[ ¥ Case Report

Concurrent Gitelman Syndrome-like Tubulopathy and Grave’s Disease

Abstract

Gitelman syndrome (GS) is a rare autosomal recessive disorder characterized by the loss of function
mutation of the solute carrier family-12 member-3 (SLC/243) gene, encoding for sodium-chloride
cotransporter of the distal convolute tubule. GS is characterized by hypokalemia, hypomagnesemia,
metabolic alkalosis, and hypocalciuria. GS-like syndrome has been described rarely. Hyperthyroidism
due to Grave’s disease (GD) is characterized by the presence of autoantibodies to thyrotropin
receptors. Concurrent occurrence of GS and GD is rarely reported, that too exclusively from far-east
Asian populations. We describe a case of a 45-year-old man who presented with severe muscle
weakness; the evaluation showed volume depletion, hypokalemia, hypomagnesemia, renal potassium
and magnesium wasting, metabolic alkalosis, and hypocalciuria. He was also detected to have GD
at the time of presentation. Genetic evaluation revealed a mutation in transient receptor potential
melastatin 4 (TRPM4) gene. The clinical significance of this mutation in our patient remains unclear.
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Introduction

Gitelman syndrome (GS), also known as
familial hypokalemia-hypomagnesemia
syndrome, is a rare  autosomal
recessive genetic disorder that results
in a specific defect in renal tubular
function. The GS is caused by the loss
of function mutation of solute -carrier
family-12 member-3 (SLCI1243) gene,

which encodes for thiazide sensitive
sodium-chloride =~ (NaCl)  cotransporter
of the distal convoluted tubule.! The

impaired function of thiazide-sensitive
NaCl cotransporter causes renal sodium
and potassium loss, resulting in volume
depletion and hypokalemia. GS is also
characterized by metabolic alkalosis,
hypomagnesemia, and hypocalciuria.”) The
clinical manifestations of GS are widely
variable, ranging from asymptomatic
cases to severe symptoms. Grave’s
disease (GD) is a common cause of
hyperthyroidism, caused by autoantibodies
to the thyroid-stimulating hormone (TSH)
and thyrotropin receptor (TRADb), which
activate the receptor, thereby stimulating
thyroid hormone synthesis.

The concurrent occurrence of GS and
GD is very rare, and very few such cases
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have been reported in the literature, almost
exclusively from east-Asian countries.l*”!
We describe a case of an adult male with
GS-like tubulopathy, which manifested
concurrently with GD, and his genetic
analysis revealed a mutation in the transient
receptor potential melastatin 4 (TRVM4)
gene.

Case Presentation

A 45-year-old male with no comorbid
illnesses presented to us in August 2020
with recurrent episodes of giddiness and
fatigability for 2 years. He had intermittent
fever, worsening weakness, muscle cramps,
and difficulty in climbing stairs for 2 weeks.
He had a weight loss of 5 kg over a period
of 3 weeks and had recurrent episodes of
palpitation and diaphoresis. He had received
paracetamol, oral cephalosporin, and
intravenous fluids for hypotension prior to
admission to our hospital. He did not have
a history of laxative abuse, administration
of aminoglycoside, or a diuretic. He was
born to a non-consanguineous parent and
has five siblings. There was no history of
similar illnesses in the family.

The  physical examination revealed
features of Marfanoid habitus, such as
tall stature, high arched palate, wrist
sign [Figure la] and thumb [Figure 1b],
arachnodactyly  [Figure 1c], wasting
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of muscles in the upper [Figure 1d] and lower limbs,
and a blood pressure of 110/70 mm Hg. The laboratory
tests at the time of admission were as follows: urine
albumin- nil, plenty of WBC and occasional RBCs
per high power field, hemoglobin- 11.7 gm/dL, WBC
count- 15,260/mm* (neutrophils: 81%, lymphocytes:
13%, monocytes: 6%), platelet count- 455,000/mm?,
blood urea- 25 mg/dL, serum creatinine- 0.8 mg/dL,
serum sodium- 133 mEq/L, serum potassium- 2.5 mEq/L,
serum chloride- 83 mEq/L, serum CO,- 38 mEq/L, serum
magnesium- 1.4 mg/dL, random blood glucose- 95 mg/dL,
serum protein- 7.5 gm/dL, serum albumin- 3.5 gm/dL, serum
bilirubin- 1.8 mg/dL (direct: 0.6 mg/dL), serum ALT- 20
U/L, serum alkaline phosphatase- 96 U/L, serum GTT- 64
U/L, serum-free T4- 6.2 ng/mL (normal: 0.6—1.6), serum-free
T3- 11.6 pg/mL (normal: 2.1-4.4), serum thyroid-stimulating
hormone (TSH)- <0.01 uIU/mL (normal: 0.42—4.2 ulU/mL),
anti-TSH receptor antibodies- 5.5 IU/L (normal: <1.5 TU/L),
arterial blood gas analysis at room air: pH- 7.595,
PCO- 36.5 mm Hg, pO2- 93 mm Hg, HCO3- 34.1 mEq/L.
Serum cortisol was 21.4 ug/dL (normal: 5-23) at 8 am
and 11.0 pg/dL (normal: 3—16) at 4 pm. The ECG showed
prolonged QT interval (509 ms). Further evaluation showed
evidence of renal potassium wasting and hypocalciuria.
Urine potassium to creatinine ratio was markedly increased
at 53.2 mEqg/gm creatinine, (normal: <13.5 mEq/gm in the
presence of hypokalemia). Urine calcium to creatinine ratio
was relatively low at 0.087 mg/gm. The fractional excretion
of magnesium was 7.91% when serum magnesium was
1.1 mg/dL, indicating renal magnesium wasting.

A tentative diagnosis of GS was made on the findings of
hypokalemia, renal potassium wasting, hypomagnesemia,
renal magnesium wasting, metabolic alkalosis, relatively
low urine calcium excretion in a normotensive adult.
A diagnosis of GD was made based on hyperthyroidism
with low serum TSH levels and the presence of anti-TSH
receptor antibodies.

Figure 1: Morphological features; (a) Wrist sign, (b) Thumb sign, (c) Distal
muscle wasting, (d) Arachnodactyly
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He received intravenous potassium chloride (KCI) in
0.9% saline for the first 3 days and oral KCI for the next
6 days till the serum potassium was normalized [Figure 2].
He also received intravenous magnesium sulphate 2 gm
on day 2 and oral magnesium oxide varying from 800 to
1200 mg/day. The serial serum potassium and magnesium
concentration during the 7 days of hospitalization are
shown in Figure 2. He also received neomercazole 10 mg
three times a day for hyperthyroidism. His blood pressure
remained low, and he had episodes of diaphoresis and
received 0.9% saline intermittently. He was initially treated
with Indomethacin 25 mg twice daily for 2 days, and once
his blood pressure stabilized, he was initiated on oral
eplerenone 12.5 mg twice daily, with which hypokalemia
was corrected. He received magnesium oxide 400 mg
thrice daily for persistent hypomagnesemia. A month later,
serum potassium was 3.7 mEq/L and serum magnesium
was 1.5 mg/dL while on eplerenone 25 mg per day and
magnesium oxide 1200 mg/day.

Genetic analysis by target gene sequencing showed an
autosomal dominant heterozygous mutation in exon 14 of
TRPM4 gene that resulted in the amino acid substitution
of asparagine for serine at codon 633 of chromosome 19,
and no mutations were detected in SLC1243 and CLCNKB
genes.

Discussion

Thyroid hormone directly influences the expression
and activity of several ion channels and transporters
in the renal tubules, which affect the transport of
sodium, potassium, calcium, hydrogen, bicarbonate, and
water.®! Hyperthyroidism may cause polyuria due to direct
downregulation of aquaporin 1 and 2, whereas electrolyte
abnormalities are not usually seen.”®! The common cause of
hypokalemia in hyperthyroid patients is due to thyrotoxic
hypokalemic periodic paralysis (THPP), which occurs
predominantly in adult Asian males and sporadically in
other races.”) Patients present with transient, recurrent
hypokalemic paralysis, which is due to a shift of potassium
into the cells. The intracellular shift is hypothesized to occur
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Figure 2: Serial serum potassium and magnesium levels and potassium
supplements received by the patient during hospitalization
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due to increased activity of Na-K ATPase and increased
sensitivity to insulin.’) In contrast to GS, THPP is not
associated with renal potassium and magnesium wasting
and acid-base abnormality. The tubulopathy associated
with GS in a hyperthyroid patient is often confused with
THPP, which is a more common cause of hypokalemia in
them unless a detailed assessment to determine the urinary
potassium and magnesium wasting is done.[®

A few cases of concurrent occurrence of GS and
autoimmune thyroid disease have been reported in the
literature.®” In 2018, Zhou et al.® reviewed 18 cases of
GS and GD published in the literature till then. They found
that 13 patients had GD and GS, and all except one had
mutations in the SLCI244 gene and all the cases were
reported from East Asian populations. A case report from
Turkey described a 35-year-old male from Turkey with
thyrotoxicosis presenting with GS who was found to have a
homozygous mutation in the SLC1243 gene.[

Our patient fulfilled the biochemical criteria for the
diagnosis of GS.?! He presented with volume depletion,
hypokalemia with evidence of renal potassium wasting,
hypomagnesemia with evidence of renal magnesium
wasting, metabolic alkalosis, and hypocalciuria. However,
the genetic analysis did not show mutation in the SCL1243
and CLCNKB genes. Instead, a mutation in exon 14 of the
TRPM4 gene that resulted in the amino acid substitution
of asparagine for serine at codon 633 of chromosome 19
was detected in him. Thus, we classified the renal tubular
disorder as Gitelman syndrome-like tubulopathy. The
classical GS is an inherited disorder due a mutation in
the SCLI2A43 gene. However, there are several reports of
acquired GS and are reported due to cisplatin, autoimmune
disorders and iritis and arthritis, and Sjogren’s syndrome,
presumably due to autoantibodies to the components of
renal tubules.*'”) Our patient had concurrent autoimmune
disease in the form of GD, and we presume that
autoimmune disorder may underlic the manifestation of
GS-like syndrome. It is unclear whether an association of
GS and GD is by chance or due to a common pathogenic
cause. Most of the cases of GS associated with GD
described in the literature had mutations in the SLC/244
gene seen in classical GS. However, an autoimmune cause
common to both syndromes may explain the atypical
GS-like syndrome seen in our patient.

Our patient had a few unusual features such as Marfan-like
habitus and later-than-usual age for presentation for GS.
We do not know the significance of a mutation in the
TRPM4 gene in him in relation to the GS-like syndrome.
Whether these features constitute a different form of
inherited disorder causing GS-like syndrome needs more
exploration. He was initiated on eplerenone as it appears
to have a direct effect on the mineralocorticoid receptor
and less effect on other steroid hormone receptors
compared to spironolactone.l' Eplerenone effectively
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corrected hypokalemia, but hypomagnesemia persisted
and required additional oral magnesium supplements.
Treatment to correct hyperthyroidism did not ameliorate
the electrolyte abnormalities, indicating that hyperthyroid
state was not a major contributor to electrolyte
abnormalities in him.

In recent years, the superfamily of transient receptor
potential (TRP) ion channels has emerged as central
players in human renal physiology and are involved in the
filtration, secretion, and absorption of electrolytes in the
kidney.l'" The TRPM family is named after melastatin,
the first member identified, and the physiological
function of them the least well characterized of all the
TRP family.l'¥} The TRPM6 is critically involved in the
transcellular transport of Mg** in the kidney, and the loss
of function mutation in TRPM6 causes hypomagnesemia
and secondary hypocalcemia (HSH).'” The TRPM4 is
a nonselective cation channel activated by intracellular
Ca*, by itself is impermeable to Ca?’, but transports
monovalent cations. The TRPM4 channel exhibits voltage
dependency, which is not described for any other TRP
channel.' At negative membrane potential TRMP4
allows Na' influx and at positive membrane potential,
it permits cellular K" efflux. The loss of function
mutation of the TRPM4 gene is implicated in inherited
cardiac diseases, including conduction blocks and
Brugada syndrome, cardiac hypertrophy, and myocardial
ischemia-reperfusion injury.l') Our patient did not exhibit
any symptoms, and clinical evaluation did not suggest
any cardiac abnormalities generally associated with this
mutation. The QT interval was prolonged in our patient,
which was attributed to hypokalemia. He or any family
member did not have a history of cardiac conduction
abnormality, which is associated with mutations in the
TRPM4 gene.

The TRPM4 channel is expressed in the kidney and is
shown to be localized to epithelial cell cilia.'""! However, its
physiological role in the kidney is yet unclear, and no renal
disease linked to mutations in TRPM4 has been described
so far. With progress in the research of TRPM4, we are
likely to witness more insights into its physiological role
and pathological role in cardiovascular and other organs,
including the kidney. The association of the gene mutation
incidentally detected in our patient has not been previously
shown to be associated with the phenotype seen in our
patient, either in humans or in animal models, and hence
its role in the cause of tubulopathy is speculative at best.

In conclusion, we described a patient with concurrent GD
and GS-like tubulopathy who was found to have a mutation
in the TRPM4 gene, the significance of which with
respect to our patient remains unclear. Eplerenone therapy
mitigated hypokalemia, whereas hypomagnesemia required
oral magnesium supplements to maintain near normal
serum magnesium concentration.
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