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The expression of P53 and P21WAF1 proteins was
analyzed immunohistochemically in archival material
derived from 12 cases of follicular thyroid carcinoma, 57
cases of follicular adenoma and 17 cases of nodular goiter.
In the follicular carcinoma group 6 out of 12 cases (50%)
were positive for P53 protein and 4 out of 12 cases (33.3%)
were positive for P2IWAF1 protein. In the follicular
adenoma group, 18 out of 57 cases (31.6%) were positive
for P53 and 16 out of 57 cases (28.1%) were positive for
P21WAF1 protein. No positive cases of P53 or P2IWAF1
proteins presence were found in the nodular goiter group.
Positive correlation between the expression of P53 and
P21WAF1 proteins was found for follicular carcinoma
and adenoma groups (p=0.034 and p=0.002, respectively).
The obtained results demonstrate that simultaneous
immunohistochemical detection of P53 and P21WAF1
proteins expression may be useful in determining functio-
nal status of P53 protein, helping to interpret expression of
P53 protein in thyroid follicular carcinoma cells.

Introduction

The latest reports demonstrate that the process of
carcinogenesis is inseparably linked to disturbances of the
cell cycle. The transition of cell through consecutive cell

cycle checkpoints is regulated by several proteins, among
them P53 and P21WAF1 [5, 8, 12, 21, 23].

One of the basic functions of P53 protein in normal cells
is to assure genome stability by regulating the cell cycle at
the level of gene transcription (including p21WAF1) [19,
23, 28]. The product of non-mutated p53 gene (locus
17p13.1) is a suppressor factor. However, a mutation of this
gene may confer to P53 protein oncogenic properties [11].
The second important role, played by correct (wild) form of
P53 protein, is DNA damage control. After an initial impact
of DNA damaging agent, an accumulation of wild P53
protein takes place along with prolongation of G1 phase of
the cell cycle in order to allow the cellular machinery to
repair DNA damage before cell entry into S phase of the
cycle [23, 28, 33]. The correct P53 protein is also an
important regulator of apoptosis. In this process, P53 protein
regulates expression of genes involved in the apoptotic
pathway, among them bax and bcl-2, by either their acti-
vation or inhibition [23]. An important role in the self-re-
gulation of p53 gene expression is played by mdm?2 gene,
located in the 12q13-14 region [28]. Mutations in the p53
suppressor gene have been the most frequently observed
molecular changes in human neoplasms and they are
detected mainly at the progression stage [13]. It needs to be
stressing that correct P53 protein may loose its suppressor
function as a result of attaching to viral oncoproteins, inclu-
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ding large T antigen of SV40 virus, human E1B adenovi-
ruses or E6 papilloma viruses [8, 11].

p2IWAFI1/CIP] gene encoding P2IWAF1 protein is
located in the 6p21.1 chromosome region. This protein plays a
crucial role in cell cycle regulation as an inhibitor of cellular
proliferation. In normal mammalian cells P21WAF1 protein
takes part in the formation of four-element complexes,
including besides one of cyclin-dependent cdk kinases, one of
A, B, D or E cyclins and PCNA protein [5, 8, 12, 21]. The
transcription of p2/WAFI/CIPI gene is enhanced by
non-mutated (wild) P53 protein, especially following cell
exposure to genotoxic factors. The expression of p2/ WAFI
gene may also be increased independently of P53 protein,
mainly during differentiation and maturation of cells [8, 23].
Somatic point mutations of p2/WAFI/CIPI gene in neo-
plasms rather rarely have been described. More often, an in-
creased (compared to normal cells) p2/WAFI/CIP1 gene
expression has been observed in various cancers, either at
mRNA and/or at P21WAF1 protein level [4, 6, 22].

Material and Methods

Material

Paraffin embedded archival tissues from 12 thyroid
follicular carcinomas, 57 thyroid follicular adenomas and 17
nodular goiters were studied. All the sections were examined
by two pathologists (J.S. and S.S.) using a conference micro-
scope and were histopathologically classified, as suggested by
the WHO committee [14].

Immunohistochemical staining

Representative paraffin blocks, containing tumor ma-
terial from each case were sectioned at 4pum, affixed to
silanized slides and dried overnight at 56.7°C. Antigen
retrieval was performed with citrate buffer (0.01M, pH 6.0)
in a standard microwave unit. The sections for immuno-
histochemistry were stained, using the avidin-biotin (ABC)
method according to Hsu et al. [ 16]. Deparaffinized sections
were treated with 3% hydrogen peroxide (H,O,) in
methanol for 5min to block endogenous peroxidase activity.
Nonspecific antibody binding was reduced by incubation of
the sections for 20min with normal goat serum. The slides
were incubated with a 1:50 dilution of the primary mouse
monoclonal anti-P53 antibody (clone: D0-7, Novocastra,
UK) and a 1:20 dilution of the primary mouse monoclonal
anti-P21WAF]1 antibody (clone: 4D 10, Novocastra, UK). In
the negative control reaction the primary antibody was
omitted. The reaction products were demonstrated using the
Novostain Super ABC kit (NCL/ABCm) from Novocastra.
3,3’-diaminobenzidine (DAB) was used as chromogen, and
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the sections were counterstained with Mayers hematoxylin,
dehydrated and mounted. The paraffin-embedded sections
from ductal breast carcinoma were used as positive control.
The immunohistochemical staining of cells was estimated
by means of the half-quantitative method using Hogg’s
net. The results were expressed as the percentage of positive
cells per 1000 thyroid follicular cells, counted in 10HPF
(objective magnification x40). Only cells with an evidence
of nuclear staining were considered positive. To score the
P53 and P21WAFI staining patterns, we used the criteria
proposed by Cordon-Cardo et al. [7] (<20% as negative
and >20% as positive). The relative number of immuno-
reactive cells was graded as follows: (—) — less than 20% of
tumor cells stained positively; (+) — 20-50% of tumor cells
stained positively; (++) — more than 50% of tumor cells
stained positively. Lesions scored as (++) were considered
as showing high expression (overexpression) of the
proteins [31].

Statistical procedure

All the parameters presented as means were compared
using Mann-Whitney’s test, where p<0.05 was considered
significant. Associations between the categorical variables
and P53 or P2IWAFI1 expression were assessed using
Fisher’s exact test. The relationships (Spearman correlations)
between P53 and P21WAF1 expression levels were analyzed.

Results

The average percentage of cells showing nuclear location
of P53 protein (Fig. 1) was 23.3 (SD£21.2) in the follicular
thyroid carcinoma group, 15.2 (SD%13.7) in the follicular
adenoma group and 0.8 (SD#1.5) in the nodular goiter group.
Within the follicular adenoma group the percentage of cells
positive for P53 protein was 18.9 (SD+14.9) for microfo-
llicular adenomas, 11.9 (SD£12.1) for normo- and macrofo-
llicular adenomas and 8.6 (SD%8.1) for adenomas derived
from oxyphilic cells (Table 1). A comparison of the average
numbers of cells positive for P53 protein in the both follicular
carcinoma and adenoma groups did not reveal any significant
differences. The average percentage of cells positive for P53
protein in the follicular carcinoma and adenoma groups was
statistically significantly higher, compared to that in the nodu-
lar goiter group (p<<0.001 and p<0.001, respectively).

In the follicular carcinoma group 6 cases (50.0%) positive
for P53 protein were found vs. 18 (31.6%) in the follicular
adenoma group. In the nodular goiter group no cases positive
for P53 protein were noted. Within the follicular adenoma
group the number of cases positive for P53 protein was
14 (45.2%) for microfollicular adenomas, 3 (16.7%) for
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TABLE 1
The average per cent of P53 protein-positive cells in the
study groups

Group N M | SD | Min | Max
Follicular carcinoma 12 1233212 0.0 58.4
Follicular adenoma 57 (152113.7] 0.0 47.8
including:
— microfollicular 31 [ 189149 0.0 46.8
— normo- and macrofollicular 18 [ 119 12.1 | 0.0 42.4
— from oxyphilic (Hiirthle) cells 8 8.6 8.1] 0.0 23.5
Nodular goiter 17 0.8] 1.5 0.0 4.6

N — number of cases; M — arithmetic mean; SD — standard deviation; Min -
minimum value; Max — maximum value

Fig. 1. Expression of P53 in thyroid
follicular carcinoma.

Fig. 2. Expression of P2IWAF]1 in thyroid
follicular carcinoma.

normo- and macrofollicular adenomas and 1 (12.5%) for
adenomas derived from oxyphilic cells (Table 2).

The average percentage of cells showing nuclear
location of P21WAF1 protein was 14.5% (SD£17.4) for the
follicular thyroid carcinoma group (Fig. 2), 14.2%
(SD%£17.4) for the follicular adenoma group (Fig. 3) and
0.5% (SD#1.0) for nodular goiter group. Within the
follicular adenoma group the percentage of cells positive for
P21WAF1 protein was 16.4% (SD£11.4) for microfolli-
cular adenomas, 10.7% (SD+7.7) for normo- and macro-
follicular adenomas and 13.5 (SD%12.0) for adenomas
derived from oxyphilic cells (Table 3). A comparison of the
average numbers of cells positive for P2IWAF1 protein in
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TABLE 2
The number of P53 protein-positive and negative cases in the study groups
Group N N C6)
++ + —
Follicular carcinoma 12 1(8.3) 5(41.7) 6 (50.0)
Follicular adenoma including: 57 0(0.0) 18 (31.6) 39 (68.4)
— microfollicular 31 0(0.0) 14 (45.2) 17 (54.8)
—normo- and macrofollicular 18 0(0.0) 3(16.7) 15(83.3)
— from oxyphilic (Hiirthle) cells 8 0(0.0) 1(12.5) 7 (87.5)
Nodular goiter 17 0(0.0) 0(0.0) 17 (100.0)

(++) —>50%; (+) — 20-50%; (—) — <20% positive cells; N — number of the cases studied; n (%) — number (per cent) of positive or negative cases

Fig. 3. Expression of P2IWAF1 in
thyroid follicular adenoma.

TABLE 3
The average per cent of P21WAF1 protein-positive cells in the study groups
Group N M SD Min Max

Follicular carcinoma 12 14.5 17.4 0.0 61.6
Follicular adenoma including: 57 14.2 11.4 0.0 432
— microfollicular 31 16.4 12.8 0.0 432
— normo- and macrofollicular 18 10.7 7.7 0.3 28.7
— from oxyphilic (Hiirthle) cells 8 13.5 12.0 0.4 36.2
Nodular goiter 17 0.5 1.0 0.0 32

N — number of cases; M — arithmetic mean; SD — standard deviation; Min — minimum value; Max — maximum value

both the follicular carcinoma and adenoma groups did not
reveal significant differences. The average percentage of
cells positive for P2IWAF1 protein in the follicular carci-
noma or adenoma groups was significantly higher, com-
pared to the nodular goiter group (p<0.001 and p<0.001,
respectively).

In the follicular carcinoma group 4 cases (33.3%)
positive for P21WAFT1 protein were found vs. 16 (28.1%) in
the follicular adenoma group. In the nodular goiter group,
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no cases positive for P21WAF]1 protein were noted. Within
the follicular adenoma group, the number of cases positive
for P21WAF1 protein was 11 (35.5%) for microfollicular
adenomas, 2 (11.1%) for normo- and macrofollicular
adenomas and 3 (37.5%) for adenomas derived from
oxyphilic cells (Table 4).

In the follicular carcinoma group, a positive correlation
was revealed between P53 and P21WAFT1 proteins expres-
sion (Rs=0.622; p=0.031). Likewise, a positive correlation
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TABLE 4
The number of P21WAF1 protein-positive and negative cases in the study groups
Group N . b ((jf]) -

Follicular carcinoma 12 1(8.3) 3(25.0) 8 (66.7)
Follicular adenoma including: 57 0(0.0) 16 (28.1) 41(71.9)
— microfollicular 31 0(0.0) 11(35.5) 20 (64.5)
— normo- and macrofollicular 18 0(0.0) 2(11.1) 16 (88.9)
— from oxyphilic (Hurthle) cells 8 0(0.0) 3(37.5) 5(62.5)
Nodular goiter 17 0(0.0) 0(0.0) 17 (100.0)

(++) —>50%; (+) — 20-50%; (—) — <20% positive cells; N — number of the cases studied; n (%) — number (per cent) of positive or negative cases

was found between the expression of P53 and P21WAF1
proteins in the group of follicular adenomas (Rs=0.400;
p=0.002). Within the follicular adenoma group, a positive
correlation between P53 and P21 WAF1 proteins expression
was found among adenomas derived from oxyphilic cells
(Rs=0.711; p=0.049). In the microfollicular adenoma group,
a positive correlation noted between P53 and P2IWAF1
expression was borderline significant (Rs=0.339; p=0.069).
In the group of normo- and macrofollicular adenomas, no
significant correlation was found between P53 and
P21WAF1 proteins expression (Rs=0.339; p=0.169).

A positive correlation was found between P53 and
P21WAF1 proteins expression in the follicular carcinoma
group (Rs=0.622; p=0.031). Likewise, a positive correlation
was revealed between P53 and P21WAF 1 proteins expression
in the follicular adenoma group (Rs=0.400; p=0.002).

In the follicular carcinoma group, a positive reaction
was found for both P53 and P21WAF1 proteins in 4 out of
12 cases (33.3%). Two out of 12 cases (16.7%) were posi-
tive for P53 protein and negative for P2IWAF1. In the

TABLE 5
Immunohistochemical reaction patterns for P53 and
P21WAF1 proteins in the follicular carcinoma group

Patient (No.) P53/P21WAF1
1. +/+
2. —/—
3. +/—
4. —/—
5. —/—
6. —/—
7. +/+
8. —/—
9. +/+
10. —/—
11. —/—
12. +/+

(+) — positive immunohistochemical reaction; (=) — no immunohisto-
chemical reaction

remaining 6 out of 12 follicular carcinomas (50.0%), no
positive nuclear reaction was found for either P53 or
P21WAF]1 proteins (Table 5). In the microfollicular adeno-
ma group 7 out of 31 cases (22.6%) showed positive nuclear
staining for both P53 and P21WAF1 proteins. Seven out of
31 cases (22.6%) were positive for P53 protein and negative
for P2IWAFI1. Four out of 31 cases (12.9%) showed
positive nuclear reaction for P2IWAF1 and negative for
P53. In the remaining 13 out of 31 follicular adenomas
(41.9%), no positive reaction was found for either P53 or
P2IWAF1 (Table 6). In the normo- and macrofollicular
adenoma group 3 out of 18 cases (16.7%) showed positive
reaction for P53 and negative for P21WAF]1 protein. Two
out of 18 cases (11.1%) were positive for P21WAF1 protein
and negative for P53. In the remaining 13 out 18 normo- and
macrofollicular adenoma cases (72.2%), no positive reaction
was found for either P53 or P21WAF1 protein (Table 7). In
the group of adenomas derived from oxyphilic cells one out
of 8 cases (12.5%) showed a positive nuclear reaction for
P53 and negative for P21WAF1. Three out of 8 cases
(37.5%) were positive for P2IWAF1 protein and negative
for P53. In the remaining 4 out of 8 oxyphilic cell-derived
adenomas (50%), no positive reaction for either P53 or
P21WAF1 proteins was found (Table 8).

Discussion

An analysis of P53 protein expression in thyroid tumors
using immunohistochemical approach has been the subject
of numerous studies [3, 4, 9, 10, 15, 24-27, 29, 31, 34].
Immunohistochemical detection of P53 protein can depend
on numerous experimental variables, thus methodological
studies were undertaken to assess the impact of fixation
procedures, antigen retrieval techniques in various tissues,
including thyroid tumors, and type of anti-P53 antibody
clone used [2, 20, 30, 32].

Literature data pertaining to analysis of P53 protein
expression in selected thyroid tumors are presented in Table

137



T. Ferenc et al

TABLE 6
Immunohistochemical reaction patterns for P53 and
P21WAF1 proteins in the microfollicular adenoma group

TABLE 7

Immunohistochemical reaction patterns for P53 and
P21WAF1 proteins in the normo- and macrofollicular
adenoma group

Patient (No.) P53/P21WAF1
Patient (No.) P53/P21WAF1
1. +/+
1. -
2. - /
3 ot 2. —/—
3. )
4. —/+
4. —/+
5. /-
5. /-
6. /-
6. —/—
7. /-
7. —/—
8. —/—
8. /-
9. /=
9. /=
10 /-
1 +/—
11. —/— 0
11. /=
12 +/—
12. v
13. +/+
—/+
14, o+ 13 !
14 +-
15. +/—
1 +/—
16. o+ >
16. /=
17. +/—
18. +/- 7. -
18. /=
19 —/+
20 4+ (+) — positive immunohistochemical reaction, (—) — no immunohisto-
- chemical reaction
21. /-
2 - TABLE 8
23. I+ Immunohistochemical reaction patterns for P53 and
24 ot P21WAF1 proteins in the oxyphilic adenoma group
25. —/+ Patient (No.) P53/P21WAF1
26. —/- 1. —/—
217. —/— 2. /-
28 —/— 3. —/+
29. +/— 4 -
30. +— 3. -
31. +— 6. I
(+) — positive immunohistochemical reaction; (—) — no immunohisto- 7. -
chemical reaction 8. +/—

9. Noteworthy is the wide percentage range of cells (from 5
to 30) judged as P53-positive.

In our study, a case was classified as positive if the
percentage of cells with nuclear staining for P53 protein was
20 or more. In the follicular carcinoma group 6 out of 12
cases (50%) were positive. In only one out of 12 follicular
carcinomas (8.3%), an overexpression of P53 protein was
noted. In the group of adenomas, mainly microfollicular
ones, 18 out of 57 cases (31.6%) were positive for P53
protein.
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(+) — positive immunohistochemical reaction, (-) — no immunohisto-
chemical reaction

Other investigators have stressed that positive nuclear
reaction for P53 protein presence in malignant thyroid
tumor cells, detected immunohistochemically, is not always
linked to mutations in the p53 gene [10, 15, 34]. However,
as the grade of thyroid tumor malignancy increases,
a positive correlation has been observed between the
presence of mutations within p53 gene and positive reaction
for overexpression of P53 protein [10, 18]. Dobashi et al.
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TABLE 9
P53 protein immunohistochemical detection in selected thyroid neoplasms
Carcinoma
References Follicular adenoma
follicular oxyphilic undifferentiated
Dobashi et al. [10]* 2/14 (14.3%) 7/11 (63.6%)
Czyzetal. [9] 2/49 (4%) 3/11 (27%)
Pilotti et al. [26] 12/22 (54.5%)
Soares et al. [31]° 2/10 (20%) 10/12 (83%)
) 5/11 (45.5%) M+
Sapi et al. [29]°
1/14 (7.1%) M-
d 2/4 (50%)*
Ho etal. [15] 0/2 (0%) 5/9 (55.6)* 4/6 (66.7)*
1/4 (25%)
Papotti et al. [25] 4/20 (20%)
Pollina et al. [27]° 15/24 (62.5%)
Zedenius et al. [34]f 5/104 (5%) 1/4 (25%) 4/4 (100%)
Chen et al. [4]® 1/7 (14%) 8/10 (80%)
Moore et al. [24]" 0/5 (0.0%) 1/6 (16.6%)

*cytoplasmic reaction; 2 — positive cells >5%; P — positive cells >10%; M+ —follicular carcinoma with a metastasis; ¢ — positive cells >30%; 4 positive cells
<5%; M~ — follicular carcinoma without metastases; ¢ — positive cells >5%; I — positive cells >10%; g — positive cells >10%; " — positive cells >25%

[10] reported that among poorly differentiated thyroid
carcinomas, which revealed an overexpression of P53
protein (40.9%), point mutations in exons 7 and 8 were
found in 2 out of 6 cases. Among undifferentiated carcino-
mas, which had revealed such overexpression (63.3%), 4
out of 6 cases showed point mutations in exons 5-8. In turn,
Zedenius et al. [34] identified mutations in exons 5-8 of the
p33 gene only in 4 out of 21 cases of malignant thyroid
tumors.

In the group of 93 malignant thyroid tumors, exa-
mined by Ito et al. [17] 30% of cases were positive for
P21WAFIprotein. P21WAF1-positive cases accounted
for 31% of papillary carcinomas, 30% of follicular carci-
nomas and 26% of anaplastic carcinomas. Similarly, the
percentage of P21WAF1-positive cells among positive
cases in these groups was approximately the same and
lower than 30%. These investigators did not report any
correlation between P21WAF1 expression and clinical or
pathological parameters of thyroid carcinoma cases stu-
died. In our study 4 out of 12 follicular carcinomas
(33.3%) were positive for P21WAF]1 protein.

As mentioned previously, induction of p21 WAF1/CIP1
expression may occur independently of or depending on wild
P53 protein [8, 23]. The expression of p21 WAF'I gene is indu-
ced by wild P53 protein, following cell exposure to genotoxic
agents. As a result, P2IWAF]1 protein being a negative inhi-
bitor of cyclin-dependent kinases, plays a significant role in
arresting the cell in G1 phase of the cell cycle [23].

In turn, immunohistochemical detection of P53 protein
may reflect an expression of the mutated P53 protein but it

may also reflect the overexpression or discontinued degra-
dation of wild P53 protein [34]. In case of thyroid tumors,
overexpression of P53 protein may also be caused by patients’
preoperative treatment, including neck area irradiation that
may induce p53 gene by damaging DNA [34].

Given that p2/ WAFI gene expression occurs only via
stimulation by wild P53 protein, a simultaneous immuno-
histochemical detection of P53 and P21WAF1 proteins
allows to assume that cases of thyroid tumors with
P53(+)/P21WAF1(+) and P53(-)/p21 WAF 1(+) expression
patterns involve an expression or excessive accumulation of
wild P53 protein, while those with p53(+)/p21WAFI1(-)
expression pattern involve an expression or accumulation of
the mutated form of P53 protein [17, 34]. According to Ito et
al. [17], a positive nuclear reaction for P53 and P21WAF1
protein — p53(+)/p21 WAF1(+) pattern — especially if seen
in the tissue in dispersed form, may reflect p53 gene
mutation, while positive P21WAF1 protein reaction results
in these cases from induced gene expression by factors other
than the wild form of P53 protein. According to Ito et al.
[17], this hypothesis is generally acceptable, but it has to be
reexamined with the aid of immunohistochemical methods
in tandem with molecular analyses of p53 and p2IWAFI
gene expression in tissues derived from various tumors.

Simultaneous immunohistochemical analyses of P53
and P21WAF1 proteins in benign and malignant thyroid
neoplasms were reported in papers of Ito et al. [17] and
Zedenius et al. [34]. In the study of undifferentiated thyroid
neoplasms performed by Ito et al. [17], 4 out of 5 cases
(80%) were positive for P53 and P2IWAFI proteins;
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among poorly differentiated neoplasms 2 out of 7 cases
(28.6%) were positive. In turn, among undifferentiated and
poorly differentiated thyroid carcinomas, the occurrence of
cases positive for P2IWAF]1 protein and negative for P53
was very low (12.5% and 23.8%, respectively). Zedenius et
al. [34] reported expression of P21WAF]1 protein in 16 out
of 33 cases (48.5%) of thyroid carcinoma. That expression
was accompanied by a presence of wild p53 gene, which
was attested on molecular level.

Cases of thyroid carcinoma with positive immunohisto-
chemical reaction for P53 protein and negative for
P21WAFI1, i.e. having p53(+)/p21WAF1(-) expression
pattern, appear interesting. In our study, such configuration
was found in 2 out of 12 follicular carcinomas (16.7%), in 7
out of 31 microfollicular adenomas (22.6%), in 3 out of 18
normo- and macrofollicular adenomas (16.7%), and in 1 out
of 8 oxyphilic adenomas (12.5%). The study of Anttila et al.
[1] demonstrated, that in case of ovarian carcinoma lack or
a low expression of P2IWAF1 protein, together with
a positive reaction for P53 protein is associated with high
risk of disease recurrence.

The results of our study suggest that simultaneous
immunohistochemical analysis of P53 and P21WAF1 protein
expression may be useful in determining the functional status
of P53 protein helping to interpret the expression of this
protein in follicular neoplasms of the thyroid.

On the one hand, limited clinical material as presented in
our study does not allow us to draw conclusions, regarding
potential diagnostic significance of simultaneous immuno-
histochemical analysis of P53 and P21WAF]1 protein expres-
sion in follicular cancers of the thyroid. On the other hand, this
indicates a need of further testing the hypothesis, according to
which the expression pattern — pS3(+)/p2 I WAF1(-) signals
high risk of follicular thyroid carcinoma differentiation and
unfavorable clinical outcome, due to metastases.
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