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Giris ve Amagc: Bu calismanin amaci, tiroid papiller karsinom ve lenf nodu metastazinin patogenezinde apoptoz ve
hiicre dongiisii ile iliskili gen iiriinlerinin roliinii belirlemektir.
Gerec ve Yontemler: Tiroid papiller karsinom (n = 35), tiroid papiller mikrokarsinom (TPMK) (n = 22), TPK-lenf
nodu metastazi (TPK-LNM) (n = 12) ve adenomatdz nodiilde (AN) ( n = 20) doku mikroarray yontemi (TMA)
kullanilarak p16, p21, p27, p53, bel-2, bax, bel-xL ve siklin D1'in immiinohistokimyasal olarak boyanmasi incelendi.
Bulgular: AN'lerin Bcl-2 boyamasi, malign gruplarinkilerden onemli olgiide farkliydi. p53, pl16, p21 boyama
yiizdeleri, malign gruplarda benign lezyonlara gore anlamli olarak daha yiiksekti. TPC-LNM grubu, primer timor
gruplarindan daha yiiksek p16 ve siklin D1 pozitifligine sahipti. p27 boyanmasindaki en dikkat ¢ekici fark , TPK-
LNM ve TPK gruplar: arasindaydi.
Sonuc: Hiicre dongiisii diizenleyicilerinin, 6zellikle bel-2 ailesinin, TPC karsinogenezinde dnemli roller oynadigi
sonucuna vardik. Siklin-CDK kompleksi (p16, p21, p27) iizerinde etkili olan sikline bagimli kinaz inhibitorleri,
malignite, progresyon ve kotii prognoz potansiyeli ile daha gok iliskiliydi. p53, hem apoptozu hem de hiicre dongiisiinii
diizenleyen proteinlerle etkilesime girerek TPC patogenezinde 6nemli bir rol oynar.

Anahtar kelimeler: Bcl-2, Bax, Bcl-xL, p16, p21, p27, p53, Siklin D1, Tiroid papiller karsinom.

Abstract
Objective: The aim of this study was to identify the role of apoptosis and cell cycle associated gene products in the
pathogenesis of thyroid papillary carcinoma (TPC) and its lymph node metastasis.
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Materials and Methods: Cases of thyroid papillary carcinoma (n=35), thyroid papillary microcarcinoma (TPMC)
(n=22), TPC-lymph node metastasis (TPC-LNM) (n=12), and adenomatous nodule (AN) (n=20) were examined using
tissue microarray method (TMA) by immunohistochemistry staining for p16, p21, p27, p53, bcl-2, bax, bcl-xL and

cyclin D1.

Results: Bcl-2 staining of the ANs was significantly differed from those of malignant groups. p53, p16, p21 staining
percentages were significantly higher in the malignant groups than in the benign lesions. TPC-LNM group had higher
p16 and cyclin D1 positivity than the primary tumor groups. The most remarkable difference of p27 staining was

between the TPC-LNM and TPC groups.

Conclusion: We concluded that cell cycle regulators, especially bcl-2 family, play important roles in TPC
carcinogenesis. The cyclin-dependent kinase inhibitors acting on the cyclin-CDK complex (p16, p21, p27) were more
associated with potential for malignancy, progression and poor prognosis. p53 plays an important role in the TPC
pathogenesis by interacting with the proteins regulating both apoptosis and the cell cycle.

Keywords: Bcl-2, Bax, Bcl-xL, Cyclin D1, pl6, p21, p27, p53, Thyroid papillary carcinoma.

1. Introduction

Thyroid neoplasms accounts for 1% of all cancers and are
the most common type among the cancers of endocrine
system. Thyroid papillary carcinoma (TPC) comprises
about 80% of thyroid neoplasms. The frequency of TPC
is gradually increasing worldwide [1,2].

Although there are a variety of studies on cell-cycle
regulators including p16, p21, p27, p53, bcl-2, bax, bcl-
xL, and cyclin D1 in thyroid lesions, to the best our
knowledge, there exist no comprehensive study
evaluating these regulators all together in the literature.
The present study aimed to determine the roles of the p16,
p21, p27, p53, bcl-2, bax, bel-xL and cyclin D1 markers
in the pathogenesis of TPC, thyroid papillary
microcarcinoma TPMC and lymph node metastasis of
thyroid  papillary  carcinoma (TPC-LNM) by
investigating these interrelated gene products within a
wide range of spectrum.

2. Materials ve Methods

2.1. Cases

Thirty-four cases of TPC, 22 cases of TPMC and 12 cases
of TPC-LNM that were diagnosed between the years
2006 and 2010 in the pathology department of university
hospital were included in the study; 20 cases of
adenomatous nodule (AN) were also included as
controls. The same control groups was also used in our
study in which determination-of apoptosis and cell cycle
modulators (p16, p21, p27, p53, BCL-2, Bax, BCL-xL,
and cyclin D1) in thyroid follicular lesions [3].

The diagnoses were confirmed by re-examining the
hematoxylin-eosin (HE)-stained slides of the cases. The
slide and the paraffin block containing the highest
amount of the tissue representing the lesion were
selected.

2.2. Preparation of Tissue Microarray Blocks and
Sections

In order to obtain suitable blocks for tissue microarray
method, routine paraffin and wax (Merck® product
n0:1115449020, Darmstadt, Germany) were mixed at a
proportion of 1/10 (wax/paraffin) and melted at 640C.
Blocks were obtained by pouring melted paraffin mixture
onto the cassette on the 3DHISTECH Manuel TMA Kit
(Budapest, HUNGARY) and then freezing at 0°C for 1
minute. Using TMA punch pencil, 2 mm of target tissues
were taken from the blocks with marked lesion area.

Embedment procedure was performed in the way that
each block would have contained 16-18 tissue samples.
One slide was prepared from each block for HE staining
and 10 slides were prepared for immunohistochemical
staining.

2.3. Immunohistochemical Staining Method
Immunohistochemical staining was performed in 4-
micron sections taken from DMA blocks onto the
positive-load specific slides via full-automatic device
(Ventana Benchmark XT, Tucson, AZ, USA) and
relevant immunohistochemical kit (DAB substrate
system, AEC detection kit, EZ prep, LCS, SSC solutions,
RBS, amplification, protease, block solutions,
hematoxylin; Ventana, Tucson, AZ, USA).

For immunohistochemical staining, purified mouse anti-
human pl6 (INK4) Ab-4 (16P04)
(LabVision/Neomarkers, Fremont, CA, USA, MS-887-
P1) (1/25 dilution- 40 minutes); mouse anti-human
p21Wafl monoclonal antibody (Clone SPM306) (Spring
Bioscience, Pleasonton, CA, USA, E6330) (1/50
dilution- 1 hour; rabbit anti-human p27Kip1 polyclonal
antibody (Spring Bioscience, Pleasonton, CA, USA,
E2600) (1/100 dilution- 12 minutes); rabbit anti-human
p53 monoclonal antibody (Clone SP5) (Spring
Bioscience, Pleasonton, CA, USA, M3050) (1/100
dilution- 48 minutes); rabbit anti-bcl 2 alpha polyclonal
antibody (Spring Bioscience, Pleasonton, CA, USA,
E17980) (1/200 dilution- 44 minutes); rabbit anti-bax
monoclonal antibody (Clone SP47) (Spring Bioscience,
Pleasonton, CA, USA,M3470) (1/50 dilution- 32
minutes); rabbit anti-human bcl-xL polyclonal antibody
(Spring Bioscience, Pleasonton, CA, USA, E3370)
(27200 dilution- 16 minutes); rabbit anti-human cyclin
D1 monoclonal antibody (Clone SP4) (Spring
Bioscience, Pleasonton, CA, USA,M3040) (1/100
dilution- 32 minutes) were performed. Amplification was
performed only in p21 and Bcl-2. Positive and negative
controls were used in each of immunohistochemical
staining.

The preparations with immunohistochemical staining
were screened at 3DHISTECH Kft Company in
Budapest, Hungary and digital images that would enable
computed analysis were created.

2.4. Evaluation of Immunohistochemical Outcomes

All evaluations were performed via computer using
Pannoramic Viewer 1.14 and DensitoQuant 1.14
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applications of 3DHISTECH TMA Module 1.14
program (Budapest, HUNGARY). Initially, orientation
was provided for the tissues with images on the
preparations with HE and immunohistochemical staining
using 3DHISTECH Panoramic Viewer 1.14 application.
Thereafter, Bcl-2, Bel-xL and Bax cytoplasmic staining,
as well as p53 nuclear and cytoplasmic staining, were
analyzed using DensitoQuant 1.14 application. Three
lesion areas with similar size and with the densest
staining were marked on each image. The highest
staining percentage in these three areas was considered.
Evaluation of p16, p21, p27, and cyclin D1, which cause
nuclear staining, was performed on digital images with
x100 and x400 magnifications by two separate
pathologists. Three consequent areas including 200 cells
were counted and the highest staining percentage was
taken as the basis.

2.5. Statistical Analysis

Data were analyzed using the Statistical Package for the
Social Sciences (SPSS Inc., Chicago, IL, USA) version

15.0. Correlation was analyzed using Pearson’s and
Spearman’s correlation analyses. Kruskal-Wallis test
was used for comparison of more than two independent
groups. The Mann-Whitney U test was used to compare
differences between two independent groups when the
dependent variable is either ordinal or continuous.
Wilcoxon test was used when comparing two related
samples, matched samples that came from the same
population. A p value < 0.05 was considered statistically
significant.

3. Results and Discussion

3.1.Results

3.1.1 Age and Gender

The mean age, median age, gender ratio and percentage
of the cases and largest group of age by decade and
percentage of frequency are demonsrated in Table 1.
There was no significant difference among the groups in
terms of age (p > 0.05).

Table 1. The mean age, median age, gender ratio and percentage of the cases and largest group of age by decade

and percentage of frequency

Mean Age Median Female/ | Female/Male The largest age group by
Age Male by percentage | decade (percentage)
Ratio
TPC (n=34) 4576 £12.39 | 45 29/5 85.3/14.7 60 (32.3)
TPMC (n=22) 45.59+9.77 | 47 17/5 77.3/22.7 50 (36,5)
TPC-LNM (n=12) 48.41+12.22 | 50 8/4 66.7/33.3 60 (50)
AN (n=20) 44.00+11.25 | 41 15/5 75/25 60 (40)

TPC= Thyroid papillary carcinoma, TPMC= Thyroid papillary microcarcinoma, TPC_LNM= Thyroid papillary carcinoma lymph node

metastasis, AN= Adenomatous nodule

3.2. Results of Immunohistochemical Staining

It was detected that bcl-2, bax, bcl-xL caused
cytoplasmic; p53 caused cytoplasmic and nuclear; p16,
p21, p27 and cyclin D1 caused nuclear staining in the
neoplastic and non-neoplastic thyrocytes (Figure 1-8).
The mean staining percentage of 8 immunohistochemical
markers among groups is demonstrated in Table 2.

Most cases of all groups were positive in bcl-2, bel-xL
but half of the lesions were stained with bax. p53
positivity was noted in 76.5% of the TPCs, in 91.2% of
the TPMCs, and in 66.7% of the TPC-LNMs, however,
no staining was observed in 60% of the ANs. Less than
half of the lesions were stained with p16 in the AN group.

p21 staining that was observed in the majority of TPC
and TPC-LNM lesions was quite remarkable and much
less observed in the AN group. In general, the p27
staining was low in all groups and no staining was
observed in most cases. There were no samples p27
stained in the TPC-LNM group. The highest staining
percentage of cyclin D1 was found in the TPC-LNM
group, whereas the lowest percentage was found in the
AN group.

Comparison of the bcl-2, p53, p16, p21 and cyclin D1
staining percentage of the AN group with those of the
malignant groups revealed a significant difference (p <
0.05 for bcl-2, p53, p16 and p = 0.000 for p21).
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Table 2. The mean staining percentage of immunohistochemical markers among groups.

Immuno Thyroid papillary Thyroid papillary Lymph node Adenomatous
histochemical - : : metastasis of thyroid nodule
marker carcinoma microcarcinoma papillary carcinoma
Bcl-2 88.28 +13.83 58.11 +41.61 59.32+24.71 85.22+12.19
Bax 26.95+£29.70 8.66 £ 15.21 17.27 £27.66 3.88+7.26
Bel-xL 78.89 +£23.49 92.36 £ 8.30 87.89+7.32 94.24 + 7.88
p53 23.86 +£26.85 8.39+£12.27 18.58 £28.20 1.38 £2.00
pl16 3.23+3.44 3.09+2.44 12.08 £9.87 1.05+1.35
p21 48.08 £26.19 47.95+32.75 65.41 £29.34 9.75+10.81
p27 1.47+1.61 0.95+1.98 0.00 £ 0.00 3.10£9.21
Cyclin D1 34.08 +£27.35 53.86 +£27.59 72.50 £ 16.58 16.65 £17.03
Thyroid papillary carcinoma Thyroid papillary iartcin_oma lymph node Adenomatous nodule

Bcel-2

Bax

Bel-xL

pS3

plé

p21

p27
Cyclin D1

X j~ - N

. £ p I : g
Figure 1. Nuclear staining of p16 (X100). 1A-Thyroid papillary carcinoma, 1B- Thyroid papillary carcinoma lymph node metastasis, 1C-
Adenomatous nodiile.

Figure 2. Nuclear staining of p21 (X100). 2A-Thyroid papillary carcinoma, 2B- Thyroid papillary carcinoma lymph node metastasis, 2C-
Adenomatous nodiile.

Figure 3. Nuclear staining of p27 (X100). 3A-Thyroid papillary carcinoma, 3B- Thyroid papillary carcinoma lymph node metastasis, 3C-
Adenomatous nodiile.

Figure 4. Nuclear and cytoplasmic staining of p53 (X100). 4A-Thyroid papillary carcinoma, 4B- Thyroid papillary carcinoma lymph node
metastasis, 4C-Adenomatous nodiile.

Figure 5. Cytoplasmic staining of Bcl-2 (X100). 5A-Thyroid papillary carcinoma, 5B- Thyroid papillary carcinoma lymph node metastasis, 5C-
Adenomatous nodiile.

Figure 6. Cytoplasmic staining of Bax (X100). 6A-Thyroid papillary carcinoma, 6B- Thyroid papillary carcinoma lymph node metastasis, 6C-
Adenomatous nodiile.

Figure 7. Cytoplasmic staining of Bcl-xI (X100). 7A-Thyroid papillary carcinoma, 7B- Thyroid papillary carcinoma lymph node metastasis, 7C-
Adenomatous nodiile.

Figure 8. Nuclear staining of cyclin D1 (X100). 8A-Thyroid papillary carcinoma 8B- Thyroid papillary carcinoma lymph node metastasis, 8C-
Adenomatous nodiile.
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There was a significant difference between the TPC and
TPMC in terms of the staining percentage for bcl-2, bax,
bcl-xL (p < 0.05 for each).

The p16, p21, p27 and cyclin D1 staining percentages of
the TPC-LNM (metastatic tumor) group were
significantly different from the TPC and TPMC (primary
tumor) groups (p < 0.05 for each).

When immunohistochemistry staining was considered in
a case-based manner, we found a high positive
correlation between the staining percentages for p53 and
bax (r = 0.73), a moderate positive correlation between
the staining percentages for p16 and cyclin D1 (r = 0.36),
a moderate positive correlation between the staining
percentages for p16 and p21 (r = 0.30), and a high
positive correlation between the staining percentages for
p21 and cyclin D1 (r = 0.64).

3.2.Discussion

Evaluation of the age and gender distributions of all
groups revealed that the majority of the cases were
women, in accordance with the conventional knowledge
[1,3]. There were no cases below the age of twenty, and
most of the cases were in their sixth decade of life. There
was no significant difference among the groups in terms
of age (p > 0.05).

In various studies, cytoplasmic bcl-2 staining
intensifying in the perinuclear areas has been defined in
benign lesions such as normal thyroid tissue, nodular
goiter, and also in malign lesions such as thyroid
follicular lesions and in well-differentiated thyroid
carcinomas including TPC [4,5]. In accordance with the
findings reported in the literature, we found that both
malignant and benign samples exhibited cytoplasmic bcl-
2 staining in all groups and the highest rate of staining
was observed in the TPC group [6] and the decrease in
bcl-2 expression in the TPMC group was remarkable in
the present study [7].However some studies have show
bcl-2 was more expressed in benign tumor than in
malignant tumors [8].

The significant differences between the AN group (which
represents benign lesions) and the malignant groups in
terms of bcl-2 staining percentage might be due the
occurrence of a difference between the benign and
malignant lesions in the apoptotic pathway in which the
bcl-2 play an active role [4-7]. The lower staining rate in
the TPMC group than in the AN group may be attributed
to the effort of the organism to remove tumor cells by
inducing apoptosis by means of decreasing the bcl-2
expression during the initial phase of the tumor. The bcl-
2 expression being higher in the TPC group than in all
other groups indicated the prolonged lifetime of the cells
of a tumor in this phase and the role of bcl-2 in
carcinogenesis.

Lamba Saini et al. found intense cytoplasmic bcl-2
staining in normal thyroid tissue and detected more cell
staining in PMC than metastatic PC. Therefore, they
concluded that bcl-2 expression loss may be related to
metastatic potential and poor prognosis [9]. In another
study, they found that bcl-2 showed focal and weakly
decreased expression in anaplastic thyroid carcinoma,
supporting this finding [10]. Also in this study, bax
showed a very intense and diffuse staining pattern [10].
Our findings were completely compatible with those of
two investigations conducted in the same geographical
region. In their study conducted in Greece, Letsas et al.
[11] detected positive cytoplasmic staining for bax also
in nodular goitres (10%), being higher in the TPCs
(55%). The same study also emphasized a high bcl-2
staining in TPCs. In the study by Manetto et al. conducted
in Italy, both bcl-2 and bax positivity, bcl-2 positivity
being predominant, were determined in TPC [6]. The
present study also revealed both bcl-2 and bax staining in
the TPC cases. Although this condition appears to be
contradictory at first glance, Letsas et al. [11] attributed
this to the fact that the bcl-2 and bax exhibit extensive
amino acid homology and form homo- and hetero-
dimers. Manetto et al. [12] suggested that it was more
expressive to use the bcl-2/bax ratio rather than separate
evaluations of the bcl-2 and bax staining and proposed
that this ratio was in favor of bcl-2 in TPCs. In another
study, expression of Bax in the PTC with LNM group
was scored higher than NG (p<.01) and PTC without
LNM (p<.05). So they suggested that
immunohistochemical analysis of Bax could help
diagnose PTC and in assessing the metastatic potential of
lymph node in PTC [13].

In previous studies, bcl-xL positivity has been reported
in TPCs [9,14]. Martinez-Brocca et al. [14] suggested
that bcl-xL, an anti-apoptotic factor, was associated with
poor prognosis and prognostic tumor variables such as
regional LNM and distant metastasis and may be used as
a strong predictor of tumor aggressiveness. In the present
study, despite high bcl-xL staining observed in the tumor
groups, no significant difference was found in the TPC-
LNM group, as previously advocated.

Based on the evaluation of the members of the bcl-2 gene
family studied in the present study all together, it was
concluded that cases of TPC exhibited diffuse positivity
for bcl-2, bax, and bcl-xL members of the bcl-2 gene
family and that the related findings were largely in
accordance with the results of the previous studies. It was
also concluded that this gene family, primarily the bcl-2,
act in the pathogenesis of TPC.

p53 have been identified as a tumor suppressor gene
which loss or mutation of p53 occurs in approximately
50 % of all tumors [15] including thyroid cancer [16].
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Two distinct staining patterns, nuclear staining and
cytoplasmic staining intensifying around the nucleus,
have been defined in TPC for p53 [15,16]. Similarly, in
addition to nuclear staining, cytoplasmic p53 staining
was observed predominantly in all case groups of the
present study.

In the present study, the p53 staining pattern was in
accordance with those reported previously [17-21], and
the staining percentage was found to be significantly
lower in the benign case group than in the malignant
groups. Interpretation of this finding together with the
results reported in the literature suggests that p53 is a
malignity marker and plays a role in tumor pathogenesis.
There are studies that find the relationship of p53 with
lymph node metastasis [18], large tumor diameter [19] or
capsule invasion [20] statistically significant, as well as
in studies that do not find a significant relationship
[6,21,22]. p53 is known to be the transcriptional activator
of bax. Studies have demonstrated that thyroid cancers
with high p53 staining rates also had high bax staining
rates [6,13]. Similar to the findings in the literature, a
high positive correlation (r=0.73) was found between the
p53 and bax staining percentages in the present study.
Although p16 acts as an immunohistochemical marker
exhibiting a nuclear staining pattern, paranuclear
cytoplasmic staining may also be observed in thyroid
lesions. Co-occurrence of the nuclear and cytoplasmic
staining has been attributed to the overexpression of p16
protein and this localization change has been suggested
to be responsible for the pathogenesis of TPC [23]. In the
present case groups, both nuclear and cytoplasmic p16
staining, predominantly in the oncocytic cells of the
lesions, was observed.

The finding that the staining percentage for pl6 was
significantly higher in the TPC and TPMC groups than in
the AN group was in accordance with the findings
reported previously and suggested the role of pl6 in
malignant transformation [23-26]. Expression of pl6
protein has been found to be associated with extra-
thyroidal tumor extension and LNM in differentiated
thyroid carcinomas [26]. In the present study, the fact that
TPC-LNM group had significantly higher p16 positivity
than primary tumor groups was considered significant in
regard to the progression of the tumor.

In the present study, the malignant lesions were stained
at a higher rate and more intensely for p21 as compared
to the benign lesions. We considered that this finding
might be helpful to diagnose a lesion, for which diagnosis
is difficult, showing such a staining pattern as malignant.
Previous studies have found that p21 have a high
positivity rate in TPC-LNMs [27]. In our study, a high
p21 positivity was also detected in the TPC-LNM group

and it was concluded that p21 would influence the
progression and poor prognosis.

Our findings regarding p27 support the opinion that the
loss in the p27 expression indicates tumor
aggressiveness, poor differentiation and metastasis
capacity in thyroid cancers [28, 29]. Do et al was found
that decreased expression of p27 is associated with
malignant transformation and extrathyroidal extension in
papillary thyroid carcinoma [26].

It has been suggested that cyclin D1 overexpression was
higher in aggressive tumors and regulator of the
progression from G1 to S phase therefore it might be of
importance in tumor progression and prognosis. Its
overexpression has been reported in various carcinomas
[30]. Cyclin D1 It has been reported that there was a
significant difference between patients with and without
metastasis in terms of percentage of nuclear staining for
cyclin D1 and this might indicate metastatic potential in
papillary microcarcinoma [11, 30-32]. Cyclin D1 was
immunolabeled in more cells of metastatic PTC than of
PMC was demostrated in Lamba Saini et al.study [11].
In the study conducted by Baric A. et al., cyclin D1
expression was observed in 6/8 (75%) cases in TPMKSs
with lymph node metastasis, while staining in the group
TPMKSs without lymph node metastasis was 25/70
(37.5%).(31). In the same study, P27 was shown to be
stained at a rate of 3/8 (37.5%) in TPMKwith lymph node
metastasis and at a rate of 42/62 (67.7%).in TPMK
without lymph node metastasis [31]. In this study, it was
found statistically significant that lymph node metastasis
was associated with high cyclin D1 and low p27 in
TPMCs [31]. Pesutic-Pisac et al. also found that cyclin
D1 overexpression and decreased p27 expression
indicated metastatic potential in TPC [29]. Our findings
regarding cyclin D1 were in accordance with the
suggestions reported in the literature.

When the staining features in the TPC-LNM group were
evaluated all together, our findings supports the opinion
that p53, bcl-2, p16, and p21 are positive in TPC-LNM
and that cyclin D1 positivity and p27 negativity
predisposes to LNM. In a study conducted by Zafon et al.
They did not see a significant difference between 19 TPK
and 16 TPK-LNM groups between p21, p27, pl6 and
Bcl-2 staining rates [32].

4.Conclusion

In the present study, we concluded that cell cycle
regulators, especially bcl-2 family, play important roles
in TPC carcinogenesis. We also thought that the cyclin-
dependent kinase inhibitors acting on the cyclin-CDK
complex (pl6, p21, p27) were more associated with
potential for malignancy, progression and poor
prognosis. The transcription factor p53 plays an
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important role in TPC pathogenesis by interacting with
the proteins regulating both apoptosis and the cell cycle.
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