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Learning objectives

At the conclusion of this session, attendees will be 
able to:

• Assess genome wide association studies (GWAS) 
and use in hematopoietic stem cell transplantation 
research

• Explore the development of the DISCOVeRY-BMT 
GWAS project

• Evaluate the results of the DISCOVeRY-BMT GWAS 
project



A population level perspective on the 

role of common and rare genetics in 

survival outcomes after transplant: 

some lessons from the DISCOVeRY-

BMT study

Theresa Hahn, PhD

Lara E Sucheston-Campbell, PhD
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Determining the Influence of Susceptibility 

COnveying Variants Related to 1-Year 

mortality after BMT => 

DISCOVeRY-BMT

10



DISCOVeRY-BMT Research Team
Roswell Park Cancer 
Inst.

Theresa Hahn, PhD*   

Philip McCarthy, MD

Qianqian Zhu, PhD

Song Liu, PhD

Li Yan, PhD

Qiang Hu, PhD

Qian Liu, MS

Sebastian Battaglia, PhD

SUNY Buffalo

David Tritchler, DSc

The Ohio State University

Lara Sucheston-
Campbell, PhD*

Ezgi Karaesmen, MS

Abbas Rizvi, MS

Leah Preus, MS

Sachin Singh, PhD

Sandeep Sing, PhD

Northwell Health

Ken Onel, MD, PhD

Mayo Clinic

Alyssa Clay, PhD

MCW/CIBMTR

Marcelo Pasquini, MD

Stephen Spellman, MS

Xiaochun Zhu, MS

USC

Christopher Haiman, DSc

David Van den Berg, PhD

Dan Stram, PhD

Loreall Pooler

Grace Shen

Legend:

Clinical

Genotyping

Data 

Management

Statistics

* MPI: R01 HL102278, R03CA188733-01



• Agnostic approach to interrogate the genome 

for variants associated with an outcome

• Acknowledges limitations in current 

knowledge of biology of outcomes and 

functions of DNA in health & disease

• First step in identifying novel genomic regions 

of potential interest for further studies
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Why a GWAS?



Study Population

• Cohort 1

– 2,609 AML, ALL or MDS patients treated with an 10/10 

HLA-matched unrelated donor allogeneic BMT from 2000-

2008, reported to the CIBMTR with an available sample 

from both the recipient and donor

• Cohort 2

– 572 patients with identical criteria as Cohort 1 except 

treated 2009-2011

– 351 AML, ALL or MDS patients with an 8/8 HLA-matched 

(DQB1 mismatched) unrelated donor allogeneic BMT from 

2000-2011, reported to CIBMTR with an available sample 

from both the recipient and donor
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Overall Survival by Cohort
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Genotyping Methods

• Illumina HumanOmniExpress-24 Bead Chip 

contains ~ 732,000 SNPs

• Population specific quality control included 

assessment of duplicate concordance, unplanned 

duplicates/related samples, sample contamination, 

call rate, missingness, HWE

• Imputation to 1000 Genomes Project (phase 1) 

yielded ~ 9 million SNPs for analysis

• Imputation statistically infers untyped or missing 

SNPs using known haplotypes from a reference 

panel
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Analysis

• Cox proportional hazards models adjusted for 

significant covariates:

– Recipient and donor age, disease (AML, ALL, 

MDS), disease status, year of BMT, graft source 

(PB, BM)

• Standard genome-wide significance set at P < 5 

x10-8

• P<0.00000005

• Meta P-value calculated from the P-value in 2 

cohorts with weights proportional to the square root 

of the # of cases
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Causes of death

• All deaths before 1 year post BMT were 

adjudicated by a panel

• Patients with 2 or more adjudicated causes of 

death were analyzed in each analysis, eg

death due to GvHD and Infection are 

included in analyses of both GvHD and 

Infection

• Sensitivity analysis of single vs multiple 

causes of death (eg GvHD alone and in 

combination with other causes)
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Cause of death adjudication
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N recipients by cause-specific death
White = 0 pts

Black = 2-8 pts

GVHD & 

Infection
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Aim: Map the effects of recipient and donor 
genetic variation (non-HLA) associated with 
survival outcomes after HLA-matched 
allogeneic BMT.

Candidate gene approach
• Variation in genes with 

known mechanism

• Driven by known biological 

knowledge

Genome-wide approach
• Agnostic 

• Determining the Influence of 

Susceptibility COnveying

Variants Related to 1-Year 

mortality after BMT

(DISCOVeRY-BMT)



Published candidate gene studies of 

post-BMT survival

An exhaustive PubMed search using MeSH

terms revealed 70 publications:

• 458 SNPs and 2 multi-allelic variants have 

been tested for associations with survival 

outcomes in the past two decades

• 45 SNPs in 36 genes were significantly 

associated with a survival outcome.
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Aim: Map the effects of recipient and donor 
genetic variation (non-HLA) associated with 
survival outcomes after HLA-matched 
allogeneic BMT.

Candidate gene approach
• Variation in genes with 

known mechanism

• Driven by the biological 

knowledge

Genome-wide approach
• Agnostic 

• Determining the Influence of 
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DISCOVeRY-BMT genome-wide analyses of 

SNPs related to outcomes 1 year after BMT

BMT

Survival

Disease 

Related 

Mortality

Treatment 

Related 

Mortality

GvHD

Organ 

Failure

Infection

Death

Donor, Recipient, |Donor-Recipient| genetic variation
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Recipient SNPs outside HLA region correlate 

with overall survival 



Manhattan Plot – Recipient Genotypes
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MBNL1 LocusZoom Plot
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Overall Survival by Genotype

rs9990017

31

Cohort 1 Cohort 2

Time in months

S
u
rv

iv
a
l 
P

ro
b
a
b
ili

ty

Time in months



Cause of Death by 

Genotype at rs9990017
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GG GT TT Total

Disease 4 (14%) 155 (56%) 477 (54%) 636

GVHD 6 (21%) 43 (16%) 142 (16%) 191

Infection 7 (25%) 32 (12%) 119 (14%) 158

Organ Failure 6 (21%) 32 (12%) 92 (10%) 130

Other 5 (18%) 11 (4%) 48 (5%) 64

Total 28 273 878 1179



MBNL1 – Muscleblind-like protein 1

• Highly conserved gene across species

• Primary function is to regulate pre-mRNA 

alternative splicing

• MBNL1 protein is highly expressed in blood 

cells (monocytes, T, NK, DC)

• MBNL1 is overexpressed in MLL-fusion gene 

acute leukemias in children
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Ross et al, Blood 104:3679, 2004
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SNPs outside HLA region correlate with TRM 

when the donor-recipients are mismatched
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Definition of allele mismatch between 

unrelated donor (D) and recipient (R)

Recipient Genotype
D

o
n

o
r 

G
e
n

o
ty

p
e AA Aa aa

AA 0 1 2*

Aa 1 0 1

aa 2* 1 0

0= No allele mismatch between D & R

1= One allele mismatch between D & R

2= Two allele mismatch between D &R



Manhattan Plot: Transplant related mortality
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Regional Association Plot of Chromosome 4
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TRM association with rs16850885

Donor /

Recipient

HR (95% CI) Transplant-Related Mortality

C1/C2 Alleles Cohort 1

P

Cohort 2

P

P meta

D-R

mismatch

2.6 (2.1, 3.1)

2.6 (1.7, 3.5)

-- 7.6x10-7 6.0x10-3 1.8x10-8

Donor 2.3 (1.7, 2.9)

4.5 (1.9, 6.6)

A/G 1.6x10-3 4.0x10-4 4.7x10-6

Recipient 2.6 (1.9, 3.2)

1.2 (0.5, 1.9)

A/G 4.0x10-4 0.8 2.0x10-3
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Summary
• Prior GWAS showed genome-wide significant 

association of this SNP with inflammatory response to 

smallpox vaccine

• Individuals with at least 1 A allele have significantly lower 

levels of secreted IL-1β after immune stimulatory 

response

• IL-1β is a pro-inflammatory cytokine secreted early in the 

inflammatory response and has been previously 

associated with risk of GVHD and infection in BMT 

patients

• Several other SNPs in strong linkage disequilibrium with 

rs16850885 are predicted to likely affect transcription 

factor binding
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Different SNPs contribute to different cause-

specific deaths



Top Recipient SNPs and Infection Death

SNP MAF/ 

effect

allele

Chr Nearest

Gene

HR (95% CI)

Cohort 1 /

Cohort 2

P 

Cohort 1 /

Cohort 2

P meta

Infection as sole cause of death

rs1791577

typed

13% /

T

11 GUCY1A2 1.5 (1.2, 1.8)

2.3 (1.8, 2.8)

1.6x10-3

0.02

2.8x10-4

rs2511141

imputed

13% /

T

11 GUCY1A2 1.5 (1.2, 1.8)

2.3 (1.8, 2.8)

1.2x10-3

0.01

1.2x10-4

Infection with or without other causes of death

rs1791577

typed

13% /

T

11 GUCY1A2 1.7 (1.5, 1.9) /

1.9 (1.5, 2.1)

5.7x10-6 /

8x10-4

2.0x10-8

rs2511141

imputed

13% /

T

11 GUCY1A2 1.7 (1.5, 2.0) /

1.9 (1.5, 2.2)

2.4x10-6 /

9x10-4

6.9x10-9
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Top Donor SNP and GvHD Death

SNP MAF/ 

effect

allele

Chr Nearest

Gene

HR (95% CI)

Cohort 1 /

Cohort 2

P 

Cohort 1 /

Cohort 2

P meta

GvHD as the sole cause of death

rs115483549

imputed

7% /

G

6 BTNL2 2.5 (2.2, 2.9) /

2.3 (1.7, 2.9)

6.5x10-7 /

0.007

1.7x10-8

GvHD with or without other causes of death

rs115483549

inputed

7% /

G

6 BTNL2 2.0 (1.6, 2.3) /

2.3 (1.7, 2.9)

4.3x10-5 /

0.004

1.9x10-8
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The role of rare and less 

common variants in BMT 

survival



Motivation for a genomic study of 

transplant outcomes
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Illumina HumanExome BeadChip

• Putative functional exonic variants selected from over 12,000 

individual exome and whole-genome sequences
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Gene-based statistical test

• Standard methods for single variant test can be 

underpowered for rare variants 

• Collapse the effect of rare variants within a gene

• The unified Optimal Sequence Kernel Association Test 

(SKAT-O) 
– Allow individual variants to have different directions and magnitude of 

effect

– permit covariate adjustment
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Ionita-Laza, et al. (2013) AJHG 92:841–853 

Survival < 1 year

Alive at 1 year



Analyses
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Survival 
outcomes

Genotypes

Recipients Donors

Covariates include age, disease status pre-

BMT, ALL status, MDS status, population 

stratification.

Overall 

survival 

(OS)

Transplant

-related 

mortality 

(TRM)

Disease-

related 

mortality 

(DRM)



Donor gene associations with 

recipient survival outcomes
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NT5E: 5'-nucleotidase, ecto (CD73)

– catalyzes the conversion of extracellular nucleotides to membrane-

permeable nucleosides 

– the encoded protein is used as a determinant of lymphocyte 

differentiation

– a key metabolic regulator of several drugs used for BMT including 

Fludarabine and mycophenolate mofetil

– overexpression has been found in various cancer types and is 

associated with poor prognosis 

Overall Survival

Gene Chr Pmeta

ALPP 2 1.05×10-6

EMID1 22 1.05×10-6

SLC44A5 1 1.05×10-6

LRP1 12 2.86×10-6

Transplant Related 

Mortality

Gene Chr Pmeta

HHAT 1 9.34×10-7

Disease Related 

Mortality

Gene Chr Pmeta

LYZL4 3 1.05×10-6

NT5E 6 1.05×10-6



Donor NT5E variant associations 

with recipient survival outcomes

Variant Chr:BP
Alleles 

(Ref/Alt)

AA 

change
Impact*

MAF in 

DISCOVeRY-

BMT 

rs200250022 6:86,160,041 G/T A62S D .000574

rs200369370 6:86,176,895 C/G Q153E T .000287

rs41271617 6:86,195,033 G/A V278I D .00052

rs200648774 6:86,197,163 C/T R354C D .000278

rs144719925 6:86,199,308 C/T R401C D .000287

rs145505137 6:86,201,876 A/C E514D T .000287

49

*Amino acid change is predicted to be deleterious and probably/possibly 

damaging
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NT5E gene association with disease death 

Cohort 1 Cohort 2
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The NT5E variants in the crystal 
structure of the enzyme.
(A) A62S variant directly interacts with 

the α-helix, which connects the two 
protein domains and works as a 
hinge for the conformational change 
between open and closed states. 
A62S is predicted to impede the 
enzyme’s conformational change. 

(B)V278 is buried in the center of the 
N-terminal domain. V278I is 
predicted to impact the folding of 
the domain and the size of the 
catalytic pocket. 

(C)The side chain of R354 
forms a hydrogen bond with 
adenosine. R354C is predicted to 
disrupt the binding of adenosine. 

(D)R401 interacts with R480 from the 
other chain (yellow) in 
the closed state. R401C is predicted 
to impede the binding of the two 
chains and NT5E dimerization. 

Rare NT5E mutations present in donors can impact various aspects of the enzyme

activity, including protein conformation change, dimerization, and binding with

adenosine.



Summary

• NT5E- donors carrying mutations may have lower efficiency of 

generating adenosine, and hence the recipients whose 

donors carried the mutation experience what could be 

described as NT5E blockage. 

– Preclinical studies have demonstrated that targeted blockade of NT5E

can effectively inhibit tumor growth. This observation may provide 

clinical evidence supporting anti-NT5E therapy for cancer patients. 



A tool for exploring our results 

with collaborators 
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