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Abstract: Background and Objectives: This study explores the complex pathogenesis of pituitary
adenomas (PAs), prevalent intracranial tumors in the pituitary gland. Despite their generally benign
nature, PAs exhibit a diverse clinical spectrum involving hormone hypersecretion and varying
invasiveness, hinting at multifaceted molecular mechanisms and abnormalities in tumorigenesis and
gene regulation. Materials and Methods: The investigation focuses on the Ki-67 labeling index, SSTR2
rs2236750, SSTR5 rs34037914, and AIP rs267606574 polymorphisms, alongside serum levels of SSTR2,
SSTR5, and AIP, to discern their association with PAs. The Ki-67 labeling index was assessed using
immunohistochemical analysis with the monoclonal antibody clone SP6, representing the percentage
of tumor cells showing positive staining. Genotyping was performed via real-time polymerase chain
reaction, and serum levels were analyzed using ELISA. The study included 128 PA patients and
272 reference group subjects. Results: The results derived from binary logistic regression analysis
revealed an intriguing correlation between the SSTR2 rs2236750 AG genotype and approximately
a 1.6-fold increased likelihood of PA occurrence. When analyzing SSTR5 rs34037914, statistically
significant differences were found between Micro-PA and the reference group (p = 0.022). Additionally,
the SSTR5 rs34037914 TT genotype, compared with CC + CT, under the most robust genetic model
(selected based on the lowest AIC value), was associated with a 12-fold increased odds of Micro-PA
occurrence. However, it is noteworthy that after applying Bonferroni correction, these findings did
not retain statistical significance. Conclusions: Consequently, while this study hinted at a potential link
between SSTR2 rs2236750 and pituitary adenoma development, as well as a potential link between
SSTR5 rs34037914 and Micro-PA development, it underscored the need for further analysis involving
a larger cohort to robustly validate these findings.

Keywords: pituitary adenoma; Ki-67 labeling index; SSTR2 rs2236750; SSTR5 rs34037914; AIP
rs267606574 polymorphisms; serum levels

1. Introduction

Pituitary adenomas (PAs) develop mainly in the anterior lobe of the pituitary gland
and are usually slow-growing, benign tumors [1]. While specific data on the prevalence of
PAs in the Lithuanian population are not available, global studies indicate an estimated
prevalence of approximately 1 in 1000 individuals. However, the frequency and prevalence
of pituitary adenomas can vary by region [2]. PAs are classified according to their size
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(microadenomas, macroadenomas, and giant tumors) and their functionality or anatomical
extent [3]. Microadenomas are smaller than 10 mm, macroadenomas are larger than 10 mm,
and giant tumors are larger than 40 mm [1]. Distinguishing between microadenomas and
macroadenomas is clinically significant, as it directly influences management strategies and
prognostic considerations. Microadenomas, due to their smaller size, often present with less
invasive behavior and are frequently managed with less aggressive treatment approaches,
such as pharmacotherapy or regular monitoring. In contrast, macroadenomas tend to
exhibit more invasive characteristics, including potential encroachment on surrounding
structures and more complex surgical challenges [1,3]. Clinically, PAs are categorized into
non-functional pituitary adenomas (NFPA) and functional pituitary adenomas (FPA), with
functional adenomas accounting for about 60–70% of cases and nonfunctional adenomas
making up the remaining 30–40% [4].

Compared to FPAs, NFPAs are more aggressive and more challenging to recognize,
as they are asymptomatic and only appear when the adenomas enlarge and begin to
press on the surrounding structures [5]. Functional PAs increase the secretion of cer-
tain adenohypophyseal hormones (e.g., growth hormone, thyroid-stimulating hormone,
adrenocorticotropic hormone, follicle-stimulating hormone, and luteinizing hormone) [6,7].
One of the most important behaviors of PA is its invasiveness, which manifests itself in the
destruction of surrounding structures and triggers numerous complications. It has also
been shown that invasiveness can indicate poor prognosis [8].

Around 5% of pituitary tumors are hereditary, with genetic mutations being a rare
cause. The medical community recognizes the recurrence of pituitary adenomas, al-
though there are few comprehensive studies on the recurrence rate and associated clinical
factors [1]. Tumor prognosis is highly dependent on the number of mitoses. In cases where
few mitoses are detectable in aggressive cases, Ki-67 represents an alternative essential
factor in assessing tumor proliferation. According to the latest World Health Organization
classification, the Ki-67 labeling index is an important prognostic indicator for pituitary
adenomas [9]. Since the 1980s, the relationship between Ki-67 and tumor size and type,
invasiveness, recurrence, and malignancy has been studied, often with conflicting results,
except for a consistently positive association with tumor invasiveness [10,11].

The pathogenesis of PA is multifactorial: many factors are involved in developing
this disease, including external environmental factors, pathological changes in PA that are
necessary for its development, and genetic factors. Somatostatin receptors (SSTRs) exert
their effects through various pathways, including inhibition of adenylyl cyclase, stimula-
tion of rectifying K+ channels, reduction of Ca2+ channel conductance, and enhancement
of tyrosine phosphatase activity [12]. These SSTR subtypes are widely expressed in both
rodent and human tissues, with expression observed in the central nervous system and
hypothalamus [13]. In the context of neuroendocrine tumors (NETs), somatostatin receptor
subtype 5 (SSTR5) plays a crucial role, but understanding its regulatory mechanisms is
still incomplete. A study by Pedraza-Arevalo et al. provided new insights and suggested
that SSTR5 expression in pituitary NETs may be epigenetically regulated by the antisense
transcript SSTR5-AS1 and DNA methylation [14]. Recently, scientists reported a remarkable
finding regarding the membrane expression of somatostatin receptor subtype 2 (SSTR2) in
neuroendocrine tumor cells, which is increased approximately 20-fold compared to normal
cells. These convincing results underline that SSTR2 is significantly and widely present
in neuroendocrine tumors [15]. Consequently, these results present SSTR2 as a promis-
ing target for developing innovative therapeutic strategies for treating neuroendocrine
tumors [15].

Mutations of the aryl-hydrocarbon receptor-interacting protein (AIP) have been ex-
tensively investigated, particularly in individuals predisposed to familial and sporadic
pituitary PitNETs [16]. Functioning as a suppressor gene, AIP encodes a 330 amino-acid-
long protein involved in the cAMP phosphodiesterase signaling pathway [17]. The most
prevalent AIP variants (AIPvar) encompass nonsense and missense mutations, deletions,
insertions, and mutations at the splice site and promoter, as well as large deletions [18].
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These variations often result in a truncated protein or, less frequently, impact the tetra-
tricopeptide repeat (TPR) domains or the C-terminal α-helix [19]. In addition, loss of
heterozygosity (LOH) in tumor tissue at the site of the AIP gene in the 11q13 region has
been observed in patients with germline AIPvar [17]. Some AIPvar are rare alterations
with no pathogenic effects and no impact on protein function. The distinction between
these two aspects is important because rare genetic alterations can also be found in healthy
controls [18]. Although few germline mutations are known to contribute to the inherited
risk of pituitary tumors, recent findings highlight the importance of AIP gene mutations
in familial cases and their potential role in sporadic somatotropinomas. Furthermore, the
genetic associations with acromegaly and SSTRs have only been explored to a limited
extent [20].

Therefore, this study aims to investigate the Ki-67 labeling index, SSTR2 rs2236750,
SSTR5 rs34037914, and AIP rs267606574 polymorphisms, serum SSTR2, SSTR5, and AIP
levels, and their association with the development of pituitary adenomas.

2. Materials and Methods

The study was conducted in the Laboratory of Ophthalmology, Lithuanian University
of Health Sciences. Kaunas Regional Biomedical Research Ethics Committee approved
the study (approval number: BE-2-47, dated 25 December 2016). All participants were
introduced to the structure and objectives of the present study before the execution. An
informed consent form was obtained from all subjects involved in the study.

The SSTR2 rs2236750 variant is located in a non-coding region, while the SSTR5
rs34037914 variant is a synonymous variant. We acknowledge that these variants may
not directly influence protein structure or function. However, previous studies have
suggested that variants in non-coding regions or synonymous variants could still affect
gene expression, splicing patterns, or mRNA stability, thereby potentially impacting disease
susceptibility or progression. Regarding the AIP rs267606574 variant, we acknowledge
that it represents an in-frame deletion of three nucleotides and is not commonly found in
population databases. We included this variant in our study based on preliminary evidence
suggesting its potential association with PA susceptibility or clinical features. However, all
genotyped individuals in our study exhibited the normal sequence.

2.1. DNA Extraction and Genotyping

The DNA was extracted from peripheral venous blood samples (leucocytes) collected
in 200 µL test tubes utilizing the silica-based membrane technology using a genomic DNA
extraction kit (GeneJET Genomic DNA Purification Kit, Thermo Fisher Scientific, Vilnius,
Lithuania), based on the manufacturer’s recommendations.

Single-nucleotide polymorphisms of SSTR2 rs2236750, SSTR5 rs34037914, and AIP
rs267606574 were carried out using the real-time polymerase chain reaction (RT-PCR)
method. TaqMan® Genotyping assays were used to determine SNPs according to the
manufacturer’s protocols by a StepOne Plus (Applied Biosystems, Waltham, MA, USA). A
5% subset of samples underwent repetitive analysis for all three SNPs to ensure accuracy,
confirming consistent genotyping results between the initial and repetitive assessments.

Primers and Probes:

• SSTR2 rs2236750: TaqMan® Genotyping Assay (Assay ID: C__15954985_10; Catalog #
4351379), with specific primers and fluorescently labeled probes designed for this SNP.

• SSTR5 rs34037914: TaqMan® Genotyping Assay (Assay ID: C__26059313_10; Catalog
# 4351379), with specific primers and fluorescently labeled probes designed for this
SNP.

• AIP rs267606574: TaqMan® Genotyping Assay (Assay ID: C_189786883_20; Catalog #
4351379), with specific primers and fluorescently labeled probes designed for this SNP.
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2.2. Serum Levels’ Measurement

Serum levels of Human Somatostatin Receptor 2 (SSTR2) with capture antibody spe-
cific to SSTR2, Human Somatostatin Receptor 5 (SSTR5) with capture antibody specific to
SSTR5, and Human Aryl Hydrocarbon Receptor-Interacting Protein (AIP) with capture an-
tibody specific to AIP were measured using enzyme-linked immunosorbent assay (ELISA)
kits, employing a sandwich assay methodology. Each ELISA kit consisted of a 96-well plate
pre-coated with specific antibodies tailored to capture the target proteins. The procedure
followed a standardized protocol, as follows:

• Sample incubation. Test samples, along with standards of known concentrations and
biotin-conjugated reagents, were added to the wells and allowed to incubate. This step
facilitated the binding of the target proteins to the immobilized capture antibodies.

• Enzymatic reaction initiation. Subsequent addition of horseradish peroxidase (HRP)-
conjugated reagents initiated an enzymatic reaction. This reaction generated a measur-
able signal directly proportional to the concentration of the target protein bound to
the antibodies.

• Colorimetric detection. The enzymatic reaction catalyzed by HRP resulted in the
conversion of a colorless substrate, tetramethylbenzidine (TMB), to a blue-colored
product. Upon addition of an acidic stop solution, the reaction was terminated, causing
the color to change to yellow. The intensity of this yellow color was directly correlated
with the concentration of the target protein in the sample.

• Optical density measurement. The absorbance of the resulting yellow color was
measured at 450 nm using a microplate reader. This optical density (OD) value
served as the basis for precise concentration calculations, particularly within blood
serum samples.

The process involved a standardized method of measurement and calculation. Ref-
erence standard readings were utilized to generate a standard curve for each respective
protein (SSTR2, SSTR5, and AIP). By comparing the OD values of the samples to the stan-
dard curve, concentrations of the target proteins in the serum samples were interpolated
accurately. This approach ensured robust and reproducible quantification of serum levels
of SSTR2, SSTR5, and AIP, providing valuable insights into their potential biomarker roles
in the context of our study.

2.3. Ki-67

The Ki-67 labeling index (LI) was determined through immunohistochemical analysis
using the monoclonal antibody (clone SP6; Spring Bioscience Corporation, Pleasanton, CA,
USA). This index represents the percentage of tumor cells showing positive staining.

The evaluation of Ki-67 LI took place at the Clinic of Pathological Anatomy at LUHS
and was conducted by a qualified pathologist. The analysis of protein biomarkers followed
the immunohistochemical analysis protocol on paraffin sections, utilizing the Ventana
BenchMark XT staining procedure from Ventana Medical Systems in Tucson, AZ, USA.
Paraffin sections underwent dewaxing with Ventana reagent, followed by antigenic epi-
tope restoration using Ventana Cell Conditioning Solution (pH 8.4) at 100 ◦C for 60 min.
Monoclonal antibodies were applied to the sections for 32 min at 37 ◦C and detected using
the Ventana iVIEW DAB Detection Kit. The immunohistochemical reaction concluded with
contrasting sections using Gill’s Hematoxylin Solution, coloration with a bluing reagent of
an aqueous solution of buffered lithium carbonate, and covering with glass slides.

2.4. Study Group

The study comprised 400 subjects categorized into a reference group (n = 272) and
a group of patients with pituitary adenoma (n = 128). The reference group was adjusted
concerning gender and age to match the demographics of the pituitary adenoma group
(with p-values of 0.077 and 0.821, respectively). Demographic information for all study
subjects is detailed in Table 1, providing a comprehensive overview of the characteristics
within both groups. Figure 1 shows the study flow diagram for the study participants.
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Table 1. Demographic characteristics of the study.

Characteristics
Group

p-Value
PA Group Reference

Group

Gender
Males, N (%) 52 (40.6) 86 (31.6)

0.077 *
Females, N (%) 76 (59.4) 186 (68.4)

Age, Median (IQR) 54.5 (20) 56.0 (40) 0.821 **

Recurrence:
Absent/Present 88/39 NA -

Invasiveness:
Invasive/Noninvasive 81/46 NA -

Size:
Micro/Macro 49/78 NA -

Activity:

NA -

Active PA/Nonactive PA 61/66
Prolactin producing PA 48

IGF1 producing PA 3
GF producing PA 6

ACTH producing PA 4

Ki-67:

NA -<1% 53
1% 11

>1% 15
* Pearson Chi-Square test was used. ** Mann–Whitney U test was used. PA—pituitary adenoma; IQR—interquartile
range; p-value—significance level (alpha = 0.05).

Patients with PAs were selected based on the following inclusion criteria:

1. Confirmed diagnosis: only patients with a confirmed diagnosis of PA through imaging
(MRI/CT) and/or histopathological examination were included.

2. Age and health status: patients were included regardless of age (age of 18 years
or older) and overall good health status, provided they met the diagnostic criteria
for PA.

3. Our study exclusively included patients whose PA was investigated and diagnosed
based on clinical symptoms.

4. Overall good health condition of the patient.
5. Absence of other brain tumors, tumors in other locations, intracranial infections,

demyelinating lesions, or cerebrovascular diseases.
6. Consent: an informed consent form was obtained from all patients included in

the study.

For bias elimination, we employed several strategies to minimize bias in our study,
as follows:

1. Comprehensive data collection: we included a broad range of patients with different
types of PAs (functional and non-functional) to ensure diversity and representativeness.

2. Standardized diagnostic criteria: Consistent diagnostic criteria were applied to all
patients to ensure uniformity in inclusion. PAs in our study were detected while
investigating symptomatic patients. The diagnosis was based on clinical symptoms
suggestive of PAs, such as hormonal imbalances, visual disturbances, or headaches.
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Patients with PAs exclusion criteria were as follows:

1. Non-confirmed diagnosis: patients without a confirmed diagnosis of pituitary ade-
noma (PA) through imaging (MRI/CT) and/or histopathological examination were
excluded.

2. Age and health status: patients younger than 18 years of age, or those with significant
health issues that could impact their participation or the study results, were excluded.

3. Non-clinical diagnosis: patients whose PAs were not investigated and diagnosed
based on clinical symptoms were excluded.

4. Poor health condition: patients in poor overall health, as determined by their clinical
assessment, were excluded.

5. Other brain or systemic conditions: patients with other brain tumors, tumors in other
locations, intracranial infections, demyelinating lesions, or cerebrovascular diseases
were excluded.

6. Lack of consent: patients who did not provide informed consent were excluded from
the study.

Reference group inclusion criteria were as follows:

1. Healthy status: individuals must be in overall good health, with no history of pituitary
adenomas or other significant health issues that could affect the study’s results.

2. Age: individuals must be 18 years of age or older to ensure comparability with the
patient group.

3. No brain or systemic disorders: individuals must have no history of brain tumors, tu-
mors in other locations, intracranial infections, demyelinating lesions, cerebrovascular
diseases, or any other major systemic disorders.

4. No prior diagnosis of pituitary disorders: individuals must not have a history or
diagnosis of pituitary disorders, including pituitary adenomas, as confirmed through
imaging or clinical evaluation.

5. Consent: informed consent must be obtained from all individuals included in the
reference group.

Reference group exclusion criteria included:

1. Presence of health issues: individuals with significant health conditions, including
pituitary disorders, brain tumors, or major systemic diseases, were excluded.

2. Age restrictions: individuals younger than 18 years were excluded to match the age
range of the patient group.

3. History of pituitary or brain disorders: individuals with a history of pituitary disor-
ders, brain tumors, or other relevant conditions were excluded.

4. Informed consent: individuals who did not provide informed consent were excluded
from the reference group.

Within the PA group, further subdivisions were performed based on several key
factors, including recurrence, invasiveness, size, and hormonal activity. Histopathological
examination allowed for the classification into invasive and noninvasive subgroups, while
analysis of hormone levels in the blood serum led to the creation of active and nonactive
PA groups. Recurrence was identified if there was observed enlargement of a residual
tumor, or the appearance of new growth documented in follow-up MRIs over a period of
five years.

Moreover, PAs were categorized based on size, with those measuring 10 mm or larger
classified as macroadenomas, and those smaller than 10 mm termed microadenomas.
This thorough categorization process ensured precise delineation within the PA group for
comprehensive analysis and understanding.
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2.5. Statistical Analysis

The demographic characteristics between the reference and pituitary adenoma (PA)
groups underwent comparison using a range of statistical tests, including the Pearson
Chi-square test, Student’s t-test, and Mann–Whitney U test. The frequencies of genotypes
and alleles for SSTR2 rs2236750, SSTR5 rs34037914, and AIP rs267606574 were presented as
percentages. Binary logistic regression analysis assessed the association of selected SNPs
with PA occurrence, estimating odds ratios (OR) and 95% confidence intervals (CI). Various
inheritance models (co-dominant, dominant, recessive, over-dominant, and additive genetic
models) were assessed, with the model having the lowest Akaike information criterion
(AIC) chosen as the most appropriate. The most robust genetic models were identified
based on the lowest AIC value. Nonparametric Mann–Whitney U tests were used for
comparisons when data distribution deviated from normality.

The Bonferroni adjustment was used to modify the significance level for multiple com-
parisons (p = 0.025 (0.05/2)). All statistical analysis was performed using SPSS version 29.0
software (Statistical Package for the Social Sciences for Windows, Inc., Chicago, IL, USA).
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2.6. Strengths and Limitations of the Study

The strength of the present study was the inclusion of a large study population (a total
of 400 subjects, including 128 patients with PA, as PA is considered a rare disease in the
Lithuanian population (ORPHA:91349), and 272 healthy controls as a reference group), age
and gender matching of the patient and control groups, and including Ki-67 analysis. These
features of the study ensured a comprehensive analysis of the associations between the
selected gene polymorphisms SSTR2 rs2236750, SSTR5 rs34037914, and AIP rs267606574
and the SSTR2, SSTR5, and AIP serum levels they produce. Most of the studies presented in
the literature provided immunohistochemistry results but not gene analysis and analysis of
serum levels, so SNP and serum levels’ analysis is worthy and important for understanding
the pathogenesis of PA.

Several limitations must be considered in the present study. The sample size for
analyzing serum concentrations of SSTR2, SSTR5, and AIP was rather limited and too
small (40 patients with PA and 40 healthy controls) to achieve the desired significance.
Further studies with a sufficiently large sample size are recommended to confirm the
possible role of serum concentrations of SSTR2, SSTR5, and AIP in the development of
PA. Of course, we also need to consider all subtypes of PA, such as the invasiveness of
PA, recurrences, micro/macroadenomas, and hormones. Immunohistochemistry of SSTR2,
SSTR5, and AIP must also be performed. However, this is planned as a specific task for our
future investigations.

3. Results

The frequencies of genotypes and alleles for the following single-nucleotide polymor-
phisms (SNPs): SSTR2 rs2236750, SSTR5 rs34037914, and AIP rs267606574, were analyzed
within the study groups. However, there were no statistically significant differences in the
distribution of genotypes and alleles between patients with PA and the reference group for
the selected SNPs (Table 2).

Table 2. Genotype and allele frequencies of single-nucleotide polymorphisms (SSTR2 rs2236750,
SSTR5 rs34037914, and AIP rs267606574) within PA and reference groups.

Gene, SNP Genotype,
Allele

PA Group,
n (%)

Reference
Group, n (%) p-Value

SSTR2 rs2236750

AA 43 (33.6) 118 (43.4)
AG 73 (57.0) 126 (46.3) 0.125
GG 12 (9.4) 28 (10.3)

Total 128 (100) 272 (100)
Allele

A 159 (62.1) 362 (66.5) 0.220
G 97 (37.9) 182 (33.5)

SSTR5 rs34037914

CC 114 (89.1) 238 (87.5)
CT 12 (9.4) 33 (12.1) 0.322
TT 2 (1.6) 1 (0.4)

Total 128 (100) 272 (100)
Allele

C 240 (93.8) 509 (93.6) 0.921
T 16 (6.2) 35 (6.4)

AIP rs267606574

TAC 128 (100) 272 (100)
Total 128 (100) 272 (100) 1.000
Allele

T 128 (33.3) 272 (33.3)
A 128 (33.3) 272 (33.3) 1.000
C 128 (33.3) 272 (33.3)

PA—pituitary adenoma; p-value—significance level (after Bonferroni correction, the results were considered as
statistically significant when p < 0.025 (0.05/2)).
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The Hardy–Weinberg equilibrium (HWE) test results demonstrated that genotypes
of SSTR2 rs2236750 and SSTR5 rs34037914 in the reference group did not deviate from
HWE (p > 0.05). However, we identified that AIP rs267606574 has only one genotype,
which is not in HWE (Table 3). Regarding these findings, we excluded this SNP from the
following analysis.

Table 3. Analysis of Hardy–Weinberg equilibrium in the reference group.

Gene and SNP Allele Frequencies Genotype
Distribution p-Value

SSTR2 rs2236750 0.67 A 0.33 G 28/126/118 0.505

SSTR5 rs34037914 0.94 C 0.06 T 1/33/238 0.899

AIP rs267606574 NA NA 0/0/272 NA
SNP—single-nucleotide polymorphism; p-value—significance level; NA—not applicable.

Binary logistic regression analysis revealed that SSTR2 rs2236750 AG genotype vs. AA
and AG vs. AA + GG was associated with about a 1.6-fold increased odds of PA occurrence
under the co-dominant and over-dominant genetic models (OR = 1.602; CI: 1.015–2.527;
p = 0.043; OR = 1.550; CI: 1.013–2.373; p = 0.044, respectively). However, after Bonferroni
correction, these findings did not remain statistically significant (Table 4).

Table 4. Binary logistic regression analysis within patients with pituitary adenoma and reference
group subjects.

Model Genotype/Allele OR (95% CI) p-Value AIC

SSTR2 rs2236750

Co-dominant AG vs. AA
GG vs. AA

1.602 (1.015–2.527)
1.170 (0.543–2.522)

0.043
0.688 498.138

Dominant AG + GG vs. AA 1.524 (0.980–2.371) 0.062 496.848

Recessive AA vs. GG + AG 0.890 (0.435–1.822) 0.749 500.300

Over-dominant AG vs. AA + GG 1.550 (1.013–2.373) 0.044 496.298

Adityve G 1.241 (0.892–1.725) 0.200 498.760

SSTR5 rs34037914

Co-dominant CT vs. CC
TT vs. CC

0.781 (0.387–1.576)
4.348 (0.384–49.187)

0.490
0.235 500.343

Dominant CT + TT vs. CC 0.887 (0.456–1.725) 0.724 500.277

Recessive TT vs. CC + CT 4.447 (0.393–50.299) 0.228 498.834

Over-dominant CT vs. CC + TT 0.772 (0.383–1.557) 0.470 499.865

Adityve T 0.999 (0.550–1.814) 0.997 500.404
PA: pituitary adenoma; OR: odds ratio; CI: confidence interval; p-value: significance level (after Bonferroni
correction, the results were considered as statistically significant when p < 0.025 (0.05/2)); AIC: Akaike information
criterion. The most robust genetic model is underlined (selected based on the lowest AIC value).

The frequencies of genotypes and alleles for the selected SNPs were analyzed within
the study groups, stratified by gender; however, no statistically significant results were
found neither in females (Table 5) nor in males (Table 6).
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Table 5. Genotype and allele frequencies of SSTR2 rs2236750 and SSTR5 rs34037914 within PA and
reference groups females.

Gene, SNP Genotype,
Allele

PA Group
Females,

n (%)

Reference
Group Females,

n (%)
p-Value

SSTR2 rs2236750

AA 24 (31.6) 82 (44.1) 0.171
AG 44 (57.9) 87 (46.8)
GG 8 (10.5) 17 (9.1)

Total 76 (100) 186 (100)
Allele

A 92 (60.5) 251 (67.5) 0.129
G 60 (39.5) 121 (32.5)

SSTR5 rs34037914

CC 64 (84.2) 163 (87.6)
CT 10 (13.2) 23 (12.4) 0.082
TT 2 (2.6) 0 (0)

Total 76 (100) 186 (100)
Allele

C 138 (90.8) 349 (93.8) 0.219
T 14 (9.2) 23 (6.2)

Table 6. Genotype and allele frequencies of single-nucleotide polymorphisms SSTR2 rs2236750 and
SSTR5 rs34037914 within PA and reference groups: males.

Gene, SNP Genotype,
Allele

PA Group
Males,
n (%)

Reference
Group Males, n

(%)
p-Value

SSTR2 rs2236750

AA 19 (36.5) 36 (41.9) 0.423
AG 29 (55.8) 39 (45.3)
GG 4 (7.7) 11 (12.8)

Total 52 (100) 86 (100)
Allele

A 67 (64.4) 111 (64.5) 0.984
G 37 (35.6) 61 (35.5)

SSTR5 rs34037914

CC 50 (96.2) 75 (87.2) 0.207
CT 2 (3.8) 10 (11.6)
TT 0 (0) 1 (1.2)

Total 52 (100) 86 (100)
Allele

C 102 (98.1) 160 (93) 0.063
T 2 (1.9) 12 (7)

Binary logistic regression analysis was conducted in patients with PA and the reference
group to investigate the associations of selected SNPs with PA occurrence by gender. The
analysis did not reveal any statistically significant results when analyzing gender (Table 7)
and (Table 8).

SSTR2 rs2236750 and SSTR5 rs34037914 genes’ single-nucleotide polymorphisms were
analyzed to evaluate the associations with pituitary adenoma size. Only SSTR5 rs34037914
showed statistically significant results between the groups: we found statistically significant
differences between Micro-PA compared with the reference group (CC, CT, and TT: 87.5%,
12.1%, and 0.4% vs. 88.9%, 6.4%, and 4.3%; p = 0.022; Table 9).
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Table 7. Binary logistic regression analysis within females with pituitary adenoma and reference
group males.

Model Genotype/Allele OR (95% CI) p-Value AIC

SSTR2 rs2236750

Co-dominant AG vs. AA
GG vs. AA

1.722 (0.962–3.083)
1.600 (0.615–4.164)

0.067
0.335 315.898

Dominant AG + GG vs. AA 1.702 (0.968–2.993) 0.065 313.923

Recessive AA vs. GG + AG 1.165 (0.480–2.828) 0.735 317.324

Over-dominant AG vs. AA + GG 1.560 (0.910–2.675) 0.106 314.796

Adityve G 1.402 (0.923–2.131) 0.114 314.927

SSTR5 rs34037914

Co-dominant CT vs. CC
TT vs. CC

1.117 (0.502–2.486)
-

0.786
0.999 314.452

Dominant CT + TT vs. CC 1.345 (0.630–2.869) 0.444 316.864

Recessive TT vs. CC + CT - 0.999 312.525

Over-dominant CT vs. CC + TT 1.088 (0.490–2.420) 0.835 317.394

Adityve T 1.526 (0.771–3.023) 0.225 316.008
PA: pituitary adenoma; OR: odds ratio; CI: confidence interval; p-value: significance level (after Bonferroni
correction, the results were considered as statistically significant when p < 0.025 (0.05/2)); AIC: Akaike information
criterion. The most robust genetic model is underlined (selected based on the lowest AIC value).

Table 8. Binary logistic regression analysis within males with pituitary adenoma and reference group
males.

Model Genotype/Allele OR (95% CI) p-Value AIC

SSTR2 rs2236750

Co-dominant AG vs. AA
GG vs. AA

1.449 (0.690–3.044)
0.736 (0.202–2.685)

0.327
0.643 184.776

Dominant AG + GG vs. AA 1.305 (0.635–2.682) 0.468 183.976

Recessive AA vs. GG + AG 0.591 (0.176–1.990) 0.396 183.743

Over-dominant AG vs. AA + GG 1.544 (0.770–3.096) 0.221 182.996

Adityve G 1.039 (0.605–1.786) 0.889 184.486

SSTR5 rs34037914

Co-dominant CT vs. CC
TT vs. CC

0.295 (0.062–1.408)
-

0.126
1 182.751

Dominant CT + TT vs. CC 0.271 (0.058–1.278) 0.099 181.054

Recessive TT vs. CC + CT - 1 183.649

Over-dominant CT vs. CC + TT 0.298 (0.062–1.422) 0.129 181.656

Adityve T 0.279 (0.062–1.267) 0.098 180.844
PA: pituitary adenoma; OR: odds ratio; CI: confidence interval; p-value: significance level (after Bonferroni
correction, the results were considered as statistically significant when p < 0.025 (0.05/2)); AIC: Akaike information
criterion. The most robust genetic model is underlined (selected based on the lowest AIC value).

Also, binary logistic regression analysis was conducted for Micro-PA and Macro-PA, as
well as for the reference group. The results revealed the following associations: the SSTR5
rs34037914 TT genotype, compared with CC + CT, under the most robust genetic model
(selected based on the lowest AIC value), was associated with a 12-fold increased odds of
Micro-PA occurrence (OR 12.044; 95% CI: 1.070–135.599; p = 0.044). However, these results
did not remain statistically significant after Bonferroni correction was applied (Table 10).
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Table 9. Genotype and allele frequencies of single-nucleotide polymorphisms SSTR2 rs2236750 and
SSTR5 rs34037914 with Micro-PA or Macro-PA and reference groups.

Gene, SNP Genotype,
Allele

Reference
Group, n (%)

Micro-PA
Group,
n (%)

Macro-PA
Group, n (%) p-Value

SSTR2
rs2236750

AA 118 (43.4) 18 (38.3) 25 (30.9) 0.423 *
AG 126 (46.3) 25 (53.2) 48 (59.3) 0.103 **
GG 28 (10.3) 4 (8.5) 8 (9.9) 0.691 ***

Total 272 (100) 47 (100) 81 (100)
Allele 0.754 *

A 362 (66.5) 61 (64.9) 98 (60.5) 0.156 **
G 182 (33.5) 33 (35.1) 64 (39.5) 0.484 ***

SSTR5
rs34037914

CC 238 (87.5) 42 (89.4) 72 (88.9) 0.022 *
CT 33 (12.1) 3 (6.4) 9 (11.1) 0.833 **
TT 1 (0.4) 2 (4.3) 0 (0.0) 0.125 ***

Total 272 (100) 47 (100) 81 (100)
Allele 0.715 *

C 509 (93.6) 87 (92.6) 153 (94.4) 0.685 **
T 35 (6.4) 7 (7.4) 9 (5.6) 0.547 ***

* Micro-PA group vs. reference group. ** Macro-PA group vs. reference group. *** Micro-PA vs. Macro-PA.

Table 10. Binary logistic regression analysis within Micro- or Macro-PA and reference group subjects.

Model Genotype/Allele OR (95% CI) p-Value AIC

Micro-PA

SSTR2 rs2236750

Co-dominant AG vs. AA
GG vs. AA

1.301 (0.675–2.506)
0.937 (0.294–2.985)

0.432
0.912 269.952

Dominant AG + GG vs. AA 1.234 (0.654–2.330) 0.516 268.295

Recessive AA vs. GG + AG 0.811 (0.271–2.427) 0.708 268.575

Over-dominant AG vs. AA + GG 1.317 (0708–2.449) 0.385 267.965

Adityve G 1.081 (0.673–1.737) 0.747 268.618

SSTR5 rs34037914

Co-dominant CT vs. CC
TT vs. CC

0.515 (0.151–1.756)
11.333 (1.005–127.806)

0.289
0.050 265.188

Dominant CT + TT vs. CC 0.833 (0.308–2.253) 0.719 268.588

Recessive TT vs. CC + CT 12.044 (1.070–135.599) 0.044 264.500

Over-dominant CT vs. CC + TT 0.494 (0.145–1.681) 0.259 267.217

Adityve T 1.156 (0.515–2.593) 0.726 268.602

Macro-PA

SSTR2 rs2236750

Co-dominant AG vs. AA
GG vs. AA

1.798 (1.043–3.100)
1.349 (0.550–3.305)

0.035
0.513 379.660

Dominant AG + GG vs. AA 1.716 (1.011–2.913) 0.045 378.113

Recessive AA vs. GG + AG 0.955 (0.417–2.186) 0.913 282.257

Over-dominant AG vs. AA + GG 1.685 (1.019–2.788) 0.042 378.074

Adityve G 1.333 (0.911–0.952) 0.139 380.090
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Table 10. Cont.

Model Genotype/Allele OR (95% CI) p-Value AIC

SSTR5 rs34037914

Co-dominant CT vs. CC
TT vs. CC

0.902 (0.412–1.972)
-

0.795
- 383.679

Dominant CT + TT vs. CC 0.875 (0.401–1.910) 0.737 382.155

Recessive TT vs. CC + CT - - -

Over-dominant CT vs. CC + TT 0.905 (0.414–1.980) 0.803 382.206

Adityve T 0.853 (0.399–1.826) 0.682 382.097
PA: pituitary adenoma; OR: odds ratio; CI: confidence interval; p-value: significance level (after Bonferroni
correction, the results were considered as statistically significant when p < 0.025 (0.05/2)); AIC: Akaike information
criterion. The most robust genetic model is underlined (selected based on the lowest AIC value).

The study evaluated serum levels of SSTR2, SSTR5, and AIP in patients with PA
compared to a reference group. However, no statistically significant differences were found
between the PA patients and the reference group for any of these markers.

For SSTR2 levels: PA patients vs. reference group: mean (standard deviation)—9401.21
(4279.74) pg/mL vs. 9078.18 (3627.34) pg/mL, p = 0.716. No significant difference was
observed (Figure 2).
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For SSTR5 levels: PA patients vs. reference group: median (IQR)—194.15 (297.39) pg/mL
vs. 250.94 (537.97) pg/mL, p = 0.355. No significant difference was observed (Figure 3).

For AIP levels: PA patients vs. reference group: median (IQR)—0.232 (0.089) ng/mL
vs. 0.241 (0.059) ng/mL, p = 0.202. No significant difference was observed (Figure 4).

Additionally, when considering gender differences, SSTR2 levels did not differ sig-
nificantly between PA and reference group females or males (Table 11). SSTR5 levels did
not differ significantly between PA and reference group females or males (Table 12). Also,
AIP levels did not differ significantly between PA and reference group females or males
(Table 13).
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Table 11. SSTR2 serum levels in patients with pituitary adenoma and in reference groups by gender.

Gender
Serum Level (pg/mL)

p-ValuePA Group
Mean (Std. Deviation)

Reference Group
Mean (Std. Deviation)

SSTR2

Male 9643.05 (3797.57) 8004.66 (3660.49) 0.122
Female 9159.36 (4819.88) 9501.08 (3581.27) 0.778

Table 12. SSTR5 serum levels in patients with pituitary adenoma and in reference groups by gender.

Gender
Serum Level (pg/mL)

p-ValuePA Group
Median (IQR)

Reference Group
Median (IQR)

SSTR5

Male 190.75 (209.98) 247.74 (201.46) 0.490
Female 197.56 (396.82) 255.09 (746.07) 0.675
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Table 13. AIP serum levels in patients with pituitary adenoma and in reference groups by gender.

Gender
Serum Level (ng/mL)

p-ValuePA Group
Mean (Std. Deviation)

Reference Group
Mean (Std. Deviation)

AIP

Male 0.242 (0.055) 0.303 (0.130) 0.149
Female 0.250 (0.121) ng/mL 0.246 (0.056) 0.943

Ki-67 Labeling Index

Here, 79 PA tissue samples were analyzed. The Ki-67 LI was evaluated in 41 women
(51.9%) and 38 men (48.1%). The results showed that there was no significant difference in
the Ki-67 LI between women and men (p = 0.301).

Immunohistochemistry for Ki-67 revealed an LI < 1% in 67.1% of patients with PA, a
Ki-67 LI 1% in 13.9%, and a Ki-67 LI > 1% in 19.0% of patients. Further analyses revealed no
statistical significance with regard to tumor invasiveness (p = 0.717; Table 14), recurrence
(p = 0.843; Table 15), activity (p = 0.378; Table 16), or size (p = 0.492; Table 17). The analysis
of the Ki-67 LI with the indicated genetic variations (SSTR2 rs2236750, SSTR5 rs34037914,
and AIP rs267606574) also revealed no statistically significant correlations, as indicated in
Table 18.

Table 14. Ki-67 labeling index considering invasiveness of pituitary adenoma.

Invasiveness
Ki-67 LI

p-Value
<1% 1% >1%

Noninvasive PA
n = 22 (27.8%) 16 (72.7%) 2 (9.1%) 4 (18.2%)

0.717
Invasive PA

n = 57 (72.2%) 37 (64.9%) 9 (15.8%) 11 (19.3%)

Table 15. Ki-67 labeling index considering recurrence of pituitary adenoma.

Recurrence
Ki-67 LI

p-Value
<1% 1% >1%

Absent
n = 56 (70.9%) 38 (67.9%) 7 (12.5%) 11 (19.6%)

0.843
Present

n = 23 (29.1%) 15 (62.2%) 4 (17.4%) 4 (17.4%)

Table 16. Ki-67 labeling index considering the activity of pituitary adenoma.

Activity
Ki-67 LI

p-Value
<1% 1% >1%

Active PA
n = 44 (55.7%) 31 (70.5%) 4 (9.1%) 9 (20.5%)

0.378
Nonactive PA
n = 35 (44.3%) 122 (62.9%) 7 (20.0%) 6 (17.1%)
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Table 17. Ki-67 labeling index considering the size of pituitary adenoma.

Size
Ki-67 LI

p-Value
<1% 1% >1%

Micro-PA
n = 31 (39.2%) 23 (74.2%) 4 (12.9%) 4 (19.9%)

0.492
Macro-PA

n = 48 (60.8%) 30 (62.2%) 7 (14.6%) 11 (22.9%)

Table 18. Ki-67 labeling index associations with SSTR2 rs2236750, SSTR5 rs34037914, and AIP
rs267606574.

Gene, SNP Genotype/Allele
Ki-67 LI

p-Value
<1% 1% >1%

SSTR2 rs2236750

Genotype 20 (37.7) 5 (45.5) 4 (26.7) 0.636
AA 27 (50.9) 4 (36.4) 10 (66.7)
AG 6 (11.3) 2 (18.2) 1 (6.7)
GG 53 (100) 11 (100) 15 (100)

Total
Allele

A 67 (63.2) 14 (62.6) 18 (60.0)
G 39 (36.8) 8 (36.4) 12 (40.0) 0.945

SSTR5 rs34037914

Genotype 47 (88.7) 9 (81.8) 15 (100) 0.087
CC 6 (11.3) 1 (9.1) 0 (0.0)
CT 0 (0.0) 1 (9.1) 0 (0.0)
TT 53 (100) 11 (100) 15 (100)

Total
Allele

C 100 (93.6) 19 (86.4) 30 (100)
T 6 (6.4) 3 (13.6) 0 (0) 0.275

4. Discussion

In this research, we analyzed the Ki-67 labeling index (LI), SSTR2 rs2236750, SSTR5
rs34037914, and AIP rs267606574 polymorphisms, as well as serum SSTR2, SSTR5, and AIP
levels, in association with PAs.

The Ki-67 LI is considered an essential marker for categorizing pituitary neuroen-
docrine tumors (PitNETs) into different prognostic groups, although its definitive prognos-
tic value in PitNETs remains under investigation [21,22]. The role of Ki-67 as a prognostic
marker has been studied extensively, with some reports suggesting its integration with
morphological and radiological evidence of local infiltration for better prognostication.
Typical Ki-67 indices in PAs range from 1% to 2%, with values above 3% being rare [23,24].
Petry’s study reported that Ki-67 ranged from 0 to 30% [25], similar to the values described
by Salehi et al. (less than 1% to 23%) [21] and Padrão (between 0 and 36.9%) [26]. Addition-
ally, other studies reported Ki-67 values of 36% (Padrão et al.) [26], 29% (Petry et al.) [25],
and 12% (Magagna-Poveda et al.) [27].

In our study, we analyzed 79 PA tissue samples. Immunohistochemistry for Ki-67
revealed an LI < 1% in 67.1% of patients with PA, a Ki-67 LI of 1% in 13.9%, and a Ki-67
LI > 1% in 19.0% of patients. However, further analyses revealed no statistical significance
concerning tumor invasiveness, recurrence, activity, or size. Additionally, no statistically
significant correlations were found between Ki-67 LI and the genetic variations (SSTR2
rs2236750, SSTR5 rs34037914, and AIP rs267606574). Similarly, tumor size [28] and the
presence or absence of hormone hypersecretion [29] did not differ in Ki-67 LI expression in
Sánchez-Tejada and colleagues’ study.

Regarding genetic analysis, SSTR are G-protein-coupled receptors encoded by five
different genes (SSTR1–5), and all five genes are expressed in normal adult human pituitary
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glands [30]. Neto and colleagues described that in PAs, SSTR expression is highly variable
within and between tumor subtypes [31]. Wildemberg et al. demonstrated that in clinically
non-functioning pituitary adenomas (NFPA), the SSTR2 mRNA transcripts were expressed
in the majority of tumors, while the SSTR5 mRNA transcripts were expressed in a subset of
tumors [32]. Two other researchers’ groups found that in somatotropinomas and normal
pituitary glands, the mRNA transcripts and proteins of SSTR2 and SSTR5 were expressed
in all samples [32,33]. Syro and colleagues sequenced the SSTR2 and SSTR5 genes, finding
no pathological germline variants in SSTR2, but a heterozygous c.143C > A transversion
(rs4988483) leading to p.L48M substitution in SSTR5 was identified in the patient’s blood
DNA [34].

In a study by Peculis et al., involving 143 cases and 354 controls, the role of SNPs in
seven genes (SSTR2, SSTR5, DRD2, MEN1, AIP, GNAS, and PRKAR1A) was investigated,
focusing on the association with the occurrence of pituitary tumors, phenotype, and clinical
symptoms. The study found that rs7131056 in DRD2 contributes to either faster adenoma
growth or less symptomatology, allowing PAs to grow larger before they are detected.
However, no significant associations were found for SSTR2, while SSTR5 was implicated
in PA development [35].

Pisarek et al. reported an expression pattern of SSTR2B > SSTR2A > SSTR5 in a group
of 22 NFPAs, and in another study, Pisarek et al. reported an IHC staining pattern of SSTR
2B = SSTR 3 = SSTR 5 > SSTR 1 = SSTR 2A in prolactinomas. In the three prolactin-secreting
adenomas studied, the expression of SSTR2 was stronger than that of SSTR5 [36]. Yu
et al. examined SSTR subtypes in various pituitary adenomas via immunohistochemistry,
finding SSTR2 staining stronger in TSHoma, acromegaly, and prolactinoma, while SSTR5
was stronger in corticotropinoma and NFPA. Both SSTR2 and SSTR5 were significantly
elevated in TSHoma compared to other adenomas.

It has been suggested that the differential efficacy of somatostatin analogs in the post-
operative treatment of somatotropinomas and NFPA may be partly due to the differential
expression of SSTR1-5 within and between pituitary tumor types. A study using quan-
titative RT-PCR compared the absolute mRNA copy numbers for all five SSTR isoforms
in 23 somatotropinomas and 19 NFPAs [37]. Somatostatin receptor subtype 5 mRNA
was highest in somatotropinomas, followed by SSTR2 > SSTR3 >> SSTR1 >>> SSTR4. In
contrast, SSTR3 mRNA was highest in NFPA, followed by SSTR2, while SSTR1, SSTR4,
and SSTR5 transcripts were only detectable in selected tumors [37]. Another study found
that TSH-secreting adenomas express SSTR1, 2A, 3, and 5 mRNA, especially SSTR2A. In
addition to the expression of SSTR2 mRNA, the expression of SSTR5 mRNA may also
influence tumor shrinkage by somatostatin analogs against TSH-secreting adenomas [38].
High SSTR2 and low SSTR5 immunoreactivity were also found in Cushing’s disease [39].
Tateno et al. reported high expression of SSTR2 mRNA in NFPAs [40].

Our study revealed that individuals with the SSTR2 rs2236750 AG genotype exhibited
approximately a 1.6-fold increased risk of developing PAs in both co-dominant and over-
dominant genetic models (p = 0.043 and p = 0.044, respectively). Additionally, significant
differences were noted for SSTR5 rs34037914, showing statistically significant differences
between genotypes’ distribution when Micro-PA was compared with the reference group
(p = 0.022). Also, the TT genotype was associated with a 12-fold higher odds of Micro-PA
occurrence (p = 0.044). However, these associations did not withstand Bonferroni cor-
rection, underscoring the need for further investigation with larger cohorts to deepen
our understanding. Notably, while many studies have focused on immunohistochem-
istry, Peculis et al.’s study found no significant associations between SSTR2, SSTR5 SNPs,
and PA.

Around 20% of familial isolated pituitary adenoma (FIPA) cases stem from germline
mutations in the aryl hydrocarbon receptor-interacting protein (AIP) gene on 11q13. AIP
mutations mainly lead to somatotrophic and lactotrophic adenomas, often appearing in
childhood or young adulthood. AIP, initially identified as a co-chaperone, acts as a tumor
suppressor gene. While overexpression of wild-type AIP reduces cell proliferation, its
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silencing stimulates it. AIP interacts with various proteins, including aryl hydrocarbon
receptor, Hsp90, and survivin, but the pivotal interaction in pituitary tumorigenesis remains
unclear [41]. DNA sequencing of the patient’s normal tissue unveiled a nonsense mutation
at nucleotide position 40 within the coding region of the AIP gene. Specifically, a cytosine
was replaced by a thymidine (c.40 C > T), resulting in the conversion of a Gln codon to a
stop codon (Q14X). Notably, all patient tumors exhibited the loss of the wild-type allele of
the AIP gene [42]. Patients harboring AIP mutations demonstrated a considerably younger
age compared to those without AIP mutations [42]. Since the initial identification of AIP
mutations in FIPA in 2006, over 75 mutations in the AIP gene have been documented [43,44].

The AIP mutation occurs in 26% of familial adenomas, based on 4 studies with
341 tumors [16,17,45,46]. Among 163 patients, 19 (11.7%) had germline AIP mutations, with
an additional 9 patients showing alterations of unclear significance or polymorphisms. AIP
mutations were found in 20.5% of pediatric patients, 13.3% of sporadic somatotropinoma
patients, 11.5% of prolactinoma patients, and 1/16 patients with non-functional pituitary
adenoma [47]. The AIP mutation occurs much less frequently in sporadic PAs [44,48]. No
sporadic GH/PRL-secreting tumors were reported. AIP mutations occurred in 5.4%, 4.4%,
3.3%, and 2.4% of PRL-, GH-, and ACTH-secreting tumors, and NFAs, respectively, with
about two-thirds being germline mutations. Various types of mutations in the AIP gene
were observed, indicating random occurrence in sporadic pituitary tumors and emphasiz-
ing the role of AIP in tumor development [49]. The AIP gene was also identified in FIPA
patients from two families in northern Finland [42]. It consists of 6 exons and encodes a
330 amino acid protein containing a peptidylprolyl cis-trans isomerase-like (PPIase-like)
domain (amino acids 31–121), a tetratricopeptide repeat (TPR) domain with 3 TPR motifs
(aa 179–298), and a c-terminal α-7 helix (Cα-7h) [50]. A study involving 110 Caucasian
patients with pituitary adenoma (55 secreting hormones and 55 non-functioning) living
in Germany identified AIP mutations in 2.7% of patients. A heterozygous mutation,
R16H (c.47G > A), was found in two patients, and a heterozygous G > C alteration in
the 3′UTR, 60 bp downstream of the termination codon, was found in one patient. All
three patients suffered from a non-functional adenoma. In addition, a silent polymor-
phism, D172D (c.516C > T), was found in three patients with non-functioning adenoma,
two patients with prolactinoma, and one patient with acromegaly [51]. Barlier et al. ana-
lyzed 107 patients (prolactinomas (n = 49), non-functioning tumors (n = 29), somatotropino-
mas (n = 26), ACTH-secreting tumors (n = 2), and TSH-secreting tumors (n = 1)) and found
no germline mutations of AIP. In a group of 41 tumor samples from other subjects, a novel
AIP mutation (R22X) was found in one sample, in which the corresponding allele was
deleted. In a follow-up screening of the patient, a germline AIP mutation, R22X, was
detected, suggesting that AIP mutations do not appear to play a major role in sporadic
pituitary tumorigenesis in the European population [52]. In our research, we did not find
any associations between AIP rs267606574 and pituitary adenoma.

Understanding these genetic variations can pave the way for personalized medicine
approaches. For example, patients with certain SSTR2 or SSTR5 polymorphisms might
respond differently to somatostatin analogs, commonly used in PA treatment. Identifying
these polymorphisms before treatment could help tailor therapies to individual genetic
profiles, potentially improving treatment efficacy and reducing side effects. Our study
suggests that genetic screening for SSTR2 and SSTR5 polymorphisms could become an
integral part of personalized PA management. However, further research with larger
cohorts is necessary to validate these findings and explore their clinical applications.

5. Conclusions

The binary logistic regression analysis revealed a significant association between the
SSTR2 rs2236750 AG genotype and a 1.6-fold increased likelihood of PA occurrence. Ad-
ditionally, the SSTR5 rs34037914 TT genotype was linked to a 12-fold increased odds of
Micro-PA occurrence. However, these findings lost significance after Bonferroni correction.
This study contributes to understanding the genetic landscape of PAs by identifying po-
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tential genetic markers associated with their development. Further research with larger
cohorts is essential to validate these findings and deepen our understanding of the molecu-
lar mechanisms underlying PA pathogenesis.

Author Contributions: Conceptualization, R.L.; Data curation, R.L., G.G.-V., V.R., I.M., L.K. and
A.T.; Formal analysis, R.L. and G.G.-V.; Investigation, A.T.; Methodology, R.L., S.-N.W., C.-W.H., L.P.
and G.G.-V.; Resources, R.L.; Software, L.K.; Supervision, R.L. and L.K.; Visualization, S.-N.W. and
C.-W.H.; Writing—original draft, G.G.-V. and R.L.; Writing—review & editing, R.L. All authors have
read and agreed to the published version of the manuscript.

Funding: This study was funded by the Research Council of Lithuania, Agreement No. S-LLT-23-2.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the Lithuanian University of Health Sciences.
Kaunas Regional Biomedical Research, BE-2-47, 25 December 2016.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All data could be seen in this manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Russ, S.; Anastasopoulou, C.; Shafiq, I. Pituitary Adenoma. In StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL,

USA, 2022.
2. Daly, A.F.; Beckers, A. The Epidemiology of Pituitary Adenomas. Endocrinol. Metab. Clin. N. Am. 2020, 49, 347–355. [CrossRef]

[PubMed]
3. Hashmi, F.A.; Shamim, M.S. Pituitary Adenoma: A review of existing classification systems based on anatomic extension and

invasion. JPMA J. Pak. Med. Assoc. 2020, 70, 368–370. [PubMed]
4. Chen, X.; Pang, B.; Liang, Y.; Xu, S.C.; Xin, T.; Fan, H.T.; Yu, Y.B.; Pang, Q. Overexpression of EpCAM and Trop2 in pituitary

adenomas. Int. J. Clin. Exp. Pathol. 2014, 7, 7907–7914. [PubMed]
5. Jiang, X.; Zhang, X. The molecular pathogenesis of pituitary adenomas: An update. Endocrinol. Metab. 2013, 28, 245–254.

[CrossRef] [PubMed]
6. Cavaleri, D.; Capogrosso, C.A.; Guzzi, P.; Bernasconi, G.; Re, M.; Misiak, B.; Crocamo, C.; Bartoli, F.; Carrà, G. Blood concentrations

of anterior pituitary hormones in drug-naïve people with first-episode psychosis: A systematic review and meta-analysis.
Psychoneuroendocrinology 2023, 158, 1–12. [CrossRef] [PubMed]

7. Chanson, P.; Raverot, G.; Castinetti, F.; Cortet-Rudelli, C.; Galland, F.; Salenave, S. Management of clinically non-functioning
pituitary adenoma. In Annales D’endocrinologie; Elsevier Masson: Amsterdam, The Netherlands, 2015; Volume 76, pp. 239–247.

8. Buchfelder, M. Management of aggressive pituitary adenomas: Current treatment strategies. Pituitary 2009, 12, 256–260. [CrossRef]
[PubMed]

9. Kontogeorgos, G. Predictive markers of pituitary adenoma behavior. Neuroendocrinology 2006, 83, 179–188. [CrossRef] [PubMed]
10. Thapar, K.; Kovacs, K.; Scheithauer, B.W.; Stefaneanu, L.; Horvath, E.; Pernicone, P.J.; Murray, D.; Laws, E.R., Jr. Proliferative

activity and invasiveness among pituitary adenomas and carcinomas: An analysis using the MIB-1 antibody. Neurosurgery 1996,
38, 99–107. [CrossRef]

11. Fusco, A.; Zatelli, M.C.; Bianchi, A.; Cimino, V.; Tilaro, L.; Veltri, F.; Angelini, F.; Lauriola, L.; Vellone, V.; Doglietto, F.; et al.
Prognostic significance of the Ki-67 labeling index in growth hormone-secreting pituitary adenomas. J. Clin. Endocrinol. Metab.
2008, 93, 2746–2750. [CrossRef]

12. Reisine, T.; Bell, G.I. Molecular biology of somatostatin receptors. Endocr. Rev. 1995, 16, 427–442.
13. Shimon, I. Somatostatin receptors in pituitary and development of somatostatin receptor subtype-selective analogs. Endocrine

2003, 20, 265–269. [CrossRef]
14. Pedraza-Arevalo, S.; Ibáñez-Costa, A.; Blázquez-Encinas, R.; Branco, M.R.; Vázquez-Borrego, M.C.; Herrera-Martínez, A.D.;

Castaño, J.P. Epigenetic and post-transcriptional regulation of somatostatin receptor subtype 5 (SST5) in pituitary and pancreatic
neuroendocrine tumors. Mol. Oncol. 2022, 16, 764–779. [CrossRef]

15. Si, Y.; Kim, S.; Ou, J.; Lu, Y.; Ernst, P.; Chen, K.; Liu, X.M. Anti-SSTR2 antibody-drug conjugate for neuroendocrine tumor therapy.
Cancer Gene Ther. 2021, 28, 799–812. [CrossRef] [PubMed]

16. Daly, A.F.; Vanbellinghen, J.F.; Khoo, S.K.; Jaffrain-Rea, M.L.; Naves, L.A.; Guitelman, M.A.; Murat, A.; Emy, P.; Gimenez-
Roqueplo, A.P.; Tamburrano, G.; et al. Aryl hydrocarbon receptor-interacting protein gene mutations in familial isolated pituitary
adenomas: Analysis in 73 families. J. Clin. Endocrinol. Metab. 2007, 92, 1891–1896. [CrossRef]

17. Igreja, S.; Chahal, H.S.; King, P.; Bolger, G.B.; Srirangalingam, U.; Guasti, L.; Chapple, J.P.; Trivellin, G.; Gueorguiev, M.; Guegan,
K.; et al. Characterization of aryl hydrocarbon receptor-interacting protein (AIP) mutations in familial isolated pituitary adenoma
families. Hum. Mutat. 2010, 31, 950–960. [CrossRef] [PubMed]

https://doi.org/10.1016/j.ecl.2020.04.002
https://www.ncbi.nlm.nih.gov/pubmed/32741475
https://www.ncbi.nlm.nih.gov/pubmed/32063639
https://www.ncbi.nlm.nih.gov/pubmed/25550831
https://doi.org/10.3803/EnM.2013.28.4.245
https://www.ncbi.nlm.nih.gov/pubmed/24396688
https://doi.org/10.1016/j.psyneuen.2023.106392
https://www.ncbi.nlm.nih.gov/pubmed/37778198
https://doi.org/10.1007/s11102-008-0153-z
https://www.ncbi.nlm.nih.gov/pubmed/19003540
https://doi.org/10.1159/000095526
https://www.ncbi.nlm.nih.gov/pubmed/17047381
https://doi.org/10.1097/00006123-199601000-00024
https://doi.org/10.1210/jc.2008-0126
https://doi.org/10.1385/ENDO:20:3:265
https://doi.org/10.1002/1878-0261.13107
https://doi.org/10.1038/s41417-020-0196-5
https://www.ncbi.nlm.nih.gov/pubmed/32684623
https://doi.org/10.1210/jc.2006-2513
https://doi.org/10.1002/humu.21292
https://www.ncbi.nlm.nih.gov/pubmed/20506337


Medicina 2024, 60, 1252 20 of 21

18. Chahal, H.S.; Chapple, J.P.; Frohman, L.A.; Grossman, A.B.; Korbonits, M. Clinical, genetic and molecular characterization of
patients with familial isolated pituitary adenomas (FIPA). Trends Endocrinol. Metab. TEM 2010, 21, 419–427. [CrossRef]

19. Korbonits, M.; Storr, H.; Kumar, A.V. Familial pituitary adenomas—Who should be tested for AIP mutations? Clin. Endocrinol.
2012, 77, 351–356. [CrossRef] [PubMed]

20. Ciganoka, D.; Balcere, I.; Kapa, I.; Peculis, R.; Valtere, A.; Nikitina-Zake, L.; Klovins, J. Identification of somatostatin receptor type
5 gene polymorphisms associated with acromegaly. Eur. J. Endocrinol. 2011, 165, 517–525. [CrossRef] [PubMed]

21. Salehi, F.; Agur, A.; Scheithauer, B.W.; Kovacs, K.; Lloyd, R.V.; Cusimano, M. Ki-67 in pituitary neoplasms: A review–part I.
Neurosurgery 2009, 65, 429–437. [CrossRef]

22. Grimm, F.; Maurus, R.; Beschorner, R.; Naros, G.; Stanojevic, M.; Gugel, I.; Giese, S.; Bier, G.; Bender, B.; Honegger, J. Ki-67
labeling index and expression of p53 are non-predictive for invasiveness and tumor size in functional and nonfunctional pituitary
adenomas. Acta Neurochir. 2019, 161, 1149–1156. [CrossRef]

23. Trouillas, J.; Roy, P.; Sturm, N.; Dantony, E.; Cortet-Rudelli, C.; Viennet, G.; Bonneville, J.F.; Assaker, R.; Auger, C.; Brue, T. A new
prognostic clinicopathological classification of pituitary adenomas: A multicentric case-control study of 410 patients with 8 years
post-operative follow-up. Acta Neuropathol. 2013, 126, 123–135. [CrossRef] [PubMed]

24. Chatzellis, E.; Alexandraki, K.I.; Androulakis, I.I.; Kaltsas, G. Aggressive pituitary tumors. Neuroendocrinology 2015, 101, 87–104.
[CrossRef] [PubMed]

25. Petry, C.; Poli, J.H.Z.; de Azevedo Dossin, I.; Rech, C.G.S.L.; Pereira Lima, J.F.S.; Ferreira, N.P.; da Costa Oliveira, M. Evaluation of
the potential of the Ki67 index to predict tumor evolution in patients with pituitary adenoma. Int. J. Clin. Exp. Pathol. 2019, 12,
320–326. [PubMed]

26. Padrão, I.L. Pituitary Adenomas: A Clinical, Morphological and Morphometric Study: Searching for Prognostic Factors with
the Immunohistochemical Method. Ph.D Thesis, Universidade of Campinas, São Paulo, Brazil, 2007. Available online: http:
//repositorio.unicamp.br/jspui/handle/REPOSIP/311565 (accessed on 10 August 2016).

27. Magagna-Poveda, A.; Leske, H.; Schmid, C.; Bernays, R.; Rushing, E.J. Expression of somatostatin receptors, angiogenesis and
proliferation markers in pituitary adenomas: An immunohistochemical study with diagnostic and therapeutic implications. Swiss
Med. Wkly. 2013, 143, w13895. [CrossRef] [PubMed]

28. Madsen, H.; Borges, T.M.; Knox, A.J.; Michaelis, K.A.; Xu, M.; Lillehei, K.O.; Wierman, M.E.; Kleinschmidt-DeMasters, B.K. Giant
pituitary adenomas: Pathologic-radiographic correlations and lack of role for p53 and MIB-1 labeling. Am. J. Surg. Pathol. 2011,
35, 1204–1213. [CrossRef] [PubMed]

29. Sánchez-Tejada, L.; Sánchez-Ortiga, R.; Moreno-Pérez, O.; Montañana, C.F.; Niveiro, M.; Tritos, N.A.; Alfonso, A.M. Pituitary
tumor transforming gene and insulin-like growth factor 1 receptor expression and immunohistochemical measurement of Ki-67
as potential prognostic markers of pituitary tumors aggressiveness. Endocrinol. Nutr. 2003, 60, 358–367. [CrossRef] [PubMed]

30. Patel, Y.C. Somatostatin and its receptor family. Front. Neuroendocrinol. 1999, 20, 157–198. [CrossRef] [PubMed]
31. Neto, L.V.; Machado Ede, O.; Luque, R.M.; Taboada, G.F.; Marcondes, J.B.; Chimelli, L.M.; Gadelha, M.R. Expression analysis

of dopamine receptor subtypes in normal human pituitaries, nonfunctioning pituitary adenomas and somatotropinomas, and
the association between dopamine and somatostatin receptors with clinical response to octreotide-LAR in acromegaly. J. Clin.
Endocrinol. Metab. 2009, 94, 1931–1937. [CrossRef]

32. Wildemberg, L.E.; Vieira Neto, L.; Costa, D.F.; Nasciuti, L.E.; Takiya, C.M.; Alves, L.M.; Gadelha, M.R. Low somatostatin receptor
subtype 2, but not dopamine receptor subtype 2, expression predicts the lack of biochemical response of somatotropinomas to
treatment with somatostatin analogs. J. Endocrinol. Investig. 2013, 36, 38–43.

33. Wildemberg, L.E.; Vieira Neto, L.; Costa, D.F.; Nasciutti, L.E.; Takiya, C.M.; Alves, L.M.; Gadelha, M.R. Validation of immunohis-
tochemistry for somatostatin receptor subtype 2A in human somatotropinomas: Comparison between quantitative real time
RT-PCR and immunohistochemistry. J. Endocrinol. Investig. 2012, 35, 580–584.

34. Syro, L.V.; Sundsbak, J.L.; Scheithauer, B.W.; Toledo, R.A.; Camargo, M.; Heyer, C.M.; Sekiya, T.; Uribe, H.; Escobar, J.I.;
Vasquez, M.; et al. Somatotroph pituitary adenoma with acromegaly and autosomal dominant polycystic kidney disease: SSTR5
polymorphism and PKD1 mutation. Pituitary 2012, 15, 342–349. [CrossRef] [PubMed]

35. Peculis, R.; Balcere, I.; Rovite, V.; Megnis, K.; Valtere, A.; Stukens, J.; Arnicane, L.; Nikitina-Zake, L.; Lejnieks, A.; Pirags, V.; et al.
Polymorphisms in MEN1 and DRD2 genes are associated with the occurrence and characteristics of pituitary adenomas. Eur. J.
Endocrinol. 2016, 175, 145–153. [CrossRef]

36. Pisarek, H.; Pawlikowski, M.; Kunert-Radek, J.; Radek, M. Expression of somatostatin rece-ptor subtypes in human pituitary
adenomas-immunohistochemical studies. Endokrynol. Pol. 2009, 60, 240–251.

37. Taboada, G.F.; Luque, R.M.; Bastos, W.; Guimaraes, R.F.; Marcondes, J.B.; Chimelli, L.M.; Gadelha, M.R. Quantitative analysis of
somatostatin receptor subtype (SSTR1-5) gene expression levels in somatotrophinomas and non-functioning pituitary adenomas.
Eur. J. Endocrinol. 2007, 156, 65–74. [CrossRef] [PubMed]

38. Horiguchi, K.; Yamada, M.; Umezawa, R.; Satoh, T.; Hashimoto, K.; Tosaka, M.; Yamada, S.; Mori, M. Somatostatin receptor
subtypes mRNA in TSH-secreting pituitary adenomas: A case showing a dramatic reduction in tumor size during short octreotide
treatment. Endocr J. 2007, 54, 371–378. [CrossRef]

39. Hassaneen, W.; Cahill, D.P.; Fuller, G.N.; Levine, N.B. Immunohistochemical detection of somatostatin receptor subtype 5 (SSTR-5)
in cushing adenoma. J. Neurooncol. 2010, 98, 151–152. [CrossRef]

https://doi.org/10.1016/j.tem.2010.02.007
https://doi.org/10.1111/j.1365-2265.2012.04445.x
https://www.ncbi.nlm.nih.gov/pubmed/22612670
https://doi.org/10.1530/EJE-11-0416
https://www.ncbi.nlm.nih.gov/pubmed/21810856
https://doi.org/10.1227/01.NEU.0000349930.66434.82
https://doi.org/10.1007/s00701-019-03879-4
https://doi.org/10.1007/s00401-013-1084-y
https://www.ncbi.nlm.nih.gov/pubmed/23400299
https://doi.org/10.1159/000371806
https://www.ncbi.nlm.nih.gov/pubmed/25571935
https://www.ncbi.nlm.nih.gov/pubmed/31933748
http://repositorio.unicamp.br/jspui/handle/REPOSIP/311565
http://repositorio.unicamp.br/jspui/handle/REPOSIP/311565
https://doi.org/10.4414/smw.2013.13895
https://www.ncbi.nlm.nih.gov/pubmed/24222652
https://doi.org/10.1097/PAS.0b013e31821e8c96
https://www.ncbi.nlm.nih.gov/pubmed/21753697
https://doi.org/10.1016/j.endonu.2012.09.005
https://www.ncbi.nlm.nih.gov/pubmed/23416216
https://doi.org/10.1006/frne.1999.0183
https://www.ncbi.nlm.nih.gov/pubmed/10433861
https://doi.org/10.1210/jc.2008-1826
https://doi.org/10.1007/s11102-011-0325-0
https://www.ncbi.nlm.nih.gov/pubmed/21744088
https://doi.org/10.1530/EJE-15-0879
https://doi.org/10.1530/eje.1.02313
https://www.ncbi.nlm.nih.gov/pubmed/17218727
https://doi.org/10.1507/endocrj.K06-177
https://doi.org/10.1007/s11060-009-0048-5


Medicina 2024, 60, 1252 21 of 21

40. Tateno, T.; Kato, M.; Tani, Y.; Oyama, K.; Yamada, S.; Hirata, Y. Differential expression of somatostatin and dopamine receptor
subtype genes in adrenocorticotropin (ACTH)-secreting pituitary tumors and silent corticotroph adenomas. Endocr. J. 2009, 56,
579–584. [CrossRef] [PubMed]

41. Tahir, A.; Chahal, H.S.; Korbonits, M. Chapter 10—Molecular Genetics of the Aip Gene in Familial Pituitary Tumorigenesis. In
Progress in Brain Research; Elsevier: Amsterdam, The Netherlands, 2010; Volume 182.

42. Vierimaa, O.; Georgitsi, M.; Lehtonen, R.; Vahteristo, P.; Kokko, A.; Raitila, A.; Tuppurainen, K.; Ebeling, T.M.; Salmela, P.I.;
Paschke, R.; et al. Pituitary adenoma predisposition caused by germline mutations in the AIP gene. Science 2006, 312, 1228–1230.
[CrossRef]

43. (Beckers, A.; Aaltonen, L.A.; Daly, A.F.; Karhu, A. Familial isolated pituitary adenomas (FIPA) and the pituitary adenoma
predSchmidisposition due to mutations in the aryl hydrocarbon receptor interacting protein (AIP) gene. Endocr. Rev. 2013, 34,
239–277. [CrossRef]

44. Cazabat, L.; Bouligand, J.; Salenave, S.; Bernier, M.; Gaillard, S.; Parker, F.; Young, J.; Guiochon-Mantel, A.; Chanson, P. Germline
AIP mutations in apparently sporadic pituitary adenomas: Prevalence in a prospective single-center cohort of 443 patients. J. Clin.
Endocrinol. Metab. 2012, 97, E663–E670. [CrossRef]

45. Georgitsi, M.; Heliovaara, E.; Paschke, R.; Kumar, A.V.; Tischkowitz, M.; Vierimaa, O.; Salmela, P.; Sane, T.; De Menis, E.; Cannavo,
S.; et al. Large genomic deletions in AIP in pituitary adenoma predisposition. J. Clin. Endocrinol. Metab. 2008, 93, 4146–4151.
[CrossRef] [PubMed]

46. Leontiou, C.A.; Gueorguiev, M.; van der Spuy, J.; Quinton, R.; Lolli, F.; Hassan, S.; Chahal, H.S.; Igreja, S.C.; Jordan, S.; Rowe, J.;
et al. The role of the aryl hydrocarbon receptor-interacting protein gene in familial and sporadic pituitary adenomas. J. Clin.
Endocrinol. Metab. 2008, 93, 2390–2401. [CrossRef] [PubMed]

47. Tichomirowa, M.A.; Barlier, A.; Daly, A.F.; Jaffrain-Rea, M.L.; Ronchi, C.; Yaneva, M.; Urban, J.D.; Petrossians, P.; Elenkova, A.;
Tabarin, A.; et al. High prevalence of AIP gene mutations following focused screening in young patients with sporadic pituitary
macroadenomas. Eur. J. Endocrinol. 2011, 165, 509–515. [CrossRef] [PubMed]

48. Cuny, T.; Pertuit, M.; Sahnoun-Fathallah, M.; Daly, A.; Occhi, G.; Odou, M.F.; Tabarin, A.; Nunes, M.L.; Delemer, B.; Rohmer,
V.; et al. Genetic analysis in young patients with sporadic pituitary macroadenomas: Besides AIP don’t forget MEN1 genetic
analysis. Eur. J. Endocrinol. 2013, 168, 533–541. [CrossRef] [PubMed]

49. Zhou, Y.; Zhang, X.; Klibanski, A. Genetic and epigenetic mutations of tumor suppressive genes in sporadic pituitary adenoma.
Mol. Cell. Endocrinol. 2014, 386, 16–33. [CrossRef] [PubMed]

50. Trivellin, G.; Korbonits, M. AIP and its interacting partners. J. Endocrinol. 2011, 210, 137–155. [CrossRef] [PubMed]
51. Buchbinder, S.; Bierhaus, A.; Zorn, M.; Nawroth, P.P.; Humpert, P.; Schilling, T. Aryl hydrocarbon receptor interacting protein

gene (AIP) mutations are rare in patients with hormone secreting or non-secreting pituitary adenomas. Exp. Clin. Endocrinol.
Diabetes 2008, 116, 625–628. [CrossRef]

52. Barlier, A.; Vanbellinghen, J.F.; Daly, A.F.; Silvy, M.; Jaffrain-Rea, M.L.; Trouillas, J.; Tamagno, G.; Cazabat, L.; Bours, V.; Brue, T.;
et al. Mutations in the aryl hydrocarbon receptor interacting protein gene are not highly prevalent among subjects with sporadic
pituitary adenomas. J. Clin. Endocrinol. Metab. 2007, 92, 1952–1955. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1507/endocrj.K08E-186
https://www.ncbi.nlm.nih.gov/pubmed/19318729
https://doi.org/10.1126/science.1126100
https://doi.org/10.1210/er.2012-1013
https://doi.org/10.1210/jc.2011-2291
https://doi.org/10.1210/jc.2008-1003
https://www.ncbi.nlm.nih.gov/pubmed/18628514
https://doi.org/10.1210/jc.2007-2611
https://www.ncbi.nlm.nih.gov/pubmed/18381572
https://doi.org/10.1530/EJE-11-0304
https://www.ncbi.nlm.nih.gov/pubmed/21753072
https://doi.org/10.1530/EJE-12-0763
https://www.ncbi.nlm.nih.gov/pubmed/23321498
https://doi.org/10.1016/j.mce.2013.09.006
https://www.ncbi.nlm.nih.gov/pubmed/24035864
https://doi.org/10.1530/JOE-11-0054
https://www.ncbi.nlm.nih.gov/pubmed/21454441
https://doi.org/10.1055/s-2008-1065366
https://doi.org/10.1210/jc.2006-2702

	Introduction 
	Materials and Methods 
	DNA Extraction and Genotyping 
	Serum Levels’ Measurement 
	Ki-67 
	Study Group 
	Statistical Analysis 
	Strengths and Limitations of the Study 

	Results 
	Discussion 
	Conclusions 
	References

