Imaging mass spectrometry reveals co-accumulation of aldosterone and 18-oxocortisol with CYP11B2 in pre-adenomatous states of primary aldosteronism
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Primary aldosteronism (PA) Is a secondary hypertensive py— — GirT-Aldost At L
disease caused by autonomous aldosterone production that often | o . |l
caused by aldosterone-producing adenoma (APA). wiz L LT Axtre, \}
Immunohistochemistry of aldosterone synthase (CYP11B2) e e
shows the presence of aldosterone-producing cell clusters circonsone
(APCCs) even In non-PA adult adrenal cortex (Ref. 1,2). An k, Mu .
APCC-like portion also exists in possible APCC-to-APA ws2 el e

transitional regions (PAATLS) In PA adrenals (Ref. 3). However, — m/z 428 328
whether APCCs produce aldosterone or 18-oxocortisol (18-0xoF), g | TN
a serum marker of APA, remains unknown due to lack of
technology to visualize adrenocorticosteroids on tissue sections.
In the present study, we utilized highly sensitive Fourier transform
lon cyclotron resonance mass spectrometry to image various

GirT-Corticosterone Merged _ _ o _
Figure 4. Discrimination of aldosterone from

cortisone, an isomer of aldosterone. In order
to differentiate the aldosterone-specific signal
from the cortisone-derived signal on adrenal
sections, we further established a tandem-MS
Imaging method with a linear 1on trap-type
Instrument. An Initial attempt using the tandem
MS method (MS”2) revealed that derivatized

adrenocorticosteroids, Including 18-oxoF, In adrenal tissue
: : - - aldosterone and cortisone still showed the
sections from 8 PA patients with APCC (Cases 1-4), pAATL (Case —— m/z 460.318 irT-Corticosterone same ion transition. ie. from miz 4743 to
5), and APA (Cases 6-8). Further analyses by tandem mass ( S o, Figure 2: MALDI imaging using FT-ICR-MS of 415.2, representing a common dissociation
- - : - : - rat adrenal sections. Distributions of ©I'T- reaction of the GirT moiety. However, one
spectrometry Imagmg. allowed. us 10 d.lﬁere.ntla”y visualize " W aldosterone, and C'T-corticosterone on a rat additional tandem MS (MS-MS-MS: MS”3)
aldosterone from cortisone, which share identical m/z. These . ‘ | esansed] adrenal section are shown in the left and right, enabled the differentiation of distinct steroid
advanced imaging technigues revealed that aldosterone and 18- respectively. structures and gave independent signals for
Cy : : _ _ _ _ _ aldosterone and cortisone; I.e., m/z 474.3 >
oxoF co-accumulated within CYPllBZ-expressmg lesions. These (Fé?urej:(fnm)unﬁhlstpchemlitri/ fc?]r CYI;’llfBZ in hu:nan ?dpr\gréaglzeczomlzid scz;\r?plepf\sA_erfnelsd(A;P[)A)\, 415.2 > 397.2 and m/z 474.2 > 415.2 > 385.2,
: : : : , and (F—H) show immunohistochemistry for samples o s (arrowheads), p , an , respectively. | . o
imaging outcomes a_Iong with a growmg bOdy of aldoster_one respectively. In (C-H), areas marked with red dotted lines indicate a tumor (T); outside of these areas P y 0 50 100 ( /0)
research led us to build a progressive development hypothesis of constitutes the adjacent normal adrenal tissue (non-tumor portion: NT). Tumors in (C-D) and (E-H) are ~ Figure 5: MALDI imaging of APCC, pAATL, and APA using tandem-MS (MS”3). Case numbers
an aldosterone-producing pathology in the adrenal glands. _nor_l—functional adenoma and APA, respectively. All panels are shqwn at the same magnification. Bars marked by blue, orange, and green Indicate cases _of APCC (_cases_ 1-2), pAATL (case 5), and APA
Indicate 1 mm. Case numbers marked by blue, orange, and green indicate cases of APCC (cases 1-4), (cases 8), respectively. The signals of the derivatized steroids, Gir-T-aldosterone (left) and Gir-T-
PAATL (case 5), and APA (cases 6-8), respectively. cortisone (right) are shown on a single section of each case.
Patients and methods | | | |
Gir™-180ox0F GrT-aldo/cortisone Gir™-180x0F GrT-aldo/cortisone | Pathology Figure 5: Schematic showing
A ( C26H40N30s) B ( Ca6H40NsOs) C- ( Cz6H4oNsOs ) D ( Ca6HaoNsOs) Vggﬁgggend PAATL small APA large APA APA generation and its clinical
MALDI-IMS: Matrix-Assisted Laser Desorption/lonization-Imaging “ Cases1-4  Cases Casess-7  Cases significance. Pathologies
— supporting our hypothesis that
Mass Spectrometry O m = - » » APCC develops into APA via a
o APA ~ non-aldo/18-oxoF ible APCC-t0-APA t " |
(U APA producing cells pOS.}SI € -10- rans_l lona
Tissue preparation Laser ablation/ionization Mass spectrometry Image O | lesion (pAATL). pAATL (_30n5'5t3_ of
& Matrix application at each spot at each spot reconstruction a (SjUb'Capsmar '?\ECC'“ke reg'ﬁn
T — . and Iinner APA-like region. The
; EEEHMTITaRC R FEHEE Clinical phenot e . .
| Y il o T DT s LA L - APCC and APCC-like regions of
,.f 5 P L N Normal | subelinical PA | mild PA severe ™A DAATL  consist of aldosterone-
,' = L o | oroducing cells, whereas the APA-
| = il i 2 ike region of pAATL and small
miz e :
- ____Threshold of PA based on guidelines APA contain . aldosterone-  and
cortisol-producing cells. Large
APA consists of aldosterone
18-Ox0-F Conc. synthase (CYI_DllBZ)—positive
™ aldosterone-producing areas and
O - . . . . .
% CYP11B2-positive non-functional areas, with the latter potentially lacking precursor steroids,
0) Including progesterone. Putative phenotypes and serum aldosterone and 18-oxoF concentrations
are indicated at the bottom along with the thresholds for subclinical and clinical PA.
Table 1. CIinicai 555;61%% ;te roid :tr:: Ir:tZ::;ltions of adrenal tissue sections. T —————— Sectiirljnd S — :
Case# YRPA# Age (year) Sex S'Z\;iilfeter (Supplemental rati_o of CAVS Surgery Sectionzarea ) CO n CI u S I O n S
infusion* Figure 1) Wllt(:]aﬁi(r:] ;-H (i) aldosterone cortisone 18-oxoF ﬁ-
1 7927 30 male 96 normal 3.0 right total adx 57.1 129.0 + 8.0 251.9 + 21.7 269 + 1.8 q') - - - -
| O mau ) ( emsom ) ( omeom ) 2 Steroid imaging by MALDI-IMS revealed heterogeneous steroid
woo 0 9% ) emses ) asom ) O _ localization patterns provided Insight Iinto the spatio-temporal
C o em @ mew gmee a dees ws s sease s = | relationship between altered steroid hormone production and a cell
nodules ( <1.22 ) ( 1752009 ) ( <0.23 ) ] _ _ _ ]
TR @ me e ewm o ms ROAER e adase o E0LA0 L m03as0 . lineage leading toward primary aldosteronism lesions.
APA 6 7841 60 male 149 right adenoma 5.5 rightazirtial 32.2 325.4 + 18.3 225.9 + 18.4 89.4 + 6.8 0 50 100( %;)
Eé%dﬁng 7 Te2s 55 e 120 righadeom 1406w rgpaial 76 Csmssmsi smoses | wsasse | Figure 3. MALDI imaging of APCC, pAATL, and APA using FT-IMS-MS (a—p). Case numbers marked References
s e e e eheewm ;o i s smesasn  seses | wsses by blue, orange, and green indicate cases of APCC (Cases 1-4), pAATL (Case 5), and APA (Cases 6-8), 1. Nishimoto, K. et al. Adrenocortical zonation in humans under normal and pathological
R P T P R P R S RITTI LTI T IR T a— respectively. In MALDI imaging using FT-IMS-MS, the signals of the derivatized steroids, ¢"T-aldosterone conditions. J Clin Endocrinol Metab 95, 2296-305 (2010).
e AR TeTizs- 2 H s i 20 % 01 and CG"T-cortisone (®"T-aldo/cortisone) as well as that of ©"T-18-oxoF are shown on a single section from 2. Nishimoto, K. et al. Aldosterone-stimulating somatic gene mutations are common in normal
o e e o sl S o o B S o o e (S P e o . e e s each case. White arrowheads in panels (a—h) correspond to APCCs in Figure 1A — 1D. Tumor (marked by adrenal glands. Proc Natl Acad Sci U S A 112, E4591-9 (2015).
D e T e et 1" Ereocrinl Metah 2008:93,3266-81, 7 laeralize o of cAVS without “T" and the orange dotted line) and non-tumor portions (marked by the white dotted line in Cases 5-7) of 3. Nishimoto, K. et al. Case Report: Nodule Development From Subcapsular Aldosterone-

Imaging sections correspond to those of CYP11B2 immunohistochemistry in Figure 1. Bars indicate 1 mm. Producing Cell Clusters Causes Hyperaldosteronism. J Clin Endocrinol Metab 101, 6-9 (2016).
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