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The composition of a basal lamina markedly affects its ability to filter material and affects the
fate of adjacent epithelial cells. Therefore, basal laminae differ in composition with tissue
development, and between different tissues in the body. Laminins are a component of basal
laminae and consist of one a, one \g=b\and one \g=g\chain, of which there are at least five, three
and two isoforms, respectively. This is the first study to immunolocalize a range of these
individual laminin chains (\g=a\1,\g=a\2,\g=b\1,\g=b\2,\g=g\1)in ovarian follicles. Frozen sections of bovine
ovaries (n = 6) were immunostained using specific antisera to laminin chains and factor
VIII-related antigen (to identify endothelial cells). Secondary antisera were labelled with one

of two different fluorochromes (DTAF and Cy3), and dual localization of laminin chains and
factor VIII-related antigen was performed. The \g=a\1,\g=b\2and \g=g\1chains were consistently
localized to the follicular basal lamina in all healthy follicles. Staining was less intense in the
atretic antral follicles. Conversely, \g=a\2and \g=b\1were rarely present in the follicular basal
laminae of healthy antral follicles. Two of nine healthy antral follicles observed stained
weakly for \g=a\2in their basal lamina, and \g=b\1was present at low concentrations in growing
preantral follicles. In atretic antral follicles, the follicular basal lamina stained positively for
\g=a\1,\g=a\2,and \g=b\2but no \g=b\1was detected and the \g=g\1staining was less intense than in healthy
follicles. Antisera to Englebreth Holm-Swarm tumour laminin stained basal laminae of all
follicles. In the theca of antral follicles, \g=b\1and \g=b\2chains were both present in the
vasculature. Staining for the \g=g\1chain was present in the thecal vasculature and generally
throughout the theca of healthy and atretic antral follicles. Therefore, the composition of the
follicular basal lamina alters during development and atresia, and potentially plays a role in
the changing identity of the granulosa cells and the accumulation of antral follicular fluid.

Introduction

Basal laminae are specialized sheets of extracellular matrix that
separate epithelial cell layers from underlying mesenchyme in
organs throughout the body, including the ovary. They
influence epithelial cell migration, proliferation and differentia¬
tion, and can selectively retard the through-passage of material.
Basal laminae are a lattice-type network of collagen IV inter¬
twined with a network of laminin. This structure is stabilized
by the binding of entactin to the collagen and laminin, and by
low-affinity interactions between collagen IV and laminin
(Yurchenco and Schittny, 1990; Paulsson, 1992). Fibronectin,
heparan sulfate proteoglycans (HSPGs) and other molecules are

associated with the collagen IV—laminin backbone. It is signifi¬
cant that basal laminae in different regions of the body differ in
the ratio of all these components. Furthermore, each 'compo¬
nent' is in fact a class of several components. Thus, each
collagen IV molecule is composed of three  chains, but six
different types of  chain have been discovered to date, and
any combination of these might be present (Hay, 1991; Zhou
et al, 1994). Similarly, each laminin molecule is composed of

one  (A in the old nomenclature), one ß (Bl in the old
nomenclature) and one  (B2 in the old nomenclature) chain
(Burgeson et al, 1994), yet five different  chains, three ß chains
and two  chains have been discovered. Owing to alternative
splicing of mRNA, at least 20 different isoforms of fibronectin
exist. The unique composition of each basal lamina is consid¬
ered to contribute to its specific functional properties (Engvall,
1993).

Numerous studies in vitro have shown that cell morphology
is altered according to the type of extracellular matrix compo¬
nent on which the cells are cultured (Watt, 1986). Thus,
alterations to the basal lamina composition will affect the fate
of the associated cells. The composition of basal laminae also
affects their ability to selectively filter materials. For example,
in normal neonatal mice, laminin ßl is replaced by ß2 in the
kidney glomerular basement membrane as the kidney develops.
However, mice with a null mutation in the laminin ß2 gene
continued with ßl, but then failed to retard the through-
passage of plasma proteins despite having a structurally intact
glomerular basement membrane; these mice died of proteinuria
within one month of birth (Noakes et al, 1995). In the ovary,
the membrana granulosa of each ovarian follicle is enveloped
by a follicular basal lamina, which separates it from the
surrounding stromal elements in primordial follicles (van Wezel
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and Rodgers, 1996) or theca in antral follicles (Gosden et al,
1988; Luck, 1994). The follicular basal lamina is believed to
play a role in influencing granulosa cell proliferation and
differentiation (Amsterdam et al, 1989; Richardson et al, 1992;
Luck, 1994). In addition, in healthy follicles, it excludes
capillaries, white blood cells and nerve processes from the
granulosa compartment until ovulation, at which time it is

degraded. It probably also has a role retarding entry of larger
molecular weight plasma proteins and molecules, for example
low density lipoproteins (LDL), into the follicular antrum
(Andersen et al, 1976). Conversely, it may trap in the follicular
fluid large molecules, for example some proteoglycans that are

synthesized by granulosa cells and oocytes.
The bovine follicle is estimated to double in surface area

nineteen times during development, implying that continual
remodelling of the follicular basal lamina occurs (van Wezel and
Rodgers, 1996). The composition of the follicular basal lamina
is hypothesized to alter during follicular development, particu¬
larly at the time follicular fluid accumulates to form an antrum,
and during follicular atresia. Immunolocalization studies have
demonstrated the presence of collagen IV (Bagavandoss et al,
1983; Kaneko et al, 1984; Palotie et al, 1984), laminin
(Wordinger et al, 1983; Bagavandoss et al, 1983; Palotie et al,
1984; Leu et al, 1986; Christiane et al, 1988; Yoshinaga-
Hirabayashi et al, 1990; Leardkamolkarn and Abrahamson,
1992; Fröjdman et al, 1995), and fibronectin (Bagavandoss
et al, 1983; Yoshimura et al, 1991; Figueiredo et al, 1995) in
the follicular basal laminae of antral follicles. However, none of
these studies has sought to differentiate between the different
isoforms of any of these components, except one study which
compared the localization of   with that of ß -  laminin in
the ovary of the mouse fetus (Fröjdman et al, 1995). Other
studies using western and northern blotting identified the
expression of a few of the subtypes of collagen and laminin
(Zhao and Luck, 1995; Iivanainen et al, 1995) but did not
specifically localize these components to the follicular basal
lamina; this is important since there are other basal laminae in
follicles, such as those of the vasculature.

The laminin components in bovine follicles were immuno-
localized using antibodies specific to the   ,   , ßl, ß2 or   
chains of laminin to identify a range of individual laminin
chains present in the follicular basal lamina.

Materials and Methods

Tissues
One ovary was obtained from each of six nonpregnant cows

within 20 min of slaughter at a local abattoir. A slice of up to
5 mm was cut through the centre of the ovaries and they were

immediately immersed in Tissue-Tek OCT Compound (Miles
Ine, Elkhart, IN) and snap-frozen; these blocks were stored at

-

70°C. Tissue sections (10 µ  ) were cut using a CM1800
Leica cryostat, collected on glass slides freshly treated with
poly-i-lysine (Sigma Chemical Co., St. Louis, MO) and stored
at

—

20°C until use. Sections from each ovary were also fixed
in acetone for 30 min and stained with haematoxylin and eosin
by standard methods to facilitate assessment of follicular

morphology. At least one section from each ovary was used
for the immunolocalization of each laminin chain, and as a

negative control.

Classification of follicle health
The term 'preantral' includes primordial follicles with one

layer of flattened or flattened and cuboidal cells (van Wezel and
Rodgers, 1996) and growing follicles with variable numbers of
granulosa cell layers but without a visible antrum. On the basis
of our previous observations using well preserved material
(Faddy and Gosden, 1995), it would be expected that a

negligible number of preantral follicles would be atretic. In the
present study, even though the morphology of preantral
follicles in frozen sections was only sufficient to identify
changes taking place during moderate to severe atresia, most
follicles appeared to be healthy. In antral follicles, a progression
of marked changes to the membrana granulosa takes place
during atresia (Rajakoski, 1960; Roy and Terranova, 1988).
Therefore, the health of these antral follicles was classified
according to the integrity of the membrana granulosa, and the
presence or absence of cellular debris in the antrum. Antral
follicles were classified as (1) 'healthy' if their membrana
granulosa was intact and uniform in width, and if there was
little or no cellular debris; or (2) 'atretic' if the membrana
granulosa was not uniform in width, giving it a tattered
appearance, or if there was a large amount of cellular debris.
Follicles at more advanced stages of regression, such as those
lacking granulosa cells and follicular scars, were not considered
in this study.

Antibodies
Individual laminin chains were immunolocalized using rabbit

polyclonal antisera raised against mouse recombinant laminin
  chain (no. 317; Durbeej et al, 1997; l/50-l/lOO dilution), or

against human a2 chain (no. 321 in preliminary studies, no. M4
in comprehensive studies; donated by M. Paulsson; 1/50
dilution). Antiserum no. 321 has been described by Paulsson
and Saladin (1989). Antiserum no.M4 was raised by immuniz¬
ing a rabbit with the 300 kDa ct2 band from a preparative gel,
after purification of human placental laminin as described by
Lindblom et al (1994). This antiserum was found to be specific
for a2 when tested by immunoblot analyses (M. Paulsson,
personal communication), and in our preliminary studies no.

321 and no. M4 produced equivalent staining patterns. Mouse
monoclonal antibodies were those raised against human lam¬
inin ßl chain (Cat. no. A004; Gibco BRL, Gaithersberg, MD;
1/500 dilution), bovine laminin ß2 chain (no. C4, l/lOO
dilution; Sanes and Chiù, 1983; Hunter et al, 1989), or human
laminin   chain (Cat. no. A005; Gibco; 1/500 dilution). In
addition, rabbit polyclonal antiserum (Cat. no. L9393; Sigma
Chemical Co., St Louis, MO; l/lOO dilution) raised against
laminin-1 isolated from Englebreth Holm-Swarm (EHS)
tumours and, therefore, detecting   , ßl and   chains, was
used.

Non-laminin antibodies used in this study were rabbit
anti-human von Willebrand factor (factor Vlll-related antigen)
IgG (Cat. no. F-3520; Sigma Chemical Co.; l/lOO dilution), for
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detection of endothelial cells (van Wezel and Rodgers, 1996),
and mouse monoclonal anti-bovine synaptophysin (Cat. no.

902 314; Boehringer Mannheim GmbH, Mannheim; 1/25
dilution), which was used as an 'irrelevant antibody' negative
control for the laminin monoclonal antibodies. As a range of
antibodies to laminin chains was used, which produced differ¬
ent staining patterns in the ovary, they were also able to act as

controls for each other. Normal rabbit serum (Cat. no. R9133;
Sigma Chemical Co.) or normal mouse serum (Cat. no. M5905;
Sigma Chemical Co.) also served as negative controls.

Immunohistochemistry
All sections were post-fixed by immersion in ethanol (if

using polyclonal antibodies) or acetone (if using monoclonal
antibodies) for 20—30 min, rinsed in hypertonic PBS (10 mmol
sodium/potassium phosphate 1~ with 0.274 mol NaCl I ,

5 mmol KCI 1
~ ; pH 7.3), and then incubated in 10% normal

donkey serum (Cat. no. D9663; Sigma Chemical Co.) in

hypertonic PBS (30 min). The sections were then incubated
overnight with one of the primary antibodies (diluted in
hypertonic PBS), rinsed in hypertonic PBS (3x5 min), and then
incubated as appropriate with either Fluorescein (DTAF)-
conjugated jMBniPure donkey anti-rabbit IgG (Cat. no. 711-
095-152; Jackson ImmunoResearch Laboratories, West Grove,
PA; 1/150 dilution in hypertonic PBS; 45 min) or with
Cy3-conjugated AffiniPure donkey anti-mouse IgG (Cat. no.

715-165-150; Jackson ImmunoResearch; 1/150 dilution in
hypertonic PBS; 45 min). In some instances, sections that had
been incubated with polyclonal antibodies were further incu¬
bated with biotin-SP-conjugated goat anti-rabbit IgG (Cat. no.

711-066-152; Jackson ImmunoResearch; l/lOO dilution in
hypertonic PBS; 45 min) to achieve further amplification of the
immunostaining. Sections were then rinsed in hypertonic PBS
(3x5 min) and further incubated with Cy3 conjugated-
streptavidin (Cat. no. 016-160-084; Jackson ImmunoResearch;
l/lOO dilution in hypertonic PBS; 1 h). All incubations were at
room temperature. All sections were finally rinsed in hyper¬
tonic PBS (3x5 min), and mounted with buffered glycerol
(0.167 mol Na2C03   in 67% glycerol, pH 8.6).

Dual labelling
As the   and ß2 staining of the preantral follicular basal

lamina was very faint, and it was conceivable that not all
follicles of this stage were labelled, dual labelling of the   
chain with the   chain (which gave more intense staining of
the basal laminae of preantral follicles; see results), and then
dual labelling of the   and ß2 laminin chains was conducted.
In addition, sections were dual labelled for the ß2 laminin chain
and factor Vlll-related antigen to confirm that the former was

labelling the basal lamina of the vasculature. The protocol for
dual labelling was essentially the same as described above,
except that the sections were incubated concurrently with two
primary antibodies, and that the sections were incubated
concurrently with Fluorescein (DTAF)-conjugated AffiniPure
donkey anti-rabbit IgG and Cy3-conjugated AffiniPure donkey
anti-mouse IgG. Control sections were: the relevant polyclonal
primary antibody and anti-rabbit secondary antibody; the

relevant monoclonal primary antibody and anti-mouse second¬
ary antibody; the polyclonal primary antibody and anti-mouse
secondary antibody; the monoclonal primary antibody and
anti-rabbit secondary antibody; the normal rabbit serum pri¬
mary antibody and anti-rabbit secondary antibody; the normal
mouse serum primary antibody and anti-mouse secondary
antibody; both the normal rabbit serum and normal mouse

serum primary antibodies; and both the anti-rabbit and anti-
mouse secondary antibodies.

Photography
Sections were observed and photographed with an Olympus

Vanox AHBT3 fluorescence microscope with Olympus
C35AD-4 camera attachment, using the IB filter to excite the
DTAF fluorochrome and the G filter to excite the Cy3
fluorochrome. Photographs were taken using Kodak T-Max
400 black and white film.

Electron microscopy
Three bovine ovaries were processed for electron

microscopy as reported by van Wezel and Rodgers (1996).
Briefly, the ovarian artery was cannulated, and the associated
ovary was flushed with Earle's balanced salt solution (EBSS)
and then 2.5% (v/v) glutaraldehyde in 0.1 mol 4-morpholine—
propanesulfonic acid 1 ~

.

Tissue from the ovarian cortex was

then cut into pieces approximately 1 mm  0.5 mm  2 mm,
and these were postfixed with osmium tetroxide, dehydrated
and embedded in epoxy resin by standard methods as reported
in detail by van Wezel and Rodgers (1996). Thick sections
(2 pm) were stained with 1% (w/v) méthylène blue, and thin
sections were stained with uranyl acetate and lead nitrate and
observed and photographed with a JOEL (Peabody, MA)
CS1200 electron microscope.

Results

General observations
Five individual laminin chains were immunolocalized in

bovine ovaries. In addition, an antibody raised against EHS
laminin and, therefore, detecting the   , ßl or   chains, was

used as a positive control. The results presented here are

confined to follicles and the basal lamina structures therein,
including the follicular basal lamina, basal laminae associated
with endothelial cells and smooth muscle cells of the vascula¬
ture, and lamina-like material in the theca in areas where there
are no recognized conventional basal laminae. Each of the
primary antibodies used in this study resulted in staining of the
follicular basal lamina which was abolished when that antibody
was either omitted entirely from the immunostaining protocol
or replaced by normal rabbit serum or normal mouse serum.

The staining patterns produced by the different antibodies
differed from each other when preantral follicles (n > 150; Fig.
1), antral follicles that were 'healthy' (n = 9; Fig. 2) or 'atretic'
(n = 10; Fig. 3) were compared. Cells of the ovarian surface
epithelium in normal rabbit serum controls were stained and,
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therefore, staining of the surface epithelium produced by using
the al or a2 antibodies could not be considered as specific. The
follicular staining patterns produced by each antibody are

summarized (Table 1).

alßlyl Laminin

When the antibody directed against EHS laminin (laminin-1;
Burgeson et al, 1994) was used, staining was present in the
follicular basal lamina of all preantral follicles (Fig. la) and
healthy antral follicles (Fig. 2a). The follicular basal lamina of
atretic antral follicles also stained, but with great variation in
intensity between follicles (Fig. 3g,h). The theca also stained
positively using the EHS antibody, with staining in areas where
there are no recognized conventional basal laminae (Fig. 3g,h).

al, a2 Laminin chains
The   (Fig. lb) but not the a2 (Fig. 1c) laminin chain was

immunolocalized to the basal lamina of preantral follicles. The
  staining was usually not very intense, in contrast to strong
staining for   in the primordial follicular basal lamina. Owing
to the variation in intensity of staining of   , the possibility
that the   chain might not be present in some preantral
follicles was considered. Sections were dual-stained for both
the   and   chains and this confirmed that the   chain was

localized to all the preantral follicles that were positive for the
  chain. The   chain was also present in the follicular basal
lamina of healthy antral follicles (Fig. 2b) and stained with a

much greater intensity than at the preantral follicle stage. Of
the nine healthy antral follicles examined, the basal laminae of
only two were positive for the a2 laminin chain and, in these
cases, the staining was not evenly distributed from one region
to another; the basal laminae of the other healthy antral follicles
were unstained (Fig. 2c). Both the   (Fig. 3b) and the a2
(Fig. 3c) chains were localized in the basal laminae of all of the
ten atretic antral follicles examined. Punctate fluorescence was

observed in the membrana granulosa of some atretic follicles
(Fig. 3b), but this was not specific staining as it was also seen

in control sections (Fig. 3a). The   staining along the basal
lamina was generally wider and less intense in atretic follicles
than in healthy antral follicles.

ßl, ß2 Laminin chains
The ßl chain of laminin was not detected in the follicular

basal laminae of any of the small preantral follicles (Fig. ld,e),

but large preantral follicles were stained weakly (Fig. le). In
contrast, the ß2 chain was detected in the basal laminae of all
preantral follicles that were positive for the   laminin chain
(and all al-positive preantral follicles had been positive for   )
and the staining intensity increased with increasing size of the
follicle (Fig. if). In both healthy and atretic antral follicles, the
ßl staining was present in the vasculature, which at times
closely abutted the follicular basal lamina. However, staining of
the follicular basal lamina itself was minimal or absent (Figs
2d,e and 3d). In contrast, the ß2 chain was detected in both the
follicular basal lamina and the vasculature (Figs 2f,h and 3e).
Vascular staining for the ßl chain was limited to the endo¬
thelial cell basal laminae, while the ß2 chain was also present in
the smooth muscle layers of the arterioles (compare Fig. 3d
with 3e). Blood vessels throughout the theca and ovarian
stroma were positive for factor Vlll-related antigen, with all ß2
laminin localizing adjacent to cells positive for factor VIII-
related antigen (Fig. 2h,i). Similar to the pattern of   staining,
the region of ß2 staining of the follicular basal lamina was
wider and the staining was less intense in atretic follicles than
in healthy follicles.

yl Laminin chain
The follicular basal laminae of all the preantral follicles

(Fig. Ig) and healthy antral follicles (Fig. 2g) observed stained
strongly for the   laminin chain. In atretic antral follicles,
staining of the follicular basal lamina was considerably less
intense than in healthy antral follicles (Fig. 3f). Staining that
was widely dispersed throughout the theca of healthy and
atretic antral follicles, and not limited to the vasculature or

other structures with distinct basal laminae, was also observed.

Electron microscopy
In general, the follicular basal lamina of primordial follicles

was continuous and closely abutted the granulosa cells to
envelop the follicle. The lamina appeared in some regions of
most follicles to be composed of only a single layer of material
while, in other regions, several layers of lamina material were
observed. In regions where there were several layers of basal
lamina material, these usually lay close together. Within
growing follicles in most regions, the follicular basal lamina
was generally multilayered. Often these layers were inter¬
connected (Fig. 4). The inner layer of basal lamina closely
abutted the granulosa cells, as for primordial follicles, but the
other layers were not usually tightly packed and often this

Fig. 1. Immunofluorescent localization of laminin-1 (EHS laminin, composed of   ß   ; rabbit polyclonal antisera), and individual laminin
chains (  and a2 are rabbit polyclonal antisera; ßl, ß2 and   are mouse monoclonal antisera) to preantral bovine follicles, (a) Positive staining
of the follicular basal laminae for laminin-1 (EHS laminin) (b) Positive staining for the   chain but (c) no detectable a2 chain. Staining of the
ovarian surface epithelial cells in (c) is also seen in the normal rabbit serum (NRS) control (i) and, therefore, could not be considered as specific,
(d, e) Nonspecific staining between the granulosa cells in small preantral follicles, which is also seen in the normal mouse serum control (h), but
no staining of the basal lamina for the ßl chain. In contrast, the larger preantral follicle shown in (e) was positive for this chain, but the slight
staining of the oocyte was also seen in the normal mouse serum (NMS) control (h), and considered nonspecific, (f, g) Positive staining of the
follicular basal lamina for the ß2 and   chains, respectively, and staining of the stromal vasculature. The follicles in (c, d, i) were exposed to show
the outline of the follicles and do not reflect high background concentrations. Arrows indicate the position of the follicular basal laminae, small
arrows to small preantral follicles, large arrows to large preantral follicles; arrowheads indicate the stromal vasculature; S = the ovarian surface
epithelium. Scale bar represents 50 pm.
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region of basal lamina layers spanned 1-2 µ  in cross-section.
The arrangement of the basal lamina layers differed among
follicles: some follicles apparently having sheets of basal lamina
that ran parallel to the basal surface of the membrana granulosa,
while the basal lamina layers of other follicles were more
convoluted (Fig. 4).

Discussion

This is the first study to immunolocalize a range of individual
laminin chains to the follicular basal lamina, and to investigate
the changing composition of this basal lamina during follicular
development and atresia. The   chain was present in the
follicular basal lamina at all stages of follicle development,
while the a2 chain was present only in atretic antral follicles
and a few healthy antral follicles and absent from primordial
and growing preantral follicles. The ß2 chain was present in the
follicular basal lamina of follicles of all stages, but the ßl chain
was detected only in the basal lamina of large preantral
follicles. Staining for the   , ß2 or   chains appeared to
increase in intensity from the preantral to healthy antral stages,
and the basal lamina of atretic antral follicles appeared thicker
but stained less intensely than that of healthy follicles. The
basal laminae of the thecal vasculature stained positively for
the ßl and ß2 chains, while the   chain localized more

generally throughout the theca in areas that do not have a

recognized conventional basal lamina.
Fröjdman et al. (1995) showed that mouse primordial, pri¬

mary and antral follicles contain the   chain and, in the
present study, we have shown a similar result in the bovine
ovary. Antral follicles contain several layers of granulosa cells,
and those cells adjacent to the follicular basal lamina differ from
those adjacent to the follicular antrum in shape (columnar
versus rounded or flattened; M. Krupa, I. L. van Wezel and
R. J. Rodgers, unpublished) and the expression of a range of
genes (Amsterdam et al, 1975; Bortolussi et al, 1977; Zoller and
Weisz, 1978, 1979; Zlotkin et al, 1986). Studies using kidney
cells suggest that the   laminin chain may have a role in
maintaining this polarity of the granulosa layer. Kidney cells in
culture became polarized when laminin   was expressed, and
antibodies to laminin   prevented polarization (Klein et al,
1988, 1990; Ekblom, 1989).

Laminin a2 (merosin in the old nomenclature; Burgeson et al,
1994) was found in the follicular basal lamina of atretic follicles
and in a few healthy antral follicles. These follicles also had the
laminin   chain; at this point it is unclear whether both chains
were being produced in these follicles or whether, before the

onset of atresia, there was a switch from the production of   
to a2 chains, and no ongoing production of the   chain. It is
not clear whether laminin a2 plays a major role in the induction
of follicular atresia, or is expressed as a consequence of atresia.
An alternative explanation is that the laminin a2 chain is
produced as a normal event in late follicular development, and
its expression coincides with atresia only because atresia of
these follicles is commonplace. Evidence from other tissues
suggests that this could be the case, as the a2 chain plays a role
when cells are differentiating or maturing (Ehrig et al, 1990).
Thus, there is no expression of a2 by cultured cell lines, limited
expression in malignant tumours, and expression in mouse
basal laminae occurs postnatally not prenatally (Leivo and
Engvall, 1988; Leivo et al, 1989a,b). Similarly, in the epithelium
of the human small intestine, whereas expression of the   
chain is evident at 7 weeks of gestation, the a2 chain is not
present until 16 weeks of gestation (Perreault et al, 1995).
However, to ascertain the role of the laminin a2 chain in the
follicular basal lamina, it will be necessary to study follicles of
known developmental stage.

The observation that both ßl and ß2 laminin chains were

present in the follicular basal lamina before antrum formation,
but only the ß2 chain was present after antrum formation,
parallels previous studies in the developing kidney: that is, the
laminin ßl chain was expressed at three early stages (the
comma and s-shaped structures, and the capillary loop) and ß2
was expressed later as the glomerulus developed (see Noakes
et al, 1995). Furthermore, Noakes et al (1995) showed that
changes in ßl and ß2 expression are important for proper
filtering of plasma proteins by the glomerular basement mem¬
brane. Others have shown that cultured mouse embryonic lung
cells can be induced to polarize and form a lumen by treatment
with a fragment of laminin ßl and heparan sulfate proteoglycan
(Schuger et al, 1996). On the basis of these studies, it is
conceivable that changes in laminin ßl or ß2 concentration
during follicular development are important in controlling the
filtration properties of the follicular basal lamina and initiating
the formation of the follicular antrum.

The present study localizing individual laminin chains did
not identify which laminin type was present in the follicular
basal lamina. Laminin-3 (s-laminin;  !ß2 1; Burgeson et al,
1994) may be present in the follicular basal lamina, as sug¬
gested by the presence of   , ß2 and   chains throughout
follicular development. However, the presence of the a2 and
ßl chains in the follicular basal lamina at specific stages of
development indicated that other laminin isoforms were

present, at least during select stages. The a3, a4, a5, ß3 and  2
laminin chains have not yet been examined in the follicular

Fig. 2. Immunofluorescent localization of laminin-1 and individual laminin chains to healthy bovine antral follicles. In each photograph, the
location of the basal lamina is indicated by the arrow on the right side. The membrana granulosa lies above the basal lamina and the theca below
it, and the follicular antrum is uppermost, (a) Positive staining of the follicular basal lamina for laminin-1 (EHS laminin). (b) Positive staining in the
follicular basal lamina for the   chain but (c) no detectable a2 chain. (d,e) The ßl laminin chain is undetectable in the follicular basal lamina of
these follicles, although the thecal vasculature is stained positively and in some places this staining is very closely apposed to the follicular basal
lamina, (f, h) Positive staining for the ß2 chain in the follicular basal lamina, and the vasculature (including arteriole smooth muscle basal lamina)
as determined by dual labelling for the endothelial cell marker factor Vlll-related antigen in (i), the same section as (h), (g) The   antibody
was also immunolocalized to the follicular basal lamina. Controls: (j) normal mouse serum (NMS) and (k) normal rabbit serum (NRS). Small
arrowheads indicate the vasculature, large arrowheads indicate the arterioles with smooth muscle. Scale bar represents 50 pm (a-e, g, j, k) and
100 pm (f, h, i).
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Table 1. Staining patterns produced by antisera specific to the individual   ,  2, ßl, ß2 and   laminin
chains and to EHS (  ß   ) laminin in bovine ovarian follicles

   2 ßl ß2   EHS

Follicular basal lamina3
Primordial/primary +

— —

+ + +

Large preantral ++
—

+ ++ ++ + +

Healthy antral + + + -/+ + + + ++ + + +

Atretic antral ++ + ++ + + +
Other follicular

Thecal matrix
- — — —

++ + +

Vascular subendothelial
- —

+ + + + + +
Vascular smooth muscle

— — —

+ + +

Intensity of staining:
—

, none; + , weak; + + , moderately intense; + + + , very intense. Comparison of intensity should only be
made within a column (that is, between follicles of different classes) and not within a row (that is, between laminin chains) as different
antisera have been used.
aThe same nine healthy and ten atretic antral follicles were examined for each anitbody. > 150 preantral follicles were examined for
each antibody (these were not necessarily the same follicles).

basal lamina of any species, but may also contribute to laminin
molecules in the follicular basal lamina. Gene expression for the
laminin a4 chain has been detected in the ovary (Iivanainen
et al, 1995). However, whether this is the follicular basal lamina
or one of the many other types of basal lamina or non-lamina
structures in the ovary is not known.

Evidence presented here and previously (van Wezel and
Rodgers, 1996) suggests that the basal lamina is continually
remodelled during follicular development. Electron microscopic
examination of the bovine follicular basal lamina has found that
it is closely associated with the granulosa cells in primordial
follicles (van Wezel and Rodgers, 1996). The follicular basal
lamina of larger follicles was composed of many layers of basal
lamina material joined together to form a branching network
(this study and see Rodgers et al, 1995), which is consistent
with the notion that the basal lamina is shed and replaced by a

newly synthesized basal lamina closer to the granulosa cells.
Under the light microscope, multilayers of basal lamina would
only have been detected as either an increased thickness or

increased intensity of staining, as observed for the laminin   ,
ß2 and   chains during follicular development. However, the
more obvious explanation that this staining pattern was due to
increased amounts of the specific laminin chains per unit surface
area of basal lamina requires further investigation. Increasing
thickness of the basal lamina staining during follicular atresia
was also observed. This finding, together with the decreased
intensity of staining for the   , ß2 and   in atretic follicles,

suggests that there may have been degradation of some basal
lamina components

—

perhaps the collagen IV backbone
—

causing the basal lamina to lose its compact structure. Alterna¬
tively, simple convolution of the basal lamina may have
occurred when the follicular fluid was resorbed and the atretic
follicle decreased in size, producing the apparent increase in
thickness of the basal lamina.

The cellular origin of the follicular basal lamina is a conten¬
tious issue (van Wezel and Rodgers, 1996). Within the laminin
component of the follicular basal lamina, northern blot analysis
detected the expression of the   (old nomenclature: B2) chain
but not ßl (old nomenclature: Bl) by granulosa cells (Zhao and
Luck, 1995), which is consistent with the present study
localizing the   but not the ßl laminin chain to the follicular
basal lamina of antral follicles. Furthermore, a previous
immunoelectron study in the rat ovary (Leardkamolkarn and
Abrahamson, 1992) localized laminin to Call—Exner bodies,
which are ultrastructurally similar to basal lamina and have
been observed within the membrana granulosa of antral
follicles in vivo in cows (I. L. van Wezel and R. J. Rodgers,
unpublished) and rabbits (Gosden et al, 1988). Laminin was

also localized intracellularly in both granulosa and thecal cells,
but this latter observation may represent degradation rather
than synthesis. The contribution of the theca, or indeed the
stroma surrounding preantral follicles, to the production of
the follicular basal lamina is not known. In other systems, it
is predominantly epithelial rather than stromal cells that

Fig. 3. Immunofluorescent localization of individual laminin chains and laminin-1 (EHS laminin) to atretic bovine antral follicles. In each
photograph, the basal lamina is indicated by the arrow on the right side; the membrana granulosa lies above the basal lamina and the theca below
it, and the follicular antrum is uppermost, (a) Normal rabbit serum (NRS) control showing punctate staining in the membrana granulosa. Similar
staining for any laminin chain was, therefore, not considered as specific. Positive staining of the basal lamina for the al (b) and a2 chain (c). (d)
No continuous staining of the basal lamina for the ßl laminin chain but localization of this chain to the vasculature, some of which closely abuts
the follicular basal lamina. The smooth muscle of arterioles is not stained, (e) ß2 chain localized to the follicular basal lamina and the vasculature,
including arteriole smooth muscle, (f) Weak staining pattern produced by antibodies directed against   laminin. (g, h) Localization patterns
produced by antibodies directed against laminin-1, with staining of the basal lamina being either very weak (g) or very strong (h) relative to the
thecal staining, (i) Normal mouse serum (NMS) control. Small arrowheads indicate the vasculature, large arrowheads indicate the vasculature with
smooth muscle. Scale bar represents 50 pm (a-c, f-h) and 100 pm (d, e, i).
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Fig. 4. Electron micrograph of the follicular basal lamina of a growing bovine preantral follicle. The many
layers of basal lamina are indicated by arrows. Granulosa cells are uppermost, and thecal-stromal cells are

beneath the follicular basal lamina. Scale bar represents 0.5 pm.

synthesize basal lamina components, although in some tissues
both cell types make a contribution (Timpl and Dziadek, 1986).
The thecal compartment of antral follicles has been shown by
northern analyses to express laminin ßl and   chains (Zhao
and Luck, 1995). The present study showed laminin ßl in the
thecal vasculature but not in the follicular basal lamina of antral
follicles, suggesting that the thecal expression of ßl is not
necessarily a contribution to the follicular basal lamina. Simi¬
larly, laminin   was found widely distributed in the theca and,
although it is present in the follicular basal lamina, expression
in the theca cannot be considered as proof that the theca
contributes laminin   to the follicular basal lamina. However,
it is possible that the follicular basal lamina in vivo requires a

contribution from both the granulosa cells and the stroma or

thecal cells.
Laminin chains were also detected in the theca interna and

externa of antral follicles. Both ßl and ß2 were localized to
subendothelial basal laminae of the blood vessels (arterioles,
capillaries and venules). The laminin ß2 chain was also localized
to the smooth muscle layers surrounding arterioles, which were

located principally in the theca externa, consistent with studies
in other tissues, in which the ßl chain was limited to
subendothelial basal laminae, while the ß2 chain was present
between smooth muscle cells (Walker-Caprioglio et al., 1995).
Staining for the laminin   chain or EHS laminin was present
throughout the theca interna and externa in areas where there
are no recognized conventional basal laminae. This pattern of
staining has been observed using antibodies to some types of
collagen IV (H. F. Rodgers and R. J. Rodgers, unpublished) and
to EHS (  ß   ) laminin in rats (Bagavandoss et al, 1983;
Leardkamolkarn and Abrahamson, 1992) and mice (Fröjdman
et al, 1995), and in the interstitial tissue of developing gonads
in these species (Fröjdman et al, 1989, 1992a,b, 1993, 1995;

Smith and MacKay, 1991). It is possible that this staining in the
theca is due to free   chains or free laminin not associated
with a basal lamina. However, it is also possible that it
is associated with small fragments of basal lamina-like,
electron-dense material found extracellularly in the theca. This
material has been observed by electron microscopy in the theca
of sheep (O'Shea et al, 1978), rats (Leardkamolkarn and
Abrahamson, 1992) and cows (see Fig. 1 in Rodgers et al,
1986). The origins and functions of this 'thecal matrix' are not
known.

In conclusion, this is the first detailed immunolocalization
study of individual members of any of the broad classes of
basal lamina components, in the ovarian follicle. The observa¬
tions made here confirm and extend previous studies, showing
that the   ,  2, ßl, ß2 and   laminin chains are differentially
expressed in the ovarian follicle, and that the composition of
the follicular basal lamina, at least in terms of laminin, changes
during follicular development and atresia. On the basis of
studies using other cell types it seems likely that the different
laminin chains have specific roles in the regulation of antrum
formation and the development of the follicular epithelium.
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