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Diamond-Blackfan anemia

e Congenital hypoplastic anemia (Diamond-Blackfan
anemia) 1s :

e Symptomatic in early infancy

e Palor 1in neonatal period

e Over 90% 1n 1th yr of life

e Average age at Dx 3 mo

e Macanemia+reticulocytopenia+deficiency/absence of
RBC percursor in marrow
e Congenital anomalies in 50%
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" ETIOLOGY

e Most cases are sporadic,
e dominant or recessive patterns in 15% of patients.

e The primary defects in the erythroid progenitor cells,

e an intrinsic defect =» Increased apoptosis (programmed cell death).
e High levels of erythropoietin (EPO) are present in serum and urine,
e search for mutations in the EPO receptor gene has been negative.

e In about 25 % of sporadic and inherited cases mutations are seen in a gene

(DBAL) for a ribosomal protein S19, mapped to chromosome 19q13.

e A second gene linked to chromosome 8p, others
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g Lab findings

* Macrocytosis
* No hypersegmented neutrophil

® B12 & folate level is normal

* HgF1

e Increase expresion of I antigen
e 7 RBC ADA activity

e Helpful at diagnosis among very young infants
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TABLE 810  Diagnostic Criteria for Patients with Diamond-Blackfan Anemia (DBA)

SUPPORTING CRITERIA
Diagnostic Criteria Major Minor
Age <] year Pathogenic mutations* Elevated red cell ADA
Macrocytic anemia Positive family history Congenital anomalies of DBA
Reticulocytopenia Elevated fetal hemoglobin
Paucity of bone marrow erythroid precursors No evidence of other IBMFSs

Pathogenic mutations have been identified in RPS19: RPS24: RPS17:, RPL35a,644 RPL5, and PRLI 1.
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TABLE 450-1. Comparison of Diamond-Blackfan Anemia and Transient
Erythroblastopenia of Childhood

MNo. of reported patients
Male/female
Age at diagnosis, male {mao)
Mean
Median
Range
Age at diagnosis, female (mo)
Mean
Median
Range
Males =1 yr
Females >1 yr
Etiology
Antecedent history
Physical examination abnormal
Laboratory
Hemoglobin (g/dL}
WB(s < 5000/ul
Platelets > 400,000/l
Adenosine deaminase
MOV increased at diagnosis
Dwrirg recovery
In remission
Hb F increased at diagnosis
Curing recovery
In remission
i Antigen increased
During recovery
in remission
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DBA

=700
1.1

10
2
0—408

14

3
0—768
90%
129%
Genetic
None
25%

12—148
15%6
20%6
Increased
0%
100%
10096
100%6
100%
B5%,
1090
100%
0%

TEC

=500
13

26
23
1—120

26

23

1—192
82%

809%
Acquired
Viral iliness
0%

22—-125
20%06
4594
Naormal
%%
g0%
09
209
100%
%50
209
509
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Lab findings

® Thrombocytosis / thrombocytopenia / neutropenia initially.
® RBC precursors in the marrow are markedly reduced

e Serum iron levels are elevated.

¢ Bone marrow chromosome studies are normal

® there is no increase in chromosomal breaks
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congenital dyserythropoietic anemias

(CDA)

® a class of hemolytic disorders characterized by unique morphologic

abnormalities in marrow erythroblasrs:

* multinuclearity, abnormal nuclear fragments, intrachromatin bridges

between cells.




-

OSSN Ineffective Erythropoiesis/

Dyserythropoiesis

Ineffective erythropoiesis results when in intact,
stimulated bone marrow, red blood cell precursors
either fail to mature or die in the bone marrow
before delivery to the circulation as erythrocytes.
Dyserythropoiesis usually defines a qualitative defect
in red cells or red cell precursors (or both).
Dyserythropoiesis often leads to ineffective
erythropoiesis with intramedulary destruction of red
cells and their precursors and often a decreased half-
life of circulating red blood cells.
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Type 1 CDA

a rare aurosomal recessived disorder
onset of macrocytic anemia / jaundice at any age,
most cases are first recognized in the neonatal period.

Some patients have bone abnormalities, primarily syndactyly.




Type 1 CDA

® The retic count is less than expected for the degree of anemia.
* WBC and platelets are normal.

* Indirect bilirubin levels are slightly elevated,
* haptoglobin levels are low,

® transferrin is saturated with iron (i.e.. the serum iron level

approximates the total iron-binding capacity concentration).
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Type 1 CDA

® The marrow exhibits erythroid hyperplasia+megaloblastic
® Erythroblasts -vitamin B12 or folate deficiency.

* A small number of dyserythropoietic features with

interchromatin bridges between cells




TABLE 8-11 Features of Congenital Dyserythropoietic Anemias

Type Il (HEMPAS,*
Feature Type | (Fig. 8-23) Fig. 8-24) Type Il (Fig. B-25)
Male-to-female ratio 1.1 0.9 0.8
Incidence <1/100,000/yr <1/100,000/vyr Very rare
Anemia Mild to moderate Moderate Mild to moderate
Red cell size Macrocytic Normocytic or macrocytic Macrocytic

Bone marrow erythroblasts
Light microscopy

Electron microscopy

Altered red cell proteins

Acid serum hemolysis
{(Ham test)
Agglurinability
Anti-i
Ann-I
Glycosylation
Skeletal abnormalities
RBC wansfusion
requirement
Iron overload

Extramedullary
erythropoiesis
Gallstones
Splenomegaly
Splenectomy
Interferon alfa

Hematopoietic stem cell
transplantation
Inheritance

Gene locus!
Gene mutated

Megaloblastic, binucleated
(2%-5%), chromatin bridges
Spongy “Swiss cheese”™
appearance of heterochromatin
Low levels of protein 4.1

Impaired globin synthesis

Negative

MNormal

Slight

Some abnormalities

+ Limb defects®**%

In children, rarely in adults

Sometimes

Usually not recommended

Autosomal recessive

15q15.1-15.3
codanin-1 (CDAND?

Normoblastic, binucleated
(10%-40%)

Peripheral double
membranes (60%)

Unusual appearance of
band 3 protein

Reticular endoplasmic
proteins

Positive

Strong
Strong
Markedly abnormal

Frequent, independent of
red cell transfusions

296%
Effective in the majority of
patients

Autosomal recessive

20gll.2
CDAIT

Gigantoblasts (10%-40%),
often multinucleated

Nonspecific, intranuclear
clefts, karyorrhexis

Negative

Slight
Slight

Some abnormalities

Frequent
Mild
100%

Effective (1 case report®™®)

Autosomal dominant and
sporadic

15921-25

CDAIIT




FEATURE TYPE |
Reported patients 130
Male : femaleratio 11
Anemia Mild to moderate
Red cell size Matrocytic
Bone marmow Megaloblastod, binucleated
erythroblasts (2--5%), chromatin bridges
Inheritance Recessive
add serum hemalysis — Negative
Reaction
Anti-i Slight
Anti-| Slight
tfect of splenectomy ~ 50%
Gene locus® 15915,1-15.3

Gena nomendlature (DAl
"Gene hacus fr some but not al patients in each category.

-

MOrH0- OF MACrOCYD

Be- and mulinucleated
{10—40%), karyorrhexis

Recessive

Positive

Strong
Strong
06%

Mq11.2
(DAl

TYPE I

60

(8

Mid 1o moderate

Macrocytic

Gigantablasts
(10-40%)

Dominant

Negative

Slight
Slight
100%
15q21-25
(oA
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UNSTABLE HEMOGLOBIN DISORDERS
(Congenital Heinz Body Hemolytic Syndrome)

o At least 200 rare
e most common 1s Hb Koln
e Mutation> inherited Hgb disorders

e Mutation causes unstable heme binding =» denaturation of Hgb

molecule

e Visualized denaturated Hgb as Heinz bodies in reticulocytes & older

red cells (unlike that are seen after toxic exposure)

e During severe hemolysis

e After splenectomy
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UNSTABLE HEMOGLOBIN DISORDERS

(Congenital Heinz Body Hemolytic Syndrome)

® Heterozygotes are asymptomaric.

® Homozygous can present in early childhood with anemia and

splenomegaly or with unexplained
® hemolytic anemia.
® Hemolysis is increased with
e febrile illness and

® Ingestion of oxidant medications similar to G6PD-d




Congenital Heinz Body Hemolytic Syndrome

e Patients with unstable Hbs can have dark urine or pigmenturia.

e The color change 1s not due to bilirubin but rather to the presence of

dipyrrole methylenes of the meso bilifuscin group.
e These compounds arise from nonenzymatic catabolism of heme.

e Fluorescent dipyrroles may also be present in HBs

* The absence of pigmenturia does not exclude the diagnosis

\of unstable Hb y
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Identification of Unstable Hemoglobins

e Elements in the differential diagnosis of unstable Hbs consist of

the following:

e 1. HBs spontaneously present in blood (less often) or induced by 24-
hour incubation of a sterile sample in sterile saline and stained by

supravital pigments

e 2. Abnormal Hb electrophoresis (sometimes a smeared band 1s
observed but most often a diffuse band); normal results are not

diagnostically useful

e 3. Positive tests for heat or 1sopropanol stability (false-positive when

Hgb F more than 5%)
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Differential Diagnosis

® Because the spleen removes HBs efficiently, many patients with unstable
Hbs lack HBs before splenectomy, and the ditferential diagnosis includes
® autoimmune hemolytic anemias and

® other disorders with nonspecific red cell morphology, such as
alycolytic and other red cell enzyme defects,
Wilson's discase,
paroxysmal nocturnal hemoglobinuria,
hereditary xerocytosis, and

(very rarely) erythropoietic porphyria.
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Smear and Heinz Body Preparation

® nonspecific abnormalities, including

® Anisocytosis and sometimes hypochromia and microcytosis.

° Basophilic stippling is
® often prominent and is a useful clue to the diagnosis because it is uncommon
in other hemolytic anemias, except for the rare pyridine S/-nucleotidase
deficiency.
° Howell-]olly bodies and normoblasts may also be observed in the

peripheral blood of splenectomized patients.

® Detection of HBs requires the use of methyl blue or crystal violet

supravital stains.
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Hereditary Methemoglobinemia

The iron in hemoglobin is normally in the ferrous state (Fe2*), which

is essential for its oxygen-transporting function.

Under physiologic conditions, there is a slow, constant loss of
electrons to released oxygen and the ferric (Fe3*) form combines

with water, producing methemoglobin (MHg).

The predominant intracellular mechanism for the reduction of MHg is

cytochrome 5b. This

mechanism is >100-fold more efticient than the production of

MHg, and only 1% of hemoglobin is in the ferric state normally
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Hereditary Methemoglobinemia

® An increase in MHg in red blood cells may OCCUur as a result
° of exposure to toxic substances or

® absence of reductive pathways (nicotinamide-adenine dinucleotide

INADH] cytochrome b5 reductase deficiency).

e Toxic methemoglobinemia is much more common than hereditary

methemoglobinemia.

N
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Hereditary Methemoglobinemia

® Infants are particularly vulnerable to hemoglobin oxidation because

® they have 50% less cytochrome b5 reductase than adults do,
® fetal hemoglobin is more susceptible to oxidation than Hb A,

® and the more alkaline infant gastrointestinal tract may promote the

growth of nitrite—producing gram-negative bacteria.

° Methemoglobinemia has been described in

N

® infants who ingested foods and water high in nitrates,
® those who were exposed to aniline teething gels or other chemicals,

® some infants with severe gastroenteritis and acidosis




TABLE 462-5. Known Etiologies of Acquired Methemoglobinemia

MEDICATIONS
Benrocaine
Chlaroquine
Dapsone

EMLA {Eutectic Mixture of Local Anesthetics) topical anesthetic (Edocaine 2 5% and prilocaine 2.5%)
Flutamide
Lidacaine
Metoclopramide
Nitrates

Nitric oxide
Nitroglycerin
Nitroprusside
Nitrows oxide
Pherazopyriding
Fritocaine
Primagquine
Riluzole

Silver nitrate
Sodium nitrate
Sulfonamides

MEDICAL CONDITIONS

Pediatic gastromiestinal infection, sepsis

Fecreational drug overdose with amy| nitfate (“poppers”)
Sickle cell disease-related patnfid episode

MISCELLANEOUS

Aniline dyes

Fume inhalation {automabile exhaust, buming of wood and plastics)

Herbicides

industrig| chemicals: nitrobenzene, ritrgerhane (found in nait polish, resing, rubber adhesives)
Pesticides

Gasoline octane booster

Fram Ash-Bemal 1, Wise R, Wright SM: Acquired methemogiobinemia. Medirne 2004, 83 265273




Hereditary Methemoglobinemia

An MHg level of 15% is associated with visible cyanosis;
a level of 70% MHg is lethal.

The level is usually reported as a percent of normal hemoglobin, and

the toxic level is lower at a lower hemoglobin level.
MHg may color the blood brown.

Oxygen saturation will be low, but the arterial blood gas will show a

normal or high (if receiving oxygen therapy) Pao2
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Paroxysmal Nocturnal Hemoglobinuria

® abnormality of marrow stem cells that atfects each blood cell
lineage.

® The disease is not inherited; it is an acquired disorder of
hematopoiesis characterized by

® a defect in proteins of the cell membrane =» RBCs and other cells

susceptible to damage by normal plasma complement protein.

® The deficient membrane-associated proteins that normally impede

complement lysis at various steps include
® decay-accelerating factor,

® the C8 binding protein, and other proteins
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Paroxysmal Nocturnal Hemoglobinuria

e The underlying defect involves the glycolipid anchor
that maintains these protective proteins on the cell

surface.

e Various mutations in the PIGA gene that are involved
in glycosylphosphatidylinositol biosynthesis have been

identified 1n patients with PNH
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Glycosylphosphatidylinositol (GPI) anchor for attachment of
surface proteins to the cell membrane.

GPI-linked
polypeptide

Ll
Glycan core ()<
o
»
Phospatidyl- - Extracellular
inositol domain
Lipid |
bilayer

Intracellular
domain
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Important Surface Proteins Absent

from Affected Hematopoietic Cells in
Paroxysmal Nocturnal Hemoglobinuria

Complement regulatory proteins
Decay-accelerating factor (CID55)
Membrane inhibitor of reactive lysis (CID59)

Immunologically important proteins
ILymphocyte function antigen-3 (LLFA-3, CID58)
Fc receptor gamma III (FcyRIII, CID16)
Endotoxin-binding protein receptor (CID14)

Receptors
Urokinase receptor (UPAR)

Folate receptor

Enzymes
Alkaline phosphatase
Acetylcholinesterase
5’-Ectonucleotidase

Proteins with unknown functions
CD24
CID48
CD52 (Campath-1)

CD66c¢c
CD67
JMH-bearing protein
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Multistep model for the pathogenesis and evolution
of paroxysmal nocturnal hemoglobinuria (PNH).

PIGA
mutation
Marrow

injury

Selection
process

Clonal
expansion

v

Marrow
aplasia

Y

Clonal
dominance

!

Transmission
to MDS, AML
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JoMEYEl Signs and Symptoms Commonly

Observed in Paroxysmal
Nocturnal Hemoglobinuria

Intravascular hemolysis
Dark urine
Iron deficiency
Acute renal failure
Infections
Sinopulmonary
Blood-borne

- Venous thrombosis

Occurs in a third of patients
Unusual locations
Defective hematopoiesis
Macrocytosis, pancytopenia
Association with aplastic anemia
Transition
Myelodysplasia
Nonlymphoblastic leukemia




LABORATORY FINDINGS

e The diagnosis of PNH was established classically by

e a positive result on either the acidified serum hemolysis

(Ham) test or the sucrose lysis test.

e Hemosiderinuria 1s common and reflects chronic intravascular

hemolysis.

e Markedly reduced levels of RBC acetylcholinesterase activity

and decay-accelerating factor also are found.
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LABORATORY FINDINGS

e Flow cytometry is the diagnostic test of choice for PNH.
e ant1-CD59 for RBCs and anti-CD55 and anti-CDs9 for

granulocytes, flow cytometry 1s more sensitive than the
classic RBC lysis tests in detecting the reduced

glycolipid-bound membrane proteins.

* Fluorescent aerolysin testing may heighten the sensitivity
of detection by binding selectively to

glycosylphosphatidylinositol anchors
\_







