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Mutation of the p53 Gene Is Not a Typical Feature of Hodgkin and
Reed-Sternberg Cells in Hodgkin’s Disease

By Manuel Montesinos-Rongen, Axel Roers, Ralf Kuppers, Klaus Rajewsky, and Martin-Leo Hansmann

Point mutations of the p53 tumor suppressor gene are a
frequent finding in human carcinomas and are thought to be
an important oncogenic event. In non-Hodgkin lymphomas,
p53 mutations occur in a minor fraction of cases. However,
conclusive data are still lacking for Hodgkin’s disease (HD)
where the analysis meets technical problems. The neoplastic
tumor cell clone in HD is represented by the large Hodgkin

cells were micromanipulated from frozen tissue sections of
HD biopsy specimens. Exons 4 to 8 of the p53 gene (in which
more than 90% of p53 mutations associated with human
neoplasms occur) were amplified from these single cells and
sequenced. Mutations of p53 were not found in HRS cells of
any of 8 cases of HD analyzed. We conclude that mutation of
the p53 gene is only rarely, if at all, involved in the pathogen-

esis of HD.
© 1999 by The American Society of Hematology.

and Reed-Sternberg (HRS) cells, which account for only a
minority of all cells in the tumor tissue (often <1%). To
identify putative HRS cell-specific mutations, single HRS

ODGKIN AND REED/STERNBERG (HRS) cells repre- MATERIALS AND METHODS

sent the malignant tumor cells of Hodgkin's disease Tissue samples and cell line COPatient data are summarized in
(HD). In contrast to most other neoplasms, the tumor clone intaple 1. In all cases of primary HD, enlarged cervical lymph nodes were
HD accounts for only a minor fraction of all cells in the tumor analyzed except for case 8, which was an axillary lymph node. These
tissuet It has recently been shown that the HRS cell populationcases were selected to represent the typical histology of nodular
is derived from mature B cellsThe presence and pattern of Sclerosing (NS) or mixed cellularity (MC) HD. The material of the 2
somatic mutations in rearranged immunoglobulin variable re/¢'apsed cases, 6 and 7, was a paraaortal and an inguinal lymph node
gion genes amplified from HRS cells suggested that the HR iopsy, respectively. In all 8 cases, the HRS cells were positive for

I . inal GC) B cell which has | h D30 and except for 1 case (relapsed case 6), the HRS cells also
cell precursor is a germinal center (GC) B cell which has lost t eexpressed CD15. (No material for CD15 staining was available for case

capacity to express antigen receptor. GC B cells with “crippled” 4 [taple 1].) Cell line C@°19was obtained from V. Diehl (University of
antigen receptor die by apoptosis under normal circumstancegologne, Cologne, Germany).

The HRS cell precursor might initiate the apoptotic pathway, Sorting of peripheral blood cells. Peripheral blood mononuclear

but survive because of an unknown transforming evént. cells (PBMC) were isolated from blood of a healthy Caucasian donor by
Loss of function of the p53 protein seems to be important incentrifugation over Ficoll Paque R (Pharmacia, Freiburg, Germany) and

the oncogenesis of human cancer because inactivating poirffainéd with antie-TCR-PE (Immunotech, Hamburg, Germany) and

mutations of the p53 gene are found in a high proportion Ofanti—CD3-FITC (Becton Dickinson, Heidelberg, Germany). Single
Poe g g prop aB-TCR*'/CD3" cells were deflected into PCR tubes using a FACS 440
colorectal, lung, and breast cancérén carcinoma cells,

i ) ) ) (Becton Dickinson) as describéd.

mutation of one allele is usually accompanied by deletion of the | mmunostaining of frozen tissue sections and cytospins and microma-
second allelé:5 Mutations of the p53 tumor suppressor gene nipulation. Eight-micrometer—thick frozen sections of tumor tissue
have also been investigated in lymphomas and were found in &ere mounted onto glass slides, air-dried, and fixed in acetone for 10
minority of non-Hodgkin lymphomas (NHL) on primary dis- minutes. PBMC were mixed with CO cells, centrifuged onto glass
ease manifestation, but with higher frequency in relapsedsndes* air-dried, and fixed in acetone for 10 minutes. Sections and
cased-° cytospins were stained with antibodies against p53 (CM1; NovoCastra,

Whether alteration of the p53 gene plays a role in malignan Newcastle-Upon-Tyne, UK), CD15 (LeuM1; Becton Dickinson), CD.ZO

. 3 . . t(L26; Dako, Glostrup, Denmark) or CD30 (BerH2; Dako) as described

transformation of HRS cells in HD is a long debated quesuon'previously?0 Sections were overlaid with Tris-buffered saline contain-

The SearCh fOf mutathl’]S |n the DNA Of HRS Ce||S |S hampered|ng 5 mg/mL co”agenase H (Boehringer MannheimY Mannheim'

by the scarcity of these cells in the tumor tissue (oftel?o of ~ Germany). Single cells were mobilized from the sections with the help

all cells). Mutations have been detected in a minor fraction ofof hydraulic micromanipulators (Narishige, Japan) as descfibed.

HD cases by the single-strand conformation polymorphism

(SSCP) technique in DNA extracted from whole-tissue speci-

mens!®2However, it was no_t pOSSIblg t_o unequivocally show From the Institute for Genetics, University of Cologne, Cologne; and

that the mutated sequences indeed originated from the HRS Ce[ule Institute for Pathology, University of Frankfurt, Frankfurt, Ger-

population. By amplification of p53 cDNA from single HRS many.

cells isolated from cell suspensions of fresh tumor tissue in 3 Submitted September 7, 1998; accepted April 28, 1999.

cases of HD, Timper et al showed that (part of) the HRS cell M.M-R. and A.R. contributed equally to this work.

clone of 3 patients carried a mutated p53 allgi&. Supported by the Deutsche Forschungsgemeinschaft through SFB502.
To investigate whether p53 mutations frequently occur in Address reprint requests to Axel Roers, MD, Institute for Genetics,

HD, we micromanipulated single HRS cells from frozen tissue University of Cologne, Weyertal 121, 50931 Cologne, Germany.

. . . . The publication costs of this article were defrayed in part by page
sections of 8 patients suffering from classical HD. Exons 4 to 8charge payment. This article must therefore be hereby ma "

of the p53 gene, W_h_ere more than 90%_0f mutations of p.53 A€ sement”in accordance with 18 U.S.C. section 1734 solely to indicate
found?” were amplified from the genomic DNA of these single is fact.

cells in a multiplex polymerase chain reaction (PCR) and © 1999 by The American Society of Hematology.

sequenced. 0006-4971/99/9405-0115%$3.00/0
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Table 1. Patient Data

HD HD HRS Cells

Case Manifestation Subtype Age Sex CD30 CD15 p53t
1 Primary NS 51 Female + + +
2 Primary NS 27 Female + + +
3 Primary MC 36 Male + + ND
4 Primary NS 17 Female + ND +
5 Primary MC 69 Male + + +
6 First relapse e 40 Male + - +
7 First relapse MC 17 Male + + ND
8 Primary NS 18 Female + + +

Abbreviations: HD, Hodgkin’s disease; ND, not done; NS, nodular sclerosing; MC, mixed cellularity.
*Classical HD, subtype of primary manifestation unknown.
t“+” indicates that at least 80% of HRS cells are positive for p53 protein.

Amplification of exons 4 to 8 of the p53 gene from single cells. RESULTS

Single cells in 20 puL Expand HF PCR buffer (Boehringer Mannheim) . - . . . }
were incubated with 0.25 mg/mL proteinase K (GIBCO Life Technolo- Sections of paraffin-embedded tissue specimens were immu

gies, Eggenstein, Germany) for 2 hours at 50°C. The enzyme wabostained for p53 protein in 6 of the 8 cases investigr_:tted. Inall 6
inactivated by heating to 95°C for 10 minutes. The first round of C@Ses, at least 80% of the HRS cells were positive for p53
amplification was performed in the same reaction tube in a 50 pLprotein (Table 1).

volume containing 1X Expand HF buffer; 2 mmol/L Mg£125 umol/L Because more than 90% of all point mutations found in the
each of dATP, dCTP, dTTP, and dGTP; 16.6 nmol/L each first roundp53 gene of malignant cells are located within the downstream
primer (4UA, 4D, 56UA, 56D, 78UA, and 78D; Table 2); and 2.5 U of part of exon 4 and in exons 5 to*8,sequence analysis was
Expand HF polymerase mix (Boehringer Mannheim). Thermal cycling focysed onto these exons. Amplification of exon sequences
was performed in a Biometra Unoblock (Biometra;tBmen, Ger- from single cells was performed by seminested PCR. The

many). An initial cycle of 95°C for 2 minutes, a pause at 80°C during _ . . . ; . .
which the enzyme was added, 61°C for 30 seconds, and 72°C for sprimers hybridized in the intronic sequences flanking the exons.

seconds was followed by 35 cycles of 95°C for 60 seconds, 61°C for 30/ 'f€€ segments of the pS3 gene were amplified with different
seconds, and 72°C for 50 seconds, followed by 72°C for 5 minutes. FoPrimer pairs, the first (E4) containing the downstream part of
the second round of amplification, 1 pL of the first-round reaction €xon 4, the second (E5/6) containing exons 5 and 6, and the
mixture was added to 3 separate reaction mixes each containing third (E7/8) containing exons 7 and 8. In the first round of
primer pair (4UB and 4D, 5/6UB and 5/6D, 7/8UB and 7/8D; Table 2). amplification, all 6 primers were used together in the same tube,
Second-ro_und reactions were performed in a volume of 50 pL with 20y hile second round amplifications were performed in separate
mmol/L. Tris-HCI, pH 8.4, 50 mmol/L. KCI, 2 mmol/L MgG| 125. reactions. As a positive control for efficient amplification from
pmol/L each of dATP, dCTP, dTTP, and dGTP, 125 nmol/L each primer . . .

single genomes, single cells (peripheral blood T cells from a

and 1.25 U Tag DNA polymerase (GIBCO) in 96-well plates (Costar, -
Bodenheim, Germany) using a Biometra Uno-Thermoblock. All compo-healthy donor) were sorted into PCR tubes by flow cytometry

nents were added on ice and the 96-well plate was placed into thénd analyzed by PCR. All 3 segments of the p53 gene could be
thermocycler after the block had reached denaturing temperatur@mplified from 81 of 87 tubes (90%). The remaining 6 tubes

(95°C). The cycle program consisted of 1 cycle of 95°C for 3 minutes,were negative for all 3 products, which is most likely because of

61°C for 30 seconds, and 72°C for 90 seconds, followed by 44 cycles ofailure of the single-cell deflection.

95°C for 60 seconds, 61°C for 30 seconds, and 72°C for 60 seconds, potential alterations of the p53 gene in HD may occur as

followed by a 5-minute incubation at 72°C. point mutations on 1 allele with concomittant loss of the second

Squence a.nalyS'S'PCR products were directly sequenced' from allele. This is typically found in carcinomas. Alternatively, the 2
both sides using the second-round primers. Cycle sequencing was

performed using the Ready Reaction Dye Deoxy Terminator (:ycleaIIeIes may_be aﬁemeq by 2 different pomt mutations. In the
sequencing kit (Perkin Elmer, Foster City, CA) and an ABI 377 latter situation, mutations are more difficult to detect by

automatic sequencer. DNASIS software (Pharmacia) and the GenBangmplification and sequencing because mixed sequences result if

data library (release 93.0) were used to analyze the sequences. both alleles are amplified from a given cell. To validate that the
method used in the present study can detect a point mutation in
Table 2. Primers for Amplification of Exons 4 to 8 micromanipulated single cells, which also harbor an unmutated
of the p53 Gene From Single Cells allele of the p53 gene, a control experiment was performed
AUA 5 ACT-GAAGAC.CCA GG T-COAGAT-GAAS' usi_ng cell Ii_ne Co. CO_ cells harbor 2 mutated_ allétesith 1
4UB 5 TTC-TGT-CCC-TTC-CCA-GAA-AAC-CTA-3' point mutation located in exon 5 and a second in exon 8 (codons
4D 5-AGG-GTG-AAG-AGG-AAT-CCC-AAA-GTT-3' 175 and 282, positions 13203 and 14513 of the pUb'IShEd
5/6UA 5'-TGT-TCA-CTT-GTG-CCC-TGA-CTT-TCA-3’ wild-type sequence of the p53 geffeaccession no. X54156).
5/6UB 5'-CTC-TGT-CTC-CTT-CCT-CTT-CCT-ACA-3’ Cells of the CO line are large and express CD30 but not CD20.
5/6D 5'-AGG-GCC-ACT-GAC-AAC-CAC-CCT-TA-3' CO cells were mixed with PBMC from a healthy donor in a ratio
7/8UA 5'-CAA-GGC-GCA-CTG-GCC-TCA-TCT-T-3' of 1:100 and the mixture was centrifuged onto glass slides such
7/8UB 5'-CCT-CAT-CTT-GGG-CCT-GTG-TTA-TCT-3'

that the CO cells were tightly surrounded by PBMC. Cytospins

7180 SACC-GCTTCT-TETCCT-GCTTECTTA-S were stained for CD30 or CD20. Large CD3@ells were

20z dunf GO uo 3sanb Aq Jpd'GG/ 1/6202591/SS . |/S/¥6/4pd-BloE/pOO|qABU"SUOHEDIIgNdyS.//:dy WOy papeojumog



p53 SEQUENCE ANALYSIS IN HODGKIN’S DISEASE 1757

micromanipulated from CD30-stained cytospins and analyzed No sequence differences were detected between HRS and B
by single-cell PCR. Small CD20 cells manipulated from cells in the downstream part of exon 4, over the complete length
CD20-stained cytospins served as controls. Exon pairs 5/6 andf the coding regions of exons 5 to 8 and the exon-intron
7/8 could be amplified from 7 of 10 CD30cells. For the boundaries in any of the 6 primary nor the 2 relapsed cases
majority of the CD30 cells, the sequencing chromatograms analyzed. All exonic sequences amplified from the HRS and B
showed a double band at positions 13203 and 14513, indicatingells were identical to the published sequence of the p53 §ene.
coamplification of both the mutated and the unmutated seThe chromatograms were also analyzed for double bands
quence (Table 3). The double band was detectable unambigndicating heterozygosity at a particular position; however, no
ously in forward and reverse sequencing reactions. In rarenixed sequences could be identified.
instances, only the mutated sequence was obtained (Table 3). In 4 of the 8 cases (case 1, 2, 3, and 8), sections of the same
The CD20 control cells yielded unmutated sequences only.tissue samples had previously been used for an analysis of the
These results show that the combination of micromanipulatiortHRS cell population for the presence of immunoglobin (lg)
and single-cell PCR reliably detects point mutations in singlegene rearrangements (case 2, 5, 7, and 4 in Kanzler %t al,
cells even if the cells are heterozygous for this mutation. respectively) by single-cell PCR. In all these cases, the CD30
Tissue samples from 8 cases of HD were analyzed, 6 oHRS cells identified using the same criteria as applied in the
which were biopsy specimens taken at primary manifestation opresent study and micromanipulated under the same conditions,
the disease. Two biopsy specimens were taken at first relapsgere shown to harbor clonal Ig gene rearrangemgitsthe
(Table 1). HRS cells were identified in frozen sections of tumorpresent study, the \8 gene rearrangement of the HRS cell
tissue as large, multinucleated CD3¢klls. Tento 12 HRS cells  clone of case 8 was coamplified along with the p53 exons to
were micromanipulated for each case and subjected to singlegrovide direct evidence that the p53 PCR products originated
cell amplification. To be able to identify HRS cell-specific from the clonal HRS cell population of this case. This was done
mutations, non-HRS cells (CD2@® cells) were micromanipu- by addition of a \;3-specific and a,3specific primer (primers
lated from adjacent sections and analyzed in parallel as control8/43 and 3J46)? to the reaction mix in the first round of
Aliquots of the buffer covering the section during the microma- amplification. The clonal M3 rearrangement was obtained from
nipulation procedure served as negative controls in the PCR6 of 16 HRS cells (Table 5). Five of 8 HRS cells from which
These controls were always negative except for 1 aliquot in casenmutated p53 PCR products were obtained were also positive
4 from which all 3 p53 gene segments were amplified. This wador the clonal \(;3 gene rearrangement. One cell was excluded
probably due to cellular contamination during the micromanipu-from the sequence analysis because a clonally unrelat@d V
lation procedure because 14 additional buffer aliquots from thegene rearrangement was coamplified with the p53 exons. This
same case were negative. Each of the 3 p53 gene segments (4l likely represents cellular contamination. These results show
E5/6, E7/8) was amplified from at least 4 different HRS cellsthat the majority of the p53 PCR products analyzed indeed
(with the exception of segment E7/8 in case 8; Table 4). In mosbriginate from the clonal population of HRS cells.
cases, each gene segment was amplified from 6 to 8 different
HRS cells. PCR products were directly sequenced from both DISCUSSION

sides. GC B cells are preprogrammed to die by apoptosis unless
rescued by a signal through the antigen recefitbiRS cells
Table 3. Validation Experiment: Detection of p53 Point Mutations in See_m to be derived from GC B Cel_ls that have “crippled” their
Single Micromanipulated CD30* CO Cells antigen receptor genes by somatic mutatih$herefore, an
intriguing question is how these cells are rescued from undergo-

Exon 5 Exon 8 . . . . . . ’
(codon 175) (codon 282) ing apoptosis. Epstein-Barr virus can immortalize B cells and in
Cell Position 13203 Position 14513 about half of the cases of HD the HRS cells are infected with
*CD30- this virus?* So far, however, there is no direct proof that
1 AIG T/C apoptosis of the HRS cell precursor might be blocked by
2 AIG TIC infection with Epstein-Barr virus.
4 A/G TIC A molecular feature common to many, if not all, HD cases is
7 AIG Tic an abnormal accumulation of MB in the nuclei of HRS
8 A Tic cells2>26 This might be caused by defectiveB or blocked
9 AG Tic expression of this inhibitor of NEB.2” Constitutive nuclear
10 A T expression of NkB has been shown to render HD-derived cell
+CD20* : . S . L
36 G c lines resistant to apoptosis-inducing stimuli and may, therefore,
38 G play a role in the rescue of crippled GC B cells from
39 G c programmed cell deattf.
40 G c The p53 gene is induced after DNA damage. Apart from
41 G c arresting cells in the G1 phase of the cell cycle, p53 protein can
Wild-type p53t G C also induce apoptos?8:2° To find out whether inactivation of
Cell line CO A T this protein might be one of the oncogenic events that renders
*CO cells. HRS cell precursors resistant to apoptosis, we analyzed p53
1B cells isolated as controls. genomic sequences from single HRS cells of 8 cases of HD by a

tAccession no. X54156. combination of micromanipulation and single-cell PCR. A
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Table 4. PCR Analysis of Micromanipulated Single HRS Cells

HRS Cells B Cells Buffer Controls
PCR Products PCR Products PCR Products

Case Cells E4 E5/6 E7/8 Cells E4 E5/6 E7/8 Aliquots E4 E5/6 E7/8
1 10 8 8 8 3 3 3 3 3 — — —
2 10 8 8 8 3 1 1 1 3 — — —
3 10 7 7 6 2 1 1 1 4 — — —
4 12 11 9 8 10 4 4 4 15 1 1 1
5 12 9 10 8 10 6 5 6 10 — — —
6 12 6 5 6 10 5 4 5 10 — — —
7 12 4 4 4 10 6 5 4 10 — — —
8 16 7 7 3 10 2 2 2 10 — — —

Abbreviations: E4, exon 4 of the p53 gene; E5/6, exons 5 and 6; E7/8, exons 7 and 8.

validation experiment proved the reliability of this approach. SSCP analysis and were assumed to be due to mutations in the
CO cell$® were mixed with PBMC from a healthy donor and HRS cell population. However, direct proof for this was
the mixture was centrifuged onto glass slides. After microma-missing, and it was a peculiar and unexplained finding that only
nipulation of single CO cells and B cells from immunostained some of the sequences obtained from the cloned aberrantly
cytospins, the p53 mutations known to be present in the genommnigrating PCR products indeed harbored a mutation. In addi-
of CO cell$? were detected in all products amplified from the tion to the material of these 2 cases of primary HD, Gupta et al
single CO cells but not from the control B cells. In contrast, for also analyzed the p53 genes of 6 HD-derived cell lines. p53
all 8 cases of HD analyzed, only unmutated p53 sequences welgutations were found only in cell line CO. However, in light of
amplified from single micromanipulated HRS cells. our earlier finding that in most, if not all cases of HD, HRS cells
Several earlier studies used the SSCP technique to search fagrbor clonal Ig gene rearrangemehtd, is questionable
mutated p53 genomic sequences in DNA extracted from HDwhether cell line CO that carries Ig loci in germline configura-
tumor tissuél-16 Mutated p53 sequences were detected in ajon30is derived from HRS cells.
minor fraction of cases. Chen et*élfollowed a more refined Trimper et a8 analyzed 3 cases of HD for HRS cell-
approach. They microdissected and analyzed by PCR and SSGfpecific p53 mutations by micromanipulating single CD3-,
areas in sections of tumor tissue that contained more than 10%p20-, CD14-negative, or CD30-positive cells with HRS cell
HRS cells. Mutated p53 sequences were detected in 6 of 24orphology from cell suspensions of fresh tumor tissues. p53
cases. However, the SSCP technique does not permit to attributgyn A was amplified and cloned PCR products were sequenced.
mutated sequences to the HRS cell population. In each of the 3 cases, some of the cells harbored identical point
In 2 studies, an attempt was made to selectively analyze HRQ, ations, whereas p53 sequences from other cells of those

cells for p53 mutation$*'"1*Gupta et & enriched HRS cells 5505 were unmutated. These data were interpreted as indication
by sorting large (presumably polyploid) cell nuclei from cell for clonal heterogeneity of HRS cells.

suspensions prepared from paraffin-embedded biopsy speci- Our finding of only unmutated sequences in HRS cells from 8

menzs of2 ;;at(ijegghp? genomi(r:]sequenceg were theg amplif(ije%ses is in contrast to the results of mper et al who found
inazs-rounde - Sequence heterogeneities were detecte utated p53 sequences in the majority of HRS cells in all 3

cases analyzed. We cannot explain this discrepancy. The
Table 5. Coamplification of IgH Gene Rearrangements and Exons 4-8 combination of micromanipulation and single-cell PCR used in
of the p53 Gene From HRS Cells of Case 8 the present study has previously proven to reliably yield HRS

p53 cell-specific sequence information. In 24 of 25 cases of HD,
Cell* 4 5/6 718 Vi3 clonal Ig gene rearrangements were obtained from HRS cells
CcD30+ that had been identified by the same pathologist using the same
1 + + + + (clonal) histological criteria and that had been micromanipulated and
2 + + + (clonal) analyzed exactly as in the present study (including cases 1, 2, 3,
4 + + + (unique) and 8 of the present stud§$:-%¢ In the only case that was
5 + + (clonal) negative for Iy gene rearrangements, this result was later found
6 * (clonal) to be because of insufficient DNA quality. For case 8 of the
3 Jt i " igi:g:g:; present study, we have provided direct evidence that the
12 + N . unmutated p53 sequences were indeed amplified from HRS
14 4 cells and not from contaminating non-HRS cells by coamplifica-
cD20+ tion of the HRS clone-specific IgH gene rearrangement of this
36 + + + case. Our data do not rule out the possibility that in a minor
43 + + + fraction of HD cases, some or all HRS cells carry mutated p53

*HRS cells were micromanipulated as large CD30* cells, control B alleles. Amutation of the p53 gene present in only a minor HRS
cells as small CD20* cells from immunostained sections of the HD cell subclone may escape detection by analysis of a limited
biopsy specimen. number of single micromanipulated HRS cells, but could
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potentially be detected in SSCP-based analyses. However, thismatch analysis of p53 gene mutation in Hodgkin’s disease. J Pathol
only part of the HRS cell clone carries mutated p53 alleles,175:189, 1995

these mutations must have occurred late in disease progressiont4: Chen WG, Chen YY, Kamel OW, Koo CH, Weiss LM: p53
and are, therefore, not characteristic events that contribute tg1utations in Hodgkin's disease. Lab Invest 75:519, 1996

malignant transformation of HRS cell precursors in HD. 15. Elenitoba-Johnson KS, Medeiros LJ, Khorsand J, King TC: P53

| | % of th R IIexpression in Reed-Sternberg cells does not correlate with gene
In 6 of the 8 cases analyzed, at least 80% of the HRS cell$,, ,aions in Hodgkin's disease. Am J Clin Pathol 106:728, 1996

were positive for p53 by immunohistochemistry. Thus, most 15 Mansukhani MM, Osborne BM, Zhong J, Matsushima AY: The
p5S3 sequences amplified from HRS cells originate from thispattern of p53 and p21WAF1/CIP1 immunoreactivity in non-Hodgkin’s
large fraction of p53-expressing HRS cells. It has been shownymphomas predicts p53 gene status. Diagn Mol Pathol 6:222, 1997
that certain point mutations in exons 4 to 8 of the p53 gene can 17. Trimper L, Daus H, Roth J, Loftin U, Gause A, Pfreundschuh M:
increase the half-life of p53 prote#din HD, increased half-life ~ Single cell PCR at the DNA and RNA Level: A novel approach to the
of p53 protein was discussed as a possible reason for thg_udy of Hodgkin’s disease, in Jarrett R (ed): Etiology of Hodgkin’s
increased expression levels of p53 found in HRS cells of a higiPisease. New York, NY, Plenum, 1995, p 143

. . 18. Trumper L, Brady G, Bagg A, Gray D, Loke SL, Griesser H,
proportion of case® Our data suggest that mechanisms OtherWagman R, Braziel R, Gascoyne RD, Vicini S, Iscove NN, Cossman J,

than ml_Jtatlon of the p_53 gene in eX?”_S 4 to 8 must beMak TM: Single-cell analysis of Hodgkin and Reed-Sternberg cells:
responsible for upregulation of p53 protein in HRS cells. Molecular heterogeneity of gene expression and p53 mutations. Blood
81:3097, 1993
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