
Case report

INTRODUCTION
Because the initial study showed that t(9;14)(p13;q32) 

denotes a subset of low-grade B-cell non-Hodgkin lymphoma 
(B-NHL) with plasmacytoid differentiation, the translocation 
has been described in association with lymphoplasmacytic 
lymphoma and other low-grade B-cell lymphomas with plas-
macytic differentiation or their transformed cases.1-3   On the 
other hand, t(9;14)(p13;q32) was first identified in a CD30+ 
diffuse large B-cell lymphoma (DLBCL) cell line, KIS-1, 
and we and others subsequently noted the translocation in de 
novo cases of DLBCL without preceding low-grade B-cell 
lymphoma.4-7   We recently reported that patients with 
DLBCL carrying t(9;14)(p13;q32) presented with either 
nodal, extranodal, or disseminated disease and the transloca-
tion was preferentially, though not exclusively, associated 
with non-germinal center B-cell–like (GCB)/activated 
B-cell–like (ABC) phenotype of the cell of origin (COO) 
classification scheme.8   As lymphoma cells uniformly 
expressed IRF4/MUM1, the cells are considered to exist at a 
late stage of B-cell differentiation between GC B-cells and 

terminally differentiated plasma cells, where expression of 
PAX5 physiologically becomes downregulated.9   It is there-
fore possible that t(9;14)(p13;q32) and deregulated PAX5 
expression at this particular stage of differentiation perturbs 
the plasma cell differentiation program initiated by PAX5 
downregulation, thereby contributing to the development of 
DLBCL.

Here, we describe a single case of non-GCB/ABC-type 
DLBCL.   G-banding detected t(9;14)(p13;q32) and fusion 
between PAX5 and IGH was confirmed by molecular meth-
ods; however, the translocation did not represent the entire 
lymphoma cell population but was found in a fraction of the 
cells.

CASE REPORT
A 75-year-old man presented with an ileocecal tumor, 

which was incidentally detected on computed tomography 
(CT) of the abdomen for regular follow-up of biliary tract 
carcinoma after  surgery conducted 9 years  earl ier.   
18F-fluorodeoxyglucose (FDG) positron emission tomography 
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(PET) combined with CT demonstrated marked uptake of the 
tracer in the tumor (Figure 1A).   Endoscopic examination 
confirmed a large mass extending into the ascending colon, 
and biopsy disclosed DLBCL.   His hemoglobin level was 
10.5 g/dL, white cell count was 4.78 × 103/μL, and platelet 
count was 144 × 103/μL.   The level of lactate dehydrogenase 
was 177 U/L, aspartate aminotransferase was 33 U/L, alanine 
aminotransferase was 19 U/L, total protein was 7.2 g/dL, 
albumin was 3.1 g/dL, globulin was 4.1 g/dL, creatinine was 
0.8 mg/dL, uric acid was 5.5 mg/dL, C-reactive protein was 
0.49 mg/dL, soluble interleukin-2 receptor was 1,192 U/mL 
(reference range, 145 to 519 U/mL), and β2 microglobulin 
was 3.67 μg/mL (reference range, 0.8 to 1.9 μg/mL).   He had 
undergone gastrectomy for gastric cancer over 30 years 
previously.

Ileocecal resection was performed under open laparotomy 
and the surgical specimen was found to include a polypoid 
tumor of 6 cm in diameter that developed in the terminal 
ileum.   After surgery, the patient received 3 cycles of 
R-CHOP (rituximab, cyclophosphamide, doxorubicin, vin-
cristine, and prednisolone), followed by 3 doses of rituximab 
alone.   He coincidentally developed carcinoma in the rem-
nant stomach, which was treated by endoscopic submucosal 
dissection.   He is currently free from progression of both 
neoplastic diseases two years after presentation.

HISTOPATHOLOGY, FLOW CYTOMETRY, AND 
ANTIGEN GENE REARRANGEMENT STUDIES 
OF SURGICAL SPECIMENS

Histopathological examination of the tumor specimens 
disclosed the diffuse proliferation of large cells with immu-
noblastic morphology (Figure 1B).   The cells were positive 
for CD20, CD79a, IRF4/MUM1, and BCL2, and negative for 

CD5, CD10, and MYC, and partially positive for BCL6 by 
immunohistochemistry (IHC).   PAX5 was positive, but the 
staining intensity was variable among the cell nuclei.   The 
Ki-67 labeling index was 80 to 90% in proliferating areas 
(Figure 1B).   Flow cytometry showed that lymphoma cells 
were CD5−, CD10−, CD19+, CD20+, CD21dim, CD22dim, 
CD23−, CD24−, CD45RA−/dim, CD45ROdim, and HLA-DR−, 
and expressed μ and κ, and dimly expressed δ immunoglobu-
lins on their cell surface.   The DNA index was 1.00 relative 
to normal diploid cells.

Multiplex PCR for the antigen receptor gene rearrange-
ments detected single species of PCR products of IGH and 
IGK.   An IgBLAST search of the entire length of the IGH 
V-D-J sequence revealed that each segment matched IGHV3-
7*01, IGHD6-19*01, and IGHJ3*02 sequences with 92.5% 
identity.   The length of CDR3 in codons was 12.   The tumor 
was negative for MYD88L265P and CD79BY196 mutations.

CYTOGENETIC ANALYSIS
The G-banding karyotype obtained from the tumor dem-

onstrated two related cytogenetic clones, comprising compa-
rable proportions among the metaphase cells analyzed; one 
was marked with t(9;14)(p13;q32), resulting in the character-
istic 9p− and 14q+ morphology, and the other lacked the 
translocation.   The two clones shared structural and numeri-
cal abnormalities as well as 3 unknown marker chromosomes 
(Figure 2A).

To confirm the presence or absence of t(9;14)(p13;q32) 
by fluorescence in situ hybridization (FISH), we applied the 
PAX5 break-apart (BA) probe to metaphase spreads repre-
senting the two clones.   In t(9;14)(p13;q32)-positive meta-
phases, der(9) at p13 and der(14) at q32 were labeled by the 
red-colored centromeric 5′ probe and green-colored telomeric 

Fig. 1. (A) 18F-FDG-PET/CT. A maximal intensity image (left) and combined CT and PET images (right) are shown. The maxi-
mum standardized uptake value of the ileocecal tumor was 29.64. (B) Histopathology of the ileocecal tumor. a, hematoxylin & 
eosin staining (original magnification of objective lens, ×40); b, anti-CD20 immunohistochemistry (×40); c, anti-CD10 (×40); d, 
anti-BCL6 (×40); e, anti-PAX5 (×40); f, anti-IRF4/MUM1 (×40); g, anti-BCL2 (×40); and h, anti–Ki-67 (×40).
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3′ probe, respectively, indicating that the PAX5 locus was dis-
rupted between the 5′ and 3′ probes (Figure 2B, left).   
Hybridization with the IGH BA probe showed that the green-
colored telomeric 5′ probe was localized at p13 of der(9) and 
der(14) were labeled by the red-colored centromeric 3′ probe 
at q32, confirming the generation of a fusion gene between 3′ 
PAX5 and 3′ IGH at 14q32 and its reciprocal between 5′ IGH 
and 5′ PAX5 at 9p13 (Figure 2B, left).   In contrast, in t(9;14)
(p13;q32)-negative metaphases, two homologues of chromo-
some 9 and those of 14 were labeled by the unrearranged 
PAX5 and IGH signals, respectively (Figure 2B, right).   No 
BA signals of MYC or BCL6 were found in either clone (not 
shown).   The karyotype according to the ISCN was: 
44,−Y,add(1)(q42),del(3)(q25),del(10)(p11),add(12)(q24),
−15,−15,−16,−20,+3mar[14]/44,idem,t(9;14)(p13;q32)[11].
ish t(9;14)(3′PAX5−,5′IGH+;3′PAX5+,5′IGH−)

ANATOMY OF THE PAX5-IGH JUNCTION
Two breakpoint regions of PAX5 in t(9;14)(p13;q32) have 

been described; one is upstream of exon 1 and the other is 
immediately 5′ to the coding region of alternative exon 1B 
(Figure 3A).2,3,10,11   To encompass these reported PAX5 break-
points, we designed oligonucleotide primers complementary to 
PAX5 intron 1 (KIS-01; 5′-AAGTTGTCCTGGGCTTGGGGTC-
TAAGTTTATCCTT-3′) and exon 1B (PAX5-42; 5′-TCGT-
GCTTACAGTGTATTTCCATCGGGGCGCTCCA-3′) and 
performed DNA-based long-distance polymerase chain reac-
tion (LD-PCR) in combination with primers for the Eμ 
enhancer (En) and IGHM, IGHG, and IGHA constant genes 
of IGH.12,13   Approximately 3.5-kb and 6.0-kb PCR products 
were generated by PAX5 exon 1B and IGH En and PAX5 
exon 1B and IGHA primer combinations (Figure 3B).   
Nucleotide sequencing of the former products determined 
that breakage and reunion occurred at 2,170 bp upstream of 
the coding region of PAX5 exon 1B and 598 bp downstream 
of the 3′ end of the IGHJ6 segment (Figure 3C).   No N-like 
sequences were inserted at the junction.   As the result of 
translocation, the relevant PAX5 and IGH sequences were 
fused in the divergent orientation.   The generation of PCR 

Fig. 2. Cytogenetic data. (A) G-banding karyotypes of t(9;14)(p13;q32)-positive (left) and -negative (right) clones. t(9;14)
(p13;q32) is indicated by open arrowheads. Structural abnormalities indicated by asterisks, loss of chromosomes indicated by hori-
zontal bars, and three marker chromosomes are shared between the two karyotypes. (B) FISH of t(9;14)(p13;q32)-positive (left) and 
-negative (right) metaphase spreads using PAX5 (Empire Genomics, Williamsville, NY, USA) and IGH (Abbott Laboratories, 
Abbott Park, IL, USA) break-apart (BA) probes. Diagrams of the two probes provided by the manufacturers are shown at the bot-
tom. Relevant chromosomes are indicated on G-banding or DAPI pictures and hybridization signals on rhodamine and FITC pic-
tures are indicated by arrowheads of their respective colors. cen, centromere; tel, telomere.
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products between PAX5 exon 1B and IGHA indicated that the 
PAX5-IGH translocated allele underwent class-switch recom-
bination from IGHM to IGHA (Figure 3A).

DISCUSSION
Here, we described a stage I DLBCL patient who pre-

sented with an ileocecal tumor.   The lymphoma cells exhib-
ited immunoblastic cell morphology with the non-GCB/ABC 
COO phenotype  accord ing  to  Hans’s  a lgor i thm. 14   
Accordingly, the cells carried a mutated IGH, indicating tran-
sit through GC.   Most importantly, cytogenetic analysis 
revealed two cytogenetic clones with or without t(9;14)
(p13;q32)/PAX5-IGH, even though the clonality of lym-
phoma cells was evident by the clonally rearranged IGH and 
IGK and expression of the single species of IGM(D)/κ immu-
noglobulins on their cell surface.   According to the general 
agreement on cancer cytogenetics, t(9;14)(p13;q32) is cate-
gorized as a secondary cytogenetic abnormality in the current 
case.

Reciprocal chromosomal translocations between one of 
the three IG loci and a proto-oncogene adjacent to the break-
point have been described in many subtypes of B-NHL.15,16   
The translocations were initially found to be selectively asso-
ciated with the specific B-NHL subtype, leading to the pro-
posal that IG translocations are the primary genetic event 

involved in the development of each B-NHL subtype.17   The 
most prominent examples include t(14;18)(q32;q21)/BCL2-
IGH and t(11;14)(q13;q32)/CCND1-IGH, observed in 
80–90% of cases of follicular lymphoma and >95% of cases 
of mantle cell lymphoma, respectively,15,16 thus representing 
the hallmark of these two B-NHL subtypes.   In contrast, 
t(8;14)(q24;q32)/MYC-IGH and the variant translocations are 
found in not only Burkitt lymphoma but also a significant 
fraction of DLBCL, and the presence of MYC/BCL2 double-
hit indicates that the MYC-IG translocations can secondarily 
occur at the time of progression from low- to high-grade lym-
phoma.18   In line with this, this report suggests that t(9;14)
(p13;q32) is not necessarily involved in initial malignant 
transformation of non-neoplastic B-cells but can occur later 
during the course of DLBCL.   Coexistence of t(9;14)
(p13;q32)-positive and -negative cells within the tumor may 
account for the heterogeneous staining intensity of PAX5 
IHC.   Nevertheless, it remains to be elucidated what effect 
the addition of t(9;14)(p13;q32), thereby deregulating PAX5 
expression, exerted on the tumor behavior or clinical features 
in this case.

Breakpoints on the proto-oncogene side in B-NHL-
associated translocation are variable and occur in a large 
region in and around the gene, but all lead to the deregulated 
expression of the otherwise tightly regulated gene.   In con-
trast, breakpoints on the IG side of translocation, in most 

Fig. 3. Anatomy of t(9;14)(p13;q32)/PAX5-IGH. (A) Schematic diagram of the translocation. Exons 1, 2, and coding region of 
alternative exon 1B of PAX5 as well as IGHJ1 to 6, Eμ enhancer, and IGHM and IGHA constant genes are presented. Sμ and Sμ/
Sα switch regions are not drawn to scale. Breakpoints of reported cases and this case are indicated by vertical arrows. (B) 
Ethidium bromide-stained gel electrophoresis of LD-PCR encompassing the t(9;14)(p13;q32) junction. Arrows indicate the prod-
ucts amplified by PAX5-42/IGHA-01 (lane 3) and PAX5-42/En-01 (lane 4) primer combinations. PAX5-42/IGHG-18 primer 
combination (lane 2) generated non-specific products (asterisk). The positions of the primers are indicated in A and sequences of 
the IGH primers were described previously.12 (C) Nucleotide sequences of the t(9;14)(p13;q32)/PAX5-IGH junction. Vertical 
lines indicate nucleotide identity.
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instances, involve either the joining (J) or switch (S) regions, 
suggesting that erroneous V-D-J or a class switch recombina-
tion process is responsible for the translocation.16,19   In the 
current case, however, the IGH side breakpoint was 3′ to 
IGHJ6 and 5′ to Eμ, where either process is not operating, 
making the mechanism for the break unclear.   Nevertheless, 
as a breakpoint within the IGHJ6-Eμ intron was observed in 
the t(9;14)(p13;q32)-carrying lymphoma cell line, KIS-1 
(Figure 3A), these breakpoints may be recurrent in t(9;14)
(p13;q32).4,10   Moreover, translocated PAX5 in both this case 
and KIS-1 was in close proximity to not only the Eμ intronic 
enhancer but also the 3′ regulatory region mapped 3′ of the 
IGHA constant gene.9,19   However, this characteristic PAX5-
IGH configuration is not always the case, as Sμ and Sα1 
breakpoints have been described.3,11   Further studies are 
required to determine whether the position of IGH side 
breakpoints reflects the primary or secondary occurrence of 
t(9;14)(p13;q32) during lymphomagenesis.
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