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Enzymopathies

e 1- G6PD deficiency
2- PK deficiency



What are hemolytic anemias?

e Decreased life-span of
erythrocytes

 Removal of RBCs may be:
— Intravascular (within the blood)

— Extravascular (within the
spleen)

» Associated with:
— Increased erythropoiesis

— Increased hemoglobin
catabolism byproducts




An approach to hemolytic anemia

Hemolytic anemia

/\

Immune We
Congenital Acquired

e Autoimmune Defects of:  Infections
« RBC membrane/ sepsis

e Alloimmune skeleton malaria

(eg. Hereditary spherocytosis)

e Drug-induced * Mechanical

« RBC enzymes prosthetic heart valve
(other causes of (eg. G6PD deficiency) microangiopathic HA
immune hemolysis

are rare) * Hemoglobin




Metabolic pathway In the Erythocyte

Metabolic pathway Functions
Embden-Meyerhof Maintain cellular energy
nathway by generating ATP

Oxidative pathway or Prevent denaturation of
Hexose monophosphate the hemoglobin by
shunt molecule oxidation



G6PD enzyme defect results In

Decreased NADPH (which is produced from
pentose phosphate pathway)

NADPH converts oxidized glutathione to
reduced glutathione.

Absence of NADPH — oxidized glutathione
accumulates in RBC forming insoluble
complexes with HB — Heinz body
formation.



G6PD is responsible for the production of

NADPH and renewal of reduced glutathione in
RBCS membrane ,

reduced glutathione (GSH) protects RBCS from
oxidants by reducing them.



Pentose Phosphate shunt

Hexakinase G&EPD
e > Glucose 6 ) 6 phospho-

m phosphate /—\ gluconate

Glutathione
reductase

G55G GSH



WHO working groups

o Class I: severely deficient, associated with
chronic nonspherocytic hemolytic anemia

e Class II: severely deficient (1%-10% residual
activity), associated with acute intermittent
hemolytic anemia (G6PD Mediterranean)

e Class lll: moderately deficient (10%-60%
residual activity) - intermittent hemolysis usu
assoc with infection or drugs (G6PD A)

e Class IV: normal activity (60%-150%)

« Class V: increased activity (>150%)



G6PD Deficiency Distribution 1

« Found throughout Africa, the Mediterranean, the Middle
East, South East Asia, and the Indian subcontinent

e 400 million people worldwide are affected

« Numerous variants of G6PD deficiency. Most common:

— Type A- in Africans: mild deficiency, 10 — 15% of normal
enzyme activity

— G6PD Canton in southern China: moderate deficiency

— Mediterranean variant : severe deficiency, scarcely any
enzyme activity. Associated with severe drug induced
haemolysis and fauvism.



G6PD-Deficiency Distribution 2

12% of males of African descent (A type)
22% of Southeast Asian males (Mahedian type)
50% of Kurdish males (Mediterranean type)

Also, a significant prevalence in males of Italian,
Greek, Lebanese, Iraqgi, and Sephardic heritage
(Mediterranean type)



G6PD Deficiency

Sex linked inheritance e

e Female carriers have approximately 50%
of enzyme activity

e Female homozygouts are not uncommon

e Heterozygous females can be susceptible
to oxidative stress due to the effects of X-
Inactivation and marked lyonization

e Protects against lethal falciparum malaria



Frequency of G6PD

ranging from 0.1% in Japan to 35% in -
Africa and some European countries

T,



According to WHO the prevalence of -
G6PD deficiency in Iran has been
reported to be between 10-14.5%

But based on the researches: between e
1% (Mako) and 22.8 % (choreb,
Mazanderan)

. | —



G6PD-Deficiency — Pathology

Genetic abnormalities (of which there are e
several varieties) lead to deficient or
Impaired enzyme function

High levels of oxidants (from foods, e
drugs, exercise, infections) may damage
or denature proteins within the
erythrocyte

RBCs may then be subject to intravascular e
or extravascular hemolysis



G6PD Crisis Precipitation - Beans

* Broad beans (favism)

— Fava beans, bell beans, fever beans, hava beans,
nigeon beans, horse beans, tick beans, silkworm
peans, English dwarf beans




G6PD Crisis Precipitation - Oxidizing
Drugs

Avoid Chinese herbal medicines such as Rhizoma Coptidis (33 ),

- i i I I Flos Chimonanthi Praecocis(B#&3), Flos Lonicerae (£ 183),
Antl mala‘rlals. (prl maqu I ne’ i \’@ Calculus Bovis(43), and Margarita( B 3%).
q U I n I n e y q u | n | d | n e) % Avoid certan drugs such as nitrofurantoin,

@C@ nalidixic acid and sulphonamides.
— NSAIDs (aspirin, o9 22 99
Ibuprofen) |

The clothing of babies and

& their caregivers should not be

| exposed to mothballs
{Naphthalene) and Naphthalene-
containing products.

aﬁ% @
- I g

] & !
Avoid eating
broad beans.

— Antibiotics (sulfonamides)
— Nitrofurantoin

— TCM herbs (rhizoma
coptidis, margarita, calculus
bovis)




Other oxidants

— Henna — primarily infants and pregnant women
— Naphthlene (moth balls) — regular exposure



Clinical symptoms of G®PD deficiency

Acute hemolytic anemia
Drug - Induced hemolytic anemia

. Infection - Induced hemolytic anemia
Hemolysis - Induced by acidosis
Congenital Nonspherocytic hemolytic anemia

Favism



Acute hemolytic anemia

Asymptomatic at steady state without anemia or abnormal
morphology.

Sudden destruction of deficient erythrocytes 2-4 days after
offending "event" leads to jaundice, pallor, dark urine, +/- back
pain. Abrupt drop in H/H to <4 g/dL and PBS with
microspherocytes, cell fragments or bite cells. Sequestration
of damaged red cells in liver and spleen.

Increase In reticulocytes within 5 days, maximal at 7-10 days
with reversal of anemia even without removal of offending
drug.

In G6PD Mediterranean, hemolysis more severe and can
continue even after drug d/c'd.



Congenital nonspherocytic
hemolytic anemia

Class | variants in whom lifelong hemolysis occurs in absence
of preceding event.

Functional defect is so severe that RBCs cannot withstand
normal stresses in the circulation.

Anemia and jaundice usually noted in newborn period.

Mild to moderate anemia (8-10 g/dL) with rare pallor, SM and
Intermittent icterus. Erythropoietic capacity compensates.

In severely deficient, neutrophil dysfunction due to G6PD
deficiency leads to impaired neutrophil activity and recurrent
Infections with catalase-positive organisms.



G6PD-Deficiency
Presenting Symptoms
r

Fatigue or muscle
weakness

Jaundice or pallor
Dyspnea .
Dark urine -

abdominal)
Splenomegaly

Pain (especia”y —_— e



Favism

Results from ingestion of fava beans.

Peak incidence April/May coincident with harvest
time.

Usually male children, ages 1-5.
5-24 hours after ingestion - HA, nausea, back pain,
chills, fever, jaundice and hemoglobinuria. Acute fall

In hemoglobin requiring transfusion.

Most commonly seen with G6PD Mediterranean
variant.



Laboratory diagnosis

e CBC

e retic profile

e urinalysis

« LDH/haptoglobin

» fractionated bilirubin

 blood smear with stains for Heinz bodies

 GG6PD fluroescent spot test

o Detects deficient production of NADPH from NADP. In this test
NADPH is fluorescent and its absence (due to G6PD deficiency)

results in lack of fluorescence.
 G6PD spectrophotometry to detect level of
activity
e genetic test for variants



Laboratory Diagnosis 1

During a crisis

« Hb

e Retic count T

* Blood film appearance

 DCT negative

 Positive Heinz body preparation
 Haemoglobinuria

« Haptoglobin { or absent




Peripheral Blood Film

* Polychromasia +++
 NRBCs

 Blister cells, bite cells,, irregularly contracted
cells, spherocytes



G6PD deficiency

1- blood film shows
- “bite” cells
— Heinz bodies

» Laboratory diagnosis '



Laboratory Diagnosis 2

o Supravital staining shows the presence of Heinz
bodies (end product of the degradation of
haemoglobin)






Peripheral Blood Smear



Evidence of Hemolysis

Low RBC survival
Unconjugated bilirubin
Plasma Hb

Decreased serum haptoglobin




Early Lab Tests — Urinalysis

Hemoglobin

— Elevated post-crisis
Bilirubin

— Elevated post-crisis

Urobilinogen
— Elevated post-crisis

May also see hematuria, proteinuria, LDH

These account for dark color of urine following a crisis,
but are also non-specific for any given type of hemolytic
anemia



Early Lab Tests — CBC

RBC - Low

-Hct — Low

Hb — Low

MCV - Normal to High

MCHC - Low to Normal

MCH - Low to Normal

So...initial CBC is only your starting point




Early Lab Tests - Smear

 |f anemias are suspected, probably best to run a smear In
the early stages

e G6PD-Deficiency may show:

— Heinz bodies

» Denatured Hb bound to cell membrane

« May damage cell membrane, leading to intravascular hemolysis
— “Bite” cells

» Spleen removes portion of RBC that had Heinz body, preventing intravascular
hemolysis

— These aren’t typically present immediately following an acute hemolytic
crisis (problem cells have been destroyed)



Other Non-Specific Lab Tests

* Reticulocyte count
— May be elevated following acute crisis (6-8 weeks)
— May be normal in non-crisis situations
— May be reduced in aplastic crisis (could go to zero)
— Should be considered in conjunction with smear, other data

e Serum bilirubin
— Present in the unconjugated (prehepatic) form
— Elevated after an acute hemolytic crisis

« Serum haptoglobin

— Binds to Hb in the blood for removal by spleen (preventing Hb from
excretion in the urine, which could lead to renal failure)

— Decreased (depleted) after an acute hemolytic crisis



Specific Tests — G6PD deficiency

Between crisis. No interference from
reticulocytosis:

* Fluorescent spot test
* Dye reduction test
 Enzyme assay
 DNA analysis



Fluorescent spot test

Principle

The NADPH becomes fluorescent when
exposed to long-wave ultraviolet light. When
whole blood iIs mixed with G©PD screening
reagent, this reduction reaction takes place If
GwPD Is present, and the samples become
fluorescent under ultraviolet light.

NADP NADPH

Glucose-%-phosphate %-Phosphogluconate
G-%2-PD



Fluorescent Screening Test

 G6PD generates NADPH
 NADPH fluoresces under long-wave UV light
 No G6PD? No fluorescence.



Fluorescent Screening Test

— Note:

— young red blood cells have more G6PD activity. During an
acute hemolytic episode, reticulocytosis results in a bigger
population of young red blood cells, so even in G6PD
Deficiency, the fluorescence may appear normal.



Quantitative assay

Principle

GwPD catalyzes the reaction that
takes place when G%P Is converted to ‘%-
phosphogluconic acid (2PG). The rate at
which NADPH iIs produced Is measured
spectrophotometrically

G%PD
GYPD+NADP ©wPG+NADPH



GoPD Assay

» Tracks activity of enzyme by following rate of
production of NADPH over time

 NADPH has peak of UV light absorption at
340nm



GoPD Assay

* [Interpretation:
— Red cells are likely to lyse from G6PD deficiency if they have
less than ~20% of normal enzyme activity
« Confounding factors:

— With reticulocytosis, the relatively large population of
reticulocytes yields a higher enzyme activity, covering up
deficiency

— Therefore, a low-normal enzyme activity assay during
reticulocytosis points towards G6PD deficiency (without
deficiency, values would be very high during reticulocytosis)

— Re-evaluate after reticulocytosis slows



Choosing Appropriate Tests

 More than one test should be used

 Are they in the middle of a hemolytic crisis?
— Anemia + Reticulocytosis = Misleading results

« Normal and deficient control blood should always be
used for comparison



TABLE 2. HOW TO DISTINGUISH BETWEEN EXTRAVASCULAR AND

INTRAVASCULAR HEMOLYSIS

Test

Extravascular
hemolysis

Intravascular
hemolysis

peripheral blood film no red cell fragments
fragments frequently present
cariiia T T N A AN
SCruim 1.1J | 1
serum bilirubin N 4\
(unconjugated)
serum haptoglobin normal or ¥/absent V' /absent
hemoglobinuria absent present
free hemoglobin 1n absent present
plasma
urine hemosiderin absent present




Metabolic pathway Functions

Methemoglobin Prevent oxidation
reductose of heme iron
pathway

Luebering-Rapaport Regulates oxygen
pathway atffinity of
hemoglobin



Favism

* An anemic response can occur when G6PD
deficient individual takes oxidative drugs or

fava beans.

« Some G6PD deficient individua
to fava beans and the smell of t

pollen. This condition is called

s are allergic
ne fava
-avism.




The g28 locus of the X-chromosome

L centra mere

—= | o=

d— y2B lacus of the X-chromospme

WIGIURE 1 Representation of the X-chromosome and the position of the
_}GﬁPD gene at the Xq28 locus (Pai ef of . 1980),




TABLE 1 Molecular data on human G6PD

DNA

MRNA

Protein

Size of gene (in kilobases) 18.5
Number of exons 13

Number of introns 12

Size (in nucleotides) 2269

Number of amino acids 515

Molecular weight (in Daltons) 59,265
Subunits per molecule of active enzyme 2 or



Molecular analysis
Mediterranean type of mutation

* The molecular basis of Mediterranean type of
G6PD is a single point mutation at nt. 536
(C—->T) resulting In a serine to phenylalanine
replacement at amino acid 188

e This mutation creates an Mboll site in exon VI of
the G6PD gene



Figure 1; PCR products of G6PD gene using primers 91 and 92
Lines 2-6 represents bands of 583 bp.

Line 1; no DNA control.

Line 7; 100 bp size marker ladder



PCR-RFLP

Figure 2; PCR products after digestion with Mbo Il enzyme
Line 1 and 3; hemizygot individuals who represents
bands of 276,120 and 103 bp after digestion.

Line 2; 100 bp size marker ladder

2
—




Mediterranean type of mutation

* In normals: 2 bands of 379 bp and 120 bp is
produced after digestion.

 In deficients: the 379 bp band will be cut into
276 and 103 bp bands.

* The smaller bands of 60 and 24 bp were not seen
properly and diffused on this gel.



PK deficiency

Autosomal recessive disorder

PK catalyses the penultimate step of the EM
pathway = net gain of ATP

Deficiency leads to a chronic haemolytic anaemia
with extravascular haemolysis

The haemolysis is the result of a failure to produce
sufficient ATP

PK deficient patients tolerate their anaemia well
because of decreased O2 affinity.

— accumulation of 2,3, DPG further up the pathway
— 02 dissociation curve shifted to the right



Red Cell Glycolytic Pathway

e Embden-Meyerhof pathway
e Means by which RBC generate energy

e Glucose Is converted to pyruvate,
generating 2 molecules of ATP



Clinical Features

e Much phenotypic variation

e Can present with severe neonatal
Jjaundice

e Haemolysis can be:
e compensated and symptomless
e moderate
® severe reguiring repeated transfusions.

e Jaundice
e Gallstones
e Palpable spleen



Laboratory Diagnosis

e Normocytic Anaemia
e Reticulocytes T T
e Bilirubin T

e “Prickle” cells (due to dehydration of RBC
brought about by ATP deficiency)

e Enzyme assay



The End...



