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The t(14;18) translocation, found in most human
follicular non-Hodgkin's lymphomas (NHLs), juxta-
poses the Bcl-2 oncogene at 18q21 with the immu-
noglobulin heavy chain locus at 14q32. As a result,
the Bcl-2 protein is markedly overproduced. Most of
the breakpoints on chromosome 18 cluster at one of
two sites, the major breakpoint region (mbr) and the
minor cluster region (mcr). Recently, others used the
polymerase chain reaction (PCR) to detect the
t(14;18) mbr in 32% of specimens diagnosed as

Hodgkin's disease (HD). In an attempt to confirm
and extend those observations the authors used PCR
to assay for both the mbr and mcr in HD specimens
diagnosed at their institution and examined the
specimensfor Bc1-2 overproduction. The authors sub-
jected the DNAs from 28 well-characterized HD tu-

mors of 26 patients to PCR analyses using primers
specific for the t(14;18) mbr and mcr breakpoints.
Based on various PCR controls, the authors ascer-
tained that 26 of the 28 specimens contained ampli-
fiable templateDNA Southern blotting of the ampli-
fication products showed that none of the 26 HD
DNAs had detectable t(14;18) mbr or mcr break-
points. By admixing small amounts of t(14;18)-
bearingNHL DNA withHDDNA samples the authors
directly demonstrated that the sensitivity of the PCR
assays was adequate for the molecular detection of
t(14;18)-bearing cells at a frequency comparable to
that ofReed-Sternberg cells and their variants in HD.
Immunohistochemical studies employing a highly
specific anti-Bcl-2 antiserum under conditions opti-

mized to detect t(14;18)-mediated overe-xpression of
the Bcl-2 gene showed that the Reed-Steinberg cells
and variants in all 19 HD tumors examined were
negative for Bcl-2 immunostaining. In conclusion;
the PCR and immunohistochemical data provided
evidence that the t(14;18) translocation was not in-
volved in the pathogenesis of the HD cases (Am J
Pathol 1991, 139:1231-1237)

Chromosomal translocations that activate the BCl-2 (B-
cell leukemiallymphoma-2) oncogene appear to play a
pathogenetic role in a large group of B-cell tumors.1 2 For
example, approximately 90% of follicular and 30% of dif-
fuse B-cell non-Hodgkin's lymphomas (NHLs) possess
the t(14;18) translocation1 which juxtaposes bcl-2 at
18q21 with the immunoglobulin heavy chain (lgH) locus
at 1 4q32.3 The Bcl-2-1gH fusion gene is deregulated in its
expression, resulting in high levels of the Bcl-2 mRNA
and of the Bcl-2 protein.4± Approximately 85% of the
breakpoints on chromosome 18 cluster at one of two
sites, the major breakpoint region (mbr), located in the 3'
untranslated region of the Bcl-2 gene, and the minor clus-
ter region (mcr), located 3' of Bcl-2.7-10

Hodgkin's disease (HD) is an entity with clinical and
histologic features distinct from follicular NHL. The histo-
genesis of the putative malignant cells of HD, the Reed-
Sternberg cell and its variants, is controversial. Virtually
every cell of the hematolymphoid system has been im-
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plicated.11 The Reed-Sternberg cells typically constitute
a small minority (approximately 0.1-1%) of cells in the
tumor.12 The remaining, presumably reactive cells, are

comprised primarily of lymphocytes, with intermixed
plasma cells and eosinophils. Histologically, the differen-
tial diagnosis of HD includes T- and B-cell NHLs. In one
large senes, the percentage of lymphoma cases misdi-
agnosed as HD was greater than 1O%.13 To maximize
the accuracy of the pathologic diagnoses, our institution
routinely applies a multiparameter approach (including
histologic review, immunohistochemistry, flow cytometry,
and antigen receptor gene rearrangement analysis) to
lymphoma specimens. In this way, we hope to avoid mis-
diagnosing T-cell and B-cell NHLs as HD. HD patients
diagnosed at our institution typically have Reed-
Sternberg cells with a Leu-M1 +, LCA -, UCHL-1 - immu-
nophenotype by immunohistochemistry, absence of
light-chain restriction by flow cytometry, and absence of
immunoglobulin and T-cell antigen receptor gene rear-

rangements by Southern blotting.
Others used the polymerase chain reaction (PCR) to

detect the t(14;18) mbr in 32% of specimens diagnosed
as HD.14 They proposed that activation of Bcl-2 through
the t(14;18) translocation may play an important role in
the pathogenesis of a substantial number of HD patients
and that follicular NHL is in some way related to HD. In
that study, an assay for the mcr was not performed. Us-
ing PCR methods, other laboratories did not detect the
t(14;18) translocation in HD.1'17 Although the reason for
the discrepant findings is unknown, one possibility is that
the PCR assays used in the latter studies lacked the sen-

sitivity necessary to detect t(14;1 8)-bearing cells at a fre-
quency comparable to that of Reed-Stemnberg cells and
variants in HD.

To help resolve the controversy, we used PCR meth-
ods under conditions of defined sensitivity to assay for
both the mbr and mcr in 28 well-characterized HD spec-
imens diagnosed at our institution. In addition, we used a

highly specific anti-Bc/-2 antiserum to test for Bcl-2 over-

production immunohistochemically.

Materials and Methods

Patient Material

DNA was obtained from viable cell suspensions pre-
pared from 28 HD tumor specimens derived from 26 pa-
tients: 18 nodular sclerosing [NS]; 4 syncytial NS; and 6
mixed cellularity [MC] subtypes (Table 1). Eight of the
tumors were from eight patients who had received che-
motherapy and/or irradiation for HD. All cases had been
examined by at least four hematopathologists, all of
whom concurred with the diagnoses. In almost all cases
(n = 27), support for the diagnosis of HD was obtained
from at least two (n = 6), but usually three (n = 21), of the
following modalities: immunohistochemistry, flow cytom-
etry, and gene rearrangement analysis. In 25/26 of the
specimens examined immunohistochemically, the
Reed-Sternberg cells were Leu-M1 +, LCA-, UCHL-1 -.

(In one case, the Reed-Stemnberg cells were Leu-M1-,
LCA-, UCHL-1 -. We presume the lack of Leu-M1 pos-
itivity was due to loss of antigenicity by the fixation pro-
cess, since the Reed-Sternberg cells were Leu-M1 + in a
previous biopsy of this patient's HD which had similar
histology.) None of the specimens studied by flow cytom-
etry (0/25) or gene rearrangement of the immunoglobulin
heavy chain (0/25) showed evidence of clonal B-lympho-
cyte populations. None of the specimens studied for
gene rearrangement analysis of the T-cell receptor beta
chain (0/25) showed evidence of clonal T-lymphocyte
populations.

Control DNAs

For a positive control for the mbr, DNA was extracted
from a mbr-bearing lymphoma cell line, RS1 1846.18 DNA
(provided by M. Cleary) from a patient's mcr-bearing
NHL served as a positive control for the mcr.

Table 1. Summary ofResultsfor Detection of t(14;18) and Bcl-2 Protein in Hodgkin'sDisease
t(14;18) PCR* PCR controls

Histologic No. DNA No. Eth Admix 5' BcI-2 BcI-2
subtype specimens patients mbr + mcr mbr mcr stainingt DNAt PCR protein1l
NS 18 16 0/16 0/15 0/13 17/18 6/7 6/7 0/11
Syncytial NS 4 4 0/3 0/1 0/1 3/4 1/1 1/1 0/4
MC 6 6 0/6 0/6 0/6 6/6 6/6 1/1 0/4
Total 28 26 0/25 0/22 0/20 26/28 13/14 8/9 0/19

* Data do not include the 2 specimens whose DNAs were determined to be inadequate for PCR (see PCR controls).
t Positive specimens were those with PCR generated bands that were easily visible on ethidium staining. Of the 2 negative specimens, one

was weakly positive and the other was negative in the 5'-BcI-2 PCR; the latter was also negative in the admix DNA PCR assay.
t 1 ng of mbr-bearing DNA or 0.1-1 ng of mcr-bearing DNA was admixed with 1 Lg of HD-derived DNA.
Refers to the immunostaining of Reed-Sternberg cells and variants. Data include matched pairs of untreated and treated HD specimens

from 3 patients (2 NS, 1 MC).
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Polymerase Chain Reactions

For detection of the t(14;1 8) mbr and mcr breakpoints, 1
ug of DNA from each of the HD samples was subjected
to 40 cycles (950C x 1 min, 550C x 2 min, 720C x 3 min)
of amplification (Thermocycler, Perkin-Elmer/Cetus) us-
ing 0.6 ug each of BcI-2 forward and JH reverse primers,
as described previously1920 and 2.5 U of Taq polymer-
ase (Perkin-Elmer/Cetus) in a reaction volume of 100
uls.20 To directly evaluate the sensitivity of the PCR meth-
ods for detecting the t(14;1 8) translocations, 0.1 to 1 ng of
positive control DNA was added to 1 ug aliquots of the
HD DNAs.

The control PCR primers targeted at the 5' (unrear-
ranged) end of the BcI-2 gene ("5'-BcI-2") were: (for-
ward) 5'-AGAGGTACCGTTGGCCCCCGTTGC-3' and
(reverse) 5'-GTCTGCAGCGGCGAGGTCCT-3'.21 These
were used to verify the presence of PCR-amplifiable DNA
in particular HD samples. For the 5' BcI-2 control reac-
tions, 500 ng of DNA was subjected to 40 cycles (950C x
1 min, 55C x 2 min, 720C x 2 min) of amplification using
0.12 ug each of the forward and reverse primers in the
same reaction conditions as described earlier, but with
the addition of 10% (vol:vol) dimethyl sulfoxide (DMSO) to
improve specificity.22 All experiments included a "no
DNA" control reaction designed to detect contaminating
DNA, as well as a positive control [containing t(14;18)
DNA] reaction.

The PCR products (20 ul) were electrophoresed in
1.5% agarose gels, stained with ethidium, and blotted to
nylon filters. The filters were hybridized to 32P-labeled oli-
gonucleotide or genomic probes, washed under high-
stringency conditions, and exposed to X-ray film. The
mbr and mcr oligonucleotide and plasmid probes have
been described elsewhere.10192' The sequence of the
5' BcI-2 oligonucleotide probe was: 5'-CGCTCGAGGC-
CATCTTCTCCTCCCAGC-3'.

Anti-Bcl-2 Immunohistochemistry

The anti-Bc/-2 antiserum used for these studies is de-
scribed in detail elsewhere.27 Briefly, the antiserum (Ab
9718-4) was produced by immunizing a New Zealand
white rabbit with a synthetic peptide corresponding to
amino acids 61 to 76 of the human BcI-2 protein.23 The
peptide had the sequence ASRDPVARTSPLQTPA[C]
and was coupled to maleimide-activated KLH. The an-
tiserum was highly specific for p26 BcI-2, as demon-
strated by Western blot, immunoprecipitation, and pep-
tide competition analyses (not shown).

Immunohistochemistry was performed on Bouin's
fixed, paraffin-embedded tissue using the avidin-biotin-
peroxidase complex (ABC) technique.24 The anti-Bc/-2

antiserum was used at a 1:600 dilution, which resulted in
little to no background staining. Normal rabbit serum was
used as a primary antibody control. Nineteen HD tumors
from 16 patients in our panel were evaluated with the
anti-Bc/-2 antiserum. Sixteen of the tumors had provided
DNA for the PCR analyses. The three additional tumors
represented untreated HD from three patients whose
post-treatment HD specimens had provided DNA for the
PCR analyses. Support for the diagnosis of HD in the
three additional cases was obtained immunohistochem-
ically (Reed-Sternberg cells Leu Ml +, LCA-, UCHL-
1 -). A total of 14 of the 19 tumors represented untreated
HD. NHLs that were shown by cytogenetic analysis to
bear the t(1 4; 1 8) translocation served as positive controls
for BcI-2 overproduction. Under the conditions of this im-
munohistochemical assay, use of this anti-BcI-2 antisera
accurately predicted the presence of a t(14;18) translo-
cation in 23/24 cases of NHL for which cytogenetic data
were available (D. Louie, P. Nowell, J. Brooks, J. Reed,
manuscript in preparation).

Results

The DNAs of 28 HD specimens were obtained from 26
patients whose diagnoses were corroborated by immu-
nohistochemistry, flow cytometry, and antigen receptor
gene rearrangement analysis. Most of the specimens
represented untreated disease. Initially, 25 HD DNA sam-
ples were subjected to simultaneous PCR amplification of
the t(14;1 8) mbr and mcr breakpoints using both sets of
bc/-2/JH amplification primers. The resulting products
were analyzed by Southern blotting with probes specific
for the mbr and the mcr. None of the specimens (0/25)
(Table 1) had detectable t(14;18) mbr or mcr break-
points. Titration experiments wherein small amounts of a
t(14;1 8)-containing DNA sample were admixed with 1 ug
of normal DNA showed that this PCR method (which si-
multaneously employed both the mbr and mcr primers)
produced unequivocal strong signals at a sensitivity of at
least 10-2 during a 1 to 2-day film exposure (not shown).
Although this is comparable to the frequency of Reed-
Sternberg cells and variants in HD tumors, we were able
to markedly improve the sensitivity by employing inde-
pendent PCR amplifications for each breakpoint.

When HD DNA samples were subjected to PCR am-
plification with primers for the mbr (n = 22) and the mcr
(n = 20), respectively, none were positive for either
breakpoint region (Table 1 and Figure 1). The minimal
sensitivity of these PCR methods for detecting t(14;1 8)
translocations within the HD DNA samples was directly
determined by admixing 1 ng or 0.1 ng of t(14;18)-
bearing NHL DNA with 1 ug of DNA from 14 of the HD
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Figure 1. Southern-blot analysis of PCR-
amplified sequences. A: t(14;18) major break-
point (mbr). B: Minor cluster region (mcr)
PCR. One microgram of DNA from HD tu-
mors (A3,4,6,8; and B3,5-9); admixtures of 1
ng ofmbr-bearing control DNA (A5, 7) or 0.1
ng of mcr-bearing control DNA (B4) with 1
.Ag ofHD DNA; 1 ng ofpositive control mbr-
bearing (A2) DNA; 0.1 ng ofpositive control
mcr-bearing DNA (Bl); and no DNA (Al and
B2) were PCR-amplified with primers spe-
cific for the mbr (A) or mcr (B). After gel!
electrophoresis and transfer to filters, blots
were hybridized with the appropriate Bcl-2
32P-oligonucleotide probes. None of the reac-
tions containing HD template DNA alone
showed positive signals on the autoradio-
grams. The sensitivity ofthe assays was at least
10-3 for the mbr and 10-4 for the mcr, as
revealed by the positive signals in the reac-
tions containing admixtures of t(14;18)-
bearing positive control andHD DNA C: 5'-
Bcl-2 PCR. To verify the presence of PCR-
amplifiable DNA, 500 ng of t(14;18) mbr-
bearing (2) or mcr-bearing (3) control DNA;
HD DNA (4-8); and no DNA (1) were PCR-
amplified with primers targeted at the 5' (un-
rearranged) end of the Bcl-2 gene, and the
products were hybridized with the corre-
sponding 32P-oligonucleotide probe. 7Te two
HD specimens that yielded weak (5) or no
signal (6) were excluded firom the t(14;18)
PCR data, since the absence of efficient am-
plification could result in a false negative.

samples. We detected strong unequivocal bands by hy-
bridization of Bc/-2-specific 32P-probes to these PCR
products for 13 of the 14 reactions in which admixing was
performed, thereby establishing a detection sensitivity of
at least 10-3 for the mbr and at least 10-4 for the mcr
assays. Like other investigators,19,20 we found by titration
experiments (not shown) that the actual level of sensitivity
of these PCR assays for detection of the BcI-2 mbr and
mcr was much higher, but at high dilutions the hybridiza-
tion signals produced as a result of t(14;18) breakpoint
amplifications were faint and thus unreliable for clinical
diagnostic purposes. Nevertheless, PCR assay sensitiv-
ities in the 10-3 to 10-4 range are clearly sufficient for
detection of t(14;18)-bearing cells at a frequency com-
parable to that of RS cells and their variants.12

Of the 28 HD DNA samples, 26 appeared to contain
amplifiable DNA when the mbr and mcr PCR reaction
products were examined on ethidium-stained agarose
gels (not shown) before Southern blotting. We and oth-
ers16 have noted that nonspecific bands are produced
during PCR with the mbr and mcr amplification primers.
Although these bands are not amplified t(1 4; 1 8) junctions
(they do not hybridize with the specific probes), their
presence and intensity provide evidence that adequate
amplifiable template DNA was present. We correlated
the nonspecific bands with the ability to amplify individual
DNA samples by subjecting nine HD samples (including
the two samples that did not easily yield visible nonspe-
cific bands in the t(14;18) PCR assays) to amplification

with primers targeted to the 5' (unrearranged) region of
BcI-2, a region distant from those involved by the mbr
and mcr. All of the seven samples that were expected by
ethidium staining to contain adequate amplifiable tem-
plate DNA yielded the anticipated 261 bp control ampli-
fication product, and the specificity of this product was
confirmed by Southern blotting (Figure 1c). In contrast,
little or no product was detected for the two samples
suspected of poor performance by ethidium staining.
Since the low amplification efficiency for these two sam-
ples could result in false negative results, these samples
were excluded from the t(14;18) PCR data. (For at least
one of the two samples that did not efficiently amplify with
the 5' BcI-2 control primers, we attribute the source of the
problem to a nonspecific inhibitor of the PCR amplifica-
tion since the mixture of 1 ng of mcr-bearing positive
control NHL DNA with this HD sample also did not result
in a detectable mcr amplification product in Southern
blots.) Thus, 26 of 28 HD-DNA specimens yielded PCR-
generated ethidium-detectable bands. Of these 26 spec-
imens, 18 were further verified to contain DNA adequate
for PCR by the admixing of t(14;18) positive control
DNAs, by the 5'-BcI-2 control PCR assay, or both. Of
these 26 HD DNA samples judged adequate for PCR,
none had detectable t(14;18) mbr or mcr breakpoints
even with long x-ray film exposures (summarized in Ta-
ble 1).

To further explore the possible role of the t(14;18)
translocation in HD, we obtained 19 HD specimens from
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16 of the patients in our panel and examined the Reed-
Sternberg and variant cells immunohistochemically for
overproduction of the Bcl-2 protein. The conditions of this
immunohistochemical assay were optimized for detec-
tion of BcI-2 protein overproduction as a result of the
t(14;18) translocation. In a separate study, we demon-
strated the ability of this assay to accurately predict the
presence of a t(14;18) translocation in 23/24 cases of
NHL for which cytogenetic data were available (manu-
script in preparation). In all of the 19 HD tumor specimens
examined, the Reed-Sternberg cells and variants exhib-
ited no specific staining for BcI-2 (Figure 2 and Table 1)
indicating that these cells do not overproduce the BcI-2-

protein. In some HD specimens, reactive lymphocytes
exhibited weak cytoplasmic staining with the anti-Bc/-2
antiserum, as reported by others.26 The absence of de-
tectable Bc/-2-protein in the RS cells of these HD cases
could not be explained by fixation problems since all of
these cases exhibited strong reactivity with the Leu Ml
antibody (not shown). From these immunohistochemical
data, we conclude that the BcI-2 protein is not overpro-
duced in the Reed-Sternberg cells of our HD cases. In
contrast, positive control cases of t(14;1 8)-bearing NHLs
analyzed in parallel with these HD samples all exhibited
intense cytoplasmic staining of the malignant cells with
the anti-Bc/-2 antiserum.

Figure 2. Bcl-2 protein in ILL) and t(14,48)-bearing lvmpbomas.
Sections of Bouins fixed pIarafftn-embedded HID) (A,B,C) azd
t(14:18)-bearing zn-o lodgkin s (D, E) limphomas urere evaluated
irnmuinohistochemtical lv udsing the anlti-BcI-2 antiserum (A, B, D) or
normnal rahhit seruxm (C,E). Recwtive lymphocyptes in some of the
HD lvnzphomnas exhibited weak staining uith the antiserum (A).
Reed-Sternberg cells anzd ariants (arrous B) did lot exhibit anti-
Bcl-2 immzunostaininAg. In contras, the tf(14,48)-bearing izon-
Hodgkinzs lynphomacs exhibited intense cytoplasmnic staining (D).
L)ue to their enidogenoues peroxidase, eosinoplils and neutrophils
present in the IIL) tumors exhibited reactivit), uith the enzymatic
substrate (C).
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Discussion

Controversy has emerged over the question of whether
Hodgkin's lymphomas frequently contain the t(14;18)
translocation that activates the Bcl-2 gene in most follic-
ular NHLs. In a study from the National Cancer Institute,
32% of specimens diagnosed as HD were found by PCR
assays to contain t(14;1 8) major breakpoint transloca-
tions.14 No attempt was made to detect minor cluster
region breakpoints. The authors did not mention what
laboratory methods, other than microscopic examination,
were used to establish the diagnosis of HD in their spec-
imens.

Three other investigations, involving a total of 41 HD
cases, did not detect t(14;18) translocations by
PCR.1-17 However, the ability to interpret each of the
three latter studies is compromised by one or more of the
following reasons: 1) inadequate documentation of the
sensitivity level of the PCR assays; 2) assay for the
t(14;18) mbr only, without assay for the mcr; 3) failure to
document adequate template DNA; and 4) limited doc-
umentation that the lymphomas represented HD, not
NHL. For example, for 35 of the 41 previously published
cases of HD,15'17 which were negative for the t(1 4;1 8) by
PCR, the sensitivity of the assay was reported as 10 ng
(equivalent to >103 cells, assuming a DNA content of 7
pg per diploid human cell25) and was determined without
mixing the t(14;18)-containing control DNA with 1 ug of
normal DNA to simulate the conditions of HD specimens,
which contain a large proportion of normal DNA from
reactive cells. We consistently find that the sensitivity of
the t(14;1 8) mbr and mcr PCR assays decreases mark-
edly when 1 ug of normal human DNA is included in the
reactions. Also, no positive-control PCR was performed
for these 35 HD cases, which would have assured that
the HD specimens contained amplifiable DNA. More-
over, the PCR products were analyzed by a dot-blot
method, rather than by gel-electrophoresis in which
ethidium staining can assist in ascertaining whether ad-
equate template DNA was present in every specimen.
Thus, the possibility of false negative results among the
35 cases was not excluded. Furthermore, in only 5 of the
41 previously reported cases of t(14;18)-negative HD
were PCR methods employed for detection of t(14;18)
minor cluster region breakpoints.

For those reasons, we used PCR methods under con-
ditions of defined sensitivity to detect t(14;18) major and
minor breakpoints in a panel of well-characterized HD
cases. By admixing positive control [t(14;18)-bearing]
DNAs with 1 ug aliquots of the HD DNAs, we established
a minimum sensitivity of 1 ng and 0.1 ng for the mbr and
mcr assays, respectively. Thus, we were able to detect
t(1 4; 1 8)-containing cells at a minimum frequency of 1 0-
for the mbr and 10-4 for the mcr. Since Reed-Sternberg
cells and their variants represent 0.1 to 1% of the cells in

HD,12 our PCR assays should have detected t(14;18)
translocations if they occurred at either the mbr or mcr in
the Reed-Steinberg cells of our HD cases.

Our failure to detect the t(14;18) translocation in the
HD specimens cannot be attributed to inadequate DNA
preparations. For 26 of 28 HD DNA specimens, ethidium-
stained nonspecific PCR products were easily visible in
agarose gels. Eighteen of 26 specimens were further
confirmed to be satisfactory by admixing low amounts of
t(14;18)-containing DNA and/or by performing a control
PCR using 5' Bcl-2 specific amplification primers. Six of
the remaining eight cases, as well as the two whose
t(14;18) PCR data were excluded because of poor PCR
efficiency, were among the 19 cases demonstrated im-
munohistochemically to lack BcI-2 overproduction in their
Reed-Sternberg cells. Thus, we conclude that t(14;18)
translocations involving either the mbr or mcr were not
present in the 26 cases of HD we successfully analyzed
by PCR.

Although our PCR results do not exclude the possibil-
ity that our HD cases contain t(14;18) translocations
whose breakpoints fall outside the mbr or mcr, our anti-
BcI-2 immunohistochemistry data argue strongly against
it. Under conditions in which the anti-Bc/-2 antiserum re-
sulted in intense cytoplasmic staining of t(14;1 8)-bearing
lymphoma cells, we found no detectable immunostaining
of Reed-Sternberg cells and their variants in all 19 of the
HD tissue specimens examined.

It is unclear why our data conflict with the NCI study.14
The t(14;18) translocations may occasionally occur ip the
setting of HD, but their absence in the 28 cases studied
here may reflect differences among the patient popula-
tions seen by various institutions. For example, most of
our HD specimens (20/28) were obtained from patients at
initial presentation, before the institution of therapy. The
proportion of patients who received therapy was not
mentioned in the other PCR studies of the t(14;18) abnor-
mality in HD.1417 Certain referral centers may be more
likely to see patients post-therapy for their HD. Irradiation
and chemotherapy may set the stage for the emergence
of small numbers of t(14;18)-containing cells, most of
which never advance to frank NHL.28 Alternatively, the
absence of the t(14;18) translocation in our panel of HD
cases may reflect differences in the criteria used to diag-
nose HD. Our institution routinely applies a multiparame-
ter approach (including immunohistochemistry, flow cy-
tometry, and gene rearrangement analysis) to diagnose
lymphomas. We employ this strategy in hopes of maxi-
mizing the accuracy of our diagnoses, and in particular,
to avoid misdiagnosing NHLs as HD. Thus, we believe
that the cases presented in this study are unequivocal
examples of HD.

Resolution of the controversy over whether the
t(14;18) translocation is frequently present in HD is of crit-
ical importance. Confirmation that this translocation is
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found in a significant number of HD cases would imply
that follicular NHL and HD are somehow related. It might
also affect lymphoma patient diagnosis, staging, and
monitoring, since the t(14;18) translocation can serve as
a molecular marker. Interinstitutional studies are war-
ranted that employ well-characterized cases of HD, sen-
sitive and appropriately controlled PCR methods, and
highly specific anti-BcI-2 antibodies.
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