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Supplementary Material

1 Supplementary Figures
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Figure S1. The pathway of adrenal steroidogenesis. The steroids in red are those we quantified.



2 Supplementary Tables

Table S1. Low limit of quantification and up limit of quantification of LC-MS/MS (ng/ml).

Pat. Nr. Aldosterone Cortisol Cortisone Corticosterone 11- 21- DHEAS Estradiol Testosterone Androstenedione DHEA DHT 17- 11- Progesterone
deoxycortisol deoxycortisol hydroxyprogesterone Deoxycorticosterone
1-9 LLOQ 0.014 152 0.148 0.175 0.03 0.027 244 0.026 0.005 0.022 0.229 0.042 0.04 0.023 0.03
ULPQ 6 12000 80 2000 600 10 18000 10 24 600 120 3 600 120 45
10-16 LLOQ 0.028 1.225 0.102 0.08 0.144 0.042 14.4 0.004 0.01 0.032 0.213 0.081 0.015 0.008 0.035
ULPQ 2.93 291 41 45.7 15.6 5.25 5944 5.14 12 139 58.2 1.43 14.7 2.95 25.7




Table S2. Demographic and clinical characteristics.

Patient No. Sex Age (at Clinical LDDST UFC LNSLC ACTH Adrenal size on imaging ARMCS5
diagnosis) presentation [ug/dl] [ng/24h] [ng/ml] [pg/ml] ot Right Status
WxDxH Volume WxDxH Volume
[em] [mi] [em] [mi]

1 F 58 Overt CS 7.6 410 7.9 25 2.8x5.1x4.2 60 5.5x4.9x5.1 137.4 WT
2 F 60 Overt CS 5.6 169 2.3 9 2.6x5x4.2 54.6 2.3x4.3x5.6 55.4 WT
3 F 56 Overt CS 15.1 207 NA <5 5x4.8x5.8 139.2 3.5x3.9x4.5 61.4 WT
4 M 48 Overt CS 337 847 10.3 3 8.2x10.5x9.9 852.4 4.7x3.9x6.3 1155 MUT
5 F 58 Overt CS 41 222 3.3 <2 2.2x3.4x4 29.9 3.7x4.8x5.3 94.1 WT
6 F 38 Overt CS 14.5 324 5.9 3 4x1.3x4.4 22.9 1.4x3.5x4.9 24 WT
7 F 72 Overt CS 31 322 0.7 4 3x2.3x4.1 28.3 1.8x2.1x2.5 9.5 NA
8 F 50 Overt CS 13.2 NA 53 2 2.6x3.3x1.9 16.3 1.5x3.5x3.7 194 MUT
9 F 64 MACS 5.6 59 0.7 NA 3.2x2.8x3.7 33.2 2.4x2.6x3.9 243 WT
10 F 56 Overt CS 8.0 104 41 4 2.7x2.9x2.8 219 3.5x3.8x3.1 41.2 WT
11 F 58 Overt CS 43 151 5.6 <2 2.2x3.1 3.1x2.0 MUT
12 F 60 Overt CS 251 232 4.32 3 3.8x2x1.5 114 5.6x2.5x4.6 64.4 WT
13 F 69 Overt CS 12.5 80 4.8 <2 5.4x2.0x5.6 60.5 2.8x1.7x2.7 15.6 MUT
14 F 58 MACS 4.0 80 8.0 4 2.8x2.3x4.0 25.8 2.0x2.0x4.0 16 WT
15 F 55 MACS 2.7 64.8 4.6 7 2.9x1.7x3.7 18.2 2.5x0.7x1.8 3.2 NA
16 F 55 MACS 55 21.3 3.6 <5 3.8x4.7x3.4 60.7 2.0x2.3x3.1 14.3 MUT
17 F 77 Overt CS 8.8 36.8 16 6.3 3.3x2.6x3.0 25.7 2.8x1.9x2.7 144 MUT

Abbreviations: CS, Cushing’s Syndrome; MACS, mild autonomous Cushing’s Syndrome; ACTH: Adrenocorticotropic hormone (normal

range: 10-50pg/ml); UFC: 24h urinary free cortisol measurement (normal range: 50-150ug/24h); LNSLC: late-night salivary cortisol
(normal range: <1.5ng/ml); LDDST: Low Dose Dexamethasone Suppression Test (normal range: <1.8ug/dl).



Supplementary Table S3.1 Concentrations (ng/mL) of steroids of adrenal veins and peripheral vein quantified by LC-MS/MS.

Pat. aldosterone cortisol cortisone corticosterone 11-deoxycortisol
N Left Right  Peripheral Left Right Peripheral Left Right Peripheral Left Right  Peripheral Left Right  Peripheral
1 0.10 0.09 0.01 238 253 59 11 13 13 11.8 10.1 0.7 17.90 22.50 1.32
2 0.597 0.11 0.02 962 429 182 27 22 16 105.4 15.3 5.2 52.80 9.64 1.30
3 0.00 0.05 0.01 455 280 149 26 23 7 16.5 12.3 1.9 5.32 4.62 0.17
4 0.0011 0.0011 No Peak 640 377 168 30 35 11 183.2 1020 17.0 22.20 17.30 1.75
5 1.52 0.0011 0.00 180 811 158 19 28 16 22.8 110.0 9.2 4.95 18.10 1.08
6 0.96 1.14 0.02 3000 3620 109 103 104 15 155.0 215.0 1.5 115.00 157.00 1.02
7 0.0136 0.114 No peak 383 10 102 20 47 15 13.6 72.1 1.3 3.87 16.70 0.29
8 1.76 0.79 0.0476 1600 404 104 93 38 18 1150 344 2.0 23.00 4.93 0.40
9 0.02 0.20 No Peak 1280 245 135 48 18 19 1114 38.4 2.3 40.80 12.20 0.75
10 0.07 0.60 0.08 292 1060 117 30 62 16 134 1859 1.8 7.26 49.75 0.62
11 1.12 0.22 0.04 606 265 162 50 30 21 34.4 8.8 2.6 9.04 3.20 0.56
12 0.17 0.20 <0.028 202 247 93 16 13 17 3.6 4.2 0.4 9.85 15.92 0.97
13 0.10 0.24 <0.028 318 280 135 30 28 15 105.5 88.0 20.3 7.59 5.83 0.81
14 0.08 0.08 <0.028 289 185 92 26 21 18 134 5.6 0.8 6.80 2.84 0.28
15 0.45 0.45 0.08 651 572 163 57 45 22 52.4 47.6 4.5 13.28 12.85 0.60
16 0.03 0.16 <0.01 333 216 86 30 20 13 30.6 18.1 24 4.96 3.96 0.37
17 1.49 0.124 0.0183 725 71 74 69 12 13 34.4 0.7 0.5 10.50 0.42 0.29




Supplementary Table 3.2 Concentrations (ng/mL) of steroids of adrenal veins and peripheral vein quantified by LC-MS/MS.

Pat. 21-deoxycortisol DHEAS estradiol testosterone androstenedione
N Left Right Peripheral Left Right Peripheral  Left Right  Peripheral Left Right Peripheral Left Right Peripheral
1 1.30 1.09 0.09 2250 3010 2740 0.02 0.03 0.02 0.60 0.50 0.35 36.70 29.50 1.66
2 0.39 1.65 0.61 273 282 259 0.00 0.00 No Peak 0.30 0.22 0.12 20.70 13.00 2.23
3 1.82 1.36 0.22 440 511 369 0.09 0.08 0.07 0.10 0.13 0.05 4.47 4.82 0.76
4 0.24 10.90 2.55 72 69 62 0.01 0.01 0.01 1.61 1.51 2.10 1.98 3.08 0.29
5 2.60 11.90 1.00 470 560 459 0.00 0.00 No Peak 0.26 0.55 0.16 9.29 12.10 0.79
6 16.40 22.50 0.18 531 514 272 0.01 0.00 0.02 0.71 1.25 0.15 77.60 88.90 0.49
7 0.06 0.32 0.03 879 970 735 0.00  0.0014 0.00 0.26 0.45 0.20 7.57 26.2 0.50
8 11.80 3.91 0.25 115 150 119 0.05 0.07 0.0705 0.16 0.09 0.06 7.96 3.05 0.27
9 0.13 0.18 0.04 71 68 69 0.00 0.01 0.00 0.20 0.17 0.13 7.07 5.54 0.27
10 0.31 2.64 0.08 232 285 215 < < <0.004 0.10 0.27 0.07 5.12 15.72 0.34
0.004  0.004
11 0.40 0.13 <0.04 346 263 233 < < <0.004 0.33 0.19 0.18 14.02 4.10 0.68
0.004  0.004
12 <0.04 < <0.04 1136 911 908 < 0.03 <0.004 0.45 0.34 0.22 7.31 14.23 1.01
0.04 0.004
13 0.34 0.21 0.05 48 45 41 < < <0.004 0.03 0.03 0.03 0.83 1.14 0.08
0.004  0.004
14 0.18 0.06 <0.04 293 257 239 0.12 0.02 0.06 0.14 0.07 0.07 5.87 2.29 0.31
15 0.08 < <0.04 238 209 183 0.04 < 0.01 0.39 0.40 0.20 15.09 10.24 0.58
0.04 0.004
16 0.05 0.12 0.02 <100 <100 <100 <0.03 <0.03 <0.03 0.12 0.08 0.05 3.75 4.58 0.17
17 0.28 0.02 0.03 475 291 335 <0.03 <0.03 <0.03 0.27 0.17 0.11 12.50 0.42 0.34




Supplementary Table 3.3 Concentrations (ng/mL) of steroids of adrenal veins and peripheral vein quantified by LC-MS/MS.

Pat. DHEA dihydrotestosterone 17-hydroxyprogesterone 11-deoxycorticosterone progesterone
N Left Right Peripheral Left Right Peripheral Left Right Peripheral Left Right Peripheral Left Right Peripheral
1 1290 6.81 1.82 0.21 0.29 0.29 4.38 3.00 0.31 0.76 0.87 0.07 0.34 0.24 0.05
2 7.48 8.04 0.86 0.26 0.45 0.40 24.90 2.87 0.15 7.84 0.64 0.10 4.86 0.26 0.01
3 199 431 0.26 0.53 0.31 0.24 2.18 2.37 0.19 0.34 0.27 0.00 0.11 0.10  No Peak
4 1.04 0.83 0.49 0.35 0.33 0.30 3.53 5.98 0.69 5.29 4.02 0.44 1.75 2.08 0.09
5 9.89 16.40 3.78 0.24 0.24 0.24 4.28 12.00 0.35 0.99 2.04 0.14 0.47 2.26 0.05
6 20.60 20.60 0.33 0.04 0.04 0.04 40.20 46.30 0.25 7.37 11.10 0.07 4.97 7.05 0.40
7 10.70 23.10 0.98 0.02 0.00 0.00 2.81 11.00 0.29 0.23 1.35 0.06 0.18 0.93 0.05
8 221 175 0.48 0.02 No 0.14 7.60 2.03 0.40 1.82 0.56 0.04 1.29 1.34 0.83
Peak
9 139 3.64 0.12 0.12 0.17 0.12 5.18 4.27 0.11 3.39 4.24 0.15 1.32 2.32 0.00
10 7.14 20.69 1.17 <0.08 < <0.08 3.60 40.71 0.25 0.44 14.71 0.04 0.11 1750 <0.04
0.08
11 1210 3.86 0.71 <0.08 < <0.08 6.72 2.01 0.38 0.77 0.26 0.04 0.32 < <0.04
0.08 0.04
12 348 329 0.85 <0.08 < <0.08 1.58 2.92 0.18 0.37 0.44 0.04 <0.04 < <0.04
0.08 0.04
13 025 0.79 <021 <0.08 < <0.08 3.26 2.27 0.23 2.42 1.41 0.27 1.33 0.72 0.07
0.08
14 590 292 0.56 <0.08 < <0.08 3.34 1.39 0.16 0.36 0.15 0.03 <0.04 < <0.04
0.08 0.04
15 1419 11.97 1.42 <0.08 < <0.08 4.82 4.95 0.19 1.13 1.40 0.07 0.40 0.53 <0.04
0.08
16 176 3.12 0.16 <0.17 <0.17 <0.17 2.21 2.30 0.12 <0.10  <0.09 <0.07 <0.08 <0.07 <0.05
17 124 084 0.64 <0.17 <0.17 <0.17 8.10 0.19 0.10 1.16 <0.07 <0.07 0.73  <0.05 <0.05




Table S3 Comparison of clinical parameters based on ARMCS5 status

clinical parameters wild-type ARMC5 mutant ARMC5 p value
AVol (ml) 75.8[52.2, 160.7] 75.0[37.9, 522.0] 0.61
LDDST [pg/dI] 7.6[4.9, 14.8] 10.7[5.2, 18.3] 0.67
UFC [ug/24h] 207[92, 278] 80.0[29.1, 499.0] 0.25
LNSLC [ng/ml] 4.2[2.6,7.4] 5.1[3.1, 6.8] 0.75
ACTH [pg/ml] 3.0[2.5, 4.0] 2.3[1.0, 3.8] 0.26

AVol, adrenal volume; LDDST: Low Dose Dexamethasone Suppression Test; UFC: 24h urinary free cortisol measurement; LNSLC: late-
night salivary cortisol; ACTH: Adrenocorticotropic hormone.



