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Abstract

The (2;5)(p23;q35) translocation which results in the fusion ofthe NPM
(nucleophosmin) gene on chromosome 5q35 with the novelALK (anaplas
tic lymphoma kinase) gene on chromosome 2p23 [S.W. Morris et aI,
Science (Washington DC), 263: 1281-1284, 1994] is associated with lU-i
(CD3O)-posltlve anaplastic large cell lymphomas (ALCL); a group of
morphologicaHy and Immunophenotypically heterogenous high grade
las-ge cell lymphomas (LCL), which share many characteristics with
Hodgkin's disease (HD), including the presence of variable numbers of
Reed-Sternberg-like cells and the expression of CD3O antigen.

Using a DNA probe immediately 5' to the NPM coding sequences, we
have examined NPM gene rearrangements by Southern blotting in 5
lU-i-positive lymphoma cell lines carrying a translocation involving the
5q35 breakpoint and in 25 lU-positive lymphoma tumors, including 9 lift
Using this method, we detected rearrangements in all cell lines with
apparent dustering of the breakpoints. Analysisof 25 lU-i-positive lym
phomas indicated that only 4 neoplasms, including two HD, had NPM
gene rearrangements. Thus, our findings suggest that only a subset of
ALCL has detectable involvement of the NPM gene. In addition, the
presence ofNPMgene rearrangements in HD indicates the involvement of
this gene in a fraction of HD. Thus, NPM gene rearrangements may
identify a certain subtype in ALCL and HD which may be closely related.

Introduction

lU-i (CD3O)-positive ALCL3 are high grade malignancies which
constitute a distinct subgroup of large cell lymphomas (2â€”4)com
prising approximately 25 and 10%, respectively, of large cell lym
phoma and NHL (5). The CD3O antigen is present on more than 80%
of neoplastic cells in lU-i-positive ALCL (5). The protein was first
identified as a surface marker of Reed-Sternberg cells of HD
(6, 7). Cloning of the CD3O complementary DNA identified it as a
member of the nerve growth factor receptor superfamily with con
served cysteine-rich motifs in the extracellular domain which are
implicated in ligand binding (8). The CD3O ligand is a membrane
associated protein similar to ligands for members of the nerve growth
factor receptor family (9). The human T-lymphotropic virus type I and
Epstein-Barr virus have been associated with significant percentages
of both HD- and CD3O-positive NHL (10â€”12). This raises the
possibility of a role for Epstein-Barr virus in the etiology of HD
and lU-i-positive NHL, such as has been recognized in endemic

Burkitt's lymphoma (13). The CD3O antigen is normally found on
the surface of activated T- and B-lymphocytes (5â€”7)which con
stitute the neoplastic cells in Ki-1-positive ALCL (5, 14â€”17).Most
cases exhibit T or null cell phenotype, although B-ALCL is not

uncommon (5, 14â€”19).
Although no chromosomal abnormality has been consistently asso

ciated with HD, recurrent chromosomal translocations have been
shown to play a role in the etiology of several types of NHL. The
t(14;18) translocation associated to 80 to 85% of follicular lymphoma
and the t(8;14) found in Burkitt's lymphoma result in the deregulation
of cellular protooncogenes bcl-2 and c-myc, respectively, through
their juxtaposition with immunoglobulin gene enhancers on chromo
some 14q32 (20â€”22).Rearrangements of chromosome 5 at band q35
are often associated with lU-i-positive lymphomas (14â€”17,23â€”25).
The most common rearrangement is a t(2;5)(j23;q35) translocation,
but variants such as the t(3;SXql2;q35) have been described (16).
Recently, Morris et aL (1) have shown that the t(2;5) chromosomal
translocation results in the fusion of the NPM (nucleophosmin/B23)
gene on chromosome 5q35 with the novelALK (anaplastic lymphoma
kinase) gene on chromosome 2pZ3. Protooncogene activation through
the formation of chimeric proteins is at the basis of malignant trans
formation in chronic myelogenous leukemias with the Philadelphia
chromosome (26), acute pre-B leukemias with the (1;19) translocation
(27), acute promyelocytic leukemias with the t(15;17) translocation
(28), and in acute leukemias with translocations involving 11q23 (29).
The ALK gene is homologous to tyrosine kinase receptors and is likely
to be membrane associated (1). NPM, a previously characterized
nucleolar phosphoprotein (30), is thought to be involved in ribosomal
protein assembly and nuclear/cytoplasmic transport (31, 32).

In order to examine the involvement of the NPM gene in Ki-1-
positive lymphomas, we have used a DNA probe immediately 5' to
the NPM (1) gene to analyze DNA samples from Ki-1-positive
ALCLS by Southern blotting. Because of morphological and im
munophenotypic similarities between ALCL and some HD sub
types and because of the occurrence of ALCL with or subsequent
to HD (secondary ALCL) (4, 5) we have extended our studies to
include several cases of HD. Our results indicate that NPM gene
rearrangements occur in only a fraction of primary ALCL and that
they also occur in a small fraction of HD.
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Materials and Methods

Patient Samples. Sixteen ALCL cases and 9 cases of HD (2 of lymphocyte
predominant, 2 of mixed cellularity, and 5 of nodular sclerosis subtype) were
categorized according to Stein and Dallenbach (5) and according to the Rye
classification. These cases were taken from the files of the Institute of
Pathology, Klinikum Steglitz, Free University of Berlin, Germany, and
from the University of Bologna, Italy. All cases were immunophenotyped
using the monoclonal antibodies Ber-H2 specific for CD3O, L26 specific
for CD2O, polyclonal CD3 (all obtained from Dako, Glostrup), and @-F1
specific for TCR 13chain (purchased from T Cell Sciences) in conjunction
with the immunoalkaline phosphatase method (33).
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phocyte receptor (Ig and TCR) gene rearrangements in Ki-1-positive
ALCL have revealed that most are T-cell derived with only a minority
of cases exhibiting B-cell antigens and Ig gene rearrangements (18,
19). A significant proportion have no detectable rearrangements in
either the TCR or Ig genes. In addition, in many instances, although
the lymphocytic origin of the neoplastic cells in ALCL is generally
accepted (5), partial or unproductive TCR and Ig gene rearrangements
and uncertain immunophenotypes do not permit a definition of cell
lineage (14â€”19, 34). The incidence of rearrangements of chromosome

5 at band q35 in Ki-1 ALCL is not clearly established. Most t(2;5)
translocations or its variants have so far been found in T or null cell
phenotype ALCL (14â€”17,34â€”35).In a study which included 12
Ki-1-positive lymphomas, 5 (42%) were found to carry the t(2;5)
translocation. Four of these cases were of T-cell origin, and 1 was
0-type (39). However, in another study of 31 patients, only 2 were
found which had the t(2;5) translocation (24). Because of the diffi
culty encountered in differential diagnosis of some cases of NHL and
HD subtypes and in particularof ALCL and HD (4, 5) and the
implications for prognosis and treatment of the disease, it is important
to determine the frequency with which NPM gene rearrangements
occur in Ki-1-positive ALCL.

Because the presence of several NPM pseudogenes (40) renders the
NPM complementary DNA unsuitable for use in Southern blotting
analysis,4 we have opted to use the single copy probe 16.3.F1 located
immediately 5' to NPM coding sequences. The 16.3.F1 probe is a
SacI/BglII fragment derived from the 16-3/1.2S probe located approx
imately 7 kilobases centromeric to the 5q35 breakpoint (1). In order to
test the ability of our probe to detect NPM gene rearrangements, we
performed Southern blotting analysis on Ki-1-positive ALCL lym
phoma cell lines carrying rearrangements at 5q35. Two of the cell
lines derived from T-cell lymphomas and two are of uncertain lineage
(17, 33â€”35).The t(5;6)(q35;p21) translocation reported in the DEL
cell line (35) is demonstrated here to be a three-way t(2;5;6)(p23;
q35;p21) translocation at the molecular level. The presence of
rearranged bands of almost identical molecular weight in all cell
lines including DEL indicates similar rearrangements (the presence
of the same translocation) and clustering of breakpoints at the
genomic level (Fig. 1). At the RNA level, the presence of the t(2;5)
translocation was demonstrated in cell lines (Fig. 2) by an RT-PCR
method which allows amplification of the NPM/ALK fusion prod
uct specifically by using primers on either side of the fusion
mRNA as described previously (1). Because of the presence of
several variant translocations, examination of the NPM locus rather
than the chromosome 2 locus would provide a better assessment of
the frequency of chromosomal rearrangements in Ki-1-positive
ALCL. The clustering of breakpoints observed in the cell lines
indicate that the 16.3.F1 probe should detect most NPM gene
rearrangements, provided that tumor samples carry a sufficient
number of cells with the 5q35 rearrangements which could then be
detected by Southern blotting.

Using the 16.3.F1 probe, we have analyzed a total of 16 Ki-1 ALCL
patient samples (Fig. 3; Table 1), twelve of T-cell phenotype, 1
HD-like-O-type ALCL, 1 null phenotype, and 2 B-ALCL (Table 2).
We detected TCR gene rearrangement in 3 of the 12 T-ALCL and
NPM gene rearrangements in only 1 T-ALCL and 1 B-ALCL (Fig. 3;
Table 1). These findings are in contrast to previous observations
which suggest that a majority, if not all, of T-ALCL carry the t(2;5)
translocation (5, 38) and indicate that only a small fraction of Ki-1-
positive ALCL have NPM gene rearrangements. However, most re
ports are based on patient samples selected on the basis of the

Patient DNA Isolation. DNA was extractedfrom snap-frozensamplesby
using the DNA extractor(Applied Biosystems;Model 341 A) using the reagents
and protocols from the same supplier. The DNA was resuspended in 50â€”100 @dof
water, and the concentration was assessed spectrophotometrically.

Cell Lines. K98-2-7F (K98) is a lymphoblastoidcell line developed from
normal female peripheral blood lymphocytes by T. Henderson (Fels Research
Institute) and was used as a negative control for NPM gene rearrangements.

The Karpas 299 (K299) (17), SU-DHL-1 (SU)(34), DEL (35), and JB6 (kindly
provided by M. Kadin) cell lines all derive from lU-i-positive NHL and carry
a breakpoint on chromosome 5 at band q35.

RT-PCR.Total RNA was extractedby the guanidiniumthiocyanate
method (36). Cellular RNA (2 pg), 100 ng of 3' ALK or 3' NPM primer (1),

and 0.2 mMdeoxynucleotide triphosphates (Boehringer Mannheim) were in
cubated in 1 X RT Buffer (BRL) in a total volume of 18 g.tl for 2 mm at 94Â°C,

followed by 30 mm at 65Â°C in a 9600 Thermal Cycler (Perkin Elmer).
Superscript II (400 unit; (2 p1) reverse transcriptase (BRL) were added to the

reaction mix, which was then incubated at 37Â°C for 1 h. Amplification was

carried out with an additional 200 ng of 3' ALK or 3' NPM primer and 300 ng
of 5' NPM primer (1), 1 unit of Taq polymerase (Boehringer Mannheim), and

0.075 m@t deoxynucleotide tnphosphates in 1 X PCR buffer (with MgCl2,

Boehringer Mannheim) in a 100-pA volume. Thirty cycles of amplification

were performed as follows: 94Â°C,1 mm; 65Â°C,1 mm; and 72Â°C,2 min. PCR
products were separated in 2.5% agarose gels, denatured, neutralized, and
transferred to Hybond-C nylon membranes (Amersham). Oligonucleotide end
labeling was performed with polynucleotide kinase (Boehringer Mannheim) as

recommended by the manufacturer using 50 @Ci[y-32P]dCTP(Amersham).
Filters were processed as described below.

DNA Probes TCR gene rearrangementswere evaluated using the C.@43
probe (ONCOR), and IgH gene rearrangements were evaluated with a @Hprobe
described previously (21).

The 16.3.F1 probe was purified in low melting temperature agarose after
digestion of the 16-3/1.25 probe (1) with BgIlI and Sad restriction enzymes

(Boehringer Mannheim) in a buffer suitable for this double digest as recom

mended by the manufacturer.

Southern Blotting Analysis. DNA was isolated from cell lines by conven
tional methods (37). Cell line (10 @.tg)and patient and germline human placenta

DNA (ONCOR) (5 @.tg)was digested with BamHI, HindIII, and Pstl enzymes
(Boehringer Mannheim) in suitable buffers as recommended by the manufac

turer. Using the Probe Tech 2 electrophoresis apparatus (ONCOR), digested
DNA was size fractionated by gel electrophoresis in 0.7% agarose, run for
16 h at 22V, depurinated, denatured, and vacuum transferred onto Sure Blot
nylon membranes (ONCOR) following manufacturer's instructions. After
transfer, the membranes were baked for 1 h at 80Â°Cand prehybridized in 5 X
Saline-sodium phosphate-EDTA, 5 X Denhardt's solution, 1% SDS, and 1
mg/ml salmon sperm DNA solution at 65Â°Cfor 1 h. Probes were labeled
with 10 pCi of [a-32P]dCI'P (>3000Ci/mmol; Amersham) using the Prime
It II kit (Stratagene) to a specific activity of 10_8_10_9 cpm/p@g DNA.
Filters were hybridized for 16 h at 65Â°C using approximately 5 X 106

cpm/ml hybridization solution. Filters were then washed at 65Â°Csequen
tially in 2X SSC-0.1% SDS for 30 mm; 0.2X SSC-0.1% SDS for 20 mm;

and 0.1X SSC-0.l% SDS for 10 mm.
Finally, filters were exposed to Kodak X-Omat AR film with two Du Pont

Cronex Lightning-plus intensifying screens at â€”70Â°Cfor 16 or 96 h.

Results and Discussion

Both HD and Ki-1-positive ALCL are morphologically and immu
nophenotypically heterogenous diseases which have several charac
teristics in common (4, 5). Indeed, it has been suggested that HD and
ALCL represent a continuous disorder, especially in light of the
occurrence of ALCL with or subsequent to HD (secondary ALCL)
(4, 5, 38). Morphological similarities between HD and Ki-1-positive
ALCL include the presence of variable numbers of Reed-Sternberg
like cells in ALCL, as well as sclerotic areas within the tumor which
give an appearance similar to that of lymphocyte depleted or nodular
sclerosis HD subtypes (5). Immunophenotypically, both tumors are
CD3O positive and present variable CD45 (leukocyte common anti
gen) and epithelial membrane antigen positivity (5). Studies of lym 4 F. Bullrich and S. W. Morris, unpublished observation.
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1@@@@ sample 665 (Fig. 3, paneiB, Lane 9, and panel C, Lane 4) are similar

ments (Table 1; Fig. 3). Exposure of filters for up to 96 h did not
reveal any additional NPM gene abnormalities. Rearranged bands in

1 2 3 4 5 tothoseobservedinthecelllines(Fig.1),indicatingthepresenceof
the t(2;5) translocation in this patient's lymphoma. The rearrangement

-23.1 kb inpatient61withaB-cellphenotype(Fig.3)representsanewfinding
since thus far all neoplasms with the t(2;5) chromosomal translocation
were found to be T- or O-ALCL. However, the NPM rearrangement
in the B-ALCL appears to be different at the genomic level from

A -9.4kb characteristict(2;5)NPMgeneinvolvementwithaBamHIrearranged.@ . . bandofhighermolecularweight.
-6.6 kb Anadditionalnovelobservationis thedetectionof anNPMgene

rearrangement in two of nine cases of HD (Fig. 3; Table 3). The NPM
rearrangement in the two cases of HD is similar to that observed in the
B-ALCL. The similarity in these breakpoints indicates a second
cluster of rearrangements different from the one observed in the cell
lines and in the T-ALCL tumor sample. The detection of NPM
rearrangements in HD is even more surprising because it was found in

B@@ -23.1kb twotypesofHD(lymphocytepredominanceHDandnodularsclerosis

-9.4@ /**/@@%/$k1@
1 2345678910

-9.4 kbi@@ -9.4kb
C @I$@-6.6kb @.@

4@ A@ -6.6kb

-4.4 kb

Fig. 1. NPM gene rearrangements in cell lines with a 5q35 breakpoint detected with the
16.3.F1 probe. DNA (10 @&g)was digested with HindIll (A), BamHI (B), and PstI (C) and
electrophoresedthrough0.7%agarosegels in a ProbeTech2 electrophoresisapparatus
(ONCOR).

123456789
NPM/NPM NPM/ALKI @1I___

@ ,@p . d@@@@ t.%@.@@ . -23.1 kb
@ Q

@@t@cbj B 4
4

@ -9.4kb
190 bp@@ @_@: A

147 bpâ€• /@%*@%*k4
@:@ 1 2345678910

Fig. 2. A, ethidium bromide-stained gel of normal NPM and NPM/ALK fusion
RT-PCR products. B, NPM/ALK RT-PCR products in cell lines carrying the 5q35
breakpointdetectedby Southernblottingand hybridizationof the filterwith an end
labeled oligomer containing the NPM/ALK junction sequence (1). RNA (2 @g)was used -9.4 kb
for each reaction. K98 cell line RNA was used as a negative control. C

4 -6.6kb4
presence of the translocation and therefore do not reflect the general
incidence of the translocation in lU-i-positive ALCL. Still, in some of

the cases reported here, this discordancy could be due to our inability Fig.3. NPM gene rearrangementsin Ki-1-positivelymphomasdetectedwith the
to detect rearrangements by Southern blotting in patient samples with 16.3.F1@ DNA(5@ wasdigestedwithHindIII(A),BamHl(B), andPstI(C).
low percentages of malignant cells. Our ability to detect TCR gene Negativecontrols are K98 cell line (A, Lane 1) and humanplacenta(A, Lane 8;

B, Lane 1; and C, Lane 10). (A) Lanes 2â€”7,HD, Lanes 9 and 10, B-ALCL. (B) Lane
rearrangements in three of the samples argues against this possibility, 2, HI),Lanes3 and4; B-ALCL,andLanes5â€”9;T-ALCL.(C) Lanes 1â€”4;T-ALCL;
at least in those cases, and indicates the absence of 5q35 rearrange- andLanes5â€”9,HD.
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Table 1 NPM gene rearrangements in Kl-l positiveALCLNPM

generearrangementsin
ALCL Genotype

Case no. Phenotype BamIll HindIII Psi! TCRJH90

T - - - +-310
T - - - NDâ€•ND460
T â€” â€” â€” +â€”659
T â€” â€” â€” â€”â€”660
T - - - --664

T - - - +-665
T + + + â€”â€”694
T - - - -ND695
1 - - - -ND696
T - - - -ND697
T - - - -ND698
T - - - -ND486
0 â€” â€”â€”661

0/B - - ND --61
B + â€” â€” â€”ND99
B - - - -NDa

ND, notdetermined.Table

2 Immunophenotypic evaluation ofALCL patientsamplesCase

no. Diagnosis CD3O CD2 CD3 CD4 CD5 CD15CD2O/2290

T-ALCL + + - - - NDâ€•-310
T-ALCL + - â€” + â€” NDâ€”460
T-ALCL + + â€” + â€” â€”â€”659
T-ALCL + â€” â€” â€” + â€”â€”660
T-ALCL + + + + + NDâ€”664
T-ALCL + + - + - --665
T-ALCL + + + + â€” â€”â€”694
T-ALCL + - - + ND ND-695
T-ALCL + + - - ND ND-696
T-ALCL + - - + ND ND-697
T-ALCL + - + - ND ND-698
T-ALCL + + + + ND ND-486
O-ALCL + â€” â€” â€” â€” â€”â€”661
0/B-ALCL + â€” â€” â€” â€” â€”+61
B-ALCL + ND - - â€” -+99
B-ALCL + â€” â€” â€” â€” ND+a

ND, not determined.Table

3 NPM gene rearrangements in Hodgkin sdiseaseNPM

GeneRearrangementsCase

no. SubtypeÂ° BamHI HindlIIPsi!37

LP b@ +100
MC - ND-207
LPb235
MC - --240
NS ND -ND416
NS â€” â€”â€”429
NS â€” â€”â€”430
NS â€” â€”â€”432
NS + + ND

NPM GENE REARRANGEMENTS IN KI@1-POSmVE LYMPHOMAS

present in HD than in ALCL. Further studies are needed to show
whether the HD cases with a rearranged NPM gene represent ALCL
which mimic HD or whether they are variant cases of HD which are
closely related to ALCL in terms of molecular and other features.
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