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Summary Tumour cell invasion and metastasis is a multistep process that involves the degradation of extracellular matrix proteins by matrix
metalloproteinases (MMPs). Tissue inhibitors of metalloproteinases (TIMPs) act as negative regulators of MMPs and thus prevent tumour cell
invasion and metastasis by preserving extracellular matrix (ECM) integrity. In the present study we examined the expression of one member
of TIMPs, TIMP-1, in 39 thyroid tumour specimens and two thyroid carcinoma cell lines (NPA and SW579). We also investigated the effect of
high TIMP-1 expression on the invasive potential of NPA cells. Northern blot analysis showed that TIMP-1 mRNA levels correlated directly
with tumour aggressiveness: the highest number of TIMP-1 transcripts was found in stages III and IV vs benign goitre (P < 0.0001). However,
TIMP-1 expression was not increased in NPA and SW579 cells, both of which are derived from poorly differentiated thyroid tumours.
Immunohistochemical study showed strong TIMP-1 staining in the stroma cells of advanced stages of carcinomas. Overexpression of TIMP-
1 by gene transfer resulted in a significant suppression of the malignant phenotype of NPA cells as judged by an in vitro tumour invasion
assay. These results suggest that high levels of TIMP-1 transcripts in advanced stages of thyroid carcinoma likely come from stroma rather
than thyroid cancer cells, and TIMP-1 may function as a thyroid tumour invasion/metastasis suppressor.
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RNA extraction and Northern hybridization
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Construction of pTIMP-1/CMV vector
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Transfection assay
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In vitro tumour invasion assay
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Figure 1 Northern blot analysis of TIMP-1 mRNA levels in 13 thyroid tumour
specimens. Twenty micrograms of total RNA were electrophoresed on an
agarose/formaldehyde gel and blotted onto a nylon membrane. Hybridization
was carried out with a full-length human TIMP-1 cDNA probe (upper panel),
and an oligoprobe for 18S ribosomal RNA to monitor the actual RNA loading
(lower panel). Goitre: lanes 1, 9; stage I thyroid cancer: lanes 5, 8; stage II
thyroid cancer: lanes 4, 6, 7; stage III thyroid cancer: lane 3; stage IV thyroid
cancer: lanes 2, 10–13. Samples 1–13 correspond to tumour specimens 1,
37, 11, 18, 35, 19, 20, 21, 2, 22, 38, 23 and 39, respectively, shown in Table 1
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Figure 2 Densitometric determination of the relative TIMP-1 mRNA levels.
TIMP-1 transcripts were quantitated densitometrically from Northern blots
and were expressed as density units relative to the signals obtained with the
18S rRNA probe. To allow comparisons among separate Northern blots, two
common samples were included on each blot and TIMP-1 signals were
normalized to the values obtained with these RNA samples. Values are
expressed as a mean ± SEM. (A) Multinodular goitre (n = 6); (B–E)
differentiated thyroid cancer stage I (n = 14), stage II (n = 6), stage III (n = 7)
and stage IV (n = 3), respectively, (F), anaplastic cancer (n = 3)

Table 1 TIMP-1 gene expression in thyroid tumours

Tumour Histology Stage Age Sex TIMP-1 expressiona

1 227889 Multinodular Goitre 31 F 3.2
2 216951 Multinodular Goitre 39 F 3.3
3 258127 Multinodular Goitre 35 M 2.4
4 280061 Multinodular Goitre 30 F 1.5
5 266427 Multinodular Goitre 40 F 1.8
6 186282 Multinodular Goitre 27 F 3.4
7 238533 Papillary Ca I 24 F 3.2
8 280331 Papillary Ca I 23 F 5.6
9 280499 Papillary Ca I 26 F 1.9

10 284942 Papillary Ca I 36 F 1.3
11 242132 Papillary Ca III 63 F 8.4
12 277092 Papillary Ca I 27 F 3.9
13 281524 Papillary Ca I 36 M 6.0
14 282201 Papillary Ca I 31 F 8.7
15 264860 Papillary Ca IV 68 F 6.9
16 285061 Papillary Ca I 21 F 4.0
17 285248 Papillary Ca I 24 F 1.6
18 243117 Papillary Ca I 35 F 5.5
19 150121 Papillary Ca III 45 F 4.6
20 291156 Papillary Ca I 40 F 8.2
21 259277 Papillary Ca I 23 F 3.9
22 158236 Papillary Ca IV 47 F 7.5
23 242029 Papillary Ca IV 70 F 7.8
24 230021 Papillary Ca III 59 F 8.8
25 260552 Papillary Ca I 25 F 3.9
26 272560 Papillary Ca III 60 M 6.1
27 292307 Papillary Ca III 70 F 3.5
28 278600 Papillary Ca III 46 M 7.4
29 294915 Papillary Ca I 32 F 2.1
30 286226 Papillary Ca III 58 F 6.6
31 023894 Papillary Ca II 47 F 1.6
32 284471 Papillary Ca II 41 F 8.8
33 296221 Papillary Ca II 72 F 5.9
34 258028 Papillary Ca II 52 F 3.0
35 178890 Follicular Ca II 48 F 1.5
36 224253 Follicular Ca II 56 F 2.9
37 287120 Anaplastic Ca IV 76 F 6.7
38 246240 Anaplastic Ca IV 81 M 7.6
39 219342 Anaplastic Ca IV 43 F 8.2
NPA 3.7
SW579 2.4

aTIPM-1 mRNA levels expressed as density units relative to signals obtained
with the 18S rRNA probe. M, male; F, female; Ca, carcinoma.
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A

B

Figure 3 Localization of TIMP-1 protein in an invasive thyroid papillary
carcinoma specimen by immunohistochemistry. Section was stained with
mAb against TIMP-1 using ABC immunoperoxidase staining system from
Oncogene Science Inc. Note the strong TIMP-1 immunoreactivity within the
stroma between the infiltrative tumour nests (magnification: (A) × 400; 
(B) × 200)
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Figure 4 TIMP-1 expression in transfected NPA thyroid carcinoma cell
clones. Northern blot hybridization of full-length human TIMP-1 cDNA probe
to 20 µg of total RNA extracted from human TIMP-1 transfected clones
(upper panel). The endogenous TIMP-1 transcript is 0.9 kb and the
transfected one is 1.1 kb which is indicated by an arrow. Lanes 1–3 represent
high TIMP-1 expression clone (TP-1), vector alone transfected clone
(control), and low TIMP-1 expression clone (TP-5), respectively. The actual
RNA loading was monitored by ethidium bromide staining of RNA loaded for
Northern blot analysis (lower panel)
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Figure 5 Effect of high TIMP-1 expression on the invasive potential of NPA
thyroid carcinoma cells. An in vitro invasion assay was carried out to
compare and quantitate the invasiveness of NPA cells transfected with vector
alone (control), NPA cells with high TIMP-1 expression (TP-1), and NPA cells
with low TIMP-1 expression (TP-5). The cells were labelled with 1 µCi/ml 125I-
deoxyuridine and placed in the upper compartment of a Transwell chamber
for 96 h. The tumour cells penetrating into the lower surface of Matrigel®-
coated filters were recovered with trypsin–EDTA and counted in a gamma
counter. The experiment was performed in triplicate and repeated three
times. Values are expressed as a mean ± SEM of three experiments
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