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Diastolc and Systolic BP (mmHg)

Gordon Syndrome
Familial Hyperkaliemic Hypertension
PseudoHypoaldosteronism type 2

First description 1960 g S
Hypertension, normal renal function 7}

Autosomal dominant transmission
Hyperkalaemia, hypochloraemia, metab. acidosis
Low plasma renin, +/- low aldosterone

High sensitivity to thiazide diuretics
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Clinical Presentation

Age Sex BMI BP K* Creatinine

(years) (M/F) (Kg/m2) (mmHgQ) (mmol/L) (umol/L)
Father 36 M 26.2 160/100 5.6-6.4 74
Grandmother 58 F 25.4 170/95 5.2-5.7 65
Daughter 10 F 17.8 120/80 5.3-5.5 42
Son 6 M 15.2 110/70 5.5-5.8 37

CO,T Cl- Renin act.  Aldost. Response

(mmol/L) (mmol/L) (ngAl/mli/h) (pg/ml) to HCTZ
Father 18-26 111 0.08 152 ++
Grandmother 22 112 - - +
Daughter 17-21 111 0.5 144 ++
Son 16-20 113 0.4 91 ++




Gene ?
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Boyden LM et al Nature 2012
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Gordon syndrome : Phenotype/Genotype

o
CUL3 KLHL3 KLHL3 WNK4 WNK1 WNK1
Patients Heteroz HomoZ HeteroZ Heteroz I—_IeteroZ a:ilji’f::\)cz)tif
Aex9 (ex 7-17) Aintron-1 (ex7)
n=14 n=4 n=16 n==6 n=3 n=26
Age (years) BKs 4 [0 35,9 [15-56] 31 [5-45] 39 [13-71] 23 [0,1-59]
SBP (mmHQ) RESONEMZENE]s 0 148 [103-190] 147 [107-180] 146 [126-166] 117 [90-148]
DBP (mmHg) BRelRED 00 0 92 [53-115] 88 [59-110] 89 [76-102] 75 [43-116]
K+ (mmol/L) 8-9,6] 6.0 59 [536,7 5,7[5564 5,7[5361 5,6][50-7,1]
Cl- (mmol/L) 04 09 107 [103-112] 113 [109-119] 107 [104-110] 108 [102-112]

Marzukiewicz, in preparation




Severe arterial hypertension from Cullin-3 mutations
is caused by both renal and vascular effects

OUTCOME
METHODS
- Bloodf:'essure {5
. <
—_—kk —_ **T‘ )(LG
140+ - %ﬁ Nat OF
120~ . u®
s WNK4-SPAK
100+ | T

v T T Cul3
Ctrl  SM22 pgk s
Cul3A9 Cul3A9

We compared two mouse models, expressing

the mutant Cul3 protein ubiquitously (Cui3-A9) CONCLUSION
?é;gzcﬁfgg; vascular smooth muscle cells o) 3_related hypertension is caused by an alteration of both renal and
' vascular functions, the latter being associated with an activation of
the RhoA signalling pathway and thus a decreased vasorelaxation.

doi:10.1681/ASN.2017121307 JA: ; N

Waed Abdel Khalek et al. JASN 2019:30:811-823

JASN

©2019 by American Society of Nephrology



Gene ?

1q31'q42 p32.3 WNKl
- ﬁ  12p13.33
q12 x
“ 0 WNK4
... 179212 ) e
E:g;;; KLHL3
5031.2
™ s CULS3
o8 . 235
PHA IIA PHA 1IB PHA IIC PHA 11D PHA IIE
Affected 36% (?) 5% 4% 40% 15%
Inheritance AD AD AD AD, AR AD
Type of ? Intron 1 del. Missense Ex 7 Missense Splice

mutations Missense Ex 7 and 17 Others Ex 9
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Apparent mineralocorticoid excess (AME)
Ulick syndrome

Autosomal recessive transmission

Severe Hypertension (insidious end-organ damage) n 8)
Low plasma renin and aldosterone

Hypokalaemia

Low birth weight and failure to thrive

Polyuria and polydipsia

Nephrocalcinosis

Urinary elevated ratio of cortisol (F) to cortisone (E) metabolites
Cases with mild phenotype (AME type 2)



Apparent mineralocorticoid excess (AME)
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Genotype—phenotype correlations in apparent
mineralocorticoid excess (AME).
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Clinical profile for patients with AME due to HSD11B2 deficiency from seven nations of the International

Consortium for Rare Steroid Disorders.

A HSD11B2
C.HB4+T1G>A
16q22 €.6644T14C>T 1kb
1 2 3] 4 5
i =
S26% G89D D176MN D223N R279C
R74Gfs*43 E115 Li116del L179R Y226N L287Cfs*36
D144y S180F P227L Y299del
F1855 Y232C G305A11nt
R186C Y232 T234del V321 _V322insAPV
R208C A237V Azz28V
R208H D244N R337C
R213C F246+1Int R3227_Y338delinsH
A221G L250R Y¥338H
A221V L2500 L251delinsPS Q342Pfs*62
V254V E356Vfs*40
(c771C>G) R359W
V25751s*3 L363P
T267A F3&67del
R374*
B L376P
#4 Canada (1)
- . - Persian (1)
i Iran (3)
us (7) |ta|:?.r (1) - Persian (3)
- African American (2) Isatiani(l)
- American Indian (1) Oman (22)
- Chippewa (1) - Omani (22)

- Mennaonite (1)
- Pakistani (1)
- Persian (1)

Australia (2)

-Persian (1)
-Turkish (1)

Mabel Yau et al. PNAS 2017;114:52:E11248-E11256

©2017 by National Academy of Sciences
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Clinical profile for patients with AME due to HSD11B2 deficiency from seven nations
of the International Consortium for Rare Steroid Disorders.

C 5 Median age at diagnosis 4.6 y (0.1-15)
B 200 g 86% were born at term
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Disruptive mutations affecting the dimer interface of HSD11B2.

A D144 R213 B

. 1 | W257
R‘-"{ e :I" {— R337 Disease Engineered
AR AAG AAG BAAG
¥ | Yfa Mutant {kcalimol) Mutant {kcallmol) Mutant {kcalimol) Mutant (kcalimol)
Ty GRYD 0n.s P22TL 0.3 D91 N 1.6 Y338H 1.8
< 1¥338 D144\ 1.7 Y232C 3.8 E1156G 3.3 Y338A 27T
- D1TEN 2.1 AZ37TV 0.8 E115K 26 Y338F 06
o L179R 0.5 02440 11 Y232F 1.0 Y3394 3.3
S180F 1.2 L250R 23 K236R 0.3 Y3394 1.8
F1855 1.5 L250P 3.2 R335K 22 Y332F 0.8
R1BBC 4.2 L2518 04 R3350 1.6
n221 R208H P T267TA 0.4 R335A 26
:gg: R208C 4.8 R27SC 4.1 R336K 12
p227 R213C 4.8 AZZBN 0.7 R336A 1.3
A2V 0.4 R337C 2.8 R3380 2.4
g AZ216G 1.3 Y338H 259 R337TK 41
S180 . W E At = M e D223N 1.0 R350W 4.0 R3378 2.8
L1790 77 G a3y P‘Q"” . E356 ¥Y226N 2.0 R337Q 3.0
N s N 0 R359 )\ Y299 :
~R2T79" b L363 Not studied: L363P, L376P
D176 L2287
Severe AME: Mild AME (type 2): P227L, R279C, and R359W
mutants that enhance dimerization indirectly disrupting substrate binding or causing

Disrupt the substrate- or coenzyme-binding site, mild alterations in protein structure.
or severely impair structural stability.

Mabel Yau et al. PNAS 2017;114:52:E11248-E11256 P ‘ \ ‘AS
©2017 by National Academy of Sciences



Apparent mineralocorticoid excess (AME)
Follow-up data —n =16

e Cardiovascular e Other complications
complications  Nephrocalcinosis: present in

— 3 patients died from cardiac 8/9 patient§ after 4.1-14.5y.
arrest at 16, 16, and 17 yr.  * CKD: 4 patients developed

— Left ventricular hypertrophy 10y after diagnosis.
:12/16 e Renal transplantation: 2
— Hypertensive retinopathy: oatlents_.. Remlssmn_of the
10/16 ow-renin hypertension and
nypokalemic

— For the 13 surviving patients:

e 12 had persistent left
ventricular hypertrophy,

» 3 showed aortic root dilation,
e 2 had aortic insufficiency.



Liddle Syndrome

Autosomal dominant transmission

Severe or moderate Hypertension

Metabolic alkalosis

>
>
> Hypokalaemia
>
>

Low plasma renin and aldosterone

-1

-2

O

-

-1

Omm

-2

-3

-4

Age

Sex

BMI (kg/m?

Age at diagnosis
BP (no treatment)

BP (amiloride)

-1
43

20.4
28
192/96
134/83

-1
23

19.6
21
174/125
138/74

-2
21

23.3

124/72

First description in 1963

23.2
19
180/111
127/80

18.1
14
155/112
129/81



Blood pressure

Liddle Syndrome — Data at diagnosis
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Liddle Syndrome

Gain-of-function subunits of ENaC
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A Missense Mutation in the Extracellular Domain
of Alpha ENaC Causes Liddle Syndrome

METHODS OUTCOME The C479R mutation increased amiloride-sensitive
Phenotypic, genetic, and electro- ENaC current in oocytes ~2-fold due to higher open probability
physiological characternzation of a
novel Liddie famdy (resistant . Newol C4TIR mataton
hypokalemic hypertension) without

mutations in B- or y-ENaC

O o Previous Lo
MAIONS *
n PYamotd Na
| Hyportenson
M Suppressed renin & aldosterono CONCLUSION
W Actve ENoC (amdonde senstmvity) Novel mutation in extracellular domain aENaC causes Liddle
© Muistion (CrssTO 0 Arp) syndrome by increasing channel activity
Maha San, ivan Gautsch, Mgued X van Bemmoien, Mchaal Or Bonedetio. Alco S Drocks, JASN
Doran Lugtentorg. Lavrent Schid. Cwont ) Moorn A Missense Mutation in the Extracetiviar

Domain of Algha ENaC Cavses Liddle Symdrome. JASN ASNIOI611146)
O 1O/ VBB UASN 20167191182

v
Mahdi Salih et al. JASN 2017;28:3291-3299 iji bN

©2017 by American Society of Nephrology
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A
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XMR
tMR
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hGR
hAR

TGTCTATCAT
CysLeuSersS

Hypertension Exacerbated by Pregnancy

Autosomal dominant transmission

Hypokalaemia
Early onset
Worsening during pregnancy

*
z TITT TGTCTATTATCATTT:
erPhe CyslLeulLeuSerPhe

CA

503-1

800 810

TLIQYSWMCLSSFALSWRSYKH
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TLIQYSWMSLMVFGLGWRSYKH
TLLOYSWMFLMAFALGWRSYRQ
AVIQYSWMGLMVFAMGWRSFTN

hERa HLLECAWLEILMIGLVWRSMEH

Low-renin and low-aldosterone hypertension

% Maximal activation

NR3C2 gene — Mineralocorticoid receptor (MR)

Geller Syndrome
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Geller et al. Science 2000; 289: 119



Activating Mineralocorticoid Receptor Mutation

Clinical parameter MR 310" (=8) MR g10” (N=11) P
"Age 29.1 + 6.3 320 + 8.1 0.88
HTN < age 20 100 % 0 % <0.0001
anti-HTN medication 1.5 £ 0.27 0.2 +0.12 0.0001
SBP (mmHg) 167 = 11 126 = 10 0.014
DBP (mmHgQ) 110 = 6 78 6 0.002
Serum K* (mM) 3.91 = 0.18 4,36 = 0.11 0.08
Serum HCO; (mM) 27.1 = 0.87 26.4 = 0.83 0.59
Serum aldosterone (ng/dl) 2.48 = 0.68 12.1 = 2.96 0.008
Urinary aldosterone (ng/24 hrs) <2 7.75 = 1.55 0.03

Geller et al. Science 2000; 289: 119



Hypertension Exacerbated by Pregnancy

Gain of fonction mutation of
mineralocorticoid receptor
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Main treatment

Other
treatments

Gordon
syndrome

Thiazides
diuretics

Amlodipine
(for CUL3
patients)

Treatment

Apparent
mineralocorticoid
excess

MR Antagonists:
spironolactone or
eplerenone
Dexamethasone

Amiloride

Liddle
syndrome

ENaC Blockers

Amiloride
Triamterene

Hypertension
exacerbated by
pregnancy

Amiloride



Conclusion - Monogenic hypertension

v Diseases associated with increase of Na reabsorption
in the DCT and CD

v Low renin hypertension
v" Abnormal plasma potassium

v" Precise diagnosis is important for:
v Genetic counselling
v Specific and early treatment
v Prevention of complications
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