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suMMAy The quantity ofnuclearDNA in 90 tumours with a strong probability ofbeing associated
with Epstein-Barr virus (EBV) (11 cases with nasopharyngeal carcinomas, seven cases ofendemic and
26 of non-endemic Burkitt's lymphoma, and 46 cases of Hodgkin's disease) were analysed by flow
cytometry. Twenty three cases with benign lymphadenopathies were analysed in a similar way.

Except for endemic Burkitt's lymphoma most of the tumours were diploid. Near-diploid aneuploidy
(with aDNA index ranging from 1-06 to 1-26) was also found in endemic Burkitt's lymphoma as well
as in six non-endemic Burkitt's lymphomas and in eight cases ofHodgkin's disease but was absent in
nasopharyngeal carcinomas. Tetraploid aneuploidy was seen in three cases of nasopharyngeal
carcinoma. Five of the 23 cases of lymphadenopathy also showed near-diploid DNA, one of which
subsequently developed into a non-Hodgkin's lymphoma. It is concluded that near-diploid DNA
content seems to be associated with the lymphatic origins of the tumours rather than with EBV.

Flow cytometric analysis of DNA has shown that
near-diploid aneuploidy is a characteristic feature
of malignant lymphomas.'4 In Hodgkin's disease
near-diploid aneuploidy and corresponding gross
secondary chromosomal aberrations have been des-
cribed in flow cytometric and cytogenetic studies,
respectively.5 We recently reported that the flow
cytometric analysis of archival non-Hodgkin's lym-
phoma material showed near-diploid aneuploidy in
high grade non-Hodgkin's lymphomas,6 especially in
non-endemic Burkitt's lymphoma.7 Secondary
chromosomal abnormalities leading to a correspond-
ing increase in DNA are also frequently seen in
cytogenetic analysis of cases of endemic Burkitt's
lymphoma.89

Epstein-Barr virus (EBV) infection seems to have
an important role in the pathogenesis of endemic
Burkitt's lymphoma.'° Because the secondary
chromosomal aberrations that correspond to near-
diploid DNA are particularly common in endemic
Burkitt's lymphoma we decided to study their pre-
valence in other lymphoproliferative disorders some
of which are supposed to be closely associated with
EBV.
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Material and methods

The 33 cases of Burkitt's lymphoma were identified
according to routine procedures." The 26 non-
endemic cases have been described in detail elsewhere.'
Further primary diagnostic biopsy specimens obtain-
ed between 1987 and 1988 from seven cases ofendemic
Burkitt's lymphoma (three men, four women, age
range 4 to 37 years) were from the Kilimandzaro
Christian Medical Center, Tanzania.
The 45 cases of Hodgkin's disease were diagnosed

between 1977 and 1987 in the catchment area of
Tampere University Central Hospital, population
1 000 000 (25 men, 18 women, age range 7 to 77 years)
and divided according to the Rye classification'2 into
lymphocyte predominance (n = 7), mixed cellularity
(n = 12), nodular sclerosing (n = 20), and lymphocyte
depleted (n = 3). The nodular sclerosing cases were
subdivided into grade 1 (NSI, 14 cases) and grade 2
(NS2, six cases) tumours following the BNL1
criteria.'3 The classification and the flow cytometric
analysis were done from examination of primary
tumour biopsy specimens.
The histological diagnosis of the 11 cases of naso-

pharyngeal carcinoma (nine men, two women, age
range 16 to 82 years) was done according to the
methods of Hsu et al.'4 All the tumour samples were
diagnostic biopsy specimens of the primary tumour.
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Primary diagnostic biopsy specimens were available
from 23 cases with benign lymphadenopathy. The
cases comprised 19 patients (eight men and I I women,
age range I to 78 years) with various reactive lympha-
denopathies, and four patients (three men and one
woman, age range 17 to 67 years) with atypical
lymphoid hyperplasia. The atypical hyperplasia
developed later into malignant lymphoma in two cases
(one case of Hodgkin's disease and one of non-
Hodgkin's lymphoma). One patient had an acute
varicella zoster virus infection and in one case no overt
or subsequent disease could be associated with the
atypic hyperplasia diagnosis.

TISSUE PREPARATION AND DNA ANALYSIS
The biopsy specimens consisted of paraffin wax
embedded tissue which had been prepared as des-
cribed previously.67 For each analysis 10 000 cells were
scanned using an EPIS-C flow cytometer (Coulter
Electronics, Hialeah, Florida, USA). The peak having
the lowest channel number was considered to rep-
resent DNA diploid cells and to have a DNA index of
1 0. The DNA index of a given DNA aneuploid peak
was determined as the ratio between the channel
numbers of the aneuploid-diploid peak. A near-
diploid aneuploid cell population was considered to
exist only when two separate peaks were visible. A
tetraploid aneuploid population was identified on the
demonstration of corresponding S-phase cells and
oktaploid peak G2-phase (G,) or mitotic (M) cells as
described previously.6 The S-phase fraction that is,
the percentage of cells in the S-phase was calculated
by the method described by Baisch et al.5
The survival analysis and testing of significance by

the log rank test were performed according to Peto et
al.'6 Student's t test and Fisher's exact test were used,
where appropriate.

Results

The flow cytometric analysis gave good quality DNA
histograms in 97% of the cases studied. Three cases of
Hodgkin's disease were excluded because of unevalu-
able DNA histograms in repeated analyses. The mean
coefficient of variation (CV, half peak) was 4.5%
(range 2 8 to 7 5). The S-phase fraction was estimated
in all the lymphoid hyperplasias and in 92% of the
malignancies.
The tumours showed near-diploid aneuploidy in

four of the seven cases ofendemic Burkitt's lymphoma
and in six of the 26 cases of non-endemic Burkitt's
lymphoma (table l, fig 1). Two cases of non-endemic
Burkitt's lymphoma were tetraploid. The DNA in-
dices of the near-diploid aneuploid tumours varied
between 1 06 and 1 26. Only in the cases of endemic
Burkitt's lymphoma was the near-diploid aneuploidy

Table 1 No (f0) distrihution ofdiploid v aneuploid tuniour,%
in EBV associated 1lvmphoid disorler.s and nasophlarYngeal
carcinoma

.4Ineploid

Near-
CategorY Diploild (liploi(l Tctraploid1i0tal

Nasopharyngeal
carcinomas 8 (72) 3 (28) 11

Burkitt's lymphoma
(endemic) 3 (43) 4 (57) 7

Burkitt's lymphoma
(non-endemic) 18 (68) 6 (26) 2 (6) 26

Hodgkin's disease 35 (8!) 8 (19) 43

Fig 1 DNA histograms characteristic for near-diploid
aneuploidv in endemic Burkitts lImphoma (a) and
non-endemic Burkitt:s Ivnphoma (b). (a) Coeficient of
variation (C V) = 7 1%, S-phase cellfraction (SPF)
28%, DNA indeex (DI) = 111, (b) CV = 7.5%0 SPFE
38%, DI= 1 13. Arrows indicate near-diploid cell
population,.
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Table 2 Characteristics ofdiploid v aneuploid tumours in
EBV associated lymphoid disorders and nasopharyngeal
carcinoma

Unfavourable*
v Mean

5 year favourable (SE)
Category survival histology SPF

Nasopharyngeal D ND 1 3 4 6-0 (1-0)
carcinomas A ND 0 2 1 5-0 (0)

Burkitt's lymphoma D ND ND 16-7 (40)
(endemic) A ND ND 22-8 (5-7)

Burkitt's lymphoma D 40% ND 15-9 (1-3)
(non-endemic) A 0% ND 14-1 (1.7)

Hodgkin's disease D 87% 3 25 5 1-9 (02)
A 100% 0 7 1 4-0 (0-4)

* Unfavourable vfavourable histologyfor nasopharyngeal carcinomas:
keratinising squamous cell carcinoma (left), anaplastic carcinoma/
type A carcinoma ,middle), and "non"-anaplastic carcinoma/type B
carcinoma (right).'
* Unfavourable v favourable histology for Hodgkin 's disease:
lymphocyte depleted (left), nodular sclerosis and mixed cellularity
(middle), and lymphocytic (right)." One diploid case could not be
classified.

l ~ ~
Fig 2 DNA histograms characteristicfor near-diploidDNA
aneuploidy in reactive lymphadenopathy (a) and nodular
sclerosis type Hodgkin's disease (b).
(a) CV = 6-3%,SPF = 2-4%, DI = 1-18,
(b) CV = 6-9%, SPF = 4-1%, DI = 1-16.
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Table 3 No (%) distribution ofdiploid v aneuploid twnours
in different benign lymphoproliferative disorders

Aneuploid

Near-
Category Diploid diploid Tetraploid Total

Reactive lymphadenopathy related to:
Infection 7 (87) 1 (13) - 8
No clinically important

pathology 10 (91) 1 (9) - 11

Atypic lymphadenopathy related to:
Infection - 2 (100) - 2
Lymphoma* 1 (50) 1 (50) - 2

*The patients later developed malignant lymphoma, Hodgkin's
disease (diploid case) and non-Hodgkin's lymphoma (aneuploid
case).

associated with an enhanced proliferative activity
compared with corresponding diploid cases (table 2).
In the cases of non-endemic Burkitt's lymphoma the
near-diploid aneuploidy was associated with a sig-
nificantly worse prognosis than diploidy (p < 0-02).
Unfortunately, the cases of endemic Burkitt's lym-
phoma were too recent and few to analyse survival.
The near-diploid aneuploidy was not seen in cases of

nasopharyngeal carcinoma but three cases had a
tetraploid aneuploidy (table 1). The tetraploidy was
not associated with unfavourable histology or prog-
nosis in these cases (table 2).

Overall, near-diploid aneuploidy was seen in eight
of43 (19%) of the cases of Hodgkin's disease (tables 1
and 2). Near-diploidy was most prevalent in the
nodular sclerosing grade 1 and lymphocyte depleted
type tumours (fig 2). Four of the 14 nodular sclerosing
grade 1 cases and two of the seven lymphocyte
depleted cases (six of 21, 29%) had near-diploid
aneuploidy, while the three lymphocyte depleted type
tumours were all diploid and one of the six nodular
sclerosing grade 2 tumours was near-diploid (one of
nine, 11%). Significant differences in S-phase fraction
were seen among the cases of Hodgkin's disease. The
cases of Hodgkin's disease with near-diploid aneu-
ploidy had a mean S-phase fraction of 4-0 (SE 0-2)
compared with 1-9 (SE 0-3) seen in the diploid cases
(p = 0-01, Student's t test). There were no major
differences in the prognosis for near-diploid and
diploid tumours (table 2) or high compared with low
S-phase fraction tumours (data not shown).

Unexpectedly, near-diploid aneuploidy was found
in five of23 cases with benign lymphadenopathy (table
3). Three of the five cases presented with atypical
hyperplasia and two with reactive hyperplasia. One of
the atypic hyperplasia patients, a 35 year old man,
later developed a low grade (International Working
Formulation for Clinical Useage) non-Hodgkin's lym-
phoma (follicular, mixed small cleaved, and large cell
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Fig 3 Consecutive DNA histograms ofatypical lymphadenopathy (a) and low grade non-Hodgkin's lymphoma (b) in
a 35 year old man. (a) CV = 7 5%, SPF = 6-1%, DI = 1-16, (b) CV = 7-2%, SPF = 7-5%, DI = 1-18.
Consecutive samples ofatypical lymphadenopathy (c) and low grade non-Hodgkin's lymphoma (d) in a 35 year old
man (Haematoxylin and eosin.)
lymphoma), which then transformed into high grade
non-Hodgkin's lymphoma (small non-cleaved, non-
Burkitt's lymphoma). Tumour samples from the two
first stages of the disease atypical hyperplasia and low
grade non-Hodgkin's lymphoma were available for
analysis. They both showed a similar near-diploid
pattern with DNA indices 1-16 and 1-18 (fig 3),
respectively.

Considerable variation (range 1 2 to 8 2) was seen in
the S-phase fraction of the samples of benign lym-
phadenopathy. Cases of atypical lymphoid hyper-
plasia showed a higher mean S-phase fraction (5 3, SE
0 9) than cases of reactive lymphadenopathy (mean S-
phase fraction 3 0, SE 09). The difference did,
however, not reach significance.

Discussion

Flow cytometric DNA analysis of archival lymphoma
and benign lymphadenopathy tissue gives results
comparable with those obtained from fresh-frozen
tumour samples.6717 18 In most cases the classification
of DNA histograms into diploid, near-diploid, and
tetraploid cases was possible following our first flow
cytometric analysis. Two separate peaks had to be
visible in repeated determinations before the sample
was taken to be near-diploid.

Except for nasopharyngeal carcinomas, near-
diploid aneuploidy was common in all categories
studied. We found near-diploidy in most (57%) of the
cases of endemic Burkitt's lymphoma associated with
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EBV. We have previously shown near-diploid aneu-
ploidy in a case of non-endemic Burkitt's lymphoma
associated with EBV.' Cases of endemic Burkitt's
lymphoma carry EBV in their tumour cells,'9 but only
up to 25% of non-endemic cases are positive.' The
incidence of secondary chromosomal aberrations
varies from 50 to 70% and 0 to 30% in the endemic
and non-endemic Burkitt's lymphomas, respectively.7
The figures are similar to the distribution of near-
diploid aneuploidy in our cases and may reflect an
association between this pattern and EBV infection.
The flow cytometric analyses showed that none of

the aneuploid nasopharyngeal carcinomas was near-
diploid but that they showed tetraploidy. Tetraploidy
is common in squamous cell carcinomas.2' Naso-
pharyngeal carcinoma has an infectious as well as a
genetic aetiology.22 23 The fact that patients with naso-
pharyngeal carcinoma who have skin fibroblasts are
prone to have this evolve into tetraploid clones24
supports the genetic origins of aneuploidy in naso-
pharyngeal carcinoma. The association between EBV
and nasopharyngeal carcinoma is well established.25
The EBV state was not known in our cases of
nasopharyngeal carcinoma, but EBV has been found
in all histological types of nasopharyngeal carcin-
oma.26 The lack of near-diploid aneuploidy in naso-
pharyngeal carcinoma refutes any role for EBV in
aneuploidy.

Recent flow cytometric studies have shown near-
diploid aneuploidy in Hodgkin's disease and
Hodgkin's disease derived giant cells.3427 Cytogenetics
shows gross chromosomal abnormalities in42% ofthe
cases of nodular sclerosing and in 24% of the remain-
ing subtypes of Hodgkin's disease.5 In our material the
proportion of aneuploid tumours was lowest (11%) in
lymphocyte depleted tumours (NS2 included) and
highest (29%) in tumours with lymphocytic predomin-
ance (NS1 included). Our results thus suggest that the
origins of the proliferatively active, near-diploid cell
clones in Hodgkin's disease are derived from lympho-
cytes. Our findings also agree with the indications that
there are two different forms of nodular sclerosing
type Hodgkin's disease.'3
The origins of malignant Reed-Stemnberg cells in

Hodgkin's disease have not been conclusively iden-
tified.2"3" Reed-Steinberg-like cells are also seen in
mononucleosis.3' EBV is associated with Hodgkin's
disease,32-M and prospective seroepidemiological
studies have recently strengthened the association."
The possible role of EBV in the genesis of near-
diploidy in Hodgkin's disease, however, remains open.
We found near-diploid aneuploidy in five cases with

benign lymphoid hyperplasia. Aneuploidy has recent-
ly been described in other histologically benign
tumours as well.3637 In benign, proliferatively active
tissues the decondensation of cellular chromatin in-

creases the DNA staining efficacy38 and might result in
an arbitrarily near-diploid DNA pattern. Although
this possibility can not always be excluded, the near-
diploid aneuploidy has clinical importance in the
diagnosis oflymphoid hyperplasia. One ofour cases of
hyperplasia subsequently developed a low grade non-
Hodgkin's lymphoma. The same near-diploid clone
(with almost identical DNA indices) was present in the
consecutive biopsy specimens where the diagnoses of
atypical hyperplasia and the low grade non-Hodgkin's
lymphoma were made. Thus the change in the ploidy
may occur early during lymphomagenesis.

Translocation t(14; 18) has been identified as one of
the primary events in lymphomagenesis and was the
only specific chromosomal change related to the
development of near-diploidy in already existing lym-
phomas.39 Gain of chromosomal material reflected as
chromosomal near-diploidy follows the loss of
chromosome 17p or chromosome 18 in colorectal
tumours.' Whether the translocation t(14; 18),3' or
t(2; 19) found in an atypical lymphoid hyperplasia
case,42 result in the extra chromosomal material
acquired at the early stage of lymphomagenesis
warrants further investigation.

The excellent technical assistance of Mrs Leena
Pankko is gratefully acknowledged. This study was
supported by Finnish Cancer Organizations research
grant and by the Pirkanmaa Cancer Fund.
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