Cushing Disease: A Comprehensive
Disease-Characteristics Report

Disease Category: Endocrine Disorder Suggested MONDO term: MONDO:0005479 (Cushing
disease) — ACTH-secreting pituitary corticotroph adenoma Report basis: 16 confirmed
findings across 5 investigation iterations, 70 papers reviewed.

Summary

Cushing disease (CD) is a rare, life-threatening endocrine disorder caused by a benign
adrenocorticotropic hormone (ACTH)-secreting pituitary corticotroph adenoma (a pituitary
neuroendocrine tumor, PitNET, of the TPIT/TBX19 lineage). Autonomous ACTH hypersecretion
drives bilateral adrenal cortisol overproduction and chronic endogenous hypercortisolism,
producing a characteristic multisystem "cushingoid" phenotype. CD is the most common cause
of endogenous Cushing syndrome (CS), accounting for roughly 48% of cases, with a nationwide
incidence of approximately 1.6 cases per million per year and a marked female
predominance (~3:1). At the molecular level, the disease is most commonly driven by somatic
gain-of-function mutations in USP8 (~31% of corticotroph tumors), with additional recurrent
drivers in USP48 and BRAF converging on enhanced pro-opiomelanocortin (POMC)
transcription and ACTH secretion; aggressive tumors are enriched for TP53 and ATRX
alterations. A central pathophysiological feature is partial resistance to glucocorticoid
negative feedback, which is exploited diagnostically in the dexamethasone suppression test.

The clinical burden of CD is severe. Chronic cortisol excess produces weight gain, centripetal
obesity, proximal myopathy, hypertension (~80%), diabetes, osteoporosis, neuropsychiatric
disturbance, reproductive dysfunction, and a hypercoagulable state that predisposes to
venous thromboembolism. Untreated or persistent disease carries a 2- to 9-fold excess
mortality, driven principally by cardiovascular disease and infection. Even after biochemical
remission, mortality risk, quality of life, and socioeconomic function may not fully normalize,
underscoring the disease's lasting impact.
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First-line treatment is transsphenoidal adenomectomy, which achieves initial remission in
~80% of patients but is complicated by recurrence in ~15-27%. Medical therapies — the 11p-
hydroxylase inhibitor osilodrostat, the pituitary-directed somatostatin analog pasireotide,
cabergoline, metyrapone, ketoconazole/levoketoconazole, and the glucocorticoid-receptor
antagonist mifepristone — plus radiotherapy and bilateral adrenalectomy are used for
persistent or recurrent disease. CD occurs naturally in dogs (pituitary-dependent
hyperadrenocorticism), the leading spontaneous animal model, and is studied in vitro chiefly
using the murine AtT-20 corticotroph tumor cell line.

1. Disease Information

Overview. Cushing disease is defined as ACTH-dependent endogenous hypercortisolism
caused specifically by a pituitary corticotroph adenoma. It is distinguished from the broader
term Cushing syndrome (any cause of chronic glucocorticoid excess, including exogenous
steroids, adrenal tumors, and ectopic ACTH secretion). CD is the single most common cause of
endogenous CS.

Key identifiers (suggested): - MONDO: MONDO:0005479 (Cushing disease) - OMIM: 219090
(Cushing disease / pituitary ACTH-secreting adenoma phenotype); USP8 somatic association -
Orphanet: ORPHA:96253 (Cushing disease) - ICD-10: E24.0 (Pituitary-dependent Cushing
disease); ICD-11: 5A70 (Cushing syndrome, pituitary-dependent subgrouping) - MeSH: D047748
"Pituitary ACTH Hypersecretion”

Synonyms / alternative names: Pituitary-dependent Cushing syndrome; pituitary-dependent
hypercortisolism; ACTH-secreting pituitary adenoma; corticotropinoma; Cushing disease of the
pituitary; pituitary-dependent hyperadrenocorticism (veterinary term).

Source of information. This report is derived from aggregated disease-level resources —
nationwide registry studies (Sweden, Denmark), tertiary-referral cohorts, systematic reviews/
meta-analyses, and Phase III clinical trials — rather than from individual EHR-level patient
records.
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2. Etiology

Primary causal factor. CD is caused by a monoclonal, usually benign, ACTH-secreting
pituitary corticotroph adenoma. The dominant molecular etiology is somatic (tumor-
restricted) gain-of-function mutation, not germline inheritance in most cases.

Genetic risk / causal factors (somatic). - USP8 (ubiquitin-specific peptidase 8): the most
common driver, present in ~31% of corticotroph tumors (pooled prevalence 31.1%, 95% CI
26.5-36.0%; PMID: 40392165). Hotspot variants cluster in exon 14 (14-3-3 binding motif, codons
713-720; e.g., p.Ser718Pro, p.Pro720Arg). - USP48 and BRAF — additional recurrent drivers
converging on POMC/ACTH (PMID: 42236012). - TP53 and ATRX/DAXX — enriched in
aggressive/silent corticotroph tumors and Crooke cell adenomas (PMID: 42273717; PMID:
41047423).

Germline predisposition (minority). Rare familial/syndromic forms involve germline
variants in MEN1 (MEN1), AIP (familial isolated pituitary adenoma), CDKN1B (MEN4),
PRKAR1A (Carney complex), and CDKN2A (reported in pediatric CD; PMID: 40813536).
Germline genetic testing is recommended in young/pediatric patients.

Environmental risk factors. No established environmental, toxic, occupational, or infectious
cause. The strongest demographic risk factors are female sex and age (peak 3rd-5th decade).
USP8-mutant tumors show strong female predominance (OR 4.52; PMID: 40392165).

Protective factors / gene-environment interactions. No validated genetic or environmental
protective factors are documented. Because the disease is driven by somatic mutation, classic
gene-environment interaction models do not apply. Not applicable / not available for most
subcategories.

3. Phenotypes

Cushing disease produces a highly prevalent, characteristic set of physical manifestations,
clinical signs, and laboratory abnormalities. Frequencies below are from a large tertiary
cohort (n=277; PMID: 42572239) and a hypertension-focused review (PMID: 31164868).
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Phenotype
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Suggested HPO term

HP:0004324 (Increased body
weight)

HP:0001956 (Truncal
obesity)

HP:0000953
(Hyperpigmentation of the
skin)

HP:0003701 (Proximal
muscle weakness)

HP:0000822 (Hypertension)

HP:0003074
(Hyperglycemia)

HP:0001065 (Striae
distensae)

HP:0000858 (Secondary
amenorrhea)

HP:0000939 (Osteoporosis)

HP:0000716 (Depression)

HP:0003118 (Abnormal
circulating cortisol)

Characteristics. Onset is typically adult (3rd—4th decades), insidious/chronic in progression.

Severity is variable and tied to duration and intensity of cortisol excess. Age-stratified

presentation: younger patients more often show striae, acne, and menstrual irregularities;

older patients show more cardiometabolic comorbidity (PMID: 42572239).


https://pubmed.ncbi.nlm.nih.gov/42572239/
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"The cohort demonstrated a marked female predominance (71.8%)... Classical cushingoid
features were highly prevalent, including weight gain (79.4%), centripetal obesity (62.5%),
hyperpigmentation (61.0%), and proximal myopathy (60.6%).” — PMID: 42572239

Quality of life impact. CD causes lasting QoL and socioeconomic impairment that persists
years after surgical cure. In a Danish nationwide cohort, employment was permanently
reduced (RR 0.66 at 10 years post-surgery), with elevated sick leave (RR 2.15) and disability
pension (RR 2.60) a decade after treatment (PMID: 35311897).

4. Genetic / Molecular Information
Causal genes (somatic driver landscape).

Gene
(HGNC) CD

Frequency in

Variant type Consequence Clinical correlate

~31% (up to

Missense, in-
frame; exon 14

Gain-of-function; disrupts
14-3-3 binding —

Female, younger,
higher remission

USP8 48-50% some o .
hotspots (codons constitutive but higher
cohorts) . o
713-720) deubiquitinase activity recurrence
recurrent ) Enhanced POMC Favorable/low-
USP48 . . Missense L
(minority) transcription CNV tumors
L Occasional
BRAF rare VG600E MAPK activation - POMC .
aggressive
. High CNV,
aggressive ) Loss of tumor ] . .
TP53 Missense/LoF ] invasion, silent/
subset suppression
Crooke cell
ATRX/ aggressive LoF Chromatin/telomere Aggressive
0
DAXX subset instability behavior

USP8 mechanism (causal chain). Exon-14 hotspot mutations disrupt the 14-3-3 protein
binding motif — constitutive USP8 activation — reduced ubiquitination and degradation of
EGFR - sustained EGFR signaling — increased POMC transcription and ACTH secretion.


https://pubmed.ncbi.nlm.nih.gov/42572239/
https://pubmed.ncbi.nlm.nih.gov/35311897/
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"Activating mutation in Ubiquitin-specific peptidase (USP8) is identified to enhance cell
proliferation and adrenocorticotropic hormone (ACTH) secretion from corticotroph pituitary
adenoma.” — PMID: 38862897

Two divergent molecular pathways (PMID: 42273717): (1) USP8/USP48-mutant tumors — low
copy-number variation (CNV), minimal invasion, favorable remission (10/21 CD tumors, 48%);
(2) TP53/ATRX/DAXX-mutant tumors — high CNV, aggressive, more often clinically silent.

"USP8/USP48 mutations were present in 10 of 21 CD tumors (48%) and were associated with
low CNV levels, minimal invasion, and favorable post-operative remission. In contrast, five of
13 SCAs harbored TP53/ATRX/DAXX mutations, all had markedly elevated CNV, and
aggressive clinical features." — PMID: 42273717

Somatic vs germline. Overwhelmingly somatic (tumor-restricted). Germline variants (MEN1,
AIP, CDKN1B, PRKAR1A, CDKNZ2A) account for a minority, particularly pediatric/familial cases.

Allele frequency. As somatic driver mutations, USP8 hotspot variants are absent from
population germline databases (gnomAD); they are tumor-specific and catalogued in
COSMIC.

Modifier genes / epigenetics / chromosomal abnormalities. Aggressive tumors show
elevated CNV burden and ATRX-linked chromatin instability. Detailed methylation atlases are
still emerging; not fully characterized.

5. Environmental Information

* Environmental factors: None established. CD is not linked to documented toxin, radiation,
or pollution exposures.

» Lifestyle factors: No causal lifestyle factor identified; obesity and metabolic features are
consequences rather than causes.

* Infectious agents: Not applicable — CD has no infectious etiology.

This section is largely not applicable for Cushing disease, consistent with a somatically-driven
neoplastic endocrine disorder.


https://pubmed.ncbi.nlm.nih.gov/38862897/
https://pubmed.ncbi.nlm.nih.gov/42273717/
https://pubmed.ncbi.nlm.nih.gov/42273717/
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6. Mechanism / Pathophysiology

Causal chain (upstream — downstream):

Somatic driver mutation (USP8 / USP48 / BRAF)
| (constitutive deubiquitinase / MAPK activation)
v
Sustained EGFR signaling - t POMC transcription (TPIT/TBX19 lineage)

v
Autonomous ACTH hypersecretion « PARTIAL glucocorticoid feedback resistance (GR/NR3C1)

v
Bilateral adrenal stimulation - chronic cortisol excess (hypercortisolism)

> Mineralocorticoid receptor activation (11B-HSD2 saturation) - HYPERTENSION
F— Insulin resistance / gluconeogenesis - DIABETES, visceral adiposity

— Protein catabolism - MYOPATHY, osteoporosis, thin skin/striae

— Procoagulant shift - VENOUS THROMBOEMBOLISM

I HPG axis suppression - reproductive/sexual dysfunction

L— (NS effects - depression, cognitive impairment

Molecular pathways. EGFR signaling (via USP8-mediated stabilization), MAPK (BRAF), and
ubiquitin—-proteasome deubiquitination converge on POMC transcription. Suggested GO terms:
GO0:0030518 (intracellular receptor signaling), GO0:0016579 (protein deubiquitination),
G0:0007173 (EGFR signaling), GO:0042446 (hormone biosynthetic process).

Glucocorticoid-feedback resistance. The glucocorticoid receptor (GR/NR3C1) is the principal
mediator of HPA-axis negative feedback; CD tumors show partial resistance, which underlies
the diagnostic dexamethasone suppression test.

"CD patients exhibit a partial resistance to the negative glucocorticoid (GC) feedback, which
is of paramount clinical utility, as the lack of suppression after dexamethasone
administration is one of the mainstays for the differential diagnosis of CD.” — PMID:
35742910

Hypertension mechanism. Cortisol excess saturates renal 11B8-HSD2, permitting cortisol to
activate the mineralocorticoid receptor (mineralocorticoid mimetic activity), alongside altered
vascular resistance and vascular remodeling.


https://pubmed.ncbi.nlm.nih.gov/35742910/
https://pubmed.ncbi.nlm.nih.gov/35742910/
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"Glucocorticoid excess leads to hypertension via a variety of mechanisms including
mineralocorticoid mimetic activity, alterations in peripheral and renovascular resistance,
and vascular remodeling.” — PMID: 31164868

Single-cell / spatial biology. snRNA-seq (419,874 cells) plus spatial transcriptomics show
corticotroph adenomas exist along a transcriptional continuum with developmental plasticity,
and that perivascular niches enhance tumorigenicity via angiogenic and EMT programs
(PMID: 40666832). scRNA-seq identified a novel GZMK-high TPIT-lineage subpopulation and
validated PBK as an aggressiveness driver (PMID: 38167466); alternative-splicing analysis
defined an ESRP1-driven aggressive TPIT subtype (PMID: 39934142).

Cell types (suggested CL terms): corticotroph / ACTH-secreting cell (corticotropic cell of pars
distalis), adrenal cortical cell (CL:0002097). Subcellular: nucleus (GO:0005634), secretory
granules (G0:0030141), endoplasmic reticulum (ER stress implicated via PCSKIN; PMID:
39288010).

7. Anatomical Structures Affected

Primary organ: Anterior pituitary gland (adenohypophysis) — UBERON:0000007 (pituitary
gland); specifically corticotroph cells of the pars distalis.

Secondary organs (via cortisol excess): Adrenal cortex (bilateral hyperstimulation;
UBERON:0001235), cardiovascular system (UBERON:0004535), skeletal muscle
(UBERON:0001134), bone/skeleton (UBERON:0002481), skin (UBERON:0002097), liver
(metabolic; hepatic hemangioma association reported, PMID: 42332692), gonads/HPG axis, and
central nervous system.

Body systems involved: Endocrine (primary), cardiovascular, musculoskeletal, integumentary,
reproductive, nervous/psychiatric, hematologic (hypercoagulability), and immune (infection
susceptibility).

Tissue/cell level: Neuroendocrine epithelial (corticotroph) tumor tissue; adrenal cortical zona
fasciculata; vascular endothelium (remodeling); adipose tissue (redistribution).


https://pubmed.ncbi.nlm.nih.gov/31164868/
https://pubmed.ncbi.nlm.nih.gov/40666832/
https://pubmed.ncbi.nlm.nih.gov/38167466/
https://pubmed.ncbi.nlm.nih.gov/39934142/
https://pubmed.ncbi.nlm.nih.gov/39288010/
https://pubmed.ncbi.nlm.nih.gov/39288010/
https://pubmed.ncbi.nlm.nih.gov/42332692/
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Localization / lateralization: The pituitary microadenoma is usually a small (<10 mm)
intrasellar lesion; adrenal effects are bilateral and symmetric (diffuse hyperplasia). MRI
localization of the corticotroph microadenoma is notoriously reader-dependent, and ~10% of
cases are MRI-negative (PMID: 42537231; PMID: 42517988).

8. Temporal Development

* Onset: Adult-onset typical (peak 3rd-5th decade); pediatric and geriatric cases occur.
Pattern is insidious/chronic, often with diagnostic delay of months to years.

* Progression: Slowly progressive if untreated; cortisol excess drives cumulative
cardiometabolic, skeletal, and vascular damage. Rare cyclic/episodic hypercortisolism
complicates diagnosis.

* Disease course pattern: Chronic; treatment-induced remission is the goal. Recurrence
occurs in ~15-27% after surgery (median ~38 months; PMID: 40257708), so the course can
be relapsing.

* Lifespan variation: Presentation differs across age — growth arrest with weight gain in

children; pubertal/psychological disturbance in adolescents; classic cushingoid features in
adults; frailty, sarcopenia, fractures, and cognitive decline in the elderly (PMID: 42095775).

"In children, impaired growth coupled with weight gain is most prominent, whereas
adolescents often present with pubertal disturbances and psychological or academic
difficulties.” — PMID: 42095775

* Critical periods: Early biochemical control is the key window to prevent irreversible
cardiovascular and skeletal damage.

9. Inheritance and Population

Epidemiology. - Incidence: ~1.6 cases per million per year (Sweden nationwide; rising to
~2.0/million in 2005-2013) (PMID: 30799512). - Endogenous CS incidence: 1.8-3.2 per million/
year (PMID: 33766428); CD comprises ~48% of endogenous CS (~1.5/million/yr) (PMID:
31094003).


https://pubmed.ncbi.nlm.nih.gov/42537231/
https://pubmed.ncbi.nlm.nih.gov/42517988/
https://pubmed.ncbi.nlm.nih.gov/40257708/
https://pubmed.ncbi.nlm.nih.gov/42095775/
https://pubmed.ncbi.nlm.nih.gov/42095775/
https://pubmed.ncbi.nlm.nih.gov/30799512/
https://pubmed.ncbi.nlm.nih.gov/33766428/
https://pubmed.ncbi.nlm.nih.gov/31094003/
https://pubmed.ncbi.nlm.nih.gov/31094003/
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"The incidence of CD in Sweden (1.6 cases per million).”" — PMID: 30799512

Inheritance. Predominantly sporadic/somatic (not inherited). A minority are syndromic
(MEN1, MEN4, Carney complex, FIPA) with autosomal dominant inheritance and incomplete,
age-dependent penetrance.

Demographics. - Sex ratio: Female predominance ~3:1; USP8-mutant tumors are almost
exclusively female (OR 4.52). - Age distribution: Peak onset 3rd-5th decade. - Race/ethnicity
differences: Black patients present younger, higher BMI, near-uniformly solid tumors, higher
radiographic persistence (38% vs 21%) and reintervention (25% vs 4.5%); Hispanic patients
present with milder disease; durable remission comparable across groups (79-88%) (PMID:
42560567).

"Black patients were younger (p = 0.003), with higher BMI (p = 0.033) and near-uniformly
solid tumors (94%; p = 0.040)." — PMID: 42560567

10. Diagnostics

Screening / first-line biochemical tests (Endocrine Society approach; PMID: 28069628): - 24-
hour urinary free cortisol (UFC) - Late-night salivary cortisol - Overnight 1-mg dexamethasone
suppression test (DST) / low-dose 48-hour DST

Confirming ACTH-dependence and source: - Plasma ACTH (elevated/inappropriately normal
— ACTH-dependent) - High-dose DST; CRH stimulation test - Bilateral inferior petrosal sinus
sampling (BIPSS) — gold standard to distinguish pituitary from ectopic ACTH source

Imaging: Pituitary MRI (dynamic/3D spoiled gradient echo improves microadenoma
detection), but localization is strongly reader-dependent with fair-to-moderate interrater
agreement (k = 0.34-0.44); consensus interpretation improves performance (PMID: 42537231).
~10% are MRI-negative, raising the risk of misdiagnosed ectopic ACTH tumors (PMID:
42517988).

Pathology / IHC: ACTH-positive, TPIT/TBX19-positive corticotroph adenoma; Crooke cell
change indicates aggressive subtype.
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Genetic testing: Somatic tumor sequencing (USP8, USP48, BRAF, TP53) for prognostication;
germline panels (MEN1, AIP, CDKN1B, PRKAR1A, CDKN2A) recommended in pediatric/young
patients (PMID: 40813536).

Differential diagnosis: Ectopic ACTH syndrome, adrenal Cushing (ACTH-independent),
pseudo-Cushing states, and mild autonomous cortisol secretion (MACS).

11. Outcome / Prognosis

Mortality. CD carries a 2- to 9-fold excess mortality, driven principally by cardiovascular
disease and infection.

Cohort SMR Key detail Source

Swedish nationwide CVD leading cause (SMR 3.3); PMID:
2.5(95% CI 2.1-2.9) .. .

(n=502) remission SMR still 1.9 30715394

Oxford/Athens 10-yr survival 95.3%; 71.4% PMID:
9.3 (95% CI 6.2-13.4) ) ]

(n=311 CD) deaths CV/infection 23996696

Italian 20-yr Persistent 4.99; Remission status is key PMID:

(n=126) remission 1.66 (NS) determinant 37495935

"The observed number of deaths was 133 vs 54 expected, resulting in an overall SMR of 2.5...
The commonest cause of death was cardiovascular diseases (SMR, 3.3)." — PMID: 30715394

Morbidity & complications: Hypertension, diabetes, osteoporosis/fractures, venous
thromboembolism, infections/sepsis, neuropsychiatric disease, reproductive dysfunction, and
(reported) hepatic hemangioma. Venous thromboembolism is a key preventable
complication: pooled post-operative VTE incidence 2% (58/2997) with VTE-associated mortality
0.2% (PMID: 39182834).

"Pooled postoperative VTE incidence in patients undergoing transsphenoidal surgery for CD
was 2% (58 out 0f 2997)." — PMID: 39182834
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Prognostic factors: Remission status is the strongest determinant of long-term survival. Post-
operative nadir cortisol =3 pg/dL predicts durable remission (AUC 0.808); macroadenomas and
USP8-mutant status predict higher recurrence (PMID: 40257708; PMID: 40424186).

Quality of life: Persistently impaired years after cure (PMID: 35311897).

12. Treatment

First-line: Transsphenoidal surgery (TSS) — adenomectomy. Initial remission ~81%,
recurrence ~27.4% (median 38 months); nadir cortisol =3 pyg/dL and microadenoma status
predict durable remission (NCIT: Transsphenoidal Hypophysectomy).

"Surgical remission was achieved in 81% of patients, but recurrence occurred in 27.4% of
cases after a median follow up period of 38 months.”" — PMID: 40257708

Pharmacotherapy (for persistent/recurrent/inoperable disease):
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Class /
mechanism Efficacy Key toxicity Source
(NCIT)
77% vs 8% placebo Adrenal PMID:
achieved mUFC insufficiency, 35325149;
11B-hydroxylase
A <ULN at wk 12; nausea, PMID:
Osilodrostat (CYP11B1) o
o 81% at wk 36; hypocortisolism, 32730798;
inhibitor . .
median time to tumor PMID:
control 35 days enlargement 41052284
Pituitary- . PMID:
i Hyperglycemia
) ) directed SSTR5 ~50-53% mUFC 37876540;
Pasireotide ) (39.5%), nausea,
somatostatin control o PMID:
cholelithiasis
analog 31465533
. Dopamine . . Generally well PMID:
Cabergoline ) Adjunct, variable
agonist (D2) tolerated 37876540
Metyrapone / ) ) ) ) Hepatotoxicity
Steroidogenesis Effective cortisol PMID:
Ketoconazole / o . (keto), adrenal
inhibitors lowering . ) 26133755
Levoketoconazole insufficiency
Glucocorticoid Controls Hypokalemia, PMID:
Mifepristone receptor hypercortisolism endometrial '
. 42533758
antagonist effects effects

"At week 12, significantly more osilodrostat (77%) than placebo (8%) patients achieved
mUFC < ULN (odds ratio 43.4; 95% CI 7.1, 343.2; P < 0.0001)." — PMID: 35325149

"Thirty-four patients (50.0%; 95% CI 37.6-62.4) achieved the primary endpoint.” (pasireotide
+ cabergoline) — PMID: 37876540

Second-line / other: Pituitary radiotherapy (conventional or stereotactic; slow onset), repeat
TSS, and bilateral adrenalectomy (definitive cortisol control but requires lifelong
replacement and risks Nelson syndrome). Drug treatment is frequently discontinued long-term
(only 38% of one cohort remained on it as final treatment; PMID: 37962981).
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Supportive care: Antihypertensives, glycemic control, osteoporosis management, and VTE
prophylaxis — routine rivaroxaban (10 mg/day) was safe with no major/minor bleeding in
ACTH-dependent CS (PMID: 41540719).

Pharmacogenomics / personalized medicine: USP8 status may guide expectations for
recurrence; Asian patients require lower osilodrostat doses and show more hypocortisolism-
related AEs than non-Asian patients (PMID: 39183039).

13. Prevention

Because CD arises from sporadic somatic mutation, primary prevention is not applicable —
there is no known modifiable risk factor or vaccine.

» Secondary prevention (early detection): Targeted case-finding using the overnight 1-mg
DST in high-risk groups (resistant type 2 diabetes, resistant hypertension, adrenal
incidentalomas) can uncover treatable hypercortisolism (PMID: 42591054; PMID: 42533758).
Population-wide screening is not recommended.

 Tertiary prevention (complication prevention): Aggressive control of hypertension,
hyperglycemia, osteoporosis, and thromboprophylaxis; close post-surgical surveillance for
recurrence.

* Genetic counseling: Indicated for syndromic/pediatric cases with germline predisposition
(MENT1, Carney complex, FIPA).

14. Other Species / Natural Disease

Cushing disease occurs naturally in dogs as pituitary-dependent hyperadrenocorticism
(PDH) — the leading spontaneous animal model, comprising ~80-85% of canine Cushing's.
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"Hypercortisolism is well defined in dogs, with well established and extensively documented
clinical signs, various diagnostic methods and treatment options available." — PMID:
42440375

» Taxonomy: Canis lupus familiaris (NCBI Taxon 9615); also reported in guinea pigs, Cavia
porcellus (NCBI Taxon 10141).

» Natural disease: Canine PDH features defined clinical signs, validated diagnostics (low-
dose dexamethasone suppression, urinary corticoid:creatinine ratio, endogenous ACTH),
and medical therapy with trilostane (3p-HSD/steroidogenesis inhibitor). A naturally
occurring ACTH-dependent pituitary blastoma (TBX19/TPIT+, ACTH+) was documented in
a dog (PMID: 42177605).

» Comparative biology: Corticotroph lineage markers (TPIT/TBX19) and ACTH-driven
pathophysiology are conserved between dogs and humans, supporting cross-species
mechanistic relevance.

» Zoonotic potential: Not applicable (non-communicable).

15. Model Organisms

Principal in vitro model: AtT-20 — the murine (mouse) pituitary corticotroph adenoma cell
line, the standard preclinical model for ACTH-secreting tumors, used both in culture and as
nude-mouse xenografts.

* HDAC inhibitor SAHA (vorinostat) reduces POMC transcription and ACTH secretion in
human and murine (AtT-20) cells and suppresses xenograft growth (PMID: 28505327).

* Romidepsin (HDAC1/2 inhibitor) suppresses ACTH via PTTG1 downregulation in AtT-20
cells (PMID: 33181265).

» Additional AtT-20 mechanistic studies implicate ER stress / PCSK1N (PMID: 39288010) and
FAF1 (PMID: 38065537).

Model types: Cellular/in vitro (AtT-20; human primary corticotroph cultures), murine
xenografts, and spontaneous canine disease (natural model). Limitations: AtT-20 cells do not
carry the human USP8 hotspot mutation; no widely-used genetically engineered mouse
recapitulates human USP8-driven CD, limiting fidelity of driver-mechanism modeling.
Resources: MGI (mouse), Cellosaurus (AtT-20).
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Mechanistic Model / Interpretation

Cushing disease is best understood as a two-tier disorder: (1) a corticotroph tumor tier, in
which somatic driver mutations — chiefly USP8, with USP48 and BRAF — converge on
enhanced POMC/ACTH output, while a divergent aggressive subset defined by TP53/ATRX/
DAXX drives invasion and silent phenotypes; and (2) a systemic hypercortisolism tier, in
which autonomous ACTH escapes partial glucocorticoid feedback, chronically stimulates the
adrenal cortex, and produces cortisol-mediated end-organ damage across cardiovascular,
metabolic, skeletal, hematologic, reproductive, and neuropsychiatric systems.

The unifying diagnostic and therapeutic logic follows directly from this model: (a) feedback
resistance underlies the dexamethasone suppression test; (b) ACTH-dependence localizes the
lesion via BIPSS; (c) the tumor tier is addressed by surgery/radiotherapy/pituitary-directed
pasireotide, while the hypercortisolism tier is addressed by steroidogenesis inhibitors
(osilodrostat, metyrapone, ketoconazole), GR blockade (mifepristone), or bilateral
adrenalectomy. Because cortisol-driven cardiovascular and thrombotic damage accumulates
over time and does not fully reverse, early biochemical control is the dominant prognostic
lever — remission converts a 5-9x mortality risk toward (though not fully to) baseline.

GENOTYPE PHENOTYPE OUTCOME
USP8/USP48/BRAF —» tPOMC/ACTH — cortisol — cushingoid multisystem disease
(favorable) (feedback-resistant) |

- treated/remission - SMR ~1.7-1.9
TP53/ATRX/DAXX  — aggressive/silent tumor - persistent - SMR ~5-9 (CVD, infection)
(aggressive)
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Incidence (~1.6/million; CD ~48% of CS)

Single-cell/spatial tumor heterogeneity

Lifespan-varying presentation

Race/ethnicity differences; HPG suppression
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Limitations and Knowledge Gaps

1. Epidemiology skew: Incidence estimates derive largely from Swedish/European registries;
global and low-income-country data are sparse, and figures may underestimate mild/
subclinical disease (MACS).

2. Germline landscape under-characterized: The genetic basis of most pediatric and
sporadic corticotroph tumors remains unknown beyond the somatic drivers.

3. Epigenetics: DNA methylation/histone-modification atlases for CD are still emerging;
mechanistic epigenetic drivers are not fully defined.

4. Imaging limitation: MRI microadenoma localization is reader-dependent and ~10% MRI-
negative, contributing to misdiagnosis of ectopic ACTH tumors.

5. Model fidelity: No standard genetically engineered mouse recapitulates human
USP8-driven CD; AtT-20 lacks the human hotspot mutation.

6. Residual risk after cure: Mechanisms of persistent excess mortality and QoL impairment
despite biochemical remission are incompletely understood.

7. Metabolomics/proteomics/lipidomics signatures specific to CD were not deeply
catalogued in this investigation — a genuine data gap.

Proposed Follow-up Experiments / Actions

1. Genotype-stratified outcome registries: Prospectively link somatic driver status (USP8/
USP48/BRAF/TP53) to remission, recurrence, and mortality to formalize molecular
prognostication.

2. USP8-mutant mouse model: Engineer a corticotroph-specific Usp8 hotspot knock-in to test
targeted EGFR/USPS8 inhibition in vivo.
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3. Residual cardiovascular risk trials: Test whether intensified cardiometabolic and
thromboprophylactic management after remission normalizes the residual SMR (~1.9).

4. Multi-omics integration: Deploy CD-specific metabolomics/lipidomics/proteomics
(MetaboLights, PRIDE) to define circulating biomarkers for early detection and monitoring.

5. Imaging enhancement: Validate consensus/Al-assisted MRI reads and molecular PET
tracers to reduce MRI-negative misclassification.

6. Targeted therapy translation: Advance EGFR-pathway and HDAC-inhibitor (SAHA/
romidepsin) strategies from AtT-20/xenograft to early-phase human trials.

Consensus Answer

Cushing disease is a rare endocrine disorder (incidence ~1.6 cases/million/year; ~48% of
endogenous Cushing syndrome) caused by a benign ACTH-secreting pituitary corticotroph
adenoma driving chronic cortisol excess — most commonly via somatic gain-of-function USP8
mutations (~31%; also USP48, BRAF) that enhance POMC/ACTH output amid partial
glucocorticoid-feedback resistance, while aggressive tumors carry TP53/ATRX alterations. It
produces a multisystem cushingoid phenotype (central obesity, myopathy, hypertension,
diabetes, osteoporosis, thromboembolism, neuropsychiatric and reproductive dysfunction)
with 2-9x excess mortality driven chiefly by cardiovascular disease. First-line treatment is
transsphenoidal adenomectomy (~80% remission, ~15-27% recurrence), with medical therapy
(osilodrostat, pasireotide, cabergoline, metyrapone, ketoconazole, mifepristone), radiotherapy,
and bilateral adrenalectomy for persistent or recurrent disease.
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