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Abstract This study was undertaken to investigate cyclo-
oxygenase-2 (COX-2) expression in follicular cells of the
human thyroid. COX-2 expression was studied immuno-
histochemically in a total of 174 samples. COX-2 immu-
noreactivity was confined to the cell cytoplasm with the
nuclei remaining unlabelled. COX-2 expression was ob-
served in five cases (17.2%) of normal follicular cells and
in one case (16.6%) of solid cell nests. Follicular carcinoma
expressed COX-2 more frequently than follicular adenoma
(93.4% vs 21.1%) (p<0.001). A higher percentage of cases
of papillary microcarcinomas up-regulated COX-2 in com-
parison with all papillary carcinomas (p<0.05). However,
we could not establish any relationships among COX-2,
patients’ ages or lymph node metastases in papillary car-
cinomas. COX-2 expression was found in 12 (92.3%)
poorly differentiated carcinomas and in 13 (92.8%) undif-
ferentiated carcinomas. We found that COX-2 is not always
useful as a marker of malignancy. Our results suggest that
COX-2 plays a role in progression of all thyroid carci-
nomas, but in papillary carcinomas, seems more important
only in the early stages. COX-2 expression in the un-
differentiated carcinoma deserves special consideration
due to its prognosis and to the fact that selective COX-2
inhibitors were found to enhance tumour response to ra-
diation in some studies.
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Introduction

There are two isoforms of cyclooxygenase (COX), COX-1
and COX-2, involved in the synthesis of prostaglandins
from arachidonic acid [29]. The COX-1 enzyme is ex-
pressed constitutively in most mammalian tissues where,
although often undetected, it can be rapidly induced. The
COX-2 gene is an early-response gene that is up-regulated
by proinflammatory stimuli, growth factors, oncogenes and
tumour-promoting phorbol esters [10, 13, 22].

COX-2 seems to play a role in carcinogenesis as well as
in carcinoma progression; COX-2 is up-regulated in trans-
formed cells [24], in colorectal cancers [20, 22], ulcerative
colitis-associated neoplasia [1], hepatocellular carcinoma
[14], oesophageal and gastric carcinomas [25, 34], pulmo-
nary and mammary tumours [22], pancreatic cancer [27],
renal cell carcinoma [11], prostate carcinoma [33] and pi-
tuitary tumours [30]. COX-2 knockout mice also have a
lower incidence of several tumour types including skin
papillomas and intestinal polyps [2, 18, 26]. Epidemi-
ological studies have also shown that chronic intake of
non-steroidal anti-inflammatory drugs, which function as
COX inhibitors, reduces the incidence of gastrointestinal
cancer [8, 9, 32].

Enhanced expression of COX-2 in lymphocytic thyroid-
itis and Hashimoto’s thyroiditis suggests an important role
of this enzyme in these inflammatory thyroid processes
[5, 17]. Thyroid cancer of follicular cells includes several
histological types of tumours with various molecular
alterations and different clinical behaviours. Papillary car-
cinoma is the most common malignant tumour of the
thyroid and has a relatively indolent clinical course in
contrast to the rapidly fatal course of anaplastic (undiffer-
entiated) carcinoma [6]. Poorly differentiated carcinomas
fall between well-differentiated (papillary and follicular)
carcinomas and undifferentiated carcinomas in terms of



both morphologic appearance and behaviour [6]. Specht
et al. [23] reported that COX-2 mRNA level was higher
in malignant nodules than in adjacent normal tissue or
in benign nodules. Most recently, Ito et al. [12] concluded
that the up-regulation of COX-2 may contribute pre-
dominantly in the early phase of papillary carcinoma
progression while playing a more adjuvant role in fol-
licular carcinoma progression. On the other hand, Siironen
et al. [21] showed that COX-2 expression increases with
age in papillary thyroid cancer.

In the present study, we examine the expression of COX-
2 in a series of normal and hyperplastic follicular cells
as well as in well-differentiated (papillary and follicu-
lar), poorly differentiated and anaplastic (undifferentiated)
carcinomas.

Materials and methods
Tissue specimens

One hundred seventy-four thyroid tissue specimens were
obtained from the files of the Department of Pathology,
Hospital Clinico Universitario, Santiago de Compostela,
Spain. This study was approved by the ethical committee
of our institution. Tissue slices had been fixed in 10%
formalin and embedded in paraffin wax for histological,
immunohistochemical and in situ hybridisation studies.
Each case was classified according to the Chan criteria [6].
Specimens were normal thyroid tissue, 29; solid cell nests,
6; Graves’ disease, 10; nodular hyperplasia, 15; follicular
adenoma, 33; papillary carcinoma, 39 (13 cases of micro-
carcinomas, 8 cases of classical type, 6 cases of follicular
variant, 1 case of solid variant, 4 cases of cribriform-mor-
ular variant, 2 cases of Whartin-tumour-like variant and 5
lymph node metastasis); follicular carcinoma, 8; Hiirthle
cell follicular carcinoma, 7; poorly differentiated carcino-
ma, 13 (11 cases of insular carcinoma and 2 cases of
columnar cell carcinomas); and undifferentiated carcino-
ma, 14. Of the normal specimens, 16 were from the autopsy
specimens, and the other 13 were “normal” tissue taken
from non-tumoural areas of the other specimens.

Immunohistochemistry and in situ hybridisation

Immunohistochemical studies were performed on tissue
sections 4 pum thick using a COX-2 monoclonal antibody
(Cayman Chemical, Ann Arbor, MI, USA, microwaved,
1:50). The reaction was detected using a universal second
antibody kit that utilized a peroxidase-conjugated labelled-
dextran polymer (Dako EnVision Peroxidase/DAB; Dako,
Glostrup, Denmark) in order to avoid misinterpreting en-
dogenous biotin or biotin-like activity in cell cytoplasms
[7] or nuclei [3] as positive staining. Paraffin blocks of
colorectal cancer known to be positive for COX-2 were
used as positive controls. Sections for each negative control
were incubated with PBS instead of the primary antibody.
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Scoring of the immunohistochemical results was per-
formed according to the methods described by Ito et al.
[12], with minor modifications. We selected at least five
representative fields. Based on the percentages of immu-
nopositive cells, three subdivisions were made as follows:
diffusely positive (++), greater than 50% of cells were pos-
itive; heterogeneously positive (+), 10-49% of cells were
positive; and negative (—), less than 10% of the cells were
positive. Equivocal immunointensity was considered to be
negative.

As representative cases, in situ hybridisation was per-
formed on 4-um sections in four cases of normal thyroid
tissue, two cases of solid cell nests, one case of Graves’
disease, four cases of papillary carcinoma, one case of fol-
licular carcinoma, one case of Hiirthle cell follicular
carcinoma, two cases of insular carcinoma, one case of
columnar cell carcinoma and three cases of undifferentiated
carcinoma to confirm immunohistochemical results. Be-
fore hybridisation, tissue sections were deparaffinized,
rehydrated and washed in TE buffer (Tris 10 mM, EDTA 1
mM). Thereafter, the tissues were treated with proteinase K
(4 pg/ml), washed in TE buffer and 2xSSC buffer and
dehydrated with 96% and 100% ethanol. Hybridisation
was carried out using a 3'FITC-labelled oligoprobe (5'-
TCATCAACACTGCCTCAATTCAGTCTCTCATCTGC
AATAA-3') directed against the human COX-2 mRNA.
Sections were hybridised at 37°C overnight. After hybrid-
isation, stringent washes were performed in 2xSSC, 1x
SSC and 0.5%SSC at room temperature. The oligoprobes
were detected using an alkaline phosphatase-labelled anti-
FITC antibody (Dako) and visualized with nitroblue tet-
razolium (NBT)/BCIP until desired stain intensity was
achieved. Sections were counterstained with methylene
green and mounted in an aqueous media. We used sections
of colon cancer as positive controls for COX-2 mRNA. For
negative control, we have substituted the oligoprobe hy-
bridisation mix with hybridisation buffer. Estimation of
immunohistochemical and in situ hybridisation scores for
each case was performed by different observers (MAGG,
JC-T and IA), independently, and determined after dis-
cussion when scores were discrepant.

Statistical analysis
x~ analysis and Fisher’s exact probability test were adopted

to examine the relationship between variables. Two results
were considered significant when p<0.05.

Results

Table 1 summarises the immunohistochemical findings.
COX-2 immunoreactivity was confined to the cell cyto-
plasm with the nuclei remaining unlabelled. Epithelial cells
of solid cell nests were negative in five cases and diffusely
positive in one case. Although the percentage of immuno-
positive cells was higher in malignant tumours than in
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Table 1 COX-2 expression in
neoplastic and non-neoplastic
cells of the thyroid gland

Age is expressed in years
Stain: diffusely positive (++),
greater than 50% of cells were
positive; heterogeneously posi-
tive (+), 10-49% of cells were
positive; and negative (—), less
than 10% of the cells were

Age, mean (range)

COX-2 immunoexpression

- n() +n) ++ n(%) Total
Normal thyroid tissue 56.5 (28-89) 24 (82.7) 4 (13.8) 1 (34) 29
Solid cell nests 53.2 (34-76) 5(83.3) 1 (16.7) 6
Graves’ disease 37.2 (30-47) 10 (100) 10
Nodular hyperplasia 48 (32-73) 15 (100) 15
Follicular adenoma 48.7 (22-69) 26 (78.8) 2 (6) 5(15.1) 33
Papillary carcinoma 25.5 (12-84) 12 (30.8) 12 (30.8) 15 (38.5) 39
Follicular carcinoma 63.1 (33-84) 1(6.7) 1(6.7) 13 (86.7) 15
Poorly differentiated carcinoma  67.4 (39-75) 1(7.7) 1(7.7) 11 (84.6) 13
Undifferentiated carcinoma 67.7 (47-82) 1(7.1) 13 (92.8) 14

positive

benign ones (p<0.001), the distribution of COX-2 reactiv-
ity was not restricted to tumour cells (Table 1) (Fig. 1).
COX-2 expression was observed in five (17.2%) cases of

Fig. 1 a—i Immunoexpression
of cyclooxygenase-2 (COX-2)
in follicular adenoma (%200)
(a), papillary microcarcinoma
(%x200) (b), Whartin-tumour-like
variant of papillary carcinoma
(%x200) (c), classical variant of
papillary carcinoma (x400) (d),
follicular carcinoma (x200) (e),
insular carcinoma (x200) (f) and
undifferentiated carcinomas
(g-i). A cluster of normal fol-
licular cells adjacent to a follic-
ular adenoma is positive for
COX-2 (a). No COX-2 expres-
sion is seen in normal thyroid
epithelial cell adjacent to a
papillary microcarcinoma (b),
and follicular carcinoma (e). g
Stronger intensity of staining in
undifferentiated carcinoma cells
in comparison with residual
poorly differentiated areas in the
same tumour (x200). h and i,
Undifferentiated carcinomas
showing neoplastic cells posi-
tively stained for COX-2 while
the entrapped normal follicles
are negative (x400)

i

normal thyroid tissue adjacent to three Hiirthle cell fol-
licular carcinomas, one follicular carcinoma and one fol-
licular adenoma (Fig. 1a). On the other hand, follicular
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Table 2 COX-2 expression in well-differentiated carcinomas of the
thyroid gland

COX-2 immunoexpression
— n (%) +,n (%) ++ n (%) Total

Papillary carcinoma 39
Microcarcinoma 1(7.7) 5(38.5) 7(53.8) 13
Classical variant 4500 2@25 225 8
Follicular variant 3(50) 3 (50) 6
Solid variant 1 (100) 1
Cribriform-morular variant 3 (75) 1(25) 4
Whartin-tumour-like variant 1(50) 1(50) 2
Lymph node metastasis 1(20) 120 3(60) 5
Follicular carcinoma 15
NOS 1(12.5) 1(12.5) 6 (75) 8
Hiirthle cell 7 (100) 7

Stain: diffusely positive (++), greater than 50% of cells were
positive; heterogeneously positive (+), 10-49% of cells were
positive; and negative (—), less than 10% of the cells were positive
NOS not-otherwise-specified

carcinoma expressed COX-2 more frequently than follic-
ular adenoma (p<0.001) (Fig. le). Twenty-seven (68.8%)
of the papillary carcinomas showed COX-2 immunoex-
pression (Fig. 1b—d). A higher percentage of cases (92.3%)
of papillary microcarcinomas up-regulated COX-2 in
contrast to all papillary carcinomas (p<0.05) (Table 2).
The mean age in the 23 COX-2-positive papillary car-
cinomas was 49.94+17.3 in comparison with 42.15£19.6 in
the COX-2-negative papillary carcinomas. We could not
establish any relationship between COX-2 expression and
patients’ age or lymph node metastases.

COX-2 expression was found in 12 (92.3%) poorly
differentiated carcinomas and in 13 (92.8%) undifferen-
tiated carcinomas (Fig. 1f-i). In two cases of undiffer-
entiated carcinoma, residual areas of poorly differentiated
carcinoma and mucoepidermoid carcinoma were identified
showing less immunointensity for COX-2 than the ana-
plastic areas (Fig. 1g).

In situ hybridisation analysis showed no staining in solid
cell nests. A staining pattern supported the immunohisto-
chemical findings in the other types of samples examined

(Fig. 2).

Fig. 2 In situ hybridisation for
COX-2. a Positive control (car-
cinoma of the large bowel)
(%x200). b Negative control
(normal mucosa of the colon)
(%200). ¢ Undifferentiated car-
cinoma of the thyroid showing
strong positivity for COX-2
(x200)
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Discussion

In this study, we found that COX-2 expression was fre-
quently up-regulated in thyroid carcinomas as previously
reported [12, 17, 21, 23], whereas COX-2 expression was
limited in normal follicular cells. Solid cell nests of the
thyroid, usually considered as normal embryonic remnants
of the ultimobranchial body, were recently proposed as
thyroid stem cells [19]; in situ hybridisation was negative
in epithelial cells of these structures, and weak immuno-
staining was found in only one case of our series. COX-2
expression in some normal follicular cells was observed
in our study and also observed by Ito et al. [12]. We
think that this fact, together with negative expression of
COX-2 in 30.8% of papillary carcinomas tested, indi-
cates that COX-2 is not always useful as a marker of
malignancy.

At least some follicular carcinomas are believed to arise
from preexisting adenomas, although this has not yet been
confirmed [6]. In our series, the percentage of COX-2
expression in follicular carcinomas was higher than that
reported by Ito et al. [12] (93.3% vs 40.9%), but the
percentages were similar in follicular adenomas. We cannot
discard the possibility that some follicular adenomas up-
regulating COX-2 could in fact be “malignant” tumours
that have not yet revealed morphologic criteria of malig-
nancy. Papillary carcinomas frequently over-express COX-
2 [12, 17, 21]; but this expression is significantly reduced
in tumours related to old age, large size, satellite tumours
and the presence of a solid, scirrhous or trabecular growth
pattern [12], thus, suggesting that the activation of this
enzyme is required in the early phase of papillary car-
cinoma progression [12]. In our study, a significant high-
er percentage of papillary microcarcinomas up-regulated
COX-2 in comparison with all papillary carcinomas. We
think that in papillary carcinomas, COX-2 expression
seems more important only in the early stages. At the same
time, the higher proportion of COX-2 down-regulation in
the entire group of papillary carcinomas could be related to
the indolent behaviour of these tumours in comparison with
other thyroid carcinomas. Siironen et al. [21] postulate that
with the older age group having a much worse prognosis
and a higher expression of COX-2, COX-2 confers an
adverse prognosis via either invasion or metastasis. An
association among age, worse prognosis, and higher grade
in thyroid pathology is well recognized in the literature [6].
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In our series, however, we could not establish any rela-
tionship between COX-2 expression and patients’ ages or
lymph node metastases.

The cribriform-morular variant of papillary carcinoma is
the sporadic counterpart of the thyroid carcinoma that
occurs in patients with familial adenomatous polyposis [3,
4, 6]. APC mutations may represent a rare mechanism for
COX-2 up-regulation in familial adenomatous polyposis-
associated thyroid tumours [18]. However, among our
cases of cribriform-morular variant of papillary carcinoma,
including one case with germline mutation of the APC
gene, we found weak but diffuse COX-2 expression in the
only case with somatic, but not germline mutation of the
APC gene [4]. A disturbance of the Wnt signal transduc-
tion pathway due to [(-catenin gene mutations is more
significant in the carcinogenesis of the cribriform-morular
variant of papillary carcinoma [31].

Solid variant is a rare and poorly characterised variant of
papillary thyroid carcinoma [16] whose a less favourable
prognosis could correlate with expression of COX-2.

The immunoprofile of the rich lymphoid stroma in
Whartin-tumour-like variant of papillary carcinoma is sim-
ilar to that of chronic lymphocytic thyroiditis [6, 28].
The expression of COX-2 in lymphocytic thyroiditis,
Hashimoto’s thyroiditis and some thyroid tumours has
been proposed as a basis for the relationship between car-
cinogenesis and autoimmunity [5, 17, 21].

A stepwise increase in immunoreactivity scores for
COX-2 staining was found by Nose et al. [17] from follicu-
lar adenomas to papillary carcinomas, well-differentiated
and poorly differentiated types and follicular carcinomas
(with anaplastic carcinoma included in the poorly differ-
entiated papillary carcinoma group). We found a strong
COX-2 expression in more than 90% of both follicular
carcinomas and poorly differentiated carcinomas. In our
series, up-regulation of COX-2 was found in all cells of
93% of undifferentiated carcinomas, and the stain was
stronger in undifferentiated areas in the two cases with
residual poorly differentiated foci. These findings deserve
special consideration due to the ominous prognosis of un-
differentiated thyroid carcinoma [6], as well as to the fact
that selective COX-2 inhibitors were found to enhance
thoracic tumour response to radiation in preclinical studies
[15].
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