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Abstract

Background

Malignant B-cell clones are affected by both acquired genetic alterations and by inherited
genetic variations changing the inflammatory tumour microenvironment.

Methods

We investigated 50 inflammatory response gene polymorphisms in 355 B-cell non-Hodg-
kin’s lymphoma (B-NHL) samples encompassing 216 diffuse large B cell ymphoma
(DLBCL) and 139 follicular lymphoma (FL) and 307 controls. The effect of single genes and
haplotypes were investigated and gene-expression analysis was applied for selected
genes. Since interaction between risk genes can have a large impact on phenotype, two-
way gene-gene interaction analysis was included.

Results

We found inherited SNPs in genes critical for inflammatory pathways; TLR9, IL4, TAP2,
IL2RA, FCGR2A, TNFA, IL10RB, GALNT12, IL12A and IL1B were significantly associated
with disease risk and SELE, IL1RN, TNFA, TAP2, MBL2, IL5, CX3CR1, CHI3L1 and IL12A
were, associated with overall survival (OS) in specific diagnostic entities of B-NHL. We dis-
covered noteworthy interactions between DLBCL risk alleles on IL10 and IL4RA and FL risk
alleles on IL4RA and IL4. In relation to OS, a highly significant interaction was observed in
DLBCL for IL4RA (rs1805010) * IL10 (rs1800890) (HR = 0.11 (0.02—-0.50)). Finally, we
explored the expression of risk genes from the gene-gene interaction analysis in normal B-
cell subtypes showing a different expression of IL4RA, IL10, IL10RB genes supporting a
pathogenetic effect of these interactions in the germinal center.
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Conclusions

The present findings support the importance of inflammatory genes in B-cell lymphomas.
We found association between polymorphic sites in inflammatory response genes and risk
as well as outcome in B-NHL and suggest an effect of gene-gene interactions during the
stepwise oncogenesis.

Introduction

Normal B-lymphocyte homeostasis requires survival and proliferation signals provided by cells
in the lymph node microenvironment. In the case of B-cell non-Hodgkin’s lymphoma
(B-NHL) the malignant cells share some similarities with their normal B-cell counterpart link-
ing the immunological inflammatory response to the growth potential of the malignant clone
[1-3]. Diffuse large B-cell lymphoma (DLBCL) and follicular lymphoma (FL) accounts for the
majority of B-NHL cases [4] and genetic analysis of the tumor microenvironment in these dis-
eases has revealed different gene signatures associated to survival [5-7]. Functional single
nucleotide polymorphisms (SNPs) affect the inflammatory microenvironment nesting malig-
nant tumours [8]; however SNPs may also provide a direct effect on the malignant B-cells in
the process of tumorigenesis [9]. Different genetic loci are associated with risk or outcome in
B-NHL [10-14], amongst them most notably the IL4RA, IL6, IL10 and TNFA loci [15-21] and
recently, genome wide association studies (GWAS) have suggested an effect of a number of
other potential loci encoding inflammatory mediators [22,23]. The focus in most of the previ-
ous studies has primarily been on single gene effects, however disease susceptibility and prog-
nosis in complex diseases such as B-NHL may not be caused by single genes but by genes
interacting [24] as reported by a small number of investigators [10,25-30]. In the present paper
we investigate the effect of single gene, haplotype and gene-gene interactions in different histo-
logical subtypes of B-NHL. We further suggest, that the biological effect of such interacting
inflammatory response genes with germ line polymorphisms is of pathogenetic impact sup-
ported by the investigation of “risk genes” expression in normal B-cell compartments and lym-
phoma tissue [31,32].

Materials and Methods
Patients, controls and ethics statement

The current study included 355 B-NHL cases classified according to the World Health Organi-
zation (WHO) classification (216 DLBCL and 139 FL). Clinical data was abstracted from the
Danish lymphoma database (LYFO) and from medical records. Follow-up information
included type of treatment, International Prognostic Index (IPI) score and time to relapse. We
included material from 307 healthy blood donors as previously described [33]. Research proto-
cols were approved by the local scientific ethics committee of the North Denmark Region
(approval numbers: N-20100059, N-20090018). The use of samples without informed consent
was approved by the committee since the result did not result in any interventions and all sam-
ples were anonymized and de-identified prior to analysis. For details see S1 Text.

Sample preparation

Formalin-fixed paraffin-embedded (FFPE) bone-marrow aspirate were used for DNA extraction
from all included patients. From controls, DNA were extracted from Ethylenediaminetetraacetic
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acid (EDTA) stabilised whole blood. For gene-expression analysis, normal lymph node tissue
and DLBCL lymphoma cells were processed as previously described [34]. For details see S1
Text.

Genotyping

Genotyping was performed using a TagMan OpenArray genotyping system from Applied Bio-
systems (ABI, Foster City, CA, USA). Seven SNPs were genotyped using custom-designed
assays and 43 SNPs were genotyped using predesigned TaqMan SNP assays (see S1 Table for
detailed assay information). The arrays were read using the OpenArray NT Imager and the
allele calls and scatter plots were generated with the Biotrove OpenArray SNP Genotyping
Analysis Software package version 1.0.3. The default threshold for the Quality value was set to
0.95. For details see S1 Text.

Analysis of gene expression profiles of normal and malignant
lymphnodes

DLBCL lymphoma samples and and flow-sorted B-cell populations from Ficoll-purified mono-
nuclear cells from human tonsils were hybridized to Affymetrix GeneChip Human Genome
U133 Plus 2.0 Arrays (Affymetrix, Santa Clara, CA) as previously described [3]. The CEL files
are deposited in the National Center for Biotechnology Information Gene Expression Omnibus
repository (GSE56315)[3]. Gene expression profiles were analyzed using the statistical software
system R, version 2.15.3. (http://www.r-project.org) and Bioconductor R-packages [35]. The
CEL files were normalized by the just.rma function from the Bioconductor package affy, using
customized cdf-files from brainarray [36], which summarized the probesets to ENGS symbols.
The ENSG symbols were mapped to the HGNC symbols of interest by the function getBM
from the Bioconductor package biomaRt.

Statistical analysis

Statistical analyses were carried out by the statistical software Stata Version 12.1 (Stata Corpo-
ration, College Station, TX, USA) and the statistical software system R, version 2.15.3. (http://
www.r-project.org). PHASE 2.1 software (University of Chicago, USA) was used to construct
haplotypes. Logistic regression analysis was used to estimate the association between odds of
lymphoma and the single genotypes, alleles, haplotypes, and gene-gene interactions, respec-
tively. Survival analysis for 10 year overall survival (OS) was used to analyse the effect of single
SNPs, haplotypes, and gene-gene interactions between SNPs corresponding to different genes.
Cox proportional hazards models adjusted for sex, age, IP, and treatment was used for survival
analysis. P-values below 0.05 were generally considered statistically significant. The purpose of
performing gene-gene interaction analyses was to identify pairs of genes for which the interac-
tion between them was significantly associated with the risk of getting lymphoma (performed
by logistic regression) or significantly associated with the survival among lymphoma patients
(performed by Cox regression). We performed the gene-gene interaction analyses by compar-
ing the models with and without the interaction term using a likehood ratio test. Highly signifi-
cant interactions were selected using the p-value from the likelihood ratio test corrected for the
number of individual loci (31 loci) investigated why only interactions with a p-value of < 0.002
were considered significant. As possibly 9 combinations of genotypes exist for each pair of
genes we have for the survival part reported hazard ratio estimates for each combination of
genotypes with the combination of the most frequent homocygotes as reference. For the gene-
expression data where a Bonferroni corrected p-value < 0.05 was considered significant.

PLOS ONE | DOI:10.1371/journal.pone.0139329 October 8, 2015 3/18


http://www.r-project.org
http://www.r-project.org
http://www.r-project.org

@’PLOS ‘ ONE

Genetic Polymorphisms in B-NHL

Results
Study population

The patient population consisted of 139 FL and 216 DLBCL patients with a median age of 63
years including 53% males. The median OS was 75.5 months (58.7 months for DLBCL and
101.7 months for FL). In this population, age (p < 0.0001) and IPI (p < 0.0001), but not sex
(p = 0.39) were prognostic markers for OS. The control group consisted of 307 healthy blood
donors. Of the controls 46% were males and the median age was 41 years.

Genotypes and their influence on B-NHL risk

For the IL6 (rs1800796) SNPs we observed a marginally significant deviation from Hardy-
Weinberg equilibrium in the control group (p = 0.042, not corrected for multiple testing).
Retesting did not suggest technical problems why this SNP was included in analysis. For the
remaining 49 SNPs, no deviations from Hardy-Weinberg equilibrium were observed in the
control group. Linkage analysis of the TNFA, IL1B and IL10 loci as expected revealed a high
degree of linkage disequilibrium (LD) (see S1 Fig).

Table 1 summarizes the significant findings in the univariate analysis. Seven SNPs were
solely associated with DLBCL; TAP2 (rs241447) odds ratio (OR)pypcr = 0.61 (0.44-0.84),
TLRY (rs5743836) ORpy sy = 0.66 (0.44-0.99), IL4 (rs2243248) ORpypep = 1.62 (1.00-2.63),
IL2RA (rs2104286) ORprpcr = 0.74 (0.55-0.98), FCGR2A (rs1801274) ORprpcr = 1.37(1.07-
1.77), TNFA (rs1800629) ORppcr = 1.46 (1.06-2.00), ILIORB (rs1058867) ORprpcr = 0.68
(0.53-0.89). Four SNPs were associated solely with FL; GALNT12 (rs10987898) ORg; = 0.70
(0.49-1.00), IL12A (rs485497) ORgy = 0.71 (0.53-0.96), IL1B (rs1143627) ORgy = 0.65 (0.48-
0.89), IL1B (rs16944) ORg = 0.67 (0.49-0.92). Two SNPs in the TNFA locus were associated
with both DLBCL and FL, the TNFA (rs1799724) and the TNFA (rs1799964). OR for all
included SNPs are reported in S2, S3 and S4 Tables. Haplotype analysis did not add significant
strength to the single gene analysis (data not shown).

For DLBCL, we observed significant interaction between combinations of IL10 (rs1800796)
* IL4RA (rs1801275) (p = 0.0002), IL10 (rs1800896) * ILIRN (rs2637988) (p = 0.001), and
TNFA (rs1799964) * TLR (rs5743836) (p = 0.0018) and for FL; IL4RA (rs1805011) * IL4
(rs2243248) (p = 0.0002), IL1B (rs1143627) * MBL2 (rs12780112) (p = 0.0014) and the CTLA4
(rs231775) * IL4RA (rs1805010) (p = 0.0018).

Survival analysis

Univariate 10 year OS analysis of all cases revealed significant association with five SNPs (see
Table 2). For DLBCL five SNPs were significantly related to OS; TAP2 (rs241447) hazard ratio
(HR)gg = 3.17 (1.21-8.32), MBL2 (rs7096206) HRg = 1.47 (1.02-2.13), IL5 (rs2069812)
HRyp = 1.94 (1.12-3.39), CX3CRI (rs373379) HRpr = 2.01 (1.13-3.57), and IL12A (rs485497)
HRpa =1.76 (1.06-2.90) (see Table 3). For the FL subgroup two SNPs was associated with sur-
vival; CHI3LI (rs4950928) HR¢g = 2.04 (1.17-3.54) and CX3CRI (rs3732379) HRp = 4.21
(1.67-10.61) (See Table 4). Figs 1-6 provides Kaplan-Meier estimates of the most notable asso-
ciations. TNFA haplotype analysis revealed a deleterious effect of the (rs1799964, rs1799724,
rs1800629) CCG haplotype for combined FL and DLBCL and DLBCL alone but not for the FL
group alone (HRp nyp = 1.62 (1.14-2.31), HRpypcr = 1.74 (1.14-2.66)). HR for all included
SNPs are reported in S5, S6 and S7 Tables.

Gene-gene interactions analysis revealed several gene combinations significantly related to
adjusted OS. For DLBCL; IL4RA (rs1805010) * IL10 (rs1800890) (p = 0.00021), FCGR2A
(rs1801274) * ILIRN (rs419598) (p = 0.0003), IL10 (rs1800896) * IL4RA (rs1805010)
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Table 1. SNPs significantly associated with disease risk in univariate analysis.

SNP

TAP2 (rs241447)

TLR9 (rs5743836)

IL4 (rs2243248)

IL2RA (rs2104286)

TNFA (rs1799724)

FCGR2A

(rs1801274)

TNFA (rs1800629)

TNFA (rs1799964)

GALNT12

(rs10987898)

IL10RB (rs1058867)

IL12A (rs485497)

IL1B (rs1143627)

IL1B (rs16944)

doi:10.1371/journal.pone.0139329.t001

Allele Controls Patients

>

(0)

—

0]

440
160

523
85

575
35

427
183

559
51

310
300

509
101

474
134

424
170

338
266

313
297

377
231

374
230

479
127

593
65

617
51

508
172

614
10

326
340

539
143

490
68

465
159

421
237

370
282

466
208

464
214

DLBCL+FL
OR (95% Cl)

1.00

0.73 (0.56—
0.95)

1.00

0.67 (0.48—
0.95)

1.00

1.36 (0.87—
2.12)

1.00

0.79 (0.62—
1.01)

1.00

0.18 (0.09—
0.36)

1.00

1.08 (0.87-
1.34)

1.00

1.34 (1.01—
1.77)

1.00

0.49 (0.36—
0.67)

1.00

0.85 (0.66—
1.10)

1.00

0.72 (0.57—
0.90)

1.00

0.80 (0.64—
1.00)

1.00

0.73 (0.58—
0.92)

1.00

0.75 (0.60—
0.94)

p-
value

0.020

0.025

0.178

0.059

<0.001

0.504

0.044

<0.001

0.218

0.004

0.053

0.007

0.014

Patients

298
66

354
38

364
36

310
98

370

170
226

318
92

301
41

273
105

256
138

216
178

273
131

273
135

DLBCL
OR (95% Cl)

1.00

0.61 (0.44—
0.84)

1.00

0.66 (0.44—
0.99)

1.00

1.62 (1.00—
2.63)

1.00

0.74 (0.55—
0.98)

1.00

0.18 (0.08—
0.42)

1.00

1.37 (1.07-
1.77)

1.00

1.46 (1.06—
2.00)

1.00

0.48 (0.33—
0.70)

1.00

0.96 (0.72—
1.28)

1.00

0.68 (0.53—
0.89)

1.00

0.87 (0.67—
1.12)

1.00

0.78 (0.60—
1.02)

1.00

0.80 (0.62—
1.05)

p-
value

0.003

0.045

0.049

0.037

<0.001

0.014

0.019

<0.001

0.776

0.005

0.277

0.071

0.105

Patients

181
61

239
27

253
15

198
74

244

156
114

221
51

189
27

192
54

165
99

154
104

193
77

191
79

FL
OR (95% Cl)

1.00

0.93 (0.66—
1.30)

1.00

0.70 (0.44—
1.10)

1.00

0.97 (0.52—
1.82)

1.00

0.87 (0.63—
1.20)

1.00

0.18 (0.06—
0.50)

1.00

0.76 (0.57—
1.01)

1.00

1.16 (0.80—
1.69)

1.00

0.51 (0.32—
0.79)

1.00

0.70 (0.49—
1.00)

1.00

0.76 (0.57—
1.03)

1.00

0.71 (0.53—
0.96)

1.00

0.65 (0.48—
0.89)

1.00

0.67 (0.49—
0.92)

p-
value

0.663

0.121

0.934

0.399

0.001

0.057

0.426

0.003

0.047

0.073

0.024

0.007

0.012

(p=0.0004), IL10 (rs1800896) * ILIRA (rs419598) (p = 0.0006), TNFRSF1B (rs1061622) * IL10
(rs1800890) (p = 0.0008), TNFRSFIB (rs1061622) * MBL2 (rs7096206) (p = 0.0009), CX3CR1
(rs373379) * IL12RBI (rs2305742) (p = 0.0011), IL10 (rs1800872) * IL2 (rs2069762)
(p=0.001) and IL10 (rs1800871) * IL4RA (rs1805010) (p = 0.001). Analysis of the FL subgroup
revealed interactions for the ILIRN (rs2637988) * IL4 (rs2243248) (p = 0.0004), TNFRSFI1B

(rs1061622) * IL2RA (rs2104286) (p = 0.0006)). HR for specific genotype combinations is

reported in S8, S9 and S10 Tables.
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Table 2. SNPs associated with 10 year overall survival for B-NHL. The model is adjusted for sex, IP| and treatment.

SNP
SELE (rs5361)

ILTRN (rs419598)

CX3CR1 (rs3732379)

TNFA (rs1799964)

IL12A (rs485497)

doi:10.1371/journal.pone.0139329.1002

Genotype

AA
CA
CC
TT

CT
CccC
CC
CT
TT

TT

CT
CcC
GG
AG
AA

Gene expression analysis in normal B-cell subsets and DLBCL
lymphoma cells

n

247
57
10

146
90
18

173

126
25

207
60

99
156
59

HR (95% Cl)

1.00
0.87 (0.59-1.28)
0.20 (0.05-0.81)

1.00

1.45 (1.03-2.04)
1.16 (0.60-2.27)
1.00

0.91 (0.66—1.24)
2.01 (1.25-3.24)
1.00

1.51 (1.02-2.23)
10.67 (1.27-89.72)
1.00

1.27 (0.90-1.79)
1.79 (1.18-2.70)

p-value

0.475
0.024

0.034
0.658

0.542
0.004

0.039
0.029

0.169
0.006

We selected the most significant genes from the gene-gene interaction analysis and analyzed

the expression of these genes in the normal lymph node B-cell hierarchy and DLBCL lym-
phoma cells. We explored genes related to the IL-4 and IL-10 cytokines; Figs 7-10 illustrates
differences in expression between normal germinal centre (GC) B-cells (defined as centrocytes
(CC) and centroblasts (CB)) and non-GC subtypes (naive (N), plasmablasts (PB), memory (M)
B-cells) and DLBCL cells using Bonferroni corrected p-values. The IL10 gene (Fig 7) and the
IL10RB (Fig 8) gene were up regulated in DLBCL cells when compared to normal GC subtypes.
The increased expression of IL10 was only seen in DLBCL cells whereas increased IL10RB

Table 3. SNPs associated with 10 year overall survival for DLBCL. The model is adjusted for sex, IPl and treatment.

SNP Genotype n HR (95% CI) p-value
TAP2 (rs241447) AA 117 1.00
AG 49 0.88 (0.56—1.38) 0.572
GG 7 3.17 (1.21-8.32) 0.019
MBL2 (rs7096206) CC 118 1.00
CG 70 1.47 (1.02-2.13) 0.041
GG 10 1.15 (0.52-2.57) 0.727
IL5 (rs2069812) CC 98 1.00
TC 66 1.06 (0.70-1.61) 0.778
TT 18 1.94 (1.12-3.39) 0.019
CX3CR1 (rs3732379) CcC 102 1.00
CT 76 0.86 (0.59-1.27) 0.456
TT 17 2.01 (1.13-3.57) 0.018
IL12A (rs485497) GG 54 1.00
AG 95 1.04 (0.67-1.60) 0.874
AA 39 1.76 (1.06—2.90) 0.028
doi:10.1371/journal.pone.0139329.1003
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Table 4. SNPs associated with 10 year overall survival for FL. The model is adjusted for sex, IPl and treatment.

SNP
CHI3L1 (rs4950928)

CX3CR1 (rs3732379)

doi:10.1371/journal.pone.0139329.t004

Genotype n HR (95% Cl) p-value
ccC 89 1.00

CG 39 2.04 (1.17-3.54) 0.012
GG 6 0.33 (0.09-1.27) 0.106
ccC 71 1.00

CT 50 0.90 (0.51-1.59) 0.723
TT 8 4.21 (1.67-10.61) 0.002

expression could also be shown in pre- and post germinal center subpopulations. The IL4
gene was equally expressed in all normal B-cell subpopulations (Fig 9) whereas the expression
in DLBCL cells was slightly down regulated, a similar expression profile was seen for the
IL4R gene (Fig 10) however this gene was also found to be down regulated in post GC
subpopulations.

Discussion

DLBCL and FL share a common dependence of the inflammatory tumor microenvironment
for their proliferation and growth [7] however we generally observed a specific association with
disease risk supporting DLBCL and FL being two different diseases with respect to genetic risk
factors.

Interleukins (IL) and toll-like receptors (TLR) play a major role in B-cell differentiation and
proliferation. The TNFA gene have been intensively studied and in accordance with others,
including the large pooled Interlymph study and a recent GWAS study including largely the
same patients [10,37] we found the TNFA (rs1800629) A allele associated with increased risk of
DLBCL (OR = 1.46 (1.06-2.00)). The functional IL1B (rs1143627) C allele and IL1B (rs16944)
A allele were associated with a decreased risk of FL but not DLBCL, a trend for an association
with the IL1B gene was observed in the Interlymph study [10], however substantial difference
was observed between the included cohorts.[10] The ILIORB (rs1058867) SNP was earlier
investigated in a pooled study [12] reporting an association with FL; results we failed to

o
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=
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~
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o
=
=
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o
o u—Lh%
o
wn
o~
o
o
=) d
o

4 5 6
Overall survival (years)

Fig 1. Association between FL 10 year overall survival and CHI3L1 (rs4950928). HRcg = 2.04 (1.17—
3.54)

doi:10.1371/journal.pone.0139329.g001
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Fig 2. Association between DLBCL 10 year overall survival and IL12A (rs485497). HRaa = 1.76 (1.06—
2.90).
doi:10.1371/journal.pone.0139329.g002

confirm, whereas we observed a significant association in DLBCL where a decreased risk was
shown for DLBCL carries of the G allele. Inappropriate TLR9 activation has been reported in
malignant B-cells [38] and we observed a decreased risk of B-NHL (OR = 0.67) and DLBCL
(OR = 0.66) for carriers of the TLR9 (rs5743836) C allele. This was in agreement with observa-
tions by Carvalho et al. [39] and suggests a role for TLR signalling in lymphomagenesis.
Among other notable findings, the (rs241447) SNP in the TAP2 gene, coding for a HLA-II
associated transport protein [40], was significantly associated with decreased risk of DLBCL,
OR =0.61 (0.44-0.84). Vijai et al. reported an adjacent SNP in the TAP2 gene to be associated
with risk of DLBCL and FL, a finding confirmed by Cerhan et al. [23,40]. The cumulative find-
ings emphasize the possible importance of genetic variation in the HLA-II region and further
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Fig 3. Association between FL 10 year overall survival and CX3CR1 (rs373379). HRrr = 4.21 (1.67—
10.61).

doi:10.1371/journal.pone.0139329.9003
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Fig 4. Association between DLBCL 10 year overall survival and IL5 (rs2069812). HRtt=1.94 (1.12—
3.39).
doi:10.1371/journal.pone.0139329.9004

evaluation of the TAP2 gene in larger cohorts is awaited. The GALNTI2 gene is linked to path-
ological aberrant glycosylation, and was associated with outcome in FL in a recent GWAS [41]
study including 244 FL cases. We observed a decreased risk of FL for carries of the GALNTI2
(rs10987898) G allele whereas there was no apparent effect on DLBCL risk, supporting a spe-
cific role for this gene in the pathogenesis of FL and emphasising the need to explore this gene
in relation to the glycosylation patterns in FL B-cells. Another intensively studied locus
[13,15,42] is the FCGR2A gene. The FCGR2A gene encodes a low affinity Immunoglobulin-G
(IgG) receptor (FcyRIIa) and genetic variation affects inflammatory cytokine production [43].
The association between the FCGR2A (rs1801274) SNP and DLBCL was also confirmed in our
population (OR = 1.37 (1.07-1.77)) whereas the association with FL was not statistically signifi-
cant (OR = 0.76 (0.57-1.01)).
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Fig 5. Association between DLBCL 10 year overall survival and TAP2 (rs241447). HRgg = 3.17 (1.21-
8.32).

doi:10.1371/journal.pone.0139329.g005

PLOS ONE | DOI:10.1371/journal.pone.0139329 October 8, 2015 9/18



@’PLOS ‘ ONE

Genetic Polymorphisms in B-NHL

=) |
wn

~

o

o
£
=

£ CC
28
531 G&
£ GG
o

o

o

w

N

o

o

o

© T T T T T T T T T T T

0 1 2 9 10

4 5 6
Overall survival (years)

Fig 6. Association between DLBCL 10 year overall survival and MBL2 (rs7096206). HRcg = 1.47 (1.02—
2.13)

doi:10.1371/journal.pone.0139329.g006

When we analyzed 10 year OS, we observed an association between the CHI3L1
(rs4950928) C allele and a worse outcome in FL (CG genotype compared to the CC genotype)
—the rare GG genotype group was unfortunately small and did not add sufficient information
as presented the Kaplan-Meier plot (Fig 1). The CHI3LI gene encodes the pro-inflammatory

IL10
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Fig 7. Gene expression for the IL10 gene. The asterisk represents significant difference in expression after
Bonferroni correction (*** = p < 0.001, ** = p< 0.01, * = p < 0.05). Gene expression is presented on a log2
scale. Lymphoma: DLBCL B-cells, N: Naive B-cells, CC: Centrocytes, CB: Centroblasts, PB: Plasmablasts,
M: Memory B-cells.

doi:10.1371/journal.pone.0139329.g007
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Fig 8. Gene expression for the IL10RB gene. , The asterisk represents significant difference in expression
after Bonferroni correction (*** =p <0.001, ** =p<0.01, * = p < 0.05). Gene expression is presented on a
log2 scale. Lymphoma: DLBCL B-cells, N: Naive B-cells, CC: Centrocytes, CB: Centroblasts, PB:
Plasmablasts, M: Memory B-cells.

doi:10.1371/journal.pone.0139329.g008

YKL-40 protein [44] and we have previously reported circulating levels of YKL-40 to be associ-
ated with dismal outcome in NHL [45] and the existence of the functional (rs4950928) SNP in
the CHI3LI gene affecting serum-YKL-40 [33], however to the best of our knowledge the
CHI3L1 gene have not previously been investigated in this setting. The SELE gene encodes the
selectin-E molecule expressed on endothelial cells known to promote metastasis [46]; the SELE
(rs5361) SNP was found to be associated with OS in FL and DLBCL in a recent study [47] and
we found an equal effect on the combined DLBCL and FL cohort, however, the effect was not
obvious when analyzed at specific diagnostic entity levels. IL12A (rs485497) (Fig 2) was associ-
ated with decreased risk in FL, as well as outcome in DLBCL and we also confirmed the earlier
suggested association between B-NHL outcome and the CX3CR1 gene [47] (Fig 3) and we did
observe a novel association between the IL5 (rs2069812), encoding B-cell growth factor IL-5
[48], and outcome of DLBCL ((HR = 1.94 (1.12-3.39)) for carriers of the TT genotype, Fig 4).
Surprisingly, we observed a DLBCL specific association between the TAP2 (rs241447) gene in
GG genotype and decreased OS however the G allele is significantly associated with decreased
risk of DLBCL (OR = 0.61 (0.44-0.84)) we do not have an explanation for this findings, but it
could suggest that this protein could play a different role in disease initiation and response to
treatment (Fig 5). The suggested effect are however in line with the general believe of genes in
the HLA-II region of chromosome 6p as one of the most interesting areas in the genome in
relation to B-cell lymphomas and our findings of a possible relation to OS in DLBCL must
encourage to further studies of this region. The MBL2 gene has been studied in a number of
malignant and infectious diseases with conflicting results. The MBL2 (rs7096206) is associated
with risk of hepatocellular carcinoma [49] and febrile neutropenia [50] however the genotype
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have not been studied in relation to NHL [51]. Whether the effect of this genotype on DLBCL
survival (Fig 6) is related to disease progression or increased risk of infectious complication
needs to be investigated in future studies.

Growing evidence suggest, that inflammatory mediators act in networks why co-occurrence
of genotypes -gene-gene interaction -analysis needs to be considered in complex diseases as
B-NHL [24,52]. Of most notable interest, was a highly significant interaction between two risk
alleles; IL10 (rs1800872) and IL4RA (rs1801275). IL-4 and IL-10 play a major role in the GC
reaction, B-cell proliferation is enhanced by IL-10 in the presence of IL-4 and both cytokines
are involved in the class switch recombination process [53-55]. We further explored gene-gene
interactions in relation to FL and DLBCL specific OS. Most notably, we discovered a highly sig-
nificant (p = 0.0002) interaction between IL10 (rs1800890) and IL4RA (rs1805010) in DLBCL.
Carriers of IL10 (rs1800890) AA in combination with the IL4RA (rs1805010) AA genotype had
a significantly improved outcome (HR = 0.11 (0.20-0.50)). Several SNPs in the IL4, IL4R and
IL10 genes has been proposed associated with outcome in earlier studies [20]. Analysis of the
effect of these individual genes have been somewhat contradictory however the results of
attempts to include these loci in multi-gene models [47], including ours, argues for a combined
effect of these loci not readily identified in a single gene model emphasizing the interaction
between these cytokines to be of importance and in need of exploration in future studies. For
FL the most notable effect of gene-gene interactions was seen for interaction between the
ILIRN (rs2637988) and IL4 (rs2243248) (p = 0.0004). As it was the case for DLBCL, a SNP
related to the IL-4 cytokine was involved in gene-gene interactions in the FL group. We did
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explore survival estimates for gene-gene combinations (S8, S9 and S10 Tables), however risk
estimates are imprecise since the number of events in each group was small.

In order to study the functional aspect of these genes in the B-cell hierarchy, we combined
the SNP study with analysis of gene expression in normal B-cell subpopulations and DLBCL
lymphoma cells. We restricted the analysis to the most notable genes from the gene-gene
expression analysis which suggested a prominent effect of IL-4 and IL-10 related genes.
Increased expression of IL-10 related genes has earlier been shown in chronic lymphocytic leu-
kaemia (CLL) and in Waldenstréom's macroglobulinemia [56]. We found a up regulation of the
IL10 and the IL10RB gene in DLBCL cells when compared to normal GC B-cell subpopulations
supporting the hypothesis that this cytokine/receptor could play a role for the survival of ger-
minal centre derived lymphomas, as supported by the earlier findings in CLL [56] and further
supporting the protective effect of the low producer IL10 (rs1800872) AA genotype as well as
the protective effect of the ILIORB (rs1058867) G allele [10,12]. The IL4 gene was slightly down
regulated in DLBCL cells when compared to all normal B-cell subpopulations whereas the
IL4R gene was down regulated in post GC B-cell subpopulations suggesting that these genes
could be important at different stages of the stepwise oncogenetic process [57] and further sug-
gesting that such genes with oncogenetic potential may be important in the multi step process
of malignant transformation even if they are not found to be expressed in malignant tissue [9].
These findings needs to explored further by investigating the expression of these genes in
the different B-cell subpopulation thought to be the cell of origin of the investigated B-cell
malignancy [31,58]. The functional properties of these pathways obviously needs further
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investigation; as an example, the functional properties of IL4 gene and the distal IL10 promotor
variations still remains largely unknown and so does the combined effect of these interactions
on protein level [59]. Our study holds some limitations providing a possible bias. We do
acknowledge that the sample size in our study was too small for in depth investigation of gene-
gene interactions making our risk estimates less precise. We however do encourage that the
findings from our exploratory investigation of gene-gene interactions is investigated in a larger
cohort, preferably a multicenter study. The age distribution in the control group and patient
group was not identical and the sample material differed between groups. We found no associ-
ation between age and genotypes within the groups and we included a cohort with no reported
BM involvement, however these differences between groups still could have introduced bias to
our results.

Conclusion

We analysed 50 SNPs in inflammatory response genes with respect to risk and outcome in
B-NHL. We reported a significant association between thirteen SNPs and risk and reported
seven SNPs associated with outcome. Moreover we here suggest a gene-gene interaction effect
in relation to risk and survival and when we combined these findings with gene expression
analysis in normal and malignant B-cells we suggest that these inherited variations could play a
role at different stages of the multi step process of B-cell oncogenesis. These findings further
strengthened the discovered association between interacting key inflammatory response genes
and B-lymphoma and we propose further studies exploring the functional aspects of these
interactions. As for earlier studies on genetics in lymphoma, our results were not always consis-
tent with findings in other B-NHL cohorts. This can be a result of sample size as well as ethni-
cal differences between study populations [51] although we have a well defined, ethnically
homogenous population with a long follow up period. Despite limitations of our study, we
believe that our findings confirms some of the earlier reported findings and adds new knowl-
edge to the immunogenetics as an important factor in relation to risk and outcome in B-NHL.
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