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Abstract

Wiskott-Aldrich syndrome (WAS), an X-linked recessive disorder, is characterized by pro-
gressive T-cell immunodeficiency. Laboratory findings generally demonstrate reduced response
to T-cell mitogens, markedly decreased serum concentration of IgM, and thrombocytopenia with
small platelet volume. Allogeneic HLA-matched sibling bone marrow transplantation (BMT)
can correct this disorder. We report the usefulness of X-linked polymorphic loci to detect
X-allele gene tracking among WAS siblings and chimerism between a pre- and post-allogeneic
matched sibling peripheral blood stem cell transplantation (PBSCT). A 3 Y/, year old boy with clinical
and laboratory findings consistent with WAS underwent allogeneic matched sibling PBSCT. We
used Bcll restriction fragment length polymorphism (RFLP) of intron 18 of factor VII gene and Msel
RFLP of the 5' flanking region of factor IX gene to detect X-allele gene tracking among siblings
and family members and chimerism in patients between pre-and post-allogeneic matched sibling
PBSCT. We were able to demonstrate that determination of Bcll and Msel RFLP can be employed to
recognize the difference in X-allele genes between the recipient and donor for allogeneic
matched sibling PBSCT. The authors also were able to demonstrate that these polymorphic loci can
detect full chimerism of donor hematopoietic cells in recipient blood after allogeneic PBSCT. This
finding was correlated with improvement of post-PBSCT clinical and laboratory findings. Bcll
and Msel RFLP associated with X-chromosome can effectively track X-allele, detect carrier
state, and demonstrate the different X-allele among male siblings, and chimerism of hematopoietic
cells between donors and recipients in a setting of allogeneic matched sibling BMT or PBSCT
for X-linked hereditary diseases such as Wiskott-Aldrich syndrome.
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Wiskott-Aldrich syndrome (WAS), an X-
linked recessive disorder, is characterized by pro-
gressive T-cell immunodeficiency, impaired anti-
polysaccharide antibody production, eczema, and
thrombocytopenia(l,z). Laboratory studies demon-
strated variable but generally reduced response to
T-cell mitogens and allogeneic cells, markedly
decreased serum concentration of IgM and isoagglu-
tinins, normal serum concentration of IgG,, and
small platelet volume associated with impaired
platelet aggregation. The primary defect in X-linked
WAS maps to the proximal short arm of X-chro-
mosome (X p11.23)(3).

Full correction of both lymphoid and
platelet abnormalities associated with WAS were
induced by administering an HLA-matched marrow
graft after treating the patient with myelosuppres-
sive and immunosuppressive regimen(4). Although
direct methods of detection for tracking the specific
mutation are likely to become the method of choice
in developed countries, the technically simpler poly-
morphic based process of carrier analysis is likely
to be favored in other parts of the world. The authors
demonstrated the usefulness of X-linked polymor-
phic loci (Bcll restriction fragment length polymor-
phism (RFLP) in intron 18 of factor VIII gene and
Msel RFELP in the 5' flanking region of factor IX
gene)(5’6) as markers to tag a defective allele, and
detect chimerism in post-allogeneic matched sibling
peripheral blood stem cell transplantation (PBSCT)
in a patient.

Case presentation

The diagnosis of WAS was made in January
1998 in a 3 year, 6 month old boy presenting with
several bouts of bloody diarrhea, respiratory tract
infection, otitis media, persistent eczematous rash at
face, trunk, and extremities, and persistent thrombo-
cytopenia since birth. Physical examination revealed
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generalized lymphadenopathy. The patient and his
HLA-identical sibling brother were evaluated. We
evaluated CD4 and CD8 lymphocyte number and
ratio in this patient which demonstrated CD4: 3,900
cells/mm3 (47%), CD8 680 cells/mm3 (8%) and
CD4/CDS ratio: 5.9. This finding is consistent with
WAS which usually shows low level of CD8 count.

Laboratory profiles are shown in Table 1.

The authors tested T-cell function in this
patient with panel antigens (Merieux®) consisting of
proteus 8, trichophyton, candida, tetanus toxoid, dip-
theria, streptococcus, tuberculin, and glycerin con-
trol. The result was non-reactive to all antigens.

He underwent an allogeneic PBSCT in
February, 1998. The conditioning regimen con-
sisted of busulfan 4 mg/kg/day for 4 days and
cyclophosphamide 50 mg/kg/day for 4 days which
was continued after busulfan administration. Peri-
pheral blood stem cells were collected from his
6-year-old brother and infused to the patient after
conditioning regimen. Peripheral blood stem cells
were mobilized with granulocyte colony stimulating
factor (G-CSF) at doses of 7.5 pg/kg/day for 4 days
before mobilization. The number of infused mono-
nuclear cells and CD 34 cells was 5.1 x 108 cells/kg
and 6.27 x 100 cells/kg respectively. Graft versus
host disease (GVHD) prophylaxis was carried out
with methotrexate and cyclosporin A. Hematologic
recovery was prompt with polymorphonuclear
count greater than 0.5 x 109/ L on day +11 and
stable platelet engraftment on day +30. Mean plate-
let volume was persistently greater than 6.0 fL after
platelet engraftment. At present (day + 180 post
PBSCT), platelet count was greater than 150 x
109/L. The patient did not develop acute or chronic
GVHD. Serial hematologic findings and immuno-
globulin levels were followed after PBSCT proce-
dure as shown in Table 1.

Table 1. Laboratory findings pre- and post-PBSCT.

Laboratory data Pre-PBSCT Day +44 Day +174 Day +242
Recipient Donor post-PBSCT post-PBSCT post-PBSCT

Platelet (x109/L) 12.0 462 60.0 152 169

Mean platelet volume (fl) 4.5 6.3 7.0 6.0 6.1

IgG (mg/ml) 13.2 12.7 14.3 132 22.0

IgA (mg/ml) 1.9 147 1.29 1.40 1.09

IgM (mg/ml) 0.32 2,67 0.51 201 1.75
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MATERIAL AND METHOD

In order to evaluate X-allele tracking in
the patient’s family and chimerism after allogeneic
peripheral blood stem cell transplant, we selected
two X-linked polymorphic loci of intron 18 of
factor VIII gene with Bcll restriction enzyme and
5' flanking region of factor IX gene with Msel re-
striction enzyme. These two X-linked polymorphic
loci were our in-house markers for hemophiliacs
and were informative in this patient’s family.

The buffy coat was collected from 10 ml
of whole blood drawn into EDTA. The genomic
DNA was extracted with Nucleon® kit. The geno-
mic DNA was amplified by PCR using two sets of
primers for intron 18 of factor VIII gene (5’TAA
AAGCTTTAAATGGTCTAGGC-3', 5-TTCGAA
TTCTGAAATTATCTTGTTC-3") and 5' flanking
region of factor IX gene (5-GATAGAGAAACTG
GAAGTAGACCC-3', STTAGGTCTTTCACA
GAGTAGAATTT-3).

The PCR reaction mixture of intron 18 of
factor VIII gene was 50 pl volume consisting of
100 uyM dNTPs, 1 unit Tag polymerase, 16.6 mM
NH4SOy4, 67 mM Tris HCI pH 8.8, 5 mM MgCl,,
10 mM B mercaptoethanol, 100 pg/ml BSA, and 75
ng of each primer with 250 ng of genomic DNA.
The PCR reaction was done with condition initial
denaturation at 92°C for 7 minutes. Thermocycling
of denaturation at 92°C for 1 minute and annealing
at 60°C for 4 minutes was carried out for a total
of 30 cycles with a final extension at 60°C for 7
minutes. The PCR reaction mixture for 5' flanking
of factor IX gene was similar to the intron 18 of
factor VIII gene except for 200 uM of dNTPs, and
250 ng of each primer. The initial denaturation was
at 94°C for 5 minutes. Thermocycling of denatura-
tion at 91°C for 1 minute, annealing at 60°C for 1
minute, and extension at 72°C for 2 minutes with-
out final extension. After amplification, 20 pl of
amplified products were digested with Bcll restric-
tion enzyme for intron 18 of factor VIII gene and
Msel restriction enzyme for 5' flanking region of
factor IX gene. The digested PCR products were
separated by 12 per cent polyacrylamide gel electro-
phoresis in 1 x TBE buffer and stained with silver
stain technique.

RESULTS
Gene tracking in Wiskott-Aldrich family:

The pedigree of the patient’s family is sum-
marized in Fig. 1.
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Genomic DNAs from his maternal grand-
father, maternal grandmother, two aunts and one
uncle from his mother’s side, father, mother, his
brother who was his donor for marrow stem cells,
and the patient were amplified and digested accord-
ing to methods described above. The results of both
polymorphic loci are shown in Figs. 2 and 3. The

o| [0
Fig. 1. The pedigree of the patient’s family. No. 9

represents brother sibling and No. 10 repre-
sents WAS patient.

Fig. 2.

Bcll RFLP of intron 18 of factor VIII gene
in the patient’s family. The amplified pro-
duct of intron 18 of factor VIII gene is 142
base pairs. If polymorphism is present, the
amplified product will be digested by Bcll
restriction enzyme into 99 and 43 base pairs.
Lane 9 represents brother sibling polymor-
phism and lane 10 represents WAS patient
polymorphism.
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Fig. 3. Msel RFLP of the 5' flanking of factor IX
gene in the patient’s family. The amplified
products of the 5' flanking region of factor
IX gene are 176, 83, and 73 basepairs. If
polymorphism is present, the amplified pro-
duct of 83 basepairs will be digested by
Msel restriction enzyme in to 57 and 26
base pairs. Lane 9 represents brother sibling
polymorphism and lane 10 represents WAS
patient polymorphism.
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Fig. 4. Bcll RFLP to detect chimerism pre- and

post-PBSCT in recipient.

amplified product of intron 18 factor VIII gene is
142 base pairs. If polymorphism is present, the
amplified product will be digested by Bcll restric-
tion enzyme into 99 and 43 basepairs. Additionally,
the amplified products of the 5’flanking region of
factor IX gene are 176, 83, and 73 basepairs. If poly-
morphism is present, the amplified product of 83
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basepairs will be digested by Msel restriction
enzyme into 57 and 26 base pairs.

Chimerism post allogeneic PBSCT:

Genomic DNAs from the patient pre- and
post-allogeneic PBSCT and his sibling were am-
plified and digested according to the methods des-
cribed above. The results depicted in Fig. 4 showed
that there was a full chimerism of donor hemato-
poietic cells in recipient blood post PBSCT.

DISCUSSION
WAS can be fully corrected by adminis-
tering an HLA-matched marrow graft after treating

~ patients with myelosuppressive and immunosup-

pressive regimen. The clinical diagnosis can be
readily entertained from persistent thrombocyto-
penia with small platelet size, frequent infection,
normal IgG, IgA levels but low IgM level and
abnormal T cell function. Although the WAS gene
has been cloned and well recognized, mutation
detection is not widely available because there are
several mutation loci which must be screened. A
polymorphic dinucleotide repeat at DXS6940,
adjacent to the WAS gene, has been characterized(7).
However, we have already set up several X chromo-
some polymorphisms associated with factor VIII
gene and factor IX gene which are routinely used
for gene tracking among hemophiliacs and their
family members. These informative markers are
helpful for carrier detection and prenatal diagnosis
for hemophilia A and B(8).

In this report WAS patient and family, the
Bcll and Msel RFLP were found to be informative.
Therefore, both polymorphisms were used for gene
tracking among the family members. We demon-
strated that the X-allele from this male patient was
different from his brother who was his donor for
matched sibling PBSCT. Additionally, they were
also used for chimerism detection post PBSCT. The
chimerism of hematopoietic cells in the recipient
was changed to donor after PBSCT. This finding
was correlated with the improvement of both clini-
cal and laboratory findings.

In general, the chimerism can be detected
by the linkage analysis of restriction fragment
length polymorphism, microsatellite or variable
number tandem repeats of different loci on different
chromosomes. The DNA analysis can be performed
by Southern blot or DNA amplification. If the sex
of donor and recipient are different, X and Y chro-
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mosomes can be differentiated by either cytogene-
tic based techniques (conventional or fluorescence
in situ hybridization technique) or DNA amplifica-
tion.

However, the DNA amplification is pre-
ferable because is practical, simple, and reliable.
Therefore, searching for the informative genetic
marker for tracking among the family member is
essential.

Bcll polymorphism of the intron 18 of
factor VIII gene and Msel polymorphism of the 5'
flanking region of factor IX gene are informative
34 per cent(3) and 33 per cent(6) in Thai popula-
tions, respectively. The combination of both Bell
and Msel polymorphism resulted in a heterozygosity
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rate of 56 per cent in Thai populations. Therefore,
both polymorphisms are useful X linked polymor-
phic loci for tracking X allele among the X linked
hereditary disease. They are also helpful in detec-
tion of chimerism in the recipient post PBSCT or
BMT. However, meiotic crossing over in X allele
should be considered in the laboratory interpreta-
tion. Therefore, more than one informative genetic
marker should be included in the gene tracking of
X allele and chimerism study.

In conclusion, Bcll and Msel RFLP asso-
ciated with X chromosome are helpful in tracking
X allele and chimerism in a post allogeneic PBSCT
or BMT patient with WAS. It can be adopted for
other X-linked hereditary diseases.

(Received for publication on October 5, 1999)
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