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Introduction
Pituitary adenomas (PAs) are benign brain tumors occurring 

in approximately 20% of human population [1]. They are com-
monly classified on the basis of their clinical presentation into 
hormonally active tumors with hypersecretion of certain hor-
mones, (that represent about 70% of PAs) and hormonally inac-
tive adenomas (nonfunctioning PAs, NFPAs), (about 30% of PAs). 
The functioning pituitary adenomas are characterized by the 
specific endocrinological syndromes according to hormonal hy-
persecretion including acromegaly and Cushing’s disease in case 
of somatotropin and adrenocorticotropic hormone hypersecre-
tion, respectively. The majority of functionally active Pas-50% 
are prolactinomas (PRL-omas), somatotroph adenomas (GH-
omas) represent about 15% and corticotroph adenomas (ACTH-
omas) about 5%. Tyrotroph adenomas (TSH-omas) are less than 
1% of all diagnosed PAs [1]. In contrast to the hormonally active 
adenomas, NFPAs are diagnosed mainly after the occurrence of 
neurological symptoms being a consequence of tumor growth 
and pressure on adjacent structures (mass effects) [2].

Despite the fact that PAs are considered benign neoplasms, 
part of tumors exhibit aggressive, invasive and recurrent growth. 
Some patients are diagnosed relatively late (especially those 
with NFPAs) with so-called macroadenomas, which is often as 

 
sociated with a lack of possibility of complete resection of the 
tumor and a higher risk of recurrence [2]. Certain PAs occur 
as manifestation of rare familial syndromes that are partially 
caused by germ-line mutations. This include multiple endocrine 
neoplasia type I (mutations in MN1), multiple endocrine neo-
plasia type 4 (mutations in genes encoding CDK inhibitors) Car-
ney syndrome (PRKAR1A and PRKACB mutations) and familial 
isolated pituitary adenoma (AIP mutations). However, the vast 
majority of PAs are of the sporadic nature. The molecular basis 
of the pathogenesis of sporadic PAs still remains elusive. How-
ever, nowadays it seems that the role of genomic mutations was 
somewhat resolved. 

Discussion
Some of the patients with sporadic PAs, without a familial 

history of disease, harbor germ-line mutations that predispose 
to familial pituitary tumors: AIP and MEN1 [3]. These patient 
represent <4%of sporadic PAs only and it’s believed that most of 
molecular changes that result in sporadic pituitary tumor devel-
opment are somatic and appear in tumor/tumor initiating cells. 
Somatic mutations of MEN1 were also rarely observed in spo-
radic PAs, but no somatic variations were observed in AIP gene 
[4-6].
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The incidence of somatic mutations in various known tu-
mor-related genes in pituitary tumors was a matter of research 
through the years. Disappointingly, most of studies revealed the 
lack of genomic lesions or incidence of the mutations in very 
small proportion of PA patients. No mutations were found in 
TP53 [7] or CDKN1A (p21), CDKN1B (p27) - tumor suppressors 
involved in cell cycle regulation [8]. Lack of somatic mutations 
was also observed in genes of WNT pathway including APC, CT-
NNB1 and GSK3B [9-11]. BRAF mutation at V600, commonly ob-
served in various cancers, was found only in 1 patient among the 
three studies [12-14]. None or single mutation only were found 
in studies focused on RAS genes [15-17]. Sporadic PAs appeared 
also to be negative for microsatellite instability that is a putative 
marker of aberrations in genes encoding proteins involved in 
DNA mismatch repair [18].

The best known recurrent somatic mutations in PAs are mis-
sense variant in GNAS gene. They are observed mainly in GH-se-
creting adenomas (about 40% of patients), but also in very few 
PAs of other types [19,20]. GNAS encode stimulatory G-protein 
alpha subunit (Gs-α), which is the stimulatory/regulatory pro-
tein of adenylyl cyclase. cAMP is a key component of many signal 
transduction pathways including release of hypothalamic growth 
hormone and control of cell proliferation. GNAS mutations occur 
in two hot-spot positions R201 and H207s and they both reduce 
GTPase activity, lead to constitutive activation of the Gs protein 
and increased activity of adenylyl cyclase and elevated cAMP 
level. Some GH-secreting adenomas (11/241) revealed also mu-
tations in GPR101 at p.E308D position [21]. This gene encodes 
a G-coupled receptor and the mutation results in activation of 
cAMP pathway, increase proliferation and growth hormone re-
lease, as shown in vitro in rat pituitary cell line.

Recurrent mutations in exons 9 and 20 of PIK3CA were 
found in about 9% of PAs, but only those characterized by inva-
sive growth [17]. Similar frequency of these mutations was ob-
served in the second smaller study but mutation was also found 
in one noninvasive tumor [22]. For years technologies available 
for DNA sequence analysis allowed for screening of the limited 
number of a priori selected genomic regions, covered by PCR am-
plicons. This has been changed along with development of mas-
sive parallel sequencing technologies, so-called next generation 
sequencing (NGS). It opened new possibilities for the genomic 
profiling and for the simultaneous mutational screening of large 
panels of cancer-related genes, whole exomes or whole genomes 
in DNA isolated from tumor samples [23].

This allowed for a comprehensive analysis of the genomic 
mutations in different tumors. In consequence, this resulted in 
molecular sub classification of the histopathologically uniform 
entities and identification of somatic mutations in genes that 
were not subjected to mutational analysis before. Discovery of 
IDH1 mutations in gliomas is probably the most prominent ex-
ample in brain tumors [24].

The first report from genome-wide mutational screening in 
Pas was published in 2013 [25]. In this study exome sequencing 

was applied for the analysis of 7 NFPA samples. As the result 28 
mutations were identified that represent relatively low number 
of about 3,5 somatic variants per sample. Based on bioinformat-
ics-based assessment of functional significance mutations in 
PDGF, ZAK and NDRG4 were considered possible tumor drivers. 
Nevertheless, validations of incidence of these changes in valida-
tion set of NFPA samples showed that none of these mutations 
was recurrent [25].

Two years later a comprehensive analysis of GH-omas was 
published that utilized whole-genome sequencing and analysis 
of copy number alteration in 12 patients [26]. Similarly to the 
results from NFPA analysis, low mutation rate per sample was 
observed that is basically in line with benign nature of PAs: low 
proliferation index and slow tumor growth and recurrence rate. 

The study confirmed the incidence of recurrent GNAs mu-
tations but did not reveal any additional possible driver genes. 
Interestingly, the list of mutations was enriched in those involved 
in Ca+ and ATP signaling pathways [26]. Similarly, the other 
study on somatic mutations in GH-omas that utilized exome 
sequencing in 36 PA samples did not reveal any recurrent mu-
tations with exception of known GNAS alterations. In this study 
part of non-recurrent mutations was found in genes involved in 
CA+/cAMP signaling [27].

NGS was applied for genomic analysis in two independent 
studies focused on ACTH secreting PAs that were both reported 
in 2015. These studies included 10 and 12 matched tumor/blood 
samples, respectively, that were subjected to exome sequencing. 
Similarly to previously reported results from NFPAs and GH-
omas, low numbers of point mutations were identified of medi-
an 7 and 5 mutations per sample, respectively. Otherwise than 
previously, recurrent mutations in USP8 gene were discovered in 
notable proportion of patients, 4/10 and 8/12 samples, respec-
tively in each of the analyses [28,29].

USP8 encodes ubiquitin specific peptidase 8 that removes 
ubiquitin molecules from target proteins and take a part in pro-
tein trafficking and degradation process [30]. Activity of this en-
zyme is regulated by 14-3-3 proteins, that bind and inactivate 
USP8 when phosphorylated. Dissociation of 14-3-3 sigma upon 
USP8 dephosphorylation lead to activation of ubiquitine prote-
ase domain [31]. Importantly, known oncogenes’ products such 
as EGFR or HER2 are USP8 target proteins [31,32]. All USP8 
mutation were found in exon 14 that encodes conserved 14-3-
3 binding domain. The mutations impair the regulation of USP8 
and result in sustained activation of EGFR by disrupting natural 
receptor turnover and its degradation in lysosome [28,29,32]. 
Because EGFR pathway takes part in POMC gene activation, 
hyperactivity of the receptor results in increased secretion of 
ACTH, as proved in experimental conditions [28,29,33].

Further studies on larger patient cohorts confirmed the high 
prevalence of USP8 hot-spot mutations among patients with 
Cushig’s disease, however difference in mutation frequency was 
reported between European/American, Japanese and Chinese 
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population (36%, 35% and 62%, respectively) [28,29,34]. Muta-
tions were found solely in ACTH secreting tumors and not in any 
of other PA subtypes including NFPAs with ACTH immunoreac-
tivity (silent ACTH-omas) [29].

Recently, the largest comprehensive study was published 
that involved exome sequencing of matched tumor/blood sam-
ples from each of 6 subtypes of PAs (20 samples per each of PA 
subtype) [35]. Accordingly to the previous reports the mean 3.3 
mutations per sample was reported. The study revealed recur-
rent mutations in GNAS and USP8 as expected, but also a few ad-
ditional infrequent recurrent mutations. These include somatic 
variation in MEN1 in two patients and alterations inNR3C1 in 
two ACTH-omas. NR3C1 encodes glucocorticoid receptor and 
its mutation was also reported in previous genome-wide exome 
profiling in Cushing’s disease by Ma et al. [28]. It seems that it 
represents a rare recurrent mutations in ACTH-omas that is mu-
tually exclusive with changes of USP8. Recurrent mutations were 
also found in few other genes: KIF5A, GRB10, TRIP12, SP100, 
IARS, each of them being mutated in two PA patients [35].

Generally, some clinical associations of the known recurrent 
mutations were described. GNAS alteration were found signifi-
cantly less frequent in invasive GH-omas, associated with lower 
basal GH level, smaller tumor size and better response to soma-
tostatin analogs (SSAs), but the results of particular studies are 
not fully coherent [36]. USP8 mutations were observed more 
frequently in adults as compared with pediatric patients, mainly 
in women, more frequently in Crooke’s cell adenomas and gen-
erally smaller tumors.

Interestingly, sequencing data showed that particular vari-
ants appear with diverse allelic frequencies and some of muta-
tions clearly represent the subclones of tumor cells [26]. This 
suggests that the accepted monoclonal nature of PAs is slightly 
more complicated.

Clinical implications of the above mutational analysis are 
limited at the moment. As USP8 mutations results in hyper acti-
vation of EGFR it could be expected that anti-EGFR treatment is 
rational and could be beneficial in this group of patients. Effec-
tiveness of EGFR inhibitor was already confirmed in animal mod-
el of ACTH secreting PA [37]. In turn, in GH-omas characterized 
by mutations in genes involved in Ca+ and cAMP signaling, treat-
ment targeting these pathways could be efficient [38]. The role 
of GNAS mutations in response to SSAs still need to be verified. 
Generally, it appears that beside USP8 and GNAS mutations a va-
riety of infrequent point mutations occur in PAs. Even if the par-
ticular genes encode druggable proteins the very low frequency 
of mutation indicate their low usefulness as rational drug target. 

Although the reported highly valuable whole-genome anal-
yses generally organize our knowledge on the role of somatic 
mutations in PAs they also have some limitations. Most of the 
analyses were based on exome sequencing that clearly skip all 
the non-coding regions that also may have a role in pathogen-
esis [39].The number of patients enrolled for high-throughput 

genomic analyses were relatively low, what limits the chance of 
discovery of infrequent recurrent mutations, as clearly stated by 
Zhi-Jian Song et al. in conclusions of their report [35]. Probably 
for this reason any previously reported PIK3CA and GPR101 
mutations were found in the published genome-wide analysis. 
We could expect that new genomic sequencing results for larger 
or selected patients’ groups (like patients with poor prognosis, 
based on radiographic/histopathological examination) would 
slightly change our view of the landscape of somatic mutations 
in pituitary adenomas. Probably the other molecular aberrations 
including abnormal miRNA expression or changes of epigenetic 
modifications’ pattern play a role in pathogenesis of pituitary 
tumors.

Conclusion
The genome-wide mutational analysis confirmed very low 

incidence of mutations in tumor-related genes that was reported 
through the years. Somatic point mutations seem not be basi-
cally relevant for pathogenesis of PAs, with two important ex-
ceptions: recurrent mutations of GNAS in GH-omas and USP8 in 
ACTH-omas.
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