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Serum Survivin Increases in Prolactinoma
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Abstract

Background: Prolactinoma is the most common adult pituitary ad-
enoma. Survivin is a member of the family of inhibitors of apoptosis
proteins. Its expression is observed in many tumors. Survivin ex-
pression has shown in prolactinoma tissue before but no study exists
showing serum survivin level. The aim of the present study was to
investigate serum survivin levels in patients with prolactinoma and
demonstrate its value in diagnosis of the disease.

Methods: The group of patients consisted of 25 women, aged from
17 to 51 years. As a control group, 21 healthy women, aged from 22
to 45 years were included. Twenty patients had microprolactinoma,
while five patients had macroprolactinoma. All patients had received
dopamine agonist treatment. Serum survivin levels were measured in
all of the groups.

Results: Survivin levels were significantly higher in prolactinoma
patients compared to controls (19.04 (10 - 38) pg/mL; 15.05 (8 - 22)
pg/mL; P = 0.042). There was no difference between microadenoma
and macroadenoma patients in survivin levels (19.22 (10 - 38) pg/mL;
18.40 (16 - 22) pg/mL; P = 0.914). In correlation analysis, survivin
was not correlated with other parameters.

Conclusions: We consider that higher survivin levels might be a mo-
lecular marker predicting the presence of prolactinoma and may be
useful for the diagnosis. But large-scale research is needed to clarify
its role in diagnosis of prolactinoma patients.
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Introduction

Survivin, a member of the inhibitors of the apoptosis (IAPs)
protein family, is encoded by BIRCS gene located 17q25 in the
human sequence. It is the smallest protein of the IAPs protein
family, a 142 amino acid and a 16.5 kDa protein [1]. It has a
single baculovirus IAP repeat (BIR) domain, which is respon-
sible for protein recognition and interaction [2]. It regulates
cell proliferation and apoptotic cell death while enhancing an-
giogenesis [2, 3].

Expression of survivin increases during embryogenesis;
however it decreases after birth with the exception of thymus,
hematopoietic progenitor cells, and basal epithelial cells of the
colon [1]. Furthermore its formation was revealed in many
of human neoplasms such as breast, stomach, non-small cell
lung, colorectal, esophagus, ovary, pancreas, bladder, prostate,
larynx, papillary thyroid, endometrium, cervix, glioma, neuro-
blastoma, melanoma, astrocytoma, and meningioma. Increased
survivin expression is associated with clinicopathologic vari-
ables of aggressive disease and shows a strong correlation with
shorter disease-free period in most studies [1, 4-16].

Pituitary adenomas are one of the most frequent intracra-
nial neoplasms. Prolactinoma is the most common adult pitui-
tary tumor accounting for 60% of functional pituitary adeno-
mas [17]. Treatment is necessary in symptomatic patients and
the primary therapeutic choice is medical therapy rather than
surgery because the disease can be controlled, even cured with
treatment of dopamine agonist in most cases [18, 19].

Increased survivin expression is shown in pituitary tumors
but any study has not researched the survivin levels in plasma
yet. In the current study, we aimed to determine serum sur-
vivin levels and evaluate its clinical significance at diagnosis
of prolactinoma.

Materials and Methods

Twenty-five female patients with prolactinoma with median
age of 34 (17 - 51) years and 21 healthy female patients with

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ | www.jocmr.org
248 This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited



Dellal et al

J Clin Med Res. 2015;7(4):248-252

Table 1. Baseline Clinical Features of Prolactinoma Patients and Healthy Controls

Patients group (n = 25) Control group (n =21) P

Age (years) 34 (17 -51) 35(22-495) 0.921
BMI (kg/m?) 27.4 (17.7-37.4) 25.7 (16.2 - 47.2) 0.400
Glucose (mg/dL) 87 (77 - 132) 90 (77 - 107) 0.408
Creatinine (mg/dL) 0.82 (0.67 - 1.01) 0.84 (0.67 - 1.07) 0.748
ALT (U/L) 27 (18 - 51) 32 (22-49) 0.169
TSH (mIU/L) 1.84 (0.35-3.72) 1.69 (0.35 - 4.68) 0.332
Prolactin (ng/mL) 5.09 (0.24 - 12.00) 17.38 (10.94 - 24.05) <0.001*
Survivin (pg/mL) 19.04 (10 - 38) 15.05 (8 - 22) 0.042*

BMI: body mass index; ALT: alanin aminotranspherase; TSH: thyroid stimulating hormone. Mann-Whitney U
test was used. Values are expressed as median (minimum-maximum). *Results are statistically significant (P

<0.05).

a median age of 35 (22 - 45) years were included in the study.
Patients were followed up at the Endocrinology outpatient
clinic in the Ankara Training and Research Hospital. The pa-
tients were chosen among whose initial serum prolactin levels
were > 250 ng/mL and the pituitary MRI showing adenoma
[18]. Other functional pituitary tumors were excluded by dy-
namic hormone tests in all patients. The information of the
tumor size was obtained from the last hypophysis MRI of pa-
tients. Twenty microprolactinoma patients and five macropro-
lactinoma patients were treated with appropriate doses of do-
pamine agonists. While 22 of them received cabergoline, three
of them received bromocriptine. There was no tumor invasion
to adjacent tissues in all patients. Having any other diseases
(malignancy, diabetes mellitus, hypertension, hyperlipidemia,
coronary artery disease, chronic liver or kidney diseases, gas-
trointestinal absorption problems, collagen tissue disease, and
thyroid disease), and other functional or nonfunctional pitui-
tary tumors were defined as exclusion criteria. All participants
gave written informed consent and study was approved by
local research ethics committee. The study was performed in
accordance with Helsinki Declaration and Good Clinical Prac-
tice.

Body mass index (BMI) was calculated as the ratio of
weight to the square of height (weight/heigh? (kg/m?)).

Blood samples were collected after 12 h of fasting. Serum
glucose, creatinine, alanine aminotransferase, thyroid stimu-
lating hormone (TSH) and prolactin levels were measured.
Biochemical parameters were studied using a Roche/Hitachi
Modular autoanalyzer. In order to measure survivin levels, col-
lected blood samples were centrifuged at 5,000 rpm/min after
coagulation and stored at -80 °C until testing. Survivin was
measured manually by EIA technique using Quantikine brand
kits (Quantikine® Survivin Elisa kit, R&D Systems, Minne-
apolis, MN, USA).

All data were analyzed statistically using SPSS Statistics
version 17 (IBM). Differences in numerical data between two
groups were evaluated by Mann-Whitney U test. Correlation
of survivin with other variables was analyzed by Spearman’s
rank test. Comparison of categorical variables was performed
with Chi-square test and Fisher’s exact test. A P value less than
0.05 was considered statistically significant.
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Results

A total of 25 patients and 21 healthy controls were enrolled in
the study. All patients were female. Median age was 34 years
in the patient group (range, 17 - 51 years), while 35 years in
the control group (range, 22 - 45 years). The median BMI was
27.4 kg/m? in the patient group (range, 17.7 - 37.4 kg/m?), and
25.7 kg/m? in the control group (range, 16.2 - 47.2 kg/m?).
There was no difference between the patients and controls in
age, and BMI (P =0.921, P=0.400, respectively). Both groups
showed no difference regarding serum glucose, creatinine, ala-
nine aminotransferase, and TSH levels. Median, minimum and
maximum biochemical levels of parameters and P values in the
patients and controls are as follows (glucose 87 (range, 77 -
132) mg/dL, 90 (range, 77 - 107) mg/dL, P = 0.408; creatinine
0.82 (range, 0.67 - 1.01) mg/dL, 0.84 (range, 0.67-1.07) mg/
dL, P = 0.748; alanine aminotransferase 27 (range, 18 - 51)
U/L, 32 (22 -49) U/L; P=10.169; TSH 1.84 (range 0.35 - 3.72)
mlIU/L, 1.69 (range 0.35 - 4.68) mIU/L, P = 0.332; respec-
tively). The median prolactin levels were significantly lower
in prolactinoma patients than in healthy controls (5.09 (range,
0.24 - 12.00) ng/mL, 17.38 (range, 10.94 - 24.05) ng/mL, P
< 0.001) (Table 1). Survivin levels were significantly higher
in the patients compared to controls (19.04 (10 - 39) pg/mL,
15.05 (8 - 22), P =0.042). Median tumor size was 5 mm, and
minimum and maximum sizes ranged between 2 and 26 mm
in the patient group. After subgroup analysis, median sizes
of microadenomas and macroadenomas were 5 (range, 2 - 7)
and 12 (range, 11 - 26) mm. There was no difference between
microadenoma and macroadenoma patients in survivin levels
(19.22 (range, 10 - 38) pg/mL, 18.40 (range, 16 - 22) pg/mL;
P=0.914).

There was no correlation between survivin and other pa-
rameters in correlation analysis. Similarly, no correlation was
found between tumor size and survivin levels (P = 0.565).

Discussion

Pituitary tumors develop when the balance is disturbed between
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cell proliferation and cell death like other tumors. Activation
of apoptosis suppressing signals has shown to be important in
tumorigenesis and contributes to invasion and metastasis [18].

Survivin is undetectable in most adult tissues but its abun-
dant expression was shown in most human tumoral cells [1,
6-16]. Retrospective clinical studies demonstrate that overex-
pression of survivin is correlated with increased proliferation,
reduced apoptosis, and increased angiogenesis in colorectal
cancer, whereas high levels of tumor survivin are associated
with resistance to treatment and poor prognosis in multiple tu-
mor types [20-25].

In addition to the studies demonstrating survivin expres-
sion in tissues, there are also some researches evaluating the
serum levels of survivin in different cases [26-31]. Naumnik et
al evaluated serum survivin, HMGB1, and VEGF in non-small
cell lung cancer before and after four cycles of chemotherapy.
Patients had higher HMGBI1, VEGF levels while survivin lev-
els were not different than healthy individuals. In conclusion,
they pointed that HMGB1, VEGF, and survivin did not have
any clinical significance in the prognosis of the survival time
in lung cancer [30]. Goksel et al investigated the serum levels
of her-2/neu and survivin in patients with early stage breast
cancer. They found no difference in levels of serum her-2/neu
and survivin between the breast cancer and the control group
[26]. Bokarewa et al evaluated serum levels of survivin and an-
tibodies against survivin in 131 rheumatoid arthritis patients.
Results were related to joint erosivity at the time of sampling.
Survivin levels were significantly higher in patients with de-
structive disease as compared with in RA patients displaying a
non-erosive disease, whereas survivin antibodies led to a less
aggressive course of the disease [31].

Survivin expression involving tissues of different pituitary
adenomas was assessed in some studies. Most of the studies
revealed higher survivin expression in pituitary tumors than
in normal pituitary tissue [16, 32, 33]. Wasko et al investi-
gated postoperative tissues of pituitary tumors of 43 patients
and three normal pituitary tissues obtained at autopsy. Immu-
nostaining was revealed nuclear localization of survivin in pi-
tuitary tumors as well as in normal pituitary tissue. Accumula-
tion of survivin was less in normal pituitary than in tumoral
tissues. Additionally, less intense immunohistochemical stain-
ing was observed in the cytoplasm of tumoral cells. They did
not find any significant differences of accumulation between
invasive and noninvasive tumors [16]. On the contrary, Zhang
et al found significantly different expression rate in invasive
and noninvasive tumors (89.7%, 40.7%, respectively) [32].
Jankowska et al found six-fold higher expression level of sur-
vivin expression in different pituitary tumors (acromegaly (n
= 14), non-functioning pituitary tumor (n = 6), prolactinoma
(n = 2) and corticotropinoma (n = 1)) than in normal pituitary
tissue. It was not statistically significant difference between in-
vasive and noninvasive tumors in terms of survivin level. Sur-
vivin was observed in the nuclei of pituitary tumors whereas it
was restricted to small population of cells in normal pituitary
tissue. They emphasized that overexpression of survivin is
characteristic for pituitary tumors [33]. Contrary to the litera-
ture, Formasa et al did not find survivin expression in normal
pituitary tissue in their study, including 47 pituitary adenomas

250 Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

(35 non-functioning, seven GH-secreting, three prolactinomas,
and two ACTH-secreting tumors) and six normal controls [34].
Expression of survivin both in normal and neoplastic tissue
suggests that the protein may play a regulative role in tissues
during proliferation and it may also be a key factor in neoplas-
tic formation of pituitary [1, 16, 23, 34, 35].

The primary therapeutic choice in prolactinoma is medi-
cal treatment with dopamine agonists that reduce the size of
prolactinoma by inducing a reduction in cell volume, as well as
causing perivascular fibrosis, partial cell necrosis, and reduce
cellular DNA synthesis [36]. Moreover, dopamine induces ap-
optosis through the activation of terminal caspase, caspase-3
[37]. In the present study, the prolactin levels were significant-
ly lower in patients with prolactinoma than healthy individuals
because patients with prolactinoma were on dopamine agonist
treatment. Although the effect of dopamine agonists on serum
survivin levels is not known, it is impressive to find out statisti-
cally significant higher survivin levels in prolactinoma group
than control. In this study, it is important that we showed per-
sistently high levels of survivin in patients with prolactinoma
despite normalized prolactin levels with medical treatment. In
this respect, this is the first study evaluating serum survivin
levels in prolactinoma patients under medical treatment. On
the other hand, survivin was not correlated with prolactin
levels and tumor size. In order to disclose any possible rela-
tionship, further prospective studies evaluating survivin and
pituitary hormone levels and tumor size before and after treat-
ment are required. By this way, possible relationship between
pituitary tumors and survivin might be better clarified.

In conclusion, our data suggest that higher serum survivin
levels might be a parameter for indicating prolactinoma. This
study may guide to further researches.

Conflict of Interest

There is no conflict of interest in our study.

References

1.  Church DN, Talbot DC. Survivin in solid tumors: ra-
tionale for development of inhibitors. Curr Oncol Rep.
2012;14(2):120-128.

2. Dufty MJ, O'Donovan N, Brennan DJ, Gallagher WM,
Ryan BM. Survivin: a promising tumor biomarker. Can-
cer Lett. 2007;249(1):49-60.

3. O'Diriscoll L, Linehan R, Clynes M. Survivin: role in
normal cells and in pathological conditions. Curr Cancer
Drug Targets. 2003;3(2):131-152.

4. Ku JH, Kwak C, Lee HS, Park HK, Lee E, Lee SE. Ex-
pression of survivin, a novel inhibitor of apoptosis, in su-
perficial transitional cell carcinoma of the bladder. J Urol.
2004;171(2 Pt 1):631-635.

5. Kim J, McNiff JM. Nuclear expression of survivin por-
tends a poor prognosis in Merkel cell carcinoma. Mod
Pathol. 2008;21(6):764-769.

6. Liu YB, Shen WG, Ge H, Gai XD, Lu LL, Zhao XJ. [Ex-

www.jocmr.org



Dellal et al

J Clin Med Res. 2015;7(4):248-252

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

pressions of survivin and GRIM-19 in prostate cancer].
Zhonghua Nan Ke Xue. 2011;17(1):21-26.

Marioni G, Agostini M, Bedin C, Blandamura S, Stellini
E, Favero G, Lionello M, et al. Survivin and laryngeal

Maestre J, Martin C, et al. A novel anti-apoptosis gene:
Re-expression of survivin messenger RNA as a progno-
sis marker in non-small-cell lung cancers. J Clin Oncol.
1999;17:2100-2104.

carcinoma prognosis: nuclear localization and expression 22. Tanaka K, Iwamoto S, Gon G, Nohara T, Iwamoto M,
of splice variants. Histopathology. 2012;61(2):247-256. Tanigawa N. Expression of survivin and its relationship
Vandghanooni S, Eskandani M, Montazeri V, Halimi M, to loss of apoptosis in breast carcinomas. Clin Cancer
Babaei E, Feizi MA. Survivin-deltaEx3: a novel biomark- Res. 2000;6(1):127-134.
er for diagnosis of papillary thyroid carcinoma. J Cancer 23. Shinohara ET, Gonzalez A, Massion PP, Chen H, Li M,
Res Ther. 2011;7(3):325-330. Freyer AS, Olson SJ, et al. Nuclear survivin predicts re-
Zahedi P, Aminimoghaddam S, Sayahpour FA, Haghpan- currence and poor survival in patients with resected nons-
ah V, Amiri P, Fereidoni F, Mahrampour E, et al. Asso- mall cell lung carcinoma. Cancer. 2005;103(8):1685-
ciation of survivin gene polymorphism with endometrial 1692.
cancer. Int J Gynecol Cancer. 2012;22(1):35-37. 24. Islam A, Kageyama H, Takada N, Kawamoto T, Takayasu
Xue Y, An R, Zhang D, Zhao J, Wang X, Yang L, He D. H, Isogai E, Ohira M, et al. High expression of Survivin,
Detection of survivin expression in cervical cancer cells mapped to 17q25, is significantly associated with poor
using molecular beacon imaging: new strategy for the di- prognostic factors and promotes cell survival in human
agnosis of cervical cancer. Eur J Obstet Gynecol Reprod neuroblastoma. Oncogene. 2000;19(5):617-623.
Biol. 2011;159(1):204-208. 25. Kato J, Kuwabara Y, Mitani M, Shinoda N, Sato A, Toy-
Huang Y, Chen X, Chen N, Nie L, Xu M, Zhou Q. Expres- ama T, Mitsui A, et al. Expression of survivin in esopha-
sion and prognostic significance of survivin splice vari- geal cancer: correlation with the prognosis and response
ants in diffusely infiltrating astrocytoma. J Clin Pathol. to chemotherapy. Int J Cancer. 2001;95(2):92-95.
2011;64(11):953-959. 26. Goksel G, Taneli F, Uslu R, Ulman C, Dinc G, Coskun T,
Kayaselcuk F, Zorludemir S, Bal N, Erdogan B, Erdogan Kandiloglu AR. Serum her-2/neu and survivin levels and
S, Erman T. The expression of survivin and Ki-67 in men- their relationship to histological parameters in early-stage
ingiomas: correlation with grade and clinical outcome. J breast cancer. J Int Med Res. 2007;35(2):165-172.
Neurooncol. 2004;67(1-2):209-214. 27. Guney N, Soydine HO, Derin D, Tas F, Camlica H, Du-
Altieri DC. Survivin in apoptosis control and cell cycle ranyildiz D, Yasasever V, et al. Serum and urine survivin
regulation in cancer. Prog Cell Cycle Res. 2003;5:447- levels in breast cancer. Med Oncol. 2006;23(3):335-339.
452. 28. Derin D, Soydinc HO, Guney N, Tas F, Camlica H, Du-
Ikeguchi M, Ueda T, Sakatani T, Hirooka Y, Kaibara N. ranyildiz D, Yasasever V, et al. Serum levels of apopto-
Expression of survivin messenger RNA correlates with sis biomarkers, survivin and TNF-alpha in nonsmall cell
poor prognosis in patients with hepatocellular carcinoma. lung cancer. Lung Cancer. 2008;59(2):240-245.
Diagn Mol Pathol. 2002;11(1):33-40. 29. Tas F, Duranyildiz D, Argon A, Oguz H, Camlica H,
Erbayraktar Z, Aktas S, Altun Z, Olgun N. Role of Sur- Yasasever V, Topuz E. Serum bcl-2 and survivin levels in
vivin in Determination of Chemoresistance in Neuroblas- melanoma. Melanoma Res. 2004;14(6):543-546.
toma. Turkiye Klinikleri J Med Sci. 2011;31(5):1087- 30. Naumnik W, Nilklinska W, Ossolinska M, Chyczewska E.
1093. Serum levels of HMGBI, survivin, and VEGF in patients
Wasko R, Waligorska-Stachura J, Jankowska A, Warchol with advanced non-small cell lung cancer during chemo-
JB, Liebert W, Sowinski J. Coexpression of survivin and therapy. Folia Histochem Cytobiol. 2009;47(4):703-709.
PCNA in pituitary tumors and normal pituitary. Neuro 31. Bokarewa M, Lindblad S, Bokarew D, Tarkowski A. Bal-
Endocrinol Lett. 2009;30(4):477-481. ance between survivin, a key member of the apoptosis
Gillam MP, Molitch ME, Lombardi G, Colao A. Ad- inhibitor family, and its specific antibodies determines
vances in the treatment of prolactinomas. Endocr Rev. erosivity in rheumatoid arthritis. Arthritis Res Ther.
2006;27(5):485-534. 2005;7(2):349-358.
Arafah BM, Nasrallah MP. Pituitary tumors: pathophysi- 32. Zhang YC, Gao J, Xin T, Zheng ZM, Teng LZ. Expres-
ology, clinical manifestations and management. Endocr sion of survivin in invasive pituitary adenoma. Saudi Med
Relat Cancer. 2001;8(4):287-305. J.2008;29(11):1589-1592.
Melmed S, Casanueva FF, Hoffman AR, Kleinberg DL, 33. Jankowska A, Wasko R, Waligorska-Stachura J, Andrus-
Montori VM, Schlechte JA, Wass JA. Diagnosis and iewicz M, Jaskula M, Liebert W, Sowinski J. Survivin
treatment of hyperprolactinemia: an Endocrine Soci- products in pituitary tumors. Neuro Endocrinol Lett.
ety clinical practice guideline. J Clin Endocrinol Metab. 2008;29(6):1033-1037.
2011;96(2):273-288. 34. Formosa R, Gruppetta M, Falzon S, Santillo G, De-
Kawasaki H, Altieri DC, Lu CD, Toyoda M, Tenjo T, Gactano J, Xuereb-Anastasi A, Vassallo J. Expression
Tanigawa N. Inhibition of apoptosis by survivin predicts and clinical significance of Wnt players and survivin in
shorter survival rates in colorectal cancer. Cancer Res. pituitary tumours. Endocr Pathol. 2012;23(2):123-131.
1998;58(22):5071-5074. 35. Hassounah M, Lach B, Allam A, Al-Khalaf H, Siddiqui Y,
Monzo M, Rosell R, Felip E, Astudillo J, Sanchez JJ, Pangue-Cruz N, Al-Omeir A, et al. Benign tumors from
Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ www.jocmr.org 251



Serum Survivin in Prolactinoma

J Clin Med Res. 2015;7(4):248-252

36.

252

the human nervous system express high levels of survivin
and are resistant to spontaneous and radiation-induced
apoptosis. J Neurooncol. 2005;72(3):203-208.

Colao A, di Sarno A, Pivonello R, di Somma C, Lombardi
G. Dopamine receptor agonists for treating prolactino-

37.

mas. Expert Opin Investig Drugs. 2002;11(6):787-800.
Rowther FB, Richardson A, Clayton RN, Farrell WE.
Bromocriptine and dopamine mediate independent and
synergistic apoptotic pathways in pituitary cells. Neu-
roendocrinology. 2010;91(3):256-267.

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ www.jocmr.org



