
&p.1:Abstract Medullary thyroid carcinoma (MTC) origi-
nates from C cells, which secrete calcitonin (CT), their
specific marker. C cells are located in contact with the
basement membrane (BM) of the thyroid follicles, which
is partly made up of the laminin-2 isoform synthesized
by thyrocytes. During oncogenesis, proliferation of the C
cells, invading the centre of the follicles, leads to a break
in their normal contact with the BM. As specific interac-
tions of cells with BM components, especially laminins,
are important for proliferation and differentiation, we in-
vestigated the relationships of normal and neoplastic C
cells with laminin in the Wag/Rij rat model of human
MTC. Immunocytochemical studies showed a progres-
sive loss of the laminin layer underlying the hyperplastic
C cell nodules around the large dedifferentiated tumours.
The α2, β1 and γ1 chains of the laminin-2 isoform were
synthesized and secreted by rat MTC 6–23 cell cultures
and the tumours induced by subcutaneous injection of
these cells. In situ hybridization combined with anti-CT
immunocytochemistry showed a low expression of α2
mRNA on differentiated C cells and thyrocytes, but an
overexpression on immunonegative spontaneous MTC
and induced intrathyroid tumours. The high level of α2
gene expression, together with tumour dedifferentiation,
suggests a relationship with malignancy.
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Introduction

Medullary thyroid carcinoma (MTC) is a C cell neo-
plasm that occurs in humans in sporadic or familial forms
associated with mutations of the RET proto-oncogene
[22]. C and MTC cells secrete calcitonin (CT), their usu-
al biological marker [20]. C cells, a minor component of
the thyroid tissue, are always located at the basal aspect
of the follicles in contact with the surrounding basement
membrane (BM). The Wag/Rij strain of rat has been vali-
dated as the closest model to human MTC: a large pro-
portion of 18- to 24-month-old rats develop spontaneous
tumours that are morphologically [4] and functionally
very similar to this human disease [15, 17, 19].

In cancer, the importance of extracellular matrix
(ECM) molecules has been demonstrated mainly in the
metastatic process, via adhesion and/or migration of ma-
lignant cells. Moreover, cell–matrix interactions initiate
signal transduction processes that regulate cell prolifera-
tion and differentiation: basic cellular processes which,
when deregulated, are involved in oncogenesis. An influ-
ence of altered interaction with ECM in C cell evolution
towards MTC can be suggested, since between normal
thyroid and large spontaneous MTCs a number of histo-
logical steps demonstrate obvious modifications in the
relationships between ECM and C cells. All young ani-
mals exhibit progressive C cell hyperplasia [12]; that is,
their perifollicular C cell foci increase in size, gradually
surrounding the follicle beneath the BM completely.
These cellular rearrangements in the pre-MTC state raise
the problem of the origin of the BM around a C cell nod-
ule in the absence of the follicular thyroid cells that
would elaborate its constituents [1]. During evolution to-
wards malignancy, dedifferentiation begins as a late step
in cells located in the central part of the nodule, i.e., dis-
tant from the BM. Many hyperplastic C cells become
progressively negative for anti-CT antibodies [15, 17,
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19]. Recently, Lausson showed that this decrease in im-
munoreactivity is associated with a higher mitotic index,
indicating an increasing aggressiveness of the CT-nega-
tive cells [13]. In humans, the presence of a large number
of such dedifferentiated cells correlates with a bad prog-
nosis [17].

The BM is an architecturally complex structure, com-
posed mainly of laminin and type IV collagen, the other
usual components being entactin and heparan sulfate
proteoglycans [31–33, 36, 37]. It is thought to play a
central part in a variety of physiological and pathological
processes, principally via the laminin family, which is
implicated in cell attachment, spreading and motility,
cell division, differentiation and gene expression [2, 7,
16, 30]. Laminins are large glycoproteins (800 kDa)
composed of three polypeptide subunits, one heavy
chain, α, and two light chains, β and γ, linked by disul-
fide bonds (nomenclature in [5]). Eleven different lami-
nin isoforms have been reported. Laminin-1, the first
molecule identified in an Engelbreth-Holm-Swarm
(EHS) tumour, is characterized by the heavy chain, α1,
of 400 kDa linked to the β1 and γ1 light chains (200 kDa
each). The laminin-2 isoform has a heavy chain, α2
(380 kDa), instead of α1.

The present work shows that in rat MTC, the base-
ment membrane was maintained around the hyperplastic
follicles and C cell nodules but progressively became de-
fective on the large dedifferentiated tumours. The tumour
cell line rMTC 6-23 isolated from a rat MTC [38] syn-
thesizes laminin-2 both in cultures and in subcutaneous
malignant tumours induced by in vivo injection of these
cells. In in situ hybridization, an unexpected overexpres-
sion of α2 mRNA was revealed in the dedifferentiated C
cells of both spontaneous and induced tumours.

Materials and methods

Rats of the Wag/Rij strain were raised according to the principles
of laboratory animal care (NIH publication no. 85-23, revised
1985) and French laws on the protection of animals. The breeding
stock was obtained from the TNO Institute (Rijswijck, The Neth-
erlands). A spontaneous MTC develops in 50–60% of the 2-year-
old rat population.

The rMTC 6-23 cell line, originating from a spontaneous
Wag/Rig rat MTC [38], was purchased from ATCC. Cells were
grown in Dulbecco’s modified Eagle’s medium (DMEM) with
15% horse serum and 2.5% fetal calf serum, in a humidified
chamber at 37°C with 5% CO2. Tumours were induced in young
rats by intrathyroid (1.5×105) or subcutaneous injections (2.5×106)
of these tumour cells.

For histological purposes, rats were anaesthetized to death with
Nembutal, and their thyroid glands removed by dissection under a
microscope. Thyroid and tumour tissue were cut into small pieces.
Classic histology was performed on samples fixed by immersion
in Bouin’s liquid (Hollande’s modifications), dehydrated and em-
bedded in paraffin by standard procedures. Sections were cut at
8 µm. For immunocytochemistry, samples were fixed in 4% para-
formaldehyde in 0.1 M phosphate-buffered saline (PBS) at pH 7.4,
for 1 day at 4°C, washed overnight in PBS containing 15% su-
crose, embedded in tissue-Tek, quick-frozen by immersion into
isopentane chilled in liquid nitrogen, and finally stored at –80°C
until used. The frozen tissues were sectioned (10 µm) in a cryocut

(Bright). Morphological control observations were realised by
Mann-Dominici staining process (toluidine blue–eosin).

For immunocytochemistry, tissue sections were incubated in:
(a) 15% sucrose PBS buffer (30 min), then washed in PBS
(3×10 min), (b) 50 mM NH4Cl in PBS (10 min), then washed in
PBS (3×10 min), (c) PBS with 4% BSA to minimize nonspecific
labelling (30 min), (d) primary antibody diluted in PBS overnight
in a humid chamber at 4°C, (e) appropriate fluorochrome conju-
gated antibody (2 h), then washed in PBS (3×10 min). For double
labelling, both antibodies were incubated one after the other.

Specific CT detection was performed with an antiserum raised
in sheep against human CT (generous gift from Dr. A. Jullienne, U
349 INSERM, Hôpital Lariboisière, Paris, France), and an anti-
sheep antibody coupled with AMCA (7-amino-4-methyl cou-
marin-3-acetic acid) purchased from Sigma Immunochemicals
(Saint-Quentin Fallavier, France). Anti-laminin serum was pro-
duced in a rabbit by immunization with EHS tumour purified lam-
inin (Sigma Immunochemicals). Collagen type IV was revealed
with a polyclonal rabbit serum obtained by immunization with an
antigen isolated from human placenta (ICN Biochemicals, Orsay,
France). The secondary antibody was a fluorescein isothyocyanate
(FITC)-conjugated anti-rabbit IgG serum (Interchim, Montluçon,
France). The specificity of the reactions was tested by using nor-
mal serum or irrelevant antibodies, or specific antibody saturated
by an excess of antigen, when possible (CT detection), as a substi-
tute for primary antibodies. All controls were negative.

The in situ hybridization procedure has been described previ-
ously [15]. In short, frozen tissue sections were rehydrated for
30 min in PBS containing 15% sucrose, washed in PBS
(2×15 min), post-fixed with 4% paraformaldehyde in 0.1 M phos-
phate buffer, pH 7.4, for 30 min, washed with 2xSSC (5 min).
Laminin α2 mRNA detection was performed with two different
oligonucleotide probes made and purified by Genset (Paris,
France). They were complementary to two different parts of the rat
laminin α2 sequence [18]. The first sequence, corresponding to
nucleotides 301–341, was 5′GCTGGGCACCATACTGGCTTTG-
GGCCCATCCAAAGCTCTC3′, and the second one was 5′GGA-
GGTTGTCAGCAACAGCGGTCTTGACATGGACAACG3′, cor-
responding to nucleotides 76–114. They were end-labelled with
35S-ATP by terminal deoxynucleotidyltransferase (Boehringer,
Meylan, France). Prehybridization was carried out with 50 µl of
the prehybridization solution (20% formamide, 10% dextran sul-
fate, 0.2% SDS, 0.3 M NaCl, 2 mM EDTA, 80 mM Tris-HCl
pH 7.5, 0.1% Na-pyrophosphate (Merck, Nogent-sur-Marne,
France), 0.1 mg/ml heparin 25,000 U (Boehringer, Meylan,
France) 10 mM DTT (Sigma, Saint-Quentin Fallavier, France) un-
der a coverslip in a humid chamber, at 42°C for 1 h. Slides were
washed rapidly with 4×SSC. Tissue sections were incubated over-
night with 30 µl of the hybridization solution (20% formamide,
4×SSC, 5× Denhart’s solution, 5% dextran sulfate, 250 µg/ml her-
ring sperm DNA, 250 µg/ml E. coli tRNA) (Boehringer, Meylan,
France) containing the probe (2.105 cpm for each slide), under a
coverslip sealed with rubber cement, in a humid chamber at 42°C.
Slides were extensively rinsed and shaken, first with 4×SSC, then
with solutions of increasing stringency, 1×SSC (1×30 min),
0.1×SSC (2×60 min).

The immunolocalization of CT was performed at this step, as
described above, prior to the application of photoemulsion
(Amersham LM-1). After exposure for 3–4 weeks at 4°C, slides
were developed then mounted in Mowiol. They were observed,
and micrographs were prepared, under fluorescent and dark-field
microscopy using an Axiophot Zeiss microscope.

To assess the specificity of the signal, hybridization was ac-
complished with two probes complementary to two different se-
quences of the α2 laminin gene: similar labelling was observed for
the same tissues. Observations were made on all the tissues in the
area. A strong signal was found under the epithelium of the oe-
sophagus. Negative controls were obtained with the hybridization
mixture, but without the probes, or through the pretreatment of
sections with ribonuclease (20 µg/ml) for 1 h at 37°C.

Metabolic labelling was performed on rMTC 6-23 cells cul-
tured on plastic, on day 6 after plating, and on biopsies of a subcu-
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taneous tumour. In the latter case, the tumour was dissected under
sterile conditions, cut into small pieces and maintained in culture
medium. Then 0.5 mCi/ml of the Tran35S-label metabolic labelling
reagent containing L-35S-methionine and L-35S-cysteine
(1000 mCi/mmol, ICN Biochemicals, Orsay, France) was added to
both culture media for 18 h. At the end of labelling, the spent me-
dia were collected and centrifuged to eliminate cellular debris.
Cells were washed three times with DMEM, then lysed in buffer
1: 50 mM Tris-HCL, 0.4 M NaCl, 2 mM EDTA, 1% Triton X-100
(w/v), 0.4% SDS (w/v), 1 µg/ml aprotinin, 2 µg/ml leupeptin,
0.1 mg/ml ovomucoide, 1 mM PMSF, pH 8 (Sigma). Samples
were kept frozen at –70°C until use. Aliquots of cell extracts
(300 µl) and medium (700 µl) were used for laminin immunopre-
cipitation according to the method previously described (André et
al. 1994). All steps were performed at 4°C. Samples were pre-
cleared by an overnight incubation and shaking with 50 µl rabbit
preimmune serum, then by 2 h with protein A-Sepharose (CL 4B;
Sigma) slurry in buffer 1 containing 4% bovine serum albumin
(wt/v). Beads were removed by centrifugation (16,000g, 5 min),
and the supernatants were incubated for 3 h, with 50 µl of rabbit
anti laminin-1 serum obtained by immunization with murine lami-
nin purified from the EHS tumour [1], then with the protein A-Se-
pharose slurry for 2 h. The antigen–antibody complexes were
washed 10 times with buffer 1 and twice with 50 mM Tris-HCl
buffer (pH 8.8), then solubilized in buffer for electrophoresis, as
previously described [3]. Samples were applied to 3%–12% poly-
acrylamide gels, and 14C-labelled protein standards (Gibco BRL,
Cergy Pontoise, France) were included (1.12 nCi/lane). These
were myosin heavy chains, 200 kDa; phosphorylase b, 97.4 kDa;
bovine serum albumin, 68 kDa; ovalbumin, 43 kDa; carbonic an-
hydrase, 29 kDa; β-lactoglobulin, 18.4 kDa; lysosyme, 14.3 kDa.
Following electrophoresis, proteins were fixed and stained with
Coomassie blue R 250 (Fluka). For autoradiography, gels were
dried then exposed to Hyperfilm β-Max (Amersham International,
Les Ulis, France) at –70°C for 3–4 weeks.

For the polymerase chain reaction, cDNA was synthesized
from 1 µg total RNA extracted from 6–23 cell cultures by the gu-
anidium thiocyanate method [6]. The reaction mixture had a final
volume of 20 µl, and contained 75 mM KCl, 25 mM Tris-HCl
(pH 8.4), 3 mM MgCl2, 10 mM nuclease-free DTT, 20 U of RNA-
sin, 200 U of reverse transcriptase superscript (BRL), 1 mM of
each dNTP and 40 pmol of a 3’oligo-dT primer. Primer extension
was performed for 1 h at 37°C. The reaction mixture was then di-
luted to 100 µl with the same buffer containing 50 pmol of each
specific primer and 1 unit of Taq polymerase. PCR primers for the
α2 chain were derived from the known rat sequence [18] (anti-
sense 5′GGGAGGAGAATCTGAATGGTGG3′, sense 5′TTGGC-
CGAGTAGAGTATCCG3′). The amplified sequence was around
157 pb. PCR reactions were performed in a thermocycler with
20 µl of the reverse transcription volume. The cycling conditions
were 30 s at 94°C, 30 s at 55°C, 30 s at 72°C, 30 cycles. Ampli-
fied fragments were visualized by ethidium bromide after electro-
phoresis on 2% agarose gel, then transferred to a nylon membrane
(GeneScreen NEN). They were hybridized overnight, with a spe-
cific oligonucleotide antisense probe 32P-labelled using terminal
deoxynucleotidyl transferase, at 42°C, then washed in stringent
conditions. For a control, amplification was performed either with
no RNA, or after a 1-h treatment with ribonuclease at 37°C.

Results

The histopathological aspect of Wag/Rij rat thyroid and
MTC tumours is shown in Fig. 1A, B. C cell diffuse hy-
perplasia is genetically determined in Wag/Rij rats and
can be observed from the age of 3 months onwards [12].
With increasing age, (from 18 months onwards) more
than half of the population develops a C cell tumour:
during the early steps in oncogenesis, the proliferative C
cells progressively invade the periphery of several adja-

cent follicles, while the thyrocytes are drawn towards the
centre (Fig. 1A). This step leads to the formation of
small and then larger nodules comprising still differenti-
ated C cells, which are positive to CT antibodies. The tu-
mour increases in size, with more and more nodular fol-
licles located at the periphery of the tumour mass. These
newly incorporated follicles are still surrounded by their
connective tissue (Fig. 1B). In the meantime, the centre
of the tumour becomes disorganized, and the neoplastic
cells lose their endocrine phenotype, becoming negative
to CT (or CGRP) antibodies [13].

On normal and pathologic thyroid sections, simulta-
neous immunolocalization of CT and BM constituents
was accomplished by double immunolabelling. The im-
munocytochemical study showed that in normal and hy-
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Fig. 1A, B Histological aspects of spontaneous MTC in 18-
month-old Wag/Rij rats (routine Mann-Dominici staining). A C
cell multifocal nodular hyperplasia in a thyroid lobe. This small
tumour is composed of five adjacent follicles. In three nodules, the
remaining layer of thyrocytes and colloid is observed (arrows),
and these C cell nodules are clearly delimited by a layer of con-
nective tissue (arrowheads). The two others have merged and are
enclosed within the same connective envelope (asterisks). ×170
B Large multilobulated tumour. At the periphery the nodules are
clearly distinguishable, separated by connective tissue and show-
ing thyrocytes surrounding colloid in the centre (arrows). The cen-
tral part of the tumour is completely disorganized, showing at least
three follicles joined together (asterisks) and disrupted connective
tissue (arrowheads). ×65&/fig.c:
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Fig. 2A–F Immunocytochemical localization of laminin in thy-
roid and MTC. Laminin and CT-positive C cells were detected by
double immunostaining, using anti-laminin/FITC (A, C, E) and
anti-CT/AMCA (B, D, F). A, B Thyroid from a 2-year-old rat,
showing diffuse C cell hyperplasia; the follicles in which CT-posi-
tive C cells are observed (B arrow) are surrounded by an immuno-
reactive laminin layer (A) follicular lumen containing the colloid
(Co). ×440 C, D, E, F Spontaneous tumours (T) in a 2-year-old rat

thyroid. An immunoreactive laminin layer is observed, surround-
ing the thyroid follicles and the tumour (C arrow), which appears
to be constituted of immunoreactive neoplastic C cells (D). ×275
The laminin layer is no longer observed around the large tumour
(arrow), but is present around the two small nodules developing in
the follicles close to the tumour (E); the tumour comprises essen-
tially dedifferentiated CT-negative C cells (F) (V blood vessel).
×275&/fig.c:



perplastic thyroids of young and aged rats, the thyroid
follicles were limited by a BM that was immunoreactive
both for laminin (Fig. 2A, B) and for collagen IV, which
was colocalized (not shown). Immunostaining revealed
that a continuous laminin layer was maintained around
these nodules and also around tumours that were still dif-
ferentiated (Fig. 2C, D). However, when the tumour in-
creased in size, the peripheral laminin staining was
weakened, fragmented, then became undetectable. The
impairment of laminin immunoreactivity around the
large tumours occurred gradually with a decrease in CT-
positive cells (Fig. 2E, F), characteristic of the neoplastic
MTC dedifferentiation process and of the enhancement
of malignancy. Meanwhile, these tumours were invaded
by blood capillaries, which were lined with an intense

immunoreactive laminin layer, totally restricted to the ar-
eas of angiogenesis.

In young rats, tumours were induced by injection of
rMTC 6-23 cells in an orthotopic position or subcutane-
ously. As already reported, this cell line is largely dedif-
ferentiated and tumours were always immunonegative to
CT antibodies [14, 38]. Fifteen days after grafting, the
tumour mass was encapsulated in thick multilayere con-
nective tissue, but no staining with laminin and collagen
IV antibodies was detected in the peripheral layer from 2
to 15 days after transplantation.

The persistence of an immunoreactive BM layer
around the C cell nodules during the slow process of tu-
mour evolution suggests an implication of these cells in
the elaboration of its constituents. Laminins, essential
molecules for BM assembly, are frequently synthesized
by tumour cells. We therefore investigated the ability of
rMTC 6–23 cells to produce laminin molecules in vitro
and in vivo, by metabolic labelling performed on tumour
cell cultures and on biopsies of tumours induced by a
subcutaneous injection of the same cells (two materials
that are easily available). In cell lysates and culture me-
dia from both samples, laminin molecules were immuno-
precipitated with an anti-murine laminin-1 serum, which
recognizes the α1, β1 and γ1 laminin-1 chains. Thus, any
molecule of the laminin family sharing at least one sub-
unit with laminin-1 was recognized and immunoisolated.

After an 18 h labelling with 35S-methionine, three ma-
jor polypeptides were detected in cultured rMTC 6/23
cells and biopsy extracts after electrophoresis under re-
ducing conditions and autoradiography. The apparent
molecular masses of the light chains (200 kDa) were
characteristic for the γ1 and β1 laminin chains. The lami-
nin heavy chain migrated as a protein doublet of
380/350 kDa; identical results were observed with the
conditioned media of corresponding samples (Fig. 2). In-
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Fig. 3 Demonstration of LN-2 polypeptide neosynthesis by neo-
plastic C cells. After labelling and immunoprecipitation of extracts
of the C cells (Ec), tumour tissues (Et), and their respective media
(Mc, Mt), autoradiography showed two major bands of about 210
and 220 kDa, the γ and β chains, and a 380–350 kDa doublet cor-
responding to the α2 heavy chain (arrow). The electrophoretic
mobility of the α1 chain (400 kDa) was evaluated by the migration
of an EHS sample on the gel. The molecular masses of the radiola-
belled markers are indicated in the right margin&/fig.c:
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Fig. 4A, B Amplification of α2 gene of cultured rMTC 6-23 cells
by RT-PCR. A α2 PCR products (157 bp) were electrophoresed
through a 2% agarose gel. B Autoradiogram of the Southern blot
after hybridization with a 32P-labelled specific probe. The control
lane contains no RNA. DNA ladder F5 100 pb (Promega)&/fig.c:

Fig. 5A, B In situ hybridization of α2 chain mRNA on a thyroid
and a spontaneous tumour in a 2-year-old rat. Epifluorescence of
hyperplastic and neoplastic C cells detected by anti-CT/AMCA,
combined with dark-field image of the labelled α2 mRNA. A Thy-
roid section: the signal is quite similar in both cell types (immuno-
reactive C cells and follicular cells), and significantly higher than
that of the background on the colloid (Co). ×240 B Spontaneous
tumour: high signal on the central area of the tumour exhibiting a
weak CT immunoreactivity (bottom) but low signal on the immu-
noreactive cells located at the periphery (top) (Co remnants of a
thyroid follicle, arrowheadsgroups of red cells seen with the dark
field) ×120&/fig.c:

▲



terestingly, under the same labelling conditions, a poly-
peptide doublet with a similar molecular mass has al-
ready been observed in thyroid follicular cells [1]: the
380 kDa chain was identified as the α2 heavy chain of
laminin-2, which substitutes for the α1 chain of laminin-
1, and the 350 kDa polypeptide chain as the product of a
proteolytic cleavage of the 380 kDa α2 chain. In cell ex-
tracts, β1 and γ1 chains were present in greater amounts
than the heavy chain doublet, suggesting the presence of
some β1−γ1 complexes devoid of heavy chain. The ab-
sence of the α1 heavy chain (400 kDa) was confirmed on
a sample of laminin-1, extracted from an EHS tumor,
loaded on the gel. Moreover an additional polypeptide
chain of 150 kDa was noted in tumour cell extracts as
well as in media, suggesting the presence of entactin in
these samples (Fig. 3).

The expression of the α2 mRNA heavy chain by
rMTC cells was confirmed by hybridization with a rat

α2 laminin-specific probe of a cDNA fragment, ampli-
fied by RT-PCR (Fig. 4).

In rMTC cell cultures, in vitro immunocytochemical
investigations failed to detect laminin-specific deposits
around or inside these cells.

The in situ expression of the α2 chain mRNA was in-
vestigated in normal thyroid follicles, during the succes-
sive steps towards MTC and in the induced orthotopic
tumours. To identify the normal C cells in follicles and
to determine the differentiated vs dedifferentiated status
of the tumour cells, along with the α2 gene expression,
we used a two-step procedure: in situ hybridization was
followed by anti-CT serum immunostaining on the same
sections.

The results showed that the labelling with the laminin
chain α2 probes was similar on thyrocytes and normal
immunoreactive C cells and remained low even after a
long exposure (Fig. 5A). A similarly low signal was ob-
served on hyperplastic foci and on nodules. Conversely,
stronger labelling was observed on the large spontaneous
tumours, particularly in the central part (Fig. 5B). As al-
ready shown [13, 15], cells located in the centre were
largely immunonegative, thus indicating that they were
dedifferentiated, while tumour cells located at the pe-
riphery and thus close to the remnants of the BM were
still immunopositive to anti-CT antibodies.

In the same way, a high level of α2 mRNA transcripts
was detected on the induced tumours considering the
weak signal observed on the thyroid tissue in the same
section (Fig. 6A, B). As already mentioned, these tu-
mours are dedifferentiated and negative to CT antibod-
ies.

Discussion

We have examined those relationships between C cells
and the underlying follicular BM that are modified dur-
ing hyperplasia and MTC evolution. It is well known that
oncogenesis is greatly influenced by extracellular signals
transmitted via ECM and its receptors [21, 34]. Immuno-
cytochemical localization of laminin showed that the
continuous BM lining normal and hyperplastic follicles
was maintained around C cell nodules. The slow rate of
development of the nodular structures (several months)
and their increase in size raise the question of the pro-
duction and renewal of the BM constituents. In the thy-
roid, only the follicular cells are known to be implicated
in the elaboration of the follicular BM constituents. Im-
munostaining has revealed that both laminin isoforms,
laminin-1 and laminin-2, colocalize in the follicular BM
of porcine thyroid [1]. It is generally considered, howev-
er, that epithelial and stroma cells participate in the con-
trolled production of ECM molecules [27, 28]. A contri-
bution of C cells to the elaboration of BM components
has not been demonstrated before.

We examined the expression of laminin isoforms in
the tumour rMTC cell line 6-23 issued from a Wag/Rij
tumour, as C cell lines depicting the normal characteris-
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Fig. 6A, B In situ hybridization of α2 chain mRNA on a 7-day
rMTC 6-23 orthotopically induced tumour. A The dark-field im-
age shows the strong labelling on the tumour (T), compared with
the weak background signal observed on the colloid (arrows) and
the low labelling on the thyroid follicular cells (Th). This indicates
a high expression of the α2 mRNA in neoplastic C cells. B Histo-
logical aspect of the transplanted tumour mass stained by routine
Mann-Dominici method. ×75&/fig.c:



tics of the in situ cells are not available. We show here
that these cells were able to synthesize and secrete into
the medium the α2, β1 and γ1 chains corresponding to
the laminin-2 isoform, in cultures or in tumours induced
by their injection. The α2 heavy chain was visualized as
a doublet of 380–350 kDa. The presence of the same
doublet has been reported in primary cultures of thyrocy-
tes: the 380-kDa peptide corresponds to the uncleaved
form of the α2 chain, which is often detected as two
polypeptides (300 and 80 kDa), while the 350-kDa poly-
peptide could be the result of a proteolytic cleavage of
the 380-kDa molecule, as suggested for the follicular
cells [1]. The expression of α2 mRNA in these neoplas-
tic C cells was confirmed by RT-PCR.

Owing to the heterogeneity of the normal thyroid tis-
sue and the paucity of C cells, biochemical investigations
on laminin synthesis could not be conducted on normal
C cells. We therefore examined the in vivo expression of
α2 mRNA on thyroid and MTC tissues by in situ hybrid-
ization combined with a CT immunolocalization. This
revealed low expression in both thyrocytes and C cells,
as well as in small tumours with CT-positive C cells.
During hyperplasia, C cells could participate in a coordi-
nated elaboration process of the nodular BM. Conversely,
we found an overexpression of laminin α2 gene in the
dedifferentiated cells of both induced and spontaneous
intrathyroid tumours. This result suggests that during the
MTC tumour evolution in vivo cell dedifferentiation is
marked by deregulation of the expression of laminin
genes, as in tumour cells in vitro. However, we observed
that the basal layer was gradually impaired around the
large, partly dedifferentiated tumours. Previous ultra-
structural studies on human and rat MTC tumours have
also described progressive BM fragmentation [8, 9]. In
tumour tissues, the loss of BM frequently observed is
considered to result from protease destruction, but it
might also be due to deregulated assembly of the constit-
uents synthesized by different cell types.

ln vitro, immunocytochemical investigations also re-
vealed no intra- or extracellular laminin deposits in
rMTC cells, which synthesize and secrete the three lami-
nin-2 chains into the culture medium. A lot of data has
been generated on the ability of tumour cells or cells in
primary culture, to express and synthesize different ECM
molecules, in particular the laminin isoforms. Consider-
able heterogeneity concerning the nature of the mole-
cules and their integration into a BM structure has been
reported among the different cell types in vitro or in car-
cinoma [10, 23–26, 35] (Feracci et al., unpublished re-
sults). The significance of the deregulation in the expres-
sion and synthesis of ECM molecules in tumour cells
and the putative relationships with the neoplastic process
are difficult to determine. It has been suggested recently
that a soluble form of laminin-2 may modulate the onco-
genicity and the metastatic capacity of tumour cells [11].
However, studies on the mammary gland in vitro demon-
strated that the nature of the substratum influences the
expression of different ECM constituents [29, 30]. In
MTC, the laminin α2 gene overexpression could result

from the progressive loss of ECM, and it may correlate
with the C cell dedifferentiation process. The implication
of this overexpression in the cancer process requires fur-
ther investigation.
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