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What are the types of pituitary stem cells (PSS)? The pea-sized 
pituitary gland located at the sella turcica is made up of two main 
structures: anterior pituitary (adenohypophysis) and posterior 
pituitary (neurohypophysis) [1]. Adenohypophysis encompasses 
the stem cell candidates of the gland, which are: folliculostellate 
cells, follicular cells, marginal zone cells, side population cells, pi-
tuitary colony-forming cells, sex-determining region Y (SRY) box 
2+ (SOX2+) cells, and glial cell line-derived neurotrophic factor 
family receptor alpha 2/Prophet of POU domain class 1 transcrip-
tion factor/Stem cells (GFRa2/Prop1/SCs) [2]. There is compelling 
evidence on behalf of all of these cell groups being the stem cells 
(SCs) of the pituitary, but the findings are still controversial, and 
more research is needed.

Expectations: Treatments involving SCs show promising re-
sults. The SC research concerning the pituitary gland is a new de-
velopment in this area are incredible and worth digging deeper 
into since pituitary pathologies affect a large portion of the popu-
lation.

Where are PSS located? Pathological clues on the diseases 
are obtained by different expressions of pituitary stem cell (PSC) 
markers. These are primarily located at the lumen of the adenohy-
pophyseal primordium Rathke’s pouch and anterior pituitary pa-
renchyma, which is suggestive of the presence of multiple niches. 
The most widely investigated markers are SOX2, Neuroepithelial 
stem cell protein (Nestin), stem cell antigen 1 (Sca-1), E-cadherin, 
S100, Prop1, Octamer-binding transcription factor 4 (Oct4), Bmi1, 
CD133, Beta-catenin, Paired Box Protein 6 (Pax6), Notch2, Notch3, 
POU domain, class 1 transcription factor 1 (Pit1), p57, T box tran-
scription factor (TpiT), and Aryl Hydrocarbon Receptor Interacting 
Protein (AIP). Each of them is expressed in different physiological 
and pathological conditions, such as embryonal development, cell 
differentiation, migration, renewal, and tumorigenesis [3,4].

In which processes do PSSs take place? The plasticity of the pi-
tuitary gland due to the PSCs has a crucial role in the gland’s adap-
tation process for the requirements of the human body in different 
periods during life. Hypothalamo-pituitary axis responds to the de-
mands during the neonatal period, puberty, adulthood, and other 
physiological and pathological processes like lactation, stress, or 
trauma [5].

Their Roles in neoplastic and non-neoplastic processes? Regard-
less of the subject, SC research promises many crucial opportuni-
ties in medicine. Pituitary-related disorders are interpreted in two 
different groups; Pituitary tumors and pituitary disorders related 
to hormonal imbalances. The established factors regarding genetic 
hypopituitarism are homeobox expressed in ES cells 1 (HESX1), 
bicoid homeodomain factors (PITX1 and PITX2), LIM homeobox 3 
(LHX3), LIM homeobox 4 (LHX4), SOX2 and Pit1 mutation [6].

Molecular network of PSS: The activation of SCs might be cru-
cial for the development and proliferation of tumors. There is a 
widespread opinion that tumor SCs and SCs are related, although 
the findings are not conclusive yet [6,7]. The Wingless-related in-
tegration site (WNT) signaling promotes the proliferation process 
of cells, which is regulated by SOX2+ cells [8,9].  SOX2+ cells be-
come activated as the tumor develops. However, it is still unknown 
whether SCs are the cause of tumors or whether their activation is 
a response to carcinogenesis [6]. The activation of the senescence-
associated pathway (SASP) after mutant cells enter senescence, 
which results in the production of mitogens, cytokines, and che-
mokines, is one of the mechanisms implicated in tumor formation, 
according to recent articles [10]. Mouse model research is used to 
support the influence of SASP activation. Tumor formation has not 
been seen in mice with low SASP responses [11]. The Hippo signal-
ing pathway is a key participant in carcinogenesis. Yes-associated 
protein (YAP) and transcriptional coactivator with PDZ-binding 
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motif (TAZ) were negatively affected by this tumor suppressor 
Hippo pathway. These essential effectors inhibit apoptosis and 
encourage proliferation [10]. It has been noted that YAP/TAZ is 
expressed more prominently in poorly differentiated pituitary 
tumors, such as null-cell adenomas, adamantinomatous cranio-
pharyngiomas (ACPs), and papillary craniopharyngiomas (PCPs). 
These effectors, in contrast, are either not expressed at all or are 
just weakly expressed in different adenomas. Therefore, using this 
route as a target for cancer treatment needs to be evaluated [12]. 
As was already mentioned, kinases are crucial in the development 
of pathologies. In one study, one of the basic kinases, Large tumor 
suppressor kinase 1 (LATS1), was removed, and pituitary abnor-
malities, such as pituitary hyperplasia and hormone insufficiency, 
were seen as another significant illustration of the significance of 
kinases [13].

Recent advancement in PSS research: The clustered regularly 
interspaced short palindromic repeats/CRISPR-associated protein 
9 (CRISPR/Cas9) genome editing method and organoid formation 
are the two key tools for understanding PSC biology. The ethical 
aspect of collecting the material from fetuses has been a contro-
versial matter [14]. Organoids are three-dimension entities that 
are produced from the SC of tissue under specific circumstances. 
The primary issue with organoids is the inability to produce cer-
tain hormones, even though this exciting technology promises a lot 
of development [15,16]. Human-induced pluripotent cells are used 
to create a working hypothalamus-pituitary axis that appears to be 
quite similar to the one in humans [17]. The CRISPR/Cas9 genome 
editing approach appears to be the current best way. This method 
gives us a great chance to identify the genes responsible for dis-
eases, which may lead to the discovery of new treatment modali-
ties. It has previously been indicated that improvements in several 
hormone deficits were observed following CRISPR/Cas9 gene reg-
ulation on the orthodenticle homeobox 2 (OTX2) gene, which is a 
gene responsible for congenital pituitary hypoplasia [18].

Conclusion: It is significant to note that with the advancements 
in pituitary stem cell research, transplanting stem cells and being 
able to cure numerous pituitary pathologies may be possible in the 
future.
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