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Introduction
Preimplantation genetic diagnosis [PGD] has been performed for 

approximately four hundred different conditions, resulting in birth of 
thousands healthy children free of genetic disorders [1-3]. PGD has 
been also applied for preimplantation HLA typing as a treatment tool 
for the affected siblings with genetic and acquired disorders, requiring 
HLA matched stem cell transplantation [4-9]. The first application of 
this approach was reported for Fanconi anemia [4], which was then 
applied also for siblings with other genetic and acquired disorders [5-9].

It is well established that the HLA matched stem cell 
transplantation improves or completely replenishes the immune 
system, so PGD is a potential alternative for preventing inherited forms 
of immunodeficiency, to ensure the birth of unaffected children, as a 
potential stem cell donor progeny for their affected siblings. Feasibility 
of successful use of PGD for immunodeficiencies has previously been 
demonstrated for Wiscott-Aldrich Syndrome [WAS], X-linked hyper 
IgM syndrome [HIGM], and X-linked hypohidrotic ectodermal 
dysplasia with immune deficiency [HED-ID] [4-9]. The practical 
usefulness of the approach for preventing the birth of children with 
immunodeficiencies, as well as transplantation treatment of sibling, 
requiring stem cell transplantation as the only available treatment, is 
demonstrated below, which is currently the world’s largest experience 
in PGD for immunideficiencies.

Material and Methods
PGD cycles

A total of 82 PGD cycles were performed for 36 couples at risk 
for producing immunodeficiencient progeny, including 20 cycles for 
HIGM, 20 for incontinentia pigmenti [IP], 20 for hyper-IgM type 1 
immunodeficiency [HIGM1], 10 for chronic X-linked granulomatous 
disease [CGD], 9 for hypohidrotic ectodermal dysplasia with 
immune deficiency [HED-ID], 7 for Wiscott-Aldrich syndrome 
[WAS], 6 for Omenn syndrome [OMS], 5 for Type 1 X-linked 
agammaglobulenemia, 3 for ataxia-telangiectasia [AT], and 2 for 
X-linked immunodysregulation, polyendocrinopathy and enteropathy
[IPEX] (Table 1).

Biopsy procedures

 PGD cycles were performed using a standard IVF protocol coupled 
with micromanipulation procedures for the polar body [PB], or embryo 
biopsy, described in detail elsewhere [10]. The first PB [PB1] and 
second PB [PB2] were removed sequentially following maturation and 
fertilization of the oocytes using mechanical method, which is safe and 
highly efficient although laser assisted techniques may also be applied. 
After PB1 removal, the oocytes were inseminated with motile sperm, 
or using introcytoplasmic sperm injection [ICSI], and examined for 
the presence of pronuclei and extrusion of PB2, which were removed 
in the same manner as PB1. The biopsied oocytes were then returned 
to culture, checked for cleavage and transferred, depending on the 
genotype of the corresponding PB1 and PB2. It is understood that the 
PB approach allows testing only for maternally derived mutations, 
making possible to preselect unaffected embryos without a further 
testing for paternal mutations. However, HLA typing cannot be done 
on PB and requires embryo biopsy to obtain HLA typing information 
from both parents. 

Embryo biopsy was performed initially in cleaving embryos, but 
currently mainly on the blastocyst stage both for identification of 
immunodeficiency mutations of paternal origin, heterozygous embryos 
originating from oocytes with maternal mutations, and for HLA testing, 
in order to identify the embryos containing the maternal and paternal 
chromosomes 6 identical to the sibling with immunodeficiencies. 
Blastomere biopsy was performed by a mechanical method, while 
blastocyst sampling was done by laser [10]. 

Genetic analysis

 To avoid misdiagnosis due to preferential amplification, multiplex 
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nested PCR was performed, involving a simultaneous detection of the 
mutant gene together with up to three or more highly polymorphic 
markers, closely linked to the gene tested. Only when the polymorphic 
sites and the mutation agreed, were embryos transferred. So multiplex 
amplification allowed detecting allele-drop out [ADO] and prevented 
the transfer of misdiagnosed affected embryos [10].  

HLA genes were tested simultaneously, using the short tandem 
repeats in the HLA region, by applying a multiplex hemi-nested PCR 
system, involving only closely linked polymorphic short tandem repeat 
[STR] markers located throughout HLA region [D6S426, D6S291, Ring 
3 CA, TAP1, G51152, D6S2447, LH1,DN, D6S273, 9N-2, TNF a,b,c,d; 
62, MIC A, MIB, D6S276, D6S439, D6S1624, D6S265, D6S510; D6S248, 
RF, MOG a,b,c,d, D6S 258, D6S306, D6S464, D6S299, D6S461]. The 
choice of alleles and markers was based on the information they provide 
about the presence of maternal and paternal matching or non-matching 
chromosomes. For each family heterozygous alleles and markers 
were selected not shared by the parents. Such markers provided the 
information about the origin of chromosome 6. A haplotype analysis 
for father, mother and the affected child was performed for each 
family prior to preimplantation HLA typing, to avoid misdiagnosis 
due to preferential amplification and allele drop out [ADO], potential 
recombination within the HLA region. The probability of identifying 
unaffected embryos fully matched to thalassemic siblings is 18.75%, 
based on the 25% and the 75% probabilities of HLA match and having 
unaffected embryos, respectively. 

The HLA matched and immunodeficiency free embryos, based on 
the information about the mutation testing and polymorphic markers, 
were pre-selected for transfer back to patient, while non matched 
unaffected embryos were frozen for future use by the couple.

Results and Discussion
The results of PGD for immunodeficiencies are presented in Table 

1. A total of 108 unaffected and HLA matched embryos were detected 
for transfer in 63 [71%] of 82 PGD cycles for 36 couples carrying 
the above mentioned immunodeficiency mutations, resulting in 23 
unaffected HLA matched [36.5% per embryo transfer] pregnancies, 
which yielded the birth of 25 healthy children. The low average number 
of embryos transferred in these cycles [1.71 embryos per transfer] is 
due to a simultaneous pre-selection of HLA type, performed in 20 of 
36cycles, with the majority of them with advanced reproductive age. 
Overall, 29 embryos were unaffected and HLA matched to the siblings 
with immunodeficiencies and transferred in 20 PGD cycles, resulting 

in birth of 8 healthy HLA identical children, whose stem cells were 
transferred to the affected immunodeficient siblings, resulting in a 
complete cure.

 The presented data show the usefulness of PGD for 
congenital immunodeficiencies, as there is no effective treatment for 
these conditions other than stem cell transplantation. PGD provides 
the couples at risk with the option to avoid the affected pregnancy 
and have a progeny free of disease. If they have already an affected 
immunodeficient child, PGD with HLA typing makes it also possible to 
have an access to the HLA identical stem cell transplantation through 
selection and transfer of those unaffected embryos which are also HLA 
match to the sibling. Because the finding of the HLA identical stem cell 
donor is the key for achieving the success in stem cell transplantation 
[11], a complete cure was observed in our cases after stem cell 
transplantation in siblings, which is in agreement with the results of 
another large series reported from Turkey [12-14].

Although ethical issues [15] still present a barrier for a wider 
application of this technology, there has been an increase in referral for 
PGD with preimplantation HLA typing, with the present overall world’s 
experience of preimplantation HLA typing of more than thousand cases, 
the majority of which have been done within the last few years. The need 
for preimplantation HLA typing may be expected to increase in the 
future with the progress in cellular therapy, requiring the improvement 
of the access to HLA compatible stem cell transplantation.
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Disease Gene #Patient #Cycle #Transfers #Embryo transferred Pregnancy % Birth
Ataxia-telangiectasia; at ATM 1 3 2 3 1 1

Agammaglobulinemia, X-linked, Type I BTK 3 5 5 11 2 3
HLA + Immunodeficiency with Hyper-IgM, Type 1; HIGM1 CD40LG 6 11 7 11 4 3

Immunodeficiency with hyper-IgM, Type 1; HIGM1 CD40LG 4 9 9 13 3 3
HLA + granulomatous disease, chronic, X-linked; CGD CYBB 4 10 7 10 3 2

Immunodysregulation, polyendocrinopathy, and 
enteropathy, X-linked; IPEX FOXP3 1 2 2 2 0 0

HLA + ectodermal dysplasia, hypohidrotic, with immune 
deficiency IKBKG 2 9 6 8 2 3

Incontinentia pigmenti; IP IKBKG 9 20 13 24 2 3
Omenn Syndrome (OMS) RAG1 2 6 5 12 1 2

Wiskott-aldrich syndrome; was WAS 4 7 7 14 5 5
Total 36 82 63 (71.4%)* 108 (1.71)** 23 (36.5%) 25

* % of cycles with embryo transfer
**Average number of embryos transferred 

Table 1: Preimplantation Genetic Diagnosis for Congenital Immunodeficiences.
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