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IGH rates of successful pregnancy after in

vitro fertilization depend on placing more

than one embryo into the mother, a prac-
tice resulting in a 30-to-35-fold increase in dizygot-
ic-twin deliveries.! Increased frequencies of twin-
associated anomalies might also therefore be expected.
Chimerism, the presence in a single person of cells
derived from two or more zygotes, is one such rare
anomaly. It is usually ascertained through anoma-
lous blood-grouping results or (for XX /XY chime-
ras) sex reversal or intersex.

We used DNA polymorphisms to investigate a
46,XX/46,XY hermaphrodite conceived by in vitro
fertilization. We found not only that the child is a
chimera, but also that he must have resulted from
amalgamation of two embryos, each derived from an
independent, separately fertilized ovum.

CASE REPORT

The mother was a 31-year-old woman with primary infertility.
Hormonal and laparoscopic investigation indicated a normal pel-
vis and normal ovulation. Her partner, who was 41 years old, had
had a child by another partner but was severely oligozoospermic.
The woman was given buserelin and human menopausal gonad-
otropins, after which 18 oocytes were harvested, of which 15
were fertilized in vitro with anonymous donor sperm and main-
tained in separate dishes. Two days after insemination (the four-
cell stage), three embryos were transferred to the woman. Ultra-
sonography 36 days after transfer showed a single fetus and sac.
A 3.46-kg infant was delivered vaginally at term; he had a normal
right testis and an undescended left testis, with otherwise normal
male genitalia. At the age of six months, the left testis was palpa-
ble at the inguinal ring. Surgical exploration at the age of 15
months revealed a hernial sac containing an abnormal gonad and
vas deferens. These structures were excised; they proved on histo-
logic examination to be an ovary with a fallopian tube attached
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to a horn of uterus. Karyotyping of peripheral-blood lymphocytes
then revealed two cell lines, one 46,XX and the other 46,XY.

At the age of 20 months, the infant’s serum follicle-stimulating
hormone and luteinizing hormone concentrations were normal
for his age, both basally and in response to gonadotropin-releas-
ing hormone. The basal serum testosterone concentration was
normal (<20 ng per deciliter [<0.7 nmol per liter]) and rose
normally to 180 ng per deciliter (6.3 nmol per liter) three days
after a single intramuscular injection of 2000 IU of human cho-
rionic gonadotropin. Ultrasonography at three years eight months
revealed an apparently normal right testis in the scrotum and nor-
mal kidneys, bladder, and pelvic structures. At laparoscopy at four
years four months, the right vas deferens and testicular vessels ap-
peared to be normal; no female genital structures were seen. A
skin biopsy was performed. Subsequently, the child has grown
and developed normally, with height at the 90th percentile and
weight at the 75th percentile. He has no neurodevelopmental ab-
normalities, and he attends a regular school.

METHODS

Informed consent for all genetic investigations and publication
of the information was obtained from the child’s parents. Separate
samples of DNA were prepared from his peripheral blood and
cach of three flasks of fibroblasts cultured from his skin-biopsy
specimen. Short tandem-repeat polymorphisms corresponding to
anonymous loci were analyzed after amplification by the polymer-
ase chain reaction with fluorescein-labeled primers, as described
previously.2 Primer sequences were obtained from the Genome
Database or the Généthon linkage map.3

RESULTS

Demonstration of Chimerism by Analysis of DNA
Polymorphisms

We first examined X-chromosome markers, be-
cause the results were less likely to be uninformative
due to allele sharing between the patient’s mother
and father (who was not available for testing). For
DXS3 (chromosome Xq21.3) and DXS451 (chro-
mosome Xp22.1), the patient had three alleles (Fig.
1A and 1B). In each case, one was paternal, indicat-
ing (since the patient also has a Y chromosome) the
involvement of two sperm. The presence of two
other alleles indicates that two different maternal
X chromosomes were present.

Comparison of the results for the different samples
of fibroblast DNA (Fig. 1A and 1B) revealed a con-
sistent peak height (mass) ratio between the paternal
allele and one of the maternal alleles. These alleles
(paternal 2 and maternal 1 for DXS3; paternal 1 and
maternal 3 for DXS451) must therefore be the two
in the XX cell line. In contrast, because of the differ-
ing proportions of XY and XX cells in each fibroblast
culture, the height of the other maternal allele (XY
cell line) varied independently (peak 3 for DXS3;
peak 2 for DXS451). Fibroblast culture 3 thus con-
tained mostly XY cells, and culture 2 almost entirely
XX cells. Fibroblast culture 1 and the patient’s blood
had intermediate proportions of XX and XY cells.

The lack of paternal DNA made the results of
studies of many autosomal markers inconclusive, but
for D1781178 (chromosome 17qll.2—-ql2) we
found four distinguishable parental alleles. Again, the
different samples showed constant height ratios be-
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Figure 1. Demonstration of Chimerism through the Use of DNA Polymorphisms.

After amplification by the polymerase chain reaction, the fluorescein-labeled products were separated
by electrophoresis with a Pharmacia ALF sequencer. For each marker, the patient’s blood and skin fi-
broblasts (three cultures) and maternal blood were analyzed. The number 1 indicates the largest allele,
and the number 4 the smallest. The broad solid arrows indicate paternal alleles. For DXS3 (Panel A) and
DXS451 (Panel B), three alleles (two maternal and one paternal) are present in the patient’s blood and
fibroblasts. Since one of the patient’s two cell lines has a paternal Y chromosome, there are four dif-
ferent sex chromosomes in the patient (diagnostic of chimerism). The thin arrows indicate pairs of
peaks with constant height ratios, implying that these alleles are in the same cell line (see the Results
section). In Panel C, four D17S1178 alleles are present. In Panel D, the absence of one maternal D7S460
allele (2) from the chimera DNA rules out the possibility of sample mixing.

tween pairs of peaks, indicating that alleles 4 (mater-
nal) and 2 (paternal) were in the XX cell line, whereas
1 (maternal) and 3 (paternal) were in the XY cell line
(Fig. 1C; compare the reciprocal patterns indicated
for fibroblast cultures 2 and 3). The uninformative
marker D78460 indicates that inadvertent mixing of
patient and maternal DNA did not occur; the prom-
inent maternal allele 2 is completely absent from all
samples from the patient (Fig. 1D). Therefore, the
biallelic maternal contributions for other markers are
genetic ones and not contamination artifacts.

Origin of Chimerism

The DNA results prove the involvement of two
sperm but leave open several embryologic possibili-
ties*: fertilization both of a mature ovum and its first
polar body?; fertilization of an ovum and second po-
lar body; or “complete” chimerism, the amalgama-
tion of independent embryos, each derived from an
independently ovulated and separately fertilized
ovum. Discriminating among these mechanisms is
important, since only the third could result from the
transfer of multiple embryos after in vitro fertilization.

Because of recombination during the first meiotic
division, distinguishing among these possibilities ge-
netically requires analysis of polymorphisms near the
chromosomal centromeres. Three patterns can be
predicted. In the case of fertilization of the first po-
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TABLE 1. PERICENTROMERIC-MARKER SEGREGATION IN DNA
FROM THE PATIENT AND HiS MOTHER.

ESTIMATED No. oF

DISTANCE FROM MATERNAL ALLELES
MARKER CENTROMERE* ALLELEST TRANSMITTED

Mb cM MOTHER CHILD
D3S1271 2.7 1.0 1,2 1,2
D4S2996 1.6 <05 2,3 1,2 One
D5S8407 <1 22 1,2 1,2
D6S430 <1 <0.5 1,2 1 One
D7S502 1.6 <21 1,2 1,2
D8S532 2.0 0.5 2,3 1,2,3
DI9S1874 3.1 <05 1,3 1,2,3 (Both)f
D1184109 3.5 2.0 1,4 1,2,3,4 Both
D12887 19 <05 1,2 1,2
D14S72 <1 1.7 2,2 1,2
D18S1104 <1 1.0 1,2 1,2
D19§49 8.3 2.8 1,3 1,2,3 (Both)t
D20S871 <1 1.9 1,4 2,3,4 One
D21S258 1.7 5.6 1,2 1,2,3
AR (Xqll.2- 41 <05 1,3 1,2,3 Both

ql2)

*The estimated distances from the centromeres are from the Location
Databases; physical distances of less than 1 megabase (Mb; 1 Mb=1 mil-
lion bp) and genetic distances (female meiosis) of less than 0.5 cM (equal
to a 0.5 percent probability of recombination) are listed as <1 or <0.5.

tFor each marker, the number 1 indicates the largest allele.

1The parentheses indicate that the conclusion is based on the interpre-
tation of allele peak heights shown in Figure 2.
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Figure 2. Segregation of Pericentromeric Markers in DNA from the Patient and His Mother.

Panels A, B, and C show markers for which only one of the two maternal alleles was transmitted. Panels D and E show markers
for which transmission of both maternal alleles is clear. Panels F and G show markers for which transmission of both maternal
alleles can be inferred. Although only three D9S1874 alleles are present, comparison of the peak heights in the different fibroblast
cultures allows the following interpretation. Fibroblast culture 2 (known to contain almost all XX cells) has clearly received the
maternal 3 allele (and allele 2 from the father). In fibroblast culture 3 (which contains mostly XY cells), allele 2 has by far the largest
peak, implying that this allele was also transmitted by the father to the XY line. This means that allele 1 in fibroblast culture 3 must
be maternal in origin. Thus, opposite maternal D9S1874 alleles have been transmitted to the two lines in the chimera. Similar de-
ductions can be made for D19S49. Solid arrows indicate paternal origin of the indicated peak, and open arrows maternal origin.
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lar body, the two cell lines in the chimera will inherit
opposite maternal centromeres. For any informative
marker near the centromere, therefore, both mater-
nal alleles will be present in the chimera. After fer-
tilization of the second polar body, in contrast, the
two chimera cell lines will have the same maternal
centromere. For any informative markers near the
centromere, the chimera will inherit only one mater-
nal allele. In the case of embryo amalgamation, the
centromeres of each maternal chromosome pair will
have segregated randomly and independently in
each zygote. For markers close to some centromeres,
the opposite maternal alleles will be transmitted to
the two chimera cell lines, whereas for others, the
same allele will be present in both cell lines.

We analyzed polymorphisms close to the cen-
tromeres of 15 different chromosomes (Table 1).
Markers on three chromosomes (D452996, D65430,
and D20S871) (Fig. 2A, 2B, and 2C) demonstrated
transmission of only one maternal allele, ruling out
the first mechanism. In contrast, one autosomal
marker (D11S4109) (Fig. 2D) and one X-linked
marker (AR) (Fig. 2E) clearly showed the transmis-
sion of both maternal alleles, ruling out the second
mechanism.

By comparing the peak heights of the samples
with different proportions of XX and XY cells, we
could also infer the transmission of both maternal
alleles for two further markers — D9S1874 (Fig.
2F) and D19S49 (Fig. 2G). Thus, four pericentro-
meric markers reveal the transmission of both mater-
nal alleles, and three the transmission of only one
maternal allele (Table 1).

Though each marker has a small chance of error
due to recombination with its centromere, the find-
ings for at least three chromosomes are inconsistent
with fertilization of either the first or the second
polar body as a mechanism. They instead strongly
suggest independent segregation of maternal cen-
tromeres in two separate meioses (the third mecha-
nism). We conclude that two embryos, independent-
ly fertilized in vitro, fused, presumably after transfer
into the mother, because ova or embryos were not
cocultured during or after fertilization.

DISCUSSION

It is standard practice to replace more than one
embryo after in vitro fertilization (preferably two
embryos, because of high rates of the delivery of trip-
lets after the placement of three or more”8). The re-
sulting proportion of twin pregnancies in most in vi-
tro fertilization programs is 20 to 25 percent.}? The
perinatal or postnatal complications of these twin
gestations are generally thought to be those of mul-
tiple conception and not specific for in vitro fertiliza-
tion, 19 although the discordance in birth weight be-
tween twins seems to be greater than in natural
pregnancies.!! The increase in the frequency of dizy-
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gotic twins after in vitro fertilization by a factor of
approximately 33 implies a similarly increased risk of
rare twin-associated anomalies such as chimerism.

The natural incidence of chimerism is unknown.
Phenotypes of XX /XY chimeras range from normal
fertile males!213 through males with hypospadias or
ambiguous genitalia and hermaphroditism!#+18 and
fertile female hermaphrodites!® to phenotypically nor-
mal, fertile females.20 This sparse literature is un-
doubtedly biased toward cases with sexual ambiguity
or other gonadal problems, and many XX /XY chi-
meras may go unnoticed. Same-sex chimeras should
be almost invariably phenotypically normal.

The observation of chimerism after in vitro fertil-
ization should therefore be taken seriously. Not only
does the great rarity of XX /XY chimerism suggest a
causal link to the in vitro fertilization, but also its in-
cidence could be higher than suspected.

REFERENCES

1. Friedler S, Mashiach S, Laufer N. Births in Israel resulting from in-vitro
fertilization/embryo transfer, 1982-1989: National Registry of the Israeli
Association for Fertility Research. Hum Reprod 1992;7:1159-63.

2. Strain L, Warner JP, Johnston T, Bonthron DT. A human parthenoge-
netic chimaera. Nat Genet 1995;11:164-9.

3. Dib C, Faure S, Fizames C, et al. A comprehensive genetic map of the
human genome based on 5,264 microsatellites. Nature 1996;380:152-4.
4. Ford CE. Mosaics and chimaeras. Br Med Bull 1969;25:104-9.

5. Bieber FR, Nance WE, Morton CC, et al. Genetic studies of an acardiac
monster: evidence of polar body twinning in man. Science 1981;213:775-7.
6. Collins A, Frezal J, Teague J, Morton NE. A metric map of humans:
23,500 loci in 850 bands. Proc Natl Acad Sci U S A 1996;93:14771-5.
7. Roest J, van Heusden AM, Verhoeff A, Mous HV, Zeilmaker GH. A
triplet pregnancy after in vitro fertilization is a procedure-related compli-
cation that should be prevented by replacement of two embryos only. Fertil
Steril 1997,67:290-5.

8. Staessen C, Janssenswillen C, Van den Abbeel E, Devroey P, Van Steir-
teghem AC. Avoidance of triplet pregnancies by elective transfer of two
good quality embryos. Hum Reprod 1993;8:1650-3.

9. Olivennes F, Kadhel P, Rufat P, Fanchin R, Fernandez H, Frydman R.
Perinatal outcome of twin pregnancies obtained after in vitro fertilization:
comparison with twin pregnancies obtained spontancously or after ovarian
stimulation. Fertil Steril 1996;66:105-9.

10. Saunders K, Spensley J, Munro J, Halasz G. Growth and physical out-
come of children conceived by in vitro fertilization. Pediatrics 1996;97:
688-92.

11. Bernasko J, Lynch L, Lapinski R, Berkowitz RL. Twin pregnancies
conceived by assisted reproductive techniques: maternal and neonatal out-
comes. Obstet Gynecol 1997;89:368-72.

12. Watkins WM, Yates AD, Greenwell P, et al. A human dispermic chi-
maera first suspected from analyses of the blood group gene-specified gly-
cosyltransferases. ] Immunogenet 1981;8:113-28.

13. Schoenle E, Schmid W, Schinzel A, et al. 46,XX/46,XY Chimerism in
a phenotypically normal man. Hum Genet 1983;64:86-9.

14. Fitzgerald PH, Donald RA, Kirk RL. A true hermaphrodite dispermic
chimera with 46,XX and 46,XY karyotypes. Clin Genet 1979;15:89-96.
15. Farag TI, Al-Awadi SA, Tippett D, et al. Unilateral true hermaphrodite
with 46,XX/46,XY dispermic chimerism. ] Med Genet 1987;24:784-6.
16. Poissonnier M, Janvier D, Cabrol S, Reviron M, Noel L, Reviron J.
Hermaphrodisme vrai chez un enfant porteur d’une chimére chromo-
somique XX/XY, d’une double population erythrocytaire et d’une phéno-
type Lewis (a+ b+) inhabituel. ] Genet Hum 1987;35:119-29.

17. Green AJ, Barton DE, Jenks B, Pearson J, Yates JR. Chimaerism shown
by cytogenetics and DNA polymorphism analysis. ] Med Genet 1994;31:
816-7.

18. Sawai T, Yoshimoto M, Kinoshita E, et al. Case of 46,XX/47,XY,+21
chimerism in a newborn infant with ambiguous genitalia. Am ] Med Genet
1994;49:428-30.

19. Verp MS, Harrison HH, Ober C, et al. Chimerism as the etiology of
a 46,XX /46 XY fertile true hermaphrodite. Fertil Steril 1992;57:346-9.
20. Bromilow IM, Duguid J. The Liverpool chimaera. Vox Sang 1989;57:
147-9.

Volume 338 Number 3 - 169

. For personal use only. No other uses without permission.

Copyright © 1998 Massachusetts Medical Society. All rights reserved.



