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Metaboldmica y metabolitos....

Metabolomica:
Estudio a gran escala de moléculas pequefnas conocidas como
"metabolitos" de sistemas biologicos que representan la
actividad bioquimica y molecular generando “fenotipos”.

Fluidos: sangre (periférica, cateterismo), orina, saliva, heches.

Tejidos, tumores, células.

Pelo.
) 4 N
Metabolitos de procesos celulares: Metabolitos de hormonas y precursores de
hormonas a concentraciones muy bajas:
* aminoacidos,
* nucleétidos, * especialmente esteroides: “esteroidomica”

e lipidos,
e carbohidratos.



Metaboldmica: técnicas

 Cromatografia liquida (LC) o cromatografia de gases (GC) acoplada a un espectrémetro de masas (MS)
(LC-MS/GC-MS);
 Cromatografia de Afinidad con Metal Inmovilizado (IMAC) (fosfoproteomica).

Casals G. et al. Annals of Laboratory Medicine. 2020



Estratégias de aplicacion

« Metabolomica Curve ificati
: quantification Sample — standard
dirigida P HCSICNEEROUES optimization extrapolation

Vias especificas

« Metabolomica _ Metabolite
no-dirigida lon chromatograms Data alignment identification
Discovery

Patti GJ. Nature Reviews Molecular Cell Biology. 2012



O

tilldad de |la Metabolomica en |a practica
INnica

* Funcionalidad de un nodulo suprarrenal

* Diagndstico de malignidad

* Factor pronostico de evolucion, respuesta a tratamiento, comorbilidades
* Diagnostico de la hipertension arterial secundaria

* Diagnostico Sindrome de Cushing

* Diagnostico etioldgico del sindrome de Cushing

* Diagnostico Hiperaldosteronismo

* Diagnéstico de uni/ lateralidad del hiperaldosteronismo



Metabolomica y metabolitos....

Metaboldmica de los principales procesos celulares:
- aminoacidos,
- nucledtidos,
- lipidos,

- carbohidratos.




Metaboldmica y metabolitos....

Metabolitos de hormonas y precursores de hormonas
esteroides: perfiles de esteroides; “esteroidomica”




Metaboldmica no dirigida en el sindrome de Cushing:
los avances...

Vega-Beyhart A. ] Mol Med. 2022



Metaboldmica no dirigida en el sindrome de Cushing:
los avances...

Fatty amides = 4

Amino acid derivatives =9

Sphingolipids =43

Glycerolipids =53

374
metabolites

Amino acids = 18

Glycerophospholiipds = 202




Metaboldmica no dirigida en el sindrome de Cushing:
los avances...

Vega-Beyhart A. ] Mol Med. 2022
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Los aminodcidos y derivados y los acidos biliares conjugados, fueron las clases metabdlicas con
concentraciones disminuidas.

. o : : , Vega-Beyhart A. J Mol Med. 2022
Las ceramidas y los triacilgliceroles tuvieron una mayor frecuencia de metabolitos elevados. Rl orve



Fenotipaje Multi-OMICO de |la hipertension endocrina versus la
hipertension esencial

N=400; 22 centros

Reel P. Lancet.2022



Metabolitos plasmaticos huella HTA-CS vs otras HTA

Sex Age Distribution

N = 2 94 Patie:::c:()lount Male Female
(n=) (n=)

Patient Age > 50  Patient Age <50

Cushing’s Syndrome (CS) 40 4 36 2 18 JE—
Primary Aldosteronism (PA) 107 58 49 42 65
Pheochromocytoma or

Paraganglioma (PPGL) 76 3 s ® % N = 1 8 8 meta b 0] I |t0 S

Primary Hypertension (PHT) 59 40 19 23 36

csDC Glutary

. Hexadecenoykeamiti
(C60H) (Hydroayhexanoylcamitine) clel yicamitine
SMDC™ Methylglutarylcamitine C161.0H Hydrowyhexadecenoykamitine
C5-0H Hydroxyvalerykamitine . -
(CG3DCA) (Methylmalonylcarnitine) Clsz Hexadecadienylcarnitine
. Hexaroy
Cb(C41-DO) (Fussarylamiting) C162-0H Hydroxyhexadecadienylcarnitine
61 * Hexenoylcarmitine Cle0H" Hydroxyhexadecanoylcamitine.
crnc™ Pumelylearmutine =1 Oxtadecanoy leamtine
= Octanoylcamitine c1s1 Octadecencyicamitine
c Nonancylcarmitine 810 Hydrmyoctaderenor camiane
(uli} Decanoylcamitine C182 Octadecadienylcamitine
Amino Adds 1)
Abbreviation Full-Name Abbreviation Full-Name
Al Alanine Lys Lysine
Arg Arginine Met Methionine
Asn om
Asp Aspartate Phe Phenylalanine
Cit Citrulline Pro Proline
Gin Glutamine Ser Serine
Glu Glutamate The Threonine
Gy Glycine TP Tryptophan
His Histdine Ty Tyrosine
e Lsoleucine Val Valine
Leu Leucine
Monossccharides (1)
Abbreviation Full-Name
. Sum of Hexoses (including
Glscose)
Glycerophospholipids (%)
Abbreviation Full Name Abbreviation Full-Name
lIysoPC a C140 PC aaC341 PC aa C£20 PC ae (382
IysoPCa CI60 PCaaC342 PCaaCi21 PC 20 C383
IysoPC a Clé1 PCaa G343 PCasCi22 PC se Cifid
IysoPC a C17:0 PCaaC34:4 PCaaCa24 PC 22 (385
IysoPCa C180 PC 22 G360 PCaaca2s PC 2 CI85
IysoPC a Cl8:1 PC aa Ol PCaaC26 PC ae Cit1
ysoPC a C182 PC aa Co62 PC ae. FC 2eCi02
PC a C20:3 PCaaC363 PC ae C30:1" PC ae C403
IysoPC 2 204 PC a2 G364 PCacC302 PC 2 Ca04
a0 PC 22 C365 PCaeCi21 FC se Ci05
IysoPC a C26:0* PC aa G366 PC ae G322 PC ae C40:6
IysoPC a C26:1 * FC 22 G380 PC e C340 PC2eC20
aC280 = PCaaCiBi1* PCae Chil PCaeCiZ1
IysoPC a C281 PCaaC383 PCaeCi2 PC aeCi22
PCaaC40* PCaaC38:4 PCae C343 PCaeC423
PC a2 G260 PCaa C385 PC 20 C360 PC 2 Caz4
PCas C281 PCaaCit6 PC ae il PC se Ci25
PC aa G300 PC aa C401 PC ae G362 PCaeC#43
PCas C302° FCaaCit2 PCacC363 PC 2 Chdd
PCas C220 PCaa Cit3 PC e it PCae G445
PC as G221 PC aa Gt PC 3 C365 FC2eCHs
PCaaC322* PC aa C405 PC ae C380
PCaa C23 PC aa Cat6 PC acC38:1
Sphingolipids (15)
Abbrevistion Pull-Name Abbreviation Full-Name
SM (OH) C141 SMCi1s0 SM (OH) C221 SM (OH) C241
60 SM C18:1 SM (OH) C22 SM C2640
SMCI61 M2 sMQsD M1
SM (OH) Cl& 223 SMC1
Biogenic Amines (21)

Abbreviation Full-Name

ENS@T- HT
e 22centros

* Los metabolitos especificos para
el SC vs HTA-ES y HTA-END
acetilcarnitinas:

C18:1, C18:2 y la ratio Orn/Arg.

* Las mismas acetilcarnitinas se
asocian con insulino-resistencia,
IC; DM.

Reel S et al. Metabolites. 2022.



Estudio HTA-END vs HTA-ID: hormonas y metabolitos que determinan las
comorbilidades metabdlicasy CV en HTA secundaria.

ARAGL:
/NMN/3metoxitiramina/3met
= Dpa. - 18 metabolitos

N=250

Females, n (%) 19 (32.8) 38 (55.1) 34 (91.9) 42 (424) <0.001* itiil
Age (years) [ 44.8 (182-70.7) 53.8 (13.4-77.5) 51.2 (16.6-76.8) l 48 (25.7-77.9) | <0.001"

Patients including BMI & DM, n s 65 30 [90 '

Females, n (%) 19 (328) 36 (55.4) 27 (90.0) 39 (433) <0.001°

Age (years) 44.8 (182-70.7) 53.7(13.4-77.5) 49.1 (166-73.3) 478 (25.7-77.9) 0.002¢

BMI (kg/m?) | 267 (19.6-40.6) 252 (16.0-34.3) 284 (20.9-39.5) | 27.9 (18.0-41.0) | 0002

Diabetes mellitus (%) 0(0.0) 16 (24.6) 8(26.7) 4(44) <0.001°

’
5
Métodos

= Metabolitos significativamente diferentes en el
analisis de los 188 metabolitos entre HTA-END vy
HTA-ID (estudio omicas).

= Perfil plasmatico de 15 esteroides 'y
catecolaminas.

Tl
il ”um;

e

I Hl

Knuchel et al. Frontiers in Endocrinology. 2024.




Metabolomica dirigida: perfil de esteroides: una
herramienta de futuro en la practica clinica
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Casals G. et al. Annals of Laboratory Medicine. 2020



Metabolomica dirigida: perfil de esteroides en plasma
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Casals G. et al. Annals of Laboratory Medicine. 2020



Perfil de esteroides: Estudios en plasma SC, EC, MACS,
CS ectopico.

Author, type of
study

Patients

Steroid profile

Results

Comments

Di Dalmazi et alj,
2015

Retrospective cross-
sectional study

28 MACS
66 nonfunctioning adrenal
adenomas
188 age- and sex- matched
volunteers

10 serum steroid panel (liquid chromatography-
tandem mass spectrometry, sera)

Glucocorticoid precursors and glucocorticoids:
cortisol, 11-deoxycortisol, 21-deoxycortisol
Mineralocorticoid precursors and
mineralocorticoids: corticosterone, 11-
deoxycorticosterone

Androgen precursors and androgens. progesterone,
17-hydroxyprogesterone, androstenedione, DHEA,
testosterone

MACS

TACTH simulated levels of 21-
deoxycortisol and 11-deoxycorticosterone
Ibasal and ACTH stimulated DHEA and
androstenedione

Accuracy for MACS diagnosis:
- DHEA: AUC of 0.760
- Androstenedione: AUC of 0.705

Eisenhofer et al,

2{]182

Retrospective cross-
sectional study

51 pituitary CS

21 adrenal CS

12 ectopic CS

138 excluded CS

227 age- and sex- matched
volunteers

Masjkur et al, 20193
Retrospective cross
sectional study

21 adrenal CS

35 MACS

152 excluded CS

277 age- and sex- matched
volunteers

(some overlap in
populations with
Eisenhofer et al)

15 plasma steroid panel (liquid chromatography-
tandem mass spectrometry, plasma)
Glucocorticoid precursors. metabolites, and
glucocorticoids: cortisol, 11-deoxycortisol, 21-
deoxycortisol, 18-oxocortisol, 18-hydrocortisol,
cortisone

Mineralocorticoid precursors and
mineralocorticoids: corticosterone, 11-
deoxycorticosterone, aldosterone

Androgen precursors and androgens: progesterone,
pregnenolone, 17-hydroxyprogesterone,
androstenedione, DHEA, DHEA -sulfate,
testosterone

AllCS

1 11-deoxycortisol (289%)

1 21-deoxycortisol (150%)

1 11-deoxycorticosterone (133%)
1 Corticosterone (124%)

1 Cortisol (122%)

ACTH dependent CS

1 all steroids except:
laldosterone

118-oxocortisol

Adrenal CS

| androgens (DHEA, DHEA -sulfate,
androstenedione

Use of 7 selected steroids
(11-deoxycortisol, 11-deoxycorticosterone,
cortisol, aldosterone, 21-deoxycortisol,
DHEA, DHEA -sulfate)

—accuracy of CS diagnosis: AUC=0.930
Use of 10 selected steroids (11-
deoxycortisol, 11-deoxycorticosterone,
cortisol, cortisone, corticosterone, 18-
oxocortisol, aldosterone, DHEA, DHEA-
sulfate, androstenedione):

- 0% misclassification of ectopic CS

- 5% misclassification of adrenal CS (1/21)
- 12% misclassification of pituitary CS
(6/51)

Adrenal CS and MACS

1 11-deoxycortisol and 11-
deoxycorticosterone

| DHEA and DHEA-sulfate
Adrenal CS

| androstenedione

MACS

1 corticosterone

Use of 14 steroids (all except 18-
oxocortisol):

- AUC of 0.9777 for diagnosing MACS
- Overall misclassification of 4.8%

- Adrenal CS: misclassification of 5%

- MACS: misclassification of 3%

Hana et al, 20194

67 Pituitary CS

6 ectopic CS

16 adrenal adenoma

7 hilateral adrenal
hyperplasia with overt CS
42 volunteers

94 serum steroid panel (gas chromatography
tandem mass spectrometry)

Conjugated an unconjugated steroids within the
androgen, glucocorticoid and mineralocorticoid
pathways

Pituitary CS and ectopic CS

* androgens

Ectopic CS

1 mineralocorticoid precursors
Adrenal adenomas and BMAH
| androgens

Discrimination of pituitary CS from ectopic
CS:

100% sensitivity and 93.6% specificity for
11B-hydroxyepiandrosterone sulfate
(metabolite of androstenedione)

Estudios retrospectivos, N baja

Numero metabolitos — incrementa
con la mejoria de la técnica de
detencion.

Diagnostico diferencial:
= SC adrenal;

= MACS;

= EC;

= Cushing ectopico.

Bancos et al. Best Pract Res Clin Endocrinol Metab. 2021.



Evidencia: metabolitos de 11-beta androgenos™ en
la enfermedad de Cushing

V. Hdna, et al.
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Fig. 2. Discrimination of Cushing’s disease (n = 48) from Ectopic ACTH de-
pendent Cushing’s syndrome (n = 6). Logarithmic scale was used for better
resolution.

94 esteroides

Adrenal (c) BMAH (d)

Pituitary (a) Ectopic (b) Controls (e) MC
Total, n 47 6 16 7 42
Gender (M/F) 14/33 4/2 3/13 2/5 18/24
Age,y 43,1 (40,4 - 45.8) 69.1 (61,9 - 76.3) 47.3 (42.4 - 52.2) 54.1 (47.3 - 60.9) 52 (49.2 - 54.8) ab, be, bd, be
Height, em 169 (167.8 - 170.3) 172.9 (169.2 - 177.4)  168.2 (166 - 170.6)  169.4 (166.6 - 172.6 (171.2 - be, ce
172.7) 174.1)
BMI, kg/m2 304 (29.3 - 31.6) 28.3(255-31.4) 29.9 (28 - 32) 30.4(27.8 - 33.3) 268 (258 - 27.9)
Clinical features
Arterial hypertension, n 42 1 13 7 17
Type 2 DM, n 19 3 7 5 5
Smoker, n 18 6 8 6 7
Hormonal evaluation
Cortisal post 1 mg DXM [nmol/l]  573.4 (505.3 - 650.1)  1940.8 (1414.2 - 783.7 (629.6 - 693.3 (509.9 - 30,7 (23 - 39.3) ab, ae, be, bd, be, ce,
2658.2) 973.2) 937.9) de
ACTH [ng/1] 114.4 (101.3 - 128.7)  251.8 (188.3 - 331.3) 2.6 (0.7 - 5.2) 1.5(0 - 4.5) 26.3 (22 - 31.2) ab, ac, ad, ae, be, bd,
be, ce, de
UFC [nmol/d] 1149.2 (926.8 - 3441.9 (1623.8 - 836.1 (579.5 - 844.4 (515.1 - ac, be, bd
1438.7) 9099.4) 1231.8) 1439.5)
Midnight serum cortisol [nmol/1]  652.4 (588.2 - 723.2) 1748.7 (1236.2 - 630.3 (521.6 - 670 (517.7 - 864.3) ab, be, bd
2473.9) 760.3)

Data shown as retransformed mean with lower and upper 95% confidence limits Significant differences between groups displayed using Duncan's multiple com-

parisons (MC) (p < 0.05).
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Hana et al, 20194

67 Pituitary CS 94 serum steroid panel (gas chromatography
6 ectopic CS tandem mass spectrometry)

16 adrenal adenoma Conjugated an unconjugated steroids within the
7 bilateral adrenal androgen, glucocorticoid and mineralocorticoid
hyperplasia with overt CS | pathways

42 volunteers

Pituitary CS and ectopic CS

1 androgens

Ectopic CS

1 mineralocorticoid precursors
Adrenal adenomas and BMAH
\ androgens

Discrimination of pituitary CS from ectopic
Cs:

100% sensitivity and 93.6% specificity for
11p-hydroxyepiandrosterone sulfate
(metaholite of androstenedione)

* Andrégenos dependientes de ACTH (CAH, SOPQ...)

Hana et al. J Steroid Biochem Mol Biol. 2019.




Metabolomica dirigida: el perfil de esteroides en orina una
herramienta de futuro en la practica clinica
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Casals G. et al. Annals of Laboratory Medicine. 2020



Determinacion de cortisol por MS y por Inmunoensayo

Inmunoensayos
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400 L []UFC immunoassay
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Healthy controls Cushing’s syndrome

Espectrometria de masa
(MS: GC.MC; LC- MS, etc.)

A 4

Casals G. et al. Annals of Laboratory Medicine. 2020



CLU: (Inmunoensayo o MS en el diagnhostico de

novo del SC ?

LC-MS/MS
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Aranda G. et al

. Pituitary 2016



Matilda, 34 anos, fenotipo Cushing ACTH suprimido,
no frena con DST, CLU por inmunoensayo: 330 ug/d],
suprarrenales sin ndédulos..... (sera un Carney?

CLU por espectrometria de
.~ masas:




Perfiles de esteroides: Estudios en orina SC, EC, SC
ectopico, MACS

Hines et al, 20175

Prospective cross-
sectional study

4 pituitary CS

4 adrenal CS

57 nonfunctioning adrenal

adenomas

26 urine steroid panel (liquidchromatography,
high-resolution, accurate mass spectrometry, 24h
urine)

Steroids within the androgen, glucocorticoid and

Pituitary CS

* androgens

* glucocorticoids
Adrenal CS

3 analytes (Etiocholanolone, 11p-
Hydroxyandrosterone and a-cortolone)
showed statistical significance differences
in differentiating pituitary vs adrenal CS.

mineralocorticoid pathways (see figure 1 and table

1)

‘androgens T glucocorticoids (lower
degree than pituitary CS)

Kotlowska et al,

20176

sectional study

Retrospective cross-

25 adrenal incidentaloma

with

“possible” MACS

16 CS
37 volunteers

19 urine steroid panel (gas-chromatography,
mass spectrometry, 24h urine)

Steroids within the androgen, glucocorticoid and
mineralocorticoid pathways (see figure 1 and table

1)

CS (subtype unknown), compared to
“possible” MACS

1 androsterone, etiocholanolone,
pregnenetriol, tetrahydrocortisone,
tetrahydrocortisol, allo-tetrahydrocortiol,
and a-cortol

Adrenal incidentaloma, possible MACS
(compared to volunteers)

1 tetrahydrocorticosterone,
tetrahydrocortisol, allo-tetrahydrocortiol,
and a-cortol

Urine steroid profiling:

- CS: 0% misclassification

- Adrenal incidentaloma with possible
MACS: 20% misclassification

Bancos et al. Best Pract Res Clin Endocrinol Metab. 2021.Araujo et al. Endocrine.2021.



Esteroidomica urinaria

DST y esteroides urinarios: valor diagnhostico y predictivo en el SC adrenal e incidentalomas
no-funcionantes

Total urinary metabolite Reference Interval Total urinary metabolite r [and p value] with DST r [and p value] with r [and p value] with
Ge24h) in all Als DST in ACS DST in NFAI

Androgens

Androsterone 173-4645 . Total precursors of 0.401 [0.004] 0.328 [0.109] 0.390 [0.060]

Etiocholanolone 216-3242 2 2 meta b o I itos glucocorticoids

Precursors of androgens

koo ik otomom TR} —— Pregnanediol (PD) ~0.043 [0.771] ~0.218 [0.296] 0.067 [0.756]

16a-OH-Dehydroepiandrosterone (16aOH-DHEA) 6-510 17-OH-Pregnanolone 0.081 [0.578] —0.012 [0.956] 0.267 [0.207]

5-Pregnenediol (SPD) 5-565

5-Pregnenetriol (5PT) 42-930 (17HP)

Mineralocorticoids and precursors Pregnanetriol (PT) —0.113 [0.439] —0.032 [0.118] 0.181 [0.398]

Tetratiydeo - febydmeortc CEHA) 2020 Pregnanetriolone (PTONE)  0.027 [0.771] —0.134 [0.524] ~0.090 [0.682]

Sa-Tetrahydro-11-dehyd icosterone (Sa-THA) 12-140 g S : ° N : aca

Tetrahydrocorticosterone (THB) 18-333 Tetrahydro-11- 0.548 [ <0.001] 0.562 [0.004] 0.391 [0.059]

Sa-Tetrahydrocorticosterone (Sa-THB) 68-553 desoxicortisol (THS)

Tetrahydroaldosterone (THAldo) 13-81 .

Tetrahydrodeoxicorticosterone (THDOC) 0197 Total Glucocorticoids 0.206 [0.155] 0.205 [0.326]) 0.015 [0.944]

Sa-Tetrahydrodeoxicorticosterone (5a-THDOC) 7-170 Cortisol 0.282 [0.050] 0.518 [0.008] 0.334 [0.111]

Precursors of glucocorticoids

ngm;io,fm, " 60-1650 6p-OH-Cortisol 0.172 [0.238] 0.293 [0.155] 0.255 [0.229]

17-OH-Pregnanolone (17HP) 15-847 Tetrahydrocortisol (THF) 0.441 [0.002] 0.524 [0.008] 0.006 [0.977]

Pregnanetriol (PT) 89-1850 "

Pregnanetriolone (PTONE) <110 Sa-Tetrahydrocortisol (Sa- —0.116 [0.426] —0.191 [0.361) —0.161 [0.455)

Tetrahydro-11-deoxicortisol (THS) 99-870 THF)

e o i a-Cortol 0.089 [0.545] ~0.010 [0.646] —0.025 [0.908]

6B-OH-Cortisol 8-144 B-Cortol 0.181 [0.214] 0.030 [0.890] 0.026 [0.906]

Tetrahydrocortisol (THF) 451-3154 118-OH droste ).04 0.209 32

St Tetmlydrocontisol (S THE) St B-OH-Androsterone 0.106 [0.468) —0.041 [0.844) -0.209 [0.327])

a-Cortol 78-1867 11B-OH-Etiocholanolone 0.100 [0.516] —0.144 [0.493) 0.241 [0.259]

p-Cortol 199-1297 -

117-OH: Androstsions 051565 Cortisone 0.286 [0.047] 0.454 [0.023] 0.214 [0.314]

11p-OH-Etiocholanolone 39-481 Tetrahydrocortisone (THE) 0.271 [0.060] 0.490 [0.013] 0.045 [0.836]

Cortisone 54227

Tetrahydrocortisone (THE) 505000 a-Cortolone —0.003 [0.982] —0.089 [0.677] 0.057 [0.797]

a-Cortolone 223-1687 1 . . -Cortolone —0.001 [0.995 —0.086 [0.682 0.056 [0.797

o Comon g Pacientes: 25 NFAI; 22 SCA - [0:993] [0.682] [0:797]

S 50-517 1 1-oxo-Etiocholanolone 0.025 [0.865] 0.086 [0.682] 0.133 [0.535]

= Correlacidn positiva, aunque modesta entre el cortisol postDST y la excrecidn total de metabolitos GC, observandose la
mayor intensidad con el tetrahidro-11desoxicortisol total (THS) y el tetrahidrocortisol.

= La precision diagndstica del cortisol post-DST mejoré cuando se combind con cortisona urinaria, a-cortol, THS y DHEAS
séricas ( AUC 0,853).

Araujo M. et al. Endocrine. 2023



Perfil urinario de esteroides; 2024 —

Study cohort

40 healtyh controls
(normal BMI, no
history of
hypertension)

/

N

Metaboldmica especifica de 36 metabolitos esteroides urinarios

168 patients with
clinical suspicion of
Cushing's syndrome

T~

93 patients with

exclusion of Cushing's N=208
syndrome by standard
biochemical tests
44 patients with

Cushing's disease

18 patients with
adrenal CS (unilateral)

13 patients with
primary bilateral
macronodular adrenal
hyperplasia

75 patients with diagnosis
of Cushing's syndrome by
standard biochemical tests

Braun L. et al. EBioMedicine. 2024



Esteroidomica Urinaria 2024: Diagnaostico de Sindrome de Cushing

- THS = tetrahidro-11-deoxicortisol
AUC (95% Cl): 0.94 (0.90-0.97).

- beta-Hidrox-2 = (An + Et)/(11B-OH-An + 11B-OH-Et).

An = androsterona. Et = eticholanolona. 11B-OH-An = 11-hidroxi-
androsterona. 11B-OH-Et = 11-hidroxi-etiocholanolona.

AUC (95% Cl): 0.86 (0.82—-0.92).

- HSD-2 = THF/THE.
THE and THF = metabolitos glucocorticoides
AUC (95% Cl): 0.93 (0.89-0.97).

- F = Cortisol
AUC (95% Cl): 0.91 (0.86—0.96).

Los 4 biomarcadores del THS, THF/THE y (An + Et)/(11B-OH-An + 11B-OH-Et) clasificaron correctamente al 97%

de los pacientes con SCy al 95% de los sin SC.
Una relacion inversa entre los andrégenos 113-OH (DHEA-S: An) y 11-OHAn clasifica el SC ACTH independiente

de ACTH con una precision del 95%.

*11B-OH-An. Androgenos que dependen de ACTH: aumentados en CAH, SOPQ.
Braun L et al. EBioMedicine. 2024



Perfiles de esteroides: OVERWIEW SC

SC ACTH dependiente SC ACTH independiente (no ACC secretor)

= Dependen de la etiologia y de la gravedad del SC.
* En todos los SC: cantidades excesivas de GC en plasma u orina.
= La produccién/excrecion de andréogenos es muy baja en el SC ACTH-indep., y elevada en el SC ACTH-dep.
(excepcion carcinoma suprarrenal): DHEAS/11betandrogenos +++.
= MACS: resultados similares, pero de menor intensidad con los SC ACTH-indep.
Bancos et al. Best Pract Res Clin Endocrinol Metab. 2021.



cCambian los inhibidores de esteroidogénesis el perfil de

esteroides urinarios?

pm—

—_—

—_—

Vega-Beyhart A et al. Front Endocrinol. 2022



Cambios inducidos en el esteroidoma suprarenal
urinario por ketoconazol y metirapona

= Cambios en 22 metabolitos responsables del 86%
de la reactividad cruzada del inmunoensayo CLU a
las 24 h (p = 0,000)

Vega-Beyhart A et al. Front Endocrinol. 2022; Casals G et al. Biomolecules 2024.



Perfiles de esteroides: Cambio de paradigma: co-secrecion de
cortisol y aldosterona en el hiperaldosteronismo primario.

Arlt W et al. JCI Insight.2017.



Metaboldmica en el diagnostico del hiperaldosteronismo
primario (HAP): plasma y orina
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Algoritmo de machine learning: perfil plasmatico de 7 esteroides
predictor para el diagnostico HAP y de formas unilaterales

N= 462 HAP
N=201 HTA esencial
Estudio genético

DG: test sobrecarga salina
= confirma el diagnostico HAP sin el test de sobrecarga salina CVA

Perfil plasmatico de 7 esteroides + Ratio Aldosterona/Renina

Adrenalectomia/no

Respuesta bioquimica
Perfil plasmatico de 7 esteroides

> factor predictor de unilateralidad que el CVA
en pacientes con:

« adenoma suprarrenal unilateral >10mm,

« suprarrenal contralateral de aspecto normal,

e mutaciones KCNJ5.

Eisenhofer G et al. JAMA, 2020.



Perfil esteroideo para mejoria del rendimiento del cateterismo
de venas adrenales (CVA)

N=103 CVA
e Determinacion de los 15 esteroides en las
venas adrenales y en periferia pre y post

estimulacion con ACTH.

» 28 CVA fallidos han sido recuperados.

e Se propone 11-Bhidroxyandrostenediona y
11-deoxycortisol en lugar del cortisol en Ia
interpretacion del CVA

Turcu et al. Hypertension. 2020.



Hiperaldosteronismo
2024: perfil gﬁf %

diagnhostico de Ly
esteroides en orina L
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18oxoF
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-

Diagnostico HAP:
- aumento: 18-hidroxicortisol (180HF), 18-Oxocortisol

(18oxoF), 18-hidroxicorticosterone (180HB) y tetrahydro-
aldosterona (THAIdo).

Diagnostico HAP unilateral/bilateral:
- aumento: 180HF, 18oxoF, 180HB y 11-deoxycorticosterone

(DOC).
- disminucidn: dehydroepiandrosterone (DHEA) y DHEA-S.

Vogg et al, Clin Chem Lab, 2024



Perfil urinario de esteroides:

Evaluacion del metabolismo de hidrocortisona de accion rapida (R) versus
hidrocortisona de accion dual y prolongado (DP) en insuficiencia suprarrenal

Characteristic Patients with Al on Control cohort with Control cohort with diurnal
IR-HC (visit 1) 24-h urine collections urine collections
Male/female (n/n) 20120 30/30 10/8
Age (mean, SD) (y) 46+ 12 48+12 449+11
Al phenotype
Primary Al (n) 21 NA NA
Secondary Al (n) 19
HC dosage mg/d (median, IQR) 20 (16.25-20) NA NA
BMI kg/m® 26.6 (24.4-30.6) 26.9(25.1-29) 27.0 (24-30)
(median, IQR)

Abbreviations: Al, adrenal insufficiency; BMI, body mass index; IQR, interquartile range; IR-HC, immediate release hydrocortisone.

Guarnootta V et al. EJE 2024.



Perfiles de esteroides urinarios en el diagndstico del carcinoma suprarrenal

Diagndstico:

= De novo;

= Recidiva;

= Con/sin tratamiento con
Mitotano

Validacion en N= 2160 pacientes de la escala:

1. Huella esteroidomica de 8 metabolitos: THS, tetrahydro-11-deoxycortisol; 5-PD, 5-pregnenediol; PD, pregnanediol; PT, pregnanetriol; 5-PT, 5-
pregnenetriol; THDOC, tetrahydrodeoxycorticosterone; Etio, etiocholanolone; 5a-THA, 5a-tetrahydro-11-dehydrocorticosterone.

2. Densidad en CT>20 UH

3. Tamano tumoral >4 cm

Bancos I, Lancet Diabetes Endocrinol. 2020; Wiebke A. J Clin Endocrinol. Metab. 2011; Sasano H. Human Pathology. 1993.



Perfil “simplificado” de esteroides urinarios:

herramienta diagndstica para malignidad en tumores de corteza

suprarrenal

Orina 24h y orina espontanea

Arbol de decisidn > Algoritmo de machine learning

2 metabolitos esteroides:

5-pregnenetriol (5-PT): metab. 170h pregnolona

y

tetrahydro-11-deoxycortisol (THS):metab. 11-

deoxicortisol
Diagnostico de nové

En recurrencia aumento precoz en 50% de los

casos antes de la recidiva radioldgica

Diagnostic performance of the decision tree applied to the test set of 80 patients.

ACC ACA Total Predictive
values, %
(95% CI)
High risk of ACC 7 2 9 77.8 (PPV),
(40.2-96.1)
Intermediate risk 8 24 32
of ACC
Low risk of ACC 0 39 39 100.0 (NPV)
(88.8-100.0)
Total 15 65 80
Accuracy, % 46.7 (TPR),  60.0 (TNR), 57.5,
(95% CI) (22.3-72.6) (47.1-71.7)  (45.9-68.5)

TPR: True positive rate, TNR: True negative rate, PPV: Positive predictive value,

NPV: negative predictive value.

Kimoel A et al. Metabolites. 2024; Vogg N. Clin Chim Acta 2023.



Perspectivas: analisis metabolémico esteroideo urinario para el
diagnostico de gravedad del NAFLD

N=460:
NAFLD 310
CTL 150

60% hombres

40% mujeres

Miller et al, BMJ Open, 2024



Conclusiones

Implicaciones clinicas:

e El analisis metaboldmico dirigido de esteroides, el perfil de esteroides en orina es una herramienta prometedora
para la practica clinica.

Limitaciones que impiden el uso generalizado del perfil de esteroides en la practica clinica:

» disponibilidad principalmente en entornos de atencion terciaria.

e analisis multiesteroides complejo

* la precisidon del ensayo depende de las condiciones completamente de la construccion precisa de la curva estandar
y del procesamiento preanalitico.

e se necesitan paneles de esteroides multiplex para facilitar la integracion en la practica clinica.
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