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Summary

Background: The aim of this study was to investigate the
role of peripheral blood markers as additional diagnostic
tools to transvaginal ultrasound (TVU) findings in the diag-
nosis of endometriosis.

Methods: This study included 40 patients undergoing
laparoscopy for suspected endometriosis from January to
December 2012. Preoperative levels of serum CA125,
CA19-9, CEA and mRNA expression levels for survivin and
VEGF were obtained. Real-time PCR was used to deter-
mine relative gene expression. A new diagnostic score was
obtained by deploying the peripheral blood markers to the
TVU findings. Statistical methods used were Chi-square,
Fisher’s, Student’s t-test or the Mann — Whitney test.
Results: There was a statistically significant difference in
serum CA125, survivin and VEGF levels in patients with
endometriosis and those without endometriosis (p<0.001,
p=0.025 and p=0.009, respectively). False negative TVU
findings were noted in 3/13 patients (23.1%) with peri-
toneal endometriosis without ovaries involvement. High
sensitivity (93.3%), specificity (90.0%), PPV (96.6%), NPV
(81.8%) and accuracy (92.5%) were obtained for a diag-
nostic score based on TVU and significant peripheral blood
markers (CA125, survivin and VEGF).

Conclusions: Determination of serum CA125, mRNA
expression levels for survivin and VEGF along with TVU can
contribute to higher accuracy of the noninvasive diagnostic
tools for endometriosis.
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Kratak sadrzaj

Uvod: Cilj ovog istrazivanja je da se ispita znacaj odrediva-
nja koncentracija serumskih biomarkera (CA125, CA19-9,
CEA i ekspresije iRNK za survivin i VEGF) zajedno sa trans-
vaginalnim ultrazvuénim pregledom (TVU) prilikom dijag-
nostikovanja endometrioze.

Metode: Ova studija obuhvata 40 pacijentkinja kojima je
zbog sumnje na postojanje endometrioze uradena dijagno-
sticka laparoskopija sa patohistoloskom analizom u jedno-
godisnjem periodu od januara 2012. do decembra 2013.
Preoperativno su odredivane koncentracije CA125, CA19-
9, CEA kao i nivoi ekspresije iRNK za survivin i VEGF. Real-
time PCR je kori$¢en za odredivanje relativne ekspresije
gena. Odredivanjem vrednosti serumskih biomarkera
zajedno sa TVU dobijen je novi dijagnosti¢ki skor. Statis-
ticke metode koje su koris¢ene su Hi kvadratni test, Fishe-
rov, Studentov t test ili Mann-Whitney test.

Rezultati: Postoji statisticki znacajna razlika u serumskoj
koncentraciji CA125, survivina i nivoa VEGF kod paci-
jentkinja sa endometriozom i onih bez endometrioze
(p<0,001, p=0,025 i p=0,009). Lazno negativan nalaz
TVU zabelezen je kod 3/13 pacijenata (23,1%) sa perito-
nealnom endometriozom. Visoka osetljivost (93,3%), spe-
cifi¢nost (90,0%), PPV (96,6%), NPV (81,8%) i ta¢nost
(92,5%) postizu se odredivanjem koncentracija serumskih
biomarkera (CA125, survivin i VEGF) i TVU.

Zaklju¢ak: Odredivanje serumskih koncentracija CA125,
nivoa ekspresije iRNK za survivin i VEGF zajedno sa TVU
od velikog je klinickog znacaja u neinvazivnoj dijagnostici
endometrioze.

Kljuéne reéi: survivin, VEGF, CA125, endometrioza, lapa-
roskopija, transvaginalni ultrazvuk
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Introduction

Endometriosis is defined as the presence of
ectopic endometrial tissue outside of the uterus (1).
According to available data, 10% to 15% of women
of reproductive age are affected by endometriosis. In
women with infertility issues, the range increases to
between 30% and 50%, while in women with chronic
pelvic pain the incidence varies from 10% to 70% (2).
The diagnosis of endometriosis is very complex. For a
definitive diagnosis, a visual inspection of the pelvis at
laparoscopy is the gold standard procedure.
Considering the invasive nature of the procedure, the
interval between the occurrence of the first symptoms
and endometriosis diagnosis is often prolonged.
Revealing reliable peripheral blood biomarkers for
diagnosis of endometriosis should reduce the time
from disease onset to disease treatment, improve
treatment results and decrease the recurrence of the
disease (3). The ideal serum marker should have high
sensitivity and specificity, major prognostic signifi-
cance and good correlation between its concentra-
tions and disease severity. In routine clinical practice,
plasma biomarker CA125 is used as a diagnostic tool
for endometriosis (4, 5). In recent studies, two serum
biomarkers, survivin and the vascular endothelial
growth factor (VEGF), were evaluated in terms of
diagnostic significance for endometriosis. Survivin is a
protein, member of the apoptosis inhibitors family
coded by BIRC 5 gene (6). Its function is the inhibi-
tion of caspase activation, which leads to a negative
regulation of apoptosis. Survivin is highly expressed in
most of the tumors in the human body (6). There is
also convincing evidence that angiogenesis plays a
key role in ectopic implantation of endometrial tissue
(7). VEGF is a heparin binding glycoprotein of
endothelial cells with a specific mitogen and vascular
permeability activity (7).

The objective of this study was to investigate the
role of peripheral blood markers (survivin and VEGF)

Table | Primers used in PCR reactions.

as additional diagnostic tools to TVU findings in the
differential diagnosis of endometriosis.

Materials and Methods
Study protocol

This study included 40 patients undergoing lapa-
roscopy for suspected endometriosis at the Depart-
ment of Gynecology and Obstetrics of the Medical
Center Uzice and Clinical Center of Serbia, from
January to December 2012. Preoperative levels of
serum CA125, CA19-9, CEA and mRNA expression
levels for survivin and VEGF were obtained. TVU was
done using Logiq P5 (Sony) during preoperative pre-
paration. After laparoscopic surgery, patients were
divided into two groups: patients with confirmed diag-
nosis of endometriosis and a control group of patients
without endometriosis.

Ethical consideration

The study was approved by the ethical commit-
tee of the study hospital. Disclaimers were obtained
from each patient.

Biochemical analysis

Blood samples were obtained to determine se-
rum levels of CA125, CA19-9 and CEA. A chemilu-
minometric immunoassay was used for the cancer
markers on an autoanalyzer (SIEMENS).

RNA extraction, cDNA synthesis and quantita-
tive real-time PCR

RNA was isolated using a TRI Reagent solution
(Ambion, USA) and reverse transcribed using (200 U)
Moloney Murine Leukemia Virus reverse transcriptase

Gene Sequence (5'-3") Position in gene Conc. (nM)
GAPDH

F - CATCCATGACAACTTTGGTATCG 564 300

R - CCATCACGCCACAGTTTCC 671 300
Survivin (BIRC-5)

F - GCCAAGAACAAAATTGCAAAGG 515 900

R - TCTCCGCAGTTTCCTCAAATTC 578 900
VEGF

F - GCCCACTGAGGAGTCCAACAT 1323 900

R - TGAGGTTTGATCCGCATAATCTG 1373 900

F — Primer complementary to coding (»sense«) chain DNA
R — Primer complementary to non-coding (»antisense«) chain DNA
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(RevertAid™ H Minus M-MulLV Reverse Transcrip-
tase, Fermentas). A relative gene expression for sur-
vivin and VEGF in blood samples was obtained by
comparing them to the constitutively expressed gene
(»housekeeping« gene i.e. reference gene) glycer-
aldehyde-3-phosphate dehydrogenase (GADPH) by
using a real-time PCR (Realplex?Mastercyclerep gra-
dient S, Eppendorf). Primers used in PCR reactions
were designed on the basis of sequences available in
ENTEREZ data base by using an appropriate comput-
er program (Primer Express® software v2.0, Applied
Biosystems, USA). Sequences, positions in sequence
of the whole gene and the final concentration of
primers which are used for the amplification and
detection of cDNA for survivin, VEGF, and GAPDH
are noted in Table I. Primers for survivin and VEGF are
synthesized and obtained by Applied Biosystems, and
probes for GAPDH by Metabion (Germany). PCR was
performed with a »master mix« containing DNA poly-
merase AmpliTag Gold®, dNTP and optimized puffer
components (2x Universal PCR Master Mix, Applied
Biosystems), dye binding DNA (20x EvaGreen,
Biotium, USA), primers for gene of interest and total
cDNA. Adequate computer software was used for the
analysis of obtained results (Mastercyclereprealplex),
provided by the manufacturer (Eppendorf) (8).

Statistical methods

Categorical data is presented by absolute num-
bers with percentages and is analyzed using a Chi-square
test or Fisher’s exact test, as appropriate. For contin-
uous variables, the Student’s t test or Mann-Whitney
test was used. Sensitivity, specificity, positive and neg-
ative predictive values, false positive and negative
rates, as well as accuracy of different diagnostic tools
(i.e. peripheral blood markers and TVU findings) in
patients suspected of suffering from endometriosis
and referred for laparoscopy were determined. A
ROC (Receiver Operating Characteristics) curve was
constructed for VEGF mRNA expression levels. The
area under the curve (AUC), which represents a
quantitative measure of the predictive value of VEGF

Table Il Characteristics of patients referred to laparoscopy.

mRNA expression levels for diagnosis of endometrio-
sis, was calculated. The cut-off value distinguishing
patients with endometriosis from those without
endometriosis was also determined. A new diagnostic
score was obtained by assigning 1 point to each pos-
itive peripheral blood marker or TVU finding, thus
making the score ranges between 0 and 4. In all tests,
a p value < 0.05 was considered to be statistically
significant. Statistical analysis was performed using
SPSS statistical software (SPSS for Windows, release
21.0, SPSS, Chicago, IL).

Results

Baseline characteristics of patients who under-
went laparoscopy due to suspected endometriosis
were shown. No difference has been observed in age
among patients with endometriosis and controls
(32.1+4.8 vs 32.8%2.7, respectively), while patients
with endometriosis had higher BMI (23.5+1.8 vs
21.8%£1.8) (p=0.015). The range of patients’ age
was 24-42 years. Infertility was the most common
indication for laparoscopy in both groups (46.6% vs
60%). Chronic pelvic pain was present in 43.3%
patients with endometriosis and 30% patients without
endometriosis. Dysmenorrhea was indicated in 10%
of patients in both groups (Table II).

A statistically significant difference has been
observed in the serum CA125 concentration
(p<0.001), while there was no significant difference
in the serum levels of CA19-9 and CEA in patients
with endometriosis and those without endometriosis
(p>0.05 for both). The survivin expression was noted
with 22 (55%) patients, and in 20 patients (90.9%)
endometriosis was confirmed. A significant statistical
difference has been observed in the survivin expres-
sion level in women with endometriosis versus the
control group (p=0.025). In patients suffering from
endometriosis, the median difference between the
expression of the »housekeeping« gene (GAPDH)
and the expression of survivin was 13.32 (min 4.20;
max 23.68). Patients with endometriosis had signifi-
cantly higher expressions of mRNA for VEGF
(ACT8.55 vs 10.17) (p=0.009) (Table III).

Without endometriosis Endometriosis

Characteristic (n=30)
n (%)

Age (years)* 32.80%+2.7 32.13+4.8
Indication for laparoscopic surgery
Chronic pelvic pain 3 (30%) 13 (43.3%)
Infertility 6 (60%) 14 (46.6%)
Dysmenorrhea 1 (10%) 3 (10%)
BMI* 21.8x1.8 23.50+1.8

*Data are presented as x*sd.
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Table Il Peripheral blood markers in patients with and without a definitive diagnosis of endometriosis.

Without endometriosis Endometriosis
Peripheral blood marker (n=10) (n=30) p
n (%) n (%)
CA125** 14.4 (16.9) 38 (4.3) <0.001
CA125>357 1 (10%) 25 (83.3%) <0.001
CA19-9* 16.4£5.0 25.7%+9.5 0.005
CA19-9>37% 0 (0%) 5(16.7%) 0.306
CEA* 1.2=0.8 1.4=0.7 0.467
CEA>3t 0 (0%) 0 (0%) /
Survivin 2 (20%) 20 (66.7%) 0.025
ACT VEGF** 10.17 (2.30) 8.55 (2.99) 0.009
2 ACT VEGF** 1156 (1349.5) 298 (617) 0.009

*Data are presented as x+sd. ** Data are presented as median (interquartile range).
TCut-off values for a normal laboratory finding.

Table IV Performance of peripheral blood markers and ultrasound findings as diagnostic tools for endometriosis.

Dg markers Sn Sp PPV NPV FP FN Accuracy
Survivin expression 66.7 80 90.9 44.4 5.0 25 70
ACT VEGF<9.5 80.0 70.0 88.9 53.8 7.5 15 75
CA125>35 83.3 90.0 96.2 64.3 2.5 12.5 85
TVU findings 90.0 100 100 76.9 0 7.5 92.5
Diagnostic Score>1 93.3 90.0 96.6 81.8 2.5 5.0 92.5

TVU, Transvaginal Ultrasound

The performance of survivin and VEGF expres-

sion, CA125 serum concentrations and TVU as diag- 10 -

nostic tests for endometriosis is presented in Table IV. 7

Based on the ROC curve, the cut-off value for ACT L

VEGF of 9.5 was established as a value which sepa- 0.8 o

rates the women with positive from those with nega- L

tive diagnoses regarding endometriosis (area under L

the curve 0.733; SE=0.086; p=0.010) (Figure 7). Z o6l 7

Women with endometriosis more often had a differ- £

ence in the expression of these two genes — less than g o

9.5 in comparison to women without endometriosis v _I_I_ o

(p=0.006). TVU findings were positive in 27 (67.5%) 0.41 o

patients with endometriosis. Negative TVU findings 7

were found in 13 (32.5%) patients, while in 3 (23.1%) -

patients endometriosis was confirmed. A new diag- 0.21 L

nostic score was obtained by deploying the peripher- -

al blood markers to the TVU findings. By combining o

the values of the mRNA expression for survivin and 004 . . . .

VEGEF, levels of CA125 and TVU findings, a score was 0.0 0.2 0.4 0.6 0.8 1.0

derived as a sum of all positive findings for the signif- 1 - Specificity

icant diagnostic tools used. High sensitivity, specifici-
ty, PPV, NPV and accuracy were obtained for the diag-
nostic score > 1 (Table IV).

Figure 1 Receiver operating characteristic (ROC) curve for
VEGF mRNA expression levels in diagnosis of endometriosis.
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Discussion

Our study reported that mRNA for survivin and
VEGF genes could be used as novel diagnostic bio-
markers for endometriosis. High sensitivity, specificity,
PPV, NPV and the accuracy of a diagnostic score
based on TVU and peripheral blood markers (CA125,
mRNA for survivin and VEGF genes) may contribute
in distinguishing between patients with endometriosis
and those without this disorder. CA125 is a valuable
marker in the diagnosis of endometriosis. Previous
studies showed significantly higher levels of CA125 in
the serum of patients with endometriosis (9, 10). Our
results also revealed that the serum level of CA125
was significantly increased in patients with endo-
metriosis. Survivin could be considered as a very
attractive candidate gene for endometriosis studies.
Survivin is an inhibitor of apoptosis and is expressed
during fetal development and in cancer tissues. The
expression of the survivin gene in endometriosis is
significantly higher in ectopic lesions rather than
eutopic endometrium (11, 12), while a reduced num-
ber of apoptotic cells in endometrial lesions is a con-
sequence of the overexpression of survivin (11).
Survivin expression was found in endometrial ovarian
cysts, also, with maximum levels in the micro-focus
outside the fibrous capsule (13). It could be expected
that survivin is also expressed in ectopic endometriot-
ic foci (14). In our study, we measured the mRNA
level of survivin in the peripheral blood in women with
and without endometriosis. The results demonstrated
that the sensitivity of survivin as a diagnostic test for
endometriosis in our study was 66.7%. PPV was
90.9% with a false positive rate of 2/40 (5%). Ma-
brouk et al. (10) found that the sensitivity of mRNA
expression for survivin was 75%, with a false positive
rate of 10%. By combining the values of mMRNA ex-
pressions for survivin, levels of CA125 and CA19-9,
they obtained the sensitivity of 87% with 10% of false
positive results.

There is convincing evidence that angiogenesis
plays an important role in ectopic implantation of the
endometrial tissue and in the development of endo-
metric lesions (15). Angiogenesis, the growth of
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