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ABSTRACT Intracytoplasmic Sperm Injection (ICSl) of-
fers the real prospect of genetic parenthood for men with
profound oligozoospermia and azoospermia. However, it
may result in transgenerational transmission of genetic de-
fect, which substantially increases the recurrence risk of
infertility in the offspring of couples treated with ICS|. Re-
cent developments in the field of genetics and assisted re-
production have led to emergence of preimplantation ge-
netic diagnosis (PGD). PGD helpsin the negative selection
of the aneuploid and abnormal embryos. For PGD, the em-
bryo is biopsied and 1-2 blastomeres are removed from the
6-10 cell embryo. For establishing the diagnosis, the ge-
netic analysis is carried out using FISH (for structural and
numerical chromosomal anomalies) or PCR (for single gene
disorders). Only the normal embryos are transferred back
to the uterus, thus ensuring a normal pregnancy. Spare or
arrested embryos obtained following ICSI were used for
the study. FISH was performed on 5 embryos using CEP X
spectrum green probes. PCR was done for cystic fibrosis
common mutation AF508 and for 3-thalassaemia IVS1 -5
and 619 bp deletion using blood as positive control. Mosa-
icism was noted in two of the five embryos using FISH.
The blastomeres were found to be normal for cystic fibro-
sisand B-thalassaemia. PGD has an important role in help-
ing patients to avoid the risk of transmission of genetic de-
fect or abnormalities and also helps in avoiding repeated
medical termination of pregnancy.

INTRODUCTION

Intracytoplasmic Sperm Injection (ICSI) has
become aroutine practice in management of in-
fertility especially in cases of severe malefactor
infertility (Palmero et a. 1992). ICSI offersthe
real prospect of genetic parenthood for men with
profound oligozoospermia and even with
azoospermia (Kurinczuk et al. 1997). During
ICSI al the natural sperm selection processes
are bypassed, that may be weeding out the ab-
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normal sperm and hindering it from fertilization
of the egg. Because of the visual sperm selec-
tion based on morphology, there is a potential
risk of using sperms carrying genetic abnormal-
ity or sperms with structural defect (Kurinczuk
et a. 1997). Hence, the major cause of concern
with ICSI isthe possibility of transgenerational
transmission of genetic defects (Meshede et al.
2000). The common genetic abnormalities as-
sociated with male infertility include cystic fi-
brosis gene mutation (Patrizio et al. 1993), Y
chromosome microdeletions (Bardoni et al.
1991; Foresta et al. 1997), and chromosomal
abnormalities (structural and numerical)
(Baschat et al. 1996; Testart et a. 1996). De-
fects and abnormalities may also be transmitted
through the femal e arising most commonly due
to non-digiunction at maternal meiosis| and I1.

Though ICSI cannot avoid transmission of a
genetic abnormality to the offspring, the identi-
fication of these defects in the embryo prior to
implantation helpsin overcoming thefear of hav-
ing an abnormal baby. Thisisnow possiblewith
the advent of Preimplantation Genetic Diagno-
sis (PGD). PGD is a new and exciting advance
inprenatal diagnosis bringing the hope of healthy
babiesto couplesat risk of passing heritabledis-
eases to their offspring. PGD, as the name sug-
gests, diagnoses the genetic disease or chromo-
somal abnormality at the preimplantation stage
i.e. before implantation (Egozcue et a. 2000).
PGD thus helps in negative selection of the af-
fected embryos before the pregnancy has been
established and thus avoids the risk of recurrent
abortion and/or repeated termination of preg-
nancy (Grifo et al. 1997).

PGD involves isolation of genetic material
from the oocyte or the embryo (biopsy), genetic
analysis of the cellsfor establishing the diagno-
sis(FISH or PCR) and transfer of unaffected em-
bryos. Biopsy can be done at the oocyte stage
(polar body biopsy) or at theembryo stage (blas-
tomeres from the cleavage stage embryo or
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trophectoderm cells from the blastocyst). The
diagnosisisestablished using PCR or FISH. PCR
is the process through which a single copy of
DNA can beamplified millions of times, thereby
making it possible to analyze the genetic make-
up of single cells. However, the most common
genetic abnormalities in humans are related to
an abnormal number of chromosomes and are
not detectable by PCR. For the study of chro-
mosomal abnormalitiesin human embryos, FISH
is the method of choice. FISH is based on the
use of labeled DNA probesthat bind specifically
to the DNA of fixed cells. By using different
fluorescently labeled probes, multiple chromo-
somesinasinglecell can besimultaneously ana-
lyzed in much less time than it takes for classic
karyotypeanalysis. Secondly, FISH allowschro-
mosome enumeration to be performed on inter-
phase cell nuclei, thus circumventing the need
for culturing cells or preparing metaphase
spreads asis necessary with karyotype analysis.
FISH is currently the only method available to
detect numerical chromosomal abnormalitiesas
well as tranglocations in single cells from em-
bryos (Munne et al. 1998). It is also used to se-
lectively implant female embryosin cases of X
linked genetic disorders like Hemophilia and
DMD.

Present Status of PGD in the World

Multicolor FISH isbeing used to detect chro-
mosomal aneuploidy on single cells for chro-
mosomes 13, 18, 21, X and Y. Thesefive sets of
chromosomes are responsible for almost 95%
of cytogenetic defectsin live births.

PGD for cystic fibrosis is offered at many
centersfor human reproductionin USA and UK
(Handyside et al. 1992). At thistime, the detec-
tion of the DAZ gene deletion has not been uti-
lized as aclinical test with PGD. Specific tests
for Cystic fibrosis, Duchenne Muscular Dystro-
phy, Beta-Thalassemia, Tay-Sachs disease, He-
mophilia, Fragile-X syndrome, Sickle cell dis-
ease, Retinitis Pigmentosa, Marfan syndrome,
Huntington’s disease, Fanconi’s anemia have
been devel oped and successfully applied in PGD
using PCR.

The first case of PGD was reported in 1994
for asex-linked disorder (Handysideet al. 1994).
Over aperiod of the last 7 years, datais avail-

able on 886 patients who have undergone 1318
PGD cycles and data on 163 pregnancies and
162 babiesare available from the ESHERE PGD
consortium steering in December 2000 and the
results have been shown to be very promising
(ESHERE PGD Consortium, 2000).

Studies have been initiated at our Center at
Jaslok Hospital, Mumbai, to set up PGD for
major chromosomal aneuploidies. We have suc-
cessfully standardized FISH procedure onsingle
cell preparations collected from arrested em-
bryos. Using specific probes from Vysis (UK),
for the X chromosome, we studied the FISH sig-
nals in five samples (more than two cells were
analyzed of each sample). Mosaicism was noted
in two samples. Further evaluation using
MultiVysion set of probes (Vysis, UK) isunder
progress. We have al so standardized PCR for 3-
thalassemia and cystic fibrosis on single cells.

MATERIAL AND METHOD

ICSl was performed using an inverted mi-
croscope (Labovert SS, Lietz) at 250 X magni-
fication and Lietz micromanipulation system
with Narishige ail syringes (IM-6). Metaphase
Il oocyteswere placed inthe medium (GAMETE
Medium, Scandinavia) and the sperms were
placed in the central droplet in PVP (Medicult,
Denmark). The droplets were covered with par-
afinoil. The oocyte was stabilized with the hold-
ing pipette with the polar body at the 6 or 12
0’ clock position. Theinjection micropipette con-
taining the single sperm wasthen pushed through
the zona pellucida and oolemma into the cyto-
plasm of the oocyte at the 3 o’clock position.
Theinjection pipette was withdrawn gently and
the oocyterel eased from the holding pipette. The
fertilized oocyteswere cultured in G1.2 medium
(Scandinavia) at 37°C and 5% CO, till day 3
when the embryo reached the 6-10 cell stage.

Biopsy was performed on the spare or the
arrested embryos (embryos failing to grow be-
yond 2-4 cell stage) under oil using an inverted
microscope and micromanipulator system (Re-
search Instruments, U.K). The embryo was se-
cured with the holding pipette at 9 o’clock by
gentle suction in such a way that the cell to
be biopsied was at 3 o’'clock. The zona was
drilled using Laser (Fertilase®, MTG Medical
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Technologies G.M.B.H. Germany). A 1.48 mm
diode non-contact laser beam was used which
brought about photolysis of the zona pellucida
to form an opening. The aspiration pipette was
placed through the hole in the zona and one or
more cells were aspirated by gentle suction. In
cases where spare embryos were used, post bi-
opsy theembryoswere cultured in labeled drops
of G1.2 medium under pre-equilibrated mineral
oil a 37°C and 5% carbon dioxide to evaluate
the effect of biopsy on further embryo develop-
ment.

FISH Protocol for PGD

Single cells biopsied from the embryo were
placed on prepared glass slidesand fixed (Munne
et al. 1998). They wereincubated in 2 X SSC at
37°C for 30 min followed by dehydration in
chilled alcohol grades for 1 minute each. After
wiping the excess acohol, 3 pl of Vysis probe
cocktail containing CEP X spectrum green
probe, was placed on thecell, covered with small
glass coverslip and sealed with rubber cement.
The target DNA in the cell and the probe were
co-denatured at 75°C for 5 min. Hybridization
was done overnight at 37°C in amoist chamber.
The slides were then washed with 0.4 X SSC at
70°C (for 2 minute), 2X SSC at room tempera-
ture for 1 minute, counter stained in Propidium
lodide for 35 sec, rinsed in PBS, mounted in
antifade solution, sealed with nail paint and kept
at 4°C for 30 min. The signals were observed
under Zeiss Axioskop-2 with an FITC filter.

PCR Protocol

PCR was performed for cystic fibrosis com-
mon mutation AF508 on single blastomere DNA
using blood DNA as positive control from acar-
rier patient. The blastomerewastakeninthe PCR
tube and incubated in a boiling water bath for
10 mintolysethecell and the extract wastested.
DNA from whole blood (positive control) was
extracted using Quiagen Kit. PCR was per-
formed with a separate tube for normal and mu-
tated primer for each patient. The denaturation
was done at 95°C for 1min, followed by anneal -
ing at 56°C for 1min for 70 cycles and final ex-
tension at 72°C. The PCR products were ana-
lyzed using agarose gel electrophoresis.

For B-thalassemialVS 1- 5 and 619 bp de-
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letion mutations were tested using blood from
known carrier as positive control. The protocol
used was similar to that used for cystic fibrosis
except that the denaturation was done at 93°C
for 1min, followed by annealing at 66°C for 1min
for 100 cycles and final extension at 66°C.

RESULTS

FISH: Five embryos (two cells per embryo)
were analyzed and mosaicism was noted in two
embryos (Table 1). Inembryo 1, one blastomere
showed 2 signals and the other blastomere
showed 3 signals for the X chromosome. In
embryo 4, one blastomere showed 1 signal and
the other showed 2 signals for the X chromo-
some. These 2 embryos showed X chromosome
mosai cism. Two blastomeres each from embryos
2 and 3 showed the presence of only one signal.
Embryo 5 showed two signals in both the blas-
tomeres.

Table 1: Detailsof the FISH signalsin two blastomeres
obtained from the embryos

Embryo No. Number of signalsin Number of signalsin

Blastomere “ &” Blastomere “b”
1 2 3
2 1 1
3 1 1
4 1 2
5 2 2

PCR: Figure 1 shows the gel run for cystic
fibrosis. Well 1in the gel contained DNA from
the blastomere and normal primer. It showed
presence of the band of size 78bp confirming
normal gene. Well 2 contained DNA from the
blastomere and mutated primer. It did not show
any of the bands and confirms absence of the
mutation. Well 3 contained DNA from the blood
(Carrier patient) and normal primer. The band
of 78bp showed presence of the normal gene.
Well 4 was empty. Well 5 contained DNA from
the blood (Carrier patient) and mutated primer.
It showed presence of aband of size 75bp, which
confirmed the single stranded deletion of the
gene. Hence from wells 3 and 5 the carrier sta-
tus of the mutation was observed. Wells6 and 7
contained normal and mutated primers respec-
tively with distilled water as test sample. Ab-
sence of bandsin both shows purity of PCR. Well
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Fig. 1. PCR for Cystic Fibrosis Mutation D F 508
1. Normal: Blastomere DNA
2.Mutated: blastomere DNA
. Normal: Blood DNA
. Blank
. Mutated: Blood DNA
. Normal: Distilled Water
. Mutated: Distilled Water
. Blank
. Standard Molecular Weight Marker
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8 was left blank and well 9 contains standard
molecular weight marker with 50bp difference
in bands. Thus the blastomere under investiga-
tion isnormal.

Figure 2 showsthe gel runfor 3 thalassemia
IVS 1-5 and 619 bp deletion mutations. Well
linthegel contained DNA from the blastomere
and normal primer for mutation IVS 1-5. It
showed the presence of the band of size 285bp
confirming normal gene. Well 2 contained DNA
from the blastomere and mutated primer for
mutation VS 1- 5. It did not show any band
and confirmed absence of the mutation. Well 3
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i <_

<— 50bp

Fig. 2. PCR for B-Thalassemia Mutations

1. IVS1-5Normal: Blastomere

2. Mutated: blastomere

3. 619bp Deletion: Blastomere

4. 619bp Deletion - DNA from lymphocytes

contained DNA from another blastomere and
primer for mutation of 619bp deletion. The band
of 861bp showed presence of the normal gene.
Well 4 contained DNA from the blood (carrier
patient) and primer for mutation of 619bp dele-
tion. It showed presence of two bands, one of
size 861bp, which confirmed the presence of the
normal gene and the second of 242bp, which
confirmed the deletion of 619bp. Hence from
well 4 the carrier status of the mutation was ob-
served. Well 5 contains standard molecular
weight marker with 50bp difference in bands.

CONCLUSION

The desire for most couples harboring the
genetic abnormalities associated with infertility,
to have achild, overrides their concern of pass-
ing the defect or abnormality of the same traits
totheir progeny. Interestingly, even after genetic
counseling, the decision to proceed with ICSI
for the overwhelming majority of couples re-
mains unchanged. They want to carry on with
the treatment only with the hope that there will
be more advanced assisted reproductive tech-
nologiesin future to circumvent infertility. Itis
theresponsibility of the physicianto counsel the
couple about the risks of potential infertility in
their children, as well as more life-threatening
situations such as cystic fibrosis disease and the
unknown consequences of autosomal and Y-
chromosome defects. Here the patients should
be informed about PGD so asto avoid the birth
of abnormal babies. PGD also helps to detect
the defects or abnormalities at the preimplanta-
tion stage and hence it helps in avoiding medi-
cal termination of pregnancy, which is not ac-
ceptablein many communitieson social grounds.
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