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ments of Hodgkin’s disease (HD). Th
detection of immunoglobulin gene rea
rangements in HRS cells indicates th

does not provide any information o

volved in the molecular pathology o
HD. In many tumors, highly informative
polymorphic DNA markers may iden
tify loci harboring clonal loss of hetero
zygosity (LOH) and thus help to trac
tumor suppressor geng®,10). Al-

though in HD, cytogenetic data sugge
that nonrandom chromosomal deletio
may occur at several loci, includin
1942, 4926, and others, very little (i
anything) is known about clonal LOH in
HRS cells at the molecular levéll1-
15). We, therefore, set out to study m
crodissected HRS cells from classic
types of HD at candidate loci for LOH
with a highly sensitive microsatellite

ing bystander lymphocytes were las
microdissected from formalin-fixed

(Table 1). From a patient with nodular
sclerosing HD (patient 6), samples we
taken at presentation (6a) and at relap
(6b). In two patients (patient 6 and pa
tient 7, a patient with mixed cellularity-
type HD), frozen sections of lymphom
tissue yielded high-molecular-weigh
control DNA from microdissected cel
populations. Buccal smears provide

The typical Hodgkin and Reedt

Sternberg (HRS) cells are thought to(Rint): 1q42 (D1S517Rint) 5
represent the malignant cellular ele-CATGTGTCCATCAATGGTAG-3;

they are clonally derived from B cells GANCTT-3; and 11923 (D11S1294Rint
(1-8), but immunogenotyping, as such, 5'-CTGGTTTGCTTTCCCTTTCTT-3

specific gene alterations possibly in- http://www.williamstone.com) (Fig. 1,

polymerase chain reaction (PCR) assayjoining). The primers were a framework
In seven patients with classical HD, Ill immunoglobulin gene VH primer 5
HRS cells and surrounding cells includ- ACACGGC(C/T)(G/C)T(G/A)TAT-

paraffin-embedded tissue sectionsGACC-3. The seminested primer was

constitutional high-molecular-weigh
DNA in patients 5 and §16,17). Pa-

deletions in HD, which were predicte
by the cytogenetic literaturg¢l1-15),

Data Base (http://www.gdb.org). A

included a first round that used the prim
ers indicated above. In a second PC
one of the primers in each pair was re
placed by an internal forward primer
(Fint) or an internal reverse primer

€ 4426 (D4S2301Fint) 5GATGAGT-
- GCTTAGACCATAGTA-3'; 9p23
at(D9S254Rint) 5>GTCTCCAATGCAT-

N (software= “Primers! For the WWW?";

f A). Allelic dropout during amplification
of polymorphic microsatellite fragments
may randomly affect either allele mim
icking LOH. To exclude this pitfall,
e pooled samples of 10 purified HRS cells
from a given patient were amplified
st(18,19).Ten picograms of DNA (corre-
nssponding to the DNA content of a single
) diploid cell) was consistently detected
f by our PCR assay. We also used a sem

nested PCR(1,3,20-22)to examine

HRS cells from patients 3, 4, 6, and 7 fc
- clonally rearranged immunoglobulin
alheavy-chain genes created through jo
ing of variable, diversity, and joining
immunoglobulin gene regions (V-D-J

=

>

erTACTGT-3' and a consensus JH primer
(21) 5'-ACCTGAGGAGACGGT-

- from VLJH sequences (5GTGAC-
reCAGGT(N)CCTTGGCCCCA-3 (22)
séFig. 1, B).
- DNA extracted from buccal smears
and from bystander lymphocytes
a showed constitutional individual
t specific microsatellite patterns in all pa-
tients (Fig. 1, A). Of 259 samples of
dHRS cells microdissected from forma-
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t lin-fixed tissue, 59 (23%) yielded a de-

tectable microsatellite PCR product.
tients gave their informed consent to in- Mock picks from tissue sections cleared
clude their material in this study. For of cellular material were consistently
molecular analyses, tetranucleotide reegative by PCR analysis. All patients
peat microsatellites were selectedexcept patient 5 reproducibly showed
through the Genome Data Base at lgciclonal LOH in HRS cells at one to three
with a high frequency of chromosomal different microsatellite loci (Table 1).
4 LOH was seen at all loci, but the locus

most frequently altered was D4S2301
and located at 1g42 (D1S517), 4q;6(4q26; four of five ir)formative patients).
(D4S2301), 9p23 (D9S254), and 11q2_3H|gh—molecular-we|ght DNA from fresh
(D11S1294). Their PCR primer se- HRS cells and corresponding degraded
quences are available in the Genomd?NA from formalin-fixed tissue yielded

highly sensitive seminested PCR assayjit€ Pand patterns (Fig. 1, A). None of
_the HRS cell samples showed extra mi-

rcrosatellite band¢23). Patients 3, 4, 6
. and 7 showed clonal immunoglobuli

identical individual-specific microsatel-

heavy-chain gene configurations in HR
cells and polyclonal patterns in by
stander lymphoid cells (Fig. 1, B). |
patient 6, a common rearranged immu-
noglobulin heavy-chain gene band in
HRS cells, observed at presentation (6a)
and at relapse (6b), indicated that the
initial monoclonal population of HRS
cells had relapsed. Our immunogeno-
type data from formalin-fixed HRS cells
are in keeping with published data that
HRS cells are mostly monoclonal B-cell
populations(1-8,20,24).

The detection of LOH has several im
plications in HD. The patients’ buccal
mucosa and bystander lymphocytes
showed constitutional microsatellite pat-
terns indicating that LOH in HRS cells
was an acquired specific genetic feature
of HD. To the best of our knowledge,
it_his is the first report on microsatel-
lite PCR detection of clonal LOH in
microdissected HRS cells. In contrast
to our approach, classical cytogenetics
permit the study of mitotic cells only
‘and usually do not permit the identif
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Table 1.Pathology of Hodgkin's disease (HD) samples and results of microsatellite polymerase chain reaction (PCR) analysis in
microdissected Hodgkin and Reed-Sternberg (HRS) cells*

Samples Microsatellite typing

D1S517 D4S2301 D9S254 D11S1294
Histologic diagnosis (sample No.) Sex/age,y Staget CD15/30 EBER LM#/gp220 1q42 4026 9p23 11922-23
Nodular sclerosing HD (1) M/43 1 +/+ + + + ni 1 nd ni
Mixed cellularity HD (2) F/43 1 ++ + + + 2 1 ni 1
Nodular sclerosing HD (3) F/16 I ++ - nd + 2 1 ni 1
Mixed cellularity HD (4) FI74 1 ++ + + + 1 1 1 2
Nodular sclerosing HD (5) F/38 1] —/+ nd nd nd ni nd ni nd
Nodular sclerosing HD (6a) F/69 1 —I+ nd nd + 2 nd nd nd
Nodular sclerosing HD in relapse (6b) — —I+ nd - nd 2 2 1 2
Mixed cellularity HD (7) FI71 1l +/+ nd - nd 1 ni ni 1

*1 = patient constitutionally informative and loss of one microsatellite allele (loss of heterozygosity) in HRS cells (data verified twice)atiznt
constitutionally informative, two alleles retained in HRS cells=timmunostaining done and positive; = immunostaining done and negative; EBER
Epstein-Barr virus-encoded RNA; LMP Epstein-Barr virus latent membrane protein;"Mmale; F = female; nd= molecular analysis not done due to la
of suitable material or failure to obtain PCR amplicons; and=npatient not informative.

tCotswold staging classification.

Fig. 1. A) Microsatellite detection of loss of heterozygosity (LOH) a

D1S517 (1g42) in Hodgkin and Reed-Sternberg (HRS) cells from pp- A @ @

tient 7, a patient with a mixed cellularity-type Hodgkin's disease (HD). &Ge' \qﬁe

DNA from bystander lymphoid cells and from buccal mucosa shows|a &o“ ‘é& &
constitutionally heterozygous microsatellite pattern (two allelic bandg). '-_9°@ 59@\ vﬁ
HRS cells isolated from formalin-fixed, paraffin-embedded sectiorls &bf eab-'é’c ‘\69 5,‘?
and fresh-frozen sections show a single lower allele, indicating LOH gt \(ﬁ%\ §’°fo°° &g} \@"
1g42. CD30 HRS cells as well as bystander lymphocytes and othér 066*0@ Qpﬁzoﬂ? ¥ &
infiltrating cells in HD lymphoma sections were microdissected undgr I < ‘0‘? <&

an inverted laser microscop® (A:L:M; GmbH, Wolfratshausen,
Germany)(17) and were subjected to a sensitive seminested microst-
ellite polymerase chain reaction (PCR). The first PCR round was run n
a Thermal Cycler 480 (Perkin-Elmer, Rotkreuz, Switzerland) with P
mM MgCl,, all four deoxynucleoside triphosphates (ANTPs, each at 01
mM), 1 U of hot-starfTaqpolymerase (AmpliTag Gold; Perkin-Elmer,
Rotkreuz, Switzerland), and AM of each primer under the following
conditions: Initial denaturation was at 95 °C for 15 minutes, 30 cycldgs B
of 95°C for 30 seconds, 55 °C for 30 seconds, and 72 °C for 60 sgc-
onds and the final elongation step was at 72 °C for 7 minutes. Orle
microliter of a 1:20 dilution of first-round PCR amplicons was sub
jected to a second round of PCR on a Perkin-Elmer 9600 Thermjal
Cycler in 1.5 nM MgCl,, all four dNTPs (each at 0.1 M), 0.5 U of
Boehringer®TagDNA polymerase, and {LtM of each primer under the
following conditions: Initial denaturation was at 94 °C for 5 minutes, 3(
cycles of 94 °C for 30 seconds, 55 °C for 30 seconds, and 72 °C for 0
seconds, and the final elongation step was at 72 °C for 7 minutes. If a
PCR band was identified on agarose gel electrophoresijsl. bf a
1:20 dilution of the respective first-round PCR sample was subjected

to a second round of PCR by use of the appropriate intéfalabeled primer, as described above. Labeled PCR fragments were subjected to electroy
on denaturing 6% polyacrylamide-sequencing gels and subjected to autoradiography at =70 °C for 2-12 hours as afj@ppiteseen in a given patien
at a particular locus was confirmed by at least one or several repeat analyses of cells separately harvested from adjacent tissBie |sattimaglobulin
heavy-chain gene PCR analysis from patient 6, a patient with nodular sclerosinganB.1—peripheral blood lymphocytes from a healthy donlane
2—Nalm6 (monoclonal B-cell leukemia cell line with rearranged immunoglobulin heavy-chain gésmes)3—Calul (lung cancer cell line with germlin
immunoglobulin heavy-chain gene$dne 4—bystander lymphoid cells microdissected from paraffin-embedded HD secliores 5and 6—pooled micro-
dissected HRS cells obtained at presentation;lanes 7and8—single HRS cells obtained at relapse.#®¥Mmolecular weight marker (100-base-pair [bp] DN
ladder). HRS cells at presentation and at relapse show a common rearranged immunoglobulin heavy-chain gene band of about 90 bp. Lymphoid ¢
1 and 4 yield multiple rearranged immunoglobulin heavy-chain gene bands indicating polyclonal B-cell populations. The first PCR round was mii i
MgCl,, all four dNTPs (each at 0.2 M), 1 U of hot-startTaq polymerase (AmpliTaq Gold; Perkin-Elmer), and 1.B1 of each immunoglobulin gene prime
under the following conditions: Initial denaturation was at 95 °C for 15 minutes; 10 cycles with a stepwise decrease of annealing temperatut€stfrés €5
were followed by 30 cycles at 95 °C for 30 seconds, 55 °C for 30 seconds, and 72 °C for 45 seconds and a final elongation step at 72 °C for 7 mi
second-round PCR useduL of a 1: 200 dilution of the first-round PCR product as template and was run under the conditions described above, except
2 mM MgCI, and running 40 cycles with an annealing temperature of 55 °C. The final PCR products were separated on 4%-20% polyacrylamide gr:

«— ca. 90 bp
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cation of the lineage of cells bein
karyotyped. The detection of LOH re
stricted to HRS cells is consistent wit
the view that they are clonally derive
from a common single cell of origin
(16,25-27).The probability in a given
patient that all HRS cells tested woul
have lost the same allelic microsatellit
band independently or by chance is .0
(i.e., 0.8 ~ 1 wheren is the number of

low (28). Our findings thus confirm and

on the clonality of HRS cells in classica
HD with a molecular marker system un

globulin genes.

The detection of LOH in tumor cells
at a particular locus indicates clonalit
and by the same token points to a site

vated tumor suppressor genes. In ng
Hodgkin’s lymphomas, inactivation o
tumor suppressor genes has been
scribed at the p53 gene or the g2
locus. Our work now shows that in clas
sical HD, clonal LOH may be present z

23, and possibly others. The dense g
nomic map of microsatellite marker
now available will help to narrow down
such loci as a next important step for th
eventual cloning of tumor suppressc
genes operative in the molecular pathc
ogy of HD.

REFERENCES

(1) Marafioti T, Hummel M, Anagnostopoulos |,
Foss HD, Falini B, Delsol G, et al. Origin of
nodular lymphocyte-predominant Hodgkin’
disease from a clonal expansion of highl
mutated germinal-center B cells. N Engl
Med 1997;337:453-8.

(2) Ohno T, Stribley JA, Wu G, Hinrichs SH,
Weisenburger DD, Chan WC. Clonality in
nodular lymphocyte-predominant Hodgkin’
disease. N Engl J Med 1997;337:459-65.

(3) Hummel M, Ziemann K, Lammert H, Pileri
S, Sabattini E, Stein H. Hodgkin's diseas
with monoclonal and polyclonal population
of Reed-Sternberg cells. N Engl J Med 199
333:901-6.

(4) Kuppers R, Kanzler H, Hansmann ML, Ra
jewski K. Immunoglobulin V genes in Reed
Sternberg cells [letter]. N Engl J Med 1996
334:404-6.

(5) Kuppers R, Rajewski K, Zhao M, Simons G

HRS cells examined) and, therefore, |

extend molecular immunogenotype data

related to the configuration of immuno-

the genome possibly harboring inacti

loci, such as 1942, 4926, 9p23, 11922

Laumann R, Fischer R, Hansmann ML.

Hodgkin disease: Hodgkin and Reed
Sternberg cells picked from histological se
tions show clonal immunoglobulin gene re
arrangements and appear to be derived fr¢
B cells at various stages of developmen

| S S N BN S §

6

~

Tamaru J, Hummel M, Zemlin M, Kalvelage
B, Stein H. Hodgkin's disease with a B-cel
phenotype often shows a VDJ rearrangeme
and somatic mutations in the VH gene
Blood 1994;84:708-15.
Vockerodt M, Soares M, Kanzler H, Kupper
R, Kube D, Hansmann ML, et al. Detectio
of clonal Hodgkin and Reed-Sternberg cel
with identical somatically mutated and rea
| ranged VH genes in different biopsies in re
lapsed Hodgkin's disease. Blood 1998;9
2899-907.
(8) Brauniger A, Kuppers R, Strickler JG
Wacker HH, Rajewski K, Hansmann ML
Hodgkin and Reed-Sternberg cells in lym
phocyte predominant Hodgkin disease repr
sent clonal populations of germinal cente
derived tumor B cells [published erratum ap
pears in Proc Natl Acad Sci U S A 1997;94

y
in

n_

i 9337-42.

e'(9) Weissenbach J. The Human Genome Proje
from mapping to sequencing. Clin Chem Lal
Med 1998;36:511—4.

At (10) Pabst T, Schwaller J, Tobler A, Fey MF. De

D_ tection of microsatellite markers in leukae

mia using DNA from archival bone marro

smears. Br J Haematol 1996;95:135-7.

Barrios L, Caballin MR, Miro R, Fuster C,

Berrozpe G, Subias A, et al. Chromosom

abnormalities in peripheral blood lympho

cytes from untreated Hodgkin’s patients.
possible evidence for chromosome instab
ity. Hum Genet 1988;78:320-4.

e-
> (11)

e
DI
|-

12)
edt J, Arthur DC. Recurring chromosome af
normalities in Hodgkin's disease. Gene
Chromosomes Cancer 1992;5:392-8.

(13) Tilly H, Bastard C, Delastre T, Duval C, Bi-

zet M, Lenormand B, et al. Cytogenetic stug

ies in untreated Hodgkin’s disease. Blog
1991;77:1298-304.

Kristoffersson U, Heim S, Mandahl N, Ols

son H, Akerman M, Mitelman F. Cytogeneti

studies in Hodgkin's disease. Acta Path

(14

S Microbiol Immunol Scand [A] 1987;95:
289-95.
(15) Teerenhovi L, Lindholm C, Pakkala A,

[]

Franssila K, Stein H, Knuutila S. Unique dis
play of a pathologic karyotype in Hodgkin’s
disease by Reed-Sternberg cells. Canc
Genet Cytogenet 1988;34:305-11.
Pabst T, Schwaller J, Bellomo MJ, Oestre
cher M, Muhlematter D, Tichelli A, et al.
; Frequent clonal loss of heterozygosity b
scarcity of microsatellite instability at chro
, mosomal breakpoint cluster regions in adu

AR

(16)

Proc Natl Acad Sci U S A 1994;91:10962-6.

f 14211]. Proc Natl Acad Sci U S A 1997;94:

Dohner H, Bloomfield CD, Frizzera G, Frestr

- (17) Becker I, Becker KF, Rohrl MH, Minkus G
Schutze K, Hofler H. Single-cell mutatio
- analysis of tumors from stained histolog
m slides. Lab Invest 1996;75:801-7.

t. (18) Garvin AM, Holzgreve W, Hahn S. Highly
accurate analysis of heterozygous loci
single cell PCR. Nucleic Acids Res 1998;2

| 3468-72.
nt(19) Hughes AE. Optimization of microsatellit
5. analysis for genetic mapping. Genomi

1993;15:433-4.

(20) Delabie J, Tierens A, Gauvriil T, Wu G, Wei
senburger DD, Chan WC. Phenotype, gen
type and clonality of Reed-Sternberg cells

- nodular sclerosis Hodgkin's disease: resu

- of a single-cell study. Br J Haematol 199

: 94:198-205.

(21) Segal GH, Wittwer CT, Fishleder AJ, Stole
MH, Tubbs RR, Kjeldsberg CR. Identifica
tion of monoclonal B-cell populations by
rapid cycle polymerase chain reaction.
practical screening method for the detecti
of immunoglobulin gene rearrangement
Am J Pathol 1992;141:1291-7.

Reed TJ, Reed A, Wallberg K, O’Leary TJ

Frizzera G. Determination of B-cell clonality

in paraffin-embedded lymph nodes using t

polymerase chain reaction. Diag Mol Path

1993;2:42-9.

Mark Z, Toren A, Amariglio N, Schiby G,

Brok-Simoni F, Rechavi G. Instability of di-

nucleotide repeats in Hodgkin's disease. A

J Hematol 1998;57:148-52.

(24) Hummel M, Marafioti T, Stein H. Clonality

of Reed-Sternberg cells in Hodgkin’s disea

e [letter]. N Engl J Med 1999;340:394-5.

- (25) Fey MF, Peter HJ, Hinds HL, Zimmerman

A A, Liechti-Gallati S, Gerber H, et al. Clona

I- analysis of human tumors with M27 a

highly informative polymorphic X chromo-
somal probe. J Clin Invest 1992;89:1438-4

- (26) Wainscoat JS, Fey MF. Assessment

S clonality in human tumors: a review. Canc

Res 1990;50:1355-60.

S
n
S

1 (22)

ct:
b
(23)

(27) Fearon ER, Hamilton SR, Vogelstein B.

Clonal analysis of human colorectal tumo
Science 1987;238:193-7.
(28) Sidransky D, Frost P, Von Eschenbach

d

Oyasu R, Preisinger AC, Vogelstein B.

Clonal origin of bladder cancer. N Engl
ol Med 1992;326:737-40.

NoOTES

- Supported by grants 31-43458.95 and 32(
053596.98 (to A. Tobler and M. F. Fey) and grai

e131.49681.96 (to B. Borisch) from the Swiss N
tional Foundation; by grant KFS 156-9-1995 fro

i- the Swiss Cancer League; and by the Bern
Foundation for Clinical Cancer Research.

it We thank Dr. Swee Lay Thein (John Radcliff

Hospital, Oxford, U.K.) for her helpful comments.

It Manuscript received March 16, 1999; revise

leukemias. Blood 1996;88:1026-34.

Journal of the National Cancer Institute, Vol. 91, No. 18, September 15, 1999

July 1, 1999; accepted July 21, 1999.

o

olp|

ne

m

se

=

of
or

P

0202 Joquieidag g Uo Jesn ulag ¥ouiolqIqsioeNsISAuN AG L699092/18S L/8L/16/2I0IHE/0ul/Woo dno-olWspee/:sdiy Woly pepeojumod

BRIEF COMMUNICATION 1583



	1

