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Abstract

Objective: In the present study, we aimed to investigate the promoter region of the survivin gene adenoma and squamous type lung can-
cer. Squamous cell carcinoma and adenocarcinoma are the two major histologic types of nonsmall cell lung cancer. Survivin is one of the
most important apoptosis inhibitor proteins. As an inhibitor of programmed cell death, this protein is involved in chromosome separation
during mitosis and is responsible for drug and radiation resistance against cancer treatments.

Method: We investigated the promoter region of the survivin gene by means of methylation-specific Polymerase Chain Reaction (PCR)
and evaluated its impact on survivin protein expression following DNA isolation and bisulphite modification in paraffin-embedded nor-
mal and tumor tissues of lung cancer patients with squamous cell carcinoma and adenocarcinoma.

Results: We detected methylation in the promoter region of the survivin gene in normal and tumor tissues of 24 cases (27%) out of the
78 patients (adenocarcinoma, n=37; squamous cell carcinoma, n=41) included in our study. Among these cases, decrease in methylation
by 20%-50% from normal tissues to tumors was observed. Twenty-one cases consisted of 11 adenomas (32% of adenoma cases) and 10
squamous cell tumors (27% of squamous cases).

Conclusion: These differences were statistically significant. In addition, a significant increase in survivin expression was observed immunohis-
tochemically in adenoma and squamous type tumor tissues of lung. Survivin protein expression was found to be inversely related to promoter
methylation. In this study, promoter methylation was observed for the survivin gene, which was considered an early potential marker in lung
cancers. This data supports that further investigations may study survivin protein and methylation as a candidate marker for lung cancer.
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Survivin Geninin Promotor Metilasyonu, Akciger Kanserlerinde Immiinohistokimyasal Olarak Survivin
Gen Ekspresyonunu Etkileyebilir
Oz

Amag: Bu calismada adenoma ve skuamoz tip dokulu akciger kanser vakalarinda survivin geninin promotor bolgesinin metilasyonunu ve gen
ekspresyonuna etkisini arastirmayr amacladik. Adenokarsinom ve skuaméz tip karsinomlar akciger kanserlerini en sik rastlanan tirleridir. Survi-
vin geni en 6nemli apoptoz inhibitor proteinlerinden biridir. Bir programli hiicre 6limii engelleyici olan bu protein, mitoz esnasinda kromozom
ayrismasinda gorev yapar ve kanserlesme siirecinde tedavilere karsi olusan ila¢ direncinden ve radyoterapik direncten sorumludur.

Yontem: Survin promotor metilasyonunu arastirmak icin DNA'ya bistilfit modifikasyon sonrasi metilasyon spesifik PCR ve survivin gen
ekspresyonuna etkisini gosterebilmek igin timor dokularinda imminohistokimyasal yontem uygulanmistir.

Bulgular: Calismamiz sonucunda 78 (adenokarsinom n:37, skuamoz htcreli karsinom n:41) vaka arasindan toplam 24 (%27) vakada
survivin geninin promotor bolgesinde, normal ve timér dokusunda metilasyon varlig tespit edildi. Bu vakalarda normal dokudan timére
dogru metilasyonda yaklasik %20 ila %50 oraninda bir azalma saptandi. Yirmi bir vakanin 11’i adenom (adenom vakalarinin %32’si),
10'i skuamoz hiicreli timorlerde (skuamézlerin %27’si) gorildi.

Sonug: Bu farklar istatistiksel olarak anlamliydi. Ayrica timér dokularinda immunohistokimyasal olarak survivin ekspresyonunda anlamli
bir artis g6zlendi. Survivin protein ekspresyonunun promotor metilasyonu ile ters korelasyon sergiledigi kaydedildi.

Anahtar Sozciikler: Survivin, metilasyon, akciger kanseri, skuaméz, adenokarsinom
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ypes of lung cancer are among the cancers with
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of these cases consist of nonsmall cell lung cancers

wide with a high mortality rate and approximately
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80% of these cancers are classified as nonsmall cell
lung cancer (NSCLC). NSCLCs have two subtypes;
nonsquamous and squamous [2, 3]. NSCLCs are fur-
ther histologically classified as adenocarcinoma and
squamous cell carcinoma. Adenocarcinomas and
squamous carcinomas account for about 50% of all
NSCLCs [2].

Survivin is a member of the family of proteins referred
to as IAPs, which inhibit apoptosis by controlling the
apoptotic mechanism at a critical stage. It is a protein
that is particularly responsible for the development of
resistance to anticancer treatments. The survivin gene
is localized on chromosome 17 and produces a 16.5
kDa protein. Several studies to date have investigated
this gene with an attempt to improve treatment efficacy
in cancer. It is one of the research topics of interest,
especially in studies on methylation, an epigenetic
mechanism [4, 5].

Methylation is a mechanism characterized by the ad-
dition of a methyl group to the 5-carbon of cytosine,
mainly in CpG gene sequences located in the promot-
er regions of genes. Studies have shown that a large
proportion of mammalian genomes is in methylated
state [6, 7].

Changes in methylation affect the expression of
genes, and thus may either inactivate or activate genes.
In this study, we aimed to determine possible methyla-
tion of the survivin gene in the promoter region of nor-
mal and tumor tissues in adenocarcinoma squamous
cell cancer and cancers through by methylation-spe-

Table 1. Clinical characteristics of patients
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cific PCR, and to investigate the effect of survivin gene
on the expression of the survivin protein.

Material and Methods

This study is a retrospective cross-sectional on
survivin promoter methylations and survivin protein
with immunohistochemical analysis of lung cancer
cases was performed. Seven hundred and eighty slide
samples in total were prepared for the study from 78
formalin-fixed paraffin-embedded tissue blocks with
10 each from histologically proven and graded as ear-
ly, moderate, and advanced any lung tumor tissues
and 5 of normal lung tissue in same cases. All tissues
used in this study were obtained so that both paraffin
biopsy and tissue archive of patients diagnosed with
lung cancer in the Trakya University School of Med-
icine University Department of Pathology were used
from 2007 to 2015 from the Pathology Department
of Trakya University Hospital and the study was ini-
tiated upon the necessary permission from the local
ethics committee. All of the tissues were evaluated
pathologically by a medical pathologist according to
the international lung cancer committee standards.
Age, gender, histological type, and disease stage of
the 78 cases included in the study are presented in
Table 1-3.

DNA isolation from paraffin-embedded tissues
Sections from selected tissues were obtained as de-
scribed previously, and DNAs were isolated [8, 9].

Table 2. Clinical characteristics of the patients with ade-
nocarcinoma

Patient Normal Cases Tumor Cases Patient Normal Cases Tumor Cases
Information (n=78) (n=78) Information n=37) (n=37)

N % N % N % N %
Age, years 61+11 Age, years 58+11
(mean=SD) (mean=SD)
<53 43 55 43 55 <59 24 54 24 54
>59 35 45 35 45 >59 13 41 13 41
Gender Gender
Female 10 13 10 13 Female 5 13.5 5 13.5
Male 68 87 68 87 Male 32 86.5 32 86.5
Grade Grade
1 52 66 1 21 57
2 8 10 2 2 5.4
3 18 23 3 14 37.6
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These DNAs were then analyzed at 280 nm and 260
nm wavelength via spectrophotometric method after
DNA quantities were determined; and the samples
were stored at +4 °C for further analysis.

Bisulphite modification was performed in accor-
dance with the Sigma-Aldrich DNA modification kit
protocol.

Table 3. Clinical characteristics of the patients with squa-
mous cell carcinoma

Patient Normal Cases Tumor Cases
Information (n=41) (n=41)

N % N %
Age, years 55+11
(mean +SD)
<59 22 54 22 54
>59 19 41 19 41
Gender
Female 7 17 17 17
Male 36 83 36 83
Grade
1 23 56
2 3 7
3 15 37

Methylation analysis of the promoter of survivin
After sodium bisulphite modification of genomic DNA,
samples were treated with bisulphite for methylation
analysis of the survivin gene. By doing so, all unmeth-
ylated cytosines were transformed to uracil. Because
this modification converts cytosines to thymine in un-
methylated regions, the MethPrimer V1.1 beta (available
on www.urogene.org) program was used for the region
thought to be altered this way in order to determine
the CpG sequences in the promoter of survivin and the
methylation-specific primer sequences, and MSP (meth-
ylation-specific PCR) was performed by means of the
protocols hereunder to investigate methylation (Figure 1).

Methylation-specific PCR (MSP) protocols
Methylation-specific ~ primers  for the  pro-
moter of the survivin gene region were as
follows: Forward: TTTTATTTTTAGAAG-
GTCGCGG, Reverse:  AAACTACCAAACAAAAAA-
CAACGTC; Product Size: 164 bp, Tm: 77.4.
Unmethylation-specific primers for the promoter of the
survivin gene region were: Forward: TTTATTTTTAGAAG-
GTTGTGG; Reverse: AAACTACCAAACAAAAAACAA-
CATC; Product Size: 163 bp, Tm: 72.3. PCR conditions
consisted of initiation at 95 °C for 10’ followed by 95
°C 45", 55 °C 30", and 72 °C 30" x35 cycles, finally
terminating at 72 °C for 5'. Methylated and unmethyl-
ated PCR media were: PCR buffer 1x; MgCl2: 2 mM;
DMSO: 5% (v/v); dNTP: 12.5 mM; Primer Forward: 10
nM; Primer Reverse: 10 nM; Taq Polymerase: 1 U (5U/
pL)(Fermentas; Massachusetts, USA) with thermocycler
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Figure 1. Upper row: Original sequence, Lower row: Bisulphite-modified sequence

(For display purposes, assuming all CpG sites are methylated) ++ CpG sites, :::

: Non-CpG “C” converted to “T”, M >>>>>> Left methylated-specific primer,

M<<<<<< Right methylated-specific primer, U >>>>>> Left unmethylated-specific primer, U<<<<<< Right unmethylated-specific primer.

46



Cerrahpasa Tip Derg 2019; 43(2): 44-49

Figure 2. N, Normal; T, Tumor; Unmethylation-specific PCR result of exon 1 of survivin; Line 1: M: 100 bp marker; Line 2: (+)
Control DNA, normal, and tumor pairs of the same cases in Lines 3—12, full non-methylation-PCR signal in N sample and T
sample of the cases in Lines 3—12. Methylation-specific PCR result of survivin promoter; Line 1: M: 100 bp marker, Line 2: (+)
Control DNA; methylation (=) in N sample; (-) in T sample of the cases in Lines 3-12

(Bioneer exicyclerTM 96, Daejeon, Republic of Korea ).
Template DNA 100 ng was filled up to 50 pL with dH20O.
Methylated and unmethylated human DNAs were used
as positive and negative control DNAs (58001 | CpGe-
nome™ Human Methylated & unmethylated DNA Stan-
dard Set, Fermentas, Massachusetts, USA). These DNAs
underwent modification prior to PCR [8].

Polymerase Chain Reaction was performed with the
above mentioned samples using primers designed as
methylation-specific and unmethylation-specific. PCR
products were subsequently assessed under ultraviolet
(UV) light on 2% agarose gel [10], tumors and normal
tissues were compared for methylation, and methyla-
tion rates were determined.

Immunohistochemical detection

We used an immunohistochemical method to detect the
survivin protein. For this purpose, we obtained samples of 5
pL (+/=2 pL) on average on polylysine slides from 85 cases.
Using an auto-analyzer (Ventana, Roche, USA), all of the
sections were treated with survivin protein antibody using
antibody detection kits (ultraView Universal DAB Detec-
tion Kit; Roche, Basel, Switzerland and Novus, Centennial,
Colorado USA). For positive control, Glia astrocytes were
used as recommended by the manufacturer's company
data sheet. Internal control was used as negative control
and unstained interstitial regions on case slides were ac-
cepted as negative. During the evaluation, the most dense
areas on case slides were assessed semi-quantitatively and
survivin presence was determined as % (per cent). Accord-
ing to this approach, interpretation was as follows: 0%-5%
negative (-); 6%-25% (+)26%50% (++); 51%—~75% (+++);
76%-100% (++++) [8] (Figure 2).

Statistical Analysis
Statistical analysis of the study was conducted using
Statistical Package for the Social Sciences version 20

program (IBM Corp.; Armonk, NY, USA). Continuous
variables were expressed as mean + standard deviation
(SD) and qualitative variables as a percentage. Meth-
ylationSpecific Polymerase Chain Reaction results of
statistical analyses done were compared between the
patient and the control group and their immnuhisto-
chemical result by the 2 test, p<0.05 was considered
statistically significant [11].

Results

1-3 pL bisulphite-modified DNA was used per
methylated and unmethylated PCR reaction. MSP and
un-MSP products were assessed on 2% agarose gel
stained with ethidium bromide (Figure 2, 3). The ex-
pected band size was 117 bp for MSP and un-MSP in
the promoter of the survivin gene. Furthermore, immu-
nohistochemical staining and analyses were performed
on slides with sections derived from the samples used
for PCR. Increased survivin protein expression was de-
tected, showing reverse correlation with methylation
of the promoter of survivin (Figure 4).

Expression of survivin in squamous cell carcinoma
and adenocarcinoma

In samples obtained from patients with squamous cell
cancer, which is the nuclear staining more dense the
cytoplasmic (Figure 3). Weak-nuclear and cytoplasmic
survivin expression was seen in alveolar epithelium (Fig-
ure 4). Furthermore, methylation in the promoter region
of the survivin gene was observed in both bronchial and
squamous tumor tissues of the same cases (Figure 2A,
B).

Survivin protein was positive 12 of 14 in grade 3 ad-
enocarsinoma tissues (85%), whereas in the group of
23 in grade 1-2 of adenocarsinoma tissues, survivin
was positive 15 of them (65%). The statistical analysis
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Figure 3. Heterogenic-strong-nuclear and few delicate
shades of cytoplasmic survivin expression in squamous cell
lung cancer. Immunohistochemical staining of survivin, x100

shades of nuclear and

Few delicate
cytoplasmic survivin expression in alveolar epithelium.
Immunohistochemical staining of survivin, x100

Figure 4.

showed a significantly elevated survivin expression in
high-grade adenocarsinoma while comparing to grade
1 lesions (p=0.01). Survivin protein expression was pos-
itive 11 of 15 in grade 3 (85%); whereas in the group of
21 low-grade squamous tissues was positive in nine of
them (73.3%). Statistical analysis showed a significantly
elevated survivin expression in grade 3 as compared to
grade 1 and 2 squamous cell lesions.

In our previous study, survivin-positive nuclear stain-
ing was observed in 83% of squamous carcinomas, and
cytoplasmic survivin expression was detected in 33%
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of same carcinomas. Expression of nuclear and cyto-
plasmic survivin was significantly higher in squamous
carcinoma tissue as compared to alveolar epithelium
(p<0.01). Nuclear survivin expression was significantly
higher than cytoplasmic survivin expression as com-
pared to normal tissues. Exon 1 methylation was not
seen in the study [8]. However, the rate of methylation
in the promoter region of survivin was found to be in-
versely proportional to expression of survivin methyla-
tion.

In addition, survivin promoter methylation was
found to be present in approximately 70% of adeno-
carcinoma tumors, and un-methylation was observed
in 30%—-40% of the same tumors. While 70% un-meth-
ylation and 20% methylation were seen in normal lung
tissues of the same cases, the level of survivin protein
expression was increased, showing an inverse correla-
tion with methylation (p<0.05).

Discussion

Survivin may be a good chemotherapeutic or radio-
therapeutic target, especially owing to its role as in-
hibitor in apoptosis mechanisms. Studies on this gene
are of interest, both for those investigating epigenetic
properties and those seeking to clarify epigenetic in-
hibition mechanisms. The presence of an inverse rela-
tionship between apoptosis and anti-apoptosis signal-
ing pathways, especially in the development of cancer,
reveals the importance of activation or inhibition of
these pathways [12-15].

While exon T methylations are seen in various genes,
the survivin gene lacks exon 1 methylation and ex-
pression studies have shown that the promoter region
of survivin affects gene expression. Furthermore, our
study has demonstrated that different rates of methyl-
ation may be observed both in adenocarcinoma and
squamous cell carcinoma of the lung. Although this
may suggest that survivin gene activation inactivates
anticancer treatments, thereby shortening life expec-
tancy in lung cancers, there is currently only limited
information in the literature in this regard.

Previous studies have simulated methylation with
SurKex oligonucleotides for the methylation of the sur-
vivin gene promoter, showing the effect on survivin
expression as well as on histone acetylation. More-
over, survivin methylation may not always show a neg-
ative effect on survivin expression and, interestingly,
even increase the expression in endometrial tumors;
however, the present study demonstrates decreased
expression of survivin at different rates in both two
most common types of lung cancer [16, 17]. Our study
is one of the rare studies showing these methylations
together in lung cancers and gene expression of the
survivin promoter region.



In summary, further studies on survivin gene ex-
pression and inhibition mechanisms are expected to
increase alternative therapeutic options in cancers
where this gene is known to be active. In addition, we
believe that silencing the survivin gene in the future
may improve efficacy of currently available cancer
treatments, and also show favorable effects on life ex-
pectancy and quality of life among patients with can-
cer. Survivin promoter methylation regions are likely to
be promising therapeutic targets in the future.
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