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We local ised three impor tant enzymes histochemical ly in placental  trophoblasts from women who
gave bi r th to dichor ionic discordant tw ins, in which the co-twin was affected by foetal  growth
restr iction (FGR). The enzymes studied were adenosine diphosphate-degrading enzyme (ADP-
degrading enzyme, plasma membrane enzyme), cytochrome c oxidase (mi tochondr ial  enzyme),
and glucose-6-phosphatase (endoplasmic reticular  enzyme). We compared these enzyme activi ties
and thei r  distr ibution patterns among placentas of the smal ler  (FGR) co-twin, larger  co-twin, pre-
eclamptic singleton wi th FGR, and normal  singletons wi th bi r th weight of appropr iate for  thei r
gestational  ages. In FGR co-twin placentas, the intensi ty and local isation pattern of these three
enzymes did not di ffer  from those seen in the larger  co-twin and normal  singleton placentas.
Decreased ADP-degrading activi ty and cytochrome c oxidase negative mi tochondr ia, which were
character istic features of pre-eclamptic trophoblasts, were not observed in FGR co-twin placentas.
These observations indicated that, in the FGR co-twin, enzyme-histochemical ly detectable
trophoblastic cel l  dysfunction may be absent, or  i f present, less prominent, compared wi th pre-
eclamptic FGR. We previously repor ted that placental  trophoblasts from singleton idiopathic FGR
also showed no reduction in these enzyme activi ties. In mechanism and pathophysiology, FGR in
dichor ionic discordant tw ins may be qui te di fferent from pre-eclamptic FGR, but somewhat
resembles idiopathic FGR, though al l  three disorders lead to placental  insufficiency, resul ting in
l imi ted foetal  growth. Twin Research (2000) 3, 123–128.
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Introduction

Weight discordancy in twins wi th growth restriction
in one foetus, is a major cause of perinatal  morbidi ty
and mortal i ty in not only monochorionic but also in
dichorionic twins.

1–3
Erkkola et al

2
observed that

perinatal  mortal i ty of discordant tw in pai rs, defined
as a 25% di fference in bi rth weight, was approx-
imately 2.5 times higher than that of non-discordant
ones. Whi lst in monochorionic twins the discor-
dancy is mostly attributed to placental  vascular
communications,

1,3
the aetiology of discordant

dichorionic twins has not been determined. Some
factors that cause foetal  growth restriction (FGR) in a
singleton may also cause a single foetus growth
restriction in twins, thus resul ting in dichorionic
discordant tw ins. Foetal  mal formation, chromoso-
mal  anomal ies, intrauterine infection, and cord
anomaly are examples of these factors.

4,5
In addi tion

to these, one type of FGR exists which is due to a

common disorder – FGR as a resul t of pre-
eclampsia.

The detai led mechanism by which pre-eclampsia
leads to FGR remains unknown. Recently, however,
we have found that activi ties and subcel lular dis-
tribution patterns of some important placental
enzymes, such as ADP-degrading enzyme (a plasma
membrane enzyme)

6
and cytochrome c oxidase

(CCO, a mi tochondrial  enzyme),
7

changed in pla-
cental  trophoblasts in patients wi th severe pre-
eclampsia compl icated by FGR. In pre-eclampsia,
dysfunction of the placental  trophoblasts may be
present at each cel l  level , which may lead to
placental  insufficiency, final ly resul ting in FGR.

6,7
If

cytochemical ly detectable trophoblast dysfunction
also exists in smal ler co-twin placenta, simi lar to the
pre-eclamptic placenta, the same mechanism may be
functioning in the pathogenesis and pathophysiol -
ogy in discordant tw in FGR and pre-eclampsia. If
not, a di fferent mechanism might be present. Does
trophoblast cel l  dysfunction also exist in FGR pla-
centa of dichorionic discordant tw ins, simi lar to pre-
eclamptic placenta? In another recent report, we
demonstrated the presence of glucose-6-phosphatase
(G6Pase, a glucose generating enzyme) in human
placental  trophoblasts.

8
Since glucose is the major

fuel  for foetal  growth, reduction or change in G6Pase
activi ty may be expected to occur in FGR co-twin
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placenta. Does placental  G6Pase activi ty change in
this ci rcumstance? The present study was the first
effort to answer these questions, using ul trastruc-
tural  enzyme histochemistry.

Mater ials and methods

Placentas from 22 pregnant Japanese women were
studied. Subjects consisted of the fol lowing three
groups of women who del ivered:

(1) dichorionic discordant tw ins, defined as a 25%
di fference in bi rth weight, w i thout cl inical
signs of pre-eclampsia (33–37 weeks’ gestation)
(n = 6);

(2) singleton FGR babies, having signs of severe
pre-eclampsia (30–38 weeks’ gestation) (n = 6);
and

(3) singleton infants appropriate for thei r gesta-
tional  ages (AGA) wi thout evidence of pre-
eclampsia (29–38 weeks’ gestation) (n = 10,
normal  control ).

In discordant tw ins, al l  smal ler co-twins were
l ight for thei r gestational  ages (FGR; under 1.5 stan-
dard deviation (–1.5 SD)), defined according to
growth standard of the Japanese twin population.

9

Chorionici ty was determined by postpartum histo-
logical  examination. Among six tw in pai rs, five pai rs
were of opposi te gender and the remaining one of
l ike-gender. The mother of this l ike-gender twin
received artificial  ovulation induction by hMG,
fol lowed by gamete intrafal lopian transfer (GIFT).
Therefore, though we did not perform genotype
analysis of the placentas or the infants, the majori ty
in group (1) were considered to be dizygotic tw ins.
In singleton pre-eclamptic pregnancy, FGR was
defined as a bi rth weight under 1.5 SD in the
Japanese population.

10
Severe pre-eclampsia was

defined according to the cri teria of the Japanese
Society of Obstetrics and Gynecology as having a
maternal  blood pressure ≥ 160/110 mmHg on at least
two separate occasions, or a urinary protein lev-
el ≥ 200 mg/dl . A l l  22 women del ivered infants by
Caesarean section due to discordant tw ins (group 1),
foetal  distress (group 2) and previous Caesarean
section or breech presentation wi th uncontrol lable
uterine contractions (group 3). None of the infants
had any signs of chromosomal  anomal ies, mal forma-
tions or congeni tal  infections. Macroscopic observa-
tion and routine histological  examinations did not
reveal  the presence of placental  or cord abnor-
mal i ties. There was no significant di fferences in

gestational  weeks among the three groups. After
obtaining informed consent from al l  women, several
pieces of macroscopical ly normal  placental  tissue
were taken from the maternal  surface wi thin 1 min of
placental  del ivery. In twins, specimens were taken
both from the placenta of the smal ler (FGR) infant
and that of the larger one. Procedures employed for
enzyme histochemistry have been described in
detai l  in our previous papers.

6–8
In brief, tissues

were fixed in 0.5–2.0% glutaraldehyde solutions in a
cacodylate buffer (pH 7.4) for 30 min at 4°C. For the
cytochemical  detection of the enzyme activi ties,
placental  sections of 40 µm thickness were incubated
at 37°C in the fol lowing reaction media: lead ni trate
medium

11–13
for ADP-degrading enzyme, diamino-

benzidine medium
14

for CCO, and cerium medium
15

for G6Pase. Sections then were post-fixed in 1.0%
buffered osmium tetroxide, dehydrated and embed-
ded in epoxy resin. Ul tra thin sections were pre-
pared and observed under a transmission electron
microscope.

Resul ts

Electron-dense precipi tates indicating ADP-degrad-
ing enzyme activi ty were visible on the apical
plasma membranes of the syncytiotrophoblasts (Fig-
ure1a–d). In placentas from pre-eclampsia, the pre-
cipi tates decreased markedly (Figure1c), which was
in accordance wi th our previous data.

6
The precip-

i tates in FGR co-twin placenta were as dense as those
in the larger co-twin and normal  AGA placenta
(Figure1a,b,d).

CCO staining was local ized wi th mi tochondria in
trophoblasts (Figure2a–d, Figure2a'–d'). In pre-
eclamptic placenta, some mi tochondria exhibi ted
posi tive CCO staining and others did not (Figure2c,
c'), which agreed wel l  w i th our previous observa-
tions.

7
In the FGR co-twin, al l  mi tochondria were

stained for CCO, and no CCO-negative mi tochondria
were observed (Figure2a, a'). The larger co-twin
(Figure2b, b') and normal  singleton AGA placenta
(Figure2d, d') did not have CCO-negative mi tochon-
dria ei ther.

Precipi tates indicative of G6Pase were demon-
strated in syncytial  endoplasmic reticiulum, as was
previously described by us (Figure3a–d).

8
The inten-

si ties and distribution were the same among the four
specimens (Figure3a–d). There were no significant
di fferences in staining intensi ty or staining pattern
wi thin the placentas from the same group, nor
significant variations in findings among specimens
taken from the same placenta. Thus the observations

Twin Research

Discordant twin placenta
y S Matsubara et al

124

https://doi.org/10.1375/twin.3.3.123 Published online by Cambridge University Press

https://doi.org/10.1375/twin.3.3.123


Figure1 ADP-degrading enzyme activi ties in human placental  trophoblasts indicated by electron-dense precipi tates visible in the
apical  plasma membranes. In pre-eclamptic trophoblasts (c), precipi tates were significantly weaker than those in FGR co-twin (a), larger
co-twin (b), and normal  AGA singleton placenta (d). Trophoblasts from FGR co-twin (a) exhibi ted the same enzyme intensi ty as normal
AGA (d). Bar: 1 µm; ivs: intervi l lous space; s: syncytiotrophoblast

Figure2 Cytochrome c oxidase (CCO) activi ty. *  areas in a, b, c and d are reproduced at higher magnification in a', b', c' and d'. In FGR
co-twin placental  trophoblasts (a, a'), al though some mi tochondria exhibi ted weaker staining (arrowheads), al l  mi tochondria stained
posi tive for CCO, simi lar to those of larger co-twin (b, b') and normal  AGA (d, d'). In pre-eclampsia (c, c'), CCO-posi tive (* * ) and negative
(arrows) mi tochondria co-existed in syncytiotrophoblast. Pre-eclamptic cytotrophoblast also had both CCO-posi tive (* ) and negative
(arrows) mi tochondria (c). Bar: 1 µm; ivs: intervi l lous space; s: syncytiotrophoblast; c: cytotrophoblast
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made on these sections were bel ieved to be repre-
sentative findings of various placental  specimens.

Discussion

FGR in dichorionic twins is qui te risky. Recent
advances in inferti l i ty treatment have increased the
occurrence of dichorionic twin gestation, thus the
frequency of dichorionic twin FGR has also
increased. The perinatal  death rate of tw ins wi th
discordancy was reported to be 2.5 times higher than
those wi thout.

2
A cohort study we performed on the

outcome of dichorionic twins indicated a much
higher risk.

3
The risk of adverse outcome was

5.8 times higher in dichorionic pai rs wi th weight
discordancy ( ≥ 25%), compared wi th that in those
wi thout.

3
A l l  the affected foetuses/neonates were the

smal ler co-twins. These indicated that the FGR
co-twin is at high risk, but data highl ighting the
pathogenesis and pathophysiology are relatively a
few. In particular, research into the placental  mor-
phological  aspect has been lacking. The aetiology of
FGR in dichorionic discordant tw ins remains elu-
sive. Di fferences in genetic potential , foetal  gender,
congeni tal  anomal ies and anatomical  abnormal i ties
of the cord such as velamentous cord insertion have
been considered contributing factors in disparate
foetal  growth between dichorionic twins,

1,5,16
al l  of

which also affect foetal  growth in singleton
pregnancy.

One common cause of FGR in singleton pregnancy
is placental  insufficiency due to pre-eclampsia. The
detai led mechanism of how pre-eclampsia induces
FGR remains obscure, but recently we made an
important observation concerning this. In placental
trophoblasts from pre-eclampsia wi th FGR, there
was a reduction in ADP-degrading enzyme

6
and CCO

activi ty,
7

which was also confirmed in the present
study. ADP-degrading enzyme, present in apical

syncytial  membranes facing the intervi l lous mater-
nal  blood,

12,13
hydrolyses ADP (a potent platelet

aggregator) to AMP (an anti -platelet aggregator),
protecting the maternal  blood against aggregation,
thus maintains the microci rculation of the inter-
vi l lous space.

12,13
CCO is a mi tochondrial  enzyme,

which suppl ies energy wi thin cel ls. Reduction in
these two enzyme activi ties may impai r the pla-
cental  microci rculation and energy supply wi thin
trophoblasts, which may lead to placental  insuffi-
ciency, and final ly to FGR.

6,7
Thus, in placentas from

patients wi th pre-eclamptic FGR, cytochemical ly
detectable trophoblastic dysfunction does exist at
each trophoblast cel l  level , which may be a causal
factor of placental  insufficiency and FGR.

6,7
In the

present study, however, enzyme activi ties and dis-
tribution of these two enzymes did not di ffer
between smal ler co-twin, larger co-twin, and normal
singleton AGA placentas. Reduction in ADP-degrad-
ing enzyme activi ty and occurrence of CCO-negative
mi tochondria, which were characteristic of pre-
eclamptic trophoblasts,

6,7
did not occur in FGR

co-twin placentas. A di fferent mechanism may be
functioning at each trophoblast cel l  level  between
placentas of pre-eclampsia and discordant tw ins,
al though both placentas accompany l imi ted foetal
growth.

Another common cause of FGR is singleton idio-
pathic FGR. Idiopathic FGR is defined as l imi ted
foetal  growth wi thout apparent causes, such as pre-
eclampsia, uterine anomaly, foetal  mal formation etc.
FGR co-twin placenta resembles idiopathic FGR
placenta, rather than pre-eclamptic placenta, accord-
ing to the two fol lowing morphological  observations.
Fi rst, placentas of smal ler co-twin in dichorionic
discordant tw ins exhibi ted the same macro or micro-
scopic lesions as those observed in singleton idio-
pathic FGR placentas.

16
Lesions observed were

infarction, abruptio, decidual  vasculopathy, vi l l i ti s,

Figure3 Glucose-6-phosphatase (G6Pase) activi ty. Precipi tates were visible in the endoplasmic reticula (a–d). The intensi ty and
distribution were identical  among the four specimens. Bar: 1 µm; ivs: intervi l lous space
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intraplacental  thrombi , and vi l lous fibrosis.
16

Sec-
ond, placentas of FGR co-twin and idiopathic FGR
exhibi ted the same subcel lular pattern as far as
cytochemical ly detectable enzymes were con-
cerned.

17
Our recent data

17
indicated that idiopathic

FGR placenta did not exhibi t ei ther reduction in
ADP-degrading enzymes or appearance of CCO-
negative mi tochondria (characteristics of pre-
eclamptic placenta), which findings are in complete
agreement wi th those in FGR co-twin placentas
observed in the present study. Concerning the
morphological  features of pre-eclamptic and idio-
pathic FGR placentas, some previous observations
are worth reviewing. Vi l lous structure and inter-
vi l lous oxygen content are qui te di fferent in these
two diseases.

18–20
In pre-eclampsia, there was

hypoxia in the intervi l lous space, leading to syncy-
tial  necrosis and cytotrophoblast prol i feration,
whi lst in idiopathic FGR, there was intervi l lous
hyperoxia, leading to reduction in the number of
cytotrophoblasts.

18–20
Al though we did not analyse

the number of cytotrophoblast nor intervi l lous oxy-
gen concentration in the present study, there is a
high expectation that hyperoxia in the intervi l lous
space wi l l  occur in FGR co-twin placentas as wel l ,
considering the striking morphological  and enzyme-
histochemical  simi lari ties between FGR co-twin and
idiopathic FGR placentas. Whi lst hypoxia in pre-
eclampsia leads to enzyme dysfunction in syncy-
tium, hyperoxia in the FGR co-twin intervi l lous
space may maintain these placental  enzyme activ-
i ties. Thus, FGR co-twin placentas may not exhibi t
the reduction in enzyme activi ties. We do not have
di rect evidence, so this remains hypothetical  but
reasonable.

What, then, induces FGR in dichorionic twins? In
idiopathic FGR placenta, marked reduction in total
trophoblastic surface area,

21
and structural  abnor-

mal i ties of placental  foetal  vessels (long, poorly
branched foetal  capi l laries; thus not wel l  function-
ing vessels)

19
were reported. These morphological

abnormal i ties are greatly expected to be present in
FGR co-twin placentas, considering the structural
simi lari ties of these two disorders. Further, as men-
tioned above, FGR co-twin and idiopathic FGR
placentas shared the same macro/microscopic
lesions, and both lacked enzyme reduction at each
cel l  level . Thus, we conclude that in FGR co-twin
placentas, dysfunction at each trophoblast cel l  level
does not exist, unl ike pre-eclamptic placenta. How-
ever, this placenta, simi lar to that in idiopathic FGR,
cannot function wel l  as a whole, which may lead to
placental  insufficiency and final ly to FGR. From the
morphological  perspective, in FGR co-twin placenta,
di fference from pre-eclampsia, but resemblance to
idiopathic FGR, was strongly suggested. Taking al l
these observations from our research and that of

other researchers into account, i t was suggested that
pathogenesis and pathophysiology of the FGR
co-twin may be the same as, or at least resemble,
those of idiopathic FGR, but qui te di fferent from
those of pre-eclampsia.

Recently, we demonstrated that one important
placental  enzyme, ie G6Pase, existed in human
placental  trophoblasts,

8
the presence of which has

long been controversial . This enzyme hydrolyzes
glucose-6-phosphate to glucose, and thus may play a
role in del ivering glucose to the foetus.

8
G6Pase may

contribute to foetal  growth. In FGR co-twin, foetal
hypoglycaemia was reported to be present,

22
thus

change or reduction in G6Pase enzyme activi ty may
be expected to occur. However, there was no reduc-
tion in cytochemical ly detectable G6Pase activi ty in
FGR co-twin placentas. Pre-eclamptic trophoblasts
also exhibi ted the same distribution pattern for this
enzyme. Placental  glucose production by G6Pase
may remain intact in these FGR placentas.

The detai led mechanism of l imi ted foetal  growth
in pre-eclampsia and idiopathic FGR is yet
unknown. Thus, even though in the present study
we characterised cytochemical ly detectable enzyme
activi ties in FGR co-twin placentas, and thus shed
l ight on the enzyme-histochemical  simi lari ties or
di fferences among placentas wi th these three dis-
orders, the question remains to be solved how FGR
occurs in dichorionic discordant tw ins. Further
study on a large population, using methods other
than enzyme histochemistry (biochemistry, molec-
ular biology, and other techniques) would be neces-
sary to elucidate this important issue.
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