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Abstract

Objevtive: Acromegaly is a rare disease characterized by
growth hormone hypersecretion generally arising from pi-
tuitary adenomas. Survivin, an apoptosis inhibitor protein,
plays an important role in cell cycle regulation and possibly
involves hypophysis gland proliferation mechanisms. Howe-
ver, the underlying causes of somatotroph adenomas with
different behaviors and useful prognostic markers are still
not fully understood. We investigated possible associations
between survivin gene promoter -31 G\C genotypes and
serum survivin level and clinical prognostic factors in acro-
megaly. Material and Methods: Sixty-eight acromegaly
patients and 171 age-sex matched control subjects were
enrolled in the study. Survivin -31 G\C polymorphism was
performed by using a polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP). Blood GH and
IGF1 levels were assayed using a chemiluminescence im-
munometric assay. Serum survivin levels were determined
by ELISA. Results: Acromegaly patients had significantly
higher serum survivin levels than controls (p=0.001). We
found no significant association between acromegaly pati-
ents and controls in terms of survivin gene promoter -31
G\C genotype distribution and allele frequencies. No cor-
relation was found between disease characteristics and
survivin gene polymorphisms. Conclusion: Our study sug-
gests that serum survivin levels might be associated with
acromegaly, but survivin -31 G\C polymorphisms do not
modify individual susceptibility to acromegaly in the Tur-
kish population.
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Ozet

Amag: Akromegali, genellikle hipofiz adenomlarindan kay-
naklanan blylime hormonu hipersekresyonu ile karakterize
nadir gortlen bir hastaliktir. Apoptozun bir inhibitér proteini
olan survivin, hlicre déngiist dizenlemesinde énemli bir rol
oynar ve hipofiz bezi proliferasyon mekanizmalarinda yer ala-
bilir. Farkli davranislara sahip somatotrof adenomlarinin ge-
lisme mekanizmalari tam olarak anlasilamamis ve kullanigl
prognostik faktorler saptanamamistir. Bu galismada amacimiz,
survivin gen promotori -31 G\C genotipleri ve ayrica serum
survivin dizeyi ile akromegalide klinik prognostik faktérler
arasindaki olasi iliskiyi arastirmakti. Gereg ve Yontemler:
Calismaya 68 akromegali hastasi ve 171 yas-cinsiyet uyumlu
kontrol hastasi dahil edildi. Survivin -31 G\C polimorfizmi, bir
polimeraz zincir reaksiyonu sinirlama fragmani uzunluk poli-
morfizmi [polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP)] kullanilarak gergeklestirildi.
Kan GH ve IGF1 seviyeleri, bir kemiluminesans imminomet-
rik test kullanilarak analiz edildi. Serum survivin dlzeyleri
ELISA ile belirlenmistir. Bulgular: Akromegali hastalarinda
serum survivin dizeyleri kontrol grubuna goére anlaml dere-
cede yiksekti (p=0,001). Akromegali hastalari ile survivin gen
promotori -31 G\C genotipi ve allel frekanslarinin dagilimi igin
kontroller arasinda anlamli bir iligki bulunamadi. Hastalik 6zel-
likleri ile survivin gen polimorfizmleri arasinda korelasyon bu-
lunmadi. Sonug: Calismamiz, serum survivin dlzeylerinin
akromegali ile iligkili olabilecegdini, ancak survivin -31 G\C po-
limorfizmlerinin Tlrklerden olusan bir popllasyonda akrome-
gali agisindan bireysel duyarlihgi degistirmedigini gostermistir.
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Acromegaly is a rare disease with a preva-
lence of 40-70 cases per million population
and an annual incidence of 3-4 new cases
per million population (1). Hypersecretion of
growth hormone (GH), which is usually
caused by pituitary adenoma, leads to pro-
gressive disfigurement mainly involving the
face and extremities, especially in the soft
tissue. Except for familial pituitary syn-
dromes, limited studies have observed the
association between genetic structure and
sporadic pituitary tumors secreting GH. Spo-
radic tumors secreting GH generally arise
from a somatotrope cell allowing clonal ex-
pansion (2,3). About one-third of soma-
totroph tumors have somatic mutations in
the guanine nucleotide-binding a-subunit 1
gene, leading to cellular proliferation and GH
hyperfunction (4,5). Several studies have
also determined single nucleotide polymor-
phisms such as exon-3 deleted GH receptor
and aryl hydrocarbon receptor-interacting
protein gene and attributed to long term
complications of acromegaly (6-8). Although
familial pituitary syndromes such as muilti-
ple endocrine neoplasia type 1 have been
widely studied, the genetic basis of the spo-
radic somatotrophs (9).

Survivin is regarded as an apoptosis in-
hibitor protein, which plays an important
role in cell cycle regulation (10,11). Survivin
causes negative regulation of programmed
cell death by acting as an inhibitor of cas-
pase activation (12). The overexpression of
survivin is associated with several malig-
nancies and poor prognosis in colorectal
cancer, lung cancer, pancreatic cancer, and
hepatocellular carcinoma (13-15), and can
play a crucial role in tumorigenesis. Al-
though survivin was recently shown to be
expressed in normal pituitary tissue and
overexpressed in pituitary adenomas, its
role in the development and course of
acromegaly is yet unexplored (16,17).

This study investigated whether survivin
polymorphism and serum survivin levels
have a role in the development of
acromegaly in the Turkish population. In ad-
dition, correlations between survivin gene
polymorphisms, serum survivin levels, and
tumor size and their influence on the remis-
sion of acromegaly were studied.

Sixty-eight acromegaly patients and 171
control subjects were recruited for this study
in the Endocrinology Clinic of Bezmialem
University Hospital between 2012 and 2015.
The mean age of the acromegaly group was
45+1.73 years, and that of control was
42.92+2.11 years. The mean age at diag-
nosis was 39.88+1.7 years.

Acromegaly was diagnosed using serum GH,
which could not be suppressed to <1 ng/mL
during oral glucose tolerance test and age-
and gender-matched high serum IGF1 levels
(18). Hypophysis magnetic resonance imag-
ing was performed on all acromegalic pa-
tients, and the maximum diameter obtained
from the data was determined as the tumor
size. Nine patients were diagnosed in other
centers, and tumor size before treatment of
these patients was lacking. Patients with
acromegaly, controlled under disease-specific
treatment (lanreotide or octreotide), and
those with post-operative cure were included
in the controlled patient group. Serum IGF1
values were adjusted according to the per-
centage of the upper limit of normal (ULN)
using the formula (100*CIGF1/ULNIGF1)'
Acromegaly patients are considered to be in
biochemical remission when basal GH is
under 1 ng/mL and IGF1 level 1.2 x ULN.
Healthy volunteers between 18-65 years of
age and without a history of chronic disease
or medication use were included in the age-
and gender-matched control group.

Blood GH and GF1 levels were assayed
using chemiluminescence immunometric
assay (Siemens Advia-Centaur USA). Age-
related reference ranges for IGF1 were:
18-20 y: 197-956; 20-23y: 215-628; 23-
25y: 169-591; 25-30y: 119-476; 30-40y:
100-494; 40-50y: 101-303; >50y: 78-258
(ng/mL).

Bezmialem Vakif University Clinical Re-
search Ethics Committee approved this
study with the number of 71306642/050-
01-04/64 and dated 11.3.2013, and all
procedures were conducted in accordance
with the Helsinki Declaration.

Blood samples were collected in tubes con-
taining EDTA. A standard salting procedure
was used to isolate genomic DNA (19).
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Genotyping studies were performed by
using a polymerase chain reaction-restric-
tion fragment length polymorphism (PCR-
RFLP) method. The -31G\C polymorphisms
in the promoter region of the survivin gene
were examined using 0.25 puM of each
primer shown in Table 1 for the reaction in
a volume of 25 pL containing, 1.5 mM
MgCl2, 50 mM KCI, 10 mM Tris-HCI, pH 8.4,
0.16 mM of each deoxyribonucleotide
triphosphate (MBI Fermentas), and 1 U Taq
polymerase (MBI Fermentas). Amplification
was carried out using the following proto-
col: initial denaturation at 94 °C for 5 min;
followed by 35 cycles of denaturation at 94
°C for 30 s, annealing at 52 °C for 30 s, and
extension at 72 °C for 30 s, and a cycle
final extension at 72 °C for 10 min (19).
The PCR product exhibited a 329-bp frag-
ment indicating the -31G/C region poly-
morphism. PCR product (10 pL) was
digested with Bcnl (MBI Fermentas). Sam-
ples were repeated if a conflict occurred.
The expected results after the restriction
digestion for each gene fragment are given
in Table 1.

Fresh-blood samples were immediately cen-
trifuged at 3000 rpm for 5 min to separate
serum, and samples were kept frozen at -20
°C until the study. Serum survivin levels
were determined with a commercially avail-
able sandwich ELISA kit (Platinum ELISA,
Bender MedSystems GmbH, Vienna).

Statistical analyses were performed using
SPSS version 11.0 for Windows (SPSS Inc.

Primers

-31 G\C F:5"

(rs9904341) -CGTTCTTTGAAAGCAGTCGAG-3’
R:5’
-TGTAGAGATGCGGTGGTCCT-3’

bp: Base pair; F: Forward; R: Reverse.

Chicago, IL, USA). Differences in the fre-
quency of the survivin -31 G/C polymor-
phism between acromegaly patients versus
the control group and clinical data within
the acromegaly subgroup were analyzed
using the Chi-square test. The Hardy-Wein-
berg equilibrium was tested for all poly-
morphisms. Numeric values were
evaluated by the Student’s t-test and
Mann-Whitney U test. The relative associa-
tions between acromegaly patients and
controls were assessed by calculating odds
ratios (ORs) and 95% confidence intervals
(95% CIs). The threshold for significance
was p<0.05.

Table 2 shows the demographic characteris-
tics of acromegaly patients and the control
group. In the acromegaly group, mean GH,
IGF1 levels, and IGF1 norm were 16.0£2.3
ng/mL, 842+48.9 ng/mL, and
321.1+£17.3% before treatment, respec-
tively. Forty-six (78%) patients had
macroadenoma at the time of diagnosis.
After treatment, mean GH, IGF1 levels, and
IGF1 norm decreased to 1.3+0.2 ng/mL,
247£19.8 ng/mL, and 104.2%+9.2%, respec-
tively. Mean tumor size after treatment was
<1 cm in 41 (80.4%) acromegaly patients,
and 43 (78.2%) patients were in biochemi-
cal remission. The mean survivin level was
slightly higher at 34.5+0.6 in acromegaly
patients and 32.4£1.3 in control subjects
(p=0.001).

Genotypes and allele frequencies for sur-
vivin -31G\C polymorphism in acromegaly
patients and controls were listed in <Table
3. Genotype distributions for survivin -31
G/C polymorphism in control and patient

PCR product Restriction Restriction
Enzyme Product
329 bp Benl CC: 329 bp

CG: 329/234/92 bp
GG:234/92 bp
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Table 2. Demographic characteristics of acromegaly patients and control group.

Gender (n/%)
Female
Male

Age (y)

Age Onset (y)

Tumor Size Before Treatment
Macroadenoma
Microadenoma

Number of Resection
0
1
22

IGF1 (ng/mL)

IGF1 Before Treatment
IGF1 After Treatment

IGF1 norm
%ULN Before Treatment
%ULN After Treatment

GH
GH Before Treatment
GH After Treatment

Remission Status
Controlled
Uncontrolled

Tumor Size After Treatment
=1 cm (n/%)
<1 cm (n/%)

Survivin Level {(pg/mL)*

Acromegaly

Control

40 (%59)
28 (%41)
45.0+£1.7
39.8+£1.7
n=59
46 (%78)
13 (%22)

110 (%64.3)
61 (%35.7)
42.9 2.1

16 (%23.5)
42 (%61.8)
10 (%14.7)

842.9+48.9
247.7£19.8

321.1+£17.3
104.2+9.2

16.0+2.3
1.3+0.2
n=>55
43 (%78.2)
12 (%21.8)
n=51
10 (%19.6)
41 (%80.4)

34.5+£0.6 32.4 £1.3

Mean valuesxstandard error; *p=0.001 (Mann-Whitney U test); IGF1: Insulin-like growth factor 1; GH: Growth hormone; ULN:

Upper Limit of Normal Range.

groups were in agreement with the
Hardy Weinberg equilibrium (p=0.197;
p=0.335, respectively). Survivin -31 G\C
genotypes and allele frequencies between
acromegaly patients and controls were not
statistically significant (p=0.73; p=0.46,
respectively).

Table 4 shows the comparison of the char-
acteristics of acromegaly patients accord-
ing to survivin genotypes. No significant
difference in genotype distribution was ob-
served between patients with microadeno-
mas (<1 cm) and macroadenomas (=1 cm)
(p=0.32). All 26 patients who had 3-fold
higher IGF1 levels than ULN before treat-
ment were carrying the G allele, but the dif-
ference was not statistically significant
(p=0.068) (Data not shown). All ten pa-
tients operated at least two times, and

Table 3. Genotypes and allele frequencies for survivin

genotypes in acromegaly patients.

Genotype Patients Controls
n (%) n (%)
GG 28 (41.2%) 63 (36.8%)
CG 34 (50%) 88 (51.5%)
cc 6 (8.8%) 20 (11.7%)
p value >0.05
Alleles

G 90 (66.2%) 214 (62.6%)
C 46 (33.8%) 128 (37.4%)
p value >0.05

91.7% of the patients with uncontrolled
disease activity were carrying the G allele
(p>0.05). No association was found be-
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GG

Gender (n)

Female 15

Male 13
Age onset (y) 37.5+12.1
GH (ng/mL)

Before Treatment 19.6+15.6

After Treatment 1.5+1.5
IGF1 (ng/mL)

Before Treatment 831.3+295.5

After Treatment 225.3+107.9
IGF1 norm

%ULN Before Treatment 305.3+£119.4

%ULN After Treatment 95.0+40.2
Tumor Size Before Treatment (cm)

<1 4

21 20
Number of Adenoma Resections (n)

0 3

<1 16

22 5
Tumor Size After Treatment (cm)

<1 18

21 5
Remission

+ 20

- 4
Survivin Level (pg/mL) 35.0+4.2

CG (o[9)
19 6
15 0
43+16.1 33.5+9.9
13.5+15.4 10.6
1.3+1.4 0.9+£0.5
858.7+373.4 780.9+£229.9
279.0+£183.2 207.0+105.1
340.9+£119.5 257.5£23.7
116.2+87.8 89.1+£54.3
7 2
24 2
6 0
14 6
5 0
18 5
5 0
18 5
7
34.0+4.8 34.3+£5.4

Mean valueststandard error; *p=0.001 (Mann-Whitney U test); IGF1: Insulin-like growth factor 1; GH: Growth hormone; ULN:

Upper Limit of Normal Range.

tween the distribution of survivin genotypes
and pre-post treatment GH, IGF1 levels,
and remission status. Additionally, there
was no significant relationship between
treatment options and survivin polymor-
phism and levels.

Survivin has attracted much interest in can-
cer research studies due to its essential role
in tumorigenesis initiation and progression.
It is an apoptotic inhibitor protein, which
regulates caspases and programmed cell
death (20). The survivin gene is located on
chromosome 17925, and the most widely
studied polymorphism of the survivin gene
is the G to C substitution at position -31
(survivin -31G>C, rs9904341) (21). To our
knowledge, this is the first study to investi-

gate the distribution of survivin -31 G/C
polymorphism and survivin levels in
acromegaly.

In the present study, no difference was ob-
served in the distribution of survivin -31G/C
genotypes between acromegaly and control
subjects. We found similar results for the
distribution of -31G/C genotypes to those
reported by Bayram et al. in the Turkish
population (22). Our results were consistent
with previous findings wherein there was no
association between the -31G/C polymor-
phism and development risk for several can-
cer types such as renal cell and esophageal
carcinoma (23,24). In patients with overex-
pressed survivin mRNA, no significant dif-
ference might be found in the distribution of
-31G/C genotypes (25). On the other hand,
survivin -31 G/C polymorphism was associ-
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ated with an increased risk of developing
many tumors (26-28). This situation may be
explained in terms of differences in the
study population, environmental, and ethnic
factors (22).

To date, several chromosomal lesions have
been reported in sporadic somatotroph
adenomas. Loss of heterogeneity in chro-
mosomes 11ql13, 13, and 9 have been as-
sociated with 20% of sporadic acromegaly
cases (29,30). Additionally, Gsp, Ras, and
pituitary tumor transforming gene (PTTG)
mutations were shown to be responsible for
the development and possible behaviors of
pituitary tumors in a subset of cases (31-
33). However, genetic mechanisms involv-
ing disease development and course are
still not known in most acromegaly cases.
Besides, the survivin transcription level is
possibly modified positively by the pres-
ence of survivin genotype C allele (26). Its
prognostic value in human neoplasms has
not been clarified yet. In a study from
Turkey, Ademoglu et al. observed higher
serum survivin levels in the acromegaly pa-
tients than in the control group, but the dif-
ference was not statistically significant
(17). Likewise, we found that serum sur-
vivin levels were higher in acromegaly pa-
tients than in control subjects. Survivin
expression could play an essential role in
regulating hypophysis gland proliferation
(34) and delay cell death (21). Jankowska
et al. demonstrated that survivin expres-
sion was six-fold higher in tumor tissue
than in normal pituitary (16). Overexpres-
sion of survivin has also been demonstrated
in solid tumors and is related to higher pro-
liferative markers and poor prognosis
(35,36).

Our study showed that survivin -31 G/C
polymorphism and survivin levels were not
associated with clinical characteristics of
acromegaly such as tumor size, hormone
levels, and acromegaly disease phase.

The study’s limitation was that it was a
cross-sectional and hospital-based case-
control study. Therefore, patients were in-
cluded at a single center and may not
represent acromegaly patients in the gen-
eral population. However, it must be noted
that acromegaly is a rare disease, and our
center is a reference hospital that admits
patients from all over the country.

In summary, it can be suggested that sur-
vivin -31G\C polymorphisms do not modify
individual susceptibility to the acromegaly.
In this study, no association was observed
between disease characteristics (such as
tumor size, hormone levels, and remission
status) and survivin polymorphism in sur-
viving gene, although increased survivin lev-
els were observed in acromegaly patients
compared to that in healthy subjects. How-
ever, the molecular effects of these different
single nucleotide polymorphisms on the
functional mechanism of surviving in tu-
morigenesis have not yet been clarified, and
the involved mechanisms need further stud-
ies.
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