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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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Amaç: Akromegali, genellikle hipofiz adenomlarından kay-
naklanan büyüme hormonu hipersekresyonu ile karakterize 
nadir görülen bir hastalıktır. Apoptozun bir inhibitör proteini 
olan survivin, hücre döngüsü düzenlemesinde önemli bir rol 
oynar ve hipofiz bezi proliferasyon mekanizmalarında yer ala-
bilir. Farklı davranışlara sahip somatotrof adenomlarının ge-
lişme mekanizmaları tam olarak anlaşılamamış ve kullanışlı 
prognostik faktörler saptanamamıştır. Bu çalışmada amacımız, 
survivin gen promotörü -31 G\C genotipleri ve ayrıca serum 
survivin düzeyi ile akromegalide klinik prognostik faktörler 
arasındaki olası ilişkiyi araştırmaktı. Gereç ve Yöntemler: 
Çalışmaya 68 akromegali hastası ve 171 yaş-cinsiyet uyumlu 
kontrol hastası dâhil edildi. Survivin -31 G\C polimorfizmi, bir 
polimeraz zincir reaksiyonu sınırlama fragmanı uzunluk poli-
morfizmi [polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RFLP)] kullanılarak gerçekleştirildi. 
Kan GH ve IGF1 seviyeleri, bir kemiluminesans immünomet-
rik test kullanılarak analiz edildi. Serum survivin düzeyleri 
ELISA ile belirlenmiştir. Bulgular: Akromegali hastalarında 
serum survivin düzeyleri kontrol grubuna göre anlamlı dere-
cede yüksekti (p=0,001). Akromegali hastaları ile survivin gen 
promotörü -31 G\C genotipi ve allel frekanslarının dağılımı için 
kontroller arasında anlamlı bir ilişki bulunamadı. Hastalık özel-
likleri ile survivin gen polimorfizmleri arasında korelasyon bu-
lunmadı. Sonuç: Çalışmamız, serum survivin düzeylerinin 
akromegali ile ilişkili olabileceğini, ancak survivin -31 G\C po-
limorfizmlerinin Türklerden oluşan bir popülasyonda akrome-
gali açısından bireysel duyarlılığı değiştirmediğini göstermiştir. 
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Introduction 
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 α-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 multi-
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. 

Material and Methods 

Patients and Hormone Assays 
Sixty-eight acromegaly patients and 171 
control subjects were recruited for this study 
in the Endocrinology Clinic of Bezmiâlem 
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 Vakıf 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. 

DNA isolation 
Blood samples were collected in tubes con-
taining EDTA. A standard salting procedure 
was used to isolate genomic DNA (19).  
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bp: Base pair; F: Forward; R: Reverse.

Primers PCR product Restriction Restriction 

Enzyme Product 

-31 G\C F:5’ 329 bp Bcnl CC: 329 bp 

(rs9904341) -CGTTCTTTGAAAGCAGTCGAG-3’ CG: 329/234/92 bp 

R:5’ GG:234/92 bp 

-TGTAGAGATGCGGTGGTCCT-3’  

Table 1. PCR-RFLP Producers and Products of Survivin-31 G\C Polymorphism.

Genotyping  
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 µM of each 
primer shown in Table 1 for the reaction in 
a volume of 25 µL containing, 1.5 mM 
MgCl2, 50 mM KCl, 10 mM Tris-HCl, 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 µL) was 
digested with BcnI (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. 

Survivin Assay 
Fresh-blood samples were immediately cen-
trifuged at 3000 rpm for 5 min to separate 
serum, and samples were kept frozen at -20 

oC until the study. Serum survivin levels 
were determined with a commercially avail-
able sandwich ELISA kit (Platinum ELISA, 
Bender MedSystems GmbH, Vienna). 

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

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. 

Results 
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 
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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 

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

Mean values±standard error; *p=0.001 (Mann-Whitney U test); IGF1: Insulin-like growth factor 1; GH: Growth hormone; ULN: 
Upper Limit of Normal Range.

Acromegaly Control 
Gender (n/%)  

Female  40 (%59) 110 (%64.3) 
Male 28 (%41) 61 (%35.7) 

Age (y) 45.0±1.7 42.9 ±2.1 
Age Onset (y) 39.8±1.7  
Tumor Size Before Treatment n=59  

Macroadenoma 46 (%78)  
Microadenoma 13 (%22)  

Number of Resection  
0 16 (%23.5)  
1 42 (%61.8)  
≥2 10 (%14.7)  

IGF1 (ng/mL)  
IGF1 Before Treatment 842.9±48.9  
IGF1 After Treatment 247.7±19.8  

IGF1 norm  
%ULN Before Treatment 321.1±17.3 
%ULN After Treatment 104.2±9.2  

GH  
GH Before Treatment 16.0±2.3  
GH After Treatment 1.3±0.2  

Remission Status n=55  
Controlled 43 (%78.2)  
Uncontrolled 12 (%21.8)  

Tumor Size After Treatment n=51  
≥1 cm (n/%) 10 (%19.6)  
<1 cm (n/%) 41 (%80.4)  

Survivin Level (pg/mL)* 34.5±0.6 32.4 ±1.3 

Table 2. Demographic characteristics of acromegaly patients and control group.

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 

Table 3. Genotypes and allele frequencies for survivin 
genotypes in acromegaly patients.
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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. 

Discussion  
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 17q25, 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-

Mean values±standard error; *p=0.001 (Mann-Whitney U test); IGF1: Insulin-like growth factor 1; GH: Growth hormone; ULN: 
Upper Limit of Normal Range.

 GG CG CC 
Gender (n)  

Female 15 19 6 
Male 13 15 0 

Age onset (y) 37.5±12.1 43±16.1 33.5±9.9 
GH (ng/mL)  

Before Treatment 19.6±15.6 13.5±15.4 10.6 
After Treatment 1.5±1.5 1.3±1.4 0.9±0.5 

IGF1 (ng/mL)  
Before Treatment 831.3±295.5 858.7±373.4 780.9±229.9 
After Treatment 225.3±107.9 279.0±183.2 207.0±105.1 

IGF1 norm  
%ULN Before Treatment 305.3±119.4 340.9±119.5 257.5±23.7 
%ULN After Treatment 95.0±40.2 116.2±87.8 89.1±54.3 

Tumor Size Before Treatment (cm)  
<1 4 7 2 
≥1 20 24 2 

Number of Adenoma Resections (n)  
0 3 6 0 
≤1 16 14 6 
≥2 5 5 0 

Tumor Size After Treatment (cm)  
≤1 18 18 5 
≥1 5 5 0 

Remission  
+ 20 18 5 
- 4 7 1 

Survivin Level (pg/mL) 35.0±4.2 34.0±4.8 34.3±5.4

Table 4. Characteristics of acromegaly patients according to survivin genotype.



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 11q13, 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. 

Source of Finance 
During this study, no financial or spiritual 
support was received neither from any phar-
maceutical company that has a direct con-
nection with the research subject, nor from 
a company that provides or produces medi-
cal instruments and materials which may 
negatively affect the evaluation process of 
this study. 

Conflict of Interest 
No conflicts of interest between the authors 
and/or family members of the scientific and 
medical committee members or members of 
the potential conflicts of interest, counsel-
ing, expertise, working conditions, share 
holding and similar situations in any firm. 

Authorship Contributions 
Idea/Concept: Muzaffer İlhan, İlhan Yaylım, 
Ertuğrul Taşan; Design: Seda Turgut, Muzaf-
fer İlhan, Gurbet Korkmaz; Control/Super-
vision: Özcan Karaman, Ertuğrul Taşan, 
İlhan Yaylım; Data Collection and/or Pro-
cessing: Seda Turgut, Gurbet Korkmaz, 
Nazlı Ezgi Özkan, Muzaffer İlhan, Saime 
Turan; Analysis and/or Interpretation: Nazlı 
Ezgi Özkan, İlhan Yaylım, Muzaffer İlhan; 
Literature Review: Seda Turgut, Saime 
Turan; Writing the Article: Muzaffer İlhan, 
Seda Turgut, İlhan Yaylım; Critical Review: 
Özcan Karaman, Muzaffer İlhan, Gurbet  
Korkmaz, Seda Turgut; References and 
Fundings: Ertuğrul Taşan; İlhan Yaylım; Ma-
terials: Muzaffer İlhan, İlhan Yaylım, 
Ertuğrul Taşan. 

51

Turk J Endocrinol Metab. İlhan et al. 
2021;25:46-53                                                                                         Survivin and Acromegaly

51



References 
1. Lavrentaki A, Paluzzi A, Wass JA, Karavitaki N. Epi-

demiology of acromegaly: review of population stu-
dies. Pituitary. 2017;20:4-9.[Crossref] [PubMed] 
[PMC]  

2. Alexander JM, Biller BM, Bikkal H, Zervas NT, Arnold 
A, Klibanski A. Clinically nonfunctioning pituitary tu-
mors are monoclonal in origin. J Clin Invest. 
1990;86:336-340.[Crossref] [PubMed] [PMC]  

3. Clayton RN, Farrell WE. Pituitary tumour clonality 
revisited. Front Horm Res. 2004;32:186-204.[Cros-
sref] [PubMed]  

4. Klibanski A. Further evidence for a somatic muta-
tion theory in the pathogenesis of human pituitary 
tumors. J Clin Endocrinol Metab. 1990;71:1415A-
1415C. [Crossref] [PubMed]  

5. Lania A, Spada A. G-protein and signalling in pitui-
tary tumours. Horm Res. 2009;71:95-100.[Cros-
sref] [PubMed]  

6. Montefusco L, Filopanti M, Ronchi CL, Olgiati L, La-
Porta C, Losa M, Epaminonda P, Coletti F, Beck-Pec-
coz P, Spada A, Lania AG, Arosio M. d3-Growth 
hormone receptor polymorphism in acromegaly: ef-
fects on metabolic phenotype. Clin Endocrinol (Oxf). 
2010;72:661-667.[Crossref] [PubMed]  

7. Turgut S, Akın F, Ayada C, Topsakal S, Yerlikaya E, 
Turgut G. The growth hormone receptor polymorp-
hism in patients with acromegaly: relationship to 
BMI and glucose metabolism. Pituitary. 
2012;15:374-379.[Crossref] [PubMed]  

8. Ferraù F, Romeo PD, Puglisi S, Ragonese M, Torre 
ML, Scaroni C, Occhi G, De Menis E, Arnaldi G, Tri-
marchi F, Cannavò S. Analysis of GPR101 and AIP 
genes mutations in acromegaly: a multicentric 
study. Endocrine. 2016;54:762-767.[Crossref] 
[PubMed]  

9. Pepe S, Korbonits M, Iacovazzo D. Germline and 
mosaic mutations causing pituitary tumours: gene-
tic and molecular aspects. J Endocrinol. 
2019;240:R21-R45.[Crossref] [PubMed]  

10.Altieri DC. Survivin, cancer networks and pathway-
directed drug discovery. Nat Rev Cancer. 
2008;8:61-70.[Crossref] [PubMed]  

11.Reed JC. The Survivin saga goes in vivo. J Clin In-
vest. 2001;108:965-969.[Crossref] [PubMed] 
[PMC]  

12.Li F, Ambrosini G, Chu EY, Plescia J, Tognin S, Marc-
hisio PC, Altieri DC. Control of apoptosis and mito-
tic spindle checkpoint by survivin. Nature. 
1998;396:580-584.[Crossref] [PubMed]  

13.Chen WC, Liu Q, Fu JX, Kang SY. Expression of sur-
vivin and its significance in colorectal cancer. World 
J Gastroenterol. 2004;10:2886-2889.[Crossref] 
[PubMed] [PMC]  

14.Fields AC, Cotsonis G, Sexton D, Santoianni R, 
Cohen C. Survivin expression in hepatocellular car-
cinoma: correlation with proliferation, prognostic 
parameters, and outcome. Mod Pathol. 
2004;17:1378-1385.[Crossref] [PubMed]  

15.Liu BB, Wang WH. Survivin and pancreatic cancer. 
World J Clin Oncol. 2011;2:164-168.[Crossref] 
[PubMed] [PMC]  

16.Jankowska A, Wasko R, Waligorska-Stachura J, An-
drusiewicz M, Jaskula M, Liebert W, Sowinski J. Sur-

vivin products in pituitary tumors. Neuro Endocrinol 
Lett. 2008;29:1033-1037.[PubMed]  

17.Ademoglu E, Dilekci E, Candan Z, Gorar S, Niya-
zoglu M, Carlioglu A, Yildiz F, Baydar I, Aslan A. Is 
circulating survivin altered in acromegaly? Medicine 
Science. 2018;7:265-268.[Crossref]  

18.Ben-Shlomo A, Melmed S. Acromegaly. Endocrinol 
Metab Clin North Am. 2008;37:101-122, viii. [Cros-
sref] [PubMed] [PMC]  

19.Miller SA, Dykes DD, Polesky HF. A simple salting 
out procedure for extracting DNA from human nuc-
leated cells. Nucleic Acids Res. 
1988;16:1215.[Crossref] [PubMed] [PMC]  

20.Ambrosini G, Adida C, Altieri DC. A novel anti-apop-
tosis gene, survivin, expressed in cancer and 
lymphoma. Nat Med. 1997;3:917-921.[Crossref] 
[PubMed]  

21.Ambrosini G, Adida C, Sirugo G, Altieri DC. Induc-
tion of apoptosis and inhibition of cell proliferation 
by survivin gene targeting. J Biol Chem. 
1998;273:11177-11182.[Crossref] [PubMed]  

22.Bayram S, Akkız H, Bekar A, Akgöllü E. The asso-
ciation between the survivin -31G/C promoter poly-
morphism and hepatocellular carcinoma risk in a 
Turkish population. Cancer Epidemiol. 
2011;35:555-559.[Crossref] [PubMed]  

23.Liu Y, Li L, Qi H, Gao Y, Liu S, Xu C. Survivin -31G>C 
polymorphism and gastrointestinal tract cancer risk: 
a meta-analysis. PLoS One. 2013;8:e54081.[Cros-
sref] [PubMed] [PMC]  

24.Qin Q, Zhang C, Zhu H, Yang X, Xu L, Liu J, Lu J, 
Zhan L, Cheng H, Sun X. Association between sur-
vivin -31G>C polymorphism and cancer risk: meta-
analysis of 29 studies. J Cancer Res Clin Oncol. 
2014;140:179-188.[Crossref] [PubMed]  

25.Cheng ZJ, Hu LH, Huang SJ. Correlation of -31G/C 
polymorphisms of survivin promoter to tumorige-
nesis of gastric carcinoma. Ai Zheng. 2008;27:258-
263.[PubMed]  

26.Jang JS, Kim KM, Kang KH, Choi JE, Lee WK, Kim 
CH, Kang YM, Kam S, Kim IS, Jun JE, Jung TH, Park 
JY. Polymorphisms in the survivin gene and the risk 
of lung cancer. Lung Cancer. 2008;60:31-39.[Cros-
sref] [PubMed]  

27.Gazouli M, Tzanakis N, Rallis G, Theodoropoulos G, 
Papaconstantinou I, Kostakis A, Anagnou NP, Niki-
teas N. Survivin -31G/C promoter polymorphism 
and sporadic colorectal cancer. Int J Colorectal Dis. 
2009;24:145-150.[Crossref] [PubMed]  

28.Yang L, Zhu H, Zhou B, Gu H, Yan H, Tang N, Dong 
H, Sun Q, Cong R, Chen G, Wang B. The association 
between the survivin C-31G polymorphism and gas-
tric cancer risk in a Chinese population. Dig Dis Sci. 
2009;54:1021-1028.[Crossref] [PubMed]  

29.Herman V, Drazin NZ, Gonsky R, Melmed S. Mole-
cular screening of pituitary adenomas for gene mu-
tations and rearrangements. J Clin Endocrinol 
Metab. 1993;77:50-55.[Crossref] [PubMed]  

30.Prezant TR, Levine J, Melmed S. Molecular charac-
terization of the men1 tumor suppressor gene in 
sporadic pituitary tumors. J Clin Endocrinol Metab. 
1998;83:1388-1391.[Crossref] [PubMed]  

31.Spada A, Lania A, Ballarè E. G protein abnormali-
ties in pituitary adenomas. Mol Cell Endocrinol. 
1998;142:1-14.[Crossref] [PubMed]  

52

İlhan et al. Turk J Endocrinol Metab. 
Survivin and Acromegaly               2021;25:46-53

52

https://link.springer.com/article/10.1007%2Fs11102-016-0754-x
https://pubmed.ncbi.nlm.nih.gov/27743174/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5334410/
https://www.jci.org/articles/view/114705
https://pubmed.ncbi.nlm.nih.gov/1973174/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC296726/
https://www.karger.com/Article/Abstract/79045
https://www.karger.com/Article/Abstract/79045
https://pubmed.ncbi.nlm.nih.gov/15281347/
https://doi.org/10.1210/jcem-71-6-1415
https://pubmed.ncbi.nlm.nih.gov/2121774/
https://doi.org/10.1159/000192446
https://doi.org/10.1159/000192446
https://pubmed.ncbi.nlm.nih.gov/19407505/
https://doi.org/10.1111/j.1365-2265.2009.03703.x
https://pubmed.ncbi.nlm.nih.gov/20447065/
https://doi.org/10.1007/s11102-011-0329-9
https://pubmed.ncbi.nlm.nih.gov/21744231/
https://doi.org/10.1007/s12020-016-0862-4
https://pubmed.ncbi.nlm.nih.gov/26815903/
https://doi.org/10.1530/JOE-18-0446
https://pubmed.ncbi.nlm.nih.gov/30530903/
https://doi.org/10.1038/nrc2293
https://pubmed.ncbi.nlm.nih.gov/18075512/
https://www.jci.org/articles/view/14123
https://pubmed.ncbi.nlm.nih.gov/11581297/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC200960/
https://www.nature.com/articles/25141
https://pubmed.ncbi.nlm.nih.gov/9859993/
https://doi.org/10.3748/wjg.v10.i19.2886
https://pubmed.ncbi.nlm.nih.gov/15334693/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4572125/
https://www.nature.com/articles/3800203
https://pubmed.ncbi.nlm.nih.gov/15195112/
https://www.wjgnet.com/2218-4333/full/v2/i3/164.htm
https://pubmed.ncbi.nlm.nih.gov/21611091/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3100482/
https://pubmed.ncbi.nlm.nih.gov/19112393/
https://www.ejmanager.com/mnstemps/53/53-1510215030.pdf?t=1614669354
https://www.sciencedirect.com/science/article/abs/pii/S0889852907000898?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0889852907000898?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/18226732/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2697616/
https://doi.org/10.1093/nar/16.3.1215
https://pubmed.ncbi.nlm.nih.gov/3344216/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC334765/
https://www.nature.com/articles/nm0897-917
https://pubmed.ncbi.nlm.nih.gov/9256286/
https://linkinghub.elsevier.com/retrieve/pii/S0021925818383297
https://pubmed.ncbi.nlm.nih.gov/9556606/
https://linkinghub.elsevier.com/retrieve/pii/S1877782111000051
https://pubmed.ncbi.nlm.nih.gov/21296634/
https://doi.org/10.1371/journal.pone.0054081
https://doi.org/10.1371/journal.pone.0054081
https://pubmed.ncbi.nlm.nih.gov/23405077/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3566135/
https://doi.org/10.1007/s00432-013-1524-z
https://pubmed.ncbi.nlm.nih.gov/24077840/
https://pubmed.ncbi.nlm.nih.gov/18334114/
https://www.sciencedirect.com/science/article/abs/pii/S0169500207005557?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0169500207005557?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/17961802/
https://link.springer.com/article/10.1007%2Fs00384-008-0601-2
https://pubmed.ncbi.nlm.nih.gov/18946675/
https://link.springer.com/article/10.1007%2Fs10620-008-0441-5
https://pubmed.ncbi.nlm.nih.gov/18716870/
https://doi.org/10.1210/jcem.77.1.8100831
https://pubmed.ncbi.nlm.nih.gov/8100831/
https://doi.org/10.1210/jcem.83.4.4859
https://pubmed.ncbi.nlm.nih.gov/9543172/
https://www.sciencedirect.com/science/article/abs/pii/S0303720798001166?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/9783897/


53

Turk J Endocrinol Metab. İlhan et al. 
2021;25:46-53                                                                                         Survivin and Acromegaly

53

32.Zhang X, Horwitz GA, Heaney AP, Nakashima M, 
Prezant TR, Bronstein MD, Melmed S. Pituitary 
tumor transforming gene (PTTG) expression in pi-
tuitary adenomas. J Clin Endocrinol Metab. 
1999;84:761-767.[Crossref] [PubMed]  

33. Karga HJ, Alexander JM, Hedley-Whyte ET, Klibanski A, 
Jameson JL. Ras mutations in human pituitary tumors. 
J Clin Endocrinol Metab. 1992;74:914-919. [PubMed]  

34.Wasko R, Waligorska-Stachura J, Jankowska A, 
Warchol JB, Liebert W, Sowinski J. Coexpression of 
survivin and PCNA in pituitary tumors and normal 

pituitary. Neuro Endocrinol Lett. 2009;30:477-
481.[PubMed]  

35.Liu JL, Zhang XJ, Zhang Z, Zhang AH, Wang W, 
Dong JH. Meta-analysis: prognostic value of survi-
vin in patients with hepatocellular carcinoma. PLoS 
One. 2013;8:e83350.[Crossref] [PubMed] [PMC]  

36.Zhang J, Zhu Z, Sun Z, Sun X, Wang Z, Xu H. Sur-
vivin gene expression increases gastric cancer cell 
lymphatic metastasis by upregulating vascular en-
dothelial growth factor-C expression levels. Mol Med 
Rep. 2014;9:600-606.[Crossref] [PubMed] 

https://academic.oup.com/jcem/article/84/2/761/2864602
https://pubmed.ncbi.nlm.nih.gov/10022450/
https://pubmed.ncbi.nlm.nih.gov/1312542/
https://pubmed.ncbi.nlm.nih.gov/20010504/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0083350
https://pubmed.ncbi.nlm.nih.gov/24386184/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3873280/
https://www.spandidos-publications.com/10.3892/mmr.2013.1858
https://pubmed.ncbi.nlm.nih.gov/24337012/

