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Abstract The prognosis of thymic epithelial tumourKey words Thymoma - p53 - Immunohistochemistry -
depends on malignant behaviour that cannot alwaysRER
predicted on histological grounds. This study aimed at
identifying a molecular marker that would be useful in
overcoming the drawbacks of histopathology. Forty-folmtroduction
thymic epithelial tumours were analysed for alterations
of the tumour suppressor gene p53 using immunohistire thymus is the site of histologically very different
chemistry (antibodies DO-1 and CM-1) and PCR-basggbes of tumours owing to the heterogeneity of its cellu-
single-strand conformation polymorphism and DNA séar composition. Thymic epithelial proliferations are sub-
quencing. Histological and clinical evaluation and algtivided into organotypic thymomas and non-organotypic
p53 analysis revealed three major tumour groups: nemymic carcinomas [1, 2]. Thymic epithelial tumours oc-
organotypic thymic carcinomas with frequent p53 alteraar mainly in the middle aged and elderly and are the
tions (7/9) and occurrence of p53 gene mutations (2/8)ost common pathological lesions of the superior anteri-
malignant thymomas with frequent p53 alterations bot mediastinum [3]. Whereas non-organotypic thymic
without p53 gene mutations (11/18); and benign thymearcinomas are highly malignant tumours, thymomas
mas with rare p53 alterations and without p53 gene nmmiay be benign or malignant and are generally slow-
tations (2/17). In non-organotypic thymic carcinomagowing. There are two competitive histopathological
p53 was detected with both antibodies. In contraslassifications of thymic epithelial tumours, both of
thymomas lacked immunoreaction with DO-1 suggestimghich claim to be prognostically relevant. The revised
alteration of the antibody-binding site. Overall immunalassification of Rosai and Levine [2, 4] focuses on tu-
histochemical results correlated with clinical stagesour invasiveness and matches the clinical need for tu-
(P < 0.01), pathohistologyR(< 0.01), and survival times mour staging perfectly. The capsular invasion is judged
(P < 0.05). We consider immunohistochemical p53 daecording to Masaoka’s staging [5]. The revised Rosai
tection to be a useful new prognostic factor for the evalttlassification defines three tumour entities: non-invasive
ation of thymic epithelial tumours. thymomas (Masaoka stages | and 1l), invasive/metastatic
thymomas (Masoaka stages Il and V), and thymic car-
cinomas (Masaoka stages lll and IV). Whereas non-inva-
sive and invasive/metastatic thymomas are cytologically
G. Weirich (])* - C. Fellbaum - H. Brauch - W. Nathrath unremarkable, thymic carcinomas show typical features
H. Hofler . o . of malignancy. Although the Rosai and Levine classifica-
g‘gﬁ'é‘éﬁeo?fMPeaéﬂ?r']oe?mIﬁfchhrj"éﬂrgnrg‘r’]irs'ty of Munich, tion includes some histocytological criteria, these are not
considered to be informative about clinical behaviour,

B'e?)glrrltrrlne(iec:ﬁro.1c |'-I!'h(I:r‘r:ii(lzjil(a:rsurgery Technical University ofMunichEXCGpt for thymic carcinomas. Marino, Muller-Herme-
School of Medicine, Munich. Germany tink, and Kirchner (MMHK) introduced a pathohistolog-

M. Schol ical classification of thymic epithelial tumours that in-
Scholz , SR . i
Institute for Medical Statistics and Epidemiology, volves the use of histogenetic criteria to define two ma

Technical University of Munich, School of Medicine, Munich, O entities: organotypic thymomas and non-organotypic

Germany thymic carcinomas [6—8]. In this classification thymomas
Mailing address are further subdivided into benign medullary and mixed-
1 Laboratory of Immunobiology, National Cancer Institute, type thymomas, malignant predominantly cortical and

Building 560, Room 12-71, Frederick, MD 21702, L SA cortical thymomas, and well-differentiated thymic carci-
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Table 1 Primer sequences for the amplification of exons 5-8 of the p53 gene (intronic primer pairgfi2®: - 5, left5' - 3, bp
base pairsTmmelting temperatures used for calculation of the appropriate annealing temp--rature)

Primer Exon (bp) Tm (°C) Sequence PCR
product (bp)

5 right 5 (184) 54,6 SCTGGAGAGACGACAGGGCTG-3 247

5 left 45,1 5-TTCAACTCTGTCTCCTTCCT-3

6 right 6 (113) 56,0 5GGGAGGAGGGGTTAAGGGTG-3 204

6 left 64,1 B-GGTCTCCCCAAGGCGCACTGG-3

7 right 7 (110) 65,1 BSAGGCTGGGGCACAGCAGGCC-3 208

7 left 64,4 5-GGTCTCCCCAAGGCGCACTGG-3

8 right 8 (137) 71,0 S5GCGAATTCTCCACCGCCTCTTGTCCTGC:3 223

8 left 63,8 5-GCGAATTCATTTCCTTACTGCCTCTTGC-3

nomas. Several clinical retrospective studies have sholehle 2 Cycle programmes for the amplification of exons 5-8 of
a correlation between MMHK tumour types and clinic#l® >3 gene. For the amplification of DNA extracted from forma-

e ; -fixed, paraffin-embedded tissue extended cycle numbers were
beha\/'our' _medqllary and mixed-type thymomas %'cessary. The amplification of exon 8 included an automated pro-
mainly non-invasive tumours (Masoaka stages | and |dpgation of the extension time for 1's per cycle. This helped to
with a good prognosis. Predominantly cortical and cortivercome the decreasing activity of the Tag-polymerase in this 45-
cal thymomas, well-differentiated thymic carcinomagycle assay

and non-organotypic thymic carcinomas tend to be in

sive/metastatic tumours (Masaoka stages Ill and V) wi on Denaturation Annealing Extension Cycles
a poor prognosis with regard to relapse and surviwal 92°C1min 58°C30s 72°C30s 40
[9-11]. The MMHK classification was recently coné 92°C1min  60°C30s 72°C30s 40
firmed in a larger trial [12], leaving less uncertainty as éo g%o g % min ggc 8 gg 3 ;g g gg; T4 4540
whether a thymoma is malignant or not. However, the

histogenetic origin of thymoma subtypes from medulla-y
or cortical epithelial cells of the normal thymus remains , o
uncertain. For this reason the MMHK classification &ystem). The median overall survival time was 79.9 months after

surgery.
not generally accepted. Forty-four formalin-fixed (pH 7.5), paraffin-embedded samples

Invasiveness continues to be_ the only genera}IIy fthymic epithelial tumours were stained by routine procedures
cepted hallmark of growth behaviour and prognosis. It(H&E, Giemsa, Gomori silver stain) and typed according to the
critical to note that invasiveness is a late event in tumaégrdated MMHK histopathological classification [8]. The tumour

; : . ST ples consisted of 3 medullary thymomas, 14 mixed-type
progression. There is a need for additional findings tr@?nomas, 4 predominantly cortical thymomas, 7 cortical thymo-

could help to identify malignant thymomas before ags, 7 weil-differentiated thymic carcinomas, and 9 non-organoty-
vanced tumour progression and irrespective of the inyé& thymic carcinomas (1 sarcomatoid, 1 neuroendocrine, 2 lym-

sion status. Mutations of the p53 gene and p53 immumbeepithelial, 1 squamous, 3 thymic carcinomas that were not fur-

i i iai r classifiable, 1 undifferentiated carcinoma). Whole-blood-de-
reactivity, respectively, are promising markers of tumoﬁ\}l‘?3 d DNA was available from 15 patients.

progression and prognosis, as alterations have be€lections (3um thick) were taken from representative tumour
shown to be involved in carcinogenesis and in the pragpcks in all 44 cases, dewaxed (xylene, ethanol) and boiled in a
nosis of the majority of human malignancies [13]. Imicrowave oven in saturated lead thiocyanate solution (2x 5 min,

many tumours p53 alterations are early events in on8@0 W) for antigen recovery. Immunohistochemistry was carried
with overnight incubation (4 °C) of the anti-p53 monoclonal

genes_is [13, .14] ar_\d can be det.eCted by_ We”'eStablisﬁgboody DO-1 [15] or the polyclonal antibody CM-1 [16] together
techniques, including immunohistochemistry and polyith the conjugated double APAAP method using new fuchsin as
merase chain reaction (PCR) based methods. In thisirromogen [17]. Both antibodies were kindly provided by D.P.

study thymic epithelial tumours were analysed for p%3ne, Dundee. Reactions were considered to be informative when
alterations to test the validity of the pathological MMH t least 10% of epithelial cells showed intranuclear signals regard-
II%

e . . ss of signal intensity [18]. In critical cases p53-cytokeratin
classification and to address its value in the prognosid1/3) double staining was performed to determine the cell type

evaluation of these tumours independently of tumowith p53 immunoreactivity (data not shown).
stage. For DNA extraction sections (Im) were again taken from the
paraffin blocks previously used in all 44 cases for immunohisto-
chemistry; they were transferred to microfuge tubes, dewaxed (xy-
- lene, ethanol), and subjected to protein digestion (proteinase K)
Materials and methods overnight [19]. A 1:10 dilution of each lysate in sterile water was
used as a template for PCR. Whole-blood DNA was extracted by
The samples stemmed from patients who had undergone tummiklysis and subsequent DNA precipitation.
resection between 1979 and 1991, 42 of whom were seen at postThe phylogenetically conserved exons of the p53 gene (exons
operative follow-up. There were 17 male and 25 female patierfis8) that are the main mutation sites in human cancers [13] were
The median age was 46.5 years. We classed 17 tumours as stageglified by PCR with intronic primer pairs [20] (Table 1) using a
9 as stage Il, 5 as stage Ill, and 11 as stage IV (Masaoka’s stageajing-wax-based hot-start technique. For specificity and sensitiv-




19

ity enhancement the reaction volume was subdivided into twpedominantly cortical thymomas, 2 out of 14 mixed-
parts (25ul each). Part 1 consisted of |@ sterile water, 8ul type thymomas, but none of the medullary thymomas.

gL'\l'erF;s(fégomr&MTﬂéLPéldgg’rgg&?%g%ﬁ }\z)gxgrg%clt'% Staining intensity was variable. In contrast, immunoreac-

wiv gelatin, pH 8.3 [exons 5-7], pH 9.2 [exon 8], Perkin-Elmerfivity with the monoclonal antibody DO-1 was not ob-
and 4yl diluted template DNA. Part 2 consisted of 2pi5sterile  served in these tumour groups. Among non-organotypic

water, 1ul of each primer (0.1 mM [exons 5-7], 0.2 mM [exthymic carcinomas 7 out of 9 were reactive with the

on 8]), and 0.511 Taq polymerase (5 W, Perkin-Elmer). Part 1 ; _ ;
was transferred to a thermal block cycler (TC-1, Perkin-Elmer) fBPIyCIOnaI antibody CM-1 and among these, 4 with the

DNA denaturation (4 min, 94°C), and part 2 was added duringi@noclonal antibody DO-1. Staining was uniformly in-
supplementary high-temperature period (2 min, 92°C). After coiénse with both antibodies (Fig. 53, c).
pletion, the exon-specific cycling program was started (Table 2).  Correlation of immunohistochemical results with his-

The sensitivity of the SSCP assay was tested for by diluti ; i -
DNA derived from a mutated cell line (HTB 38 HT-29, Fa. ATTf&OgK:al tumour types, clinical stages, and the occur

CC; point mutation in exon 8 of the p53 gene) with lymphocyté€nce of myasthenia gravis was carried out using Fisher's
derived DNA from a healthy donor. A 5% mutated DNA sample
gave rise to a band shift pattern (data not shown).

Prior to electrophoresis 2./l of PCR products of 42 cases§ |
were diluted with 10ul denaturation buffer (95% formamide,3 = | L =-—————--—"—"""————————————————— by
20 mM EDTA, 0.05% bromphenol blue, 0.05% xylene cyanole§ %2 p53<10%
heat-denaturated for 10 min (95°C), and shock-cooled. SSCP agal-
ysis was carried out for 8-13 h at constant power (8 W) with2a 0.6 7
concentration and ionic gradient (DISK), using a horizontal TG . p53210%
water-cooled electrophoresis chamber device (diagen). The0.4
20x20 cm slab polyacrylamide (PAA) gels contained of 2% gly@ e
erol, 10xTPE, TEMED, 10% APS, 5% PAA (stacking gel) of 0.2
15 % PAA (separating gel). The running buffer consisted i p<0.05
10xTBE. DNA fragments were silver-stained according to stam- S N i
dard protocols [19]. 0 60 120

PCR-products of 3 cases with reproducible band shifts in
SSCP analysis were subjected to a double-stranded sequencing re-

action. The reaction was carried out using fluorescence labeligg > Kkaplan-Meier survival curve estimates of patients with de-
nucleotides and an oscillation detection device (373 DNA S@tiaple p53 protein in their thymic epithelial tumousrtinuous

commercially (Sequiserve, Vaterstetten, Germany). epithelial tumourskroken lind. There is a significant correlation
between survival curve estimates: patients whose tumours showed
detectable p53 protein had a substantially worse survival than
Results thoske with tumours that did not exhibit p53 protei<(0.05, log-

rank test;
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Intranuclear immunoreactivity was observed in epithelial
cells but not in thymocytes or stromal cells (Fig. 1). Im- %

munoreaction with the polyclonal antibody CM-1 wasl00

observed in 5 out of 7 well-differentiated thymic carci-

nomas (Fig. 1), 4 out of 7 cortical thymomas, 2 out of 480
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Fig. 3 Bar chart showing the distribution of immunohistochemi-
cal detection of p53 with the antibody CM-1 in relation to clinical
stages (Masaoka’s systenBlack portionof each bar represents
immunoreactive tumourdiatched portiorrepresents non-reactive
tumours.I-IV are the clinical stage$:non-invasive intracapsular
tumour growth;ll microscopic transcapsular tumour invasion of
surrounding fat tissudjl gross tumour invasion of adjacent or-
gans; IV tumours with pleural/pericardial dissemination and/or
Fig. 1 Well-differentiated thymic carcinoma. Epithelial tumoumetastasis. There is a significant correlation between immunohis-
cells with slight nuclear atypia, many of which are immunoreatchemical p53 detection and clinical stages: tumours with detect-
tive with the anti-p53 antibody CM-1: dark-stained nuclei shoable p53 protein are mostly invasive (stages Il and R/%x (.01,
varying degrees of intensity. Original magnification x200 Fisher’'s exact tes:)
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Fig. 4 Bar chart representing the distribution of immunohistm.?
chemical p53 detection in pathological tumour typdedT med- ?". zf,ﬁ" T
ullary thymomasMT mixed-type thymomasPCT predominantly *5_--' -2
cortical thymomasCT cortical thymomasyWDTC well-differenti- i’!] e
ated thymic carcinoma$jOTC non-organotypic thymic carcino- ‘_
mas. There is a significant difference between types in p53 de g
tion: benign thymomas (medullary and mixed-type) showed a r’; 34
incidence of immunohistochemical p53 detection, whereas maj
nant thymomas (predominantly cortical, cortical thymomas, we##}
differentiated thymic carcinomas) and non-organotypic thym/ Zg
carcinomas exhibited a high incidence of p53 detector 0.01, %
Fisher’'s exact tes:) T,

-
Q

exact test. The effect of immunohistochemical results yc Y
survival times was determined by Kaplan-Meier surviva

curve estimates and log-rank test. Statistical analysis Fg: 5 a Non-organotypic thymic carcinoma, neuroendocrine dif-
vealed a significant correlatior? (< 0.01) between the ferentiation. Most of the rounded epithelial tumour cells arranged

above described incidence of CM-1-based anti-p53 ig?_an organoid pattern reacted with the anti4a58body CM-1:

. . . o . rk-stained nuclei. The same reaction pattern was obtained using
munoreaction and histological indicators of malignangye antibody D0-1 (data not shown). Original magnification x400.

(Fig. 2). Further, CM-1 immunoreactivity correlated sigs DNA sequence analysis of exon 7 of the p53 gene in the neuro-

nificantly (P < 0.01) with advanced clinical stagesndocrine thymic carcinoma (sense strand), codon 242. There is a
(Fig. 3). The impact of CM-1-based anti-p53-immunoré&-C transversion and loss of the wild-type allele: LOH. This
ransversion induces a cyser change during translatiomNon-

activity on patients’ survival was shown using Kapla rganotypic thymic carcinoma, sarcomatoid differentiation. Most

Meier estimates (Fig. 4). There was a difference in Séf-the spindie-shaped epithelial tumour cells showed a CM-1-
vival between CM-1 immunoreactive and non-reactivased immunoreaction: dark-stained nuclei. The same reaction

cases: patients with immunoreactive thymomas showégiern was obtained using the antibody DO-1 (data not shown).

; ; ; _ ~Qriginal magnification x200d DNA sequence analysis of exon 8
substantially lower survival than those with non I’e"’mtl\c%rthe p53 gene in the sarcomatoid thymic carcinoma (antisense

thymomas P < 0.05). ) . strand), codon 273. There is a-0 (G- A on the sense strand)
Two cases were excluded from further investigati@fansversion and loss of the wild-type allele: LOH. This transver-

because DNA was not PCR amplifiable (1 non-immungon induces an arghis change during translatiz:n

reactive well-differentiated thymic carcinoma and 1 non-

immunoreactive mixed-type thymoma). Among the

42 amplifiable cases exon-specific PCR products were

obtained and analysed by SSCP. Three tumours showed

band shifts. Two band shifts were found in non-orgaan aminoacid change at the hot spot codon 273 in the
otypic thymic carcinomas and one in a cortical thymp53 protein (arginine- histidine) [12]. SSCP patterns in
ma. A neuroendocrine thymic carcinoma was charactboth cases were suggestive of loss of the homologous
ized by a band shift in exon 7 of the p53 gene owing tpa3 allele (data not shown). Both cases were immunore-
point mutation. DNA sequence analysis revealed aative with the polyclonal antibody CM-1 and the mono-
G - C transversion (Fig. 5b) at nucleotide 1405@onal antibody DO-1. A cortical thymoma showed a
(TGC-TCC) that is predicted to result in an aminoacisand shift in exon 6 that was also present in whole-
change at codon 242 (cytosine serine). A sarcomatoid blood-derived DNA from the same patient. Both shifts
thymic carcinoma showed a band shift in exon 8. DNAere due to an A~ G transition at nucleotide 13399
sequencing revealed a G A transition (Fig. 5d) at nu- (CGA- CGG) affecting codon 213. The transition has
cleotide 14487 (CGT CAT) that is predicted to causeno effect on translation and is consequently a silent
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Table 3 Synopsis of results in immunohistochemistry and DNMT mixed-type thymomasdyledT medullary thymomasy number
analysis MMHK histological classification of Marino, Miiller- of casesSSCPsingle-strand conformation polymorphisii/N tu-
Hermelink und Kirchner [1985, 1992NOTC non-organotypic mour/normal tissue with same alteratidtQH loss of heterozy-
thymic carcinomasWDTCwell-differentiated thymic carcinomas, gosity; numbers above nucleotides are serial numbers of nucleo-
CT cortical thymomasPCT predominantly cortical thymomas, tides of coding and non-coding sequence of the p53 gen:: [39]

Histological n Immune reactions DNA analysis
subtype (MMHK) p53-protein p53 gene
Antibody Antibody SSCP Mutation
DO-1 CM-1 band shift
Reactive Non- Reactive Non- Codon Nucleotide
reactive reactive aminoacid
NOTC 9 4 5 7 2 2
Squamous 1 1 1 - - -
Lymphoepithelial 2 2 2 - - -
Neuroendocrine 1 1 1 exon 7 242 14052
+LOH G.C
cys - ser
Sarcomatoid 1 1 1 exon 8 273 14487
+LOH G- A
arg - his
Not further classifiable 3 1 2 1 2 - - -
Undifferentiated 1 1 1 - — _
WDTC 7 7 5 2 - - -
CT 7 7 4 3 1x 213 13399
exon 6 (T/N) A- G
(T/N) arg
PCT 4 4 2 2 - - -
MT 14 14 2 12 - - -
MedT 3 3 3 - - -

germline mutation of the p5@ene. No immunoreaction[9-11, 22]. The MMHK classification circumvents the
was observed in this case, either with CM-1 or with DOekclusive need for staging by applying cytohistological
antibodies (data not shown). Wild-type SSCP patteweriables. Nonetheless, it remains a matter of controver-
for exons 5—-8 were observed in all other immunoreactisy whether thymoma subtypes in this classification are
and non-reactive cases. A perfect correlation was fouridlogically distinct entities and represent integral fea-
between SSCP band shifts and point mutations (3/3)iukes in a tumour sequence.
synopsis of the results is given in Table 3. In this study p53 appeared to differ in thymomas and
non-organotypic thymic carcinomas. The immunohisto-
chemical detection of p53 protein correlated with the
Discussion main histological tumour types according to the MMHK
system, Masaoka stages and patient survival times. Our
Thymomas present a challenge to the diagnostic pathalata imply that p53 alterations are not involved in clini-
gist, as some of them behave in a clinically malignacally benign thymomas (medullary and mixed-type
manner despite the absence of any cytological atypiathgmomas). In the majority of malignant thymomas (pre-
past decades cytologically benign but invasive thymondaminantly cortical and cortical thymomas, and well-dif-
have prompted a bewildering variety of pathologic&rentiated thymic carcinomas), altered p53 protein was
classifications, which were mostly irrelevant to prognddentified by immunohistochemistry, but genetic altera-
sis. When trying to predict the outcome of a thymonti@ns of the p53 gene were not detected. There are three
the pathologist was limited to “useless guesswork” [23Jossible explanations for these findings. First, in malig-
However, two competitive classification systems arent thymomas, detectable amounts of p53 protein might
prognostically relevant and are currently in use: the clasflect the augmented proliferation rate of these tumours,
sification of Rosai and Levine and the MMHK classificaas p53 transcription is also activated during cell prolifer-
tion (Muller-Hermelink et al. [8]). The revised classificaation. Nevertheless, the immunohistological detection of
tion of Rosai and Levine [2, 4] is mainly stage-orientefd53 protein did not exhibit a random distribution but cor-
Since the integrity of the thymic capsule may be disrupélated with clinical stages and survival times. Secondly,
ed by surgery or the invasion site might not be sampldifferent factors liable to interact with p53 could confer a
this classification may be inadequate, especially in ligstabilizing effect on the p53 protein such that its intranu-
of the finding that MMHK [8] is prognostically relevantclear quantity is raised to amounts detectable by immu-
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nohistochemistry. Finally, p53 gene mutations might be Our findings do not agree with those of a Japanese
located outside of the tested exons 5-8. However, mugady that identified p53 overexpression and point muta-
tions in p53 exons 1-4 and 9-11 and in introns seentitms in thymomas of all clinical stages [27]. However,
be rare events [13]. direct comparison is impeded by the usage of different
While both the monoclonal antibody DO-1 and thentibodies and histological classification systems. As re-
polyclonal antibody CM-1 recognized p53 equally well mealed by conflicting data on EBV involvement in thy-
colon carcinoma cells, there was a strikingly divergent reic epithelial tumours [28, 29], these contradictory
activity pattern in thymomas. The polyclonal antibodindings of p53 alterations in thymomas may reflect dif-
CM-1 detected p53 in 62% of all thymomas and mdstrent tumour initiation events in different geographic
non-organotypic thymic carcinomas, but in non-organoreas.
pic thymic carcinomas only p53 protein was detectableBy means of histology, clinical data, immunohisto-
with the monoclonal antibody DO-1. This is the first repashemistry and DNA analysis we have identified three
showing immunohistochemical divergent reactivity witlmajor entities of thymic epithelial tumours: benign
CM-1 and DO-1 antibodies possibly due to the differenteymomas with low detectable amounts of p53 protein
in p53 recognition by these antibodies. The polyclonal amd no p53 gene mutations; low-malignancy thymomas
tibody CM-1 recognizes the entire p53 protein by bindimgth detectable amounts of p53 protein and no p53 gene
to many different epitopes [16], whereas the monoclomalitations and highly malignant non-organotypic thymic
antibody DO-1 specifically binds to the N-terminal amin@arcinomas with frequent occurrence of detectable
acids 25-37 [23]. In CM-teactive and DO-hon-reactive amounts of p53 protein and p53 mutations at both ho-
thymomas, this N-terminal region may be deleted bynmlogous alleles.
truncation, but no such mutation events have been deCM-1-based immunohistochemical detection of p53
scribed so far [13]. Several viral proteins, such as SVd@tein corroborates the MMHK classification of thymo-
large T antigen, HPV 16 and 18, E1B adenovirus, and thas and points to a biological relationship between thy-
oncoprotein MDM2 are known to interact with p53. E1LBioma subtypes and a biological difference between
and MDM2 bind to the N-terminal region of the p53 prehymomas and thymic carcinomas. CM-1-based immu-
tein [24]. The MDM2-binding site maps to the N-terminalohistochemical detection of p53 protein is considered
aminoacids 1-50, and the E1B-binding site is located bseful in prediction of the growth behaviour of thymo-
tween aminoacids 1 and 152. Both binding sites compmisas and their prognosis.
the recognition site of the monoclonal antibody DO-1.
Such MDM2—p53 and E1B—p53 complexes may hamper
the immunoreaction with DO-1. MDM2 when overeXReferences
pressed is known to be involved in a p53 autoregulatory
feedback loop [25]. MDM2 overexpression has recently. Castleman B (1955) Tumors of the thymus gland, fasc 19.
been detected in sarcomas that lack p53 mutations [26]Armed Forces Institute of Pathology, Washington
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Note added during the review processSince this paper was
submitted, Chen et al. have published a similar study on p53 im-
munoreactivity in thymomas [Chen FF, Yan JJ, Jin YT, Su 1J
(1996) Detection of bcl-2 and p53 in thymoma: expression of bcl-
2 as a reliable marker of tumour aggressiveness. Hum Pathol
27:1089-1092]. The immunoreaction in this study was performed
with a monclonal anti-p53 antibody that binds to a different epi-
tope of the p53 protein, and these findings do not contradict the re-
sults of the present study.



