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Case Report
Pyruvate Kinase Deficiency presented with Severe Anemia and

Jaundice
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Abstract:

Pyruvate kinase, an enzyme in the glycolytic pathway of red blood cells, plays an important role in
producing energy or ATP for red blood cells. Pyruvate kinase deficiency is a rare hereditary red cell disorder
caused by mutation in the Pyruvate Kinase L/R (PKLR) gene on chromosome 1q12. Homozygous or compound
heterozygous mutation in the PKLR gene can cause nonspherocytic hemolytic anemia due to lack of red cell
ATP, leading to inability to maintain red cell membrane integrity and electrochemical gradients. We report clin-
ical presentations, laboratory investigations and genetic testing for diagnosis and management of a 1-year-old
Thai girl with a history of severe nonspherocytic hemolytic anemia and neonatal hyperbilirubinemia, requiring
an exchange transfusion, at 24 hours of life. She received a regular red cell transfusion since day-of-life 2 and
was subsequently diagnosed with pyruvate kinase deficiency.
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Introduction

Pyruvate kinase deficiency (PKD) is a rare red cell
disorder with the estimated prevalence of the disease
among Caucasians around 1 in 20,000 population’. PKD
is a hereditary disease involving defects in the pyruvate
kinase enzyme in the glycolytic pathway of red blood cells
and causes chronic nonspherocytic hemolytic anemia'.
Mature red blood cells (RBCs), lacking of a nucleus and
organelles like ribosomes or mitochondria, have two
major pathways: the glycolytic or “energy-producing”
pathway and the hexose monophosphate (HMP) shunt
or “protective” pathway'. Pyruvate kinase (PK) catalyzes
phosphoenolpyruvate to pyruvate, the final steps of the
glycolytic pathway, to create 50% of total RBC adenos-
ine triphosphate (ATP)*’. Due to the lack of RBC ATP,
red blood cells lose their ability to maintain membrane
integrity and electrochemical gradients leading to extra-
vascular hemolysis from clearance of damaged RBCs™”.

This defect is inherited by the autosomal recessive
pattern involving homozygotes or compound heterozy-
gotes in the PKLR gene located on chromosome 1¢21%*.
PKD is a lifelong chronic hemolytic anemia with a wide
spectrum of symptoms, manifestations, and complications.
In most cases, the hemolytic process is recognized and
diagnosed in childhood with history of neonatal jaundice
requiring phototherapy or an exchange transfusion.

Enzymopathies, such as pyruvate kinase deficiency,
should be suspected among patients of all ages with
chronic hemolytic anemia in the absence of immune-
mediated hemolysis, hemoglobinopathy, or evidence of
a red cell membrane disorder. Among many patients,
direct enzyme analysis is adequate for initial diagnosis,

with molecular testing serving as a confirmatory test'.

Case presentation
A 1-year-old Thai girl, the third child of nonconsan-
guineous parents, was delivered by normal delivery at 37
weeks of gestation in a provincial hospital with Apgar
scores 7, 7 and 9 at 1, b and 10 minutes after birth

respectively. Her prenatal history was uneventful with a

birth weight of 2.28 kg. After birth, she was resuscitated
and intubated for seven days due to acute respiratory
failure and meconium aspiration syndrome. She was
diagnosed with persistent pulmonary hypertension of
the newborn, neonatal hypoglycemia and Bacillus spp.
septicemia.

At 24 hours of life, she developed anemia and marked
jaundice. Her physical examination revealed markedly
pale, icteric skin and sclera without hepatosplenomegaly
and dysmorphic features. Her hemoglobin (Hb) was
7.2 g/dL, MCV 131.5 {L,, elevated nucleated red blood
cells (nRBCs) count (632 nRBCs per 100 white blood
cells) with normal white cells (corrected total white cell
count 8.8 x10”/L, neutrophils 52%, lymphocytes 38%) and
normal platelet count (160 x10°/L). She also presented
hyperbilirubinemia (microbilirubin 19.6mg/dL) so total
exchange transfusion and phototherapy were performed.

According to laboratory investigation at the provincial
hospital, her and her mother’s blood groups were both
O-positive. The direct antiglobulin test was negative
and G6PD enzyme screening was normal. Extensive
investigations for infectious diseases were performed and
showed negative for Epstein Barr virus (EBV), cytomegalo-
virus (CMV), hepatitis B and C virus, parvovirus B19,
toxoplasmosis, enterovirus, herpes simplex virus (HSV),
syphilis and rubella. High-performance liquid chromato-
graphy (HPLC) of hemoglobin revealed no evidence of
[-thalassemia or any hemoglobin variant at two months
of age and alpha globin gene analysis revealed negative
for common alpha globin mutations. No family history
was noted of anemia or other hematological disorders.
She was admitted at the provincial hospital for two
weeks and received multiple blood transfusion before
discharge.

A month later, she attended the provincial hospital
with symptoms of anemia; her Hb had fallen to 4.8 g/
dL so she received 1 unit of blood transfusion and then
discharged. At the follow-up clinic, two weeks later,
she still presented anemia. Her Hb was 4.7 g/dL and

corrected reticulocyte count was 2.6%. For that reason,
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Figure 1 Peripheral blood smear revealed normochromic normocytic red cells, anisopoikilocytosis 1+, few frag-

mented red cells, polychromasia, and elliptocyte, normal while cells and platelets.

she was referred to the King Chulalongkorn Memorial
Hospital (KCMH) due to chronic anemia.

At the KCMH, her physical examination showed
body weight 4.5 kg (P10 to 25), height 54 cm (P3 to 10)
and head circumference 39 cm (P25), pale conjunctiva,
anicteric sclera, no hepatomegaly and her spleen was
palpated. Her Hb was 10.2 g/dL after blood transfusion,
MCV 80.4 fL, RDW 13.3%, MCHC 32.2 g/dL and corrected
reticulocyte count 3.8%. Peripheral blood smear revealed
normochromic normocytic red cells, anisopoikilocytosis
14, few fragmented red cells and elliptocytes and poly-
chromasia and normal while cells and platelets (Figure 1).
Paternal completed blood count (CBC) revealed Hb 16.4
g/dL, MCV 83 fL,, MCHC 34.6 g/dL, normal white cells,
normal platelets and normochromic normocytic red cells
in peripheral blood smear. Maternal CBC revealed Hb
12.7 g/dL,, MCV 80 L, MCHC 33.6 g/dL, normal white
cells and platelets and normochromic normocytic red
cells in peripheral blood smear.

Regarding laboratory evaluation for hemolytic ane-
mia, the eosin-5-malemide (EMA) binding test was in
normal range, specific sequencing for SPTB mutation
(spectrin B: Lao PDR, Suandok, Buffalo) was negative
and pyruvate kinase level (after blood transfusion for six
weeks) was 12.74 IU/g Hb (normal range 11.0-18.9 IU/g
Hb). Because clinical presentation was compatible with

chronic non-spherocytic hemolytic anemia, trio-whole

exome sequencing analysis was performed revealing
compound heterozygotes pathogenic variants in the
PKLR gene. One missense mutation from her mother
was NM_000298.6:¢.941T>C p.lle314Thr that had been
previously reported among Chinese patients with auto-
somal recessive PKD. The other from her father comprised
large deletion 2566 base pairs extending from exons 3
to 9 that was also previously reported among patients
with PKD (Figure 2).

Because she was diagnosed as presenting pyru-
vate kinase deficiency from compound heterozygotes
pathogenic variants in the PKLR gene, she has been
receiving regular blood transfusion every four weeks and
folic supplement because of significant daily symptoms
of anemia with baseline Hb <7g/dL. The patient's
weight, height, anemic symptoms, pretransfusion Hb
level and symptom of cholecystitis were closely observed

at every OPD visit.

Discussion
Most glycolytic enzymopathies have an autosomal
recessive pattern of inheritance and more than 90% of
cases associated with hemolysis are due to pyruvate
kinase deficiency (PKD) that was first described in the
early 1960s’. Heterozygotes of PKD almost always are
hematologically normal although their RBCs contain

40% to 60% enzyme activity. Additionally, RBCs of
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Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

[PMID: 15642665] a large deletion extending from exon 4 to exon 10

ate Reportt 3 Haemat,

Severe hemolytic anemia in a Vietnamese family,
associated with novel mutations in the gene
[PMID: 15642665 chrl-155264290-G-C NM_000298.6:¢.948C>G (N316K) encoding for pyruvate kinase

EXON 9 EXON 7 EXON 3
| matemal (G2100042) chrl-155264297-A-G pathogenic non-synonvmous sinale nucleotide mutation, ¢.941T>C in exon 7
Case Reports > Zhonghua X Xue Za Zhi. 2014 Jul
I t t paternal (G2100041) chrl:155262954-155265519
novel mutation . i i ici
2566 bp extending from exon 3 to exon 9 [Anaiysus'of a pyruvate kinase deficiency
consanguineous pedigree caused by Ile314Thr

P_Torkegon T LA # Sam Proband (G2100040) CNV State Mother (GZ100042) OW State Father (G2100041) ONV State  Gere Nam 1
1154558182 154558047 l;"‘: "“: “’l’w 166 Hee D!M(nﬂ . £ o L . ADAR homozygous muta'lon}
115484109 1 SABMSE  Loss 1 1 10 Het Deleton KON
LISAMII2 15094096  Gan 1 1 165 Duplcate PEAPY

54936788 154935008 2 Ol SHC!
i e N L Dupkate Aoanss G2100040 female
1:155150966-155152390  Gan 3 1 s Duplcate TRIN4S d h = h t,

SS1SME62-155150026 Gan 65 Dugicate TRIMAE
: :55;)31‘)1 :55;))992 Gan Il : :?)Mcde e x C ron}c nonsp erocy Ic
LSS260954- 155265519  Loss 3 2 T566 Hee Deleton Het Deleton L H H
Vi G 2 1 o Ok peet hemolytic anemia
1155579068 155581060  Gan 2 1 1093 Duplcate MSTOL
1:155580801-155581060 L 1 1 20 Het Deleton MSTOL -
1:155588665. 155588585 l::: 1 1 m et Deleton [ ] maternal PKLRpI314T

- Wt Dreton .

LTSS Gan 3 1 7 oikate oars [ ] paternal 2566-bp deletion
1:155716381 155716640 Loss 1 1 60 Het Deleton
LASSTIMO7- 155717956 Gan 1 1 120 Dugdcate
1:1S5719719-155719683  Loss 1 1 165 Het Deleton GONelL
LASSTIME71-1S5T27801  Loss 1 1 m Deieton GO

Figure 2 Trio-whole exome sequencing analysis found compound heterozygous pathogenic variants in the PKLR

gene, NM_000298.6:¢.941T>C, p.lle314Thr from her mother and large deletion 2566 base pairs extending from

exon 3 to exon 9 from her father

homozygotes generally contain 25% residual enzyme
activity resulting in mutations in the PKLR gene located
on chromosome 1g21 and 300 pathogenic mutations have
been described’. In contrast to glucose-6-phosphate
dehydrogenase (G6PD) deficiency, affecting millions of
people, estimated prevalence of PKD among Cauca-
sians is 1 in 20,000 population'*’. PK enzyme catalyzes
phosphoenolpyruvate to pyruvate, resulting in ATP
production to maintain the structural and functional
integrity of RBCs during their lifespan of 100 to 120
days. When inadequate ATP production occurs due to
PKD, RBCs lose their membrane plasticity resulting in
cellular dehydration, and are subsequently destroyed in
the spleen and liver*”®. In addition, deficient PK causes
the accumulation of glycolytic pathway intermediates
such as 2 3-diphosphoglycerate (2,3-DPG) that shifts the
hemoglobin-oxygen dissociation curve to the right®".
As aresult, PK deficient patients exhibit greater exercise
tolerance than the degree of anemia'".

The clinical manifestations of PKD include chronic

anemia, reticulocytosis, and indirect hyperbilirubinemia.

Anemia in PKD comprises an individually wide spectrum
of Hb concentration, most commonly ranging between
6 and 12 g/dL"”. About 25% of patients experience
complications in utero or at the time of birth, including
intrauterine growth retardation, hydrops, preterm birth,
and perinatal anemia. After birth, most newborns develop
severe jaundice and hemolysis requiring phototherapy
or simple or exchange transfusions'.

This patient, at 24 hours of life, developed marked
jaundice and her Hb was 7.2 g/dL, elevated nucleated
red blood cell count (632 nRBCs per 100 white blood
cells) and microbilirubin (MB) 19.6 mg/dL. Total
exchange transfusion and phototherapy were performed
until hyperbilirubinemia improved. The cause of severe
anemia and jaundice in this patient was hemolytic
anemia, so the investigations for common causes of
severe neonatal jaundice and hemolytic anemia were
nondiagnostic including ABO incompatibility, GEPD
deficiency, Coombs tests, congenital infection, and
peripheral blood smear to demonstrate thalassemia and

any red cell membrane defects. She still presents chronic
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hemolysis. Also regarding Hb typing (HPLC methods)
and alpha gene analysis, the eosin-5-malemide (EMA)
binding test and three common SPTB mutations in
hereditary elliptocytosis were normal.

Enzymopathies, such as PKD, should be suspected
among patients of all ages with chronic hemolytic
anemia in the absence of immune-mediated hemolysis,
hemoglobinopathy, or evidence of a red cell membrane
disorder’. PK level of the patient was determined after
blood transfusion for six weeks and reported at 12.74
IU/g Hb (normal range 11.0- to 18.9 IU/g Hb).

Trio-whole exome sequencing analysis was performed
revealing compound heterozygous pathogenic variants
in the PKLR gene. One missense mutation from her
mother was NM_000298.6:¢.941T>C p.Ile314Thr that had
been previously reported in a Chinese girl with PKD and
homozygous mutation of the PKLR gene, who presented
severe chronic nonspherocytic hemolytic anemia with

' The other variant, from her father,

enlarged spleen'
comprised large deletion 2666 base pairs extending
from exon 3 to exon 9 that also had been previously
reported in a Vietnamese girl with PKD who presented
compound heterozygous pathogenic variants of PK
Saigon (N316K) and PK Viet del 4 to 10 experienced
from severe transfusion-dependent anemia™".

The PKLR gene, located on chromosome 121, con-
sists of 12 exons and encodes for the liver (L) and
erythrocyte (R) isoforms of the enzyme according to
tissue-specific promoters™”. Ten exons are shared by
the two isoforms, while exons 1 and 2 are specifically
transcribed to the PK-R and PK-L mRNA, respectively.
Several PKD neonates reported severe hepatic disease
and developed liver failure, but this patient had transient
transaminitis and that spontaneously resolved®.

Since the second day of life, she has been receiving
regular blood transfusion every four weeks and folic
supplement because of significant daily symptoms of

anemia and baseline Hb < 7 g/dL.. After regular trans-

fusion, she not only exhibits no symptoms of anemia
but also has gained her proper weight and height.
Growth parameters, developments, anemic symptom,
pretransfusion Hb and symptom of cholecystitis are
closely observed at every OPD visit".

From this patient and several case reports, when the
frequency of blood transfusion is less than the lifespan
of RBCs, it will constitute the major cause of falsely
normal PK levels. The molecular testing for PKLR gene
mutations plays an important role as a confirmatory test
in a patient with suspected PKD but showing normal PK
levels and recent blood transfusions. The complications
of PKD are closely observed such as aplastic and hemo-
lytic crises from parvovirus B 19 infection, gallbladder
disease, bone changes associated with hyperplastic
bone marrow, pulmonary hypertension, and thrombosis.
Due to an iron overload from regular transfusion and
increasing gastrointestinal absorption, annual ferritin

I . .14
monitoring is required ™.

Conclusion

A 1-year-old Thai girl with a history of marked jaun-
dice, hemolytic anemia, reticulocytosis and hyperbil-
irubinemia at 24 hours of life was treated with total
exchange transfusion and extensive phototherapy. After
that she experienced chronic nonspherocytic hemolytic
anemia with an absence of infection, immune-mediated
hemolysis, hemoglobinopathy, or evidence of a red cell
membrane disorder. Her blood PK level was normal
due to recent transfusions. Trio-whole exome sequenc-
ing analysis found compound heterozygous pathogenic
variants in the PKLR gene, NM_000298.6:c.941T>C p.
Nle314Thr from her mother and large deletion 2566 base
pairs extending from exon 3 to exon 9 from her father.
Since the second day of life, she has been receiving
regular blood transfusions every four weeks and folic
supplement because of significant daily symptoms of

anemia and baseline Hb < 7 g/dL.
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Figure 3 Pedigree of this family, II-2: father with large deletion 2566 base pairs extending from exon 3 to exon

9, II-3: mother with NM_000298.6:¢.941T>C p.lle314Thr (missense mutation) and III-3: proband with compound

heterozygous mutation
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