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Survivin antiapoptotic gene expression
as a prognostic factor in non-small cell lung cancer:
In situ hybridization study
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Abstract: Survivin is an inhibitor of apoptosis that plays a significant role in cell cycle regulation and is important for survival
prognosis in many neoplasms. Survivin expression was assessed by in situ hybridization (ISH) in 60 consecutive patients (54
males and 4 females) with NSCLC treated between 1993 and 1997. The examined patients had 11B and IlIA stage according
to TNM system. In all cases the chemotherapy with cisplatin and etoposide (2 cycles) was administered prior the surgery; in
patients responding to the therapy one more cycle was applied. Survivin gene overexpression was observed in 35 patients
(58.3%). There was no correlation between survivin mRNA level and histological type of tumor, stage of cell differentiation,
stage of disease according to TNM classification, performance status according to WHO and number of chemotherapy regimens
administered (p > 0.05). However, the correlation between survivin gene expression and response to the chemotherapy was
statistically significant (p = 0.04). Statistical analysis showed that median survival in patients with survivin gene cgeyaxpre

was shorter (14.0 months) as compared to patients with no expression (60.0 months; p = 0.00002). In survival assessment by
means of Kaplan-Meier test, 14.3% of five-year survival was achieteelfiormer group versus 60% in the latter (p = 0.00003)
Univariate analysis (log-rank test) showed that significant independent prognostic factors in NSCLC included: stage of the
disease according to TNM classification (p = 0.006), response to chemotherapy (p = 0.005) and pattern of survivin gene
expression (p = 0.00003). Multivariate analysis utilizing Cox’s model showed that for survival assessment the stage according
to TNM, response to the chemotherapy and survivin expression estimated by means of ISH are of statistical significance
(p=0.00001). The calculated predictive values showed that ISH technique was quite accurate in assessment of five-year
survival. Our data show that survivin expression may be used as a prognostic factor and a target for therapy.
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Introduction teins. One of IAP proteins, survivin, has been cloned in
1997 by Ambrozini and coworkers [3]. The gene for
Apoptosis is a specific form of cell death that followsurvivin has been mapped to chromosome 17925; it
degradation of intracellular polypeptides by proteasescodes a protein of 16.5 kDa [3, 20, 21].
known as caspases. There are two main pathways ofSurvivinis the only described apoptosis inhibitor that
caspase activation. First one is activated by the ligandexpressed in cell cycle-dependent manner. Its express-
of death receptors, the second one by various stréssincreases in &M phase and decreases rapidly in G
factors like DNA damage or microtubule structure altefn addition to regulation of apoptosis, it has been found
ations. Activation of this proteolysis cascades involves be involved in the regulation of mitosis by interacting
various polypeptides like Bcl-2 family proteins, proteirwith mitotic spindle apparatus. Survivin overexpression
kinases and IAP (Inhibitor of Apoptosis) family pro-nitiates cell division by inducing resistance tpa@est
and thereby accelerating the entry into S phase [11].
Survivin as apoptosis inhibitor requires special mention
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11]. Survivin overexpression was demonstrated in manyControl reactions were performed for each sample, with sense

i i be targeting that mRNA (described as forward-F). The additional
neoplasms like breast cancer, prostate, gastric, COI@(F)%UOI reaction involved incubation with hybridization buffer lack-

bladder, esophageal carcinomas, Iymphomas, NeUL(Y the probe. Incubation conditions followed manufacturer’s in-
blastomas, osteosarcomas and lung cancer [1-3, 5, 7-skctions. After extensive washing with PBS X35 min with

12-14,17-18, 22-24]. agitation) blocking buffer was applied (Dako) for one hour at 37°C,
The aim of our study was survivin expression an#@llowed by the incubation with sheep anti-fluorescein antibody

o : P ; alkaline phosphatase-conjugated (Roche), 1:200 in blocking buffer
lysis in NSCLC with regard to clinical and histopathoz, = 37°C). The specimens were than washed with PBS i)

logical characteristics, five-year survival assessmef{y the final staining was performed using NBT/BCIP solution
depending on clinical and histopathological charagBoehringer Mannheim) for 12 h, according to manufacturer proto-

teristics and analysis of prognostic value of survivieol. Endogenous alkaline phosphatase activity was blocked with 0.1

gene expression in survival time estimation MM levamisole (Sigma). The specimens were then counterstained
' with hematoxylin and eosin.

Materials and methods Microscopic examination.After thein situ hybridization reaction,
the slides were examined with Olympus BH2 light microscope, fitted

Patients.A total of 60 consecutive patients with non-small cell lungvith S Plan Apo 100 immersion objective. We looked for the
cancer treated at the Oncology Center of Lublin Land and at theesence of RNA transcript visualized as navy-blue granules [15].
Clinic of Thoracic Surgery of the Medical University in Lublin
between 1993 and 1997, were reviewed. There were 6 women &tgtistical analysis. The qualitative variables were analyzed by
54 men in the group examined; mean age of patients was 57 yrs (raigg-way tables. Significance of differences between two qualitative
38 to 69 yrs). The stage of the disease was established upon anamretigbles was tested using the chi-square Pearson test. The Yeates
physical examination, X-ray examination of the chest, bronchoscopgrrection was applied for two-by-two tables and small expected
(followed by cytological and/or histopathological examination), USdequencies. The survival time was assessed starting on the first day
examination of abdominal cavity, CT examination of the chest andffchemotherapy cycle. The 5-year survival was evaluated by means
abdominal cavity and biochemical investigations. of survival tables and total survival-by the Kaplan-Meier test. The

According to TNM classification, 26 cases were recognized &irvival times were compared with the log-rank test and Cox pro-
IIB stage (43.3%) and 26 patients had IlIA stage (56.7%). ThHeortional hazard model was used. 5% inference error was accepted
staging was revised according to TNM classification from 1997 [19%nd statistical significance was ascribed to p < 0.05. Median follow-
Upon histological examination, 46 cases were confirmed to kg was 22 months (range 5-60 months).
squamous cell carcinoma (76.7%), 9 cases to be adenocarcinomdo establish exactness of our tests, the sensitivity and specificity
(15%) and 5 cases to be large cell carcinoma (8.3%). of the method was assessed as well as its positive and negative

Also, the performance status (PS) according to WHO was egpiredictive value in the context of five-year survival and tests accu-
mated. PS was 0 in ten patients (16.7%) and 1 in 60 patients (83 .3ragy, according to the following formulas, where: PU = true negative
All patients were treated with chemotherapy according to the followesults, PD = true positive results, FU = false negative results, FD -
ing schedule: Cisplatin (30 mgf/plus Vepesid (100 mgfinfor 3  false positive results.
days; administered every 21 days. Sensitivity (%) = PD/PD+FU = probability of positive test result

After 2 cycles, the efficiency of the therapy was checked bip patients that died.
physical examination, X-ray examination of the chest, bronchos- Specificity (%) = PU/PU+FD = probability of negative test result
copy, CT examination of the chest and/or abdominal cavity arid patients that survived over 5 years.
biochemical investigations. In case of disease progression (cPD) orPPV (positive predictive value) = PD/PD+FD = probability of
stabilization (cNC) patients were immediately qualified to surgergleath based on positive test result.
while cases with partial (cPR) or complete regression (cCR) were NPV (negative predictive value) = PU/PU+FU = probability of
treated with one more cycle of chemotherapy and than qualifiedsgrvival based on negative test result.
surgery. One patient with cPR did not agree for chemotherapy ACC accuracy = (PU+PD): number of patients = probability of
continuation, he was qualified for surgery. In the group examined g@ibsitive test result in patients that died and negative test result in
patients underwent surgery. patients that live.

The analysis was performed using Statistica v. 6.0 software.

Specimen preparation.Formalin-fixed, paraffin-embedded tumor
specimens from patients that underwent surgery were examined.

Four-micrometer sections were mounted on slides precoated sults
oly-L-lysine (Sigma). The presence of survivin gene transcript wi . . .
styessgd by &e%ng)mu h@bridizaﬂon. 9 P ?peumens from consecutive 60 NSCLC patients were

analyzed. Survivin gene transcript was present in 35
In situ hybridization. Deparaffinization of the specimens was perpatients (58.3%). An overexpression of survivin gene
formed utilizing xylene, as described elsewhere [16]. First, trwas observed in all 6 women, while in men the presence

specimens were warmed up to 56°C for 10 min. Then they wer o . - o
washed with xylene (8 5 min), absolute ethanol €3 min), 90% Of survivin transcript was found in 53.7% of cases (29

ethanol (3 min) and finally with distilled water [16]. After digestionpatients) (p = 0.08). In the examined group with positive
with proteinase K (Boehringer Mannheim, p@/ml in 10 mM  survivin expression, there were 62% patients with per-
TRIS-HCI, pH 7.5; 15 min at 37°C ) the sections were washed twi§grmance status (PS) 1 (p = 0.35). While analyzing

with PBS and incubated overnight at 37°C in humidified chamb o : .
with the hybridization buffer (Sigma) including fluorescein-labele urvivin mRNA presence with regard to clinical stage

antisense probe (described as reverse-R). This probe that was cé-found more cases at IlIA according to TNM classi-
plementary to the mRNA of survivin was obtained from Gensdication, although it was not statistically significant (p =
Oligos, France. The probe sequence was as follows: 5-fAGC GGA54). In the group of 25 patients with no survivin

ACC GGACGAATG CTT -3.. expression, 80% (20 patients) showed response to the
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Table 1.Clinicopathological characteristics and survivin gene expression in patients with non-small cell lung cancer
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In situ hybridization
Characteristics Survivin-positive Survivin-negative P value
No. % No. %
Number of patients (%) 35 58.3 25 41.7
Females 6 100,0 0 0,0
Sex 0.08
Males 29 53.7 25 46.3
PS-0 4 40,0 6 60.0
Performace status 0.35
PS-1 31 62,0 19 38.0
Staging according B 14 53.9 12 46.1 4
to TNM 05
A 21 61.8 13 38.2
Adenocarcinoma 5 55.6 4 44.4
Histology Larg_e cell 5 100,0 0 0,0 0.14
carcinoma
Squamous cell carcinoma 25 54.4 21 45.6
Stage of cell G2 15 51.7 14 48.3
differentiation 0.32
G3 20 64.5 11 35.5
Number of 2 16 72.7 6 27.2
0.09
chemotherapy cycles | 3 19 50.0 19 50.0
Response to cCR + cPR* 19 54.3 20 80.0 0.04
chemotherapy cNC + cPD* 16 45.7 5 20.0 '

*cCR - clinical complete response, cPR - clinical partial response, cND - clinical stable disease, cPD - clinical prdigesston

chemotherapy (cCR and cPR). This result was statigtironths vs. 60.0 months), p = 0.00002. Kaplan-Meier
cally significant (p = 0.04). survival curves of NSCLC patients are demonstrated in
In the material examined, no significant correlatiofrigure 1.
was observed between the pattern of survivin expressionFive-year survival in the group of patients with sur-
assessed by ISH and histological type of tumor, stagevofin overexpression was 14.3%, while in patients with
cell differentiation and number of chemotherapy regiro expression it was 60% (p = 0.00003).
mens administered (Table 1). Table 4 presents significant predictors in multivariate
In the examined group we observed 33.3% patier@ox regression model, involving stage of disease ac-
that survived 5 years. The highest number of deaths drggding to TNM classification, response to the che-
to local renewal took place during first two years (3thotherapy and survivin gene expression. For survival
patients - 80%). In 8 patients renewal and/or distaassessment, the stage according to TNM, response to the
metastases were diagnosed during five-year follow-uphemotherapy and survivin expression estimated by
Among 20 patients that survived 5 years, 12 weraeans of ISH are of statistical significance (p=0.00001).
classified as 1IB stage according to TNM and 8 were The calculated predictive values show that ISH
classified as IlIA stage. All these patients showed reaethod is quite accurate in five-year survival estimation
sponse to chemotherapy (cPR), one of them show@able 5).
complete response (cCR), he had IllA stage of disease.
Clinicopathological characteristics were includegyjscyssion
into univariate Cox regression model. There were stat-
istically significant differences in five-year assessme@urvivin, a recently identified IAP family member, is a
with regard to TNM stage (p = 0.006), response to thefunctional protein that causes inhibition of apoptosis
chemotherapy (p = 0.005), survivin gene expression §nd regulates cell cycle [1, 21]. Survivin transcript or
=0.00003) (Tables 2, 3). protein expression was observed in many neoplasms
Patients with increased survivin gene expressidike: breast cancer (70.7%), prostate cancer (82%), gas-
showed significantly shorter median survival in comtric cancer (34.5%), colon cancer (53.2%), esophageal
parison to patients with no survivin expression (14.€ancer (63; 70,7%; 83.3%), lymphomas (60%), neuro-
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Table 2. Univariate analysis of 5-year survival with regard to clini-
copathological characteristics

1
i | =
Number 5-year i 1' g =0, OG0T

Characteristics of survival| P value Eaa :
patients (%) E
females 6 16.7 53 "
Sex 0.1 5 og e el - e
males 54 | 352 ¥ 5.,\
Performance 0 10 50 E
status (PS) acc. 0.13 g od
to WHO 1 50 30 - :
-
E
Staging 1B 26 46.2 3 g3
according to 0.006 j —
TNM A 34 235 i
Squamouscellca 46 39.1
. 13 el o 4 D i (2] ] 108 11 = 44
Histology Adenocarcinoma 9 11.1] 0.13 W i)
Large cell ca > 20.0 Fig. 1.Kaplan-Meier curves for overall survival rates of patients with
Stage of cell G2 29 345 NSCLC categorized according to survivin expression (ISH).
differentiation G3 31 324 0.65
Response to cCR+cPR 39 43.6 .
Cherﬂotherapy CNC+cPD 1 143 0.005 | mRNAIn non-small cell lung cancer at IA and IB stages,
: they found it in 96% of cases and observed increased

expression in squamous cell carcinoma (p = 0.0022) [7].
Tabl_e_3. Univariate arjalysis of five-year survival with regard to\jonzo and coworkers [18] examined 83 patients; they
Survivin gene expression found survivin expression in cancer cells of 71 patients

Survivin gene - . 85.5%). They also showed survivin mRNA in non-

eXpresgion Positive Negative P value <(:ancer)cells il)q/ 12% of cases. At IlIA stage of disease
Median according to TNM classification, survivin overexpress-
survival time 14.0 60.0 0.00002 ion was observed in 27/32 patients. There was no corre-
(months) lation between survivin expression and age, sex,
Five-year 14.3 60.0 0.00003 histolog_ical type of tumor, stage of differentiation,
survival (%) tumor size or lymph node involvement [18].

We did not find survivin transcript in normal tissues.
In the material examined, no significant correlation was
observed between the pattern of survivin expression
blastomas (47%) and osteosarcomas (57.5%) [1-3, 5a8sessed at mMRNA level and histological type of tumor,
10, 12-14, 17, 23, 24]. Survivin overexpression wastage of cell differentiation, stage according to TNM
found in lung cancer, but it was not observed in othefassification, performance status according to WHO
lung tissue lesions [22]. and number of chemotherapy regimens administered.

The recent literature presents a lot of data abodbwever, the correlation between survivin gene ex-
survivin gene expression in cancer estimated by Rjpression and response to the therapy was statistically
PCR, while little is known about survivin transcriptsignificant (p = 0.04)
presence estimation directly within tissue iloysitu Survivin overexpression is associated with poor
hybridization (ISH).There is only one study by Ambroprognosis, as also proved in our study. In material exam-
sini and coworkers [3] showing ISH of survivin inined by ISH we found that high expression of survivin
squamous lung carcinoma, colon adenocarcinoma anels correlated with short survival (median survival time
breast carcinoma. was 14 months) (p = 0.00002). Monzet al. [18]

We employedn situ hybridization to assess survivinreported that in 12 patients showing the absence of
gene expression in non-small cell lung cancer. In tls@rvivin mRNA, significantly longer median survival
examined group of 60 patients we found survivin mRN#&vas observed as compared to 71 patients that were
expression in 58.3% of cases at IIB and IlIA stagsurvivin-positive (p = 0.01). Median survival time in the
according to TNM classification. Some authors exangroup of patients with positive survivin expression was
ined survivin expression in NSCLC by RT-PCR; the¥9 months.
showed its presence in 36.8-96% of cases [6, 7, 18, 22].In patients with esophageal cancer that showed par-
Falleniet al. [7] analyzed the expression of survivintial response to chemotherapy (cPR), survivin expres-
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Table 4.Multivariate model of Cox regression [ 4] Ambrosini G, Adida C, Sirugo G, Altieri DC (1998) Induction
— of apoptosis and inhibition of cell proliferation by survivin gene
Characteristics EStimationof| o | Hazard | 5, o targeting. J Biol Chem 273: 11177-11182 )
parameters ratio [ 5] Dabrowski A, Filip A, Zgodzirski W, Dgbrowska M, Polaska
TNM 122 0.35 03 0.00004 D, Wéjcil_< M,_ Zir_1|_<iewicz K, Wallner G (2004_) Assessme_nt o_f
prognostic significance of cytoplasmic survivin expression in
Response to 0.26 0.11 1.3 0.02 advanced oesophageal cancer. Folia Histochem Cytobiol 42:
chemotherapy 169-172
Survivin [ 6] Escuin D, Rosell R (1999) The anti-apoptosis survivin gene and
' 1.45 0.39 4.27 0.0002 its role in human cancer: an overview. Clin Lung Cancer 1:
expression 138-143

[ 7] Falleni M, Pellegrini C, Marchetti A, Oprandi B, Buittitta F,
Table 5. Prognostic values of survivin mMRNA assessment by ISH  Barassi F, Santambrogio L, Coggi G, Bosari S (2003) Survivin

for survival estimation gene expression in early non-small cell lung cancer. J Pathol
200: 620-626
Parameter ISH [ 8] Gazzaniga P, Gradilone A, Guliani O, Gandini O, Silvestri I,
(%) Nofroni I, Saccani G, Frati L, Agliano AM (2003) Expression
o and prognostic significance of livin, survivin and other apop-
Sensitivity 75,0 tosis-related genes in the progression of superficial bladder
Specificity 75,0 cancer. Ann Oncol 14: 85-90
- - [ 9] Grabowski P, Kiihnel T, Muhr-Wilkenshoff F, Heine B, Stein
Positive predictive value 85,7 H, Hopfer M, Gremer CT, Scheriibl H (2003) Prognostic value
Negative predictive value 60,0 of nuclear survivin expression in oesophageal squamous cell
carcinoma. Br J Cancer 88: 115-119
Accuracy 75,0 [10] Islam A, Kageyama H, Takada N (2000) High expression of

survivin, mapped 17925, is significantly associated with poor
prognostic factors and promotes cell survival in human neuro-
blastoma. Oncogene 19: 617-623

sion estimated by RT-PCR was significantly lower thal#1] Kanwar JR, Shen WP, Kanwar RK, Berg RW, Krissansen GW

i i ; i ; (2001) Effects of survivin antagonists on growth of established
in patients with stable disease (CNC) and progressive tumors and B7-1 immunogene therapy. J Natl Cancer Inst 93:

disease (cPD) [12]. In the available literature, no data 1541.155

was found about the effect of survivin transcripfi2] Kato J, Kuwabara Y, Mitani M, Shinoda N, Sato A, Toyama T,
presence on response to chemotherapy in NSCLC. In Mitsui A, Nishiwaki T, Moriyama S, Kudo J, Fuji Y (2001)
patients that showed no survivin expression we found Expression of survivin in oesophageal cancer: correlation with

response to the chemotherapy (clinical complete re- gh;_gpgognosm and response to chemotherapy. Int J Cancer 95:

sponse - cCR or clinical partial response - cPR) in 80f(&] Kaur P, Kallakury BS, Sheehan CE, Fisher HA, Kaufman RP
of cases. It included patients with clinical partial re- ~(2004) Survivin and Bcl-2 expression in prostatic adenocarci-

sponse and one patient who showed complete clinical nomas. Arch Pathol Lab Med 128: 39-43 _
response (p = 0.04). The pattern of survivin expressibf] Kawasaki H, Altieri DC, Lu C-D, Toyoda M, Tenjo T,

e Tanigawa N (1998) Inhibition of apoptosis by survivin pre-
may thus reflect susceptlblllty to the chemotherapy. dicts shorter survival rates in colorectal cancer. Cancer Res

The calculated predictive values showed that ISH s5g8: 5071-5074
method was quite accurate in five-year survival estimgis] Krishna M, Lloyd RV, Batts KP (1997) Detection of albumin
tion. Survivin gene overexpression is definitely a poor messenger RNA in hepatic and extrahepatic neoplasms. A mar-
: ker of hepatocellular differentiation. Am J Surg Pathol 21:
prognostic factor. 147-152
~In conclusion, our results demonstrate that survivifie] Lee JH, Lee DH, Park SS, Seok SE, Lee JD (1988) Oncogene
in NSCLC may be identified as an independent prognos- expression detected liysitu hybridization in human primary

tic factor, and as apoptosis inhibitor may stand for the lung cancer. Chest 94: 1046-1049

therapeutic target in cancer therapy. [17] Lu C-D, AIti_eri DC, Tanig_a\_/va N1(998) Expr_ession of a novel
antiapoptosis gene, survivin, correlated with tumor cell apop-

tosis and p53 accumulation in gastric carcinomas. Cancer Res
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