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These results imply that proinflammatory cytokines, in particular IL-6 and TNF-a, play a role in
the pathogenesis of HHV-6 reactivation after HSCT.
© 2008 The British Infection Society. Published by Elsevier Ltd. All rights reserved.
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Human herpesvirus 6 (HHV-6) was originally isolated from
patients with lymphoproliferative disorders and AIDS in
1986." Although primary infection with HHV-6 variant B
causes exanthem subitum,? the clinical features of infec-
tion with HHV-6 variant A remain unclear. Like other human
herpesviruses, HHV-6 is thought to latently infect the body
after a primary infection; it then becomes reactivated in
immunosuppressed individuals. HHV-6 has recently been
recognized as an opportunistic pathogen in transplant
recipients.“ It has been demonstrated that HHV-6 is associ-
ated with fever and a skin rash that resembles acute
graft-versus-host disease (GVHD),5™** interstitial pneumo-
nitis,'>'®  encephalitis,"'®  cytomegalovirus  (CMV)
disease, ' and bone marrow suppression?’~?* after hemato-
poietic stem cell transplantation (HSCT). Although it has
been demonstrated that HHV-6 reactivation generally
occurs approximately 2—3 weeks after transplantation in
almost half of the HSCT recipients,®'*'® the mechanism
of viral reactivation remains unclear.

HHV-6 is a member of the B-herpesvirinae, which contains
two additional human herpesviruses: CMV and HHV-7. On the
basis of molecular and biological analyses, HHV-6 has been
shown to share a number of characteristics with CMV, the
prototypic member of the B-herpesvirinae subfamily. Nu-
merous in vitro and in vivo studies have been performed to
elucidate the mechanisms of CMV reactivation, and it has
been demonstrated that cytokine production, in particular
the production of tumor necrosis factor (TNF)-a, is involved
in reactivation.?*?® TNF-o. induces the expression of CMV im-
mediate-early (IE) gene products, which potentially initiate
viral replication after latency. Expression of CMV IE genes is
controtled by IE promoter/enhancer regions, which contain
binding sites for NF-xB, ATF (CREB), and Spt. The NF-«B
and ATF (CREB) binding sites are critical in the regulation
of IE gene expression.?®?” The R3 region of HHV-6 contains
multiple putative binding sites for cellular transcription fac-
tors, including PEA3, NF-xB, and AP-2. Through interactions
with NF-kB, this region strongly enhances the promoter ac-
tivity of the U95 gene, a potential homolog of the murine
CMV IE2 gene.?® These findings suggest that cytokines may
play an important role in HHV-6 reactivation in patients after
organ transplant. Thus, we sought to elucidate an associa-
tion between plasma cytokine levels and HHV-6 reactivation
in HSCT recipients.

Materials and methods

Characteristics of the patients

Twenty-four patients received allogeneic HSCTs (22 of bone
marrow transplant and 2 of umbilical cord blood transplant)
at the Division of Hematology—Oncology at the Children’s
Medical Center (Japanese Red Cross Nagoya First Hospital)

School of Medicine between October 2002 and July 2004.
The patients’ guardians consented to their participation in
this study. This study was approved by the review boards of
the three institutes. Patient characteristics relating to age,
gender, HLA matching, granulocyte-colony stimulating fac-
tor (G-CSF) treatment after transplantation, and underlying
disease and clinical features, including skin rash, liver
dysfunction, and acute GVHD, are summarized in Table 1.

Management of patients

Details of the conditioning regimen and GVHD prophylaxis
are described elsewhere.?*° In brief, patients with hema-
tological malignancies were conditioned with melphalan
(180 mg/m?) plus busulfan (16 mg/kg) or total body irradia-
tion (12 Gy) with high-dose chemotherapy. Patients with
severe aplastic anemia were conditioned with cyclophos-
phamide (50 mg/kg) and anti-thymocyte globulin (ATG;
Lymphoglobulin, 15 mg/kg). GVHD prophylaxis consisted of
methotrexate with or without cyclosporine. Patients
received intravenous y-globulin preparations weekly during
the first 3 months as prophylaxis for CMV infection. Oral acy-
clovir at a dose of 300—1000 mg was given daily. Pre-emptive
therapy against CMV infection using ganciclovir was given
following a positive result in an antigenemia assay.

Experimental design

EDTA-treated peripheral blood was collected from the
recipients at the time of HSCT, weekly for one month
post-transplant, and then biweekly for another month.
Clinical data were collected retrospectively and assessed
to determine associations with HHV-6 reactivation.

Isolation and identification of HHV-6

The procedures for the isolation and identification of HHV-6
have been described elsewhere.?! Briefly, peripheral blood
mononuclear cells were cocultured with cord blood mono-
nuclear cells in culture medium. Virus isolation was identi-
fied primarily by morphologic changes of the cultured cells,
which became large and pleomorphic with a balloon-like
shape. Virus isolation was confirmed by specific immunoflu-
orescence labeling with monoclonal antibodies against
HHV-6 (OHV-3), which were kindly provided by Dr. T. Okuno
(Department of Microbiology, Hyogo Collage of Medicine,
Hyogo, Japan). Because this monoclonal antibody is specific
for variant B, all isolates that were labeled with the anti-
bodies were considered to be HHV-6 variant B.

Serological assay to detect HHV-6 antibodies

lgG antibody titers to HHV-6 were measured with an
indirect-immunofluorescence assay as described
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Table 1 ' Characteristics and clinical features of the patients
Categories Patients with an HHV-6 infection Patients without an HHV-6 infection P value
(n = 14) (n="10)
Gender (M/F) 6/8 5/5 >0.9999
Age/range (years)’ 6.6/0—16 5.7/0-18 0.688°2
Underlying diseases
Leukemia/lymphoma 10 4 0.2112
Others 4 6
HLA matched/miss-matched 9/5 6/4 >0.9999
Conditioning
Total body irradiation
Yes 8 7 0.6785
No 6 3
Anti-thymocyte globulin
Yes 5 2 0.6529
No 9 8
G-CSF administration
Yes 13 7 0.2721
No 1 3
Clinical events
Fever 13 8 0.5504
Skin rash - 13 3 0.0023
Liver dysfunction 10 5 0.4028
CMV disease 1 1 >0.9999
Acute GVHD 7 2 0.2099
Grade 1 1P 0
Grade 2 3 0
Grade 3 2 0
Grade 4 1 2

2 Calculated using Student’s t-test.
B Confirmed by skin biopsy.

previously.*” A representative strain of HHV-6 variant B
(FG-1), which was isolated from peripheral blood mono-
nuclear cells obtained from an exanthem subitum
patient, was used as the standard antigen. The antibody
titer was defined as the reciprocal of the plasma dilu-
tion that showed specific fluorescence. Anti-HHV-6 anti-
body titers were measured in the plasma samples
collected pre-transplant and 4 and 8 weeks post-
transplant. :

Measurement of serum cytokine levels

Plasma samples were processed immediately after collec-
tion and stored at 70 °C for the subsequent measurement
of cytokine levels. The samples were collected at the time
of transplantation (day 0), and 1 week, 2 weeks, and 4
weeks after transplantation. Plasma cytokine levels were
determined using a commercially available immunoassay
kit that allows the detection of TNF-o, iL-1B, IL-6, and
IFN-y (BioSource). Assays were carried out according to
the manufacturer’s instructions. All cytokine assays were
performed in duplicate and are reported in picograms per
milliliter as the mean + SD.

Statistical analysis

The characteristics and clinical features of the recipients
with an HHV-6 reactivation and those without a viral
reactivation were compared using Fisher’s exact tests.
Unpaired comparisons between the recipient’s age and
the presence or absence of an HHV-6 reactivation were
performed using Student’s t-tests. Mean peak cytokine
levels were compared between the recipients with and
without an HHV-6 reactivation using the Mann—Whitney
U-test. Associations between antibody responses and peak
cytokine levels were also analyzed using the Mann—Whitney
U-test. The statistical analysis was performed with Stat-
View software, version J-5.0.

Results

Pattern of HHV-6 reactivation

A total of 24 patients were studied. All recipients were
seropositive for anti-HHV-6 antibodies at the time of
transplantation. HHV-6 was isolated from 9 of the 24
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recipients (37.5%) after transplant; one isolate was re-
covered at the time of transplantation. Significant in-
creases in anti-HHV-6 IgG antibody titers were observed in
five of the nine recipients (55.6%) with viremia during the
observation period (from the time of transplant to 6 weeks
after transplant). An additional five recipients showed
a significant increase in the level of HHV-6 antibodies.
HHV-6 1gG antibody titers of y-globulin preparations are
generally ranged between x16 and x64. As levels of the
antibody titers in all of the post plasma samples collected
from the 10 recipients with immune response were x128
and over, we thought that HHV-6 reactivation occurred in
the recipients. If recipients had either HHV-6 viremia or
significant increase in HHV-6 antibody titers, we defined
that the recipient had HHV-6 reactivation. Therefore, HHV-
6 reactivation occurred in 14 of the 24 recipients (58.3%;
Fig. 1A). As shown in Fig. 1B, HHV-6 viremia was most com-
monly observed approximately 2—3 weeks post-transplant.

Demographics and clinical characteristics were com-
pared between the recipients with and without an HHV-6
reactivation (Table 1). No statistically significant differ-
ences were observed between these two groups in the
demographics and the clinical characteristics except for
the skin rash (P = 0.0023).

The kinetics of the cytokine concentrations
after transplantation

Total of 92 plasma samples serially collected from the
recipients were used in this analysis. The kinetics of the
concentration of each of the four cytokines is shown in
Fig. 2. IL-6 levels were significantly higher in the recipients

with an HHV-6 reactivation than in those without an HHV-6
reactivation at 1 week (54.8 :86.5 vs. 16.3 £51.2 pg/ml;
P =0.0272), 2 weeks (44.24+45.6 vs. 0.4+1.0pg/mi;
P =0.0002), and 4 weeks (18.8£33.3 vs. 4.4+13.9 pg/
ml; P = 0.0137). The IL-6 levels at the time of transplanta-
tion were not significantly different between the two
groups (7.6 + 15.8 vs. 0 pg/ml). The TNF-« level was signif-
icantly higher in patients with an HHV-6 reactivation than in
those without an HHV-6 reactivation at 2 weeks
(13.1+13.1 vs. 3.0+ 4.6 pg/ml; P = 0.023). No significant
differences in the TNF-o. levels were observed between
the recipients with and without an HHV-6 reactivation at
the time of transplantation (5.5 +8.6 vs. 6.5+ 7.9 pg/ml),
1 week (1.3 4.6 vs. 0pg/ml) and 4 weeks (14.6 7.9 vs.
9.4+ 6.8 pg/ml). The levels of both IL-18 (pre-transplant:
0.6+1.6 vs. Opg/ml; 1 week: 0 vs. 0.24+0.6 pg/ml; 2
weeks: O vs. 0.2+0.6pg/ml; 4 weeks: 0.1+0.4 vs.
0.1+0.3pg/ml) and IFN-y (pre-transplant: 1+3.7 vs.
Opg/ml; 1 week: O vs. O0pg/ml; 2 weeks: 4.2+10.2 pg/
ml; 4 weeks: 0 vs. 0 pg/ml) were not significantly different
between the recipients with and without an HHV-6 reacti-
vation at any of the examined time points.

An association between HHV-6 viremia and the
kinetics of the cytokine concentrations

In order to clarify the roles of IL-6 and TNF-a in HHV-6
reactivation, the time course of HHV-6 reactivation and
kinetics of the concentrations of these two inflammatory
cytokines were examined in the seven recipients with HHV-
6 viremia from whom the plasma samples were completely
collected at each time point during the observation period

Results of viral isolation and serological assay

N=24 — HHV-6 isolation

Yes N=9 ——> Significant increase Yes N=3
in HHV-6 Ab
No N=4
NoN=15§ ——» Significant increase Yes N=5
in HHV-6 Ab
No N=10

Time course of HHV-6 infection (viral isolation)

No. of cases

0 5 10 15 20

25 30 35 40 45 50 55 60

days after transplant

Figure 1

A summary of the virological examinations (A) and the time course of HHV-6 isolation (B). *HHV-6 was repeatedly

isolated from same individual. Black boxes indicate positive HHV-6 isolation.
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Figure 2  The kinetics of changes in the mean cytokine levels
(IL-6, TNF-a, IL-1B, and IFN-v) in serially collected plasma sam-
ples obtained from recipients with or without an active HHV-6
infection. Solid lines indicate cytokine levels in the recipients
with an HHV-6 reactivation, whereas dotted lines indicate cy-
tokine levels in the recipients without an HHV-6 reactivation.
*P = 0.0272; **P = 0.0002; ***P = 0.0137; #P = 0.023.

(Fig. 3) (either the pre-transplant or 1 week sample was not
obtained from the remaining two cases). In case 1 and case
2, elevated IL-6 levels were observed after HHV-6 viremia.
On the other hand, elevated IL-6 levels were observed
before the onset of HHV-6 viremia in cases 2, 4, and 5. El-
evated IL-6 levels were concurrently observed with viremia
in cases 3, 6, and 7, although subsequently, the cytokine
levels significantly decreased in these cases. Slightly in-
creased TNF-a levels were also observed at the time of vi-
remia in cases 1, 3, 4, and 7. Time correlation between
HHV-6 viremia and clinical events such as skin rash and
acute GVHD was also demonstrated. These clinical features
occurred soon after HHV-6 viremia except for case 5. As
shown in Fig. 3, although all seven cases had HHV-6 viremia,
a significant increase in the anti-HHV-6 antibody titer was
only observed in four cases (cases 1, 2, 6, and 7). The
peak [L-6 level measured during the observation period
was significantly higher in the cases that mounted an
antibody response than in the subjects that lacked a re-
sponse (118.5+4.2 vs. 54.7 +16.2 pg/ml; P = 0.0339). No
statistical difference was observed between the two groups .
in the peak TNF-o level (15.0+4.8 vs. 19.34+1.5 pg/ml;
P = 0.2845).

Discussion

In order to uncover an association between HHV-6 reac-
tivation and cytokines, we performed virological examina-
tions with serially collected samples from allogeneic HSCT
recipients. As we expected, HHV-6 reactivation occurred in
58% of the recipients around 2—4 weeks after the trans-
plant, which is consistent with previous reports.®'318
Although it was difficult to determine the precise period
during which viral reactivation took place in the five recip-
ients who only showed serological responses, we believe
that HHV-6 reactivation occurred around 2—4 weeks after
the transplants, because significant increases in the anti-
HHV-6 antibody titers were observed within the observation
period (between 0 and 6 weeks after transplant). HHV-6
was isolated from one patient at the time of transplant.
She was a 2-year-old Japanese girl with severe aplastic ane-
mia. She had a high fever and a skin rash of unknown etiol-
ogy starting 2 weeks prior to the transplant. Furthermore,
she was ill when she underwent the transplant. It has
been suggested that HHV-6 reactivation can occur in criti-
cally ill patients,*** although the precise mechanism
remains unclear. Thus, because the patient was ill at the
time of her transplant, it is possible that HHV-6 could
have reactivated at an earlier time point. Moreover, HHV-
6 may have contributed to her symptoms, such as the fever
and skin rash, which were observed before the
transplantation.

It has been proposed that inflammatory cytokines play
important roles in the pathogenesis of many adverse
conditions, including acute GVHD in HSCT recipients.*~3®
Because cytokine production is affected by many factors
in HSCT recipients, it is difficult to isolate an association
between cytokines and HHV-6 reactivation. Although sev-
eral characteristics of the recipients with and without an
HHV-6 reactivation were compared, most of them were
not significantly different. This included underlying
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Figure 3  Kinetics of the changes in the levels of IL-6 and TNF-o and the results of virological examinations in the seven patients

with HHV-6 viremia from whom plasma samples were collected at each time point during the observation period. Solid lines indi-
cate IL-6 levels, and dotted lines indicate TNF-« levels. The arrowheads indicate the time points at which HHV-6 was isolated from
the patient. The results of serological tests were demonstrated in each chart. Dotted bars indicate skin rash. Meshed bars indicate

acute GVHD.

diseases, CMV disease, HLA matching, conditioning (total
body irradiation and anti-thymocyte globulin), G-CSF
administration after transplantation (within 3 weeks after
transplantation), and acute GVHD, which may be associ-
ated with the production of host cytokines. As we reported
previously,®'%'® only the skin rash that resembled acute
GVHD was closely linked to HHV-6 reactivation. Therefore,
we think that the observed increase in the production of
the cytokines reflected HHV-6 reactivation and contributed
to the skin rashes.

As shown in Fig. 2, plasma IL-6 levels were significantly
higher in the recipients with an HHV-6 reactivation than
in the recipients without a viral reactivation at 1 week
and 2 weeks post-transplant, which was prior to or concur-
rent with the time at which they were determined to have
a viral reactivation. Moreover, the TNF-o. level was also
higher in the recipients with an HHV-6 reactivation than
in the recipients without a reactivation at 2 weeks post-
transplant. Frequent HHV-6 reactivation has been

suggested to occur in patients in critical condition®* and in
patients with multiple organ failure syndrome.*> The
authors proposed that under those conditions, inflammatory
cytokines might have an important role in HHV-6 reactiva-
tion. Although the patient backgrounds in the present study
and in their study are different, we think that our data sup-
port their hypothesis. To our knowledge, the results from
this study are the first data that suggest that these two cyto-
kines play a role in HHV-6 reactivation in vivo.

It has been suggested that monitoring IL-6 levels is
predictive of CMV reactivations.?® The authors proposed
that monitoring cytokine levels could be beneficial for pa-
tient management. The measurement of IL-6 level at 1
week post-transplant might be useful for the prediction of
HHV-6 reactivation in HSCT recipients. Further prospective
analysis is now underway to confirm this hypothesis.

In vitro and in vivo experiments have demonstrated that
HHV-6 can modulate the expression of host immune fac-
tors. The level of IL-6 was significantly higher in the
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recipients with an HHV-6 reactivation than in the patients
without viral reactivation at 4 weeks post-transplant. Al-
though there was no statistically significant difference,
the TNF-a level tended to be higher in the recipients
with an HHV-6 reactivation at that time. HHV-6 has been
demonstrated to upregulate the production of IL-1B and
TNF-o. by PBMCs.3%% Although IL-6 synthesis does not in-
crease in HHV-6-infected PBMCs,>® we observed the en-
hanced production of this cytokine in a virally infected
neurogliat cell line.*' Furthermore, elevated IL-6 levels
have been observed in HHV-6-infected patients that exhibit
frequent seizures.*? Recent microarray analyses have dem-
onstrated that the transcription of mRNA encoding inflam-
matory cytokines was upregulated in virally infected
cells.* Although the alterations of the cytokine levels
were of a lower amplitude than the results seen in in vitro
analyses, our in vivo findings support the hypothesis that
HHV-6 reactivation induces cytokine synthesis, which may
be involved in the pathogenesis of the skin rashes that re-
semble acute GVHD in HSCT recipients. It has been sug-
gested that HHV-6 is associated with the induction of
acute GVHD.”8'%* ypregulation of cytokine production
by HHV-6 reactivation might cause acute GVHD. As shown
in Fig. 3, HHV-6 reactivation appears to be preceded by ei-
ther skin rash or acute GVHD. This finding also supports the
hypothesis that virus reactivation might be involved in the
pathogenesis of these two clinical features. Further studies
are necessary to confirm this hypothesis, which should al-
low us to improve the prognoses of these patients.

In order to better understand the association between
HHV-6 reactivation and cytokine production, we examined
the time course of viral reactivation (viremia) and the
kinetics of changes in the concentrations of IL-6 and TNF-
o (Fig. 3). Elevated levels of IL-6 or TNF-o. that preceded
HHV-6 reactivation were observed in cases 2, 4, and 5.
HHV-6 isolates were obtained from cases 3, 6, and 7, which
also had elevated levels of one of these cytokines. Although
these findings support the hypothesis that these cytokines
induce HHV-6 reactivation, further large number of case
analysis is necessary to confirm the hypothesis, because
numerous factors such as conditioning treatments may
affect cytokine production in HSCT recipients. On the other
hand, a significant increase of the IL-6 concentration was ob-
served after HHV-6 isolation in cases 1 and 2, suggesting that
cytokine synthesis was upregulated as a result of the viral re-
activation. Four of the seven recipients with HHV-6 viremia
had significant increases in their anti-HHV-6 antibody titers
during the observation period. Interestingly, the peak IL-6
levels were significantly higher in the four recipients who
mounted antibody responses than in the three recipients
who did not produce detectable antibody responses
(118.5+ 4.2 vs. 54.7 + 16.2 pg/ml, P = 0.0339). This finding
suggests that severe immunosuppression, which impairs host
cytokine synthesis, prevented the HSCT recipients from pro-
ducing an antibody response against viral reactivation.
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Summary

Aplastic anaemia (AA) is defined as a pancytopenia caused by bone marrow
failure, and its pathogenesis is thought to involve autoimmune processes.
Several predictive markers of the response to immunosuppressive therapy
(IST) have been proposed, which appear to reflect the immune
pathophysiology. We prospectively investigated the presence of human
leucocyte antigen (HLA)-DR15, a minor population of paroxysmal nocturnal
haemoglobinuria (PNH)-type cells, and antibodies to the recently identified
autoantigen postmeiotic segregation increased 1 (PMS1) in 103 children with
AA enrolled in a multicentre study. In contrast to adults, children with AA
did not show an increased frequency of HLA-DR15. In addition, a sensitive
flow cytometric assay revealed that children with AA have a much lower
prevalence of PNH-type cells (21-4%) than reported for adults with this
disease. An immunoblotting assay detected anti-PMS1 antibody in 15 of 103
(14:6%) of the children. Finally, the response rate to IST was not significantly
different between patients with and without DR15 (45:5% vs. 54:0%), PNH-
type cells (68:2% vs. 53-1%) or anti-PMS1 antibody (40:0% vs. 59:1%). The
current study did not confirm a correlation between these markers and the
response to IST, suggesting that there is a difference in the pathophysiologies
of adult and paediatric AA.

Keywords: acquired aplastic anaemia, children, postmeiotic segregation
increased 1, HLA-DRI15, paroxysmal nocturnal haemoglobinuria.

Kojima et al, 2000; Young, 2002b), suggesting that pancyto-

Aplastic anaemia (AA) is defined as peripheral blood
pancytopenia and bone marrow hypoplasia. Accumulating
evidence suggests that immune mechanisms contribute to the
pathogenesis of acquired AA (Mathe ef al, 1971; Young,
1999, 2002a; Maciejewski et al, 2002). Immunosuppressive
therapy (IST) with anti-thymocyte globulin (ATG) and
cyclosporine (CyA) has resulted in response rates of
approximately 50-70% for acquired AA (Gluckman et al
1992; Bacigalupo ef al, 1995; Rosenfeld et al, 1995, 2003;
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penia and bone marrow failure are immunologically medi-
ated in at least some AA patients. For the remaining patients,
however, IST might even be harmful because of an increased
risk of opportunistic infections and a delay in receiving stem
cell transplantation. In children, in particular, the choice of
an appropriate treatment is influenced by the long-term
sequelae of the disease as well as its therapy. The immune
pathophysiology of patients should thus be understood at
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diagnosis, and IST should be applied only to those with
immune-mediated AA.

Several potential markers of IST that appear to reflect the
immune pathophysiology of AA have been suggested. One is
human leacocyte antigen (HLA)-DR15 (split of DR2). As in
other autoimmune disorders, an inherited predisposition
associated with HLA phenotypes has been examined in AA
(Albert et al, 1976; Dausset et al, 1977; Hurtado Monroy et al,
1980; Gluckman et al, 1981; D’Amaro et al, 1983; Chapuis
et al, 1986; Nakao et al, 1994, 1996; Nimer et al, 1994;
Than et al, 1997; Chiewsilp et al, 2000; Shao et al, 2000;
Kapustin et al, 2001). An increased frequency of HLA-DR2,
specifically DR15, has been reported in several (but not all)
studies of AA, although these have been mostly studies on
adult AA (Gluckman et al, 1981; D’Amaro ef al, 1983; Chapuis
et al, 1986; Nimer et al, 1994; Chiewsilp er al, 2000; Shao et al,
2000; Fuhrer et al, 2007). Some groups have shown that the
presence of HLA-DRI15 is associated with a good response to
IST (Nakao et al, 1994; Ilhan et al, 1995; Than et al, 1997;
Maciejewski et al, 2001; Oguz et al, 2002; Usman ef al, 2004);
however, a positive correlation between HLA-DR15 and the
response to the combination of ATG and CyA, which is
currently the standard for treating acquired AA, has not yet to
be clearly demonstrated because the number of patients
studied has been relatively small and the drugs used for IST
have not been consistent (Nakao et al, 1994; Ilhan et al, 1995;
Than et al, 1997; Shao et al, 2000; Maciejewski et al, 2001;
Oguz et al, 2002; Usman et al, 2004; Fuhrer et al, 2007).

Another marker closely associated with immune pathophys-
iology in adult AA is paroxysmal nocturnal haemoglobinuria
(PNH)-type cells, a type of glycosylphosphatidylinositol-
anchored protein-deficient cell that are very less in number
(Young, 1992; Dunn et al, 1999; Maciejewski et al, 2001; Wang
et al, 2001; Saunthararajah et al, 2002). Two retrospective
studies have found a correlation between the presence of PNH-
type cells and the response to IST in adults with AA
(Maciejewski et al, 2001; Sugimori et al, 2006), although a
third group failed to find this association (Saunthararajah et al,
2002).

In organ-specific autoimmune diseases, such as insulin-
dependent diabetes mellitus and multiple sclerosis, autoanti-
bodies against target proteins are often produced by
pathogenic T-cells (Gran & Rostami, 2001; Markovic-Plese &
McFarland, 2001; Viglietta et al, 2002; Lieberman et al, 2003).
Because of the dramatic effects of T-cell suppressants including
ATG and CyA on in vivo haematopoiesis, it has been suggested
that autoreactive T-cell responses against target autoantigens
play a major role in the development of AA and that these
autoantigens also evoke humoral responses. Recently, four
different AA-associated autoantigens were identified using the
serological identification of antigens by recombinant expres-
sion cloning (SEREX) method with a peptide library derived
from fetal liver or leukaemic cell lines or through their direct
binding to protein in the lysate of a leukaemic cell line

(Hirano et al, 2003, 2005; Feng et al, 2004; Takamatsu et al,
2007).

The presence of antibodies to these antigens was proposed as
another marker predicting the response to IST. Diazepam-
binding inhibitor-related protein 1 (DRS-1) was described as a
candidate autoantigen in AA, and among a limited number of
adults with AA, there was an association between the presence
of antibody to DRS-1 and a good response to IST (Feng et al,
2004). Postmeiotic segregation increased 1 (PMS1) was also
identified as a possible antigen using SEREX, with an antibody
present in the sera of Japanese children with AA (Hirano et al,
2005), but the relevance of these antibodies to the pathophys-
iology of AA and their clinical significance has not yet been
determined.

Most of these studies have focused on adults with AA and
have been retrospective, and the significance of these markers
in paediatric cohorts is largely unknown and needs to be
established (Davies & Guinan, 2007). Therefore, in the current
study, we prospectively investigated the presence of HLA-
DR15, PNH-type cells, and antibodies to PMS1 in a large
population of children with AA enrolled in a multicentre study
to clarify whether the previously described correlation between
these markers and good response to IST in adults could be
confirmed.

Materials and methods

Patients

Between July 2001 and September 2005, 103 Japanese
children with AA from 57 hospitals were enrolled in
prospective multicentre study AA-97 conducted by the Japan
Childhood Aplastic Anemia Study Group. Patients with
acquired AA were eligible if they met the following criteria:
age <18 years, newly diagnosed disease (<180 d) without
specific prior treatment, and moderate to very severe AA.
Severity was classified as previously described (Camitta et al,
1979; Bacigalupo et al, 1993). The disease was considered
severe if at least two of the following were noted: a neutrophil
count <05 % 10°/], a platelet count <20 x 10%1, and a
reticulocyte count <20 x 10°/1 with hypocellular bone mar-
row. AA was considered very severe if the criteria for severe
disease were fulfilled and the neutrophil count was
<02 x 10°/1. Patients were excluded if they had congenital
AA or paroxysmal nocturnal haemoglobinuria with positive
findings on the Ham test/sucrose test. Allogeneic stem cell
transplantation was recommended for patients with severe or
very severe disease who had an HLA-matched sibling: these
patients were not included in the AA-97 study. Written
informed consent was obtained from all parents as well as
patients aged 10 years or older. The study was approved by
the ethics committee of each participating hospital. The study
also conformed to the recently revised tenets of the Helsinki
protocol.

© 2008 The Authors
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IST

All patients with very severe or severe AA were treated with a
combination of ATG (Lymphoglobulin; Imtix-SangStat, Lyon,
France; 15 vials/10 kg/d intravenously for 5 d) and CyA
(Novartis, Basel, Switzerland; 6 mg/kg/d per oral). The dose
of CyA was adjusted to maintain trough levels between 100 and
200 ng/ml, and the appropriate dose was administered for at
least 6 months. Patients with moderate AA were randomized
to receive only ATG or a combination of ATG and CyA.
Granulocyte colony-stimulating factor (Filgrastim, Kirin,
Tokyo, Japan; 400 pg/m” intravenously or subcutaneously)
was administered for 3 months to very severe patients (Kosaka
et al, 2008). Response to IST was evaluated according as
previously described (Kojima et al, 2000).

HLA typing

At diagnosis, all patients were HLA-typed by DNA techniques
and/or by serology. The HLA typing was performed by SRL Inc.
(Tokyo, Japan). The frequency of HLA-DR in these patients was
compared with that in a control population consisting of 1018
unrelated Japanese individuals (Itoh et al, 2005).

Detection of PNH-type cells

To detect PNH-type granulocytes, red blood cells (RBCs) were
lysed in ammonium chloride buffer. Leucocyte suspension
(50 pl) was incubated with 5 pl of fluorescein isothiocyanate
(FITC)-conjugated anti-CD13 monoclonal antibody (mAb)
(Beckman Coulter, Miami, FL, USA), phycoerythrin (PE)-
labelled anti-CD55 mAb (clone 67, mouse IgGl; Serotec,
Oxford, UK), and PE-labelled anti-CD59 mAb (clone p282,
mouse IgG2a; Becton Dickinson, Franklin Lakes, NJ, USA) on
ice for 30 min. To detect PNH-type RBCs, FITC-labelled anti-
glycophorin A mAb (clone KCl16; Immunotech, Marseille,
France) was included instead of anti-CD13 mAb. Fresh blood
was diluted to 3% in phosphate-buffered saline, and 50 pl of
diluted blood was incubated with 5 pl of FITC-labelled anti-
glycophorin A mAb, PE-labelled anti-CD55 mAb, and PE-
labelled anti-CD59 mAb on ice for 30 min. A total of at least
1 x 10° CD13" granulocytes and glycophorin A* RBCs within
each corresponding gate were analysed using a FACSCalibur
(Becton Dickinson). On the basis of analytic results from 15
healthy individuals, the presence of >0:020% CD13* CD55~
CD59” granulocytes and >0:037% glycophorin A* CD55~
CD59™ RBCs was defined as abnormal. When the number of
PNH-type cells was elevated in granulocytes and/or RBCs, the
patient was defined as having a minor PNH clone.

Expression and purification of bacterially expressed
fusion proteins

Full-length PMSI ¢DNA was cloned into pET14b vector
(Novagen, Madison, WI, USA) for expression as a His-tag

© 2008 The Authors
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fusion protein. Synthesized proteins were purified using a
His-bind kit (Novagen) according to the manufacturer’s
instructions. His-tagged PMS1 protein was induced as previ-
ously described (Hirano et al, 2003, 2005). Appropriate size and
specificity of the expressed protein products were confirmed by
Western blot analysis using mouse anti-His mAb (1:3000; Sigma,
St Louis, MO, USA) or rabbit anti-PMS1 antibody (1:10 000;
Santa Cruz Biotechnology, Santa Cruz, CA, USA).

Western blot analysis

Plasma samples were obtained from 103 children with AA and
33 healthy volunteers. Samples were stored at —80°C until use.
Equal amounts of bacterial lysates expressing His-tagged full-
length PMS1 proteins were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), trans-
ferred to polyvinylidene fluoride membranes (Millipore,
Bedford, MA, USA), and incubated overnight with blocking
buffer. Immunoblotting was performed using 1:1000 dilutions
of patient plasma, normal plasma, or rabbit anti-PMS1
antibody, followed by 1:10 000 horseradish peroxidase-conju-
gated anti-human IgG (Amersham Biosciences, Piscataway, NJ,
USA) or 1:5000 anti-rabbit IgG secondary antibody (Amer-
sham Biosciences). Immunoreactive bands were detected with
chemiluminescence reagents (Amersham Biosciences).

Statistical analyses

Differences in clinical characteristics between patients with and
without HLA-DR15, PNH-type cells, or anti-PMS1 antibody
and relationships between the presence of these markers and
the response to IST were assessed using the Mann-Whitney
U-test and the Fisher exact probability test. To evaluate the
multivariate relationship between IST response and variables,
logistic regression modelling was performed. A P-value of
<0-05 was considered statistically significant.

Results

Patient characteristics and response to
immunosuppressive therapy

A total of 103 patients (66 boys and 37 girls) fulfilled the
eligibility criteria, and their clinical characteristics are shown in
Table I. The median age at diagnosis was 8 years (range, 1—
15 years). Of the 103 patients, 82 (79-6%) had idiopathic AA, 18
(17-5%) had hepatitis-associated AA and 3 (2:9%) had AA from
other causes. Regarding the severity of AA, 53 patients (51-5%)
were rated very severe, 28 (27-2%) were severe and 22 (21-3%)
were moderate. All patients with very severe and severe AA were
treated with a combination of ATG and CyA, and patients with
moderate AA were randomized to receive only ATG (n = 11) or
a combination of ATG and CyA (n = 11). A total of 58 of 103
(56:3%) patients improved with IST and achieved partial
response (n = 40) or complete response (# = 18) at 6 months.
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Table 1. Patient characteristics.

No. patients 103
Age at diagnosis, years, median (range) 8 (1-15)
Gender
Male/female 66/37
Etiology, no. of patients (%)
Idiopathic 82 (796)
Hepatitis 18 (175)
Others 3 (29)
Severity of AA, no. of patients (%)
VSAA 53 (51-5)
SAA 28 (27°2)
MAA 22 (21°3)

VSAA, very severe aplastic anaemia; SAA, severe aplastic anaemia;

MAA, moderate aplastic anaemia.

Prevalence of HLA-DR15 among children with AA
and its relationship with clinical features

The HLA-DRI5 types were available for 85 children with AA.
The clinical features of these 85 children were similar to those
of the remaining children without HLA-DR15 data. HLA-
DR15 was present in 22 of 85 children. In our paediatric

patient cohort, the HLA-DRI15 allelic frequency was 13:5%.
This is similar to the frequency in the general population in
Japan (156%; 1 = 1018) (Itoh et al, 2005). Furthermore, the
frequency was significantly lower than in Japanese adults with
AA (Nakao et al, 1996) (13:5% vs. 27'9%; P = 0-001). Of the
85 patients whose HLA-DR15 type was available, 44 (51-8%)
responded to IST. Ten of 22 HLA-DRI15-positive and 34 of
63 HLA-DRI5-negative patients achieved a response. The
response rate in the DRI5-positive group (45-5%) did not
significantly differ from that in the DR15-negative group
(54:0%; P = 0-62). Between these two groups, there was also
no significant difference in the age at diagnosis, gender,
aetiology, disease severity, presence of PNH-type cells, or
presence of anti-PMS1 antibody (Table II).

Detection of PNH-type cells

We found a significant increase in the number of PNH-type
cells in 22 of 103 (21'4%) patients. The median percentage of
PNH-type RBCs was 0-14% (range, 0-04-0-81%). Notably, the
proportions of PNH-type RBCs were below 0:1% in more than
40% of the PNH" patients. We further compared the clinical
features and treatment responses between PNH' and PNH”™

Table II. Clinical features of AA patients with HLA-DRI15, PNH-type cells, or anti-PMSI Ab.

HLA-DRI15 PNH-type cells Anti-PMS1 Ab
positive negative positive negative positive negative
(n=22) (n = 63) (n=22) (n = 81) (n = 15) (n = 88)
Age at diagnosis, years, median (range) 8 (1-15) 9 (1-15) 85 (1-15) 8 (1-15) 9 (3-14) 7-5 (1-15)
P =093** P = 0-85** P = 0-53**
Gender
Male/female 16/6 42/21 15/7 51/30 10/5 56/52
P=079* P = 080" P > 0:99*
Aetiology, no. of patients (%)
Idiopathic 18 (81-8) 48 (762) 16 (727) 66 (81'5) 13 (86'7) 69 (78-4)
Hepatitis 4 (182) 12 (19-0) 6 (27'3) 12 (14-8) 2(133) 16 (18-2)
Others 0 (00) 3 (4-8) 0 (0:0) 3 (37) 0 (0:0) 3 (3-4)
P > 099* P =037* P = (-88*
Severity of AA, no. of patients (%)
VSAA 13 (59-1) 33 (52:4) 11 (500) 42 (51-9) 6 (40:0) 47 (534)
SAA 7 (31:8) 16 (25-4) 8 (36-4) 20 (247) 6 (40:0) 22 (250)
MAA 2(91) 14 (22:2) 3 (13+6) 19 (23-4) 3 (200) 19 (216)
P =031* P = (53* P = 0-49*
Response to IST, no. of patients (%) 10/22 (45°5) 34/63 (54:0) 15/22 (682) 43/81 (53-1) 6/15 (40-0) 52/88 (59-1)
P =062* P = 036" P = 026*
HLA-DRI5, no. of patients (%) - - 5/18 (27-8) 17167 (254) 2/12 (167) 20173 (27-4)
P> 099* P=072*
PNH-type cells, no. of patients (%) 5/22 (22°7) 13/63 (206) - - 3/15 (20:0) 19/88 (21'6)
P=0Q77* P> 0-99*
Anti-PMS1 Ab, no. of patients (%) 2122 (9°1) 10/63 (159) 3/22 (136) 12/81 (14-8) - -
P =072* P > 0-99*

VSAA, very severe aplastic anaemia; SAA, severe aplastic anaemia; MAA, moderate aplastic anaemia; PNH, paroxysmal nocturnal haemoglobinuria.

*Fisher exact test.
**Mann-Whitney U-test.
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patients to determine the clinical significance of the minor
population of PNH-type cells. Fifteen of 22 (682%) PNH"
patients and 43 of 81 (53-1%) PNH" patients improved with
IST. These response rates were comparable (P = 0-36). In
addition, there were no differences in other clinical variables
between these two groups (Table II).

Detection of specific antibodies to PMS1

To confirm the presence of antibodies specific to PMS1 and
determine its prevalence, we produced recombinant His-tag
PMS1 protein and performed Western blot analysis using sera
from AA patients and healthy volunteers. The size and
specificity of the expressed protein products was confirmed
by Western blotting (Fig 1A). Figure 1B shows representative
results using the same method for selected patients with AA
and healthy individuals. Clear bands indicating the presence of
PMSI antibody were present in the sera of 15 of 103 children
with AA (14:6%) but not in any of the sera of healthy
volunteers. The difference between these two groups was
significant (P = 0-02).

We next investigated whether anti-PMS1 antibody titres
could be used as a marker for AA disease activity. Serial
samples were available for the two patients who had detectable
anti-PMS1 antibody. Anti-PMS1 antibody levels persisted in

MW
A)
250kDa — i
150 kDa —
100 kDa — P PMs
75kDa —
Coomasie Anti-His mAb
(B8)
120 kDa — tee
70 kDa—
1 2 3 4 5 6 7
Anti-PMS1 Healthy AA

Ab

Fig 1. Specific antibody to recombinant postmeiotic segregation
increased 1 (PMS1) in sera of AA and healthy controls. (A) Full-length
PMS! cDNA was cloned into a prokaryotic expression vector and
expressed as a His-tagged protein. Equal amounts of bacterial lysates
expressing His-tagged full-length PMS1 protein were separated by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis and trans-
ferred to polyvinylidene fluoride filters. Blotted membranes were
incubated with anti-His mAb, and the size and specificity of the
expressed protein were confirmed. (B) Anti-PMSI antibodies were
detected by rabbit anti-PMS1 antibody (lane 1) and in the sera of some
AA patients (lanes 5~7) but not in the sera of healthy volunteers (lanes
2-4).
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Fig 2. Detection of anti-postmeiotic segregation increased 1 (PMS1)
antibody and correlation with disease activity. (A) Anti-PMS!1 anti-
body analysis of serum from an AA patient who did not respond to
immunosuppressive therapy (IST) and received bone marrow trans-
plantation (BMT) 10 months after IST. Anti-PMS1 antibody persisted
at 3 and 9 months after IST (lanes 1-3) but disappeared after BMT
(lane 4). (B) Anti-PMS1 antibody analysis of an AA patient who had
clinical improvement following IST. Detected bands became progres-
sively weaker (lane 2) and then undetectable (lane 3-5).

one patient who did not show clinical improvement after IST,
and the antibody disappeared after the patient received bone
marrow transplantation (BMT; Fig 2A). In another patient
who achieved resolution of pancytopenia and clinical improve-
ment following IST, anti-PMSI antibody became undetectable
(Fig 2B). To determine if the presence of anti-PMS!1 antibody
could be a marker for predicting the response to IST, we then
compared anti-PMS1 antibody-positive and -negative patients.
Six of 15 (40-0%) anti-PMS1 antibody-positive and 52 of 88
(59:1%) anti-PMS1 antibody-negative patients achieved a
response. Similar to other clinical variables, the presence of
anti-PMS1 antibody was not significantly associated with a
good response to IST (Table II).

Association of the studied variables and the response
to IST in AA

We compared the frequency of the HLA-DRI15 allele, the
prevalence of PNH-type cells, and the prevalence of the anti-
PMS1 antibody between IST responders and non-responders.
Univariate analysis indicated that the frequency of these three
markers was not significantly different between these two
groups. We also performed multivariate logistic regression
analysis to assess the simultaneous contribution of each of the
three variables in predicting the response. The presence of
HLA-DRI15, PNH-type cells, and anti-PMSI antibody were not
statistically significant predictors of a response to therapy.

Discussion

Since the first report on HLA-DR antigens in AA by Chapuis
et al (1986), who found an increased frequency of HLA-DR2
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in AA patients, several studies have confirmed the association
between the DR15 antigen and AA in adults (Chapuis et al,
1986; Nakao et al, 1994; Ilhan et al, 1995; Shao et al, 2000).
More recently, a difference in the correlation of this allele in
children and adults with AA was described by Fuhrer et al
(2007). In the current prospective study, we confirmed that
there is no association between HLA-DRI15 and AA in
children. Therefore, the contribution of this allele to the
aetiology of AA appears to be limited, at least in children. The
frequency of HLA-DRI15 varies significantly in different ethnic
groups (Ilhan et al, 1995; Than et al, 1997). Our finding is
unlikely to be due to a difference in genetic background
because the HLA frequency of our Japanese paediatric cohorts
was similar to controls with comparable ethnological back-
grounds (n = 1018) as reported by Itoh et al (2005}. Notably,
the prevalence of HLA-DRI15 in children with AA was
significantly lower than the results reported in Japanese adults
with AA (13-5% vs. 27-9%; P = 0-001) (Nakao et al, 1994).

Although the HLA-DRI5 status of the AA patients had also
been proposed as a predictive marker of the clinical response
to IST, we were unable to obtain a definitive result regarding
its predictive value. In some studies, HLA-DRB1*1501 has
been shown to be closely associated with a good response to
CyA therapy in patients with AA (Nakao et al, 1994, 1996).
However, the response to ATG does not seem to correlate with
DR15 (Nimer et al, 1994; Nakao et al, 1996; Ihan et al, 1997).
Conflicting results have been reported for the response to a
combination of ATG and CyA (llhan et al, 1995; Than ef al,
1997; Maciejewski et al, 2001; Oguz et al, 2002; Saunthararajah
et al, 2002; Usman et al, 2004). The present study investigated
a large cohort of children with acquired AA treated with the
combination of ATG and CyA or with ATG alone, and no
association was found between the presence of DR15 and the
response to IST. Unfortunately, high-resolution DNA typing
results were not available for our patients and, thus, we could
not determine whether there is a specific association with the
HLA-DRBI*1501 allele in children with AA. When the patients
who had been randomized to receive only ATG were excluded
from the analysis, a negative result was still observed. The
discrepancy between the impact of HLA-DRI5 status in
children and adults with AA and the fact that clinical responses
also occurred in DRI5-negative subjects suggest that the
pathogenesis of AA in children and adults is different because
of distinct autoimmune-mediated mechanisms.

Several studies have demonstrated the presence of PNH-type
cells in the peripheral blood of AA patients. However, to the
best of our knowledge, no study has focused on paediatric AA
patients and, to date, no cohorts of children with AA have been
prospectively analysed to examine the correlation between the
presence of these clones and the response to IST (Davies &
Guinan, 2007). This study analysed a large number of
paediatric patients with newly diagnosed AA, and found that
increased PNH clones were detected in a limited number of
patients. Unlike other low-resolution assays, the flow cyto-
metric assay that we employed was able to detect PNH-type

granulocytes or RBCs, at percentages <0:01%. These low
percentages were comparable with the results of previous
studies using high-resolution assays (Wang et al, 2001; Sugi-
mori et al, 2006). Using this sensitive flow cytometry assay,
lower rates of increase in PNH-type cells were detected in
children with AA (21-4%) than in adults with AA (68-0%)
(Sugimori et al, 2006). In retrospective studies of adults with
AA, a better response to IST was found in PNH* than PNH™
patients (Maciejewski ef al, 2001; Sugimori et al, 2006). In our
study, however, the presence of these clones at diagnosis was
not associated with an increased response rate after IST or
other clinical features, including the frequency of HLA-DRIS5.
These findings support the idea that childhood AA is a type of
bone marrow failure distinct from AA in adults.

PMS1 is a DNA mismatch repair gene expressed by many
tissues including haematopoietic cells (Horii et al, 1994). The
PMSTI protein forms heterodimers with MLH1, another DNA
mismatch repair protein, and some cases of hereditary non-
polyposis colorectal cancer have been found to have mutations
in this gene (Nicolaides et al, 1994), but the role for PMSI
protein in haematopoiesis and the development of AA has not
been clear. Recently, we reported that an IgG antibody
response to PMS1 was detected in three of 30 children with
AA (Hirano ef al, 2005). In this study, we prospectively
determined the prevalence of this antibody and examined its
clinical significance. Fifteen of 103 patients (14-6%) had IgG
antibodies directed against PMS1, but no antibody response to
PMS1 was observed in healthy donors, suggesting that PMSI is
a specific autoantigen in AA patients. The frequency of anti-
PMS1 antibody in the current study was similar to that in our
previous study (Hirano et al, 2005). In the current study, in
one of the patients with detectable anti-PMS1 antibody, the
autoantibody  disappeared coincidentally with clinical
improvement following IST, but in another patient who did
not respond to IST, the autoantibody persisted until second-
line therapy with BMT. We could not find an association
between the presence of this antibody with a good response to
IST and other markers, including HLA-DR15 and PNH-type
cells. These results suggest that the presence of anti-PMS1
antibody may not be a marker for predicting the response to
IST; however, the antibody titre might be a useful surrogate
maker for the disease activity of AA,

Diazepam-binding inhibitor-related protein 1 and moesin
have been recently identified as possible target antigens in AA,
and the correlation between the presence of these antibodies
and the response to IST has been examined (Feng et al, 2004;
Takamatsu et al, 2007). These two studies found no significant
differences in the rate of response to IST using the combina-
tion of ATG and CyA between patients with and without these
antibodies. Seven of nine (78%) anti-DRS-1 antibody-positive
patients and six of nine (67%) anti-DRS-1 antibody-negative
patients achieved a response. Also, nine of 12 (75%) anti-
moesin antibody-positive and four of six (67%) anti-moesin
antibody-negative patients responded to the combination of
ATG and CyA. When both markers were combined, 10 of 14
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(71%) patients showing at least one of the two markers
improved when treated with ATG and CyA, and three of four
(75%) patients not showing either marker responded.
Although there was no significant association between the
presence of these antibodies and the clinical response, the
antibodies to DRS-1 and moesin may reflect the immune
mechanism of AA in adults because both correlate with the
presence of PNH-type cells, which are thought to participate in
the immune pathophysiology of adult AA. A large prospective
study is needed to more definitively determine the predictive
value of these autoantibodies.

To our knowledge, this is the first prospective study to
investigate the clinical relevance of HLA-DRI15, PNH-type
cells, and antibodies to PMS! in paediatric AA. Unlike
observations in adult AA, we were unable to confirm that
there is a correlation between these markers and the response
to IST, suggesting that there is a difference in pathophysiology
between adult and paediatric AA. We therefore believe that
identification of the differences between children and adult AA
is important for understanding the pathophysiology of this
disease. Nonetheless, the excellent clinical outcomes of IST for
AA in both children and adults unequivocally support the idea
of an autoimmune pathogenesis of AA. It is conceivable that
the differences observed in children and adult AA might reflect
distinct key target antigens producing immune response
against haematopoietic stem cells between children and adult
AA. Future studies are needed to identify appropriate markers
that can predict the response to IST, and the significance of any
identified markers must be examined in a prospective study
consisting of large numbers of adults and children.
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Summary

Transient leukaemia (TL) in neonates with Down syndrome (DS) is
characterized by the transient appearance of blast cells in the peripheral
blood that resolves spontaneously. Some TL patients die at an early age due
to organ failure. Seventy DS patients with TL were studied retrospectively to
identify clinical and laboratory characteristics associated with early death
(<6 months of age). Sixteen of 70 patients (22:9%) died early. The main
causes of death were organ failure, particularly hepatic and cardiopulmonary
failure. On univariate analysis, early gestational age (EGA), high white blood
cell (WBC) count (2100 x 10°/1), percentage of peripheral blasts, elevated
aspartate transaminase (AST), elevated direct bilirubin (DB), and low Apgar
score were significantly associated with poor survival. On multivariate
analysis, EGA, WBC count, and DB were independent predictors of poor
outcome. A simple risk stratification system combining EGA and WBC count
was devised to predict poor outcome. Term infants (EGA > 37 weeks) whose
WBC count was lower than 100 X 10°/1 had the best outcome [7:7% (3/39)
died early], while preterm infants (EGA < 37 weeks) whose WBC count was
higher than 100 x 10°/1 had the worst outcome [54:5% (6/11) died early].
This stratification system may be useful for identifying high-risk patients who
need early therapeutic interventions.

Keywords: transient leukaemia, Down Syndrome, prognostic factors, esti-
mated gestational age, white blood cell count.

Transient leukaemia (TL), also known as transient myelopro-
liferative disorder (TMD) or transient abnormal myelopoiesis
(TAM), occurs in approximately 10% of infants with Down
syndrome (DS) (Doyle, 1994). This disorder is characterized
by the appearance of blast cells with megakaryoblastic and/or
erythroblastic characteristics in the peripheral blood. While
most TL patients have a favorable clinical course, and the blast
cells disappear spontaneously, some develop vital organ failure
and die at an early age (Miyauchi ef al, 1992; Hoskote et al,
2002). In this group of patients, liver failure with hepatic
fibrosis and cardiopulmonary failure are the major causes of
death (Massey et al, 2006).

Recently, low-dose cytosine arabinoside (Ara-C) therapy has
been reported to be effective for improving the clinical
outcome in TL patients with severe liver or cardiopulmonary
disease (Al-Kasim et al, 2002; Dormann et al, 2004). However,
because the disease resolves spontaneously in most instances, it
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is not generally recommended that all patients receive anti-
leukaemic therapy. It is not known which patients with TL
should be treated with chemotherapeutic agents. The present
study aimed to identify the group at high risk for early death
that would potentially benefit from treatment with antileukae-
mic agents.

Materials and methods

A retrospective chart review of patients admitted to 14
hospitals located in the Tokai area of Japan between August
1985 and August 2006 was undertaken to identify all DS
neonates with TL. The eligibility criteria for the analysis were
DS infants who were younger than 3 months and had
circulating blast cells in the peripheral blood. Patients with
leucocytosis and peripheral blast cells as a result of infections
or blood group incompatibility were excluded. The study was

© 2008 The Authors
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Table 1. Clinical characteristics and laboratory findings at diagnosis of patients with transient leukemia and Down syndrome.

Normal Low risk group Intermediate risk High risk group Total patients

range (n =39) group {n = 19) (n=11) (n=70)
Estimated gestational age, weeks 38 (37-41) 36 (30-39) 36 (28-36) 37 (28-41)
Birth weight, kg 2:86 (1-98-378) 2:16 (1-71-3-01) 2:28 (1-21-2-97) 2'55 (1-21-3-78)
Apgar score at 1 min 85 (1-10) 65 (1-9) 7 (3-9) 8 (1-10)
Apgar score at 5 min 9 (5-10) 8 (4-10) 9-5 (5-10) 9 (4-10)
Onset of TL, days 0 (0-63) 0 (0-4) 0 (0-2) 0 (0-63)
Peak value of WBC, x10°/1 3-8-8:5 36 (0:6-99) 51 (0-7-187) 170 (103-1033) 493 (0-6-1033)
Peripheral blasts, % 26 (0-5-90) 54 (0-9-92) 75 (60-96) 43 (0-5-96)
Peak value of AST, TU/1 13-33 63 (18-463) 74 (22-1401) 296 (33-5038) 74 (18-5038)
Peak value of ALT, 1U/1 6-30 37 (7-669) 43 (8-219) 138 (8-495) 43 (7-669)
Peak value of T.Bil, pmol/l 5-20 198 (7-407) 192 (68-742) 215 (55-527) 203 (7-742)
Peak value of D.Bil, umol/l 0-7 45 (5-270) 70 (12-503) 52 (13-307) 50 (5-503)

Values are given as median (range).

TL, transient leukemia; WBC, white blood cell count; AST, aspartate transaminase; ALT, alanine transaminase; T.Bil, total bilirubin; D.Bil, direct

bilirubin.

approved by the ethics committee of each participating
hospital, and written informed consent was obtained from all
parents.

A total of 70 patients (46 male, 24 female) were identified.
Their clinical characteristics and laboratory findings at the
time that TL was diagnosed are summarized in Table I. Of the
70 patients, 43 had congenital heart disease.

The probability of overall survival and the development of
subsequent leukemia were calculated using the Kaplan-Meier
method. The correlations between patients’ covariates and
early death (<6 months of age) were evaluated using univariate
and multivariate Cox proportional hazards regression model.
The following covariates were evaluated: gender, presence of
congenital heart disease, estimated gestational age, birth
weight, Apgar score, white blood cell counts, total and direct
bilirubin, alanine aminotransferase, aspartate aminotransfer-
ase, and the results of cytogenetic study. All P values reported
are two-sided, and P values <005 were considered statistically
significant.

Results

Eighteen of the 70 patients (26%) died. These 18 patients’
clinical and laboratory findings are summarized in Table II
and Table SI. Early death occurred in 16 of 70 patients
(23%); the median age at death was 33 d (range: 1-143 d).
In all but one patient with early death, the cause of death
was vital organ failure due to blast cell infiltration (11
patients died of hepatic failure, three of cardiopulmonary
failure, and one of renal failure). These patients eventually
suffered from multi-organ failure with disseminated intra-
vascular coagulation. One patient with a ventricular septal
defect (VSD) and an atrial septal defect (ASD) whose family
refused active treatment died of cardiac failure at 136 d
of age.

© 2008 The Authors

Table II. Clinical and laboratory data on all deaths, both early and
late, in the study group.

Age Peak Peak Main
of value of value of cause

Patient death, EGA, WBC, D®Bi, of Antileukemic

no. days  weeks x10°/l pmol/l death agent
i 2 37 507 - CF -
2 6 30 12:7 27 CF -
3 7 28 260 25 HEF -
4 7 34 1033 146 HF -
5 17 32 197-7 i3 RF -
6 19 36 1742 83 HF -
7 31 37 1095 42 CF -
8 35 36 1544 178 HF -
9 48 36 973 472 HF -
10 55 35 466 487 HF -
11 56 35 77 393 HF -
12 85 38 1868 503 HF Low-dose Ara-C
13 118 36 399 307 HF Vincristine
14 121 37 1133 270 HF -
15 136 39 189 113 CF -
16 143 35 27-8 438 HF -
17 441 37 367 165 CF -
i8 887 38 1377 15 AMKL -

EGA, early gestational age; WBC, white blood cell count; D.Bil, direct
bilirubin; CF, cardiopulmonary failure; HF, hepatic failure; RF, renal
failure; CHD, congenital heart disease; AMKL, acute megakaryoblastic
leukemia; Ara-C, cytosine arabinoside.

The covariates that were significantly correlated with early
death were examined further. On univariate analysis, the
following covariates were identified: early gestational age
(EGA), low Apgar score at 1 min and at 5 min, peak value
of white blood cell (WBC) count =100 x 10°/1), percentage of
peripheral Dblasts, elevated aspartate transaminase (AST),
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Table III. Clinical and laboratory covariates and early death in patients with transient leukemia and Down syndrome (univariate analysis).

Patients with

Normal carly death Total patients Hazard ratio
range (n=16) (n=70) (95% CI) P value

Sex, n (%)

Male 9 (56) 46 (66) 1 0-2309

Female 7 (44) 24 (34) 1-830 (0-681-4-917)
Congenital heart disease, n (%) 10 (62) 43 (61) 1-086 (0-394-2-988) 08737
Term vs. Preterm, n (%)

Term (237 weeks) 5 (31) 45 (65) 1 0-0025

Preterm (<37 weeks) 11 (69) 24 (35) 5121 (1-774-14-788)
Not LBW vs. LBW, n (%)

Not LBW (225 kg) 5 (31) 37 (53) 1 0-0565

LBW (<25 kg) 11 (69) 33 (47) 2:799 (0:972-8-:060)
Apgar score at 1 min (mean) 49 72 0678 (0-564-0-815) <0-0001
Apgar score at 5 min (mean) 7-3 86 0607 (0-460-0-802) 00004
Onset of TL, days (mean) 04 3-8 0-813 (0-572-1-156) 02498
Peak value of WBC, x10°/1 (mean) 3-8-85 174 86 1-004 (1-002--1-006) 0:0002
WBC < 100 x 10%/1 vs. WBC > 100 x 10°/1, n (%)

WBC < 100 x 10°/1 8 (50) 53 (76) 1 0-0062

WBC = 100 x 10°/1 8 (50) 17 (24) 3-956 {1-477-10-592)
Peripheral blasts, % (mean) 523 440 1054 (1-005-1-107) 00314
Peak value of AST, TU/l (mean) 13-33 669 249 1-001 (1-000-1'001) 0003
Peak value of ALT, IU/] (mean) 6-30 138 102 1002 (0-999-1-101) 0-1407
Peak value of T.Bil, pmol/l (mean) 5-20 375 232 1-004 (1-002-1-006) 00005
Peak value of D.Bil, umol/l (mean) 0-7 233 108 1005 (1:003-1-008) 00002
D.Bil < 83 pmol/l vs. D.Bil > 83 umol/l, n (%)

D.Bil < 83 pmol/l 11 of 18 (61) 34 of 49 (69) 1 0-0020

D.Bil > 83 umol/l 7 of 18 (39) 15 of 49 (31) 6:150 (1-943-19-469)
Additional chromosomal abnormality, n (%) 2 of 14 (14) 5 of 58 (9) 1777 (0-398-7-944) 04517

LBW, low body weight; TL, transient leukemia; WBC, white blood cell; AST, aspartate transaminase; ALT, alanine transaminase; T.Bil, total bilirubin;

D.Bil, direct bilirubin.

elevated total and direct bilirubin (DB) levels (Table III). On
multivariate analysis, it was confirmed that EGA, peak value of
WBC count 2100 x 10%/1, and DB levels were independent risk
factors for early death (Table IV).

To classify the risk groups simply, the 70 patients were
stratified into three groups according to their WBC counts and
EGA: low risk (WBC < 100 x 10%/1 and term, n = 39); inter-
mediate risk (WBC < 100 x 10%1 and preterm or
WBC > 100 x 10°/1 and term, n=19); and high risk

Table IV. Clinical and laboratory covariates and early death in
patients with transient leukemia and Down syndrome (multivariate
analysis).

Covariates Hazard ratio (95% CI) P value

Preterm vs. Term 3-630 (1:133-11-624) 0030

WBC = 100 x 10°/1 vs. 3-309 (1-157-9-468) 0-026
WBC < 100 x 10°/1

D.Bil > 83 pmol/l vs. 5461 (1-667—-17-886) 0:005

D.Bil < 83 pmol/l

WBC, white blood cell; D.Bil, direct bilirubin; CI, confidential interval.

612

(WBC 2 100 x 10°/1 and preterm, n = 11). One patient could
not be classified due to incomplete data. The 1-year overall
survival was 92:1% + 44% the low-risk group,
632% * 11'1% for the intermediate-risk group, and
45:5% * 15:0% for the high-risk group (P = 0-001) (Fig 1).
Twelve of the 54 patients (22%) who survived more than
6 months after birth subsequently developed acute myeloid
leukaemia at a median age of 19 months (range: 13-25
months). All 12 patients were diagnosed as having acute
megakaryoblastic leukaemia (AMKL) and received low inten-
sity chemotherapy specific for AMKL in DS patients (Kojima
et al, 1993, 2000; Kudo et al, 2007). All patients achieved a
complete remission and are alive and well, except for one
patient who relapsed and died at 887 d of age. None of the
covariates analyzed was significantly correlated with the later
development of acute leukaemia (data not shown). At the time
when TL was diagnosed, cytogenetic data were obtained in 58
of 70 patients (83%). Fifty-three patients had only trisomy
21. One patient had 46, XY, t(21q21q), and four patients
had additional chromosomal abnormalities ((47, XY, inv(9)
(p12q13), +21), (47, XY, inv(2)(8pl11.2q13), +21), (47,XY,

for

© 2008 The Authors

Journal Compilation ® 2008 Blackwell Publishing Ltd, British Journal of Haematology, 142, 610-615



100+ G Low risk group (n=39)
~ 804 1
g p ;Intermediate risk group (n=19)
% 60- \--‘:- ‘‘‘‘‘‘‘‘‘ Sessessrcsarcaenirareresasascsraansan
5 e
Z 401 High risk group (n=11)
3
o 201
o
0_
e T T
0 2 4 6 8 10
Months after birth

Fig 1. Kaplan-Meier curves showing the overall survival of patients
in each risk group: low-risk group (WBC count <100 X 10°/1 and
term, n = 39); intermediate-risk group (WBC count <100 x 10°/1 and
preterm or WBC count 2100 X 10°/1 and term, n = 19); and high-
risk group (WBC count 2100 X 10°/1 and preterm, n = 11). The
probability of survival differed significantly among groups
(P = 0-001).

der(14;21)(q10;q10), +21), (47, XY, 15p+, +21) for each
case). An additional chromosomal abnormality was not
associated with early death or with the later development of
AMKL.

Three of the 70 patients received antileukaemic therapy. One
patient received vincristine (0-02 mg/kg per day) shortly before
his death (grouped as high-risk), and two received low-dose
cytosine arabinoside (Ara-C). Of the two patients who received
low-dose Ara-C, one received Ara-C (0-7 mg/kg per day) for
5 d, starting at 30 d of age (grouped as intermediate-risk). His
peripheral blast cells disappeared rapidly, but his clinical
condition did not improve, and he died at the age of 85 d. The
other patient (grouped as low-risk) received Ara-C (10 mg/m?
per dose twice a day) for 10 d soon after his diagnosis; his
clinical condition improved rapidly, and he is currently alive
and well.

Discussion

Transient leukaemia in DS neonates was first described in two
cases reported in 1956 (Schunk & Lehman, 1954). One of these
patients died on the 11th day of life due to gastrointestinal
bleeding, and the other patient survived following spontaneous
remission. TL was considered to be “self-limiting”; the
prognosis of TL was favorable, except for the risk of the
subsequent development of acute leukaemia. However, deaths
due to vital organ failure were occasionally reported (Hayashi
et al, 1988; Miyauchi et al, 1992; Schwab et al, 1998; Hoskote
et al, 2002). Homans et al (1993) reviewed the literature
published before 1993 and reported that 10 of 95 DS patients
with TL (11%) died early.

Recent clinical trials have reported that the prognosis
of AMKL in DS patients improved with the use of the
Cooperative Study Group protocol (Kojima et al, 1993, 2000;
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Gamis et al, 2003; Creutzig et al, 2005; Abildgaard et al, 2006;
Kudo et al, 2007). Thus, in order to improve the long-term
outcome of DS patients, the prevention of early death has
received much attention. Several reports advocate the use of
low-dose Ara-C in patients with severe forms of TL; Ara-C
treatment may decrease mortality if started early in the clinical
course (Al-Kasim et al, 2002; Dormann et al, 2004). However,
the efficacy of Ara-C treatment has not been confirmed by a
prospective clinical trial. There is still controversy as to which
patients should be treated with low-dose chemotherapy and
which patients should receive supportive care only.

The present retrospective analysis is one of the largest studies
of TL in DS neonates. There have been only a few studies that
examined the risk factors associated with early death in DS
neonates (Massey et al, 2006). We devised a simple risk
stratification system based on the EGA and the peak WBC
count. The high-risk group (HR) was defined as preterm
infants with WBC 2 100 X 10%/1, the intermediate-risk group
(IR) was defined as preterm infants with WBC < 100 x 10°/1
and term infants with WBC 2 100 x 10%], and the low-risk
group (LR) was defined as term infants with WBC < 100 x
10°/L. In the LR group, only three of 39 patients (7-7%) died
early. One of them died of heart failure secondary to an
untreated VSD; thus, the cause of death was not directly
related to TL. Based on the data of the present study, patients in
the LR group should receive no interventions. However, since
the probability of early death in patients in the HR group
exceeded 50%, active intervention including low dose Ara-C
should be tried in the context of a clinical trial for these
patients.

In patients with acute myeloid leukaemia (AML), hyper-
leucocytosis increases the risk of fatal complications, such as
intracerebral hemorrhage and respiratory failure (Bunin &
Pui, 1985). In patients with a severe form of TL, the main
causes of death in early life are progressive hepatic fibrosis,
cardiopulmonary failure, and disseminated intravascular
coagulation. These complications may be caused by blast cell
infiltration into vital organs. Thus, it is understandable that
hyperleucocytosis was found to be a strong risk factor for
early death in both the study reported by the Children’s
Oncology Group (COG) (Massey et al, 2006) and the present
study.

According to the COG report, higher WBC counts, higher
AST and alanine transaminase (ALT) levels, and failure to clear
peripheral blasts were significant predictive factors for poor
outcome. In the COG study, EGA was not a statistically
significant predictor. In contrast to the COG study, the present
study found that EGA was strongly associated with early death.
In the COG study, EGA data were available for only 26 of 47
patients; this may have reduced the statistical power of the
study. The immaturity of vital organs, such as the liver and
kidneys, compared to those of full-term neonates, may be one
of the reasons that premature infants cannot tolerate blast cell
infiltration. In fact, TL itself might be a cause of premature
delivery. In patients with a severe type of TL, the fetus may
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