Human Amniotic Membrane, Like Corneal Epithelial
Basement Membrane, Manifests the «5 Chain

of Type IV Collagen
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Purposk. To reexamine whether the o5 chain of type IV
(aS|IV]) collagen, thought to be absent, is in fact present in
human amniotic membrine.

MEemobs. Cryoscctions of human amniotic membrane obtained
at Cesarean section were immunohistochemically ¢xamined
for the presence of aS5(1V), with or without inclusion of the
denaturing step. Amniotic membrane was digested with colla-
genase to release the noncollagenous NC1 domain from the
achain, The NC1 domain of ¢5(1V) was then assayed on
Western blot analysis. Klentical experiments were performed
with human comeas and conjunctivac obtained from an Amet-
ican eye hank.

Restirs. The basement membrane of denatured samples of
amniotic membrane and cornea stained  positive for a5¢1V),
Without the denaturing step, only cornead samples were posi-
tive. With or without denaturing, conjuncrival epithelium did
not seain. Western blot analysis detected NC1 domains of
a5(1V) in amniotic membrane and corneal samples.
Concrusions. The basement membritne of amniotic membrane
resembles that of comeal epithelium but not conjunctiva. Am-
niotic membrane may be an excellent substrate for corneal
cpithclial cells. (fnvest Opbthbalmol Vis Sci. 2004:45:1771-1774)
DOL10.1167/i0ovs.03-0952

he basement membrane is a continuous sheet of special-

ized extracellular matrices (e.g., collagen types [V and VII,
laminins, entactin, and heparin sulfate protcoglycan). It sepa-
rates epithelid and endothelial cells from the underlying con-
nective tissue, serves as 2 molecular filter in capillaries and
glomeruli, prevents the passage of proteins, and provides the
scaffolding that maintaing normal tissue architecture during
regeneration and growth.' The function of the basement mem-
brane is closely related to its composition, and in different
areas of the body. the ratio of its components varies, Further-
more, cach component is made up of a class of severul iso-
forms.

The major structural component, type IV collagen, is a
Lielical trimer of the o(IV) chain with a globular NCI domain at
the carboxyl termini. ‘The trimer further combines to form
suprumolecular networks by dimerization at the carboxyl ter-
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minus through the NC1 domains and by forming tetramers at
the amino terminus. T'o date, six different a(IV) chains, el(IV)
o a(1V), have been identified ®* Whereas the al(1V) and
a2(1V) chains are ubiquitous components of all basement
membranes, a3(IV) to ai(1V) exhibit restricted tissue distribu-
tion. ’

The amniotic membrane, which comprises the innermost
placental layer, consists of a single layer of epithelial cells, a
thick basement membrane, and an avascular stromal matrix.
Amniotic membrane has been widely used as a graft in ocular
surface transplantation since Kim and 1'seng reintroduced its
use in 1995.7 In their immunohistochemical study, Fukuda et
al.® demonstrated that a5(IV) is absent in the basement mem-
brine of amniotic membrane and conjunctiva, but found it in
that of the comeal epitheliom. Consequently, the basement
membrane of the amaiotic membrane is thought to be similar
to that of the conjunctival epithelium but different from that of
the comeal epithelium,

However, we and others® "' have used intacy or epitheliatly
deouded amniotic membrane as a substrate for cultivating
comeal limbal epithelial cells. The cells proliferate well and
form a three-dimensional mudtilayered structure closcly resem-
bling comeal epithelial tissue, Moreover. ocular surface recon-
struction in which cultivated cells were used with the mem-
brane as 4 graft has succeeded in the treatment of acute and
severe ocular surface disorders such as chemical burns and
StevensJohnson syndrome.' " This led us to question the
assumed incompatibility of amniotic membrane and corneal
epithelial cells and to reexamine the presence of a5(1V) chitins
in amniotic membrane and corneal and conjunctival basement
membranes. Our findings thit the «5(1V) chain was in fact
present in the amniotic membrane but not in the conjunctival
basement membrane, encouraged a revision of carlier assump-
tions and suggest amniotic membrane as a uscful substrate for
growing corneal epithelial cells.

Tissues and Materials

Prior informed consent to harvest amniotic membrane was obtained,
in accordance with the tenets of the Decliration of Helsinki for re-
scarch involving human subjects, from women scheduled for Cesarcan
section. Qur stwdy wits approved by the Institution:? Review Board of
Kyoto Prefectural University of Medicine. The membranes were
washed with phosphate-buffered saline (P3S) and preserved with 0%
glycerol containing Dulbecco's modificd Eaple’s medium (Invitrogen
Corp.. Cardshad. CA) at —806°C until use, Gomeas and conjunctivae
were ubtained from corneal-seleral rim after removal of donor corneal
material (Northwest Lions Eye Dank, Seattle, WA)Y that was used in
penetrating keratoplasty, by careful cutting under a binoculiar micro-
scope.

Monoclonal antibodies against «5(1V) were 1152 (Shigei Medical
Rescarch Institute, Okayama, Japan) for immuonohistochemical and
MABS (Wiceslab, Lund. Sweden) for Western blot studies. For the
detection of entactin {nidogen) we used monoclonitl antibody JF6
(Chemicon [nternational, Temecoula, CA). (ther reagents were of the
highest grwdes.
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Immunohistochemistry

Semithin (6 um) frozen sections were obtained from unfixed tissue
cmbedded in optimal ¢urting wemperiture (OCT) compound (Tissue-
Tek: Miles, Inc., Elkhart, IN). After a 20-minute fixation with cold
acctone, they were or were not, exposed for 10 minutes to 6 M
urea-0.1 M glycine-HCl (pH 3.5) solution and incubated for 30 minutes
with {1 goat serum. Then they were exposed for 1 hour 1o diluted
(1:200) 152, washed theee times with PBS, and incubated for 1 hour
with Alexa Fluor 488 -conjugated anti-rat IgG o antibody (Molecular
Probes, Inc., Eugene, OR). After three PBS washes, the sections were
mounted on glass slides with antifade medium containing propidium
jodide (Veetashick!: Vector Laboratores, Budingame., CA) and exam-
incd under 4 fluorescence microscope.

Western Blotting

The NC1 fraction of wpe IV collagen was obtained as described
previously.'® Brietly, amniotic membrane, conjunctiva, and cornea
without Descemet’'s membrine were homogenized into 50 mM Tris-
HCI buffer containing protease inhibitors and then incubated with
collagenase type [V (Invitrogen) at 37°C for 48 hours. [nsoluble mate-
riuls were removed by 15-minute centrifugation ar 10,000¢ and the
supernatant was subjected to reduced sodium dodecyl sulfare-polyac-
rylamide get electrophoresis (SDSPAGE). The amounts of protein ap-
plicd rmnged from 1§ to 60 pg. Because the level of contmination of
proteins derived from epithelia and adjacent tissues varied among the
samples, they were adjusted so that they manifested compacable en-
tactin bands. Resolved proteins woere clectrically transferred onto a
polyvinvlidene fluoride (PYDF) membrane (Bio-Rad Laboratorics, Her-
cules, CAY and blocked in PBS containing 5% nonfat milk, followed by
a 1-hour incubation with the primary antibody (MADS or JF6) at room
temperature. A combination of biotinylated anti-mouse TgG (secondary
antibody; Vector Laboratories) and the an alkaline phosphatase assay
kit (Amplificd Alkaline Phosphatase Immun-Blot; Bio-Rad) was used for
chromogenic staining according o the manufacturer's instructions.
Band intensitics were quantiicd on computer (Iimage PC software:
Scion Corp.. Frederick, MA).

REsULTS

Immunohistochemistry

In the absence of glycine-uren treatment, none of the three
different human amniotic membranes we examined mani-
fested immunorcactivity for o3(IV) (Fig. 1D). On the other
hand, all samples pretreated with glycineurea were strongly
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BFiovmg 1. Immunohistochemicnd staine
ing for a5(1V) in apmiotic membrane
(A. D). comea (B, E), and conjunc-
tiva (C, F). There is obvious stining
(green) just beneath the epithelium
of anmiotic membrane and comenl
samples that had been subjected to
glycine-urcy  pretreatment  (A-C).
Without pretreatment (D-F), amni-
otic membrane Jdid not stain, Con-
junctivad samples were negative for
aS(IV). with or without urca pre
treatment. Scale bar: 50 pm.

and cvenly tluoreseent for @5(1V) just below the epithelivm
(Fig. 1A). In human comea, fluorescence was observed on
Bownuin's membrane ¢ven without glycine-urea rreatment
(Fig. 1LE): it was intense in urea-pretreated samples (Fig, 18).
Conjunctival samples were negative for a5(IV) fluorescence
regardless of whether they had, or had not, been pretreated
(Figs. 1C, 11D,

Western Blot Analysis

On Western blot analvsis of amniotic membrane- and comeul
samples, the o5(IV) chain was detected as a 25.5-kDa hand and
52- to 60-kDa bands (Fig. 2). Reportedly, the low motecular
weight band is 2 monomeric NC1 subunit of a5¢(IV), whereas
the high molecular weight bands are the dimeric forms." '
Of note, in the cornea we detected an 82-kDa immunoreactive
substance against anti-a5(IV) antibody in addition to dimers
and monomers. As the sample resisted further digestion. we
conchuded that this was not the resule of incomplete digestion.
To our knowledge, ours is the fimst report of this complex.
Based on its molecular weight, we posit that it represents a
trimer of the NC1 subunits, Densitometric analysis demon-
strated that in the cornea, 20.5% of total «5AV) was incorpo-
rated into the trimedike complex; in amnjotic membrane it
was less than 0.5%. No bands were detected in the conjunctival
samples, The presence of bands for entactin, a component of
basement membrane, confirmed that the protein content in
these samples was the same as in basement membrane.

DISCUSSION

Our immunohistochemical findings in urea-pretreated samples
demonstrated the presence of the o5 chain of collagen type IV
on amniotic menmtbrane as well as corneal basement mem-
branc. However, it was abseat on conjunctival basement mem-
brune. Western blot analysis confirmed these findings. Our
results are contraty to those reported by others.® As shown in
Figure 1. our immunohistochemical detection of @5(1V) is due
to our pretreating the samples with glycine-urea,

Most immunohistochemical studies using antibodies against
a5(1V) require that the tissue be pretreated with urea, '™ 'Y 22
because the epitope these antibodies recognize is apt to be
masked in normal nondenatured tissue, Glycine-urea treatment
opens up the NC1 domain in such a way that the antigenic
epitope is presented, thus enabling antibody recognition. 1152
is no exception and the supplier recommends adding acidic
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FiGure 2. ldentification of a3(1V) by Western blot analysis, Several
forms of a™(IV) were detected in comeat (Jane 1) and amniotic
membrane (are 23 but not in conjunctival samples Gane 3). T, D, and
M represent a trimerlike complex and dimer and monomer forms of
aS(1V¥), respectively. Entactin bands demonstrate that the samples
contained almost equal amounts of basement membrane fraction,

urea pretreatment to the regular immunohistochemical proto-
col. At present, we do not know why acidic urea pretreatment
wits not necessary for the detection of a5(IV) in comeal epi-
thelial basement membrane. We posit that the trimerlike com-
plex we observed consists of the NC1 domain of aS(1V) (Fig.
2), The NCI domain of a5(1V) in the undigested trimerike
compleX nuy serve to maintain a state in the corneal basement
membrane in which the antibodies have easy access without
denaturing. Such an a5(1V) complex may be peculiar to cor-
ncal epithelial basement membrane because, o our knowl-
edge, it has not been observed in other tissues. Studies are
underway in our laboratory to address this question.

In the normal physiology of the corneal epithelium, aS(1V)
constitutes a highly important component. The recurrent cor-
neal erosion in patients with Alport's syndrome may reflect
mutation(s) in the gene for a5(1V).2* 2% The basement mem-
brane of paticnts with dysplastic comeal epithelium reportedty
lacks a3(1V).*" Because @5(1V) is present in amniotic mem-
brane and remains even after epithelial denudition with EDTA,
we suggest that it is a suitable substrate for cultivating cornceal
cpithelial cells. Qur work extends existing observations regard-
ing the collagen composition of human amniotic membrane.
The presence of the «3(1V) chain in amniotic- and coreal
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basement membrane may recommend the former as an exccl-
lent substrate for comeal epithelial cells.
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