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Figure 2. Acquired 6pLOHs in AA patients that target the HLA locus. (A) Typical CNAG outputs in SNP array analysis showing CNN-LOH (purple line) that appears as
significant dissociation in allele-specific copy number graphs (red and green lines) from the baseline with normal total copy numbers (tCN; top panel). As a result of an allelic
conversion, the affected segment causes LOH (* indicates 1; bottom panel). The “acquired” origin of these lesions is indicated by the retention of substantial numbers of
heterozygous SNP calls (green bars below the chromatogram) that would otherwise mostly disappear. (B) The breakpoints of 6pLOHSs found in a total of 28 AA cases, all
involving the HLA locus in common. In more than half of cases (indicated by arrowheads in panel B), the exact location of the breakpoint was difficult to uniquely determine,
where dissociation of the allele-specific copy number graphs continuously tapered along the 6p arm, indicating the presence of multiple 6pLOH(+) clones with common
missing alleles (C). Indeed, the breakpoint containing regions are separated into multiple segments having significantly different copy numbers in the circular binary
segmentation model, as indicated by solid lines with P values. Note that the most telomeric breakpoint is located within (case 24) or centromeric to (case 23) the HLA locus in
each case. (D) A skewed distribution of the logarithm of P values in AA cases compared with normal persons. The P values were calculated in the Mann-Whitney U test, with
which the difference in the mean allele-specific copy numbers between 6p and other chromosomal regions was evaluated (see “Analysis of genomic copy numbers and

detection of 6pLOH"). A total of > 250 values are plotted as 250.

HLA-A antigen; and in each case, the missing HLA-A allele was
identical to that in the PB leukocytes (Figure 3B). The
uniparental expression of HLA-A in case 13 was also observed
in the CD34" compartment of the archived BM specimen
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obtained 2 years before analysis (supplemental Figure 7).
Together, these findings suggested that the 6pLOH involved
early HSPCs and that the 6pLOH occurred at the level of
long-term repopulating stem cells.
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Table 2. 6pLOH(+) AA cases and imputed allelic status of HLA alleles

6pUPD(+) Missing alleles Retained alleles
uiD fraction,* % A B Cc DRB1 DQB1 DPBt A B Cc DRB1 DaBt DPB1
18 53.9 31:01t% 40:02% 03:041 “12:01 03:01 05:01 24:02 52:01 12:02 15:02 06:01 05:01
12 51.8 02:011% 40:02% 03:03 15:01 06:02 05:01 26:02 40:06 08:01 08:01 03:03 05:01
17 51.6 24:02 13:01 03:041 12:02 03:01 04:02 24:02 52:01 12:02 15:02 06:01 08:01
304 49.3 31:01tt 55:02 01:02 12:02 03:01 41:01 24:02 07:02 07:02 01:01 05:01 04:02
11 48.0 02:061% 40:021 03:041 15:01 06:02 NDJ| 11:01 67:01 07:02 16:02 05:02 ND||
21 46.2 31:011§ 51:01 14:02 14:05 05:03  03:01 24:02 07:02 07:02 01:01 05:01 04:02
24 44.9 31:01% 40:021 03:041 11:01 03:01 02:01 24:02 40:06 08:01 09:01 03:03 05:01
26 44.3 31:0111§ 40:01 03:041 04:05 04:01 03:01 26:03 52:01 12:02 15:02 06:01 09:01
27 43.5 02:067 40:02% 03:041 04:10 04:02 = 02:01 11:01 52:01 12:02 15:02 06:01 09:01
10 42.1 31:017% 40:02% 03:0471 08:03 06:01 02:01 24:02 51:01 14:02 08:01 03:03 02:01
8 40.8 02:061% 40:021 03:03 12:01 03:01 05:01 24:02 52:01 12:02 16:02 06:01 04:02
23 35.2 02:011 40:02t 03:041 09:01 03:03 02:01 24:02 54:01 01:02 04:05 04:01 04:02
25 32.1 02:061% No LOH 01:01 No LOH
9 23.5 02:061% 38:01 07:02 08:02 04:02  02:01 24:02 15:18 07:04 04:01 03:01 14:01
20 217 26:01% 40:02t 03:03 15:01 06:02 . 05:01 02:18 46:01 01:02 - 08:03 06:01 05:01
14 217 31:011% 51:01 14:02 09:01 03:03  05:01 24:02 52:01 12:02 15:02 06:01 08:01
22 20.6 02:01% 39:01 07:02 08:03 06:01 05:01 24:02 52:01 12:02 15:02 06:01 09:01
18 17.6 02:011% 40:06 08:01 09:01 03:03  02:01 24:02 35:01 03:03 15:01 06:02  04:02
15 17.4 02:061 40:06 08:01 09:01 03:03  02:01 24:02 07:02 07:02 01:01 05:01  02:01
41 16.2% 31:011% 35:01 03:03 09:01 03:03  03:01 26:01 38:01 07:02 08:03 08:01 05:01
28 12.8 24:02 54:01 01:02 01:01 05:01 04:02 24:02 52:01 12:02 15:02 06:01 09:01
29 11.7 31:01% 40:02t 03:041 15:01 06:02  02:01 24:02 54:01 01:02 04:05 04:01 05:01
305 10.3 02:061% 40:02t 15:02 15:02 06:01 04:01 24:02 51:01 14:02 08:01 03:03  02:01
13 9.6 24:02% 40:02t 03:0471 15:01 06:02  02:01 02:01% 35:01 08:01 09:01 03:03  02:01
306 8.5 24:02% 40:021 03:041 09:01 03:03  02:01 26:02 40:06 08:01 08:01 03:.03 02:01
16 8.1 11:01 40:06 08:01 No LOH 24:02 46:01 01:02 No LOH
30 8.0 02:061 38:01 07:02 No LOH 24:02 40:06 08:01 No LOH
72 56 02:01% 40:021 03:041 09:01 03:03  05:01 02:07 46:01 01:02 08:03 06:01 02:02
36 4.0 02:01t% NDY ND# 15:02 06:01 08:01 24:02 NDY ND# 15:02 06:01 08:01
124 3.5 24:02 40:021 03:041 12:01 03:01 02:01 24:02 52:01 12:02 15:02 06:01 08:01
223 2.8 31:01t% 48:01 03:041 08:01 03:03  05:01 02:061 39:01 07:02 15:01 06:02  02:01
215 28 31:01% 51:01 14:02 08:02 04:02  04:02 03:01 44:02 05:01 13:01 06:03  05:01
181 1.3 - 02:06% 13:01 03:041 12:02 03:01 05:01 24:02 52:01 12:02 15:02 06:01 08:01
97 1.0 24:02 07:02 07:02 01:01 05:01 05:01 02:01% 39:01 07:02 15:01 06:02  02:01
252 0.9 ND** 40:021 03:041 08:01 03:03  05:01 ND** 46:01 01:02 04:05 04:01 05:01
118 0.9 02:061§ 40:02t1 03:04% 08:02 03:02  05:01 24:02 52:01 12:02 15:02 086:01 08:01
298 0.8 24:02 40:021 03:041 15:01 06:02 -  05:01 24:02 52:01 12:02 15:02 06:01 09:01
188 0.7 24:02 52:01 12:02 15:02 06:01 08:01 02:01% 52:01 12:02 11:01 03:01 05:01
291 0.7 31:01% 51:01 14:02 15:01 06:02  02:01 24:02 40:01 03:041 11:01 03:01 05:01
196 0.2 NDt7 (A*02:06/24:02, B*35:01/51:01, C*03:03/15:02, DRB1*04:03/15:01, DQB1*03:02/06:02, DPB1*0:201/02:01)

UID indicates unique ID.

*The percentage of pUPD(+) fraction is derived from total peripheral blood leukocytes that include lymphoid as well as myeloid element.

THLAtypes significantly deviated to missing alleles.

$The allelic loss was confirmed by flow cytometry.

§The missing haplotype was determined by flow cytometry.
IDPB1*04:02/05:01.

B*15:18/52:01.

#C*08:01/12:02.

**A*02:01/02:07.

TtMissing allele was not determined because copy number changes in these segments were not statistically significant.

Clonality of the HLA-missing granulocytes

The human androgen receptor-based clonality assays in granulo-
cytes were performed in 3 6pLOH(+) and 20 6pLLOH(—) patients,
in which all 3 6pLOH(+) and 4 (20%) of the 6pLOH(—) patients
showed evidence of clonality in granulocyte populations (supple-
mental Figure 8).

Missing HLA alleles in 6pLOH

Given that the HLA is the genetic target of 6pLLOH in AA, the
missing HLA alleles in 6pLLOH are of particular interest because
in this context they are thought to be directly involved in the
presentation of the target auto-antigens to CTLs and, therefore,
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to be critically important in the pathogenesis of AA. We
determined the missing HLA alleles in each 6pLOH(+) AA
patient by the haplotype imputation of HLA alleles based on the
large data of HLA haplotypes observed in the JMDP set,
followed by statistical evaluation of allele-specific copy num-
bers along the imputed haplotypes (Figure 4). The imputed
haplotypes were confirmed in 4 cases by the family studies on
the HLA. The allelic status was imputed at least partially in
39 of the 40 6pLOH(+) cases. The imputed results were
consistent with the patterns of uniparental expression of HLA-A
in flow cytometry in 18 cases with 6pLOH (Table 2; Figure 4),
except for those in case 26, in which no valid SNP haplotype



From bloodjournal.hematologylibrary.org at AICHI CNCR CTR on March 11, 2012. For personal use only.

6606 KATAGIRIetal

Case 13

HLA-A2 HLA-A24

HLA-A26

BLOOD, 15 DECEMBER 2011 - VOLUME 118, NUMBER 25

Case 12
HLA-A2

Case 8

HLA-A24 HLA-A2 -

:

]

A

0 3
100 10° 107 10° 10* 100 10' 102 10 10¢

Case 13

0 : 0
10° 10" 107 10° 10* 10° 10' 107 10° 10¢ 10° 10 102 103 10° 10° 10' 10 10° 10*

Case 12 Case 8

HLA-A2 HLA-A24

80
60
40
20

CD34+
bone marrow cells

0 s
10° 10" 102 10° 10* 10° 10! 10? 10° 10

HLA-A26

0 , i/
10° 10" 10% 10° 10* 10° 10" 102 10° 10*

HLA-A2 HLA-A24 HLA-A2

80
60

40
20
0

10° 10" 107 10° 10¢ 10° 10" 107 10° 10¢

i
4

Figure 3. Uniparental expression of HLA in AA cases with CNN-LOH in 6p. Allele-specific expression of HLA-A antigens in AA specimens was examined by flow cytometry
using monoclonal antibodies that specifically recognize the indicated HLA types (red lines), where leukocytes from healthy persons were used as a control (blue lines).
(A-B) The uniparental expression of HLA-A antigens in PB leukocytes and BM CD34+ cells obtained from 3 AA cases with CNN-LOH in 6p. Different leukocyte compartments
were separately examined, including granulocytes (G), monocytes (M), B-lymphocytes (B), and T-lymphocytes (T).

around the HLA-A locus was identified and the status of HLA-A
was determined by flow cytometry. The missing HLA alleles in
6pLOH(+) AA showed a conspicuous deviation to some
selected HLA alleles, including HLA-A*31:01, B*40:02, C*03:
04, and, to a lesser extent, HLA-A*02:01 and A*02:06. After the
effects of linkage disequilibrium between individual HLA
alleles were taken into consideration by multivariate analysis,
4 HLA alleles were shown to remain as the principal determi-
nants of the missing haplotypes, HLA-A*31:01, B*40:02,
A*02:01, and A*02:06 (supplemental Table 4).

Table 3. Response rate (CR + PR) according to the Camitta criteria

Over-representation of frequently missing HLAs in AA
populations

Because these missing HLA alleles in 6pL.OH could be involved in
the pathogenesis of AA, we next tested whether these relevant HLA
alleles are associated with the risk of the development of AA
among the 6,613 JMDP registrants. As shown in Table 4, the
4 major missing HLA alleles, HLA-A*31:01, B*40:02, A*02:01,
and A*02:06, were more frequently observed in AA cases com-
pared with nonsignificant HLA alleles (ie, all HLA alleles other

Newly diagnosed (n = 107)

Previously treated (n = 103)

6pLOH(—) 6pLOH(+) 6pLOH(~) 6pLOH(+)
(n = 91), no. (%) (n = 16), no. (%) (n = 88), no. (%) (n = 15), no. (%)
Immunosuppressive therapies (all) 36/49 (73) 11/11 (100) 65/77 (84) 12/12 (100}
ATG + CsA 14/19 (74) 7/7 (100) 27/33 (82) 5/5 (100)
CsA alone 22/30 (73) 4/4 (100) 38/44 (86) 7/7 (100)
Anabolic steroid alone 0/0 (0) 0/0 (0) 7/11 (64) 2/2 (100)
Unknown/not evaluable 42 5 [¢] 1

CR indicates complete remission; PR, partial remission; ATG, antithymocyte globulin; and CsA, cyclosporine A.
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Figure 4. Imputation of missing HLA haplotypes. The
observed allelic copy numbers at heterozygous SNP HLA-A
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than these 4 alleles), where the odds ratios for the risk of the
development of AA between each of these alleles and nonsignifi-
cant alleles were 1.87 (95% confidence interval [CI], 1.43-2.43)
for A*02:01, 2.22 (95% CI, 1.70-2.90) for A*02:06, 1.37 (95%
CI, 1.00-1.88) for A*31:01, and 1.95 (1.48-2.58) for B*40:02
(Table 4). The combined relative risk for all these alleles was
1.75(1.42-2.17; P = 1.3 X 1077).

Discussion

The origin of clonal hematopoiesis in AA is a focus of long-
standing disputes, in which a profoundly reduced hematopoietic
stem cell pool and/or escape from the autoimmune insults have
been implicated in the evolution of the clonal hematopoiesis in
AAS223 Qur findings on 6pLOH in AA provide an intriguing

insight not only into the underlying mechanism of the clonal
hematopoiesis in AA but also into the origin of the autoimmunity
that is responsible for the pathogenesis of AA. A recent study from
the United States also reported 3 cases with 6pLOH.>* With a
sensitive detection algorithm, the presence of the 6pLOH(+)
components was demonstrated in as many as 13% of typical cases
with AA, and the evidence from the subsequent studies strongly
indicated that the HLA genes are the genetic targets of 6pLOH in
AA patients. First, the HLA locus was commonly and critically
involved in all 6pL.OHs found in AA. Second, some AA patients
carried multiple 6pLOH(+) subclones with different breakpoints,
but in all cases, the 6pLLOH involved the HLA locus and occurred in
a manner that targeted the same parental HLA allele. Moreover,
particular class I HLA alleles were over-represented among
6pLOH(+) cases and consistently found in the missing haplotypes.
Finally, many of these HLA alleles were shown to be tightly

Table 4. Association of missing HLA alleles with AA in Japanese patients

AA Other diseases Total ’ QOdds ratio (95% CI)
Risk allele (N = 407) (N = 6206) (N = 6613) P(x?*test) (vs norisk alleles)
A*02:01 103 1173 1276 2.5X%107¢ 1.87 (1.43-2.43)
A*02:086 100 957 1057 <1.0x 1077 2.22 (1.70—2.90)
A*31:01 58 898 957 0.048 1.37 (1.00—1.88)
B*40:02 86 938 1024 1.8 X 107¢ 1.95 (1.48—-2.58)
All risk alleles 268 3250 3518 ) 1.3 X 1077 1.75 (1.42-2.17)
No risk alleles 139 2956 3095 — —

— indicates not applicable.
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Figure 5. A proposed mechanism for escape hemato-
poiesis in 6pLOH(+) AA. In AA, the targets of CTLs are
the HSPCs that present some auto-antigen through
particular class I HLA molecules, including HLA-A*02:01,
A*02:06, A*31:01, and B*40:02. In the presence of these
autoimmune insults, the HSPCs that lose their expres-
sion of the antigen-presenting HLA molecule as a result
of CNN-LOH in 6p would acquire a growth advantage
over other HSPCs expressing the relevant HLA, leading
to clonal outgrowth of the 6pLOH(+) progenies.

associated with the development of AA in Japanese patients in
case-control studies using the large JMDP registry.

The conspicuous bias of the missing HLA alleles in 6pLOH to
particular HLA types and the significant association of AA with
those HL.A types strongly suggest that the recurrent 6pLOH in AA
is a phenomenon tightly related to the pathogenesis of AA rather
than mere secondary event during the course of AA. Based on these
observations, it is well reasoned that, in 6pLOH(-+) AA cases, the
autoimmunity to HSPCs is mediated by the CTLs that target the
antigens presented via specific class I HLA molecules and that the
6pLOH(+) cells found in AA could be explained as escape
hematopoiesis that survives the autoimmune insult by genetically
deleting the relevant HLA species that are required for antigen
presentation (Figure 5). These scenarios are further supported by
the recent reports showing that the CNN-LOH in 6p provides a
common mechanism of leukemic relapse after HLA haploidentical
stem cell transplantations, in which leukemic cells that lost the
mismatched HLA haplotype through CNN-LOH in 6p are thought
to escape the immunologic surveillance of the engrafted donor
T cells.>? Importantly, it was experimentally demonstrated by
immunologic assays that the 6pLOH(+) leukemic cells actually
escaped GVL by CTLs, whereas 6pLOH(—) leukemic cells were
effectively killed by the same CTLs. Although the immunologic
targets of CTLs are different between relapse after haploidentical
transplants (mismatched HL.As themselves) and AA (still unknown
autoantigens presented on missing HLAs), the prominent similari-
ties found in both cases further support that CNN-LOH in 6p
confers an escape mechanism from autoreactive CTLs in AA.

In light of the above considerations, the chronologic behavior of
the 6pLLOH(+) components in PB is also interesting and worth
discussing. Despite the assumption that 6pLOH is an effective
escape mechanism from CTLs, the 6pLOH(+) stem cells were
unable to repopulate the BM to cure AA, unless effective IST was
applied (supplemental Figure 6). This is most probably explained
by the presence of inflammatory cytokines, such as IFN-y and
TNF-a, which have also been shown to play an important role in
the BM failure in AA and are thought to be responsible for the
continued prevention of the 6pLOH(+) stem cells from fully
expanding and reconstituting the BM (supplemental Figure
9A-B).27.28

When the autoimmune insults are removed after IST, no further
injury of normal stem cells would occur. However, this does not
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necessarily mean the surviving normal stem cells can eventually
outnumber the 6pL.OH(+) stem cells over time. Note that, once the
autoimmune insults disappear, nothing could biologically or immu-
nologically discriminate a 6pL.OH(+) stem cell from a 6pLOH(—)
stem cell (supplemental Figure 9A). In particular, a 6pLOH(+)
stem cell and a 6pLOH(—) stem cell will produce the same number
of progeny on average and feed the same number of mature blood
cells. As a consequence, once established, the predominance of
6pLOH(+) stem cells over 6pLOH(—) stem cells should be
maintained, after the severely reduced hematopoietic stem cell pool
has been re-expanded with removal of the inciting autoimmunity. It
is also of note that the recovery of myeloid components after IST,
which are affected more strongly by 6pLOH than lymphoid cells,
contributes to an apparent increase in 6pLLOH components in the
SNP array analysis in PB (supplemental Figure 6A).

One of the most significant findings in the current study is the
identification of the HLA alleles that are over-represented in the
Japanese AA populations, including HLA-A*31:01, B*40:02,
A*02:01, and A*02:06. All of these HLA alleles belong to class I
MHCs and thus are thought to be involved in the antigen
presentation to CTLs. This provides another prominent example, in
which specific HLA types play a critical role in the development of
a human disease, and the information about these particular HLA
types provides a solid basis on which we can ultimately isolate the
relevant antigens responsible for the development of AA. Of
particular note, there was a previous report indicating that HLA-
B*40:02 and A*02:06 were over-represented in PNH as well as
AA, although the study size was much smaller than the current
study.? Combined with our study, these findings support the
hypothesis that AA and PNH are the different outcomes of the same
immunologic insult>3 and may also provide the genetic basis of
the high prevalence of AA and PNH in East Asia.3'32

In some AA cases, hematopoiesis could be maintained over
years by the progenitors that escaped and survived the inciting
autoimmune insult by deleting the target HLA through CNN-LOH
in 6p. Given that the 6pLOH was detected in only 13% of our
series, it is probable that other escape mechanisms may also
operate to maintain hematopoiesis in AA. Indeed, clonality was
clearly demonstrated in 20% of the 6pLOH(—) cases in the human
androgen receptor assay study (supplemental Figure 8). In addition,
our SNP array analysis also revealed a variety of clonal abnormali-
ties in AA cases (Figure 1), although it is still open to question
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whether these abnormalities actually represent the mechanism of
escape hematopoiesis or were related to some neoplastic process.
Further studies on the genetic basis of the escape mechanisms
would contribute to our understanding of the molecular pathogene-
sis of AA.
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Abstract =0 - . ; -
Interleukin IL-17 is a proinflammatory cytokine that has been implicated in the pathogenesis of various autoimmune
diseases. The single nucleotide polymorphism (SNP), rs2275913, in the promoter region of the IL-17 gene is associated with
_susceptibility to ulcerative colitis. When we examined the impact of rs2275913 in a cohort consisting of 438 pairs of patients
and their unrelated donors transplanted through the Japan Marrow Donor Program, the donor IL-17 197A allele was found
to be associated with a higher risk of acute graft-versus-host disease (GVHD; hazard ratio [HR], 1.46; 95% confidence interval

 [C1], 1.00 to 2.13; P=0.05). Next, we investigated the functional relevance of the rs2275913 SNP. In vitro stimulated T cells
from healthy individuals possessing the 197A allele produced significantly more IL-17 than those without the 197A allele. In
a gene reporter assay, the 197A allele construct induced higher luciferase activity than the 197G allele, and the difference

- was higher in the presence of T cell receptor activation and was abrogated by cyclosporine treatment. Moreover, the 197A
allele displayed a higher affinity for the nuclear factor activated T cells (NFAT), a critical transcription factor involved in IL-17

~ regulation. These findings substantiate the functional relevance of the rs2275913 polymorphism and indicate that the

 higher IL-17 secretion by individuals with the 197A allele likely accounts for their increased risk for acute GVHD and certain

~ autoimmune diseases.
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introduction received an unrelated BMT, including patients who underwent
reduced intensity transplantation.

) Interestingly, the rs2275913 SNP is located within a binding
portant role in tissue inflammation, and is involved in the motif for the nuclear factor activated T cells (NFAT), which is
pathophysiology of autoimmune diseases and organ allograft a critical regulator of the IL-17 promoter [21]. Therefore, it is
rejection [1,2,3,4,5,6,7,8,9,10,11]. Moreover, several reports have  conceivable that the 152275913 SNP exerts an effect on the
shown that Th17 cells and IL-17 have a significant impact on the transcriptional regulation of IL-17. The present study shows that
development of acute graft-versus-host disease (GVHD) in mouse allele 197A correlates with more efficient IL-17 secretion, and that
models [12,13,14,15,16,17]. The 197A allele, which is the result of this resulted from its higher affinity for NFAT.

a single nucleotide polymorphism (SNP) rs2275913 (G197A) in the

promoter region of the IL-17 gene, has been reported to be Materials and Methods

associated with the susceptibility to rheumatoid arthritis [18] and

Interleukin 17 (IL-17), also known as IL-17A, plays an im-

ulcerative colitis [19]. In our previous study, we demonstrated that Patients
the 197A allele was also implicated in the development of acute IL-17 genotyping was performed on 438 recipients with
GVHD in patients who underwent unrelated myeloablative bone hematological malignancies and their unrelated donors who

marrow transplantation (BMT) [20]. In the present study, we underwent BMT through the Japan Marrow Donor Program
extended this investigation to a validation cohort of patients who (JMDP) with T-cell-replete marrow from HLA-A, -B, -C, -DRBI,

@ PLoS ONE | www.plosone.org 1 October 2011 | Volume 6 | Issue 10 | e26229

84



-DQBI, and -DPBI1 allele-matched donors between January 1993
and December 2007. The HLA genotypes of patients and donors
were determined by the Luminex microbead method as described
previously (Luminex 100 System; Luminex, Austin, TX) [22,23].
Although the Luminex microbead method does not provide
unambiguous HLA 4-digit typing for all genotypes, the JMDP has
confirmed that this method can identify all HLA alleles with
>0.1% frequency among the Japanese population [24].

None of the present patients had a history of any prior
transplantation. The final clinical survey of these patients was
completed by November 1, 2008. The diagnoses were acute
myeloid leukemia (AML) in 149 (34%), acute lymphoblastic
leukemia (ALL) in 109 (25%), myelodysplastic syndrome (MDS) in
78 (18%), malignant lymphoma (ML) in 55 (15%), chronic
myeloid leukemia in 42 (10%), and multiple myeloma (MM) in 5
(1%; Tables 1 and 2). The recipients were defined as having
standard risk disease if they had AML or ALL in the first complete
remission, ML in any complete remission, CML in any chronic
phase, or MDS. All others were designated as having high-risk
disease. The myeloid malignancies include AML, MDS and CML,
and the lymphoid malignancies included ALL, ML and MM.
Cyclosporine- or tacrolimus-based regimens were used in all
patients for GVHD prophylaxis, and anti-T cell therapy, such as

Table 1. The donor and recipient characteristics (first part).

Variable No. Ratio

No. of cases o 438

Recipient age, years

. Median Lo 39
‘ ‘Rarﬂ\ge ‘ ‘ o 1-;70
Donor age, years - : : .
. : L
Range : - 20-57
Year of transplant ‘ a
Median L 2003 E
Range‘ 1993;2Gb7 h
Recipient IL-17 genotype = = . - ‘
e o : e e
A/G G200 - 46%
A/A k58 13%
Donar IL-17 genotype : g - F
Ve - 200 o e%
A/A 66 15%
Recipient sex - e ‘ ‘
Male 281 64%
Female - 157 G ;36%‘ :
Donor sex
Male o ee . eR%
Female 142 32%
Donot/recipient sex ’ ' o o ; k kk
Sex matched 299 68%
“Fénﬂa!e/malé L - . 62   14% -
M‘ale/femal‘e o - 77 18%

doi:10.1371/journal.pone.0026229.t001
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anti-thymocyte globulin and ex viwo T cell depletion were not in
any of the patients. All patients and donors gave their written
informed consent at the time of transplantation to participate in
molecular studies of this nature according to the declaration of
Helsinki. This project was approved by the Institutional Review
Board of Kanazawa University Graduate School of Medicine and
the JMDP.

IL-17 genotyping

Genotyping of IL-17 was performed using the TagMan-Allelic
discrimination method with the Assay ID C__15879983_10
(Applied Biosystems) as described in a previous report [20].

Cells and reagents

Primers and oligonucleotides were obtained from Hokkaido
Science Systems (Sapporo, Japan). The GST-NFATc! construct
[25] was a generous gift from Dr Shoichiro Miyatake. An NFATc
binding consensus oligonucleotide (sc-2577) was purchased from
Santa Cruz Biotechnology (Santa Cruz, California).

Table 2. Donor and recipient characteristics (second part).

Variable No. Ratio

Disease - g
Acufe myeloid leu‘kemi‘a‘ . ‘ 149 34%

. Acute Iymph‘c’)blasticyyleUkemia ... w9 25%
Myelodyspla stic‘ syndrorﬁe ‘ ‘ 78 18%

. Malignant lymphoma s ss s 30
Chfonic myeloid leukemia 42 10%
Multiple myeloma ‘ 5 e %

Disease stage

: Sta‘ndérd sk o 78 1%

High risk ' 260 C5o%

ABO matching B L :

Major o‘r/and‘ mindr nﬁsmat&ﬁ 160 37%
Major mismatch g1 e
Minor mismatch 8 0%
 Bidirectional g7 a%

Missing‘ ‘ ‘ 8 2%
Conditioning regimen ‘ :

Myeloab‘la'tive R ‘ 325 74%
 Reduced intensity . e oy
With tbfal body'irradfafion '3'33 o 7‘6%‘ -
Prgt‘rans'plant,CMV serostatus Lt o ‘,

CMV positive recipientk - ' 324 k ;74;%“,

M‘is“si‘r‘iéf 1 e ‘ o g

GVHD prophylaxis . B -
l Wi‘t‘h'tyclosporine” o  ' . 190 . 43%}:

With tacrolimus 248 57%

TNG, x10° per kg - L o
Median 46
Range L 013168

Abbreviations: TNC: total nucleated cell count harvested.
doi:10.1371/journal.pone.0026229.t002
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Cell preparation, cell culture and measurement of IL-17

Heparinized blood samples were collected from 54 healthy
Japanese volunteers. The ages of the subjects (30 males and 24
females) ranged from 20 and 56 years (median, 32 vears).
Peripheral blood mononuclear cells (PBMCs) were isolated using
a Ficoll-Hypaque gradient (Pharmacia Biotech, Uppsala, Sweden)
and were induced to secrete IL-17 by culturing the PBMCs (10%/
well) in 24 well plates for 48 hours in RPMI 1640 supplemented
with 10% fetal bovine serum in the presence or absence of 5 g/
ml phytohemagglutinin (PHA; Sigma) at 37°C in 5% CO,. In
some experiments, PBMCs (10° cells/well) were seeded in 48 well
plates coated with anti-CD3 (2 pg/ml) and anti-CD28 (1 pg/ml)
monoclonal antibodies (Miltenyi Biotec, Gladbach, Germany) to
activate T cells selectively, and then were cultured for 48 hrs. The
concentrations of IL-17 in collected supernatants were measured
by an enzyme-linked immunosorbent assay (ELISA; Mabtech,
Nacka Strand, Sweden). For some functional assays, PBMCs
(6x10° cells/well) were cultured in six well plates for 72 hrs in the
presence of 5 ug /ml of PHA and 100 U/ml of IL-2, and are
hereafter designated as PHA-PBMCs.

Quantitative RT- PCR

RNA was extracted from resting or PHA-activated PBMCs using
the high pure RNA isolation kit (Roche). Reverse transcription
was carried out with the PrimeScript RT reagent/gDNA eraser kit
(Catalog RRO47A, Takara). Quantitative real time PCR was
performed in a StepOne Plus PCR system (Applies Biosystems)
using the SYBR premix ExTaq perfect Real Time (Catalog
RRO41A, Takara) with the IL-17 primers described previously
[26] and a set of primers for human GAPDH (Takara). The relative
IL-17 mRNA levels normalized to GAPDH were calculated by the
AACT method using the relative expression function included in the
StepOne v2.2 software program. The specificity of the PCR
products was monitored by a melting curves analysis.

Luciferase assay

The promoter region of the IL-17 gene was amplified from
the genomic DNA of individuals homozygous for the rs2275913
SNP (A197A or G197G) by polymerase chain reaction (PCR)
with forward 5'-ACGCGTGGATCTCAGGACAAACAGGTTC-
3" and reverse 5-AAGCTTGACTCACCACCAATGAGGT-
CTT-3" primers as described previously [21]. The resultant
fragments 11-17/197A or 11-17/197G were subcloned into the
pGL3-enhancer vector at the Mlul and HindIIl sites (Promega,
Madison, WI) to generate pGL3-197A-enhancer or pGL3-197G-
enhancer constructs. The fragments were inserted with the same
orientation, and their nucleotide sequences were confirmed by DNA
sequencing. Equimolar amounts of the following reporter plasmids:
pGL3-enhancer, pGL3-197A-enhancer and pGL3-197G enhancer
designated thereafter as pGL3-Luc, 11-17/A-Luc IL-17/G-Luc
respectively, were transfected into PHA-PBMCs using the Exfect
transfection reagent following the manufacturer instructions (Takara
Bio, Japan). To control for differences in the transfection efficiency,
cells were cotransfected with a renilla reporter plasmid, pRL-TK. In
some experiments, the cells were treated with anti-CD3 and anti-
CD28 mAbs or with Cyclosporine A (CsA) 24 hours after the
transfection, and were cultured for other 24 hours. The activity of
both luciferase and renilla in the transfected cells was measured with
the Dual Luciferase Reporter Assay System (Promega).

Electrophoresis motility shift assay (EMSA)

Double stranded 1L-17 probes, including those harboring
G197A, were generated by annealing the following oligonucleo-
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tides to their complementary oligonucleotides: CAT TTT CCT
TCA GAA GAA GAG ATT CTT CTA (197A allele) and CAT
TTT CCT TCA GAA GGA GAG ATT CTT CTA (197G allele).
These oligomers encompass nucleotides —180 to —210 upstream
of the transcriptional start site, based on data in the human
genomic DNA Gene bank accession number AY460616.1. Before
annealing, both complementary oligonucleotides were separately
biotin-labeled at their 3" ends, using the 3' end DNA labeling kit
(Thermo Fisher Scientific, Suwanee, USA) following the manu-
facturer’s recommendations. Nuclear extracts from PHA-PBMCs
were prepared using a nuclear extraction kit (Thermo Fisher
Scientific). The DNA/protein binding assay was performed with
10 pg of nuclear extracts using the Light Shift Chemiluminescent
EMSA kit (Thermo Fisher Scientific) according to the manufac-
turer’s recommendations with minor modifications as follows: In
the DNA/NFAT recombinant protein assay 0.5% bovine serum
albumin was included in the binding reaction and purified GST-
NFAT-recombinant proteins were desalted using Zeba spin
desalting columns (Pierce). The DNA/protein complexes were
detected by streptavidin peroxidase and visualized in a Lumines-
cent Image Analyzer LAS-4000 (Fujifilm, Tokyo, Japan).

Data management and statistical analysis

The data were collected by the JMDP using a standardized
report form. Follow-up reports were submitted at 100 days, 1 year
and annually after transplantation. The pre-transplant cytomeg-
alovirus (CMV) serostatus was routinely tested for only patients,
but not the donors. Engraftment was confirmed by an absolute
neutrophil count of more than 0.5x10%/L for at least 3
consecutive days. After collecting the data, acute and chronic
GVHD were diagnosed and graded based on the classically
defined criteria [27,28], namely, acute GVHD develops within the
first 100 days post-transplant while the manifestation of GVHD
occurring after day 100 is classified as chronic GVHD. Data using
the updated criteria for assessment of GVHD [29,30] were not
available in our cohort. The overall survival (OS) was defined as
the number of days from transplantation to death from any cause.
Disease relapse was defined as the number of days from
transplantation to disease relapse. Transplant-related mortality
(TRM) was defined as death without relapse. Any patients who
were alive at the last-follow-up date were censored. The data
about the causative microbes of infections and postmortem
changes in the cause of death, as well as the data on supportive
care, including prophylaxis for infections and therapy for GVHD,
which were given on an institutional basis, were not available for
this cohort.

The analysis was performed using the Excel 2007 software
program (Microsoft Corp, Redmond, WA, USA) and modified R
(The R Foundation for Statistical Computing, Perugia, Italy)
software programs [31,32], as described in a previous report
[33,34]. The probability of OS was calculated using the Kaplan-
Meier method and compared using the log-rank test. The
probabilities of TRM, disease relapse, acute GVHD, chronic
GVHD, and engraftment were compared using the Grey test [35]
and analyzed using a cumulative incidence analysis [31], while
considering relapse, death without disease relapse, death without
acute GVHD, death without chronic GVHD, and death without
engraftment as respective competing risks. The variables included
the recipient age at the time of transplantation, sex, pretransplant
CMV serostatus, disease characteristics (disease type, disease
lineage and disease risk at transplantation), donor characteristics
(age, sex, sex compatibility, and ABO compatibility), transplant
characteristics (conventional or reduced-intensity conditioning
[36], total body irradiation-containing regimen, tacrolimus versus
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Table 3. The results of the univariate analysis of the association of IL-17 polymorphisms with the clinical outcomes after

5-year 5-year 5-year -1V acute Chronic
Variable No. os P TRM P relapse P GVHD P GVHD P
Recipient IL-17 genotype : i
G/G 180 41% 29% 37% 35% 41%
A/G or A7TA 258 50% 0.59 28% 0.48 30% 0.10 30% 0.1 T 40% 078

Donor IL-17 genotype

G/G 166 50% 29% 31% 27% "37%

A/G or A/A 272 43% 0.22 28% 0.71 33% 0.77 38% 0.03 42% 0.18

doi:10.1371/journal.pone.0026229.1003

cyclosporine, and total nucleated cell count harvested per recipient (197G/G in 24, 197A/G in 24 and 197A/A in 6) were stimulated
weight [TNC]), and the year of transplantation. The median was in zitro with PHA and the levels of secreted I1.-17 were determined
used as the cutoff point for continuous variables. The chi-square by ELISA. As shown in Fig. 24, the 197A allele positive (197A/G
test and the Mann-Whitney U test were used to compare the two or 197A/A genotype) PBMCs secreted significantly higher levels of
groups. The Hardy-Weinberg equilibrium for the TL-17 gene IL-17 than the 197A allele negative cells (197G/G genotype).
polymorphism was determined using the Haploview software  Similar results were obtained when T cells were selectively
program [37]. stimulated with anti-CD3 and anti-CD28 mAbs (data not shown).

Multivariate Cox models were used to evaluate the hazard ratio The quantitative RT-PCR analysis showed that PHA-stimulated
associated with the IL-17 polymorphism. The covariates found to PBMC:s from donors harboring the 197A allele had a significantly
be P=0.10 according to univariate analyses were used to adjust the higher IL-17 mRNA level than those from 197A allele negative
hazard ratio. donors (Fig. 2B). Of note, the IL-17 mRNA levels in unstimulated

For both the univariate and multivariate analyses, the P values cells were very low, irrespective of 197A allele positivity, and
were two sided, and the outcomes were considered to be resulted in no differences between the two groups (data not
significant for P=<0.05. shown). Together, these results suggested that the sequence variant

rs2275913 influences the response of the IL-17 gene promoter to
Results factors released in response to T cell activation, thus leading to a
Transplant outcome according to the IL-17 genotype differential 1L-17 production.

The genotype frequencies of 197G/G, 197A/G and 197A/A
were 41%, 46% and 13% in recipients, and 38%, 46% and 15%
in donors. These were similar to previous reports [18,38], and
were in accord with the Hardy-Weinberg equilibrium (P=0.88).

The tf'ansp'lam outcomfisj according to the IL-17 genotype are 10 DonorGenotype
summarized in Table 3. The presence of the 197A allele in the — NG or NA
197A/G or 197A/A genotype in the donor was associated witha | - GG
significantly higher incidence of grades II to IV acute GVHD
(38% vs. 27%, P=0.03; Fig. 1), while no significant differences O %
between the 197A/G genotype and the 197A/A genotype in the T
recipient were seen in the incidence of grades II to IV acute >
GVHD (38% wvs. 36%, P=0.78). The acute GVHD-related O o6 -
mortality did not differ between the donor 197A/G or 197A/A Qo
genotypes and the donor 197G/ G genotype (2% vs. 2%, P=0.83). 8

All of the factors found to be significant in the univariate ©
analyses were included in the model. The 197A/G or 197A/A >
genotype in donors remained statistically significant in the ___"Z
multivariate analyses for the development of grades II to IV acute -

GVHD (Table 4). The 197A/G or 197A/A genotype in the

donor resulted in a higher incidence of grades II to IV acute

GVHD (hazard ratio [HR}, 1.46; 95% confidence interval [CI],

1.00 to 2.13; P=0.05) even when adjusted for the other factors in . : ; : , . .

the models. The IL-17 genotype showed no significant effects on 0 20 40 &0 0 100 120 146
the OS, TRM or relapse (Table 5). Days after transpiant

The impact of the rs2275913 SNP on the secretion of

IL-17 Figure 1. The estimated z‘:umulative incidence curve of grades

To substantiate the biological significance of the rs2275913 ;!O—[:X ;;:tfeggggtsaiazrggr;%rt:gt;'nAe/Gd c:)r:o;/ll:.-;zng?y!:;fy;z IE:
SNP, we first examined whether the different genotypes correlated dashed line represents the donor 197G/G genotype.
with I1-17 secretion. PBMCs from a total of 54 healthy individuals doi:10.1371/journal.pone.0026229.g001
@ PLoS ONE | www.plosone.org 4 October 2011 | Volume 6 | Issue 10 | 26229
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Table 4. The results of the multivariate analysis of the association of IL-17 polymorphisms with the GVHD after transplantation.

-1V acute GVHD

Chronic GVHD

Variable

, Adjusted HR  95%cCH P _ Adjusted HR 95% Cl P
Recipient IL-17 genotype, A/G or A/A 0.80 0.56-1.13 0.20 1.32 0.86-1.03 0.21
Donar IL-17 genotype, A/G or A/A 1.46 1.00-2.13 0.05 108 0.70-1.67 L iop)

doi:10.1371/journal.pone.0026229.1004

Functional relevance of the rs227513 SNP in the IL-17
gene promoter region

To address the functional significance of the rs2275913 SNP,
reporter gene constructs containing the 197A and 197G alleles
were prepared and used to transfect PHA-PBMCs. The results
revealed that the insertion of the IL-17 promoter fragment
consistently resulted in an augmentation of the luciferase activity
compared with the construct without the fragments, however, the
cells transfected with the IL-17/A-Luc construct had significantly
higher luciferase activity than cells transfected with the 11-17/G-
Luc construct (Fig. 3A). The differences in luciferase expression’
induced by these two constructs were more evident when the
transfected cells were treated with anti-CD3 and anti-CD28 mAbs
(Fig. 3B). Notably, treatment of the transfected cells with CsA
abrogated the differences in luciferase activity induced by the two
alleles, thus suggesting that the effects of the rs2275913 SNP on
the regulation of the IL-17 promoter function are dependent on T
cell activation.

The 197A allele has a stronger interaction with NFAT
than the 197G allele

To substantiate the functional relevance of the rs2275913 SNP,
an EMSA assay was performed. Oligomers containing the 197A or
197G variants were biotin-labeled and allowed to interact with
nuclear extracts derived from PHA-PBMCs. Despite the fact that
the probes differed in just one nucleotide (A/G), the shift band
corresponding to 197A probe-protein complexes was significantly
more intense than that corresponding to 197G probe-protein
complexes (Fig. 4B), thus suggesting that the two alleles have
different affinities for some transcription factor in the nuclear
extracts. A 50-fold excess of unlabeled IL-17 probes abrogated the
formation of DNA-protein complexes, confirming the specificity of
these interactions. Since NFAT has been demonstrated to play a
crucial role in the regulation of IL-17 production [21] and the
152275913 SNP maps to within the NFAT binding motif (Fig. 4A),
DNA-protein interactions were subsequenty carried out using
recombinant NFAT instead of the nuclear extracts. The 197A
probe-NFAT complexes displayed more a intense band than
197G probe-NFAT complexes (Figs. 4C, D), which were both
completely eliminated by adding a competitor with a 50-fold

transplantation.

excess of unlabeled IL-17 probes or an oligonucleotide containing
a known NFAT target consensus in the binding reaction, thus
suggesting that NFAT is the transcription factor which binds with
differential affinities to the IL-17 probes.

Discussion

The present study showed that the 197A allele of the IL-17 gene
in the donors was associated with a higher risk of acute GVHD
after unrelated fully HLA-matched BMT through the JMDP. The
reason that this association did not significantly influence the
TRM and OS might have resulted from the low incidence of acute
GVHD-related mortality, regardless of the donor IL-17 genotype
in the present cohort. Of note we have found that 197A allele
positive PBMCs can produce IL-17 more efficiently than 197A
allele negative PBMCs, which has not been reported so far, thus
implying that the high inducibility of IL-17 might be correlated
with the development of acute GVHD.

The role of IL-17 in the pathogenesis of acute GVHD remains
unclear. In several mouse model experiments transfer of IL-17
producing cells induced acute GVHD [15,16,17], while in contrast
there is a report [13] showing that donor IL-17 producing cells
ameliorated acute GVHD. Host dendritic cells (DCs) are critical in
the initiation of acute GVHD [39,40,41], thus leading to a
hypothesis that IL-17 producing cells could modify the function of
host DCs through unknown mechanisms. Direct interaction
between I1.-17 and host DCs may be supported by the fact that
DGCs expressed IL-17 receptors [1].

The IL-17 197A allele, which was associated with the higher
production of IL-17 in comparison with the 197G allele, exhibited a
higher promoter activity, as well as a higher affinity to transcrip-
tional factor NFAT. The functional relevance of 152275913 SNP
was supported by the findings in our gene reporter assay showing
that the higher promoter activity induced by 197A allele was
stronger in the presence of T cell receptor activation by anti-CD3
and anti-CD28 treatment which is an upstream event in NFAT
induction whereas in conditions leading to NFAT inactivation,
namely CsA treatment, the differences in promoter activity induced
by the 197A and 197G constructs were completely abrogated.
Consistent with these observations, EMSA assay using recombinant
NFAT proteins directly demonstrated a higher in affinity of 197A

Table 5. The results of the multivariate analysis of the association of IL.-17 polymorphisms with the clinical outcomes after

os TRM Relapse
Variable .  Adjusted HR  95% Cl P Adjusted HR  95%Cl P Adjusted HR  95%Cl P
Recipient IL-17 genotype, A/G or A/A 1.01 0.71-1.42 0.97 143 0.84-2.41 087 075 0.49-1.16  0.19
Donorli7gemonpe NGorNA 129 osmise ots 31 orsast om im omas oas

doi:10.1371/journal.pone.0026229.t005
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Figure 2. The influence of the IL-17 SNP on IL-17 secretion by /n vitro stimulated PBMCs. (A) PBMCs from healthy individuals were
stimulated for 48 hours in the presence of PHA or in 48 well plates coated with anti-CD3 and anti-CD28 mAbs. The values are expressed as the means
+/— SD. (B) PBMCs from healthy donors (197A allele positive, n=12 and 197A allele negative, n = 10) were cultured for 24 hrs in the presence of PHA.
Total RNA was extracted, and the IL-17 mRNA levels were determined by quantitative RT-PCR and normalized to GAPDH. The data are the means
+/—SD of triplicate measurements in each donor. *indicates P<<0.05 and **P<0.01.

doi:10.1371/journal.pone.0026229.g002

allele. NFAT is a transcription factor crucial for the regulation of T
cell-mediated 11-17 gene transcription [21], and the rs2275913
SNP is located in the promoter adjacent to the NFAT binding
region (Fig. 4A). These findings suggest that the rs2275913 SNP
plays a functional role in the promoter activity of the IL-17 gene
through influencing the transcriptional activity of NFAT, affecting
the production of IL-17 from T cells.

A = B

95 . sk
1.0
>04
2 >
§ 08 -
go3 * 2
Q ©
5 806
2 &
g 0.2 El
o= - 04
E kS
S0, :
: 502
2
8.0 - 0.0
IL-17/A~Luc -17/G-Luc pGL3-Luc

Previous studies have reported an association between the
G197A SNP in the IL-17 promoter region and the susceptibility of
the Japanese population to ulcerative colitis [19], as well as to
rheumatoid arthritis in the Caucasian population [18]. The
present study demonstrated that the 197A genotype is related to
high IL-17 production, and the results of a previous Japanese study
[19] showed that the 197A genotype was a risk factor for the
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Figure 3. The modulation of the reporter gene expression by the rs2275913 SNP. (A) PHA-PBMCs were transfected with a luciferase
expression vector alone (pGL3-Luc) or with a luciferase expression vector containing fragments of the IL-17 promoter with the 197A or 197G alleles
(IL-17/A-Luc and IL-17/G-Luc). The transfected cells were cultured for 48 hr, and firefly luciferase activities were measured and normalized to Renilla
luciferase. (B} The PHA-PBMCs were transfected as described above. Twenty four hours after transfection, the cells were treated with anti-CD3 and
anti-CD28 mAbs or with CsA, and cultured for other 24 hr. The firefly luciferase activities were measured and normalized to Renilla luciferase. The
values represent the normalized levels +/— S.E.M. from five independent experiments. *indicates P<<0.05 and **P<0.01.
doi:10.1371/journal.pone.0026229.g003
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doi:10.1371/journal.pone.0026229.g004

development of ulcerative colitis. Together, these results may In conclusion, we have reported that the G197A SNP in the
explain the previous observations of increased expression of 1L-17 IL-17 promoter predicts the development of acute GVHD and
in patients with inflammatory bowel disease such as ulcerative plays a functionally important role in the regulation of IL-17

colitis, which promotes the recruitment of inflammatory cells into production. Given that the 197A allele is significantly associated
the intestinal mucosa through an increase in chemoattractants and with the higher production of IL-17, G197A genotyping may be
the expression of adhesion molecules [4,42,43,44]. However, used to predict the susceptibility and severity of other IL-17-

another study from Norway [18] suggested an association between related diseases and complications including rheumatoid arthritis,
the 197A genotype and resistance to developing rheumatoid periodontal disease, multiple sclerosis, allergic rhinitis, psoriasis,
arthritis Since many studies have demonstrated higher levels of I1- inflammatory bowel disease, and organ allograft rejection [11].

17 in patients with rheumatoid arthritis and the essential roles of Furthermore, a better understanding of the molecular mechanism
IL-17 in mediating joint damage [45,46,47], the GI97A SNP by which this promoter SNP controls the production of IL-17 may

might affect the initiation of rheumatoid arthrids, but not disease therefore offer some novel therapeutic insights into the mecha-
progression and severity. This issue should thus be clarified using nisms of such diseases.

larger cohort studies in the future.

Our earlier report [34] showed an association with the 1L-17
197A genotype in the recipient, but not the donor, as in the
present study, with a higher incidence of acute graft-versus-host  We thank all of the Japan Marrow Donor Program (JMDP) transplant
disease. However, unlike in the previous study [34], the current teams who have contributed patients and donors to this study. We are
cohort mainly consisted of patients receiving relatively recent indebted to Dr. Shoichiro Miyatake at the Tokyo Metropolitan Institute of
transplants, including reduced-intensity transplantation. The ~ Medical Science for providing the plasmid encoding GST-NFAT.
reason for these discrepancies is unclear, because the year of the
transplant and conditioning intensity were considered as co-factors ~ Author Contributions
in the multivariate analysis. This issue should be clarified by
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Abstract ; ; , - ; ‘ o
Serine protease granzyme B plays important roles in infections, autoimmunity, transplant rejection, and antitumor
~ immunity. A triple-mutated granzyme B variant that encodes three amino substitutions (Q48R, P88A, and Y245H) has been
_reported to have altered biological functions. In the polymorphism rs8192917 (2364A>G), the A and G alleles represent wild
type QPY and RAH mutant variants, respectively. In this study, we analyzed the impact of granzyme B polymorphisms on
transplant outcomes in recipients undergoing unrelated HLA-fully matched T-cell-replete bone marrow transplantation -
(BMT) through the Japan Donor Marrow Program. The granzyme B genotypes were retrospectively analyzed in a cohort of
613 pairs of recipients with hematological malignancies and their unrelated donors. In patients with myeloid malignancies
consisting of acute myeloid leukemia and myelodysplastic syndrome, the donor G/G or A/G genotype was associated with
Jimproved overall survival (OS; adjusted hazard ratio [HR], 0.60; 95% confidence interval [CI], 0.41-0.89; P=0.01) as well as
transplant related mortality (TRM; adjusted HR, 0.48; 95% Cl, 0.27-0.86, P=0.01). The recipient G/G or A/G genotype was
associated with a better OS (adjusted HR, 0.68; 95% Cl, 0.47-0.99; P=0.05) and a trend toward a reduced TRM (adjusted HR,
0.61; 95% Cl, 0.35-1.06; P=0.08). Granzyme B polymorphism did not have any effect on the transplant outcomes in patients
with lymphoid malignancies consisting of acute lymphoid leukemia and malignant lymphoma. These data suggest that
there is an association between the granzyme B genotype and bet ter clinical outcomes in patients with myeloid
malignancies after unrelated BMT. - ‘ o e -
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Introduction Single nucleotide polymorphisms (SNPs) in genes involved in the
immune response to infections and inflammatory reactions have
Hematopoietic stem cell transplantation (HSCT) represents the been identified as additional predictive markers of clinical
only potentially curative option for many malignant conditions. outcomes in HSCT.[3,4,5,6,7,8,9,10,11,12,13,14]
Although substantial improvements in the supportive care of Following HSCT, cytotoxic T lymphocytes (CTLs) and natural
transplanted patients have been achieved in recent years, the killer (NK)) cells, mainly derived from the donor, constitute the
profound compromise in the immune system associated with most important effector cells that eliminate allogeneic cells,
HSCT constitutes a significant risk for life threatening complica- including malignant cells, virus-infected cells and healthy cells.
tions including GVHD, severe infections and disease relapse.[1] The destruction of the target cells occurs by at least one of the
HLA matching represents the major genetic determinant in three defined mechanisms: TNF-o. release, the Fas/Fas ligand
clinical outcomes after allogeneic HSCT, however, several studies interaction, and the granzyme/perforin pathway.[15] The later
have suggested that non-HLA genes associated with immune has been postulated as being the predominant mechanism for
functions are also involved in determining the clinical outcome.[2] immune-mediated apoptosis of allogeneic cells.[16,17]
@ PLoS ONE | www.plosone.org 1 August 2011 | Volume 6 | Issue 8 | e23827
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Granzyme B, the most abundant serine protease stored in
secretory granules of C'TLs and NK cells, is released upon target
cell recognition, then specifically enters into the target cell
cytoplasm via perforin, finally leading to target cell lysis.[15]
Although the induction of target cell death by its pro-apoptotic
properties has been considered the central function of granzyme B,
growing evidence indicates that this protease also possesses
additional non-death-related functions. These non-classical or
extracellular functions are perforin-independent mechanisms and
include immunosuppression, receptor cleavage, and cytokine-like
effects.[15,18,19] Initially believed to be expressed exclusively by
NK cells and CTLs, recent reports have shown that granzyme B
can be expressed by various additional cell types, such as mast
cells, neutrophils, dendritic cells (DCs), B cells, keratinocytes,
chondrocytes, and vascular smooth muscle cells.[20,21,22,23,24]

Granzyme B is involved in the pathophysiology of viral and
bacterial infections, solid organ rejection, autoimmune diseases,
and antitumor immunity.[25,26,27,28,29,30] In the granzyme B
gene, a triple-mutated allele (Q48R, P88A, and Y245H) in strong
linkage disequilibrium is found in European, African, and Asian
populations, including the Japanese population, at an allelic
frequency of 25-30%.[31,32] The biological and functional
relevance of the RAH mutant granzyme B, however, still remains
controversial. Although it was reported that the RAH variant was
incapable of inducing apoptosis,[31] and y8T cells derived from
donors possessing the RAH variant had impaired cytotoxicity
against target cells;[33] other studies have reported that RAH
mutant granzyme B displays normal proteolytic and cytotoxic
properties[34] and the cytotoxicic activity of T lymphocytes did
not differ among donors with QPY or RAH genotypes.[32]

In this study, we hypothesized that a defect of inducing
apoptosis in mutant granzyme B could influence the clinical
outcomes of HSCT. To test this hypothesis, we investigated the
influence of the QPY/RAH variants on the clinical outcomes after
HSCT. Because these variants are in clear linkage disequilibrium,
the study was focused on genotyping the polymorphism rs8192917
(2364A>G) in the granzyme B gene, which results in Q48R
variants, and analyzed its impact on the clinical outcomes of
patients undergoing allogeneic bone marrow transplantation
(BMT) using an HLA allele-matched unrelated donor. The data
herein show that the donor G/G or A/G allele, which represents
mutant granzyme B, is associated with a significantly improved
overall survival (OS) and reduced transplant-related mortality
(TRM) in patients with myeloid malignancies.

Methods

Patients y

Granzyme B genotyping was performed on 613 recipients with
hematological malignancies and their unrelated donors who
underwent BMT through the Japan Marrow Donor Program
(JMDP) with T-cell-replete marrow from HLA-A, -B, -C, -DRBI,
-DQBI, and -DPB] allele-matched donors between January 1993
and December 2007. The HLA genotypes of patients and donors
were determined by the Luminex microbead method, as described
previously (Luminex 100 System; Luminex, Austin, TX).[35,36]
Although the Luminex microbead method does not provide
unambiguous HLA 4-digit typing for all genotypes, the JMDP has
confirmed that this method can identify all HLA alleles with
>0.1% frequency among the Japanese population.[37]

None of the present patients had a history of any prior
transplantation. The final clinical survey of these patients was
completed by November 1, 2008. The diagnoses were acute
myeloid leukemia (AML) in 240 (39%), acute lymphoblastic
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leukemia (ALL) in 170 (28%), myelodysplastic syndrome (MDS) in
113 (18%), and malignant lymphoma (ML) in 90 (15%; Tables 1
and 2). The recipients were defined as having standard risk
disease if they had AML or ALL in the first complete remission,
ML in any complete remission, or MDS. All others were
designated as having high-risk disease. The myeloid malignancies
include AML and MDS, and the lymphoid malignancies included
ALL and ML. Cyclosporine- or tacrolimus-based regimens were
used in all patients for GVHD prophylaxis, and anti-T cell
therapy, such as anti-thymocyte globulin and ex siwo T cell
depletion were not in any of the patients. All patients and donors
gave their written informed consent at the time of transplantation
to participate in molecular studies of this nature according to the
declaration of Helsinki. This project was approved by the
Institutional Review Board of Kanazawa University Graduate
School of Medicine and the JMDP.

Granzyme B genotyping

Genotyping of granzyme B was performed using the TaqgMan-
Allelic discrimination method in a StepOne Plus Real Time PCR
system (Applied Biosystems, Foster City, CA, USA), and the results

Table 1. Donor and recipient characteristics {first part).
Variable No. Ratio
Nq,‘ of cases 613
Recipient age, years '
- Median. 36
‘ Range 1-70
Donor age, years
Median 34‘
Range 20-57
Year of' transplénf ‘
Median 2002
Ranéey . 1993-2007
Recipient Granzyme B genotype ;
G/G - 30 5%
A/G 202 33%.
A/A 381 62%
Donor Granzyme B genotype .
G/G 27 4%”
AG 194 32%
AA 392 64%
Recipient sex e -
Male 383 62%
Female 230 38%
Donor sex
 Male 402 66%
Female 210 34%
Mssng . 0%
Donor/recipient sex
Sexmatched odge e
Female/male 92 1 S%‘
 Maleffemale : o 8%
Missing ‘ ‘ 1 ‘(\)% ‘
doi10.1371/journal.pone.0023827.1001
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Table 2. Donor and recipient characteristics (second part).
Variable No. Ratio
Disease :
Acute rf\yeloid leukemia 240 ‘ '39%
Myelodysplastic synd'rqrinéu 113 - 18%
Acute lyrﬁphoblasﬁc Ieﬁkemia ‘ 170 28%
Malignant lymphoma ' 90 15%
Disease stage
Standard risk 357 ©58%
Hfgh risk ‘ 256 42%
ABO matching
Major or/and minor mismatch 246 40%
Major mismatch 136 22%
Minor mismatch 126 2%
Bidirectional 18 3%
Missing 7 1%
Conditioning re‘gimen
Myeloablative 499 81%
Reduced intensity 114 19%
With total body irradiation 472 77%
Pretranspla‘nt CMV serostatus -
MV positfve recipient “ 440 72%
Missing 70 11%
GVHD prophylaxis
With cyclosporine 296 48%
With tacrolimus 314 51%
Missing 3 0%
TNC, x 10% per kg
Median 49
Range 0.1-79.1
Abbreviations: TNC: total nucleated cell count harvested.
doi:10.1371/journal.pone.0023827.t002

were analyzed using the Allelic Discrimination software program
(Applied Biosystems). The genotyping assay was conducted in 96-
well PCR plates. The amplification reaction contained template
DNA, TagMan universal master mix and the specific probe
designed for SNP rs8192917 (2364A>G) of granzyme B (product
No. C_2815152_20 ; Applied Biosystems).

Data management and statistical analysis

The data were collected by the JMDP using a standardized
report form. Follow-up reports were submitted at 100 days, 1 year
and annually after transplantation. The pre-transplant cytomeg-
alovirus (CMV) serostatus was routinely tested for only patients,
but not the donors. Engraftment was confirmed by an absolute
neutrophil count of more than 0.5x10%/L for at least 3
consecutive days. On collecting data, acute and chronic GVHD
were diagnosed and graded using the previous criteria[38,39] and
data using updated criteria for assessment of GVHD[40,41] were
not available in our cohort. The OS was defined as the number of
days from transplantation to death from any cause. Disease relapse
was defined as the number of days from transplantation to disease
relapse. TRM was defined as death without relapse. Any patients
who were alive at the last-follow-up date were censored. The data
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about causative microbes of infections and postmortem changes in
cause of death, as well as the data on supportive care, including
prophylaxis for infections and therapy for GVHD, which were
given on an institutional basis, were not available for this cohort.

The analysis was performed using the Excel 2007 (Microsoft
Corp, Redmond, WA, USA) and modified R (The R Foundation
for Statistical Computing, Perugia, Italy) software pro-
grams.[42,43] The probability of overall survival (OS) was
calculated using the Kaplan-Meier method and compared using
the log-rank test. The probabilities of TRM, disease relapse, acute
GVHD, chronic GVHD, and engraftment were compared using
the Grey test[44] and analyzed using the cumulative incidence
analysis,[42] considering relapse, death without disease relapse,
death without acute GVHD, death without chronic GVHD, and
death without engraftment as respective competing risks. The
variables were recipient age at time of transplantation, sex,
pretransplant CMV  serostatus, disease characteristics (disease
type, disease lineage and disease risk at transplantation), donor
characteristics (age, sex, sex compatibility, and ABO compatibil-
ity), transplant characteristics (conventional or reduced-intensity
conditioning,[45] total body irradiation-containing regimen,
tacrolimus versus cyclosporine, and total nucleated cell count
harvested per recipient weight [TNC]), and the year of
transplantation. The median was used as the cutoff point for
continuous variables. The chi-square test and Mann-Whitney U
test were used to compare two groups. The Hardy-Weinberg
equilibrium for the granzyme B gene polymorphism was tested
using the Haploview software program.[6]

Multivariate Cox models were used to evaluate the hazard ratio
associated with the granzyme B polymorphism. Covariates found
to be P=0.10 in the univariate analyses were used to adjust the
hazard ratio. The covariates were selected according to myeloid
and lympoid malignancies.

For both the univariate and multivariate analyses, P values were
two sided, and outcomes were considered to be significant for
P=0.05.

Results

The frequencies of the granzyme B genotypes ‘

Granzyme B gene polymorphism was analyzed in 613 unrelated
bone marrow donor-transplant recipient pairs (Tables 1 and 2).
The genotype frequencies of G/G, A/G and A/A were 5%, 33%
and 62% in recipients and 4%, 32% and 64% in donors. These
were similar to HapMap data in the Japanese (3%, 29% and 62%,
respectively) and European (5%, 35% and 60%, respectively)
populations, and thus were in accord with the Hardy-Weinberg
equilibrium (P=0.79).

Transplant outcome according to the granzyme B
genotype

The median follow-up duration in the cohort was 55 months
among the survivors (range 4 to 168 months), and 191 recipients
(31%) had relapsed or progressed, and 309 (50%) had died.
Eighteen patients (3%) died before engraftment. The donor and
recipient granzyme B genotype did not significantly influence the
cumulative incidence of engraftment (data not shown).

"The transplant outcomes according to the granzyme B genotype
are summarized in Table 3. Patients with myeloid malignancies,
which included AML and MDS, who received transplants from
donors with the G/G or A/G genotype had a significantly better
S-year OS (58% vs. 42%, P=0.01; Fig. 1A) and a trend toward
lower 5-year relapse rate (27% vs. 36%, P=0.09) than those
receiving transplants from donors with the A/A genotype. No

August 2011 | Volume 6 | Issue 8 | 23827



Granzyme B Variants and Transplant Outcomes

difference was noted in the TRM, II-IV acute GVHD, or chronic
GVHD in relation to the donors’ polymorphism status. A
comparison between the donor G/G and A/G genotypes showed
no significant difference in OS (71% vs. 56%, P=0.36), TRM (6%
vs. 23%, P=0.36), or the relapse rate (30% vs. 26%, P=0.65).
When patients with AML and MDS were separately analyzed, the
donor G/G or A/G genotypes remained statistically significant for
a better OS in AML patients (58% vs. 45%; Fig. 1B), and had a
tendency to be related to a better OS in MDS patients (58% vs.
37%; Fig. 1C). In patients with lymphoid malignancies consisting
of ALL and MI, the donor granzyme B genotype had no
significant effects on transplant outcomes (Table 3). This was true
even when ALL and MIL were separately analyzed (data not
shown).

Multivariate analysis

All of the factors found to be significant in the univariate
analyses were included in the model. In patients with myeloid
malignancies, the G/G or A/G genotype in donors were
statistically significant in the multivariate analyses for better OS
(adjusted hazard ratio [HR], 0.60; 95% confidence interval [CI],
0.41-0.89; P=0.01; Table 4) and TRM (adjusted HR, 0.45; 95%
CI, 0.25-0.80; P=0.01) when adjusted for the other factors in the
models. Despite not evident in the univariate analysis, the
multivariate analysis revealed the donor granzyme B G/G or
AG genotype was associated with lower incidence of chronic
GVHD (adjusted HR, 0.61; 95% CI, 0.37-0.99; P=0.05;
Table 5). In the independent analyses for AML patients and
MDS patients, beneficial effects on OS by the donor G/G or A/G
genotype were also found, which was close to being significant in
both the AML patients (adjusted HR, 0.68; 95% CI, 0.42-1.09;
P=0.10) and the MDS patients (adjusted HR, 0.61; 95% CI,
0.35-1.08; P=0.09). In addition, the recipient G/G or A/G
genotype was associated with a significantly better OS (adjusted
HR, 0.68; 95% CI, 0.47-0.99; P=0.05) and a trend toward a
reduced TRM (adjusted HR, 0.61; 95% CI, 0.35-1.06; P=0.08).
The difference between the donor G/G and A/G genotype did
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Table 3. The results of the univariate analysis of the association of the Granzyme B genotype with clinical outcomes after
transplantation.
5-year 5-year 5-year 1I-IV acute Chronic
Variable No. os P TRM P relapse P GVHD P GVHD P
Myeloid malignancy 1353
Recipient Granzyme B genotype k
CA/G or G/G ‘ 139 152% 013 - 21% 0.17 33% 0.71 25% 0.23 40% 0.14
A/A 214 46% 26% ‘ 33% 31% 49%
Donor Granzyme B genotype :
A/G or G/G 141 58% ‘ 0.01 ‘ 20% 0.21 27% 0.10‘ ‘ 28% 0.72 47% 0.79
o AIA : 212 42% B 26% 37% 130% 45%
Lymphoid malignancy 260
Recipient Granzyme B genotype :
A/G or 'G/G ' 93 48% '0.14 24% 0.26 ' 35% 0.97 35% 0.66 31% 0.44
A/A : 167 43% 26% 34% 33% - 36% ‘
Donor Granzyme B genotype
: A/G or G/G . 80 L 43% 0.93 29% 0.60 33% 0.78 34% 0.88 32% 049
A/A 180 46% 24% 35% 34% 36%
Abbreviations: OS, overall survival; TRM, Transplant-related mortality.
doi:10.1371/journal.pone.0023827.t003

not reach statistical significance in relation to transplant outcomes
(data not shown). The granzyme B genotype did not significantly
influence the transplant outcomes in patients with lymphoid
malignancies.

Discussion

The current study showed that the granzyme B G/G or A/G
genotype at 158192917 (2364A>G) in the donor side representing
the triple variant RAH granzyme B was associated with a
significantly better OS and TRM compared to the granzyme A/A
genotype, corresponding to wild type QPY granzyme B, for
patients with myeloid malignancies receiving HLA-matched
unrelated BMT through the JMDP. The G/G or A/G genotypes
in the recipient also significantly improved the OS, as well the
TRM, although to a lesser extent. This is the first report to show
that the granzyme B polymorphism affects transplant outcomes.

The beneficial effects of the G/G or A/G genotype were absent
in patients with lymphoid malignancies, irrespective of whether it
was ALL or ML. A possible explanation for this may be that ALL
and ML cells express the apoptosis inhibitor Bcl-2{46] and the
endogenous inhibitor of granzyme B, proteinase inhibitor 9 (PI-
9).[47,48,49,50] The expression of these two factors by malignant
lymphoid cells may protect them from granzyme B-induced
apoptosis and proteolysis[46,48] and might thus negate the
differential effects of the different granzyme B genotypes.

Based on the traditional view that the triple-mutated granzyme
B has an impaired pro-apoptotic function, it was expected that the
presence of the RAH variant would predict an adverse clinical
outcomes after HSCT, namely poor survival or an increased
relapse rate. The results presented here, however, do not support
that assumption. The mechanisms by which the mutant granzyme
B genotype improved transplant cutcomes remain unclear. This
may be due, in part, because the reports on the biochemical and
physiological properties of the triple variant RAH granzyme B are
still controversial.

Although an initial study[31] reported that RAH granzyme B

was unable to induce apoptosis in tumor cell lines, it was later

August 2011 | Volume 6 | Issue 8 | e23827



A. Myeloid malighancy

_ 0.8 —Donor, G/G or AIG - Donor, A/A
i
2
£ 06 . P=0.01
o o
*@ 0.4 st e,
4
(o]

0.2

y 500 1000 1500 2000 250G 3000 3500 4000
Days after transplantation
B. AML

1.0
- 0.8 —Donor, G/G or AIG - Donor, A/A
©o
2
£06 P=0.05
3 e,
E 04 T e,
5

0.2

0.0 . N . X . .

0 500 1000 1500 2000 2500 3000 3500 4000
Days after transplantation
C.MDS

1.0 -

0.8
= ~Donor, G/G or AIG ~Donor, AIA
2
£06 P=0.08
A
g 04 LI
(o}

0.2

0.0

0 500 1000 1500 2000 2500 3000 3500 4000
Days after transplantation

Figure 1. The Kaplan-Meier analysis of OS after BMT according
to the donor granzyme B genotype in patients with myeloid
malignancies (A), AML (B), and MDS (C).
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transplantation.
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reported by others that RAH granzyme B retains its pro-apoptotic
activity.[34] In addition to the classical role of granzyme B in
mediating apoptosis within target cells by NK cells and CTLs,
increasing evidence shows that extracellular granzyme B also has
alternative functions, including extracellular matrix remodeling,
immunosuppressive and cytokine-like effects.[18,19,24,51,52] A
recent report[19] showed that human DCs abundantly secrete
granzyme B, which can suppress T-cell expansion. Another report
revealed a pivotal function of granzyme B in immunosuppression
directed by regulatory T cells, leading to promotion of tumor
escape.[52] In addition, extracellular granzyme B potentially
induces apoptosis in various organs and tissues, thus leading to
chronic inflammatory, autoimmune, and degenerative diseas-
es.[18,24] In line with these observations, it is plausible that in
patients receiving HSCT, extracellular granzyme B could
contribute to significant effects, such as modulation of T-cell
functions and organ damage, because high serum levels of
extracellular granzyme B have been reported in HSCT recipi-
ents.[29]

Based on the results presented herein, it may therefore be
reasonable to hypothesize that the granzyme B variants have
differential biochemical properties whose biological consequences
are more relevant on the non-classical functions exerted by the
extracellular granzyme B. The analysis of patient serum may offer
useful information on this issue, although these samples were not
available for the present study. The fact that functional granzyme
B is also secreted by nonhematopoietic cells, including keratino-
cytes, chondrocytes, and smooth muscle cells[18,53] may explain
the findings that granzyme B variants in the recipient side, in
addition to that in the donor side, had an impact on the transplant
outcomes. Furthermore, this finding supports the view that the
presence of the triple-mutated Granzyme B is indeed responsible
for the beneficial effect in HSCT for myeloid malignancies.

The effects of the granzyme B G/G or A/G genotype on the
reduced TRM in patients with myeloid malignancies might be a
consequence of increased resistance to infections in these
recipients. This hypothesis, although attractive, is highly specula-
tive and is not supported by the present study because of the
unavailability of data on the causes of infections in this cohort.
Further studies will be needed to clarify whether the granzyme B
genotypes can differentially affect the responses of patients against
infections.

Two recent reports have described a significant correlation
between disease susceptibility and the RAH/QPY polymorphism in
the granzyme B gene. The wild type QPY genotype was associated
with an increased incidence of Epstein-Barr-virus-associated

Table 4. The results of a multivariate analysis of the association of the Granzyme B genotype with the clinical outcomes after

Variable os Relapse
‘ SR ‘ Adjuﬁted .
: g3k P  HR 95%a P,
Myeloid malignancy
Recipient Granzyme B genotype, G/Gor A/G 068 047-099 005 061 035106 008 099 065151 097
Donor Granzyme B genotype, G/G or A/G 0.60 0.41-0.89 0.01 0.45 0.25-0.80 0.01 0.75 0.48-1.15  0.19
‘Re‘ci‘pi‘em‘: Granzyme B éeﬁofype, G/G or A/G 0.99 0.60-1.57 0.96 0.93 0.44-1.96 0.84 1.40 0.84-2.34 020
Donor Granzyme B genotype, G/G or A/G 072 043-128 023 084 032222 072 087 - 049-156 065

doi:10.1371/journal.pone.0023827.1004
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Table 5. The results of a multivariate analysis of the association of the Granzyme B genotype with GVHD after transplantation.

H-1V acute GVHD

Chronic GVHD

Adjusted : : - Adjusted !

Variable HR . 95% Cl P “HR: 95% Cl P
Myeloid malignancy

Recipient Granzyme B genotype, G/G or A/G 078 0.51-1:19 0.24° 0.:83 0.53-1.31 0.42

Donor Granzyme B genotype, G/G or A/G 0.94 0.62-1.43 0.76 0.61 0.37-0.99 0.05
Lymphoid malignancy ’ ‘ : :

Recipient Granzyme B genotype, G/G or A/G 0.90 0.55-1.45 0.69 0.90 0.54-1.50 0.69

Donor Granzyme B genotype, G/G or A/G 1.07 0.65-1.76 0.79 113 0.68-1.89 0.64

doi:10.1371/journal.pone.0023827.1005

hemophagocytic lymphohistiocytosis (HLH) in children.[32] Con-
versely, a subsequent study reported an association of the mutant
RAH genotype with the incidence of breast cancer.[33] However,
to link the genetic susceptibility of granzyme B to disease based on
the presented data is difficult, because no patient developed HLH or
breast cancer following HSCT in the current cohort.

In conclusion, the present data suggest that the granzyme B
polymorphism may affect the prognosis after BMT from an
unrelated donor, and therefore, the granzyme B genotyping in
transplant donors and recipients may provide opportunities to
choose an ideal donor. However, care should be made in drawing
conclusions, because the number of patients evaluated in the
present study is limited. Experimental evidence is also required to
substantiate the effects of extracellular granzyme B according to
the polymorphism on organ and tssue damage. Further studies
are warranted to ascertain whether the findings of this study can
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