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Abstract

Pituitary cell plasticity has emerged as a critical concept in 
understanding the adaptability of endocrine function. Historically 
constrained by technical and conceptual limitations, early 
studies laid the foundation for identifying multipotential and 
multihormonal cell populations within the pituitary gland. These 
discoveries challenged the classical model of fixed, hormone-
specific cell types, revealing a more dynamic and responsive 
cellular architecture. Recent advances across molecular, cellular, 
and physiological research continue to uncover the mechanisms 
that govern this plasticity. This review synthesizes decades 
of research, highlighting innovative methodologies that have 
revealed the remarkable flexibility of pituitary cells and providing 
a comprehensive overview of how this plasticity underpins the 
gland’s ability to respond to physiological stress and maintain 
endocrine homeostasis.
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Short review

The pituitary gland, despite its small size, plays a central role 
in coordinating complex physiological and behavioral responses 
by precisely regulating the production and release of diverse 
peptide hormones. To meet the high hormonal demands with a 
limited number of cells, the pituitary relies on remarkable cel-
lular plasticity flexibly reallocating cellular resources to support 
specific functions as needed. Over recent decades, a wave of in-
novative tools and methods from early microscopy to advanced 
genetic models and computational techniques has driven our 
understanding of this plasticity. This review highlights key dis-
coveries enabled by these technologies, particularly those 
made through our own research efforts, illustrating how tech-
nological progress has directly shaped current insights into pi-
tuitary adaptability.

Advances in multiplexing and imaging technologies have rev-
olutionized the understanding of pituitary cell plasticity by en-
abling simultaneous detection of multiple proteins and mRNAs 
within single cells. These breakthroughs revealed the existence 
of multipotential and multihormonal cells—challenging the 
long-held belief that each pituitary hormone is produced by 
a distinct, dedicated cell type. Early methods such as biotin-
streptavidin staining, in situ hybridization, and immunogold 
electron microscopy uncovered adult pituitary cells expressing 
markers of multiple lineages. Calcium signaling studies further 
supported the presence of functionally flexible cells capable of 
responding to stimuli from other hormone-producing lineages. 
These discoveries introduced a new paradigm of pituitary or-
ganization, though questions remain about the origin of these 
cells whether from immature progenitors or through trans-
differentiation of mature cells. Developmental models based 
on differential expression of transcription factors like Pou1f1 
and Gata2 had initially suggested rigid lineage separation, but 
emerging evidence points to a more dynamic and adaptable 
system of cell fate regulation.
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Continued research has revealed that pituitary plasticity in-
volves coordinated responses from the entire cell population, 
including multipotential and multihormonal subtypes, to meet 
the demands of complex hormonal stimuli. Studies have shown 
that somatotropes, typically associated with Growth Hormone 
(GH) production, can also express Gonadotropin Releasing Hor-
mone Receptors (GnRHR) and respond to GnRH by producing 
gonadotropins like LH and FSH, alongside traditional gonado-
tropes. This shared functionality supports elevated hormone 
output during reproductive cycles. Similarly, multihormonal 
cells have been implicated in the production of both ACTH and 
TSH during cold stress, with “thyrocorticotropes” responding 
to AVP, TRH, and CRH. These findings highlight the importance 
of versatile, multiresponsive cells in amplifying and fine-tuning 
the pituitary’s hormonal response to diverse physiological chal-
lenges.

Identifying the mechanisms underlying pituitary functional 
plasticity has been greatly advanced by techniques that isolate 
specific cell subpopulations. Early methods like counterflow 
elutriation provided partially purified cell types, while modern 
approaches using fluorescent reporter genes and FACS now en-
able near-pure isolation of live, cell-type-specific populations. 
Genetic lineage-tracing models have also uncovered adult 
Sox2-expressing stem cells capable of generating all hormone-
producing cell types, although their role in routine homeostasis 
versus stress responses remains under investigation. In paral-
lel, innovations in live-cell imaging, electrophysiology, and com-
putational analysis have revealed dynamic changes in pituitary 
cell morphology and networking, supporting functional adapt-
ability. Teleost transgenic models and emerging human organ-
oid systems, derived from iPSCs, further enable exploration of 
pituitary plasticity mechanisms across both physiological and 
pathological contexts.

Transgenic animal models have been instrumental in un-
covering the mechanisms that mediate pituitary cell plasticity. 
By employing cell type-specific genetic manipulations, such as 
pituitary-targeted leptin receptor knockouts, researchers have 
identified how systemic energy status, signaled via leptin, di-
rectly influences pituitary function. These studies revealed that 
leptin signaling enhances the capacity of somatotrophs and 
gonadotropes to synthesize and secrete their respective hor-
mones. Notably, loss of leptin signaling leads to reduced growth 
hormone gene (Gh) expression, highlighting a direct link be-
tween metabolic cues and the regulatory pathways that drive 
pituitary hormone production and cellular adaptability.

Gene expression analysis has revealed key post-transcrip-
tional mechanisms underlying pituitary cell plasticity. In some 
cases, such as leptin-induced increases in GnRHR protein with-
out corresponding rises in Gnrhr mRNA, regulation occurs be-
yond transcription. Recent findings show that the RNA-binding 
protein Musashi1 suppresses Gnrhr mRNA translation, while 
leptin signaling relieves this suppression. Conversely, ELAVL1 
enhances Gnrhr mRNA stability, suggesting a coordinated role 
for RNA-binding proteins in modulating gonadotrope function. 
Single-cell transcriptomics has further uncovered extensive 
variability and multihormonal gene expression across adult pi-
tuitary cells, supporting a high degree of functional flexibility. 
These insights continue to refine the emerging model of pitu-
itary cell plasticity in response to physiological stress.


