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Abstract:

Werner syndrome (WS) confers a high risk of the development of neoplasias, including hematological ma-
lignancies, and curative treatment for these malignancies is difficult to achieve. A 44-year-old man with
myelodysplastic syndrome was admitted to our hospital. He was diagnosed with mutation-proven WS. He un-
derwent cord blood transplantation (CBT) following fludarabine, busulfan, and melphalan administration. A
chimerism analysis of his marrow blood on day 62 showed a donor pattern >95%, which confirmed engraft-
ment. The patient lived for 15 months while maintaining remission of MDS without treatment-related toxic-
ity. Our case shows that CBT can be a treatment modality for WS patients with hematological malignancies.
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Introduction

Werner syndrome (WS) is a rare progressive disorder
characterized by accelerated aging (adult form of progeria).
WS is caused by a mutation of the WRN gene, which is lo-
cated on chromosome 8p (8pl12-11.2), and is transmitted as
an autosomal-recessive trait. Patients with WS suffer from a
high risk of neoplasia, including hematological malignan-
cies (1-3). The hematological malignancies reported in pa-
tients with WS include acute leukemia, myelodysplastic syn-
drome (MDS) (Table), and myelofibrosis (4, 5). Patients
with WS are sensitive to radiation and DNA-alkylating
agents, which may account for the severe adverse effects
they experience after chemo-radiotherapy (6). However, at
present, knowledge regarding cancer treatment in WS pa-
tients remains insufficient. Based on a few case reports that
did not support this hypothesis, the practice guideline for
WS in Japan recommends that no alteration to cancer treat-

ment be made because of WS, although special caution is
required (7). To our knowledge, there has been no study of
HSCT in patients with WS with reported complications of
hematological malignancies, including MDS.

We herein report the case of a patient with WS and MDS
who was successfully treated with cord blood transplantation
(CBT).

Case Report

A 44-year-old man with MDS [refractory anemia with ex-
cess blasts-2 (RAEB-2)] was referred to our hospital. The
patient had atrophic skin with premature wrinkling and a
beaked nose that gave his face a bird-like appearance. His
medical history indicated that his parents were not consan-
guineous, and there were no abnormalities noted in his fam-
ily. He had a history of bilateral cataract surgery. A physical
examination revealed that he was 155.0 cm in height (devia-
tion value by age-rank: 22) and 28.7 kg in weight (deviation
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Table. Myelodysplastic Syndrome Reported in Patients with Werner Syndrome.
Case  Sex Wcsorclliiig;rz:s:c Age d?;;ri(:spilsasm Hls(ti?s;tl};(;;(s)glc Treatment Clinical result Reference

1 M Possible 44 Myelodysplasia/ Etoposide Died, sepsis [16]
myelofibrosis

2 M Possible 62 Myelodysplasia Transfusion Died, interstitial [20]

pneumonitis

3 M Possible 61 RAEB/ Transfusion Died, pneumonia [21]
myelofibrosis

4 M Probable 63 RAEB Transfusion Died, pneumonia [22]

5 M Possible 52 Myelodysplasia Unknown Unknown [23]

6 M Definite 29 RAEB-t Unknown Unknown [24]

7 F Probable 52 Myelodysplasia ~ Watch & wait Unknown [25]

8 M Definite 43 RAEB-1 Azacitidine Died, pneumonia [26]

9 M Definite 44 RAEB-2 Allo-HSCT Complete Present case

remission

WS: Werner syndrome, M: male, F: female, RAEB: refractory anemia with excess of blast, RAEB-t: refractory anemia with excess of blast

in transformation, HSCT: hematopoietic stem cell transplantation

value by age-rank: 5.5) with a body mass index of 11.9. He
had scarce, gray hair, a high-pitched hoarse voice, and calci-
fication of the Achilles’ tendons; thus, he had all six of the
major signs or symptoms of the WS diagnostic criteria and
met four out of the seven minor criteria (8). Laboratory data
showed bicytopenia with a platelet count 35x10°/L, hemo-
globin 5.7 g/dL, and white blood cell count 4.66x10°/L.

A bone marrow examination on admission revealed mark-
edly hypercellular marrow with 15.2% myeloblasts. Mor-
phologic dysplasia, such as degranulated neutrophils and
separated nuclear megakaryocytes, were observed. Flow cy-
tometry revealed that the blasts were positive for CDI13,
CD33, CD34, CD56, and HLA-DR and negative for B and
T lymphoid lineage markers. A cytogenetic analysis revealed
a complex karyotype: 43, XY, add(2)(p11.2), -4, del(5)(q?),
add(6)(p21), -7, del(11)(q?), -14, -17, +mar [5/20], 46, XY
[15/20]. An immunohistochemical analysis of bone marrow
clot sections using a polyclonal antibody against the C-
terminus of WRN (Novus Biologicals, Littleton, USA) re-
vealed that all bone marrow cells were negative for WRN;
the loss of WRN expression in bone marrow sections has
been demonstrated in WS patients only (9). Furthermore, a
mutational analysis revealed a WRN gene mutation (data not
shown). WRN gene mutation analysis was approved by the
ethics committee of Kawasaki Medical School (IRB No.
2004), and the patient provided his written informed con-
sent.

The patient achieved complete remission with hema-
tologic improvement after his first course of induction che-
motherapy, which consisted of idarubicin and cytosine arabi-
noside. The findings of a karyotype analysis were improved
to normal; however, morphological dysplasia remained. The
patient was diagnosed with high-risk MDS using the inter-
national prognostic scoring system (IPSS, score 3.0, 15.2%
myeloblasts, complex karyotype, and cytopenia of 3 line-
ages), after which he was judged eligible for HSCT.

The patient had no intellectual disabilities. We obtained

informed consent for HSCT from him and his family. Since
he did not have a suitable donor with identical human leu-
kocyte antigen (HLA), allogeneic cord blood was selected as
the stem cell source for transplantation. Although the patient
had WS and a high hematopoietic cell transplantation-
comorbidity index (HCT-CI) score of 3 [% of diffusing ca-
pacity of the lung Carbon monoxide (DLCO) <66%], we se-
lected a myeloablative conditioning regimen for the CBT.
After a single course of consolidation therapy, allo-HSCT
was performed from 3 of eight HLA-mismatched female
cord blood donors (recipient HLA: A1101/2602, B1501,
Cw0303/0401, DRO0405/1406; donor HLA: A1101/2402,
B1501, Cw0303/0401, DRO0406/0901). The conditioning
regimen consisted of 180 mg/m’ fludarabine (Flu) and 12.8
mg/kg intravenous injection (i.v.) busulfan (Bu) (FluBu4)
plus 80 mg/m’ melphalan (Mel). Anti-thymocyte globulin
(1.25 mg/kg) was administered on day -2, and only
tacrolimus was administered at 0.03 mg/kg/day starting on
day -1 for the prophylaxis of graft-versus-host disease
(GVHD). After transplantation, he developed pneumonia
with alveolar hemorrhage on day 2. He was diagnosed with
bacteriemia on day 15. Those treatment-related toxicities
were ameliorated by usual treatment and supportive care un-
til day 39. Engraftment of neutrophils (greater than 0.5x10°/
L), red blood cells (reticulocytes greater than 1%), and
platelets (greater than 20x10°/L) was observed at day 17,
day 30, and day 61, respectively. The immunostaining of
bone marrow clot sections on day 30 showed that erythro-
blasts were positive for WRN, and TP53-positive cells were
within 1% of the nucleated cell count (Figure) (9). The on-
set of acute GVHD was evident in the liver (stage 2) at day
18. Thereafter, the acute GVHD reached grade III with skin
stage 3 and gut stage 0 at day 21. We immediately started
systemic administration of 2 mg/kg methylprednisolone to
gradually decrease the symptoms. A bone marrow examina-
tion on day 62 revealed normo-cellular marrow without dys-
plasia, and a karyotype analysis of the marrow showed a
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Before CBT

After CBT

WRN

Figure. The immunohistochemical expression of p53 and WRN in a formalin-fixed, paraffin-embed-

ded patient bone marrow clot section is shown. The antibody used for the immunostaining reacted
with wild-type WRN but not with the mutated WRN of bone marrow erythroblasts. More than 30%
of cells were TP53-positive (black arrows) before CBT, but TP53-positive cells were undetectable af-
ter CBT. WRN-positive cells (blue arrows) were completely absent before CBT but present after

CBT. CBT: cord blood transplantation

normal female karyotype. A chimerism analysis showed
complete chimerism of the donor type above 95%. The pa-
tient was discharged from our hospital on day 76 after CBT
and maintained complete remission. After that, he lived for
15 months while maintaining remission of MDS, but unfor-
tunately he ultimately died of pneumonia. No post-transplant
complications like endocrine dysfunction or second malig-
nancy were observed.

Discussion

The WRN gene encodes a RecQ3-DNA helicase that is
necessary for DNA replication and repair. Patients with WS
have elevated risks for common, clinically important, age-
dependent diseases such as neoplasia and atherosclerotic car-
diovascular disease, which are the most common causes of
death in patients with WS, at a median of 54 years of
age (10, 11). At the time of the WS diagnosis, patients have
a high prevalence of cataracts (100%), osteoporosis (91%),
hypogonadism (80%), diabetes mellitus (71%), neoplasia
(43%), and atherosclerosis (40%) (11). Likely causes of the
elevated risk of neoplasia in WS are the persistent constitu-
tional genetic instability and DNA-damage sensitivity that
are key cellular hallmarks of WS (12).

WS is diagnosed based on distinct clinical signs, but a
mutational analysis of the WRN gene can render a definitive
diagnosis. This gene analysis is laborious and expensive in a

clinical setting. We recently reported the results of an immu-
nohistochemical analysis for the WRN protein using poly-
clonal serum against its C-terminus (9). The present patient
satisfied all six major WS diagnostic criteria and four out of
the seven minor criteria. An immunohistochemical analysis
revealed that the WRN protein was completely absent in the
patient’s bone marrow sections, which confirmed the diag-
nosis of WS, and the presence of a WRN gene mutation in
the patient’s lymphocyte DNA further confirmed the diagno-
sis. These analyses led to an accurate diagnosis of the pa-
tient with WS and RAEB-2.

MDS is a hematologic disorder that typically presents
with one or more lineage cytopenias. The therapeutic op-
tions for MDS include supportive care, various intensities of
chemotherapy, or participation in a clinical trial. The pa-
tient’s IPSS risk category is used in planning the therapeutic
options. HSCT is a high-intensity therapy and the only
method of curing MDS. Due to the fact that allogeneic
HSCT was deemed necessary in our patient, we chose stan-
dard doses of induction chemotherapy to obtain early remis-
sion. The outcome of patients who receive allogeneic HSCT
depends upon several factors, including their age, perform-
ance status, major comorbid conditions, and the availability
of a suitable donor.

Abnormal carbohydrate metabolism, endocrine dysfunc-
tion, and arteriosclerosis in patients with WS may corre-
spond to a higher HCT-CI score. Patients with an HCT-CI
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score higher than 3 have a higher non-relapse mortality
(NRM) rate, which exceeds 40% even in a young population
with less-advanced disease (13). Therefore, there are more
difficulties associated with performing HSCT in patients
with WS than in those without WS. Recently, FluBu4 (Flu
plus a myeloablative dose of 12.8 mg/m’ intravenous Bu)
has become widely accepted as a myeloablative regimen for
allogeneic HSCT from related or unrelated donors, with ac-
ceptable regimen-related toxicities and NRM compared with
other myeloablative regimens. The safety profile of Bu was
strengthened by the development of an intravenous form;
however, the FluBu4 regimen is associated with a relatively
high relapse rate (14). In contrast, according to a recent re-
port, the addition of Mel to the FluBu4 regimen improved
the engraftment rate and decreased the relapse rate (15).
Furthermore, they demonstrated that an intravenous BU/Flu+
Mel or TBI regimen is feasible in CBT, and a myeloablative
dose of intravenous BU does not increase NRM, even in pa-
tients with high-risk disease with old age and/or comorbidi-
ties, and may be associated with a decreased relapse
rate (16). As a result, the FluBu4 regimen can accommodate
a further cytotoxic agent or total-body irradiation without in-
creasing the likelihood of NRM (17-19).

High-intensity chemotherapy is associated with a reduced
risk of relapse; however, it is also associated with increased
treatment-related toxicity. Therefore, there are few reports of
MDS patients with WS who have received chemotherapy
(Table, 20-27). In the present case, the FluBu4 plus Mel
regimen was suitable as a reduced-toxicity myeloablative
regimen for allogeneic HSCT. The addition of Mel might
enhance antileukemic activities and improve engraftment.
Thus, the FluBu4 regimen plus Mel was safely used for
HSCT in a patient with WS with a high-risk HCT-CI score.

A number of cases of WRN patients with hematological
malignancy have been reported, but there have been no re-
ports of WRN patients treated with allogeneic HSCT. The
findings in the present case highlight a new choice of treat-
ment for hematological malignancies in WRN patients. Fu-
ture studies should gather and compare data on various
treatments according to the state of WRN patients with he-
matological malignancies.

In conclusion, CBT conditioned with the FluBu4 plus
Mel regimen using intravenous Bu was an effective and safe
conditioning regimen for an MDS patient with WS. How-
ever, knowledge concerning HSCT for patients with WS is
limited, so careful observation will be needed until the long-
term safety of allo-HSCT to a WRN patient can be con-
firmed.
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