
Abstract A 23-year-old man with chronic myelocytic
leukemia (CML) in the first chronic phase underwent al-
logeneic peripheral blood stem cell transplantation (PBS-
CT) from his HLA-identical sibling. Pretransplant evalu-
ations showed that he had a low risk of transplantation-
related mortality and that the interval between the diag-
nosis of CML and PBSCT was only 6 months. However,
he developed a variety of complications, including acute
renal failure requiring hemodialysis, severe hepatic dam-
age, hemorrhagic cystitis, and gastrointestinal hemor-
rhage leading to hypovolemic shock. Pathological exam-
ination of the colonic mucosa showed vascular endothe-
lial damage and thrombotic lesions, leading to the diag-
nosis of thrombotic microangiopathy. Later, we found
that he had the constitutional abnormality XYY. XYY
syndrome is a frequent congenital abnormality, and men-
tal disorders and congenital abnormalities of kidney and
liver are common manifestations. Considering his clini-
cal course, it was interesting that complications were se-
vere in the organs which are frequently involved in cases
of XYY syndrome. These organs may have poor func-
tion or poor reserves and may be more vulnerable to en-
dothelial damage caused by high-dose cytotoxic chemo-
therapy. Patients with XYY syndrome might have a high
risk of transplantation-related mortality.
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Introduction

Constitutional chromosomal abnormality is frequently
associated with the development of leukemia [1], and it
frequently involves multiple organ dysfunction. The tox-
icity of cytotoxic chemotherapy may be severe in the
treatment of hematological malignancies occurring in
these patients [2,3]. Especially in the setting of hemato-
poietic stem cell transplantation (HSCT), it may be de-
sirable to avoid organ damage caused by high-dose pre-
parative regimens or graft-versus-host disease (GVHD).

Few reports have been published on HSCT in the case
of patients with constitutional chromosomal abnormality.
We have little information on the possible risks associat-
ed with transplantation procedures in the case of these
patients. We recently encountered a patient with XYY
syndrome who received transplanted stem cells from his
HLA-identical sister for the treatment of chronic myelo-
cytic leukemia (CML). To our knowledge, this is the first
report on HSCT in a patient with XYY syndrome. His
clinical course suggests the risk of transplantation asso-
ciated with this constitutional chromosomal abnormality.

Case report

A 23-year-old man was referred to our hospital because of a per-
sistent fever in November 1999. He was 183 cm tall with a long
mandible. Surprisingly, he had as many as 20 dental caries, requir-
ing extensive treatment of the teeth before HSCT. He had a leuko-
cyte count of 56.4×109/l. A bone marrow aspirate showed myeloid
hyperplasia, and karyotype analysis revealed t(9;22) with an extra
Y chromosome (Fig. 1). He was therefore diagnosed as having
CML in the first chronic phase.

After treatment of the decayed teeth, he underwent peripheral
blood stem cell transplantation (PBSCT) from his HLA-identical
sibling 6 months after the diagnosis. The conditioning regimen
consisted of busulfan and cyclophosphamide. Plasma levels of 
busulfan were not monitored in this patient. We used short-term
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methotrexate (MTX) and cyclosporin for GVHD prophylaxis. His
clinical course had been uneventful until day 12, when oliguria de-
veloped. The blood test showed azotemia, and serum levels of cre-
atinine reached 106 µM. Hematuria and proteinuria were evident
on urinalysis. The patient was diagnosed as having acute renal
failure. While blood cyclosporin levels had been in the normal
range between 250 ng/ml and 350 ng/ml, we discontinued cyclo-
sporin and initiated prednisone at a dose of 0.5 mg/kg. The serum
creatinine level was elevated at 645 µM on day 15 when he re-
ceived hemodialysis. We withheld nephrotoxic agents including
amphotericin B and aminoglycosides. Renal function improved
gradually, and the serum creatinine level became normal on day
55. This episode was the beginning of a series of complications.
His clinical course is shown in Fig. 2.

Around day 16, the patient became listless and indifferent. Ex-
cept for some complaints concerning general fatigue, he did not
talk with the medical staff. He was diagnosed as being in reactive
depression. Depression is a common problem associated with
XYY syndrome, and treatment through individual and family psy-
chotherapy has been reported to result in a good outcome [4].
Thus, we permitted the patient to contact members of his family.
After the first contact with his mother, the depression improved
dramatically.

On day 19, fragmentation of red blood cells developed, and the
number of fragmentocytes increased to 4.6% on day 46. Because
the patient developed renal failure, thrombocytopenia, fragmenta-
tion of red blood cells, and persistent fever, he was diagnosed as
having thrombotic microangiopathy (TMA) based upon the crite-
ria reported by Pettitt et al. [5].

On day 27, the patient complained of general malaise. Eleva-
tion of serum levels of alanine aminotransferase (ALT) suggested
the presence of hepatocellular damage. It progressed rapidly and
the serum ALT and total bilirubin levels reached 1926 IU/µl and
186 µM, respectively. Infection did not seem to be the causative
factor because repeated culture of blood, urine, and stool samples
failed to show any causative organisms. Results of tests for hepati-
tis virus B and C were negative. With supportive care, the hepatic
damage gradually improved by day 60, although moderate jaun-
dice persisted. Because of the presence of bleeding tendency, bi-
opsy of the liver could not be performed.

On day 32, he developed watery diarrhea with occasional ab-
dominal cramps. The volume of diarrhea rapidly increased to
5000 ml/day on day 37, and the diarrhea became bloody on the
same day. We increased the dose of prednisone from 0.5 mg/kg to
2.0 mg/kg, but to no avail. Pathological examination of the colonic
and gastric mucosa showed microhemorrhage with schistocytes
around the capillaries and extensive crypt depletion. No evidence of
acute GVHD was observed in these specimens. The bloody diarrhea
was diagnosed as microangiopathic ischemic enterocolitis. We con-
sidered that the hemorrhagic enterocolitis represented a manifesta-
tion of TMA. With supportive treatment consisting of hydration, hy-
peralimentation, octreotide, and administration of albumin and fresh
frozen plasma, the diarrhea gradually improved by day 80.

On day 62, he complained of moderate back pain, and macro-
hematuria developed the next day. Any causative bacteria, fungi,
and virus were cultured from urine. Adenovirus-specific DNA se-
quences were not detected in analysis of the urine by the polymer-
ase chain reaction method. Considering his clinical course, the he-
maturia was diagnosed as a manifestation of TMA. With support-
ive treatments, the hematuria disappeared by day 80.

On day 107, massive bloody diarrhea recurred, necessitating re-
peated transfusion. Immediate colonic and gastric endoscopy re-
vealed massive hemorrhage from the gut. Hemorrhage was restrict-
ed to the antrum showing marked vascular ectasia. Thus, the lesions
were diagnosed as gastric antrum vascular ectasia (GAVE) [6]. The
bleeding improved with repeated endoscopic laser photocoagulation
and repeated transfusion of platelets. The total amount of transfused
red blood cells reached 230 units. After the gastric hemorrhage im-
proved, the patient developed acute respiratory distress syndrome
associated with massive transfusion. He was intubated on day 113,
and managed by mechanical ventilation. The respiratory condition
gradually improved, and he was extubated on day 126.

While moderate jaundice persisted, all the other complications
subsided, and the patient is alive at present, on day 150. Except for
moderate jaundice, probably caused by TMA, no signs of GVHD
are now evident.

Because his clinical course was entirely different from our ex-
pectation, we reviewed his pretransplant status. The additional Y
chromosome was initially thought to be related to the clonal evo-
lution of leukemic cells. However, the chromosomal abnormality
47, XY, +Y, t(9;22)(q34;q11) has been rarely reported in cases of
CML [7], and a congenital abnormality was suspected. He has a
high stature, 183 cm, 20 decayed teeth, and a long mandible. An
abdominal ultrasound showed that both kidneys were enlarged.
Wechsler adult intelligence scale-revised (WAIS-R) revealed that
his IQ score was 78. Such findings are frequently observed in
cases of XYY syndrome. To confirm that the additional Y chro-
mosome was congenital, we performed chromosomal analysis us-
ing mucosal cells from the oral cavity. The chromosomal abnor-
mality 47, XYY was also observed in analysis of these cells, and
we finally diagnosed this patient as an XYY male.

Discussion

The 47, XYY sex chromosomal constitution is one of the
most frequent chromosomal abnormalities, occurring in
approximately 0.1% of all newborn males [8]. In 1965,
Jacobs et al. reported that aggressive behavior, depres-
sion, and mental retardation are characteristics associated
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Fig. 1 G-banded karyotype analysis of a bone marrow cell show-
ing Ph1 translocation and an extra Y chromosome

Fig. 2 A series of posttransplant complications occurring in this
patient



with XYY syndrome [9]. Besides the psychological dys-
function, XYY males have several clinical characteristics
including increased stature [9], urinary tract malforma-
tion including renal agenesis or cystic dysplasia [10], cra-
niofacial abnormality [11], increased enamel thickness
[12], and abnormality of the hepatobiliary system [13].
Although there are some reports on the development of
hematological malignancies in XYY individuals [14],
there is no evidence indicating that XYY syndrome is a
risk factor for hematological malignancies.

Because this young patient had not received either in-
tensive cytotoxic chemotherapy or interferon before
transplantation and had received allogeneic PBSCT from
an HLA-identical sister 6 months after the establishment
of the diagnosis of CML, he had a low risk of transplan-
tation-associated morbidity or mortality. However, a va-
riety of life-threatening complications occurred after
transplantation, consisting of acute renal failure, severe
hepatic damage, reactive depression, hemorrhagic en-
terocolitis, hemorrhage from the stomach due to GAVE,
and hemorrhagic cystitis. Pathological and microbiologi-
cal examinations showed that neither acute GVHD nor
infection was responsible for the complications, and
TMA and GAVE were the most probable cause of these
complications. TMA is a disseminated form of endothe-
lial cell injury, and a variety of organs can be involved in
this disorder. The kidney and the brain are the most com-
mon targets of this disorder [5]. GAVE is a rare cause of
gastric hemorrhage and has been associated with female
gender, older age, chronic liver disease, and achorhydria
[15]. Early theories included trauma secondary to pro-
lapse of the pyloric mucosa and ischemic or degenerative
changes associated with age. Some reports have been
published on GAVE after HSCT [6], but the etiology of
GAVE following HSCT remains obscure. A microangio-
pathic lesion was not pathologically identified in the gas-
tric mucosa in this patient, and it remained unknown
whether GAVE was a manifestation of TMA. However,
it is quite interesting that the end-organ dysfunction was
severe in the case of the urinary organs, the liver, and the
alimentary tract. In contrast, organ damage was absent in
the case of the skin, heart, and neurological system.

Apart from the alimentary tract, malformation of the
kidney and malformation of the liver are common abnor-
malities observed in the case of patients with XYY syn-
drome [11,14]. These organs may have poor function or
poor reserves and may be more vulnerable to endothelial
damage caused by high-dose cytotoxic chemotherapy.

While it is impossible to make a strong statement con-
cerning the possible association between XYY syndrome
and severe regimen-related toxicity observed in this pa-
tient, this case suggests that XYY syndrome may be a
risk factor for complications after HSCT.
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