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Sapienza”, Roma; the Dipartimento di Scienze Mediche,‡
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Tissue distribution of dendritic cells was investigated
in eight cases of papillary carcinoma of the thyroid
using immunohistochemistry. Most dendritic cells
had an immature phenotype (CD1a11 , CD11c1 ,
CD401 , CD862 , HLA-DR2) and were located at the
invasion edge of the tumor. This pattern of distribu-
tion was profoundly different from that of CD681
macrophages, which were evenly distributed
throughout the tumor. The ability of tumor cells to
release chemotactic factors active on dendritic cells
was investigated in primary cultures of the same cases
of papillary carcinoma, and was compared to that of
the corresponding normal thyroid cells obtained
from the tumor-free contralateral lobe. Chemotactic
activity of culture supernatants was tested against
dendritic cells in a chemotaxis chamber. It was found
that papillary carcinoma cells were active in releasing
chemotactic activity, that hepatocyte growth factor
(HGF; 100 ng/ml) or interleukin (IL)-1b (103 U/ml)
induced a fourfold increase in the amount of chemo-
tactic activity released, and that normal thyroid cells
obtained from the same patients were as effective as
tumor cells. Characterization of chemokines at RNA
level revealed that unstimulated cells contain large
amounts of IL-8 and monocyte chemotactic protein
(MCP)-1 RNAs, and that stimulation with HGF or IL-1b
induced RNAs for regulated upon activation normal T
expressed and secreted (RANTES), macrophage in-
flammatory protein (MIP)-3a , interferon-g-inducible
protein 10 (IP-10), and, to a lesser extent, MIP-1a and

MIP-1b. The possibility that HGF/Met interaction has
a biological role in vivo was investigated in serial
sections of six tumors immunostained for CD1a1 ,
Met protein, and HGF. It was found that all six tumors
were intensely and diffusely positive for Met protein,
that HGF staining was present in tumor cells of the
advancing edge, and that HGF1/Met1 tumor cell
nests were infiltrated by CD1a1 dendritic cells. The
foregoing observations are consistent with the possi-
bility that HGF stimulation of Met1 tumor cells is one
of the molecular mechanisms involved in the recruit-
ment of dendritic cells. (Am J Pathol 2000,
156:831–837)

Papillary carcinoma of the thyroid is associated with a
striking chronic inflammatory reaction in about 30% of
cases.1,2 Inflammatory cells are often aggregated to form
an organized lymphoid tissue, defined tumor-associated
lymphocytic thyroiditis, which is directed against the tu-
mor and spares the peritumoral normal thyroid. Lympho-
cytic thyroiditis has a direct influence on tumor prognosis.
In two independent studies it has been demonstrated that
the presence of lymphocytic thyroiditis is associated with
a statistically significant improvement in overall survival
and in cancer recurrence rates.3,4 Moreover, a signifi-
cantly greater proportion of patients with lymphocytic
thyroiditis belonged to lower pathological tumor-node-
metastasis stages, suggesting that the inflammatory re-
action is effective in containing growth and spreading of
tumor cells.4,5

Experimental studies have demonstrated that dendritic
cells have a pivotal role in the development of anti-tumor
immunity.6 The importance of dendritic cells in papillary
thyroid carcinoma is documented by an early study
showing that patients with a dense infiltrate of S-1001
dendritic cells in the tumor had a more favorable prog-
nosis irrespective of other morphological and clinical fea-
tures.7 Tissue recruitment of dendritic cells is mediated
by chemokines.8 Presently, more than 40 chemokines
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have been identified that bind to about 10 generally
promiscuous chemokine receptors expressed by leuko-
cytes.9,10 In the present study we have investigated the
molecular mechanisms involved in dendritic cell recruit-
ment in papillary carcinoma of the thyroid.

Materials and Methods

Cell Cultures

Primary cultures of normal and neoplastic thyroid cells
were established from surgically removed thyroids. None
of the patients had a previous history of hypothyroidism
or of Hashimoto thyroiditis; moreover, a histological pic-
ture consistent with Hashimoto thyroiditis was not ob-
served in thyroid sections. All of the patients were eval-
uated for autoantibodies and were negative. In brief,
fragments of 12 papillary carcinomas, 1 medullary carci-
noma, and normal-appearing thyroid tissue obtained
from the tumor-free contralateral lobe or from the peritu-
moral histologically normal tissue of the same patients,
were digested with a collagenase-hyaluronidase mixture
(Sigma, Milan, Italy) for 2 hours at 37°C. Cells were
washed 33 with phosphate buffered saline, and were
plated on Primaria plates (Falcon, NJ) at a density of 1 3
106 cells/75 ml flask.11,12 Primary cultures were main-
tained in Dulbecco’s modified Eagle’s medium (DMEM,
GIBCO, Scotland) supplemented with 10% fetal bovine
serum (passaged FBS; Life Technologies, Milan, Italy),
and were passed every 15 days for a period of 60 days.

Normal and tumor cells grew as adherent cells, formed
a confluent monolayer after 10 to 20 days, had epithelial
morphology, and were immunostained for cytokeratin
and thyroglobulin (Dako, Dakopatts, Glostrup, Denmark).
Cultured thyroid cells were responsive to thyroid-stimu-
lating hormone (TSH; Sigma); in fact, exposure for 48
hours to 200 ng/ml induced a two- to threefold increase in
the percentage of thyroglobulin-positive cells. The per-

centage of thyroglobulin-positive cells decreased with
time, and was extremely low after 60 days of culture.

Figure 1. Cryostat sections of a case of papillary carcinoma of the thyroid
immunostained for CD1a (a) and for CD68 (b). Tumor-associated CD1a1
dendritic cells and CD681 macrophages show a different pattern of distri-
bution. Most CD1a1 dendritic cells are located in correspondence of the
advancing edge of the tumor. CD681 macrophages are present throughout
the tumor, in the connective stroma of the papillae and in the follicle lumen.
Original magnifications, 3250 (a) and 3400 (b); ABC-peroxidase, counter-
stained with hematoxylin.

Table 1. Tissue Distribution of S-1001 Dendritic Cells and CD681 Macrophages in Tumor Sections of Papillary Carcinoma and
Medullary Carcinoma of the Thyroid and in Surrounding Normal Thyroid Tissue

Case no. Age/Sex

S-1001 dendritic cells CD681 macrophages

Tumor
periphery

Tumor
inside

Normal
thyroid

Tumor
periphery

Tumor
inside

Normal
thyroid

Papillary carcinoma
1 26/F 0 (2)* 1 (2) 0 (2) 18 32 4
2 27/F 49 (1/2) 17 (2) 0 (2) 25 17 6
3 40/F 38 (1) 9 (2) 0 (1/2) 47 59 2
4 18/F 9 (2) 3 (2) np 49 58 np
5 24/F 6 (2) 1 (2) 0 (2) 39 44 5
6 42/F 35 (1/2) 3 (2) 0 (2) 69 82 1
7 51/M 63 (11) 2 (1) 2 (2) 80 42 12
8 32/F 11 (1) 8 (1/2) np 92 88 np

Medullary carcinoma
20 63/F 0 (2) 0 (2) 0 (2) 14 13 1
21 35/M 0 (2) 0 (2) 0 (2) 13 16 0
22 51/M 0 (2) 0 (2) 0 (2) 18 15 2

Paraffin sections of the tumor were immunostained for S-100 protein and for CD68 using ABC-peroxidase. The number of immunostained cells
present in a 2503 microscope field are reported. Positive cells were counted at the periphery of the tumor, ie, the advancing edge, inside the tumor,
and in peritumoral normal thyroid tissue.

*Symbol in parentheses indicates presence and extent of the lymphocytic infiltrate in each site; 2, absent; 1/2, mild; 1, moderate; 11, rich; np,
not present.
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Chemotactic activity was evaluated in supernatants of
thyroid cells kept in culture for no longer than 45 days in
10% fetal bovine serum (FBS). In some experiments,
thyroid cells were starved for 24 hours, then incubated for
additional 6 to 24 hours with one of the following activat-
ing agents: 20–100 ng/ml HGF (recombinant human
HGF, produced in the baculovirus expression system,
and activated by overnight incubation with FBS13), 200
ng/ml TSH, 20 ng/ml epidermal growth factor (EGF), 103

U/ml interleukin-1b (IL-1b), Chemicon International, CA),
or 10% FBS, before collection of supernatants.

Migration Assay

Cell migration was evaluated using a chemotaxis cham-
ber (Neuroprobe, Pleasanton, CA), and polycarbonate
filter (5 mm pore size, Neuroprobe) as previously de-
scribed.14,15 Progressive dilutions of culture superna-
tants (1/3, 1/9, and 1/27) were used as chemoattractants.
Cell suspensions (0.7–1.0 3 106/ml) were incubated at
37°C for 90 minutes. Results are expressed as the mean
number of migrated cells in five high power fields
(10003). Each experiment was performed in triplicate.

Dendritic cells were differentiated in vitro as previously
described.14,15 Blood monocytes (.95% CD141), ob-
tained by Ficoll and Percoll gradients, were purified by
panning on CD6-coated plastic dishes. Monocytes were
cultured for 7 days at 1 3 106/ml in RPMI 1640 (Bio-
chrom, Germany), 10% FCS (Hyclone, Logan, UT), with
50 ng/ml GM-CSF and 10 ng/ml IL-13. IL-13 was a gift
from Dr. A. Minty (Sanofi Elf Bioa Recherces, Labège,
France). MIP-1a was from Pepro Tech, Inc. (Rocky Hill,
NJ). GM-CSF was obtained from Novartis, Italy.

RNase Protection Assay (RPA) and Reverse
Transcription-Polymerase Chain Reaction

Total RNA was extracted from unstimulated cells, HGF-
stimulated (20–100 ng/ml for 10 minutes or 6, 24, or 72
hours) cells using RNA FAST (Molecular System, San
Diego, CA).

In RPA, multiprobe template sets hCK-5 (containing
DNA template for lymphotactin (Ltn), RANTES, IP-10,
MIP-1b, MIP-1a, monocyte chemotactic protein-1 (MCP-
1), IL-8, I-309, L32, and GAPDH) were purchased from
Pharmingen (Becton Dickinson, San Diego, CA). The
DNA template were used to synthesize the [a32P] UTP
(3000 Ci/mmol, 10 mCi/ml, Amersham Life Science, Little
Chalfont, UK) labeled probes in the presence of a GACU
pool (GTP 1 ATP 1 CTP 1 VTP) using a T7 RNA poly-
merase (Promega, Madison, WI). Hybridization with 5 to
10 mg of each target RNA was performed overnight fol-
lowed by digestion with RNase A and T1. The samples
were treated by proteinase K/sodium dodecyl sulfate
mixture and then extracted with chloropan and precipi-
tated in the presence of ammonium acetate. The samples
were loaded on an acrylamide-urea sequencing gel next
to the labeled probes, and run at 36W with 0.5% Tris-
borate/EDTA. The gel was absorbed to filter paper, dried
under vacuum, and exposed on Kodak X-AR film with
intensifying screen at 270°C.

Single-strand cDNA was synthesized from 2 mg total
RNA using avian myeloblastosis virus-reverse transcrip-
tase (Promega). Primers used for polymerase chain re-
action (PCR) were: MIP-3b (Epstein-Barr virus-induced
molecule 1 ligand chemokine): 59-GTC ATA GGT TAA
CTG CTG CGG CG-39 and 59-TGG CAC CAA TGA TGC
TGA AGA CTG-39, amplifying a 243-bp product; MIP-3a
(liver- and activation-regulated chemokine): 59-TTA CAT

Table 2. Chemotactic Activity for Dendritic Cells present in 72-Hour Supernatants of Primary Cultures of Tumor Cells and of
Normal Thyroid Cells Obtained from the Same Patients

Case no. Histology

Tumor cell supernatant Normal cell supernatant

1/3 1/9 1/27 1/3 1/9 1/27

1 Papillary carcinoma 18 6 3 12 6 4 0 28 6 2 12 6 3 0
2 Papillary carcinoma 19 6 2 19 6 1 9 6 2 17 6 4 10 6 4 7 6 3
3 Papillary carcinoma 33 6 5 14 6 3 5 6 2 14 6 4 7 6 2 4 6 2
4 Papillary carcinoma 25 6 2 18 6 1 11 6 2 27 6 3 19 6 2 6 6 2
5 Papillary carcinoma 15 6 1 23 6 2 13 6 2 12 6 4 33 6 2 24 6 5
6 Papillary carcinoma 15 6 4 14 6 2 5 6 1 9 6 2 2 6 1 0
7 Papillary carcinoma 23 6 3 10 6 2 0 na na na
7 Lymph node metastasis of

papillary carcinoma
10 6 2 9 6 3 5 6 4

Medullary carcinoma 2 6 1 7 6 3 9 6 3 na na na
MIP-1a (100 ng/ml) 5 34 6 4; *NPAP (1/3) 5 0; *MTC (1/3) 5 30 6 2; *NLTT (1/3) 5 7 6 3

Chemotactic activity for dendritic cells was investigated in 72-hour supernatants obtained from primary cultures of papillary carcinoma cells (seven
primary tumors and one lymph node metastasis) and one medullary carcinoma. Release of chemotactic activity by tumor cells was compared with that
of the corresponding normal thyroid cells obtained from the tumor-free contralateral lobe. In Cases 3 and 6 the contralateral normal lobe contained
small isolated foci of chronic lymphocytic thyroiditis. All the experiments were made with thyroid cells kept in culture for no longer than 45 days. Three
dilutions (1/3, 1/9, 1/27) of each supernatant were tested in 48-well chemotaxis chambers using dendritic cells differentiated in vitro from blood
monocytes as target cells. Migrated cells were counted microscopically in five randomly selected fields per well. The assay was performed in triplicate
and as positive control of migration, MIP-1a was used (100 ng/ml).

*Chemotactic activity of 1/3 dilution of supernatants obtained from three thyroid cell lines established from normal thyroid tissue. NPAP; MTC;
NLTT.

na, not available.
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GTT CTT GAC TTT TTT ACT GAG GAG-39 and 59-ATG
TGC TGT ACC AAG AGT TTG C-39 amplifying a 292-bp
product; b-actin: 59-CAG TGA GGA TCT TCA TGA CC-39
and 59-CTA CAA TGA GTC GCG TGT GG-39 amplifying a
313-bp product. cDNA were amplified by PCR using the
following conditions: 35 cycles of 1 minute at 94°C, 1
minute at 50°C or 55°C or 59°C (depending on the primer
pair), and 1 minute at 72°C. PCR products were resolved
on a 1.5% agarose gel containing ethidium bromide.

Immunohistochemistry

Dendritic cells and macrophages were visualized in
deparaffinized sections of thyroid tumors immunostained
for S-100 protein (1:600) and CD68 (1:300; Dakopatts).

Dendritic cell phenotyping was achieved in cryostat sec-
tions of fresh tumor tissue. Fragments of fresh tissue were
embedded in optimal cryopreserving tissue (OCT) com-
pound (Miles, Elkhart, IN), snap-frozen in liquid nitrogen,
and stored at 280°C until sectioning. Acetone-fixed cry-
ostat sections were incubated with anti-CD1a (1:20, Or-
tho Clinical Diagnostics, Raritan, NJ), CD11c (1:200,
Pharmingen International, CA), CD40, (1:200 Cymbus
Biotechnology, UK), CD86 (1:200, Pharmingen), HLA-DR
(1:25, Dakopatts) for 30 minutes. Met protein (DO-24,
1:200) and HGF (DV-14, 1:200) were demonstrated with
mouse monoclonal antibody whose specificity was pre-
viously described.16,17 Sections were then sequentially
incubated with biotinylated anti-mouse immunoglobulins
followed by streptavidin-peroxidase complex (DAKO
LSAB Kit-peroxidase, Dakopatts). Each incubation step
lasted 10 minutes with multiple 5-minute Tris-buffered
saline washes between each step. The reaction product
was developed using 0.03% H2O2 and 0.06% 3,39-dia-
minobenzidine (Dako DAB, Dakopatts) .

Results

Macrophages and dendritic cells present in papillary
carcinoma of the thyroid were characterized by immuno-
histochemistry in tumor sections. It was found that mac-
rophages and dendritic cells have a different pattern of
distribution (Table 1). In fact, most CD1a1/S-1001 den-
dritic cells were located at the invasion edge of the tumor
(Figure 1a), whereas CD681 macrophages were evenly
distributed throughout the tumor (Figure 1b). Tumor-as-
sociated dendritic cells had an immature phenotype, be-
ing intensely positive for CD1a, moderately positive for
CD11c and CD40, and negative for CD86 and HLA-DR.
Dendritic cells were extremely rare in the peritumoral
normal thyroid tissue and in 3 cases of medullary carci-
noma (Table 1). This latter finding raised the possibility
that tumor cells of papillary carcinoma were actively in-
volved in recruitment of dendritic cells.

The ability of thyroid cells to release chemotactic fac-
tors active on dendritic cells was investigated in primary
cultures of papillary carcinoma cells and of normal thy-
roid cells obtained from the tumor-free contralateral lobe
of the same patients (Table 2). Normal and tumor cells
grew as adherent cells, had epithelial morphology, were
immunostained for thyroglobulin, were responsive to
TSH, and maintained a differentiated phenotype for 60
days in culture. Chemotactic activity of culture superna-
tants was tested against monocyte-derived dendritic
cells using a chemotaxis chamber. Culture supernatants
of papillary carcinoma cells and normal thyroid cells were
all active in inducing dendritic cell migration, with no
significant difference between normal cells and tumor
cells. Furthermore, in Case 7 we had the opportunity to
demonstrate chemotactic activity in tumor cell cultures
obtained from the primary tumor and from a metastatic
lymph node as well. Chemotactic activity was extremely
low in the supernatant of the single case of medullary
carcinoma that we had the opportunity to study. RNA was
extracted from cultured normal and tumor cells in four

Figure 2. a: Total RNA extracted from primary cultures of papillary carci-
noma cells (T) or of normal thyroid cells (N) were hybridized with multi
probe template set kit from Pharmingen labeled with 32Pa-UTP. After single
strand RNA digestion the samples were run on a sequencing gel, dried, and
exposed on Kodak X-AR film for 24 hours. b: Primary cultures of 5 cases of
papillary carcinoma cells (T) and of the corresponding normal thyroid cells
(N) were cultured for 24 hours with or without 100 ng/ml HGF. Total RNA
was extracted and was hybridized with multi probe template set kit from
Pharmingen labeled with 32Pa-UTP. After single strand RNA digestion the
samples were run on a sequencing gel, dried, and exposed on Kodak X-AR
film for 24 hours.

834 Scarpino et al
AJP March 2000, Vol. 156, No. 3



cases and was tested for chemokine mRNA transcripts
using an RNase protection assay. Among the investi-
gated chemokines, cultured cells contained only IL-8 and
MCP-1 mRNAs; only in Case 4 were they also weakly
positive for MIP-1a mRNA (Figure 2a).

It was previously demonstrated that cytokine produc-
tion by thyroid cells is stimulated by IL-1 and is poorly
affected by TSH.18,19 In the experiments reported in Fig-
ure 3, the stimulatory capacity of IL-1b, TSH, EGF, and
HGF was investigated. It was found that HGF and IL-1b
were the only factors effective in increasing the release of
chemotactic activity by papillary carcinoma cells and by
normal cells. TSH and EGF, although ineffective in induc-
ing chemokine release, were nonetheless active in up-
regulating thyroglobulin synthesis (TSH) and inducing
thyroid cell proliferation (EGF; data not shown). Thyroid
cell stimulation with HGF or with IL-1b resulted in the
appearance of RANTES and IP-10 mRNAs, and to a
lesser extent of MIP-1a and MIP-1b in five investigated
cases (Figure 2b). IL-1b was maximally effective after 6
hours, whereas HGF action was more pronounced at 24
hours (Figure 4). In separate experiments we have inves-
tigated the ability of HGF to induce MIP-3a RNA using a
reverse transcriptase-polymerase chain reaction, and we
have observed a maximal response after 24 hours’ incu-
bation with 100 ng/ml HGF (Figure 5).

HGF was included in this study because tumor cells of
papillary carcinoma of the thyroid are characterized by
prominent expression of Met protein, which is the high
affinity receptor for HGF.20,21 The possibility that HGF/
Met interaction has a role in determining dendritic cell
recruitment into tumor was investigated in serial sections
of six cases immunostained for CD1a1, Met protein, and
HGF. Immunostaining for Met protein was diffusely
present in all six tumors and was not observed in normal
thyroid tissue as previously reported.20,21 HGF staining
was present in a small fraction of tumor cells located at
the periphery of the tumor or infiltrating the peritumoral
normal thyroid. Immunostaining of serial sections allowed
us to establish that HGF1/Met1 tumor cell nests were
infiltrated by CD1a1 dendritic cells (Figure 6).

Discussion

Papillary carcinoma of the thyroid is characterized by
overexpression of Met protein, the high affinity receptor
for HGF, in a large proportion (.95%) of the cases.20,21 It
has already been demonstrated that HGF/Met interaction

Figure 3. Supernatants were harvested from normal or tumor cells starved
for 24 hours and then incubated for additional 24 hours with 100 ng/ml HGF,
200 ng/ml TSH, 20 ng/ml EGF, or 103 U/ml IL-1b. Supernatants were tested
for chemotactic activity against monocyte-derived dendritic cells in 48-well
chemotaxis chamber. Mean of migrated cells counted in 5 oil microscope
fields are reported in the figure. All experiments were performed in triplicate.

Figure 4. Normal and tumor cells were stimulated 100 ng/ml HGF, 200
ng/ml TSH, 20 ng/ml EGF, or 103 U/ml IL-1b for 6 (A) or 24 (B) hours.
Between 5 and 10 mg of total RNA extracted from tumor or normal cells were
hybridized with multiprobe template set kit from Pharmingen labeled with
32Pa-UTP. After single strand RNA digestion the samples were run on a
sequencing gel, dried, and exposed on Kodak X-AR film for 24 hours.
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is biologically active in this tumor. In fact, HGF induces a
significant increase in tumor cell invasiveness in vitro12

and stimulates adhesion of tumor cells to extracellular
matrix components (Scarpino S, unpublished observa-
tion). In the present study we provide evidence that HGF/
Met interaction contributes to intratumoral recruitment of
inflammatory cells through induction of chemokine re-
lease by tumor cells. In fact, we have shown that on HGF
stimulation, papillary carcinoma cells produce mRNAs for
RANTES, IP-10, MIP-1a, MIP-1b, and MIP-3a and release
chemotactic activities for dendritic cells. It is reasonable to
postulate that HGF-induced chemokine production is one of
the possible pathways for development of chronic lympho-
cytic thyroiditis in papillary carcinoma. In this regard it is of
interest that another malignant tumor of thyrocyte origin, the
follicular carcinoma, does not overexpress Met protein and
is rarely associated with chronic thyroiditis.

HGF action is limited by the availability of HGF in the
tumor microenvironment. It has been reported that HGF is
constitutively produced by normal fibroblasts22 and is
present in the connective stroma of the thyroid.23 We
have investigated the presence of HGF in tumor sections
using immunohistochemistry and have demonstrated that
HGF production is confined to small clusters of cells
located in the advancing edge of the tumor. This peculiar
location may be related to the role that HGF/Met interac-
tion has in favoring tumor invasiveness. In addition, it may
provide an explanation for recruitment of dendritic cells
selectively at the periphery of the tumor. Indeed we have
shown that dendritic cells and macrophages were both
present within the tumor, but exhibited a different pattern
of distribution. Our observations are supportive of the exis-
tence of finely regulated mechanisms of chemokine release
in tumors which might lead to selective recruitment of defi-
nite leukocyte subpopulations in a given site.24

Dendritic cells associated with the tumor had an im-
mature phenotype (CD1a1/S-1001/CD862/HLA-DR2).
Immature dendritic cells are particularly active in antigen
uptake, but are poorly effective in antigen presentation
and T lymphocyte stimulation.25,26 It has been demon-
strated that immature dendritic cells are attracted by
MIP-1a, MIP-1b, RANTES, MCP-2, -3, -4, and MIP-3a
released at sites of injury.10,27 On maturation, dendritic
cells loose reactivity to MIP-3a, through down-regulation
of CCR6 receptor, and acquire reactivity to MIP-3b
through up-regulation of CCR7. MIP-3b is produced in

lymphoid tissues where antigen-pulsed dendritic cells
are then attracted, and become effective in stimulating T
lymphocytes. The results of our immunohistochemical
study are consistent with this model. Furthermore, the
existence of an intense traffic of dendritic cells through
papillary carcinoma is proven by several descriptions of
prominent accumulation of dendritic cells in draining lymph
nodes. In some of these cases, the accumulation of den-
dritic cells was so pronounced that a diagnosis of Langer-
hans cell histiocytosis was taken in consideration.28–31

This is the first report describing that HGF induces
synthesis and release of chemokines in epithelial cells,
and more specifically in thyroid cells. It is of interest that

Figure 5. Normal or papillary carcinoma cells were stimulated for 6, 24, or 72
hours with 100 ng/ml HGF. Single strand cDNA was synthesized from 2 mg
total RNA using AMV-RT. Primers used for PCR were MIP-3a (amplifying a
292-bp product) and b-actin (amplifying a 313-bp product). PCR products
were resolved on a 1.5% agarose gel containing ethidium bromide.

Figure 6. Serial sections of a case of papillary carcinoma of the thyroid
immunostained for (a) Met protein (DO-24), (b) HGF (DV-14), or (c)
dendritic cells (CD1a). The pictures show a large tumor cell nest adjacent to
a rim of normal thyroid. Most tumor cells are immunostained for Met protein,
whereas reactivity for HGF is prominent only in the outer cells facing the
connective stroma. Numerous CD1a1 dendritic cells infiltrate the tumor area.
The normal thyroid tissue is negative for Met protein and for HGF, and
contains a single CD1a1 dendritic cell. Original magnifications, 3250; ABC-
peroxidase, counterstained with hematoxylin.
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HGF activity was not exerted by other growth factors (TSH,
EGF, or 10% FBS) active on thyrocytes, raising the possi-
bility of a selective mechanism of thyroid cell regulation. Our
findings extend those of previous studies showing that cul-
tured thyroid cells produce IL-8 and MCP-1, and can be
stimulated by IL-1 to increase chemokine production.18,19

Surprisingly, we have found that normal thyroid cells and
tumor cells were equally effective in releasing chemotactic
activity for dendritic cells in culture supernatants. This find-
ing is in open conflict with the observation that dendritic
cells are extremely rare in normal thyroid tissue, and raises
the possibility that culture conditions act as a stimulatory
signal for normal thyroid cells. In support of this view, we
have already reported that normal thyroid cells of primary
cultures express high levels of Met protein and of urokinase-
type plasminogen activator receptor (uPA-R),12 whereas
normal thyroid cells of tissue sections do not.20,21 The bio-
logical role of Met protein in normal thyrocytes is still unde-
fined. We have observed that moderate expression of Met
protein is present in fetal thyroid, in Hürthle cells of Hashi-
moto thyroiditis, and in hyperfunctioning thyrocytes of
Graves’ disease.20,21 Taken together, our findings may in-
dicate that up-regulation of Met receptor is an early event in
thyroid cell alteration induced by various agents. In some of
these instances, stimulation of Met receptor by environmen-
tal HGF might cause chemokine release, pericellular accu-
mulation of inflammatory cells, and elimination of damaged
thyroid cells. If this is true, HGF/Met interaction might rep-
resent one of the molecular mechanisms aimed at the main-
tenance of the integrity of the thyroid gland.
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