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Abstract

Medullary thyroid carcinomas (MTCs) are rare neoplasms comprising 2—10% of all thyroid malign-
nancies. More than 75% are sporadic tumors and the remainder is familial and MEN2 related. Both
sporadic and syndromic MTCs frequently show mutations in the RET proto-oncogene. It has been
noted that some MTC cases present an indolent, and some an aggressive clinical course. Ki-67
expression is generally low, with documented exceptions, whereas high expression of Bcl-2 has been
reported in majority of the cases. Some studies have shown that Ki-67 and Bcl-2 expressions have
prognostic value, as well as RET mutational status. We analyzed 20 unrelated MTC cases for Ki-67,
Bcl-2 expression and RET mutations and tested their intercorrelations, correlations to the morpho-
logic features and stage of the tumors, as well as their influence on survival. In 13 of the 20 analyzed
cases we found 23 sequence changes distributed in exons 8, 10-13 and 16. There were 11 different
missense mutations, single nucleotide deletion with frameshift, and 8 different synonymous muta-
tions. Only 4 of the sequence changes have been previously published. Twelve patients (60%) had
tumors expressing one or more missense mutations or single nucleotide deletion and 7 of them (35%)
had at least one damaging or possibly damaging RET mutation. Most of the tumors had low Ki-67
expression (mean 6.48% of cells) and high Bcl-2 expression (mean 68.3%). Significantly better survival
was observed in cases with low Ki-67 (< 6.5%; p < 0.05), high Bcl-2 expression (> 68.3%; p < 0.01) and
younger age at diagnosis (< 51 years; p < 0.05).
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Introduction

Medullary thyroid carcinomas (MTCs) are
rare neoplasms comprising 2-10% of all thy-
roid malignancies [1, 2]. Most of them appear
as sporadic (75-80%), and the reminder as fa-
milial and MEN2 related cases [1, 3, 4]. Accor-
ding to the US National Cancer Institute (NCI)
the incidence of MTCs in the US ranges bet-
ween 500-1000 cases per year (in a population
of 300 mil.), or 2-3% of all thyroid cancers
which incidence is 37300 cases per year. Accor-
ding to the statistics from France and USA 43%

and 44% of MTCs, respectively, are familial
cases, and frequently associated with MEN2
syndrome, while in Sweden, this percentage is
much lower — around 26%. According to the
NCI estimation, the same percentage should be
applicable to Europe in general [2]. Having in
mind the aforementioned proportions, data from
the Macedonian Institute for Public Health, the
Institute of Pathology and the Institute for Ra-
diotherapy and Oncology in Skopje, there should
be 2-3 newly diagnosed cases of MTC in Mace-
donia (population of approx. 2 mil.) per year.
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However, in the last 15 years we have diag-
nosed only 22 cases and none of them was
MEN?2 related, neither a case of Familial Me-
dullary Thyroid Cancer (FMTC).

It has been noted that some MTC cases
present an indolent, and some an aggressive
clinical course [1, 4, 5].

In general, addressing the issue of Ki-67
there are reports about very low Ki-67 expres-
sion in all MTCs [6], with documented excep-
tions [7], whereas for the Bcl-2, high expres-
sions have been reported in majority of the
cases, and some studies have shown that Bcl-2
expression has a positive prognostic value [8].

RET proto-oncogene mutations are frequ-
ently found in MTC, as well as in pheochromo-
cytoma and paraganglioma, especially in familial
and multiple endocrine neoplasia 2 (MEN2) —
related cases [1, 3, 10-14]. RET mutations are
also associated with variety of other pathologic
conditions in humans, including Hirschsprung’s
disease and malformations of the urinary tract
(3, 10, 15-19). More than 400 different single
nucleotide polymorphisms and mutations in the
coding sequence of the ret proto-oncogene have
been published [20, 21]. Some of them are more
frequent in specific disorders, and some of them
have impact on the clinical expression of the
disease [5]. In general gain-of-function mutations,
frequently encountered in MEN2 and Familial
MTC, are usually located in one of the six highly
conserved codons including codons 609, 611,
618, 620 in exon 10, and codons 630 and 634
in exon 11 that code for cysteine [15]. Most of
the clinically relevant mutations published up
to date are located in "risk exons" 8, 10, 11, 13,
14, 15 and 16 [1, 3, 5, 13, 22-27]. RET muta-
tions have been found in sporadic MTC also,
with a frequency from 23% to 70 % in different
series [28-34]. In most such cases the mutation
involved is a MEN2B-like (M918T), although
other codons may be involved as well [28, 33].
Cases with somatic deletions have been descry-
bed as well [30, 31]. Several studies have shown
correspondence between specific RET mutations
and the disease phenotype, as well as the aggres-
siveness of the MTC [30, 35, 36]. The mutation
MO981T has been recognized as an aggressive
one and majority of patients with this mutation
in germline sate usually die at young age. Op-
posite to this, mutations like Y791F or A883T
have not been associated with MTC at all, at
least not in heterozygous state [36, 37].

Aim

The aim of our study was to determine
the incidence and spectrum of RET mutations
in Macedonian patients with apparently spora-
dic MTC, and explore possible correlations bet-
ween the presence of RET mutations and the
immunohistochemical expression of Ki-67, Bcl-2
and disease outcome.

Patients, material and methods

We retrospectively analyzed group of 20
unrelated MTC cases (7 males and 13 females)
diagnosed in 15 years period at the Laboratory
for pathohistology and clinical cytology from
the Institute for Radiotherapy and Oncology
and the Institute of Pathology, Medical Faculty,
Skopje. Besides the standard histopathological
analysis including the routine immunohistoche-
mistry, for all of the cases we had immunostai-
nings for the Ki-67 proliferation marker and the
anti-apoptotic marker Bcl-2 previously done.
Immunostainings (EnVision Flex visualization
system and PT link pretreatment, DAKO, Den-
mark) for Ki-67 (clone MIB-1, dilution 1 : 25,
DAKO) and Bcl-2 (clone 124, dilution 1 : 50,
DAKO) have been quantitatively re-evaluated
by two pathologists independently using the
Image Analysis Software LuciaM. Positive sig-
nals were counted in 5 sets of 1000 cells, and
results were recorded as percents. In our analy-
sis we also included the following parameters:
the greatest tumor diameter, presence of lymph
node metastases at the time of operation, the
stage of the disease, as well as the time from
the primary operation until the eventual recurren-
ce and/or appearance of lymph node or distant
metastases, and survival of the patients. We in-
corporated the clinical data from the University
Clinic for Thoracovascular Surgery and from the
Institute for Pathophysiology and Nuclear Me-
dicine in Skopje. All tumor samples were tested
for RET proto-oncogene mutations in exons 1-19.
In cases where mutations were found, after ob-
taining an informed consent from the patients
willing to undergo genetic testing in accordance
with institutional and national regulations, we
tested patients’ DNA for germline mutations.

Tumor and genomic DNA

Five micron — thick sections from each of
the selected paraffin blocks were deparaffinized
on glass slides by heating at 65°C for 1 hour,
followed by immersion in xylene for 2 minutes,
absolute ethanol, 70% ethanol, and distilled
water for 2 minutes each. After deparaffination
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each sample was transferred into separate ste-
rile test tube for further DNA extraction using
Dynabeads® DNA DIRECT™ Universal kit
(Life Technologies — Invitrogen, Darmstadt, Ger-
many) according to the manufacturer’s protocol.
Genomic DNA was extracted from peripheral

blood or buccal swab using the same Kit.

PCR and post-PCR analysis

Exons 1-19 of the Ret proto-oncogene
were amplified in separate hot-start touch-down
PCRs (Tab. 1) on Auto-Q Server Thermal cycler

(Quanta Biotech Ltd, UK).

Table 1
Primer sequences and PCR parameters

Touch-down . .
Exon Primer sequences an(nl%%‘!i/nc%/(r:?:)ge An?fg;mg ?ﬁ;gg n'://lr?]zol
- R I
R e | e | s | = |
? | R CTOTAGGCCACALTOATETTG meses | WS | |1
¢ | R AACTOTGGOCGOAGACAGAC aea | e | |1
L I e e
| R Ssisanes womas | o | ® |
7 | R AGCAGGCACTCACATOAC i I N
R B L B e
R | oewme | we | ® |
0| & CCACTOACCCTGOATATCTTC masz | w2 | ® |1
1L | & COCTCACCAGGATCTTOARG e B e M
o RO | wems | wme | w |
5 | ke | mems | we | x| s
o e | meme | me | s |
s | RSt | e | wi | % |
o | e | men | w [ s
0 | ereena s | wewm | | s | s
L R B B
19 E: CTGTCTTCCAGGACTACTTG 63.3-59.3 58.3 35 15

: TGGGAAATTCTACCATAGAG
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Amplicons were purified with PureLink™
PCR purification kit (Life Technologies — Invit-
rogen, Darmstadt, Germany), and screened for
polymorphisms/mutations with a Single Strand
Conformation Polymorphism (SSCP) analysis.
Twelve percent precast polyacrylamide gels (GE
Healthcare, Biosciences, and Uppsala, Sweden)
were used for the SSCP analysis. The electro-
phoresis was performed on Multiphor Il electro-
phoresis system (GE Healthcare, Amersham Bio-
sciences, and Uppsala, Sweden). Gels were stai-
ned according to the silver staining protocol
[38-39]. For comparison of the banding pat-
terns we used amplicons from previously ana-
lyzed cases without RET mutations. Positive
samples were sequenced using Big Dye Ter-
minator v1.1 according to the manufacturer’s
protocol on ABI Prism 310 Genetic Analyzer
(Foster City, USA). Forward and reverse strand
sequencing was performed. Sequencing reac-
tions were purified with Centri-sep columns
(Princeton separations, Adelphia, NJ, USA) be-
fore sequencing, according to the manufactu-
rer’s protocol. Previously unpublished missen-
se mutations were run through SIFT and PRO-
VEAN algorithms for prediction of the impact
of missense mutations on protein function [40—
41]. Hundred and five control DNA samples
from healthy individuals were screened for the
newly discovered mutations which were pre-
viously unpublished in order to establish their
incidence in general population. Eighty-seven
DNA samples from healthy individuals were
provided by the Macedonian Human DNA Bank
at the Institute for Immunobiology and Human
Genetics, and 18 from the Institute of Patholo-
gy, Medical Faculty, Skopje.

All data were analyzed with "Statistica"
software [42], using both descriptive and ana-
Iytical statistics (parametric and non-parametric
correlations, t-test, Chi-square, Kruscal-Wallis
ANOVA and median test, Mann-Whitney U test
and survival analyses).

Results

The mean age of the patients at the time
of diagnosis was 51.2 years (Min. 19; Max. 72;
St. dev. 14,26), and the mean follow up time was
73 months (Min. 6; Max. 184; St. dev. 54,18).
Sixty-five percent of the patients were women

(13 of 20). The mean value of the greatest tumor
diameters was 4.13 cm (min. 2.5 cm; max. 9
cm; St. dev. 1.72). Frequencies for the rest of
the parameters are presented in figures 1-2.
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Figure 1 — Presence of lymph node metastases
at the time of operation (frequency)
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Figure 2 — Distribution of the patients according
to the disease stage

Ten of the patients died during the follow
up (3 males and 7 females). One of the Stage 11
patients (MTC18) developed multiple nodal
metastases 50 months after the primary opera-
tion and died at 128 months after the initial
diagnosis. One of the Stage 11 patients develo-
ped multiple lymph node metastases 19 months
after the primary operation and died at 37
months after the initial diagnosis, while another
one (MTC12) developed distant metastases (rib
and liver) 51 months after the primary ope-
ration, and was still alive at 139 months after
the initial diagnosis. Table 2 lists the clinical
data and morphologic features of the cases with
RET mutations.
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Table 2

Clinical data and tumor features for each of the cases with detected RET mutations or polymorphisms

_ Age Tu_mor Ki-67 Bcl-2 Follow
Patient Gender S; | (scli]e) pT pN | Stage (%Cells) | (%Cells) - (;Jrﬁ)t .
MTC2 m 60 3 2 la 3 1 90 116
MTC3 m 41 2.5 2 la 3 0.5 90 29
MTC4 f 64 4 2 0 2 2 80 26
MTC5 m 62 2.5 2 la 3 1 80 37
MTC8 f 51 35 2 0 2 30 5 8 (dead)

MTC10 f 71 4 2 la 3 20 0.5 6 (dead)
MTC11 f 72 3.5 3 la 3 5 95 10(dead)
MTC13 f 28 3 2 0 2 <05 90 184
MTC14 m 66 6 3 0 2 4 20 73
MTC15 f 46 4 2 0 2 5 95 41
MTC16 f 42 3 2 0 2 1 90 66
MTC17 f 39 4 2 0 2 5 80 86
MTC18 f 54 2.5 2 0 2 20 70 128

Dg. = diagnosis; pT = T parameter of pTNM; pN = lymph node status from pTNM

RET Mutations

In 13 of the 20 analyzed tumor samples
from 20 different and unrelated patients we found
total of 23 sequence changes distributed in 6
exons (exons 8, 10-13 and 16). Among these 23
sequence changes there were 11 different mis-
sense changes, a single nucleotide deletion with
frameshift, and 8 different synonymous sequence
changes (Tab. 3). Eight of the total sequence
changes were located in exon 12 (5 different

Table 3

missense mutations — one of them in 2 patients;
and 3 different synonymous mutations), 5 were
in exon 11 (1 single nucleotide deletion with fra-
meshift, 2 different missense changes — one of
them in 2 cases; and 2 different synonymous mu-
tations), 4 in exon 16 (3 different missense and
1 synonymous mutation), 2 in exon 13 (1 mis-
sense mutation and 1 synonymous polymorphism
in 2 cases), 1 missense mutation in exon 10, and

1 synonymous mutation in exon 8 (Tab. 3).

Mutations and the prediction scores according to SIFT and PROVEAN algorithms for prediction
of the impact of missense mutations on protein function

Patient Exon | Nucleotide Codon Mutation SIFT® PROVEAN®
MTC2 16 c.2771T>C | 924 TTT>TCT F924S 0.356 (tolerated) | -2,42 (neutral)
MTC3 12 €.2206 G>A | 736GGA>AGA | G736R 0.000 (damag.) —7.719 (deleter.)
(homozyg.)
13 €.2296CC>AT | 766CCG>ATG | P766M 0.028 (damag.) -1.96 (neutral)
€.2307G>T | 769CTG>CTT | L769L germ. / /
(homozyg.)
(rs1800861)
MTC4 11 C. 2040delC | 680A/- frameshift; stop | / /
signal at codon
730
€.2038G>A | 680GCC>ACC | A680T 0.006 (damag.) -1.49 (neutral)
(rs184498773) Polyphen - benign
. 2037C>T | 679CCC>CCT | P679P / /
MTC5 12 €.2180G>A | 727TGGA>GAA | GT727E 0.505 (tolerated) | -1.785 (neutral)
€.2206 G>A | 736GGA>AGA | G736R 0.000 (damag.) -7.719 (deleter.)
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MTC8 10 c.1804°>G 602ATT>GTT 1602V 0.003 (damag.) -0.759 (deleter.)
MTC10 |11 €.2071G>A | 691GGT>AGT | G691S germ. 0.178 (tolerated) | -0.95 (neutral)
(rs1799939)
MTC11 |16 €.2753T>C 918ATG>ACG | M918T 0.000 (damag.) -5.47 (deleter.)
(homozyg.)
(rs74799832)
MTC13 | 13 €.2307G>T 769CTG>CTT L769L germ. / /
(rs1800861)
16 €.2752A>C | 918ATG>CTG | M918L 0.000 (damag.) -2.62 (deleter.)
MTC14 | 12 €. 2256C>T | 752TAC>TAT | Y752Y / /
MTC15 | 12 €.2249C>G 750GCA>GGA | A750G 0.180 (tolerated) | -2.381 (neutral)
€.2253G>C 751GGG>GGC | G751G / /
MTC16 | 11 c.1983C>T 661CAC>CAT | H661H / /
16 €.2733T>G 911GGT>GGG | G911G / /
(splice var.)
MTC17 | 8 c.1602G>T 534CTG>CTT L534L germ. / /
11 €.2038G>A | 680GCC>ACC | A680T 0006 (damag.) -1.49 (neutral)
(rs184498773) Polyphen - benign
MTC18 | 12 €.2137G>A | 713GAG>AAG | E713K 0.027 (damag.) -2.159 (neutral)
(splice var.)
€.2214G>A | 738GTG>GTA | V738V / /

aSIFT Prediction Score cut off: 0.05
b Provean Prediction Score cut off: -2.5

¢Polyphen — according to Polyphen algorithm for prediction of the consequences of missense mutations this mutation

has been scored as benign in the Ensemble database.

germ. = germline mutation; homozyg. = homozygous mutation; splice var. = splice region variation;
"rs" codes in brackets denote the reference codes of the previously published sequence changes.

Germline sequence changes were detec-
ted in 4 of the patients:

Polymorphism L769L (rs1800861) homo-
zygous in patient MTC3 and heterozygous in pa-
tient MTC13; polymorphism G691S (rs1799939)
in heterozygous state in patient MTC10; and
L534L heterozygous (previously unpublished to
the best of our knowledge) in patient MTC17.

Only 4 of the sequence changes have been
previously published:

— 3 of the missense polymorphism and mu-
tations: G691S (rs1799939), M918T (rs74799832)
and A680T (rs184498773); and

— 1 of the synonymous polymorphisms:
L769L (rs 1800861)

There were 12 patients (60%) with tumors
expressing one or more missense mutations/
polymorphisms or the single nucleotide deletion
(c.2040delC). Seven of the patients (35%) had
tumors with at least one damaging or possibly
damaging RET mutation including the two spli-
cing variants (discussed further). None of the
damaging missense mutations was germline,
neither was the single nucleotide deletion. Li-

kewise, none of the novel (previously unpubli-
shed) missense mutations, neither the splicing
variants were detected in the control DNA sam-
ples from healthy individuals.

Electropherograms of some of the muta-
tions are shown in Figure 3.
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Figure 3 — Electropherograms of some of the mutations

Immunostainings and other investigated

parameters

Most of the tumors had low Ki-67 ex-
pression (Fig. 4) with mean value 6.48% of tu-


http://www.ensembl.org/Homo_sapiens/Variation/Summary?db=core;g=ENSG00000165731;r=10:43572475-43625799;v=rs74799832;vf=18781100;source=dbSNP
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Novel RET mutations in Macedonian patients ...

99

mor cells (min. < 0.5%; max. 30%; St. dev. 9.91).

Opposite to Ki-67, majority of the tumors had
high Bcl-2 expression (mean 68.3%; min. 0.5%;

max. 95%; St. dev. 33.8). There was significan-

tly higher Bcl-2 expression compared to Ki-67
(p <0.05) (Fig. 5).
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Figure 4 — Examples of immunohistochemical expressions for Ki-67 and Bcl-2.
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Figure 5 — Difference between mean Ki-67 and Bcl-2
expressions (% positive tumor cells)

We found a significant difference bet-
ween the tumors from patients who died during
the follow up in comparison to the tumors from
the patients who were still alive at the end of
the follow up regarding the Ki-67 and Bcl-2
expression. Ki-67 was significantly higher in
patients who died (mean 11. 45; St. dev. 12.2)
in comparison to those who remained alive
(mean 1.5; St. dev. 1.9) (p < 0.05) (Fig. 6).
Since the data were not normally distributed,

and the Levene’s test for homogeneity of va-
riances was significant, we used the non-para-
metric Mann-Whitney U test to evaluate the
significance of the differences.

Box &Whisker Plot: Ki67%

Ki67%

2 =

Alive

= Mean

O =+SE
Dead T +1.96*SE

T-value = -2.55; df = 18; p < 0.05
Mann-Whitney U test: Z =-2.42; p < 0.05

Figure 6 — Ki-67 expression in tumors from patients who
survived the follow up period vs. those who died

Opposite to Ki-67, Bcl-2 expression was
higher in patients who survived during the fol-
low up (mean 84.5%; St. dev. 19.64) in com-
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parison to those who died (mean 52.1; St. dev.
37.9) (p <0.01) (Fig. 7)
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Figure 7 — Bcl-2 expression in tumors from patients
who survived the follow up period vs. those who died

Significant correlations between the ana-
lyzed parameters are summarized in Table 4.

Table 4

Significant correlations between the analyzed
parameters Spearman Rank Order Correlations

V?\:'d SpeaF:man t(N-2) p-level

Age & Alive/Dead 20 0.685 3.99 0.001
Age & MultipleEx 20 -0.542 -2.74 0.014
Gender & Ki67% 20 0497 243 0.026

pT & Mutation 20 -056 -2.87 0.010

pT & Missense mut. 20 -0.60 -3.19 0.005
Tu. diam. (cm) & Damag. mut. 20  -0.603 -3.20 0.004
Alive/Dead & Ki67% 20 0562 2.88 0.0099
Alive/Dead & Bcl2% 20 -0.61 -3.27 0.004
Alive/Dead & MultipleEx 20 -0.50 -2.45 0.0248
Stage&pN! 20 0.98 22.25 0.0000

1 This correlation has not been elaborated further since
the pN parameter is already incorporated in the Stage; pT
= T parameter from pTNM; pN = Lymph node status from
pTNM; Mutation = any sequence change; Damag. mut. =
damaging mutation; Multiple Ex. = sequence changes in more
than 1 exon

Age of the patients and Ki-67 expression
were in positive correlation to the disease out-
come (p < 0.01 and p < 0.05 respectively), while
Bcl-2 expression and presence of mutations
(sequence changes in general) in multiple RET
exons were in negative correlation to the dise-

ase outcome (p < 0.01 and p < 0.05 respecti-
vely). There was also a negative correlation bet-
ween the age of the patients and presence of
mutations and polymorphism in multiple RET
exons (R = -0.54; p < 0.05). It must be empha-
sized that when speaking of “presence of
mutations in multiple RET exons", included in
this category are all of the detected mutations
including polymorphisms and tolerant/neutral,
as well as damaging RET mutations according
to SIFT and PROVEAN algorithms. The same
applies for the category "mutation” (Tab. 4)
which was negatively correlated to the pT para-
meter of the tumors. A rather unexpected fin-
ding was the negative correlation between the
greatest tumor diameter and the presence of da-
maging RET mutations, meaning that damaging
mutations were more frequent in smaller tu-
mors. This correlation must be evaluated care-
fully, since the severity of the novel RET mu-
tations was calculated by available on-line algo-
rithms and not actually observed previously in
clinical cases. A rather peculiar correlation was
the one between the gender and Ki-67 expres-
sion (R = 0.497; p < 0.05). Intergroup diffe-
rence was significant at level p < 0.05 (Fig. 8).

Boxplotby Group
Variable: Ki67%
35

30 —
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1

-5 B Median
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T Min-Max
Gender

Mann-Whitney U test: U=18.5; Z = - 2.14; p < 0.05

Figure 8 — Ki-67 expression difference in tumors
from male vs. female patients

Male patients had significantly lower mean
Ki-67 expression (mean 1.14%; St. dev. 1.31)
in comparison to females (mean 9.35; St. dev.
11.36) (p < 0.05).

Statistical analysis of intergroup differen-
ces revealed significantly younger mean age of
the patients who survived during the follow up
(mean 42 years; St. dev. 12.68) in comparison
to those who died (mean age 60.3; St. dev. 9.1)
(p <0.01), (Fig. 9).
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Figure 9 — Age at diagnosis for patients who survived
vs. those who died during the follow up

Regarding the age and presence of multiple
exon sequence changes, there was a significant
age difference between cases with sequence chan-
ges in more than 1 exon (mean 37.5 years; St.
dev. 6.45) in comparison to those with no RET
mutations or mutation in one exon only (mean
54.6 years; St. dev. 13.68) (p < 0.05) (Fig. 10).
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Figure 10 — Age of the patients at diagnosis in cases
with no mutation and mutation in 1 exon only vs. cases
with mutations in more than 1 exon

None of the patients who died during the
follow up had sequence changes in more than 1
exon Table 5).

Table 5

Frequency of cases with sequence changes in more than
1 exon vs. the reset of the cases in respect to the survival
of the patients

No multiple Multiple

Ex. sequence changes Ex sequence changes. Row
Alive 6 4 10
Dead 10 0 10
Totals 16 4 20

Chi-square (df = 1): 5; p < 0.05; V-square (df = 1): 4.75;
p < 0,05; Yates corrected Chi-square: 2.81; p < 0.05

Tumors with pT2 parameter had more
frequently some kind of sequence change in the
RET proto-oncogene (11 of 13) in comparison
to tumors with pT3 parameter (2 of 7) (Fig. 11).

Categorized Histogram: pT x Mutatio
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H : 7
U b o

No mut.
Mut. present

No mut.
Mut. present

pT:2 pT:3
Sequence chang

Chi-square 6.28; p < 0.05; V-square 5.97; p < 0.05;
Yates corrected Chi-square 4.06; p < 0.05

Figure 11 — Frequency of sequence changes according
to the pT parameter of the tumors

Similar frequencies were observed for the
presence of missense mutations (Fig. 12).

Categorized Histogram:pT x Missen
12

10

No ofobs

o

No missese mut.
issense mut.

No missese mut.
issense mut.

pT:2 pT:3
Missense

Chi-square 7.21; p < 0.01; V-square 6.85; p < 0.01;
Yates corrected Chi-square 4.90; p < 0.05

Figure 12 — Frequency of missense mutations according
to the pT parameter of the tumors

Tumors with pT2 had more frequently at
least one missense sequence change (10 of 13
cases) in comparison to pT3 tumors (1 of 7).

Tumors with mutations that were predict-
ted to be damaging had also significantly smal-
ler mean diameter (mean 2.92 cm; St. dev. 0.49)
in comparison to the other tumors (mean 4.64
cm; St. dev. 1.8) (p < 0.01) (Fig. 13).
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Figure 13 — Greatest diameter of the tumors with
damaging mutation vs. the rest of the tumors

Survival analysis showed significantly bet-
ter survival of the patients whose tumors expres-
sed lower Ki-67 than the mean Ki-67 expres-
sion of the whole group (6.48%) in comparison
to those with tumors expressing Ki-67 in more
than 6.48% of cells (p < 0.01), as well as better
survival for the patients whose tumors expres-
sed higher Bcl-2 than the mean value of the who-
le group (68.3%) compared to those with lower
Bcl-2 expression (p < 0.05) (Figures 14, 15).

Cumulative Proportion Surviving (Kaplan-Meier)
° Dead - Alive

Cumulative Proporton Surviving
°
2

0 20 40 60 80 100 120 140 160 180 200 220 —Ki-67<meanKi-67
- - K-67 > mean Ki-67
Time (months)

Cox's F-Test: T1 = 8.080039; T2 =.9199612; p = .00296
Figure 14 — Survival of the patients with tumors

expressing Ki-67 in less than 6.5% of cells vs. those with
tumors expressing Ki-67 in more than 6.5% of cells
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Figure 15 — Survival of the patients with tumors
expressing Bcl-2 in more than 68.3% of cells vs. those
with tumors expressing Bcl-2 in less than 68.3% of cells

Similarly, survival analysis showed signi-
ficantly better survival of the patients who were
diagnosed at age younger than the mean age of
the whole group (51,6 years) in comparison to
those who were older than 51,6 years at the
time of diagnosis (p < 0,05) (Fig. 16).
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Figure 16 — Survival of the patients diagnosed at age
younger than 51.6 years vs. those diagnosed at age older
than 51.6 years

— Age atdiagnosis <512y
220 - - Age atdiagnosis >51.2.

Discussion

The distribution of the patients according
to age and gender is in accordance to other pre-
viously published studies [4, 6] who report
slight female predominance, which in our case
was higher than usual (1:1.85 male to female
ratio), and 50 years mean age, similar to our
mean age of 51.2 years. Most of the patients (n
= 11) were in stage Il by the time of operation,
and the mean tumor diameter at operation was
4.13 cm (min 2.5 cm; max. 9.0 cm; med. 3.8
cm; St. dev. 1.72), which we consider a rather
large tumor, although comparable to other stu-
dies [6]. However, it is quite unsatisfactory that
none of the patients had been operated in stage
I, although this could be easily explained by
the fact that none of the patients was actually
aware of being at an increased risk for MTC
(i.e. positive familial history), which is on the
other hand closely dependent on our ability to
"recognize” such families. This implies a need
for improvement of the screening process of
patients/families at risk, and raising the aware-
ness in the general population for the impor-
tance of thyroid gland screening. We can spe-
culate that the missing cases in our series (up to
the 30 predicted cases for 15 years period based
upon data from European and US statistics) could
be exactly those early stage cases that have re-
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mained undiagnosed. This possibility goes along
with the fact that at least 20% of MTCs in
Europe are expected to be familial cases (FMTC),
and those are usually with milder disease course
and affecting younger individuals, approxima-
tely 10 years earlier than the sporadic MTC [1-
4, 6]. From the 23 detected sequence changes
in the RET proto-oncogene, 6 of the missense
mutations including one of the splice variants
(p.G736R and p.P706M in MTC3, p.G736R in
MTCS5, p.1602V in MTC8, p.M918T in MTC11,
p.M918L in MTC13 and p.E713K splice var. in
MTC18) detected in 6 of the 20 cases (30%)
are probably damaging and could have possibly
influenced the ontogenesis and/or tumor pro-
gression. The splice region variant p.E713K
induces possible use of 2 cryptic splice sites
which could lead to alternative transcripts with
loss of 3 or 12 bases from exon 12, respectively.
According to the splicing variant predicting
software [43], alternative splicing could result
in breakdown of 5 usual enhancer sites and
introduction of 2 novel enhancers, while at the
same time providing 2 new silencers instead of
the disrupted 3 usual silencing sites with ove-
rall unknown signifycance regarding the spli-
cing process. However, in case usual splicing
takes place, this mutation is predicted to be a
damaging one. The other splicing site variation
(c.2733T>G; p.G911Gsplicing var.) has been
already described with a frequency of 0.2% in
series of more than 500 large intestine tumors
(COSM1560792; Ensemble) [20]. According to
the splicing variant predicting software [43]
this variation could result in possible use of 2
alternative splicing sites. In the first case 70
bases (of 71) of exon 16 would be skipped
resulting in shorter and probably non-functional
or product with diminished function. However,
in the second case the splicing would result
with a product missing 13 bases and conse-
quent frameshift. In this case there is no
appearance of the stop codon, but instead the
product would present a new sequence contai-
ning a Protein kinase C phosphorylation site
(motif: [ST] x [RK]) thus leading to alteration
of the second (downstream) intracellular tyro-
sin kinase domain of the RET protein. The
€.2040delC is a frameshift single nucleotide de-
letion inducing a stop signal at codon 730 that
could possibly result in non-functional protein

or transcript degradation. The rest of the mis-
sense mutations were predicted to be neutral or
tolerable regarding the protein function. In this
series all of the sequence changes were located
in 6 exons (exons 8, 10, 11, 12, 13 and 16),
which is in concordance with other studies re-
porting that these are among the most frequent-
ly affected exons in sporadic and familial MTC,
as well as in MEN syndromes altogether [1, 3,
5, 13, 22-27].

Only 4 of the 23 sequence changes that
were found in our series were previously pub-
lished (p.A680T — rs184498773, p.L769L —
rs1800861, p.M918T — rs74799832 and p.G691S
—rs1799939). For the rest of the mutations and
the single nucleotide deletion we were not able
to find any records neither in the publicly ava-
ilable databases, nor in the available literature.

Thirteen of our patients (65%) had some
kind of sequence change in the RET proto-on-
cogene. If patients whose tumors had only sy-
nonymous mutations and known polymerph-
isms were subtracted, 9 cases remain (45%)
with probably significant mutations, and at least
6 cases (30%) with damaging RET mutation.
Several other studies have confirmed somatic
RET mutations in sporadic MTC with frequen-
cies ranging from 23-70% [29-34]. Regarding
the germline mutations in apparently sporadic
MTC, several studies have reported frequencies
ranging from 1.5-22.7% in different series [13,
33]. In our series there were 4 patients (20%)
with germline sequence changes: p.L769L
(rs1800861) polymorphism homozygous in pa-
tient MTC3 and heterozygous in patient MTC13;
G691S (rs1799939) polymorphism in heterozy-
gous state in patient MTC10; and L534L hete-
rozygous mutation (previously unpublished) in
patient MTC17 — both the first and last of them
synonymous and with no impact on the protein
structure itself. The p.G691S was not predicted
to be a damaging (it is in fact polymorphism)
with the algorithms we used, although Yang et
al. have reported it to be associated with vesi-
co-ureteral reflux in French-Canadian popula-
tion from Quebec [19], which was not the case
with our patient. There were no significant
germline mutations in our series confirming the
sporadic nature of the tumors. Presence of da-
maging RET mutation was not correlated to the
disease outcome during the follow up, and there
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was no significant survival difference between
the patients whose tumor had damaging muta-
tion in comparison to the others., which is op-
posite to several other studies [27, 31, 44]. For
example, Romei et al. [31] found somatic RET
mutations in 8 of 18 cases of sporadic MTC. In
5 of the cases the mutation affected exon 16
(M918T) and in 3 cases exon 11 (C634A in 1
case and C634T in 2 cases). Six of those pa-
tients (75%) presented tumor recurrence or
increased calcitonin levels during the postsurgi-
cal follow up in comparison to only 10% of the
patients without RET mutation in tumor speci-
mens (p < 0.05). This study setup clearly dif-
fers from ours, since we analyzed the overall
survival of the patients and not the biochemical
signs of recurrence. Elisei et al. [27] found that
MTC patients with somatic RET mutation and
advanced stage had significantly worse outcome
and lower percentage of survival. However in
these studies the age of the patients at diagnosis
was not commented as a significant factor in-
fluencing the survival, although there are stu-
dies confirming that the age at diagnosis is the
only independent prognostic parameter besides
pTNM Stage correlated to the survival [6, 45].
We speculate that the influence of RET mu-
tations on the survival was mitigated by the
younger age of the patients, lower stage and
smaller diameters of the tumors in which mu-
tations were discovered (table 4). In our series
the age at diagnosis was significantly correla-
ted to the disease outcome, with younger pati-
ents having significantly better survival curve
(Table 4, Figure 16). Another factor contribu-
ting for such results could be the relatively low
frequency of mutations at codon 918 (only
10%) in our series in comparison to the others
reporting frequencies of 20-80% [6]. This mu-
tation is known as one of the most severe ones,
and its lower frequency in our series might be
influencing the loss of correlation between the
presence of damaging (other than codon 918)
RET mutations and survival of the patients.
The Ki-67 expression was low, on average
(6.48% of tumor cells), as expected and as
published in other studies [6]. However in our
series we encountered a rather odd phenome-
non of significantly higher Ki-67 expression in
women (mean 9.35% of tumor cells) compared
to men (mean 1.14% of tumor cells) (p < 0.05).

We have no plausible explanation for this phe-
nomenon, and we haven’t found similar pub-
lished results in the reviewed literature. However,
the gender itself had no influence on the disease
outcome neither was correlated to any other of
the investigated parameters. Ki-67 was correla-
ted to the disease outcome (R = 0.56; p < 0.01),
and patients with Ki-67 higher than the mean
Ki-67 expression of the whole group (5.6%)
presented significantly worse survival curve than
those with lower Ki-67 expression (Figure 14).
Opposite to the Ki-67 expression, we found high
Bcl-2 expression averaging 68.3% of tumor cells.
Our data generally correlate with the results from
Cobanoglu et al. and Viale et al. [7, 8] who
also found high Bcl-2 expression. However, in
our series the average Bcl-2 expression (68.3%)
is lower than that observed by Cobanoglu et al.
who reported up to 90% positivity. This dis-
crepancy has emerged because we had 4 pati-
ents with (extremely) low Bcl-2 expression
(0.5%, 5%, 10%, and 20% respectively). Viale
et al. found that 26 out of 33 MTC cases had
Bcl-2 expression in more than 25% of the cells.
They have reported longer survival in Bcl-2
positive cases. Likewise, in our study Bcl-2
was significantly higher in tumors from the
patients who survived the follow up (mean
84.5%; St. dev. 19.64) in comparison to those
who died (mean 52.1%; St. dev. 37.9) (p < 0.01).
The patients whose tumors expressed Bcl-2 in
more than 68% of the cells (the mean value for
the whole group) presented significantly better
survival than those with lower Bcl-2 expression.

In summary, our study is the first of this
kind conducted on Macedonian patients with
MTC to the best of our knowledge. Our results
suggest that this population has significantly
lower prevalence of somatic and germline mu-
tations affecting codon 918 than reported in
other populations. Ki-67 and Bcl-2 immuno-
stainings for MTC specimens should be rou-
tinely performed since both markers show sig-
nificant correlation to the disease outcome.
Although RET mutational status showed no
direct correlation to the disease outcome and
overall survival in this series, we firmly stand
behind the conclusions of other authors who
favorite RET screening in patients with MTC
at least for two major reasons: firstly, the no-
tion that we miss at least 8 patients from the
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calculated incidence of MTC for the past 15
years, especially MEN2 and FMTC related cases,
suggest possible flaws in the current screening
and diagnostic protocols that could be overcome
by implementation of molecular diagnostic on
routine basis for all cases of MTC; and second-
ly, in near future patients with detected RET
mutations could benefit from application of
specific tyrosine kinase inhibitor based therapy.
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Pesume

HOBU RET-MYTALIMU KAJ MAKEJIOHCKU
MAIAEHTH CO MEJYJAPEH KAPLIUHOM
HA TUPOUJTHATA JKJIE3/A:
TEHOTHIICKO-®EHOTHUIICKH
KOPEJIALIUU

PyGenc JopaHoBuk!,

Caasuna Kocragunosa-Kynosckal,

Becna Janesckal, Buijana Boroesal,

JInnjana Cnacesckal, lannesa Musiaaunosa?,
Amna Yrpuncka?, Mapuna 3apasecka-KouoBcka?,
Jlejan Tpajkos®, Fopaana Ierpymesckal

! Uucruryt 3a natonoruja, MequuuHCcku (aKynTer,
Ckorje, P. Makenonuja

2 HCTHTYT 3a MaTo(h)M3HONIOTHja M HyKJIeapHa
MeaunuHa, Menuiuacku dakynrer, Ckomje,

P. Makenonuja

$ HCTHTYT 32 NMYHOOMOJIOTHja M XyMaHa TeHETHKa,
Menummackn dakynrer, Cromje, P. Makenonuja

MenynapHute KapuuHOMH Ha THPOWJHATA
xkne3na (MTC) ce peTku HEOIUIa3MH IITO COYUHY-
BaaT 2—10% oz cuTe MaTUrHU TYMOPH Ha THPOUI-
HaTa e3na. [loseke on 75% ce jaByBaar Kako
CIIOpaJUYHN TYMOPH, a8 OCTaHATHUTE CE jaByBaaT BO
ckiorr Ha MEN2 cunnpom mimm kako (amummjapHu
ciyvan. Kako damunmjapHuTe/CHHAPOMCKHTE, TaKa
U CIIOPAIMYHUTE TYMOPH YeCTO TIOKa)KyBaaT MyTa-
uu Bo RET-mpoTrooHkoreHoT. 3abenexano e aexka
HEKOU OJ] TYMOPHTE MOKa)KyBaaT MHIOJICHTEH KJIH-
HHUYKH TEK, J0/IeKa JIpYTH ce arpecuBHU. Excnpecu-

jata na Ki-67, rmaBHO, € HUCKA, CO JOKYMEHTUPAHH
uckiydonu. Hacnporu Toa, Bo MOBEKETO TyMOpH Ce
Haora BHCOKa ekcrpecuja Ha Bcl-2. Hekonky cry-
JIUU TIOKaXKaa JiIcka HUBOTO Ha ekcripecuja Ha Ki-67
n Bcl-2 WMa mpoOrHOCTHYKO 3HAa4YCHE, KaKO IITO
AMa U MyTalMoOHHOT ctaryc Ha RET-mpoTooHKO-
reHoT. Bo oBaa cTyamja ja aHanuM3upaBMe eKcCrpe-
cujata Ki-67 u Bcl-2 u nmpucyctBoro Ha RET-My-
tarun Bo 20 Hecpoguu ciydan Ha MTC, HUBHUTE
MelyceOHH Kopellalluy U Kopelauuure co Mopdo-
JIOUIKUTE OCOOMHM Ha TyMOPUTE U CTaJUyMOT Ha
OonecTa, Kako M HPEXHUBYBAHETO HAa HALUEHTUTE.
Bo 13 on aHanmu3upaHWTe MPUMEPOLH HAjA0BME
BKynmHO 23 mpomeHHu Bo cekBeHnara Ha RET muc-
TpuOynpanu Bo er3onute 8, 10-13 u 16. HajmoBme
11 paznmuyam missense-MyTaIiy, €THOHYKICOTH/I-
Ha Jiefielvja U 8 Pa3sNuuHi CUHOHMMHHU MYTAIlHH.
Camo 4 on oBUE IPOMEHH CE TPETXOJHO 00jaBEHH,
OCTaHATUTE C€ HOBOOTKpPHEHHU. J[BaHaeceT maiu-
eatn (60%) wmaa TyMOpW CO €IHAa WM TOBEKe
MISSENSe-MyTaluy WK CJHOHYKICOTHHA JICJICIIN-
ja, a cenymmuHa of HuB (35%) nmaa OapeMm egHa
OLUTETyBaYKa WJIM BEPOjaTHO OLITETyBayKa MyTa-
mja Bo RET-nporoonkorenot. IloBekero Tymopu
rMaa HHCKa ekcrpecrja Ha Ki-67 (cpemHa Bpen-
HoOcT 6,48% 0o KJIETKUTE) U BUCOKA EKCIpecHja Ha
Bcl-2 (cpemna Bpemmnoct 68,3%). BoounBme 3Ha-
YUTEHO TOA00PO TNpPEKHBYBamkbe HAa TAIUCHTUTE
YUK TYMOPH MMaa ITIOHUCKaA excripecyja (< 6,5%) Ha
Ki-67 (p < 0,05), moBucoka ekcrpecuja (> 68,3%)
Ha Bcl-2 (p < 0,01) u momitaga Bo3pact (< 51 ro-
JIMHU) TIpK HHAIMjaHaTa qujaraosa (p < 0,05).

Kuyunu 360poBu: RET-myranuu, MenynapeH Kapiu-
HOM Ha TUpouIHA xie3/a, Ki-67, Bcl-2,



