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Table 1. Laboratory features at the time of diagnosis and clinical
features in patients with RA classified according to the FAB criteria

Japan, Germany,
n=131 n = 597 P
Sex, male/female 70081 300/288 :
57 (12-88) 71 (7-93) <
hil connt, x 0% - 158 (0.05-10.24) - 198 (0.06-23.00) ~ < .0
Hemaglobin concentration, g/l 84 (25-143)  94(30-169)
Plafelet Gaunt) x. 109 - A1 (d00) i 127 (2-1540) <004
2- or 3-lineage cytopenias, %* 68 39 < .
So% YT el i Bl
175 40 <

Values for presentation characteristics are given as median and range (in
parentheses) where applicable.

*Cytopenia according to 1PSS: hemoglobin concentration less than 100 g/L,
absolute neutrophil count less than 1.5 X 109/L, platelet count less than 100 x 10%/L.

than that of German patients with FAB-RA (P < .001). The sex
ratios were- not significantly different between the 2 countries.
Japanese patients with FAB-RA had significantly lower absolute
neutrophil counts (ANCs), lower hemoglobin (Hb) concentrations,
lower platelet (PLT) counts, and higher frequency of 2 or 3 lineage
cytopenias according to the IPSS definition than did German
patients with FAB-RA (Table 1). Cytogenetic analysis was per-
formed in 102 Japanese and 199 German patients. In the Japanese
FAB-RA group, the frequency of cytogenetic abnormalities was 30
patients (29%). In contrast, cytogenetic abnormalities were found
in 105 (53%) of the German patients with FAB-RA. Japanese
patients with FAB-RA had a significantly lower frequency of
cytogenetic abnormalities than did German patients with FAB-RA.
The subgroups of cytogenetic abnormalities according to IPSS are
summarized in Table 2. The distribution of the cytogenetic
subgroups according to IPSS showed no significant difference
between Japanese and German patients with FAB-RA. Japanese
patients with FAB-RA had a significantly lower frequency of
FAB-RA associated with an isolated del(5q) cytogenetic abnormal-
ity (5q— syndrome) than did German patients with FAB-RA.
Japanese patients with FAB-RA were highly categorized into the
intermediate-1 (INT-1) risk subgroup, whereas German patients
were equally categorized into the low-risk and INT-1 risk sub-
groups. The frequency of patients with intermediate-2 (INT-2) risk
was low in both countries (Table 3).

Prognosis. Follow-up periods ranged from 1 to 292 months
(median, 69 months) in Japanese patients with FAB-RA. Follow-up
periods in German patients with FAB-RA ranged from 0 to 313
months (median, 13 months). During the follow-up period, 50
Japanese patients and 252 German patients died, and 10 Japanese
patients and 56 German patients transformed to acute leukemia.
Japanese patients showed a significantly lower cumulative risk of
acute leukemia evolution than did German patients (Figure 1).
Concerning causes of death, German patients were classified as 153
cases of MDS death (50 acute leukemia, 25 bleeding, 64 infection,
14 heart failure), 24 cases of non-MDS death, and 75 cases of
unclear death. Japanese patients were classified as 40 cases of MDS
death (11 acute leukemia, 9 bleeding, 19 infection, 1 heart failure),
7 cases of non-MDS death, and 3 cases of unclear death. In both OS
and modified survival, all Japanese patients with FAB-RA had a
more favorable prognosis than did all German patients with
FAB-RA (OS median survival: Japan, 175 months; Germany, 40
months; P < .001; modified survival median survival: Japan, 202
months; Germany, 73 months; P < .001) (Figure 2A). In OS, for
those aged 60 years or younger, Japanese patients with FAB-RA
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had a more favorable OS than did German patients with FAB-RA
(median survival: Japan, 217 months; Germany, 66 months;
P < ,001) and for those aged older than 60 years, Japanese patients
with FAB-RA had a more favorable OS than did German patients
with FAB-RA (median survival: Japan, 59 months; Germany, 35
months; P = .025). In modified survival, for those aged 60 years or
younger, Japanese patients with FAB-RA had a more favorable
modified survival than did German patients with FAB-RA (median
survival: Japan, > 292 months; Germany, 108 months; P < .001).
However, for those aged older than 60 years, Japanese patients with
FAB-RA did not show a more favorable modified survival than did
German patients with FAB-RA (median survival: Japan, 102
months; Germany, 69 months; P = .46) (Figure 2B-C).

Prognostic factors. In Japanese patients with FAB-RA, the
clinical variables of age older than 60 years and Hb concentration
less than 70 g/l were significantly correlated with OS. Sex, Hb
concentration less than 100 g/L, PLT count fewer than 100 X 10%/
L, ANC fewer than 1.5 X 10%L, cytopenias (2 or 3 lineages), and
PSS cytogenetic subgroups were not significantly correlated with
OS (Table 3). In German patients with FAB-RA, age older than 60
years, Hb concentration less than 100 g/L., PLT count fewer than
100 X 10%L, cytopenias (2 or 3 lineages), and IPSS cytogenetic
subgroups were significantly correlated with OS. Sex and ANC
fewer than 1.5 X 10%L were not significantly correlated with OS
(Table 3). The IPSS cytogenetic subgroups and IPSS subgroup
were significantly correlated with cumulative risk of acute leuke-
mia evolution in Japanese patients with FAB-RA (Table 3). The
other clinical variables in Table 3 were not significantly correlated
with cumulative risk of acute leukemia evolution. ANC fewer than
1.5 X 10%L, PLT count fewer than 100 X 10°L, cytopenias (2 or 3
lineages), IPSS cytogenetic subgroups, and IPSS subgroup were
significantly correlated with cumulative risk of acute leukemia
evolution in German patients with FAB-RA. Age, sex, and Hb
concentrations were not significantly correlated with cumulative
risk of acute leukemia evolution (Table 3).

In the age- and sex-adjusted multivariate analyses for OS, there
was no clinical parameter that associated with OS in Japanese
patients in all models, whereas cytopenias (especially, thrombocy-
topenia and anemia) and poor IPSS cytogenetic subgroup, and
INT-1 and INT-2 IPSS risk subgroups retained as significantly
adverse clinical parameters for OS in German patients. For acute
leukemia evolution, poor IPSS cytogenetic subgroup and INT-2
IPSS risk subgroup were retained as significant parameters in the
cumulative risk of acute leukemia evolution in Japanese patients
after age and sex adjustment, whereas in German patients ANC
fewer than 1.5 X 10%L was no longer associated with acute

Table 2. Cytogenetic findings at the time of diagnosis in patients
with RA classified according to the FAB criteria

Japan, n = 102
79 (77.5)

Germany, n = 199
143 (71.8)

Good, no, (%)

6
Btuse)
25(126)

Chromosome 7 anomalies 3 9

Intermediate indicates other abnormalities not listed in good and poor classifica-
tions. .
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Table 3. Univariate analysis of overall survival and cumulative risk of acute leukemia in patients with RA classified
according to the FAB criteria

Percentile of 0S Percentile of cumulative risk of
Variable, by country of No. of L AML (mo)
origin patients 75% 50% P 10% 25% 50% P
Japqnese patients o ) 7 )
60 or younger 72 114 217 <.001 NR NR NR A2

001

5001

Female 288 16 43 19 NR NR

Fewer than 1.5 x 10%1L 162 14 43 54 17 52 173 014

Less than 80 g/

Platelet count

Atleast 100 X 109/L 339 23 53 35 NA NR

Variables are defined in Tables 1 and 2.
OS indicates overall survival; AML, acute myeloid leukemia; NR, not reached.
*Low indicates 0; INT-1, 0.5-1.0; and INT-2, 1.5-2.0, according to IPSS score.
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Figure 1. Cumulative risk of acute leukemia evolution of patients with FAB-RA.
Japanese patients had a lower cumulative risk of acute leukemia evolution than did
German patients (P = .003).

leukemia evolution, but other parameters in the univariate analyses
were retained as poor prognostic factors (Table 4).

WHO classification. The original diagnoses according to the
WHO classification by each group in the present series show that
the frequency of WHO-RA in Japanese patients with FAB-RA
(73%) was significantly higher than in the German patients with
FAB-RA (24%) (P < .001). In Japanese patients, patients with
WHO-RA were significantly younger and had significantly lower
PLT counts than did patients with RCMD. The OS of Japanese
patients with WHO-RA was significantly more favorable than that
of Japanese patients with RCMD (Table 5). The OS of all Japanese
patients with WHO-RA was significantly more favorable than that
of all German patients with WHO-RA (Figure 3A). For those aged
60 years or younger, the OS of Japanese patients with WHO-RA
was significantly more favorable than that of German patients with
WHO-RA. However, for those older than 60 years, Japanese
patients with WHO-RA did not show a more favorable OS than did

A B

P<.001

Probability

Japan (n = 131)

Germany (n = 697) .2
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German patients with WHO-RA (Figure 3B-C). Frequencies of
poor Kkaryotype according to IPSS in Japanese patients with
WHO-RA and RCMD were 4% and 20%, respectively. Japanese
patients with WHO-RA had a lower cumulative risk of acute
leukemia evolution than did Japanese patients with RCMD (10%
cumulative risk: WHO-RA, not reached; RCMD, 38 months; 25%
cumulative risk: RCMD, 104 months; P = .018).

Discussion

Different clinical features between Asian and Western patients with
MDS have been reported by several studies.!®!7 However, these
data are based on local series of patients. Speculation about certain
differences is problematic because there might be differences in the
interpretation of dysplasia in blood and bone marrow by different
observers. The present study aimed to characterize the racial
features of Western and Asian MDS cases. We thought that an
assessment of interpretation of morphologic findings and definition
of diagnostic criteria was warranted to check that the diagnoses by
the Japanese group were in line with those of the German group,
before comparing the clinical features between Japanese and
German patients with FAB-RA. In the present study, the agreement
of morphologic diagnosis between Japanese and German hematolo-
gists was 98.4%. It was confirmed that the diagnoses according to
FAB classification or AA were not different between the Japanese
and German groups. After morphologic consensus was obtained at
the first joint review meeting, we performed this separate review.
The concordance rate according to the FAB classification of
morphologic diagnosis between Japanese and German hematolo-
gists was thus excellent. However, the subjects of this separate
review were only FAB-RA, FAB-RARS, and AA cases that had
already been diagnosed by the Japanese or German groups. We
think that it is most difficult to distinguish FAB-RA and disorders

P <.001 P=.025

Japan {n =72)

Japan (n=59)
Germany {n = 133)

Germany (n = 481)

Mon

P<.001 .8

Japan {n = 131)

Probability

Gemany (n = 597)

9 80 100 150 200 280 400 880 ° S0 100 180 200 260 300 350 © 28 60 75 100 126 180 176 200

Months Months

P<.01

Japan (n=72)

Japan {n = 89)
Germmany (n = 133)

Germany (n = 461)

- - - . v ¥ ¥ v v i T v v v v % v 4
° 60 100 150 200 250 S08 280 e 50 160 160 200 250 860 880 0 25 B0 78 100 126 180 {75. 200

Months

Months Months

Figure 2. Cumulative survival of patients with FAB-RA. (Top) Overall survival (OS). (Bottom) Modified survival. (A} In all patients with FAB-RA, Japanese patients had a
more favorable prognosis than did German patients in OS (P < .001). Japanese patients had a more favorable prognosis than did German patients in modified survivat
(P < .001). (B) In patients aged 60 years or younger, Japanese patients had a more favorable prognosis than did German patients in OS (P < .001). Japanese patients had a
more favorable prognosis than did German patients in modified survival (P < .001). (C) In patients aged older than 60 years, Japanese patients had a more favorable prognosis
than did German patients in OS (P = .025). Japanese patients did not show a more favorable prognosis than did German patients in modified survival (P = .46).
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Table 4. Multivariate analysis of parameters that affected overall survivors and acute leukemia evolution in patients with RA classified

according to the FAB criteria

Overall survival

Leukemic transformation

Japanese German HR Japanese HR German HR
Characteristic, by model HR (95% CI) {95% CI) (85% C1) (95% C1)
1.1 (2.6-99)" 22 ({5-3.0" 1.6 (0.4-6.4) {70933
1.2 (0.7-22) 1.0 (0.8-1.4) 1.6 (0.4-7.1) 1.2(0.7-2.1)
{2(0.7:22) C10(07-43) 2.0 (0/5-8.2) 147(0.9-34)
1.3 (0.6-2.7) 1.9 (1.4-2.5)" 04 (0.1-1.9) 2.2 (1.2-41)"
15.(0.8-2.8), 181424y 100238 19(i1-35)
1.1(0.6-1.9) 1.5 (0.2-14) 2.3 (0.9-5.6)
28 (1.6-4.9) 1.9 (2.4-59)" . 6.6 (2.8-16)*
Model o
Age: T 46(2587) 24529 ©546 (0.8-3.0)
Sex, male 1.1 (0.6-2.0) 1.2 (0.9-1.6) 1.2 (0.7-2.1)
PSS, INT-1 5 10 (0518) 1.4 {020 ) ad
IPSS, INT-2 1.6 (0.5-4.7) 4.0 (2.0-8.0)* 8.6 (1.7-43)" 9.5 (3.2-27)*

Model Aincluded age category, sex, dichotomized peripheral blood counts, and chromosome category of IPSS. Madel B included age category, sex, and IPSS score.
HR indicates hazard ratio; 95% Cl, 95% confidence interval; ANC, absolute neutrophil count; IPSS, International Prognosis Score System; INT-1, Intermediate-1; INT-2,

intermediate-2.
*Statistically significant hazard ratio.

with secondary dysplasia (collagen diseases, viral infectious dis-
eases, and liver cirrhosis, etc). If we included these diseases in the
present separate review, the concordance rate of morphologic
diagnosis would likely have been lower.

Our results indicate that the clinical features of Japanese FAB-RA
cases differ from those of German cases. Comparing Japanese and
German FAB-RA cases we found that the median age of Japanese
patients with FAB-RA was lower than that of German patients with
FAB-RA. The population pyramids (negative growth type) and life
expectancies (Japan, 80.7 years; Germany, 77.4 years) at 2000 in Japan
and Germany are almost the same.!® Therefore, we think that this
difference of median age is real. Furthermore, Japanese patients with
FAB-RA had more pronounced cytopenia, especially more severe
thrombocytopenia, and a higher frequency of pancytopenia or bicytope-
nia, as compared with German patients with RA. Also the cytogenetic
characteristics differed between Japanese and German RA cases.
Although there was no difference in the distribution of cytogenetic
subgroups according to IPSS, the frequency of chromosomal abnormali-
ties was lower in Japanese patients with RA; notably that of isolated del
(5q) was lower in Japan, Toyama et al'® and Matsushima et al?® reported
that Japanese patients with MDS had a lower frequency of isolated del
(5q) than Western reports (2.0% and 1.5%, respectively). Morel et al?!

Table 5. Laboratory features at the time of diagnosis and clinical
features in Japanese patients with WHO-RA and RCMD classified
according to the WHO criteria

WHO-RA,
n=96

RCMD,
n=32 P

Sex; male/fomale “Bada; o i ey :
Age, y 55 (12-86) 66 (16-88) .038
Neuffophil count, % 1091 7% 1,62 (0.26-469) * 1.28(0.05-10.24) 178’
Hemoglobin concentration, g/L 87 (30-143) 71 (25-140) .094
Plateiét count, X 10%L ‘ap(d-2dby T T127 (13:d90) 1026
2- or3~lineagg cytopenias, %* o 67 '

Abnormal karyotype. % - S
Median survival, mo 176 52 .023

Values for presentation characteristics are given as median and range (in
parentheses) where applicable.

*Cytopenia according to IPSS: hemoglobin concentration less than 100 g/L,
absolute neutrophil count less than 1.5 X 10%L, platelet count less than 100 X 109/L.

and Greenberg et al® reported that the frequencies of isolated del (5q) in
all MDS cases were 4.7% and 5.9%, respectively. The majority of
patients with 5q— syndrome are diagnosed as FAB-RA at diagnosis. If
the percentage that patients with FAB-RA compared with all MDS is
assumed to be 35%, that of 5q— syndrome in the present German
patients with FAB-RA becomes 6.9% of all MDS. Although this
frequency of 5q— syndrome present in German patients with FAB-RA
was slightly higher than the reports of Morel et al*! and Greenberg et al,’
we believe that the result of the present study supported Japanese
previous reports.

In OS, regardless of age, Japanese patients with FAB-RA had a
more favorable prognosis than did their German counterparts. In
modified survival, for those aged 60 years or younger, Japanese
patients with FAB-RA had a more favorable modified survival than
did German patients with FAB-RA. Therefore, we believe that the
favorable prognosis of younger patients with FAB-RA (= 60 years)
is certain. In modified survival, for those older than 60 years,
Japanese patients with FAB-RA did not show a more favorable
modified survival than did German patients with FAB-RA. There-
fore, the prognostic difference between Japan and Germany may
result from the characteristics of young Japanese patients with
FAB-RA (= 60 years).

Characteristics of Japanese patients with WHO-RA were younger
and had lower PLT counts. These characteristics were similar to those of
MDS responders for immunosuppressive therapy (IST) in a report by
Molldrem et al.Z2 The response rate for IST from a Japanese report? was
higher than from Western reports.222* However, only 8 Japanese cases
received IST and only 3 responded in our present study. We think that a
large-scale study is necessary to establish the relationship between
Japanese WHO-RA and response for IST.

In the present study, IPSS was useful for assessing OS in
German FAB-RA cases but not in Japanese FAB-RA cases. This
was mainly due to the lack of a significant correlation between the
number and degree of cytopenias and OS in Japanese patients with
FAB-RA. In the IPSS publication, the researchers reported that
cytopenias (2 or 3 lineages) were related with poor survival. In this
study, however, Japanese patients showed more favorable prog-
noses despite possessing more pronounced cytopenia. Management
of thrombocytopenia seems to be similar between Japan and
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Figure 3. Cumulative overall survival of patients with WHO-RA. (A) Among all patients with WHO-RA, Japanese patients had a more favorable prognosis than did German
patients (P < .001). (B) In patients aged 60 years or younger, Japanese patients had a more favorable prognosis than did German patients (P = .004). (C) In patients aged
older than 60 years, Japanese patients did not show a more favorable prognosis than did German patients (P = .56).

Germany. Concerning the prognostic effect of Hb concentration,
the threshold was different between Japanese and German patients
with FAB-RA. Most of the Japanese patients with Hb concentra-
tions greater than 70 g/L. had no symptoms related to anemia and
did not require red cell transfusion. In fact, most Japanese patients
with Hb concentration lower than 70 g/L had received red cell
transfusion. In contrast, most German patients with Hb concentra-
tion lower than 90 g/L. had received red cell transfusion. We
presumed that the cause of the different prognostic Hb concentra-
tion thresholds by Japanese and German patients may be related to
these red cell transfusion procedures. We also presume that the
difference in Hb concentration used as a threshold for red cell
transfusion may be related to the different general characteristics
among races rather than the different characteristics of FAB-RA
between Asian and Western' patients with FAB-RA. The Italian
guideline recommends that all patients with Hb concentration
lower than 80 g/L should receive red cell transfusion.? Japanese
patients with FAB-RA with Hb concentration greater than 70 g/L.
do not usually require regular red cell transfusion. We compared
Japanese patients with RA with Hb concentrations greater than
100 g/L and those with Hb concentrations of 70 to 100 g/L. In fact,
the latter group (70-100 g/L) did not differ in clinical course from
patients with Hb concentrations greater than 100 g/L. (P = .86).
Moreover, Japanese patients with Hb concentrations of 70 to
100 g/L had a significantly more favorable prognosis than those
with Hb concentrations lower than 70 g/L (P = .039) (Figure 4).
This result indicates that the Hb threshold below which transfusion
should be recommended may be different between Asian and
Western patients with FAB-RA.

We think that our results concerning the prognostic OS effect of
chromosomal findings may be insufficient and may include some
problematic issues. In particular, the observation periods of Japanese
patients with poor karyotype according to IPSS may be problematic.
Four of 8 Japanese patients with poor karyotype are surviving. However,
the observation periods of the 2 surviving patients were insufficient (1
and 6 months, respectively). Concerning acute leukemia evolution, the
effect of chromosomal findings was not different between Japanese
and German patients. We think that the prognostic effect on OS of
chromosomal findings may not be different between Japanese and
German patients, if sufficient observation periods for Japanese
patients with poor karyotype are available.

‘We made great efforts to achieve morphologic consensus in the
present study. The original diagnoses according to FAB and WHO
classifications were not different between the Japanese and German
groups. In the present series, the original diagnoses according to the
‘WHO classification by each group show the frequency of WHO-RA
in Japanese patients to be higher than that in German patients. In
Japanese patients, the prognosis of patients with WHO-RA was

more favorable than that of patients with RCMD, and patients with
WHO-RA had a lower cumulative risk of acute leukemia evolution
than did patients with RCMD. In a previous report of a German
group,’ the same results had been reported. This finding indicates
that one reason for the better prognosis of Japanese patients may be
the different distribution of subgroups by WHO classification
between Asian and Western patients with FAB-RA, namely a
higher frequency of patients with WHO-RA in Japan. In Japanese
patients, patients with WHO-RA were younger and had lower PLT
counts than did patients with RCMD, significantly. Furthermore,
the prognosis of Japanese patients with WHO-RA was significantly
more favorable than that of Japanese patients with RCMD. For
those aged 60 years or younger, the prognosis of Japanese patients
with WHO-RA was significantly more favorable than that of
German patients with WHO-RA. However, for those older than 60
years, Japanese patients with WHO-RA did not show a more
favorable prognosis than did German patients with WHO-RA.
These findings in young Japanese patients with WHO-RA (= 60
years) might indicate the differences in clinical features between
Japanese and German patients with FAB-RA.

This is the first report to compare clinical features between
Asian and Western patients with FAB-RA after confirming a
morphologic consensus. Our results indicate that the clinical
features of Japanese FAB-RA cases differ from those of German
cases. These differences are not due to the different interpretation
of morphologic features by different observers. Several guide-
lines?526 have been published in Western countries. To adapt these
Western guidelines to Asian patients, some modifications may be
required, taking into account ethnic characteristics.

Hb 2100 g/l.vs. 70g/L < Hb < 100 g/, P = .85
Hb<70g/Lvs. 70 g/L sHb < 100 g/L., P = .039

Fd
5% Hb =100 g/L (n = 50)
g fraconon e oy
Y
70 g/l < Hb < 100 g/L. (n = 36)
29

Hb <70 g/L (n = 45)
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Figure 4. Cumulative overall survival of Japanese patients with FAB-RA. The
group with hemoglobin concentration of 70 to 100 g/ showed no significant
prognostic difference from the group with hemoglobin greater than 100 g/L in patients
with FAB-RA (P = .85). The group with hemoglobin concentrations of 70 to 100 g/L.
had a more favorable prognosis than did the group with hemoglobin concentrations
lower than 70 g/L in patients with FAB-RA (P = .039).
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Abstract

Acquired aplastic anemia (AA) is considered an immune-mediated disease because approximately 70% of AA patients
improve with immunosuppressive therapy. However, little s known about the inciting antigens or the mechanisms responsi-
ble for the destruction of hematopoietic stem cells by inunune system affack. Recent advances in immunologic techniques
have promoted our understanding of the pathogenesis of AA and have provided evidence that AA is an organ-specific
T-cell-mediated disease localized in the bone marrow. Moreover, autibody screening of patients’ serum with a complemen-
tary DNA library derived from hematopoietic cells has identified several proteins as candidate autoantigens in AA.
It J Hemaiol 2005:82:196-200. doi: 10.1532/17H97.05116
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L Introduction 2. Induction of the Inmune System Attack against
Hematopoietic Stem Cells
Immune-mediated suppression of hematopoiesis has

been considered the most important mechanism underlying For hematopoictic stem cells to be attacked by the
acquired aplastic anemia (AA) {1]. This concept is based on inmune system, a breakdown of tolerance o certain anti-
the clinical finding that approximately 70% of patients  gens on stem cells and the subsequent profiferation of T-cells
fraprove with immunosuppressive therapy (IST) comprising  specific to the antigens need to occur at the mitial step of
antithymocyte globulin (ATG) and cyclosporine (CsA) [2-4].  pathogenesis,

Drespite such firm evidence for the inmunune pathophysiology
in AA,lLittle is known about the inciting antigens or the pre-
cise immune mechanismus that lead to bone marrow failure.
The lack of good animal models and assays for primitive
hematopoietic stern cells of hbumans have hindered the clari-
fication of immune mechanisms in AA. However, the recent
development of new immunologic methods have promoted
our understanding of the imyune mechanisms responsible
for the decrease in the number of hematopoietic stern cells in
A AL Tn this review article, we summarize the new laboratory
findings that provide evidence for the prescuce of such
mmmune mechanisms and discuss the climical significance of
these findings.

2.1, Breakdown of Tolerance to Autoantigens

What induces the breakdown of immune tolerance to
antigens on hematopoictic stem cells, as in the case of other
autoimmune diseascs, is totally anknown. Unknown viruses
may induce irmnune responses toward some ¢ryptic antigens
on hematopoistic stem cells or alteved self antigens mimicking
viral antigens, although epidemiologic studies have failed to
identify any viruses related to the development of AA,
mnclading hepatitis-associated AA {5].

The primary imimune response may be divected not to
antigens restricted to hematopoietic stem cells but rather to
antigens broadly expressed by immature hematopoietic cells
in the bone marrow. Such immune responses potentially lead
to the production of inflamumatory cytokines capable of

Caorrespondence and veprint requests: Shinji Nakao, MID, PhiD, iirhibiting the growth of hematopoietic stem cells. It is possi-
Cellalar Transplantation Biology, Kanazawa University Graduate ble that the bystander effect of these cytokines is responsible
School of Medical Science, 13-1 Takaramachi, Kanazawa, for the abropt loss of hematopoietic cells in the bone mar-
Tshikawa. Japan, 920-8641; 81-76-263-2270; fax: 81-76-234-4252 row, as is often seen in drug-induced AA or transfusion-
{e-mail snakao@med3.mkanazawa-u.acp). induced graft-versus-host disease.
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2.2. Genetic Faciors Affecting Susceptibility 1o AA

The frequency of HLLA-DRIS is significantly higher in
AA patients than in control populations [6,7]. The fre-
quency is particularly bigh o Japanese adult patients with
AA who are aged more than 40 years [8]. Because the pres-
entation of this DR allele is associated with a good
response to IST, HLA-DRI15 is thought to be related to the
mmmune mechanisms of AA [9]. The presentation of HLA-
DRI15 in Japanese patients is determined by 2 DRBI1 alle-
les, DRB1*1501 and DRB1*1502. Although the 2 alleles dif-
fer by onky 1 amino acid residue, they appear to contribute
to the development of AA in different ways. Most patients
carrying DRBI*1501 show an increase in the fraction of
glycosylphosphatidylinositol-anchored protein-deficient
{GPI-AP") cells and respond to IST [10]. On the other hand,
the prevalence of patienis showing an increase in GPT-AP-
cells (paroxysmal nocturnal hemoglobinuria—positive [PNTTY]
patients) aud the rate of response to IST in patients carrying
DRBI1*1502 are similar to those in patients without HLA-
DR15 [8]. An increase in the proportion of GPI-AP- cells is
thought to reflect the presence of antigen-specific T-cells that
inhibit hematopoictic stem cells in patients with bone mamvow
fatlure. An autoantigen of AA may have a T-cell epitope with
a high affinity to DRB1*1501 and may therefore be likely Lo
mduce expansion of wyelosuppressive Tecells in individuals
carrying DRB1*1501. Tn contrast, an epitope presented by
DIRBI*1502 may stirmulate T-cells to produce myelosuppres-
sive cytokines such as interferon v (IFN-y) and twmor necro-
sis factor {TNF) and thereby cause profound bone marrow
faiture that is difficult to reverse with TST.

2.3. Proliferation of Antigen-Specific T-Cells in the
Bone Marrow

Tn a subset of AA patients, certain antigens are thought to
stimulate autorcactive T-cells to proliferate and attack
hematopoietic stem cells. A morine study has demonstrated
that a small number of CD4* cells can directly &ill hemato-
poietic stem cells through cell-to-cell contact [11]. PNH® AA
patients with HLA-DRB1*1501 are a good maodel to study
the role of antigen-specific T-cells in the development of

A

BV1 BV6 BV10

bone marrow failure. When bone marrow Tocells of antrans-
fused AA patients who meet these conditions are studied
with a complementarity-determining region 3 (CDR3) size
distribution analysis, clonal T-cell proliferation is often
defected in a limited number of T-cell receptor VB families
{12]. Figure 1 shows an example of CDR3 size disiribution
patterns in such a patient with immune-mediated AA.
Skewed patterns of CDR3 size distribution were corrected
when the palient obtained remission after CsA therapy, sug-
gesting that the clonal proliferation of the bone marrow
T-cells was related to the pathogenic mechanisms of bone
marrow failure [12]. Similar findiogs indicating antigen-
driven T-cell proliferation in the bone marrow of AA
patients have been reported by other researchers [13-15],

Figure 2 compares CDR3 size distribution patterns for the
pa,nphpral blood and the bone marrow of a PNH* AA patient
who carries HLA-DRB1*1501. Marked skewing of the CDR3
size distribution was seen only in bone marrow T-cells (C.8. et
al, unpublished observation). This finding strongly indicates
that PNH* AA with HLA-DRBI*1501 is an organ-specific
autoimmune disease restricted to the bone marrow. Some AA
patients with DRB1*1501 share the CDR3 structure among
the T-cells that show clonal proliferation in the bone marrow.
Tf these T-cell clones could be isolated from the bone marrow,
it might be possible to identify the target antigens of these
Tcells [13]. We previously isolated such a CD4* Tocell clone
passessing the CDR3 amino acid sequence DLTSGP from the
bone ymarrow of an AA patient [12]. This T4 Tocell clone
expressed VR1S, Va2, and Ved. However, we have not been
able to identify a target antigen of the T-cell clone because of
the lack of good assays to determine the corresponding anti-
gen of a CD4* Treell whose specificity is unknown.

24 Autoantibodivs in AA Patients

T-cell suppressants such as ATG and CsA often produce
a remission of AA, but therapies such as plasma apheresis
and mfusion of anti-CD20 antibodies that aim for the elimi-
nation of antibodies are rarely effective in restoring the
hematopoietic function of A A patients. Therefore, T-cells, not
antibodies, have beeu accepted to be responsible for the
pathogenesis of AA. However, autoantibodies are offen

BV15 BV16 BV17

W

Fluorescent Intensity

CDR3 Size Distribution Pattern

Egamf %. Changes in complementary-deterroining region 3 (CDR3) size distribution patterns of bone marrow T-cells associated with cyclosporine
therapy [12]. Skewing of CDR3 sixe distribution patterns i BV10, BV15, and BV16 families were ameliorated by successiud cyclosparine therapy. A

Before therapy. B, Four vears after therapy.
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ell repertoire in the peripheral blood and bone marrow of 2 patient with immune-mediated aplastic anemia. Skewing of the

complementarity-determining region 3 (CDR3) size distribution was evident only in bone marrow T-cells, indicaling that antigen-drived T-cell

protiferation predominantly occurs in the bone marrow.

detecied in organ-specific autoimmune diseases such as
wsulin-dependent diabetes mellitus and multiple sclerosis, in
which T-cells play an essential role in their pathogenesis
[16,17]. If autoantibodies can be detected in the serum of AA
patients, the corresponding antigens may also serve as anfi-
gens of T-cells that are responsible for AA pathogenesis.

Hirano et al of Harvard University screened a complemen-
tary DNA (¢DNA) library derived from hurman fetal liver cells
for antigens recognized by serurm immunoglobutin G (JgG) of
an AA patient and idewntified kinectin [18]. Kinectin is abun-
dantly expressed by a limited number of human tissues,
including the liver, the brain, the testis, and D347 celis of the
bone marrow. Antibodies to kinectin were detectable in 7
(39%) of 18 AA patients and were not detectable in healthy
mdividuals and in heavily transfused patients with hereditary
hemolytic anemia. Cytotoxic T-lymphocytes (£T1Ls) specific
for a kinectin peptide showing a high affinity to TLA-A2 were
generated from an individual carrving FILA-AZ, and these
T-cells inhibited the growth of granulocyte-macrophage pro-
genitor cells in vitro. These findings suggest that anti-kinectin
aatibodies reflect not only the presence of immune patho-
physiology in certain AA patients but also the role of kinectin
as inciting antigens in the pathogenesis of AA.

We used a cDNA library derived from leukemia cell line
UT-7 to screen antigens recoguized by serum IgG of a PN
AA patient who carried HLA-DRB1*1501. Among the sev-
eral antigens identified, ouly antibodies to diazepam-binding
mhibitor-related sequence 1 (IDRS-1) were detected in dif-
ferent PNH* AA patients {19]. The DRS-1 gene and protein
were highly exprassed by leukemia cell lines and by CT34~
cells from healthy mdividnals. Figure 3 shows the titers of
anfi—DRS-1 antibodies for different discases, as determined
by enzyme-linked immunosorbent assay. Significantly high
titers of anti-DRS-1 antibodies were detected in 38% of
PNH" AA patients, 6% of AA patients not showing an

increase in the proportion of GPI-AP cells (PNH™ patients],
and 39% of PNH" patients with refractory anemia of
myelodysplastic syndrome (MIDS), but such antibodies were
undetectable in any of the patients with PNH- refractory
anemia. Approximately half of the patients who were posi-
tive for anti-DRS-1 antibodies had high antbody titers to a
DRS-1 peptide comprising amino acid residues 178 to 198,
and this peptide overlapped with a putative T-cell epitope
coraprising residucs 191 to 204, a peptide showing high aflin-
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Figll&‘ﬂ 3. Tiers of antibodies to diazepam-binding inhibilor-related
sequence 1 (anti-DRS-1) in the different subsets of bone marrow (aflurs
{19]. High titers of anti-DRS-1 antibodies wete primarily detected in aplas-
tie anenda (AA) and refoactory aueroia patients showing an increase i the
proportion of glvcosylphosphatidylinositol-anchored protein-deficient
(GPT"AT-‘“) cells, PNH" AA indicates AA showing an increase in the
proportion of GPRAP cells; PNE™ AA, AA not showing an increase
in GPLAT colls; MIDIS, myclodyspdastic syndrome. ¥F < 001, =P « 05,
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gy to DRBI1*1501. When peripheral blood Tecells of 2 AA
patients who showed high titers of anti-DRS-1 antibodies
were examined with the enzyme-linked imumunospot assay,
both patients showed an increase in the frequency of T-cell
precursors specific for the peptide comprising amino acid
residues 191 to 204. DRS-L-specific CD4* T-cells were able
to respond specifically to antigen-presenting cells transfected
by the DRS-1 gene. These findings suggest that the break-
down of tolerance to DRS-1 may give rise to T-cells specific
to hematopoietic progenitor cells in individuals carrying
HLA-DRI15 and that DRS-1 may be one of the antoantigens
that incite the development of AA.

3. Immune Mechanisms Responsible for the Loss of
Hematopoietic Stem Cells in AA

Tn contrast to the few studies that have focused on the
mechanisms responsible for the induction of immune system
attack against hematopoietic stem cells, a large number of
studies have focused on the effector mechanisms that lead to
a decrease i hematopoistic stem cells. However, most of the
studies used committed progenitor cells as target cells
because of the lack of good assays for enumerating primitive
hematopoietic stem cells in humans, and so the results may
not reflect the effector mechanisms of bone marrow failure
i vivo [20,21].

3.1. Suppression of Hemalopoiesis by Inflavemaiory
Cvrokines

Inflamumatory responses to certain cells in the bone mar-
row lead to the secretion of cytokines from T-cells and mono-
cyies in the bone marrow. These cytokines may play a major
role in the development of bone marrow failure. A low
amount of constitutively produced IFN-y or TNF in the bone
marrow may be able to induce the exhaustion of hemato-
poietic stem cells in vivo [22-24]. Fowever, whether these
cytokines can induce persistent bone marrow faiture by
themselves is unknown. The administration of antibodies
that neuiralize myelosuppressive cytokines may provide
msights into their role in the development of bone marrow
tafure. The administration of infliximab, an antibody that
neutralizes TNF, is reported to ameliorate the chronic ane-
mig associated with rhewmatoid arthritis or MDS [25,26].
However, the TNF receptor (p75)-Fe fusion protein failed to
mmprove anemia in a larger number of MDS patients [27,28].
Thus, there appears to be no clinical evidence at present to
indicate that myelosuppressive cytolines play a major role in
the development of bone marrow fallure.

3.2. Myelosuppression by Antigen-Specific T-Cells

A small number of CD4* T-cells may directly kill hemato-
poietic stem cells, as has been demonstrated with a murine
meodel [11]. We have isolated a CD4% T-cell clone from the
bone mwarrow of an A A patient whose bone marrow function
depended on the administration of low-dose CsA [29]. This
T-cell clone killed autologous hematopoietic cells in a Ca*-
dependent way, and the cytotoxicity was restricted by HLA-
DRB1*0405 [30]. It is thus possible that an attack om

/ A \
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Fégmre 4, Mutual relationships among the different subsets of bone mar-
row failure. BME indicates bone maxrow failure; PNEH™ A A aplastic aneoia
{AA) not showing an incresse In glycosylphosphatidylinositol-anchoyed
protein-deficient (GPFE-APT) cells; PNH* AA, AA showing an increase in
the praportion of GPI-AY cells; CTs, cylotoxic T-lymphocytes: MIXS,
myelodysplastic syndrome; PNH, paroxysmal nocturnal hemoglabinpria.

hematopoietic stem cells by a low number of CTLs causes
the depletion of hematopoietic stem cells in some patients
with immune-mediated AA [31].

3.3. Markers for the Presence of CTLs in AA Patients

Becanse immune mechanisms underlie bone marrow faik-
ure in only 70% of AA patients, predicting the response to IST
with markers that reveal inmune mechamsms is essential for
the management of AA. Oune of the best predictive markers is
an increase in the percentage of GPL-AP blood cells [32,33].

Although a small number of GPI-AP- stem cells exists in
healthy individuals [34], these cells remain at a very low fre-
quency (<0.002%) because of their low proliferative poten-
tial. Tnn civcumstances in which CTLs against hematopoietic
stemn cells exist, GPL-AP stem cells may survive longer than
GPI-AP* cells because of lower sensitivity to CTLs [35]. ¥
this hypothesis is correct, patients with bone marrow failure
who show an increased proportion of GPL-AP- cells are
more lkely to respond to IST than patients who do not
show an increase in the fraction of GFPI-AP cells. Indead,
PN AA patients in our study showed a better response to
ATG plus CsA than PNH patients did. These findings sug-
gest that an increase in the fraction of GPI-AP cells reflects
the immune pathophysiology of AA mediated by antigen-
specific T-cells. Figure 4 illustrates the mutmal relationships
among the different subsets of bone marrow failure.

4. Conclusions

AA has been regarded as a vague syndrome that can be
diagnosed only by ruling out the other hematologic discases
characterized by pancytopenia and bone marrow hypoplasia.
The use of markers for immume pathophysiclogy, such as a
small munber of GPI-AP cells and autoantibodies, may help
physicians to positively diagnose immune-mediated AA.
Further studies on PNH" AA patients will be useful in clari-
fying tmmune mechanisms of bone marrow failure.
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Absivact

Two patients with advanced renal cell carcinoma underwent allogencic hematopeictic stem cell transplantation and
received eyclosporine (CSP) as part of their immunosuppressive therapy, Despite adequate renal fonction, bath patients devel-
oped hyperkalemia. C8P was the only pharmaceutical agent to which this electrolyte abnormality could be attributed. Evalu-
ation of renal tubule function suggested that CSP-assodiated isolated hyperkalemia resulted from tubular resistance to aldos-
terone. We propose that the presence of a single functional kidrey may be a risk factor for isolated hyperkalemia due to CSP.

Int J Hemarol 2005:81:159-161. doi: 10.1532/1TH97.04113
©2005 The Japanese Society of Hematology
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1. Tutvoduction

Cyclosporine (CSP), the first caleineurin inhibitor avail-
able for clinical use, was introduced in the 1980s and radically
changed the field of organ (ransplantation [1]. However, the
use of C8P has been associated with certain side effects. Of
major concem is nephrotoxicity [1,2]. CSP-associated renal
msnfficiency is due to vasoconstriction of the afferent
glomerualar arterioles, with resultant reductions in renal
blood flow and glomerular filiration rate [2]. CSP can also
cause hyperkalemia while preserving renal function, seem-
ingly owing to inhibition of potassium secretion by the distal
nephron [2-6]. Hyperkalemia with adeguate renal fanction is
called isolated hyperkalemia. Despite its common occur-
rence in Tenal transplant cecipients treated with CSP {4,7,8],
reports of cases in the setting of allogeneic hematopoietic
stem cell ransplantation (SCT) are limited. Only 7 cases of
isolated hyperkalemia arc attributable to CSPrin 2 patients
with myelodysplastic syndrome, 4 with acute myeloid
leukemia, and 1 with chronic myelogenous leukemia [5,6.9].

Correspondence and yveprint requests: Akiyoshi Takami, M1,
Department of Cellular Transplantation Biology, Kanazawa
University Graduate School of Medicine, 13-1 Takaramachi,
Kanazawa, 920-8641 Japan: 81-76-265-2275; fax: 81-76-224-4252 (e-
mail: fakami@med3.m kanazawa-w.acjp).

The etiology of this discrepancy has not been well delin-
eated. Recently, the use of allogeneic SCT has expanded into
the treatment of renal cell carcinoma (RCC) [10]. We report
2 cases of USP-induced hyperkaleria in the setting of ade-
guate renal function after allogeneic 8CT for RCC. This
report is the first to describe isolated hyperkalemia in RCC
patients after allogeneic SCT. We suggest that the develop-
ment of isolated CSP-induced hyperkalemia is primarily
attributable to a shortage of renin and aldosterone in
paticnts with a single kidney.

2. Case Reports
2.0 Case ]

A S6-year-old man with clear cell RCC of his vight kidney
underwent a right nephrectomy. Six years latey, the patient
had metastatic diseases in the right upper jaw and pancreas
that were partially removed. The remaining metastases grew,
and new metastases developed in the left lung, retroperitoneal
space, and subcutaneous space. These metastases were refrac-
tory to mmterferon alfa, intesferon gamma, and interleukin 2
treatments. In view of the low probability of respouse to fur-
ther conventional trealment for metastatic RCC, the patient
was referred to our institute at the age of 69 vears. The patient
gave written informed consent Lo participate in an investiga-
tional protocol approved by the ecthics commitiee of
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l?igum 1. Blood cyclosporine (CSP), serum crealinine, creatinine
clearance, and potassinm levels fo case 1. The serum potassinm. level
returned to within the normal range with the lowering of C8P levels.

Kanazawa University Graduate School of Medicine. The
preparative regimen consisted of a single dose of 50 mg/kg
cyclophosphantide on day —6,40 mg/ot’ fludarabine daily for 5
days {days 6 to -2), and a single dose of 200 cGy total body
irradiation (day —1). Unrelated cord blood (UCB), phenotyp-
ically mismatched at 1 HLA-B avtigen and 1 DRBL antigen,
was obtained from the Fokkaido Cord Blood Bank. The
patient received a UCB graft ata dose of 1.95 X 107 nucleated
cellsfkg recipient body weight. Rejection of the graft and graft-
versus-host disease (GVHD) were prevented by intravenous
administeation of CSP (1.5 mg/kg twice a day) beginning 3
days before transplantation. Blood CSP levels were moni-
tored by enzyme-lioked multiple imumunoassay. and the
dosage was adjusted to maintain the trough blood level
between 200 and 300 pg/L. In addition, the patient recelved
15 mg/kg mycophenolate mofetil (MMF) orally twice daily
from days —3 to +30. For antimicrobial prophylaxis, 600 mg
ciprofloxacin, 400 mg fluconazole, and 1000 mg acyclovir were
given daily. Trimethoprim-sulfamethoxazole (320 mg
trimethoprim and 1600 mg sulfamethoxazole) was given daily
between days -7 and -2 to prevent Preumocystis carimi infec-
tion. Daily administration of 300 pg granulocyte colony-stim-
ulating factor was started on day +1. The serumn potassiom
tevel showed a gradual increase from 4.5 mEg/L starting on
day -3 to 5.8 mEq/L on day +4 {Figure 1), and this change was
associated with CSP levels between 360 and 322 ng/mL. The
patient did not receive any parenteral fiuid or antibiotics con-
faining potassium during this period. At the time of the peak
potassium level, the serum creatinine level and creatinine
clearance were 0.8¢ mg/dL and 75 mL/min, respectively. The
transtubular potassium concentration gradient (TTKG) was
calculated to be 2.4, and the plasima aldosterone level and
plasma renin activity were 32.8 pg/ml (normal range, 30-
255 pg/mL) and 1.8 ng/mL per hour (normal range, 04-2.7 ng/
mL per hour), respectively. The serum chioride, bicarbonate,
and blood pH were 104 mEg/L, 20 munol/L, and 7.356, respec-
tively. As the dose of CSP was reduced, a decrease in the
serum potassium level was observed. Tt returned to within the
normal range on day +11, when the CSP level was 197 ng/mL
(Figure 1). During this time no hypertension developed.
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E"igmc 2. Blood eyclosporine (CSP), serum creulinine, and potassiim
jevels in case 2. Serum patassium levels returned 1o within the normal
range following the reduction of CSP levels.

2.2 Case 2

A 44-year-old man with clear cell RCC of the right kidney
underwent a right nephrectomy, Nineteen years later, metasta-
tic RCC developed in his right lung and bones and progressed
despite treatment with interferon alfa and a cytotoxic drug.
Because the patient’s disease was unlikely to respend to far-
ther conventional treatment, he was referred to our institute
at 64 vears of age. The patient and donor gave written
informed consent to participate in an investigational protocol
approved by the ethics committee of Kanazawa University
Graduate Schoot of Medicine. Following conditioning therapy

“with 60 my/kg cyclophosphamide adwministered intravenously

on days ~7 and -6 and then 25 mg/m*® fludarabine adminis-
tered intravenousty daify for 3 days, the patient received from
his HLA-identical brother an allogeneic peripheral blood
SCT containing 5.6 % 100 CD34* celisfkg. Twice-daily doses of
intravenous CSP (1.5 mg/kg) were started on day -4. The
biood CSF level was monitored and adjusted as described for
case 1. As antimicrobial prophylaxis, 800 mg ciprofloxacin,
200 mg fluconazole, and 1000 mg acyclovir were given daily.
Trimethoprim-sulfamethoxazole (320 mg trimethopam and
1600 mg sulfamethoxazole) was given daily between days ~10
{0 2 as prophylaxis for P carinil infection. The patient’s serurn
potassium level rose from 4.1 mBq/L. on day +17 to 54 mEqg/
L on day +20 in parallel with an increase in blood CSP from
284 to 614 ng/mL (Figure 2). No potassium-containing pax-
enteral fluid or antibiotics were used during this period, At the
peak serum potassium level on day +17, the sexum creatinine
and serum chloride levels were 0.84 mEqg/L and 97 mEq/L,
respectively. The CSP dose was reduced, and the return of the
patient’s serum potassium level to the normal range on day
+29 was associated with a CSP level of 81 ng/mL (Figure 2).
Mo hypertension was seen during this time.

3. Discussion
In the present 2 cases, hyperkalemia developed in parallel

with high blood CSP levels and disappeared as CSP levels
were reduced. During this time, renal function remained nor-
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mal, and no medication or parenteral nutrition that would
cause hyperkalemia was used, indicating that CSF had
induced isolated hyperkalemia. The TTKG is a simple index
that permits semiquantitative evaluation of potassium secre-
tion with respect to aldosteroue bioactivity [3-6]. Hyper-
kalemia associated with renal insufficiency has a TTKG
value of >10. An abnormally low TTKG value <8 and normal
or elevated plasma aldosterone levels in a hyperkalemic
patient, sech as in case 1, are indicative of low aldosterone
hioactivity due to tubular dysfunction [3,6]. CSP is known to
decrease renal tebule sensitivity to aldosterone at the distal
nephron in renal transplant recipients [4] and allogeneic SCT
recipients [5,6,9]. Thus, it is reasonable to suppose that the
isolated hyperkalemia in case 1 resulted from C8P-induced
tubular resistance to aldosterone. Although the onset of
hyperkalentia in case 2 was slightly different from that m
case |, the 2 cases were similar with respect to other clinical
pararmecers, such as the association of isolaied hyperkalemia
with blood C8P levels, intravenous infusions of C8B and no
medications or parenteral nutrition that could cause hyper-
kalemia, all of which imply the same mechanism of hyper-
kalemia in case 2 as in case 1, despite the lack of TTK( infor-
mation for case 2.

Thetre ars many in vive and in vitro data indicating the
activation of the remin-angiotensin-aldosterone system by
C8P, incuding increased plasma renin activity and juxta-
glomerular apparatus hyperplasia in renal transplant recipi-
ents on OSP4 decrease of renin-containing cells in renal allo-
grafts following conversion from CSP to azathioprine
treatment, and CSP promotion of renin synthesis and release
in cultured juxtaglomerular cells [2,11]. Accordingly, CSP-
induced hyperreninemia may counterbalance CSP’s
inhibitory effect o distal renal whular function in most SCT
patients. The fact that plasma renin activity and plasma
aldosterone concentrations were both normal In case 1
implies that such a shortage of plasma renin activity and a
tow aldosterone concentration overcame renal tubular resist-
ance to aldosterone induced by CSP This hypothesis is sup-
ported by findings of hyporeninemic kypoaldosteronista in
patients on CSP who exhibited isolated hyperkalemia after
renal transplantation {8,12] and afier SCT for myelodysplas-
tic syndrome [9].

Since 2000. 5 postuephrectomy RCC patents have under-
gone allogencic SCT in vur institute, 2 (40%) of whom devel-
oped isolated hyperkalemia in association with CSP admin-
istration. There is a possibility that drug interaction between
OSP and MMF caused hyperkalemia in case 1. However,
among the 74 patients with hematologic diseases who
received allogeneic SCT during the same period, including 3
patients who received both MMF and CSP as GVHD pro-
phytaxis as in case 1, no such cases of hyperkalemia were
ohserved. There were no reports indicating a drug interaction
between CSP and MMF, Because isolated hyperkalemia is
common among renal transplant recipients on CSP [4], the
development of CSP-induced isolated hyperkalemia may be
associated with the reliance of the patient on a single kidney.
A single kidney could cause insufficient renin synthesis and
release in response to CSP, leading to the inability to offset
CSP-induced tubular resistance to aldosterone, thereby
resulting in decreasing potassiom secretion. It 18 unclear

whether a single functional kidney could be a risk factor for
isolated hyperkalemia due to CSP in allogeneic stem cell
recipients with RCC. More cases are required for the evalu-
ation of hyperkalemia. Tmmunotherapy with allogeneic SCT
is promising for treating advanced RCC not curable by any
other treatment and is mest often administered to patients
who have ouly a single kidney. Our experience shows the
importance of the awareness of CSP as a risk factor for iso-
lated hyperkalemia in such patients.
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CLINICAL TRIALS AND OBSERVATIONS

Minor population of CD35~CD59™ blood cells predicts response to
immunosuppressive therapy and prognosis in patients with aplastic anemia

Chiharu Sugimon, Tatstiya Chubjo, Xingrin Feng, Hirohito Yamazaki, Akiyoshi Takami, Masanao Teramura,
Hideaki Mizoguchi, Mitsuhiro Omine, and Shinji Nakao

We investigated the clinical significance
of a minor popuiation of paroxysmal nos-
turnal hemoglobinuria (PNH}-type blood
cells in patients with acquired aplastic
apemia (A8} We quantified CUSS-CDS8~
granulocyies and red blood calls (RBCs)
in peripheyal blood from 122 patients with
recently diagnosed AA and correlatad
nuimbers of PNH-type cells and responses
to immunosupprassive therapy (18T). Flow
cytomelry detecied 0.005% io 23.1% of
GPLAPT celis In 68% of patients with AA.
Siuty-eight of 83 (91%) patients with an

increased proportion of PNH-lype cells
(PNH*) responded to  aniithymocoyle
giobulin {ATG) + cyclosporin (GsA)
therapy, whereas 18 of 39 (48%) without
such an increase (PNH™) responded, Fail-
ure-free survival rates were signiticantly
higher (84%) among patients with PNH™
than patients with PNH™~ (12%) at § years,
alihough overall survival vates were com-
parable betwesn the groups. Mumbers of
PrH-typs and normal-type cells increased
in paraliel among most patients with PNHY
who responded to IST, suggesiing that

these cells are sgually sensifive to im-
mune attack. These results indicate thata
minor population of PRH-typs cells repre-
sents a reliable marker of a positive 18T
vesponse and a {avorable prognosis
amonyg patients with AA. Furthermaore,
immune attack against hematopoletic
stem cells that aliows PNH clonal expan-
sion might ocour only at the onset of AA.
{Blnod. 2006;,107:1308-1314)

© 2008 by The American Soclety of Hamatology

introduction

tmmunosuppressive therapy (I8T) with antithymocyte globulin
{ATG) plus cyclosporin (CsA) is the standard approach to weating
acquired aplastic anernia (AA)." Approximately 70% of pationts
respond to this therapy and achieve remission, However, for the
remaining 20%, IST might even be harmful because of an increased
risk of opporfunistic infections, particularly in the absence of any
remissien. The inunune pathophysiology of patients should thus be
understood ar diagoosis, and 18T should be applisd only to those
with imaune-mediated AA. Several factors have been proposed as
good markers that appear to reflect the inunune pathophysiology of
AA. These factors include an increased ratio of activated T
cells,’ increased interferon-y expression in bone marow,” and
peripheral-blood T cells,” as well as inereased expression of
heat-shock protein 70.7 Although these markers are useful i
predicting responses to IS8T, few paticats with AA have been
tested, and the assays applied to detect these abnormalities are
vulnerable (o the effects of artifacts and the transportation of test
samples. Consequently, none of the markers have been practi-
cally applied to predict responses to IST. Because of this,
patients with AA are placed on IST without understanding the
underlying pathophysiology.

COme marker closely associated with immune pathephysiology n
hone marrow failures is a small mamber of cells that ave glycosylphos-

phatidylinositol-anchored membrane protein-deficient (GPL-APT),
namely paroxysmal nocturnal hemoglobinuria (PNH)-type cells. ¢
Dunn ot al't have demonstrated that an increase in CD137
CDE6E~CD16T granulocytes is assoclated with 2 good response to
ATG among padens with myelodysplastic syndrome (MDS).
Using ?-color flow cytometry that can disinguish proportions of
CO55-CD59CD1LIbY granulocytes and CIS5CDEY™ glyco-
phorin A" red blood cells (RBCs) below 0.1%, we also demon-
strated that a population of 0.01% to 6% PNH-type cells among
granulocytes and red blood cells predicts a response 1 CsA in
patients with MDS.'® Although onc study group did not find a
correlation between PNH-type cells and response to ATG in
patients with AA,™ an increase in the proportion uf PNH-type cells
was correlated with a good response to IST among our patients with
AAL a5 well as those in another report.'? Fowever, the signifi-
cance of 4 minor population of PNH-type cells in the manage-
ment of paticnts with AA has remained obscure because the
mumber of patients with recently diagnosed AA has been small
and follow-up periods have not been long snough. Our sensitive
flow cytometric protocol has ot become popular despite its
poteutial clivical usefuluess, perhaps because of the lower

cut-off values (0.003% for granulocytes and 0.005% for RBCs)
121708

than previous assays.
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The outcome of 18T in patients with AA is negatively
affeceed by the length of time from diagnosis to treasment.” To
clarify the role of o marker that would predict o good respense to
IST, the marker should be tested on patents who have been
recently diagnosed with A A and before they receive therapy, and
then the marker should be correlated with the subsequent
response to IST. Since 1999, we have been studying the
presence of PNH-type cells in peripheral blood using flow
eytometry i 241 patients who had not yet undergone therapy
and who were diagnosed with AA. The present study focuses on
122 patients who were treated with ATG and CsA within [ year
of the diagnosis of AA and compares the response rates to 187
and subsequent survival between patients with (PNHY) and
without (PNH™) an increased proportion of PNH-type cells. We
also examined changes in the mamber of FNH-type cells alter
successtul IST to characterize the mmune system attack against
hematopoietic stem cells that coofers a survival advantage on
PNH-type stemn cells in mmuns-mediated AA.

Patients, materials, and methods

Patianis

We evahtated PNH-type cells in peripheral-blood samples from 122
Japanese patients (55 men and 67 women; median age, 56 years) with
idiopathic AA (75 severe and 47 seoderate AAY before they recelved IST.
The patients were diagnosed with AA at Kaoazawa Usiverstty Hospial,
hospitals participating in 4 cooperative study led by the Tntractable Disease
Study Group of Iapan, and other referring institutions. The severity of AA
was classified according to the criteria proposed by Camiita et al.2® AR
pasients wers treated with ATG Lymphoglobuline {Avents Beheing, King
of Prussia, PA) 18 myg/ke/d, § s; phus Cea (Novartis, Basel, Switzerland)
6 mg/kald; within 1 year of diagnosis betwesn April 1999 and December
2004. The doss of CsA was adjusted to maintain trough levels between 150
and 250 ng/ml, and the appropriate dose was adwministered for at least &
moaths. Granulocyie colony-stimulating factor (G-C8F; flgrustim, 300
pg/m® or lenograstim, 5 pg/kg) wus administered to some patients.
Response to IST was evalnated according to the response criteria described
by Camittn. 2! Cornplete response (CR) was defined as hercoglobin nonmd
for age, neatrophi] count move than 1.5 % 1091, and plaselet count more
than 130 X 10%L. Partial response (PR} was defined as transfusion
independent and no longer meeting criteria for severs disease in patients
with gevers AA, und it was detined as tansfusion iodependence G
previously dependers) or doutding or novsalization of at least one cell line
or inerease in baseline hemoglobin of more than 30 g/f (if initially less than
60 gfL), neutrophil count of more than 0.5 X 1O%L (if initiaily less than
0.5 X 10%7L), and plateler count of more than 10 X {071 G initially less
than 20 X 10%L) 40 parients with moderate AA. The patients provided
written, informed consent to participaie in all procedures associated with
the stdy, which was reviewed and approved by the ethical committee of
Kanazawn University Hospital (study no. 46). The study also conforms to
the tecently revised wnets of the Helsioki protocal.

High-resalution 2-golor flow cytometry

We improved the 2-color flow cytometry develaped by Araten ot al? ag
follows. Brefly, 3 1o 5 ol bepadnized blood we wr froro each patient.
To detect PNH-type gramilocytes. RBCs were lysed in NELCI 826 g/L.,
KHCO; 1.0 g/, and EDTA -« EdNa 0.037 g/L (fysis buffer). After a saline
wash, 30 pL lsukocyte suspension was insubated with 4 L phycoerythrin
FEx-labeled ani-CD11h monoclonal antibodics (mAbs; Becten Dickin-
son, Frankiin Lakes, NI, fluorescein-isothincyanate (FITO)-labeled anti-
CDA5 mAbs (clone TALY, mouse IpG2a; Pharmingen, San Diego, CA), and
FITC-labeled anti-CD39 mAbs {clone p282, mouse IgG2a; Pharmingen) on
ice for 30 minmees? To detect PNH-type RBCs, PE-labeled ant--

/

glycophorin A mAbs {(clone JCI59; DAKQ, Glostvup, Demsark) were

CD55°CD5¢- BLOOD CELLS PREDICT PROGNOSISOF AA - 1309

inchaded instead of anti-CD1 b mAbs.® Fresh blood was ditated w0 3% in
phosphate-buffered saline (PBS), and then 50 pL was incubated with 4 pL
PE-tubeled anii-glycophorin A mAbs, FITC-labeled anti-CD335, and anti-
CID59 mAbs on ice for 30 nimites. A total of at least 1 X 10° CD116*
granuloeytes and glycopherin AT RBCs within cach corresponding gate
were analyzed using a FACScan (Becton Dickinson, Frauklin Takes, NI)
flow cytomerry. To exclnde damaged cells thar often produce false-positive
results, all samples wers treated tor flow cytometry within 24 hours after
collection, and SSCm gnd CD11b4e geanulocyies and glycophorin A
RBCs on the histograms were oxeloded from the analyses by careful gating
as shown in Figare 1A, On the basiz of analytic results from 68 healthy
individuals, the presence of greater than 6.003% CDUE™ granulocytes and
0.005% glycopharin A" RBCs was considered abnormusl. Both thresholds
grearly excecded the soean + 4 5D for GPL-AP™ grawslocyres (0.0025%)
and RECs (0.0032%) determrined in healthy individuals.'™'> When PNH-
type cells were nereased in only 1 of the 2 cell lineages, another sample
was collected, and the patient was deemed PNH™ only when the secoud
garnple produced sinvilar resnles,

ity of detecting a few PNF-type cells in this
starion method® by wnatyzing the bluod of
some patients by 2-color flow cytometry using both PE-labeled anti-CTIS3

We compured the sensitiv

ranaer with that of 4 low-re;

A Geanmocytes
'

ok
wEs oy d i

Wiy
Boeiysin
o 10.5%.

Figure 1, Yalidity of high-resclution flow cytometry. {A} An example of analysis on
a patient with PNH™ AA is shown. Gates wete sol up to exclude SSC™ (i) and

is within rectangles
lis, (B} RECs from a hesithy
ed Using a low-resolution aseay and the
n assay. Numbers on histograms denote the paroentages of
CO55-CRSE ~ cslls in total RBGs for the low-resolution assay, and in glycopharin
A* FRCs for the solution assay, (C) RECs from a patient with PNH* AA
wars jnoubated in acidified saline sont heat-inactivated oy untreated
senim. GOR5~GR5E" RBGCs were then o ed. (D) PNH™ AA WRBGs wers
incubated with ar without 0.5 078 M aerolysin and anzlyzed by flow cytometry.
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and FITC-tabeled and-
ot mnore PNH-ype cells

%8 mAbs. This a

sy defines the presence of 1%

Modified Ham test

Peripheral blood of patients with AA with a low proportion (< (1.19%) of

CD35°CD59 RBCs was washed with saline a ne at
a hematoceit of 50%. The RBC suspension {15 pl.) was incubared with
80 pL beat-inuctivated fewd calt serum (FCSY for 10 minutes at 4°C for
sensitization by anti-human heteroantibodies and then washied with
saline. Human AB serun as a source of complement (0.5 mE) and 53 pl.
0.2 N HC! were then addad to the cell suspeasion. The negative control
inchuded heat-imactivated bumnan AB serurm instead of untrested human
AB serum. These RBC suspensions were incubated for 60 minutes at
37°C and washed with FBS, and then the RBCs were analyzed by flow
cytometry as deseribed in “High res

d suspended in s

oiution 2-color flow cyteaetry.”

Aerolysin treatment of granulocyles

Peripheral blood from paticnts with AA with & low propordon of PNH-typs
granulocytes was bysed as described in “High vesoludon 2-color flow
cytometry,” and suspeaded in PBS at a density of 2 X 10° celle/mL. The
leukocyte suspension was split info 2 portions; ose was incibated for {5
minies with and the other withow 0.5 X 197% M gerolysin at 37°C.4
Before and after the incubation with aerolysin, the suspension was
examined by flow cylometry to detect CD557CDSY CD1IbY gramilocytes
as deseribied in “High cesolution 2-color flow cytometry.”

Siatisties

The Munw-Whitney test compared cliical charactenisiics hetween
patients with PN and patients with PNH™. Fisher exact test and

logistic regression modelling™ analyzed associations between indi-

vidaal pretreatment variables with respomse to IS8T, Kaplao-Meiec
rethods graphically cowpared the comulative incidence of the response

and patients with PNH™ were assessed by the log-rank test. A paired ¢
test analyzed changes in the proportions of PNH-type cells associated
with IST. Al statistical aumalyses war y IMP version
540171 software (SAS Insdtute, Cary, N

e perfirmad st

)

Resulis
Validity of high-reasclution flow cytometry

Figure 18 shows that a low-resolution assay using PE-labeled
anfi-CD55 and FITC-labeled anti-CDDA% mAbs detected greater
than 0.19% PNH-type RBCs in the peripheral blood of a healthy
individual, whereas our assay of the same sample detected 0%
PNH-type cells. Thus, the low-resoluton assay could not
diserirninate a patient with AA with 0.1% PNH-type cells fromia
healthy individual, whereas owr method revealed 0:04% PNH-
type RBCs in the same patient, indicating a diagnosis of PNH*
AA. When the sensitivity of RBCs to complement-mediated
lysis was examined using the modified Ham test, almost all
RRBCs in the glycophorin AYCD557CD59 ™ fraction disappeared
after an incubation in acidified saline containing human AB
serum, verifying the reliability of our method for detecting
PNH-type RBCs (Figure 1C). Conversely, when granulocytes
from = patient with PNH™ AA were treated with aerolysin,
approvimately 99% of granuloeytes in the CD1bYCDSSCDSOY
fraction disappeared, whereas almost alt cells in the
CD11b*CDS57CD35% T fraction remained unchanged (Figure 1D),
indicating that the few granulocytes in the CDUBTCDS5~CD59~
fraction had the propertics of PNH-type cells.
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Proportions of PNH-type cells in patients with A4

Fo AN

The proportion of PNH-type cells was increased in 83 {68%)
patients. Among these patients with PNH*, the number of PNH-
type cells was increased in both the granilocytes and RBCs of 69
(8§34 of them, in only the granulocytes of 12 (15%), and in only
the RBCs of 2 (2%). Figure 2A shows the proportions of PNH-type
granulocytes and histograms from 2 patients with PNH. Notably,
the proportions of PNH-type granilocytes were below (.1% in
greater than 40% of patients with PNH?, Tuble 1 compuares the
clinical characteristics between patients with PNHY and PNIT™.
Althongh the PNH™ group tended to be older and have higher WBC
and MCV vahees than the PNH™ group, the chinical and hemato-
logic parameters did not significantly differ between them.

Fesponse to ATG and CsA therapy

Sizty-eight of 83 (91%) patients with PNH™ improved with IST
and achieved PR or CR at 12 months. However, only 18 of 39
(489%) patients with PNH™ responded o IST. Kaplan-Meier
analysis showed that the chance of achieving PR was significanity
better among patients with PNE* than among patients with PNIT™
(Figure 3A). The rate of obiaining CR at 3 years was also
significanily higher i patients with PNH* (36%) than in patients
with PNH™ (3%) (Figwe 3B). Multivariate analysis showed that
among sex (male or femals), age (older or younger than 40 years),
severity {severe or moderate), presence or absence of chromosomat
abnormalities, and presence or absence of increased PNH-type
cells, only the presence of increased PNH-type granulocytes was a
significant factor assoriated with good response to IST (P << 001).
When patients with PNH™ were clussified mto 5 subgroups
according o the proportions of PNH-type granulocytes (6.003%-
0.01%in7,0.01%-0.1% in 21.0.1%-1.0%in 22, 1 0%-10.0% in
13, 10.0%-23.1% in 3), the response rates o IST at 6 months did
not significantly differ {88%, 74%, 90%, 81%, and 100%,
respectively) among these subgroups. The responses of all of
these subpopulations were significantly better than that of
patients with PNH ™.

Prognosis after IST

The mediun follow-up period wus 26.4 months {range, 0.1 to 71.4
months). In contrast to the response rates, the rates of overall
survival at 5 years were comparable befween patients with PNH™
(77%) and with PNH™ {71%) (Figure 4A), However, the probabil-
ity of surviving failure free at § years was significantly higher in
patienes with PNH™T (64%) than in padents with PNH™ (12%) when

Figure 2. Propartions of PNH-type granuiocyles. (A} Proportions of CDE5-CDEg
aranulocyies in sach patient. (B) Histograms from ona patient with PNH- (UPN 83)
with mirimal PNH-type calls and fram another pa + increasad PNH-type calls
only inn RBCs (UPN 118).
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Table 1. Clinloal sharacteristics of PNMH™ and PNH™ patients

CD55-CD59~ BLOOD CELLS PREDICT PROGNOSIS OF AA - 1311

57 {13-8

Severity, seversimoderat
Chiomasome abnermality, no. of palients

Na. of patisnts w

NAindicates not applicable.

failure-free survival was calcolated based on time to treaunent
failure. This was defined as whichever came first amaong time from
the first day of treatrnent until salvage freatment for nonresponse,
refapse, development of a clonal kematologic disease (PNH, MDS,
lenkemin), solid wmor, or disease- or tremrment-related death
(Figare 4B). Although the probubility of evolution into florid PNH
or MIJS at 5 years after IST did not significantdy differ between
patients with PNH™ (6% and 3%) and padents with PNH™ (0% and
49y (Figure 4C), the probability of relapse tended to be higher in
patients with FNH™ (36%) than in putients with PNH *(21%)
{Figure 4D). Two {2%) paticnts with FNH™ and 7 (18%) with
PNH™ underwent allogeneic bone marrow transplantation (BMT)
from related (n = 6} or unreluted (n = 3) donors because of fuiture
1o respond to IST (n = 6) and relapse of AA (u = 3). Rates of
samrvival after BMT did not significantly differ between the 2
groups {data not shown).

{hanges in PNH-lype granulooyles after IS8T

The presence of PNH-type cells after IST was serially tested m the
peripheral blood of 53 of 122 patients. To characterize immune
attack against hemaropoietic stem cells that favors FNH-type cell
clonal expansion, we examined the numbers of PNH-type ¢ells in
responsive patients. Figure 5A shows that the proportions of
PNH-tvpe gramidocyles vemuned almost constant in 32 of 33
patients with PNHT who responded to 18T and decreased from
0.045% to 0% in only 1 patient (UPN 25), This indicates that the
absolute munber of PNH-type as well as of normal-type grasulo-
cytes increased in most responsive patients afeer IST. We compared
the ratio of the degree of the increase in the absolue count between
PNH-type (2} and normal-type (b) gramdocytes before IST. The
PNH-type graoulocyte~-to-normal-type granslocyte ratio in 32
patients ranged from 0.07 o 38.1 with a median of 1.06 (Figwe
58). The proportions of PNH-type cells did not change in 4 patients
with PNH' who were refractory to IS8T {(Figure 5A-B). Sixteen
patients with PNH™ were also tested after 6 to 24 months of 187T.
Only oue patient who had achieved PR bhecame PNH™ af 74 months
and then relapsed with AA at 29 months after IST.

The proportions of PNH-type granulocytes were repeatedly
determined in Z3 patents for more than 24 months after 15T, Figure
3 shows that the proportions remained constant over u long period
in most patents including one (UTPN 106) who had 0.1 % PNH-type
granalocytes (Figure 5D3). The proportion of PNH-type granulo-

cytes significantly inereased from 3.31% w 76.0% in only one
patient during the 4-year observation period.

Discussion

Anincrease in the proportion of PNH-type cells in peripheral blood
has been wmplicuted in the wnnme pathophysiology of bone
marrow failure.'® Several studies including our previous investdga-
tion found a corvelation between an increase in the proportion of
PNH-type cells and a favorsble response to IST among pationts
with MI3S!H1295 gnd with AA'%2 Howevey, the clinical applica-
ton of these findings has been hampered. Small patient cohorts and
the relatively low prevalence of an increased nurber of PNH-type
cells in these studies have led o concerns about unreliability of the
correlation. The present study based on a larger number of patients
with recently diagnosed AA conclosively demonsirated that a
miinor population of PNH-type cells predicts a good response to
T8T as well as good prognosis for patents with AA after IST.

Heszidsiin o

XS &5
Sardhs 3Ry AT ol reamnnt
Figurs 3. Response o immunosuppressive therapy. Incidenas of overall (A} and
complets (B} responses in patients with PNH™ and PN,



1312 SUGIMORI etal

BLOOD, 15 FERRUARY 2006 - VOLUME 107, NUMBER 4

Figure 4. Prognosis after 18T compared between patlents
with PRHT and with PNH-. (A} Overall sy 1 failure-free

Wighabdiity vt givivel

survival: (C) incidence of cional hematologic disorders, inchiding
FNH, myslodysplastic syndrome, and aciute myelogenaus ieuke-
mia; and {D) incidance of relapes.

¥

% 4

The reliability of our high-resoluton flow cytometry, which was
verified by the modified Ham test and by aerolysin eatment,
revealed an increase in the namber of PNH-type cells in 68% of
the patients with AA. This was considerably bigher than the
reported prevalence.

The clinical featurss and overall survival rates did not signifi-
candly differ berween patients with PNH™ and patients with PNH™
in the present stody. However, faihwe-free survival was obviously
better mmong patients with PNHT than patients with PNH™. This
indicated that, although patients with PNH™ can survive as long as

Sinfirs Miﬁ.n' Betore. giﬁssz

oot Prlebipe grnuiaciee’ ()

P

% yenre aher it

et flidy nbackabvredhmsnk

K

patients with PNH?* after 18T, they often require salvage or
supportive treatment such as allogeneie stem cell ransplantaiion
and blood transfasions, hecause of & partial response to 18T or o
high rate of velapse. Conwrary to the expectation based on the
presence of abnormal hematopoietic clones such as PNH-type
cells, the prohability of evolving into clinieal PNH or MDS
patients with PNH* was comparable to that in patients with PNH".
The proportioms of PNH-type granulocytes remained stable over a
period of 1 o 66 months in mose patients with PNH?, a finding
7 These tindings indicate that

consistent with previous reports.

PREGIBphRIeE
osr

Figure §. Changes In proportions of PNH-type granulocytes associated
with respanses to 8T, {A) Change in responders and nonrespenders. {8)
Preportions of granulocyte counts after and befote 18T datermined for
Pii-type {a) and nonmaltype (b)) grandlocytes and ratios of PiH-type
granulogytes {a) tc normal-type granulocyies {b) were platted. {C) {.ongitudinal
analysis of PNH-type granulocyies. Proportions of PNH-type granulocytes of
%7 patients with PNH* and 1 patient with PNH- who tacame PNH* (black 12)
were displayed. (D} Ghanges in propatficns of PiH-ype granuicoyles over &
years in patient UPN 188 with AA (shown as 1 in Figure 5C).
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the presence of an increased proportion of PNH-type cells pradicts
not only a positive resporee but also a good guality of response to
IST among patients with AA,

The significantly high response rate to IST among patients with
PNHY AA suggests that PNHY AA is an authentic type of
immune-mediated marrow failure, In line with thas hypothesis,
patients with PNH™ AA often have a specific HLA-DR allele
{HLA-DE[3) and antigen-driven T-cell proliferation in the bone
marrow. > Forthermore, antibedies against diazepara-binding
inhibitor-related sequence-1 (IDRS-1), a peroxisomal protein abun-
dantly expressed by hemawopoiatic progenitor cells, are frequently
detected in sera from patients with PNH'® AAY However, the
relatively low response rate to IST among putients with PNH™ AA
indicates that a heterogeneous pathophysiology might underlie this
subsat of AA. To Hoe with this notion as described in our previous
study'® clonal hematopotesis arose mwore frequently in patients
with PNH™ AA than in paticnts with PNH™ AA. Even among
patients who responded to IST, patdents with PNH™ AA ravely
achieved complete recovery of hamatopotiesis and were sasceptible
to AA relupse. Tinmune mechanisms thut ure not associated with un
increase in the proportion of PNH-type cells might damage
hematopoietic stem cells more profoandly than those in PNH™ AA,

PNH-type stem cells might ucquire a survival advantage over
normal-type stem cells when T or namral killer (NK) cells f:lﬂ'fi(‘k
hernatopoietic stem cells. 32 The high response rate w IST
paticuts with PNH™ AA indicates thal such an immunte mu,hamsm
is functional in this subset of AA. If the imrune mechanisms were
responsible for bone marrow failure, 18T would more efficiently
induce expansion of normal-type than of PNH-type stem cells.
However, in most patients with PNHY, successful IST resulted i a
similar increase in the number of both PNH-type and normal-type

Refersnces
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granulocytes, which contradicts the imone escape theory
similar finding has been reported by Macicjewski et al?® for patients
with AA with 1% or more CDISTCH66L™CD16™ gramlocyies.
One possible explanation Tor thus discrepancy is as follows. An
iovmune attack against hematopoictic stem cells af the onset of AA
that zllows PNH-type stem cells to survive does not contribute to
the subseguent progression of bone marrow failure, which is
cansed by different immune mechanisms targeting epitopes other
than those thaf induee disease. Such epitope spreading occurs in the
development of other ironune diseases such as multiple sclerosis. ™
Alternatively, the suppression of hematopoiesis after the clonal
expansion of PNH-type cells might be cansed by myeclosuppressive
cytokines rather than antigen-specific T cells.

The presence of a few PNH-type cells has profound sigaificance
for the management of patients with recently diagnosed AA,
Although those who have PNH™ AA can improve with IS8T, the
maximal response rate is 50% aund the rate of fallure-free survival at
5 years is below 20%. Therefore, allugeneic BMT is recommended
more aften than 18T for young patients with PNH™ who have
HLA-compatible sibling donors. Conversely, IST iz more fre-
quently recommended than BMT for patients with PNH™, particu-
larly when the likelihood of BMTorelated mortality is high. Among
patients with AA who are wiresponsive to the initial ATG and CsA
therapy, those who benefit from a second IST might be PNH".
Conventional flow cytometry capable of detecting 1% or more
PNH-type cells would also be clinically uscful in predicting
response to IST because the respounse w0 IS8T does not change
according to the proportion of PNH-type cells. The predictive
value of an increased proportion of PNH-type cells for a
favorable prognosis in AA identified here warrants a further
worldwide prospective study on non-Japanese patients with AA.
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