karyotyping analysis detected del(9)(pl3), and addi-
tional analysis of genome array (Human Mapping 50K
Hind Array, Affymetrix, Tokyo, Japan) revealed homo-
zygous deletion of 4.5Mb within the 9p2l region,
including the CDKN2A/p16/p14 locus (data not shown),
which is frequently deleted in T-ALL (Ohnishi es al.,
1995).

Although the patient showed a complex chromosomal
abnormality, 1(2;21)(q11;922) can form regular head-to-
tail fusion transcripts of both AML] and LAF4, because
the transcription direction of AML]/ and LAF4 is
telomere to centromere. Furthermore, fluorescence
in situ hybridization analysis revealed two der(2)t(2;21)
(ql1.2;q22) creating 5'-AMLI-LAF4-3, suggesting that
5'-AMLI-LAF4-3 is critical for leukemogenesis.

LAF4 was previously reported to be a fusion partner of
MLL in pediatric B-precursor ALL with t(2;21)(q11,q23)
(von Bergh et al., 2002; Bruch et al., 2003; Hiwatari et al.,
2003). LAF4 is the first gene fused to both 4MLJ and
MLL, and both AMLI-LAF4 and MLL-LAF4 contained
the same domains of LAF4 (Figure 5). During the
preparation of this manuscript, we found another
pediatric T-ALL patient with AMLI-LAF4 reported in
the Meeting Abstract (Abe et al., Blood (ASH Annual
Meeting Abstracts) 2006; 108: 4276), suggesting that
t(2;21)(q11;q23) is a recurrent cytogenetic abnormality
and that the AMLI-LAF{ fusion gene is associated with
the T-ALL phenotype. Both putative fusion proteins of
AMLI-LAF4 observed in two patients contained the
Runt domain of AMLI, and the transactivation domain,
nuclear localization sequence and C-terminal homology
domain of LAF4, although the fused exon of LAF4
differed in the two cases. Several studies have reported
that the fusion partners of MLL fused with different
genes such as MLL~-AF10 and CALM-AF10, MLL-CBP
and MOZ-CBP or MLL-p300 and MOZ-p300 (1da et al.,

ANL1

LAF4 |

AML1-LAF4 1

AML1-LAF4

(type 2)

AML1-LAF4

(type 3)

MLL-LAF4 [ 1T ] I B
- AT NMT AD NLS CHD

Figure S5 Schematic representation of putative AMLI1, LAF4 and
AML|-LAF4 fusion proteins. Putative MLL-LAF#4 fusion protein is
also indicated for comparison. Arrows, break points or fusion points;
AD, transactivation domain; AT, AT hooks; CHD, C-terminal
homology domain; DNA, methyltransferase homology region; RD,
RUNT domain; MT, DNA methyltransferase homology region;
NLS, nuclear localization sequence.
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1997, Taki et al, 1997; Chaffanet er al., 2000).
Comparison of the structure and function between
AMLI-LAF4 and MLL-LAF4 will facilitate our under-
standing of the molecular mechanisms underlying
AMLI1- and MLL-related leukemia.

The only AML]! fusion partners in T-ALL are LAF4

“"and FGA7. It is not known how FGA7 is associated with

T-ALL leukemogenesis, because FGA7 does not show any
significant sequence homology to any known protein
motifs and/or domains (Mikhail et al., 2004). Both patients
with AMLI-LAF4 and MLL-LAF4 fusions were diag-
nosed as having ALL, but they have different lymphoid
lineages. MLL-LAF{ is associated with B-lineage ALL,;
however, AMLI-LAF4 generates T-ALL. Our previous
study showed that L4F4 was expressed not only in B-
lineage ALL but also in T-lineage ALL cell lines (Hiwatari
et al., 2003). LAF4 showed strong sequence similarity to
AF4 (Ma and Staudt, 1996), which has a role in the
differentiation of both B and T cells in mice (Isnard et al.,
2000). Furthermore, it was reported that AMLI also plays
an important role in T- and B-cell differentiation, because
AML I-deficient bone marrow increased defective T- and
B-lymphocyte development (Ichikawa er al., 2004). These
findings support that both AML! and LAF4 are
associated with T-ALL, respectively. Further functional
analysis of the AMLI-LAF4 fusion gene will provide new
insights into the leukemogenesis of AML]-related T-ALL.
Recently, it has been reported that C-terminal truncated
AMLIl-related fusion proteins play critical roles in
leukemogenesis (Yan et al., 2004, Agerstam et al., 2007),
suggesting that the two additional types of fusion
transcripts observed in our patient (types 2 and 3 in
Figures 3d and 5) have an additional function in
leukemogenesis other than that of the entire AMLI-
LAF4 fusion protein.

In this study, we first applied the panhandie PCR
method, which is usually used for cloning the fusion
partners of MLL or NUP98 (Megonigal et al., 2000;
Taketani er al., 2002); however, no fusion transcripts
could be obtained. Therefore, we searched for another
method to clone the fusion transcripts and adapted the
bubble PCR method for cDNA cloning. To date, bubble
PCR has been performed for cloning unknown genomic
fusion points but not fusion cDNAs (Zhang et al., 1995).
Using double-stranded cDNA, we could apply the
bubble PCR method for cloning fusion cDNA with
fewer nonspecific products. The bubble PCR primer can
only prime DNA synthesis after a first-strand cDINA has
been generated by an 4MLI-specific primer because of
the bubble-tag with an internal non-complementary
region (Zhang et al., 1995). Although bubble PCR for
genomic DNA generated one or two amplification
products (Smith, 1992), bubble PCR for cDNA gener-
ated a complex set of amplification products that
appeared as a smear by SYBR green staining, suggesting
that a random hexamer generated various double-
stranded cDNA containing the AMLI] sequence. This
means that various fusion points can be estimated, even
if after bubble oligo ligation was generated. Further-
more, bubble PCR for cDNA could amplify in both 5'-3’
and 3’-5' directions of the gene or transcript, and easily

o
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were 112bp AML] cDNA fragments (AMLIcl, nucleotides
1233-1344; GenBank accession no. NM_001754).

Abbreviations

AML, acute myeloid leukemia; ALL, acute lymphoblastic
leukemia.
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Abstract

We describe 6 patients with relapsed central nervous system lymphoma (CNSL) treated with Gamma Kaife radiosurgery
(GKR). The histologic diagnosis in all 6 patients was diffuse large B-cell lymphoma without human immunodeficiency virus
infection. Two patients had intracranial relapse of primary CNSL, and the remaining 4 had CNS relapse of systemic lymphoma.
All patients were treated with GKR without severe adverse effects, and all but 1 patient received subsequent chemotherapy
shortly after GKR. Four patients showed a complete response, and the remaining 2 patients had a partial response or stable
disease. Although the neurologic symptoms disappeared or improved markedly in all patients, all of the diseases recurred or
progressed 3 to 13 months after the first GKR. A second GKR was eventually performed in 4 patients. The median overall sur-
vival and progression-free survival times after the first GKR were 17 and 11 months, respectively. In our experience, GKR
seems to be a useful procedure for the treatment of relapsed CNSL, because it facilitates excellent local control in a short-term
treatment period without severe complications, although the efficacy period is not long enough.
Int J Hematol. 2007;85:333-337. doi: 10.1532/1JH97.06205
© 2007 The Japanese Society of Hematology

Key words: CNS lymphoma; Gamma Knife radiosurgery; Diffuse large B-cell lymphoma; Retrospective analysis

1. Introduction (WBRT) is a standard treatment for PCNSL [3,4]. Although
the response rate, including complete and partial responses,

Relapsed central nervous system lymphoma (CNSL)  of this combination therapy is greater than 90%, relapses
consists of intracranial relapse of primary CNSL (PCNSL) or occur within 3 years in 30% to 40% of patients, and these
CNS relapse of systemic lymphoma. The histologic diagnosis relapses are most often observed in the intracranial region
of PCNSL is most often diffuse large B-cell lymphoma [3,4). On the other hand, CNS relapse of systemic lymphoma
(DLBCL) [1,2]. High-dose methotrexate-based combination  is frequently diagnosed in patients with non-Hodgkin’s lym-
chemotherapy followed by whole-brain radiation therapy  phoma, and the cumulative risk of CNS relapse at 4 years is
' 39% for high-grade non-Hodgkin’s lymphoma, 22% for
intermediate-grade lymphomas, and 7% for low-grade lym-

Correspondence and reprint requests: Yosuke Matsumoto, phomas [5]. Although relapsed CNSL has been treated with
Department of Hematology and Oncology, Kyoto Prefectufal radiation therapy and/or chemotherapy using methotrexate
University of Medicine, Graduate School of Medical or cytarabine, its prognosis is very poor. The median overall
Science, Kawaramachi Hirokoji, Kamigyo-ku, Kyoto 602-8566, survival and progression-free survival times have been
Japan; 81-75-251-5740; fax: 81-75-251-5743 reported to be only 2 to 6 months [5-14] and 2 to 5 months
(e-mail: yosuke-m@koto. kpu-m.ac.jp). [12,15], respectively.
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Table 1.
Clinical Characteristics of 6 Patients with Relapsed Central Nervous System (CNS) Lymphoma
Primary Disease Relapse CNS Disease

Case  Age, Clinical Time to CNS Clinical Type

No.  y/Sex* Tumor Location Stage  Relapse, y Presentation Site of Lesions of Lesions

1 66/F  Left IE 1 Left hemiparesis, Right Solitary
basal ganglia douding of consciousness  basal ganglia

2 44/M  Right IE - Clouding Cerebral hemisphere, Multiple
parietal lobe of consciousness corpus callosum, cerebellum

3 74/M  Tonsil il 15 Diplopia, staggering gait From right hypothalamus Solitary

to midbrain

4 50/F  Liver, spleen, v 1 Depression, Right frontal lobe, Muttiple
kidneys, pleural clouding of right temporal lobe,
effusion, ascites consciousness left cerebellum

5 72/M  Cervical and abdominal v 4 Left asthenia, dysbasia Right Solitary
lymph nodes, parietal lobe .
spleen, bone marrow

6 78/M  Subcutaneous, v 2 Memory defect, Right frontal lobe Solitary
bone marrow incontinence

*Age at time of relapsed CNS disease.

Recently, a few studies have revealed the efficacy of
Gamma Knife radiosurgery (GKR) (Elekta Company,
Stockholm, Sweden) for CNSL [16-18]. Because CNSL is very
radiosensitive and GKR makes it possible to administer a
high radiation dose only to the lymphoma lesion, GKR facil-
itates excellent local control without high-grade neurotoxic-
ity. To overcome the short overall and progression-free
survival times, we performed GKR in 6 patients with relapsed
CNSL (intracranial relapse of PCNSL in 2 patients and CNS
relapse of systemic lymphoma in 4) (Table 1), and our results
indicated its safety and effectiveness for relapsed CNSL.

2. Therapy

The histologic diagnosis in all patients was DLBCL with-
out human immunodeficiency viral infection. The eligibility
criteria included a contrast-enhanced magnetic resonance
imaging (MRI) scan showing tumors with a maximum
diameter of less than 4 cm for the largest lesion and addi-
tional lesions not exceeding 3 cm in diameter [19]. In addi-
tion, patients with metastases in the brain stem or within 1
cm or less of the optic apparatus were excluded [19]. After
the frame was fixed to the patient’s head under local anes-
thesia, radiosurgical procedures were performed with the
Leksell Gamma Knife. The Leksell GammaPlan treatment-
planning system was used to take images for preoperative
planning, to determine the target size and volume, and to
establish the optimal dose for GKR. Two hundred milliliters
of 10% glycerin and 4 mg dexamethasone were given to ali
patients twice daily for several days after the treatment.

3. Case Reports
3.1. Case 1
A 66-year-old female patient with a writing disturbance

was admitted to our hospital in February 2004. Computed
body tomography (CT) and MRI scans showed a mass lesion

in the left basal ganglia. No tumor was found outside the
CNS. A definitive histologic examination via craniotomic
biopsy confirmed the DLBCL. After 5 cycles of high-dose
methotrexate (3.5 g/m?) and high-dose cytarabine (2 g/m?x 2
days), a neurologic examination showed a remarkable
improvement, although the tumor remained. In February
2005, the patient developed loss of appetite, left hemiparesis,
and clouding of consciousness; a CT scan and MRI revealed
a mass lesion in the right basal ganglia (Figure 1A). The
lesion in the left basal ganglia had almost completely disap-
peared by this time. Because the neurologic disturbance pro-
gressed rapidly, we decided to perform GKR, which induced
a complete response (CR) according to the response criteria
[20] and an improvement in the patient’s consciousness and
appetite (Figure 1B). In May 2005, 3 months after the first
GKR, a cliniconeuroradiologic follow-up evaluation showed
disease recurrence in the left frontal lobe. Three additional
GKR treatments were performed by November 2005. At the
last follow-up, the patient had been alive for 13 months after
the first GKR.

3.2. Case 2

A 44-year-old male patient was admitted to our hospital
in February 2001 because of right orbital pain and vomiting.
A CT scan and MRI revealed a mass lesion in the right
parietal lobe, and a radical craniotomy was performed. The
definitive histologic diagnosis was DLBCL, and additional
therapies of local irradiation (2 Gy, 30 times) were per-
formed, followed by 3 cycles of CHOP therapy (750 mg/m?
cyclophosphamide, 1 day; 50 mg/m2 doxorubicin, 1 day;
1.4 mg/m? vincristine, 1 day; and 100 mg/day prednisolone, 5
days). After only 1 month, several tumors had recusred in the
cerebral hemisphere, corpus callosum, and cerebellum. In
September 2001, we decided to perform GKR because of the
patient’s clouded consciousness. Although the tumors
regressed but remained as stable disease, his consciousness
rapidly improved after GKR. Ten cycles of high-dose
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Figure 1. T1-weighted magnetic resonance imaging scan before (A)
and after (B) Gamma Knife radiosurgery (GKR) in case 1. The tumor in
the right basal ganglia was 38.4 x 39.1 x 30.0 mm with a volume of 24.6
mL. GKR was performed at a maximal dose of 30 Gy and a marginal
dose of 15 Gy.

methotrexate and 2 cycles of high-dose cytarabiné were then
administered. In October 2002, 13 months after the first
GKR, the tumors increased in number. In spite of a second
GKR, the patient died of disease progression in December

3.3. Case 3

DLBCL of the tonsil (clinical stage IT) [21] was diagnosed
in a 59-year-old man in 1989. He achieved a CR after chemo-
therapy and remained tumor-free for 15 years. In December
2004, at 74 years of age, the patient complained of diplopia
and a staggering gait due to paralysis of the left superior
oblique muscle. A CT scan and MRI showed mass lesions in
the maxillary sinus and from the right hypothalamus to the
midbrain. A biopsy of the maxillary sinus tumor verified the
diagnosis of DLBCL. After GKR for the CNS lesion in
February 2005, neurologic improvement was noted along
with regression of the CNS lesion and peritumoral edema,
and the subsequent administration of 1 course of high-dose
methotrexate induced CR. In January 2006, 11 months after
the GKR, the tumors recurred in the thalamus, palate,
pharynx, and right axilla. The patient subsequently died of
progressive lymphoma in July 2006.

3.4. Case 4

Intravascular large B-cell lymphoma with multiple lesions
involving the liver, spleen, kidneys, and body cavities (clinical
stage IV) [21] was diagnosed in a 49-year-old woman in June
1999. She achieved CR after 6 cycles of CHOP therapy, and
no tumor was noted for 4 months. In February 2000, the
patient developed depression and clouded consciousness. A
CT scan and MRI revealed mass lesions in the right frontal
lobe, temporal lobe, and left cerebellum. Extirpation of the
cerebeliar tumor was performed, and histologic examinations
confirmed lymphoma recurrence. After GKR, the patient
achieved CR with the improvement of neurologic symptoms.
Three cycles of high-dose methotrexate and high-dose
chemotherapy followed by autologous peripheral blood stem
cell transplantation (auto-PBSCT) were performed. In April

2001, 13 months after the GKR, a mass lesion appeared in
the left cerebral hemisphere. Although chemotherapy was
performed, the patient died of progressive disease in August
2002.

3.5. Case 5

DLBCL occurring primarily in the abdominal lymph
nodes (clinical stage IV) [21] was diagnosed in a 69-year-old
man in 2001. He achieved CR after 6 cycles of CHOP
therapy, and no tumor was seen for 3 years. In February 2005,
the patient was admitted to our hospital because of left-sided
muscle weakness and walking difficulty. A CT scan showed a
mass lesion in the right parietal lobe (Figure 2A). GKR was
performed for the CNS lesion, and 2 cycles of high-dose
methotrexate (5 g/m?) and high-dose cytarabine (2 g/m? x 2
days) were administered. Cliniconeuroradiologic follow-up
showed CR and the disappearance of the neurologic disor-
ders (Figure 2B). In March 2006, 13 months after the first
GKR, the tumor in the right frontal lobe recurred. After the
second GKR, the patient achieved a partial response (PR),
and no disease progression has been detected for 6 months.

3.6. Case 6

DLBCL (clinical stage IV) [21] was diagnosed in a 76-
year-old man in June 2003. He achieved CR after 6 cycles of
CHOP therapy and high-dose chemotherapy followed by
auto-PBSCT, and no tumor was subsequently noted for 1
year. In March 2005, the patient was admitted to the hospital
because of memory problems and urinary incontinence.
A CT scan showed a mass lesion in the left frontal lobe. A
cytologic examination of the cerebrospinal fluid revealed the
involvement of lymphoma cells. GKR followed by 2 cycles of
high-dose methotrexate (5 g/m?) and high-dose cytarabine
(2 g/m? x 2 days) were performed for the CNS lesion. He
achieved PR with the disappearance of neurologic symp-
toms. In October 2005, 7 months after the GKR, the tumor in
the left frontal lobe progressed. Although a second GKR was
performed, the patient died of progressive disease in July
2006.

Figure 2. Computed tomography scans before (A) and after (B)
Gamma Knife radiosurgery (GKR) in case 5. The tumor was in the right
parietal lobe. GKR was performed at a maximal dose of 34 Gy and a
marginal dose of 17 Gy.
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Table 2.
Treatment Results with Gamma Knife Radiosurgery (GKR)*
Chemotherapy Response to GKR with Progression-Free Survival from
Case No. following GKR or without Chemotherapy Survival from GKR, mo GKR, mo
1 - CR 3 13+
2 HD MTX, HD Ara-C SD 13 15
3 HD MTX CR 11 17
4 HD MTX, auto-PBSCT CR 13 29
5 HD MTX, HD Ara-C CR 13 18+
6 HD MTX, HD Ara-C PR 7 16

*CR indicates complete response; HD, high-dose; MTX, methotrexate; Ara-C, cytarabine; SD, stable disease; auto-PBSCT, autologous peripheral

blood stem cell transplantation; PR, partial response.

4. Discussion

GKR therapy for relapsed DLBCL in the CNS produced
CR in 4 of 6 patients and PR or stable disease in the remain-
ing 2 patients (Table 2). The neurologic symptoms of 4
patients (cases 1-4) were markedly improved, and the focal
neurologic deficits in the other 2 patients (cases 5 and 6)
disappeared within several weeks. Although the usefulness of
GKR for CNSL remains unproved, Dong et al described 44
PCNSL patients treated with GKR; 86% and 14% of these
patients achieved CR and PR, respectively, without severe
complications [17]. Our results suggest that GKR for relapsed
CNSL facilitates good local control.

Regarding adverse effects, brain edema was detected in
all of the patients after GKR; however, symptoms such as
clouded consciousness were rapidly improved by treatment
with both dexamethasone and glycerin. No patients showed
any delayed effects of the brain edema. Although a
temporarily depressed level of consciousness and regimen-
related toxicities due to the systemic chemotherapies were
observed after GKR, the grade of acute toxicities related to
GKR was limited to grade 1, according to the National
Cancer Institute Common Toxicity Criteria version 3. These
findings suggest that GKR is an appreciably safe treatment.

Although the initial response to GKR was excellent, the
possibility of recurrence remained, particularly outside the
primary lesions. Dong et al reported that 64% of PCNSL
patients treated with GKR showed recurrence after a mean
disease-free interval of 15 months [17]. In the present study,
all of the patients experienced recurrence or progression
after the first GKR. The median overall survival and
progression-free survival times after GKR were 17 and 11
months, respectively. These results were better than those
described in previous reports of relapsed CNSL treated with
chemotherapy and/or radiation therapy [5-15].

Our results indicate that compared with WBRT, GKR has
several characteristics and advantages: (1) WBRT causes
delayed neurotoxicity. Specifically, approximately 90% of
patients older than 60 years treated with the combination of
WBRT and chemotherapy will develop treatment-related
neurotoxicity, characterized as dementia including memory
loss, behavioral disturbance, gait abnormalities, urinary
incontinence {3,22,23] associated with leukoencephalopathy,
brain atrophy, and hydrocephalus [24]. A few reports have
described combination treatment with methotrexate and

reduced WBRT (30-36 Gy) to lower the risk of neurotoxicity
[4.25]. According to these reports, leukoencephalopathy was
still seen in 20% to 50% of patients aged 60 years or older
and was eventually fatal to some patients. In the present
study, on the other hand, delayed neurotoxicity was not rec-
ognized until the last follow-up, and no patient died of treat-
ment-related toxicity. (2) GKR treatment takes only a few
days. Our patients were in good condition and able to receive
subsequent chemotherapy immediately. (3) GKR can be
performed repeatedly. In our study, a second GKR was per-
formed in 4 cases, and one of these patients (case 1) received
4 cycles of GKR, which induced neurologic improvement for
more than 1 year. For these reasons, GKR might improve
the prognosis of relapsed CNSL patients, considerably
increasing the quality of life.

In conclusion, GKR facilitates excellent local control of
relapsed CNSL. The progression-free survival and overall
survival times of relapsed CNSL patients treated with GKR
might be better than those described in previous reports for
patients treated with chemotherapy and/or radiation ther-
apy. Considering that the prognosis of relapsed CNSL
patients is very poor, it is important to provide short-term
treatment and maintain a good quality of life without treat-
ment-related neurotoxicity. Because GKR is suitable for
these purposes, an improved therapeutic strategy for this
disease should be established. Such a strategy would com-
bine GKR with other modalities, including high-dose
chemotherapies and autologous stem cell transplantation,
which may allow the therapeutic agents to reach intracra-
nial lesions through the blood-brain barrier. Because the
effectiveness of GKR is limited, especially in terms of dura-
tion, further studies including prospective trials are needed
to define the role of GKR in the treatment of CNSL
patients.
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Abstract

A new cell line, designated UCH1, was established from a patient with splenic marginal zone lymphoma (SMZL). UCH1
cells feature a mature B-cell phenotype, characterized by surface IgM +, k+, CD5—, CD10—, CD19+ and CD20+. The
BCL2 and BCL6 genes retained their germ-line configurations and overexpression of cyclin D1 was not detected. UCH1
cells carry numerical and structural aberrations in chromosome 3, but these were too complex to be analyzed with the
conventional G-banding method. Spectral karyotyping (SKY) and fluorescence in situ hybridization analysis clearly
demonstrated the presence of a balanced translocation between chromosomes 8 and 14 [t(8;14)(q24;q32)] in the complex
aberrations involving chromosome 3. The results of Southern blot analysis supported this finding by showing rearrangement
of the c-myc gene in UCHI1 cells. SKY analysis also identified a translocation involving chromosome band 18q21, to which
BCL2 and MALT! genes were assigned, suggesting their implication in the development or progression of SMZI..

Keywords: Lymphoma, spleen, marginal zone, SKY, c-myc

Introduction

Although secondary splenic involvement in non-
Hodgkin’s lymphoma (NHL) is frequently observed,
primary splenic lymphoma is relatively rare [1]. Most
splenic lymphomas are classified as low-grade B—cell
turmnors, but show heterogeneous populations [2].
Among these lymphomas, a distinct disease entity
referred to as splenic marginal zone lymphoma
(SMZL) has been introduced and is now widely
accepted [3-7]. However, the pathophysiology of
SMZL has not yet been fully understood, especially
in terms of how it differs from other splenic low-
grade B-cell lymphomas. One of the reasons for this
is the lack of cell lines derived from SMZL {31].
Recently, we were able to establish a new B-cell line
from a patient with refractory SMZI.. This report
describes the characterization of this new cell line,

designated UCH1, and focuses especially on chro-
mosomal analysis.

Materials and methods
Case history

A 74-year-old man was admitted to our hospital
because of progressive emaciatdon and huge spleno-
megaly. Bone marrow aspiradon revealed involve-
ment by small atypical lymphocytes, but enlargement
of the peripheral lymph nodes was not observed. The
patient was tentatively diagnosed with splenic
lymphoma and treated with CHOP (cyclophospha-
mide - doxorubicin ~vincristine — prednisone)  ther-
apy. He responded to this therapy initially, but
splenectomy was required because of the develop-
ment of autoimmune hemolytic anemia and
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thrombocytopenia. The resected spleen was 1570 g
in weight, with small monotypic lymphoma cells
proliferating predominantly in the marginal zones
accompanied by total replacement of the germinal
centers in the white pulp. These lymphoma cells were
posidve for 1.26 (CD20) and ant-immunoglobulin
(Ig)M suaining. Thirty months after the splenectomy,
the patient developed leukemic conversion in asso-
ciadon with IgM x gammopathy (1590 mg/dl) but
without osteolytic lesions, and died of this refractory
disease.

Cell culture

Mononuclear cells were isolated from peripheral
blood during the leukemic phase and cultured in
RPMI 1640 medium supplemented with 10% heat-
inactivated fetal calf serum. Detection of the
Epstein—Barr virus (EBV) genome by the polymer-
ase chain reaction (PCR) method used BamW region
primers (SRL, Tokyo, Japan).

Clonality analysts

To determine whether the UCHI1 cell line is
established from the original SMZL lymphoma clone
at diagnosis, we amplified DNA of the IgH chain
gene VDJ region gene rearrangement from the
UCH]1 cell line and original spleen dssue, using
PCR [8], and sequenced the PCR product from each
reaction.

Immunophenotyping

The surface markers of both the original lymphoma
cells and UCHI1 cells were determined with direct
and indirect immunofluorescence methods.

Cytogenetic analysts

Metaphase preparations were performed by the
short-term culture method. Chromosomes were
stained with the conventional trypsin-Giemsa band-
ing technique. Karyotypes were made and described
according to the recommendations of the Interna-
donal System for Human Cytogenetic Nomenclature
(ASCN 1995) [9].

Spectral karyoryping (SKY) analysis

Ten metaphases were also examined by means of
SKY analysis. Briefly, a SkyPaint kit (Applied
Spectral Imaging, Migdal Ha’Emek, Israel), which
contains 24 combinatorially labeled painting probes
specific for each human chromosome, was used for
hybridization. Hybridization and detection were

carried out as described previously [10]. The
chromosomes were then counterstained with 4’,6-
diamidino-2-phenylindole (DAPI)/antifade solution.
Spectral images were acquired with a SD200
SpectraCube (Applied Spectral Imaging) to measure
the emission spectra for all pixels of the chromo-
somes. A spectral-based classification algorithm was
used to assign a specific classification color to all
pixels on the basis of the unique spectra of each
chromosome. DAPI-counterstained images were
acquired from all metaphases analyzed and then
transformed using a band-enhancement algorithm to
patterns almost identical to those obtained with
G-banding. SkyView, a spectral karyotyping analysis
software, was used to determine the origin of the
rearranged chromosomal materials on the spectrally
classified color images. In addidon, breakpoints were
precisely determined with respect to chromosome
bands on the G-band-like images.

Fluorescence in situ hybridization (FISH) analysis

To confirm the complex t(8;14)(q24;q932) translo-
cation, we used the « satellite probe (D8Z1; Vysis,
Downers Grobe, IL, USA) specific for the cen-
tromeric region of chromosome 8 (cen8) and the
subtelomeric probe (Vysis) specific for chromosome
l4q (tell4q), which contains a locus estimated to
be within 300 kb of the end of chromosome 14q
[11]. These probes were directly labeled with
SpectrumOrange (Vysis). FISH analysis with the
probes was carried out according to the manufac-
turer’s protocol.

Southern blot analysts

For Southern blot analysis, genomic DNA from the
UCHI1 cells was digested with various restricdon
enzymes, separated on a 1% agarose gel, and then
transferred to a nylon membrane as described
previously [12]. Immunoglobulin gene analysis
used a heavy-chain joining region probe (JH) and
two constant region probes, CA and Ck. Involvement
of BCL2, BCL6, and the c-myc locus was analyzed
with probes for major BCL2 (2.8-kb EcoRI —~ HindIII
fragment), BCL6 (4-kb Sacl fragment), and c-myc
(0.8-kb Pvull fragment), respectively.

Reverse transcriptase (RT)-PCR for cyclin D and
MALT! mRNA

Total RNA was prepared and cDNA was synthesized
with a cDNA synthesis kit (Clontech, San Diego,
CA). For detecdon of cyclin D mRNA, a simple
competitive RT-PCR analysis method was used, as
described previously [13]. To detect MALT1
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mRNA, we used a set of gene-specific primers
described elsewhere [14].

Results
Cell culture

Soon after the inidation of the culrure, the cells began
to proliferate and formed loose aggregations. After
subcloning with the aid of limiting dilutions, a stable
clone, designated UCH]1, was established and pas-
saged more than 200 tmes with a doubling time of
60 h. UCH]1 fearured a stable phenotype even after
freezing and thawing of the cell line. PCR analysis did
not detect any EBV genome in the UCHI1 cells.

The UCHI cells had round nuclei and basophilic
cytoplasms containing several vacuoles (Figure 1A),
similar to the composition of the original lymphoma
cells (Figure 1B). Occasional cells had eccentric
nuclei, suggesting plasmacytic differentiation. Villous
lymphocytes were not observed in either the original
lymphoma cells or the UCH1 cells.

Clonality analysis

From both UCHI1 cell line DNA and the original
spleen tssue DNA, a 94-bb PCR product was
amplified (data not shown). Sequencing analysis
revealed that the two PCR products had an identical
DNA sequences (data not shown).

SKY analysis for splenic marginal zone lymphoma 769

Immunophenoryping

The phenotypic characteristics of the original lym-
phoma cells and the UCHI cells are summarized in
Table 1. Both featured a mature B-cell phenotype, as
demonstrated by the presence of surface IgM, x
chain, and CDI19, 20, 22 antigens, and the absence of
T-cell and myeloid-associated antgens. Notably,
both the original lymphoma cells and the UCH1
cells lacked the CD5 and CDI10 antgens. Mono-
clonal IgM and x proteins were detected in the
culture supernatant of the UCHI1 cells.

Cytogenetic analysis

The G-banded karyotype of the UCH]1 cell lines was
47~48, XY, add(1)(q32), add(2)(q21)[4], add(3)
(ql0), +add(3)(Pll)x2, del(5)(pl13)[2], add(9)
(q34), add(14)(p10){3], —14, —15, add(17)(p10),
—17{2], +mar[3] [cp5] (Figure 2A; Table II).
A +add(3)(pll), the structural abnormality of the
additional chromosome 3, which is one of the
characteristic chromosome abnormalities in SMZL
mentioned earlier [15], was also found in UCHI
cells. In addidon, UCH1 cells were found to have
multiple unidentified structural chromosomal ab-
normalities, including eight add chromosomes and
one clonal marker chromosome, which were too
complex to be accurately identified by conventional
G-banding analysis. :

Figure 1. Morphological appearance of (A) UCH1 cells in culture, and (B) original lymphoma cells in the bone marrow of the patient during

the leukemic phase (May-— Giemsa stain; original magnification, x700).
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Table 1. Phenotypic characters of the original lymphoma cells and
UCH]1 cells.

Original cells UCH]1 cells

CD3 < (%) < 1(%)
CD4 <1 <1
CD5 7.5 <1
CD8 <1 <1
CD10 1.6 <1
CDl1c NT <1
CD13 <1 <1
CD19 98.8 99.8
CD20 89.5 71.4
CD22 51.2 77.1
CD23 NT 10.6
CD38 NT 99.7
CD49d NT 100
CD49e NT <1
CD54 NT 94.1
CD56 NT <l
HLA-DR 98.5 99.9
PCA-1 NT 63.6
slg-G 25 <1
slg-A 1.1 <1
slg-M 96.5 94.6
slg-D 12.3 8.9
slg-x 99.4 86.5
slg-2 <1 <1

slg, Surface immunoglobulin; NT, not tested.

SKY and FISH analysis

Representative results of SKY and FISH analysis are
presented in Figure 2(A,B). SKY analysis showed the
add(3)(q10) in the G-banded karyotype to be der
(3)(3pter — 3q21::14q24 — 14q32::8q24 — 8qter),
and +der(3)t(3;18)(p11;q21) was observed in dupli-
cate (Figure 2A). FISH analysis with the 14q sub-
telomeric probe was performed. The probe signals
were detected at the end regions not only on chromo-
some 14q, but also on one of the two homologues of
chromosome 8, which were thought to be normal on
the basis of the results of SKY analysis (Figure 2B).

Re-evaluadon of the G-banded karyotypes re-
vealed a reladvely small deletion of chromosome
bands 8q24-qter. These results suggest the presence
of a balanced tmranslocation between chromosomes 8
and 14. The respective breakpoints were assigned to
bands 8q24 and 14q32 on the basis of reevaluation of
G-banded karyotypes (Figure 2C). The revised
karyotype based on the results of SKY and FISH is
shown in Table II.

Southern blot analysis

Southern blot analysis demonstrated monoclonal
rearrangements in the JH and Ck regions, but
germ-line configuradons in the CA region (data not
shown), BCL2 and BCL6 genes retained their germ-

line configurations but the c-myc gene was rearranged
(data not shown).

RT-PCR for cyclin D and MALT1 mRNA

RT-PCR analysis indicated that the UCH1 cells
expressed cyclin D2 but not cyclin D]l or D3 mRNA
(data not shown). Expression of MALT1 mRNA was
not detectable (data not shown).

Discussion

UCH]1 cells were established from the peripheral
blood mononuclear cells of a patient with splenic
lymphoma during the relapsed leukemic phase. The
lymphoma cells in the resected spleen were small
cells proliferating predominantly in the marginal
zones of the white pulp, which were consistent with
‘splenic marginal zone lymphoma’. Recently, two
main subtypes of small B-cell lymphoma of the
spleen have been identified, mande cell lymphoma
(MCL) and SMZL [16]. SMZL represents the
histologic counterpart of splenic lymphoma with
villous lymphocytosis [17], although cases without
villous lymphocytes have been reported [4]. Previous
studies have found that bone marrow involvement
without significant lymphadenopathy is common in
cases of SMZL, in contrast to cases with splenic
MCL, which are more often associated with general-
ized lymphadenopathy [16]. SMZL can be phenoty-
pically distinguished from MCL by its lack of CD5
expression [4]. IgM gammopathy is frequently
observed in SMZL, accompanied by various im-
munological abnormalities, such as autoimmune
hemolytic anemia and immune thrombocytopenia
[18]. MCL, but not SMZL, is frequently associated
with the t(11;14)(q13;932) translocation, which
results in overexpression of PRADlcyclin DI
mRNA transcripts and protein [19-22]. All these
characteristics of SMZL are consistent with those of
our patent and UCHI1 the cells.

Nodal marginal zone lymphoma (NMZL), mono-
cytoid B-cell lymphoma, and low-grade B-cell
lymphoma of mucosa-associated lymphoid dssue
(MALT) were originally described as distinct clini-
copathologic entities [23,24]. However, on the basis
of morphologic and immunologic similarities, mono-
cytoid B-cell lymphoma and MALT lymphoma have
been grouped together as nodal and extranodal types
of NMZL in the WHO classification of lymphoid
neoplasms. SMZL has been provisionally classified
as a related but separate entity [4]. In support of
this classification, cytogenedc studies have reported
that trisomy 3 is frequenty associated with nodal
or extranodal monocytoid B-cell lymphomas and
MALT lymphomas, but this associaton is relatvely
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Figure 2. (A) SKY analysis of the UCH1 cell line. For each chromosome, G-band-like images are shown on the left side, and classification
color images on the right. The numbers on the right side of the classification color image indicate the origin of the chromosomal material in
aberrant chromosomes. (B) FISH analysis of the UCH] cell line. Partial karyotype from a memphase hybridized with the combined probes of
tell4q and cen8. For each chromosome, except for chromosome {der(3)] on the right side, the classification color images and the FISH
images are shown from left to right. Arrowheads indicate the centromere signals specific for chromosome 8. The tell4q signals (arrows) were
detected not only on one normal chromosome 14q (left of center), but also on one (right of center) of the apparently normal chromosome 8
homologues (left and right of center) recognized by G-banding and SKY analysis. Chromosomes were counterstained with DAPL. (C)
Schematic G-banded ideogram of (B). The chromosome idiograms, from left to right correspond to those in (B). Chromosomal 8 material is
shown in blue, chromosome 14 in red, and chromosome 3 in gray. These colors for this schemaric partial karyotype are the same as those
used for the SKY classification color images in (B), thus visualizing the origin of the chromosomes. Combined SKY and FISH results
suggested that the complex 14932 translocation, which involves chromosomes 3, 8, and 14, was generated in two steps. First, a balanced
translocation between chromosomes 8q24 and 14q32 occurred, followed by translocation of the segment (14g24 — 14932::8q24 — 8qter)
derived from the der(14) chromosome (indicated by a broken line) to chromosome 3q21. Arrowheads indicate the signals of tell4q.

Table II. G-band karyotype modified as a result of SKY and FISH some 3, were frequently found not only in cases with
analysis. nodal or extranodal marginal zone lyphomas, but
also in cases of SMZL. The identification and

G-band Revised after SKY and FISH
and karyorype ed karyorype afier = classification of SMZL are thus not yet agreed
add(1)(q32) der(1)t(1;8)(q32;q13) upon and its pathophysiology is not fully understood.
add(2)(q21) der(2)1(2;15)(q21:q13) However, establishment of the UCH1 cell line may
2dd(3)(a10) der(3)(3prer = 3q21: prove helpful for further study of SMZL.
14924 - 14q32::8q24 — 8qter) . .
+add(3)(p11)x2 +der(3)(3;18)(p11;q21)x2 The chromosomal band 18g21 is a recurring

Normal appearance 8  der(8)t(8;14)(q24;932) breakpoint site in follicular lymphoma associated

add(9)(q34) der(9)t(X;9) a1 33034) with t(14;18)(q32;q21), and the BCL2 gene was
add(14)(p10) der(9;14)(q10;q10)del(9)(ql 3022) cloned from the 18921 breakpoint in this transloca-
;4“;,(17)(910) i:gg;%;g@;ﬁ?;. don [28]. However, Southern blot analysis could

2q13 - 2q33:5q31  5qter) not detect involvement of the BCL2 gene in UCH1

cells (data not shown). The recurring 18q21
translocation has also been reported in MALT

rare in SMZL [25-27]. Dierlamm et al. [15] lymphoma, where it involves 11g21 [t(11;18)

reported that whole or partial trisomy 3, including
structural abnormalities of the addidonal chromo-

(q21;q921)]. Recently, a new gene, MLT/MALTI,
was cloned from the breakpoint site at the 18q21
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region in this translocation, and has been speculated
to play a crucial role in the development of these
mors [29,30]. However, in UCHI1 cells, expres-
sion of MALT1 mRNA was not detected with the
RT-PCR method (data not shown). The 14q32
translocation is one of the most frequent chromo-
some abnormalities found in B-cell malignancies,
and has been reported in 50—-70% of patients with
B-cell NHL. This translocation results in rearrange-
ment of the IgH gene located at 14g32. Although
Southern blot analysis in UCH1 cells revealed
rearrangement of the JH regions (data not shown),
the translocation involving band 14q32 could not be
identified by means of conventional G-banding
analysis. However, SKY analysis showed the add
(3)(ql0) in the G-banded karyotype to be der
(3)(3pter — 3q21::14q24 — 14q32::8q924 — 8qter)
(Figure 2A). The 14q32 breakpoint found in NHL is
subtelomeric, so that the segment (14g32-gter) is too
small for the translocation to be resolved by SKY
analysis. To determine whether the c-myc gene
located at 8q24 was involved by this wanslocadon,
we performed Southern blot analysis. As expected,
the ¢-myc gene was rearranged in UCHI1 cells (data
not shown), suggesting that dysregulation of the c-myc
gene is one of the major oncogenetic processes in
UCH] cells. The t(8;14)(q24;q32) translocadon is
the most common chromosomal abnormality in
Burkitt’s lymphoma. We confirmed that UCH1 was
derived from the original SMZL clone by sequenc-~
ing the PCR products derived from the IgH chain
gene VD] region gene rearrangement, which were
identical in the DNA derived from the cell line and
the DNA from the lymphoma cells of the spleen at
diagnosis (data not shown), excluding the possibility
that UCH1 was derived from a secondary lympho-
ma with a t(8;14)(q24;q32) translocation such as
Burkitt’s lymphoma. Because we were unable to
confirm that the t(8;14)(q24;q32) translocation exis~
ted from the time of diagnosis, we cannot rule out the
posibility that this translocadon was an additional
change. However, ¢c-myc rearrangement has not been
reported in SMZL, and UCH1 is the first cell line
derived from SMZL carrying t(8;14), and should
prove useful for study of the pathophysiology of this
rare disorder [31].
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Abstract

in non-Hodgkin's lymphoma (NHL), the majority of translocations involve the immunoglobulin heavy chain
gene (IGH) locus, while a few involve the immunoglobulin light chain gene (/GL) locus, consisting of the
kappa light chain gene (/Gk) and the lambda light chain gene (/GA). Although many reports have dealt with
the translocation and/or amplification of /GH in NHL, only a few have identified /GL transiocations. To iden-
tify cytogenetic abnormalities and the partner chromosomes of /GL translocations in NHL, we performed
dual-colour fluorescence in situ hybridisation (DC-FISH) and spectral karyotyping (SKY) in seven NHL cell
lines and 40 patients with NHL. We detected /GL translocations in two cell lines and nine patients: four
patients with diffuse large B-cell lymphoma, three with follicular lymphoma, one with extranodal marginal
.zone B-cell lymphoma of mucosa-associated lymphoid tissue and one with mantie cell lymphoma. Five dis-
tinct partners of /GA translocation were identified by SKY analysis: 3q27 in three patients, and 1p13, 6p25,
17p11.2 and 17421 in one patient each. Three cases featured double translocations of /IGH and /GL. These
findings warrant the identification of novel genes 1p13, 6p25, 17p11.2 and 17qg21.
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A number of recurring chromosomal abnormalities cor-
relate with clinical, morphological and immunopheno-
typic features of malignant lymphoma (1). The majority
of these translocations involve the immunoglobulin
heavy chain gene (IGH) locus, while a few involve the
immunoglobulin light chain gene (/GL) locus, consisting
of the kappa light chain gene (IGx) located at 2pl1.2
and the lambda light chain gene (IG1) located at
22q11.2. The detection of these abnormalities, such as
IGH, IG2 or IGk/C-MYC translocations in Burkitt’s
lymphoma, can be useful for establishing and confirming
diagnosis (2).

© 2008 The Authors
Journai compilation 80 {143~150) © 2008 Blackwell Munksgaard

While previous reports have dealt with abnormalities
of IGH translocation, including the double transloca-
tion and/or amplification of the C-region (3-5), those
of IGL have been investigated to a much lesser extent.
To identify the partner chromosome involved in the
translocation and amplification of /GL in non-Hodg-
kin’s lymphoma (NHL), we performed cytogenetic
analysis using dual-colour fluorescence in situ hybridi-
sation (DC-FISH) in seven NHL cell lines and 40
patients with B-cell NHL. We then corrected the mole-
cular—cytogenetic findings with clinical findings in nine
patients showing distinct partners of IGL translocation
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to clarify whether IGL translocation is associated with
a subset of NHL.

Patients and methods

Patients and clinical findings

Forty patients treated at the Kyoto Prefectural University
of Medicine or Kuma Hospital (specialised hospital for
thyroid disease) between April 2001 and March 2006, and
seven cell lines established at the School of Medicine,
Fukushima Medical University (HBL 1,2,3,5,6,8 and 9),
were studied with FISH to identify IGL translocations by
molecular cytogenetic methods. Clinical stages of NHL
patients were defined according to the Ann Arbor staging
classification (6), using staging procedures including physi-
cal examination, a routine laboratory profile, a chest
radiograph and computed tomography scan. Tumour cells
were analysed with a routine morphological review and
immunophenotypic analysis. Histological subtypes were
defined according to the World Health Organization
(WHO) classification (1). The immunophenotype of
tumour cells was assessed by flow cytometry or immunop-
eroxidase staining with L.26 on paraffin-embedded sections
according to the standard protocol (7).

Preparation of metaphase and interphase cells

Metaphase spreads and interphase nuclei were prepared
from short-term cultures of lymph node tumour cells.
Cells were treated with hypotonic solution of 0.075 M KCl

tel. \4
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at 20°C and fixed with Calnoy’s solution [methanol : ace-
tic acid (3 : 1)}, as described previously (8). Control sam-
ples for interphase analysis were prepared from cultured
lymph node cells from five patients with lymphadenitis. G-
banded metaphases were arranged and defined according
to the recommendations of the International System for
Cytogenetic Nomenclature (2005) (9).

DC-FISH and SKY

For the detection of IGL translocation, we used bacterial
artificial chromosome (BAC) clones purchased from Invi-
trogen Inc. (Carlsbad, CA, USA). FISH analysis was per-
formed using differentially labelled probes flanking the
IGL locus. Within the JG2 region, we selected the BAC
clone RP11-1152K 19 to cover the variable cluster (JGLV),
and the BAC clone RP11-165G5 to cover the constant
cluster (JGAC). Within the IGk region, a clone (RP11-
316G9) was selected to cover the variable cluster (IGkV),
and a clone (RP11-1021F11) to cover the IGx constant
cluster (IGxC) (Fig. 1) (10, 11). For the detection of IGH
translocations, /GH dual-colour breakpoint probes (Vysis,
Burlingame, CA, USA) were used. For the detection of
BCL6 translocations, the LSI BCL6 (Vysis) probe was
used. Each chromosome and nuclei were identified on the
basis of 4',6-diaminido-2-phenylindole dihydrochloride
(DAPI) staining properties. Slides were mounted in an
antifade solution (Vectashield; Vector Laboratories,
Burlingame, CA, USA). Images were captured with a
charge-coupled device (CCD) camera (SenSys0400-Gl;
Photometrics Ltd, Tucson, AZ, USA). For the analysis of
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Figure 1 Schematic representation of probe locations for FISH analysis.
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Table 1 Molecular~cytogenetic findings in nine patients with /GL translocation

IGL translocations in lymphoma by FISH

Case IGL Frequency of Partner of IGL

no. Chromosomal abnormalities Materials translocation IGL split (%) transiocation

1 add(22){g11) Lymph node A 50 17p11.2

2 t12;3){p12:q27),+del(3}(q?).der(3)t(2;3}),+t(14;18) Lymph node 3 60 . BCL6' and unknown

3 1(17:22)(q21;q11) Lymph node A 80 1721

4 1(3;22)(q27:q11) Thyroid A 25 BCL6'

5 t(3;221(q27:q11) Thyroid A 86 BCLe

6 (6;22)(p25:q11) Thyroid A 60 6p25

7 add(22){q11) Pancreas A 60 ND

8 add(22)(q11),+t{14;18} Duodenum A 28 ND

g t(1;2)(p13;p11).+2,add(4}{q21),+7,inv{9){p11g13}, Lymph node K 20 1p13
t{14;18)(q32;921}

HBL2 80

HBLE 92

'Proved by FISH using the BCLB split probe (Vysis).
ND, not defined.

Table 2 Representative karyotype by G-banding and spectral karyotyping analysis in two lymphoma cell fines and nine patients with B-cell

lymphoma

Case G-banding Spectral karyotyping

HBL2 NA' 42 X,der(1{1p12-1g42::?),der(3}{3pter-3q22;;15q15-16qter),

dup(4}{p11p16), 1(6:9}{q21;p13).del(7){q11.1),
der(8)t(8:7)(p23;7),t(11;14)(q13;q32), der(14}t(14,15){q32.1;q15),
der{15)t(8,15§q24.q11.2), der(15)(?::15p11.1-15q13::3q22-3qter},~16,
der{18)t{11;18)(q21.q11.2), der(18){18pter-18q21.3::18q22.1-
18422.3::18q22.1-18q23::?), der(22)(Sqter-9p12::22p11.1-22q11.2)I5/5}

HBLE NA 44 1(X;6)(q28:q21), der(1)t{1:8}p22;q24), der(2)t{1:2}(q32:q13),

der{41t{2;4)(p11.2;p12), -5,i{8q),der(91t(3;20)(p13,p11.2),
der{10)t{2;10){(p15;p15),der(10)1(5;10}{g31,q24), der{11){11
pter-11g23::11q13-11q21::18421-18qter),der({13)t(10,13)(q22;q34),
dup(15){q13q26),

der(18)t(3;18)q25;q21) [6/61

No. 1 46,XY,add(7)(p11),add(17)}{p11),add{22) (q11){1/10] 45.XY,ins{7;13){p15;q14g34),der(8}t(8; 13}(p23.1;q?).del{13}(q14q34),+13,

der(171t{17:22}{p11.2:911.2),-22{1/13}

No. 2 56,XX,add(1}{q21),t(2;3)(p12:q27}, 51,XX,der(1)t(1;3)(p12;?),der(1)t(1:8}(p36.1;p11.2),4(2;3}(p11.2;927),
+del(3)(q?),der(3)t(2;3), +5,del(6){q?),+7, +der(3)t(2;3),1{4;18){q35;p13.1),+5,dei(6){q15921),
+8,add(8)(p11)x2,+9,+9,+12,-13,1{14;18)(q32;921), der(8}t(8;9)(p11.2;p13),

—15,-16,-17,+20,+der{Mt{?; 11{?:q12)x2,+mar1,+mar2, der{9)t{6;9)(q13:p13),+der{11)t(11;17)(q13;q11.2),+12,
+mar3,+mar4 (2/7] der(14)t(14;21){p11.2,q11.2),-15,der(171{13qter-13q12::1::17p11.
2-17qter), der(18)1(8;18)(p11.2;p11.2),+20{1 /4]

No.3 48,XX.add(2){p13),de1(2)(g?), add(6)(q21).de1(6}q?),add(12}{p11), 47.XX12:6)(q23;q16).der(BIt(X;6}(q22;q26),del{11)(g13),
-14,1(17:22){g21:911),add(18}q21), t{12;14)(p11.1;p11.1),t(17;22){q11.2;q11.2},der{16)t(16; 18)(q24,q23),
der(19)t(1;19)(q21;q13),add{20}{q1 1), der(18)(18pter-18q21.3::18q21.1-18q23::16qter),
+21,+der(?)t(?;:14)(?:q11),+mar1 [16/20] der(19)(1;19}(q21,913.4),+der(19)t{1;19){p12;p11),

7tul=1>der(201t{11;20)(q13;11.2) [3/5]

No. 4 46,XX.1(3;22)(q27;q11),add(7Xq32}, NA?
t(14;18)(g32;q21).der(16)t(1;16}{q21;922) [1/15]

No. 5 46,XX.t(3:22){q27:q11) {15720} NA

No. 6 46,XX,t(6;22){p25;q11)(5/7] NA

No. 7 46,XY,add(8)(p11),add(20){q13),add(22){q11) [2/20] 46XY,1(8:22)(p11;q11.2) (1/20]

No. 8 46,XY,add(10}{q11),t{14;18)(q32;q21) [12/20} 46,XY,del(10)(q11,q24).t{14;18){g32:921) [3/20]

46,idem,add(22)(q11) 157201
No. 9 48,XY,t{1;2)(p13;p11),+2,add(4l{q21},+7.inv(S)(p11q13), NA

t(14;18){g32:921) [2/20]

NA, not available.

© 2008 The Authors
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Figure 2 (A) DC-FISH showing IGH/BCL2 translocation. Green and
orange signals identify /GH and BCL2, respectively. Fusion signals indi-
cated by arrows suggest /GH/ BCL2 translocation. (B) DC-FISH showing
IGH translocation. Split signals of /GHC (red) and /GHV {(green) indicate
that the breakpoint is located between variable and constant regions.

Figure 3 (A) FISH showing /Gx translocation. The open arrow
indicates the normal /Gx gene. Ciosed arrows indicate a split signal.
non-dividing cells, hybridisation signals were evaluated in (B) FISH showing BCLS translocation. The open arrow indicates s telo-
100 interphase nuclei per slide. The split signals of the IGL meric probe showing up as red on der(3}(2;3). Closed, yellow and blue

gene and those of LSI BCL6 probes were defined based on arrows indicate the abnormal chromosome of der(2)t(2;3)(p11.2;q27),
normal chromosome 3 and der{1)t(1,3)(p12.7), respectively. The green

the cut-off values which wet:e calculated from the signal expected to be on der(3)t{2;3) is not detected.
mean + 2SD, as reported previously (12, 13). Spectral .

© 2008 The Authors
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karyotyping (SKY) was carried out with a SkyPaint kit
(Applied Spectral Imaging, Migdal Ha’Emek, Israel).
Signal detection was performed according to the manu-
facturer’s instructions.

Results

FISH and SKY analyses of patients and cell lines

Nine cases of 2p11 or 22qll rearrangements were diag-
nosed as having /GL translocations based on FISH find-
ings. The frequency of IGL translocation-positive cells
ranged from 20% to 86% (Table 1). There were two cases
of IGk translocation and seven of /G4 translocation. Dis-
tinct partners were defined as BCLS in three cases of IGL
translocation and as 1p13, 6p25, 17p11.2 and 17q21 in one
case each. Cut-off values were defined according to the
mean + 2SD: 53 + 0.8% for split signals in JGL translo-
cation and 4.2 + 1.0% for split signals in t(3;22) translo-
cation. Cytogenetic findings of these nine patients are
summarised in Table 2. G-banding analysis identified
t(3;22) in two patients (no. 4 and 5), t(2;3) in patient no.2,
and t(17;22)(q21;q11) in patient no. 3. Patients no. 2, 8
and 9 showed t(14;18)(q32;q21) in addition to t(2;3) or
add(22)(q11).

Figure 3 shows the FISH results in patient no. 2. The
BCL2/IGH fusion signal was also identified on chromo-
some 14 by means of FISH in patient no. 2 (Fig. 2). One
fused dual-colour signal for IGx was supposed to be
located on chromosome 2 (intact /Gk locus). Two isolated
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{GL translocations in lymphoma by FISH

green signals (JGxC) and a single orange signal (IGxV)
were detected on der(2)t(2;3)(p11.2;q27) and der(3)t(2;3),
and der(2)1(2;3)(p11.2;927) respectively (Fig. 3A). In this
patient, BCL6 translocation was identified with the
BCL6-specific probe; one of the split signals was detected
on der(2)t(2;3)(p11.2;927). The split signal, which has
to be identified as a green signal, located on
1(2;3)(p11.2;q27) was supposed to be diminished on trans-
location (Fig. 3B). As shown in Fig. 4, SKY analysis
identified  t(2;3)(p11.2;q27), +der(3)t(2;3X%?) and
+1(14;18)(q32;q21) in patient no.2 (Fig. 4). The results of
FISH analysis together with SKY and G-banding analyses
indicated that the /GxC region is amplified and then trans-
located to chromosome 3. Of the seven cell lines, FISH
showed that two had undergone JGL translocation with a
diminished IGAV signal, suggesting either physiological -
detection according to VJ recombination or an alternative
mechanism that may be involved in generating these cell
lines (Figs 5 and 6).

Clinical characteristics of patients with IGL
translocation

Table 3 shows the clinical and histological findings of
the nine patients with /GL translocation. Their ages
ranged from 52 to 77 years, with a median of
65 years. One patient showed involvement of the cen-
tral nervous system. Therapeutic outcomes were a
complete response (CR) in eight patients, and partial
response in the remaining one patient. Of the nine
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Figure 4 SKY analysis of patient no.2. Partial karyotypes, t(2;3)(p11.2,q27) and der(3)t(2;3)(?;?), are shown in the lower column. Arrows indicate

the breakpoint of t(2;3}p11.2:927), each showing 2p11.2 and 3q27.
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