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Abstract
Primary central nervous system lymphoma (PCNSL) is a rare specific subtype of non-Hodgkin lymphoma limited to the
brain, leptomeninges, spinal cord, or eyes without any systemic presentation and relapse which mostly takes place in CNS.
In more than 95% of patients, it is of diffuse large B cell lymphoma (DLBCL) type. Categorizing PCNSL to germinal
center cell like or activated B cell like, as we usually do for DLBCL NOS, may not be applicable for predicting outcome.
Possible prognostic significance of MYC, BCL2, and/or BCL6 rearrangements may be important given what we know
about their impact in systemic DLBCL, but we have limited knowledge about the status of double or triple hit molecular
changes in PCNSL. Here, we have investigated prevalence of these molecular alterations in PCNSL. Two independent
tissue microarrays constructed from 78 formalin-fixed paraffin-embedded blocks of confirmed PCNSL were tested for
rearrangement of MYC, BCL2, and BCL6 by interphase fluorescent in situ hybridization (FISH) using break apart dual
color probes. BCL6 translocation was detected in 15 (12%) cases. Translocation involving MYC and BCL2 was identified
in 3 cases (3.8%) and 1 case (1.3%) respectively. One double hit lymphoma was discovered with both MYC/BCL2
translocation (1.3%). To the best of our knowledge, few organized studies have been conducted for MYC, BCL2, and/
or BCL6 rearrangement in PCNSL. This study is evaluating large number of PCNSL. Double or triple hit events which are
rarely seen in PCNSL.
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Introduction

Primary central nervous system lymphoma (PCNSL) is a rare
specific type of non-Hodgkin lymphoma (NHL) limited to the
brain, leptomeninges, spinal cord, or eyes without any system-
ic presentation, and relapse mostly takes place in CNS too [1].
It comprises 1–3% of all CNS malignancies and less than 5%
of all NHL [2].

PCNSL accounts for diffuse large B cell lymphoma
(DLBCL) in more than 95% of cases with rather distinct path-
ophysiology and prognostic features in comparison to systemic
DLBCL [3]. DLBCLs are generally classified based on gene
expression profile to germinal center B cell like (GCB) and
activated B cell like (ABC). Most PCNSL showABC-like phe-
notype and many studies have found that they originate from a
late germinal center or early-post germinal center cell [1, 4].

However, a few studies discovered that classifying PCNSL
into GCB and ABC-like subtypes have no significance in over-
all survival as it has in systemicDLBCL [5]. In 2016 revision of
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WHO classification of tumors, a new category, double or triple
hit lymphoma (DHL or THL) designated as high-grade B cell
lymphoma with gene arrangement of MYC, BCL2, and/or
BCL6 having aggressive clinical course and poor response to
conventional chemotherapy [6]. MYC is a transcription factor
located on chromosome 8 (8q24) which regulates several genes
and is involved in cell cycle, DNA damage repair, protein syn-
thesis, and activation of P53. BCL2 naturally is an anti-
apoptotic protein placed on 18q21; after rearrangement, it will
be dysregulated resulting in survival advantages [7].

BCL6 serves a transcription repressor and as cell survival
advantages in normal mature germinal center B cells and
when overexpressed prevents apoptosis by transcriptional re-
pression of P53 [8].

During the past 40 years, the incidence of PCNSL has been
increasing even in immunocompetent patients. Genetic het-
erogeneity, difficulty in management and drug delivery, and
inherent resistance to chemotherapy are challenges of
PCNSL. To discover genetic alterations in these lymphomas
and also to compare them with DLBCL NOS, here we report
the in situ fluorescent findings of MYC, BCL2, and/or BCL6
rearrangement in these tumors.

Material and methods

Patient’s samples and tissue microarray (TMA)

Formalin-fixed paraffin-embedded blocks of 78 confirmed
PCNSL from five medical hospitals in Tehran, Iran, were col-
lected. All cases had been confirmed by immunohistochemistry
and comprehensive clinical and radiological evaluation to ex-
clude secondary involvement of the brain. Patient’s demograph-
ic data including age, sex, and tumor location was gathered.
Two independent tissue microarrays made from duplicate 1-
mm cores of tumor-formalin-fixed paraffin-embedded blocks.

Fluorescence in situ hybridization

Interphase FISH was performed on two TMAs using probes
specific for translocation detection. The Zyto Light SPECT

dual color, orange and green, breaks apart rearrangement
probe against MYC, BCL2, and BCL6 used following the
manufacture instructions briefly as follows: 4-μm sections
were prepared and mounted onto positively charged glass
slides. Slides were placed in a 70 °C hot plate for 10 min,
de-paraffinized with xylene (2 times, 10 min each),
dehydrated in 100%, 100%, 90%, and 70% ethanol each for
5 min, washed 2 × 2 min in distilled water (DW), and then
incubated in pre-warmed Heat Pretreatment Solution Citric
(PT1) at 98 °C for 15 min. Slides were transferred immediate-
ly to DW for 2 × 2 min. After blotting off, Pepsin Solution
(ES1) applied and incubated for 10 min at 37 °C in humidity
chamber. Washed for 5 min in Wash Buffer SSC (WB1) and
1 min in DW. Dehydrated in 70%, 90%, and 100% ethanol
each for 1 min. Ten-micrometer ZytoLight FISH probe ap-
plied. The slides were denatured at 75 °C for 10 min on a
hot plate and transferred to a humidity chamber and hybrid-
ized overnight at 37 °C in oven then covered by coverslip and
sealed by rubber cement. After removing the cement and cov-
erslip (by submerging in Wash Buffer for 2 × 5 min at 37 °C),
the slides incubated in 70%, 90%, and 100% ethanol each for
1 min and air-dried in the dark. Pipetted 30 μm DAPI/
DuraTect-Solution (MT7) onto slides and covered by the cov-
erslip in the dark for 15 min. Signals were analyzed by fluo-
rescent microscope (Nikon E600) with proper filters and im-
ages taken by digital camera and Genesis software. Break
apart signals in more than 10% of nuclei were considered
positive for translocation [9].

Result

We studied 78 confirmed cases of PCNSL. They were com-
posed of 51 men and 27 women between 7 and 84 years old
(mean 53.8). Most of them located in supratentorial site.

Among 18 positive FISH cases, including 14 male and 4
female patients, the age range was between 13 and 81 years.

None of these cases were immunodeficient. Sixteen tumors
were located in the brain (including 2 in cerebellum) and 2
were found in the spinal cord. Most of the tumors were single
mass except one which was located in the brain. Regarding

Fig. 1. a, b Negative (two fused
dots per nucleus) and positive
(one fused dot and two separated,
red and green dots) MYC
fluorescent in situ hybridization.
Double color break apart probe.
Power × 40
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immunohistochemistry, 17 tumors were CD20 and BCL2 pos-
itive with no CD3 reactivity. BCL6 and MUM1 were
expressed (> 30%) in 6 and 12 tumors respectively and
CD10 was positive in 4 tumors. In addition, Ki67 expression
was between 30 and 98%. All were CD3 negative.

Translocation involving MYC was identified in 3 cases
(3.8%) (Fig. 1a, b) and BCL6 translocation was detected in
15 (12%) and BCL2 translocation in just one case (1.3%)
(Fig. 2a, b). For all positive cases, the translocation partner
was unknown.

Only one case of double hit lymphoma with MYC/BCL2
rearrangement (1.3%) identified who was a 81-year-old man
with single spinal cord mass and IHC profile as CD20+,
BCL2+, BCL6+, CD10+, MUM1-, and Ki67 30% (Fig. 3a–
d). No triple rearrangement was seen.

Discussion

Primary CNS lymphomas is a rare extranodal lymphoma
showing aggressive clinical course with low response to cur-
rent treatment regimens. Little is known about it from the
point of molecular pathogenesis, so identification of new
prognostic markers and treatment goals will have high clinical
priority [10]. Biologic studies of PCNSL are challenging be-
cause of rarity of disease and sparse available tissue material.
The gene expression signature of PCNSL includes genes in-
volved in B cell differentiation, proliferation, apoptosis, and
cytokine signaling [11]. In this study, we have found that the
prevalence of BCL6, MYC, and BCL2 rearrangements is

12%, 3.8%, and 1.3% respectively. The prevalence of the
above-mentioned specific translocations in our series is differ-
ent from systemic DLBCL to some extent; however, there are
some similarities too. Regarding PCNSL in other studies, they
have some likeness in common that we will discuss in the
following sentences. In systemic DLBCL, BCL6 rearrange-
ment is around 15.3% [12] in the work of Oliveira et al. and
lower than the result of Iqbal et al. (19–36%) [13]. Regarding
BCL6 rearrangement studies of PCNSL, Cady’s et al. found
(17%) [10], but it was lower than the other studies 23–37%
[14, 15], and 38% [1]. The prevalence of MYC translocation
in our study was nearly similar to other previous reports of
systemic DLBCL 4–14% [16–18] and also PCNSL 3% [10],
but in comparison with other studies of PCNSL like Brunn
et al. [19] and Son et al. [20] which were 8% and 7% respec-
tively, our result was slightly lower too. In the other study,
proto-oncogene MYC was also found to be highly expressed
in PCNSL, and there were evidence of somatic mutations in
this genes [11]. The logical reason for the latter issue could be
that FISH may not detect other gene deregulation other than
translocation. The prevalence of BCL2 translocation in sys-
temic DLBCL has been reported as 12.5% [12] to 20–30%
[8]. This is incompatible with our data in PCNSL. However, it
was compatible with other studies of PCNSL which showed
rare BCL2 rearrangement [1, 19]. It might be partly due to the
outnumbered activated B cell type (ABC) in PCNSL than
systemic DLBCL [21]. Furthermore, we found out a case of
DHL with both MYC and BCL2 rearrangement. It stands to
reason that DHL is rare and comprised 7–10% of all B cell
lymphoma [8, 12] and besides, few handful studies were

Fig. 2. a, b Positive BCL2 and
BCL6 fluorescent in situ
hybridization, double color break
apart probe, power × 40

Fig. 3 a–d Immunohistochemical staining of patient with double hit lymphoma, positive for BCL6 (a), BCL2 (b), CD10 (c), and negative of MUM1 (d)
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carried out on PCNSL in this regard. In Cady’s series [10], just
one DHL in PCNSL was reported but it was MYC/BCL6
DHL. In addition, Yin et al. worked on 33 cases of PCNSL
and reported 2 cases of MYC/BCL2 DHL. They also de-
scribed that DHL had poor impact on outcome [22].
Although PCNSL and systemic DLBCL have morphologic
and immunologic similarity, a few discrepancies (such as dif-
ferent incidence of the above mentioned translocations) can
suggest possible effect of brain environment and even more
different pathogenesis between them somehow. Therefore,
other molecular profiling and prognostic biomarkers should
be investigated [11, 23].

Conclusion

PCNSL is a rare form of extranodal NHL, typically described
as DLBCL that is confined to the nervous system. Our knowl-
edge of PCNSL biology due to rarity of the disease and the
paucity of available research specimens is inadequate and
should be improved. Our study was one of the first few orga-
nized FISH studies for MYC, BCL2, and BCL6 simulta-
neously for assessing the presence and also the prevalence
of their rearrangements to investigate the possible underlying
molecular cause. So by understanding their roles, new modal-
ities of treatment and rather prognostic factors will be intro-
duced. We also suggest correlating the mentioned rearrange-
ments prospectively in more cases with survival to assess their
effect on prognosis as systemic DLBCL in future studies.
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