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Gastrointestinal stromal tumors (GISTs) have an unpredictable biological potential ranging from benign to malignant.
Molecular markers involved in the mechanisms of proliferation and cellular senescence may provide additional information
about biological behavior of the tumor. The aim of the present study was to investigate Ki-67, TPX2, TOP2A and hTERT mRNA
expression levels in specimens from patients with GISTs to define relationships between proliferation activity and biological
potential and progression of the disease. We measured Ki-67, TPX2, TOP2A and hTERT mRNA levels using quantitative real-
time reverse transcription PCR (RQ RT PCR). The highest Ki-67, TPX2, TOP2A and hTERT mRNA expression levels were
found in the highly proliferative BLs (18 specimens), in comparison with GISTs (137 specimens) and LMSs (9 specimens).
Patients with GISTs and adequate information about mitotic activity, tumor size and anatomical site (84 specimens) were
divided into two groups - GISTs with benign (29 patients) and with malignant (55 patients) potential. We observed associa-
tion between higher Ki-67, TPX2 and hTERT mRNA levels and the GISTs with malignant potential. Univariate analysis (57
patients with available follow-up information) of survival (Kaplan Meier curves method) revealed a correlation between
higher levels of TPX2, Ki-67 and hTERT markers and shorter event-free survival (EFS) or poorer overall survival (OS). The
results demonstrate the importance of quantitative assessment of the proliferation activity in GISTs. Proliferation markers
of Ki-67, TPX2, TOP2A and hTERT are suitable markers for detection the proliferation activity and telomerase activity of
these tumors. Furthermore, the assessment of TPX2, Ki-67 and hTERT expression levels is appropriate for determination of

malignant potential of GISTs.
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Gastrointestinal stromal tumors (GISTs) constitute a dis-
tinctive group of mesenchymal tumors of the gastrointestinal
tract, based on their morphological and immunohistochemical
(IHC) properties, molecular pathogenesis, and responsiveness
to target therapy [1, 2].

Constitutively activating mutations of KIT and PDGFRA
(platelet-derived growth factor receptor alpha) genes are cen-
tral in the oncogenesis of GISTs, resulting in an increased cell
proliferation and enhanced cell survival [2, 3].

GISTs represent a heterogenous group of tumors with an
unpredictable biological behavior ranging from benign to
malignant. Estimation of a potentially aggressive behavior of
these neoplasms has found a rationale in contemporary clas-
sification schemes but it is still difficult [1, 4, 5, 6].

Assessment of prognosis (risk of relapse or progression
of the disease) commonly takes the primary tumor size and
mitotic index into consideration. Based on these two variables,
Fletcher et al. proposed GIST related risk classification [7].
They categorized GISTs into four risk groups: very low, low,
intermediate and high risk

Another important risk factor is the primary site of the
tumor. Miettinen et al. [8] extended criteria for evaluating
the biological potential of GISTs with regard of the anatomic
location.

A final consensus on classification of GISTs into prognostic
groups has been worked out by the WHO Classification of Tu-
mours of Soft Tissue and Bone [9]. Though effective and widely
used criteria are set, estimation of the biological behavior of
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GISTs is still open to research activities. Information about
mechanisms of the tumor proliferation activity and cellular
senescence may provide additional information. In the present
work we evaluate the proliferation activity and prognosis
of GISTs investigating the activity of several molecules. We
selected molecular markers which are important regulators
of the cell cycle - Ki-67, TPX2, and topoisomerase II alpha
(TOP2A), and a marker that is associated with the mechanism
of cellular senescence - enzyme telomerase, specifically \TERT
telomerase catalytic subunit (hTERT).

Ki-67 is a nuclear proliferation associated antigen ex-
pressed in the growth and synthesis phases of the cell cycle
(G1, S, G2 and M), but not in the resting phase, GO. This an-
tigen provides information about the proportion of the active
cells in the cell cycle [10]. Another molecular marker, TPX2
is a microtubule-associated protein homolog. It plays an im-
portant role in mitotic spindle formation, and a segregation of
chromosomes during the cell division [11]. TPX2 is expressed
exclusively in the proliferating cells in S, G2 and M phases
of the cell cycle and its activity accurately corresponds to
proliferation activity of cells. TOP2A controls topology of the
DNA, chromosome segregation, and cell cycle progression
and is used as indicator of the cellular proliferation [12], and
moreover is used as molecular target for several anti-cancer
chemotherapeutics agents [13]. hTERT is a frequently used
marker, which is associated with the mechanism of cellular
senescence. The hTERT is an enzymatic human telomerase
reverse transcriptase catalytic subunit, one of two compo-
nents of the enzyme telomerase [14]. Telomerase activity has
been observed in 80-90% of malignant tumors (one of the
mechanisms for immortalization of tumor cells is activation
of telomerase). This fact suggesting that reactivation of the
telomerase plays an important role in the development and/
or progression of neoplastic cells [15].

In this study we have measured the expression of the prolif-
eration markers and hTERT at the mRNA level. Furthermore,
we correlated the expression of the above mentioned molecular
markers with the proliferation activity and with the biological
behavior of GISTs.

Patients and methods

Patients. The study was performed using the primary
tumor specimens diagnosed at the Department of Pathology
and Molecular Medicine. All specimens of GISTs and control
tissues samples from Burkitt lymphomas (BLs), and leio-
myosarcomas (LMSs) (137, 18, and 9 samples, respectively)
were processed in a routine way for morphological and IHC
examinations at the time of diagnosis.

According to the histopathological criteria assessed by
WHO classification [9], we assorted GISTs into two catego-
ries: GISTs with benign and malignant potential. In the group
of benign GISTs, WHO prognostic groups 1, 2, and 3a (4,
13, and 12 cases) were included. In the group of malignant
GISTs, WHO prognostic categories 3b, 5, 6a, and 6b (3, 1, 5,

and 46 cases) were gathered. To categorize patients within
the WHO specific subgroups, we did not have the cohorts of
patients large enough for statistical evaluation in individual
subgroups. Furthermore, there were no patients with GISTs
that would comply with criteria for prognostic group 4 (GISTs
with tumor size less than 2 cm and mitotic rate over 5 mitosis
in 50 high power fields, HPF). Of 137 patients with GIST, we
were able to obtain complete information about the mitotic
activity, anatomic site and tumor size in 84 cases. Of the 84
patients with complete information we analyzed 29 and 55
samples of benign and malignant GISTs, respectively (34.5%,
and 65.5%).

Follow-up information was available in 57 patients. A pe-
riod of follow-up for event free survival time (EFS) and overall
survival time (OS) ranged from 1 to 102 months, and from
1 to 124 months, respectively. Median follow-up for EFS and
OS was 16 and 41 months. Median age of the patients was 65
years (range, 22 - 91 years). There were 27 females (47%) and
30 males (53%). Clinicopathological data of the 57 patients
are summarized in Supplementary Table 1.

There were 18 patients (31.6%) in the group of GISTs with
benign potential. In the group of patients with malignant
potential there were 39 patients (68.4%).

For univariate analysis by Kaplan Meier survival we used
the Ki-67, TPX2, TOP2A, and hTERT expression levels from
the group of 57 patients with the follow-up. Expression levels
were analyzed according to two aspects: i.) mean values, and
ii.) median values. Patients were categorized as the “high risk”
group, if the molecular markers mRNA levels were greater or
equal than the mean value, and/or median value. The “low
risk” group constituted cases with the mRNA levels that were
lower than the mean value, and/or median value. Values of
each molecular marker are summarized in Table 1.

Diagnostic tumor tissues were collected and tested after an
informed consent given by patients, and with the approval by
the Ethical committee.

RNA extraction and cDNA synthesis. RNA was extracted
from the formalin fixed and paraffin embedded (FFPE) tissue
samples using High Pure RNA Paraffin Kit (Roche Diagnostic,
Mannheim, Germany). In case of frozen tissues available, RNA
was extracted using Tri-Reagent (Invitrogen Ltd., Carlsbad,
CA, USA) according to the manufacturer s instruction.

The complementary DNA (cDNA) was synthesized using
reverse transcription (RT) from 10uL isolated RNA in a total

Table 1. Summary of the distribution of Ki-67, TPX2, TOP2A, and hTERT
mRNA levels

MOLECULAR  RANGE OF VALUES MEAN MEDIAN
MARKERS (No. of copies) (No. of copies)  (No. of copies)
Ki-67 0-71.3 4.875 0.771
TPX2 0-250 23.837 7.01
TOP2A 0-10400 625.483 84
hTERT 0-71.2 2.765 0.101
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volume of 20uL. The processes of RT and cDNA quality control
were prepared as described elsewhere [16].

Quantitative Real Time Reverse Transcription PCR (RQ
RT PCR)

Plasmid Calibrators. Plasmids of Ki-67, TPX2, TOP2A,
and hTERT genes were produced from PCR products of the
respective genes that were cloned into the pCR®-2.1. TOPO
vector. Resulting constructs were transformed into TOP10
competent Escherichia coli cells using TOPO® TA cloning Kit
(Invitrogen by Life Technologies Corporation, Carlsbad, CA,
USA). Cloned plasmids were purified using Jetquick Plasmid
Miniprep Spin Kit (Genomed, Léhne, Germany) according to
the manufacturer ‘s instructions. ABL plasmid of ABL control
gene was produced as described elsewhere [17].

RQ RT PCR . RQ RT PCR analyses were performed using
LightCycler 480 detection system (Roche Diagnostic, Man-
nheim, Germany). The assessment of the expression levels of
Ki-67, TPX2, TOP2A, and hTERT catalytic subunit transcript
were accomplished using the Universal Probe Library software
system for Human (Roche Applied Science, Indianapolis, IN,
US). The sequences of the primers and probes are listed in
Table 2. Reaction conditions were as follows: reaction mix-
ture comprised FastStart TagMan Probe Master Mix (Roche
Diagnostic, Mannheim, Germany), 500nM of each sense and
antisense primers, 100nM of LNA probe and 1uL ¢cDNA in
a final volume of 20pL. The reaction was started with incuba-
tion at 50°C for 2 minutes, initial denaturation at 95°C for
10 minutes, followed by 55 PCR cycles: 95°C for 15 seconds
and 60°C for 1 minute.

Parameters for PCR amplification of ABL transcript: reac-
tion mix contained 2x TagMan Universal PCR Master Mix
(Life Technologies Corporation, Carlsbad, CA, US), 375nM
of each sense and antisense primer, 250nM of ABL hydrolysis
fluorescent probe and 1pL of cDNA in a final volume of 20uL.

Table 2. Sequence of probes and primers

ABL probe 5" 6-FAM-CCATTT TTG GTT TGG GCT TCA CAC

CAT T-TAMRA 3

5" TGG AGA TAA CAC TCT AAG CAT AAC TAA
AGG T3’

5" GAT GTA GTT GCT TGG GAC CCA 3’
Universal ProbeLibrary, probe No. 30°

5" GAG GTG TGC AGA AAATCC AAA 3’
5"CTG TCC CTA TGA CTT CTG GTT GT 3’
Universal ProbeLibrary, probe No. 51°

5" ACA TCT GAA CTA CGA AAG CAT CC 3’
5" GGC TTA ACA ATG GTA CAT CCCTTA 3"
Universal ProbeLibrary, probe No. 76

5" CAA CAT GCC AAT TGA GTG AAA 3’

5" ACT TGG GCC TTA AACTTC ACC 3’
hTERT probe Universal ProbeLibrary, probe No. 19

sense primer 5"GCCTTC AAG AGC CACGTC 3"

antisense primer 5" CCA CGA ACT GTC GCA TGT 3’

Roche Applied Science®

sense primer

antisense primer
Ki67 probe
sense primer
antisense primer
TPX2 probe
sense primer
antisense primer
TOP2A probe
sense primer

antisense primer

The amplification conditions of ABL transcript were derived
from those published by Willasch et al. [17]. Detection of
Ki-67, TPX2, TOP2A, hTERT and ABL copy numbers was
performed according to a standard curve method. Consequent
plasmid calibrators of each gene were using for standard curves
construction.

Standard curves of the Ki-67, TPX2, TOP2A, hTERT
mRNA transcripts and ABL housekeeping gene mRNA tran-
script were prepared from decimal diluted plasmids. Plasmids
were diluted in salmon sperm low-molecular weight DNA
(Sigma-Aldrich Corporation, St. Louis, Missouri, US). The
concentration range of the ABL housekeeping gene plasmids
was from 2.5E+07 to 2.5E+01copies per pL. Standard curves
of the mRNA transcript of molecular markers were prepared
from a followed concentration range: from 1.45E+10 to
1.45E+01 copies/pL for Ki-67, from 2.49E+09 to 2.49E+01
copies/uL for TPX2, from 7.83E+09 to 7.83E+04 copies/
uL for TOP2A, and from 1.8E+10 to 1.8E+01 copies/uL for
hTERT.

RQ RT PCR of Ki-67, TPX2, TOP2A, hTERT and ABL
plasmid dilution, non-template control, as well as the quanti-
fication of Ki-67, TPX2, TOP2A, hTERT and ABL expression
of the respective samples were performed in duplicates.

Normalized expression of Ki-67, TPX2, TOP2A, hTERT
transcripts were calculated as a ratio between the expression
levels of Ki-67, TPX2, TOP2A, hTERT and ABL housekeeping
gene expression levels.

Statistical analysis. For the statistical analysis we used JMP
IN 5.1. software (SAS Institute, Cary, NC, US). Kruskal-Wallis
nonparametric test was applied to assess differences of the
mRNA levels of the molecular markers within GISTs, BLs, and
LMSs and benign/malignant potential of GISTs. Univariate
analysis of EFS and OS with connection of benign/malignant
potential of GISTs and mRNA levels of the molecular markers
were performed by the Kaplan-Meier survival method, using
the long-rank test. P values less than 0.05 were considered
statistically significant.

Results

Expression levels of the proliferation markers and
hTERT in GISTs, BLs, and LMSs. We analyzed a cohort
of 137 patients with GISTs, control group of 18 specimens
of highly proliferative BLs, and control group of 9 samples
of LMSs to determine their proliferation activity. When we
compared the expression levels of the proliferation markers
in BLs, GISTs, and LMSs, we found the most significant dif-
ferences in the group of patients with BLs - Ki-67 (p<0.0001),
TPX2 (p<0.0001), TOP2A (p<0.0001), and hTERT (p<0.0001)
(Figure 1A, 1B, 1C, and 1D). The proliferation activity of Ki-
67, TPX2, TOP2A, and the activity of hTERT in GISTs and
LMSs was significantly lower, than the expression of those
molecular markers in BLs. Median values for the mRNA levels
of proliferation markers and hTERT of BLs, GISTs, and LMSs
are shown in Figure 1.
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Figure 1. Normalized mRNA levels of molecular markers in GISTs, BLs, and LMSs. Vertical lines of box plot graphs display mRNA levels of Ki-67 (A),
TPX2 (B), TOP2A (C), and hTERT (D) in absolute copies. Horizontal lines display individual groups of diseases. The extremities of each box show the
25th-75th percentile. The lines within the boxes represent median values. The bottom and top bars of the whiskers designate the 10th and 90th percen-
tiles. Outlying values are shown by dots. The result of non-parametric Kruskal-Wallis test was: p<0.0001 (for Ki-67), p<0.0001 (for TPX2), p<0.0001 (for
TOP2A), and p<0.0001 (for hTERT). The higher mRNA levels of Ki-67, TPX2, TOP2A, and hTERT were significantly associated with BLs.
Abbreviation: BLs - Burkitt lymphomas, GISTs - Gastrointestinal stromal tumors, LMSs - leiomyosarcomas

Median values of the Ki-67, TPX2, TOP2A, and hTERT mRNA levels in BLs, GISTs, and LMSs were follows: 49.95, 0.676, and 15.8 for Ki-67, 120, 6.88,

90 for TPX2, 355.5, 78.5, 517 for TOP2A, and 12.15, 0.0556, 0 for hTERT.

Expression levels of the proliferation markers and hTERT
in GISTs with benign and malignant potential. The results
revealed that the expression levels of Ki-67, TPX2, and hTERT
in the GISTs with malignant potential (prognostic groups
3b, 5, 6a, and 6b) closely correlate (p<0.0001, p<0.0001, and
p<0.0001, respectively). Specimens from prognostic groups
3b, 5, 6a, and 6b (GISTs with malignant potential) had higher
levels of Ki-67, TPX2, and hTERT mRNA than specimens from
prognostic groups 1, 2, and 3a (GISTs with benign potential)
(Figure 2A, 2B, and 2D). We did not find any significance in
the mRNA levels of TOP2A and benign/malignant potential
of GISTs (p<0.1910) (Figure 2C). Median values of the Ki-67,
TPX2, TOP2A, and hTERT mRNA levels are summarized in
Figure 2. Illustrative comparison of protein Ki-67 expression
(IHC method) and comparable mRNA level of Ki-67 (RQ RT
PCR) showed Figure 3.

A relationship of the benign / malignant potential of
GISTs with EFS and OS. Patients with GISTs and malignant

potential manifested a shorter EFS than patients in the group of
GISTs with benign potential (log-rank test, p<0.0040). Patients
with GISTs and malignant potential had also a shorter OS
than the patients in the group of GISTs with benign potential
(log-rank test, p<0.0263). Data not shown.

Relationship of the proliferation markers and hTERT
levels with EFS and OS in univariate analysis. Higher levels of
Ki-67 and TPX2 mRNA (stratified according to mean values)
correlated with shorter EFS and OS, p<0.0121 and p<0.0304
(for Ki-67 proliferation marker) and p<0.0003 and p<0.0030
(for TPX2 proliferation marker). If the expression levels of
molecular markers were stratified according to median values,
shorter EFS was associated with higher TPX2 and hTERT
mRNA levels (p<0.0311, and p<0.0106, respectively). Sum-
marized data are presented in Table 3. Graphical overview of
the results of EFS in connection with TPX2 (median values),
Ki-67 (mean values) and hTERT (median values) expression
levels are shown in Figure 4.
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Figure 2. Normalized mRNA levels of molecular markers and group of the GISTs with benign and malignant potential. Vertical lines display Ki-67 (A),
TPX2 (B), TOP2A (C), and hTERT (D) mRNA levels in absolute copies. Horizontal lines display groups of GISTs with benign and malignant potential.
Expression levels of Ki-67 (A), TPX2 (B), and hTERT (D) molecular markers in GISTs with malignant potential were significantly higher than in GISTs
with benign potential p<0.0001, p<0.0001, and p<0.0001, respectively (non-parametric Kruskal-Wallis test). In TOP2A (C) there was no statistical asso-
ciation between mRNA levels of TOP2A in the groups of GISTs with benign and malignant potential (p<0.1910). Median values of benign and malignant
GISTs were as follows: 0.168 and 1.05 for Ki-67, 1.89 and 11.1 for TPX2, 61.2 and 96.7 for TOP2A, and 0 and 0.193 for hTERT.

Table 3. Summary of the parameters of univariate analysis

vaALugs  MOLECULAR  SURVIVAL  UNIVARIATE ANALYSIS
MARKER TIME P VALUE
; EFS 0.0121°
e (oM 0.0304*
EFS 0.0003¢
e (oM 0.0030°
HEAN EFS 0.3435
TOP2A o oo
EFS 0.1058
PTERT oS 0.3455
; EFS 0.1082
e (oM 0.4768
EFS 0.0311°
e (ON 0.1080
MEDIAN oS o
TOP2A s P
EFS 0.0106°
PTERT oS 0.3152

2 statistically significant

Discussion

GISTs are mesenchymal tumors with an unpredictable
biological potential ranging from benign to malignant. Many
previous studies have proven that the evaluation of prolifera-
tive indices is a most useful in distinguishing benign from
malignant GISTs [18, 19, 20]. Therefore, the aim of this study
was to investigate proliferation and telomerase activity of
GISTs to improve our understanding of their proliferation ac-
tivity and to estimate their malignant potential and prognosis
with a greater accuracy than establishing the mitotic rate.

Proliferation marker Ki-67 is a most common and widely
used marker for detection of the proliferation activity of tu-
mors using IHC investigations. Data on GISTs based on the
THC results are still controversial. Gelen et al. [19] demon-
strated that Ki-67 proliferation index is valuable in predicting
a malignant potential of GIST. Correspondingly, Di Vizio et
al. [20] published a correlation of Ki-67 overexpression (using
methods of IHC analysis) and RFS and OS in GIST patients.
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Figure 3. Illustrative picture of protein expression and mRNA levels of Ki-67. Illustrative picture of a high protein Ki-67 expression (>50%) (A), high
mRNA level of Ki-67 (1.11E4 absolute copies) (B), low protein Ki-67 expression of (<1%) (C), and low mRNA level of Ki-67 (2.67E0 absolute copies)
(D). Brown lines show amplification curves of plasmid Ki-67 standard samples, red lines display amplification curves of measured samples, and green

lines indicate amplification of NTC (no template control).

Other authors investigated, that Ki-67 index (<5, 6-8, >8%)
was an independent prognostic factor for RES of GIST pa-
tients, and moreover that high-risk GIST patients with Ki-67
index >8% showed a poorer prognosis even with imatinib
adjuvant therapy [21]. However, other investigators did not
find any prognostic correlation between Ki-67 proliferation
index and mitotic counts, tumor risk groups and the tumor
size [22, 23]. Discrepancy is most probably due to the fact that
the IHC method and semiquantitative evaluation of the results
is liable to a subjective interpretation of the microscopic find-
ings. In the present study we used data of RQ RT PCR which
determines a real amount of the target molecules, expressed
as copy numbers of molecules. We confirmed association
between Ki-67 mRNA expression levels and proliferation
activity of the tumor cells (significantly higher Ki-67 mRNA
levels in highly proliferative BLs than in GISTs and in LMSs).
We found also a statistical significance of Ki-67 expression
levels in the group of GISTs with a malignant potential when
compared with benign GISTs. Furthermore, we demonstrated
a correlation between overexpression of the Ki-67 mRNA
levels (divided according mean values) and both EFS and

OS. At the level of IHC demonstration of Ki-67, Gelen et al.
determined significant differences of Ki-67 proliferation in-
dex between three groups of GISTs (benign, borderline and
malignant) [19]. Group of GISTs with uncertain malignant
potential (a borderline group) has not been investigated in
this study. Molecular analyses of mutation state of KIT and
PDGFRA genes and mRNA levels of proliferation markers
were primarily carried out in patients with malignant po-
tential (size over 5 cm, high mitotic rate), and specifically in
metastatic, inoperable or recurrent tumors. The reason for
focusing preferably on patients with unfavorable GISTs lays
in therapy targeting potentially responsive GISTs by tyrosin
kinase inhibitors. Patients categorized in the WHO prognostic
group 4 are relatively uncommon [8, 9], and we had no such
a patient for statistical analysis. Furthermore, the aim of the
study was to ascertain whether we may separate clear polari-
ties, e.g. benign and malignant lesions by the tools utilized
in this study.

Beside establishing the proliferation activity of the tumor
by the Ki-67 index, some authors focused on the expression of
TOP2A activity. Wong et al. [24] observed that TOP2A expres-
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sion correlated with more aggressive hepatocellular carcinoma
(HCC) phenotype and patient responsiveness to doxorubicin-
based therapy. De Resende et al. [25] reported that patients
with higher expression of TOP2A presented shorter BRES
(biochemical recurrence-free survival) in prostate cancer. Our
observation with TOP2A expression also revealed a relation
between high tumor proliferation activity and higher TOP2A
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Figure 4. Kaplan Meier survival analysis of the EFS and mRNA levels of
TPX2, Ki-67, and hTERT. EFS rates of the patients with GISTs distributed
with respect of median values of the TPX2 mRNA levels (A), EFS rates in
the connection of Ki-67 mRNA levels distributed according mean values

(B), EFS rates in the connection of hTERT mRNA levels distributed ac-
cording median values (C).

mRNA levels. In contrast with these findings we did not find
a statistical significance of TOP2A mRNA levels in connection
with benign / malignant potential of GISTs. Likewise, we did
not observe association between higher TOP2A levels and the
outcome of the patients with GISTs in EFS and OS. The results
obtained in our study may be explained at least partially by
time lapse studies of TOP2A through cell cycle by Stacey et
al. [26]. These studies indicate that the expression of TOP2A
in tumor cells is less dependent on the proliferation state of
malignant cells. Authors further reported that the cells which
remain viable but are temporarily removed from the active
cell cycle were able to become dominant and produce high
levels of TOP2A. The explanation may rest in the fact that
slowly growing cells do not actively proliferate. Therefore,
the differences of the TOP2A mRNA levels in the GISTs with
benign and malignant potential (probably comprise a majority
of slowly growing cells) are not so significant.

Reactivation of telomerase is believed to play a role in
tumor cell immortalization. Wang et al. [27] reported that
detection of telomerase activity, apoptosis and control genes
(P53 and BCL2) in GISTs will be helpful in the evaluation of
the prognosis, and discrimination between malignant and
benign GISTs. Similarly, Tominaga et al. [28] reported a strong
relationship between detection of the telomerase activity and
expression levels of hTERT in neoplastic and non-neoplastic
esophageal lesions. In our study, we measured hTERT mRNA
levels by means of RQ RT PCT technique. A similar approach
was published by Capkova et al. [29] in bronchial mucosa
of heavy smokers. Expression of the hTERT in the tumors
of the gastrointestinal tract (cholangiocarcinoma, HCC and
GISTs), and in non-neoplastic tissues was determined by oth-
ers [30]. These authors found expression of h\TERT mRNA in
carcinomas but not in GISTs and non-neoplastic tissues. In
contrast with their results, we detected expression of hTERT
mRNA levels not only within highly proliferating tumors
such as BLs, but also in GISTs and LMSs. More importantly,
we demonstrated association of the hTERT mRNA level and
GISTs with malignant potential. Same results were reported
by Gunther et al. [31]. They compared extra-gastrointestinal
myogenic or neurogenic sarcomas and GISTs. According to
their study, malignant GISTs expressed telomerase at a sig-
nificantly higher level than LMSs and malignant peripheral
nerve sheath tumors.

TPX2 plays a pivotal role in the cell cycle promotion and
mitotic cell division. TPX2 is expressed exclusively in the
proliferating cells in S, G2 and M phases of the cell cycle and
its activity corresponds to proliferation activity of cells [32].
Because of exclusive expression of TPX2 in proliferating cells,
many studies indicate that determination of TPX2 expression
is more suitable to determine the proliferation than Ki-67 in
breast carcinoma [33], mantle cell lymphoma (MCL) [34,
35], neuroblastoma [36], colon cancer [37] and squamous
cell carcinoma of the larynx [38]. Also, the estimation of
TPX2 expression is a helpful and most precise prognostic
indicator in various other diseases [11, 39, 40, 41]. In the
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present study, the TPX2 and also Ki-67 mRNA levels were
associated not only with the proliferation activity of GISTs,
but also with their biological potential (progression and un-
favorable prognosis). Our observation suggests, that a higher
TPX2 and Ki-67 mRNA expression levels was associated with
highly proliferative tumors. Furthermore, a higher TPX2 and
Ki-67 mRNA expression levels was significantly associated
with a malignant clinical behavior of the GISTs. We also
investigated that the TPX2 and Ki-67 mRNA levels (divided
according mean values) were significantly associated with
a shorter EFS and OS in patients with GISTs. On the other
hand, only TPX2 and hTERT mRNA levels (not Ki-67 mRNA
levels) divided according median values were associated with
shorter EFS.

In conclusion, normalized mRNA expression levels of mo-
lecular markers Ki-67, TPX2, TOP2A, and hTERT are suitable
markers for detection of the proliferation activity and telomer-
ase activity of the GISTs. Our results suggest that determination
of the expression status of Ki-67, TPX2 and hTERT are helpful
for supporting the discrimination of the benign / malignant
potential of GISTs. We demonstrated that combination of the
measurement of Ki-67, TPX2 and hTERT expression by means
of RQ RT PCR appears to be a suitable tool for diagnostic and
prognostic purposes of GISTs. The assessment of Ki-67 and
TPX2 and hTERT mRNA expressions could be a candidate for
an improvement of GISTs prognostic estimation.

We confirmed that mRNA expression of Ki-67, TPX2,
and hTERT molecular markers corresponded with morpho-
logically defined groups of benign and malignant GISTs. In
a further study we will focus on a group of GIST with uncertain
malignant potential.
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