Endocrine Journal 1995, 42 (5), 723-728

RariD COMMUNICATION
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Abstract. Although c-kit proto-oncogene product is known to be weakly expressed on normal
thyrocytes, its function is unclear. In order to investigate the significance of thyroid c-kit, c-kit gene
expression in 37 various thyroid tissues was analyzed by comparing c-kit gene expression with the
mRNA expression of three thyroid-specific genes: thyroid peroxidase, thyroglobulin, and thyroid
stimulating hormone receptor. c-kit mRNA was hardly detected by the usual northern blot method in 2
of 7 follicular carcinomas, 11 of 12 papillary carcinomas, and a medullary carcinoma. On the other hand,
a high level of c-kit mRNA expression was found in all 17 benign thyroid tissues (4 normal thyroid
tissues, 4 Graves’ disease, 2 adenomatous goiters, and 7 follicular adenomas). This study found that c-kit
proto-oncogene is more likely to lose expression in differentiated thyroid carcinoma than any thyroid-
specific gene. Decreased c-kit gene expression may serve as an indicator for the de-differentiation of

thyrocytes.
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mutant mouse strains that bear germ line loss of
function mutations in c-kit and its ligand, respec-

C-KIT PROTO-oncogene is a member of receptor
tyrosine kinase subclass III which also includes re-

ceptors for platelet-derived growth factor and
colony stimulating factor-1 [1]. Genetic studies
have found that the c-kit receptor in mice is mapped
to the dominant white spotting (W) locus [2, 3],
and that the c-kit ligand, which is stem cell factor
(SCF), is a growth factor encoded by the mouse
steel (SI) locus [4-6]. The phenotypes of W and SI
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tively, demonstrate roles for c-kit in melanogenesis,
hematopoiesis, and germ cell development. The
development of anti-c-kit antibodies has enabled
systematic immunohistochemical analyses of the
distribution of c-kit receptor protein to be carried
out. Results of these analyses have demonstrated
c-kit expression in hippocampus, cerebellum, thy-
rocytes, cortical stroma of the ovary, breast
epithelial cells, and salivary gland. However, the
functions of the c-kit receptors in these tissues re-
main unknown [7-9].

There have been reports that c-kit is highly ex-
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pressed or mutated in small cell lung cancer [10],
leukemia cells [11], testicular tumor [12], colon can-
cer [13], neuroblastoma [14] and other tumors. This
indicates that c-kit activity may play an important
role in their oncogenesis. On the other hand, c-kit
expression is lost in breast cancer [15] and melano-
ma [16, 17]. This seems to indicate that c-kit may
have functions in normal breast epithelia and mel-
anocytes.

The expression of c-kit product in thyrocytes is
weak [8, 9]. In a few thyroid carcinoma tissues
used in preliminary studies, no c-kit product was
detected immunohistochemically [7, 8]. Levels of
c-kit protein expression in thyrocytes are too low
to be measured, and probably because of this diffi-
culty, there are no reports on changes in c-kit
expression during thyroid carcinogenesis.

In order to investigate whether c-kit is positively
associated with thyroid carcinogenesis, we ana-
lyzed c-kit gene expression in neoplastic thyroid
tissues. We also compared the c-kit gene expres-
sion in thyroid carcinomas with the mRNA
expression of three thyroid-specific genes known
to be suppressed in carcinoma.

Materials and Methods

Thyroid tissues

All thyroid tissues were obtained surgically from
Japanese patients with various thyroid diseases.
The normal thyroid tissues analyzed in this study
were derived from normal tissue adjacent to ex-
cised thyroids with papillary carcinoma.
Histopathological diagnosis was made according
to the WHO criteria for thyroid tumors [18].

Northern blot analysis

Total cellular RNA was prepared from excised
thyroid according to the guanidinium-CsCl meth-
od. Ten ug of RNA was electrophoresed through
formaldehyde-agarose gels, transferred to a Zeta-
probe membrane (Bio-Rad, NY) and baked at 80
°C for 2 h. Filters were prehybridized for 3 h,
hybridized overnight, and washed according to the
manufacturer’s instructions. Autoradiographic
films were exposed to the filters with intensifying
screens for 2 h to 7 days at —70 °C. The cDNA

probes were labeled with a-32P-dCTP using a Taka-
ra Random Primer DNA Labeling Kit (Takara Co.,
Ltd., Otsu, Japan). The human TPO cDNA probe
was a 2.4 kb Eco RI-Sac I fragment isolated by our
group [19]. The human thyrogrobulin cDNA probe
was a 0.96 kb Bam HI-Pst I fragment obtained from
JCRB (Japanese Cancer Research Resources Bank)
[20]. The human TSH-R cDNA probe was a 2.3 kb
Xho I-Bam HI fragment (courtesy of Prof. G. Vas-
sart, Universite Libre de Bruxelles, Belgium) [21].
Both a 3.8 kb Hind III-Hind III human c-kit cDNA
fragment [1] and a 0.4 kb EcoR I-EcoR I human (-
actin cDNA fragment [22] were kindly given by
Dr. S. Tohda (Tokyo Medical & Dental University,
Japan).

Results

c-kit gene expression was analyzed in 37 various
thyroid tissues by the northern blot method. Fig-
ure 1 shows one of the northern blot analyses. All
results are summarized in Table 1. A high level of
c-kit mRNA expression was found in all benign
thyroid tissues (4 normal thyroids, 4 Graves’ dis-
ease, 2 adenomatous goiters, and 7 follicular
adenomas), while strong underexpression of c-kit
mRNA was found in differentiated thyroid carci-
noma and medullary carcinoma. c-kit mRNA was
not detected by the usual northern blot method in
2 of 7 follicular carcinomas (FTCs), 11 of 12 papil-
lary carcinomas (PTCs), and a medullary carcinoma
(MTQ).

In order to study the correlation between c-kit
expression and thyroid-specific gene expression
(Fig. 1, Table 1), the same northern blot filters used
for the study on c-kit expression were re-hybrid-
ized with cDNA probes of 3 thyroid-specific
differentiation antigens, thyroid peroxidase (TPO),
thyroglobulin (Tg), and thyroid stimulating hor-
mone receptor (TSH-R). TPO mRNA expression
was strongly suppressed in all 12 PTCs and in one
of 7 FTCs (case 24). In case 23, a high level of TPO
mRNA expression was found, but c-kit mRNA ex-
pression was strongly suppressed. Tg mRNA was
strongly underexpressed in 6 of 12 PTCs, and TSH-
R mRNA expression was slightly suppressed in 6
of 12 PTCs.
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Northern blot analyses of neoplastic thyroid tissues. N, normal thyroid tissue; GD,

Graves’ disease; AG, adenomatous goiter; FTA, follicular adenoma; FTC, follicular
carcinoma; PTC, papillary carcinoma; MTC, medullary carcinoma.

Discussion

This comparative study of c-kit and the thyroid-
specific genes in thyroid carcinomas found that the
c-kit gene is more likely to lose expression in thy-
roid carcinoma than the three thyroid-specific
genes. The hierarchy of expression loss was as
follows: c-kit was most likely to lose expression,
TPO next most likely, Tg third, and TSH-R least

likely among the four (Table 1). This suggests that
c-kit may be a good indicator of underexpression
of the three thyroid-specific genes, in other words,
of the de-differentiation of thyrocytes.

Our results do not agree with others’ studies on
c-kit. First, a difference can be found in terms of
the significance of thyroid c-kit in differentiation.
Based on our result that underexpression of c-kit
mRNA was not found in benign thyroid tumors,
we hypothesized that c-kit functions in the differ-
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Table 1. Summary of northern blot studies

mRNA expression

Case Histopathological
No. Diagnosis c-kit TPO Tg TSH-R
1 N +++ ++++ ++++ ++++
2 N +++ ++++ ++++ ++++
3 N +++ ++++ ++++ ++++
4 N ++ ++++ ++++ ++++
5 GD +++ ++++ ++++ ++++
6 GD ++++ ++++ ++++ ++++
7 GD ++++ +++ ++++ ++++
8 GD ++++ +++ +++ ++++
9 AG +++ +++ ++++ ++++
10 AG +++ +++ +++ ++++
11 FTA +++ ++++ ++++ ++++
12 FTA ++++ ++++ +++ ++++
13 FTA ++++ ++++ ++++ ++++
14 FTA +++ ++++ ++++ ++++
15 FTA ++ ++++ ++++ +++
16 FTA +++ ++++ +++ ++++
17 FTA +++ ++++ ++ ++
18 FTC +++ ++++ ++++ ++++
19 FTC +++ ++++ ++++ ++++
20 FTC +++ +++ ++ ++++
21 FTC ++ +++ ++++ ++++
22 FTC + +++ +++ ++
23 FTC -/+ +++ ++++ ++++
24 FTC -/+ -/+ ++ ++++
25 PTC + -/+ +++ ++++
26 PTC -/+ + ++ +++
27 PTC -/+ -/+ +++ +++
28 PTC -/+ - ++ +++
29 PTC -/+ - ++ +++
30 PTC -/+ -/+ ++ +++
31 PTC -/+ -/+ + ++
32 PTC -/+ - + ++
33 PTC ~/+ —/+ + ++
34 PTC -/+ —/+ + ++
35 PTC -/+ —/+ + ++
36 PTC -/+ - + ++
37 MTC -/+ - - -

N, normal thyroid tissue; GD, Graves’ disease; AG, adenomatous goiter;
FTA, follicular adenoma; FTC, follicular carcinoma; PTC, papillary carci-
noma, MTC, medullary carcinoma. ++, +++, ++++, positive; +, weakly
positive; —/+, faint expression detected on long-exposed films; —, not
detected by usual northern blot method.

entiation rather than the proliferation of thyrocytes,
and accordingly that loss of thyroid c-kit plays a
role in the thyroid de-differentiation of thyrocytes
associated with malignant transformation. On the
other hand, Natali et al. reported while we were
preparing this paper that transformation of thy-
roid epithelium is associated with loss of c-kit

receptor, and hypothesized that thyroid c-kit plays
a role in the normal proliferation of thyrocytes [23].
We are now studying the effects of SCF on thyro-
cytes, and the results of the study should help us
clarify the function of c-kit.

Second, a difference can be found in whether or
not c-kit product was detected. In our study, we
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did not detect any c-kit product in thyroid tissues
by immunohistochemical analysis or by western
blot analysis using four anti-human c-kit antibod-
ies: a monoclonal anti-human c-kit antibody L6 [24]
and three antibodies which were available com-
mercially (data not shown). Others have reported
that weak expression of c-kit product was immu-
nohistochemically detected in thyroid tissue using
different anti-c-kit antibodies from ours [8, 9, 23].
It is possible that this difference in detection is due
to differences in antibody specificity to thyroid c-

kit product.

Acknowledgments

We thank Prof. G. Vassart for providing TSH-R
cDNA, Prof. R. Di Lauro for TTF-1 cDNA, Dr. S.
Tohda for c-kit and B-actin cDNAs, and Prof. T.
Suda (Kumamoto Univ. Japan) for the antibody
Le6.

References

1. Yarden Y, Kuang W-], Yang-Feng T, Coussens L,
Munemitsu S, Dull TJ, Chen E, Schlessinger J,
Francke U, Ullrich A (1987) Human proto-oncogene
c-kit: a new cell surface receptor tyrosine kinase for
an unidentified ligand. EMBO ] 6: 3341-3351.

2. Chabot B, Stephenson DA, Chapman VM, Besmer
P, Bernstein A (1988) The proto-oncogene c-kit en-
coding a transmembrane tyrosine kinase receptor
maps to the mouse W locus. Nature 335: 88-89.

3. Geissler EN, Ryan MA, Housman DE (1988) The
dominant-white spotting (W) locus of the mouse
encodes the c-kit proto-oncogene. Cell 55: 185-192.

4. Flanagan JG and Leder P (1990) The kit ligand: A
cell surface molecule altered in steel mutant fibro-
blasts. Cell 63: 185-194.

5. Zsebo KM, Williams DA, Geissler EN, Broudy VC,
Martin FH, Atkins HL, Hsu R-Y, Birkett NC, Okino
KH, Murdock DC, Jacobsen FW, Langley KE, Smith
KA, Takeishi T, Cattanach BM, Galli S], Suggs SV
(1990) Stem cell factor is encoded at the Sl locus of
the mouse and is the ligand for the c-kit tyrosine
kinase receptor. Cell 63: 213-224.

6. Huang E, Nocka K, Beier DR, Chu T-Y, Buck J,
Lahm H-W, Wellner D, Leder P, Besmer P (1990)
The hematopoietic growth factor KL is encoded by
the Sl locus and is the ligand of the c-kit receptor,
the gene product of the Wlocus. Cell 63: 225-233.

7. Matsuda R, Takahashi T, Nakamura S, Sekido Y,
Nishida K, Seto M, Seito T, Sugiura T, Ariyoshi Y,
Takahashi T, Ueda R (1993) Expression of the c-kit
protein in human solid tumors and in correspond-
ing fetal and adult normal tissues. Am ]| Pathol 142:
339-346.

8. Natali PG, Nicotra MR, Sures I, Santoro E, Bigotti
A, Ullrich A (1992) Expression of c-kit receptor in
normal and transformed human nonlymphoid tis-
sues. Cancer Res 52: 6139-6143.

9. Lammie A, Drobnjak M, Gerald W, Saad A, Cote R,
Cordon-Cardo C (1994) Expression of c-kit and kit

ligand proteins in normal human tissues. |
Histochem Cytochem 42: 1417-1425.

10. Sekido Y, Obata Y, Ueda R, Hida T, Suyama M,
Shimokata K, Ariyoshi Y, Takahashi T (1991) Pref-
erential expression of c-kit protooncogene
transcripts in small cell lung cancer. Cancer Res 51:
2416-2419.

11. Furitsu T, Tsujimura T, Tono T, Ikeda H, Kitayama
H, Koshimizu U, Sugahara H, Butterfield JH,
Ashman LK, Kanayama Y, Matsuzawa Y, Kitamura
Y, Kanakura Y (1993) Identification of mutations in
the coding sequence of the proto-oncogene c-kit in
a human mast cell leukemia cell line causing ligand-
independent activation of c-kit product. | Clin Invest
92: 1736-1744.

12. Stohmeyer T, Peter S, Hartmann M, Munemitsu S,
Ackermann R, Ullrich A, Slamon DJ (1991) Expres-
sion of the hst-1 and c-kit protooncogenes in human
testicular germ cell tumors. Cancer Res 51: 1811-
1816.

13. Toyota M, Hinoda Y, Itoh F, Takaoka A, Imai K,
Yachi A (1994) Complementary DNA cloning and
characterization of truncated form of c-kit in hu-
man colon carcinoma cells. Cancer Res 54: 272-275.

14. Cohen PS, Chan JP, Lipkunskaya M, Biedler JL,
Seeger RC and The Children’s Cancer Group (1994)
Expression of stem cell factor and c-kit in human
neuroblastoma. Blood 84: 3465-3472.

15. Natali PG, Nicotra MR, Sures I, Mottolese M, Botti
C, Ullrich A (1992) Breast cancer is associated with
loss of the c-kit oncogene product. Int ] Cancer 52:
713-717.

16. Funasaka Y, Boulton T, Cobb M, Yarden Y, Fan B,
Lyman SD, Williams DE, Anderson DM, Zakut R,
Mishima Y, Halaban R (1992) c-kit-kinase induces a
cascade of protein tyrosine phosphorylation in nor-
mal human melanocytes in response to mast cell
growth factor and stimulates mitogen-activated pro-
tein kinase but is down-regulated in melanomas.



728

17.

18.

19.

20.

TANAKA et al.

Mol Biol Cell 3: 197-209.

Natali PG, Nicotra MR, Winkler AB, Cavaliere R,
Bigotti A, Ullrich A (1992) Progression of human
cutaneous melanoma is associated with loss of ex-
pression of c-kit proto-oncogene receptor. Int |
Cancer 52: 197-201.

Hendinger C, Williams D, Sobin LH (1989) The
WHO histological classification of thyroid tumors:
A commentary on the second edition. Cancer 63:
908-911.

Kimura S, Kotani T, Mcbride OW, Umeki K, Hirai
K, Nakayama T, Ohtaki S (1987) Human thyroid
peroxidase: complete cDNA and protein sequence,
chromosome mapping, and identification of two
alternatively spliced mRNAs. Proc Natl Acad Sci
USA 84: 5555-5559.

Baas F, van Ommen GJ, Bikker H, Arnberg AC, De
Vijlder JJ (1986) The human thyroglobulin gene is
over 300 kb long and contains introns of up to 64
kb. Nucleic Acids Res 14: 5171-5186.

21.

22.

23.

24.

Parmentier M, Livert F, Maenhaut C, Lefort A,
Gérard C, Perret ], van Sande ], Dumont JE, Vassart
G (1989) Molecular cloning of the thyrotropin re-
ceptor. Science 246: 1620-1622.

Ponte P, Gunning P, Blau H, Kedes L (1983) Hu-
man actin genes are single copy for a-skeletal and
a-cardiac actin but multicopy for B- and ¥
cytoskeletal genes: 3’ untranslated regions are
isotype specific but are conserved in evolution. Mol
Cell Biol 3: 1783-1791.

Natali PG, Berlingieri MT, Nicotra MR, Fusco A,
Santoro E, Bigotti A, Vecchio G (1995) Transforma-
tion of thyroid epithelium is associated with loss of
c-kit receptor. Cancer Res 55: 1787-1791.
Yamaguchi Y, Gunji Y, Nakamura M, Hayakawa
K, Maeda M, Osawa H, Nagayoshi K, Kasahara T,
Suda T (1993) Expression of c-kit mRNA and pro-
tein during the differentiation of human
hematopoietic progenitor cells. Exp Hematol 21:
1233-1238.



