
Core tip: Human leukocyte antigens (HLA) identical 
stem cell transplant is the key in achieving an accept-
able engraftment and survival in stem cell therapy. 
However, the availability of the HLA matched donors 
even among family members is extremely limited, so 
preimplantation HLA typing provides an attractive prac-
tical tool of stem cell therapy for children requiring HLA 
matched stem cell transplantation.
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INTRODUCTION
Preimplantation human leukocyte antigens (HLA) match-
ing could not be indication for prenatal diagnosis because 
it is not acceptable to terminate a normal pregnancy only 
because the foetus is HLA unmatched. However, preim-
plantation genetic diagnosis (PGD) for this purpose is to-
tally different, as maximum two embryos are transferred 
so these embryos may be pre-selected to be unaffected 
one and match to affected siblings to perform HLA 
matched stem cell transplantation. This was first intro-
duced in combination with mutation analysis for Fanconi 
anemia (FA), with a total success[1,2]. In fact FA was also 
the first disorder for which cord blood stem cell trans-
plantation has been first performed[3]. FA is genetically 
heterogeneous group of  disorders, involving different 
complementation groups (FANCA, FANCB, FANCC, 
FANCD and FANCE)[4-6], for which stem cell transplan-
tation is the only treatment as the objective is to restor 
hematopoiesis which can be done only with HLA identi-
cal stem cells, to prevent severe graft vs host disease[7,8].

As will be described in this paper, preimplantation 
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Abstract
It is well known that to achieve an acceptable engraft-
ment and survival in stem cell therapy, an human leu-
kocyte antigens (HLA) identical stem cell transplant is 
strongly required. However, the availability of the HLA 
matched donors even among family members is ex-
tremely limited, so preimplantation HLA typing provides 
an attractive practical tool of stem cell therapy for chil-
dren requiring HLA matched stem cell transplantation. 
The present experience of preimplantation genetic diag-
nosis (PGD) for HLA typing of over one thousand cases 
shows that PGD provides the at-risk couples with the 
option to establish an unaffected pregnancy, which may 
benefit the affected member of the family with hemo-
globinopathies, immunodeficiencies and other congeni-
tal or acquired bone marrow failures. Despite ethical 
issues involved in preimplantation HLA typing, the data 
presented below show an extremely high attractiveness 
of this option for the couples with affected children re-
quiring HLA compatible stem cell transplantation. 
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HLA testing is currently applied not only with PGD for 
single gene disorders, but also as a sole indication. 

PREIMPLANTATION HLA TYPING WITH 
AND WITHOUT PGD FOR SINGLE GENE 
DISORDERS
Our experience on PGD with HLA typing is presented in 
Table 1, showing that among conditions requiring HLA 
compatible stem cell transplantation, hemoglobinopathies 
are the major indication, representing the commonest 
autosomal recessive diseases in Mediterranean region, 
Middle East and South East Asia.

Hemoglobinopathies 
Hemoglobinopathies, including thalassemia and sickle 
cell disease, are autosomal recessive disorders with ab-
normal production of  beta-globin chains that leads to a 
severe anaemia, requiring a life-long blood transfusion 
Prevention of  these disorders has been done using fetal 
diagnosis with reduction of  new cases of  thalassemia 
to up to 70% in many populations, including such large 
countries in the Eastern Mediterranean region, as Greece, 
Turkey and Iran[9-11]. There has been progress also in tin 
treatment by bone marrow transplantation[12], but this is 
limited due to unavailability of  HLA matched stem cells, 
that can be overcome by PGD. We introduced PGD for 

thalassemia 18 years ago[13-15], and HLA typing is actually 
a natural extention allowing couples to produce an unaf-
fected child as a potential HLA matched donor for thal-
assemic sibling.

In our experience, of  a total of  293 PGD cycles for 
161 couples at risk for producing offspring with hemo-
globinopathies, 149 cycles were performed for HLA typ-
ing. Polar body (PB) or embryo biopsy was used to iden-
tify hemoglobinopathy mutations, and embryo biopsy 
was also used for HLA testing, in order to identify the 
embryos containing the maternal and paternal chromo-
somes 6 identical to the affected siblings, as described in 
detail elsewhere[16-18]. 

HLA typing was based on the methods described 
elsewhere[19-22]. The chances to identify unaffected em-
bryos fully matched to thalassemic siblings is 18.75%, as 
for other autosomal recessive conditions, based on 25% 
chance of  HLA match and 75% chance of  having unaf-
fected embryo (Table 2).

Of  more than two dozens of  different beta-globin gene 
mutations tested, the most frequent ones were IVSI-110 
mutation -100 cases (33%), followed by IVSI-6-39 cases, 
IVSII-745-23 cases, Codon 8-20 cases, IVSI-1-18 cases, and 
codon 39 and IVSI-5-16 cases each. Among other muta-
tions were IVSII-2, Codon 5, Codon 6, Codon 41/2, E121K, 
-29 (A-G)-87, R30T, Cap 1, deletion 69 kb and deletion 
13.4 kb. Mutation testing resulted in detection and trans-
fer of  476 unaffected embryos (approximately, 2 em-
bryos per transfer) in 240 (81.9%) of  293 clinical cycles, 
yielding 67 (27.9%) unaffected pregnancies and birth of  
70 thalassemia-free children[18]. PGD for thalassemias 
currently represents approximately 15% of  our PGD 
series of  2028 cases, which is the world’s largest series for 
monogenic conditions[23].

A total of  149 of  these PGD cycles were performed 
for HLA typing, which allowed detecting and transferring 
unaffected HLA matched embryos in 82 of  them (Table 
1). Of  824 embryos with conclusive results for testing of  
beta-globin gene mutations and HLA type, 602 (73.0%) 
were predicted to be unaffected carriers or normal, of  
which only 130 (15.8%) appeared to be HLA identical to 
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Table 1  Experience in preimplantation genetic diagnosis with HLA typing

Disease Patients Cycles No. of embryo transfers No. embryos transferred Pregnancy Birth

Thalassemia/sickle cell disease 51 149   82 130 20 15
FANCA, FANCC, FANCD2, FANCF, 
FANCI, FANCJ

17   53   34   52   7   4

WAS   2     2     2     4   1   1
X-ALD   2     5     1     1   0   0
Hyper IgM   5     8     6     9   3   2
HED-ID   2     9     6     8   2   3
DBA   3     5     3     6   2   2
Krabbe   1     1     1     2   1   2
DM   1     2     1     2   1   2
Chronic granulomatous disease   1     3     3     5   1   1
Total 85 238 139 219 38 32

WAS: Wiscott-aldrich syndrome; X-ALD: X-linked adrenoleukodystrophy; HED-ID: Hypohidrotic ectodermal displasia with immune deficiency; DBA: 
Diamond-Blackfan anemia; DM: Dystrophia myotonica.

Table 2  Chances for detection of disease free and HLA 
match embryo in preimplantation HLA typing

HLA MATCH only-1/4 (25%)
Autosomal recessive or X-linked free + HLA MATCH-3/4 × 1/4 = 3/16 
(18.75%)
Autosomal dominat free + HLA MATCH-1/2 × 1/4 = 1/8 (12.5%)
Autosomal recessive or X-linked free + HLA MATCH + ANEUPLOIDY-
free-3/4 × 1/4 × 1/2 = 3/32 (9.4%)
Autosomal dominant free + HLA MATCH + ANEUPLOIDY-free-1/2 × 
1/4 × 1/2 = 1/16 (6.25%)

HLA: Human leukocyte antigens.



the affected siblings, which, as mentioned, is not signifi-
cantly different from the expectation (Table 2)[18]. These 
embryos were replaced, yielding 20 healthy matched clini-
cal pregnancies. Umbilical cord blood was collected at 
birth of  these children, or bone marrow obtained at 1 year 
of  age, and transplanted or pending, resulting in a success-
ful hematopoietic reconstitution in all of  them. Clearly the 
progress in radical treatment of  hemoglobinopathies will 
depend on the availability of  HLA identical donors[24]. 

PGD for HLA typing has currently been applied as 
an efficient tool for couples at risk in many PGD centres 
to ensure having thalassemia-free children who are HLA 
identical to the affected siblings, to serve a potential do-
nor for stem cells for transplantation treatment. This cur-
rently is a practical tool for a use in communities where 
hemoglobinopathies are endemic and will improve the 
access to HLA matched bone marrow transplantation of  
these prevalent conditions. 

The other large series of  PGD for HLA typing for 
thalassemia was reported from Turkey, where 236 PGD 
cycles were performed resulting in birth of  70 thalasse-
mia-free children. Of  48 affected children transplanted (in 
addition to thalassemia, morbid children with 9 other dif-
ferent conditions was transplanted), successful outcome 
was observed in 44 of  them with a total hematopoietic 
reconstitution, while the graft failure occurred only in 4 
of  them[25-27].

Immunodeficiencies
Preimplantation HLA typing appeared to be of  great 
utility for severe congenital immunodeficiencies (SCID), 
which is the key in in finding matched stem cell trans-
plant to save live of  SCID patients. Our accumulated se-
ries on PGD for SCID is presented in Table 1[28]. A total 
of  19 PGD cycles for 9 couples for producing affected 
progeny with the above conditions (this does not include 
PGD cycles for FA, which will be described below) were 
performed, including 8 cycles for Hyper IgM (HIGM), 
2 for wiscott-aldrich syndrome (WAS), and 9 for hypo-
hidrotic ectodermal displasia with immune deficiency 
(HED-ID). The Table 1 does not include three cases of  
PGD for AT and one for omen syndrome (OMS), which 
were performed without HLA typing, as the affected 
children did not survive by the time of  performing PGD. 
PGD for OMS was the world’s first case, which resulted 
in transfer of  two unaffected embryos, yielding the 
birth of  healthy twins. As mentioned, there was no need 
for HLA typing in this particular case, but the couples 
with previous OMS children will definitely be potential 
candidates for performing PGD with HLA typing to 
provide also an identical HLA donor progeny for stem 
cell transplantation. This is also highly relevant to ataxia-
telangiectasia (AT), which is a progressive, neurodegen-
erative childhood disease that affects the brain and other 
body systems. A weakened immune system makes the 
patients susceptible to recurrent respiratory infections. 
Although the currently used symptomatic and supportive 
treatment, including high-dose vitamin regimens, physical 

and occupational therapy and gamma-globulin injections 
to supplement a weakened immune system may be help-
ful, the prognosis is very poor, patients still dying in their 
teens. 

A single case PGD for AT has been reported previ-
ously for a Saudi patient with 3 affected children[29]. The 
disease was caused by a large deletion of  more than two 
thirds of  the AT gene, which was detected by amplifica-
tion of  one of  the deleted exons (exon 19). Of  three em-
bryos available for biopsy and testing, one was a deletion 
free and transferred, resulting in an unaffected pregnancy. 

Of  17 couples at risk for producing a progeny with 
FA, in addition to two carriers of  IVS 4+4 A-T muta-
tion in FANCC gene, three were carriers of  FANCD2, 
FANCF, FANCI, FAMCCJ, and FANCA gene muta-
tions. Overall, 52 unaffected HLA matched embryos 
were transferred in 34 of  53 initiated cycles, resulting in 
seven unaffected pregnancies and 4 FA free and HLA 
matched children , as potential donors for their siblings. 

Five cycles were performed for X-linked Adrenoleu-
kodystrophy, which affects the nervous system and the 
adrenal cortex. Of  special interest is preimplantation 
HLA typing for HIGM, which is a rare immunodeficien-
cy characterized by normal or elevated serum IgM levels, 
with absence of  IgG, IgA and IgE, which results in an 
increased susceptibility to infections.

Of  5 couples with HIGM for whom PGD was per-
formed, one was with C218X mutation in exon 5 of  
CD40 ligant gene, 3 with maternal mutations C218X 
exon 4 c.437_38 ins A, and one with exon 4 c.397 ins T. 
The maternal mutations were analyzed by PB1 and PB2, 
followed by HLA and aneuploidy testing in biopsied 
blastomeres. Of  8 PGD cycles for HLA performed, 9 
unaffected HLA matched embryos were transferred in 6 
cycles, resulting in 3 clinical pregnancies and birth of  2 
healthy babies, as potential donors of  HLA compatible 
stem cells for their siblings.

The first attempt of  cord blood transplantation from 
one of  the babies did not result in acceptable engraft-
ment, so the second transplantation was performed one 
year later, using bone marrow mixed with the remaining 
portion of  the cord blood sample, which provided better 
results in achieving successful engraftment and recon-
stitution of  the sibling’s bone marrow, and resulting in a 
total cure of  the patient. 

A total of  11 cycles were performed for WAS and 
X-linked HED-ID, in which 12 embryos were detected 
to be unaffected and HLA matched (8 for HED-ID and 
4 for WAS), and transferred in 8 cycles, resulting in birth 
of  4 unaffected babies (3 free of  HED-ID and 1 free of  
WAS), confirmed to be HLA matched to affected sibling.

Preimplantation HLA typing as a sole indicator 
As presented in Table 3, in addition to 238 PGD for 
HLA cycles, 98 cycles were performed for preimplanta-
tion HLA matching without testing for causative gene. 
These couples were wishing to have another child any-
way, but requested that if  these children could become a 
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chromosomally abnormal, which are destined to be lost 
anyway either before or after implantation. 

Therefore, patients should be properly counseled to 
be aware of  the limits of  the procedure and even lower 
proportion of  available embryos for transfer than may 
have been predicted, depending also on the maternal age. 

REFERENCES
1	 Verlinsky Y, Rechitsky S, Schoolcraft W, Strom C, Kuliev A. 

Designer babies - are they a reality yet? Case report: simul-
taneous preimplantation genetic diagnosis for Fanconi anae-
mia and HLA typing for cord blood transplantation. Reprod 
Biomed Online 2000; 1: 31 [PMID: 12804194 DOI: 10.1016/
S1472-6483(10)61896-2]

2	 Verlinsky Y, Rechitsky S, Schoolcraft W, Strom C, Kuliev 
A. Preimplantation diagnosis for Fanconi anemia combined 
with HLA matching. JAMA 2001; 285: 3130-3133 [PMID: 
11427142 DOI: 10.1001/jama.285.24.3130]

3	 Gluckman E, Broxmeyer HA, Auerbach AD, Friedman 
HS, Douglas GW, Devergie A, Esperou H, Thierry D, Socie 
G, Lehn P. Hematopoietic reconstitution in a patient with 
Fanconi’s anemia by means of umbilical-cord blood from 
an HLA-identical sibling. N Engl J Med 1989; 321: 1174-1178 
[PMID: 2571931 DOI: 10.1056/NEJM198910263211707]

4	 Strathdee CA, Duncan AM, Buchwald M. Evidence for at 
least four Fanconi anaemia genes including FACC on chro-
mosome 9. Nat Genet 1992; 1: 196-198 [PMID: 1303234 DOI: 
10.1038/ng0692-196]

5	 Strathdee CA, Gavish H, Shannon WR, Buchwald M. Clon-
ing of cDNAs for Fanconi’s anaemia by functional comple-
mentation. Nature 1992; 356: 763-767 [PMID: 1574115 DOI: 
10.1038/356763a0]

6	 Whitney MA, Saito H, Jakobs PM, Gibson RA, Moses RE, 
Grompe M. A common mutation in the FACC gene causes 
Fanconi anaemia in Ashkenazi Jews. Nat Genet 1993; 4: 
202-205 [PMID: 8348157 DOI: 10.1038/ng0693-202]

7	 Gluckman E, Devergie A, Schaison G, Bussel A, Berger R, 
Sohier J, Bernard J. Bone marrow transplantation in Fanconi 
anaemia. Br J Haematol 1980; 45: 557-564 [PMID: 7000153 
DOI: 10.1111/j.1365-2141.1980.tb07178.x]

8	 Wagner J, Davies SM, Auerbach AD. Hemotopoietic stem 
cell transplantation in the treatment of Fanconi anemia. In: 
Forman SJ, Blum KG, Thomas ED, eds. Hematopoietic Cell 
Transplantation. 2nd ed. Malden, Mass: Blackwell Science 
Inc, 1999: 1204-1219

9	 Modell B, Kuliev A. The history of community genetics: the 
contribution of the haemoglobin disorders. Community Genet 
1998; 1: 3-11 [PMID: 15178981 DOI: 10.1159/000016129]

10	 Canatan D. Hemoglobinopathy prevention programme in 
Turkey. Thalassemia Reports 2011; 1: 2

11	 Samavat A. Thalassemia prevention programme: A Model 
from Iran. Thalassemia Reports 2011; 1: 2

12	 Lucarelli G, Andreani M, Angelucci E. The cure of thalas-
semia by bone marrow transplantation. Blood Rev 2002; 16: 
81-85 [PMID: 12127951 DOI: 10.1054/blre.2002.0192]

13	 Kuliev A, Rechitsky S, Verlinsky O, Ivakhnenko V, Evsikov 
S, Wolf G, Angastiniotis M, Georghiou D, Kukharenko V, 

source of  stem cell transplant to save live of  siblings with 
acquired bane marrow failures, such as sporadic Dia-
mond- Blackfan anemia[30].

There was no difference in performing preimplanta-
tion HLA testing without PGD, except limiting the analy-
sis of  the day 3 or day 5 embryos to only HLA typing, 
with the sibling requiring stem cell transplantation, using 
a multiplex hemi-nested PCR system. 

In a total of  98 clinical cycles from 46 couples per-
formed with a primary indication of  HLA typing, 99 
HLA matched embryos were pre-selected for transfer. 
Proportion of  embryos predicted to be HLA matched 
to the affected siblings was 21.5%, not significantly dif-
ferent from the expected 25% (Table 2). The transfer of  
99 HLA matched embryos in 65 clinical cycles, resulted 
in 24 pregnancies and 19 HLA identicaldeliveries, with 
already available results of  complete cure[30]. 

LIMITATIONS AND FUTURE PROSPECT 
OF PGD FOR HLA TYPING
A relatively high frequency of  recombination in the HLA 
region is one of  the major limitations of  PGD for HLA 
typing, which may affect not only the accuracy of  pre-
implantation HLA typing, but also the outcome of  stem 
cell transplantation. In our experience, of  1713 embryos 
tested for HLA, 1634 (95.5%) were non-recombinant, 
52 (3%) with maternal, and 27 (1.5%) with paternal re-
combination.. The major problem in performing PGD 
for HLA may be faced when the preparatory testing 
identified the sibling being with maternal recombination, 
so it could be unrealistic to identify the exact match, so 
the couples should be informed that only relatively close 
match may be possible, which may be discussed with pae-
diatric haematologist in the pre-selection process of  the 
embryos for transfer.

The other important limitation is that the majority of  
cases are in couples of  advanced maternal age, so aneu-
ploidy testing is usually an integral part of  the procedure. 
Although the chances of  pre-selecting unaffected HLA 
matched embryos that could be also euploid is quite low, 
our preliminary results of  the reproductive outcome com-
parison between the groups of  combined PGD/HLA 
with and without aneuploidy testing showed a significant 
difference. Despite transferring a lower number of  embry-
os, the pregnancy rate was higher in the aneuploidy testing 
group, suggesting the potential utility of  aneuploidy test-
ing in preimplantation HLA typing, allowing the avoid-
ance of  transfer of  those HLA identical embryos that are 

108 November 27, 2014|Volume 4|Issue 4|WJMG|www.wjgnet.com

Table 3  Preimplantation HLA typing with and without preimplantation genetic diagnosis

Preimplantation testing Patients Cycles No. of embryo transfers No. embryos transferred Pregnancy/birth

HLA TESTING ONLY 46 98 65 99 24/19
HLA + MUTATION 85 238 139 219 38/ 32
Total 131 336 204 318 62/51
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