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Aim: To examine the expression of survivin in benign ovarian tumors, ovarian carcinomas of different stages. Methods: We screened
the expression of survivin mRNA by reverse transcription polymerase chain reaction in 114 ovarian tissue samples. Quantitative
real-time PCR was used to estimate survivin mRINA levels in the samples with positive survivin expression. Results: No survivin
mRNA was expressed in all normal ovarian specimens, while it appeared in 73% of ovarian carcinomas, 47% of borderline ovarian
carcinomas and 19% of benign ovarian tumors. The survivin mRNA expression rate was positively associated with clinical stage
(P = 0.026) and differentiation grade (P = 0.049). There was notably statistically significant difference in the survivin mRNA
expression rate dependent on different histological types (serous, mucinous, endometrioid, P = 0.008), but not — dependent on
lymph node metastasis (P = 0.921) and ascites (P = 0.87). In tissues with positive expression of survivin, we also found that mean
survivin mRINA expression levels were higher in ovarian carcinomas than that in benign ovarian tumors and borderline ovarian
carcinoma tissues (P < 0.001). Among ovarian carcinomas, the high survivin mRNA expression levels correlated with the clinical
stages, differentiation grade, lymph node metastasis, but not — with ascites and histological type. Conclusion: Our study suggest
that survivin is associated with progression of ovarian carcinoma.
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Ovarian cancer occupies the place among the
leading causes of death from gynecological cancer.
Although the 5-year survival rate for all stages has
improved recently, it is still disappointingly low (30%),
largely because that there is no efficient methods for
diagnosis and therapy [1]. So it is important to search
for a biomarker identifying high risk patients.

Survivin is a member of the inhibitor of apoptosis
protein (IAP) family and has been implicated in both
apoptosis inhibition and cell cycle control [2, 3]. It is
aberrantly expressed in various kinds of cancer cells
but is undetectable in normal differentiated adult tis-
sues, except testis, thymus, and placenta [4]. More-
over, many studies have reported that the expression
rate of survivin in tumor tissues is associated with
tumor progression and unfavorable clinicopathologic
variables, such as poor prognosis, shorter patient
survival rates and chemoresistance [5-12].

Survivin is expressed in human carcinomas, but its
expression levels in tissues are different, thatis associ-
ated with the poor outcome of patients [13-14]. Many
studies have demonstrated that rate of expression
and subcellular localization of survivin correlated with
the progression and prognosis of ovarian carcinoma
[15-18]. In this study, we used QRT-PCR to analyze
survivin expression levels in benign ovarian tumors,
ovarian carcinomas of different stages in order to
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identify these correlations. It was shown that the high
survivin mRNA expression is implicated in ovarian
carcinoma progression and may serve as a prognostic
marker for ovarian carcinoma patients.

MATERIALS AND METHODS

Patients and tissue handling. Fresh ovarian tis-
sues were obtained with Institutional Review Board
approved informed consent from patients treated
by the Department of Gynecologic & Obstetrics at
Qilu hospital of Shandong University between De-
cember 2005 and July 2006, and include 63 cases
of ovarian carcinoma, 19 cases of borderline ovarian
carcinoma, 21 cases of benign ovarian tumor, and
11 samples of normal ovarian tissue from patients
who underwent total abdominal hysterectomy with
salpingo-oopherectomy for non-malignant gyneco-
logic disease. The patients ranged in age from 19 to
72 years (51.3 = 19.6 years; median age, 56 years).
The staging and grading of tumors were determined
in accordance with the International Federation of
Gynecology and Obstetrics (FIGO) criteria (1985) for
malignant ovarian carcinoma; 28 tumors were classi-
fied as early stage (l/Il) and 35 — as advanced stage
(1/1v); 30 cases were at low grade (G1-G2), and
33 — at high grade(G3). Histological types included
serous (n=42), mucinous (n = 12), and endometrioid
(n=9). There were 34 cases with lymph node metas-
tasis and 36 cases with ascites. All tissue specimens
were immediately frozen in liquid nitrogen and then
stored in —80 °C until use.

RNA extraction and reverse transcription. Total
RNA was extracted from frozen tissues by the Trizol
reagent (Invitrogen, USA), according to the supplier’s
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protocol. Total RNA (3 ug) samples were reverse
transcribed to a final volume of 20 pl, using 50 pM
oligo-(dT)-primer (TaKaRa, Japan), 1 mM dNTP mix
(TaKaRa, Japan), 200 U reverse transcriptase (Pro-
mega, USA), and 5 x buffer 4 ul. RT reactions were
performed on Mastercycler (Eppendorf, Germany).
RNA was treated for 30 min at 37 °C by DNase before
reverse transcription.

RT-PCR analysis survivin mRNA expression in
ovarian tissues. \We screened the positive expression
of survivin mRNA by RT-PCR in 114 ovarian samples.
The cDNA was amplified in a 25 pul reaction volume
containing 1 U Taq polymerase (Promega, USA),
100 uM dNTP, 1.5 mM MgCl,, 5 ul 10 x polymerase
chain reaction buffer, and 50 mM KCL. Specific pri-
mers for survivin and B-actin were generated using
the Primer 3 software and prepared by Invitrogen
Biotech. The sequences of the primers are shown in
Table 1. All PCRs were performed by Mastercycler
(Eppendorf, Germany). The cycling conditions com-
prised a denaturation step for 5 min at 95 °C, followed
by 40 cycles of denaturation (95 °C for 30 s), anneal-
ing (53 °C for 30 s) and extension (72 °C for 30 s). The
PCR products were electrophoresed on a 2% agarose
gel, stained with ethidium bromide (0.5 pg/ml), and
visualized by an UV transilluminator (Alpha Innotech,
USA).We used human B-actin as an internal marker.
It was considered positive if PCR product was 110 bp

by gel electrophoresis.
Table 1. Primers used for PCR
Antisense CTTTCTCAACGACCACCG

Suvivin - conse  GTAGGTGACGGGGTGAC '10bp  NMOO1168.2
) Antisense  GTTGCGTTACACCCTTTC
B-Actin  conse  CTGTCACCTTCACCGTTC _'92bp NMOO1101.2

QRT-PCR analysis survivin mRNA expression
levels in ovarian tisssues. QRT-PCR was used to
determine relative survivin mRNA expression levels in
59 cases with survivin (+) ovarian tissues. QRT-PCR
analysis was performed on Light Cycler (Roche Ap-
plied Science, USA) and on a volume of 20 pl contain-
ing 1 ulof cDNA, 10 ul of 10 X SYBR Green PCR Master
Mix (TaKaRa, Japan), 0.5 ul of each primer (10 pM),
and 8 ul of DEPC-treated water. Primers for survivin
and B-actin were same as those used for RT-PCR.
The program for detection survivin was set at 95 °C for
10 s, quantification program (95 °C for 0 s, 56 °C for
5s,and72°Cfor1s,83°Cfor 1s)whichwasrepeated
55 times, a melting curve program (95 °C for 0 s and
65°C for 30 s, 95°C with a heating rate of 0.1 ‘Cfor 1 s
and continuous fluorescence measurement), and a
cooling stepto 40 °C for 30 s. The program for detected
B-actin was set at 95 °C for 10 s, quantification (95 °C
for 0 s, 53 °C for 5 s, and 72 °C for 10 s) which was
repeated 55 times, a melting curve program (95 °C for
0 sand65°Cfor30s, 95°Cwithaheatingrate of 0.1 °C
for 1 s and continuous fluorescence measurement),
and a cooling step to 40 °C for 30 s. A standard curve of
cycle thresholds using serial dilutions of cDNA samples
were used to calculate the relative abundance. Melting
curve analysis was performed to confirm production of
asingle productin eachreaction. The specificity of the

amplification products was verified further by subject-
ing the ampilification products to electrophoresis on a
2% agarose gel. Survivin mRNA expression was nor-
malized to the expressed housekeeping gene B-actin.
The data was analyzed with Light Cycle software 4.0
(Roche Applied Science, USA).

Statistical analysis. All statistical analyses were
performed with the SPSS 11.5 J software package
for Windows (SPSS Inc, Chicago, IL). The correlation
between survivin expression and clinicopathologic
features was statistically analyzed with the Chi-square
testand Fisher’s exact test. Student’s two-tailed t-test
was used to compare data between two groups. One-
way analysis of variance and Bonferroni’s correction
were used to compare data between three or more
groups. P-value < 0.05 was considered statistically
significant.

RESULTS

RT-PCR analysis survivin mRNA expression in
ovarian tissues. RT-PCR analysis showed that there
were 59 cases with positive survivin mRNA expres-
sion from 114 ovarian tissue samples, including zero
in normal ovarian tissues, 46 (73%) in the 63 cases
of ovarian carcinomas, 8 (47%) in the 19 cases of
borderline ovarian carcinomas, 4 (19%) in 21 cases of
benign ovarian tumors (Table 2, Fig. 1, Fig. 2, a). The
data on relationship between the various clinicopatho-
logic features and survivin mRNA expression rate are
described in Table 2. A significant positive correlation
(P = 0.026) was observed between survivin mRNA
expression rate and histological grade (Fig. 2, b). Of
the 30 low-grade (G,-G,) tumors, 18 (60%) showed
survivin mRNA expression. In contrast, 25 (84%) of
33 high-grade tumors (G,) were positive for survivin
mRNA expression. Furthermore, a significant cor-
relation (P =0.049) became evident between survivin
expression and clinical stage of the disease (Fig. 2, ¢).
17 (60%) cases with positive survivin expression were
related to stage I/1l, and 29 (82%) cases to stage llI/IV.
The survivin expression rate in ovarian carcinomas was
associated with histological type (P=0.008, Fig. 2,d),
but no correlation was found between survivin expres-
sion and lymph node metastasis (P = 0.921, Fig. 2, e)
or ascites (P=0.87, Fig. 2, f) .

600 bp

200 bp Actin

100 bp Survivn

Marker NOV
Fig. 1. Survivin mRNA expression in ovarian tissues analyzed
by RT-PCR. NOV: normal ovarian carcinoma, BOVT: benign ova-
rian tumor, BOVC: borderline ovarian carcinoma, OVC: ovarian
carcinoma. Actin — 152 bp, survivin — 110 bp
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levels of survivin/B-actin mMRNA expression in ovarian car-
cinoma (0.0122£0.00486) than thatin borderline ovarian
carcinoma tissues (0.0055 +0.00188) and benign ovarian
tumor tissues (0.0007 £ 0.00011). There was statistical
difference among them (P < 0.01, Fig. 3, a). The results
also demonstrated that there was significant difference of
mean survivin/ B-actin mRNA expression levels between
G,-G, and G, in ovarian carcinoma (0.0104 = 0.00348
versus 0.0142+0.00533, P=0.041, Fig. 3, b). Inadvanced
stage (lll/IV) cancers, the mean survivin/B-actin mRNA
expression levels were higherthan thatin early-stage (1/11)
cancers (0.0104 + 0.00316 versus 0.0141 £ 0.00537, P =
0.041, Fig. 3, c). Furthermore, we found that the mean
survivin mRNA levels were higher in cases with lymph
node metastasis than that without lymph node metastasis
(0.0103 = 0.00302 versus 0.0144 + 0.00546, P = 0.031,
Fig. 3, d). No statistical difference (P > 0.05, Fig. 3, e)
was identified in survivin expression among serous can-
cers, endometrioid and mucinous, no statistic difference

(P> 0.05, Fig. 3, f) to ascites either (Table 3).
P <0.01
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Fig. 2. The rate of survivin expression in ovarian tissue samples
dependent on type of tumor (a) NOV: normal ovarian carcinoma,
BOVT: benign ovarian tumor, BOVC: borderline ovarian carcinoma,
OVC: ovarian carcinoma); differentiation grade (b); clinical stage (c);
histological type (d); lymph node metastasis (e) and ascites (f)
Table 2. Expression of survivin mRNA in ovarian tissue samples
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Sample of patients _expression (%) P-value
Normal ovarian tissue 1 0(0%)
Benign ovarian tumor 21 4 (19%)
Borderline ovarian carcinoma 19 9 (47%)
Ovarian carcinoma 63 46 (73%)
Grade: 0.026
G1-G2 30 18 (60%)
G3 33 28 (84%)
FIGO stage:
[T 28 17 (60%) 0.049
-1V 35 29 (82%)
Histological type:
Serous 42 35 (76%) 0.008
mucinous 12 8 (66%)
endometrioid 9 3(33.3%)
Lymph node metastasis: 0.921
Yes 34 25 (73%)
No 29 21 (72%)
Ascites: 0.87
yes 36 26 (72%)
No 27 20 (74%)

QRT-PCR analysis survivin mRNA expression
levels. QRT-PCRwas used to determine relative expres-
sion levels of the survivin gene in 59 cases with survivin
(+) ovarian tissues. The results demonstrated that higher

Fig. 3. Survivin/actin mMRNA expression levels in ovarian tissues
measured by real time PCR depenedent on on type of tumor (a)
NOV: normal ovarian carcinoma, BOVT: benign ovarian tumor,
BOVC: borderline ovarian carcinoma, OVC: ovarian carcinoma);
differentiation grade (b); clinical stage (c); histological type (d);
lymph node metastasis (e) and ascites (f)
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Table 3. Survivin/B-actin mRNA expression levels
Survivin/B-actin mRNA ex-

Sample pression levels (means + SD) P-value
Benign ovarian tumor 0.0007 = 0.00011
Borderline ovarian carcinoma 0.0055+0.00188 <0.001
Ovarian carcinoma 0.0122 £ 0.00486
Grade:
G1-G2 0.0104 +0.00348 0.041
G3 0.0142 + 0.00533
FIGO stage:
11l 0.0104 +0.00316 0.041
-1V 0.0141 £ 0.00537
Histological type:
Serous 0.0133 £ 0.00525 0.673 (svs m)
mucinous 0.0123 £ 0.00478 0.600 (svse)
endometrioid 0.0177 £ 0.00562 0.856 (mvs e)
Lymphonode metastasis:
Yes 0.0103 +0.00302 0.031
No 0.0144 + 0.00546
Ascites:
yes 0.0137 £ 0.00518
no 0.0125 + 0.00526 0.563

DISCUSSION

Ovarian carcinoma is among the most common
female cancers and the leading cause of death from
gynecologic malignancy in the world. Although the
clinical and histological prognostic factors (e. g. tumor
grade and clinical stage) had been reported to be of
prognostic significance in ovarian cancer [19], it is
conceivable that the assessment of biochemical factors
more strictly related to tumor cell biology and intrinsic
aggressiveness could help identifying high-risk patients
and facilitating management of this disease.

Cell proliferation and cell death pathways meet ata
pivotal crossroad, crucial to maintain normal homeo-
stasis and to eliminate dangerous cells before they
start dividing. Survivin is an intriguing and fascinating
protein at this crossroad that interfaces life and death,
through its dual role in facilitating cell division and
encountering apoptosis [20]. Survivin promotes cell
proliferation and enhances angiogenesis, it may play
an important role in protecting abnormal cells from
apoptosis during cell division, which contributes to
tumor development and prognosis [21-23].

Several studies had shown that survivin mRNA ex-
pression levels correlated with the prognosis in such
carcinomas as osteosarcoma and myelodysplastic
syndrome [13-14]. Only the expression rate of survivin
has been reported to be associated with progress and
prognosis of ovarian carcinoma in some literatures
[15-18], but little is known about the relationship bet-
ween the expression levels of survivin and prognosis
of ovarian carcinoma.

In our experiment we testified that the rate of
survivin expression is associated with progression of
ovarian carcinoma and some other parameters (FIGO
stage, differentiation grade, and histological type).
Moreover, we found that survivin expression levels
were different in survivin positive tissues. Survivin ex-
pression levels were the highestin ovarian carcinomas,
and there were the lowest survivin expression levelsin
benign ovarian tumor tissues. Furthermore, survivin
expression levels are associated with the FIGO stage,
grade, and lymph node metastasis, but not with ascites
and histological type in ovarian carcinoma.

In this study we determined not only whether sur-
vivin gene was expressed or not, but also the levels of
survivin expression in ovarian carcinoma. One can use
real time PCR to detect the mRNA expression of ova-
rian tissues by biopsy. Furthermore, survivin is under
study as a novel target for the treatment of cancer,
and its expression may be regulated by different ap-
proaches [24-26].

The relationships between survivin expression
levels and the survival rate or the reaction to chemo-
therapy of patients with ovarian carcinoma were not
showed in the present study, because of the lack of the
follow-up. Further long-term follow-up studies would
be done in future to address these questions.
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JKCNPECCUA CYPBUBUHA B TKAHU MNMPU PAKE ANHHUKA

1]eav: nccnenoBaTh IKCIPECCHIO CYPBHBUHA B 100POKAYECTBEHHBIX U 3TI0KAYECTBEHHBIX HOBOOOPA30BAHMSX SIMIHUKA. Memodsi: IKcTpec-
cusi MPHK cypBuBuna uccienosana Metoom RT-PCR g 114 00pasuax TKAHH SMYHUKA Yej10BeXA. ISl yCTAHOB/IEHHS YPOBHS SKCIPECHI
MPHK cypBuBuHa npuvensum KommdectBeHHblii PCR B pexknmve peanbHoro BpemeHu. Pesyavmamoi: 3xcnpeccuss MPHK cypeuBuna
He BbISIBJIEHA B 00pa31axX HOPMAJIbHOI TKAHH SIMYHMKA, HO 3aPErucTPUpoBaHa B 73% ciyyaeB paka smaHuKa, 47% ciiyyaeB Cepo3HbIX
OIyX0Jieii IMYHIKA cepo3Horo Tuna u 19% o06pa3ioB 100pOKAYECTBEHHBIX OMyX0JIeil. Y CTAHOB/IEHA MOJIOKHUTE IbHASI 3ABUCHMOCTD MEXK/TY
yposHeM 3kcnpeccnd MPHK cypBuBiHA 1 KimHIYecKoii ctamueii 3a6oaesanns (P = 0,026), u crenenbio muddepeHIMpoBKH OMyX0JIn
(P = 0,049). BoisiBiena cTaTHCTHYECKH 3HAYMMAS 3aBHCUMOCTH YpoBHs dkcnpeccun MPHK cypBuBuHa oT rucrosiormaeckoro tuma
OIyXO0J (Cepo3HOro, MyKO3HOT0, SHI0MeTprHonaHoro, P = (0,008) u oTcyTcTBHE TAKOBOIi OT HAJIMYKS METACTA30B B MM aTHIECKHX
y3aax (P = 0.921) wm acumra (P = 0.87). Taxke ycTanosiieHo, uro cpemnue yposnn 3kcnpeccun MPHK cypBuBiHa Bbile npu pake
SIMYHUKA, YeM B TKAHH J00OPOKAYECTBEHHBIX HOBOOPA30BAHMII WJIM CEPO3HBIX ONMyXoJieil smuHnKa nmorpanmaHoro Tima (P < 0,001).
IIpn pake ssMuHAKA BHICOKMIA ypoBeHb 3kcnpeccur MPHK cypsuBiHa KoppempoBa ¢ KIMHIYECKO# CTaaueii 3a00J1eBaHus, CTENEHbI0
¢ epeHIMPOBKH OIyXOJIEBBIX KJIETOK, HO He KOPPEIMPOBA C THCTOJIOTHYECKIM THIIOM HOBOOOPa3oBaHusi. Bbigodsi: pe3yibTaTbl
CBHIETEJIbCTBYIOT O TOM, YTO IKCIPECCHs CYPBUBHHA ACCONMUPOBAHA C MPOrpeccHeii paka SMIHUKA.

Karouesvie cao6a: cypBuBHH, PaK SIMIHUKA, OMYX0JIeBasl POTPECCHSI.
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