
Evidence for idiotype-directed immunosurveillance
is restricted to follicular lymphoma and attributable
to somatic hypermutation

Antigen receptors of B cells (BCR) exhibit a virtually
unlimited repertoire, created by V(D)J recombination
through combinatorial and junctional diversity of genetic
elements in B-precursor cells. B cells further increase the
antigen affinity of their BCR through somatic hypermuta-
tion (SHM). VDJ recombination and SHM create unique
and novel peptide sequences that are not encoded in germ-
line (GL) and may, therefore, act as neoantigens for the
adaptive immune system. Naturally occurring BCR-direct-
ed immunity could, therefore, influence expansion of indi-
vidual B-cell clones. We have previously found evidence for
HLA class I-dependent, BCR-directed immunosurveillance
in follicular lymphoma (FL).1 We here report lack of evi-
dence for this mechanism in other indolent B-cell lym-
phomas and an apparent dependence of possible immuno-
surveillance on the high SHM rate in FL.

Lymphoma samples were obtained with written
informed consent from the Freiburg University idiotype
vaccination program2-4 and the hematology biobank of
Leiden University Medical Center with approval of the
ethics committee of Freiburg University. HLA alleles were
identified by serotyping and high-resolution genotyping
(Olerup SSP kit, Qiagen, Hilden, Germany). Unbiased
sequencing of full-length immunoglobulin heavy chain VDJ
transcripts was performed as described.1,2 IGHV genes and
mutational status were identified for VDJ consensus
sequences by the IMGT/V-QUEST algorithm
(imgt.cines.fr). Peptide nonamers predicted to bind to HLA
alleles represented in the patient cohorts were identified by
the BIMAS algorithm (http://www-
bimas.cit.nih.gov/molbio/hla_bind/). 

The sum of the predicted scores of the 20 highest ranking
peptides were compared between the VDJ sequence of any
given patient’s lymphoma (“self” VDJ) and the mean of the
BCR of lymphomas arising in other patients (“non-self”
VDJ) in 32 mantle cell lymphomas (MCL) and 12 marginal
zone lymphomas (MZL) (Table 1) with Wilcoxon signed
rank test (Prism 5.02; GraphPad Software, San Diego, CA,
USA). In contrast to FL,1 no evidence for selection of VDJ
sequences for aggregate low predicted HLA binding scores
on the respective patient’s HLA complex was found (Figure
1). Subanalyses of complementarity-determining regions
(CDR) 1-3 likewise failed to indicate any immunological
selection of BCR in these lymphomas. Equivalent results
were obtained when the analysis was restricted to MCL
cases with less than 99% (n=14) (Figure 1) or less than 98%
(n=8) (data not shown) sequence identity to GL IGHV.

Follicular lymphoma distinguishes itself from other B-cell
malignancies by arrest in the germinal center maturation
stage and expression of activation-induced deaminase.5,6

Consequently, FL cells continuously undergo SHM and
accumulate high IGHV mutation loads.7,8 We investigated
SHM-induced changes in HLA class I binding scores of
mutated IGHV peptides in comparison to the correspon-
ding GL peptides in 9 FL cases that shared expression of
IGHV3-23 (Table 1). Forty-one of all possible 89 IGHV3-23
GL nonamers were predicted to bind with a BIMAS score
of 1 or higher to at least one of the eleven BIMAS-analyz-
able HLA alleles of the 9 patients, resulting in a total of 96
analyzable HLA binding scores. Per FL case, a median of 33
(range 23-38) of these 41 GL peptides had been mutated by

SHM. SHM led to 115 increases and 250 decreases of bind-
ing scores. The median change in the score of GL peptides
was -1.6 (range -143 to +298). Since HLA binding of a non-
amer is dependent on defined anchor residues,9 reduction
of HLA binding of a GL peptide through random SHM was
expected to be more likely than strengthening of binding.

SHM-induced binding score alterations were compared
for the 41 GL binders between self-HLA alleles (n=78
scores) and non-self alleles (n=287 scores). Peptide binding
on self-HLA could thus actually occur in an FL-bearing
patient, whereas predictions of presentations on an HLA
allele not expressed by the respective patient are purely
hypothetical. The median change of binding scores was 
-2.4 for self-HLA alleles and -1.5 for non-self alleles
(P=0.035; two-tailed Mann Whitney test). An FL patient’s
HLA type, therefore, appears to exert selection pressure on
BCR peptides that bind to HLA towards lesser HLA binding
strength during SHM. However, it is unclear whether com-
parisons of scores between several HLA alleles are mean-
ingful. Therefore, the following analyses were restricted to
comparisons of different IGHV sequences on a common set
of HLA alleles. 

To study the aggregate effects of score-altering mutations
of all HLA binding peptides in an FL idiotype, we calculated
the sum of the SHM-induced score differences of every
IGHV3-23 GL peptide on all analyzable self-HLA alleles.
For every individual patient, this sum of score differences
was compared to the hypothetical sum of score differences
as calculated for each of the other eight non-self BCR FL on
the same self-HLA alleles. Scores on HLA alleles that were
shared between 2 patients were disregarded, since such
HLA binding alterations would underlie the same immune
selection pressure in vivo. Therefore, the sum of the peptide
binding differences of the self FL BCR was compared with
every non-self BCR in a matched-pair analysis with 69
pairs. No non-shared HLA alleles existed for three compar-
isons (Online Supplementary Table S1). The aggregate pep-
tide HLA binding score of a patient’s self-FL BCR was on
average significantly more reduced than the hypothetical
peptide binding of non-self BCR (Figure 2A). This bioinfor-
matic evidence supports our hypothesis that HLA class I-
mediated selection pressure shapes the evolution of SHM-
induced changes of FL BCR peptides towards lesser poten-
tial immunogenicity.

Since tolerance towards GL-encoded peptides is assumed
in the self-HLA context,10 we hypothesized that reduction
of HLA binding strength of a particular peptide would not
contribute to immune selection pressure on SHM-induced
BCR sequence alterations. Indeed, no difference was seen
between self and non-self BCR on self-HLA when the com-
parative analysis was restricted to decreases of predicted
HLA binding strength of GL IGHV3-23 peptides in self- or
non-self HLA alleles (Figure 2B). Consistent with the
assumption of tolerance against GL-encoded BCR peptides,
this finding suggests that loss of HLA binding strength of
such peptides is irrelevant for immune selection pressure.  

Consequently, we hypothesized that only the relatively
few mutations leading to increased HLA binding of GL pep-
tides would create targets for immune counter selection. In
addition, we also hypothesized that creation of neoepi-
topes through SHM at positions of GL peptides that do not
bind HLA could also be relevant to immunosurveillance. In
accordance with our hypothesis, SHM created significantly
lower increases in HLA binding for self-BCR in comparison
to non-self BCR undergoing SHM in unrelated HLA com-
plexes (Figure 2C). However, the significance of this com-
parison might be over-estimated due to a large difference in
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variance stemming from the matched-pair design on the
basis of non-shared HLA alleles. In contrast, variances were
well balanced in the former comparisons (Figure 2A and B).

Overall, our results are compatible with a scenario of
immunological tolerance to unmutated epitopes of IGHV
genes. However, immune selection apparently acts against
SHM-generated IGHV epitopes that acquire increased
affinity for HLA binding; presumably through recognition
by HLA class I-restricted T cells. Negative immune selec-
tion affects both GL peptides that bind HLA and acquire
increased binding strength through SHM, and SHM-gener-
ated neoepitopes.

The CDR3 of an immunoglobulin chain contains random
residues that are not encoded in GL and that are created
during VDJ recombination. Since our analysis was based on
comparisons of mutated BCR peptides and their correspon-
ding GL sequences, only SHM occurring within the IGHV
sequence could be analyzed. Since non-GL-encoded CDR3
motives contributed substantially to the global differences

in HLA binding capacity of FL BCR,1 the observed level of
significance obtained from analysis of only IGHV
sequences from 9 FL cases expressing the same IGHV is
remarkable.

Evidence for HLA-mediated BCR-directed immunosur-
veillance was only detectable in FL. The lack of evidence
for immunosurveillance in MCL and MZL, even when the
analysis was restricted to hypermutated cases, could be
explained by overall higher mutation loads of FL. On the
other hand, active immunosurveillance could be facilitated
by expansion in the germinal center microenvironment, a
unique immunobiological characteristic of FL. The seminal
observation that an activated T-cell signature within FL
biopsies is associated with superior prognosis is compatible
with this scenario.11

While T cells recognizing non-mutated frame work pep-
tides can be isolated in vitro,12 our results suggest that they
fail to exert detectable effects in vivo. In contrast, we have
shown that HLA class I-restricted T cells with specificity for
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Figure 1. BIMAS sum scores of the 20 highest-scoring peptide nonamers located in the indicated parts of heavy chain VDJ sequences of
mantle cell (MCL) and marginal zone (MZL) lymphomas. Symbols represent median, range, and 25% / 75% quartiles. Sum scores of self
and the mean of non-self VDJ were compared by Wilcoxon matched-pairs signed rank test. A separate analysis was performed for MCL
cases with less than 99% homology to the GL IGHV sequences.

Figure 2. Comparisons between self and non-self BCR of aggregate BIMAS scores of BCR peptides with altered predicted HLA binding
strength compared to their GL sequences through SHM in 9 follicular lymphoma cases expressing the IGHV3-23 gene. For each pair-wise
comparison, only HLA alleles of the patient in whom the self FL BCR had arisen and that were not shared with the patient in whom the
respective non-self comparator FL BCR was observed were included. Comparisons were performed with Wilcoxon matched-pairs signed
rank test. (A) Peptides with predicted HLA binding in GL. Data points in the self FL BCR column are calculated as: (ScMUTself1-ScGL1)+(ScMUTself2-
ScGL2)+…+(ScMUTselfn-ScGLn). ScGLn is defined as the BIMAS score of the GL nonamer at IGHV3-23 position n for peptides with ScGLn ≥1. ScMUTselfn

is defined as the BIMAS score of the mutated nonamer at IGHV3-23 position n. Data points in the non-self FL BCR column are calculated
as  (ScMUTnonself1-ScGL1)+(ScMUTnonself2-ScGL2)+…+(ScMUTnonselfn-ScGLn). ScMUTnonselfn denotes the score of a non-self FL BCR mutated nonamer, i.e. a non-
amer that was observed in the FL BCR of a different patient at IGHV3-23 position n. (B) Peptides with decreased predicted HLA binding
strength by SHM compared to their GL sequences. Data points are defined as in (A) with the additional requirement of ScMUTselfn < ScGLn and
ScMUTnonselfn < ScGLn.  (C) Peptides with increased predicted HLA binding strength by SHM compared to their GL sequences. Data points are
defined as in (A) with the additional requirement of ScMUTselfn > ScGLn and ScMUTnonselfn > ScGLn and without the requirement of ScGLn ≥1.
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individual BCR circulate in FL patients.13 In agreement with
these and previous data on possible immunosurveillance in
vivo,1 active immunization of untreated FL patients with a
highly immunogenic idiotype formulation induces T cells

with specificity for mutated or individual BCR epitopes.3,4

These T-cell responses were associated with objective clin-
ical remissions and favorable long-term outcome.4

In conclusion, we provide further support for the exis-
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Table 1. Immunoglobulin characteristics and HLA alleles as analyzed in BIMAS. 
Diagnosis Patient code Biopsy IGHV % homology HLA A HLA B

MCL A150 BM 1-2*04 100.00 A1 A3 B60 B_4403
A225 PE 4-34*01 100.00 A1 A24 B7

LUMC2 BM 3-21*01 100.00 A_0201 A_0205
LUMC8 PB 3-9*01 100.00 A_0201 A24 B7 B40

A167 LN 4-34*01 99.66 A1 B_3501 B60
A122 LN 1-3*01 99.65 A24 A68.1 B7 B60
A124 LN 4-34*01 99.65 A3 A24 B_5101
A206 LN 1-2*02 99.65 A1 A3 B7 B62
A260 PB 1-3*01 99.65 A1 A24 B7

LUMC15 PB 4-59*01 99.60 A_0201 A68.1 B_3501
A164 LN 3-21*01 99.31 A1 A3 B7 B8

LUMC1 PB 3-21*01 99.31 A_0201 B_5801
LUMC5 PB 3-23*01 99.31 A_0201 A24

A026 LN 4-34*01 99.30 A1 B7 B60
B021 BM 3-30*18 99.30 A1 B7

LUMC3 PB 3-23*01 99.30 A_0201 A68.1
LUMC11 PB 3-21*01 99.30 A_0201 A3 B7 B8
LUMC12 PB 4-34*01 99.30 A_0201 A_0201 B7
LUMC7 PB 5-51*01 98.96 A_1101 A68.1
LUMC10 PB 3-21*01 98.96 A3 A_1101 B7

A021 LN 4-34*01 98.95 A1 B8 B_3901
A280 PB 4-59*01 98.59 A1 A_0205 B8

LUMC13 PB 3-23*01 98.56 A_0201 A24
A117 PB 4-34*01 98.25 A1 A24 B_4403
A226 PE 1-8*01 97.22 A1 A3 B7 B8

LUMC4 PB 4-39*07 96.88 A1 A_1101 B_3701 B_4403
LUMC14 PB 1-8*01 96.80 A1 A3

A095 BM 4-31*03 96.22 A1 A3 B7 B60
A020 PB 3-21*01 95.83 A1 A3 B_5101
A159 PB 6-1*01 94.61 A3 A24 B7
A013 PB 3-5*01 92.36 A1 A1 B8
A216 PB 3-23*01 90.53 A24 B7

MZL A244 PB 3-30-3*01 100.00 A3 B_3501
A215 PB 3-30*03 97.22 A1 B14
A223 BM 4-39*01 96.56 A3 B_3801
A241 PB 3-74*01 95.83 A_0201 A3 B_3501
A271 LN 3-48*03 95.83 A1 A24 B7 B7
A157 PB 1-69*01 95.49 A3 A1 B7
A201 PB 3-7*01 95.14 A3 A3 B7 B62
A183 LN 1-69*01 94.79 A24
A002 BM 3-30*03 93.75 A1 B8
A130 LN 4-34*01 91.93 A1 A1
A176 PB 1-69*06 91.67 A1 A1 B7 B_5101
A333 KM 3-7*01 90.28 A1 B7

FL A192 BM 3-23 90.62 B14 B_4403
A112 LN 3-23 89.24 A3 B_3501
A126 LN 3-23 88.54 A1 A_0201
A170 LN 3-23 87.85 A_0201 A_1101 B_3501
A019 BM 3-23 87.15 A1 A_0201 B7
A189 LN 3-23 84.38 A1 A_0201 B14
A299 LN 3-23 82.29 A24 B62
A125 LN 3-23 81.75 A_0201 B7
A173 LN 3-23 80.56 A_0201 A_3101 B_3501

Comparison of mutation load (Mann Whitney test):
Comparison p
FL vs. MCL <0.0001
FL vs. MCL(<99%) <0.0001
FL vs. MCL(<98%) 0.0002
FL vs. MZL 0.0002
Cases are ranked by IGHV homology. LN: lymph node; BM: bone marrow; PB: peripheral blood.



tence of naturally occurring, T-cell-mediated immunosur-
veillance in FL, and for concepts seeking to exploit this phe-
nomenon therapeutically. While the BCR of a clinically
manifest lymphoma is apparently insufficiently immuno-
genic for efficacious immune control of the expanding
tumor, active immunization may enhance the failing
immunosurveillance to suppress the FL clone. We suggest
that interventional trials of active immunization should
focus on FL and the induction of T-cell responses against
SHM-generated neoepitopes. 

Dimitrios Papaioannou,1 Anna-Maria Strothmeyer,1

Marcus Dühren-von Minden,1 Andrea Keppler-Hafkemeyer,1

Katja Zirlik,1 Kristina Mikesch,1 Cornelis A.M. van Bergen,2

Marcelo A. Navarrete,3 and Hendrik Veelken2

1Department of Hematology/Oncology, University Medical Center
Freiburg, Germany; 2Department of Hematology, Leiden University
Medical Center, The Netherlands; 3School of Medicine, University of
Magallanes, Punta Arenas, Chile

Correspondence: j.h.veelken@lumc.nl  
doi:10.3324/haematol.2014.111252

Key words: B-cell lymphoma, BCR-directed immunosurveillance,
follicular lymphoma, somatic hypermutation.

The online version of this article has a Supplementary Appendix.
Information on authorship, contributions, and financial & other disclo-

sures was provided by the authors and is available with the online version
of this article at www.haematologica.org.

References

1. Strothmeyer AM, Papaioannou D, Duhren-von Minden M, et al.
Comparative analysis of predicted HLA binding of immunoglobulin
idiotype sequences indicates T cell-mediated immunosurveillance in
follicular lymphoma. Blood. 2010;116(10):1734-1736.

2. Bertinetti C, Simon F, Zirlik K, et al. Cloning of idiotype
immunoglobulin genes in B cell lymphomas by anchored PCR and

production of individual recombinant idiotype vaccines in
Escherichia coli. Eur J Haematol. 2006;77(5):395-402.

3. Bertinetti C, Zirlik K, Heining-Mikesch K, et al. Phase I trial of a novel
intradermal idiotype vaccine in patients with advanced B-cell lym-
phoma: specific immune responses despite profound immunosup-
pression. Cancer Res. 2006;66(8):4496-4502.

4. Navarrete MA, Heining-Mikesch K, Schuler F, et al. Upfront immu-
nization with autologous recombinant idiotype Fab fragment with-
out prior cytoreduction in indolent B-cell lymphoma. Blood. 2011;
117(5):1483-1491.

5. Smit LA, Bende RJ, Aten J, Guikema JE, Aarts WM, van Noesel CJ.
Expression of activation-induced cytidine deaminase is confined to
B-cell non-Hodgkin's lymphomas of germinal-center phenotype.
Cancer Res. 2003;63(14):3894-3898.

6. Greeve J, Philipsen A, Krause K, et al. Expression of activation-
induced cytidine deaminase in human B-cell non-Hodgkin lym-
phomas. Blood. 2003;101(9):3574-3580.

7. Aarts WM, Bende RJ, Steenbergen EJ, et al. Variable heavy chain gene
analysis of follicular lymphomas: correlation between heavy chain
isotype expression and somatic mutation load. Blood. 2000;
95(9):2922-2929.

8. Cleary ML, Meeker TC, Levy S, et al. Clustering of extensive somatic
mutations in the variable region of an immunoglobulin heavy chain
gene from a human B cell lymphoma. Cell. 1986;44(1):97-106.

9. Rammensee HG, Falk K, Rotzschke O. Peptides naturally presented
by MHC class I molecules. Annu Rev Immunol. 1993;11:213-244.

10. Bogen B, Ruffini P. Review: to what extent are T cells tolerant to
immunoglobulin variable regions? Scand J Immunol. 2009;70(6):526-
530.

11. Dave SS, Wright G, Tan B, et al. Prediction of survival in follicular
lymphoma based on molecular features of tumor-infiltrating
immune cells. N Engl J Med. 2004;351(21):2159-2169.

12. Trojan A, Schultze JL, Witzens M, et al. Immunoglobulin framework-
derived peptides function as cytotoxic T-cell epitopes commonly
expressed in B-cell malignancies. Nat Med. 2000;6(6):667-672.

13. Osterroth F, Garbe A, Fisch P, Veelken H. Stimulation of cytotoxic T
cells against idiotype immunoglobulin of malignant lymphoma with
protein-pulsed or idiotype-transduced dendritic cells. Blood. 2000;
95(4):1342-1349.

haematologica 2015; 100:e146

LETTERS TO THE EDITOR


