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Abstract
Aim—To provide some insight into the
aetiology of spontaneous abortion, the
contents of type V collagen was investi-
gated in human decidual tissues in spon-
taneous abortion and normal pregnancy.
Methods—Collagens were extracted from
decidual tissues in spontaneous abortion
(n = 19) and normal pregnancy (n = 25).
The diVerent types of collagen á chains
were separated by sodium dodecyl
sulphate-polyacrylamide gel electro-
phoresis (SDS-PAGE), stained with
Coomassie brilliant blue, and measured
by densitometry. The relative amounts of
the á1(III) and á1(V) chains were calcu-
lated by dividing the band intensities of
the á1(III) and á1(V) chains by that of the
á1(I) chain.
Results—The ratio of the á1(V) chain to
that of the á1(I) chain in decidual tissues
in spontaneous abortion was significantly
lower than that found in normal preg-
nancy (p < 0.05).
Conclusions—These results suggest that
type V collagen might play an important
role in the maintenance of pregnancy and
that decreased expression of this collagen
could be associated with spontaneous
abortion.
(J Clin Pathol 1998;51:44–46)
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Spontaneous abortion is the most common
complication of pregnancy. Although the exact
mechanisms responsible for abortion are not
always apparent, it has been proposed that
various maternal or fetal factors, such as chro-
mosomal abnormalities, might induce the
interruption of pregnancy. Placental and de-
cidual histology has been investigated previ-
ously in relation to the chromosome number
after spontaneous abortion in early
pregnancy.1 2

The extracellular matrix is thought to play an
important role in the stability of tissues and in
regulating the growth and diVerentiation of
cells.3 4 Synthesis, accumulation, and catabo-
lism of the extracellular matrix are involved in
wound healing and in the initiation and
progression of numerous diseases.5 The extra-
cellular matrix, which is composed of collagen,
laminin, fibronectin, and proteoglycans in the
human endometrium and decidua, has been
studied in early pregnancy,6–9 but the altera-
tions in decidual extracellular matrix in failed

pregnancy are not fully understood.Among the
various collagens, type V collagen was de-
scribed originally as a component of chorionic
and amniotic membranes.10 It is thought to
play a major role in maintaining a barrier
against pathogens and inflammatory cells, and
in preventing the loss of amniotic fluid.11 In
addition, this collagen has been shown to
mediate the behaviour of cells including their
attachment, spread, proliferation, and
morphogenesis.12–15 In the present study, we
investigated the decidual contents of type V
collagen after spontaneous abortion in early
pregnancy, using sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-
PAGE), and compared the results with those
obtained in normal pregnancy.

Methods
This project was approved by the Committee
on Investigations Involving Human Subjects of
Wakayama Medical College. Informed consent
was obtained from each subject after the
purpose and nature of the study had been
explained fully.

TISSUES

Normal decidual tissues were obtained from 25
women aged 20–38 years during early preg-
nancy (7–12 weeks) by dilatation and curettage
for termination of pregnancy and were frozen
immediately in liquid nitrogen.Decidual tissues
from 19 women aged 19–41 years were also
obtained by dilatation and curettage after spon-
taneous abortions at 7–12 weeks of gestation.
The details of the subjects with spontaneous
abortion are: four cases of luteal phase defect,
four cases of septic abortion, four cases of
blighted ovum, two cases of systemic lupus ery-
thematosus, two cases of anticardiolipin anti-
body positivity, one case of 18 trisomy in the
abortus, and one case of uncontrolled diabetes
mellitus. We excluded specimens containing
villous tissues or necrotic decidual tissue from
analysis by examination of haematoxylin and
eosin stained frozen sections. Gestational age
was determined by the date of the last
menstrual period and by ultrasonographic
measurements performed in early pregnancy.

SDS-PAGE OF PEPSIN SOLUBILISED COLLAGENS

FROM THE HUMAN DECIDUA

Minced samples of human endometrium were
washed overnight in cold distilled water and
freed of blood. Tissues were homogenised with
a Polytron homogeniser in 50 volumes of
0.5 M acetic acid that contained 1 mg/ml
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pepsin (Sigma Chemical Co, St Louis, Mis-
souri, USA). Collagens were extracted with
constant stirring for 24 hours at 4°C. The
solutions were centrifuged at 39 000 ×g for one
hour at 4°C. Collagens were re-extracted from
the pellets under the same conditions for 48
hours. The supernatants were then combined
and collagens were precipitated by the addition
of 4.0 M NaCl to a final concentration of
2.0 M. The precipitate was dissolved in 0.5 M
acetic acid and dialysed against 0.02 M
Na2HPO4. Precipitated collagens were redis-
solved in 0.5 M acetic acid, dialysed exhaus-
tively against 0.05 M acetic acid, and finally
lyophilised. The solubility of the tissue collagen
from each endometrial sample was estimated
by comparing the hydroxyproline content of
the initial homogenate with that of the final
solution of collagen.16 Estimation of the relative
abundance of the á1(III) and á1(V) chains was
performed by interrupted gel electrophoresis.17

Electrophoresis was performed in an 8% poly-
acrylamide gel slab (Sigma Chemical Co). The
gel and electrode buVers were 0.1 M phos-
phate buVer, pH 7.2, containing 0.1% SDS
(Nacalai Tesque Inc, Kyoto, Japan), as de-
scribed previously.16 Lyophilised samples of

collagens and type V collagen were dissolved at
a concentration of 0.2 mg/ml and denatured by
heating in gel buVer containing 1% SDS at
60°C for 30 minutes. Aliquots of 25 µl of dena-
tured collagens were applied to the gel and
subjected to electrophoresis at 80 mA. After
1.5 hours the current was switched oV and
sample wells were filled with 20% â mercap-
toethanol (Wako Chemical Co, Osaka, Japan),
which was allowed to diVuse into the gel for
one hour to cleave intramolecular disulphide
bonds of type III collagen, [(á1(III)]3. Subse-
quently, electrophoresis was resumed and
allowed to continue for another hour. Each
collagen á chain was stained with Coomassie
brilliant blue (Sigma Chemical Co) and quan-
titated by densitometry. The relative amounts
of the á1(III) and á1(V) chains were calculated
by dividing the intensities of the á1(III) and
á1(V) bands by that of the á1(I) band.

STATISTICAL ANALYSIS

The ratios of the á1(III) to á1(I) chains and the
á1(V) to á1(I) chains, as estimated by
densitometry, were expressed as mean (SEM).
Mean values were compared by the Student’s t
test or analysis of variance, using a StatView
software program on a Macintosh computer.
Two tailed p values less than 0.05 were consid-
ered to be statistically significant.

Results
Although the relative amounts of á1(I) and
á1(III) were almost similar in the decidua
obtained from normal pregnancy and sponta-
neous abortion, those of á1(V) and á2(V) were
markedly decreased in the decidua from cases
of spontaneous abortion (fig 1). The ratios of
the band intensities of the á1(III) to á1(I)
chains and the á1(V) to á1(I) chains were
expressed as mean (SEM) in the decidua of
normal pregnancy and spontaneous abortion,
respectively (table 1). The ratio of the band
intensities of á1(III) to á1(I) in the decidua was
not significantly diVerent between normal
pregnancy and spontaneous abortion. How-
ever, the ratio of the band intensities of á1(V)
to á1(I) in the decidua in spontaneous abortion
was significantly lower than in normal preg-
nancy (p < 0.05).

Discussion
In the present study, we used SDS-PAGE to
investigate the amount of type V collagen in
decidual tissues after spontaneous abortion
and compared the results with those obtained
in normal pregnancy.We were able to solubilise
70–85% of the collagen in human decidual tis-
sues, as measured by reference to levels of
hydroxyproline (data not shown). Therefore, it
was postulated that the extracted collagen
might reflect accurately the entire complement
of collagen in the tissues. Previously, we have
reported increased relative amounts of type V
collagen in the human endometrium during
the process of decidualisation.18 The reduced
decidual concentration of type V collagen in
spontaneous abortion suggests at least two
possible mechanisms for regulation of the
turnover of this collagen. Firstly, the synthesis

Figure 1 SDS-PAGE of pepsin solubilised collagens of
decidual tissues in normal pregnancy (lane 1) and
spontaneous abortion (lane 2) (a case of blighted ovum).
Samples of heat denatured collagen (5 µg) were subjected to
electrophoresis on a slab gel for one hour. After reduction in
situ with â mercaptoethanol for 30 minutes, electrophoresis
was resumed for one hour.

Table 1 Relative abundance of the á1(III) and á1(V) chains of collagen compared with
the á1(I) chain in the decidual tissues obtained from normal pregnancy and spontaneous
abortion

Relative ratio of collagen á chain

Patients (n) á1(III)/á1(I) á1(V)/á1(I)

Normal pregnancy 25 0.43 (0.06) 0.147 (0.010)
Spontaneous abortion 19 0.37 (0.04) 0.061 (0.011)*

Data are means (SEM).
*p < 0.05.
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of type V collagen by decidual cells might be
reduced at the gene level in spontaneous abor-
tion. Secondly, the degradation of decidual
type V collagen might be intensified in sponta-
neous abortion. Although the interstitial colla-
gens, such as type I and III collagen, and lam-
inin showed normal concentrations in the
decidual tissues obtained from patients with
spontaneous abortion, type IV collagen con-
centrations were very low.19 This finding
suggests that type IV collagenase (gelatinase A
and B) activity might be increased in the
decidual tissues of patients with spontaneous
abortion. Gelatinase A and B are thought to be
produced by the decidual cells themselves20 or,
in cases of infectious spontaneous abortion, by
bacteria. In additon, these gelatinases could
degrade type V collagen.21 In addition, it is
possible that decreased decidual synthesis and
increased degradation of type V collagen occur
simultaneously in spontaneous abortion.
Type V collagen has the ability to bind to

insulin22 and to heparin/heparan sulphate,23

apparently with higher aYnity than collagen
types I, II, III, IV, or VI, fibronectin, or laminin.
Recent studies have indicated that insulin
bound to type V collagen retains mitogenic
activity22 and that heparin/heparan sulphate
modulates the biological activities of vascular
endothelial cell growth factor24 and basic
fibroblast growth factor.25 26 These findings
suggest that type V collagen might be impor-
tant in the compartmentalisation, storage, sta-
bilisation, and modulation of the activities of
various growth factors. Because type V colla-
gen also binds to thrombospondin,27 the inter-
actions of this collagen with thrombospondin
and heparin/heparan sulphate may be impor-
tant in the assembly of the extracellular matrix
and in the regulation of its biological functions.
Therefore, it is suggested that an increased
relative concentration of á1(V) or type V colla-
gen in the decidua might provide a biochemical
basis for functional regulation of the decidual
cells. It has also been postulated that tropho-
blast invasion might be modulated by interac-
tions between the extracellular matrix recep-
tors on the surface of trophoblast cells and the
corresponding ligands.28–30 Thus, a reduction of
type V collagen in the decidua might result in
reduced attachment and migration of tropho-
blast cells or in disruption of the junctions
between decidual cells.
Therefore, it is possible that type V collagen

is associated with the nutrition of trophoblastic
and endometrial cells, and that a reduced con-
centration of this collagen induces metabolic
abnormalities in the conceptus.
This study provides some clues to under-

standing the pathophysiology of failed preg-
nancy in terms of extracellular matrix metabo-
lism. Further work is needed to elucidate the
mechanisms regulating the decidual expression
of genes for other types of collagen in normal
pregnancy and spontaneous abortion.
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