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Abstract

Angiogenesis is implicated in several pathological con-
ditions, such as inflammation and tumor growth. Vascular
endothelial growth factor (VEGF), also known as vascular
permeability factor, is a potent stimulator of endothelial
cell proliferation in vitro and in vivo. The present work
aimed to compare VEGF expression in human normal
thyroid glands, thyroiditis tissue and thyroid carcinomas
using immunohistochemistry and in situ hybridization
(ISH). Both chronic lymphocytic thyroiditis and differen-
tiated thyroid carcinomas were found to strongly express
VEGF mRNA and encode larger amounts of VEGF than
normal thyroid tissue as attested by a VEGF immunostain-
ing score. In addition, tumor samples from patients with

metastases showed a higher immunostaining score than
their non-metastatic counterparts (P<0·05). Carcinomas
with the greatest contents of VEGF mRNA and VEGF
protein had the most intense mitogenic activity. Special
focus on endothelial cells showed intense mitogenic
activity in neoplastic tissues in contrast to the total quies-
cence of endothelial cells in non-tumoral tissues. An
intense VEGF production by differentiated thyroid carci-
noma, attested either by a higher immunostaining score or
a strong VEGF mRNA expression using ISH, could be a
promising marker of tumor aggressiveness and may also be
useful as a predictor of metastatic potential.
Journal of Endocrinology (1999) 161, 41–49

Introduction

Angiogenesis, the formation of new blood vessels from
pre-existing microvasculature, occurs during physiological
processes, for instance in utero growth and development
(Simon et al. 1995) and reparative conditions (Folkman
1997). Angiogenesis is also implicated in several patho-
logical conditions such as inflammation and tumor growth
(Ferrara 1995, Folkman 1997). The thyroid is a highly
vascularized gland which is subject to inflammatory
(thyroiditis) and neoplastic diseases (thyroid carcinomas).
Vascular endothelial growth factor (VEGF), also known as
vascular permeability factor, is a potent stimulator of
endothelial cell proliferation in vitro and in vivo (Kondo
et al. 1993, Plouet & Bayard 1994). This heparin-binding
homodimeric glycoprotein exhibits a mitogenic and per-
meability enhancing activity directed toward vascular
endothelial cells. It also induces vasodilatation (Ku et al.
1993) and stimulates hexose transport of vascular endo-
thelium (Pekala et al. 1990). These properties outline a
very important role in physiological angiogenesis (Brown
et al. 1997, Ferrara & Keyt 1997, Kamat et al. 1995).
VEGF has also been implicated in diabetic retinopathy
(Aiello et al. 1994), various inflammatory diseases (Fava

et al. 1994, Koch et al. 1994, Brown et al. 1995a,b) and
tumor growth (Plate et al. 1992, Senger et al. 1993, Dvorak
et al. 1995, Ito et al. 1995, Brown et al. 1997, Ferrara &
Davis-Smyth 1997). VEGF is a potent mitogen (ED50
2–10 pM) for endothelial cells, without significant mito-
genic activity for other types of cells (Ferrara & Keyt
1997). It is encoded by a single-copy gene that produces
multiple transcripts by alternative splicing of mRNA. The
best studied isoforms are VEGF121, VEGF165, VEGF189
and VEGF206. The production of VEGF in normal thyroid
cells (Soh et al. 1996) and in Graves’ disease (Sato et al.
1995) has recently been studied. VEGF is also found in
large amounts in the cyst fluid of enlarging and recurrent
thyroid nodules (Sato et al. 1997), as well as in thyroid
cancers (Viglietto et al. 1995, Soh et al. 1996, 1997) or
during goiter formation (Wang et al. 1998). Two tyrosine
kinases act as VEGF receptors: the fms-like tyrosine kinase
(Flt-1) and the kinase domain region (KDR) (De Vries
et al. 1992, Ferrara & Keyt 1997). The aim of this study
was to investigate the role of VEGF in the angiogenesis
process occurring in thyroiditis and thyroid carcinoma. For
this purpose, using immunohistochemistry and in situ
hybridization (ISH) techniques, we studied the expression
of VEGF and VEGF mRNA in normal thyroid samples,
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chronic lymphocytic thyroiditis and thyroid carcinomas,
the distribution of Flt-1 on endothelial cells, and the repli-
cating status of epithelial and endothelial cell populations.

Materials and Methods

Study population

Human thyroid tissue samples from patients of both sexes,
18–72 years old, were obtained from the pathology
archives of the Laboratoire d’Anatomie Pathologique du
Centre Hospitalier et Universitaire, Hôpital Central,
Nancy, France. The specimens included 6 specimens of
normal thyroid tissue, 14 cases of Hashimoto’s thyroiditis
and 24 differentiated thyroid carcinomas. Among the
thyroid carcinomas, 17 were papillary carcinomas and 7
follicular carcinomas. Four out of 17 papillary carcinomas
developed lymph node metastases and 3 out of 7 follicular
carcinomas bone or lung metastases.

Immunohistochemistry

Immunohistochemistry was performed on 5 µm paraffin
tissue sections. Paraffin sections were dewaxed with xylene
and ethanol and processed in a pressure cooker in citrate
buffer 0·1 M, pH 6·0 for 10 min, washed under running
tap water and rehydrated in TBS-Tween (Tris–HCl
0·05 M, NaCl 150 mM, 0·1% Tween, pH 7·4) and
incubated with 3% albumin for 20 min. Sections were
incubated overnight at 4 )C in a humidified chamber
with a rabbit anti-human VEGF antibody (Oncogene
Research Products, Cambridge, MA, USA), recognizing
VEGF121, VEGF165, VEGF189 and VEGF206, diluted
1/200 in TBS-Tween, a rabbit anti-human Flt-1 antibody
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) di-
luted 1/100 in TBS-Tween and the following
monoclonal antibodies: anti-Ki-67 antigen antibody
(MIB1, Immunotech, Marseille, France) in order to show
cell kinetics of thyrocytes and stromal cells, and anti-
CD31 antibody, a specific marker of endothelial cells
(Dako, A/S, Glostrup, Denmark) diluted 1/75 in
TBS-Tween. The anti-VEGF antibody (VEGF(Ab-2),
Oncogene Research Products) is a polyclonal antibody
generated by immunizing rabbits with a peptide from the
N-terminus region of VEGF165. Its reactivity and speci-
ficity against VEGF have been tested successfully. The
anti-Flt-1 antibody reacts specifically with Flt-1 of mouse,
rat and human origin by Western blotting and immuno-
chemistry. It is raised against a peptide corresponding to
the following amino acid sequence: S-P-P-P-D-Y-M-S-
V-V-L-Y-S-T-P-P-I mapping at the C-terminus of the
precursor form of Flt-1 of human origin. This antibody is
not cross-reactive with Flk-1, FLT-4 or other receptor
tyrosine kinases. This antibody has already been used for
investigations with thyroid tissue samples (Viglietto et al.

1995). Sections studied for Ki-67 expression were pre-
viously digested with trypsin (trypsin 0·1% in CaCl2 4‰
buffer, pH 7·8 at 37 )C for 10 min) before immuno-
chemistry processing. The sections were washed twice in
TBS-Tween for 5 min and overlaid with a biotinylated
goat anti-rabbit IgG (Dako) diluted 1/75 for 30 min at
room temperature for VEGF and Flt-1, or with a bio-
tinylated goat anti-mouse IgG (Dako) diluted 1/75 for
30 min at room temperature for CD31 and MIB1. The
sections were washed again in TBS-Tween and each
section was incubated with streptavidin-peroxidase com-
plex (Dako) diluted 1/250 for 30 min. The sections were
again washed thoroughly in TBS-Tween, and each section
was incubated with 0·6 mg/ml 3,3*-diaminobenzidine in
0·5 M Tris–HCl buffer, pH 7·6, containing 0·01% hydro-
gen peroxide. Sections, bearing the brownish reaction
products, were washed with water and counterstained
with hematoxylin. Finally, the sections were mounted,
dried and examined under a light microscope.

Controls

To test the specificity of the labeling protocols, the
following controls were carried out on selected sections for
each antibody: omission of the incubation step with the
primary antibody; substitution of a non-immune serum
in place of the primary antibody; and omission of the
incubation step with both primary and secondary anti-
bodies. In order to test the specificity of anti-VEGF
antibody, before the immunochemical study, a preincu-
bation step of this antibody with an excess of recombinant
human VEGF165 (Pepro Tech, Rocky Hill, NJ, USA) was
performed in all control tissue samples. Under these
conditions, no labeling was observed in all tissue samples
analyzed.

VEGF immunostaining score

In order to show the extent of immunostaining with
anti-VEGF antibody, a semi-quantitative score was estab-
lished. For this purpose, each sample was scored: (a) for the
percentage of labeled thyrocytes (0=absence of labeling
over thyroid cells; 1=less than 30% of thyrocytes labeled;
2=30–60%; and 3=more than 60%); and (b) and for the
intensity of the immunostaining (0=no staining; 1=weak;
2=mild; and 3=strong staining). Addition of both scores
allowed the final scoring of samples, ranging from 0 to 6.
Analysis was performed by two independent pathologists.

ISH

Paraffin sections (5 µm) were mounted on 0·5% gelatine
coated glass slides and dried for 2 h at 42 )C before the
ISH procedure. The sections were processed in a press-
ure cooker in citrate buffer 0·1 M, pH 6·0 for 10 min,
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washed under running tap water and rehydrated in
TBS-Tween.

The probes were prepared as run-off transcripts using
pBluescript KS plasmid containing cDNA insert for
human VEGF121 (517 bp) (gift from Georg Breier,
Herbert A Weich and Werner Risau, Max-Planck-
Institut für Klinische Forschung, Abteilung Molekulare
Zellbiologie, Bad Nauheim, Germany). The vector was
linearized with BamHI restriction enzyme and transcrip-
tion used T3-RNA polymerase to yield antisense probes.
Sense probe was generated using EcoRI and T7-RNA
polymerase. The integrity of the probes was checked on a
6% denaturing polyacrylamide gel. In vitro transcription
was carried out using 1 µg cDNA and 150 µCi [35S]UTP
for each transcription reaction under the conditions
described previously (Vignaud et al. 1994).

Hybridization was performed overnight, in a moist
chamber, at 55 )C, in the following solution: 50% deion-
ized formamide; 2#SSC (300 mM NaCl, 30 mM Na
citrate, pH 7·0); 100 mM dithiothreitol; 1 mg/ml yeast
tRNA; 1 mg/ml sonicated salmon sperm DNA; 2 mg/ml
BSA; and the 35S-labeled sense or antisense human VEGF
RNA probes (106 c.p.m./10 µl of hybridization solution).
Following hybridization, the sections were rinsed with
formamide (50%, 2#SSC) at 55 )C for 2 h, and digested
with RNase for 30 min at 37 )C according to Cox et al.
(1984) (RNase A, 10 µg/ml; RNase T1, 500 units/ml; in
2#SSC). The sections were washed again in formamide
(50%, 2#SSC) for 2 h at 55 )C, with a final wash in
0·5#SSC at room temperature for 15 min. Hybridized
slides were autoradiographed with NTB2 emulsion
(Kodak, Rochester, NY, USA) and exposed at 4 )C.
Triplicate sections from each specimen were developed at
weekly intervals over 3 weeks with D19 Kodak developer
before counterstaining with hematoxylin and eosin, de-
hydration and mounting in permount. Microscopic
examination with a dark field gave the general pattern of
labeling; adding bright light allowed us to determine the
type of labeled cells displaying a perinuclear deposition of
silver grains.

Controls included pretreatment of tissue sections with
RNase for 1 h at 37 )C (RNase A, 10 µg/ml; RNase T1,
500 units/ml; in 2#SSC) and hybridization with sense
probes.

Silver grain counting

Silver grain counting allowed a semi-quantitative evalu-
ation of VEGF mRNA production. For this purpose, silver
grains generated by autohistoradiography were counted in
two representative microscopic high-power fields of
tumor and surrounding normal thyroid tissue, Hashimoto’s
thyroiditis and normal thyroid tissue controls. Results are
given as mean for one cell&1 .. Analysis was performed
by two independent pathologists.

Cell kinetics quantification

Growth activity in tissue samples was determined by an
immunohistochemical staining procedure using mono-
clonal antibody MIB1. Cells were counted with an optical
grid (Zeiss Kpl-W, Oberkochen, Germany) on non-
consecutive random fields. The Ki-67 antigen labeling
index was defined for tumor cells as the percentage of
carcinoma cells with labeled nuclei among the total cancer
cell nuclei scored. An average of 2500 cells was counted
for each tumor, in three to nine microscopic fields,
randomly distributed. At least three fields intersected the
central part of the tumor, and three fields intersected the
peripheral part. The same procedure was used to establish
the Ki-67 antigen labeling index of endothelial cells,
defined as the percentage of endothelial cells with nuclei
labeled with anti-Ki-67 antibodies among the total en-
dothelial cells. Endothelial cells were identified by stan-
dard histological criteria, and immunostaining for CD31
antigen. The results are expressed as mean&1 ..

Statistical analysis

In order to compare the different immunohistostaining
scores, a Kruskal–Wallis one-way ANOVA was per-
formed. In order to compare the immunohistostaining
scores of the seven carcinomas associated with metastasis to
those of carcinomas without metastatic spread, a Mann–
Whitney independent rank sum test was performed. A
Student t-test was performed to compare silver grain
density in thyroid carcinoma or Hashimoto’s thyroiditis
versus normal thyroid.

Results

Immunohistochemistry

VEGF and Ki-67 expression

Normal thyroid tissue Moderate immunoreactivity with
VEGF antibody was observed throughout the thyroid
epithelial tissue, slightly increasing in active zones (Fig.
1A). This immunoreactivity was present in the thyrocyte
cytoplasm. No labeling was observed in mesenchymal
cells. A few small and medium size blood vessels had
endothelial cells with weak immunoreactivity on the
cytoplasmic membrane of the cells. No staining was
detected in negative controls (Fig. 1B). VEGF immuno-
staining scores ranged from 2 to 5 with a mean of 3·0 (Fig.
2). The normal thyroid group, compared with all other
groups by Kruskal–Wallis one-way ANOVA, had a sig-
nificantly lower immunostaining score (P<0·03). The
kinetic study using anti-Ki-67 antibody showed a very low
labeling index of thyrocytes (less than 1‰), and did not
detect any replicating endothelial cell.

Thyroid carcinoma In contrast with normal thyroid tissue,
an intense and homogeneous immunostaining with
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anti-VEGF antibody was observed in carcinoma cells (Fig.
1C and D). The normal thyroid tissue in close contact
with the tumor was less strongly stained. The more distant
normal thyroid tissue was weakly stained, as was normal
thyroid tissue. However, in 3 out of 24 cancers, we
observed a patchy immunoreactivity throughout the

tumor tissue. The immunoreactivity was always confined
to epithelial cells, but there was occasional vascular stain-
ing that paralleled the lumen. Staining was in the cyto-
plasm of thyrocytes and restricted to the cytoplasmic
membrane of endothelial cells. The anti-VEGF antibody
did not stain mesenchymal or inflammatory cells. No

Figure 1 Immunohistochemistry. (A–F) VEGF protein expression in normal, tumoral and inflammatory thyroid tissue: (A) normal thyroid
tissue – a mild staining of thyrocytes was observed with anti-VEGF antibody (magnification#750); (B) normal thyroid tissue, negative
control (magnification#290); (C) papillary carcinoma (magnification#750) and (D) follicular carcinoma (magnification#1160) –
anti-VEGF antibody showed a strong cytoplasmic staining of tumor cells; (E) papillary carcinoma, negative control (magnification#750);
and (F) chronic lymphocytic thyroiditis – anti-VEGF antibody showed an intense cytoplasmic staining of thyrocytes (magnification#290).
(G–I) Flt-1 expression in thyroid tissue samples: (G) normal thyroid (magnification#290); (H) chronic lymphocytic thyroiditis
(magnification#450); and (I) thyroid papillary carcinoma (magnification#1160). ( J) Kinetic study of endothelial cells: replicating
endothelial cells stained with Ki-67 antigen antibody (arrowheads) in a thyroid papillary carcinoma (magnification#750).
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immunoreactivity was detected in negative controls (Fig.
1E). VEGF immunostaining scores ranged from 2 to 6 for
papillary carcinoma and from 4 to 6 for follicular carci-
noma. The mean score was 4·8 for papillary carcinoma and
5·0 for follicular carcinoma (Fig. 2). Within all thyroid
carcinoma samples, only 2 out of 24 were scored 3 or less.

Figure 2 Distribution of VEGF immunostaining score and Ki-67
index in normal thyroid tissue, thyroiditis, papillary and follicular
thyroid carcinoma. Each sample was scored from 0 to 6 for VEGF
immunostaining, as described in the text, according to the
percentage of labeled cells and intensity of immunostaining. Ki-67
index reflects cell kinetics. Results are given as mean&1 S.D.

Figure 4 ISH for VEGF mRNA expression with a 35S-labeled antisense probe. (A–C) Bright-field microscopy: (A)
normal thyroid tissue showed a moderate silver grain formation over thyrocytes (magnification#1160); (B) control
with VEGF sense probe showed no silver grain formation over thyrocytes (magnification#750); and (C) papillary
carcinoma showed an intense silver grain formation over thyrocytes (magnification#750). (D–F) Dark-field
microscopy examination: (D) a papillary and (E) a follicular carcinoma (magnification#750); and (F) a clear-cut signal
over thyrocytes from a chronic lymphocytic thyroiditis (#290).

Figure 3 Relationship between VEGF immunostaining score and
Ki-67 index in normal thyroid tissue, thyroiditis, papillary and
follicular thyroid carcinoma. The Ki-67 index, significantly lower in
normal thyroid and chronic lymphocytic thyroiditis, did not change
with increase of VEGF immunostaining score in these samples. In
contrast, there was an increase of Ki-67 index with increase of
VEGF score in both papillary and follicular thyroid carcinoma
samples.
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The mean score for metastatic carcinoma was 5·4, versus
4·6 for non-metastatic cancers (P<0·05).

There was strong immunoreactivity for Ki-67 antigen
in carcinoma cells throughout the tumor areas, sparing
normal thyroid areas. Many carcinoma cells were stained,
as were several endothelial cells from vessels between
tumor sheets (Fig. 1J). The mean labeling index was
not significantly different between papillary carcinomas
(6·9&5%) and follicular carcinoma (8·3&3·7%), but
higher than in normal thyroid tissue (P<0·01) (Fig. 2).
Similarly, the Ki-67 antigen labeling index for endothelial
cells was not significantly different between papillary
carcinomas (4·5&2·3%) and follicular carcinoma (7·4&
6·8%), but higher than in normal thyroid tissue, where it
was less than 1‰ (P<0·01).

Hashimoto’s chronic lymphocytic thyroiditis We
observed an intense VEGF immunoreactivity of thyroid
follicles surrounding germinal centers (Fig. 1F). Lym-
phocytes from germinal centers were also stained in 3 out
of 14 cases. Thyroid tissue at some distance from these
areas showed a staining similar to that of normal thyroid
tissue. Mesenchymal cells and endothelial cells had no
immunoreactivity for VEGF. The immunoreactivity in
thyrocytes was confined to the cytoplasm. Negative
control sections had no detected staining. The VEGF
immunostaining scores ranged from 2 to 6 with a mean
value of 4 (Fig. 2). Nuclei immunoreactive for MIB1/
Ki-67 were observed in thyroid epithelial cells (less than
1%), absent from vascular endothelium and quite intense
in germinal centers (80%).

Relationship between VEGF immunostaining score
and Ki-67 index Normal thyroid and chronic lym-
phocytic thyroiditis showed a lower VEGF immunostain-
ing score than thyroid carcinoma (Fig. 2). Their Ki-67
index was significantly lower too and did not vary among
the samples we studied (Fig. 3). In contrast, we observed
an increase of Ki-67 index that paralleled the VEGF
immunostaining score in both papillary and follicular
thyroid carcinoma samples (Fig. 3).

VEGF receptor Flt-1 The majority of normal thyroid
tissue, thyroiditis and tumor samples analyzed showed a
weak positivity with anti-Flt-1 antibody restricted to
endothelial cells (Fig. 1G–I). This staining was observed in
a small number of capillaries from normal thyroid tissue,
and was stronger, albeit not intense, with a patchy
distribution, in carcinoma and thyroiditis tissue.

ISH study

The human VEGF antisense probe gave specific labeling
in the tissue sections from normal thyroid gland, well-
differentiated carcinoma, and chronic lymphocytic

thyroiditis. No specific labeling was obtained with the
sense probe in samples of each of these tissues serving as
control.

Normal thyroid tissue VEGF mRNA was distributed
uniformly in all glandular thyroid cells (Fig. 4A), but was
absent from the colloid and endothelial and mesenchymal
cells. The mild density of silver grains over thyrocytes
paralleled the weak immunostaining observed with anti-
VEGF antibodies. The mean number of silver grains
counted was 24·9&9·0. The negative control obtained
with the sense probe showed no specific labeling (Fig. 4B).

Tumor samples In contrast, VEGF mRNA was strongly
expressed in carcinoma cells independently of the histo-
logical type of tumor (Fig. 4C–E). The mean number of
silver grains counted was 56·1&12·4 for papillary malig-
nant thyrocytes (P<0·02), and 59·9&13·9 for follicular
malignant thyrocytes (P<0·001). Distant normal thyroid
tissue surrounding tumor showed a very similar density in
silver grains (26·8&10·2) (P not significant) versus normal
thyroid tissue control. The signal over mesenchymal and
endothelial cells did not differ from background.

Hashimoto’s chronic lymphocytic thyroiditis All the
thyrocytes in chronic lymphocytic thyroiditis tissues were
labeled, with labeling particularly around the germinal
centers (Fig. 4F). In these areas the signal was similar in
intensity to the one observed in carcinoma. The mean
number of silver grains counted was 43·6&6·6 (P<0·02).
In contrast, the germinal centers contained no significant
labeling. Neither mesenchymal cells nor endothelial cells
expressed VEGF mRNA.

Discussion

The present study examined the amounts of VEGF
in normal thyroid tissue under basal conditions, in thy-
roid carcinoma because VEGF is involved in tumor
progression, and in thyroiditis because VEGF is implicated
in the development of many inflammatory processes. The
VEGF gene was actively expressed to produce VEGF
protein in both normal and pathological conditions.

Anti-VEGF antibody gave a positive reaction for VEGF
protein in the endothelial cells lining some blood vessels
of the normal thyroid, thyroid carcinoma and thyroid-
itis tissue. However, as no ISH staining was observed
for VEGF mRNA, these findings suggest local bind-
ing of VEGF to specific endothelial receptors without
endothelial synthesis of the protein.

VEGF was found, albeit in relatively low amounts, in all
the normal thyroid samples studied, in agreement with a
previous report (Viglietto et al. 1995). This is not surpris-
ing since the thyroid has a very rich vasculature. However,
regulation of VEGF expression remains unclear since
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thyrotropin (TSH), which stimulates thyroid growth and
function, promotes VEGF synthesis in thyroid carcinomas
(Soh et al. 1996) and in thyroid follicles from Graves’
disease patients (Sato et al. 1995), but not in normal
thyrocytes, where the action of TSH is unclear (Soh et al.
1996). Furthermore, TSH and VEGF have antagonistic
effects on [3H]thymidine incorporation (Wang et al. 1998).
Graves’ immunoglobulin G also stimulates the production
of VEGF mRNA in thyroid follicles from Graves’ disease
patient (Sato et al. 1995). Large amounts of VEGF are
present in thyroid carcinoma cells and in a thin layer of
follicles in close contact with tumor cells, suggesting a
paracrine control of angiogenesis. The lack of VEGF
mRNA in the endothelial cells argues against an autocrine
action of angiogenesis in thyroid carcinoma. An intense
VEGF production could be the hallmark of an aggressive
tumor. Indeed, the higher VEGF immunostaining scores
were observed with thyroid carcinomas and more specifi-
cally with those with a metastatic spread. This could
reflect that angiogenesis and particularly VEGF could play
an important role in tumor progression. A VEGF im-
munostaining score, when higher than 5, could therefore
be proposed as a marker for metastatic risk.

In a recent study, Soh et al. (1997) using Northern and
Western blot analysis observed that thyroid cancers
expressed VEGF more intensely than normal thyroid. The
patterns of mRNA expression, as well as immunohisto-
chemical staining, were not different between the primary
thyroid tumors and respective metastases in lymph nodes
or lung. Viglietto et al. (1995) concluded that a high
tumorigenic potential is associated with an elevated VEGF
concentration in human thyroid tumor cell lines. They
observed a VEGF overproduction in all of five highly
malignant anaplastic carcinomas and intermediate amounts
of VEGF mRNA in papillary and follicular carcinoma.
Our data agree with these findings, and we observed a
significantly higher expression of VEGF mRNA in both
papillary and follicular carcinoma than in normal thyroid.
However, the presence of VEGF mRNA or the detection
of high VEGF concentrations in thyroid nodules is no
indicator of malignant proliferation. High concentrations
of VEGF have been detected in the cyst fluid of enlarging
and recurrent thyroid nodules (Sato et al. 1997). Thus,
VEGF should not be regarded as a specific marker of
malignancy, but rather a marker of disease activity. The
higher the VEGF concentration, the greater the risk of
progression or relapse of the underlying disease, whether
this disease is benign or malignant. The study of tumor cell
kinetics using anti-Ki-67 antibody agrees with this, since
the labeling index of carcinoma cells paralleled the VEGF
concentration. This index did not differ between papillary
and follicular carcinoma. These data are in agreement with
previous results (Katoh et al. 1995). However, Ki-67
antigen labeling index was rather low in comparison with
other tumorous processes like lung carcinoma (28&12%
in lung carcinoma, a much more aggressive cancer than

differentiated thyroid cancers) (Vignaud et al. 1994). The
Ki-67 antigen labeling index showed that endothelial cells
are actively replicating in thyroid carcinomas, but are
quiescent in normal thyroid tissues, indicating an ongoing
angiogenesis during thyroid malignancies.

Our data agree with those from a previous study
(Viglietto et al. 1995) reporting the expression of Flt-1
receptors on blood vessels of normal thyroid tissue and in
thyroid tumors. We also found Flt-1 in lymphocytic
thyroiditis. An increase in VEGF receptor Flt-1 expression
could be a key event in switching on the proliferative
response to VEGF in endothelial cells during the devel-
opment of thyroid cancer and the inflammatory processes
that occur during thyroiditis.

Cell proliferation is only mildly enhanced in thyroiditis,
as indicated by the immunoperoxidase staining for MIB1/
Ki-67 within epithelial structures. These results are in
agreement with those of a previous study (Okayasu et al.
1995). However, the staining was much less intense than
in tumor samples in our study. To the best of our
knowledge, the production of VEGF mRNA has never
been assessed before in chronic lymphocytic thyroiditis.
The immunostaining showed that VEGF is expressed in
chronic thyroiditis. Immunostaining was found in the
germinal center, which is not unexpected, since inflam-
matory cells may express VEGF mRNA (Freeman et al.
1995, Iijima et al. 1996). Activated macrophages, unlike
resident non-activated macrophages, also contain VEGF
mRNA (Berse et al. 1992). However, using ISH, the
labeling over lymphocytes from germinal centers was not
significantly different from background. The VEGF stain-
ing of lymphocytes from germinal centers, by immuno-
histochemistry, may originate from thyrocytes with local
recapture by immunocompetent cells, or it could be
relevant to a very fast turnover of VEGF mRNA in
lymphocytes. The thyroid follicles in the vicinity of
germinal centers also contain large amounts of VEGF
immunostaining. The germinal centers could secrete cyto-
kines that stimulate the normal surrounding thyrocytes
to produce VEGF and thus favor the inflammatory
response. An increase in TSH, known as a stimulator of
VEGF production, is not an explanation for the observed
VEGF increased expression, since only one patient with
thyroiditis was mildly hypothyroid (TSH=11·2 mIU/l) in
our study. Nevertheless, VEGF seems to be involved to a
lesser extent for angiogenesis in thyroiditis than in carci-
nomas, since both the immunostaining and ISH are less
intense and the endothelial cells do not stain for MIB1/
Ki-67.

In summary, the present study shows that VEGF,
weakly expressed in normal thyroid tissue, is strongly
expressed in thyroid carcinoma as well as in thyrocytes
of chronic lymphocytic thyroiditis. An intense VEGF
production by differentiated thyroid carcinoma, attested
either by a higher immunostaining score or a strong
VEGF mRNA expression using ISH, could be a promising
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marker of tumor aggressiveness and the trend to
metastasise.
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