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Patient’s HLA Genotype Is Associated With the Risk of
Central Nervous System Dissemination and Clinical
Disease Presentation in Diffuse Large B-cell Lymphoma
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Abstract. Background/Aim: Central nervous system (CNS)
involvement in aggressive B-cell lymphoma, either as a primary
or secondary event to systemic disease, portends a poor
prognosis. This study sought to identify patients at high risk for
CNS relapse by analyzing their human leukocyte antigen (HLA)
genotypes. Patients and Methods: We retrospectively examined
the HLA genotypes of 164 patients with systemic lymphoma,
primary CNS lymphoma, and CNS relapse of systemic
lymphoma. Patient records were analyzed, and HLA typing was
performed by the Finnish Red Cross Blood Service. After
excluding patients who received CNS prophylaxis, 131 patients
were included in the final analysis. Results: A strong association
was found between the HLA-A*31 genotype and CNS disease
(p=0.001). Additionally, various HLA genotypes were linked to
lactate dehydrogenase levels, extranodal disease, International
Prognostic Index score, and disease stage. Conclusion: The
patient’s genetic constitution, rather than solely disease-related
factors, plays a role in the tropism of lymphoma for the CNS. If
confirmed in a larger study, defining the HLA genotype of a
lymphoma patient could provide valuable information for
predicting CNS relapse.
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Lymphomas encompass a diverse group of over 100 entities,
as defined by the revised World Health Organization
(WHO)-HAEMS classification. Advancements in research
have significantly broadened our understanding of
lymphoma classification and biological underpinnings. An
increasing body of evidence links specific tumor mutation
profiles to distinct disease presentations (1).

However, the influence of host-related factors on disease
presentation and prognosis has received less attention.
Genome-wide association studies have identified several
susceptibility loci for diffuse large B-cell lymphoma (DLBCL)
and follicular lymphoma, suggesting that patient genetics
modulate the risk of lymphomagenesis (2, 3). Notably,
variations in the human leukocyte antigen (HLA) genes are
particularly relevant for susceptibility to lymphomas (4).
Beyond influencing lymphoma etiology, specific HLA alleles
have been linked to disease survival (5, 6) with increased
HLA-A mutations correlating with an elevated risk of relapse
in DLBCL (7).

Approximately five percent of patients with DLBCL
experience a central nervous system (CNS) relapse. While
high-dose intravenous methotrexate (HD-MTX) is offered as
CNS prophylaxis for certain patients, its efficacy remains
controversial. Current prophylaxis approaches are hampered
by insufficient evidence and limited ability to accurately
predict individual risk of CNS recurrence. Several studies
have identified clinical factors associated with increased risk
of CNS relapse, leading to the development of prognostic
models. Recent research has explored combining biomarkers
like cell of origin with clinical factors to refine CNS relapse
prediction (8-10).
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Primary CNS lymphoma (PCNSL) is a rare disease, but
Finland exhibits a high incidence rate compared to neighboring
countries, with a potential explanation being the isolated gene
pool of the Finnish population (11). This study examined the
association between HLA genotype and CNS dissemination in
patients with either primary or secondary CNS lymphoma.

Patients and Methods

The data set comprised 164 patients and was retrospectively collected
from the Oulu University Hospital database. Between 1999 and 2022,
HLA typing was performed as a standard procedure by the Finnish Red
Cross Blood Service before high-dose therapy following autologous
hematopoietic stem cell transplantation (ASCT). The cohort consisted
of 50 patients with PCNSL, 18 patients with CNS relapse of systemic
lymphoma (sCNSL), and 96 patients with systemic lymphoma without
CNS involvement. Of these, 33 patients were excluded due to prior
CNS prophylaxis, leaving 131 patients for the analysis.

This study was approved by the Ethics Committee of Oulu University
Hospital (EETTMK: 21/2018), and the ethical principles of the
Declaration of Helsinki were followed. Informed consent was obtained
from all subjects. Data analysis was conducted using IBM SPSS
Statistics for Windows version 27 software (IBM Corp. Armonk, NY,
USA). The chi-square and Fisher’s exact tests were employed to assess
the association between CNS involvement and various HLA genotypes.

Results

Patient demographics are presented in Table I. Our analysis
revealed a significant association between HLA-A*31 genotype
and CNS involvement (p=0.001). Among the 13 cases with this
genotype, 12 (92.3%) presented with either PCNSL or sCNSL,
while only one (7.7%) had systemic lymphoma.

Additionally, the HLA genotype exhibited associations with
various clinical disease presentations, as detailed in Table II.
Notably, the HLA-A*11 genotype was linked to elevated
lactate dehydrogenase (LDH) levels (p=0.048) and high
International Prognostic Index (IPI) scores (p=0.023).
Conversely, the HLA-B*57 genotype was associated with
normal LDH levels (p=0.020). Furthermore, specific HLA
genotypes manifested associations with disease stage: both
B*13 and DRB1*03 were linked to limited-stage disease
(»=0.021 and p=0.019, respectively), while HLA-DRB1*03
was associated with low IPI scores (p=0.029). Lastly, the
HLA-DRB1*08 genotype exhibited connections with
extranodal disease (p=0.041) and high IPI score (p=0.040).

Discussion

HLA genes appear to play a crucial role in lymphoma’s
tropism for the CNS. In this study, we discovered a strong
association between the HLA-A*31 genotype and CNS
dissemination in DLBCL. These findings highlight the
patient’s genetic constitution as a significant factor
influencing the clinical disease presentation of lymphoma.
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Recent years have witnessed a notable increase in genetic
information for DLBCL, enabling its classification into
genetically distinct subgroups on tumor characteristics.
However, research remains limited on whether these
subgroups demonstrate varying risks of CNS relapse. Ollila
et al. found two genetic subgroups (MYD88/CD79B-mutated
and double-hit/TP53-mutated) significantly enriched in
patients with CNS recurrence. If confirmed in future trials,
this finding could improve the accuracy of predicting CNS
relapses (12, 13).

Intravenous HD-MTX has been used to prevent CNS
relapse in DLBCL. However, considering the associated
costs and potential toxicities, accurate predictive factors are
crucial for patient selection. Schmitz et al. identified IPI
factors (stage III/IV disease, age >60 years, elevated LDH,
multiple extranodal sites, and WHO performance status >1),
and renal/adrenal involvement, as independent risk factors
for CNS relapse. Based on these risk factors, patients can be
classified into low-, intermediate-, or high-risk groups of
CNS recurrence. This allows for targeted prophylaxis for the
high-risk group (8, 9).

Data on biological risk factors for CNS relapse are
limited. High-grade B-cell lymphomas with MYC and BCL2
rearrangements are known for their aggressive behavior and
higher risk of CNS relapse. Oki et al. found that patients
with cytogenetic rearrangements exhibited a significantly
increased risk of CNS relapse (13% cumulative involvement
at three years) (1, 14). Additionally, dual expression of MYC
and BCL2, as well as the non-germinal center (GC)
phenotype, has been linked to an elevated risk of CNS
relapse compared to non-dual expressers (9.7% vs. 2.2% as
a two-year risk, respectively) and the GC phenotype (15).
However, Klanova et al.’s recent prognostic model did not
demonstrate an influence of BCL2/MYC dual-expression
status on CNS relapse risk (10).

HLA class I and II molecules are expressed on the surface of
B lymphocytes, where they present antigens to CD8* and CD4*
T cells, respectively (5). Loss of HLA molecule expression has
been proposed as a potential mechanism for immune escape and
extranodal disease. Compared to nodal DLBCL, primary
testicular and PCNSL demonstrate a significantly higher
frequency of HLA class I molecule loss on the cell surface
(60% vs. 10%, respectively) (16). Overall, HLA class I loss has
been described in 40 to 60 % of DLBCL cases (17). The
mechanisms regulating HLA class I expression on DLBCL cell
surface are complex and not fully understood, but genome-wide
screens have identified several potential regulators (18).

This study evaluated the frequencies of HLA-A, HLA-B
(HLA class I), and HLA-DRB1 (HLA class II) among
patients with aggressive lymphomas. At least one previous
study has investigated HLA polymorphisms associated with
extranodal DLBCL. This study found significantly higher
frequencies of HLA class II alleles HLA-DRB1*15 and
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Table 1. Patient demographics.

Systemic lymphoma n (%)

SCNSL n (%) PCNSL n (%)

Number 96 (58.5%) 18 (11.0%) 50 (30.5%)
Lymphoma subtype
DLBCL 84 (87.5%) 10 (55.5%) 50 (100%)
T-cell/histiocyte-rich large B-cell lymphoma 7 (7.3%) 2 (11.1%)
Burkitt lymphoma 2 (2.1%) 4 (22.2%)
High-grade B-cell lymphoma 2 (2.1%) 1(5.6%)
Primary mediastinal large B-cell lymphoma 0 (0%) 1 (5.6%)
Missing 1(1.0%) 0 (0%)
Stage
I-II 29 (30.2%) 3 (16.7%)
1I-1v 64 (66.7%) 14 (83.3%)
Missing 3 (3.1%) 0 (0%)
Extranodal sites
0-1 67 (69.8%) 4(22.2%)
>1 24 (25.0%) 12 (66.7%)
Missing 5(5.2%) 2 (11.1%)
LDH levels
Normal 18 (18.7%) 0 (0%) 25 (50.0%)
Elevated 66 (68.8%) 17 (94.4%) 13 (26.0%)
Missing 12 (12.5%) 1(5.6%) 12 (24.0%)
IPI
0-2 39 (40.6%) 3 (16.7%)
3-5 39 (40.6%) 9 (50.0%)
Missing 18 (18.8%) 6 (33.3%)
COO type
GC 31 (36.9%) 3 (30.0%) 5 (10.0%)
Non-GC 28 (33.3%) 5 (50.0%) 27 (54.0%)
Missing 25 (29.8%) 2 (20.0%) 18 (36.0%)
CNS prophylaxis
Yes 27 (28.1%) 6 (33.3%)
No 69 (71.9%) 12 (66.7%)
HLA-A*31 genotype 1(7.7%) 3(23.1%) 9 (69.2%)

SsCNSL: Secondary central nervous system lymphoma; PCNSL: primary central nervous system lymphoma; DLBCL: diffuse large B-cell lymphoma;
LDH: lactate dehydrogenase; IPI: International Prognostic Index; COO: cell of origin; GC: germinal center; CNS: central nervous system; HLA:

human leukocyte antigen.

HLA-DRB1*12 in testicular lymphoma patients than healthy
controls (p<0.013 and p=0.043, respectively) (19).

In our study, the observed frequency of HLA-A*31 (9.1%)
aligns with previous reports of its prevalence in Finland (7.9%).
Sirén et al. found minimal variation in HLA-A frequency within
the Finnish people compared to broader international
populations (20). Notably, the frequency of HLA-A*31 among
patients with PCNSL in our study was significantly higher, at
18.0%. This elevated frequency could potentially be linked to
increased incidence rates of PCNSL observed in Finland.

Interestingly, we also analyzed the 33 patients who
received CNS prophylaxis. Among them, two patients
possessed the HLA-A*31 genotype, and neither experienced
CNS relapse. While the data is insufficient to draw any
definitive conclusions due to the small size and lack of
statistical significance, it raises the intriguing question of
whether CNS prophylaxis could effectively prevent CNS
relapse within this specific patient population.

Table II. Association of HLA genotype with clinical disease
presentation.

A*11 B*13 B*57 DRBI1*03 DRBI1*08
Elevated LDH i |
Extranodal sites >1 1
IPI 3-5 1 | 1
Stage II-1V | |

The associations were determined using a two-sided chi-square test. All
p-values were <0.05. 1 : positive association; |: negative association;
LDH: lactate dehydrogenase; IPI: International Prognostic Index.

Our findings suggest that, in addition to disease-related
risk factors, host-related factors may also play a crucial role
in future considerations. However, these results should be
viewed as preliminary observations with the potential to
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inform future hypotheses. Replicating this study with a
significantly larger sample size is necessary. While our
sample size of 131 patients might be adequate for some
studies, the inherent high biological variability of HLA
genotypes necessitates a considerably larger population to
draw definitive conclusions. Additionally, our data collection
focusing on patients undergoing ASCT introduced a bias
towards individuals with relapsed disease.

Conlflicts of Interest
The Authors declare no conflicts of interest in relation to this study.
Authors’ Contributions

Conceptualization, H.K., TK. and O.K.; Methodology, K.P.;
Validation, R.K.O. and K.P.; Formal Analysis, R.K.O., M.E.LK.,
T.K. and O.K.; Investigation, R.K.O.,A.S.,K.P.,, K-M.H. and O K.;
Resources, T.T-H., H.K. and O .K.; Data Curation, R.K.O.; Writing
— Original Draft Preparation, R.K.O.,A.S., TT-H.,, HK.,, M.EE.LK.,
T.K. and OK; Writing — Review & Editing, All Authors;
Visualization, R.K.O., M.E.LK., TK. and O.K.; Supervision, O.K.;
Project Administration, R.K.O., M.E.LLK. and O.K.; Funding
Acquisition, T.T-H., H.K., M.E.L K. and O K.

Funding

This study was supported by grants from the Viisdnen fund in the
Terttu Foundation (RO), Thelma Mikikyré Fund, and the Finnish
Medical Fund (MELK).

References

1 Alaggio R, Amador C, Anagnostopoulos I, Attygalle AD, Araujo
IBO, Berti E, Bhagat G, Borges AM, Boyer D, Calaminici M,
Chadburn A, Chan JKC, Cheuk W, Chng WJ, Choi JK, Chuang
SS, Coupland SE, Czader M, Dave SS, de Jong D, Du MQ,
Elenitoba-Johnson KS, Ferry J, Geyer J, Gratzinger D, Guitart
J, Gujral S, Harris M, Harrison CJ, Hartmann S, Hochhaus A,
Jansen PM, Karube K, Kempf W, Khoury J, Kimura H, Klapper
W, Kovach AE, Kumar S, Lazar AJ, Lazzi S, Leoncini L, Leung
N, Leventaki V, Li XQ, Lim MS, Liu WP, Louissaint A Jr,
Marcogliese A, Medeiros LJ, Michal M, Miranda RN, Mitteldorf
C, Montes-Moreno S, Morice W, Nardi V, Naresh KN,
Natkunam Y, Ng SB, Oschlies I, Ott G, Parrens M, Pulitzer M,
Rajkumar SV, Rawstron AC, Rech K, Rosenwald A, Said J,
Sarkozy C, Sayed S, Saygin C, Schuh A, Sewell W, Siebert R,
Sohani AR, Tooze R, Traverse-Glehen A, Vega F, Vergier B,
Wechalekar AD, Wood B, Xerri L, Xiao W: The 5th edition of
the World Health Organization Classification of
Haematolymphoid Tumours: Lymphoid Neoplasms. Leukemia
36(7): 1720-1748, 2022. DOIL: 10.1038/s41375-022-01620-2

2 Cerhan JR, Berndt SI, Vijai J, Ghesquieres H, McKay J, Wang
SS, Wang Z, Yeager M, Conde L, de Bakker PI, Nieters A, Cox
D, Burdett L, Monnereau A, Flowers CR, De Roos AJ, Brooks-
Wilson AR, Lan Q, Severi G, Melbye M, Gu J, Jackson RD,
Kane E, Teras LR, Purdue MP, Vajdic CM, Spinelli JJ, Giles
GG, Albanes D, Kelly RS, Zucca M, Bertrand KA, Zeleniuch-

3258

Jacquotte A, Lawrence C, Hutchinson A, Zhi D, Habermann TM,
Link BK, Novak AJ, Dogan A, Asmann YW, Liebow M,
Thompson CA, Ansell SM, Witzig TE, Weiner GJ, Veron AS,
Zelenika D, Tilly H, Haioun C, Molina TJ, Hjalgrim H,
Glimelius B, Adami HO, Bracci PM, Riby J, Smith MT, Holly
EA, Cozen W, Hartge P, Morton LM, Severson RK, Tinker LF,
North KE, Becker N, Benavente Y, Boffetta P, Brennan P,
Foretova L, Maynadie M, Staines A, Lightfoot T, Crouch S,
Smith A, Roman E, Diver WR, Offit K, Zelenetz A, Klein RJ,
Villano DJ, Zheng T, Zhang Y, Holford TR, Kricker A, Turner
J, Southey MC, Clavel J, Virtamo J, Weinstein S, Riboli E,
Vineis P, Kaaks R, Trichopoulos D, Vermeulen RC, Boeing H,
Tjonneland A, Angelucci E, Di Lollo S, Rais M, Birmann BM,
Laden F, Giovannucci E, Kraft P, Huang J, Ma B, Ye Y, Chiu
BC, Sampson J, Liang L, Park JH, Chung CC, Weisenburger
DD, Chatterjee N, Fraumeni JF Jr, Slager SL, Wu X, de Sanjose
S, Smedby KE, Salles G, Skibola CF, Rothman N, Chanock SJ:
Genome-wide association study identifies multiple susceptibility
loci for diffuse large B cell lymphoma. Nat Genet 46(11): 1233-
1238, 2014. DOI: 10.1038/ng.3105

Smedby KE, Foo JN, Skibola CF, Darabi H, Conde L, Hjalgrim
H, Kumar V, Chang ET, Rothman N, Cerhan JR, Brooks-Wilson
AR, Rehnberg E, Irwan ID, Ryder LP, Brown PN, Bracci PM,
Agana L, Riby J, Cozen W, Davis S, Hartge P, Morton LM,
Severson RK, Wang SS, Slager SL, Fredericksen ZS, Novak AJ,
Kay NE, Habermann TM, Armstrong B, Kricker A, Milliken S,
Purdue MP, Vajdic CM, Boyle P, Lan Q, Zahm SH, Zhang Y,
Zheng T, Leach S, Spinelli JJ, Smith MT, Chanock SJ, Padyukov
L, Alfredsson L, Klareskog L, Glimelius B, Melbye M, Liu ET,
Adami HO, Humphreys K, Liu J: GWAS of follicular lymphoma
reveals allelic heterogeneity at 6p21.32 and suggests shared
genetic susceptibility with diffuse large B-cell lymphoma. PLoS
Genet 7(4): €1001378,2011. DOI: 10.1371/journal .pgen.1001378
McAulay KA, Jarrett RF: Human leukocyte antigens and genetic
susceptibility to lymphoma. Tissue Antigens 86(2): 98-113,
2015. DOLI: 10.1111/tan.12604

Zhong C, Cozen W, Bolanos R, Song J, Wang SS: The role of
HLA variation in lymphoma aetiology and survival. J Intern
Med 286(2): 154-180, 2019. DOI: 10.1111/joim.12911

Lu Y, Abdou AM, Cerhan JR, Morton LM, Severson RK, Davis
S, Cozen W, Rothman N, Bernstein L, Chanock S, Hartge P,
Wang SS: Human leukocyte antigen class I and II alleles and
overall survival in diffuse large B-cell lymphoma and follicular
lymphoma. ScientificWorldJournal 11: 2062-2070, 2011. DOL:
10.1100/2011/373876

Wise JF, Nakken S, Steen CB, Vodak D, Trgen G, Johannessen
B, Lingjerde OC, Hilden V, Blaker YN, Bai B, Aasheim LB,
Pasanen A, Lorenz S, Sveen A, Lothe RA, Myklebost O, Leppa
S, Meza-Zepeda LA, Beiske K, Lawrence MS, Hovig E,
Myklebust JH, Smeland EB, Holte H: Mutational dynamics and
immune evasion in diffuse large B-cell lymphoma explored in a
relapse-enriched patient series. Blood Adv 4(9): 1859-1866,
2020. DOI: 10.1182/bloodadvances.2019001325

Lantz J, Portell CA, Ayers EC: Central nervous system
prophylaxis in diffuse large B-cell lymphoma: What does the
evidence tell us? Blood Rev 61: 101101, 2023. DOI:
10.1016/j.blre.2023.101101

Schmitz N, Zeynalova S, Nickelsen M, Kansara R, Villa D, Sehn
LH, Glass B, Scott DW, Gascoyne RD, Connors JM, Ziepert M,
Pfreundschuh M, Loeffler M, Savage KJ: CNS International



Ollikainen et al: HLA Genotype Associated With the Risk of CNS Dissemination

Prognostic Index: a risk model for CNS relapse in patients with
diffuse large B-cell lymphoma treated with R-CHOP. J Clin Oncol
34(26): 3150-3156, 2016. DOI: 10.1200/JC0O.2015.65.6520

10 Klanova M, Sehn LH, Bence-Bruckler I, Cavallo F, Jin J, Martelli
M, Stewart D, Vitolo U, Zaja F, Zhang Q, Mattiello F, Sellam G,
Punnoose EA, Szafer-Glusman E, Bolen CR, Oestergaard MZ,
Fingerle-Rowson GR, Nielsen T, Trneny M: Integration of cell of
origin into the clinical CNS International Prognostic Index
improves CNS relapse prediction in DLBCL. Blood 133(9): 919-
926,2019. DOI: 10.1182/blood-2018-07-862862

11 Puhakka I, Kuitunen H, Jékéla P, Sonkajérvi E, Turpeenniemi-
Hujanen T, Ronkd A, Selander T, Korhonen M, Kuittinen O:
Primary central nervous system lymphoma high incidence and
poor survival in Finnish population-based analysis. BMC Cancer
22(1): 236, 2022. DOI: 10.1186/s12885-022-09315-8

12 Ollila TA, Kurt H, Waroich J, Vatkevich J, Sturtevant A, Patel
NR, Dubielecka PM, Treaba DO, Olszewski AJ: Genomic
subtypes may predict the risk of central nervous system
recurrence in diffuse large B-cell lymphoma. Blood 137(8):
1120-1124, 2021. DOI: 10.1182/blood.2020007236

13 Schmitz R, Wright GW, Huang DW, Johnson CA, Phelan JD,
Wang JQ, Roulland S, Kasbekar M, Young RM, Shaffer AL,
Hodson DJ, Xiao W, Yu X, Yang Y, Zhao H, Xu W, Liu X, Zhou
B, Du W, Chan WC, Jaffe ES, Gascoyne RD, Connors JM,
Campo E, Lopez-Guillermo A, Rosenwald A, Ott G, Delabie J,
Rimsza LM, Tay Kuang Wei K, Zelenetz AD, Leonard JP,
Bartlett NL, Tran B, Shetty J, Zhao Y, Soppet DR, Pittaluga S,
Wilson WH, Staudt LM: Genetics and pathogenesis of diffuse
large B-cell lymphoma. N Engl J Med 378(15): 1396-1407,
2018. DOI: 10.1056/NEJMoal1801445

14 Oki Y, Noorani M, Lin P, Davis RE, Neelapu SS, Ma L, Ahmed
M, Rodriguez MA, Hagemeister FB, Fowler N, Wang M, Fanale
MA, Nastoupil L, Samaniego F, Lee HJ, Dabaja BS, Pinnix CC,
Medeiros LJ, Nieto Y, Khouri I, Kwak LW, Turturro F,
Romaguera JE, Fayad LE, Westin JR: Double hit lymphoma: the
MD Anderson Cancer Center clinical experience. Br J Haematol
166(6): 891-901, 2014. DOI: 10.1111/bjh.12982

15 Savage KJ, Slack GW, Mottok A, Sehn LH, Villa D, Kansara R,
Kridel R, Steidl C, Ennishi D, Tan KL, Ben-Neriah S, Johnson
NA, Connors JM, Farinha P, Scott DW, Gascoyne RD: Impact
of dual expression of MYC and BCL2 by immunohistochemistry
on the risk of CNS relapse in DLBCL. Blood 127(18): 2182-
2188, 2016. DOI: 10.1182/blood-2015-10-676700

16 Riemersma SA, Jordanova ES, Schop RFJ, Philippo K,
Looijenga LHJ, Schuuring E, Kluin PM: Extensive genetic
alterations of the HLA region, including homozygous deletions
of HLA class II genes in B-cell lymphomas arising in immune-
privileged sites. Blood 96(10): 3569-3577, 2000.

17 Ennishi D, Takata K, Béguelin W, Duns G, Mottok A, Farinha P,
Bashashati A, Saberi S, Boyle M, Meissner B, Ben-Neriah S,
Woolcock BW, Telenius A, Lai D, Teater M, Kridel R, Savage KJ,
Sehn LH, Morin RD, Marra MA, Shah SP, Connors JM, Gascoyne
RD, Scott DW, Melnick AM, Steidl C: Molecular and genetic
characterization of MHC deficiency identifies EZH?2 as therapeutic
target for enhancing immune recognition. Cancer Discov 9(4): 546-
563,2019. DOI: 10.1158/2159-8290.CD-18-1090

18 Dersh D, Phelan JD, Gumina ME, Wang B, Arbuckle JH, Holly
J, Kishton RJ, Markowitz TE, Seedhom MO, Fridlyand N,
Wright GW, Huang DW, Ceribelli M, Thomas CJ, Lack JB,
Restifo NP, Kristie TM, Staudt LM, Yewdell JW: Genome-wide
screens identify lineage- and tumor-specific genes modulating
MHC-I- and MHC-II-restricted immunosurveillance of human
lymphomas. Immunity 54(1): 116-131.e10, 2021. DOI:
10.1016/j.immuni.2020.11.002

19 Riemersma SA, Jordanova ES, Haasnoot GW, Drabbels J,
Schuuring E, Schreuder GMT, Kluin PM: The relationship
between HLA Class II polymorphisms and somatic deletions in
testicular B cell lymphomas of Dutch patients. Hum Immunol
67(4-5): 303-310, 2006. DOI: 10.1016/j.humimm.2006.03.019

20 Sirén MK, Sareneva H, Lokki ML, Koskimies S: Unique HLA
antigen frequencies in the Finnish population. Tissue Antigens
48(6): 703-707, 1996. DOI: 10.1111/j.1399-0039.1996.tb02695 .x

Received May 29, 2024
Revised June 21, 2024
Accepted June 24, 2024

3259





