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P16INK4A (P16) protein expression 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.
Among follicular carcinomas, 11 out of 12 examined
cases (91.7%) were positive for P16INK4A protein.
Among follicular adenomas the percentage of immuno-
positivity was 76.5% (45/57) and among nodular goiter
cases it was 19.3% (13/17). Overexpression of
P16INK4A protein was found in 66.7% (8/12) of folli-
cular carcinomas and in 19.3% (11/57) of follicular ade-
nomas; the values of this parameter were statistically
significantly higher in the follicular carcinoma group
(p<0.005). No P16INK4A protein overexpression was
noted in nodular goiter cells. High immunohistoche-
mically-detected expression of P16INK4A protein in
follicular thyroid carcinoma cells suggests that the al-
tered expression pattern of P16INK4A protein may dis-
turb the regulatory mechanisms of thyreocyte cell cycle
and plays a significant role in the formation of benign
neoplasms and their malignant counterparts derived
from follicular thyroid cell.

Introduction

Multiple genetic changes in the cellular genome are
involved in the genesis and progression of human cancers

[1, 48, 49]. Recent papers show that carcinogenesis is
inevitably linked to disturbances in the cell cycle regula-
tion [5, 34, 49]. Commitment of cellular division usually
occurs at the end of G1 phase at the so-called internal (re-
striction) control point G1/S (cell-cycle checkpoint). The
passage through G1/S checkpoint is regulated by several
proteins, such as serine-threonine protein kinases (cdk2,
cdk4, cdk6) known as cyclin-dependent kinases, cyclins D
and E and members of the cyclin-dependent kinase inhibi-
tors of the INK4 and Cip/Kip families [15, 22, 33]. The
key roles in the regulation of cell cycle G1/S passage are
also played by three of the so far best-studied suppressor
genes i.e. Rb, pI6INK4A4 and p53 [5, 34, 49].

pl6INK4A gene, also known as CDKN2A or MTS1 en-
codes a 16kDa nuclear protein P16INK4A, localized in
9p21 chromosome region [4, 29, 36, 46]. P16INK4A pro-
tein belongs to the INK4 protein family and forms com-
plexes with cdk4 and cdk6 kinases, the regulatory
subunits of which are formed by cyclin D [5, 22]. The ba-
sic function of P16INK4A protein in the regulation of cell
cycle G1/S passage is accomplished via competitive bind-
ing to cdk4 (cdk6), instead of cyclin D. In this way
P16INK4A protein inhibits phosphorylation of Rb protein
and blocks the transition to the S phase of the cell cycle [5,
34, 49].

Loss of genetic material in the 9p21 region, leading to
the loss of p/6INK4A gene suppressor function, was ob-
served in cells of many primary neoplasms [8, 18, 24, 25,
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30, 40] and neoplastic cell lines [3, 28, 39]. Besides the
point mutations or homozygous deletions in the
pl6INK4A gene, its inactivation results also from cyto-
sine methylation in the CpG island-rich region, local-
ized within the 5’end of the gene promoter [17, 20, 21,
27, 45].

Jones et al. [28] have identified homozygous dele-
tions of the p/6INK4A4 gene in two out of three investi-
gated follicular thyroid cancer cell lines (R082, K5) and in
two out of four papillary carcinoma cell lines (K1, K2).
Ivan et al. [27] have identified a mutation (T/C transition)
in the region flanking exon 1 of the p/6INK4A gene in the
papillary carcinoma cell line (NPA). Elisei et al. [7] have
identified a mutation (GCC/GTC) in the codon 91 of the
p16INK4A4 gene in one out of twelve papillary thyroid car-
cinomas.

Immunohistochemical detection of such suppressor proteins
as P53 and Rb, as well as of P21/WAF1 and cyclins D and E,
which take part in the regulation of cell cycle G1/S passage was
a subject of numerous analyses in cases of follicular neoplasms
of the thyroid gland [9, 16, 26, 32, 38, 51]. So far, there have been
no reports dealing with immunohistochemical detection of
pI16INK4A gene expression product in the follicular carcinomas
of the thyroid.

Material and Methods

Material

Paraffin-embedded archival tissues of 12 cases of
follicular thyroid carcinoma, 57 cases of follicular thyroid
adenoma and 17 cases of nodular goiter were studied. All
the sections were examined by two pathologists (J.S. and
S.S.), using a conference microscope and were histo-
pathologically classified, as suggested by the WHO Com-
mittee [19].

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. The sec-
tions for immunohistochemical study were stained using
the avidin-biotin (ABC) method, according to Hsu et al.
[23]. Deparaffinized sections were treated with 3% hydro-
gen peroxide (H,0,) in methanol for S5min to block endog-
enous peroxidase activity. Non-specific antibody binding
was reduced by incubation of the sections for 20min with
normal goat serum. The slides were incubated with
a 1:100 dilution of a primary mouse anti-human P16INK4
monoclonal antibody (clone G175-405, PharMingen, San
Diego, CA, USA). In the negative control reaction the pri-
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mary 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 the sections were
counterstained with Mayer's hematoxylin, dehydrated and
mounted. The paraffin-embedded sections from ductal
breast carcinoma were used as a positive control. The
immunohistochemical staining of cells was estimated by
means of the semiquantitative method, using Hogg’s net.
The results were expressed as the percentage of positive
cells per 1000 follicular thyroid cells, counted in 10HPF
(objective magnification x40). To score the P16INK4A
staining pattern, we used the criteria proposed by Geradts
and Wilson [14]. Only cells with evidence of nuclear
staining were considered positive. The relative number of
immunoreactive cells was graded as follows: (-) — less
than 10% of tumor cells stained positively; (+) — 10-50% of
tumor cells stained positively; (++) >50% of tumor cells
stained positively [31]. Lesions scored as (++) were consid-
ered as showing high expression (overexpression) of the
P16INK4A protein [11].

Statistical procedure

All parameters, represented as means were compared
using Mann-Whitney’s test, where p<0.05 was considered
significant. Associations between categorical variables with
PI16INK4A expression were assessed using Fisher’s exact
test.

Results

The percentage of cells positive for P16INK4A was
highest in the follicular carcinoma group (62.1+£34.2)
(Fig. 1) followed by the follicular adenoma group
(32.0£26.0) and nodular goiters (19.6£10.8). Within the
group of follicular adenomas the percentage of positive
cells was 36.2+27.0 in microfollicular ones, 24.2+23.4 in
normo-/macrofollicular and 33.1+£27.1 for adenomas de-
rived from oxyphilic cells (Table 1). The average percent-
age values of cells positive for P16INK4A protein were
statistically higher in the group of follicular carcinomas,
compared to follicular adenomas and nodular goiters
(p<0.005). A comparison of the average percentage val-
ues of cells positive for P16INK4A protein in follicular
adenoma and nodular goiter groups did not reveal any sig-
nificant difference (p=0.061). The average percentage
values of cells positive for PIGINK4A protein in micro-,
normo-, macrofollicular and oxyphilic cell-derived ade-
nomas were not statistically different, when compared to
each other.



P16INK4A protein in thyroid lesions

Fig. 1. PI6INK4A positivity in thyroid
follicular carcinoma — distinct nuclear
and weak cytoplasmic reaction.

TABLE 1
The average per cent of P16INK4A protein-positive cells in the examined groups
Group N M SD Min Max

Follicular carcinoma 12 62.1 342 7.4 99.8
Follicular adenoma including: > 32.0 26.0 0.0 96.5
— microfollicular 3 36.2 27.0 0.0 96.5
— normo- and macrofollicular 242 234 4.1 87.2
— from oxyphilic (Hiirthle) cells 188 33.1 27.1 5.6 86.1
Nodular goiter 17 19.6 10.8 3.1 423

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

TABLE 2

The number of P16INK4A protein-positive and negative cases in the examined groups

n (%)
Group N
++ + -

Follicular carcinoma 12 8 (66.7) 3(25.0) 1(8.3)
Follicular adenoma including: 57 11 (19.3) 34 (59.6) 12 (21.1)
— microfollicular 31 7 (22.6) 18 (58.1) 6(19.3)
— normo- and macrofollicular 18 2(11.1) 11 (61.1) 5(27.8)
— from oxyphilic (Hiirthle) cells 8 2(25.0) 5(62.5) 1(12.5)
Nodular goiter 17 0(0.0) 13 (76.5) 4(23.5)

(++) = >50%; (+) — 10-50%; (—) — <10% positive cells; N — number of cases studied; n (%) — number (per cent) of positive or negative cases

The noted number of P16INK4A protein-positive cases
was 11 (91.7%) in the group of follicular carcinomas,
45 (78.9%) in the follicular adenoma group and 13 (76.5%)
in the nodular goiter group. Within the group of follicular
adenomas the number of positive cases was 25 (80.7%) for
microfollicular ones, 13 (72.2%) for normo-/macrofolli-

cular and 7 (87.5%) for adenomas derived from oxyphilic
cells (Table 2). The number of cases positive for P16INK4A
did not differ significantly when examined groups were
compared with one another.

A high expression (overexpression) of PI6INK4A
protein was noted in 8 out of 12 (66.7%) follicular carci-
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nomas and in 11 out of 57 (19.3%) follicular adenomas,
mainly microfollicular ones. In the nodular goiter group
no cases with overexpression of PI6INK4A protein were
noted. The values of this parameter in the follicular carci-
noma group were statistically significantly higher com-
pared to both the follicular adenoma and the nodular
goiter groups (p<0.005 and p<0.0001, respectively).

Discussion

Recent years have brought numerous reports, analyzing
P16INK4A protein expression in various types of primary
human tumors, using immunohistochemical methods [6,
11-14, 37, 42, 46, 50]. So far, no papers were published
dealing with evaluation of P16INK4A protein expression in
follicular thyroid cancers using this method. We cannot,
therefore, juxtapose our results yet with those of other
research.

Other authors take note of P16INK4A protein distri-
bution within cell [13, 14, 46], since a large percentage of
examined neoplastic tissues shows, besides immunohisto-
chemical reaction for this protein in the nucleus, also its
cytoplasmic localization. This indicates that P16INK4A
protein may take part in so far little known mechanisms of
intra- and intercellular interactions [13]. According to
Dong et al. [6] the observed effect of immunohistoche-
mical detection of P16INK4A protein in both nucleus and
cytoplasm may reflect simply a penetration of this protein
into cytoplasmic region in case of large accumulation
within the nucleus. In turn, according to Geradts et al.
[13], it is not known to what degree the observed cytoplas-
mic P16INKA4A protein reaction is unspecific and to what
degree it actually reflects extranuclear accumulation of
this protein. In our study, besides positive nuclear
immunohistochemical reaction, we also observed a cyto-
plasmic reaction for this protein within the follicular thy-
roid carcinoma cells, follicular adenomas and nodular
goiters.

Transition of cells through G1/S restriction check-
point is regulated by product of Rb, p53 and pl6INK4A
suppressor genes [5, 15, 22, 34, 49]. It has been known
that the anti-pRb antibody is able to detect immuno-
histochemically both unphosphorylated and phospho-
rylated forms of pRb protein. In turn, various clones of
anti-p53 antibodies can detect both mutated and wild
forms of P53 protein [47]. Unfortunately, we do not
know the antigenic determinant (epitope) responsible
for detection of anti-P16INK4 antibody used in our
study. This makes an exact interpretation of P16INK4A
protein expression and distribution within follicular
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thyroid carcinoma cells difficult, when only the immuno-
histochemical detection method is applied, as it was the
case in our study.

Talve et al. [46] have observed a correlation between
P16 protein expression and the proliferative activity of
skin malignant melanoma cells, as assessed by anti-Ki-67
antibody. These authors have observed that tumor tissues,
in which cells showed negative immunohistochemical re-
action for P16 protein, had also statistically higher number
of cells showing positive reaction for Ki-67 antigen, as
compared to tumor tissues, where cells were also positive
for P16 protein. According to these authors, the majority
of examined P16 protein-negative malignant melanoma
cells have proceeded beyond both G1/S checkpoint and
early S phase of the cell cycle. On the other hand, cells de-
rived from such neoplasms beyond G2/M restriction
checkpoint show little positive immunohistochemical re-
action for P16 protein.

The two most common mechanisms of p/6 inactivation
are homozygous deletion or hypermethylation of the gene.
Immunohistochemically, these changes are manifested as
absence of nuclear staining in neoplastic cells [14].
Milde-Langosch et al. [37] analyzed P16 protein expression
by immunohistochemistry in paraffin sections of 94 primary
ovarian carcinomas of various histological subtypes. A loss
of expression was detected in 19 (20%) primary tumors,
mainly mucinous and endometrial carcinomas. A loss of or
weak pl6 expression was caused by hypermethylation of
the 5’-CpG islands in the promoter/exon 1 of the p/6/MTS1
gene in 12 out of 19 immunohistochemically negative cases,
by somatic mutation in 10 cases and homozygous deletion
in 1 case. Fujita et al. [10] have concluded, that rather than
gene deletion or point mutation it is an inactivation of p/6
gene that may play an important role in the genesis of human
ovarian epithelial tumors. As a consequence of 5’-CpG is-
land hypermethylation, the inactivation is followed by loss
of p16 mRNA and protein expression. Dong et al. [6] ana-
lyzed immunohistochemically expression of P16INK4A in
paraffin sections from 159 cases of malignant and 31 benign
epithelial ovarian tumors. Most of benign ovarian epithelial
tumors (65%) lacked immunodetectable P16INK4A pro-
tein, compared to only 11% of malignant tumors. Talve et al.
[46] reported that 46 out of 79 (58%) skin malignant mela-
nomas and all benign melanocytic nevi (100%) were found
to be P16-positive.

In our study, P16INK4A-positive cases were as fol-
lows: 12 out of 13 (91.7%) follicular thyroid carcinomas,
45 out of 57 (78.9%) follicular adenomas and 13 out of
17 (76.5%) nodular goiters. Next, P16INK4A overex-
pression was noted in 8 out of 12 cases (66.7%) of
follicular carcinoma and 11 out of 57 cases (19.3%) of
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follicular adenoma. In the cells derived from nodular goi-
ters no P16INK4A protein overexpression was found.
Values of this parameter noted for follicular carcinomas
were statistically higher, compared to both follicular ade-
noma and nodular goiter groups (p<0.005 and p<0.0001,
respectively).

The study of Sakaguchi et al. [42] revealed a positive
nuclear and cytoplasmatic immunohistochemical reaction
for P16 protein in half (31/61) of the investigated cases of
non-small cell lung carcinoma. This study reported an am-
plification of p/6/CDKN?2 gene in 37 cases, including 13
with negative immunohistochemical reaction for P16 pro-
tein. It is interesting whether the overexpression of
P16INK4A protein in follicular thyroid carcinoma cells,
as observed in our study, could have been the result of
pl16INK4A gene amplification or it would rather have re-
flected the proliferative potential of follicular cells from
these tumors. Next, these authors claim that the amplifica-
tion of cyclin D1 gene, which also plays a key role in cell
cycle G1/S transition, is related to the immunohistoche-
mically-detected overexpression of this protein in various
kinds of tumors, including those affecting thyroid [2, 12,
32,36, 43].

Resnick et al. [41] examined the P27/kip1 protein ex-
pression with the immunohistochemical method in 87 be-
nign and malignant thyroid neoplasms. All the examined
thyroid tumors exhibited a significantly lower P27/kipl
expression than did normal thyroid tissue. Poorly differ-
entiated carcinomas had the lowest P27/kip1 staining fre-
quency of all the thyroid carcinomas examined. The
P27/kip1 staining frequency among papillary carcinomas
was significantly lower than that among follicular
carcinomas.

The high expression of PI6INK4A protein observed
in follicular carcinomas of the thyroid suggests that an al-
tered expression of P16INK4A protein may disturb the
thyreocyte cell cycle and plays a significant role in the for-
mation of benign neoplasms and their malignant counter-
parts derived from follicular thyroid cell.
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