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Learning objectives

• Explain GH–IGF-1 physiology and GNAS-associated signaling.

• Identify densely and sparsely granulated somatotroph tumors.

• Distinguish mammosomatotroph from mixed GH/PRL tumors.

• Relate gigantism and acromegaly to skeletal maturity.

• Integrate biochemical diagnosis, management, and tumor subtype.



A functioning pituitary neuroendocrine tumor

Cell of origin

Anterior pituitary somatotroph lineage.

Secretory output

Growth hormone (GH) excess; Downstream 
IGF-1 elevation.

Clinical syndromes

Gigantism before growth plate closure; 
Acromegaly after closure.

Diagnostic dimension

Pathology identifies differentiation and 
granulation pattern.



Three complementary levels of diagnosis

Clinical effects and histopathology answer different questions.

Endocrine activity

GH/IGF-1 phenotype

Somatic growth effects

Gigantism or acromegaly

Pituitary tumor subtype

Hormone/lineage IHC



Normal anterior pituitary cell populations

Cell type Hormone Relevance to this lecture

Somatotroph GH Primary neoplastic lineage

Mammosomatotroph GH + PRL Dual-hormone cells

Lactotroph PRL Important mixed-tumor differential

Corticotroph ACTH Different endocrine syndrome

Thyrotroph / gonadotroph TSH / FSH + LH Other pituitary lineages



Normal endocrine organization

Pituitary hormones act within an integrated hypothalamic–endocrine axis.

Hypothalamic 
signal

Anterior pituitary 
somatotroph

Growth hormone Hepatic IGF-1



Hypothalamus and pituitary communication

• The anterior pituitary is regulated by hypothalamic factors.

• Hypothalamic signals reach the gland through the portal venous plexus.

• Somatostatin is inhibitory to pituitary GH secretion.

• A GH-producing PitNET can generate autonomous hormone excess.



Functional effects and local effects

One tumor may produce endocrine symptoms and mass effects.

Somatotroph PitNET

Endocrine excess

GH/IGF-1 promotes characteristic tissue 
overgrowth and systemic abnormalities.

Tumor expansion

Sellar/suprasellar growth may produce 
visual symptoms, headache, or pituitary 

deficiency.

Neither tumor size nor histologic subtype alone defines the endocrine syndrome.



Why detection can be delayed

Second most common

Somatotroph tumors are the second most 
common functioning PitNET type.

Subtle early phenotype

Somatic changes may be gradual rather than 
dramatic.

Prolonged evolution

Recognizable acromegalic features can 
accumulate over years.

Substantial size

Some tumors are large when ultimately 
detected.



Gs-mediated signaling in pituitary cells

The GNAS locus encodes the stimulatory G-protein α-subunit.

Ligand–receptor 
interaction

Gαs activation Adenylyl cyclase
CAMP-dependent 

responses



G-protein activation is a nucleotide switch

GDP-bound Gαs (off)

Basal state

GTP-bound Gαs (on)

After receptor activation

Downstream signaling

Increased intracellular cAMP



Why cAMP matters for tumorigenesis

CAMP as a mitogenic second messenger in endocrine cells.

Activated Gαs CAMP generation Mitogenic signaling Cell proliferation



Normal Gαs signaling is self-limited

Gαs bound to GTP
Intrinsic GTPase 

activity
GTP hydrolysis to 

GDP
Signal termination



Activating GNAS mutations disrupt signal termination

GNAS activation
Impaired GTPase 

shutoff
Persistent Gαs 

activation
Continued cAMP 

signaling

Mechanistic model: Sustained signaling promotes somatotroph proliferation.



GNAS: A characteristic somatic driver

Frequency in source

Somatic GNAS mutations in approximately 
40% of somatotroph tumors.

Molecular effect

Loss of efficient GTP hydrolysis produces 
persistent Gαs activity.

Growth consequence

Persistent cAMP-related mitogenic activity 
promotes cell proliferation.

Important distinction

Not every somatotroph PitNET has a GNAS 
alteration.



Selected inherited predisposition genes

Gene Robbins context Characteristic link

AIP Germline loss of function Somatotroph/lactotroph tumors; younger patients

MEN1 Germline loss of function Multigland endocrine tumor syndrome

PRKAR1A Germline loss of function Carney complex; cAMP/PKA regulation

CDKN1B Germline loss of function MEN1-like pituitary predisposition



Somatic mutations are not inherited syndromes

• Somatic GNAS alterations arise within the neoplastic cell population.

• A germline predisposition variant is present constitutionally.

• A minority of pituitary tumors with inherited syndromes.

• Molecular categories should not be interchanged in counseling or reporting.



Sellar anatomy determines local effects

Sella turcica

A small tumor may remain confined to the 
pituitary compartment.

Suprasellar extension

Upward growth may approach or compress 
the optic chiasm.

Cavernous region

Laterally extending tumors may affect nearby 
cranial nerves.

Residual anterior pituitary

Compression or destruction may compromise 
other hormone functions.



Consequences of progressive local growth

Intrasellar tumor

Early confined lesion

Expansion of sellar 
boundaries

Soft, often poorly encapsulated 
mass

Suprasellar or adjacent 
extension

Chiasmal or adjacent compression



Visual and neurologic presentations

Bitemporal field loss

Classically reflects pressure on crossing optic 
chiasm fibers.

Headache

May arise from an expanding sellar mass.

Other neurologic findings

Diplopia or symptoms from adjacent 
structures may occur.

Urgent complication

Sudden tumor hemorrhage can cause pituitary 
apoplexy.



Mass effects and hypopituitarism

• A functioning PitNET can also compromise normal pituitary tissue.

• Hormonal deficiency and GH excess can coexist in a large lesion.

• A sudden neurologic or endocrine deterioration raises concern for apoplexy.

• The mass-effect assessment complements biochemical evaluation.



Normal adenohypophysis versus PitNET

Feature Normal gland PitNET

Cell composition Mixed endocrine cell types Usually monomorphic cell population

Architecture Organized cords with reticulin support Sheets or cords with reduced reticulin

Consistency Normal glandular stroma Often soft, gelatinous lesion

Subtype recognition Multiple resident cell types Hormone and lineage IHC classify tumor



Pathology classification uses multiple inputs

Tumor identification is not determined by endocrine history alone.

Cellular 
morphology

Hormone 
expression

Lineage 
transcription 

factors
Defined subtype



Somatotroph differentiation: Immunophenotypic approach

PIT1 is the lineage transcription factor; Hormone and cytokeratin patterns define the 
variant.

Marker / pattern Interpretive role

PIT1 (POU1F1) Supports PIT1-lineage adenohypophysial differentiation

GH Supports somatotroph hormone production; intensity varies by subtype

Cytokeratin Helps identify the fibrous body in sparsely granulated tumors

PRL Distinguishes GH-only, coexpressing, and mixed-cell patterns



Four patterns relevant to GH-producing tumors

Densely granulated

Eosinophilic monomorphic cells; Typically 
strong diffuse GH staining.

Sparsely granulated

Chromophobe appearance; Fibrous bodies; 
Weaker GH staining.

Mammosomatotroph

Individual tumor cells coexpress GH and PRL.

Mixed GH/PRL

Distinct cell populations separately express GH 
or PRL.



Densely granulated somatotroph morphology

Cell-level concept • original native schematic, not a photomicrograph

H&E appearance

Uniform eosinophilic cells; Granular 
cytoplasm

Nuclear findings

Central nuclei with prominent nucleoli

GH immunoreactivity

Typically diffuse and strong

Schematic only: Diagnostic recognition requires authentic tissue morphology and IHC.



Densely granulated tumor: Defining clues

• Monomorphic eosinophilic tumor cells.

• Relatively granular cytoplasm.

• Large central nuclei; Nucleoli may be prominent.

• Usually strong, diffuse immunoreactivity for growth hormone.

Eosinophilic cytoplasm and robust GH immunostaining favor dense granulation.



Sparsely granulated somatotroph morphology

Cell-level concept • original native schematic, not a photomicrograph

H&E appearance

Chromophobe (paler) tumor cells

Fibrous body

Paranuclear glossy inclusion of 
intermediate filaments

IHC

GH often patchy/weak; Cytokeratin 
highlights the inclusion

Schematic only: Diagnostic recognition requires authentic tissue morphology and IHC.



Sparsely granulated tumor: Defining clues

• Neoplastic cells may appear chromophobe on routine sections.

• Growth hormone staining is often weak and patchy.

• A characteristic paranuclear glossy inclusion may be visible.

• The inclusion represents a fibrous body composed of intermediate filaments.

The fibrous body is a distinguishing clue, not a secretory granule.



Fibrous bodies and cytokeratin staining

Low-molecular-weight cytokeratin staining helps reveal fibrous bodies.

Paranuclear inclusion
Intermediate filament 

accumulation
Cytokeratin 

immunoreactivity



Densely versus sparsely granulated somatotroph PitNET

Feature Densely granulated Sparsely granulated

Cytoplasm Eosinophilic / granular Chromophobe / pale

GH immunostain Diffuse, usually strong Patchy, often weak

Fibrous body Not characteristic Paranuclear cytokeratin-positive inclusion

Clinical tendency Generally less aggressive Generally more aggressive

Somatostatin 
analogs

Relatively more responsive May be less responsive



Mammosomatotroph: Hormones in one cell

The dual-hormone signal occurs within the same tumor cells.

One neoplastic cell
GH expression + PRL 

expression
Bihormonal phenotype



Mixed somatotroph–lactotroph: Two populations

GH and PRL belong to different tumor-cell populations.

Somatotroph cell (GH+)
Distinct lactotroph cell 

(PRL+)
Mixed population tumor

This distinction is cellular, not just “both hormones positive” in the specimen.



GH/PRL patterns: What must be distinguished?

Pattern GH-positive cells PRL-positive cells

Pure somatotroph Main tumor population
Not a defining coexpression 
pattern

Mammosomatotroph Same cells also express PRL Same cells also express GH

Mixed somatotroph–lactotroph Somatotroph population Separate lactotroph population



A practical tissue subtyping sequence

1 Confirm adenohypophysial / PIT1-lineage differentiation.

2 Assess the GH staining pattern and cytoplasmic granulation.

3 Look for paranuclear fibrous bodies with cytokeratin.

4
If PRL is expressed, determine whether the same or different cells express both 
hormones.

The diagnostic interpretation depends on pattern and cellular localization.



Why the histologic subtype matters

• Somatotroph PitNETs are not a single biologically uniform group.

• Sparsely granulated tumors tend toward a more aggressive clinical course.

• Sparsely granulated tumors may respond less well to somatostatin analogs.

• Granulation subtype therefore provides prognostic and therapeutic context.



Hormone production is usually clinically evident

Functional disease

Somatotroph tumors commonly cause a 
recognizable GH-excess syndrome.

Silent disease

Clinically silent somatotroph PitNET is 
uncommon.

Indirect GH effects

Much of the phenotype reflects hepatic IGF-1 
production.

Tumor size

An insidious endocrine presentation may 
coexist with a large lesion.



Pathophysiology of somatic overgrowth

Somatotroph 
tumor

Persistent GH 
secretion

Hepatic IGF-1 
production

Growth effects in 
tissues



Skeletal maturity changes the phenotype

Timing relative to growth plate closure governs the growth pattern.

Sustained GH / IGF-1 excess

Before epiphyseal closure

Excess GH/IGF-1 permits excessive 
longitudinal skeletal growth → gigantism.

After epiphyseal closure

Growth predominates in acral bones, soft 
tissues, skin and viscera → acromegaly.



Gigantism: Phenotype in the growing skeleton

Generalized size increase

Linear growth is exaggerated when epiphyses 
remain open.

Long limbs

Arms and legs may be disproportionately long.

Coexisting features

The patient can develop acromegalic changes 
as well.

Causal distinction

This is a growth-plate-dependent 
manifestation of hormone excess.



Gigantism and acromegaly may overlap

• Gigantism and acromegaly are not mutually exclusive clinical states.

• GH excess before epiphyseal closure drives excessive longitudinal growth.

• Acral and soft-tissue changes can also develop in patients with gigantism.

• The phenotype depends on age and duration of hormone excess.



Acromegaly: Tissue targets

Face

Bony and soft-tissue enlargement changes 
facial contour.

Hands and feet

Acral bone and soft-tissue overgrowth 
produces enlargement.

Skin and other soft tissues

Soft-tissue expansion contributes to 
progressive change.

Viscera

Thyroid, heart, liver and adrenal enlargement.



Craniofacial features of acromegaly

Facial bone enlargement Mandibular prominence
Prognathism / broader 

lower face



Acral enlargement and functional clues

Hands

Increased size and thickened “sausage-like” 
digits.

Feet

Progressive enlargement of feet and acral 
structures.

Growth mechanism

Acral and soft-tissue growth persists despite 
closed epiphyses.

Practical observation

Slow progression can make serial changes hard 
to recognize.



Skeletal changes after growth plate closure

• Acromegalic bone enlargement does not require longitudinal growth.

• Hyperostosis may involve the spine and hips.

• Mandibular growth creates a protruding jaw.

• Acral bone changes contribute to hand and foot enlargement.



Slow progression delays clinical recognition

That typical changes may evolve over decades.

Subtle initial 
change

Gradual tissue 
overgrowth

Delayed 
recognition

Larger tumor at 
discovery



Metabolic and endocrine consequences

Glucose homeostasis

Diabetes can accompany sustained GH excess.

Gonadal function

Gonadal dysfunction may occur.

Muscle

Generalized muscle weakness is described.

Clinical logic

The phenotype reflects systemic endocrine 
activity, not only local tumor size.



Cardiovascular burden

Blood pressure

Hypertension is an associated disturbance.

Cardiac size

The heart may enlarge as part of 
visceromegaly.

Heart failure

Congestive heart failure is a recognized 
complication.

Clinical importance

Systemic morbidity may extend beyond visible 
acral changes.



Musculoskeletal and gastrointestinal effects

Arthritis

Joint disease is listed among manifestations.

Bone density

Hyperostosis may affect the axial skeleton.

GI cancer risk

An increased gastrointestinal cancer risk.

Limit of source

The excerpt does not give magnitude or 
screening recommendations.



Biochemical approach to suspected acromegaly

Diagnosis rests on biochemical evidence of GH excess.

Characteristic phenotype
Document serum IGF-1 

elevation
Assess GH suppression 

with oral glucose

No numeric cutoff is given in the supplied Robbins excerpt; Apply current assay-specific standards 
clinically.



Why serum IGF-1 is central

• Persistently elevated GH stimulates hepatic IGF-1 secretion.

• IGF-1 helps connect tumor secretory activity with tissue overgrowth.

• Elevated serum IGF-1 as a diagnostic foundation.

• Interpretation requires appropriate clinical and laboratory context.



Oral glucose suppression principle

Failure to suppress GH after glucose is a sensitive diagnostic feature.

Oral glucose 
administration

Assess subsequent GH 
level

Failure of expected GH 
suppression



Biochemical and tissue findings answer different questions

Dimension What it establishes

Serum IGF-1 Systemic evidence of increased GH-mediated activity

Glucose–GH response Failure of physiological GH suppression

Tumor localization Presence and anatomical extent of a causative pituitary lesion

Hormone/lineage IHC Differentiation and diagnostic subtype

Granulation pattern Prognostic and treatment-response context



Therapeutic approaches

Treatment addresses hormone excess and, when needed, the tumor itself.

GH-producing tumor
Surgical removal or 

pharmacologic 
suppression

Control of GH–IGF-1 
activity



Somatostatin analogs act at the pituitary

Physiological basis

Somatostatin normally inhibits pituitary GH 
secretion.

Pharmacologic strategy

Somatostatin analogs reduce GH secretion.

Subtype relevance

Sparsely granulated tumors may be less 
responsive.

Conceptual distinction

This mechanism targets hormone secretion 
rather than blocking the hepatic GH receptor.



GH receptor antagonism is a peripheral strategy

A GH receptor antagonist interrupts signaling downstream of the PitNET.

Excess circulating GH
Block target-cell GH 

receptors
Limit GH action in tissues 

/ liver



Therapeutic mechanisms: A pathology-oriented comparison

Approach Target / mechanism Core consequence

Surgical removal Tumor tissue Eliminates or reduces GH-producing mass

Somatostatin analog Pituitary GH secretion Suppresses upstream GH release

GH receptor 
antagonist

Peripheral GH receptor Prevents GH action at target organs



What improvement follows biochemical control?

• Effective control of GH excess improves metabolic abnormalities.

• Associated symptoms and tissue overgrowth may gradually recede.

• Structural changes developing over long periods are not necessarily immediate to 
reverse.

• Clinical response must be interpreted alongside the endocrine response.



Granulation pattern and expected course

These are tendencies; The subtype does not guarantee an individual outcome.

Feature Densely granulated Sparsely granulated

Histology Eosinophilic; granular Chromophobe; fibrous bodies

GH immunostain Strong and diffuse Weak or patchy

Behavioral tendency Less aggressive relative pattern More aggressive relative pattern

Somatostatin analog 
response

Relatively favorable May be reduced



Case exercise: Excessive linear growth

An adolescent has a generalized increase in stature.

The arms and legs are disproportionately long.

Biochemistry documents persistent GH/IGF-1 excess.

Which syndrome is supported, and what anatomical feature explains it?



Case interpretation: Gigantism

• The growth pattern indicates gigantism.

• The epiphyseal growth plates are still open.

• GH and IGF-1 excess drives excessive linear growth.

• Acromegalic changes can coexist in the same patient.



Case exercise: Histologic subtyping

An adult has progressively enlarged hands and coarse facial features.

The PitNET is composed of pale chromophobe cells.

GH staining is weak and a paranuclear cytokeratin-positive inclusion is 
present.

Which histologic variant is most likely, and why does it matter?



Case interpretation: Sparsely granulated tumor

• Chromophobe cells and patchy GH stain favor sparse granulation.

• The paranuclear cytokeratin-positive inclusion is a fibrous body.

• This subtype tends to have a more aggressive course.

• Reduced sensitivity to somatostatin analogs is possible.



Final diagnostic discrimination

Question Most informative clue

Gigantism versus acromegaly? Presence or absence of open epiphyses

Dense versus sparse granulation? Cytoplasm, GH immunostaining and cytokeratin pattern

Mammosomatotroph versus mixed tumor? GH and PRL in the same versus different cells

Endocrine confirmation? IGF-1 elevation and failure of GH suppression

Subtype relevance? Behavior and possible somatostatin analog response



Selected references

Robbins, Cotran & Kumar

Pathologic Basis of Disease. 11th edition. Chapter 24: The Endocrine System.

Asa SL, Mete O, Perry A, Osamura RY. Overview of the 2022 WHO Classification of Pituitary 
Tumors.

Endocrine Pathology. 2022;33:6–26. doi:10.1007/s12022-022-09703-7.

The teaching content is derived predominantly from Robbins; the WHO reference supports contemporary 
lineage nomenclature.
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