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Abstract

The p53 gene was analyzed in tumor specimens obtained from
52 patients with various types of carcinoma of the thyroid gland
by a combined molecular and immunocytochemical approach.
The histologic types included 37 well-differentiated papillary
and follicular carcinomas, 8 poorly differentiated, and 7 undif-
ferentiated carcinomas. The p53 gene was shown to be unaf-
fected in all differentiated tumors by single-strand conforma-
tion polymorphism analysis. However, in two out of eight
(25%) of poorly differentiated carcinomas and five out of seven
(71%) undifferentiated carcinomas, p53 mutations were identi-
fied and subsequently characterized by DNAsequencing. One
undifferentiated carcinoma displayed two areas with varying
degrees of differentiation. The comparative analysis of the p53
gene, in both the more and the less differentiated area of this
tumor, clearly showed that the p53 mutation was confined to
the latter component of the tumor specimen. These results indi-
cate that mutations of the p53 gene are associated with the
most aggressive histologic types of thyroid tumors, such as the
undifferentiated carcinoma and, to a certain extent, the poorly
differentiated carcinoma, and that the alterations of this gene
represent a late genetic event in human thyroid carcinogenesis.
(J. Clin. Invest. 1993.91:1753-1760.) Key words: immunocyto-
chemistry * polymerase chain reaction * single-strand confor-
mation polymorphism - tumor progression - tumor suppressor
gene

Introduction

In the last few years, increasing evidence has indicated a central
role of the p53 tumor suppressor gene in human carcinogene-
sis. In fact, p53 allelic losses or mutations are frequent genetic
alterations in human cancers of different tissue origin, includ-
ing those of the colon, lung, breast, brain, and hemopoietic
tissue ( 1, 2).

The p53 mutations appear to be concentrated in a portion
of the gene spanning exons 5-9, where the SV40 large-T bind-
ing domain and four evolutionary conserved regions map (3);
a large variety of mutations has been observed in different co-
dons covering these regions (1). Furthermore, the available
data indicate that the occurrence of p53 mutations can be re-
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garded either as an early or a late event in tumor progression
depending on the tumor type (4-6).

The tumors derived from the thyroid follicular epithelium
comprise adenomas and carcinomas, the latter including the
well-differentiated papillary and follicular types and the undif-
ferentiated type. The well-differentiated carcinomas (WDCs)'
are characterized by a low biological aggressiveness and an in-
dolent course, whereas the undifferentiated carcinomas (UCs)
display aggressive behavior with rapid fatal outcome (7, 8).
More recently, on the basis of several reports on differentiated
carcinomas showing a more pronounced aggressiveness, the
existence of a group of so-called poorly differentiated carci-
nomas (PDCs) with a prognosis intermediate between that of
differentiated and undifferentiated subtypes was identified (9-
12).

In spite of their commonhistogenic origin but in agreement
with their different biologic and clinical features, the pathogene-
sis of the various histologic types appears to be associated with
the occurrence of different genetic events. In fact, among dif-
ferentiated carcinomas it has been determined that a frequent
activation of ras oncogenes is present in all the stages of progres-
sion from follicular adenoma to follicular and UCs ( 13-15),
whereas in papillary thyroid carcinomas the two genes ret and
Ntrkl (proto trk), whose products display all the features of a
receptor tyrosine kinase, are activated in - 50% of the ana-
lyzed cases ( 16-20). In addition, two recent studies have inves-
tigated the role of p53 in thyroid tumors with contrasting re-
sults. Wright et al. (21 ), in analyzing about 100 WDCsand 20
UCs found only one case of follicular carcinoma with p53 mu-
tation. On the contrary, Ito et al. (22), by analyzing 10 differ-
entiated and 7 undifferentiated thyroid tumors, found p53 mu-
tations in - 85% of UCs.

To clarify this issue, we investigated for the presence of p53
mutations a series of thyroid carcinomas both by molecular
and immunocytochemical analysis. The results suggest that
p53 mutations are restricted to the more aggressive histologic
types and are associated with both dedifferentiation and pro-
gression.

Methods

Tumor storage and DNAextraction. Surgical specimens of thyroid car-
cinomas were frozen in isopentane precooled by liquid nitrogen as well
as formalin-fixed and paraffin-embedded. High molecular weight
DNAextraction from normal and tumor samples was performed as
previously reported ( 16).

Single-strand conformation polymorphism (SSCP) analysis. Oligo-
nucleotide primers for both the SSCPand DNAsequencing were de-
scribed by Gaidano et al. (23). The couples of primers were chosen in

1. Abbreviations used in this paper: PDC, poorly differentiated carci-
noma; SSCP, single-strand conformation polymorphism; UC, undif-
ferentiated carcinoma; WDC,well-differentiated carcinoma.
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order to amplify the exons 5, 6, 7, 8, and 9. SSCPwas accomplished
according to an adapted version of the method described by Gaidano et
al. (23). The PCR reaction was performed with 100 ng of genomic
DNA, 5 pmol of each primer, 2.5 MMeach of dATP, dTTP, dGTP,
2.17 MMof dCTP, 5 ACi of [a-32P]dCTP (Amersham International,
Amersham, UK; 3,000 Ci/mmol), 10 mMTris HCl (pH 8.8), 50 mM
KCl, MgCl2 1 mM(for exons 5, 6, 7, and 9) or 1.3 mM(for exon 8),
0.01% gelatin, 0.5 U of Taq DNApolymerase (Cetus-Perkin Elmer,
Norwalk, CT) in a final volume of 5gl. The amplification, consisting in
30 cycles of denaturation (950C, 1 min), annealing (580C, 30 s for
exon 8; 630C, 30 s for exons 5, 6, 7, and 9), and extension (720C, 1
min), was performed on an automated thermal cycler (Cetus-Perkin
Elmer). The reaction mixture (5 Ml) was diluted 1:80 by adding 395 Ml
of 0.1% SDS, 10 mMEDTA; 2 ,l of the dilution was then mixed with
18 Ml of sequencing stop solution (95% formamide, 20 mMEDTA,
0.05% bromophenol blue, 0.05% xylene cyanol) containing 20 mM
NaOH. Samples were heated at 95°C for 5 min, chilled on ice, and
immediately loaded onto a 8% polyacrylamide- I X Tris-borate/EDTA
(TBE) gel containing 10% glycerol (7% polyacrylamide/4% glycerol for
the only exon 6). Gels were run at 8 Wfor 16-20 h at room tempera-
ture, fixed in 10% acetic acid, 10% methanol for 20 min, and then
vacuum-dried. Autoradiography was performed at -80°C with inten-
sifying screens for 4-72 h.

Sequencing. PCRproducts purified on gel were utilized as template
in direct sequencing reactions. Sequencing was performed with [ a- 35S ]
dATPas label, using a Sequenase kit (United States Biochemical Corp.,
Cleveland, OH) according to the manufacturer's recommended proto-
cols, or by reamplification with Taq polymerase and [5'-32P]-labeled
primers as specified below.

2 pmol of the primer were 5' end-labeled by 5 U of T4 polynucleo-
tide kinase (New England Biolabs, Beverly, MA) in 5 Ml of a reaction
mixture containing: 2 pmol of [y-32P]ATP (Amersham International;
5,000 Ci/mmol), 50 mMTris HCl (pH 7.6), 10 mMMgCI2, 5 mM
DTT, 0.1 mMspermidine, 0.1 mMEDTA (pH 8.0). The reaction
mixture was incubated at 37°C for 30 min, then at 68°C for 10 min.
For sequencing, purified amplified DNAwas reamplified in the pres-
ence of one labeled primer, the four dNTPs, and one of the four
ddNTPs (24). The reaction mixture (final volume 10 Ml) contained
0.05 pmol of DNA, 0.05 pmol of labeled primer, 0.5 Uof Taq polymer-
ase, 10 MMof each dNTP, 250 MMddATP or 30 MMddGTP, or 200
MMddCTPor 250MAMddTTP, 50 mMTris HCl, pH 8.8,7 mMMgCl2,
0.05% NP-40, and 0.05% Tween 20.

18 cycles were executed with a denaturation step (95°C, 1 min ), an
annealing step (58°C, 30 s for exon 8; 63°C, 30 s for exons 5, 6, 7, and
9), and an extension step (72°C, 2 min). Reactions were electropho-
resed on 6%polyacrylamide/7.67 Murea/ l x TBEgel. Whena tumor
sample containing p53 mutation was identified, the result was con-
firmed by repeating the entire procedure: amplification of genomic
DNA, fragment purification, and sequencing. To verify the tumor-as-
sociated nature of the observed p53 alterations, we analyzed by SSCP
and/or by sequencing the homologous region of the p53 gene from the
relative peripheral blood lymphocytes DNAof the cases displaying a
mutated p53 in tumor sample.

Histology. In this study the term "poorly differentiated carcinoma"
was used to classify differentiated carcinomas recently reported as carci-
noma with intermediate malignancy, i.e., insular carcinoma (10), tall
cell variant of papillary carcinoma ( 11 ), trabecular subtype of papillary
carcinoma ( 12), and PDCaccording to Sakamoto et al. (9). UCswere
classified according to World Health Organization criteria (25).

Immunocytochemistry. Immunocytochemical staining of the p53
protein on frozen sections was carried out by the avidin-biotin complex
technique with or without S-diaminobenzidine silver enhancement ac-
cording to Frigo et al. (26) using the monoclonal antibody PAb24Oat a
dilution of 1:2,000 or 1:100, respectively. This antibody was raised
against mutant forms of p53, but by immunocytochemistry it recog-
nizes also the normal protein (27). On paraffin-embedded sections,
immunocytochemistry was performed using the polyclonal antiserum

Table L Gene p53 Mutations and Histological
Type of Thyroid Carcinoma

p53 mutations/
Histological type total cases Frequency

n %

Differentiated papillary 0/33*
Differentiated follicular 0/-
Poorly differentiated 2/8§ 251 47
Undifferentiated 5/711 71J

Total 7/52 13

* Amongthese cases, 13 cases showed ret gene activation, 6 trk gene
activation, and 1 Hras gene activation, and 13 were negative for
oncogenes activation.

Two of these cases showed ras gene activation and two were negative
for oncogenes activation.
§ Among these cases, three showed ras gene activation, two were
negative for oncogenes activation, and three were not analyzed.
11 Among these cases, three were negative for oncogenes activation and
four were not analyzed.

CM-1 raised against wild-type human p53 (Novocastra Laboratory,
Newcastle, UK), but recognizing also the mutated protein, using a
modification (28) of the method described by Shi et al. (29). The two
antibodies, irrespective of whether they were generated against mu-
tated or wild-type p53, recognize a form of the protein whose half-life
was increased by tumor-associated p53 gene alterations. They do not
react with normal cells because of the physiologically short half-life of
the p53 protein (2).

Results

SSCPanalysis of p53 gene. Weexamined by SSCPanalysis a
total of 52 DNAfrom 37 WDCs(33 papillary and 4 follicular),
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Figure 1. SSCPanalysis of exons 5, 6, and 7 of the p53 gene in thyroid
samples. C, control DNAdisplaying wild-type exons; Tl-T6, thyroid
cancer DNAsamples with mobility shifts (the shifted bands are indi-
cated by a *; Dand U, DNAsamples from the differentiated and the
undifferentiated portion of the primary tumor from patient T6, re-
spectively; M, DNAsample from lymph-nodal metastasis from the
same patient.
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Figure 2. Nucleotide sequence analysis of a portion of p53 exon 5
from tumor ( T) and peripheral blood lymphocytes (PBL) DNAof
patient T 1. The normal CGGsequence of the codon 154 is shown in
the right panel. In the left panel are present both a Gand a T (ar-
rowhead) at this position, indicating both mutant and normal alleles
in the tumor sample.

8 PDCs, and 7 UCs. A previous analysis of 45 of these DNAby
transfection assay and/or by molecular techniques revealed
that 13 WDCsof the papillary type did not show an activation
of dominant oncogenes, 13 were positive for ret, 6 for trkl
transforming rearrangements, and 1 displayed a mutation of
Nras, similarly, whereas two follicular carcinomas were nega-
tive, other two tumors of the same histotype showed Hras and
Nras mutation, respectively (17, 18, 20, and unpublished re-
sults). Among the PDCs and UCs, five were negative and in
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three cases a mutation of one ofeach member (N, H, and K) of
the ras oncogene family was identified (Table I).

The SSCPanalysis revealed the occurrence of p53 gene al-
teration in four of the WDCs(data not shown). However, the
subsequent sequence analysis of the affected exon showed that
the mutated samples belonged to heterozygous individuals
carrying a p53 allele with a silent mutation in exon 6 at codon
213, which defines a previously described constitutional ge-
netic polymorphism (30, 31). Therefore, this analysis shows
that none of the WDCsanalyzed, irrespective of the activation
of a dominant oncogene, displayed a p53 gene alteration (Ta-
ble I).

On the contrary, - 50% of the 15 samples of PDCs and
UCs, showed an alteration of one p53 exon (Table I). The
results of the SSCPanalysis of six out of the seven mutated
samples are shown in Fig. 1. Two mutations mapped in exon S
(Tl and T2), two in exon 6 (T3 and T4), two in exon 7 (T5
and T6), and one, not shown in the figure, in exon 8 (T7). In
the majority of the mutated samples, the SSCPanalysis showed
the presence of both variant bands, corresponding to a mutated
p53 allele, and of bands related to the wild-type one. From case
6, an UC, three different specimens were available, two (D and
U) representing different areas of the primary tumor (a more
and a less differentiated area, respectively), and the third one
relative to a lymph-nodal metastasis. As it can be seen in Fig. 1,
the more differentiated portion of the tumor (D) showed only
the migration pattern of the wild-type exon 7, while both the
less differentiated portion of the tumor (U) and the metastatic
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Figure 3. Nucleotide sequence analysis of portions of p53 exons 5, 6, and 7 from tumor DNAof patients T2 (A), T3 (B), T4 (C), and T5 (D). In
D the mutated sequence is compared to the wild-type exon 7 from normal control DNA. All the tumor samples show the deletion of one (B
and D) or two (A and C) bases. The deleted bases are indicated in heavy type (A, B, and C) or by A (D). In all samples are present both the
deleted and the wild-type alleles. In B is shown the silent mutation at codon 213.
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Figure 4. Nucleotide sequence analysis of a portion of p53 exon 7
from a more differentiated (TD) and an undifferentiated (TU) area
of the same tumor specimen from patient T6. The undifferentiated
area shows the presence of an heterozygous dinucleotide duplication
(GT) at codon 240; the more differentiated counterpart displays only
wild-type p53 exon 7.

sample (M) displayed also a band with altered electrophoretic
mobility, suggesting the presence of a mutated p53 allele.

Nucleotide sequence analysis of p53 gene mutations. To
characterize the p53 gene mutations detected by SSCPanalysis,
we determined the nucleotide sequence of the identified mu-
tated samples by direct sequencing of the PCR-amplified
exons. The results of our analysis, shown in Figs. 2, 3, and 4
and summarized in Table II, revealed a peculiar pattern of p53
alterations. In fact, whereas in the majority of the studies the
most frequent p53 alteration reported was a point mutation
(1), we found only two cases (T I and T7) with such an alter-
ation. Fig. 2 shows the mutation (G -- T) detected in sample

T 1. Four other cases displayed a deletion of one or two bases
(samples T2, T3, T4, and T5; Fig. 3) and another sample
showed a dinucleotide duplication (sample T6; Fig. 4). Both
the deletions and the duplication resulted in frameshift poten-
tially coding for truncated forms of the p53 product (Table II).
The reasons for this unusually high frequency of this kind of
p53 gene alterations are not immediately evident.

In peripheral blood lymphocytes of all the patients whose
tumors showed a mutated p53 gene, only the p53 wild-type
sequence was detected. The lymphocytes of case T7 were not
available. Fig. 3 B shows, in the antisense strand, that tumor
N.3 contained also the silent mutation CGA/CGGat codon
213 that, as previously reported, we found also in four differen-
tiated carcinomas and that was related to a constitutional ge-
netic polymorphism.

Both SSCPand sequencing analyses revealed that in the
majority of the samples the wild-type p53 sequence was clearly
retained. At present, we cannot determine whether the normal
allele resulted from a cellular heterogeneity of the samples
(normal and tumor cells) as was apparent in case 5, or by a
heterozygosity for the p53 mutations. Sequencing data from
case 6, reported in Fig. 4, confirmed the observations obtained
by SSCP. In fact, whereas the samples from the undifferen-
tiated portion of the primary tumor (Fig. 4, right panel) and
the metastasis (data not shown) displayed the same p53 alter-
ation (GT duplication at codon 240), the analysis of the DNA
from the more differentiated area of the same tumor detected
only wild-type p53 sequence (Fig. 4, left panel).

Histology and immunocytochemical analysis. The case ma-
terial consisted of seven UCsand eight PDCs. Undifferentiated
carcinomas included the following types: three spindle cell,
three giant cell, and one small cell. In three of these tumors a
residual well-differentiated component was present. PDCs
were made up of the following types: three insular, three tall
cell, one trabecular, and one poorly differentiated.

Table II. Gene p53 Mutations in Poorly Differentiated and Undifferentiated Thyroid Carcinomas

Tumor PDC/UC Exon Codon Mutation Amino acid

Ti PDC 5 154 GGC-*GTC Gly - Val
(point mutation)

T2 UC 5 170-171 ACGGAG-- ACAAAG frameshift
(deleted GG)

T3 UC 6 208 GAC-> GAC frameshift
(deleted A)

T4 UC 6 209 AGA-- AAA frameshift
(deleted AG)

T5 PDC 7 241 TCC TAC frameshift
(deleted C)

T6D UC 7 240 wild type wild type
T6U UC 7 240 AGT-A AGTGT frameshift

(duplicated GT)
T6M UC 7 240 AGT -- AGTGT frameshift

(duplicated GT)
T7 UC 8 272 GTG-. TTG Val -- Leu

(point mutation)

From case 6, three samples were analyzed: two represented more (D) and less differentiated (U) areas of the primary tumor, respectively, and the
third was a lymphnodal metastases (M).
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Table 3. Clinical Data: Pathologic Stage and Gene p53 Mutations in PDCsand UCs

p53
Pathologic stage (pTNM)*

Histologic Reactivity Presence of
Patient Age Sex type At presentation Recurrence Follow-up with pAb240 mutation

(MO) (mo)

T1 53 F PDC pT4Nla(R2), M+(PUL, OSS) UN Lost +1 +
T2 38 F UC pT4NOMO UN Lost +** +
T3 59 F UC pT4NOMO - A, DF, (72) - +
T4 73 M UC pT4M+ (PUL, OSS) - DOD, (UN) +# +
T5 43 M PDC pT4NOM+(OSS) - A, WD, (36) +" +
T6 56 M UC pT4NlaM+ (OTH)t - A, WD, (7) +# +
T7 75 F UC pT4NIa (R2) MO local progressional DOD, (2) +# +
T8 77 F PDC pT4NOM0 - A, DF, (9) - -
T9 56 M PDC pT4NOMO Nla (12) A, DF, (24) - -

TIO 65 F PDC pT4NlaMO M+(OSS, SKI) (24) A, WD, (6) - -

T11 52 M UC rpT4§ NlaM+ (PUL) (70) DOD, (72) - -

T12 51 F PDC pT4NlbM+ (OSS) UN Lost - -
T13 54 F UC pT4NlaM+ (OSS) - A, WD, (12)
T14 60 F PDC rpT2NlM+ (OSS, PUL)1 - A, WD, (3)
T15 64 M PDC rpNlat local progressional A, WD, (2)

Abbreviations: A, alive; DF, disease free; UN, unknown; WD, with disease; DOD, dead of disease.
* Shorthand according to TNMsystem (Hermanek and Sobin [35]).

Adrenal gland.
§ First surgical treatment elsewhere 6 (Ti 1), 3 (T14), and 2 (T15) mobefore.

Laryngeal infiltration.
'PDC, poorly differentiated type (Sakamato et al. [9]).
** UC, spindle-cell variant with residual differentiated component.
t UC, giant-cell variant (T4 and T7) with residual differentiated portion (T6).
" PDC, insular type.

On frozen sections, positive staining with PAb240 was ob-
served on six out of the seven cases in which a molecular alter-
ation of p53 gene had been detected (Table III). The reactivity
covered the whole sample in two cases of UC(17 and T4) (an
example is given in Fig. 5) and in one PDC(TI). In these
samples > 80% of the nuclei were p53 positive. In the remain-
ing positive cases, a selective distribution of nuclear immuno-
staining was detected in almost all tumoral cells belonging to
sharply defined, less differentiated areas. Confirming the molec-
ular findings, case T6 showed immunoreactivity restricted to
the undifferentiated component of the tumor.

On paraffin-embedded samples, the CM-1 antiserum con-
firmed these results (Fig. 5), and in two cases, T2 and T5,
permanent sections showed better defined structural details
compared to frozen sections. In the first case, a strong nuclear
immunostaining was shown throughout the undifferentiated
component only, whereas the surrounding more differentiated
areas were either negative or displayed scattered foci of cells
with weak nuclear reactivity (Fig. 6). In the second case,
sharply defined areas of immunoreactivity were restricted to
tumor tissue which showed a poorly differentiated pattern and
evidence of aggressive growth, such as capsular invasion, neo-
plastic embolization within the tumor, and evidence of infiltra-
tion at the periphery (Fig. 7).

As shown in Table III, the seven p53 positive tumors, in-
cluding the one positive only by molecular analysis (T3), were
stage pT4 and in two of them radical surgery could not be

achieved. In addition, in four patients there were distant metas-
tases at presentation and local progression at relapse in one
patient.

Discussion

Weanalyzed for the presence of p53 gene mutations DNA
samples from well-differentiated, poorly differentiated, and
undifferentiated thyroid carcinomas. The results clearly indi-
cate that p53 gene alterations do not represent a commonge-
netic hallmark of thyroid carcinomas. In fact, none of the 37
WDCsanalyzed showed abnormal electrophoretic behavior
after SSCPanalysis of p53 exons 5-9. Onthe contrary, 7 out of
the 15 PDCs and UCs were found to exhibit a mutated p53
gene by molecular and/or immunocytochemical techniques.

Ito et al. (22) recently reported similar results by direct
sequencing of p53 exons 5-8 from 17 thyroid samples, includ-
ing differentiated papillary adenocarcinomas and UCs. They
did not find any p53 mutation in differentiated tumors, but six
out of seven UCs were found to carry p53 mutations.

In contrast with these findings, Wright et al. (21), who
analyzed 129 thyroid tumor samples (including follicular ade-
nomas, follicular and papillary carcinomas, and UCs) mainly
by immunocytochemistry, detected the mutation of the p53
gene only in one differentiated thyroid carcinoma from which
a continuous cell line was established. In contrast to colon,
breast, and lung carcinomas, p53 alterations do not seem to

Gene p53 Mutations in Thyroid Carcinomas 1757
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Figure 5. Immunostaining using both PAb240 and CM-I antibodies on sections of tumor T7. Left: anaplastic pattern of the tumor (H&E x80).
Middle: uniformly weak nuclear reactivity with PAb240. Right: strong nuclear reactivity with CM-1.

play a significant role in thyroid carcinomas. Several factors
could explain the discrepancy between these results and the
above reported findings by Ito et al. (22) and our present analy-
sis. Owing to the small number of cases analyzed in each re-
port, it is not possible to exclude sampling bias. As already
reported for other genetic alterations found in thyroid carci-
nomas such as ras mutations (15) and ret rearrangements
( 18), the results might have been significantly affected by the
different geographical origin of the tumors analyzed. Other dif-
ferences in the experimental approach might also have contrib-

-. '.4

¼ l*"j'

uted to these divergent results. In fact, all our cases of PDCs
and UCs were analyzed by immunocytochemistry and by
SSCP, and the affected exons were sequenced, whereas only 4
out of the 20 cases reported by Wright et al. (21 ) were analyzed
in a similar way. In addition, these authors did not analyze p53
exon 6, where both we and Ito found some mutations.

Although it is generally accepted that a positive correlation
exists between p53 abnormalities detected by molecular and
immunocytochemical techniques, discrepancies between the
two approaches may occur in both directions (32). Also in our
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Figure 6. UC. Immunostaining using CM-I on par-
: ,.L J¶. affin-embedded material from tumor T2. The strong

V=-ir )t $ reactivity is confined to the nuclei of the undiffer-
entiated component. Scattered, less intensely reac-

tl.^a-a~ ' ctive nuclei are visible (arrow) throughout the adja-l b«Fff~biPcent more differentiated areas (x63).
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nomas (33, 34) and that p53 mutations represent a late genetic
event in human thyroid carcinogenesis.
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Figure 7. PDC. Immunostaining using CM-I on paraffin-embedded
material from tumor T5. The marked reactivity is sharply confined
to the less differentiated component and to the intravascular growth
within the tumor (Xl 10).

analysis, one case showed a p53 deletion in exon 6 without
immunocytochemical counterpart.

In spite of this limitation our results clearly indicate that
p53 alteration is associated with poorly differentiated and un-
differentiated types of carcinoma of the thyroid gland and,
most likely, with the progression of the tumor. In fact, in three
cases where different stages of tumor evolution were recogniz-
able, the comparison ofthe p53 immunostaining with the histo-
logical characteristics showed a selective distribution of the im-
munoreactivity to the more active growth fraction in PDCsand
the anaplastic component in UCs. The area-to area heterogene-
ity linked to the close association between the intensity of the
immunostaining and the morphological features of definite ag-
gressiveness and dedifferentiation within each of the two histo-
logic types investigated suggests that alterations of p53 may be
related to both the aquisition of invasive properties and loss of
differentiation. Moreover, when the molecular analysis was
performed separately on differentiated and undifferentiated
areas of the same carcinoma, we found the p53 alterations to be
associated only with the latter.

Altogether, these observations are in agreement with the
previously suggested concept that both PDCs and UCs may
derive from the progression of preexisting differentiated carci-
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