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MOLECULAR MARKERS FOR WELL-DIFFERENTIATED THYROID CANCER
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The determination of serum thyroglobulin (sTg) is considered as the most effective marker for post-operative follow-
up in well differentiated thyroid cancer (DTC) and must be carried out together with whole-body radioiodine
scanning and detection of antibodies to Tg. The detection of serum Tg mRNA has the most valued prognostic effect.
Increase of the sTg level in pre-operative period could testify the occurence of follicular cancer or Hurtle-cell cancer.
The detection of cytokeratin 20 and 19 mRNA is known to have good predictable value also. The detection of Tg and
thyrotrophic hormone receptors by PCR has nearly 100% diagnostic effectiveness. The dynamic detection of calcitonin
is known to serve as the most significant method for post-operative follow-up of medullary thyroid cancer (the
detection of Ret mutation, CEA, chromogranin A serves as additional methods). The Ret/PTC expression in DTC
tissues indicates the presence and the level of neoplastic transformation. The use of MoAb 47 and DAP in FNAB
improves the results of diagnosis. The determination of E-cadherin/catenin adhesion complex, CK-19 and CK-20,
galectin-3 and S-100 protein is effective for diagnosis of diffuse sclerosing variant. Low level of nm23-H1 expression
and absence of p53 mutations are proving the low risk of DTC recurrence and of the development of metastases.
Key Words: Thyroid cancer, tumor markers, diagnosis, follow-up, FNAB.

TupornooymH (TT') siBisiercst HauGosee 3 PEKTUBHBIM MAPKEPOM MOHHUTOPUHIA MOCIEONEPANMOHHBIX OOJIBHBIX ¢ AUD-
(bepennuposannbiM pakom muroBuaHoH skenessbl (APIIIK). Ero onpenenenne Heo6X0auMO POBOIUTH OJHOBPEMEHHO
€O CKaHUPOBaHUEM M30TOIOM iofia ¥ BblsiBleHHeM aHTHTeN K TI'. BoJblnyio MIpOrHocTHYECKyI0 LIEHHOCTh UMEET ompe-
nenennie MPHK TT B uupkymipytomieit kpoBu. IloBsinenne ypoBHsi cbiBoporouHoro TI' Ha moomepanrioHHOM 3Tare
MOKeT CBHIETEICTBOBATh 0 HAMNUMU (hOJUIMKYJISIPHOTO PaKa WM paka U3 KjIeTok Xioptid. IPpdeKTUBHBIM sSBIsIE€TCS
takske onpenenenne MPHK 1urokepatunos 20 u 19 B mepudepuueckoii kposu. Onpenenenue peuentopos TT u tupe-
OTPOITHOTO TOPMOHA B LIMPKYJIMPYIOLIell KPOBH METOIOM MOJMMePA3HOii ENMHOW peaKkluy MMeeT BBICOKYIO TUarHOCTH-
yeckylo 3ddextuBHOCTb. /[0CTOBEPHBIM MapKepOM MeIyJUISIPHOTO PaKa HIMTOBH/HOI JKeJie3bl SIBJISIeTcs JUHAMUYecKoe
onpejiesieHNe YPOBHSA KaibliuToHuHa. BoisgBienne myraimii PET-onkorena, CEA, xpomarpadguna A MOKHO paccMaTpu-
BaTh B KauecTBe JONOJHUTEIbHbIX KputepueB AuarHocTiku. Jrcnpeccus RET/PTC B tkansix [IPIIJK cBuznerenscTBy-
€T 0 HAJIMYUH 3JI0KaUeCTBEHHOTO Npollecca U CTeNeH! ero arpeccuBHocty. [Ipu nuroniornueckom n3yyeHUH TOHKOUTOJIb-
HBIX OMOIITAaTOB IeJIec000pa3Ho ucnoiab3oBanne MKAT-47 mis soisisienus JIAIL onpenenenue uurokepatnHos 19 u 20
tuna. B auarHocruke nudPysHo-cxiaeposupyromniero Bapuanra IIPIIJK Baskuyto posbs urpaet onpeaenenne E-kanxepu-
HOBOT'0 KOMILIEKCAa, rajieKTuHa-3 u 6enka S-100. CHuskennsiii ypoBens nm23-H1 u oTcyTeTBre MyTauun pd53 cBUAETENb-
CTBYIOT O HU3KOM pUCKe BO3HHKHOBEHUS PelUIUBa WM Pa3BUTHS METACTa30B.

Kniouesvie cnosa: pak UTOBUIHOH Kesle3bl, OHKOMapKepbl, JUarHocTuka, Mmouutopunr, FNAB.

The determination of tumor—specific markers in pe—
ripheral blood or in the tissue of thyroid gland (TGl) be—
longs to the new quickly developing field of modern en-
docrine oncology. The research in this field opens new
ways for early diagnosis of well-differentiated thyroid
cancer (DTC), elaboration of screening systems, timely
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Abbreviations used: CEA — carcinoembryonic antigen; CK — cyto-
keratin; DTC — well differentiated thyroid cancer; EMA — epithelial
membrane antigen; FTC — follicular thyroid cancer; FNAB — fine
needle aspiration biopsy; [**'1]-Sc¢ — [**"I]-scanning; MTC — med-
ullary thyroid cancer; PTC — papillary thyroid cancer; RIT — radio-
jodine therapy; sTg — serum thyroglobulin; Tg — thyroglobulin;
TGl — thyroid gland; TPO — thyroid peroxidase.

detection of metastasis and disease recurrence [1]. Tu-
mor markers may be determined in tumor tissue during
the histological study or in cytological examination of the
punctate after fine—needle aspiration biopsy (FNAB) and
in peripheral blood. For convenience oncomarkers may
be divided on serum and tissue (i.e. genetic) markers.
Serum markers. The estimation of the serum thy—
roglobulin (sTg) level is the most significant marker in
post—operative monitoring of the patients with DTC [2];
the effectiveness of the assay is higher if it is applied
simultaneously with [*®*'I]-scanning (['®*'l]-Sc). The
prognostic values of those methods were evaluated in
4-5 year studies [3]. In 6 monthes after post—operative
radioiodine therapy (RIT) the diagnostic specificity of
[*'[]-Sc and sTg was 87% and 26%, respectively. The
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recurrence of the disease wasn’t detected in 4-year
period among 95% of Tg(-) and 47% of Tg(+) patients
which have been shown to have residual tissue after
[*®1]-Sc. Thus, prognostic value of sTg determination
is lower than that of ['*'I]-Sc method, but during first
scanning the estimation of Tg status is extremely im-
portant for prognosis. According to the data [6], the re—
sults of the primary scanning, the stage and propaga-—
tion of the disease should be mentioned if sTg level is
high and the residual tissue is not detected by ['*'[]-Sc.
In patients with lung or lymph node metastases the
application of high dose [**'l]-therapy may be effec—
tive. According to the data [7], in patients with persis—
ting DTC or with its recurrence the sensitivity of sTg
detection assay reached 91% and specificity — 99%.
The best results are obtained if TSH level is high; thus,
it looks reasonable to apply TSH-stimulating therapy
[7]. Also the presence of anti-Tg antibodies should be
mentioned [4, 5]. The multicentric study, carried in
France and aimed on standartization of DTC markers
application, gave similar conclusions [8]. However, it
should be noted that sTg levels are most precise when
patients are hypothyroid and may be unreliable in pa-
tients with anti-Tg antibodies [9—12]. As a comparative
method RT-PCR for Tg mRNA detection was proposed.
Tg mRNA was detected in 79% (26 from 33) patients
who were cured with thyroxine and had radioiodine—
determined residual tissue; at the same time the sTg
was detected only in 36% (12 from 33) of patients. In
the group of patients with radioiodine—sensitive resi—
dual tissue Tg mMRNA was detected in 7 patients from
35 (20%) as well as in 14 patients (100%) with me—-
tastases including 2 patients with high level of anti—
Tg-antibodies. Thus, the determination of Tg mRNA
was found to be more valid than that for sTg [13, 14].
The detection of thyroid—stimulating hormone receptor
(TSH-R) and Tg gene expression revealed by PCR
technique in circulating tumor cells in DTC patients was
demonstrated to be potentially effective method, too
[15]. The comparison of these methods with standard
FNAB has demonstrated the advantage of genetic
studies, which have higher sensitivity and specificity.
A lot of publications has been devoted for the de—
tection of Tg receptors (TgR) and thyroid peroxidase
(TPO) in the tissues of thyroid adenomas or carcino-
mas. It was shown that TgR and TPO levels are signifi—
cantly higher in benign tumors of thyroid tissue [16, 17].
Tumor-specific rearrangement of Ret gene was ob-
served also in the samples of papillary thyroid cancer
(PTC) and was designated as Ret/PTC 1, 2 and 3.
Taking to account all data mentioned above one may
conclude that those markers could be detected in the
peripheral blood of the patients with DTC. Really, Tallini
et al. [18] have shown that Tg, TPO and Ret/PTCH1
mRNA may be detected in peripheral blood of patients
with TGl pathology; the presence of nhamed markers
correlated with DTC diagnosis, but didn’'t have high dia—
gnostic value (Tg and TPO were determined in 54.2%
of patients with DTC). Clinical manifestation of cancer
was absent in 8 from 13 patients, the signs of extraor—
ganic invasion or regional metastases were present in

4 patients. Ret/PTC1 mRNA was detected only in
1 case (5%) of DTC; in the same case sTg and TPO
were determined. The frequency of TgR and TPO and
Ret/PTC1 mRNA determination was notably higher in
malignant tumors than in benign tumors of thyroid gland.

The level of sTg was determined in the blood sam-
ples of pre—operative group of patients (516 persons)
[19]. The medium values of Tg were the highest in the
group of patients with follicular thyroid cancer (FTC) or
with Hurtle—cell cancer. The diagnostic sensitivity and
diagnostic specificity were respectively 71.8% and
80.4% for follicular cancer, 55.6% and 83.6% for Hur—
tle—cell cancer. Positive and negative prognostic value
was 75.6% and 77.1% for FTC, 75% and 68.4% for
Hurtle—cell cancer. So, on the pre—operative stage the
determination of Tg is an important additional assay for
selection of adequate treatment schedule for the pa—
tients with thyroid tumors. In another research the relia—
bility of sTg determination on the pre—operative stage
in PTC patients and standard use of Tg monitoring on
post—operative stage in DTC patients have been eva—
luated [20]. One should note that during determination
of Tg level on pre—operative stage it's necessary to
consider that the degree of iodine deficiency and hor—
monal status of each patient may strongly influence the
level of sTg. Such dependence was demonstrated in
the study of sTg level in 4649 induviduals from two re—
gions of Denmark different in iodine deficiency [21].

By RT-PCR the circulating immune complexes con—
taining cytokeratins of 20 type (CK-20) were detected
in the blood of 3 from 8 patients with medullary thyroid
cancer (MTC); 2 from 8 patients with FTC, 2 from 11 pa—
tients with PTC and in 25% of patients with anaplastic
cancer. Thus, the determination of CK-20 by RT-PCR
may improve the diagnosis of DTC and be useful for
determination of circulating tumor cells [22]. The use of
ferritin as tumor marker was found to be uneffective in
diagnosis or monitoring of DTC [23].

Calcitonin is considered as a known marker of MTC.
The detection of calcitonin and carcinoembryonic anti—
gen (CEA) may be used for monitoring of patients with
MTC and allows to detect the recurrence of the disea-
se [8, 20]. Despite the fact that serum concentration of
chromogranin A is significantly higher in patients with
neuroendocrine tumors than in the cases of MTC —
80% against 46% — the diagnostic value of this mar-
ker was found to be relatively low in diagnosis of the
primary or residual MTC [24]. Diagnostic sensitivity for
different markers in MTC amount 46% for chromogra-
nin A, 100% — for calcitonin, 52% — for CEA. Thus,
only calcitonin may be considered as reliable marker
for recurrence or metastasis. American researchers
have evaluated the diagnostic value of determination
of RET oncogene mutations in monitoring of MTC pa-
tients and concluded that in clinical practice this assay
isn’'t sufficient [25]. The determination of glucosami-
noglycans in the urine is a satisfactory method for moni—
toring patients with ophtalmopathy of endocrine gene—-
sis but not for patients with thyroid cancer [26].

Tissue markers. Tumor-specific rearrangement of
the genes including RET protooncogene has been ob—
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served in the samples obtained from PTC patients and
was designated as RET/PTC 1, 2 and 3 [27, 28]. RET/
PTC 1 is frequently found in the tissue of PTC (approx—
imately in 40% of cases) [29]. According to the data [30],
RET-oncogene transcripts may be detected in 85% of
patients with PTC including follicular variant and in sin—
gle cells in some tissues but not in nonmalignant TGl
tissue. Also it has been shown that PTC tissues are pos—
itively stained by anti-RET/PTC-antibodies in 78% of
cases, and tissues in follicular variant of PTC — in 63%
of cases. The research of RET-oncogene expression in
tissues of PTC and benign tumors of thyroid gland re—
vealed focal or diffuse expression of RET-oncogene in
all cases of PTC with signs of infiltrative growth [32]. The
level of immunoreactivity was found to be proportional
to the risk of metastases occurrence. It's nessessary to
note that focal or diffuse expression of RET-oncogene
occurs also in the benign tumors of TGI. So this assay is
reasonable to apply only on infiltrative growth detection
in PTC with established diagnosis. The joint Italian—
Byelorussian research of RET/PTC modifications was
carried out on 65 patients with benign tumors of thyroid
gland and on 89 patients with PTC [33]. The last group
include 25 belorussian pediatric patients, which were
irradiated after Chernobyl Nuclear Power Plant accident.
This research demonstrated that RET/PTC mutation in
the tumors of TGl isn't strictly linked to malignant phe—
notype, doesn’t increase in radiation-induced tumors,
doesn’t change after radioiodine therapy or distant x—ray
therapy and doesn’t depend on the age of patients. From
other hand, ethnic and heriditary factors may influence
damage of DNA which results in activation of RET—pro-
tooncogene. The determination of c-RET mRNA ex-
pression and alternative splicing of c-RET mRNA in the
tissues of PTC is undergoing the stage of experimental
research yet [34].

TPO alterations are known as early markers of thy—
roid follicular tumors [35, 36]. Earlier it was shown that
in FNAB samples immunohistochemical determination
of TPO with the use of MoAb-47 may be applied on
the evaluation of malignization degree [37-39]. In pro-
spective research of 1620 surgically resected thyroid
neoplasms the sensitivity of this assay was 97.4%, and
specificity gave raise to 82% [40, 41].

There is evidence that dipeptidyl aminopeptidise IV
(DAP 1IV) may play an important role in oncogenesis;
cytochemical determination of DAP IV may serve as a
definite marker of thyroid cell malignization [42, 43]. The
sensitivity of DAP IV determination in thyroid cancer
was shown to be somewhat lower than that of immu-
nocytochemical method with the use of MoAb-47, but
its specificity was nearly 90% [44].

The immunohistochemical determination of CK-19
and CK-20 is of exceptional importance for practical
use. The positive reaction on CK-20 was found in 100%
of MTC cases, in 9 from 12 of FTC cases, in 7 from 12
of PTC cases and in 1 from 6 cases of anaplastic can—
cer; CK-20 wasn’t detected by RT-PCR in none from
30 cases of benign tumors [22]. CK-19 has been de—
tected in 80% of PTC cases and in 57% of FTC cases
[31]. The detection of CK-19 mRNA in the serum is

used as a marker of metastases in patients with DTC.
Immunocytochemical detection of CK-19 may be per-
formed also in the smears obtained by FNAB.

For histological research the determination of
HBME-1 and CD15 antigens in tumor tissues is shown
to be important, too [45]. The HBME-1-reaction was
demonstrated to be positive in all cases of PTC (145/
145) and FTC (27/27); on other hand, cases of nodu-
lar goiter and papillary hyperplasia either showed no
reactivity or were focally positive (in 1/3 of cases). Ac—
cording to the data [31], HBME-1-positive reaction was
observed in 70% of PTC cases, and in 45% of FTC
cases. Thus, the detection of HBME-1-antigen may
be used as additional marker in the diagnosis of DTC.
The reaction with anti-CD15 MoAb was shown to be
less specific in papillary cancer and was detected only
in 50% of FTC cases [45].

The detection of galectin—-3 (G-3) expression could be
widely used in diagnosis of thyroid neoplasms [46]. With
the use of anti-G-3 MoAb 118 samples of thyroid tumors
were studied. The research revealed that in that assay nor—
mal tissue of TGl, the tissues of diffuse and nodular goiter
are predominantly negative as well as adenomas with typical
cytological structure (in the last case only single cells or
separate groups of cells were positive); but in 100% of
PTC cases the reaction was positive.

The determination of E-cadherin expression was
carried out on 82 samples of follicular adenoma,
53 samples of PTC, 4 samples of FTC, 2 samples of
MTC, 2 samples of anaplastic cancer [47]. It was
demonstrated that E-cadherin expression is significant—
ly lower in PTC than in follicular adenomas or in normal
thyroid tissue, especially if regional lymph node me-
tastasis are present. The detection of anomalic adhe—
sion E-cadherin—catenin complex in PTC tissue indi-
cates the presence of diffuse sclerosing variant of pa—
pillary cancer with signs of invasive growth [48].

The role of Akt activation in pathogenesis and pro—
gression of DTC was studied [49]. This research re—
vealed that Akt level was significantly increased in the
cases of FTC or in follicular variant of papillary can—
cer — in the types of DTC which are hardly diagnosed
on pre— and post-operative stages.

The significant increase in argyrophilic proteins in
nucleolar organizer region of cells in the 16.8% of FTC
cases and 22.8% of PTC cases in comparison with fol—
licular adenomas (3.2%) and atypic adenomas (12%)
may play a role in differential diagnosis during histo—
logical study and potentially — in cytological diagnosis
of atypic adenomas and FTC [50].

For improvement of DTC diagnosis the expression
of epithelial membrane antigen (EMA) and S—100 pro-
tein was studied [51]. 14 cases of PTC and 13 cases of
benign neoplasms were included in this research. The
diffuse staining was registered in 9 cases of DTC and
focal (by nuclear and cytoplasmic immunostaining of
S-100) — in 3 cases. Immunostaining of EMA was
detected in 11 cases of PTC and in 7 cases of benign
thyroid neoplasms. Thus, the determination of S—100
protein expression may be used for diagnosis in more
difficult cases.
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Some methods (the detection of c-met and hTERT
mRNA in the thyroid tumors) have only theoretical va—
lue for PTC diagnosis yet [52, 53]. In particular, it is
known that catalytic subunit of human telomerase
(hTERT — human telomerase reverse transcriptase)
is activated in the majority of the malignant tumors but
is find in inactive state in the cells of benign neoplasms.
As it was reported [54], the detection of kinectine —
kinesine receptor — is potentially effective method for
cancer diagnosis (i.e. DTC). The scientists from South
Korea studied Fra—1 expression in the tissues of be-
nign and malignant thyroid tumors and demonstrated
that Fra—1 expression has more pronounced character
in malignant tissues of thyroid gland; but differentiation
of DTC cases can’t be done properly with the use of
this marker [55]. The TGFB1 and activin A expression
in thyroid tumors was studied, too [56], but practical
application of those markers wasn’t proposed.

Genetic markers. The study of genetic mecha—
nisms of PTC initiation and progression is important for
prognosis of the disease and the right choice of treat-
ment. Chromosomal aberrations (the gain in 1g-re—
gion and the loss of 9921.3—-q32-region) are reliably
observed only in tumors with aggressive behavior and/
or with appearance of distant metastasis which occur—
rence is associated with the gain in 1g-region [57].
Timely detection of those genetic alterations contributes
to more radical treatment of patients and to the control
in the appearance of regional and distant metastases.
According to [58], in PTC the p53 expression is notably
higher, than in benign nodules; the presence of BAX
and p21 protein evidences the absence of p53 gene
mutation. From practical point of view the absence of
p53 mutation in thyroid tumors points to good progno—
sis (the low risk of recurrence and metastases). The
decrease in mm23-H1 gene expression correlates with
high risk of appearance of metastases in a number of
human carcinomas. For example, the tissue samples
from 94 patients with DTC (64 — PTC, 30 — FTC)
were obtained. 5 years—long follow—up was performed.
The level of nm23-H1 gene expression was shown to
have reverse relation to the recurrence and metasta-
ses. Moreover, the level of nm23-H1 gene expression
was associated with the survival period. It has been
concluded that nm23-H1 immunoreactivity is more
specific, but less sensitive, than AMES system for pre—
diction of metastases; this method may be recommen-
ded as additional method for long—term follow—up of
patients with FTC [59]. In the study [60], nicotinamide
adenin dinucleotide phosphate oxidase (ThoX, LNOX,
Duox) expression wasn'’t related to the type of thyroid
tumor (malignant or benign). The determination of the
MYC, ERBB2 ta CCND1 genes expression in the ear—
ly and late stages of thyroid cancerogenesis has only
theoretical significance yet [61].

Thus, one may conclude the next: 1. The blood se-
rum, somatic and parenchymal cells of thyroid gland
possess numerous specific biological markers for DTC
which could play an important role in the DTC diagno-
sis. 2. The practical application of oncomarkers in dia—
gnosis depends on specificity and sensitivity of the as—

say, the complexity of the technique and its cost—ef-
fectiveness. 3. The oncomarker diagnosis in DTC
should be considered as a perspective way to improve
the treatment of thyroid tumors.
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