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Abstract

Recently studies indicated that the genesis of thyroid cancer is closely correlated with suppressor gene, metastasis-as-
sociated gene and so on. Their expression is different in varied types of thyroid carcinoma. By the detection of the above
tumor molecular markers, combining with fine needle aspiration (FNA) of thyroid gland and immunohistochemistry
technique, the property of thyroid tumor could be evaluated, and provide new molecular foundation for tumor grading
and prognosis. [Life Science Journal. 2007; 4(2): 33 —36] (ISSN: 1097 — 8135).
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1 Introduction

Thyroid carcinoma is a common malignant tumor of
endocrine glands, and the most common cancer in head
and neck. With the development of molecular research
recent years, clinical and basical research on thyroid carci-
noma have got full-grown improvement. Similar to other
malignant tumor, the genesis and development of thyroid
carcinoma is correlated to diverse oncogene, tumor sup-
pressor gene and metastasis-associated gene. The recent
progression of thyroid carcinoma molecular pathology
will be introduced in this article.

2 Molecular Biology Base Research

Cancer is the gene related disease. The gene include on-
cogene, tumor suppressor gene and metastasis-associated
gene, etc. In gene research of malignant tumor, many schol-
ars proposed the multi-genes synergistic action hypothe-
sistl, which said that different stages of tumor are related
with at least two kinds, dys-activated, different oncogene
act differently butsynergistically, result in carcinogenesis
finally. As the most commonmalignant tumor of endo-
crine system, the pathogenesis of thyroid carcinoma hasn’t
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been clear completely now, but its genesis is related to
dys-expressed and synergistic action of varied oncogenes.

3 p53

p53 is one of the highest correlative genes with human
tumor so far, its structure abnormality usually betide at
exon 5 — 8 of remarkably stenoplastic sequence, and more
than 95% abnormality is gene mutation. In the process of
gene mutation, function of p53 is also changed, losting the
function of inhibiting tumor genesis. Recently, it has been
discovered that p53 is related to different types of thyroid
carcinoma. For instance, between undifferentiated type
and differentiated type of thyroid carcinoma, between lym-
phatic metastasis and without lymohatic metastasis, the
expressions of p53 were significantly different?l. Some
scholars considered that p53 mutation possibly induced
thyroid gland from poor differentiation to cancerization.
The malignance of papillary thyroid carcinoma with p53
mutation is higher!®. Other research indicated that p53 mu-
tation is possibly the fundamental causes of thyroid gland
canceration caused by ionising radiation®. So it could be
concluded that p53 mutation has an effect on infiltration,
lymphatic metastasis and prognosis of thyroid carcinoma.
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4 RET Oncogene

RET oncogene is firstly discovered in NIH/3T3 cell
of transformed mouse, locating at 10q11.2 and encodes
a kind of transmembranous tyrosine protein kinase recep-
tor. By interaction with the acceptor on differentiation re-
gion of tyrosine phosphorylation, RET oncogene activates
intracellular signal and controls cell differentiation and
cell proliferation. RET oncogene is the gene most related
with thyroid carcinoma differentiation by far’®”. RET on-
cogene mutation can cause papillary thyroid carcinoma
(PTC), multiple endocrine neoplasia type2 (MEN2) and
sporadic medullary thyroid carcinoma (MTC). The acti-
vated mechanism of RET in PTC is gene rearrangement,
and the major types of rearrangement are PTC1, PTC2
and PTC3, and RET/PTC1 is the main type among them.
But in MEN2 and MTC, gene mutation is also found.
Gene mutation in MEN2 is at the level of germ line, and
can transmit to offsprings. The screening for RET onco-
gene mutation in MTC high-risk group has been evolved
internationaly now, and whether offsprings may be inher-
ite it or not is to analyze the mutated gene location, at the
germ line or somatic cell #1,

5 Oncoproteins (Oncogene Proteins)

With “Post Human Genome Project” penetrated
deeply, research on oncoproteins is more thoroughly and
widespread. Through detection of oncogene proteins, re-
searchers on relationship between oncogene, tumor sup-
pressor gene and thyroid carcinoma gradually increases.
Many researches have discovered! that the detection of
oncoprotein is helpful to evaluate the differentiation and
the lymph node metastasis!'’"*l. Some scholar discovered
that there were one or more kinds of oncogene products
expression in thyroid carcinoma tissues by detection of
various oncoproteins (such as c-erbB-2, P21, P53, bcl-2,
c-myc, P16), and the expression of oncogene proteins is
markedly different between tissue thyroid adenoma and-
tissue adjacent to thyroid adennoma, which indicated that
the thyroid carcinoma may be the result of different genes’
interaction!#!. The expression of c-erbB-2 increases with
the differentiation level increasing, while P53 decreases
with it and is nagative correlated with c-erbB-2. In the
cases with lymph node metastasis, the c-erbB-2 positive
rate increases obviously. It is believed that c-erbB-2, P21
plays vital role in thyroid cancerization possibly, espe-
cially in papillary thyroid carcinoma. The excessive ex-
pression of P16 oncoprotein possibly participated in the
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development and prognosis of thyroid carcinoma, but P53
may be closely relative with thyroid carcinoma differen-
tiation.

6 Telomerase

Telomerase is a kind of reverse transcriptase, and can
replicate on the template of its own RNA. It can catalyse
and lengthen ribonucleprotein (RNP) of telomerase end,
and sustain the length of telomere and cell fissionability,
so as to escape apolexis, death and obtain immortaliza-
tion. Therefore telomerase aberrant activation focuses on
the malignant tumor cell infinite multiplication!'>'8), Um-
bricht!"! believed that telomerase is helpful for discrimi-
nating thyroid adenoma from follicular thyroid carcino-
ma. In follicular thyroid carcinoma, telomerase positive
rate is 100%, but it is only 19% in thyroid adenoma. The
telomerase activity is expressed highly in thyroid carcino-
ma, and also closely correlated with infiltration, the Ki-67
mark index and differentiation. Telomerase activity detec-
tion has potential value on estimating tumor progress and
prognosis clinically. The high specificity and sensitivity
of detection has a more vital significance in preoperative
diagnosis by fine needle aspiration!'®!.

Human telomerase contains three principal composi-
tions, namely the telomerase catalytic subunit hTERT,
the RNA component, and the telomerase related protein
hTP1. In the immortal cells and cancer cells, hTERT gene
expression is intensive. Saji*” examined the hTERT ex-
pression in 37 samples of thyroid nodule and 12 samples
of normal thyroid glands tissues. Results showed that the
hTERT expression rate of folicular thyroid carcinoma is
100%, 69.2% of PTC, 28% of the benign thyroid gland
tubercle, and no expression in the normal tissue. In 37
thyroid nodule samples with telomerase positive, 35 cases
are hTERT positive. Therefore, telomerase and telomerase
reverse transcriptase are both significant in understand-
ing thyroid carcinoma pathogenesis, diagnosis, therapy
and prognosis.

7 Metastasis-associated Gene

Papillary thyroid carcinoma often has lymphatic me-
tastasis. The tumor metastasis-associated gene has been
widely concerned, especially of nm23[122 CD44V6[23-24
and epidemal growth factor receptor (EGFR) gene, which
participate in tumor metastasis®>~*%. Through the single-
factor and the multi-factor analysis, researchers draw the
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conclusion that CD44V6, EGFR expression had a positive
correlation with cervical lymphatic metastasis of papil-
lary thyroid carcinoma, but the nm23 gene expression
had a negative correlation with lymphatic metastasis
and envelope infiltration. nm23, CD44V6, EGFR possi-
bly had synergistic effect on the lymphatic metastasis of
papillary thyroid carcinoma. nm23, CD44V6, and EGFR
together may be taken as the molecular biology appraisal
index on evaluating papillary thyroid carcinoma metasta-
sis tendency, and may provide some reference for scien-
tifically selecting operation program?®7,

7 Proteins

7.1 B-galactose-binding protein (Galectin-3)

Galectin-3 is one of the agglutinin family members,
and is a kind of multi-peptide composed by the carbohy-
drate identification zone of carboxyl group final part and
the amino acid final part area, unified to P-galactoside.
The multi-peptides play a vital role in cell-cell interaction,
cell-matrix interaction and mRNA precursor montage,
and participate in cell growth regulation, tumor transfor-
mation and metastasis. Studies discovered that Galectin-3
had a higher expression in thyroid papillary carcinoma 2.
The results of thyroid follicular carcinoma research have
certain difference at present, but the most researchers also
thought Galectin-3 was highly expressed in thyroid foll-
cular carcinoma. Orlandi detected Galectin-3 positively
in 17 examples of follicular carcinoma, and 82.5% are in
cytoplasm while 82.5% negativein the follicular adeno-
mal®’). Studies indicated Galectin-3 could be more reliable
tumor molecular biology marker, diagnosing microinva-
sion follicular cancer, and it is of significance in the dis-
tinction of benign tumors and malignant tumors.

7.2 Matrix metal protease (MMP) -1, MMP-9, tissue
inhibitor of metal protease (TIMP) -1

MMP is a group of zinc ions dependent proteinase
family. According to its structure and substrate, MMP is
divided into three kinds: the collagen enzyme class, the
matrix lysatin and the gelatinase class. They can degrade
the nearly all matrix membrane skeleton ingredient. It has
been known that whether there is infiltration of blood ves-
sel and amicula is to distinguish thyroid follicular cancer
from thyroid adenoma. The infiltration is by degrading
collagen of the basal membrane under blood vessel endo-
thelium and amicula, which also is the formation mecha-
nism of follicular cancer blood metastasis. MMP-1 is one
of MMP family members, and may degrade type 1, 11, III
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collagen. TIMP is the MMP active inhibitor. Their com-
bination inactivates the MMP. In the past, it wasthought
that TIMP-1 and MMP-1 existed in the stroma around
thyroid cancer. In vitro experiment discovered that the
normal thyroid gland cell may secrete TIMP-1, while
thyroid cancer cell secrets TIMP-1 or MMP-18%321, They
prompt thyroid carcinogensis and the tumor correlation
inflammation cell possibly secrets some kind of factor,
which stimulates TIMP-1 or MMP-1 expression. MMP-9
(gelatinase B) is the other member of MMP family, and
it mainly acts to gelatin and IV/V type collagen. In the
follicular cancer, the MMP-9 was expressed more than
the follicular adenoma, with statistical significancel*.
The mechanism influencing infiltration and metastasis of
thyroid cancer is still unclear, but MMP is confirmed to be
an effective factor, andMMP will become the important
auxiliary method for fine needle aspiration diagnosis.

8 Conclusion

In brief, thyroid carcinoma pathogenesis is closely cor-
related with the aberrant expression of p53, RET, telom-
erase, nm23, etc. By the examination of the tumor mo-
lecular markers clinically, combined with thyroid gland
fine needle aspiration biopsy and immunohistochemistry
technique, we can evaluate the malignance of thyroid tu-
mor exactly, and provide new molecular foundation for
classification and the malignance forecasting. Simultane-
ously, it provides important clue for the research.of thy-
roid carcinoma molecular pathology.

References

1. Pal’tsev MA, Kogan EA, Tuntsova OI, et al. Morphologic and mo-
lecular-genetic characteristics of carcinoma, adenoma and surrounding
tissue of the thyroid gland. Arkh Patol 1998; 60(3): 5 — 10.

2. Nasir A, Catalano E, Calafati S, et al. Role of p53, CD44V6 and CD57
in differentiating between benign and malignant follicular neoplasms of
the thyroid. In Vivo 2004; 18(2): 189 —95.

3. Pestereli HE, Ogus M, Oren N, et al. Bel-2 and p53 expression in in-
sular and in well-differentiated thyroid carcinomas with an insular pat-
tern. Endocr Pathol 2001;12(3): 301 —5.

4. Puglisi F, Cesselli D, Damante G, et al. Expression of Pax-8, p53 and
bel-2 in human benign and malignant thyroid diseases. Anticancer Res
2000; 20(1A): 311 — 6.

5. Park KY, Koh JM, Kim Y1, et al. Prevalences of Gs alpha, ras, p53 mu-
tations and ret/PTC rearrangement in differentiated thyroid tumours in
a Korean population. Clin Endocrinol (Oxf). 1998; 49(3): 317 — 23.

6. Nibu KI, Otsuki N, Nakao K, Sugasawa M, et al. RET/PTC fusion gene
rearrangements in Japanese thyroid carcinomas. Eur Arch Otorhinolar-
yngol 2004; 11(1): 251 — 60.

7. Omar E, Madhavan M, Othman NH. Immunohistochemical localisa-
tion of RET and p53 mutant protein of thyroid lesions in a North-East-



Life Science Journal, Vol 4, No 2, 2007

http://lsj.zzu.edu.cn

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

ern Malaysian population and its prognostic implications. Pathology
2004; 36(2): 152 -9.

Santoro M, Carlomagno F, Melillo RM, et al. Dysfunction of the RET
receptor in human cancer.Cell Mol Life Sci 2004;61(23):2954 — 64.
Elisei R, Cosci B, Romei C, et al. Identification of a novel point muta-
tion in the RET gene (Ala883Thr), which is associated with medullary
thyroid carcinoma phenotype only in homozygous condition. J Clin En-
docrinol Metab 2004; 89(11): 5823 —7 .

Czyz W, Balcerczak E, Rudowicz M, et al. Expression of c-erbB2 and
p65 genes and their protein products in follicular neoplasms of thyroid
gland. Folia Histochem Cytobiol 2003; 41(2): 91 — 5.

Soda G, Antonaci A, Bosco D, et al. Expression of bcl-2, c-erbB-2, p53,
and p21 (wafl-cipl) protein in thyroid carcinomas. J Exp Clin Cancer
Res 1999;18(3): 363 — 7.

Almudevar E, Puras A, De Miguel C, ef al. Value of the expression of
p21RAS, P53, Bcel-2 oncoproteins and Ki-67(MIB-1) antigen of cellu-
lar proliferation in the diagnosis and prognosis of thyroi. An Sist Sanit
Navar 2000; 23(2): 247 - 55.

Jarzab B, Wloch J, Wiench M. Molecular changes in thyroid neoplasia.
Folia Histochem Cytobiol 2001; 39(Suppl 2): 26 — 7.

Leboulleux S, Baudin E, Travagli JP, et al. Medullary thyroid carci-
noma. Clin Endocrinol (Oxf) 2004; 61(3): 299 — 310.

Karayan-Tapon L, Menet E, Guilhot J, et al. Topoisomerase II alpha
and telomerase expression in papillary thyroid carcinomas. Eur J Surg
Oncol 2004; 30(1): 73 - 9.

Alvarez-Nunez F, Mora J, Matias-Guiu X, et al. Thyroid carcinomas
of the follicular epithelium: tumor markers and oncogenes. Med Clin
(Barc) 2003; 121(7): 264 —9.

Teng L, Specht MC, Barden CB, et al. Antisense hTERT inhibits thy-
roid cancer cell growth. J Clin Endocrinol Metab 2003; 88(3): 1362 — 6.
Liou MJ, Chan EC, Lin JD, et al. Human telomerase reverse transcrip-
tase (W\TERT) gene expression in FNA samples from thyroid neoplasms.
Cancer Lett 2003; 191(2): 223 - 7.

Umbricht CB, Saji M, Westra WH, ef al. Telomerase activity: a marker
to distinguish follicular thyroid adenoma from carcinoma. Cancer Res
1997, 57: 2144 - 7.

Saji M, Xydas S, Westra WH, et al. Human telomerase revese
transcriptase(hTERT) gene expression in thyroid neoplasms. Clin Can-
cer Res 1999; 5: 1483 — 9.

.36 .

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Zafon C, Obiols G, Castellvi J, et al. nm23-H1 immunoreactivity as a
prognostic factor in differentiated thyroid carcinoma. J Clin Endocrinol
Metab 2001; 86(8): 3975 — 80.

Ferenc T, Lewinski A, Lange D, ef al. Analysis of nm23-H1 protein
immunoreactivity in follicular thyroid tumors. Pol J Pathol 2004; 55(4):
149 - 53.

Maruta J, Hashimoto H, Yamashita H, ef al. Immunostaining of galec-
tin-3 and CD44v6 using fine-needle aspiration for distinguishing fol-
licular carcinoma from adenoma. Diagn Cytopathol 2004; 31(6): 392
—6.

LiL, Lin L, Qiu J. Expression of cell adhesion molecule (CD44V6) in
thyroid tumors and its significance. Chinese Journal of Internal Medi-
cine 2001; 40(10): 677 — 80.

Schiff BA, McMurphy AB, Jasser SA, et al. Epidermal growth factor
receptor (EGFR) is overexpressed in anaplastic thyroid cancer, and the
EGEFR inhibitor gefitinib inhibits the growth of anaplastic thyroid can-
cer. Clin Cancer Res 2004; 10(24): 8594 — 602.

Marti U, Ruchti C, Kampf J, ef al. Nuclear localization of epidermal
growth factor and epidermal growth factor receptors in human thyroid
tissues. Thyroid 2001; 11(2): 137 —45.

Rosai J. Immunohistochemical markers of thyroid tumors: significance
and diagnostic applications. Tumori 2003; 89(5): 517 - 9.

Martins L, Matsuo SE , Ebina KN, et a/. Galectin-3 messenger ribo-
nucleic acid and protein are expressed in benign thyroid tumors. J Clin
Endocrinol Metab 2002; 87: 4806 — 10.

Orlandi F, Saggiorato E, Pivano G, et al. Galectin-3 is a presurgical
marker of human thyroid carcinoma. Cancer Res 1998; 58: 3015 — 20.
Baldini E, Toller M, Graziano FM, et al. Expression of matrix metallo-
proteinases and their specific inhibitors in normal and different human
thyroid tumor cell lines. Thyroid 2004; 14(11): 881 — 8.

Shiomi T, Okada Y. MT1-MMP and MMP-7 in invasion and metasta-
sis of human cancers. Cancer Metastasis Rev 2003; 22(2-3): 145 — 52.
Aust G, Hofmann A, Laue S, ef al. Human thyroid carcinoma cell lines
and normal thyrocytes: expression and regulation of matrix metallopro-
teinase-1 and tissue matrix metalloproteinase inhibitor-1 messenger-
RNA and protein. Thyroid 1997; 7(5): 713 — 24.

Maruyama S, Kawata R, Shimada T, et al. Study of matrix metallopro-
teinase-2 and -9 in thyroid papillary cancer. Nippon Jibiinkoka Gakkai
Kaiho 2000; 103(5): 499 — 505.



