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In utero transplantation for genetical diseases

Bone marrow transplantation (BMT) is
the therapy of choice for several
genetic diseases of blood. Since 1968

there is evidence that stem cell transplan-
tation can cure diseases characterized by
lack or miss-function of blood cells. Infact
the first correction of a genetic disease by
stem cells infusion has been realized in a
child affected by a form of immunodefi-
ciency , severe combined immunodeficien-
cy (SCID), in a child who lacked T cells. 

The Pediatric Department of the Spedali
Civili di Brescia is the Italian referent cen-
ter for the treatment by bone marrow
transplantation of children affected by pri-
mary immunodeficiencies. More than 340
transplants have been realized since 1990
when the centre started the activity. BMT is
conventionally realized from matched
related family donors, nevertheless, in
genetical diseases, the chance that an
affected child could have a matched fami-
ly donor has been calculated in 1/20. There-
fore in recent years the transplants are per-
formed from alternative donors. When a
matched family donor was unavailable, a
transplant from one of parents have been
realized. In a consecutive series of 100
transplants from a partially matched fam-
ily donor the survival didn’t exceed 60%.
Therefore a great effort has been made to
increase the number of the volunteer
donors enrolled within the International
Registry of Bone Marrow Donors. In 1991
the first transplant from a matched unre-
lated donor (MUD) within our country in a
child affected by Chediak-Higashi syn-
drome has been realized in our institution.
The success of the procedure allowed
enrollment of several other patients, so that
now MUD transplants is the therapy of
choice in children who lack a matched fam-
ily donor. Beside the efforts to ameliorate
the chance of survival of the affected chil-
dren, the studies conducted on the families
allowed the fine characterization of the
molecular defects that prone to the dis-
eases. Therefore prenatal diagnosis is now
an option, since most genetic defect under-

lying the most common immunodeficien-
cies are known. 

Prenatal diagnosis opens the option,
whenever the child is affected, to interrupt
the pregnancy, but, as well, whenever a
cure is available, to face the opportunity to
cure the child after birth. In primary immu-
nodeficiencies, however, once the child is
born the chance to contract an infection is
very high. Therefore in 1996, both in USA
within the State of California and in Italy in
Brescia, two mothers asked the doctors,
once they had the information the foetus
was affected by a severe form of immunod-
eficiency , why it was not possible to treat
the disease by stem cells during pregnancy. 

As a consequence, in our institution since
1996 a clinical project on prenatal treat-
ment of genetic diseases by injection of
stem cells has been started. 

The clinical experience of Department
of Pediatrics , Brescia, Italy

The first case of in utero transplant (IUT)
has been realized in a foetus affected by a
form of SCID characterized by lack of both
T and NK cells (Figure 1). Namely this is the
form that is easily transplantable since the
recipient cannot reject the graft. At the
fifth month of gestation, purified CD34
marrow stem cells from the father have
been injected intraperitoneally in the foe-
tus. At birth the child had normal numbers
of both T cells and NK cells reconstituted
from the marrow of the father. The child is
now 11 years old is alive and well (Figure 2). 

Up to know we have treated 5 children
affected by different forms of severe com-
bined immunodeficiency (SCID). Among this
group of patients three were the different
forms of SCID: SCID T-B+NK-; SCID T-B-
NK+; Omenn syndrome (with presence of
non functional T cells). If the clinical result
of prenatal graft in the SCID T-B+ fetuses
is satisfactory with good engraftment and
immunological reconstitution, more diffi-
cult is engraft and reconstitute fetuses who
are affected by forms of SCID with pres-
ence of NK cells. The clinical protocol that
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we have applied in 4 cases consisted of positive selec-
tion of CD34 of an adult sibling haploidentical donor
and a subsequent double intraperitoneal injection in
the fetus at the fifth month of gestation, has been
modified in one SCID with NK cells . Infact in this case
after the first injection that consisted exclusively of
CD34 positive cells, the second injection has been real-
ized by a coinfusion of donor CD34 and expanded stro-
mal cells.

In one case of SCID with non-functional T cells and
presence of activated NK cells (Omenn syndrome),
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Figure 1. Figure 2.

Figure 3 [left column]. 

Figure 4.



Vth International Neonatal Hematology and Immunology Meeting, Brescia, Italy

haematologica reports 2006; 2(issue 10):September 2006 121

since engraftment is particularly difficult even in the
post-natal setting, the mother has been choosen as a
donor. Engraftment occurred, despite stem cells
derived from peripheral blood (Figure 3). 

The overall experience in SCID, demonstrated that
the procedure didn’t exposed the foetuses neither to
interruption of pregnancy nor to immunological reac-
tions after stem cell transplant, graft versus host reac-
tion (GVHD). 

Recently it has been demonstrated that stem cell
transplantation can correct genetical diseases other
than SCID such as methabolic diseases, bone diseases
(osteopetrosis, osteogenesis imperfecta). Bone mar-
row transplantation has been realized in 10 children
affected by osteogenesis imperfecta (OI) both from
matched family and volunteer donors. The procedure
demonstrated to ameliorate the quality of life of the
affected children with increase of the height rate,
reduced number of fractures. 

In utero protocol has been therefore applied in 2
cases of prenatal OI using the mother as a stem cell
donor with the aim to correct the diseases prenatally.
The diagnosis came after unltrasound investigation at
the 20th week of gestation (femur fracture 1 one case,
multiple in the second). In both cases maternal CD 34
cells were injected together with a suspension of
enriched non-expanded non-haematopoietic marrow
stem cells.

In the first case the child is 15 months old, has a mild
form of OI, the bone trophine do not demonstrate

osteoblasts engraftment with conventional methods to
detect chimerism (>1% sensitivity). On expanded
fibroblasts 4% of the cells are of donor origin. Few
months later the child presented bilateral retinoblas-
toma with no signs of mixed chimerism (Figure 4), that
after chemotherapy, is currently in complete remis-
sion. The second child was born by caesarian cut at the
32nd week because of the costal fractures that
impaired pulmonary growth. He died on a ventilator
due to the severity of the clinical picture and no infor-
mation on chimerism are available. 
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