fixed in 3% glutaraldehyde in 0.15 M Millonig’s
phosphate buffer pH 7.2 for 24 h. The fixed tissue
was rinsed in phosphate buffer and postfixed in
1 o/o  osmium tetroxide- 1.5% potassium ferro-
cyanide at 4°C for 1.5 h. Tissue was then rinsed in
buffer, dehydrated through a graded ethanol se-
ries, rinsed 2 x in propylene oxide and infiltrated
with epoxy resin (Poly/Bed 8 12, Polysciences,
Warrington, PA). After resin polymerization at
60°C for 48 h, thin sections (70 nm) were stained
with uranyl acetate and lead citrate and examined
in a JEOL JEM-IOOCX  transmission electron
microscope.

2.5. Scanning electron microscopy

Granulosal layer (granulosa cells, basal lamina,
perivitelline membrane complex) or isolated basal
lamina or perivitelline layer was fixed in 3% glu-
taraldehyde in 0.15 M Millonig’s phosphate
buffer pH 7.2 for 24 h. The fixed tissue was rinsed
in phosphate buffer and postfixed in 1% osmium

tetroxide for 1.0 h. Tissue was then rinsed in
buffer, dehydrated through a graded ethanol se-
ries, and then a graded Freon 113 series. The
granulosa cell layer or the individual components
were then picked up from a petri dish containing
Freon 113 with a glass microscope cover-slip and
air dried. The cover-slips were glued to aluminum
stubs with silver paint, sputter coated with gold,
and examined in an IS1 1OOA  scanning electron
microscope.

2.6. Light microscopy

Photomicrographs of granulosa cells were ob-
tained with a 40 x objective on a Nikon Diaphot
microscope equipped with Hoffman Modulation
Contrast Optics.

2.7. Dzyferential  interference contrast microscopy

The images of some cells were obtained with
differential interference contrast optics (20 x ob-
jective) on a laser scanning confocal microscope,
Bio-Rad MRC 1024 UV/vis (Bio-Rad, Hercules,
CA). The images were visualized using 488 nm
light from a Krypton-Argon laser and a frequency
matched detector. The images were electronically
magnified with Lasers lamp 1024 software.

2.8. Preparation of intact basal lumina-containing
dishes jbr cell culture

Pieces of intact basal lamina (BLAOF) isolated
from the largest (32--35 mm in diameter) or sec-
ond (27-30 mm in diameter) largest preovulatory
follicles (F, and F2)  were spread in the bottom of
a 35 mm Falcon or Corning culture dishes (a
piece per dish) and allowed to dry for 2 h in a
laminar flow hood at room temperature (23°C).
The bottom of the culture dish was not covered
completely by BLAOF. The BLAOF-containing
dishes were either used following the attachment
procedure or were wrapped in aluminium foil for
storage at 4°C. Tissue isolation and preparation
of culture dishes were carried out under sterile
conditions. The basal lamina was spread with
‘theta-side’ down (in contact with the bottom of
the dish); in a few cases it was spread with ‘gran-
ulosa-side’ in contact with the bottom of the dish.
Unless stated otherwise, the cells were incubated
on the ‘granulosa-side’ of intact basal lamina in
the present studies.
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2.9. Soluhilization of basal lamina

2.9.1. Fraction 1
Basal laminae were placed in a microfuge tube

and solubilization buffer containing 6 M
guanidine-HCl,  50 mM  Tris-HCl pH 7.4 was
added (100 ul  buffer per basal lamina per follicle).
After shaking at 4°C overnight, some membrane
fragments remained. The mixture was centrifuged
at 1000-2500 x g for 10 min. The supernatant
designated fraction 1 was placed in a 3 kDa  cutoff
dialysis membrane and dialyzed against 150 mM
NaCl,  50 mM  Tris-HCl pH 7.4 overnight at 4°C.
After dialysis, fraction 1 became cloudy, pre-
sumably due to the precipitation of some proteins.
The dialyzed fraction 1 was aliquoted and stored
at - 70°C in the same buffer. Protein content of
solubilized basal lamina was determined by the
method of Bradford (1976) using BSA as stan-
dard. Fraction 1 contained 90-95X  of  total
protein in the basal lamina.

2.9.2. Fraction 2
The basal lamina fragments collected by cen-

trifugation during the preparation of fraction 1
were solubilized with 6 M guanidine-HCl,  50
mM  Tris-HCl pH 7.4 containing 5% P-mercap-
toethanol with shaking for 60 min at 4°C and
designated fraction 2. Similar results were ob-
tained when 8 M urea was subst i tuted for
guanidine-HCl. The fraction 2 solution was
placed in a 3 kDa  cutoff dialysis tube and dia-
lyzed against 150 mM  NaCl,  50 mM  Tris-HCl
pH 7.4 overnight at 4°C. The dialysate was
al iquoted and s tored at  - 70°C in the same
buffer. The dialysate of fraction 2 did not turn
cloudy. The exclusion of l3-mercaptoethanol  from
the buffer led to incomplete solubilization of the
basal lamina (fragments remained). Fraction 2
contains 5-10%  of total protein in the basal
lamina.

2.10. Preparation of solubilized basal
lamina -con taining dishes  for  ce l l  cul ture

Fraction 1 of the solubilized basal lamina was
diluted with either deionized water or modified
Hank’s salt solution or M199. Aliquots of lOO-
200 ul  containing 5-50 ug  of protein were trans-
ferred into 96-well, 24-well Falcon culture dishes
(Fisher Scientific) or Lab-Tek &well chambered
coverglass (Nunc,  Naperville, IL) and allowed to

dry under a tissue culture hood. Some wells re-
ceived vehicle only and served as controls. The
plates were then used after the drying procedure
or were wrapped in aluminium foil for storage at
4°C. Culture wells that received Hank’s salt solu-
tion or Ml99 were rinsed twice with deionized
water prior to the incubation of cells. Tissue
isolation, solubilization, dialysis and preparation
of culture dishes were carried out under sterile
conditions.

2.11. Incubation of cells

2.11.1. Incubation of cells in intact basal
lamina -con taining dishes

Chicken granulosa cells were isolated by colla-
genase dispersion as described by Novero and
Asem (1993). Isolated granulosa cells were desig-
nated as differentiated (from mature F, follicle),
differentiating (from F, or F,-,  follicles) and un-
differentiated (from SYF). The granulosa cells
were plated at a density of 0.1-2 x lo5  live cells/
ml and incubated at 37°C in serum-free M 199
containing 0.1% (wt./vol.) BSA as described by
Novero and Asem (1993). The cells were cultured
in Ml99 containing Hank’s salts, penicillin G
100 000 U/l, streptomycin 100 mg/l,  fungizone 250
ug/l,  HEPES 10 mM  (pH 7.4), and BSA 0.1%.
The granulosa cells were placed in the culture
dishes in a 2 ml suspension. In BLAOF-contain-
ing dishes, granulosa cells attached to both the
basal lamina and plastic. Unless indicated other-
wise, all cells were cultured in serum-free media
without any other additive.

2.12. Morphometric analysis of cells

Light microscopic images of granulosa cells
were collected from at least five identical locations
of each incubation well or coverslip on an in-
verted Nikon microscope (20 x objective) and
stored. The outlines of individual cells were
traced, and the following parameters: mean sur-
face area covered by each cell, cell perimeter and
circularity were determined with Optimas 6.0
Software (Bothell, WA). Higher estimates of cir-
cularity (which is independent of size) were associ-
ated with greater irregularity of cell profile. A
perfect circle has a circularity of 12. The data
presented in Figs. 5 and 6, are the image parame-
ters for granulosa cells incubated in control dishes
(CON), on intact basal lamina (BL), on plastic
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3-5 mm distance from the intact basal lamina
(designated close to basal lamina; PL-BL-C) and
on plastic more than 7 mm distance from intact
basal lamina (designated far from basal lamina;
PL-BL-F).

2.13. Stutisticul adyses

A t-test (two-tailed) was performed to compare
the differences among treatment means and con-
trol values. Differences at P < 0.05 were consid-
ered significant.

Fig. 2. Transmission electron micrographs of intact basal
lamina of chicken ovarian follicle before (panel A) and after
(panel B) isolation in hypotonic sol ution. Scale bar: 0.25 urn in

Fig. 1. Scanning (SEM) and transmission (TEM) electron
micrographs of granulosal layer (membrana granulosa) of a
mature follicle (F,) of chicken ovary showing granulosa cells
located between the basal lamina (denoted by arrow) and
perivitelline layer (denoted by *).  Panel A, SEM of membrana
granulosa; panel B, TEM of membrana granulosa. Scale bar:
5 urn (panel A); 1 urn (panel B).

both panels.

3. Results

3.1. Electron microscopy

Scanning and transmi ss ion
graphs of cross-section of granul

electron
.osal  layer

micro-
(mem-

brana  granulosa) of preovulatory chicken follicle
(35 mm in diameter) are shown in Fig. 1. The
single layer of compressed cuboidal granulosa
cells located between the perivitelline layer and
basal lamina are separated by intercellular spaces,
however, the cells are connected by cellular pro-
jections or cytoplasmic extensions. Microvilli-like
extensions could also be observed at the apical
portions of some of the granulosa cells (Fig.
lA,B).  Fig. 2A shows the structure of the intact
basal lamina of a mature chicken ovarian follicle
in vivo. The basal lamina appears to consist of a
network of granular material with irregular spaces
(Fig. 2A). Similar network of granular material
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with irregular spaces has been reported for base-
ment membranes in other tissues (e.g. see Inoue
and Leblond (1988)). Fig. 2B shows the transmis-
sion electron micrograph of an intact basal lamina
of a mature chicken ovarian follicle following its
isolation in hypotonic solution. The structure of
basal lamina appeared to be unaltered following
isolation in hypotonic solution (compare Fig. 2A
with B).

3.2. Effict  of intact basal lamina on the
morphology of granulosa cells

The effect of intact basal lamina (BLAOF) on
cell morphology was assessed. Within 60 min of
incubation in serum-free medium, freshly isolated

chicken granulosa cells (differentiated and undif-
ferentiated) became flat on plastic. In contrast,
granulosa cells incubated on BLAOF were less
flattened (not shown). The effect of BLAOF on
granulosa cell morphology became more dramatic
when they were incubated for longer periods of
time (see Fig. 3 for an example from a 24-h
culture). Under these conditions, the granulosa
cells incubated on intact basal lamina (prepared a
few hours earlier) had a morphology that approx-
imated the shape of in situ granulosa cells in
intact membrana granulosa (compare Fig. 3B
with Fig. 1A).

In order to determine the effect of storage on
the ability of BLAOF to influence cell shape,
BLAOF-containing dishes were stored at 4°C for
various periods of time. When granulosa cells
were incubated in BLAOF-coated dishes stored
for 12-24 months, the basal lamina caused the
cells to assume spherical shapes similar to obser-
vations made for granulosa cells which were incu-
bated on freshly prepared BLAOF (Fig. 4). Intact
basal lamina prepared three months earlier caused
granulosa cells to become rounded (Fig. 4B,C).  It
is noteworthy that both ‘granulosa-side’ (Fig. 4B)
and ‘theta-side’ (Fig. 4C) of basal lamina influ-
enced cell shapes. This observation indicated that
both sides of the isolated basal lamina could
influence cell shape in vitro. Photomicrographs of
cells cultured on dehydrated BLAOF stored at
4°C for 18 months are shown in Fig. 4D (see also
Fig. 4H).

The effects of basal lamina on granulosa cell
shape appeared to be influenced by cell density.
The effect of BLAOF on cell shape under low-
density condition is illustrated in Fig. 4A-D. At
high densities, the granulosa cells tended to form
clusters on intact basal lamina (compare Fig. 4E
with F). It is interesting to note that the granulosa
cells which attached to plastic a few millimeters
(3-5 mm) away from BLAOF (in BLAOF-con-
taining dishes) were much less flat than cells in the
control dishes (compare Fig. 4G,H  with Fig.
4A,E).

The morphometric parameters of granulosa
cells cultured on BLAOF, on plastic in BLAOF-
containing dishes and on plastic of control wells
are shown in Fig. 5. The cells were cultured on
either the ‘granulosa-side’ (Fig. SA,C,E)  or on
‘theta-side’ of the basal lamina (Fig. SB,D,F).  As
noted above, this was an investigation of whether
both sides of the isolated basal lamina could
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Fig. 4. Hoffman modulation contrast photomicrographs of granulosa cells incubated on intact basal lamina of avian ovarian follicle
(BLAOF) at low and high densities. Differentiated granulosa cells isolated from the largest (F,) preovulatory chicken ovarian follicle
were incubated in serum-free medium 199 (M 199) for 15 h at low density, 0.2 x lo5  cells/ml (panels A-D). Panel A, cells incubated on
plastic (control). Panel B, cells incubated on ‘granulosa-side’ of basal lamina prepared 3 months earlier. Panel C, cells incubated on
‘theta-side’ of basal lamina prepared 3 months earlier. Panel D, cells incubated on basal lamina prepared eighteen months earlier.
Granulosa cells incubated at high density, 0.75 x lo5  cells/ml on plastic (control, panel E) and on intact basal lamina prepared three
months earlier (panel F). Granulosa cells incubated on plastic close to intact basal lamina prepared three months earlier (panel G) or
on plastic close to basal lamina prepared 18 months earlier (panel H). Basal lamina in panels G and F are labeled with star (*).  Scale
bar: 20 urn.

influence granulosa cell shape. Independent of the
side of BLAOF, the mean area occupied by cells
incubated directly on the basal lamina or close to
it was less than that of cells incubated in control
dishes (Fig. 5A,B). Similarly, the morphometric
parameters of perimeter (Fig. 5C,D)  and circular-
ity (Fig. 5E,F)  were less for cells that were incu-
bated directly on BLAOF or close to BLAOF.
Fig. 6 shows morphologic parameters of granu-
losa cells incubated in BLAOF-containing dishes
that had been stored for 18 months. The influence
of Wmonth-old  BLAOF preparation on cell
shape was not significantly different from that
observed for BLAOF preparations stored for
shorter duration of time (compare Fig. 6A-C

with Fig. SA,C,E).  These data lend credence to
the observation that the storage of dehydrated
BLAOF had no apparent effect on its ability to
influence granulosa cell shape.

3.3. Effect of solubilized basal lamina on the
morphology of granulosa cells

The effect of solubilized basal lamina on granu-
losa cell morphology was assessed. Different
amounts of fraction 1 of solubilized basal lamina
were dried in the bottom of culture wells prior
(pre-coated wells; solid-form) to the incubation of
granulosa cells or were added as liquid (liquid-
form) to the incubation mixture. Culture wells
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that did not contain solubilized basal lamina
served as controls. Granulosa cells were flat in
control wells (Fig. 7A). In contrast, granulosa
cells incubated in wells in which fraction 1 had
been dried (30 ug/cm”)  were less flattened (Fig.
7B) .

The morphometric parameters of differentiated
(F 1),  differentiating (F3) and undifferentiated
(SYF) granulosa cells incubated for 6 hr in wells
containing dried fraction 1 are shown in Fig. 8.
The solid-form of fraction 1 reduced the mean
area occunied bv granulosa cells obtained at all
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50 or more cells. * P < 0.05 vs. control (CON).

stages of differentiation (Fig. 8A-C). Similarly,
the perimeter of cells incubated in fraction 1
pre-coated wells was less than that of cells incu-
bated on plastic (Fig. 8D-F). Moreover, the cells
incubated on plastic were more irregular than
those incubated on fraction 1 (Fig. 8G-I). As
such, in wells pre-coated with fraction 1 of solubi-
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lized basal lamina, granulosa cells assumed a mor-
phology that approximated the shape of chicken
granulosa cells in vivo (in intact membrana granu-
losa). Granulosa cells incubated on solid-form of
fraction 1 formed clusters (data not shown) simi-
lar to what has been observed for intact basal
lamina (BLAOF). To assess the influence of stor-
age on the effect of solubilized basal lamina on
granulosa cell shape, fraction 1 was dried in wells
and kept at 4°C. Granulosa cells incubated in
fraction l-containing wells that had been stored at
4°C for 12 or more months became rounded
similar to observations made for granulosa cells
incubated in freshly prepared fraction 1 -contain-
ing dishes (results not shown).

The observation that granulosa cells that at-
tached to plastic in close proximity to intact basal
lamina (BLAOF) were less flattened than cells in
control wells (Figs. 5 and 6) suggested that
BLAOF is the source of soluble morphogenic
factor(s). Therefore, additional experiments were
conducted to examine the influence of fraction 1
added as liquid on cell shape. When added as
liquid to the incubation mixture, the effect of
fraction 1 fluidized basal lamina on granulosa cell
shape was similar to that observed for cells incu-
bated in wells that were pre-coated with the ma-
trix material (results not shown). Fig. 9 shows the
morphometric parameters of granulosa cells incu-
bated in wells to which fraction 1 was added as
liquid. The mean area occupied by differentiated
(F,), differentiating (F3) or undifferentiated
(SYF), cells was less in wells to which fraction 1
was added (Fig. 9A-C). Likewise, the perimeter
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(Fig. 9D-F)  and circularity (Fig. 9G-1) of granu-
losa cells incubated in wells to which fraction 1
was added were less than those of cells in control
wells. It was noted that the cells were covered by
fluidized basal lamina especially in the wells that
contained 50 ug/ml or greater matrix material.

In experiments in with liquid-form of basal
lamina, 50 ug/ml  of protein caused a significant
change in granulosa cell shape. The addition of 50
@ml of solubilized basal lamina represents only
5% increase in the concentration of total protein
in the incubation medium. When experiments
were conducted in 0.2% BSA containing medium
(representing 100°/o increase in total protein) the
cells remained flattened (data not shown).

4. Discussion

The present results demonstrate that pure and
intact basal lamina of avian ovarian follicle
(BLAOF) has a dramatic effect on the morphol-
ogy of granulosa cells. The influence of BLAOF
on cell shape was evident within l-2 h after
plating. Granulosa cells that attached to plastic in
control dishes were more flattened than cells that
attached to plastic in BLAOF-containing culture
dishes. Although the reason(s) for this observa-
tion is unknown, BLAOF may have released cer-
tain substances that influenced cell shape. This
intriguing result was observed for all BLAOF
preparations irrespective of duration of their stor-
age. Interestingly, the storage of BLAOF-contain-
ing dishes at 4°C for 2 years or longer did not

Fig. 7. Differential interference contrast photomicrographs of granulosa cells incubated on uncoated plastic (panel A) and in wells
precoated with fraction 1 (30 pg/cm’)  of solubilized basal lamina (panel B) in serum-free medium 199 (M 199) for 15 h. Scale bar: 10
Pm*
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were incubated in serum-free medium 199 (M199) for 6 h on plastic or in wells pre-coated with different quantities of fraction 1 protein
(5-50 &m’).  Each point is mean + S.E.M. of 40 or more cells.- * P < 0.05 vs. no fraction 1 protein (0 ug/cm2).

affect the ability of the matrix material to influ-
ence the shape of granulosa cells in vitro. When
grown on plastic, granulosa cells spread, became
flat and were connected with cytoplasmic pro-
cesses (Lawrence et al., 1979; Soto  et al., 1986;
Carnegie et al., 1988). However, granulosa cells
became rounded when cultured on extracellular
matrix produced by bovine endothelial cells (Ben-
Ze’ev and Amsterdam, 1986) or in collagen matrix
(Ben-Rafael et al., 1988; Carnegie et al., 1988).
Gonadotropins also altered granulosa cell shape
in vitro (Lawrence et al., 1979; Carnegie et al.,
1988). Both gonadotropin- and collagen matrix-
induced alteration in granulosa cell shape were
accompanied by disruption of cytoskeleton (Soto

et al., 1986; Carnegie et al., 1987, 1988). Future
studies will determine if the influence of BLAOF
on cell shape is coincident with the dismantling of
the cytoskeleton. Recent studies have revealed
that cell shape determines whether capillary en-
dothelial cells from human and bovine origin
undergo apoptosis (Chen et al., 1997). In addi-
tion, cell shape modulated the control of cell cycle
progression in human capillary endothelial cells
(Huang et al., 1998). Thus, cell shape per se can
regulate cell growth and function.

The present results also show that the structural
integrity of the basal lamina isolated from the
chicken ovarian follicle is similar to the structure
of this matrix material in situ. The current obser-
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vations confirm an earlier report of Perry et al.
(1978) that the structure of avian ovarian basal
lamina is granular in nature. The structure of the
avian ovarian basal lamina is similar to that de-
scribed for the lamina densa  layer of basement
membranes of rat seminiferous tubule, vas defer-
ens, epidermis, trachea, jejunum; monkey seminif-
erous tubule, mouse lens capsule, rat Reichert’s
membrane (Inoue and Leblond, 1988) and rat
ovarian basal lamina (Bagavandoss et al., 1983).

BLAOF is easy and quick to isolate and can be
used in biomedical research especially in experi-
ments designed to assess the effects of basement
membranes exactly in the form in which they exist

in situ. The present observations support the view
that BLAOF can cause cells to adopt morphology
that is distinctly different from that expressed
when cultured on plastic. Importantly, BLAOF
can induce normal (in situ) morphological appear-
ance in certain cell types; therefore, cells main-
tained on BLAOF can serve as a model system
for in vitro studies.

The ability of the basal lamina to influence cell
shape was not affected by solubilization as frac-
tion 1 also caused granulosa cells to become
rounded. It is noteworthy that, the storage of
dried solubilized basal lamina (fraction 1) con-
taining dishes at 4°C for longer that 12 months
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Fig. 9. Morphometric parameters of granulosa cells incubated in wells to which fraction 1  of solubilized basal lamina was added as
liquid. The morphometric parameters were area occupied (top panels), perimeter (middle panels) and circularity (bottom panels).
Granulosa cells isolated from mature (F,; panels A, D, G), developing (F3;  panels B, E, H), immature (SYF; panels C, F, I) chicken
ovarian follicles were incubated in serum free medium 199 (M 199) for 15 h in the absence or presence different quantities of fraction
1 protein (50-500 ug/ml) which was added as liquid. Each point is mean & S.E.M. of 29 or more cells. * P < 0.05 vs. no fraction 1
protein (0 ug/ml).
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had no apparent effect on its ability to cause
shape changes in granulosa cells. In addition to its
influence on cell shape, solubilized basal lamina
regulated the function of granulosa cells as well;
fraction 1 stimulated progesterone production by
chicken granulosa cells dose dependently (Asem et
al., 2000). The effect of fraction 1 on progesterone
synthesis was influenced by both the state of
granulosa cell differentiation and the form of the
matrix material, whether solid or liquid (Asem et
al., 2000). These results indicate that the effect of
basal lamina on granulosa cell shape is associated
with the regulation of the function of these cells.

In summary, the structure of pure and intact
basal lamina isolated from hen ovarian follicle is
similar to that observed for basal lamina in vivo.
The homologous basal lamina influenced the
shape of cultured granulosa cells; the cell type
with which it is associated in situ. Both the intact
basal lamina and its solubilized form can be
stored, dehydrated, for l-2 years without losing
their ability to influence cell shape. The effects of
fraction 1 of fluidized basal lamina on the mor-
phology of granulosa cells were neither influenced
by the state of cell differentiation nor by its form
(solid or liquid). One advantage of the utility of
intact basal lamina such as BLAOF is that it
could provide data pertinent to the in situ behav-
ior (responses). Moreover, it can be used for the
culture of cells in experiments designed to exam-
ine the influence of the basement membrane mi-
croenvironment on cell structure and function.

Acknowledgements

This work was supported in part with funds
from Purdue University School of Veterinary
Medicine. We thank Dr Paul Malven for his
comments on the manuscript.

References

Asem, E . K . , Stingley-Salazar, S.R., Turek, J. J.,
Robinson, J.P., 2000. Effect of basal lamina on
progesterone production by chicken granulosa cells
in-vitro: influence of follicular development. Comp.
Biochem. Physiol. 12X,  233-244.

Bagavandoss, P., Midgley, A.R. Jr, Wicha, M., 1983.
Developmental changes in the ovarian follicular
basal lamina detected by immunofluorescence and

electron microscopy. J. Histochem. Cytochem. 3 1,
633640.

Bakst, M.R., 1979. Scanning electron microscopy of
hen granulosa cells before and after ovulation. Scan.
Electron Microsc. III, 306-3 12.

Ben-Ze’ev, A., Amsterdam, A., 1986. Regulation of
cytoskeletal proteins involved in cell contact forma-
tion during differentiation of granulosa cells on
extracellular matrix. Proc. Natl. Acad. Sci. USA 83,
2894-2898.

Ben-Rafael, Z., Benadiva, C.A., Mastroianni, L. Jr,
Garcia, C. J., Minda, J.M., Iozzo, R.V., Flickinger,
G.L., 1988. Collagen matrix influences the morpho-
logic features and steroid secretion of human granu-
losa cells. Am. J. Obstet. Gynecol. 159, 1570- 1574.

Bradford, M.M., 1976. A rapid and sensitive method
for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye binding.
Anal. Biochem. 72, 248-254.

Callebaut, M., D’Herde, K., Hermans,  N., Van Nas-
sauw, L., 1991. Localization and transport of lipids
in avian ovarian follicular layers and the structural
relationship of theta and granulosa to the basement
membrane. J. Morphol. 209, 143-163.

Carnegie, J.A., Dardick, I., Tsang, B.K., 1987. Micro-
tubules and the gonadotropic  regulation of granu-
losa cell steroidogenesis. Endocrinology 120,
819-828.

Carnegie, J.A., Byard, R., Dardick, I., Tsang, B.K.,
1988. Culture of granulosa cells in collagen gels: the
influence of cell shape on steroidogenesis. Biol. Re-
prod. 38, 881-890.

Chen, C.S., Mrksich, M., Huang, S., Whitesides, G.M.,
Ingber, D.E., 1997. Geometric control of cell life
and death. Science 276, 1425-1428.

Gilbert, A.B., Evans, A.J., Perry, M.M., Davidson,
M.H., 1977. A method for separating the granulosa
cells, the basal lamina and the theta of the preovula-
tory ovarian follicle of the domestic fowl (Gallus
domesticus). J. Reprod. Fertil. 50, 179- 181.

Huang, S., Chen, C.S., Ingber, D.E., 1998. Control of
cyclin  Dl,  p27(Kipl),  and cell cycle progression in
human capillary endothelial cells by cell shape and
cytoskeletal tension. Mol. Biol. Cell 9, 3179-3193.

Inoue, S., Leblond, C.P., 1988. Three-dimensional net-
work of cords: the main component of basement
membranes. Am. J. Anat. 181, 341-358.

Kefalides, N.A., Alper, R., Clark, C.C., 1979. Biochem-
istry and metabolism of basement membranes. Int.
Rev. Cytol. 61, 167-228.

Laurie, G.W., Leblond, C.P., 1985. Basement mem-
brane nomenclature. Nature 313, 272.

Lawrence, T.S., Ginzberg, R.D., Gilula, N.B., Beers,
W.H., 1979. Hormonally induced cell shape changes
in cultured rat ovarian granulosa cells. J. Cell. Biol.
80, 21-36.



E.K. Asem  et al. / Comparative Biochemistry and Physiology, Part C 125 (2000) 189-201 201

.

Novero, R.P., Asem,  E.K., 1993. Follicle stimulating
hormone-enhanced fibronectin production by
chicken granulosa cells is influenced by follicular
development. Poultry Sci. 72, 709-721.

Perry, M.M., Gilbert, A.B., Evans, A.J., 1978. Elec-
tron microscope observations on the ovarian folli-
cle of the domestic fowl during the rapid growth
phase. J. Anat. 125, 481-497.

Robinson, F.E., Etches, R.J., 1986. Ovarian steroido-
genesis during follicular maturation in the domes-
tic fowl (G&U  domesticus).  Biol. Reprod. 35,
1096- 1105.

Soto, E.A., Kliman, H.J., Strauss, J.F. III, Paavola,
L.G., 1986. Gonadotropins and cyclic adenosine
3’,5’-monophosphate (CAMP) alter the morphology
of cultured human granulosa cells. Biol. Reprod.
34, 559-569.

Wyburn, G.M., Aitken, N.C., Johnston, H.S., 1965.
The ultrastructure of zona radiata of the ovarian
follicle of the domestic fowl. J. Anat. 99, 469-
484 .

Yurchenco, P.D., Schittny, J.C., 1990. Molecular ar-
chitecture of basement membranes. FASEB J. 4,
1577-1590.


