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B-cell activating factor (BAFF) single nu-
cleotide polymorphisms (SNPs) are asso-
ciated with autoimmune diseases. Be-
cause patients with classic and overlap
chronic GVHD (cGVHD) have features of
autoimmune diseases, we studied the as-
sociation of recipient and/or donor BAFF
SNPs with the phenotype of GVHD after
allogeneic stem cell transplantation.
Twenty tagSNPs of the BAFF gene were

genotyped in 164 recipient/donor pairs.
GVHD after day 100 occurred in 124 (76%)
patients: acute GVHD (aGVHD) subtypes
(n = 23), overlap GVHD (n = 29), and clas-
sic cGVHD (n = 72). In SNP analyses, 9 of
the 20 tag SNPs were significant compar-
ing classic/overlap cGVHD versus aGVHD
subtypes/no GVHD. In multivariate analy-
ses, 4 recipient BAFF SNPs (rs16972217
[odds ratio = 2.72, P = .004], rs7993590

[odds ratio = 2.35, P = .011], rs12428930
[odds ratio2.53, P = .008], and rs2893321
[odds ratio = 2.48, P = .009]) were inde-
pendent predictors of GVHD subtypes,
adjusted for conventional predictors of
cGVHD. This study shows that genetic
variation of BAFF modulates GVHD phe-
notype after allogeneic stem cell trans-
plantation. (Blood. 2011;118(4):1140-1144)

Introduction

Chronic GVHD (cGVHD) is a major cause of morbidity and
mortality after allogeneic stem cell transplantation (allo-SCT).!2
The National Institutes of Health consensus criteria for classifying
c¢cGVHD have prognostic significance.’® Retrospective studies
have shown that patients with classic and overlap cGVHD have
improved overall survival.*® B-cell activating factor (BAFF) is a
cytokine of the tumor necrosis factor family that plays an important
role in both normal and post-SCT B-cell homeostasis.” Single
nucleotide polymorphisms (SNPs) of BAFF have been associated
with the development of autoimmune diseases.!*!> Patients with
classic and overlap cGVHD after allo-SCT present with pheno-
types that mimic these naturally occurring autoimmune diseases.!
Elevated BAFF to B-cell ratios at 6 months after allo-SCT can
predict for the development of cGVHD, thus further linking B-cell
homeostasis to GVHD phenotype.'®!” B cells have further been
implicated in the pathogenesis of GVHD, as patients who develop
antibodies to minor antigens have a higher risk of cGVHD.'8 This
study hypothesizes that recipient and/or donor BAFF SNPs would
be associated with the GVHD phenotype after allo-SCT.

Methods

Adult patients undergoing matched related or unrelated allo-SCT at
Vanderbilt University Medical Center from January 1999 to September
2008 with availability of pretransplantation germline recipient and donor
DNA samples and surviving until day 120 after allo-SCT (to enrich for
patients with cGVHD) were eligible. Mismatched allo-SCT, age < 18 years,
and cord blood transplant were excluded. The final cohort consisted of
164 recipient-donor pairs. As previously described, cGVHD classification

and severity were determined as per National Institutes of Health criteria,
and records were abstracted for transplant characteristics (Table 1).3°
Seventeen patients experienced either cGVHD or acute GVHD (aGVHD)
subtypes between day 100 and day 120. All patients were transplanted on
Institutional Review Board-approved or standard of care protocols.

SNP selection and genotyping

A total of 24 tagSNPS were targeted for genotyping, of which 20 passed
quality control. TagSNPs were identified using linkage disequilibrium
select via the Genome Variation Server (Build 5.09) on the SeattleSNPs
Web site (www.gvs.gs.washington.edu/GVS) using a combination of
Seattle SNPs and HapMap with the following parameters: (1) minor allele
frequency of > 10%, (2) r? threshold > 0.8, and (3) reference sequence
encompassing the 2-kb 5" and 3’ flanking region. Whole genome amplifica-
tion was performed using the REPLI-g UltraFast Mini Kit (QIAGEN).
Whole genome amplification was verified by RNASE-P analysis on the
TagMan 7200. Genotyping of amplified DNA was performed with a custom
GoldenGate (Illumina) combined with VeraCode technology on the BeadX-
press reader system according to the manufacturer’s protocol (Illumina).

Statistical analysis

The primary endpoint for the study was to test for associations between BAFF
SNPs and GVHD subtypes (classic/overlap GVHD compared with aGVHD
subtypes/no GVHD). Classic and overlap were combined as one category as both
of these groups have features of cGVHD. All SNPs analyzed passed quality
control (test of Hardy-Weinberg equilibrium P > .001, minor allele frequency
>0.10, SNP call rate > 0.95, and pair-wise 12 value < 0.8), and linkage
disequilibrium was calculated for donors and recipients. All single SNP tests of
association were performed using PLINK (www.pngu.mgh.harvard.edu/~purcell/
plink) and included all European-American persons (153 donors and
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Table 1. Patient characteristics and survival of all patients (N = 164)
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GVHD subtype
Classic plus aGVHD
overlap cGVHD subtypes
Total cohort (N=101),N plus no GVHD

Variable (N = 164), N (%) (%) (N = 63), N (%)
Pretransplantation characteristics
Median age, y (range) 47 (18-69) 49 (21-67) 46 (18-69)
Sex

Male (R) 80 (49) 49 (49) 31 (49)

Female (R) 84 (51) 52 (51) 32 (51)

Female D to male R 31(19) 21 (21) 10 (19)
Race

White (R/D) 156 (95)/153 (93) 94 (93)/92 (91) 62 (98)/61 (97)
Diagnoses

Acute leukemia 86 (52) 49 (49) 37 (59)

Chronic leukemia 19 (12) 11 (11) 8 (13)

Lymphoma 54 (33) 38 (37) 16 (25)

Other 5(3) 3(3) 2(3)
Disease risk*

Low 65 (40) 38 (38) 27 (43)

Intermediate 30 (18) 21 (20) 9 (14)

High 40 (24) 25 (25) 15 (24)

Missing 29 (18) 17 (17) 12 (19)
Stem cell source

Marrow 44 (27) 23 (22) 21(33)

Peripheral blood stem cells 120 (73) 78 (78) 42 (67)
Regimen intensity

Myeloablative 111 (68) 69 (68) 42 (67)

Other 53 (32) 32 (32) 21(33)
Donor type

Related 109 (67) 69 (68) 40 (63)

Unrelated 55 (33) 32 (32) 23 (37)
HLA match

HLA identical sibling 108 (66) 68 (67) 40 (63)

HLA matched unrelated 55 (33) 32 (32) 23 (37)

Other 1(1) 1(1)
GVHD prophylaxis

CSA/MTX 112 (68) 72 (71) 40 (63)

CSA/MMF 50 (31) 28 (28) 22 (36)

Other 2 (1) 1(1) 1(1)
TBI

Yes 79 (48) 52 (51) 27 (43)

No 85 (52) 49 (49) 36 (57)
CcCmMmV

R/D (+/+) 63 (38) 35 (34) 28 (44)

R/D (+/-) 19 (12) 12 (12) 7 (11)

R/D (—/+) 47 (29) 29 (29) 18 (29)

R/D (—/-) 35 (21) 25 (25) 10 (16)

Posttransplantation characteristics

aGVHDt

GradeOto2vs 3to 4

Grade Oto 1vs2to4

Platelets, X 10%L at day 100, median (range)

Total bilirubin, mg/dL at day 100, median (range) 0.8 (0-3.6)

129 (78) vs 32 (20)
39 (24) vs 122 (74)
110 (10-356)

78 (77) vs 21 (21)

39 (24) vs 75 (74)
105 (17-244)
0.8 (0-2.4)

51 (81) vs 11 (17)
15 (24) vs 47 (75)
112 (10-356)
0.9 (0.2-3.6)

R indicates recipient; D, donor; HLA, human leukocyte antigen; CSA, cyclosporine; MTX, methotrexate; MMF, mycophenolate mofetil; TBI, total body irradiation; and CMV,

cytomegalovirus.

*Disease risk based on Committee of International Bone Marrow Transplant Registry risk criteria.

TThree cases were missing.

156 recipients). Univariate logistic regression was performed to test for associa-
tion between GVHD subtype and each SNP using an unadjusted, additive genetic
model. P values were adjusted using false discovery rate,'” and SNPs retaining
significance were used in multivariate models. In multivariate analyses, logistic
regression was used to test for association of SNPs with GVHD subtypes while
adjusting potential confounding variables, such as age at transplantation (continu-

ous variable), donor type (related or unrelated), and source of stem cell (marrow
or peripheral blood). As we included patients with a minimum survival of
120 days after allo-SCT, multivariate analyses were done for the entire cohort and
also for the subset that experienced GVHD only after day 120 (N = 147).
Descriptive statistics, including median and interquartile range for continuous
variables as well as percentages and frequencies for categorical variables, were
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A Figure 1. Multivariate analysis of factors associated with GVHD
phenotype. (A) Entire cohort. Odds ratio = 1 is associated with increased
odds of developing aGVHD subtypes or no GVHD after day 100 from
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calculated. To test for differences between the 2 groups, x> test was used for the
categorical variables and Wilcoxon rank-sum test for the continuous variables.
All statistical analyses were performed using PLINK and R 2.10.1
(www.R-project.org).

Results and discussion
Patients

Patient characteristics are summarized in Table 1. GVHD after day
100 occurred in 124 (76%) patients: recurrent/persistent/delayed
aGVHD (N = 23), overlap cGVHD (N = 29), and classic cGVHD
(N =72). Among patients with overlap and classic cGVHD
(N = 101), mild, moderate, and severe GVHD were seen in
13 (13%), 22 (22%), and 66 (65%) persons, respectively.

Univariate analysis

Because of shared clinical phenotype, overlap and classic cGVHD
were combined into a single outcome variable and were compared
with patients with aGVHD subtypes and no GVHD after day 100.
There were no significant differences in clinical characteristics
between patients with or without classic plus overlap cGVHD
(Table 1). In single SNP analysis, 9 (2 donors, 7 recipients) of the
20 tagSNPs had significant P values of < .05 when comparing
classic plus overlap with aGVHD plus no GVHD (supplemental
Table 1, available on the Blood Web site; see the Supplemental
Materials link at the top of the online article). Because the majority
of significant SNPs identified were recipient derived, the remainder
of the analysis was focused on recipient SNPs. Among patients
with classic or overlap cGVHD, there was no significant associa-
tion between BAFF SNPs with organ involvement or global
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severity of GVHD (mild/moderate vs severe or mild vs moderate/
severe), overall survival, or relapse-free survival (data not shown).

Multivariate analysis

Although no clinical variable was associated with cGVHD (classic
plus overlap), multivariate analyses was adjusted for conventional
predictors of cGVHD (donor status, stem cell source, aGVHD
[before day 100]). After adjusting for false discovery rate, 4 intronic
recipient BAFF SNPs remained significant and were used in
multivariate analyses. All 4 BAFF SNPs (rs16972217 [odds
ratio = 2.72; 95% confidence interval, 1.38-5.39, P = .004];
rs7993590 [odds ratio = 2.35; 95% confidence interval, 1.22-4.55,
P = .011]; rs12428930 [odds ratio = 2.53; 95% confidence inter-
val, 1.27-5.04, P = .008]; and rs2893321 [odds ratio = 2.48;
95% confidence interval, 1.25-4.92, P = .009]) were independent
predictors of GVHD phenotype (Figure 1A). The same SNPs
retained statistical significance in multivariate analyses done on the
subset patients experiencing GVHD after day 120 from allo-SCT
(Figure 1B). The other known predictors of cGVHD were not
significant.

Conclusion

This study shows that recipient BAFF SNPs modulate GVHD
phenotype. Multiple observations suggest that B cells play an
important role in the pathogenesis of cGVHD.!6-18:20-23 The finding
of the association of BAFF SNPs with GVHD allows potentially
for identification of a subset of patients who may benefit from
intervention that modulates the BAFF pathway.

This study is the first to report the association of recipient BAFF
SNPs and GVHD phenotype. None of the known clinical predictors
of limited/extensive cGVHD was associated with classic or overlap
cGVHD. The impact of recipient BAFF SNPs predominated.
BAFF production from residual host-derived macrophages,?* den-
dritic cells, and salivary gland epithelial cells* possibly explains
the association of recipient BAFF SNPs with GVHD subtypes. Of
the 3 SNPs previously reported to be associated with increased
BAFF levels and risk for non-Hodgkin lymphoma,?® one SNP
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