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Case report

Two cases of primary diffuse large B-cell lymphoma of the
CNS associated with t(8;14)(q24;q932) or t(3;14)(q27:;q32)
identified by G-banding and fluorescence in situ
hybridization applied to metaphase spreads

Hitoshi Ohno,"” Fumiyo Maekawa,” Misumi Nakagawa,” Yoshinari Chagi,” Miho Nakagawa,"
Chiyuki Kishimori,” Katsuhiro Fukutsuka,” Masahiko Hayashida,” Kayo Takeoka,"

Wataru Maruyama,” Naoya Ukyo,” Shinji Sumiyoshi?

We describe two patients with primary diffuse large B-cell lymphoma of the central nervous system (PCNS-DLBCL). The first
patient (case 1) was a woman in her late 70s who presented with a tumor in the left frontal lobe, whereas the second patient
(case 2) was a man in his early 70s who presented with a left frontal lobe tumor associated with intratumoral hemorrhage. The
histopathology of the tumor specimen disclosed the proliferation of large cells with centroblastic (case 1) or immunoblastic/
plasmablastic (case 2) cytomorphology and an accumulation of the tumor cells within the perivascular space. The cells in both
cases were positive for CD20, CD79a, BCL6, IRF4/MUMI1, MYC, and BCL2 and negative for CD5 and CD10. G-banding
revealed t(8;14)(q24;q32) in case 1, and the tetraploid-range karyotype including two or three copies of der(3)t(3;14)(q27;q32)
and der(14)t(3;14)(q27;q32) in case 2. Fluorescence in situ hybridization applied to metaphase spreads confirmed colocaliza-
tion of MYC and /IGH (case 1) and BCL6 and IGH (case 2) hybridization signals on the relevant derivative chromosomes. Case
1 carried the MYDS88*%" mutation. This case report provides clear evidence for the occurrence of t(8;14)(q24;q32) and t(3;14)

(9q27;q32) in PCNS-DLBCL using metaphase-based cytogenetic analysis.
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INTRODUCTION

Because the vast majority of malignant lymphomas that
primarily develop in the central nervous system (CNS)
exhibit features of diffuse large B-cell lymphoma (DLBCL),
the WHO 2017 Classification of Tumours of Haematopoietic
and Lymphoid Tissues listed primary DLBCL of CNS
(PCNS-DLBCL) as a distinctive category.'> Tumor cells
tend to infiltrate along the perivascular space within the
brain, and dissemination to extra-CNS sites is very rare.'
Treatment consists of high-dose methotrexate-based chemo-
therapy with or without whole-brain radiotherapy (WBRT),
and only in Japan, a novel Bruton’s tyrosine kinase inhibitor,
tirabrutinib, has been approved for relapsed/refractory cases.?
However, the outcomes remain inferior when compared with
other forms of DLBCL.

Characterization of the genomic landscape of PCNS-
DLBCL has shown marked progress, including recurrent
mutations in JAK-STAT, NF-«B, and the B-cell signaling
pathways as well as translocations involving the immuno-
globulin (/G) genes or non-/G loci.* In contrast, standard
banding analysis of chromosomes has provided very little
information on genetic events involved in the development of
PCNSL, because of the scarcity of viable tumor cells from
brain tissue biopsies or the difficulty in obtaining metaphase
cells adequate for banding analysis after the short-term cell
culture of tumor cells.® In this study, we performed conven-
tional chromosome preparations from tumor materials in two
PCNS-DLBCL cases and obtained metaphase cells adequate
for cytogenetic analysis. The results of G-banding and fluo-
rescence in situ hybridization (FISH) applied to the meta-
phase spreads are described.
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CASE PRESENTATION

Case 1

A woman in her late 70s presented with constructional
apraxia and aphasia associated with right hemiparesis.
Magnetic resonance imaging (MRI) of the brain detected a
contrast-enhancing tumor in the left frontal lobe extending
from the cerebral cortex to the genu of the corpus callosum
(Figure la and b). The tumor exhibited high intensity on dif-
fusion-weighted imaging (DWI) (Figure 1c) and low inten-
sity in apparent diffusion coefficient (ADC) maps.
T2-weighted fluid attenuated inversion recovery (FLAIR)
images revealed marked surrounding edema (Figure 1d).
The left lateral ventricle was compressed, and a cingulate
hernia was found. Her hemoglobin level was 9.1 g/dL, lac-
tate dehydrogenase was 181 U/L, albumin was 3.7 g/dL, and
soluble interleukin-2 receptor was 641 U/mL (reference
range, 122 to 496 U/mL). She was seronegative for human
immunodeficiency virus (HIV).

She underwent a mini-craniotomy and a small part of the
tumor was resected, demonstrating DLBCL.
BE-fluorodeoxyglucose-positron emission tomography com-
bined with computed tomography (CT) confirmed accumula-
tion of the tracer within the brain tumor and the absence of
extracranial lesions. The bone marrow was composed of
normal hematopoietic precursors. She was treated with a
total of 7 cycles of high-dose methotrexate, vincristine, and
procarbazine in combination with rituximab (R-MVP) and is
currently free from relapse one year and ten months after the
initial presentation.

Case 2

A man in his early 70s presented to another hospital with
consciousness disturbance and left hemiparesis. Two
months earlier, his family noticed that he had become slow,
and movement of his upper left limb was awkward. CT of
the brain disclosed a hematoma in the right basal ganglia and
a tumor in the right frontal lobe (Figure 1le), and he was
transferred to our institution. On examination, he was
responsive to verbal stimuli. MRI confirmed a contrast-
enhancing tumor in the right frontal lobe that extended to the
genu of the corpus callosum and was associated with intratu-
moral hemorrhage (Figure 1f). A small tumor was also
found beneath the cerebral cortex in the left frontal lobe.
The tumor exhibited increased signal intensity on DWI and
reduced ADC values (Figure 1g and h). The midline shifted
leftward and intraventricular hemorrhage was noted.

The patient underwent emergent craniotomy for resection
of the tumor and hematoma. The histopathology of the
excised specimen disclosed DLBCL, and he was then
referred to the Hematology Department. A lymphoma stag-
ing work-up revealed no sign of systemic disease and the
bone marrow was negative. His hemoglobin level was 10.0
g/dL, lactate dehydrogenase was 322 U/L, albumin was 2.9
g/dL, and soluble interleukin-2 receptor was 333 U/mL.
Anti-HIV antibody was negative. He was treated with
R-MVP and high-dose cytarabine followed by high-dose che-
motherapy with autologous hematopoietic support.
However, he relapsed soon after and became refractory to
tirabrutinib and WBRT. He died 10 months after the initial
presentation.

Fig. 1. Imaging studies of PCNS-DLBCL. (a to d) MRI of case 1. Transverse (a) and coronal (b) sections of contrast-enhanced T1-weighted
images; DWI (¢); and T2 FLAIR image (d). The circular area indicated by asterisks was considered to represent necrotic tissues. (e to /)
CT and MRI of case 2. Contrast-enhanced CT image (e); contrast-enhanced T1-weighted MRI (f); DWI (g); and ADC image (f).
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EXAMINATION OF TUMOR SPECIMENS

The excised tumor specimen of case 1 showed the prolif-
eration of large cells with dispersed chromatin and nucleoli,
representing the centroblastic morphology. The cells accu-
mulated within the perivascular space and, in some areas,
were admixed with tingible body macrophages, creating a
starry-sky appearance (Figure 2). The lymphoma cells in
case 2 showed immunoblastic/plasmablastic cytomorphology
with eccentric nuclei and single, central, prominent nucleoli.
Perivascular cuffing was prominent (Figure 3). The cells of
both cases were positive for CD20, CD79a, BCL6, IRF4/
MUMI1, MYC, and BCL2 and negative for CD5 and CD10
(Figures 2 and 3). CD138 was negative in case 2. [n situ
hybridization for Epstein-Barr virus-encoded RNA was nega-
tive in both cases. The Ki-67 proliferation index was 90%.

Flowcytometry confirmed the expression of B-cell-asso-
ciated antigens in both cases and monotypic surface immuno-
globulins: IgM/k in case 1 and IgM/A in case 2. CD38 and
HLA-DR were positive. The DNA index was 1.00 in case 1
and 2.10 in case 2 compared with normal diploid cells.
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CYTOGENETIC AND DNA STUDIES

Lymphoma cells were aseptically prepared from the
excised specimens and incubated overnight in RPMI 1640
medium supplemented with 15% heat-inactivated fetal
bovine serum at 37°C under a CO: concentration of 5%.
The cells were then cultured in the presence of 0.1 pg/mL
colcemid for 2 hr. After harvesting, the cells were treated
with hypotonic solution and fixed in methanol:acetic acid
(3:1). Chromosomes were banded by trypsin-Giemsa stain-
ing and the results of the chromosome analysis were
described according to the ISCN 2020.

G-banding of metaphase spreads in case 1 revealed
t(8;14)(q24;q32) in addition to +7 and additional chromo-
somal materials of chromosomes 3, 4, 10, and 12; the last led
to partial trisomy of 1q (Figure 4A). FISH using MYC and
IGH break-apart (BA) probes demonstrated that der(8) was
labeled by the centromeric 5" MYC and telomeric 5' IGH
probes and der(14) was labeled by the telomeric 3’ MYC and
centromeric 3' /GH probes, respectively, confirming t(8;14)
(q24;932)/MYC::IGH translocation (Figure 4B).
Accordingly, interphase nuclei hybridized with the MYC-IGH
dual fusion (DF) probe exhibited the one red, one green, and
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Fig. 2. Histopathology of PCNS-DLBCL in case 1. a, hematoxylin & eosin (H&E) staining (original magnification of objective
lens, 20x); b, H&E (40%); ¢, anti-CD20 immunostaining (20x); d, anti-CD10 (20%); e, anti-BCL6 (20%); f, anti-IRF4/MUM1 (20%);

g, anti-BCL2 (20x); A, anti-MYC (20%); and i, anti-Ki-67 (20x%).
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Fig. 3. Histopathology of PCNS-DLBCL in case 2. a, H&E staining (10x); b, H&E (40x); ¢, anti-CD20 immunostaining (20x); d,
anti-CD10 (20%); e, anti-BCL6 (20x); f, anti-IRF4/MUMI1 (20x); g, anti-BCL2 (20%); A, anti-MYC (20x); and i, anti-Ki-67 (20%).

two fusion (yellow) signal pattern (not shown). The karyo-
type according to ISCN was 47,XX,add(3)(p21),add(4)
(935),17,t(8;14)(q24:;q932),add(10)(p13),der(12)t(1;12)
(q21;q24).ish t(8;14)(3'MYC—,5'IGH+;5IGH—-,3'MYC+).

G-banding of case 2 revealed near-tetraploid karyotypes
including two or three copies of der(3)t(3;14)(q27;q32) and
der(14)t(3;14)(q27;932) (Figure 5A). Additional abnormali-
ties included del(6)(q2?) and two copies of del(17)(p11.2),
and structural abnormalities involving chromosomes 1, 2, 5,
and 19, and unknown markers were found. FISH using
BCL6 and IGH BA probes confirmed colocalization of the
centromeric 3’ BCL6 and telomeric 5’ /GH probes on der(3)
and the telomeric 5" BCL6 and centromeric 3' /GH probes on
der(14), respectively (Figure 5B). Two marker chromosome
homologues were labeled by the unrearranged BCL6 probes
at the telomeric ends. FISH using MYC and BCL2 probes
demonstrated increased copies of hybridization signals in
accordance with the polyploidy, but no BA signals were
found (Figure 5C).

Long-distance polymerase chain reaction (LD-PCR) for
long targets amplified DNA encompassing the MYC exon 2
and /GHA in case 1 (Figure 4C) and the 5’ sequences of
BCL6 and IGHM in case 2 (Figure 5D).” Case 1 carried the
MYDS88%P mutation (Figure 4D) but lacked the CD79BY'®
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mutation, and case 2 was negative for both mutations.

DISCUSSION

We described here two cases of PCNS-DLBCL that
developed in immunocompetent elderly patients. After the
short-term culture of lymphoma cells prepared from tumor
tissues, we obtained metaphase spreads adequate for
G-banding karyotyping and FISH. The results showed that
one case carried t(8;14)(q24;q32) that fused MYC to IGH and
the other case carried t(3;14)(q27;q32) that fused BCL6 to
IGH. This case report provides clear evidence for the occur-
rence of t(8;14) and t(3;14) in PCNS-DLBCL using meta-
phase-based cytogenetic analysis.

Rearrangements involving the MYC gene have been
rarely detected in PCNS-DLBCL cases by FISH using the
MYC BA probe, which is clearly different from extra-CNS
DLBCL, where MYC rearrangement is observed in approxi-
mately 10% of cases.®® In the largest series of PCNS-
DLBCL, 2 (2%) of 108 patients exhibited BA signals, con-
firming further that the MYC rearrangement is uncommon.'®
Accordingly, MYC, BCL2, and/or BCL6 double-/triple-hit
events are very rare.'®"  On the other hand, the presence of
t(8;14)(q24;q32)/MYC::IGH in case 1 raises the possibility
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Fig. 4. G-banding, FISH, and DNA tests in case 1. (4) G-banding karyotype. t(8;14)(q24;q32) is indicated by the open arrowheads, and addi-
tional structural and numerical abnormalities are indicated by the arrows and asterisk. (B) FISH of metaphase spreads using the MYC (top)
and /GH (bottom) BA probes (Abbott Laboratories, Abbott Park, IL, USA). G-banding and FISH through the triple-band pass filter are
aligned side by side. Hybridization signals on the relevant chromosomes are indicated by the arrowheads of their respective colors. Diagrams
of the two probes provided by the manufacturer are shown at the bottom. (C) Ethidium bromide (EtBr)-stained gel electrophoresis of LD-PCR
encompassing the t(8;14)(q24;q32)/MYC::IGH junction.” The arrow indicates the products amplified by the MYC exon 2 and IGHA primer
combination. (D) Sanger sequencing showing the MYD88"*%F mutation. The wild-type (thymidine) and mutated (cytosine) alleles represent

equivalent electrophoretic peaks (arrow).

that this case represented Burkitt lymphoma (BL) that pri-
marily developed in CNS, i.e., primary CNS BL, which has
been sporadically described in the literature;'*" indeed, the
biopsy included areas of the starry-sky histopathology, sug-
gesting high-grade B-cell lymphoma. Primary CNS BL
occurs in patients of all ages from infants to the elderly and
presents with not only brain and spinal cord tumors but also
intraventricular tumor growth.'* Tumors are positive for
CD10 and CD20 and negative for BCL2 and show a >99%
Ki-67 labelling index.'* In case 1, in contrast, the lymphoma
cells exhibited non-germinal center B-cell/activated B-cell—
like immunohistochemistry (IHC) and expressed BCL2 at a
high level, indicating that primary CNS BL was unlikely.
The presence of MYDS88¥%F mutation supports the diagnosis
of PCNS-DLBCL.

BCL6 rearrangements have been observed in 17 to 38%
of PCNS-DLBCL cases by FISH using the BCL6 BA probe
applied to tissue sections or single cells,>%!%!116-1 and associ-
ated with worse progression-free and overall survivals of
PCNS-DLBCL patients,'*'® potentially accounting for the
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poor treatment outcome in case 2. The gene is rearranged
with not only /G genes but also a variety of non-/G genes,
resulting from translocations with other chromosomal loci or
deletions of upstream sequences, and juxtaposed to the regu-
latory sequences of each partner gene.>'!” Rearrangement
of BCL6 with IGH, which is the molecular equivalent of
t(3;14)(q27;932), has been demonstrated by the BCL6-IGH
DF probe in selected cases.!”'®?° The translocation occurs
between the switch region of /[GHM and the major transloca-
tion cluster of BCL6,"” providing evidence that this transloca-
tion is mediated by the class switch recombination and
somatic hypermutation mechanism.> Targeted DNA
sequencing technology and detection algorithms isolated
sequences encompassing the BCL6::IGH junction and
showed that BCL6 comes under the control of the super
enhancer of /GH.> On the other hand, an increase of BCL6
copies has been identified in association with or without
BCLG6 rearrangement.'® In case 2, we found extra copies of
non-rearranged BCL6 on the two maker chromosome homo-
logues, in addition to t(3;14)(q27;q32), most likely leading to
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Fig. 5. G-banding, FISH, and DNA tests in case 2. (4) G-banding karyotype. Two copies of der(3)t(3;14)(q27;q32) and three copies of
der(14)t(3;14)(q27;q32) are indicated by the open arrowheads. The two marker chromosome homologues indicated by the asterisks were
labeled by the non-rearranged BCL6 hybridization signals in B. The karyotype may be described as: 95,XXY,-Y,der(1),+der(1),~2,der(2),der(2),
+3,1(3;14)(q27;932)%2,—4,-5, —5,add(5)(p15)*2,del(6q2?),—8,+9,+10,+der(14)t(3;14)(q27;q32),—15,—15,del(17)(p11.2)x2,+18,der(19)
add(19)(p13)add(19)(q13)x2,+21,—22,+5mar. (B) FISH of metaphase spreads using the BCL6 (Abbott Laboratories; top) and IGH (bottom)
BA probes. G-banding and FISH through the triple-band pass filter are aligned side by side. Hybridization signals on the relevant chromo-
somes are indicated by the arrowheads of their respective colors. Diagram of the BCL6 BA probe provided by the manufacturer is shown. (C)
FISH of interphase nuclei using MYC (top) and BCL2 (bottom) BA probes (Abbott Laboratories), showing 4 MYC and 5 BCL2 hybridization
signals. (D) EtBr-stained gel electrophoresis of LD-PCR encompassing the t(3;14)(q27;q32)/BCL6::IGH junction.” The arrows indicate 1%
(left) and 2™ (right) round PCR products amplified by primers for the 5’ sequences of BCL6 and IGHM constant gene. The sequences of the

primers used in this study are listed in Supplementary Table S1.

the deregulated and high-level expression of BCL6 protein.
Nevertheless, as the incidence and molecular anatomy of
BCLG6 rearrangements are comparable to those in extra-CNS
DLBCL, it remains to be determined to what extent the BCL6
alterations contribute to the pathogenesis of PCNS-DLBCL.
The two cases shared expression of MYC, BCL2, and
BCL6 and a 90% Ki-67 labeling index in accordance with the
general THC pattern of PCNS-DLBCL.! In one series of pri-
mary lymphoma of the CNS, MYC/BCL2 double- and MYC/
BCL2/BCLG6 triple-expression were observed in 41 (82%)
and 35 (70%) of the 50 cases studied, respectively,?' and the
higher incidence of the former expression pattern than extra-
CNS DLBCL may account for the poor clinical outcome
associated with PCNS-DLBCL. Considering the above-dis-
cussed incidence of MYC and BCL6 rearrangements and
absence of BCL2 rearrangement in PCNS-DLBCL, the
expression of these three proteins may not be attributed to
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rearrangements of the corresponding genes. Indeed, it is dif-
ficult to find a clear difference of MYC and BCL6 expression
by IHC between case 1 (positive for MYC rearrangement and
negative for BCL6 rearrangement) and case 2 (negative for
MYC rearrangement and positive for BCL6 rearrangement
and copy number increase). To elucidate this issue, it is nec-
essary to quantitatively evaluate the expression levels of
MY C and BCL6 proteins in PCNS-DLBCL tissues, in paral-
lel with FISH tests.
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