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ORIGINAL RESEARCH

Shared genetic susceptibility between
idiopathic inflammatory myopathies
and common B cell lymphoma subtypes
found primarily in the human leucocyte

antigen region
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2 Catherine Zhu,® Karina Patasova,?

International Lymphoma Epidemiology Consortium (InterLymph), IMACS Myositis
Genetics Scientific Interest Group (MYOGEN), Karin E Smedby,?*

Ingrid E Lundberg @ ,%® Helga Westerlind

ABSTRACT

Objectives To estimate shared genetic susceptibility
between major subtypes of idiopathic inflammatory
myopathies (IIM) and B cell lymphomas.

Methods We paired summary statistics from genome-
wide association studies (GWASs) of diffuse large B cell
lymphoma, follicular lymphoma (FL), chronic lymphocytic
leukaemia (CLL) and marginal zone lymphoma with those of
dermatomyositis (DM) and polymyositis (PM) from a GWAS
and an ImmunoChip study. We estimated local genetic
correlation (rg) for each disease pair using local analysis of
(co)variant association (Bonferroni-corrected p value<0.05)
and identified genetic variants jointly associated with

both diseases using pleiotropy-informed false discovery

rate (conjunctional false discovery rate <0.05). Functional
mapping and annotation analyses were also performed.
Results We identified significant rg (ranging from —0.50 to
0.84) across 16 loci, with half located in the human leucocyte
antigen (HLA) region, for the disease pairs of IIM and B

cell ymphoma subtypes. Furthermore, jointly associated
single-nucleotide polymorphisms were predominantly found
in the HLA region. Specifically, all disease pairs showed
shared genetic susceptibility in the HLA class | regions, while
additional correlations in class Il and class Il regions were
specific to DM and PM disease pairs, respectively. For some
non-HLA loci with significant My functional analyses revealed
immune-related responses potentially overlapping between
DM and FL, DM and CLL, and PM and CLL.

Conclusion We revealed that DM and PM share genetic
susceptibility with common B cell lymphoma subtypes in
both immune-related loci and loci with unclear biological
functions. These novel findings improve our understanding
of the pathological link between IIM and B cell lymphomas.

INTRODUCTION

Idiopathic inflammatory myopathies (IIM)
are a group of rare autoimmune diseases char-
acterised by chronic inflammation primarily

> Marie Holmqvist @ 26

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Although an overlap in biological mechanisms be-
tween idiopathic inflammatory myopathies (IIM) and
B cell lymphomas has been suggested, no genetic-
level studies have been conducted to date.

WHAT THIS STUDY ADDS

= Dermatomyositis (DM) and polymyositis (PM) share
genetic susceptibility with common B cell lymphoma
subtypes at several loci across the whole genome,
particularly within the human leucocyte antigen
(HLA) region, which generally demonstrates stronger
associations than non-HLA loci.

While both DM and PM are associated with non-
Hodgkin’s lymphoma, distinct genetic correlations at
HLA and non-HLA loci suggest differing underlying
genetic mechanisms.

Functional annotation of non-HLA loci with sig-
nificant genetic correlations between IIM and B
cell lymphomas suggests overlapping interferon-
regulated inflammatory response, specifically be-
tween DM and follicular lymphoma, DM and chronic
lymphocytic leukaemia (CLL), and PM and CLL.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The findings offer valuable insights into the genetic
basis of IIM and B cell lymphoma co-occurrence, in-
forming future aetiological research and facilitating
risk communication with affected patients.

affecting proximal muscles.'! The diseases
are often accompanied with extra-muscular
involvement in skin, joints and lungs. IIM is
highly heterogeneous and can be classified
into different subtypes based on the clinical,
serological, histological and immunogenic
features: dermatomyositis (DM), polymyositis

BM) Group

Che WI, et al. RMD Open 2025;11:¢006035. doi:10.1136/rmdopen-2025-006035 1


http://rmdopen.bmj.com/
http://orcid.org/0000-0002-8355-2024
http://orcid.org/0000-0003-3221-7979
http://orcid.org/0000-0002-6068-9212
http://orcid.org/0000-0003-3380-5342
http://orcid.org/0000-0001-8996-5260
https://doi.org/10.1136/rmdopen-2025-006035
https://doi.org/10.1136/rmdopen-2025-006035
http://crossmark.crossref.org/dialog/?doi=10.1136/rmdopen-2025-006035&domain=pdf&date_stamp=2025-08-25

(PM), immune-mediated necrotising myopathy (IMNM),
antisynthetase syndrome, inclusion body myositis, overlap
myositis and juvenile myositis.1

B cell lymphomas are malignancies that develop from
different stages of B lymphocyte maturation.” Diffuse
large B cell lymphoma (DLBCL), the most common
and aggressive subtype, is thought to arise from centro-
blasts or plasmablasts within the germinal centre. Other
common, mostly indolent subtypes include follicular
lymphoma (FL), chronic lymphocytic leukaemia (CLL)
and marginal zone lymphoma (MZL), which are believed
to originate from centrocytes, mature or memory B cells
and marginal zone B cells, respectively.” However, the
precise cellular origins remain under debate, as accu-
mulating evidence suggests that key genetic lesions may
occur early in B cell development.3 Furthermore, these
subtypes can be further classified into more homoge-
neous subgroups based on immunophenotypic profiles
and cytogenetic alterations.”

Patients with IIM are at risk of having B cell ymphomas,
particularly around the time of IIM diagnosis.” Further
investigations by B cell ymphoma subtypes suggest associ-
ations with DLBCL and FL in patients with IIM,10 whereas
evidence supporting elevated risks of CLL and MZL after
IIM diagnosis is sparse.'’ When IIM coexists with B cell
lymphomas, the prognosis tends to be poor, with a 5-year
survival of 51%."

The pathological link between IIM and B cell
lymphomas is unclear and expected to be complex, given
the bidirectional associations observed in previous work.”
Although little is known about the biological mechanism
behind the co-occurrence of IIM and B cell lymphomas,
common features associated with disease development
may suggest shared susceptibility. First, the develop-
ment of IIM and B cell lymphomas has been shown to
involve antigen stimulation and chronic B cell activa-
tion." * Second, previous studies found that first-degree
relatives of patients with IIM were more likely to have B
cell lymphomas overall, DLBCL and FL, although these
associations were statistically non-significant, and the
association was estimated with fewer than 10 cases for
DLBCL and fewer than 5 cases for FL."”'* Several human
leucocyte antigen (HLA) alleles have also been associated
with both IIM and B cell lyrnphomas.IB_21 These findings
together suggest that IIM may share genetic components
with B cell lymphomas. This assumption has however not
been investigated at a genetic level.

To understand the importance of genetics in the
development of both diseases, we aimed to quantify
the shared genetic susceptibility, in terms of locus-
specific/local genetic correlation and genetic variants
jointly associated with both diseases, between IIM and
common B cell lymphoma subtypes using summary
statistics from published genome-wide association
studies (GWAS).

MATERIALS AND METHODS

Data sources

The Genetics Scientific Interest Group (MYOGEN) of
the International Myositis Assessment & Clinical Studies
Group is an international network aiming to investi-
gate the genetics of IIM. Between 2013 and 2015, they
performed GWASs in IIM (DM and PM) with genotyping
data for the whole genome (online supplemental table
1), *! followed by a study covering 186 loci related to
12 autoimmune diseases (the ‘ImmunoChip’) in a larger
cohort of IIM conducted in 2016." Each of the GWAS
and the ImmunoChip study included data on genotyped
single-nucleotide polymorphisms (SNP) for patients with
adult or juvenile DM and PM and geographically matched
controls, which were shared across the IIM subtypes.
Patient inclusion and exclusion criteria of the MYOGEN
and information on genotyping have been described in
detail in previous studies.'”! Recently, data from 657 and
1793 patients with adult-onset IIM of European descent
from the GWAS and the ImmunoChip studies, respec-
tively, along with their controls, were imputed using the
Trans-Omics for Precision Medicine (TOPMed) Imputa-
tion Server against the TOPMed reference panel version
R2 on the human genome build GRCh38.” * Detailed
information on quality control (QC), imputation and
association testing of SNPs is presented in the online
supplemental methods and elsewhere.***

The International Lymphoma Epidemiology Consor-
tium (InterLymph) is an international consortium of
investigators working with epidemiological studies of
lymphoid neoplasms. This consortium includes a wide
range of genetic and environmental risk factor data on
non-Hodgkin’s lymphoma (NHL) subtypes and control
subjects. In our study, we used summary statistics from
previously performed meta-analyses of genotyped and
imputed SNPs from the InterLymph for four common
B cell lymphoma subtypes, namely DLBCL, FL, CLL and
MZL, among individuals of European descent."”™"*

The total number of SNPs imputed and numbers of
patients and controls included for each disease subtype
are presented in online supplemental table 2.

Data preparation

Summary statistics from MYOGEN and InterLymph were
quality controlled and aligned before the statistical anal-
yses (online supplemental methods and online supple-
mental table 2). We paired each B cell ymphoma subtype
to the GWAS DM, the GWAS PM, the ImmunoChip DM
and the ImmunoChip PM data and kept only the over-
lapping SNPs in each pairing, resulting in a total of eight
GWAS and eight InmunoChip disease pairs.

Statistical methods

Local genetic correlations

We estimated the local genetic correlation at non-
overlapping loci for each disease pair, with local analysis
of (co)variant association (LAVA).2*% Compared with
other alternative methods, LAVA has better performance
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regarding type 1 error, statistical power and estimation
stability when target population matches to the one of
a reference panel.”®* In the LAVA analyses, the whole
genome was partitioned into 2495 genomic loci, prede-
fined by the authors based on a specific algorithm, making
these loci approximately equal size of about 1 Mb (2500
SNPs) and semi-independent from each other, as indi-
cated by ametric value defined as a function of the linkage
disequilibrium (LD) in a pair of SNPs, less than 0.25.
Details of genome partitioning are described elsewhere
(https://github.com/cadeleeuw/lava-partitioning) 26
The HLA region was partitioned into 21 distinct loci.
There were two steps involved in the LAVA analyses. First,
we computed the local heritability (the proportion of the
phenotypic variance of a disease explained by all SNPs
present in a locus) for the 2495 loci for each disease in
a pair (univariate analysis). Only loci showing significant
heritability in the univariate analyses of both diseases in
a pair were taken forward for genetic correlation esti-
mation (bivariate analysis). Multiple logistic regression
models were fitted in both steps where heritability and
genetic correlation were estimated by regressing the SNP
test statistics as well as the products of paired SNP test
statistics, respectively, on the LD scores estimated within
a matched population reference panel.”* We used a
Bonferroni factor of 2495 for the univariate analyses of
all disease pairs, 4088 and 261, respectively, for the bivar-
iate analyses of the GWAS and the ImmunoChip disease
pairs to define the statistical significance thresholds. We
did not adjust for sample overlap in the LAVA analyses
since datasets were near-independent for each disease
pair. This was further confirmed in a cross-trait linkage
disequilibrium score regression analysis, where the esti-
mated intercept was near-zero.

Pleiotropic enrichment and jointly associated SNPs

We used pleiotropy-informed false discovery rate (plei-
oFDR), consisting of conditional FDR (condFDR) and
conjunctional FDR (conjFDR), to complement the
LAVA analyses.”” CondFDR corrects nominal p values of
SNPs of a primary disease by leveraging pleiotropy with
a secondary disease where an observed genetic enrich-
ment supports shared genetic susceptibility between the
two diseases.” To avoid artificial genetic enrichment,
we adjusted the nominal p value of each SNP by using
intergenic inflation control and excluded SNPs located
in the HLA and the chromosome 8 inversion regions
from fitting the conditional empirical cumulative distri-
bution function.’® In the intergenic inflation control,
intergenic SNPs, instead of all SNPs, were used to calcu-
late the genomic inflation factor, which was used to adjust
the test statistics of SNPs. It has been shown that inter-
genic SNPs have relative depleted associations with poly-
genic diseases and thus they better represent true null
effects than all SNPs.?! To visualise genetic enrichment,
we constructed fold enrichment plots for each disease in
a pair by stratifying the -log, of the nominal p values
of SNPs of the primary disease according to the p values

of the corresponding SNPs of the secondary disease into
three categories (-log, (p) 21, -log,,(p) 22and -log, (p)
>3). The fold enrichment was computed as the ratio
between the cumulative distribution of SNPs in a given
-log,,(p) stratum and the cumulative distribution of all
SNPs.™ If pleiotropy existed, we expected to observe the
strongest fold enrichment in the stratum of the lowest
p values of SNPs of a B cell lymphoma or IIM subtype
for SNPs with low p values of the paired IIM or B cell
lymphoma subtype. The strength of the genetic enrich-
mentwas expected to be less in strata with higher p values.

In the pleioFDR analyses, for any disease pair, we
computed the condFDR of SNPs of an IIM subtype
based on the conditional empirical cumulative distribu-
tion function of the p values of the corresponding SNPs
of the paired B cell lymphoma subtype. We repeated
this process by reversing the disease subtypes to obtain
condFDR of SNPs of the paired B cell lymphoma subtype.
By maximising the condFDR, . i 10nom, a0d condFDRy
cell mphomallM of a SNP, we obtained a conservative conjFDR
of that SNP.*” We used 0.05 as the significance threshold
to determine a SNP jointly associated with both diseases
in a pair. We determined the lead jointly associated SNPs/
loci (r’<0.1 in LD window 10000kb) using the clump
function in sumstat.py package in Python (V.2.7.6). Loci
closer than 250 kb were merged.

Gene mapping

Positional coding gene mapping using the gnomAD
browser V.2.1.1 was performed for non-HLA loci showing
significant local genetic correlations to provide insights
into functional variants associated with both IIM and B
cell lymphomas.” We further annotated the mapped
protein-coding genes to biological processes defined
by Gene Ontology using FUMA GENE2FUN V.1.5.3.
Furthermore, the lead SNPs jointly associated with 1IM
and B cell lymphomas were annotated to the nearest
protein-coding genes using FUMA SNP2GENE V.1.5.2.%

RESULTS

Local genetic correlations

Table 1 summarises the number of common SNPs and
loci tested in the LAVA analyses for each disease pair. In
the univariate analyses, some loci were dropped due to
the number of common SNPs <2or negative variance
estimates for both diseases in the loci.

The GWAS data

Among the GWAS disease pairs, we identified in total
seven loci with moderate-to-strong genetic corre-
lations: [chrl17:62112374-63548724] for DM-FL;
[chr6:32629240-32682213] and [chr9:114443476-
115390 112] for DM-CLL; [chr1:238 094 456-238 704 857]
for PM-DLBCL; [chr3:158 460 059-159478 7511,
[chr7:55161395-56303513] and [chrl2:126871453—
127545877] for PM-MZL (table 2). All detected
genetic correlations were positive except in the locus
[chr17:62112374-63548 724] (genetic  correlation

Che WI, et al. RMD Open 2025;11:006035. doi:10.1136/rmdopen-2025-006035


https://github.com/cadeleeuw/lava-partitioning

RMD Open

I

Table 1 The number of SNPs and loci included in the local analysis of (co)variant association (LAVA) analyses and in the
pleiotropy-informed false discovery rate (pleioFDR) analyses for the GWAS and the ImmunoChip disease pairs of [IM and

common B cell lymphoma subtypes

LAVA

pleioFDR

Number of
common SNPs*

Number of total loci for univariate
analysis (both:lIM:B cell lymphoma)t

Number of
common SNPs*

Number of loci for
bivariate analysis

GWAS data
DM-DLBCL 6415387 2471 (1836:1876:2431
DM-FL 6416691 2469 (1829:1889:2409
DM-CLL 6417297 2474 (1828:1881:2421
DM-MZL 6384382 2451 (1786:2337:1900
PM-DLBCL 6415351 2466 (1073:1111:2428
PM-FL 6416654 2465 (1052:1111:2406
PM-CLL 6417260 2472 (1068:1118:2422
PM-MZL 6384346 2460 (1025:1147:2338

ImmunoChip data
DM-DLBCL 882537 1697 (614:1020:1291)
DM-FL 882935 1694 (607:1017:1284)
DM-CLL 882730 1698 (616:1019:1295)
DM-MZL 880432 1671 (567:1023:1215)
PM-DLBCL 882537 1740 (627:1078:1289)
PM-FL 882935 1746 (614:1078:1282)
PM-CLL 882730 1712 (661:1078:1295)
PM-MZL 880432 1691 (602:1080:1213)

RN - N NN A

680 6260170
611 6259969
741 6260163
813 6239939
326 6260153
284 6259952
369 6260145
264 6239921
37 850547
34 850673
36 850596
24 849056
35 850547
36 850673
36 850596
23 849056

Common B cell lymphoma subtypes included diffuse large B cell ymphoma (DLBCL), follicular lymphoma (FL), chronic lymphocytic

leukaemia (CLL) and marginal zone lymphoma (MZL).

*Non-overlapping SNPs between diseases and SNPs that were not aligned to the reference panel in the LAVA or in the pleioFDR were

excluded.

TSome loci were dropped in the univariate analyses due to number of SNPs <2 in the locus or negative variance estimate for both diseases.
DM, dermatomyositis; GWAS, genome-wide association study; IIM, idiopathic inflammatory myopathy; PM, polymyositis; SNP, single-

nucleotide polymorphism.

coefficient, rg=—0.50 95% CI -0.72 to -0.32). We also
reported the proportion of the heritability of an IIM
subtype that could be explained by that of the paired B
cell lymphoma subtype in a given locus (r:). In the locus
[chr6:32629240-32682213] showing a strong genetic
correlation between DM and CLL, half of the local herit-
ability of DM could be explained by that of CLL in this
locus. For the other detected local genetic correlations,
the rf ranged from 23% to 39%. Notably, the local herit-
ability of the loci showing significant genetic correlations
was low for both IIM and B cell lymphoma subtypes.

The ImmunoChip data

We identified more signals of local genetic correlations,
particularly within the HLA region, for the ImmunoChip
disease pairs despite the GWAS data having a higher
overall coverage of the genome (table 2). For the disease
pair DM-DLBCL, we observed significant genetic corre-
lations in three HLA loci [chr6:30715007-31106493],
[chr6:31320269-31427209] and [chr6:31427210-
32208901]. Heritability of DM and FL was also corre-
lated in locus [chr6:31427210-32208901] and

additional significant genetic correlation was detected
in the non-HLA locus [chrl:205917549-208162951]
and three HLA loci [chr6:32208902-32454577],
[chr6:32539568-32586784] [chr6:32586 785—
32629239]. We noted a very strong genetic correlation
in the locus [chr6:32208902-32454577] for disease
pair DM-CLL, as well as moderate-to-strong genetic
correlations in the loci [chr6:32586785-32629239]
and [chr6:32629240-32682213]. There were signif-
icant local genetic correlations in one non-HLA
locus [chr9:138995792-140097759] and three HLA
loci  [chr6:30070718-30715006], [chr6:30715007-
31106493] and [chr6:31320269-31427209] detected
for the disease pair PM-DLBCL where the genetic
correlation in [chr9:138995792-140097759] was nega-
tive (rg:—0.46 95% CI -0.70 to -0.23). The disease pair
PM-CLL also showed significant genetic correlation in
the same locus [chr6:32629240-32682213] as DM-CLL
did. Among these genetic correlations, the rg2 varied
from 13% to 70%.

and
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chr6:24,950,380-25,684,629
chr6:26,396,201-27,261,035
chr6:27,261,036-28,666,364
chr6:31,106,494-31,250,556
chr6:31,320,269-31,427,209
chr6:31,427,210-32,208,901
chr6:32,208,902-32,454,577
chr6:32,539,568-32,586,784
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Heatmaps presenting the local genetic correlations (rg) of all tested human leucocyte antigen loci for the GWAS

(A) and the ImmunoChip (B) disease pairs of [IM and common B cell lymphoma subtypes. Common B cell ymphoma subtypes
included diffuse large B cell lymphoma (DLBCL), follicular lymphoma (FL), chronic lymphocytic leukaemia (CLL) and marginal
zone lymphoma (MZL); ***p value <0.00 (the threshold of significance); **p value <0.01; *p value <0.05. DM, dermatomyositis;
GWAS, genome-wide association study; IIM, idiopathic inflammatory myopathy; PM, polymyositis.

Heatmaps of the genetic correlations in the HLA region for the
GWAS and the ImmunoChip disease pairs

Figure 1 presents the genetic correlations of all tested
HLA loci for the GWAS and the ImmunoChip disease
pairs. The SNPs in the HLA loci of the GWAS data were
predominantly shared with those of the ImmunoChip
data, exhibiting an overlapping rate ranging from 69%
to 100% (online supplemental tables 3 and 4). For loci
that were tested in both the GWAS and the ImmunoChip
disease pairs, their findings are in general consistent for
the corresponding disease pairs. We detected no signifi-
cant local genetic correlation for disease pairs DM-MZL
and PM-FL (table 2).

Pleiotropic enrichment

We found no typical pleiotropic enrichment in any of
the GWAS disease pairs (online supplemental figure 1)
but pleiotropic enrichment was observed for the Immu-
noChip data in the disease pairs DM-CLL and PM-CLL
(online supplemental figure 2). For SNPs with p values
<0.001 in CLL, there were up to 400-fold and 225-fold
enrichment of SNPs with —log, (p)=7 for DM and PM
compared with all SNPs, respectively (online supple-
mental figure 2i, k). There were 45-fold and 60-fold
enrichment of SNPs with -log (p)=7 for CLL when
conditioning on SNPs with p values <0.001 in DM and
PM, respectively (online supplemental figure 2j, 1).

Jointly associated SNPs

The GWAS data

Among the GWAS disease pairs, we identified one
lead SNP jointly associated with DM-DLBCL, two with

DM-FL, one with DM-CLL, one with DM-MZL, three with
PM-DLBCL, two with PM-FL, one with PM-CLL and one
with PM-MZL (table 3 and online supplemental table 5).
All of these jointly associated SNPs except rs1611929 on
chromosome 3 and rs117408955 on chromosome 13 for
PM-DLBCL resided in the HLA region. The majority of
these SNPs affected IIM and B cell lymphoma subtypes
in the same direction and had corrected p values below
the GWAS-level of significance (p value <5.00x10™) or
suggestive significance (2.25x107).

The ImmunoChip data

We detected more jointly associated SNPs among the
ImmunoChip disease pairs (table 3 and online supple-
mental table 6). The two lead jointly associated SNPs
rs9270493 and rs2596500 detected, respectively, for the
disease pairs PM-FL and PM-CLL of the GWAS data were
replicated in the ImmunoChip data. All of these jointly
associated SNPs except rs10173316 on chromosome 2 for
DM-FL, rs12203592 on chromosome 6 for DM-CLL and
PM-CLL and rs2872812 on chromosome 17 for DM-CLL
were located in the HLA region. Most of these SNPs were
associated with both diseases in the same direction. All of
these SNPs had corrected p values below either the GWAS
level of significance or suggestive significance level.

Gene mapping

Online supplemental table 7 presents the coding genes
located in the significant loci outside the HLA region
from the GWAS and the ImmunoChip datasets. None of
these genes has been reported to be associated with the
corresponding IIM and B cell lymphoma subtypes. In the
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GENEZ2FUN analyses, we only observed significant find-
ings in the locus [chrl:205917549-208162951], associ-
ated with DM and FL. The various gene sets residing in
this locus were annotated to 37 Gene Ontology-defined
biological processes, including humoral immune
response, complement regulation, cytokine produc-
tion, innate immune response, signal transducer and
activation of transcription signalling pathway and stress
response (online supplemental figure 3).

Additionally, we mapped the nearest protein-coding
genes to each of the lead jointly associated SNPs (online
supplemental table 8). Given the extended LD struc-
ture of the HLA region, many HLA and immune-related
genes were tagged by the lead jointly associated HLA
SNPs. For the lead jointly associated non-HLA SNPs,
SNP rs1611929 on chromosome 3 for the GWAS disease
pair PM-DLBCL was linked to the gene ZNF385D; SNP
rs10173316 on chromosome 2 for the ImmunoChip
disease pair DM-FL was mapped to the genes RBM43 and
NMI; SNP rs1220359 on chromosome 6 for the Immu-
noChip disease pairs DM-CLL and PM-CLL was mapped
to the gene IRF4; SNP rs2872812 on chromosome 17 for
the ImmunoChip disease pair was mapped to the genes
SMARCEI and KRT222.

DISCUSSION

Evidence supporting the role of genetic susceptibility in
the development of IIM and B cell lymphomas is scarce.
Previous studies, one of which consisted of a limited
number of cases, reported elevated but non-significant
familial associations between IIM and B cell lymphomas,
with strength of effect estimates ranging from 1.2 to
2.0."** A familial association suggests involvement of both
genetic and environmental factors shared within families.
However, the previous studies did not disentangle the
genetic from the environmental contribution, leaving
the magnitude of genetic contribution to the develop-
ment of IIM and B cell lymphomas unknown. Our study
tried to fill this knowledge gap and found shared genetic
susceptibility between IIM and common B cell lymphoma
subtypes in several genomic loci, including both the HLA
and non-HLA regions.

All of the studied disease pairs exhibited moderate-
to-strong genetic correlations and/or jointly associated
SNPs located in the HLA region. We also found that there
were several HLA loci associated with more than one
disease pair. These findings align with the important role
of HLA alleles in the genetic susceptibility to both IIM
and common B cell lymphoma subtypes. First, we found
significant genetic overlap and jointly associated SNPs
in loci encoding the HLA class II genes for the disease
pairs DM-FL, PM-FL, DM-CLL and PM-CLL. There are
associations with haplotype HLA-DRB1*01:01~DQAI1*01:
01~DQBI*05:01, and HLA-DPBI reported for FL,'° 2! 357
while for CLL, associations with haplotype HLA-DRB4*
01:01~DRB1*07:01~DQB1%03:03, HLA-DRB5, HLLA-DQA1
and BAKI have been identified.”” ***” There are various

HLA class II alleles in the HLA 8.1 ancestral haplotype
including HLA-DRBI*03:01, HLA-DQAI1*05:01, HLA-
DQBI*02:01 and HLA-DPBI*01:01 found to confer risk
of TIM.*' For the disease pairs DM-DLBCL, DM-MZL,
PM-DLBCL and PM-MZL, we detected shared genetic
susceptibility in the HLA region encoding the HLA-B
gene. A SNP (rs2922994) tagging a variant of this gene
has been reported to increase the risk of MZL.'” Further-
more, HLA-B*08:01 has been identified as a genetic risk
variant for DM, PM and DLBCL in previous studies.'” '
Moreover, we found a significant correlation in the loci
encoding HLA class III genes for all DM disease pairs.
However, associations with different HLA class III genes
have been identified for IIM (C4A, AGER and NOTCH4),
DLBCL (RDBP), FL. (CFB, MSH5 and TNXB), CLL and
MZL (RDBP).*"™ Given the pleiotropic nature of the
HILA region and its established role in autoimmune
diseases, these findings likely reflect a broader pattern
of shared genetic susceptibility beyond IIM and B cell
lymphomas. For example, systemic lupus erythema-
tosus—genetically correlated with IIM in the HLA class
I and II regions—also shares genetic susceptibility with
DLBCL and MZL in the HLA class I region, and with FL
and CLL in the class IT region.”

Antigen presentation and chronic B cell activation
are key to the development of IIM and several B cell
lymphoma subtypes.' * Our findings suggest that there
are germline variations in the HLA genes, which are
important to antigen presentation, lymphocyte matura-
tion and inflammation, making individuals more suscep-
tible to develop IIM and B cell lymphomas. Interestingly,
all DM disease pairs exhibited shared genetic suscepti-
bility in the HLA class I and III regions, while the PM
disease pairs showed genetic overlap primarily in the
HLA class I and II regions. These observations suggest
that there might be overlapping activities of inflamma-
tion and CD8+ cytotoxicT cells, which are activated by
antigen presented by the HLA class I molecules, in the
development of DM and common B cell lymphoma
subtypes.*” For PM disease pairs, activities of CD8+ cyto-
toxic T cells (all pairs) and CD4+ T effector cells (PM-FL
and PM-CLL) could be the shared pathological compo-
nents.”” Given the extended LD structure in the HLA
region, further investigation is needed to elaborate on
the overlapping biological mechanism between IIM and
common B cell lymphoma subtypes.

There was disease pair-specific shared genetic suscep-
tibility found outside the HLA region for several disease
pairs. It remains unclear how these non-HLA loci might
contribute to the co-occurrence of IIM and B cell
lymphomas. Functional annotation analyses revealed
significant findings only for one locus. This locus
[chr1:205917549-208162951], associated with DM and
FL, encodes genes linked to primarily immune-related
responses. The top five enriched gene sets, with overlap-
ping genes C4BPA, CD55, CR2, CRI and CD46, are involved
in B cell-mediated immunity and complement activation,
suggesting shared biological processes between DM and
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FL. Furthermore, this finding is in line with the genetic
correlation between DM and FL found in the HLA class
IIT region. For the disease pair PM-DLBCL, although
gene sets at the locus [chr9:138995792-140097759]
were not significantly enriched in any Gene Ontology-
defined biological processes, this locus encodes the
NOTCHI gene, of which somatic mutation is related to
DLBCL.”

The findings from the conjFDR analyses provide
insights into other non-HLA biological factors contrib-
uting to the development of IIM and B cell lymphomas.
The risk variant rs10173316:T on chromosome 2 was
jointly associated with DM and FL and linked to the
RBM43 and NMI genes. The NMI gene is a paralog of the
IF135 gene, which has been found to be associated with
IIM.* The interferon-induced protein 35 and N-Myc and
STAT interactor can interact and form complex to regu-
late interferon-induced signalling pathways.*® Moreover,
the risk variant rs12203592:T on chromosome 6 jointly
associated with DM, PM and CLL was linked to the IRF4
gene, encoding the key transcriptional factor interferon
regulatory factor 4 that is involved in the interferon
signalling pathways.*” This variant has been reported to
be associated with IIM and CLL.** *" These findings
suggest that the development of DM and FL, DM and
CLL, and PM and CLL might overlap in pathways related
to interferon-regulated inflammatory responses. Further
investigations are warranted to validate these suggested
overlapping biological process and pathways for IIM and
B cell lymphomas.

Our findings reveal both overlapping and distinct
genetic susceptibility features between DM and PM
with common B cell lymphoma subtypes. The patho-
genesis of malignancy in IIM appears to differ between
DM and PM, as indicated by variations in the temporal
relationship with cancer and associated cancer types.’
However, both DM and PM show an increased risk of
haematological malignancies, including NHL, within 3
years of diagnosis.” ®*? Genetically, our findings suggest
different pathological links between DM and PM with
B cell lymphomas. For example, pleiotropic HLA loci
were found for both DM-DLBCL and PM-DLBCL, while
shared genetic susceptibility outside the HLA region was
also detected for PM-DLBCL. Further research is needed
to determine whether this difference in shared genetic
susceptibility translates into biological differences.

There was a notable disparity between the GWAS and
the ImmunoChip findings, particularly beyond the HLA
region, probably due to variations in genomic coverage
and sample size. The GWAS data encompassed the
whole genome, while the ImmunoChip data focused on
immune-related loci and had a larger sample size, making
it better suited for unveiling local genetic correlations
within immune-related loci. Nevertheless, the GWAS data
might be more effective in identifying genetic correla-
tions in non-immune-related regions, owing to its supe-
rior genomic coverage, as evidenced in our study.

The replication of the GWAS findings in the Immuno-
Chip data could be considered a reinforcement of the
reliability of these findings. Similarities were observed for
certain HLAloci; for DM-CLL, shared geneticsusceptibility
was detected in the locus [chr6:32629240-32682213]
in both datasets. Jointly associated SNPs rs9270493 and
152596500 for PM-FL and PM-CLL, respectively, were also
found in both datasets. Furthermore, correlation trends
in the loci [chr6:31320269-31427209] for DM-DLBCL
and [chr6:32208902-32454577] and [chr6:32 586 785—
32629239] for DM-CLL from the GWAS data were statis-
tically significant in the ImmunoChip data.

Apart from unveiling to what extent genetics might
contribute to the co-occurrence of IIM and B cell
lymphomas, our findings provide guidance to future
genetic research exploring the genetic predisposition to
either disease. Missing heritability has been suggested for
both IIM and B cell lymphomas.* *'~** The loci showing
significant genetic correlations between IIM and B cell
lymphomas, but containing no SNPs previously reported
to be associated with either IIM or B cell lymphomas,
might serve as candidate genomic regions for discovering
novel genetic associations in future genetic studies of IIM
and B cell lymphomas.

The statistical power of LAVA depends on the sample
size of the input data. Moreover, compared with contin-
uous traits, LAVA has much lower power to detect local
genetic correlations for binary traits. A simulation anal-
ysis using UK Biobank data, which included 276 731 indi-
viduals, found that for binary traits with a prevalence of
0.2 and without sample overlap between datasets, the
power to detect local genetic correlations of 0.3, 0.6 and
0.9 was approximately 17%, 21% and 30%, respectively.”’
Although we used data from the largest GWASs of IIM
and common B cell lymphoma subtypes in European
ancestry worldwide, the corresponding sample sizes were
far smaller than those needed to discover mild to strong
local genetic correlations for rare diseases. Therefore,
our analyses were potentially underpowered, and the
observed local genetic correlations between IIM and B
cell lymphomas might represent only a proportion of the
total genetic correlations across all genomic loci. Never-
theless, this power issue is not specific to LAVA, which,
under the same conditions, has better statistical efficiency
compared with other alternative methods estimating
local genetic correlations.” Furthermore, although LD
between loci was minimised in the LAVA analyses, it is
still possible that the observed genetic correlation was
confounded by adjacent loci.*® This issue might be more
profound within the HLA region. Further investigation
through HLA imputation and fine-mapping may help
identify causal HLA alleles and amino acid residues
jointly associated with both IIM and B cell lymphomas.
Regrettably, reliable and robust HLA imputation requires
individual-level data, which was absent for our study.”

LAVA cannot determine whether the observed correla-
tion was horizontal (common biological pathway)
or vertical (causal relationship) pleiotropy,”® or a
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combination of both, which has been suggested for other
complex diseases.”” *® Therefore, we interpreted findings
from the LAVA analyses as proxy measures where shared
genetic susceptibility between IIM and common B cell
lymphoma subtypes might locate in the genome and
used pleioFDR as a complementary approach. The causal
relationship between IIM and B cell lymphomas could
be explored using Mendelian randomisation methods
in future studies. However, insufficient statistical power
could be an issue.”

There are other limitations of the study. Patients with
PM included in the GWAS and the ImmunoChip study
were clinically defined based on the Bohan and Peter
criteria.'? Thus, the PM groups could include other IIM
subtypes such as antisynthetase syndrome and IMNM that
could be defined as PM using these criteria. It is known
that features of clinical presentations, serology and immu-
nohistology differ between these IIM subtypes, as well as
associations with cancer.' Thus, our findings of the disease
pairs of PM with B cell lymphoma subtypes might present
an averaged effect over these IIM subtypes. Nevertheless,
analyses by myositis-specific autoantibodies associated
with an increased risk of cancer (ie, anti-transcriptional
intermediary factor 1 yautoantibodies) were not possible
due to the small sample size and lack of imputed data.
We also lacked information on cancer occurrence among
patients from the GWAS and the ImmunoChip studies.
However, patients with a cancer diagnosis within 2 years
of the IIM diagnosis were excluded from both studies.
Since frequencies of HLA alleles exhibit considerable
variation across ethnic groups,” our findings may be
primarily applicable to Caucasian populations.

Despite these limitations, we present the first attempt
to explore the shared genetic susceptibility at a locus-
specific level between IIM and common B cell lymphoma
subtypes using GWAS summary statistics from the largest
corresponding disease consortium in the world. All data-
sets were imputed to increase genomic coverage and
make the screening of shared genetic susceptibility more
comprehensive. To mitigate the infeasibility of global
genetic correlation measure for diseases with low herita-
bility like IIM, DLBCL, FL. and MZL, we applied LAVA to
estimate local genetic correlation instead.”’ **%

We revealed that IIM and B cell lymphomas shared
genetic susceptibility across genomic loci,
primarily within the HLA region and in several non-HLA
regions. Our findings suggest potential immune-related
biological processes and molecular pathways overlapping
between DM and FL,, DM and CLL, PM and DLBCL, and
PM and CLL. We also demonstrated heterogeneity in
shared genetic susceptibility both between and within DM
and PM in relation to B cell lymphomas. These findings
are important for understanding contributing factors to
the development of both IIM and B cell lymphomas.
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