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Supplementary Methods

Study participants and contributing centers
Swiss HIV Cohort Study (SHCS)

The SHCS is a large, ongoing, multicenter cohort study of HIV-positive individuals that
includes >70% of adult living with HIV in Switzerland. At follow-up visits every 6 months,
demographic, clinical, laboratory, and ART information has been prospectively recorded since
1988.! Cancer diagnoses are verified thoroughly using checking charts including information
on biopsies and imaging. To minimize potential treatment bias and population stratification,
we only considered as cases patients diagnosed with NHL between 2000 and 2017 and of
European ancestry, as determined by principal component analysis (PCA) (supplemental
Figure 1A). Controls were matched based on age, ancestry, CD4+ T cell counts and viral load
results. To be eligible as controls, they also had to be diagnosed with HIV prior to 2005 and
have no registered cancer diagnosis of any type as of 2017. Patients were genotyped using
[llumina HumanOmniExpress-24 Beadchips, or genotypes were obtained in the context of a
previous GWAS in the SHCS on various platforms including Illumina HumanCore-12,

HumanHap550, Human610 and Human1M Beadchips.

French Primo ANRS and ANRS CO16 Lymphovir cohorts (ANRS)

The French ANRS CO16 lymphovir cohort of HIV related lymphomas enrolled adult patients
at diagnosis of lymphoma in 32 centers between 2008 and 2015.? Pathological materials were
centralized, and diagnoses of NHL were based on World Health Organization criteria. Patients
were genotyped using Illumina Human Omni5 Exome 4v beadchips. Additional cases and

controls (matched on self-reported ancestry) were included from the ANRS PRIMO Cohort,



which has been enrolling patients during primary HIV-1 infection in 95 French Hospitals since
1996. Patients were genotyped using Illumina Sentrix Human Hap300 Beadchips. Only
patients of European ancestry, as determined by PCA, were included in the study (supplemental

Figure 1B).

The Multicenter AIDS Cohort Study (MACS)

The MACS has enrolled gay and bisexual HIV infected men in 4 US cities since 1984. The
NHL cases were diagnosed between 1985 and 2013 (median year of diagnosis: 1992). Data
collected include demographic variables (age, race, ethnicity and HIV transmission category),
CDA4+ T cell count, HIV viral load and tumor histology. Eligible cases had a diagnosis of HIV-
related NHL, available genotyping data and at least one CD4+ T cell count obtained within 2
years of the NHL diagnosis. Controls were matched on MACS study site, age at NHL diagnosis
(+/- 2 years) and CD4+ T cell count at NHL diagnosis (within the following groups 0-99 / 100
-199 / 200-499 / >499 cells/uL). Patients were genotyped using Illumina HumanHap550 and
Human1M Beadchips.* As in the other cohorts, only individuals of European ancestry were

included, as determined by PCA (supplemental Figure 1C).

Fine mapping of associated regions

Fine mapping of the CXCL 12 locus was performed using PAINTOR (v3.1) to identify the most
likely causal variant(s). All variants within 200kb of the top associated SNP and with a p-value
below 0.005 were included in the model. The linkage disequilibrium (LD) matrix was created
using PLINK and genotype data from the SHCS cohort. PAINTOR was first run against all
genomic annotation databases provided with the software, including the FANTOMS,

ENCODE and the Roadmap Epigenomics Project. For the final model, the top 5 annotations



based on improvement to model fit and cell type relevance were selected to obtain the posterior
probabilities and the 99% credible set of the variants most likely to be causal based on the

association from Bayes’ factors.

Predictive effect of potentially causal variants

The potential functional impact of the predicted causal variants was assessed using DeepSEAS,
a deep learning-based sequence model trained on available chromatin and transcription factor
data from ENCODE and Roadmap Epigenomics. DeepSEA provides a functional significance
score for each variant, which is a measure of the evolutionary conservation and the significance
of the magnitude of the predicted chromatin effects. For the variants with a functional
significance score of less than 0.01, we analyzed the predicted changes in specific chromatin
modifications or transcription factor (TF) binding probabilities. Chromatin or TF binding
changes with E-values below 0.001 and normalized probabilities of observing a binding event
above 0.2 were considered relevant. The TF position weight matrices (PWMs) for TFs with a
high probability of binding (normalized probability > 50%) were obtained from the JASPAR

CORE 5.0 database.”

Long-range chromatin interactions

Predicted topological associating domains (TADs) near the genome-wide significant locus in
GM12878 lymphoblastoid cells were obtained from publicly available data® and visualized

using the 3D Genome Browser.’

Potential interactions between the genome-wide significant locus and promoters of nearby

genes were analyzed using publicly available promoter capture Hi-C data in GM12878



lymphoblastoid cells. The Hi-C data was processed through the CHiCAGO pipeline and
visualized with CHiCP.'®!" Interaction scores > 5 were considered significant, as described

previously.!?

Expression quantitative trait loci (eQTL) analyses

The role of rs7919208 as an eQTL was examined in GEUVADIS!3 and in response to various
pathogens, although not including HIV, in the Milieu Intérieur Consortium cohort.'*

Furthermore, eQTL information was also obtained from the GTEx (v7)'® Portal on 03/22/2019.

Bulk RNA Barcoding and sequencing (BRB-seq)!¢ was performed on RNA from peripheral
blood mononuclear cells (PBMCs) of 452 individuals from the SHCS with available

genotyping data.

Allele-specific effects of rs7919208

To assess allelic effect of 1s7919208 SNP on CXCL12 expression, we used haplotype-level
ASE data from the GTEx v8, containing 15,253 samples spanning 49 human tissues and 838
individuals'”-'®, Briefly, this haplotype level data was generated using phASER v1.0.1, which
incorporates RNA-seq and DNA-seq data with population phasing to allow phasing over longer
distances and aggregating ASE signal from all available SNPs within a gene'®. We compared
allelic imbalance in CXCL12 expression between the individuals homozygous reference and
heterozygous for rs7919208. Allelic imbalance was quantified as the log ratio between the two
allelic counts or log allelic fold change (log aFC)?°. We use the absolute value of log aFC in a

one-sided ranksum test to ensure robustness to rare variant effects and phasing errors. All tissue



with at least 20 total ASE counts were included. P-values were corrected for multiple

hypothesis testing using the Benjamini-Hochberg procedure.

Transcript usage effect associated with rs7919208

The CXCLI12 transcript isoform expression and the effect of the rs7919208 SNP on this
transcript isoform expression was assessed across the top six highest expressed tissues for
CXCL 12 in GTEx v8.'® The analysis of the effect on transcript usage was restricted to the two
transcripts ENST00000343575.10 and ENST00000374429.6, as they account for 94% of the
expressed isoforms. Associations were analyzed using linear regressions and significant
associations confirmed with rank based inverse normal transformed values to eliminate

potential outlier-driven effects.

Comparison to GWAS hits in the general population

An attempt at replicating variants previously associated with NHL in the general population
was performed by extraction of the p-values of the SNPs reported to be associated in previous
NHL GWAS. A variant was considered replicated if it had a nominally significant association

p-value (P < 0.05) plus similar effect direction in the meta-analysis.

The effect of rs7919208 in the general population cohorts was assessed directly using the NIH
database for Genotypes and Phenotypes (dbGaP) accession # phs000801 cohorts for chronic
lymphocytic leukemia (CLL), DLBCL (Diffuse large B-cell lymphoma), FL (Follicular
lymphoma) and MZL (Marginal zone lymphoma) and corresponding controls.?!* The

genotype data was imputed, processed and analyzed using the same pipeline and methods as



described above for the HIV cohorts, with duplicate samples identified and removed using

KING and including age and sex as covariates.

Statistical analyses

All statistical analyses were performed using the R statistical software (v3.3.3), unless

otherwise specified.

Data sharing statement

Full

summary statistics will be made available in the GWAS catalog

(https://www.ebi.ac.uk/gwas) upon publication. The raw genotype data can be obtained

through the respective cohorts.
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Supplemental Tables

Supplemental Table 1. Cohort level association statistics for genome-wide significant variants in
the meta-analysis

SNP ANRS ANRS SHCS SHCS MACS MACS P
BETA P BETA P BETA
rs7919208 0.32 2.78E-10 0.12 2.66E-03 -0.06 0.57
rs149399290  0.28 7.93E-07 0.13 2.30E-03 -0.03 0.79
rs17155463 0.28 7.93E-07 0.13 2.30E-03 -0.03 0.79
rs17155474 0.28 7.93E-07 0.13 2.30E-03 -0.03 0.79
rs17155478 0.28 7.93E-07 0.13 2.30E-03 -0.03 0.79
rs12249837 0.28 7.93E-07 0.13 2.30E-03 -0.03 0.79
rs10608969 0.28 7.93E-07 0.13 2.30E-03 -0.03 0.79

The analyses were performed using linear mixed models with GCTA within each cohort. No
associations were seen in the MACS cohort. P-values and beta values are presented to show the level
and direction of the association.



Supplemental Table 2. Top predicted changes associated with rs7919208 allelic
variation in GM12878

Transcription  Effect E-value Normalized Normalized
factor (Log2fold Prob. Prob.
change) (Reference) (Alternative)

BATF 3.27 0.00004 0.13 0.60

JUND 291 0.00009 0.12 0.50
MEF2A 2.06 0.00026 0.09 0.28

MEF2C 1.98 0.00022 0.08 0.26
BCLI11A 2.19 0.00040 0.07 0.25

P300 1.74 0.00055 0.08 0.22

IRF4 2.12 0.00033 0.06 0.21

Significant changes induced by rs7919208 as predicted by DeepSEA for transcription
factors with a normalized probability (Prob.) above 0.20 in the GMI12878
lymphoblastoid cell line. The E-value is the expected proportion of variants with a
larger predicted effect between the reference and alternative allele for a certain
chromatin feature based on predicted effects calculated for variants in The 1000
Genomes Project.



Supplemental Table 3. Comparisons with genome-wide significant variants identified in GWAS of NHL in the general population

SNP Gene Publication Subtype METAP SHCSP ANRSP MACSP OR Mean POWER POP
MAF  (P<0.05)
rs116446171 EXOC2 Cerhan et al.™ DLBCL NA NA NA 0.08 220 0.0l 58% EUR
rs12195582  HLA region  Skibola et al.2 FL 0.33 0.47 0.51 NA 1.78 041 100% EUR
rs12289961  LPXN Vijai et al. (2013)> DLBCL+FL 0.88 0.40 0.14 0.46 129 022  74% EUR
rs13254990  PVTI Skibola et al.22 FL 0.75 NA 0.58 0.82 118 032  48% EUR
rs13255292  PVTI Cerhan et al.'* DLBCL 0.83 NA 0.72 0.90 122 032  62% EUR
rs17203612 HLA class II  Skibola et al.2 FL NA 0.82 NA NA 144 038  98% EUR
rs17749561  BCL2 Skibola et al.22 FL 0.74 NA 0.72 0.98 134 010  61% EUR
1s2523607  HLA-B Cerhan et al.'* DLBCL 0.50 0.30 0.77 NA 132 008  49% EUR
1s2922994  HLA-B Vijai et al. (2015)® MZL 0.55 0.30 0.66 NA 1.64 008  93% EUR
rs3130437  HLAclassI  Skibola et al.?2 FL 0.33 0.47 NA 0.46 123 038  68% EUR
rs4733601  PVTI Cerhan et al.'* DLBCL 0.29 NA 0.38 0.57 118 049  51% EUR
1s4937362  ETSI Skibola et al.22 FL 0.62 0.61 0.90 NA 1.17 045  47% EUR
rs4938573  CXCRS5 Skibola et al.22 FL 0.60 0.25 0.72 0.18 134 019  81% EUR
1s6444305  LPP Skibola et al.2 FL NA NA NA NA 121 NA NA EUR
rs6457327  HLA Lim et al.% DLBCL+FL 0.66 0.80 0.85 0.18 130 035 85% EUR
rs6773854  BCL6 Tan et al.2 DLBCL 0.30 0.51 0.73 0.07 144 021 95% CHN
rs79480871 NCOAI Cerhan et al.'* DLBCL NA NA NA NA 134 008  54% EUR
rs9461741  BTNL2 Vijai et al. (2015)® MZL 0.97 0.72 0.67 NA 266 003  99% EUR

Comparisons with genome-wide significant variants identified in published GWAS of NHL in the general population. The NHL subtypes includes DLBCL
(Diffuse large B-cell lymphoma), FL (Follicular lymphoma) and MZL (Marginal zone lymphoma). P-values for the HIV meta-analysis and the individual
cohort GWAS are shown per variant. The statistical power to replicate the published variants under an additive model at P < 0.05, given their published
odds ratios (OR) and the mean observed minor allele frequencies (MAF) in the HIV cohorts is also listed. Most of the published GWAS was on European
(EUR) patients and Chinese (CHN).



Supplemental Table 4. The effect of rs7919208 in GWAS in the general population
Subtype Cases Controls Lambda P (rs7919208) OR (rs7919208)

CLL 1033 2635 1.04 0.29 0.97
DLBCL 2173 2635 1.04 0.65 1.01
FL 1753 2635 1.03 0.36 0.97
MZL 617 2635 1.01 0.56 0.98
Combined 5556 2635 1.04 0.60 0.99

The association of 1s7919208 in the general (non-HIV) population across NHL subtypes. Lambda
indicates the genome-wide inflation factor for the GWAS performed for each subtype to ensure the test-
statistics observed are valid. The calculated p-values and odds ratios for rs7919208 are listed for each
GWAS.



Supplemental Figures

A

Supplemental Figure 1. Principal component analyses (PCA) with the HapMap project. The black
crosses represent individuals genotyped and included in this study. Individuals of European ancestry
colocalizes with the HapMap reference samples from CEU (Northern Europeans from Utah) and TSI
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Supplemental Figure 4. Allele-specific effect in CXCL12 associated with rs7919208. A) Gene
expression for CXCL12 across tissues available in GTEx project data v8 release (GTEx Consortium,
2019). Gene expression values are shown in TPM (Transcript Per Million), calculated from a gene model
with isoforms collapsed to a single gene (https://gtexportal.org’/home/gene/CXCL12). B) Allelic effect
of 157919208 SNP on CXCL12 expression in top six tissues with highest gene expression. Individuals
heterozygous for rs7919208 show increased allelic imbalance CXCL/2 in fibroblasts (FDR adjusted
p-value 0.0006, one-sided ranksum test). Each dot is an individual in GTEx v8 data. The increased allelic
imbalance was not observed in any other GTEX tissues (indicated as ‘ns’). The regulatory effect size
(y-axis) is the absolute log allelic Fold Change (aFC) that is the ratio between the allelic expression of
the two haplotypes (Mohammadi et al. 2017).
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Supplemental Figure 5. Transcript isoform expression for CXCL12 and transcript usage effect
associated with rs7919208. A) Exon expression of CXCL12 across tissues in GTEx v8 release data
(GTEx Consortium, 2019), (https://gtexportal.org’/home/gene/CXCL12). B) Eftect of rs7919208 SNP on
transcript isoform expression of CXCL12 in top six tissues that CXCL12 has highest expression. The
expression is restricted to ENST00000343575.10 and ENST00000374429.6 only, and the y-axis shows
the transcription fraction from ENST00000343575.10. The variant shows significant effect on usage of
ENST00000343575.10 and ENST00000374429.6 transcript isoforms in adipose visceral tissue (linear
regression p-value, 0.0082 and FDR adjusted p-value, 0.0492). We found similar results repeating this
analysis with rank based inverse normal transform values that eliminate potential outlier-driven effects.
(Adipose visceral linear regression p-value, 0.0063 and FDR adjusted p-value, 0.0378). Each dot is an
individual in GTEx v8 data. The black line is the linear fit between transcript usage of
ENSTO00000343575.10 (y-axis) and individual genotype groups (x-axis). The linear regression p-values
are shown for each tissue. C) Representation of transcript expression model for adipose visceral tissue
with eight transcript isoforms (GTEx Consortium, 2019), (https://gtexportal.org/home/gene/CXCL12).
On average about 94% of expressed transcripts are derived from transcript isoforms
ENST00000343575.10 and ENST00000374429.6 in all tissues. Transcript structure and overall isoform
usage patterns are similar across all 6 tested tissues.
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Supplemental Figure 6. Quantile-quantile plots for the general population NHL GWAS. Lambda
indicates the genome-wide inflation factor. Values ~1 denotes the lack of genomic inflation due to con-
founding factors. (A) Plot for the GWAS of all NHL subtypes combined. (B) Plot for GWAS of chronic
lymphocytic leukemia (CLL). (C) Plot for Diffuse large B-cell lymphoma (DLBCL). (D) Plot for Folli-
cular lymphoma. (E) Plot for Marginal zone lymphoma (MZL).



