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ABSTRACT
By in situ hybridization of normal human chromosomes with

a cloned genomic probe specific for the constant region of the
lambda immunoglobulin genes, band 22q11 was preferentially la-
belled. In two cell lines with t(8;22) derived from Burkitt's
lymphoma a strong signal was noted on the 8q+ chromosome deri-
vative, indicating that the constant region of the lambda Ig
gene cluster was translocated from chromosome 22 to chromosome
8. In addition, the signal observed on the 22q- derivative
chromosome was stronger than the background in one of the two
cell lines tested, but not in the other. The implications
are that the break point in chromosome 22 in some cases lies
within the Ig gene itself or between clusters of such genes,
and that different cases have different break points.

INTRODUCTION

Burkitt's lymphoma and leukaemia are monoclonal prolifera-
tions of malignant B lymphocytes. They are characterized by
specific chromosome translocations of the following types:

most commonly t(8;14), and less commonly t(2;8) or t(8;22).
The break points are at 8q24, 14q32, 2p12 or 13, and 22q11
(1-5). The suggestion that these translocations involve the

immunoglobulin (Ig) gene families is based on several lines of

evidence: (i) the locus for Ig heavy chains is on chromosome
14 (6-7), that for the kappa light chain (V and C regions) is
on chromosome 2 (8, 9, 11) and that for the lambda light chain
(C region) is on chromosome 22 (9-11); (ii) studies based on
in situ hybridization with normal chromosomes have shown that
the loci reside in the very chromosome segments that are in-
volved in the translocations: 14q32 for the heavy chains (12),
2cen-2p13 for the kappa light chain (8) and 22q11 for the
lambda light chain (13); (iii) there is a correlation between

© I RL Press Limited, Oxford, England.

Nucleic Acids ResearchVolume 1 1 Number 4 1983

1133



Nucleic Acids Research

the type of Ig light chain expressed and the specific translo-
cation: cells with t(2;8) express kappa chains and those with
t(8;22) express lambda chains (14-15). It is clearly of in-
terest to try to determine whether the Ig genes are directly
involved in these translocations. We used the direct ap-
proach of in situ hybridization (16) of Burkitt's cell chromo-
somes having t(8;22) with a cloned genomic probe specific for
the constant region of the lambda Ig genes (17). Our results
show that these genes are translocated to chromosome 8, that
the break point in chromosome 22 in some cases lies within the
Ig genes themselves, and that different cases have different
break points.

MATERIALS AND METHODS

Materials

Two cell lines (IARC/LY47 and IARC/LY67) were investigated:
both were EBV-genome-positive cells derived from African pa-
tients (5). LY67 is a lambda producer whereas LY47 is a pre-B
cell line without detectable light chain surface markers (14-
15).

The probe was clone Hu lambda 5 from a human foetal liver
genomic library (17) which cross-hybridizes with a mouse cDNA
encoding amino acids 123 to 203 of the Ig lambda light chain
(18). This clone was kindly provided by P. Leder. The human
insert of this clone was used without prior separation from
the phage DNA.

Methods
A phytohaemagglutinin-stimulated culture of whole blood

from a normal female was used to prepare air-dried metaphase
chromosome spreads on clean glass slides. Metaphase spreads
from the two Burkitt lymphoma lines were prepared in the same
way. 250 ng of total DNA from the Hu lambda 5 clone (17) was
used as a probe after nick translation in 40 pl of reagent k4t
(Amersham, UK) containing 5.0 uM radiolabelled dCTP (5- 2lJ
iodo-2' deoxycytidine 5'-triphosphate at >1400 Ci/mmol,
Amersham, UK). The labelled probe (specific activity:
2.6xl08 cpm//ug) was used for in situ hybridization carried out
according to the procedure of Gerhard et al. (16) with minor
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modifications. After RNase treatment and denaturation of

chromosomal DNA, the preparations were prehybridized overnight
at 420C with 30 pl of hybridization buffer (16) lacking the
DNA probe. The coverslips were then removed and the slides
washed in 4 changes of 2xSSC, dehydrated in an alcohol series
and air-dried. Hybridization with 30 ul of buffer contain-
ing 50 ng/ml of DNA probe was carried out at 420C overnight,
followed by washing and autoradiography with Kodak NTB liquid
photographic emulsion (16). The slides were developed after
3-7 days and stained for 15 min. with Wright's stain diluted

1:3 in 0.06M phosphate buffer, pH 6.8 (19). Metaphases were

photographed on Kodak 5786 microfilm. The staining method

produced variable degrees of G-banding, and some cells dis-

played variable degrees of C-banding. Only those cells in

which all chromosomes were identifiable were chosen for ana-

lysis of grain distribution. Analyses were mostly performed

by direct microscopic observation. When chromosome identifi-
cation was difficult the cell was photographed and analysed by
two observers comparing the microscope image with the 4xiotogra-
phic print.

RESULTS

Normal human chromosomes
In 147 metaphases from a phytohaemagglutinin-stimulated

culture of peripheral blood lymphocytes from a normal female,
300 silver grains were noted on the chromosomes. The number
of grains on the cytoplasm of the same cells was 359, indi-

cating a low background. The distribution of the 300 chromo-
somal grains is depicted in Fig. 1, which shows that chromo-
some 22 is more heavily labelled than any other chromosome
and that the peak concentration of grains (30 in all) occurs

in the distal part of band 22q11. However a location at the
interface or even within band 22q12 cannot be excluded.

The two chromosome 22 homologues from this individual
were readily distinguishable by the size of their satellites.
Seventeen grains were observed on one homologue and 13 on the

2other, a difference which is not significant (X1 = 0.5, p>0.5).
The number of grains per unit of DNA (defined as 1/100 of the
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Fig. 1. Diagrammatic representation of the distribution and
location of 300 silver grains associated with the chromosomes
on a total of 147 mitoses of normal lymphocytes after in situ
hybridization with a human Ig C lambda probe.
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diploid genome) is shown diagrammatically in Fig. 2. The

high specificity of hybridization to chromosome 22 is evident

as compared with the other chromosomes, in which the relative
number of grains varied round the mean value (3 grains per

unit of DNA), implying random labelling. Chromosome 16 forms

an exception, being somewhat more heavily labelled (5.1 grains
per unit of DNA), but the distribution along this chromosome
is uniform.

Burkitt's lymphoma chromosomes

In the two Burkitt lymphoma lines variable degrees of G-

and C-banding were achieved, but the quality of the banding
was somewhat poorer than in normal lymphocytes. Two sepa-

rate experiments were performed and analysed independently.
In the first series of cells, each chromosome could be indivi-

dually identified. In the second, the 8q+, 22 and 22q- chro-

mosomes could be unambiguously identified but the chromosomes

belonging to groups B, C and D were analysable by group only.

Table 1 gives the results separately for these two series. As

z

-10
1 2 3 4 5 6 7S 9 10 1112 13 141516 171s19202122 X

Chromosom. No

Fig_.2. Histogram showing the number of silver grains per
unit of DNA per chromosome after in situ hybridization of
normal lymphocyte chromosomes with human Ig C lambda probe.
Data on DNA content were derived from microspectrophotometric
measurements (20) and corrected for a female karyotype. One
unit is defined as one hundredth of the diploid genome. Data
on 300 grains from 147 metaphases are from the experiment de-
scribed in Fig. 1. The distribution of grains per unit of
DNA among the 23 chromosome classes is not uniform (X32 =
145.2, p<<.001), with a significant excess of grains on chro-
mosome 22 (XV = 131.1, p<<.001) and to a much lesser extent
on chromosome 16 (X1 = 4.5, .02 <p< .05).
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shown in Table 2, the two series of experiments were not signi-

ficantly heterogeneous and were therefore pooled for further

analysis. The data show that in both lymphoma lines the

structurally normal chromosome 22 was heavily labelled and the
normal chromosome 8 unlabelled. In both lines the distal

end of 8q+ was clearly labelled above the background. As re-

gards the 22q- translocation chromosome, it was labelled in

LY47 and unlabelled in LY67.

DISCUSSION

Our first conclusion from these data is that in Burkitt's

lymphoma with t(8;22) the structurally normal chromosome 22

hybridizes normally with the Hu lambda 5 probe. Since in

normal lymphocytes both No. 22 homologues hybridize, the clear

signal seen on 8q+ in Burkitt's lymphoma indicates that the

hybridizing sequences are included in the piece of DNA trans-

located from one chromosome 22 onto one chromosome 8.

The strong signal observed on the 22q- chromosome in LY47

indicates that the break point in chromosome 22 resides within

the lambda Ig constant region cluster itself (or the regions

immediately flanking it and included in the probe). Alterna-

tively, if there are two or more lambda constant region gene

clusters on chromosome 22, then the break point is between

them, and the translocation is probably interstitial rather

than terminal. Recent evidence suggests breakage between the
V and C regions in the heavy chain gene involved in t(8;14) in

the Daudi cell line of Burkitt's lymphoma origin (22).
In lymphoma line LY67, on the other hand, the 22q- chro-

mosome was unlabelled. Our conclusion is that break points

are different in different individuals. It remains to be

determined if there is a causal relationship between the fact

that LY67 (with no label on 22q-) is a lambda producer where-
as LY47 (with 22q- labelled) has no detectable light chains
on its surface. While the above conclusions are based on

differences of high statistical significance, they are never-

theless due to counts of a limited number of grains only.
Further experiments with other cell lines are clearly called
for.
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It has recently been suggested that the non-random chro-
mosome translocations observed in monoclonal malignancies,
such as chronic myelocytic leukaemia (with the Philadelphia
chromosome) and Burkitt's lymphoma, may be involved in cancer
development (23-24). In the case of Burkitt's lymphoma cells
it has been proposed that these chromosome breakages might re-
side precisely in the Ig genes (11, 15, 25). Results of in
situ hybridization experiments carried out on normal chromo-
somes with a kappa light chain probe (8), with a gamma heavy
chain probe (12) and with a lambda light chain probe (13) lend
further support to this hypothesis. The results we report
here on the 8;22 translocation variant in Burkitt's lymphoma
cell lines represent the first direct evidence that the con-

stant region gene is translocated from chromosome 22 onto chro-
mosome 8. The fact that an oncogene such as mos is located
on chromosome 8 (26) should prompt further studies to deter-
mine whether malignant transformation is related to the juxta-
position of oncogenes or other specific sequences with immuno-
globulin genes.

ACKNOWLEDGEMENTS

We thank Philip Leder for providing the Hu lambda 5 clone,
Paul Szabo for helpful advice concerning the method of in situ
hybridization, and Mark Skolnick for valuable suggestions.
AdlC was spending a sabbatical year at the Institut de Patho-
logie Moleculaire, Paris, and was supported by INSERM and the
Fondation pour la Recherche Medicale. CH was supported by
a fellowship from SANOFI. This work was supported by grants
PRC genie genetique No. 124030 and CRL No. 821046 from INSERM,
and by grants from the Sigrid Jus6lius Foundation and the
Nordisk Insulinfond. Any biohazards associated with the

experiments described in this publication were evaluated pre-
viously by the French National Control Committee.

4lnstitut de Pathologie Mol6culaire, INSERM U 129, Faculte de Medecine Cochin-Port-Royal, 75014
Paris, France
9Laboratoire d'Anthropologie Biologique, Universite Paris VII, 75006 Paris, France

*To whom correspondence should be sent

1141



Nucleic Acids Research

REFERENCES

1. Zech, L., Haglund, V., Nilsson, K. and Klein, G. (1976)
Int. J. Cancer 17, 47-56.

2. van den Berghe, H., Parloir, C., Gosseye, S., Englebienne,
V., Cornu, G. and Sokal, G. (1979) Cancer Genet. Cytoge-
net. 1, 9-14.

3. Miyoshi, I., Hiraki, S., Kimura, I., Miyamoto, K. and
Sato, J. (1979) Experientia 35, 742.

4. Berger, R., Bernheim, A., Weh, H.J., Flandrin, G.,
Daniel, M.T., Brouet, J.C. and Colbert, N. (1979) Hum.
Genet. 53, 111-112.

5. Berheim, A., Berger, R. and Lenoir, G.M. (1981) Cancer
Genet. Cytogenet. 3, 307-315.

6. Croce, C.M., Shander, M., Martinis, J., Cicurel, L.,
D'Ancona, G.G., Dolby, T.W. and Koprowski, H. (1979)
Proc. Natl. Acad. Sci. USA 76, 3416-3419.

7. Hobart, M.J., Rabbitts, T.H., Goodfellow, P.N., Solomon,
E., Chambers, S., Spurr, N. and Povey, S. (1981) Ann.
Hum. Genet. 45, 331-335.

8. Malcolm, S., Barton, P., Bentley, D.L., Ferguson-Smith,
M.A., Murphy, C.S. and Rabbitts, T.H. (1982) Cytogenet.
Cell Genet. 32, 296.

9. McBride, O.W., Swan, D., Leder, P., Hieter, P. and Hollis,
G. (1982) Cytogenet. Cell Genet. 32, 297-298.

10. Erikson, J., Martinis, J. and Croce, C.M. (1981) Nature
294, 173-175.

11. McBride, O.W., Hieter, P.A., Hollis, G.F., Swan, D.,
Otey, M.C. and Leder, P. (1982) J. Exp. Med. 155, 1480-
1490.

12. Kirsch, I.R., Morton, C.C., Nakahara, K. and Leder, P.
(1982) Science 216, 301-303.

13. Kirsch, I.R., Ravetch, J.V., Hollis, G.F., Hieter, P.A.,
Morton, C.C., Nakara, K. and Leder, P. In preparation.

14. Lenoir, G.M., Preud'homme, J.L., Bernheim, A. and Berger,
R. (1981) C.R. Acad. Sci. Paris 293, 427-429.

15. Lenoir, G.M., Preud'homme, J.L., Bernheim, A. and Berger,
R. (1982) Nature 298, 474-476.

16. Gerhard, D.S., Kawasaki, E.S., Bancroft, F.C. and Szabo,
P. (1981) Proc. Natl. Acad. Sci. USA 78, 3755-3759.

17. Lawn, R.L., Fritsch, E.F., Parker, R.C., Blake, G. and
Maniatis, T. (1978) Cell 15, 1157-1174.

18. Hieter, P.A., Hollis, G.F., Korsmeyer, S.J., Waldmann,
T.A. and Leder, P. (1981) Nature 294, 536-540.

19. Chandler, M.E. and Yunis, J.J. (1978) Cytogenet. Cell
Genet. 22, 352-356.

20. Mendelsohn, M.L., Mayall, B.H., Bogart, E., Moore II, D.
H. and Perry, B.H. (1973) Science 179, 1126-1129.

21. Lancaster, H.O. (1949) Biometrika 36, 117-129.
22. Erikson, J., Finan, J., Nowell, P.C. and Croce, C.M.

(1982) Proc. Natl. Acad. Sci. USA 79, 5611-5615.
23. Klein, G. (1982) Nature 294, 313-318.
24. Rowley, J.D. (1982) Science 216, 749-751.
25. Klein, G. and Lenoir, G.M. Adv. Cancer Res. in the press.
26. Prakash, K., McBride, O.W., Swan, D.C., Devare, S.G.,

Tronick, S.R. and Aaronson, S.A. (1982) Proc. Natl. Acad.
Sci. USA 79, 5210-5214.

1142


