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Abstract \\

Introduction: Primary hyperoxaluria type 1 (PH1) is a genetic autosomal recessively inherited disorder due to mutation in the |
alanine-glyoxylate aminotransferase (AGXT) gene. It usually presents in children with nephrolithiasis and/or nephrocalcinosis and
progressive renal function impairment and end stage renal disease (ESRD).

Patient concerns: A 13 years old Saudi boy with history of recurrent urolithiasis since the age of 2 years presented to us with
picture of ESRD. He has strong family history of urolithiasis.

Diagnosis: \Working up the patient suggested the diagnosis of PH1 based on the typical clinical, laboratory, and imaging findings
which was genetically proved by positive AXGT gene mutation. The mutation detected was not previously reported in literature. The
mutation detected was not previously reported in literature. The novel mutation c. 799A>T p. (Ile267Phe) detected in our patient
extend the spectrum of the known AGXT gene mutations.

Interventions and Outcomes: Hemodialysis as a temporary step followed by renal transplantation which is the only cure.

Conclusion: High index of suspicion of PH1 before ESRD should be considered in any patient who has recurrent urolithiasis since
early life especially in presence of strong family history.

Abbreviations: AGXT = alanine-glyoxylate aminotransferase, ESRD = end stage renal disease, Lt = Left, PH1 = primary
hyperoxaluria type 1, Rt = Right, s.Cr = serum creatinine.
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1. Introduction

Primary hyperoxalurias are a group of an inborn error of
metabolism inherited as an autosomal recessive inheritance
characterized by oxalate overproduction. There are 3 types of
primary hyperoxalurias in which the underlying cause have been
known. Primary hyperoxaluria type 1 (PH1), the most common
form, 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.*!

PHT1 is caused by mutation in the alanine-glyoxylate amino-
transferase (AGXT) gene and is characterized by endogenous
oxalate overproduction secondary to AGXT enzyme deficiency
with consequent impairment of renal functions and systemic
oxalosis. More than 200 AGXT mutations have been described,
spanning the entire gene. The 3 most common mutations, c.
508G>A (p.Gly170Arg), c. 33dupC (p.Lys12Glnfs*156), and c.
731T>C (p.lle244Thr), account for approximately 30%, 11%,
and 6% of AGXT mutant alleles, respectively.>=!

We herein report a novel AGXT gene mutation in a Saudi male
child diagnosed with PH1 with his extended family genetic study.

2. Case description

A 13 years old, Saudi boy, product of an uneventful pregnancy
of consanguineous parents with positive family history of
renal stones in his elder brother, his grandmother, and uncle
from paternal side, presented to our care with picture of end
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Figure 1. Family pedigree.

stage renal disease (ESRD). Family pedigree is illustrated in
Figure 1.

The patient has history of recurrent renal stones since early
childhood when he presented to 1 hospital at the age of 2 years
old with hypertension, severe metabolic acidosis, hyperkalemia,
anuria, high serum creatinine (s.Cr) and high urinary calcium
(Table 1). He was diagnosed as multiple bilateral renal stones
necessitating nephrostomy, Extracorporeal Shock Wave Litho-
tripsy and surgical removal of a big stone from the Rt ureter.
Analysis of the extracted stone revealed calcium oxalate.

Parents missed follow-up of their child for 2 years. At age of
4 years, he was evaluated in another tertiary care hospital which
revealed appropriate growth parameters, normal blood pressure
and normal physical examination. All his laboratory tests
were within normal limits except for elevated urinary oxalate
579 mmol/L (normal range: 44 to 344mmol/L) as shown in
Table 1. On follow-up at the age of 4 years, the patient was
growing well with his weight and height on the 50 and 25,
percentiles respectively. He had normal blood pressure and
normal serum blood urea nitrogen, s.Cr and bicarbonate. His
renal ultrasound (U/S) showed the right (Rt) kidney measuring
6.1x2.5cm, the left (Lt) kidney measuring 8.4x3.4cm with a
12mm anteroposterior diameter of the renal pelvis. There was
mild increase in echogenicity in both kidneys and no calculi were
seen. Renal scan showed marked reduction of function and
perfusion of the Rt kidney; the Lt kidney appeared to be normal.
Split function of the Rt kidney was 14% and that of the Lt kidney
was 88%. His nephrologist diagnosed him as resolved multiple
calcium oxalate stones complicated by obstructive nephropathy
and acute renal failure with residual impairment of Rt kidney

functions. He started the patient on low oxalate diet and polycitra
potassium for urine alkalization with advice for encouragement
of excess oral fluids intake.

Although regular follow-up visits with pediatric urologist and
nephrologist were recommended and highly emphasized but
unfortunately the family missed follow-up again for around 7 years.

On 2016, at the age of 13 years old, he presented for the first
time to our hospital with Lt flank pain, associated with nausea,
vomiting, dysuria, and hematuria. He was hypertensive, thriving
well but with Lt loin tenderness, facial puffiness and mild lower
limb edema. There was no history suggestive of enteric
hyperoxaluria with neither excessive intake of vitamin C nor
oxalate rich diet or evidence of chronic malabsorption.

His laboratory tests showed severe anemia, metabolic acidosis
and markedly increased serum blood urea nitrogen and s.Cr with
high phosphorus, magnesium, and parathyroid hormone levels
(Table 1); while his kidney-ureter-bladder X-ray was non-
conclusive. Urgent abdominal and pelvic ultrasound showed
non-visualized Rt kidney and increased echogenicity of the Lt
kidney with small stone measuring S mm (Fig. 2) and minimal
hydronephrosis (Fig. 3). Urinary bladder showed average wall
thickness with no stones. Non contrast computed tomography
scan of the abdomen and pelvis showed small sized atrophic Rt
kidney with multiple tiny stones 2 mm in diameter and increased
density of the renal pyramids with associated fullness of the
pelvicalyceal system (Fig. 4). The Lt kidney was average in size
with multiple calyceal stone, the largest one at the upper calyx
measuring 5Smm, with associated mild hydronephrosis and
increased density of its pyramids (Fig. 4). Both ureters had normal
course with no definite dense stones seen. The urinary bladder
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Patient’s laboratory tests since initial presentation until diagnosis.

Parameters At 2 yr of age Recovery At 4 yr of age At 13 yr of age
Anthropometrics measurement NA NA Wt: 14.4 kg Wt: 45 kg
Ht: 90 cm Ht: 150 cm
(both on the 10" centile) (both on the 50" centile)
Blood pressure (mm Hg) Hypertension NA Normal Hypertension
e.g: 130/90 e.g.: 96/63 e.g.: 150/100
Hemoglobin g/L 12.5 NA 12.8 71
Blood urea nitrogen (mmol/L) 47 5.1 4.7 40.1
Serum creatinine (mol/L) 1012 77 58 1613
Serum bicarbonate (mmol/L) 7 22 24 11
Serum electrolytes K: 8.3 NA Na 139, K 4.4, Na 132, K 5,
Others: NA CL 106, Ca 2.41, P 1.44, Mg 0.84 CL 100Ca 1.6,
P 3.18, Mg 1.02
Serum uric acid (mmol/L) NA NA 0.30 (Normal) 0.32 (Normal)
Serum oxalate (mol/L) NA NA NA 88 (High)
Parathyroid hormone (pg/mL) 75 (High) NA 60 (Normal) 1304.20 (High)
Urinalysis NA NA Normal Normal
Urine oxalate (mmol/L) NA NA NA 0.04 mmol/24 hr (Low)
Urine cystine (mmol/d) NA NA NA 0.10 (Normal)
Urine Calcium (mmol/d) NA NA NA 1.3 (Normal)
Urine Phosphate (mmol/d) NA NA NA 5 (Normal)
Urine Magnesium (mmol/d) NA NA NA 1.30
Urine Calcium/ Urine Creatinine NA NA 0.07 0.08
Urine uric acid (mmol/d) NA NA 0.833 (Normal) 1.00 (Normal)
Liver function tests NA NA Normal Normal

Ht=height, NA=not available, Wt=weight.

was improperly filled with no obvious dense stones seen. The
diagnosis of ESRD with Lt renal stone was made and immediately
planned for hemodialysis and Lt Double J stent insertion. PH1 was
suggested as the underlying pathogenesis and it was worked-up. Its
work-up revealed high serum oxalate, 88 umol/L (normal: less
than 5 pmol/L), and low urinary oxalate 0.04 mmol/24 h (normal
level between 0.14 and 0.42). The diagnosis of PH1 was settled and
molecular genetic testing of AGXT gene, after obtaining written
informed consent, was requested to confirm diagnosis.

2.1. Molecular genetic analysis of the AGXT gene

The 11 coding exons and the respective exon-intron boundaries
of the AGXT gene on chromosome 2q37.3 (OMIM 604285)

LT KIDNEY

Figure 2. Ultrasound of left kidney obtained in sagittal view demonstrates
stone measuring about 5mm.

were amplified by polymerase chain reaction and sequenced
directly. Resulting sequence data were compared with the
reference sequence gene. Sequencing analysis revealed at position
¢.799 in exon 8 of the AGXT gene the nucleotide exchange A to T
in homozygous state (c. 799A>T), resulting in a substitution of
the evolutionarily conserved amino acid isoleucine to phenylala-
nine at position 267 of the protein sequence (p.(Ile267Phe)). To
the best of our knowledge this mutation has neither been
annotated in databases nor been described in the literature so far
(Fig. 5).

His extended family was screened for the offending mutation
described above and revealed that his parents and 2 siblings were
carriers while 2 siblings were normal. His elder brother, uncle and

LT KIDNEY |

Figure 3. Ultrasound of left kidney obtained in sagittal view demonstrates
increased echogenicity.



http://www.md-journal.com

Abukhatwa et al. Medicine (2020) 99:25

Medicine

CT pe
Renal Stone

Figure 4. A & B: Coronal and sagittal noncontrast scan of the abdomen respectively showed small size right kidney, average size left kidney with multiple stones,

and increased echogenicity.

grandpa to his father were diseased. Other family members from
maternal and paternal sides were not feasible for genetic testing
due to either refusal, living far, or being died (Fig. 1).

Currently, the patient is on hemodialysis 5Shours § times per
week. He was evaluated for systemic oxalosis by multidisplinary
team including cardiologist, ophthalmologist, and endocrinolo-
gist with normal electrocardiogram, echocardiography, ophthal-
mological examination, and thyroid functions. Joints X-rays
were unremarkable. Health educator and social workers were
involved in the care plan to ensure future family’s compliance.

Liver-kidney transplantation is under processing in coopera-
tion with higher centers with transplantation service.

3. Discussion

PH1 (OMIM#259900) is caused by a deficiency of the hepatic-
specific peroxisomal enzyme AGXT, a pyridoxal 5'-phosphate—
dependent enzyme that catalyzes the transformation of glyox-
ylate to glycine. This deficiency results in the buildup of
glyoxylate and excessive production of both oxalate and
glycolate.!®!
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AGXT: ¢.799A>T p.(lle267Phe) hom

Figure 5. Molecular genetic analysis of the alanine-glyoxylate aminotransfer-
ase gene.

In Saudi Arabia, the incidence and prevalence of PH1 is not
known, may be due to poor registration and lack of disease
suspicion and follow-up. PH1 might be a rather not uncommon
disease especially in our population because of high rates of
consanguineous marriages.

Two reports of PH1 were released from the Kingdom of Saudi
Arabia, 1 of 16 children released from King Faisal Specialist
Hospital and Research Center!”! and the other of 2 brothers
released from King Abdul-Aziz Medical City.!®!

The age of presentation of PH1 is variable and depends on the
disease severity, which may relate to the degree of hyperoxaluria
and not the degree of enzyme activity. Fifteen percent of children
become symptomatic before the age of 1 year and 50% before the
age of 5 years. PH1 might present very early in life (infantile
presentation) with nephrocalcinosis progressing rapidly to ESRD
or might present in childhood with recurrent urolithiasis and
progressive renal impairment or only occasional stone formation
in adulthood or sometimes completely asymptomatic which was
might be discovered only with family screening.!®>'"’

Our patient started to have symptoms at 2 years and he was
diagnosed at 13 years with 11 years delay interval between the
onset of symptoms and diagnosis. We attribute that to lack of
disease suspicion and rarity of the disease. Same was reported
in Sanjad’s study,'”! with median age at presentation of 5 years
(5 months—14 years) and 80% of their patients were diagnosed
before the age of 10 years with 66% of them below the age of 5.
The interval from the onset of symptoms to diagnosis ranged
from 0 to 4 years, with a median of 18 months.””! In Majid’s
report, the 2 brothers started to have symptoms at age of
6 months and 2 years, respectively and they were diagnosed at
that time.!®!

The late diagnosis of our patient after being already ESRD was
also found in 4 patients of Sanjad’s series, who presented with
advanced chronic kidney injury and developed ESRD within
6 months.!”)

The reported index case presented with abdominal pain,
nephrolithiasis and nephrocalcinosis which was consistent with
the 7th, 12 and 13 patients of Sanjad’s series.!”!

In this report, the patient had family members with
symptomatic renal stones. While in Sanjad’s study there were
no symptomatic family members, they screened families of their
cohort and 7 patients were identified.!”!
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PHT1 is a known cause of ESRD, it accounts for 1% to 2% of
cases of pediatric ESRD, according to registries from Europe, the
United States, and Japan,'!! but it appears to be more prevalent
in countries in which consanguineous marriages are common
(with a prevalence of 10% or higher in some North African and
Middle Eastern nations).!"?!

The diagnosis depends on measurement of 24 hours of urine
oxalate, serum oxalate level, enzymatic assay of AGXT catalytic
activity by a liver biopsy, and genetic study of the AGXT gene,
which can detect 50% t070% of mutations.!"*'*! High serum
oxalate level and molecular genetic analysis proved the diagnosis
in our patient with homozygous novel mutation in exon 8 of the
AGXT gene on chromosome 2.q37.3, c.799A>T (p. lle267Phe).
To the best of our knowledge this mutation has neither been
described before in the literature. Interestingly, the case described
herein is the first report of molecular testing-proven childhood
onset-PH1 from the Kingdom of Saudi Arabia with novel
mutation.

Sanjad et al””! used quantitative urinary oxalate production or
urine oxalate/creatinine ratio in their series while in 1 of the 2
brothers reported by Majid et al®! bone biopsy was used and
genetic testing was used in the other 1.

Regarding PH1 management, maintaining high fluid intake,
pyridoxine supplementation in those who are pyridoxine
responsive, use of potassium or sodium citrate or neutral
orthophosphate and magnesium oxide use to minimize stone
formation are the main lines of treatment.!'*'¥l

Two patients in Sanjad’s series!”! and 1 of the 2 brothers in
Majid’s report!®! were pyridoxine responsive and had complete
response on pyridoxine therapy with normal renal function. The
herein reported patient, did not receive pyridoxine in his past
follow ups and he presented to us in ESRD where pyridoxine
therapy response can not be assessed.

Organ transplantation in patients with PH1 is a controversial
issue. Kidney transplantation has a considerably lower success
rate than with other diseases.!'*)

In Sanjad’s series, a successful kidney transplant was achieved
in a 15 years old patient while it failed with early rejection and
death in another 2 younger patients.”! It seems that isolated renal
transplantation should be reserved for older patients with less
severe forms of PH1, and an insidious progression to chronic
kidney failure.['®17!

On the other hand; liver transplantation should be reserved
for pyridoxine resistant patients with mild renal impairment
and/or with sudden deterioration in renal function.!"®2°! On
patient in Sanjad’s series had isolated liver transplantation with
normal kidney function at 4% years follow up post-liver trans-
plantation while 3 patients underwent combined liver-kidney
transplantation with excellent outcome at 5 years follow up
post-transplantation.!”!

We referred our patient for assessment for organ transplanta-
tion. This patient and his family highlight the need for physicians’
high index of suspicion for PH1 in any child who presents with
nephrolithiasis and/or nephrocalcinosis or has a positive family
history and/or parenteral consanguinity. Early diagnosis is
crucial to allow intensive medical therapy which might delay
disease progression to ESRD.

4. Conclusions

PH1 is a heterogeneous disease with variable expression in
patients, even in family members with the same genotype. There

www.md-journal.com

has been speculation that environmental factors or modifier genes
are responsible for the range of phenotypes within a single
pedigree.

The case described herein for Saudi male child diagnosed with
PH1 with novel mutation. This mutation may help to extend the
spectrum of known AGXT mutations especially in our popula-
tion since the incidence and prevalence of autosomal recessive
diseases are expectedly high. Also, our report highlights the
importance of early diagnosis and aggressive early treatment to
prevent the disease progression and associated morbidity.
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