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Novel pathogenic variations of the armadillo repeat—containing protein 5

gene in patients with primary bilateral macronodular adrenal hyperplasia
Gao Fei,Bian Zhiying ,Zhu Boyu,Xiao Haiying ,Wang Yi, Wang Hongyu,Xu Chun
(Department of Endocrinology , The Third Medical Center of Chinese PLA General Hospital)

[ Abstract] Objective: To perform the genetic screening and analysis of pathogenic germline variations of the armadillo repeat—
containing protein 5 (ARMCS5) gene in patients with primary bilateral macronodular adrenal hyperplasia(PBMAH). Methods : Whole
exome genetic testing was performed for three PBMAH patients who attended Department of Endocrinology , The Third Medical Center
of Chinese PLA General Hospital , from May to October 2024, and a family analysis was performed for the subjects with ARMCS5 muta-
tion. Results : Heterozygous germline variations of the ARMC5 gene were identified by whole—exome sequencing in all three patients
with PBMAH. Among these variations , c¢.622dup (p.glin208Profster15) was a known pathogenic variation, and the other two variation
sites, c. 814dup (p. AI1272Glyfster4) and c.2663_2680delinsGGAAGCGG (p. TR888Argfster26) , were novel variation sites, both of
which were null mutations (frameshift mutation) and might lead to the loss of gene function. In addition, these two variations were not
found in the human genetic variation database or the gnomAD database, and based on the clinical manifestations and endocrine func-
tion indicators of the patients, they were likely to be pathogenic variations. Conclusion : ARMCS gene mutation is a common cause of
PBMAH. Genetic testing is of great importance for patients with sporadic PBMAH and can help to establish the genotype—phenotype as-
sociation of the disease and provide a reliable molecular diagnostic basis for clinical decision-making.
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I R E 7R ELAT B M, K2 A R i
PRAEIR , 185 S HOL W e R | e 2 R H AR R R 17
HRRAR AR AT A B . T PBMAH 72 D) RE FJE
20 WS ARG 27 ML X T i 0
P 9 B AR AL L PL ARG PR A4S PSR g AT B
Mo ARWFFE B AE R G0 T PBMAH BB & 1 15 1% Hr
HE A ST AE HE IS WK R 58 3697 R Mg R L+
WA

| AMSH®

L1 — 34

BEH20244F 5 H 4 H 22024 4F 10 H 1 H ZE M4 B e
B 55 — B2 2 it N R IBRHME BE Y 3 511l R 2 16 PBMAH HY
A (PBMAH 12 Wi AR I R B | 1A 2008 D REAG I B CT 2
MRIAGAY) o 3 {910 3 48 2 a4 o R AN A 1 i 7 4Lk P AG:
W, X rTREA F A MR MG RN ELEN S
(armadillo repeat—containing protein 5,ARMCS ) A8 S {4 JGilE &
— YRR HFE T
1.2 2425 A E A0

AT B AE R 25 hIBCE A SRR L, $2 HCDNA , 9E
1145 FE R AT
1.2.1 DNA SCPFEHI%  {# JH Qiagen DNA Mini Kit i 7] &
(Qiagen, H1 [H , [ ) $2 HUEE K 41 DNA | 48 R Z J5 ) DNA
il 11 Nanodrop 2000 (Thermo Fisher Scientific, EE) AT R
K, BiR A MR AT N — 2 908 . 38 i S220 Focused—
ultrasonicator %% ( Covaris , massachusetts , 32 [E ) ¥ 1~3 wg I
HEDHIZ1 DNA F BeAL 573 150 bpo FEAR DNA fil I SCPE il 45
R & (MyGenostics, H1E AL 50) AT RSB 45k 4 2
FIPCR 1, 9% 5 3 i DNA 45 % BRI ) (deoxyriboNucleic
acid nanoball sequencing, DNBSEQ) (DNBSEQ-T7) i — #
M
122 i3k @Hﬂéﬁf‘ﬁ??ﬂ%wﬁﬁfﬂéﬁ'(MyGenoslics
Inc, ", JE 50 X5 DNA F BOCESEATHR . AR ARICH
TS BT & B Ay ik R ) S A0 S 5 LA S S 7 1R
% 50 bp 138 X 38, 5K BE R 100 bpo i FH SPRIREER 41k
PCR =¥, & % % 7E DNBSEQ(DNBSEQ-T7) [ #E17RUK
S FP KM 150 bp.
123 AWE R0 WFEJE 5 B B R~ 7
FASTQ ¥ 30, SR )5 BEAT A W05 B2 0 M o TR Bt % 4
VCF R 5 L 18 F ANNOV AR R 748 547 s 3R 7 a8 —
# 14 B (http://annovar.openbioinformatics.org/en/latest/) , 35
AN B R ORI A T AR R 2 A 20 05 1140 (exome
sequencing project, ESP6500) | 51 4% 1 g £ 2 1 B 4 1%
(single nucleotide polymorphism database, dbSNP) | % K 41 2%
B 4E (exome aggregation consortium , EXAC) i1 334 AL
5 2 (MyGenostics ) . A % 5 K] 58 25 £ 45 (the human gene
mutation database, HGMD) , Jf: FI#fi 45 1 b 725 S5 42 Jli o > 45
4 (rare exome variant ensemble learner, REVEL) | it 52 4 HE 7
T. H (sorting intolerant from tolerant, SIFT) | 5 2% P4 3= 1 43 Mt

—2(polymorphism phenotyping—2 , PolyPhen—2) | 5& 75 ZUjp 4 7l
M (mutationtaster) | 38 [R 2 17F £k 338 2% 43 1 ++ ( genomic evolu-
tionary rate profiling++, GERP++) #E 4748 543 ML F

1.2.4 4343 DL EAE 5 (copy number variation, CNV )43
Mro LB CNV 4391 5 A4: B FASTQ #% 2, 338 i Cut-
adapt 1 13 3E K Bt & 7 51 (hitp://code. google. com/p/cut-
adapt/) . fdi H] Sentieon K, 5 A7 20 41 W 1] UCSC hgl9
N5 2% 3 I 4 (https://www. sentieon. com/) o X J& , ffi Fl
CNVkit #f4( https://cnvkit.readthedocs.io/en/stable/) FRELFE DT
LGRS IS

125 AESALRTRE  ABETER T 5 A2 PR T i TE 2o
RAL : DRALBEHIN >S5, FEAL R NA/NT 30%. QUIRTEIE
B ZE (MyGenostics ) HAFTE S, MG 5 £ B R AL
RAZETHR I (the human gene mulation database , HGMD) | I R
25 S B 2 (clinical variant, ClinVar) | i PR 3L PR 2H % VR 3R]
(clinical genome resource, Clingen)Ejz mygenostics PN RS
HC S BN/ T RE B B 5. O IE T AR I §8 AR
S 5 BEVR IR0 bR v Ay i e 8 14 B 1 35 4% (autosomal reces-
sive inheritance, AR) fx /N %5 v & K 451 2% (minor allele fre-
quency, MAF) <2% i NTFFE , H Yo 1A 5 P 5 4% (autosomal
dominant inheritance , AD)MAF<0.1% i ANTEAE . @FEFRTF X
RAE . MU [ B2 2 AL 2 5 BE IR 21 242 e R 1
P2, A A R TR B0 728 53 93 N “pathogenic” (O 1) |
“likely pathogenic” (A BEEUH M) . “uncertain significance” (A~
W= ) “likely benign” (AJ 8 K M) A1 “benign” (KAL) o
12.6 FREMSGERUE T Sanger M7 IA DNBSEQ-
T7 W5 i S 38 1 BT AR 2278 o 3RAS A AT T 98 22 I 0 1
24 DNA, T Sanger il /5 . 1 /5 45 28 i} DNASTAR %k {4
38T

2 &% R

2.1 BEals R

AR BH(H 1LH], 2226, 4l 60~64 2, IR 62
B PBMAH 195 B2 Wiks e (36 1) o Horp 34035 )
Pt 5300 S8 2 1481 Sk P CS (AF% 60 %7 ) , 2 451 SCS (R R AF 1 63
%) Wit 34 PBMAH 505 S (AR FE RGN Z5 AN o
2,11 Wl BE VW62 . MRS E 104, KM
AR 2 8 ABE . AR AT EL (body mass index, BMI)
27.08 kg/m?, Ifil K 152/92 mmHg. J& CSRAFE . A= {6 A 45
S 23 5 UK 6.18 mmol/L, L4 2.84 mmol/L ; B k. 1fil 21 75 14
6.20% ;B %« JEME L~L, T{E-2.2, ZE BB S T -1.1, 45
MR 30 TR -1.40 R FUBEE R AR (1 mg HEZERANN
TR0 A/ INFRI A b T A A X PR , TS 2R B
Yo B L BRBESR CT: XU bR X 22 & 45717 REAR A 4L 1
R, RGE LN AR KENLFAME LR, RN
6.2 cm x 5.6 cm, CTAH# 8.0 HU, 5458 938 vl WA 44 27 5 4k,
(F1A),
2,12 B2 B, .60 . HUCSARIE 84F Tk I 2
HABE. SAERTE ISR CS”, AT WIS T A F g
FPIBRAR” o 2R E &, AK12iR . A4 BMI 25.0 kg/m?,
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s i1 St 2 it 3
P L & &
W) 62 60 64
CS/SCS SCs S SCS
A 1 l -
MAg 1 - -
o IR 3% 3% 2%
BE IR = = =
B B B BT E9TNITRIN
ACTH(8:00) ! l l
Fe R A MR NEES NEES
1 mg DST + + +
LDDST + + +
ARR - - -
MN - - -
NMN - - -
3-MT - - -
DHEAS l l !
DHEA ! l !
ASD ! l !
17— ¥2 22l - - -
IRARRE - - -
SN S + + +

B LRGSR CT/MRL XU 1 R IX 22 R 45 R A 2L . BU b IR DCRT DL 4 L JORR A5 T L O R DX O 22 AN L)
W, NS EARY, REMTZME . MR T2ES FS RIS BREMT A SR, KEMTAHM, 24
Ji, KNS 6.2 emx5.6 em, HESRFTI AT M, R RVE L T AR L) 4.8 om, HESR A 7.0 cmx4.3 om, 3 50 31 1 12

WA )3 At

A DAY 2y Ak

By )i Al

Wl FBE T ThE - B AR IPE 5+, 386 FHE 5 CS, Cushing's syndrome, J4E ik 451 ; SCS, subclinical Cushing's syndrome , V. IIfi & J4
JRZEAAE ; ACTH(8:00) , adrenocorticotrophic hormone(8:00) , fit ¥ I Jit {2 J5i i 2 (8:00) 51 mg DST, 1 mg dexamethasone inhibition test, 1 mg 13K
AR 56 ; LDDST, Low—dose dexamethasone inhibition test, /N5l ZE K AT Hl3 56 ; ARR , aldosterone to renin ratio , & [ i 55 5 25 FUAH ; MN,
methoxyepinephrine , Ff 4 5L & F I 2 ; NMN, methoxy norepinephrine, 40 25 U E R 2 5 3-MT: 3—methoxytyramine , 3— FF 40 JE i Jlie ; DHEAS,
dehydroepiandrosterone sulfate , B g it Z F MR ; DHEA , dehydroepiandrosterone , iii & FHEM ; ASD , androstenedione , 1/ i

ML 141/86 mmHg, CSIRME 386 H I, Z 1005, iz Ik As .
AL A AF - 23 I I8 4.92 mmol/L, L2 2.83 mmol/L, B4k Ifil 21
HEH6.03%., B NEHEL~L, T{H-1.4, 70 B & 8T
H-2.8, A B EFTH-2.6. WJRELERCTTAETEAR 1 mgih
FEKARIN TR K /N7 ik Hb FE KA S 0 B 1, T F
ZRIGPHE . B IR B SER MR AU R X AT W/NEE Y
e AYUREETL AR T2 M55 (55 KI5, DWLE R & 55
F L, TIWLIE AR S 0%, K3 O F A, e K3
TARZ 4.8 cm, BRI WA 215840 (K 1B) .

2,13 B3 BE,&,64% , UMWk E 6, A
M RS0 1 A A7 ABE. K :BMI 26.6 kg/m?, IfLJE 153/
80 mmHg. JCCSIRME, AEALAGEEr : 25 I 1M 6.89 mmol/L, Il
3,68 mmol/L, W51k I £ 75 11 7.30%; B %5 & WEAE L~L, T
{H-3.3, ZE B 40 TR -1.7, A M I 300 T{E-1.5. Ko o
BT TEETE O 1 mg MR A a0 B /N7 B B K
PR B, A4S 2R PR o B L AR CT XU
B AR XTI R AN R B 5, KO A, e R
T217.0 cm x 4.3 em, CT{EZ) 33.2 HU, 85 B K 34, i R0

RSB R SRR (B 10) .
22 EAeEEFIH

AL AT AE 3 B R BRI B ARMCS SRR 5 A
] 3 RS E BT LR A B0 A8 R : e.622dup
(p.GIn208ProfsTerl5) 5 7E55 {51 1 F5 71 2, 43 530 A6 I 21 35
B ARMCS 75 5+ c. 814dup (p. Ala272GlyfsTerd) Al c. 2663_
2680delinsGGAAGCGG (p.Thr888ArgfsTer26) . ZEHFILFE 2,
221 WL AR HTRI B ARMCS B 14 2
7%+ ¢.814dup (exon3, NM_001105247.2) , S B & % kK 4 #
552748 (p. Ala272GlyfsTerd ) o Xf i B — R R 47 WAL
SEEEN < LR IR 0 s 22 G AR 5 LA RE T L LA Ik
IR K I LT RAESR (F2) . e.814dup 275 g AL R 5 (%%
575 ) , ] BE- B N TN BB 2K 5 [ I BT 7E NS BE AL S
B 2 B gnom AD H4E A B . ARl ACMG A8 5553 24 48
R A B TR BUR T
222 RBI2  RAT TR B ARMCS B 1 4 E 5
5 1 ¢.2663_2680delinsGGAAGCGG (p. Thr888ArgfsTer26) , 4
BIAT A G . W R0 — SO B AT R S B )Y
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B. i 12 b R R A C. i3 L RsgsReT

T 2L @R PR g A 19 AR
B BEZEEEH
K2 ARMC5ERZRSEMBEESH
it H PR G AR 5 H AR ST ACMG BURTE M 2R CAiH KEH

1 c.814dup p.Ala272GlyfsTer4 B R BEIEOR AR 5 w IAMRIR B 78 55 1SR 8F
AR S 1A LF IR ST

2 ¢.2663_2680delins- p.Thr888ArgfsTer26  HCHH ARAS iR E LA (5) & INILFRELZES 1ML
GGAAGCGG TS

3 ¢.622dup p.GIn208ProfsTerl5  FA3Z7E Ho LA S = LA LTEAE 55

1 ca, DU HE SR Uncertain 057 55 438 K% B B0 HEAE AN T, <0(0.1%) .0(10%) . 1(18.8%) .2(32.5%) .3(50%) .4(67.5%) .5(81.2%) .>6(>
90% )

£08_YDSJ24080717_24C122718_ARMCS_chr 16-31473662-31473683_P715-61_F .ab1 e e e W

340 50
coacocrtdcrcccoococ®corTcroancac coaccc®ocrcccooaccoocooroaoanc

607_YDSJ24080815_24C122721_ARMCS_chr16-31473682-31473683_P715-G1_F.ab1 B0B_YDSJ24080717_24C122719_ARMCS_chr 16-31473682-31473683_P715-G1_F .ab1
¢
ceoacccrocTcccoooccrdrocrtoacc adc coacocrTdcrcccooocérorocToAcoc&ac0c

AOB_YDSJ24080717_24C122717_ARMCS_chr16-31473682-314 73683_P715-G1_F.ab1 D08_YDSJ24080717_24C122720_ARMCS_chr 16-31473682-31473683_P715-G1_F.ab1l
0 0 0
coacccTdcrcccoooc®roeTocToAGEAncC ceoacocrdcrcccooeocdrerocroacn acc

C. ZZRHA
T SRS 2R AN TF RS RS2 S WA A s —/— e 2 SE DG A FLICAR 53 5 +/—, B2 BRI R A FLo 22 B A
2 B R FR h B E RIS ) G 4T
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INIILFRNREER AANLIILEZESR (K3), ¢.2663_
2680delinsGGAAGCGG A ILAAS 5 (Bt ze 48 ), n] AE 83k
H T RETE %, [R5 7 A58 14 28 5 508 4 0 gnom AD %%
PEE B, MRAE ACMG 4> 2535 7", 1% AR 0120 I E
“f TR SR, B DL HESE Uncertain v 543 E R 5,4
Jf BB TEAE RN 81.2% , 3 W A% 5778 0 1) BUW TIE 38
H 1 38 B i PR A2 B 1 GE # >90% 3 ACMG ) “BU% " 4
28) . GEA B IR PRI K N2 T AE TR0 38 A s i 1) T
o, Bl R RO Z KRB . T2
DLl 3 DT BE 2 5 50T < W18 D REAS I | 4N A 76 45 L 4
THIEIE &40 @R R T Bk Ar 5 5 2 A A A5 Ol IR
Wit « W02 SE Al 48 5 1) e 00 B SR T 22 R AR R R AR S

A12_YDSJ25032905_24C122863_ARMCS_chr16-31478065-31478082_P728-D1_R.abl

60 7
cccco ¢ T TCCTCGGGCACTG TTCTG ACCG CG

; :
ML h“x

A BREAN

£03_YDSJ24110411_24C122877_ARMCS_chr16-31478065-31478082_P728-D1_R.ab1l

=

60 b il
cccce cTTCCTCG GOGCACTGT CTCTG ACCCCA

|
\ \ | \
| ‘ JUII
! , ‘ A

C. BELIL

MG . AR R 2 B E T R L B IS e, 3
RESEIw R WA 3, AT RO “BUR " 5 457 K & R IR R
oA, s T RE LU 45 K I, 5 SR

223 JEBI3 HRAGHTRIN B ARMCS FEHA | DGR
7% 1 ¢.622dup (exon3, NM_001105247.2) , S8 & IR &k 1L 7%
15545 (p.GIn208ProfsTer15) o X} £ 19— % | #E47 R 7
SIEFEDF 14 LIRS (B 4) o c.622dup 578 R AL
A (587 ), AT pe S BUE R g ok . A RAE 1K
IR R B A i AR P A I 3 (PMID : 29370219) 5
A A AN SE P AR B 12 5 gnom AD B4 & B A
5 ACMG 432548 1" %748 S8 e SRt =7

D03_YDSJ24110411_24C122878_ARMCS_chr16-31478065-31478082_P728-D1_R.abl

60 7 30
ccccoc TTCCTCOG GBOGCACTG TTCTG ACCCC G

B. & ILF

NM_001105247.2;exon6: ¢.2663_2680delinsGGAAGCGG
( p.Thr888ArgfsTer26 )

[ [ ;v. .
ﬁ - é ,

D. ZAKA

T SRS, S5 B F A5 R S5 B A s /= e FE DA Ay HLOCAE 57t 5 +/—, e 2 BE R R e HOR 24 678 5
E3 7wl 2 R & A E E REEE ) SR

G01_YDSJ24101505_24C122858_ARMCS_chr16-31473490-31473491_P715-G1_F.abl

150 160 170
AGCCTO G ACAGCCTGCCCAGAATTCCCATGGC

HO1_YDSJ24101505_24C122857_ARMCS_chr16-31473490-31473491_P715-G1_F.abl
150 160 170

AGCCTOG ACAGT CCTGCCAGG G ACTCGCAGTGTCC

NM_001105247.2;exon3:¢.622dup ( p.GIn208ProfsTerl5 )
+/-

'
~
D

C. ZRHA

T SRAF S, SRR AMA TP S, RS2SR AMA s~/ e 2 SR A A HLIRAS S 5 +/— 2 BB A A HO A 58 5
4 f5f 3R F B E RER B H SR AE
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303 1’

PBMAH J& N U5 M5 B2 B 28 0 Wb ok i i —Fo
TG, HBURPLEI R 2% . BUIE 1R sZ BB 0L &
TR RN R R Wt A% R = ] R B BUw /R .
5 PBMAH #H ¢ ) & A 60 15 ARMCS | 5 1R — T Ity
LIA 2 R N4 b iR 1 R0 Jiss v B G LA B
LR IK A il R 978 5 4 i J g JoT 3R 2 AU AZ AR [
(W F278C .C21R F15247G) 8% G & H L (U1 GNAST)
A T] DL B PBMAH 9 & £ LAk, KDM 1A
S R AR 5L 90% MBI PBMAH 47
XM, Hod ARMCS fE PBMAH 1A 28 75 5 M 8 WL
i PBMAH & 19 55%"

IRAMIFFEIE I , ARMCS 2li5 M (80) B A 2B 7%
SO eSS ECE LR T A 2 R (A LH T
FIPRIE ) S8 ik, USSR 2575 P ACTH )
FEAEPL B SIS AIE ST ARMCS B 4 /)N B
7 U B B R B R B R OK R, S
PBMAH fEE AR, Ak, B8 G 8 P IR SZ AR 19 57
2RI, cAMP/PKA Fl Wnt/B—catenin 12530 % TG
S SR E 2 ACTH , 3X BB AR A N 4545 &
SRR IS A AT REMLEM . Assié G 58T 2013 4F
T UK FE PBMAH F8 5 v & i i iy o0 i) 2 A1
ARMCS , J5 LA 98 47 HE A GE A2 9K Sl 52 i ik i 2 o
JUEE A OCHE P R, I AR SR L T PBMAH A&
H LR CS IR B ML 2% 43 M1 R, ARMCS
i PRI 178 57 24 2 TR 1Y 2090~25%", T A
FENE K B8 b A9 3k 80% LA ™. Bouys L
AR 1T PBMAH B B BASIAF5E 2 W L ARMCS
7 S 5 O P (I AR 7 L Gk R O - AR e T A AR
B RSN S I B ¢S, B RS
WHCE T 2 MR R, 32 F R T L IR B
BT . ARG 3 B I AL A O A 2 R —
IR T EREE e . AR WL R, B AT #5447
ARMCS 78 S j A R BR CS (1, R 55 & ) 5L
SCS(2 ], ¥ FARIBIT) , $&75 ARMCS 78 S (W AFHE
A BB TR B EE A I R R

i PRETAF ST IR 22 B, ARMCS 26 17 BN 2 2
ZUh Bz 3Rk H R R IR T e 5 IR A AE
PBMAH JifJ83 1) & A= & R A7 76 18 78 C ", Kyo C
SRS R I, A BURME ARMCS A8 S () R E
W, 50% 1 & B R AR CRLAR ORI B

Ji) , $E AR ZFE D = Wy A AR L R SV R AR
AR R E ] . ARWTSE BAS) b 1 451 i [
Inf AT ENTRCAR Mg | i — D3RR ARMCS 72 S AE R
B R R SO AL R T TEVE R (H O EAR R ]
P Bl R A R AR ST o

B DR A S )57 B O VEAG AT RE 1 A S e B A
HEANEH] : ARMCS BB A R v AT 2 1 i
PRSI DX, 96 K AR 1 5AH BLAE AT 24k < N I
Arm-repeat 25 #4 35 ( Armadillo/B —catenin—like repeat
MG, — D2y 40 D E LR A 1Y 7 51 37 ) A C i
BTB/POZ %% #4 38 ( Broad—complex, Tramtrack bric—a—
brac/Pox virus, FIEF 8 2 A 1K) o SCHk o 4 38 19
60% LA |- B o5 B AR S5 783X 2 4> X 8l s B e
A B 5ETE 2 ) 8 b e B BT S SR 02 c.814dup
(p.Ala272GlyfsTerd)flc.2663_2680delinsGGAAGCGG
(p.Thr888ArgfsTer26) . X 2 4~78 5 1 hy Jo % 4% S+
(FR 578 ) , W] g ‘P BOUE R DR % s HAETEH A
TERSCHE P2 TP A R DL S . ARMICS 5k D9 28 55 (¥ B0R
PEF e BT NI A (5 2 2 00 | 5 1 35t A%
PR i ZH 4L DNA I 5507 (AT A2, X
BEDRAN [F] Dy RE 45 R 3 ) 9 718 52 B I 35 1) ik PR A —
FAUAH I, o 7m AN [R] G A8 07 0 28 1 D RE 1Y 52 i)
PR 225, 3X g a2 11 Jo 445 R 38 0 A S0 5 i
AL T B AR

XU R TBR A B B A 23697 PBMAH iz
AR TTE . SRR T 28 B B R 2 554X
H B E R B 5T BE 8GR 8 R K A= R 3G . A7 B
FER R B E BRI/ INAXEFR, FAR IR R R
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