Hypokalemia: but maybe not as you know it?
Fiona E. Karet Frankl

University of Cambridge
Cambridge Institute for Medical Research

% cIMR

UNIVERSITY OF CAMBRIDGE siism

[ Kalium Health"

rolyte monitoring anywhere, any time

Disclosure: Founding Director, Kalium Health Ltd



= =)= ) )

Hypokalemia

Diuretics

Gitelman syndrome

Bartter syndromes

Liddle syndrome

Conn syndrome

GRA

Renal tubular acidosis
- proximal

- distal
- with osteopetrosis
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Hyperkalemia
Diuretics
PHA type 1
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Gordon syndrome ‘t

Hypomagnesemia
-hypercalciuria

Renal tubular acidosis
- with osteopetrosis
- hyperkalemic



Case l

40 year old male referred with hypokalemia

Symptoms Tiredness (‘lifelong’)

PMH

Family hx

O/E

Occasional palpitations
Myalgia

Crigler Najjar Syndrome
Non-alcoholic steatosis on liver biopsy
Iron overload

Hereditary spherocytosis

Parents first cousins

5 sibs, no HS or CJ
Married his 3 cousin

3 of his 4 children have HS

Jaundiced, splenomegaly

In clinic: immediately drawn potassium
levels dropped after a several hour delay
3.3>> 1.9 mmol/L



Case l
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Family hx
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Occasional palpitations
Myalgia

Crigler Najjar Syndrome
Non-alcoholic steatosis on liver biopsy
Iron overload

Hereditary spherocytosis

Parents first cousins

5 sibs, no HS or CJ
Married his 3 cousin

3 of his 4 children have HS

Jaundiced, splenomegaly

Case 2

64 year old male referred with hypokalemia

Symptoms Myalgia
Occasional weakness
Dry mouth
Syncope

PMH OA
Raynauds
\AVES
Hereditary spherocytosis

Family hx Father, son and daughter have HS

O/E nil of note



Case 3

42 year old male referred with hypokalemia

Symptoms Tiredness, calf muscle cramps

PMH

Family hx 2 sibs and 2 children with HS

Gout

Hereditary spherocytosis

Investigations

HT?
Mg

Renin/Aldo

TFT

Urine cortisol

U-waves?

K in first clinic

Case 1
No
Normal
Normal
Normal
Normal
No
3.3

Case 2
No
Normal
Normal
Normal
Normal
No
3.8

Case 3
No
Normal
Normal
Normal
Normal
No
3.7




All 3 showed spontaneous falls in K

Plasma potassium levels Methods

Temperature controlled K measurements of
unseparated venous plasma over time
18, 25, 37 or 4 degrees C

With or without various inhibitors of K movement

Genetic analysis

Attempted recruitment of family members

Immediate 4-8h delay

Case 1 =——Case 2 Case 3 David Cartwright

No leukemia



In vitro changes at 25°C

In vitro changes at 18°C

mmol/l (mean +-95%Cl)
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David Cartwright



In vitro changes at 4°C

In vitro changes at 37°C

mmol/l (mean +-95%CI)
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Relevant erythrocyte transporters

Na-K [ g

\A4

Bumetanide

Leak pathways




Pseudohypokalemia is normalised by ouabain,
implicating Na/K-ATPase
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Mean +/- 95% CI

No difference in cation leak (bumetanide and ouabain-resistant)
Congruence between assays excellent

200%

Line of best fit
y =1.0176x -
0.0202

R2 =0.9291
140%

Experiment 2

100%

25 30 90% 100% 110%

Temperature (C) Experiment 1

¢ Normals = HS Hypo K a HS controls ¢ 18C = 25C A 37C



Hereditary spherocytosis

* (Usually) autosomal dominant, red cell dysmorphology
« Osmotically fragile RBCs >> hemolytic anemia >> jaundice and splenomegaly

* Mutations in genes encoding ankyrin, spectrin A or B, Protein 4.2, AE1



AE1l
‘Band-3’ protein, expressed kidney in and red cells

“//\

Mutations cause (eg) spherocytosis
65 amino acids longer

transmembrane region

Single gene on chr. 17g21-22: 19 coding exons in red cell, 16 in kidney

N-terminus: e.g. ankyrin, spectrin, protein 4.2, GAPDH binding sites
N and C-termini: targeting



Hereditary spherocytosis

* (Usually) autosomal dominant, red cell dysmorphology
« Osmotically fragile RBCs >> hemolytic anemia >> jaundice and splenomegaly

* Mutations in genes encoding ankyrin, spectrin A or B, Protein 4.2, AE1

Structure of the red cell membrane

SLC4A1 sequencing
Case 1. Arg760Gly

Case 2: Trp723stop

o and
Spectrin Case 3: NMD




AE1 mutations mis-perform (oocyte biotinylation, Cl uptake)
and increase amount and activity of Na/K ATPase protein
in erythrocytes (WB, ATPase assay)

} Whole cell lysate

Biotinylated

36C| uptake

NB: R760Q displays cation LEAK but only at 4°C
Bruce et al, Nat Gen 2005

WT W723X R760G
| HKM

Liz Norgett, Ya Su



Betal subunit of Na,K-ATPase physically interacts with AE1 C-terminus

i’

Su et al, J Am Soc Nephrol 2015



Relevant erythrocyte transporters
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» | Anon exchanger
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CIVHCO, band 3
1~ Loss of interaction/change in i/cellular pH




Postscript — case 4

34 year old male referred with hypokalemia, lives rurally. GP noticed differential K levels
Symptoms Myalgia

PMH Hereditary spherocytosis
Severe mental ill-health requiring aripiprazole

Family hx Father has HS

Immediate plasma K: 3.9
Delayed plasma K: 2.9

Mutation in SLC4A1: deletion of exon 17



Summary

* Pseudohypokalemia is associated (at least) with SLC4A1 mutations in hereditary spherocytosis
* Due to increased Na/K-ATPase activity

* Increased number of pumps per RBC

+ Could also be because of ‘unbraking’ of pump when interaction with AE1 is disrupted

* Not clear if other HS genes could cause the same phenomenon, but not a generalised feature

* Invivo, should not need K supplements

Thanks to:
* Addenbrooke’s biochemistry labs

+ David Cartwright, Liz Norgett and Ya Su

* Patients and their GPs
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