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Abstract

ported mutation.

Background Primary hyperoxaluria (PH) is a rare genetic disorder characterized by the excessive production
and accumulation of oxalate. We present five cases of PH, each exhibiting varying manifestations of the disorder
including a case presenting as postpartum kidney failure. Notably, three of these cases involve a previously unre-

Case presentations We evaluated five Indian patients who presented with varying manifestations of PH. The first
case, a 30 year old woman, presented as post-partum kidney failure and was found to be having oxalate nephropa-
thy precipitated by dietary oxalate overload in the setting of previously undiagnosed PH. Genetic analysis revealed

a previously unreported mutation in the alanine-glyoxylate aminotransferase gene. The patient underwent simultane-
ous kidney liver transplant. The second and third cases, 26 and 28 year old women respectively, were asymptomatic
siblings of the first patient, who were diagnosed through screening. The fourth case is a 12 year boy with PH type 1
presenting as nephrolithiasis and rapidly worsening kidney function requiring combined kidney liver kidney trans-
plant. Case 5 is a 6 year old male child with type 2 PH presenting with nephrolithiasis, nephrocalcinosis and normal
kidney function. All the patients were born to consanguineous parents.

Conclusions Due to limited clinical suspicion and inadequate diagnostic resources in certain countries with limited
resources, it is possible for PH to go undiagnosed. The manifestations of the disease can range from no noticeable
symptoms to severe disease. Interestingly, in some individuals with primary hyperoxaluria, the disease may not exhibit
any symptoms until it is triggered by a high intake of dietary oxalate.
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Introduction

Primary hyperoxaluria (PH) is a congenital disorder
characterized by a malfunction in the metabolism of gly-
oxylate, resulting in an augmented production of oxalate
within the body. This condition leads to the excessive
excretion of oxalate in urine and the accumulation of cal-
cium oxalate in various organs. Three distinct hereditary
enzymatic deficiencies have been associated with PH,
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namely, PH type 1 (PH1), type 2 (PH2), and type 3 (PH3)
[1].

Primary hyperoxaluria type 1 (PH1) is an autosomal
recessive disorder characterized by the deficiency of the
hepatic enzyme alanine-glyoxylate aminotransferase.
This leads to the excessive production of oxalate within
the body, causing renal failure, systemic oxalate deposi-
tion, and kidney dysfunction. Among the three forms of
primary hyperoxaluria, PH1 is both the most common
and the most severe. It has an estimated prevalence of
1 to 3 cases per 1 million population and an incidence
rate of approximately 1 case per 120,000 live births per
year in Europe [2, 3]. Primary hyperoxaluria type 1 (PH1)
is the most frequent and severe form of the disorder,
resulting from a deficiency of the hepatic peroxisomal
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enzyme alanine-glyoxylate aminotransferase (AGXT).
PH2 is characterized by a deficiency of glyoxylate reduc-
tase/hydroxypyruvate reductase (GR/HPR), which is
encoded by the GRHPR gene. PH3, on the other hand,
is caused by a deficiency of 4-hydroxy-2-oxoglutarate
aldolase (HOGA), which is encoded by the HOGA1 gene
[4]. Patients with PH commonly experience inflamma-
tion caused by tubular toxicity induced by oxalate. This
inflammation, along with nephrocalcinosis and renal
obstruction due to the formation of stones, is believed to
cause the progression of chronic kidney disease (CKD).
This progression sets off a vicious circle, as the decline in
glomerular filtration rate (GFR) results in reduced excre-
tion of oxalate [5]. Patients diagnosed with PH1 often
develop end-stage renal disease (ESRD) at a median age
of 24 years. It is worth noting that a significant propor-
tion (20-50%) of individuals with PHI1 already have
ESRD at the time of their diagnosis. Moreover, the prog-
nosis for ESRD in patients with PH1 is worse compared
to those without PH1, with a roughly three-fold higher
risk of mortality [6].

The standard treatment approach for PH involves a
combination of medical management, dialysis, and, in
ESRD, the possibility of liver and kidney transplantation
[7]. However, there have been promising advancements
in the field through clinical trials of novel drugs. Luma-
siran, an RNA (ribonucleic acid) interference therapeutic
agent, has shown positive results in Phase III clinical tri-
als, proving its efficacy and tolerability. Consequently, it
has obtained approval from both the FDA and the Euro-
pean Medicines Agency (EMA) for the treatment of PH1
[8].

Case 1

A 30-year-old Indian lady, born to consanguineous par-
ents, who had delivered a full-term baby via lower seg-
ment Caesarean Section (LSCS), presented to our
department on the 4th day post-delivery with decreased
urinary output, and vomiting. The pregnancy history
was unremarkable, with normal blood pressure and cre-
atinine (0.5 mg/dl in the third trimester). There was no
history of fever or postpartum hemorrhage. After deliv-
ery, the patient reported consumption of an herbal con-
coction that included licorice and some other herbs.
On examination, she had tachycardia, tachypnea, a
blood pressure of 140/90 mmHg, and 2+ pitting edema
in her legs. Chest examination revealed bilateral basal
crepts. On investigation, she had a hemoglobin of 9.1 g/
dl with MCV 87 fl and MCHC 31 g/dl. Her total leuko-
cyte count was 6300/microlitre, and her platelet count
was 170,000/microlitre. Her urea was 190 mg/dl and her
creatinine was 15.5 mg/dl. Total bilirubin was 0.8 mg/dl
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AST (aspartate aminotransferase) and ALT (alanine ami-
notransferase) were 17 IU/L and 13 IU/L, respectively.
Her direct Coomb’s test was negative. The blood gas
analysis revealed metabolic acidosis. Urine examination
revealed proteinuria 1+, 2—3 red cells/hpf (high power
field), leukocytes 10-12/hpf, granular casts, and oxa-
late crystals. Ultrasound imaging showed normal-sized
kidneys with a raised echo-pattern. There was not any
hydronephrosis, and renal arterial and venous Doppler
was normal. The spot urine protein creatinine ratio was
0.6. The peripheral blood film was negative for schisto-
cytes. Antinulclear antigen (ANA), anti-myeloperoxidase
(MPO), anti-proteinase 3 (PR3), and anti-glomerular
basement membrane (GBM) antibodies were negative.
Complement levels were within the normal range.

Hemodialysis was initiated, and an ultrasound-guided
percutaneous kidney biopsy was done. Light microcopy
revealed 7 glomeruli out of which 3 were globally scle-
rosed. Significant proliferative or exudative activity was
not seen in viable glomeruli. Tubules showed prominent
cytoplasmic vacuolar change and severe acute injury
with epithelial simplification and loss of brush borders.
Extensive inspissation of refractile oxalate crystals was
noted in tubular lumina and cytoplasm. Interstitial fibro-
sis and atrophy involved about 40% of sampled cortex
(Fig. 1). Immunofluorescence study was negative. 24-h
urinary oxalate excretion was 210 mg (reference value
7.0-44.0 mg) by spectrophotometry. The serum osmolal
gap was within normal limits.

Due to the elevated levels of oxalate and consanguinity,
a clinical exome study was performed, which identified
a homozygous duplication of 14 base pairs in exon 9 of
the AGXT gene (c.869_882 duplication). This duplication
causes a frame-shift mutation and premature truncation
of the protein, specifically 22 amino acids downstream of
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codon 295 (p.Ala295SerfsTer22). Based on these findings,
a diagnosis of primary hyperoxaluria type 1 (PH1) was
confirmed. The patient was initially managed with inten-
sive hemodialysis and subsequently underwent a com-
bined liver and kidney transplant at a different centre.

Case Nos.2and 3

The siblings (aged 26 years and 28 years Indian, respec-
tively) of case no. 1 were investigated, which revealed
24-h urinary oxalate excretion of 110 mg, and 95 mg,
respectively (reference value 7.0-44.0 mg) by spectropho-
tometry. Serum creatinine was 0.57 mg/dl and 0.73 mg/
dl, corresponding to estimated glomerular function rate
(eGFR) of 128 ml/min/1.73 m® and 115 ml/min/1.73 m?,
respectively. On imaging, no nephrolithiasis was found in
either of the siblings. The same mutation was found as in
case 1.

They were counseled about the diagnosis with the
advice of hyperhydration, potassium citrate, balanced
diet and pyridoxine supplementation. Both cases were
lost to follow-up.

Case No. 4

A 12-year-old Indian, born to consanguineous parents
with no significant perinatal history, normal developmen-
tal milestones for age, and no significant family history,
presented with vomiting and azotemia. His laboratory
tests were: urea 62 mg/dl, creatinine 1.8 mg/dl (eGFR
31 ml/min/1.73 m?), corrected calcium 8.9 mg/dl, phos-
phorus 4.25 mg/dl, Na 139 mEq/L, potassium 4.9 mEq/L,
and bicarbonate 17 mmol/L. His haemoglobin was 12 g/
dl. Urine examination revealed proteinuria (traces), 6—8
RBCs/hpf, and leukocytes (18—20/hpf). Ultrasonography
revealed increased echogenicity and bilateral renal and
ureteric calculi. His parathyroid hormone (PTH) level
was 71 pg/ml (reference value 14-72 pg/ml); vitamin D
levels were normal; and his 24-h urinary oxalate level was
high (180 mg/day), which was confirmed twice. 24-h lev-
els for calcium, citrate, phosphorus, and uric acid were
within the normal range. Ureteroscopic lithotripsy was
done, and stone analysis revealed a composition of 90%
calcium oxalate monohydrate and 10% calcium oxalate
dihydrate. However, his creatinine did not decrease, and
it progressively worsened post-ureteroscopy. He was sub-
sequently started on hemodialysis.

Considering the elevated levels of urinary oxalate and
the presence of consanguinity, a genetic analysis was per-
formed, which identified a homozygous missense vari-
ant in exon 2 of the AGXT gene (c.302T.C). This variant
causes an amino acid substitution, specifically replacing
leucine with proline (p.Leul01Pro). He did not respond
to pyridoxine. Based on these findings, the patient under-
went a combined liver and kidney transplant.
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Case No. 5

We received a 6-year-old Indian male patient who was
born to consanguineous parents. The child presented to
our outpatient department with complaints of bilateral
flank pain. Ultrasound revealed bilateral nephrolithiasis
and nephrocalcinosis. His creatinine was 0.67 mg/dl, cor-
responding to eGFR (68 ml/min/1.73 m?). His PTH was
56 pg/ml, and his vitamin D was 35 ng/ml. Urine exami-
nation revealed 8—10 leukocytes and 6-7 red blood cells
per high-power field. He underwent ureteroscopic litho-
tripsy, and stone analysis revealed a 90% and 10% calcium
oxalate monohydrate and calcium oxalate dihydrate com-
position, respectively. His 24-h urinary calcium, phos-
phate, citrate, and urate levels were normal. The 24-h
urinary oxalate level was 124 mg.

Because of high oxalate levels and consanguinity,
genetic analysis was done, which revealed a homozygous
missense splice-site proximal variation in exon 6 of the
GRHPR gene (c.494G > A) that results in the amino acid
substitution of aspartic acid for glycine at codon 165 (p.
Glyl65Asp).

Discussion

PH1 is characterized by a deficiency of the hepatic-spe-
cific peroxisomal enzyme alanine-glyoxylate aminotrans-
ferase (AGXT). AGXT is an enzyme that depends on
pyridoxal 5’-phosphate and plays a crucial role in con-
verting glyoxylate to glycine through transamination. In
PH1, due to the reduced transamination activity of gly-
oxylate to glycine, there is an accumulation of glyoxylate,
leading to increased production of oxalate [9].

In India and other developing countries, primary
hyperoxaluria (PH) continues to pose a diagnostic chal-
lenge. The incidence and prevalence of the condition
remain unknown, primarily due to its wide spectrum of
clinical presentations and the ability to manifest at any
age. As observed in the five cases mentioned above, PH
can present with various clinical manifestations. These
can range from severe manifestations such as infantile
massive nephrocalcinosis and failure to thrive, to milder
presentations with recurrent or occasional stone forma-
tion. Additionally, some individuals may remain asymp-
tomatic, while others may progress to end-stage renal
disease (ESRD) as their first noticeable symptom [2, 10,
11]. Recurrent urolithiasis or progressive nephrocalcino-
sis is usually one of the first symptoms and, if supported
by a suggestive family history or consanguinity, should
raise possibility of PH1 and prompt one to go for further
screening [2, 11].

As seen with various studies, a mean of 5 years is
observed from the onset to the final diagnosis [9], a
finding consistent with the cases in our series, and we
attribute that to clinical heterogeneity, a lack of clinical
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suspicion, and the rarity of the disease [11]. An early
diagnosis remains vital to preventing or slowing down
the end-stage disease.

Case No. 1, discussed above, gave a history of the
intake of large quantities of some local herbal concoc-
tion over a period of 2 days, which among many other
things, contained licorice. Licorice extract is often used
in traditional medicine to treat conditions like inflam-
mation, gastric ulcers, and respiratory diseases [10]. It
is well known that excessive consumption of licorice
can cause hypertension and hypokalemia [12]. Licorice
root is also one of the highest oxalate-containing foods.
(3569.3 mg/100 g) [13]. Before the consumption of
licorice, the case belonged to the pre-symptomatic group
of PH1, which constitutes about 13% of all cases of PH1
[14]. The patient did not show any stones on kidney
imaging. A kidney biopsy showed extensive inspissations
of refractile oxalate crystals in tubular lumina and cyto-
plasm (Fig. 1). Acute intake of large doses of an oxalate-
rich concoction over the previous 2 days compared to her
regular diet explained the worsening of kidney function.
The patient underwent a kidney biopsy, which revealed
oxalate nephropathy. To further confirm the diagnosis,
genetic testing was conducted and revealed a homozy-
gous duplication of 14 base pairs in exon 9 of the AGXT
gene. This duplication leads to a frameshift mutation and
premature truncation of the protein, occurring 22 amino
acids downstream of codon 295. These findings provide
genetic evidence supporting the diagnosis of oxalate
nephropathy in the patient. The AGT enzyme is encoded
by a single copy gene called AGXT, which consists of
11 exons. These exons range in size from 65 base pairs
to 407 base pairs and span over a 10-kilobase DNA seg-
ment in the 2q37.3 region of the human genome [15]. To
date, more than 190 clinically significant mutations have
been identified in the AGXT gene. Among these muta-
tions, three of the most common worldwide are p.G170R,
¢.33dupC, and p.I244T. These mutations account for
approximately 30%, 11%, and 6% of AGXT mutant alleles,
respectively. These observations suggest the existence of
mutation "hot spots” in exons 4, 1, and 7 of the AGXT
gene [16, 17]. However, our patient had a mutation in
exon 9 of the AGXT gene, with the variant reported as
AGXT p.Ala295SerfsTer22 (homozygous, nonsense),
which has not been reported earlier in the literature or
Clinvar database. But other truncating variants in the
AGXT gene are reported as pathogenic in the Clinvar
database for primary hyperoxaluria. As loss of function
mutations are known to cause this condition, this variant
was classified as a pathogenic variant. The patient under-
went a combined liver and kidney transplant.

The clinical exome study conducted on Cases No. 2
and 3, who are siblings of the first case, yielded the same
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mutation findings. Both individuals were found to have
a homozygous 14 base pair duplication in exon 9 of the
AGXT gene. Interestingly, despite carrying the mutation,
both siblings were asymptomatic. This highlights the
wide clinical spectrum of primary hyperoxaluria type 1
(PH1), ranging from being asymptomatic with occasional
stone formation to severe presentations [18].

True to its phenotypic and genotypic heterogeneity,
in our case 4, a young 12-year-old boy presented with a
history of recurrent bilateral renal calculi. Screening for
primary hyperoxaluria (PH) is rarely performed in Indian
children, despite the occurrence of nephrocalcinosis and
nephrolithiasis [19, 20]. The genetic analysis revealed
a homozygous missense variant in exon 2 of the AGXT
gene (c.302T.C), leading to the substitution of leucine
with proline at codon 101. Previous reports in the lit-
erature have also described North Indian children with
primary hyperoxaluria Type 1 who were homozygous for
the ¢.302T > C (p.Leul01Pro) AGXT mutation [20, 21].

PH2 is caused by a deficiency of the enzyme glyoxylate
reductase/hydroxypyruvate reductase (GR/HPR) [22-24].
GR/HPR enzyme activity is highest in the liver but also is
demonstrated in other tissues [25]. It is primarily located
in the cytosol but is also found in the mitochondria [26].
Increased urine L-glycerate excretion is characteristic for
this disorder, although false-negative results have been
described [27]. Sometimes patients with hyperoxaluria are
misclassified as having PH1 solely based on disease severity
but one must differentiate it from PH2 [28]. The reported
median ages of first-noticed symptoms in PH2 vary from
3.2 to 7.4 years. The age of our case is 6 years. The manifes-
tations range from kidney stones and nephrocalcinosis to
systemic oxalosis, with kidney stones and nephrocalcinosis
occurring in more than 80% of cases of PH2. About one-
quarter to one-third of PH2 patients progress to ESKD.

Conclusions

1. Because of low clinical suspicion and lack of diagnos-
tics in resource-limited countries, PH may be missed
as a diagnosis.

2. The disease presentation may vary from being
asymptomatic to massive nephrocalcinosis, nephro-
lithiasis, and ESKD as the first presentation.

3. In some patients with primary hyperoxaluria, the dis-
ease may be asymptomatic and can be precipitated
by a high dietary oxalate load as seen in one of our
patients.
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