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serum creatinine, urea nitrogen, and urate concentrations is poor.
Extrarenal clearance of uric acid increases as renal damage becomes
more severe.
Many agents that cause hyperuricemia exert their effects by stimulating reabsorption rather than inhibiting secretion. This stimulation
appears to occur through a process of “priming” renal urate reabsorption through the sodium-dependent loading of proximal tubular
epithelial cells with anions capable of trans-stimulating urate reabsorption. The sodium-coupled monocarboxyl transporters SMCT1
and 2 (SLC5A8, SLC5A12) in the brush border of the proximal
Table 431e-3 Inborn Errors of Purine Metabolism
Enzyme
Hypoxanthine
phosphoribosyltransferase

Laboratory Features
Hyperuricemia, hyperuricosuria

X-linked
X-linked

Clinical Features
Self-mutilation, choreoathetosis, gout,
and uric acid lithiasis
Gout and uric acid lithiasis
Gout, uric acid lithiasis, and deafness

Deficiency

Autosomal recessive

2,8-Dihydroxyadenine lithiasis

—

Deficiency
Deficiency
Deficiency

Autosomal recessive
Autosomal recessive
Autosomal recessive

Hypouricemia, hypouricosuria
—
—

Deficiency

Autosomal recessive

Purine nucleoside phosphorylase Deficiency

Autosomal recessive

Xanthinuria and xanthine lithiasis
Autism and psychomotor retardation
Myopathy with exercise intolerance
or asymptomatic
Severe combined immunodeficiency
disease and chondro-osseous
dysplasia
T cell–mediated immunodeficiency

Phosphoribosylpyrophosphate
synthetase
Adenine phosphoribosyltransferase
Xanthine oxidase
Adenylosuccinate lyase
Myoadenylate deaminase
Adenosine deaminase

Activity
Complete deficiency

Inheritance
X-linked

Partial deficiency
Overactivity

Hyperuricemia, hyperuricosuria
Hyperuricemia, hyperuricosuria

—

—
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Figure 431e-3 Abbreviated scheme of purine metabolism.
(1) Phosphoribosylpyrophosphate (PRPP) synthetase, (2) amidophosphoribosyltransferase (amidoPRT), (3) adenylosuccinate lyase, (4)
(myo-)adenylate (AMP) deaminase, (5) 5′-nucleotidase, (6) adenosine
deaminase, (7) purine nucleoside phosphorylase, (8) hypoxanthine
phosphoribosyltransferase (HPRT), (9) adenine phosphoribosyltransferase (APRT), and (10) xanthine oxidase. PRA, phosphoribosylamine;
SAICAR, succinylaminoimidazole carboxamide ribotide; AICAR, aminoimidazole carboxamide ribotide; GMP, guanylate; IMP, inosine monophosphate; ATP, adenosine triphosphate.

tubular cells mediate sodium-dependent loading of these cells with
monocarboxylates. A similar transporter, SLC13A3, mediates sodiumdependent influx of dicarboxylates into the epithelial cell from the
basolateral membrane. Some of these carboxylates are well known
to cause hyperuricemia, including pyrazinoate (from pyrazinamide
treatment), nicotinate (from niacin therapy), and the organic acids
lactate, β-hydroxybutyrate, and acetoacetate. The mono- and divalent
anions then become substrates for URAT1 and OAT4, respectively,
and are exchanged for uric acid from the proximal tubule. Increased
blood levels of these anions result in their increased glomerular filtration and greater reabsorption by proximal tubular cells. The increased
intraepithelial cell concentrations lead to increased uric acid reabsorption by promoting URAT1-, OAT4-, and OAT10-dependent anion
exchange. Low doses of salicylates also promote hyperuricemia by this
mechanism. Sodium loading of proximal tubular cells also provokes
urate retention by reducing extracellular fluid volume and increasing
angiotensin II, insulin, and parathyroid hormone release. Additional
organic anion transporters OAT1, OAT2, and OAT3 are involved
in the movement of uric acid through the basolateral membrane,
although the detailed mechanisms are still being elucidated.
GLUT9 (SLC2A9) is an electrogenic hexose transporter with splicing variants that mediate co-reabsorption of uric acid along with glucose and fructose at the apical membrane (GLUT9ΔN/SLC2A9v2) as
well as through the basolateral membrane (SLC2A9v1) and thus into
the circulation. GLUT9 has recently been identified as a high-capacity
urate transporter, with rates 45–60 times faster than its glucose/fructose transport activity. GLUT9 may be responsible for the observed
association of the consumption of fructose-sweetened soft drinks with
an increased risk of hyperuricemia and gout. Genome-wide association scanning suggests that polymorphisms in SLC2A9 may play an
important role in susceptibility to gout in the Caucasian population.
The presence of one predisposing variant allele increases the relative
risk of developing gout by 30–70%, most likely by increasing expression of the shorter isoform, SLC2A9v2 (GLUT9ΔN). Notably, though,
genetic polymorphisms explain only ~6% of the differences in serum
uric acid levels in Caucasians. Clearly, gout is polygenic and complex,
and at this time the utility of genetic testing for relevant polymorphisms remains investigational and of no clinical utility.
Alcohol promotes hyperuricemia because of increased urate production and decreased uric acid excretion. Excessive alcohol consumption accelerates hepatic breakdown of ATP to increase urate production. Alcohol consumption can also induce hyperlacticacidemia, which
blocks uric acid secretion. The higher purine content in some alcoholic
beverages may also be a factor. Consumption of beer confers a greater
risk of gout than liquor, and moderate wine intake does not increase
gout risk. Intake of red meat and fructose increases the risk of gout,
whereas intake of low-fat dairy products, purine-rich vegetables, whole
grains, nuts and legumes, less sugary fruits, coffee, and vitamin C
reduces the risk.

