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A NEW ERA IN TWIN RESEARCH
Robert Derom*

1. INTRODUCTION

| am greatly honoured to speak before one of the most prestigious audiences in the world of
twins and higher order multiple births. Professor Kunio MATAYOSHI, | thank you very
much for your invitation that | consider the crowning of my career and, much more important,
a golden opportunity to promote twin research. Indeed, | am convinced that twin research has
a bright future, world-wide speaking, but especially in Japan. If the Japanese Society of Twin
Research is as effective as the Japanese industry, there almost no limits in what can be
achieved in your country.

My talk will be mainly on research in monozygotic (MZ) multiples. Two reasons for that: (1)
monozygotic twins and triplets are not any more considered as a homogeneous group and this
has to be taken into account because it influences the basic methodology of our research ; and
(2), if I understand in correctly, MZ twins, and probably also MZ triplets, are the majority in
Japan and in other Asian countries.

The results of my research are mainly based on the East Flanders Prospective Twin Survey. |
will, therefore, in the first part of my talk, describe its methodology. The second part will be
devoted to twins and the third part to triplets. In the fourth and last part, | will make a plea for
the systematic determination of zygosity at birth and try to look in the future of twin research.

2. METHODOLOGY

Ideally, especially from the medical point of view, ascertainment should be done at birth and
on a regional base. You all know of the biases inherent to hospital statistics or to the usual
methods of ascertainement not based on populations. Besides the absence of biases,
population-based ascertainment at birth allows to collect important, even essential data that |
will briefly discuss one by one:

- the origin of the pregnancy, that is spontaneous or following infertility
treatment

- the parity

- the gestation, that is the duration of the pregnancy

- the presentation of the foetuses

- the mode of delivery

- the birthweight

- the placentation and its covariables (cord insertion, vascular anastomoses,
fusion, etc)

- the presence of congenital anomalies

- the perinatal outcome.

! Address to the Japanese Society for Twin Research



Let me emphasise that the most important items in this list are the origin of the pregnancy, the
birthweight and, above all, the placentation (figure). Placentation will be the « Leitmotiv» of
my talk.

It is much easier to determine zygosity at birth. Accuracy is maximal if one looks at the
placenta. In the East Flanders Prospective Twin Survey we do it, step by step, as follows:

6. sex, that needs no further comments ;

7. in same-sex multiples : the determination of the structure of the foetal membranes

(figure) is the next step ;

e dizygotic twins are born in dichorionic placentas, trizygotic triplets in
trichorionic placentas, tetrazygotic quadruplets in tetrachorionic placentas, etc.

e monozygotic twins, triplets, quads, etc. can have different types of
placentation : if the division occurs early, each member of the set implants
separately, the placentation is the same as with polyzygotic multiples ; if,
however, the division occurs later, the placentation is monochorionic, with, in
the case of twins, two amnionic cavity with division at the blastocyst stage
(days 4-7), or one amnionic cavity if the division occurs after implantation
(days 8-10) ;

¢ all monochorionic multiples are monozygotic, there is no need to perform
other investigations ; all-important, monochorionicity is 100% accurate, in
other words, means certainty ; it cannot be challenged by any other method

3. determination of genetic markers is the last step; blood groups come first because they are
rather easy to determine, a difference in blood groups meaning dizygosity ; if they are the
same, one should then calculate the probability of monozygosity that will vary from 50 to
90% if one uses the ABO, Rh and MNS system; to reach a probability approaching 100%
DNA polymorphism is the obvious choice; placental tissue is the best tissue to sample, it is
very rich in DNA that, another advantage, remains intact after the death of the foetus and
allows zygosity determination in macerated stillbirths (table).

8. EAST FLANDERS PROSPECTIVE TWIN SURVEY

The register was founded in 1964, based on the methodology just described. The province of
East Flanders, one of the ten provinces of Belgium, numbers some 1.3 million people and has
around 20,000 births a year. An overview of the multiples registered is shown here (Table).
Its history is characteristic of the epidemiology of multiple births in the industrialised
countries and illustrates the impact of the artificial reproduction techniques (ART) that have
been introduced on a large scale in 1970s. | will come back on that topic later on.

9. TWINS

9.1 Monozygotic twins
- placentation : the dichorionics, the monochorionis-diamnionics and the
monochorionics-monoamnionics. Each subgroup has some characteristics that will be

discussed.
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birthweight : mean birthweight is higher in dichorionic pairs, but somewhat
lower than in dizygotic pairs. The question is why? placentation is the same, hence
intrauterine conditions and, therefore, intrauterine growth, should also be the same.
The most attractive hypothesis: the long-time consequence of the reduction in
volume of the preembryo following division. What about within-pair differences?
They are the lowest as compared to comparable, this means same-sex, DZ pairs
and monochorionic pairs. In the first instance, differences in the foetal genomes is
the factor at work, in the second instances the hemodynamic imbalances resulting
from the vascular anastomoses. Of special interest, | think, is the repercussion of
the implantation sites of the two blastocysts. Are the two sites near to each other,
the placentas will be fused, are they at some distance, the placentas are separate
(slide). Mean birthweights per pair are higher when the placentas are separate
indicating, as expected, that the maternal blood supply to the placentas is then
optimal. A remarkable sexual difference can be discovered here: the optimal
circumstances are mostly beneficial to the female foetuses, another demonstration
of the biological superiority of women as compared to man! Nature’s experiment
is here almost perfect because the only difference between he two groups is the
foetal sex, in other word we are solving an equation with only one unknown.

the sex proportion, that is the percentage of boys as compared to the total
number of births, is another variable to consider: overall the proportion in twins is
0.485 as compared to the proportion in singletons, 0.51. Definitely, more girls than
boys. When comparing the MZ subgroups among themselves, another intriguing
difference comes to light: the proportion is only 0.25 in
monochorionic-monoamnionic twins whereas the proportions in the dichorionics
and monchorionics-diamnionics are identical. Why this is so remains an enigma.
Clearly, the female zygote is more prone to divide either early, or late.

rather unexpectedly, congenital anomalies are mostly discordant, that is
present in one member of the pair, absent in the other (3 slides). The next slides
show the list of the anomalies diagnosed at birth in a consecutive series of twin
maternities from the city of Birmingham and the province of East Flanders,
Belgium. Look athe great number of congenital heart diseases : they are all
discordant, and all but one in monochorionic pairs. Undoubtedly, the vascular
anastomoses and the hemodymacis imbalances that can occur in such cases, have
to be held responsible pathophysiology of these malformation.

perinatal mortality is, as you know, much higher in multiples : 4-5 times in
twins, 6-8 times in triplets. It is also higher in MZ as compared with DZ twins.
What about placentation ? (slide) The slide shows that there are no differences
between the dichorionic MZ’s and DZ’s. In contrast, the rate is definitely higher in
monochorionic-diamniontic twins, and highest of all in
monochorionic-monoamnionic twins. Zygosity by itself, therefore, is not the
culprit ; it is the chorionicity and the related variables, vascular anastomoses, cord
insertion, etc.

timing of splitting : quite logically, from what we know about the early
embryology in the human, it has been hypthesized that dichorionic MZ twins

11



originate by splitting of the zygote at a very early stages, say fewer than 8
blastomeres. This view has been challenged by quite a number of scientists on the
ground that the zona pellucida is still intact up to the end of the morula stage and
makes a division of the pre-embryo mechanically impossible ; the same scientists
point out that, at the time the zona pellucida begins to desintegrate, the pre-embryo
has already reached the blastocyst stage ; at that stage duplication of the blastocyst
does occur, for example by herniation of part of the blastocyst through a breach in
the zona pellucida, followed by a detachment of the herniated part from the part of
the blastocyst still trapped in the zona pellucida. There would’nt be much
difference, then, from the way monochorionic twins originate, that is by
duplication of the inner cell mass within the intact blastocyst. Together with an
American team working under the direction of Peter Gregersen, at the New York
University School of Medicine, we have thown new light on this disputed aspect of
the origin of MZ twinning. The story is somewhat digressive (cumbersome). D’ont
hesitate to ask question if you cannot follow the exposition. The division of the
human zygote happens probably at the same time of « lyonisation », that is the
inactivation of one of the X-chromosomes in the female mammalians. You know
that the inactivation occurs at random. Our working hypothesis was quite
straitforward : if there is a time interval between the origin of dichorionic and
monochorionic MZ twins and if the commitment to X-inactivation precedes the
twinning event in monochorionic female twins, then X-inactivation patterns would
be similar in the two members of such a pair. In contrast, that same pattern could
be different in dichorionic pairs, either because the inactivation process follows
the division ad could differ in a twin as compared to his co-twin, or — that loks to
us as the most probable explanatin — the number of blastomers being small there
would be unequal partition of paternal- and maternal-inactivated cells between
twin-1 and twin-2. It turned out that, indeed, the lyonisation was equal in
monochorionics but unequal in dichorionics.

Previous experimental data suggest that commitment to X-inactivation occurs
when there are 10-20 cells in the pre-embryo. Simulation of embryo splitting after
commitment to X-inactivation suggests that MC-MZ twinning occurs three or four
rounds of replecation after X-inactivation , whereas a DC-MZ twinning event
occurs earlier, before or around the the time of X-inactivation. We may conclude,
as stated by Puck, an expert in X-chromosome inactivation, that « the timing of
twinning must be considered as an additional important variable in twin studies. »

Genetics : there are few studies af MZ twinning. Most authors mention that
the rates being independent of maternal age, parity and ethnicity, genetical factors
are not involved. However, according to recent Scandinavian studies the rate of
MZ twinning is significantly increased in the offspring of MZ mothers, but not in
the offspring of MZ fathers. This interesting observation needs to be confirmed
before one can come to a conclusion. Let us turn now to DZ twins.

12



9.2 Dizygotic twins

- birthweight : their mean birthweight is higher than in DC-MZ twins, the
difference being some 75 ¢

- placentation : as in DC-MZ twins, the birtweigt is higher when the
placentas are separated, again the difference is greater in female than in male pairs

- the sex proportion is the same as in singletons, that is 0.5l

- the most interesting research development has to do with the genetics. We
have done a large study on several thousand 3-generations pedigrees of DZ
families with the Dutch research unit of Orlebeke and Boomsma. Those families
in which there were at least two DZ maternities were submitted to segregation
analysis. It would take too much time to go into the details of this methodology.
Let me only oint out that the material is submitted to different models of
inheritance to find out which one fits the data. According to best-fitting model, DZ
twinning is a monogenic condition. The gene is located on a autosome, is
dominant, has a fregency of 0.035 and has a low penetration of 0.10. This means
that the carrier frequency is 0.07 (dubbel the gene frequency) and that the female
carrier has in each pregnancy a one in ten risk to have DZ twins. The male carrier,
regretably, cannot express the gene, in other words, the condition is sew-specific.
The male carrier, nedless to say, can tranmit the gene to his offspring.
The next step, that is the search of the gene, has hitherto been unsuccessful.
Interestingly, our findings are in accord with the studies performed in Australian
and New Zealand Booroola sheep. In these mammals, twin pregnancy is also
determined by an autosomal dominant gene located in a gennomic region analoge
to chromosome 4 in the human. In the Booroola sheep heterozygotes produce
twins, homozygotes produce triplets.
We have also found that women carying the fragile-X anomaly, have a greatly
increased twinning rate. Also in this instance, there is similarity with the sheep.
Australian geneticist have demonstrated the presence of a twinning gene on
chromosome-X, also dominant, but only expressing itself in the heterozygotes.
Homozygous carriers are sterile.

9.3 latrogenic twins

The artificial reproduction techniques have, as you know full well, revolutionized the world
of multiples in the economically-strong countries. It happens that Belgium, followed on a
short distance by The Netherlands, are the runners up in the field. The table shows the yearly
numbers of spontaneous and iatrogenic twins born in East Flanders between 1975 and 1997.
In the last years almost 50% of the twins and more than 90% of the triplets were of iatrogenic
origin. I, and others as well, consider this trend as a serious problem of public health. Seven
per cent of the twins and 30% of the triplets have a very low (500-1500 g), even an extremely
low (< 500 g) birthweight. Many of these babies survive with a permanent handicap.

Two aspects of iatrogenic multiple pregnancies are worth discussing at some lenght the
zygosity and the gentic factors.
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There is no need to tell you that after artificial ovulation induction the numbers of multiples
are greatly increased and that these multiples are polyzygotic. Rather less known, is that the
MZ rates are also increased. From the analysis of one thousand iatrogenic twin maternities
and more than one hundred iatrogenic triplet maternities, we were able to estimate that the
MZ twinning rate was increased to 0.007, almost twice the rate in natural circumstances, that
is 0.004. Looking at the distribution of zygosity and placentation in iatogenic twin maternities
(slide), see that the total frequency of MZ twinning is around 5%. See also that the proportion
of dichorionic MZ twinning is lower than in spontaneous twinning, being 21% instead of 33%.
We hesitate to consider this difference as significant because the number of cases is low and,
more important, there is a substantial group (2.8%) in which the zygosity is unknown.

By the way, it is intriging to notice that in all studies related to the placentation of MZ twins,
the proportion of MC and DC has always been 2/3 to 1/3. It would be very interesting to
determine that proportion in a large population-based study of Japanese MZ twins because it
is unknown if ethnic differences are influencing a so far unexplained biological phenomenon.

Not exceptionally, patients react to a small dose of Clomid®© (clomiphen citrate) with
multiple ovulations. Could there be a genetic predisposition to this hypersensitivity ? We did
a segregation analysis, similar as the one in spontaneous twins, in families where the index
twin pair was born after ART (artificial reproduction technologies). Remarkebly, the results
were the same as in natural DZ twinning. It is suggested, then, that hyperstimulation
syndromes have a genetic background. If this is confermed, pharmacogenetic studies of
ovulation- inducing drug should be worthwile to undertake. Also, once the DZ-twinning gene
has been identified, ovulation-induction treatments should be preceded by an appropriate
screening procedure.

Let us now look at triplets.

5. TRIPLETS
5.1 Origins

Triplets can be monozygotic, dizygotic or trizygotic. With the last variety, there are no
problems, the triplets arise from three oocytes, fertilized by three spermatozoa. Dizygotic
triplets are the result of the simultaneous occurence of MZ and DZ twinning. Because there
are three subgroups of MZ twins, there also 3 subgroups of DZ triplets according to the three
types of placentation of the MZ pairs. MZ triplets can result from early triple division of the
zygote, then the placentation is trichorionic ; or from early double division of the zygote,
followed by intermediate or late division of one of the daughter zygote, the placenta being
then dichorionic-triamnionic or —diamnionic ; or from intermediate triple division, placenta
monochorionic-triamnionic ; or from one intermediate and one late division, or, finally, from
a triple late division. Too many types to consider, not enough time to discuss.

5.2 Placentation
There are 6 possible types, all of which have been described. The rules are the same as in

twins, that is : trizygotes are always trichorionic, dizygotes are tri- or dichorionic,
monozygotes can be tri-, di- or monochorionic.
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5.3 Zygosity distribution

Several models have been developed to calculate the distribution of the zygosity of triplets
from what we know about the prevalence rates of MZ and DZ twinning. The straightforward
hypothesis, developed by Jenkins (1927), is that MZ and DZ twinning are two completely
different processesses and that the association of the two is a stochastic phenomenon, in other
words, happening by chance. The frequency of dizygotic triplets, that is the fusion as it were
of a DZ pair and an MZ pair, is de prevalence rate of DZ’s multiplied by the prevalence rate
of MZ’s. According to the rule of Sleny (1921), the prevalences of monozygotic and trizygotic
sets would be square value of the prevalences of MZ an DZ twinning, respectively. The table
shows that this model fits precisely with the data of the East Flemish population. The formula
is given at the botom of the slide, « s » being the frequency of splitting, « e » the frequency of
extra ovulation, the symbols used by the scientists interested in the topic.

5.4 sex proportion

Knowing that there is a shift to the female side in MZ twins, and knowing also that, generally
speaking, in higher order multiple pregancies the sex proportion is diminishing with the
number of fetuses, it is worth while to look at the distribution of sexes in spontaneous triplets
according to zygosity.

See that 5 of 6 sets of MZ triplets are female, a sex proportion of 0.17, a difference as
compared to DZ AND TZ triples, as well as to MZ twins, which is highly significant! I am
fully aware that we are dealing with very small numbers. Just consider that there are no
population-based studies on the zygosity of natural triplets. Our data, therfore, need to be
confirmed. If they do, there is clearly a new phenomenon to study that could throw new light
on the genesis of MZ multiples.

| do hope that the Japan Society of Twin Research will encourage some of its members to
conduct studies on representative samples of the Japanese population to answer the questions
I have raised about the zygosity distribution and the sex proportions of triplets.

5.5 iatrogenic versus spontaneous triplets

The slide shows the zygosity distribution of the two groups. As expected, the zygosity of the
iatrogenic sets is, in its great majority, trizygotic (TZ). However, what | have shown in twins,
is also to be found in triplets: 12% are dizygotic, and one set is monozygotic. The frequency
of zygotic division is comparable with the one in iatrogenic twins, but definitely higher than
in spontaneous pregnancies.

In sum, (1) MZ triplets can arise from subsequent divisions of the zygote ; (2) the sex
poportion in MZ triplets is lower than in di- or trizygotic triplets ; and (3) the frequency of
zygotic splitting is two times higher in induced triplets as compared with spontaneous
ovulation.
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ZYGOSITY DETERMINATION AT BIRTH

There are many reasons to perform the zygosity determination at birth. I will discuss the three
reasons that are of paramount importance.

6.1 Itis a legitimate demand of the multiples themselves. The Japanese Society for Twin
Studies has joined other national and regional groups of the International Society for
Twin Studies to vote the “Declaration of Rights and Statement of Needs of Twin and
Higher Order Multiples” that includes a paragraph of special importance:

I11.A/ Parents have a right to expect accurate recording of placentation and the
diagnosis of the zygosity of same sex multiples at birth.

As well as singletons, multiples want to situate themselves against others and, especially,
against there co-multiples.

6.2 Medical reasons are obvious. Genetic counselling is one, organ transplantation is an other.
Do not forget that the perinatal and infant mortality of multiples is high and that a
member of a set may die at a young age before zygosity determination has been
performed.

6.3 Education of multiples will be greatly facilitated by accurate zygosity diagnosis. Just
think of schooling problems — weather or not separate the members of twin or triplet set —
and of competition between the members of a set. A good example are dizygotic triplets
in which the MZ pair could become alienated from the third member of the set.

6.4 Finally, genetic research will benefit a great deal. Think of malformations, weather
concordant or discordant; and if the twins are monozygotic, weather the zygotic division
was early, intermediate or late.

The International Society for Twin Studies will soon start with a campaign in favour of the
systematic determination and I hope you will support the Society’s efforts. Dr Elizabeth
Bryan, the new president, and the Board of directors, of which Dr Yoko Imaizumi is a
member, are backing this campaign.

7. FUTURE OF TWIN RESEARCH

7.1 There is a great need to set population-based registers, started at birth and in which the
placenta is investigated in order to distinguish the three subgroups of MZ twins. As | said,
chorionicity is a must from the point of view of methodology. This is an investment that
will only pay off on the long term, but of paramount importance.

7.2 The sequence of events during the pre-implantation is a domain that can be explored y
comparing the three subgroups of MZ twins as shown by the unequal lyonisation patterns
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7.3 The screening for diseases with important heritability is optimally done by research in
twins; the same holds through for environmental disease factors by comparing within pair
differences of morbidity and mortality in MZ pairs.

7.4 The greatest benefits are probably to be expected in the study of multifactorial traits or,
to use better wording, the oligogenic conditions. Large twin studies are the best way to
detect such conditions that, in a second stage, can be followed by a search of Quantitative
Trait Loci (QTL).

8. CONCLUSIONS

e Accurate recording of placentation is a must
e Placentation, not zygosity, is the all important obstetric variable to consider
e The female fetus is clearly more sensitive to the influence of the intrauterine
environment than the male fetus
e Genetics of DZ twinning is probably heterogeneous
- a dominant autosomal gene (chromosome 47?)
- an X-linked gene (fragile-X?)

e Patients overreacting to ovarian stimulation are probably those carrying the
DZ-twinning gene

e Induction of ovulation increases slightly the MZ-twinning rate

e The great number of iatrogenic multiple pregnancies threatens the public health. ART
should be sharply limited

e The model of Jenkins (1927), based on the rule of Sleny (1921), perfectly fits the
distribution of spontaneous triplets

e The sex proportion of late splitting MZ twins and MZ triplets is heavily shifted to the
female side

e Parents of multiples have a right to expect accurate recording of placentation

e ZYGOSITY DETERMINATION AT BIRTH IS A MUST AND IS THE
RESPONSIBILITY OF THE OBSTETRICIAN.
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