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Experimental evidence has shown, both in vitro and
in animal models, that neoplastic growth and subse-
quent metastasis formation depend on the tumor’s
ability to induce an angiogenic switch. This requires a
change in the balance of angiogenic stimulators and
inhibitors. To assess the potential role of angiogene-
sis factors in human thyroid tumor growth and
spread, we analyzed their expression by semiquanti-
tative RT-PCR and immunohistochemistry in normal
thyroid tissues, benign lesions, and different thyroid
carcinomas. Compared to normal tissues, in thyroid
neoplasias we observed a consistent increase in vas-
cular endothelial growth factor (VEGF), VEGF-C, and
angiopoietin-2 and in their tyrosine kinase receptors
KDR, Flt-4, and Tek. In particular, we report the over-
expression of angiopoietin-2 and VEGF in thyroid tu-
mor progression from a prevascular to a vascular
phase. In fact, we found a strong association between
tumor size and high levels of VEGF and angiopoi-
etin-2. Furthermore, our results show an increased
expression of VEGF-C in lymph node invasive thyroid
tumors and, on the other hand, a decrease of throm-
bospondin-1, an angioinhibitory factor, in thyroid
malignancies capable of hematic spread. These re-
sults suggest that, in human thyroid tumors, angio-
genesis factors seem involved in neoplastic growth
and aggressiveness. Moreover, our findings are in
keeping with a recent hypothesis that in the presence
of VEGF, angiopoietin-2 may collaborate at the front
of invading vascular sprouts, serving as an initial
angiogenic signal that accompanies tumor growth.
(Am J Pathol 1999, 155:1967–1976)

The establishment of a vascular supply is an absolute
requirement for the growth of normal and neoplastic tis-
sues. Angiogenesis is the branching out of new blood
vessels from pre-existing vasculature.1–3 This process
depends on the tightly controlled action of endothelial

cell proliferation, migration, and survival. The search for
potential regulators of angiogenesis has yielded different
molecules, most of which are polypeptide growth factors.4

Vascular endothelial growth factor (VEGF) is an endo-
thelial cell-specific mitogen whose importance in the en-
dogenous regulation of angiogenesis has been clearly
demonstrated.5 The high-affinity tyrosine kinase VEGF
receptors are Flt-1 and KDR/Flk-1 (referred to as KDR),
which are expressed almost exclusively on endothelial
cells.6–8 After VEGF binding, Flt-1 regulates the correct
vascular assembly but does not induce mitogenic or
migratory signals. Conversely, KDR stimulates endothe-
lial cell proliferation and migration.9

Three other endothelial cell-specific receptor tyrosine
kinases have been described so far: Flt-4, Tie-1, and
Tek/Tie-2 (referred to as Tek). Flt-4 is a receptor closely
related in structure to KDR and Flt-1 but does not bind
VEGF. In human adult tissues, Flt-4 expression is re-
stricted to lymphatic endothelia and some venules.10

VEGF-C, the ligand for Flt-4, is expressed in many tissues
and in certain tumor cell lines.11 It has been suggested
that VEGF-C may act as a lymphangiogenic factor, but
Cao et colleagues12 have recently demonstrated that
VEGF-C is also a potent angiogenic factor in vivo, signal-
ing through both KDR and Flt-4 receptors. The authors
suggest that the angiogenic activity might be modulated
by other angiogenic factors like VEGF or VEGF-D by the
formation of heterodimers.12 However, transgenic mice
overexpressing VEGF-C in the skin showed marked hy-
perplasia of the lymphatic endothelium.13

Tie-1 and Tek are both uniformly expressed by the
endothelial cells of the blood vessels during embryonic
development.7,14,15 At present, Tie-1 is an orphan recep-
tor, whereas Tek has two ligands: angiopoietin-1 and -2
(Ang1, Ang2). Unlike VEGF, Ang1 does not promote en-
dothelial cell proliferation or in vitro angiogenesis. Never-
theless Ang1 and the tyrosine kinase receptor Tek are
required for normal vascular development in the mouse,
being essential for myocardium differentiation and for the
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recruitment of smooth muscle cells and pericytes.16–18

Ang2 is a naturally occurring antagonist for Ang1, block-
ing its ability to induce Tek tyrosine kinase activity. Based
on its expression pattern, it has been proposed that
besides interfering with Ang1-mediated blood vessel
maturation/stability, Ang2 may collaborate with VEGF at
the front of invading vascular sprouts, thus serving as an
initial angiogenic signal.19

It is currently believed that angiogenesis is controlled
by a balance between angiogenic stimulators and inhib-
itors, rather than by the activity of a single regulator.20 In
addition to angiogenic inducers, a number of potential
antiangiogenic factors have been identified, including
thrombospondin-1 (TSP-1), angiostatin, and endosta-
tin.21–23 TSP-1 is an extracellular matrix glycoprotein that
influences cell adhesion, mobility, and growth. Several
antiangiogenic activities of TSP-1 have been demon-
strated, including the modulation of tumor growth and
metastases.24–27

Thyroid neoplasias comprise different histotypes with
various phenotypic characteristics and variable clinical
behaviors.28 Thyroid adenomas are benign neoplasms
rarely capable of malignant progression. Microcarcino-
mas and papillary thyroid carcinomas (PTCs) represent
thyroid neoplasias that frequently invade cervical lymph
nodes. However, whereas the former are very small ma-
lignancies, the latter often show wider dimensions, some-
times infiltrating the thyroid capsule. Follicular thyroid
carcinomas (FTCs) are aggressive tumors that often give
rise to distant hematogenous metastases. Undifferenti-
ated thyroid carcinomas (UTCs) present a dramatic inva-
sive potential and are almost invariably fatal. All of the
above-mentioned neoplasias originate from the malig-
nant degeneration of the thyroid follicular epithelium.
Conversely, medullary thyroid carcinomas (MTCs) de-
velop from neural crest-derived C cells. These neoplasias
usually present a poor outcome, spreading through both
the lymphatic and hematic endothelium.

In this study we analyzed the expression of angiogen-
esis stimulators and inhibitors in human thyroid tumors,
including the newly discovered angiopoietins together
with their cognate receptors. Furthermore, we have ex-
amined the possible associations between thyroid tumor
clinical pathological features and the expression levels of
angiogenic molecules.

Materials and Methods

Tissue Specimens

We collected 68 consecutive thyroid tumor samples rep-
resenting the complete spectrum of thyroid neoplasias:
17 adenomas, five papillary microcarcinomas, 26 PTCs,
12 FTCs, six MTCs, and seven UTCs. We also gathered
16 nodal metastatic tissues derived from 12 different
PTCs and four distinct MTCs. Moreover, we collected
eight normal thyroid tissues resected from patients diag-
nosed with laryngeal carcinoma. All of the specimens
analyzed were reviewed by the same pathologist (S. P.)
to confirm the original diagnosis and to classify the tu-

mors according to pathological stage (pTNM) as pro-
posed by the Union Internationale Contre le Cancer.29

T-tumor sizes: T1, Ø 5 1 cm; T2, Ø .1 5 4 cm; T3,
Ø . 4 cm; T4, any size extending beyond the thyroid
capsule.

N-regional lymph nodes: Nx, regional lymph node can-
not be assessed; N0, no regional lymph node metastasis;
N1, presence of regional lymph node metastases.

M-distant metastasis: Mx, distant metastasis cannot be
assessed; M0, no distant metastasis;

M1, presence of distant metastases.

RNA Isolation and Northern Blotting

Each frozen biopsy was mechanically disrupted in a
Mikro-Dismembrator II (B. Braun) containing liquid nitro-
gen. Total RNA was extracted using Ultraspec II (Biotecx
Laboratories) according to the manufacturer’s protocol.
After extraction, the poly(A)1 mRNA was selected by two
passages on oligo (dT)-cellulose columns (USB). North-
ern blot was carried out using 5 mg of poly(A)1 RNA as
previously described.30 The following cDNA fragments
were used as probes: 1) the 0.395-kb fragment of bovine
cDNA VEGF (kindly provided by Dr. S. J. Mandriota); 2)
the 0.409-kb VEGF-C cDNA fragment (kindly provided by
Dr. K. Alitalo); 3) the 0.353-kb PCR-amplified Ang2 cDNA
fragment; 4) b-actin cDNA. The 32P signals were quanti-
fied with a phosphorimager (Bio-Rad).

Semiquantitative RT-PCR Analysis

RT-PCR was performed as follows: 5 mg of total RNA was
reverse transcribed at 42°C for 50 minutes in the pres-
ence of 500 ng random examers and Superscript II re-
verse transcriptase (Gibco-BRL) in a final volume of 20
ml. Two microliters of the cDNA reaction was then sub-
jected to different28–35 PCR cycles (30 seconds at 95°C,
30 seconds at 62°C, and 1 minute at 72°C), using the
AmpliTaq Kit (Perkin Elmer) and 0.4 mmol/L of specific
primers. When genomic DNA was used as a template in
PCR reactions, fragments longer than the expected
bands were observed, thus indicating that intron-span-
ning primers were selected for amplification. The house-
keeping aldolase A mRNA was used as an internal stan-
dard and coamplified in the same reaction tube with the
other specific markers. Aldolase oligonucleotides (59-
CGCAGAAGGGGTCCTGGTGA-39 59-CAGCTCCTTCT-
TCTGCTGCGGGGTC-39) were added to each PCR sam-
ple between cycles 3 and 7, depending on the amplified
gene. PCR products were electrophoresed onto a 3%
agarose gel containing ethidium bromide (0.5 mg/ml) and
visualized under UV light. The relative intensities of the
bands were quantitated by densitometric analysis and
normalized to the coamplified aldolase cDNA fragment.
Each PCR product was cloned in pCRII (Invitrogen) and
sequenced to confirm the identity of the amplified cDNA
fragment. Preliminary experiments were performed to de-
termine the exponential phase of amplification and the
exact cycle at which Aldolase primers were to be added
to the reaction, using RNA extracted from human normal
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thyroid tissue as positive control. At least four RT-PCR
experiments were performed starting from the same RNA
preparation. Gel-digitized images were quantitated with
the NIH Image 1.6.1 program (National Institutes of
Health, Division of Computer Research and Technology,
Bethesda).

Primers Used for RT-PCR

VEGF (59-TTCCAGGAGTACCCTGATGAG-39 39-CTGT-
TCGGCTCCGCCACTCGG-59); KDR (59-TGTGGTGATTC-
CATGTCTCGG-39 39-TGCCACCCCCTCGCACAGTC-59);
Flt-1 (59-TCTTGACCCACATTGGCCAC-39 39-CTATCGCA
GTGGTCGTCGCT-59); VEGF-C (59-AATGTGGGGCCAAC
CGAGAA-39 39-GCAACACAGGGAAGTATAACC-59); Flt-4
(59-GATCGTGGAGTTCTGCAAGTACG-39 39-TTCGCTGCA
CCACTTCTAGACA-59); Ang1 (59-TCCGGTGAATATTGGC
TGGG-39 39-CGGGTCAATGAGGAATGCAAG-59); Ang2
(59-GATGGCAGCGTTGATTTTCA-39 39-CGACCACCAAAC
TACGTACA-59); Tek (59-GGCCGCTACCTACTAATGAAG-
39 39-GAAGTAATCATCCATCGCCGG-59); Tie-1 (59-ACCC
ACTACCAGTGGATGT-39 39-GAGTTGCGGTCGTGCGCA
G-59); TSP-1 (59-CGTCCTGTTCCTGATGCAGT-39 39-AAC
ACGTCCTTCTGTCCCGG-59); CD31 (59-GGACCAAGCAG
AAGGCTAGC-39 39-GAAGACTTGAGGTTGTTGCTC-59).

Immunohistochemistry and Vessel Counting

Tissue samples were obtained from the archives of our
institute. Immunohistochemistry was performed on a lim-
ited number of samples (four normal tissues, 10 adeno-
mas, three papillary microcarcinomas, 12 PTCs, five
FTCs, four UTCs, and four MTCs). Tissue preparation and
antigen retrieval procedures were performed as previ-
ously described.31 Immunostaining was carried out by
streptavidin peroxidase (Dako) and 3-amino-9-ethyl car-
bazole (AEC) as previously reported.32 For negative con-
trols, the primary antibody was replaced with normal
mouse, goat, or rabbit sera. TSP-1 (P10; Immunotech)
immunostaining was carried out on acetone-fixed frozen
sections. VEGF (BioGenex), CD31 (Dako), VEGF-C
(SC1881; Santa Cruz), and Ang2 (C-19 SC7015; Santa
Cruz) immunostainings were performed on formalin-fixed
paraffin-embedded sections.

Immunohistochemistry for CD31 was assessed as de-
scribed above. Anti-CD31 mAb highlights vascular endo-
thelial cells of blood vessels of formalin-fixed tumor sam-
ples, so it is possible to identify easily the most intense
areas of neovascularization in the samples. We consid-
ered as a single microvessel any brown, immunostained
endothelial cells separated from the adjacent microves-
sels, tumor cells, and other connective tissue elements.
Nonspecific staining was evaluated by use of a control
section for each case, replacing the primary antibody
with normal serum. Microvessels were carefully counted
in the most intense areas of neovascularization on a
3200 field.

Statistical Analyses

Main pathological tumor characteristics in the available
patient sample were described by means of contingency
tables. The possible association between pathological
tumor characteristics was tested by Fisher’s exact test for
cross-classified data.

For each molecule considered (VEGF, VEGF-C, Ang1,
Ang2, KDR, Flt-4, Tek, TSP-1) the distribution according
to the type of tumor (benign or malignant), pTNM param-
eters, and histology of tissue samples was mainly de-
scribed in terms of a median value.

To investigate the possible association between differ-
ent angiogenic factors, Spearman correlation coefficients
were computed. We compared with nonparametric meth-
ods, such as the Wilcoxon signed rank test (for paired
data), the Wilcoxon rank sum test (two independent
groups), or the Kruskal-Wallis test (more than two
groups), as appropriate, the mean levels of expression of
these factors in different types of tumor tissue. Consider-
ing only the cases with follicular adenoma or carcinoma,
logistic discriminant analyses were carried out to inves-
tigate whether the singly taken angiogenic factor allows
reliable discrimination between benign and malignant
lesions. The results obtained are reported in terms of
Somer’s D coefficient and the likelihood ratio P for the re-
gression coefficient of the fitted logistic models. The con-
ventional 5% significance level was adopted. The analy-
ses were carried out with SAS software.

Results

The expression levels of various angiogenic factors
(VEGF, VEGF-C, Ang1, and Ang2), their respective re-
ceptors (KDR, Flt1, Flt4, and Tek), and an angiogenesis
inhibitor (TSP-1) were examined by semiquantitative RT-
PCR in eight normal thyroid tissues, 68 primary thyroid
tumors, and 16 nodal metastases. The obtained values
were quantitated by densitometric analyses, and those
observed in the normal thyroids were considered as a
baseline to evaluate the expression levels in neoplastic
tissues (see Materials and Methods). The distribution of
histology and pathological characteristics of the speci-
mens analyzed is shown in Table 1. Table 2 reports the
number of T4-, N-, or M-positive cases in the different
histological types.

Because most angiogenic regulators are mainly ex-
pressed by endothelial cells, to exclude major discrep-
ancies in vascular density, both normal and neoplastic
thyroid samples were analyzed for the expression of en-
dothelial cell-specific marker CD31. The analysis was
carried out for all samples by semiquantitative RT-PCR
and, for a limited number (see Materials and Methods),
by immunohistochemistry (IHC). Compared to the normal
thyroid tissues, neoplastic specimens presented no sig-
nificant variation in vascular density, with the exception of
papillary microcarcinomas and UTCs. The former
showed only a few microvessels per field, whereas in the
latter, we observed a slight reduction of microvascula-
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ture. In Table 3 are summarized the microvessel count
data obtained by CD31 staining.

Increases of VEGF and KDR in Malignant
Thyroid Carcinomas

To identify VEGF isoforms5 expressed in thyroid tumors,
we chose specific primers able to detect the various
mRNA transcripts generated by alternative splicing. In
most benign adenomas and in papillary microcarcino-
mas we did not observe any increase in VEGF expression
with respect to normal thyroid (Figure 1A, Figure 5A, and
Table 4A). In contrast, all other malignant carcinomas
showed a marked VEGF up-regulation. In particular,
PTCs and most of aggressive FTCs presented a stronger
increase, ranging from three- to 10-fold (an example of
the results is shown in Figure 1A). Finally, a two- to
ninefold increase in VEGF expression was detected in
70% of UTCs. A similar VEGF increase was also ob-
served in 50% of MTCs (Figure 1A and Table 4A). Pro-
vocatively, most of the lymph nodal metastases analyzed
presented a further VEGF increase with respect to pri-

mary tumors (data not shown). Interestingly, the up-reg-
ulated VEGF isoforms (VEGF121, VEGF145, and VEGF165)
were essentially the same, thus suggesting that thyroid
tumors preferentially express efficiently secreted iso-
forms of VEGF.33 Northern blot analysis of different thy-
roid tumors showed up-regulated VEGF mRNA levels
ranging from threefold (FTC 250) to ninefold (UTC 325),
whereas in the adenoma we failed to find any increase
(Figure 5B). Immunohistochemical analysis completely
paralleled the data obtained with semiquantitative RT-
PCR. In Figure 1B is shown VEGF staining in both normal
and PTC samples. In PTC specimens epithelial follicular
cells were strongly stained, whereas normal tissues
showed a weak staining in addition to the expected re-
activity in vascular endothelial cells (feature not shown).

With the exception of papillary microcarcinomas, in-
creased KDR mRNA levels could be detected throughout
the considered lesions (Table 4A). In particular, epitheli-
al-derived thyroid tumors displayed consistent KDR in-
creases ranging from 24-fold in PTCs to three- to sixfold
in benign adenomas, malignant FTCs, and UTCs (Figure

Table 1. Tumor Histology and pTNM Characteristics of
Patients with Thyroid Lesions

N %

T-stage T1 6 9
T2 26 38
T3 14 20
T4 22 33

N-stage N0 31 46
N1 36 53
Nx 1 2

M-stage M0 39 58
M1 27 40
Mx 1 2

Histology Adenoma 17 25
Microcarcinoma 5 7
PTC 21 31
FTC 12 18
UTC 7 10
MTC 6 9

Table 2. Percentage of T4-, N-, or M-positive Cases in the
Different Histological Types

Histology
T4

N (%)
N1

N (%)
M1

N (%)

Microcarcinoma 0 (0) 4 (80) 0 (0)
PTC 13 (62) 20 (95) 6 (29)
FTC 2 (17) 2 (17) 9 (75)
UTC 5 (71) 5 (71) 7 (100)
MTC 2 (33) 5 (83) 5 (83)

Table 3. Microvessel Count in Normal and Neoplastic Human Thyroid Specimens

Histology
Normal
(n 5 4)

Adenoma
(n 5 10)

Micro.*
(n 5 3)

PTC
(n 5 12)

FTC
(n 5 5)

UTC
(n 5 4)

MTC
(n 5 4)

Microvessel count
(mean 6 SD)

28 6 12 32.4 6 14 8 6 4 33 6 15 39.7 6 17 22 6 8 41 6 22

Microvessels were counted in the most intense areas of neovascularization on a 3200 field.
*Papillary thyroid microcarcinoma.

Figure 1. Expression of VEGF and its receptors in thyroid tumors. A: Total
RNA was extracted from normal thyroid tissues and different thyroid tumor
specimens. Semiquantitative RT-PCR analysis was performed using 5 mg of
total RNA and intron-spanning primers specific for VEGF, Flt-1, and KDR.
Specific oligonucleotides were used to amplify different VEGF isoforms. Four
bands were visualized that corresponded to 189aa (460 bp), 165aa (410 bp),
145aa (370 bp), and 121aa (270 bp). The relative intensities of the bands
were densitometrically quantified and normalized to the coamplified aldo-
lase signal (Aldo). The numbers at the top of the figure indicate different
patients. B: Immunoperoxidase staining of VEGF in normal and neoplastic
thyroid tissues. Magnification, 3200. N, normal thyroid; Ade, follicular ade-
noma; PTC, papillary thyroid carcinoma; FTC, follicular thyroid carcinoma;
UTC, undifferentiated thyroid carcinoma; MTC, medullary thyroid carcinoma.
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1A). These data were also confirmed by Western blot of a
representative panel of tumors (data not shown). The
C-cell-derived MTCs showed a slight KDR up-regulation.
Because KDR expression levels are different in thyroid
tumors, differences in KDR expression levels in normal
tissues are due to differences in film exposure time. For
densitometric analysis we needed a nonsaturated expo-
sition of the photograph. Furthermore, we did not observe
any modulation of Flt-1 mRNA expression among the
analyzed specimens (Figure 1A).

Strong Increases of Angiopoietin-2 Levels in
Thyroid Neoplasias

Compared to normal thyroid tissues we observed a
marked increase in Ang2 mRNA levels in the vast majority
of thyroid tumor specimens analyzed (Table 4A). Inter-
estingly, whereas papillary microcarcinomas showed no
Ang2 up-regulation (Figure 5A), almost all of the other
PTCs and their nodal metastases displayed a strong
(over 10-fold) Ang2 increase (Figure 2). Indeed, with
few exceptions, all thyroid adenomas, FTCs, UTCs, and
MTCs presented Ang2 mRNA levels that rose eight-
to 20-fold. These results obtained by semiquantitative

RT-PCR were consistent with Northern blot analysis
(Figure 5B).

We also found a moderate up-regulation of angiopoi-
etin tyrosine kinase receptor Tek in a few PTCs and in
most primary and lymph node metastases of MTCs (Fig-
ure 2 and Table 4A).

In our thyroid tumors, we also analyzed the expression
of both Ang1 and the orphan receptor Tie-1. Ang1 mRNA
expression was slightly down-regulated or up-regulated
in a few carcinomas (Figure 2). No significant differences
in the expression of the Tie-1 receptor could be detected
(data not shown).

Up-Regulation of VEGF-C and Flt-4 in Lymph
Node Invasive Thyroid Tumors

Compared to normal thyroid tissues, we observed a gen-
eralized up-regulation of VEGF-C mRNA levels in thyroid
neoplasias that frequently present lymph node involve-
ment (Table 4A). In fact, only one adenoma and a few
FTCs displayed a significant increase in VEGF-C mRNA
expression (Figure 3A and Table 4A). Conversely, a two-
to fourfold VEGF-C up-regulation was detected in almost
80% of PTCs, which frequently invade cervical nodes,
and in five of seven highly invasive UTCs (Figure 4A). The
papillary microcarcinoma variant that did not show any
variation of expression of the angiogenic molecules an-
alyzed presented up-regulation of VEGF-C (Figure 5A).
Almost all of the tumors arising from neural crest-derived
C cells (MTCs) showed a marked increase in VEGF-C
expression, up to 20-fold (Figure 3A). Northern and West-
ern blot analyses of a representative panel of tumors
confirmed these results (Figure 5B and data not shown).
Interestingly, VEGF-C up-regulation was evident specifi-
cally in pN1 cases. The augmented expression of
VEGF-C in thyroid tumors was also confirmed by immu-
nohistochemical analysis. As shown in Figure 3B, with
respect to normal thyroid tissue, we observed a signifi-
cant increase in VEGF-C reactivity in epithelial follicular
cells of PTCs. A positive reaction was also detected in the
endothelial vessel lining cells of both normal and neo-
plastic tissues (data not shown). This result confirmed

Table 4. Expression of Angiogenic or Angioinhibitory Molecules in Neoplastic Thyroid Tissues

A B
TSP-1 expression levels

No VEGF KDR VEGF-C Flt-4 Ang2 Tek Normal Decreased*
Strongly

Decreased†

Adenomas 17 18% 59% 6% 18% 88% 6% 88% 12% —
Microcarcinomas 5 — — 60% — — — 100% — —
PTC 21 86% 76% 76% 24% 90% 24% 76% 19% 5%
PTC metastases 12 92% 92% 92% 50% 92% 50% — 67% 33%
FTC 12 75% 50% 42% 17% 75% — 25% 25% 50%
UTC 7 71% 57% 86% 28% 100% — — — 100%
MTC 6 50% 67% 83% 83% 83% 67% 33% 51% 16%
MTC metastases 4 75% 75% 100% 75% 100% 75% — 25% 75%

(A) Tumors with increased expression (at least twofold) of different angiogenic molecules compared to normal thyroid tissues.
(B) Tumors with a reduction of TSP-1 expression with respect to normal thyroid tissues.
*Reduction from two- to fourfold.
†At least a fivefold reduction.

Figure 2. Up-regulation of angiopoietin 2 in thyroid tumors. Total RNA was
extracted from normal thyroid tissues and different thyroid tumors. Semi-
quantitative RT-PCR analysis was performed using 5 mg of total RNA and
intron-spanning primers for angiopoietin 1 (Ang1), angiopoietin 2 (Ang2),
and Tek. The relative intensities of the bands were densitometrically quan-
tified and normalized to the coamplified aldolase signal (Aldo). The numbers
at the top of the figure indicate different patients. N, normal thyroid; Ade,
follicular adenoma; PTC, papillary thyroid carcinoma; FTC, follicular thyroid
carcinoma; UTC, undifferentiated thyroid carcinoma; MTC, medullary thyroid
carcinoma.
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that the increment in mRNA expression levels observed
coincided with protein increase.

Compared to normal thyroid tissues, few PTCs and
50% of their lymph node metastases showed a moderate
increase in the VEGF-C tyrosine kinase receptor Flt-4
(Figure 3A and Table 4A). This receptor was also slightly
up-regulated in few benign adenomas, FTCs, and UTCs.
As for VEGF-C, Flt-4 overexpression was strongly evident
in the vast majority of MTCs.

Down-Regulation of Thrombospondin-1
Expression in Aggressive Thyroid Carcinomas

In our cases, TSP-1 expression analysis showed no re-
duction in mRNA levels in benign adenomas and papil-
lary microcarcinomas (Table 4B, Figures 4 and 5A). Con-
versely, 20% of the other PTCs presented a twofold TSP-1
down-regulation that become much more significant in all
PTC nodal metastases analyzed (Table 4B and Figure
4A). In contrast, 75% of FTCs presented a remarkable
TSP-1 mRNA down-regulation. As for UTCs, in seven of
seven neoplasias, TSP-1 expression could not be de-
tected by semiquantitative RT-PCR analysis (Figure 4A).
Because five of seven undifferentiated tumors presented
a mutated form of TP53,34 these data are in keeping with
the previous observation that TP53 regulates TSP-1 tran-
scription.35 Sixty-seven percent of MTCs showed a TSP-1
reduction, whereas all of their metastatic tissues pre-
sented a further TSP-1 down-regulation (Table 4B). The
same results were also evident by immunohistochemical
staining with anti-TSP-1 antibody. In fact, normal thyroid
tissues showed a strong immunoperoxidase staining for

TSP-1 confined to the interfollicular stroma (Figure 4B)
and, to some extent, to the vascular endothelium (feature
not shown). A similar degree of reactivity was found in
benign follicular adenomas, although the tissue architec-
ture was altered. In PTCs we observed a slight decre-
ment of TSP-1 staining with respect to normal tissues. In
contrast, the malignant follicular carcinomas showed a
barely detectable reaction to the anti-TSP-1 antibody
(Figure 4B). These data were also confirmed by Western
blot analysis (data not shown).

Statistical Analysis

We performed statistical analyses to verify the possible
associations between the expression levels of angio-
genic molecules and clinical pathological features of thy-

Figure 3. Expression of VEGF-C and Flt-4 in thyroid tumors. A: Total RNA
was extracted from normal thyroid tissue and different thyroid tumor spec-
imens. Semiquantitative RT-PCR analysis was performed using 5 mg of total
RNA and intron-spanning primers specific for VEGF-C and Flt-4. The relative
intensities of the bands were densitometrically quantified and normalized to
the coamplified aldolase signal (Aldo). The numbers at the top of the figure
indicate different patients. B: Immunoperoxidase staining of VEGF-C in
normal and neoplastic thyroid tissues. Magnification, 3200. N, normal thy-
roid; Ade, follicular adenoma; PTC, papillary thyroid carcinoma; FTC, follic-
ular thyroid carcinoma; UTC, undifferentiated thyroid carcinoma; MTC, med-
ullary thyroid carcinoma.

Figure 4. Down-regulation of TSP-1 in thyroid tumors. A: Total RNA was
extracted from normal thyroid tissue and different thyroid tumor specimens.
Semiquantitative RT-PCR analysis was performed using 5 mg of total RNA and
intron-spanning primers specific for TSP-1. The relative intensities of the
bands were densitometrically quantified and normalized to the coamplified
aldolase signal (Aldo). The numbers at the top of the figure indicate different
patients. B: Immunoperoxidase staining of TSP-1 in normal and neoplastic
thyroid tissues. Magnification, 3200. N, normal thyroid; Ade, follicular ade-
noma; PTC, papillary thyroid carcinoma; FTC, follicular thyroid carcinoma;
UTC, undifferentiated thyroid carcinoma; MTC, medullary thyroid carcinoma.
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roid tumors, like tumor size (T), presence of lymph node
metastases (N1), and presence of distant metastases (M1).

The analysis of clinical pathological characteristics
(pTNM) and the expression levels of angiogenic factors
in thyroid neoplasias compared to normal tissues showed
that two factors were strongly associated with the pro-
gression of thyroid tumors from stage T1 to stage T4. In
particular, Table 5 shows a significant association be-
tween T-stage progression with high levels of VEGF (P ,
0.001) and Ang2 (P , 0.001). Also in the case of KDR,
statistical tests yielded significant results showing a clear
trend according to T-stage progression (P 5 0.037). Thus
the up-regulation of the ligand-receptor couple (VEGF/
KDR) and Ang2 showed statistical significance when

associated with tumor size, suggesting that these factors
(as hypothesized by other authors) are associated with
neovascularization and tumor growth.

Regarding the ability of tumors to invade regional
lymph nodes (pN1), we found that VEGF-C overexpres-
sion was associated with lymph node invasion, compar-
ing the levels of VEGF-C mRNA in pN0 and pN1 tumors.
Statistical analyses showed that VEGF-C mRNA was up-
regulated prominently in node-positive tumors (P ,
0.001, Table 5).

We also examined the factor(s) associated with the
tumor’s ability to spread by hematic vessels to give dis-
tant metastases (pM1). The only significant association
between pN1 tumors and angiogenic factors was ob-

Figure 5. A: Levels of expression of VEGF, VEGF-C, Ang2, and TSP-1 in thyroid papillary microcarcinomas. Semiquantitative RT-PCR analysis was performed as
described in Figure 1, with specific primers. The relative intensities of the bands were densitometrically quantified and normalized to the coamplified aldolase
signal (Aldo). B: Northern blot analysis of mRNAs (5 mg) isolated from normal thyroid tissue and different thyroid tumors. The membrane was analyzed with
successive hybridization to VEGF, VEGF-C, Ang2, and b-actin probes. Relative levels of the different transcripts were determined by the phosphorimager
instrument and normalized with the b-actin hybridization signal. The numbers at the top of the figure indicate different patients. N, normal thyroid; Ade, follicular
adenoma; PTC, papillary thyroid carcinoma; FTC, follicular thyroid carcinoma; UTC, undifferentiated thyroid carcinoma; MTC, medullary thyroid carcinoma.

Table 5. Association between Different Angiogenic Factors and Pathological pTNM Stage in Thyroid Tumors

VEGF KDR VEGF-C Flt-4 Ang1 Ang2 Tek TSP-1

T-stage T1 1.00 1.60 2.00 1.00 1.00 1.60 0.90 0.92
T2 2.00 1.50 2.60 1.30 1.00 4.00 1.00 0.48
T3 2.40 2.25 2.00 1.00 0.21 3.50 0.80 0.50
T4 4.00 3.45 2.10 1.00 0.18 8.50 1.00 0.70
P value ,0.001 0.037 n.s. n.s. 0.033 ,0.001 n.s. n.s.

N-stage N0 2.40 2.25 1.10 1.00 0.28 3.50 1.00 0.35
N1 2.00 2.00 2.50 1.00 0.43 6.00 1.00 0.80
P value n.s. n.s. ,0.001 n.s. n.s. n.s. n.s. n.s.

M-stage M0 2.30 2.50 2.20 1.00 0.65 4.00 1.00 1.00
M1 2.00 2.00 2.00 1.00 0.13 4.00 1.00 0.20
P value n.s. 0.049 n.s. n.s. 0.018 n.s. n.s. ,0.001

The numbers indicate the median value of expression levels of the different angiogenic factors in human thyroid tumors with respect to normal
tissues. n.s., not significant.
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served for TSP-1, which was significantly decreased only
in tumors able to generate distant metastases (P , 0.001,
Table 5).

Regarding discrimination between follicular adenoma
and carcinoma, the analysis base logistic discriminant
yielded significant results for VEGF (P 5 0.011) and
TSP-1 (P , 0.001). The discrimination obtained based on
TSP-1 expression was relatively high (Somer’s D coeffi-
cient 5 0.75). In particular, by adopting for this factor a
0.8 cutoff value of expression, all malignant lesions
showed TSP-1 down-regulation below the threshold
against only five of the 17 adenomas. The corresponding
figures of sensitivity and specificity (95% exact confi-
dence intervals) were 100% (74–100) and 71% (44–90),
respectively.

Discussion

To grow beyond a critical size, solid tumors must recruit
endothelial cells from the surrounding stroma to form their
own endogenous microcirculation. With respect to angio-
genesis, two phases can be recognized in tumor pro-
gression: prevascular and vascular, respectively. The
transition from the prevascular to the vascular phase
represents the first step toward the activation of the an-
giogenic phenotype. This angiogenic switch necessitates
up-regulation of angiogenic stimulators and, in certain
tumors, down-regulation of angiogenesis inhibi-
tors.20,36–40 Solid tumors can express one or more of
these angiogenic factors, which can work synergistically
in promoting tumor growth.

As a model of tumor progression, we used a series of
thyroid tumors with a variable degree of invasiveness.
According to the current understanding of molecular
events in thyroid carcinogenesis and progression,41 we
investigated the expression of angiogenic stimulators
and inhibitors in different thyroid tumors. Our study
showed the up-regulation of Ang2 in thyroid tumors and
its association, together with high levels of VEGF, with
tumor ability to grow (progression from the pT1 to the pT4
stage). We also found the overexpression of VEGF-C in
most thyroid tumors. Interestingly, VEGF-C up-regulation
was evident specifically in pN1 cases. In fact, we found a
correlation between VEGF-C increase and lymph node
invasion (pN1). The expression analysis of the angioin-
hibitory molecule TSP-1 showed its down-regulation in
most aggressive thyroid tumors. These data were also
confirmed by statistical analysis, which showed a strict
association between TSP-1 down-regulation and tumor
ability to elicit distant metastases (pM1).

As previously reported,42 we observed an increase of
VEGF in the vast majority of our thyroid tumor specimens.
Moreover, we observed Ang2 mRNA expression in nor-
mal thyroid tissues and its up-regulation in thyroid neo-
plasias, as recently observed in other human tumors.43

Interestingly, when we analyzed VEGF and Ang2 mRNA
levels in a hypovascular stage of thyroid neoplasia (mi-
crocarcinoma), we could not detect any appreciable in-
crease. Because previous evidence has shown that mi-
crocarcinomas should be included in PTCs,41 the latter

could represent the vascular evolution of the former vari-
ant. Furthermore, statistical analyses showed a strong
association between pT stage progression of thyroid tu-
mors and high levels of VEGF and Ang2. It has been
suggested that VEGF, Ang2, and their cognate receptors
may be critical components of the vascular regulatory
machinery essential for tumor growth.19,44 Therefore, we
also suggest that in thyroid tumors Ang2 in the presence
of VEGF could activate the quiescent vasculature to elicit
the angiogenic phenotype that accompanies tumor
growth.

Among our series of thyroid tumors, we observed vari-
ability in the prevalence of lymph node involvement, as
expected (Table 2). MTCs and PTCs infiltrated regional
nodes in over 80% of cases. FTCs, on the other hand,
had a reduced ability to invade through lymphatic ves-
sels, whereas adenomas never spread to lymph nodes.
Papillary microcarcinomas tend to infiltrate regional
lymph nodes, although they are poorly vascularized tu-
mors. Interestingly, we observed a marked increase in
VEGF-C expression in tumors that give lymph node me-
tastases (pN1) as compared to both normal thyroid tis-
sues and node-negative neoplasias (pN0), respectively.
In fact we found a strong association between high levels
of VEGF-C and lymph node involvement. It has recently
been demonstrated that VEGF-C, on binding to both KDR
and Flt-4 receptors, can act as a potent angiogenic factor
in vivo.12 However, overexpression of VEGF-C in the skin
or pancreas tissues of transgenic mice induced only
lymphangiogenesis rather than blood vessel angiogene-
sis.45 It is possible that further studies are necessary to
assess the role of VEGF-C as an angiogenic or a lym-
phangiogenic factor. Nevertheless, among our node-
positive thyroid tumors, we could not detect any variation
in the number of lymphatic or hematic vessels, so we can
speculate that VEGF-C, when up-regulated, may affect
the structural and/or functional status of the surrounding
lymphatic endothelium, thereby facilitating tumor spread
to regional lymph nodes. This hypothesis is in agreement
with the recent results of Valtola and colleagues, who
observed VEGF-C overexpression in breast carcinoma
cells. The authors suggested that secreted VEGF-C acts
predominantly as an angiogenic factor, although it may
also be involved in modifying the permeabilities of both
blood and lymphatic vessels and metastasis formation.46

Considering the ability of thyroid tumors to give rise to
distant hematogenous metastases, we found a significant
TSP-1 reduction associated with patients presenting with
distant metastases (pM1). Thus TSP-1 expression pat-
terns seem to correlate with thyroid tumor invasiveness.
In fact, the TSP-1 down-regulation pattern describes well
the increasing aggressiveness of the different thyroid
lesions. Suggestively, these data perfectly match the pro-
gressive worsening, from a clinical point of view, of the
different thyroid tumor histotypes. In our cases, based on
TSP-1 expression levels, it was also possible to discrim-
inate between benign adenomas and malignant FTCs.
Because there is to date no accurate reliable method by
which adenomas can be differentiated from FTCs, many
patients with thyroid nodules undergo unnecessary sur-
gery. We showed that in our cases it was possible to
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discriminate between adenomas and FTCs. However,
this result must be considered with caution, because of
the limited number of specimens analyzed, and further
studies on a great number of patients are needed.

Among our series of 84 specimens not all tumors
showed up-regulation of the angiogenic molecules ana-
lyzed. It is possible that other factors that influence an-
giogenesis were expressed. We also investigated the
expression of the well-characterized angiogenic factors,
such as basic fibroblast growth factor (bFGF) and the
recently discovered bFGF binding protein, but we did not
observe any variation in their expression levels (data not
shown). In any case, there are a number of other factors
that stimulate angiogenesis and many other mechanisms
involving loss of inhibitors that regulate the angiogenic
phenotype.

Alterations in the expression levels of angiogenic in-
ducers in our thyroid tumors, combined with the progres-
sive loss of TSP-1, may determine an angiogenic pheno-
type that correlates with the invasive metastatic potential
of these neoplasias. Antiangiogenic therapy is undergo-
ing an extensive analysis, and animal experiments have
shown that a combination of antiangiogenic drugs is
more effective than a single agent. Thus knowledge of the
factors involved in the angiogenic switch and the control
of their potential interactions may provide novel therapeu-
tic targets for the management of thyroid neoplasias.
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