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Summary

OBJECTIVE
Since the isolation of endothelin-1 (ET-1) in 1988, there has been tremendous interest in the pathophysiological roles of ET-1 as a vasoconstrictive and
mitogenic peptide. Whereas ET-1 is mainly released by vascular endothelial cells, it also proved to be produced by various tissues including the thyroid.
Because of its mitogenic properties in malignancy and its role as an inflammatory modulator, ET-1 could be involved in thyroid carcinogenesis and
thyroiditis.

DESIGN AND PATIENTS
Studies were performed in human thyroid samples obtained at the time of surgery from 39 men and women aged 15-72 years. Thyroid samples were
classified in four groups according to conventional histology :

· normal thyroid (n = 7)
· papillary thyroid carcinoma (n = 12)
· Hashimoto's thyroiditis (n = 9)
· benign nontoxic nodular goitres (n = 11)

Immunohistochemistry and real-time quantitative polymerase chain reaction were used to determine the expression of ET-1 and its receptors (ETAR and
ETBR).

RESULTS
ET-1 and ETAR mRNA levels were, respectively, 3·8 ± 1·3 and 4·1 ± 1·5 times greater (P < 0.001) in papillary thyroid carcinoma than in normal thyroid.
Expression of ETBR was unaltered. In Hashimoto's thyroiditis, ET-1 and ETAR were also overexpressed (P < 0.005).
Furthermore,  immunohistochemistry demonstrated a greater  percentage  of  ET-1 positive follicular cells  in these conditions (P  <  0.001).  In  nodular
goitres, the expression was increased by 1·7 ± 0·7 times (P < 0.05) but expression of receptors remained unchanged.

CONCLUSIONS
ET-1  and  ETAR  overexpression  observed in  thyroid  carcinoma  suggest  a  mitogenic  role  of  ET-1  that  theoretically  could  be  countered  by  ETAR
antagonists. ET-1 and ETAR overexpression in thyroiditis supports a role of ET-1 in the inflammatory process.
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In 1988, Yanagisawa isolated, sequenced and cloned an endothelium-derived 21 residue peptide, named endothelin-l (ET-1), which was shown to be a potent
and long-lasting vasoconstrictor  (Yanagisawa  et  al.,  1988).  Since  this  discovery,  evidence  has  accumulated  regarding  a  role  of  this  peptide  not  only as  a
vasoconstrictor in vascular diseases but also as a mitogen and an inflammatory mediator involved in numerous pathological  states (Yanagisawa  et al.,  1988;
Yoshizwni et al.,  1990; Shichiri  et al.,  1991; Clozel et al.,  1993; Masaki, 1993; Donckier et al., 1995; McMillen & Sumpio, 1995; Teder & Noble, 2000). The
mitogenic effects of ET-l have been demonstrated both in normal cells including vascular smooth muscle cells (Komuro et al., 1998), mesangial cells (Simonson
et al.., 1989), fibroblasts (Takuwa et al.., 1989) and in cancer cell lines (Saita et al., 1988; Shichiri et al., 1991; Ali et al., 2000). 

Apart from the vascular endothelium, ET-l can also be produced by thyroid follicular cells, as demonstrated in rat (Colin et al., 1992), pig (Colin et al., 1992)
and human (Bguchi et al., 1993; Tseng et al., 1993; Lenziardi et al., 1995; Foppiani et al., 1997; Gerard et al., 2002). In studies using ET-l knockout mice, ET-l
appears important for the normal development of the thyroid (Kurihara  et al.,  1995). ET-l could also play a role in human goitrogenesis because it is able to
stimulate the proliferation of thyrocytes from normal thyroid tissues and tissues from patients with Grave's disease (Eguchi et al., 1993). 

Because ET-1 could be involved in tumour growth and angiogenesis of thyroid carcinoma as well as in the inflammatory process occurring in thyroiditis, the
present  study was  conducted in  order  to investigate  the expression  of ET-l  and its  receptors  (ETAR and ETBR) in  human thyroid papillary carcinoma and
Hashimoto's thyroiditis compared with normal thyroid. Both immunohistochemical studies and real-time quantitative polymerase chain reaction (RTQ-PCR) were
used for this purpose.

Methods

Patients and protocol

Studies were performed in human thyroid samples that were obtained at the time of thyroid surgery from 39 patients (36 women and three men). Their ages
ranged from 15 to 72 years (45·8 ± 14·9 years, mean ± SD). Thyroid samples were classified in four groups according to conventional histological findings :

· normal thyroid (n = 7; age of patients : 40·6 ± 10·0 years)

· papillary thyroid carcinoma (n = 12; age : 45·0 ± 18·0 years)

· Hashimoto's thyroiditis (n = 9; age : 45·8 ± 17·3 years)

· benign nontoxic nodular goitre (n = 11; age : 50 ± 12·3 year)

Normal thyroid samples were obtained from normal paranodular tissue. Tissue samples, were divided into three pieces : one was fixed in formal in fluid for
conventional histology and immunohistochemistry; the others were fixed in liquid nitrogen immediately after surgical excision, were then stored at -80°C and were
processed later for RTQ-PCR. 

Immunization and polyclonal antibodies production for immunohistochemistry

Human ET-1 synthetic peptide (1 mg, Peninsula, St Helens, UK) was coupled to keyhole limpet haemocyanin (5 mg, KLH, Sigma, St Louis, MO, USA) using
glutaraldehyde standard method. For rabbit immunization, intradermic multisite injection were done with complete Freunds adjuvant (500/500 µl) on day 0 and



incomplete Freunds adjuvant on days 14, 28 and 56. Bleedings (20 ml) were done on day 0 (preimmune serum before first injection) and days 38, 66 and 80.
Collected blood were stored at room temperature during 4 h and centrifuged for 10 min at 5000 g. Serum were stored at -20°C until use. Antibody specificity, titre
and sensitivity were initially determined by radioimmunoassay. The antibody was found highly specific  : for instance,  the percentage cross-reactivities of the
antiserum for endothelin were 100% for endothelin-1, 87% for big endothelin, 0% for big endothelin 22-38, 0% for atrial natriuretic factor (ANF), 0% for brain
natriuretic peptide (BNP) and 0% for 1-98N-ANF. As shown below, the specificity has also been tested in immunohistochemistry.

Immunohistochemistry 

The inununolocalizations were realized on routine 5-µm-thick sections of paraffin-embedded formalin-fixed thyroid specimens. After deparaffinization and
rehydration, sections were reacted for 15 min with 3% hydrogen peroxide in 100% methanol, in order to inhibit endogenous peroxidase activity. No pretreatment
and no blocking by normal goat serum were required. After rehydration with phosphate-buffered saline (PBS; pH 7·4, 10 min), sections were incubated for 1h with
our rabbit anti-ET-1 antiserum (UC88) diluted 1/100 in PBS supplemented with 1 % bovine serum albumin (BSA). After three successive washings with PBS
supplemented with 0·1 % BSA, sections were incubated with the Envision Rabbit system (K4002, Dako, Carpenteria, CA, USA) for 30 min in a black box. After
washings as described above, the peroxidase activity was revealed by a commercial aminoethyl-carbazole substrate kit (AEC+, K3461, Dako), giving a red signal
and the sections were counterstained with Mayer's haematoxylin (blue colour) and finally mounted with aquous mounting medium (Faramount S3025, Dako). 

The following negative controls were used :
· (a) omission of primary antiserum
· (b) incubation with preimmune antiserum of rabbit UC88 as a first layer
· (c) addition of synthetic ET-1 (Peninsula) to the rabbit anti-ET-1 antiserum diluted 1/100 in PBS
Synthetic ET-1 was also reconstituted in PBS (pH 7·4) at a concentration of 1 mg/ml. The amount of synthetic ET-1 used was 300 µg per histochemical section.
The samples were prepared by the same method as described above. 

Morphometry 

In order to determine the volumic fraction of four thyroid compartments  (follicular cells,  follicular  lumens, cells  from inflammatory infiltrate  and other
structures including vessels, connective tissue, etc.), we applied the point counting technique. In practice, a transparent overlay representing a grid of test points in
square arrangement was superimposed over the screen of a special microscope (Visiopan, Reichert, Austria). Using a 40x lens, the number of points hitting the
different  thyroid compartments  were  counted.  transposing randomly the  grid in 10  different  fields.  The number  of  points  that  hits  profiles  of  each thyroid
compartment, divided by the total number of test points x 100, equals the volume fraction of each thyroid compartment in the entire specimen.The result of point
counting is expressed in a fractional sense as the fractions are independent.

RTQ-PCR

RTQ-PCR was used to quantity ET-1, ETAR and ETBR transcripts. Their expression was normalized using the hypoxanthine phosphoribo-transferase (HPRT)
housekeeping gene product as an endogenous reference.

RNA  isolation  and  reverse  transcription.  Total  RNA  was  extracted  using  TRIzol®  (Gibco  BRL,  Life  Technologies,  Merelbeke,  Belgium)  following
manufacturer's instruction. Total RNA was quantified by spectrophotometry (λ260nm). RNA concentration was adjusted to 0·25 µg/µl. The reverse transcription
was performed in a total volume of 20 µl, containing 1 µg of total RNA., 7,5 µM random hexamers, buffer * 1,220 µM of each dNTP,9 mM dithiothreitol (DTT).
20 U Rnase Inhibitor (Applied Biosystems,  Foster City, CA, USA), 50 U Superscript enzyme (Gibco BRL, Life Technologies).  After RT, final volume was
adjusted to 40 µl using H2ODEPC.

For RTQ-PCR.  Primers and probes were designed using Primer express  (Applied Biosystems) and analysis  were carried out using the ABI Prism 7700
sequence detector (Applied Biosystems). Results were expressed using the ΔΔCt methods after validation following recommendation of the manufacturer (Perkin-
Elmer Applied Biosystems). The RTQ-PCR reaction was performed in 25 µl, containing 1/20 of RT final volume (50 ng of cDNA), buffer A * 1,250 µM each
dNTP, 5 mM MgCl

2
 0·1 µM each primers, 0·05 µM Taqman probe, 0·625 U Amp Tag Gold Polymerase (Applied Biosystems). RTQ-PCR condition were 50°C for

2 min, 95°C for 10 min, followed by 40 cycles for 15 s at 95°C and 1 min at 60°C.

Primers were as follows :
· ET-1, forward 5'-CTTCTGCCACCTGGACATCA-3', reverse 5'-GGCTTCCAAGTCCATACGGA-3', probe F-TGGGTCAACACTCCCGGCACGT-T
· ETAR, forward 5'-TGGTGTGCACTGCGATCTTC-3', reverse 5'-GCAATTCTCAAGCTGCCATTC-3', probe F-

ACACCCTCATGACTTGTGAGATGTTGAACAGAA-T
· ETBR, forward 5'-TGGCGTATTTCTTTGCAAGCT-3', reverse 5'-AGGTTGAGGACGGTGATCCC-3', probe F-TTCCCCTTTTTGCAGAAGTCCTCGGT-T
· HPRT, forward 5'-TCAGGCAGTATAATCCAAAGATGGT-3', reverse 5'-AGTCTGGCTTATATCCAACACTTCG-3', probe F-

CAAGCTTGCTGGTGAAAAGGACCCC- T

Statistics

Data  are presented as mean  ±  SD. Differences between groups were assessed by Kruskal-Wallis and Mann-Whitney tests.  A probability of  <  0 05 was
considered as significant.



Results
The preliminary control  studies evaluating the specificity of  the antiserum

showed a lack of staining with the preimmune serum and a strong labelling with
the antiserum raised against ET-1 (Fig. 1 a and b). Further studies demonstrated
that addition of synthetic ET-l to the antiserum resulted in a complete extinction
of the signal (Fig. 1c). Results of immunohistochemistry (Fig. 2) were evaluated
by  counting  the  number  of  positive  cells  among  1000  follicular  cells.  ET-l
immunoreactivity was mainly detected in the cytoplasm of follicular cells (Fig.
2).  Furthermore,  a  positive  signal  was  also  observed  in  the  colloid  of  some
follicles,  in  inflammatory  cells  (especially  in  Hashimoto's  thyroiditis)  and  in
endothelial  cells  from  various  vessels.  In  normal  thyroid,  nodular  goitre,
Hashimoto's thyroiditis and papillary thyroid carcinoma, the percentage of ET-1
positive follicular cells were, respectively, 37 0 ± 6 5% (range 26 4-44 7),53 6 ±
17% (range 11 9-71 20), 7l 6± 10 7% (range 52 0-89 4) and 96 8±5 1% (range
81 1-100). The four groups were significantly different (P < 0·0001), the highest
values  being  observed in  papillary  carcinoma  (P  < 0  001 vs. normal  thyroid,
Hashimoto's thyroiditis and nodular goitre) (Fig. 3). There were also more ET-1
positive  cells  in  Hashimoto's  thyroiditis  and  in  nodular  goitre  than  in  normal
thyroid (P < 0 01).

Fig. 1 Immunohistochemical studies in nodular goitre tissue showing a lack
of labelling with the preimmune serum (a), a red labelling of follicular
(continuous arrow) and endothelial (discontinuous arrow) cells with the
immune antiserum (b), and a complete absence of labelling when synthetic
ET-l was added to the antiserum (c). Scale bar, 200 µm.



Fig.2 Immunohistochemical demonstration of ET-1 immunoreactivity in
normal thyroid (a), papillary carcinoma (b) and Hashimoto's thyroiditis (c).
Note the intense immunoreactivity in tumour cells of papillary carcinoma
and in follicular cells infiltrated by immune cells in Hashimoto's thyroiditis
whereas in normal thyroid, only a few cells are slightly positive. Scale bar,
50 µm.

Fig.3 mRNA relative expression of ET-1, ETA receptor (ETAR) and ETB

receptor (ETBR) determined by RTQ-PCR in normal thyroid, thyroid
papillary carcinoma, Hashimoto's thyroiditis and nodular goitre (upper
panel). Note the overexpression of ET-1 and ETAR in carcinoma and
thyroiditis and of ET-1 alone in nodular goitTe. The lower panel shows the
percentage of ET-1 positive cells evaluated among 1000 follicular cells by
immunohistochemistry in the four conditions. Note the increase in ET-1
immunoreactivity in carcinoma, thyroiditis and nodular goitre. The results
are expressed as means ± SD. * P < 0 05; ** P < 0 001 vs. Normal.

In  addition  to  their  highest  ET-1  immunostaining,  papillary  thyroid
carcinomas, studied by morphometry disclosed the highest follicular cell density
(77·8  ±  11·6% of the area occupied by the follicular  cells  vs.  11·3  ±  2-4% in
normal thyroid and 5·9 ± 2·6% in Hashimoto's thyroiditis; P < 0·05).

Results of RTQ-PCR revealed that ET-1 mRNA levels were 3·8 ± 1·3 (range
2·5-6) times greater in papillary thyroid carcinoma than in normal thyroid  (P  <
0·001;  Fig.  3).  ETAR was also overexpressed (4·1  ±  1·5 times;  P  <  0·001)  in
thyroid carcinoma while the expression of ETBR was only 1·6  ±  0·6 times (ns)
that  found in normal thyroid (Fig. 3).  Consequently, the ratio ETAR/ETBR was
increased by 3·0  ±  1·6 times  (P  < 0·005) in thyroid carcinoma. In Hashimoto's
thyroiditis, ET-l mRNA and ETAR mRNA levels were also greater than in normal
thyroid (for ET-1 : 3·0 ± 0·5 times; range : 2·2-3·7; P < 0·001 and for ETAR : 2·1
± 0·5 times; range : 1·1-2·6; P < 0·005; Fig. 3). However, ETBR expression was
not significantly different from that in normal thyroid (1·2 ± 0·3 times the normal;
ns).  This  resulted  in  a  1·9  ±  0·8  times  increase  of  the  ETAR/ETBR ratio  in
Hashimoto's thyroiditis. ETAR was also less expressed (P < 0·001) in Hashimoto's
thyroiditis than in thyroid carcinoma.

In nodular goitre, ET-1 mRNA levels were 1·7  ± 0·7 greater than in normal
thyroid  (P  <  0·05)  but  lower  than  in  papillary  carcinoma  and  Hashimoto's
thyroiditis (P < 0·005; Fig. 3). In contrast, ETAR expression in the goiter was not
significantly different from normal (1·1  ±  0·35 times the normal),  while it was
lower  (P  <  0·001)  than  in  carcinoma  and  Hashimoto's  thyroiditis.  ETBR
expression and ETAR/ETBR ratios were unaltered.



Discussion
By using two different approaches, immunohistochemistry and RTQ-PCR, the present study undoubtedly demonstrates an overexpression of ET-& and of its

receptor ETA in tissues of human papillary thyroid carcinoma. Moreover, immunohistochemistry localized ET-1 in follicular  cells. Of note, the proportion of
positive  ET-l  immunoreactive  follicular  cells  is  magnified  by the increase  in  follicular  cell  density.  Previous  studies  using tumour  cell  lines  in  culture,  or
immunohistochemistry, or in situ hybridization have shown that ET-1 could be produced by malignancies of other organs, including notably breast, prostate, lung,
liver, colon, cervix and larynx (Giaid et al., 1990; Shichiri et al., 1991; Ishibashi et al., 1993; Saita et al., 1998; Alanen et al., 2000; Ali et al., 2000; Asham et al.,
2001). The importance ofET-l in these neoplasia lies in its mitogenic effects responsible for tumour cell proliferation and tumour growth as well as angiogenesis in
the vasculature surrounding the tumour. Inhibition of cancer cell line growth by ET-1 receptor antagonists, as demonstrated in prostate and colorectal cancers also
supports this pathogenic role of ET-1 (Ali et al., 2000; Asham et al., 2001). Regarding the thyroid, ET-l has been shown to be produced by follicular cells in rats
(Colin et al.,  1992), pigs (Colin et al.,  1992) and humans (Eguchi et al.,  1993; Tseng et al.,  1993; Lenziardi et al., 1995; Foppiani et al.,  1997) but in the latter
solely by active follicules (Gerard et al .. 2002). Although the functions of ET-1 in normal thyroid has not yet been fully established several effects of ET-1 have
been suspected, including a negative regulation of TSH-induced iodide uptake (Tsushima et al.,  1994). a regulation of vascular tone according to the functional
status of thyrocytes (Gerard et al., 2002) or a role in goiter pathogenesis (Bidey et al., 1999). One immunohistochemical study from Italy has detected the presence
of ET-1 in human thyroid papillary carcinoma (Lenziardi  et al.,  1995). However, these immunohistochemical results must be interpreted with caution, due to a
semiquantitative approach and the lack of characterization of their anti-ET-1 antibody. Our study, using an antibody selectively raised against human ET-1 coupled
to KLH and not to thyroglobulin confirms and quantifies these findings. Our study is also the first to demonstrate increased ET-l mRNA levels in human thyroid
papillary carcinoma as well as an overexpression of the ETAR.

The ETAR is usually thought to be a main mediator of ET-1 induced mitogenesis. This is based on the inhibitory effects of ETAR antagonists on tumour cell
growth (Ali et al.,  2000; Asham et al, 2001) or on their clinical efficacy (i.e. in prostate cancer; Carducci et al.,  2002). In addition, increases of ETAR and down-
regulation of ETBR have been evidenced in human tumour cells (Drimal et al.,  2000). In contrast, one study, performed on human prostatic smooth muscle cells
showed that the mitogenic effect of ET-l was mediated via activation of both ETAR and ETBR (Saita  et al.,  1998).  The mechanisms underlying ET-1-induced
mitogenesis involves the activation of multiple transcription pathways, including the production of second messengers, calcium release of intracellular pools, influx
of intracellular calcium and synergism with growth factors such as transforming growth factors, epidermal growth factor or insulin (Battistini et al., 1993). ET-1
can also stimulate transcription of C-fos and C-myc protooncogenes (Simonson et al., 1989; Komuro et al., 1998).

Our study also demonstrated overexpression of ET-1 and ETAR in Hashimoto's thyroiditis. This is in keeping with a potential role of ET-1 in inflammatory
processes such as demonstrated in lung diseases (Teder & Noble, 2000), or Crohn disease and ulcerative colitis (Murch et al.,  1992). In Hashimoto's thyroiditis,
infiltrating immune cells are producing cytokines that are known to stimulate expression of the precursor prepro-ET-1 (Yoshizumi et al., 1990; Masaki, 1993) and
could therefore induce ET-1 production by thyroid cells, themselves. ET-1 could then function as a proinflammatory cytokine and could stimulate the release of a
variety of other cytokines such as interleukin-l (Teder & Noble, 2000). Interestingly, our study showed overexpression of ETAR, the receptor also known to mediate
the inflammatory modulator function of ET-1.

Finally, ET-1 overexpression was also evidenced in benign nontoxic nodular goitre but to a much lesser extent than in papillary carcinoma and Hashimoto's
thyroiditis. However, receptor expression was unaltered. Thus, due to its mitogenic effect, ET-l might also be involved in benign thyroid conditions characterized
by thyroid growth.

In conclusion, we showed that ET-1 and ETAR are overexpressed in thyroid papillary carcinoma and Hashimoto's thyroiditis. In cancer, ET-l could act as a
paracrine or autocrine mitogenic factor for tumour growth and angiogenesis into and surrounding the tumour; in Hashimoto's thyroiditis, ET-l production could
contribute to the inflammatory process. Based on a potential role for ET-l in human thyroid malignancy, the development of ET-l receptor antagonists, currently
available and usable in man, could open new therapeutic perspectives in the treatment of metastatic thyroid carcinoma but further human studies are still required.
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