
INDIAN  PEDIATRICS 303 VOLUME 44__APRIL 17, 2007

CASE REPORTS

clinical and genetic study of X-linked recessive
ichthyosis and contiguous gene defects. Br J
Dermatol 1994; 131: 622-629.

3. Kirk JM, Grant DB, Besser GM, Shalet S, Quinton R,
Smith CS et al. Unilateral renal aplasia in X-linked
Kallmann Syndrome. Clin Genet 1974; 46: 260-262.

4. Martul P, Pineda J, Levilliers J, Varquez JA,
Rodriguez SJ, Loridan L, et al. Hypogonado-trophic
hypogonadism with hyposmia, X-linked ichthyosis
and renal malformation syndrome. Clin Endocrinol
1995; 42: 121-128.

5. Rapaport R. Hypofunction of the testes. In:   Behrman
RE, Kliegman RM, Jenson HB,  eds. Nelson’s
Textbook of Pediatrics, 14th edn.  Philadelphia:
Saunders; 2004; pp. 1925-1930.

6. Mc Grae JD. Keratitis, ichthyosis and deafness (KID)
syndrome with adult onset of keratitis component. Int
J Dermatol 1990; 29: 145-146.

7. Matsukura H, Fuchizawa T, Ohtsuki A, Higashiyama
H, Higuchi O, Higuchi A, et al. End stage renal
failure in a child with X- linked ichthyosis. Pediatr
Nephrol 2003; 18: 297-300.

8. Nemes Z, Demeny M, Marekov LN, Fesus L, Steinert
PM. Cholesterol 3-sulfate interferes with cornified
envelope assembly by diverting transglutaminase 1
activity from the formation of cross-links and esters to
the hydrolysis of glutamine. J Biol Chem 2000; 275:
2636-2646.

9. Hiiragi T, Sasaki H, Nagafuchi A, Sabe H, Shen SC,
Matsuki M, et al. Transglutaminase type 1 and its
cross-linking activity are concentrated at adherens
junction in simple epithelial cells. J Biol Chem 1999;
274: 34148-34154.

10. Reiser J, Kriz W, Kretzler M, Mundel P.  The
glomerular slit diaphragm is a modified adherens
junction.  J Am Soc Nephol 2000; 11: 1-8.

Severe Hypertriglyceridemia in an
Infant with Red Cell Pyruvate  Kinase
Deficiency

Aarati Rao
Monica Hulbert
David B. Wilson

From Department of Pediatrics, Washington University
School of Medicine, St. Louis Children’s Hospital,
St. Louis, MO 63110, USA.

Correspondence to: David B. Wilson, Department of
Pediatrics, Box 8208, Washington University School
of Medicine, 660 S. Euclid Ave., St. Louis, MO 63110
U.S.A.  E mail: wilson_d@wustl.edu

Manuscript received: September 21, 2006;
Initial review completed: October 25, 2006;
Revision accepted: December 4, 2006.

Severe hypertriglyceridemia has been observed in
infants with β-thalassemia major, an association termed
hypertriglyceridemia-thalassemia syndrome. The
pathophysiological basis for this association has
remained unclear. We describe 6-month-old American
girl with red cell pyruvate kinase (PK) deficiency, failure
to thrive, and marked hypertliglyceridemia (=1500 mg/
dL). The hyperlipidemia resolved with hypertransfusion
therapy. At age 18 months she underwent a splenectomy
and has remained transfusion-independent with normal
serum triglyceride levels. We suggest that severe
hemolysis and chronic wasting are probably responsible
for the hypertriglyceridemia seen in infants with
thalassemia or PK deficiency.
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Hypertriglyceridemia may be familial or
acquired and may reflect increased hepatic

synthesis or decreased catabolism. A variety of
diseases have been linked to secondary hyper-
triglyceridemia, including infection, renal
insufficiency, and diabetic ketoacidosis. Hyper-
triglyceridemia may accompany acute, massive
hemolysis(1). With the exception of infants with
β-thalassemia major(2-5), however, there are no
reports of hypertriglyceridemia associated with
chronic hemolytic anemia. We describe an unusual
case of severe hypertriglyceridemia in an infant
with red cell pyruvate kinase (PK) deficiency and
failure to thrive.

Case Report

A 6-month-old girl was referred to our
hematology clinic for chronic anemia, jaundice, and
poor growth. She was the 3.5 kg term product of a
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normal pregnancy. Jaundice, gall bladder micro-
calculi and a Coombs’ negative, non-spherocytic
hemolytic anemia (Hb 11.6 g/dL, reticulocyte count
24%) were noted in the newborn period, but no
specific etiology was elucidated. She was
exclusively breast fed. Her parents were of
Northern/Central European ancestry, and there was
no family history of anemia, hyperlipidemia, or
consanguinity. Physical examination revealed a
small infant who was unable to sit. Weight (6.3 kg)
and length (61 cm) were both below the 5th centile
for age and sex with a head circumference at the
75th centile. Skin examination revealed pallor and
jaundice but no xanthomas. Frontal bossing, a
systolic flow murmur, hepatomegaly, and spleno-
megaly were evident.

A complete blood count showed a WBC 12 ×
109/L, Hb 5.5 g/dL, Hct 16.8%, MCV 115 fL, MCH
33.2 pg, MCHC 33.2 g/dL, reticulocyte count 37%,
and platelet count 320 × l09/L. The peripheral blood
smear revealed polychromasia and nucleated
erythrocytes. The parents’ blood counts and smears
were normal. Direct and indirect Coombs’ tests,
hemoglobin electrophoresis, an osmotic fragility
assay, and an isopropanol hemoglobin stability test
were all normal. Erythrocyte PK activity was 1.8
IU/g Hb (normal >11.1 IU/g Hb). The diagnosis of
PK deficiency was confirmed by sequence analysis
of the PK-LR gene, which revealed homozygosity
for the G1529A mutation. The serum was grossly
lipemic, and the triglyceride level was 1485 mg/dL
[normal for breast fed infants of this age is  150 mg/
dL(6)]. A repeat fasting serum triglyceride was
1540 mg/dL, and the serum total cholesterol
was 145 mg/dL. Other causes of secondary
hypertriglyceridemia, including hypothyroidism
and diabetes mellitus, were ruled out with
appropriate testing. Neither the mother nor father
had laboratory evidence of hyperlipidemia. Neither
of the patient’s two siblings had hyper-
triglyceridemia or PK deficiency.

The patient was begun on a chronic blood
transfusion regimen. Her serum triglyceride level
subsequently normalized, and her growth rate
improved. At age 18 months, she underwent a
laparoscopic splenectomy. She has remained
transfusion- independent since that time with a
baseline Hb of 8 g/dL (reticulocyte count 45%)

and normal serum cholesterol and triglyceride
levels.

Discussion

PK deficiency is the most frequent enzymopathy
of the glycolytic pathway causing hereditary non-
spherocytic hemolytic anemia. The disease is
inherited as an autosomal recessive trait. PK plays a
critical role in red cell metabolism because it
catalyzes one of the two steps of ATP production
during glycolysis. The liver and red cell isoforms of
PK are encoded by a single gene (PK-LR) using
alternative promoters(7). More than a hundred
different PK-LR mutations have been identified;
most are missense mutations that encode unstable,
rapidly degraded proteins(7). Although mutations
in the PK-LR gene may affect both the liver and red
cell isozymes, only red cell glycolysis is
significantly impaired, because hepatocytes can
replenish degraded PK through new synthesis
whereas mature erythrocytes cannot.

The PK-LR mutation detected in our patient,
G1529A, is the most common mutation among PK
deficient individuals from the United States or
Northern/Central Europe. This missense mutation
results in an enzyme with lower thermostability and
increased susceptibility to proteolysis. The residual
red cell PK activity in patients homozygous for this
mutation has been reported to be 10-25%, and the
degree of hemolysis varies from moderate to severe
in these individuals(7). It is presumed that
environmental, epigenetic, or genetic factors apart
from G1529A homozygosity contribute to the
variability in the clinical manifestations.

A distinctive presenting feature of this case of
PK deficiency was severe hypertriglyceridemia.
Secondary hypertriglyceridemia is rarely observed
in patients with chronic hemolytic anemia; the only
reported cases have been young children with
thalassemia major, an association known as
hypertriglyceridemia-thalassemia syndrome(2-5).
In several of these reports, serum triglyceride levels
normalized following red cell transfusion therapy,
as was the case in our patient with PK deficiency.
Hypertransfusion therapy suppresses production of
thalassemic or PK-deficient erythrocytes, thereby
reducing the rate of hemolysis. We suggest that this
decrease in erythrocyte turnover helps to ameliorate
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hypertriglyceridemia. Malnutrition is another factor
that may contribute to hypertriglyceridemia in
infants with thalassemia or PK deficiency. Tumor
necrosis factor-α (TNF-α), interferon-α, and
other proinflammatory cytokines associated with
wasting syndromes are known to elicit hyper-
triglyceridemia(8). TNF-α decreases adipose tissue
lipoprotein lipase activity, and cytokine-driven
hepatic very low density lipoprotein production is
thought to contribute to the hypertriglyceridemia
that accompanies infection(8). By decreasing
energy expenditure on erythropoiesis, transfusion
therapy serves to improve the nutritional status of
infants with severe hemolytic anemia, which may
reduce production of TNF-α and other cytokines
that promote hyperlipidemia.

An association between hypertriglyceridemia
and acute hemolysis is documented in the medical
literature(1), although the pathological basis for this
association remains obscure. Intriguingly, erythro-
cytes from patients with one type of acute
hemolysis, Zieve syndrome (jaundice, hyper-
lipidemia, and transient hemolytic anemia due to
alcohol abuse), exhibit acquired PK deficiency(9).
PK thermostability is reduced in Zieve syndrome
erythrocytes and resembles an oxidized form of the
enzyme(10). It has been suggested that acetal-
dehyde, a metabolite of ethanol, may account for
oxidation of PK in this clinical setting. The finding
of hypertriglyceridemia in our patient with
congenital PK deficiency lends credence to the
notion that acquired PK deficiency contributes to
the clinical features of Zieve syndrome.
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