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Recent studies have shown that certain non-coding short RNAs, called miRNAs, play an important role in
diffuse large B-cell ymphomas. Patients with diffuse large B-cell lymphoma have great diversity in both clinical
characteristics, site of presentation and outcome. The aim of our study is to validate the differential expression
in germinal center and non-germinal center diffuse large B-cell lymphoma,s and to study to the extent to which
the primary site of differentiation is associated with the miRNA expression profile. We studied 50 cases of
de novo diffuse large B-cell lymphoma for the expression of 15 miRNAs (miR-15a, miR-15b, miR-16, miR-17-3p,
miR-17-5p, miR-18a, miR-19a, miR-19b, miR-20a, miR-21, miR-92, miR-127, miR-155, miR-181a and miR-221).
Apart from 19 nodal cases without extranodal dissemination (stages | and Il), we selected two groups with
unambiguous stages | and Il extranodal presentation; 9 cases of primary central nervous system, 11 cases of
primary testicular and 11 cases of other primary extranodal diffuse large B-cell lymphomas. All cases were
analyzed with qRT-PCR. In situ hybridization for the most differentially expressed miRNAs was performed to
show miRNA expression in tumor cells, but not in background cells. MiR-21 and miR-19b showed the highest
expression levels. No significant differences were seen between germinal center and non-germinal center
diffuse large B-cell lymphomas in either the total or the nodal group for any of the 15 miRNAs. Two miRNAs
showed significant differences in expression levels for diffuse large B-cell ymphoma subgroups according to
the site of presentation. MiR-17-5p showed a significant higher expression level in the central nervous system
compared with testicular and nodal diffuse large B-cell ymphomas (P<0.05). MiR-127 levels were significantly
higher in testicular than in central nervous system and in nodal diffuse large B-cell lymphomas (P<0.05). We
conclude that the location of diffuse large B-cell lymphoma is an important factor in determining the differential
expression of miRNAs.
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Diffuse large B-cell lymphoma (BCL) accounts for
approximately 40% of all adult non-Hodgkin lym-
phomas. Diffuse large BCL is a clinically hetero-
geneous group of lymphomas, which presents at
different anatomical sites, either nodal or extrano-
dal. Anatomical sites, such as the testis and central
nervous system, show marked differences in genetic
aberrations, morphology and clinical behavior."?
Testicular diffuse large BCL and central nervous
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system diffuse large BCL both have a different bio-
logical and clinical behavior compared with other
nodal and extranodal diffuse large BCLs.

Gene expression profiling of untreated de novo
diffuse large BCL has revealed three distinct sub-
groups. The first with the characteristics of normal
germinal center B cells, the second with the charac-
teristics of activated blood memory B cells and a
third group to which no profile could be assigned.
The germinal center subgroup has a significantly
better prognosis than the other two non-germinal
center subgroups.®® The introduction of rituximab
to the standard treatment of patients with diffuse
large BCL revealed an increase in complete-response
rate and overall survival.® More recent studies
indicate that the addition of rituximab has improved
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the progression-free and overall survival rate, speci-
fically for activated B-cell type diffuse large BCL,”*
thus blurring the prognostic differences between
diffuse large BCL of germinal center and of activated
B-cell origin.

Recently, a group of 21-23 nucleotide long
microRNAs (miRNAs) was discovered. These miR-
NAs post-transcriptionally downregulate protein
expression on the basis of limited sequence com-
plementarity to the 3’-UTR of mRNA transcripts.’
Many of these miRNAs are involved in cancer by
targeting oncogenes or tumor suppressor genes.'®*?
Certain miRNAs are reported to play a role in B-cell
malignancies and in B-cell development;for exam-
ple, miR-181a overexpression induces a higher
percentage B-lineage cells in both tissue culture
assays and adult mice cells.">"*"”

One of the first miRNAs linked to diffuse large
BCL was miR-155, which is derived from a longer
pri-miR-155, also referred to as BIC. Both BIC and
miR-155 have a higher expression level in activated
diffuse large BCL when compared with that in
germinal center diffuse large BCL."*"#*" A putative
oncogenic role for this miRNA was supported by the
spontaneous development of a polyclonal preleuke-
mic B-cell proliferation in an Ex-miR-155 transgenic
mice model.?? Two other miRNAs, miR-21 and 221,
have also been reported to be expressed at higher
levels in non-germinal center diffuse large BCL cell
lines and cases.? Both of these miRNAs target the
antiapoptotic BCL2 gene. MiR-15a and miR-16-1
also target BCL2, and miR-16-1 downregulates cell
growth and cell cycle progression.'® These two
miRNAs are the most likely targets of the character-
istic 13q14 deletion in CLL, and are downregulated
in 75% of CLL cases."*"®?° BCL6 is a target of miR-
127, and this gene has been reported to be down-
regulated after demethylation of the promoter region
and concurrent higher expression of miR-127. In
diffuse large BCL, amplification of 13q31 is asso-
ciated with the overexpression of the pri-miRNA
transcript, C130RF25, containing seven miRNAs,
miR-18a, miR-19a, miR-19b, miR-20a, miR-17-3p,
miR-17-5p and miR-92.2%2°

Our goal was to determine whether possible
differences in expression levels of miRNAs are
related to the differences between germinal and
non-germinal center diffuse large BCLs, or to the
primary site of presentation and biological origin
of these lymphomas. To that end, we selected two
groups of distinct extranodal diffuse large BCL cases
localized in the testis and central nervous system,
and compared these groups with other primary
extranodal and nodal lymphomas.

Materials and methods

Patients and Materials

Forty-one cases of primary Ann Arbor stage I and II
nodal and extranodal diffuse large BCLs were
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obtained from the tissue bank at the Department of
Pathology and Medical Biology, University Medical
Center Groningen, Groningen and 10 cases from the
Department of Pathology, The Netherlands Cancer
Institute, Amsterdam. Each case was reviewed by
a pathologist and a hematologist. Formalin-fixed
paraffin-embedded tissue sections were stained
with hematoxylin and eosin (HE) to determine the
percentage of tumor cells. Blocks with a tumor cell
percentage of 80% or more were used for RNA
isolation. All protocols for obtaining and studying
human tissues and cells were approved by the
institution’s review board for human subject
research.

Tissue Microarray (TMA)

For immunohistochemistry, a TMA was generated
with three 0.6-mm cores per case inserted in a
grid pattern into a recipient paraffin block using an
MT1 manual tissue arrayer (Beecher Instruments,
Sun Prairie, USA). Sections were cut (5um) and
immunohistochemical staining was performed with
mouse antihuman monoclonal antibodies against
CD10 (1:20, 56C6, Novacastra, Newcastle, UK),
MUM1 (1:25, MUMi1p, DAKO, Copenhagen,
Denmark) and BCL6 (1:20, PG-BP, DAKOQ) after
antigen retrieval. Positive staining was visualized
using a peroxidase-labeled second step and staining
with diaminobenzidine (DAB). Diffuse large BCL
cases were classified as germinal center B-cell-like
(germinal center) or non-germinal center B-cell-like
(non-germinal center) according to the algorithm as
described by Hans et al.* A uniform cutoff level of
30% was chosen for CD10, BCL6 and MUM1.

RNA In Situ Hybridiztion (RNA ISH)

RNA in situ hybridization was performed as des-
cribed earlier.’®*® miRNA staining was performed
using an LNA probe antisense to miR-17-5p and
miR-127-3p (Exigon, Denmark) in three central
nervous system diffuse large BCL cases and in three
testicular diffuse large BCL cases, according to the
manufacturer’s protocol.

RNA Isolation

RNA isolation was performed using the protocol as
described by Specht et al.?” DNAse treatment was
performed using a Turbo DNA free kit (Ambion,
Woodward, USA) according to the manufacturer’s
instructions. Efficiency of the DNase procedure
was checked using a multiplex PCR with 5 primer
sets specific for different genomic DNA loci, and
subsequent analysis on a 1.5% agarose gel. No PCR
products were seen confirming the effectiveness of the
DNAse treatment. RNA concentrations were deter-
mined on a NanoDrop® ND-1000 Spectrophotometer
(Nano Drop Technologies, Wilmington, Delaware,
USA).



qRT-PCR of Mature miRNAs and Primary miRNA
Transcripts

MiRNA reverse transcription of 5ng total RNA was
performed using a Tagman microRNA reverse trans-
cription kit and miRNA-specific primers for miR-
15a, miR-15b, miR-16, miR-17-3p, miR-17-5p, miR-
18a, miR-19a, miR-19b, miR-20a, miR -21, miR-92,
miR-127, miR-155, miR-181a and miR-221 in accor-
dance with the instructions supplied by the manu-
facturer (Applied Biosystems, Foster City, USA).
Superscript II (Invitrogen, Carlsbad, USA) and ran-
dom hexamer primers using 200 ng of total RNA were
used for cDNA synthesis. The subsequent quantita-
tive amplification of U6 was performed using Tag-
man microRNA and Tagman gene expression assays,
together with the 7900HT ABI fast real-time PCR
system (Applied Biosystems). All procedures were in
accordance with the instructions of the manufac-
turers. PCR reactions were performed in triplicate;
positive and negative controls were included in each
run with an input of 0.44 ng for miRNAs and of 2ng
for the other genes. Fluorescence was quantified with
the sequence detection system software SDS (version
2.1, Applied Biosystems). Mean cycle threshold (C))
values and standard deviations were calculated for
all miRNAs and genes. U6 was selected from several
other housekeeping genes (GAPDH, RP2, HPRT, TBP
and B2M), as it showed a uniform expression level in
all samples and a sufficiently low C, value (median:
22; s.d.: 1.7). Samples with a C, value for U6>30
were excluded from further analysis. The amount of
target miRNA was normalized relative to the amount
of U6 (AC,=ACmirna—ACus). Relative expression
levels were expressed as 2~ (Supplementary Table 1).

Data Analysis

To determine significant differences between testi-
cular, central nervous system, nodal and other
extranodal diffuse large BCLs, a Kruskal-Wallis test
was performed with Dunn’s multiple comparison
test, and a P-value <0.05 was considered significant
(GraphPad Prism software, version 3.02).

To determine significant differences between
germinal and non-germinal center diffuse large
BCLs for a specific miRNA, a two-tailed Mann—
Whitney U-test was used, and a P-value <0.05 was
considered significant (SPSS, version 14).

Univariate analysis was performed with a Pear-
son’s y*-test for gender, stage and localization (SPSS,
version 14), and a Student’s t-test was used to
compare age between germinal and non-germinal
centers. A P-value <0.05 was considered to be
significant (GraphPad Prism software, version 3.02).

Results

All cases were stained for BCL6, CD10 and MUM1
and classified as germinal or non-germinal centers
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Table 1 Overview of 50 diffuse large B-cell lymphoma cases

Total Germinal  Non-germinal P-value*
center center
n=50 % n=14 % n=36 %
Age 0.39°
Median 59 55 60
Range 18-87 27-81 18-87
Gender 0.91°
Male 31 63 9 64 20 56
Female 19 37 6 36 15 44
Stage 0.33°
I 35 71 8 53 28 72
11 15 29 6 47 8 28
Localization 0.15°
Nodal 19 37 8 53 11 31
Extranodal 31 63 6 47 25 69

4Age and location were tested using a Student’s t-test.
YGender, stage and localization were tested using a y*-test.

according to the algorithm described earlier by
Hans et al?® Results for each case are given in
Supplementary Table 2. In total, 32% of the cases
were positive for BCL6, 26% for CD10 and 52% for
MUM1. The nodal diffuse large BCL group con-
tained eight germinal and 11 non-germinal center
cases. Eight central nervous system diffuse large
BCL cases were classified as non-germinal and one
as germinal center diffuse large BCL. For the testi-
cular diffuse large BCL cases, ten cases were classi-
fied as non-germinal and one as germinal center.
The eleven other extranodal cases were classified as
germinal center in four cases and non-germinal
center in seven cases. Comparison of the germinal
center with the non-germinal center diffuse large
BCL groups using a univariate analysis for age,
gender, Ann Arbor stage and localization revealed
no significant differences (Table 1).

In the total diffuse large BCL group, the expres-
sion levels of the individual miRNAs varied greatly
(Figure 1). The most abundant miRNA, miR-21,
showed a 100-fold higher expression level (median:
28), and miR-19b (median: 8.9) showed a 10-fold
higher expression level than did miR-15a, miR-15b,
miR-17-3p, miR-17-5p, miR-18a, miR-19a, miR-20a,
miR-92a, miR-127, miR-155, miR-181a and miR-221.
MiR-16 showed the lowest level of expression in
comparison with the other miRNAs (median: 0.01;
Table 2).

Within the germinal and non-germinal center
groups, miR-21 showed the highest median expres-
sion level, 25 and 34, respectively (Table 2). The
comparison of all 50 cases showed no significant
differences between germinal and non-germinal
center diffuse large BCLs for any of the 15 miRNAs.
A second analysis was performed using only the
nodal group of diffuse large BCL containing eight
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germinal and eleven non-germinal center cases,
which again revealed no significant differences
between the expression levels of the 15 miRNAs
(Figure 2).

A separate analysis was made of the specific
anatomical sites of presentation in testicular, central
nervous system, nodal and other extranodal diffuse
large BCL cases. MiR-17-5p showed a significantly
higher expression level in central nervous system
diffuse large BCLs in comparison with that in
nodal and testicular diffuse large BCLs (P=0.04;
Figure 3c). MiR-127 showed a significantly higher
expression level in testicular diffuse large BCL in
comparison with that in nodal and central nervous
system diffuse large BCLs (P<0.05; Figure 3d). All
other miRNAs showed no significant differences in
these four diffuse large BCL subgroups.

We subsequently tested the cellular localization of
the differentially expressed miRNAs using in situ
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Figure 1 Expression levels of all 15 miRNAs. The median
(CI=95%) expression levels of the 15 selected miRNAs show
that miR-21 has a 100-fold higher expression level and miR-19b
has a 10-fold higher expression level compared with the other 13
miRNAs.

hybridization to confirm that the differential
expression was related to higher expression levels
in diffuse large BCL cells. RNA-ISH of miR-17-5p in
all three central nervous system diffuse large BCL
cases (Figure 3a), and that of miR-127 in all three
testicular diffuse large BCL cases (Figure 3b) showed
an almost restricted staining of tumor cells. Tumor
cells showed cytoplasmic and nucleolar staining.

MiR-127 has only one proven target, ie, BCL6.
Correlation between expression levels of miR-127
and expression levels of BCL6 using qRT-PCR (274¢)
was significant (P=0.027) with an inverse Spear-
man’s coefficient (r=—0.3) in the total diffuse large
BCL group. We also compared the expression levels
of miR-127 with the immunohistochemistry results
for BCL6 protein expression. When the cases were
divided into two groups on the basis of positive
BCL6 staining (n=15) and negative BCL6 staining
(n=25), expression levels of miR-127 were lower in
the BCL6-positive (median level of 0.004) compared
with that in BCL6-negative group (median: 0.07;
P=0.054).

Discussion

Diffuse large BCL is a lymphoma with a widely
varying biological and clinical behavior and the
different anatomical sites in which the presence of
primary diffuse large BCL reflects these heteroge-
neous aspects. Earlier miRNA studies in diffuse
large BCL usually comprised of a heterogeneous
group containing cases with mixed sites of presenta-
tion. To determine the expression of B-cell-related
miRNAs in diffuse large BCL and to examine the
differences in miRNA levels in the germinal and
non-germinal centers of different subgroups of
diffuse large BCL and the relation to the site of
presentation, we examined well-defined groups of
primary nodal and extranodal diffuse large BCLs. To

Table 2 Median expression levels of all 15 miRNAs in diffuse large B-cell lymphoma subgroups

All cases  Germinal Non- Nodal diffuse Testicular diffuse Central nervous Other
center germinal large B-cell large B-cell system diffuse large extranodal
center Iymphoma Iymphoma B-cell lymphoma
n=>50 n=15 n=235 n=19 n=11 n=9 n=11
miR-21 28 25 34 27 27 37 47
miR-19b 8.9 9.6 8.7 9.4 9.7 8.6 7.3
miR-15b 1.2 1.2 1.2 1.1 1.0 1.6 1.4
miR-92a 1.0 0.9 1.1 0.8 2.2 1.3 1.0
miR-20a 0.9 1.0 0.9 1.2 1.0 0.8 0.6
miR-15a 0.9 1.0 0.9 0.9 1.5 0.9 1.0
miR-19a 0.8 1.0 0.8 0.8 1.1 1.0 0.8
miR-17-5p 0.8 0.7 0.9 0.6 1.1 1.6 0.6
miR-181a 0.6 0.7 0.6 0.6 0.7 0.5 0.5
miR-155 0.3 0.2 0.3 0.3 0.3 0.6 0.1
miR-18a 0.3 0.3 0.3 0.2 0.3 0.5 0.3
miR-221 0.2 0.2 0.2 0.2 0.1 0.3 0.2
miR-17-3p 0.09 0.08 0.1 0.07 0.15 0.1 0.07
miR-127 0.03 0.04 0.03 0.02 0.14 0.02 0.02
miR-16 0.01 0.01 0.01 0.01 0.01 0.02 0.01
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Figure 2 Similar expression levels of miR-155, miR-21 and miR-221 in nodal germinal and non-germinal center diffuse large B-cell
lymphomas. The expression levels of miR-155 (a), miR-21 (b) and miR-221 (c) in nodal and in all 50 diffuse large B-cell lymphoma cases;
the line indicates the median level. No significant differences are seen between the germinal and non-germinal center groups for any of
the three miRNAs either only for the nodal cases or for the total group of diffuse large B-cell lymphoma cases.

that end, we selected only Ann Arbor stage I and 1I
cases with nodal, central nervous system or testi-
cular presentation, as well as a heterogeneous group
of primary extranodal diffuse large BCL, also only
stage I or II. We used paraffin-embedded tissue for
our analysis to allow the inclusion of a larger
number of cases compared with that in frozen
samples. On the basis of recent publications, it is
evident that miRNA expression studies result in
comparable results for both paraffin and frozen
specimens.?"*®

Consistent with the literature, we found that the
testicular diffuse large BCL and central nervous
system diffuse large BCL were predominantly non-
germinal center.**° The distribution in the nodal
and the heterogeneous other extranodal diffuse large
BCL groups was also consistent with earlier re-
ports.>* Remarkably, no significant differences in
expression levels for any of the 15 B-cell related
miRNAs were found between the germinal and non-
germinal center cases in our total group of diffuse
large BCL. In earlier reports, miR-155, miR-21
and miR-221 levels were shown to be higher in

non-germinal center diffuse large BCL.'®2?%?' A
possible explanation for these differences might be
that we used specific localizations, ie, primary
nodal, testicular, central nervous system and a
group of heterogeneous extranodal diffuse large
BCL. Earlier reports have used groups of diffuse
large BCL with mixed locations and varying Ann
Arbor stages. Eis et al** compared a heterogeneous
group with respect to presentation and stage con-
taining only four germinal center and nineteen
activated diffuse large BCLs. Kluiver et al'® investi-
gated a group of eighteen diffuse large BCLs from
which eleven were extranodal, presenting at eight
different anatomical sites. Lawrie et al** used a
heterogeneous group of 35 de novo diffuse large
BCLs from which 23 cases presented with stage III or
IV disease, making a distinction between primary
nodal and extranodal almost impossible. Lack of
differential expression of these three miRNAs
between germinal and non-germinal center diffuse
large BCLs in our study cannot be attributed to the
inclusion of central nervous system and testicular
cases, as analysis of the stage I and II nodal groups
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and the primary stage I and II heterogeneous  miRNAs. This suggests that the differences observed
extranodal groups also showed no differences for in earlier studies and the lack of differential
miR-155, miR-21 and miR-221, or for the other 12  expression in our stage I and II diffuse large BCL
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cases may be related to the inclusion of hetero-
geneous diffuse large BCL cases.

Using qRT-PCR, we found two highly expressed
miRNAs, miR-21 and miR-19b, in the diffuse large
BCL group. The most abundant, miR-21, showed
levels that were 10-fold higher than that in miR-19b
and 100-fold higher than that in any of the other 13
miRNAs. Our data are consistent with Lawrie et al*
who also showed high miR-21 levels in diffuse large
BCL. Interestingly, miR-21 has been shown to be
highly expressed in a variety of different tumors and
is associated with the downregulation of BCL2*" and
PTEN.?” MiR-19b also showed a high expression
with a 10-fold higher expression level than the other
13 miRNAs. MiR-19b is one of the seven miRNAs in
the polycistron, C130RF25. C130RF25 is over-
expressed in 70% of diffuse large BCLs with 13q31-
32 amplification. Although the miR-17-92 has
two homologous clusters, the miR-106a-92 cluster
on chromosome X and the miR-106b-25 cluster on
chromosome 7, it is the amplification of the 13q31
locus that has been linked to the overexpression of
miR-17-92,%%33

MiR-17-5p, another member of the C130RF25
polycistron, was differentially expressed between
the subgroups of diffuse large BCL, showing a signi-
ficantly higher expression level in central nervous
system diffuse large BCL. C130RF25 was recently
shown to be upregulated by binding of MYC to its
promoter region.** Mice models have shown that the
overexpression of miR-17-92 reduces apoptosis, and
further studies have shown that miR-17-5p and miR-
20 target the proapoptotic E2F1 gene.*® Differences
in the levels of miR-19b and miR-17-5p when com-
pared with those in the five other miRNAs in the
C130RF25 cluster may indicate variation in proces-
sing efficiency or stability between the nodal, testi-
cular and central nervous system diffuse large BCL
subgroups. Interestingly, central nervous system
diffuse large BCL has been shown to have a higher
expression of MYC than the nodal diffuse large
BCL.*® In central nervous system diffuse large BCL,
only the miR-17-5p and miR-20a cluster members
were expressed at a significantly higher level,
especially in comparison with that in the nodal
group. This indicates that both MYC and differences
in processing and stability of the mature miRNAs of
C130RF25 may contribute to the higher expression
levels of 17-5p in central nervous system diffuse
large BCL.

In the testicular diffuse large BCL, miR-127 levels
were significantly higher compared with that in the

<
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nodal and central nervous system diffuse large
BCLs. Earlier studies have shown that the expres-
sion of miR-127 was upregulated after treatment
with chromatin-modifying drugs, and this induced
the downregulation of the proto-oncogene BCLS.
Transfection of miR-127, precursors in Ramos cells,
designed to mimic endogenous miR-127 caused the
downregulation of BCL6 protein.”® We showed a
negative correlation between the expression of BCL6
and the expression for miR-127 in diffuse large BCL,
which supports the earlier finding that BCL6 is a
target for miR-127. BCL6 transcription factor is
expressed in germinal centers and is associated
with germinal center events.?” It is one of the major
transcriptional regulators of centroblasts and inhi-
bits the differentiation of GC B cells into plasma and
memory cells.?® In germinal center diffuse large
BCL, low miR-127 levels can result in high BCL6
expression levels, and thereby keep the tumor cells
in the GC developmental stage, giving a proliferative
advantage. The high level of miR-127 in testicular
diffuse large BCL can therefore induce the down-
regulation of BCL6, which is consistent with the
non-germinal center phenotype of testicular diffuse
large BCL.

Differential expression of specific miRNAs in
testicular and central nervous system lymphomas
could also be caused by expression in preexistent
non-malignant cells, such as Sertoli cells or astro-
cytes, which might be present in the tumor tissues.
We have excluded this possibility by selecting
cases with >80% tumor cells and by the application
of in situ hybridization for the two relevant miRNAs,
which revealed a selective expression in tumor
cells. Besides cytoplasmic staining, we also
observed nucleolar staining. This may be caused
by non-specific binding of the probe, although
recent reports have suggested mechanisms for
miRNA localization in the nucleus®® and nucleo-
lus.*® Furthermore, miRNA expression studies on a
wide range of normal tissues, including normal
brain and testis, using qRT-PCR, showed that the
miR-127 and miR-17-5p expression levels are con-
trary to those found in testicular and central nervous
system diffuse large BCLs.**

The heterogeneous biology of diffuse large BCL
implies that it is essential to select homogeneous
groups of diffuse large BCL for pathogenetic studies.
In our study, we used strict subsets of diffuse large
BCL that were proven to have been derived from
three specific sites. By showing significantly differ-
ent expression levels for miR-17-5p and miR-127 in

Figure 3 Significant differences in the expression levels for miR-17-5p and miR-127. (a) In situ hybridization for miR-17-5p shows
cytoplasmic and nucleolar staining not only in tumor cells of central nervous system diffuse large B-cell lymphoma but also in cells that
do not stain for miR-17-5p. (b) The in situ hybridization for miR-127 also shows specific cytoplasmatic and nucleolar staining in tumor
cells of testicular diffuse large B-cell lymphoma, but not in the Sertoli cells. (c) A negative DLBCL case that showed no detectable staining
for miR-17-5p. (d) A negative DLBCL case that showed no detectable staining for miR-127. () MiR-17-5p shows a significant difference in
median expression levels between the diffuse large B-cell lymphoma groups, with the highest expression in central nervous system
diffuse large B-cell lymphoma. (f) MiR-127 shows a higher expression level, specifically for testicular diffuse large B-cell lymphoma.

(*P<0.05).
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central nervous system diffuse large BCL and in
testicular diffuse large BCL, we support the assump-
tion that each location appears to be a separate
biological entity.
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