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ABSTRACT

Distal renal tubular acidosis (dARTA) (MIM #267300, #602722 and #179800) is a rare inherited tubulopathy
characterized by the inability of the distal tubule to acidify the urine with consecutive systemic acidosis.
The clinical features include polyuria, polydipsia, poor appetite, failure to thrive, short stature and rickets.
Prominent biochemical features are hypokalemia, hypercalciuria and hypocitraturia. There are reports on
patients who presented with unusual biochemical features such as low molecular proteinuria, hypophos-
phatemia, hypouricemia, generalized hyperaminioaciduria, hyperoxaluria and other making diagnostic
confusion to the clinicians. In this work, we report on a series of 8 children with clinically, biochemically
and genetically proven dRTA who present with low molecular proteinuria at the disease onset. With met-
abolic compensation of the disease, there was complete resolution of the low molecular weight protenuria
and other proximal tubular abnormalities in all children. Late recognition of the disease with long stand-
ing hypokalemia and acidosis may result in abnormal expression and function of the transporters in the
proximal tubules. Sodium dodecyl sulphate polyacrylamide gel electrophoeresis is an accurate method

for detection and follow up of patients with low molecular weight proteinuria.
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INTRODUCTION

Distal renal tubular acidosis (MIM #267300,
#602722 and #179800) is a rare inherited tubulop-
athy characterized by the inability of the distal tu-
bule to acidify the urine with consecutive systemic
acidosis. The clinical features include polyuria,
polydipsia, poor appetite, failure to thrive, short
stature and rickets. Prominent biochemical fea-
tures are hypokalemia, hypercalciuria and hypoci-
traturia. Ultrasound investigation of the kidneys re-
veals presence of medullary nephrocalcinosis and
stones. The disease may be associated with early
or late sensorineural hearing loss depending on the

mutated H+ATPase genes. [1, 2, 3] There are re-
ports on patients who presented with unusual bio-
chemical features such as low molecular protein-
uria, hypophosphatemia, hypouricemia, general-
ized hyperaminioaciduria, hyperoxaluria and other
making diagnostic confusion to the clinicians. [4,
5, 6, 7] We have already reported two infants with
atypical presentation of dRTA, who showed signs
of proximal renal tubular dysfunction. In this pa-
per, we present a small series of Macedonian chil-
dren with dRTA with emphasis on the presence of
low molecular proteinuria at diagnosis. [4]
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PATIENTS AND METHODS

The diagnosis of dRTA was established on
the basis of systemic acidosis (HCO3<20 mmol/l)
with simultaneous inappropriate high urine pH
determined with an electrode (pH>5.30). All chil-
dren underwent thorough physical examination
with measurement of the weight and height and
searching for signs of rickets. Audiometry was
performed for assessment of the hearing status.
In infants, brainstem auditory evoked potential
study was performed. The kidneys were evaluat-
ed with ultrasound scanning for the presence of
nephrocalcinosis and stones.

Standard biochemistry included complete
blood count, serum electrolytes, uric acid, acid
base status, alkaline phosphatase and parathor-
mone. Twenty four hour urine samples were ob-
tained for assessment of urine electrolyte excre-
tion, uric acid, citrate, oxalate, amino acids and
low molecular weight proteins. Hypercalciuria
was defined as >4 mg/kg/d, hyperoxaluria >0.5
mmol/1.73m2/d, hypocitraturia <220 mg/d. In
infants and non-toilet trained children, spot urine
samples were obtained in which the ratio of cal-
cium/creatinine, oxalate/creatinine and citrate/
creatinine were determined and compared with
referent values for the age. [8, 9, 10]

Low molecular weight proteinuria was as-
sessed with SDS-PAG electrophoresis according
to the method described by Gorg et al. [11] In
addition, single urinary markers such as beta-2
microglobulin, alfa-1 microglobulin were mea-
sured and compared to referent values. [12, 13, 14]

Genetic tests for H+ ATP-ase genes (AT-
P6VIBI and ATP6V0OA4) and anion exchanger
1 gene (SLC4A1) were performed in referent
laboratories.

This study is a part of the PhD thesis (S.S)
and was approved by the Ethical Committee of
the Medical School Skopje. All participants signed
the informed consent.

RESULTS

Eight children were included in this study.
Their basic demographic, clinical and biochem-
ical data are presented in table 1. All fulfilled
diagnostic criteria for distal RTA. Six children

had nephrocalcinosis, one child had single kid-
ney stone and one child had normal kidney ultra-
sound scan. Molecular diagnosis was confirmed
in 7 patients, only one patient was tested negative
for the respective genes. Low molecular protein-
uria was present in all six children. It was char-
acterized with the presence of fractions with the
size ranging from 10-67 kD (figure 1). It correlat-
ed with the presence of abnormal urinary levels
of beta-2 microglobulin and alfa-1-microglobulin
where tested. In seven children there were addi-
tional serum and urine abnormal parameters as a
result of proximal tubular dysfunction. In one girl
proximal tubular dysfunction was so severe so
that initially she was considered to have Fanconi
syndrome. Low molecular proteinuria resolved in
all children after one to eight months, as well as
other signs of proximal tubular dysfunction (hy-
peraminoaciduria, hypophoshatemia, hyerphos-
phaturia, hypouricemia, hyperuricosuria).

Table 1. Clinical biochemical and genetic features
of 8 children with distal renal tubular acidosis
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Figure 1. Low molecular proteinuria in a patient with
distal renal tubular acidosis.

Legend to figure 1. ST-standard; Lane 1,2,3 pa-
tient’s elepherograms in triplicate; THP-Tamm Horsfall
protein; alb-albumin; AT-antitrypsin, alMG-alphal mi-
croglobulin, RBP-retinol binding protein. B2MG-beta2
microglobulin

DISCUSSION

In this work we studied the presence of
low molecular weight proteins in children with
clinically, biochemically and genetically well
defined distal renal tubular acidosis. All children
had LMWP at diagnosis and this correlated with
increased urinary levels of beta-2 microglobiulin
and alfa-1 microglobulin. It is of note that sodiu
dodecyl sulphate polyacrylamide gel electropho-
resis (SDS-PAGE) is a relatively old method for
differentiation of proteinurias but unfortunately
neglected in the nephrological practice. [15] It
was implemented in the clinical practice in the
80s and 90s of the previous century and was pret-
ty popular in Germany. [16, 17, 18] This meth-
od enables differentiation between tubular and
glomerular proteinuria and further analysis (se-
lective, non-selective glomerular), tubular (com-
plete, incomplete) or mixed glomerulo/tubular.
We have successfully used it for differentiation
of glomerular from non-glomerular hematurias
and for analysis of functional proteinurias (or-
thostatic, exercise induced proteinuria). [19, 20,
21] Analysis of the elepherograms enables pan-

oramic investigation of various fractions accord-
ing to their molecular weight and more subtle
characterization of proteinuria (e.g. non selective
glomerular with incomplete tubular proteinuria).
The investigation of single urinary proteins may
be helpful but offers limited information. The
combination of 3 or more markers may be more
sensitive for definition of the proteinuria type,
but increases the costs and makes the analysis
difficult for clinicians without experience in uri-
nary protein biochemistry. Therefore, several
expert (computerized) systems were developed
to enhance the analysis of the data. Lun et al an-
alyzed the values of different expert systems for
characterization of proteinuria in children with
various renal diseases. [22] They found that the
UPES system has high accuracy for detection
of LMWP proteinuria; in 19 children with clear
clinically and pathologically defined tubuloint-
ersitial diseases they detected tubular proteinuria
in 16/19 and in additional 3/19 mixed glomeru-
lotubular proteinuria.

We used SDS-PAGE to follow our children
with dRTA. With metabolic compensation there
was disappearance of LMWP in the period between
2 and 8 months. The presence of LMWP protein-
uria may raise differential diagnostic dilemma with
Dent’s disease in which there is low molecular
proteinuria, hypercalciuria and mild acidosis. [23]
Dent disease affects males and LMWP proteinuria
is persistent and not amenable to any treatment.

The majority of children in our series were
diagnosed late. It seems that long lasting hypoka-
lemia and acidosis affect the expression and func-
tion of various transporters in proximal tubules
resulting in compromise of reabsorption of low
molecular weight proteins, phosphate, uric acid
and aminoacids. [24] In addition, we and others
have evidenced hyperoxaluria at the disease on-
set, its mechanism has not yet been clarified. [4, 6]

CONCLUSIONS

Herein we presented a series of 8 children
with dRTA who present with low molecular pro-
teinuria at the disease onset. It seems that late
recognition of the disease with long standing hy-
pokalemia and acidosis may result in abnormal
expression and function of the transporters in the
proximal tubules. With metabolic compensation
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of the disease, there is complete resolution of
the low molecular weight protenuria and other
proximal tubular abnormalities. SDS-PAG elec-
trophoeresis is an accurate method for detection
and follow up of patients with LMWP.
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Pesume

HUCKO MOJIEKYJIAPHA TIPOTEUMHYPUJA
KAJ JELA CO JUCTAJIHA PEHAJIHA TYBYJICKA AIUAO3A

IInernm Canuxy', Karepuna Tomecka?, Ceriana IlekoBcka?,
3opan I'yuen?, Momup Ionenaxouk®, Bemuoop Tacui?

! Heonarosomku ojiies1, YHUBEP3UTETCKH KIMHUYKH 1ieHTap [Ipuituna, KocoBo

2VIHCTHTYT 3a MEIUIIMHCKA U eKCTIIEpUMeHTaTHA OroxeMuja, MemuricHkH (akynret, Crorje, Perrybiika Makeonuja
3 Yuueep3uteTcka aercka 6omuuia, Memununckn daxynret, Ckorje, Pemyonuka Makegonuja

* Make/ioHCKa akajJieMHuja Ha HaykuTe U ymetHoctute, Ckomje, Peryonuka Makenonuja

Hucranna peranHa TyOyicka aruno3a (IPTA) (MIM #267300, #602722 u #179800) e peTka HaciieaHa
TyOyJIomnaruja, Koja ce KapakTepu3upa co HeCIIOCOOHOCT Ha TUCTATHHUOT TyOY:1 1a ja anuauduiiupa ypuHara
Y KOHCEKYTHBHA CHCTEMCKa aiuno3a. KiimHu4KaTa cirka BKIydyBa MOIUYpHja, MOTHANIICH]jA, HAMAJICH
areTHT, €1abo HampeayBambe, HU30K PacT U paxuTuc. McTakHatn OMOXEMHUCKH IPTU CE XUIOKaJIeMHuja,
XHUIMEpKAIIUypHja 1 Xunonurparypuja. [loctojar npe3eHTHpaHU OMUCH Ha MAIIMEHTH CO HEBOOOMYACHU
GMOXEMHCKH 3HALM, KAKBH LITO CE HICKOMOIICKY/IapHa npOTeHHyana xnnoq)ocq)aTeMMJa XUTIOypHKEMUja,
reHepajIu3upata xnnepaMMHoaunnypH]a XHEPOKCATYpH]ja U IPYTH, KOM BOAAT JI0 ANjarHOCTUYKA KOH(Y-
3Wja Kaj KIMHuYapuTe. Bo 0BOj TPy HUE NPUKaKyBaMe cepuja o OCyM Jelia CO KIMHUYKH, OMOXEMHUCKH
M reHeTCKH foKkakana APTA, kou ce IPe3eHTHpaa CO HUCKOMOIIEKYIapHa npOTeMHprJa Ha MIOYETOKOT Ha
6onecra. Co MeTaboIMYKa KOMIICH3aI[Mja Ha 00IecTa J0j1e 10 KOMILIeTHA pe3onyuHJa Ha HHUCKOMOJICKY-
JapHaTa NpOTEHHYpPHUja M Ha JAPYTUTE NPOKCHMAIHH TyOy/ICKH aOHOPMaTHOCTH Kaj cuTe aena. JJorHoTo
Mperno3HaBame Ha 00JiecTa, JOJITOTPajHATa XUIIOKAIEMHja U alli103aTa pe3yaTHpaa co aOHOpMaHaTa
eKcrpecHja U QyHKIMja Ha TPAHCIOPTEPHUTE BO MpOKcuManHuTe TyOynu. Harpuym momerun cysidar
HOJIMAKPHIIAMUJL TeJ eJIeKTpodopesara € CUrypeH METO. 3a JACTeKIMja 1 3a CIICACHE Ha MAMeHTHTE CO
HHCKOMOJICKYJIapHa POTEHHYPH]a.

Kayuynu 300poBM: 1ucTaHA peHaHA TyOyJICKa aln03a, HUCKOMOJIEKYJIapHa MPoTeuHypHja, SDS-
PAGE





