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Abstract

Diffuse large B-cell lymphomas (DLBCL) constitute a heterogeneous group of lymphomas 
in which germinal center B cell-like and activated B cell-like subtypes can be discerned based 
on pathology, clinical presentation and gene expression pa�erns. Testicular DLBCL form an 
immune-privileged site-related subgroup of DLBCL with an unfavorable prognosis.

In the present study cDNA microarray analysis, immunohistochemistry for CD��, Bcl� 
and MUM�, and somatic hypermutation analysis of the immunoglobulin heavy chain gene 
rearrangements were used to determine the subtype of primary testicular DLBCL. Immuno-
histochemistry revealed �� of �� testicular DLBCL with an activated B cell-like immunopheno-
type and � of �� with an ambiguous immunophenotype co-expressing CD�� and high levels 
of MUM�. cDNA microarray analysis of these �� and � additional cases showed a uniform 
activated B cell-like gene expression pa�ern for both immunophenotypes. Somatic hypermu-
tation analysis of immunoglobulin heavy chain genes showed a very high mutation load in � 
cases tested, but intraclonal heterogeneity was found at low level in only one of these cases.

It is concluded that primary testicular DLBCL have uniform activated B cell-like subtype 
characteristics despite a number of cases showing an ambiguous immunophenotype.
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Introduction

Microarray analysis of diffuse large B-cell lymphoma (DLBCL) resulted in the identifi-
cation of � subgroups: one with germinal center B cell-like features (GCB), associated with 
a favorable prognosis; one with an activated B cell-like expression pa�ern (ABC); and one 
with a more undetermined ‘type �’ pa�ern.¹ – ³ Immunohistochemistry is commonly used as 
an alternative for microarray analysis: CD�� and Bcl� for a germinal center phenotype and 
MUM� (IRF�) for an activated phenotype. Several studies have tested these markers, some 
showing that this classification has prognostic significance.⁴ – ⁹ In the single study in which 
microarray analysis was directly compared with immunohistochemistry, results were concor-
dant in ��% of GCB and ��% of ABC cases.⁴

Somatic hypermutation (SHM) of immunoglobulin heavy chain (IgH) genes is frequent 
in both DLBCL subtypes and is indicative of passage through the germinal center.¹⁰ How-
ever, intraclonal heterogeneity indicating ongoing SHM is found more frequently in the GCB 
subtype.¹¹ Although expression of activation-induced deaminase (AID) is indispensable for 
SHM,¹² there appears to be no relationship with ongoing SHM in DLBCL.¹³ – ¹⁵

A subset of DLBCL arises at immune-privileged sites such as the testis and the central 
nervous system (CNS). Testicular DLBCL show a striking propensity to disseminate to the 
CNS¹⁶ and both share a poor prognosis.¹⁷�¹⁸ To investigate the nature of testicular DLBCL, we 
determined the subtype by immunohistochemistry and gene expression profiling. Addition-
ally, the IgH mutation frequency and intraclonal heterogeneity, as well as AID expression, 
were analyzed.

Materials and Methods

Tissue sample collection and selection
Frozen samples from �� primary testicular and�� primary nodal DLBCL were collected 

from the tissue banks at the UMCG; Leiden University Medical Center, Leiden (Dr. P.M. 
Jansen); Josefine Ne�ens Institute, Ro�erdam (Dr L. Looĳenga); and Netherlands Cancer 
Institute, Amsterdam (The Netherlands). The tumor cell percentage was assessed on H&E-
stained slides, � testicular DLBCL cases having a tumor percentage less than ��%. These � 
cases had similar global gene expression pa�erns to cases with higher tumor cell percentages 
and therefore were not excluded from the study. Additional paraffin-embedded material was 
available for � of �� nodal and �� of �� testicular DLBCL cases. The collection and analysis of 
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�� DLBCL transformed from follicular lymphoma (FL) have been described previously;¹⁹ only 
gene expression data from these cases were included. This study was conducted following 
institutional ethical guidelines.

Immunohistochemistry
Immunohistochemistry was performed on �� testicular and � nodal DLBCL for which 

paraffin material was available. Sections were stained with antibodies against Bcl� (PG-B�p; 
DAKO, Glostrup, Denmark), CD�� (��C�; Novocastra, Newcastle upon Tyne, UK) and MUM� 
(MUM�p; DAKO). A�er antigen retrieval, staining was performed on the Ventana Nexus IHC 
staining module (Ventana, Tucson, AZ, USA). Cases were considered positive if more than 
��% of neoplastic cells were stained.⁴ Cases expressing CD�� and/or Bcl� but not MUM� were 
assigned to the GCB subtype, MUM�+ CD��- cases to the ABC subtype, and MUM�+ CD��- 
cases to an ‘ambiguous’ subtype.

cDNA microarray hybridization
RNA isolation from frozen tissue, linear RNA amplification and hybridization of ��K 

cDNA microarrays were performed as described previously¹⁹�²⁰ (see also h�p://www.nki.nl/
nkidep/pa/microarray/protocols.htm). Microarray slides containing more than ��,��� cDNA 
clones from the Research Genetics Human Sequence Verified Library were prepared at the 
central microarray facility of the Netherlands Cancer Institute (for information on the clone 
set see h�p://microarry.nki.nl/download/geneid.html). Twenty-six testicular and �� nodal 
DLBCL were each co-hybridized with a standard reference of amplified, pooled RNA from � 
hyperplastic tonsils. Each hybridization was repeated as a dye reversal.

Fluorescent signals were extracted by a DNA Microarray Scanner (Agilent, Palo Alto, CA, 
USA) and quantified using Imagene �.� (Biodiscovery, El Segundo, CA, USA). Data were nor-
malized and corrected according to Yang et al.²¹ Ratios of expression in DLBCL compared 
with tonsil were calculated, and weighted averages and confidence levels were calculated 
according to the Rose�a error model.²² Based on ratio-intensity (M-A) plots and results from 
the error model, spots with an average intensity measurement A (�.� �log (cy� x cy�)) lower 
than � over all experiments were excluded from further analysis. Microarray data were depos-
ited in the GEO database under accession number GSE����.

Cluster analysis
DLBCL were clustered using a published ABC/GCB profile²³ in Genesis.²⁴ This ��-gene 

profile was chosen because it discriminated best between ABC and GCB cases in cross-plat-
form analysis. Twenty-one of the �� genes are represented on the cDNA microarray used. 
Statistical significance was assigned to this clustering using LPS score analysis²³ with a cut-
off of �.��. Alternatively, samples were clustered using a larger set of ��� genes that were 
discriminative (t test, p≤�.������) between ABC and GCB cases¹ (data provided by Dr. A. 
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Rosenwald). A�er median centering of the expression data over all samples, complete simi-
larity metrics were calculated using the Pearson correlation coefficient. Expression data of 
�� DLBCL transformed from FL were included in this analysis. Supervised clustering was 
performed using Significance Analysis of Microarrays (SAM),²⁵ with a false discovery rate 
(FDR) cut-off of �.��.

Somatic hypermutation analysis
Genomic DNA was isolated from frozen tissue using high salt a�er overnight SDS/

proteinase K digestion. IGH DNA was amplified by multiplex PCR using FR�/JH primers.²⁶ 
�-FAM labeled products were analyzed on a MegaBACE ���� using Genetic Profiler �.� so�-
ware (GE Healthcare, UK). In all cases a clonal band was detected; for � cases showing one 
(n = �) or two (n = �) prominent bands without a polyclonal B-cell background, the FR�/JH 
PCR was repeated using unlabeled primers. Purified PCR products were cloned into the 
PCR�.�-TOPO vector using the TOPO TA cloning kit (Invitrogen, Breda, The Netherlands). 
From each case �� colonies (�� for each duplicate PCR) were subjected to an M�� PCR. A�er 
purification, PCR products were sequenced. Tumor sequences were compared with germline 
VH sequences using IMGT/VQUEST.²⁷ Sequences were aligned using ClustalW.²⁸ Intraclonal 
heterogeneity was defined by the presence of at least � mutation in at least � PCR sequences, 
preferably from � separate PCR reactions; unconfirmed heterogeneity by a mutation in only 
one of the PCR sequences.²⁹

To detect aberrant somatic hypermutation of PAX� and MYC, PCR products were cloned 
and analyzed as previously described.³⁰

Quantitative RT-PCR for AID
From �� testicular DLBCL enough material was available for cDNA synthesis using the 

SuperScriptII system (Invitrogen). Taqman quantitative RT-PCR (qRT-PCR) was performed 
as previously described³¹ using the Assay-On-Demand kit for AID (Applied Biosystems) and 
TBP as an endogenous control. Three reactive tonsils were used as a calibrator. Expression 
factor differences were calculated as previously described.³¹

Testicular DLBCL have ABC characteristics



56

Results

Immunohistochemical analysis of �� testicular DLBCL for CD��, Bcl� and MUM� expres-
sion (T���� � ��� F����� �) revealed two subtypes: a MUM�+ CD��- ABC subtype (n = ��), and 
a MUM�+ CD��+ ambiguous subtype (n = �). In all cases except case �, MUM� was expressed 
in more than ��% of the tumor cells. Bcl� was expressed in � of �� ABC and � of � ambiguous 
cases. Five nodal DLBCL were of the GCB and � of the ABC type.

To investigate how gene expression profiling would classify especially the ambiguous-
type DLBCL, we clustered �� testicular DLBCL together with �� nodal DLBCL according to an 
ABC/GCB profile of �� genes,²³ �� of which are represented on our microarray. Since none of 
the testicular DLBCL had a GCB immunophenotype, we included DLBCL transformed from 
FL as GCB subtype controls to balance the clustering. Hierarchical cluster analysis resulted 
in distinct ABC and GCB subtype clusters (F����� �). A ‘type �’ cluster, characterized by low 
expression of both ABC and GCB genes, was absent. Twenty-three of the �� DLBCL trans-
formed from FL clustered in the GCB group whereas the �� nodal DLBCL were divided over 
GCB (n = �) and ABC profiles (n = �). One of � nodal DLBCL for which an immunophenotype 
was determined (case F) showed a discrepancy between immunohistochemistry and array 
analysis. Twenty-five of �� testicular DLBCL clustered in the ABC group. The single excep-
tional GCB case (case �) had an ambiguous immunophenotype. This case showed the lowest 
MUM� protein expression of all testicular DLBCL (��% tumor cells positive). All other tes-
ticular DLBCL with an ambiguous immunophenotype clustered with the ABC-like cases. LPS 
score analysis confirmed the clustering results (T���� � ��� F����� �): � cases were unclassi-
fied (� also being ambiguous by IHC); only case �, also with an ambiguous immunopheno-
type, showed a discrepancy with clustering.

Next, all cases were clustered according to a larger set of ��� genes that were discrimi-
native (t test, p ≤ �.������) in the study of Alizadeh et al.¹ The results were similar to those 
using the ��-gene set, including the classification of cases � and F as GCB subtypes (data not 
shown).

Since the ambiguous-type testicular DLBCL did not differ from the ABC subtype, we per-
formed a third analysis in which we used all ��,��� clones on the array in a SAM analysis to 
determine whether any other genes were differentially expressed. No significant differences 
were found, confirming the similarity of ambiguous-type and ABC-like testicular DLBCL. 
In view of the unusual CD�� protein expression in cases with an ABC gene expression pro-
file, we investigated whether CD�� protein and mRNA expression were correlated. Although 
there were some exceptions, the Spearman rank test showed a significant correlation between 
protein and mRNA expression (data not shown).

Since previous results suggested that the presence of ongoing SHM of IGH genes is indica-
tive of a GCB phenotype,¹¹ we analyzed SHM levels and ongoing SHM in � evaluable cases 
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(T����� � ��� �). In case ��, two clones were detected (��a and ��b). With the exception of ��a, 
all cases showed a very high level of mutations compared with germline (��.� – ��.�%, aver-
age ��.�%). Intraclonal variation was present in case � only, showing an ambiguous immuno-
phenotype and an ABC-type gene expression profile. In this case, � major groups of �� and � 
sequences that differed for � nucleotides were detected. Single sequences within each group 
contained additional unconfirmed mutations. The other � lymphomas contained a low num-
ber of mutations in single sequences only, which were not considered as intraclonal varia-
tion.

Testicular DLBCL have ABC characteristics

aa bb

cc dd

Figure 1. Immunostaining for CD10 and MUM1 in cases with ambiguous immunophenotype
(a) Positive staining of CD10 (case 4). (b) Detail of CD10 staining (case 1). (c) Positive staining of MUM1 (case 4). (d) Detail of 
MUM1 staining (case 1). Panels a and b illustrate that in cases with an ambiguous phenotype, CD10 is expressed on the tumor 
cells and not on stromal components or granulocytes between the tumor cells.
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Immunohistochemistry

Case № UPN* CD10 Bcl6 MUM1 Subtype Microarray 
subtype

LPS  
p value†

SHM %‡ AID§

Testicular DLBCL

1 11T + + + ambiguous ABC 1.00 17.4¤ 9.71

2 9T + + + ambiguous ABC 1.00 ND 6.47

3 1T + + + ambiguous ABC 1.00 ND 4.74

4 5T + + + ambiguous GCB 0.00 ND 2.42

5 17T + + + ambiguous ABC 0.82 ND ND

6 24T + + + ambiguous ABC 0.79 ND ND

7 25T + + + ambiguous ABC 1.00 ND ND

8 23T + – + ambiguous ABC 0.01 ND ND

9 2T – + + ABC ABC 0.99 11.0 5.66

10 19T – + + ABC ABC 1.00 16.2 0.86

11 7T – – + ABC ABC 1.00 16.7 0.14

12 3T – + + ABC ABC 1.00 23.3/2.3 5.47

13 20T – – + ABC ABC 1.00 23.3 2.71

14 12T – + + ABC ABC 1.00 ND 0.24

15 18T – – + ABC ABC 1.00 ND 1.27

16 14T – – + ABC ABC 0.99 ND 1.72

17 8T – + + ABC ABC 1.00 ND 2.15

18 16T – + + ABC ABC 1.00 ND 3.12

19 4T – ND + ABC ABC 1.00 ND 7.29

20 6T – + + ABC ABC 0.46 ND ND

21 13T – + + ABC ABC 1.00 ND ND

22 15T – – + ABC ABC 1.00 ND ND

23 22T ND ND ND ND ABC 1.00 18.0 1.03

24 26T ND ND ND ND ABC 1.00 ND 1.45

25 10T ND ND ND ND ABC 1.00 ND ND

26 21T ND ND ND ND ABC 1.00 ND ND

Nodal DLBCL

A 4N + + – GCB GCB 0.00 ND ND

B 7N + + – GCB GCB 0.00 ND ND

C 2N + + – GCB GCB 0.00 ND ND

D 5N + + – GCB GCB 0.00 ND ND

E 8N – + – GCB GCB 0.00 ND ND

F 3N – + + ABC GCB 0.00 ND ND

G 9N – – + ABC ABC 0.99 ND ND

H 1N – – + ABC ABC 1.00 ND ND

I 10N ND ND ND ND ABC 1.00 ND ND

J 6N ND ND ND ND ABC 1.00 ND ND

Table 1. Results from cDNA microarray, immunohistochemistry, SHM analysis and qRT-PCR

*UPN: Unique patient number, used for cross-reference to GEO database and Booman et al.37 
† LPS score p values: >0.90 = ABC, <0.10 = GCB, 0.10-0.90 = unclassified. 
‡ Somatic hypermutation load of tumor VH genes indicated as percentage of mutations compared with the germline VH 
sequence (see also Table 2). 
§ AID gene expression levels indicated relative to levels in reactive hyperplastic tonsil. 
¤ This case showed intraclonal variation 
ND: not determined.
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LMO2
MYBL1
ITPKB
LRMP
NEK6
BCL6
KIAA0870
MME/CD10
C3ORF6
PTPN1
BLNK
ETV6
IL16
FUT8
ENTPD1
PIM1
MUM1/IRF4
FOXP1
IGHM
SH3BP5
DDB1

ABC GCB

IHC
LPS
Pathology

Figure 2. Hierarchical clustering of testicular DLBCL according to a 21-gene ABC/GCB 
expression profile
Genes are color-coded: orange: GCB-associated genes, blue: ABC-associated genes. Samples are color-coded: green: testicular 
DLBCL, blue: nodal DLBCL, red: transformed follicular DLBCL. Results from immunohistochemical classification and LPS score 
analysis are indicated at the top (red marks indicate discrepancies between analyses): IHC: G = GCB, A = ABC, circle = ambigu-
ous; LPS: G = GCB, A = ABC, star = unclassified. LPS p values for unclassified cases (from left to right): 0.46, 0.82, 0.79 and 0.80 
(see Table 1).

Intraclonal heterogeneity

Case № VH gene % mutations* PCR sequences Confirmed† Unconfirmed†

9 3-72 11.0 16 0 1

10 3-7 16.2 19 0 4

11 3-21 16.7 18 0 1

1 4-59 17.4 20 4‡ 8

23 3-23 18.0 19 0 1

13 4-34 23.3 19 0 1

12 clone a 4-34 23.3 8 0 3

12 clone b 4-34 2.3 6 0 1

Table 2. Mutation analysis of immunoglobulin gene V regions

* Percentage of mutations in the consensus sequence compared with the germline sequence. CDR3 sequences were excluded 
from calculations.
† Total number of nucleotide variations. Confirmed mutations were found in more than one PCR sequence, unconfirmed muta-
tions were found in single sequences only.
‡ One mutation leads to a stop codon in FR2.
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Because AID is indispensable for SHM and in view of the high mutation levels of tes-
ticular DLBCL, we performed qRT-PCR for AID on �� cases. AID expression was extremely 
variable but did not correlate with SHM (T���� �); however, the single testicular DLBCL with 
intraclonal heterogeneity had the highest AID expression. Insufficient cases were analyzed to 
determine whether AID expression differed between the ABC and ambiguous immunophe-
notypes.

Discussion

We demonstrate that testicular DLBCL has an almost exclusive ABC type of gene expres-
sion, while one-third of the same lymphomas show an ambiguous protein expression pa�ern 
with strong co-expression of both germinal center and activated B-cell markers. Based on 
cDNA expression analysis using either �� well-defined genes or a larger list of ��� genes, all 
ambiguous-type cases were classified as ABC-like DLBCL. Furthermore, supervised cluster 
analysis using the expression data of all ��,��� clones on the microarray did not reveal any 
significant differences between cases with an ambiguous or activated protein profile. We were 
therefore not able to explain the (up)regulation of CD�� expression in the ambiguous-type 
cases, nor could we identify any downstream genes that were (de)regulated upon expression 
of CD��. The ambiguous-type cases express high levels of ABC-related genes and are essen-
tially different from ‘type �’ DLBCL that express low levels of both ABC- and GCB-associated 
genes.²

We explored the relationship between our ambiguous subtype and previously published 
subtypes of DLBCL. Algorithms to determine DLBCL subtype differ mostly in the assignment 
of CD��+ MUM�+ cases. Hans et al. assigned all CD��-positive cases to the GCB subtype, 
regardless of MUM� expression.⁴ Their GCB subtype had a be�er overall survival than the 
ABC subtype. Other studies using this algorithm either confirmed this association⁹ or found 
no association.⁸ Colomo et al. used a different algorithm, classifying CD��+ MUM�+ cases as 
‘other’, and found no association with prognosis.⁵ Chang et al. used an algorithm comparable 
to that of Hans et al. but classified cases with simultaneous expression of a germinal center 
and an activation marker as ‘activated GCB’.⁶ ‘Activated GCB’ cases and ABC cases had a simi-
lar worse overall survival. These literature data combined with our expression data suggest 
that both our ambiguous cases and the ‘activated GCB’ cases of Chang et al. could be be�er 
classified as (a variant of) the ABC subtype of DLBCL. Interestingly, the gene that was most 
uniformly expressed at the RNA level in both our ambiguous and ABC cases is FOXP�, which 
is associated with significantly worse overall survival and a non-GCB phenotype.³²�³³
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There is only one other report on expression of CD��, Bcl� and MUM� in testicular 
DLBCL.³⁴ Using the Hans algorithm, Hasselblom et al. identified �� of �� ABC and � of �� 
GCB cases; there was no difference in overall survival. Reclassifying these cases with our 
algorithm, �� of �� were ABC-, � of �� ambiguous- and � of �� GCB-type DLBCL. It would be 
interesting to investigate if this reclassification improves the association with overall survival. 
Unfortunately, our series of testicular DLBCL was not suitable for a meaningful study on the 
relation between subtype and prognosis, because cases were collected over a very long period 
of time and treatment was highly variable.

DLBCL of the testis has many biological and clinical characteristics in common with pri-
mary DLBCL of the CNS. Both expand in immune-privileged sites and have a relatively poor 
prognosis¹⁷�¹⁸ and testicular DLBCL very frequently disseminate to the CNS.¹⁶ They share 
an unusual phenotype with frequent loss of HLA class I and class II expression, which is 
o�en associated with homo- and hemizygous deletions at chromosome �p.³⁵ – ³⁷ Moreover, 
they have a very high frequency of �q deletions³⁸�³⁹ and express Bcl� protein but lack BCL� 
breakpoints.⁴⁰�⁴¹ A recent study showed that most primary DLBCL of the CNS have an ABC 
immunophenotype⁴² and, similar to our data, almost all cases had a high expression of 
MUM�. However, in contrast to our testicular DLBCL cases, only � of �� cases were positive 
for CD��.

To confirm further the ABC subtype of testicular DLBCL, we analyzed IgH gene SHM and 
intraclonal heterogeneity. The levels of SHM exceeded not only those found in normal non-
neoplastic GC and post-GC B cells (�.� – �.�%), but also those in FL (average ��,�%),⁴³ as well 
as those in large series of non-immune-privileged site-associated DLBCL.²⁹�⁴⁴ Similar high 
SHM levels were found in a series of �� testicular DLBCL⁴⁵ and in DLBCL of the CNS.⁴⁶ – ⁴⁸ 
In DLBCL, SHM also affects genes such as BCL�, PIM�, MYC, Rho/TTF and PAX�.³⁰�⁴⁹ We 
therefore performed a mutation analysis of PAX� and MYC in � of the testicular DLBCL cases 
already analyzed for SHM of IGH genes. Mutations were found in PAX� (� of � cases) and 
MYC (� of � cases), confirming the data in other DLBCL, in particular DLBCL of the CNS. 
Mutations were also present in protein coding domains and in some instances led to changes 
in individual amino acids (data not shown).

Intraclonal heterogeneity is more pronounced in GCB- than in ABC-type DLBCL, with 
respect to both the percentage of tumors affected and the load of mutations per tumor.¹¹ This 
intraclonal heterogeneity may be the consequence of ongoing or prior diversification by SHM. 
Since SHM is almost restricted to the germinal center, it would be surprising to find many 
ongoing mutations in testicular DLBCL. Of note, DLBCL of the testis is not related to the very 
rare subtype of follicular lymphoma of the testis, which is mainly seen in pediatric patients 
or adolescents.⁵⁰ – ⁵² In our series of testicular DLBCL only one case showed intraclonal hetero-
geneity, and the number of ongoing mutations was relatively low in comparison to the total 
number of mutations. In a previous study on SHM,⁴⁵ intraclonal heterogeneity was reported 
in all �� testicular DLBCL. The discrepancy between the two studies might lie in the definition 
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of ongoing SHM. Hyland et al. gave no details on the mutations in each case, but the single 
illustrated case contained only single unique nucleotide changes in single sequences, which 
are not regarded as ongoing SHM using the criteria of Lossos et al.²⁹

In view of our data, we speculate that the founder cell of each testicular DLBCL may have 
originated from a B-cell population that underwent high-level SHM before entering the testis. 
Lymphoma cells undergoing SHM can become immunogenic due to immunoglobulin idiot-
ype changes or replacement mutations in coding domains of proteins such as PAX� and MYC. 
Therefore, tumor cells with very high levels of mutations might only be allowed to survive 
and expand in immune-privileged sites such as the testis and CNS, whereas they would have 
been killed at other sites. A�er disruption of the blood-testis or blood-brain barrier by the 
growing tumor and the influx of cytotoxic cells, immune escape might be further facilitated 
by downregulation of HLA class I and II molecules, which is a prominent feature of these 
DLBCL of the testis and CNS.³⁵ – ³⁷

Since SHM is mediated by AID and the mutation levels in our testicular DLBCL were 
very high, we analyzed AID mRNA expression by qRT-PCR (AID was not represented on 
the microarray). Expression levels were comparable to those of other DLBCL¹⁴�¹⁵�⁵³ and were 
not associated with SHM, although the single case with intraclonal heterogeneity had the 
highest AID expression. Pasqualucci et al.¹⁴ showed that most AID protein is localized in 
the cytoplasm of both normal and neoplastic B cells, whereas the function of AID should be 
exerted in the nucleus. Therefore, the amount of AID molecules measured by cDNA analysis 
and immunohistochemistry might not directly correlate to the actual rate of (ongoing) SHM. 
Human AID expression is regulated by stimulatory and inhibitory factors such as PAX�,⁵⁴ E-
proteins,⁵⁵ IL-�,⁵⁶ Id�⁵⁴ and Id�,⁵⁵ many also known to regulate B-cell activity. Pasqualucci et 
al.¹⁴ indeed showed that AID expression is higher in ABC than in GCB DLBCL. Interestingly, 
IL-� itself is positively regulated by MUM�.⁵⁷ In line with these results, we found a positive 
correlation between MUM� (microarray) and AID (qRT-PCR) expression (data not shown).

In conclusion, primary testicular DLBCL have a uniform ABC-like gene expression pat-
tern, although some cases have an ambiguous immunophenotype. The high levels of SHM 
but low levels of intraclonal heterogeneity support this interpretation. Our findings also indi-
cate that specific subtypes of DLBCL may have expression pa�erns that deviate from those 
of DLBCL in general, and that the current immunohistochemical algorithms may not be fully 
applicable on such cases.
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