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Case Presentation:

A 26-year-old gravida 2, para 0 with increasing fatigue over the last month and a previous first trimester
miscarriage, visited the gynaecological medicine clinic at the sixth week of gestation.
She had mild jaundice.

Her medical history was significant for persistent anemia since childhood, without a definite diagnosis

other than “Gilbert Syndrome” despite investigation, and sustaining a hematocrit (Hct) between 29-30%
, without transfusions.
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Case Presentation:

Laboratory tests results:

Test Requested Results MNormal Range Units
Haematocrit 29-30 38-46 9 %
Haemoglobin 9.9 121-151 9 g/dl
MCV L2} ] 80-94 fL
RBC 2.4 3.8-5.5 x1012L
5.9 4-11 x10%/L
WBC Neutrophils
Lymphocytes 55 50-70
Monocytes 39 20-40 o
3 2-6
LDH 23 152-225 UL
Indirect Bilirubin 4.7 0.1-0.8 mg/fd
Ferritin 135 12-150 ng/mL
Haptoglobin 0.8 30-200 rmg/dl

Reticulocyte 1.2 0.5-2 %



Case Presentation:

The direct Coombs test was negative, and serum B12, folic acid, and G-6PD levels were normal.

Antinuclear antibodies (ANA), rheumatoid factor, anti-cardiolipin antibodies and lupus anticoagulant were n
egative; C3, C4 and C-reactive protein were within normal limits.

Hemoglobin electrophoresis was normal.

There was no hemoglobinuria. She did not report any episode of dark urine.
Serum haptoglobin was very low (0.8 mg/dl) at repeated testing, suggesting hemolytic anemia.

Osmotic fragility test was normal.
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Abdominal ultrasound revealed mild splenomegaly and a chololithiasis, while the obstetrics ultrasonography
was normal.



Case Presentation:

Peripheral blood smear:




Case Presentation:

Hemolytic anemia was diagnosed.

Congenital spherocytic anaemia was ruled out by the absence of spherocytes and negative osmotic
fragility test and hemoglobinopathies were ruled out by normal electrophoresis.

Other differential diagnosis were paroxysmal nocturnal hemoglobinuria, chronic non-spherocytic
haemolytic anaemia due to G-6PD deficiency, autoimmune hemolytic anaemia, and anemias with in
effective erythropoiesis like thalassemia and myelodysplastic syndromes.

Based on the peripheral blood findings, the case history of chronic hemolytic anemia since childhood, an
d the inadequate reticulocyte response, congenital dyserythropoietic anemia was considered the
differential diagnosis.

However, the patient was reluctant to undergo a bone marrow aspiration and biopsy till post partum.



Congenital Dyserthropoietic Anemia



Congenital Dyserthropoietic Anemia:

Every day, approximately 150 billion red blood cells are produced by the erythroid compartment of bone marrow.

During this dynamic multistep process, called erythropoiesis, cell amplification and differentiation are inversely
co-ordinated.

Dyserythropoiesis is due to a derangement of this process caused by a maturation arrest and a consequent reduction
of daily red cell production. If this phenomenon is severe it could result in anemia.

Dyserythropoiesis is a subtype of bone marrow failure syndromes characterized by monolineage involvement and
morphological abnormalities in erythroid precursor cells.



Congenital Dyserthropoietic Anemia:

The term ‘dyserythropoiesis’ was first used by Crookston, for cases later classified as congenital dyserythro-
poietic anemia (CDA) type I, and by Wendt and Heimpel, for cases later classified as CDA |, but ,overally, it is
a morphologic phenomenon common to several inherited and acquired conditions.

The congenital dyserythropoietic anemias (CDAs) are a heterogeneous group of inherited blood disorders
characterized by a maturation arrest during erythropoiesis with reduced reticulocyte production, which leads
to anemia and contrasts with the erythroid hyperplasia in marrow. (Ineffective Erythropoiesis)

These disorders principally affect the erythroid lineage, whereas other nonerythroid hematopoietic lineages
seem to be unaffected.

Dyserythropoiesis results in a variety of dysplastic features of erythroblasts in the bone marrow: internuclear
chromatin bridges, karyorrhectic nuclei, binuclearity, multinuclearity, vacuolation of the cytoplasm, and
duplication of the plasma membrane.



Dyserythropoietic features (Giemsa, x1000), (a) megaloblastosis, (b) karyorrhexis, (c) nuclear budding, (d) multinucleation, (e) cytoplasmic vacuolation, (f) internu
clear bridging (highlighted in black arrow)

Dyserythropoiesis: A morphology-based study on bone marrow specimens
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Congenital Dyserthropoietic Anemia:
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The classification of CDA proposed in 1968 and is still used today. On the basis of morphologic abnormalities of the b
one marrow, CDAs are classified into three classic different types:

type |, type I, and type Ill. CDA Il being the most common.

CDA | and Il are inherited in an autosomal recessive pattern, and CDA lll exhibits autosomal dominant inheritance and
a sporadic form.

Morphological analysis of light and electron microscopy analyses to identify the characteristic morphologic abnorma
lities of the erythroblasts in the bone marrow is the first step in the diagnosis of all types of congenital dyserythropoi
etic anemia, to be followed by confirmatory tests.

CDA | displays abnormalities in chromatin structure, CDA Il patients have a marked increase in bi- and multi-nucleated
erythroblasts in their bone marrow and CDA lll reveal giant multi-nucleated erythroblasts .




Congenital Dyserthropoietic Anemia:

There are, cases that fall within the general definition of the CDAs, but do not conform to any of the three classical t
ypes. These additional variants requiring further characterization and assigned to four groups: CDA group IV, V, VI, a
nd VII.

This group also comprises: CDA with prominent erythroblastosis after splenectomy, CDA with intraerythrocytic inclu
sions, CDA with thrombocytopenia and, finally, the very rare form of CDA without dysplasia.

The disease-related genes for CDA |, I, and Il have been localized by linkage analysis, and disease-causing genes for
CDA L, II, lll, and IV have been identified.



Congenital Dyserthropoietic Anemia:

Clinical and laboratory findings:

Dyserythropoietic anemia could be suspected in the presence of symptoms and signs of increased hemoglobin (Hb
) turnover, such as mild jaundice, and low or absent haptoglobin, as in hemolytic anemias, with a reticulocyte count
that does not correspond to the degree of anemia as well as in individuals with unexplained iron overload.

The bone marrow is always hypercellular, exclusively due to a pronounced increase of erythroblasts, with increased
erythropoietic/granulopoietic ratio.

Extramedullary hematopoiesis presenting as paravertebral bulks may be observed in all types of CDAs.

Further suggestive laboratory data include a low serum haptoglobin level and increased serum lactic dehydrogenase
(LDH) activity.

Generally, the anemia is mildly or moderately macrocytic in CDA I, normocytic in CDA II, and mildly macrocytic in CD
Alll.



Congenital Dyserthropoietic Anemia ; Type | g

e O

CDA | is inherited in an autosomal recessive pattern and it represents the second most common form of CDA. It is most prevalent
among Western Europeans, Middle Easterners (Israeli Bedouins, Lebanese, Kuwaitis, Saudi Arabians), Indians, and Japanese,

The clinical picture of CDA | includes variable degrees of anemia, The anemia varies from mild to severe, with the most severe cas
es presenting in infancy and the milder cases presenting in adolescence or later in life. Sometimes with neonatal symptoms, occasi
onally, severe anemia in the fetus causes hydrops fetalis with pericardial and pleural effusions and edema.

Jaundice and splenomegaly /hepatomegaly, are common findings at all ages. Gallstones may develop and require cholecystectom
y. progressive build up of iron overload can bee present.

In addition, distal limb malformations, such as syndactyly, absence of phalanges and nails, an additional phalanx, and duplication o
r hypoplasia of the metatarsals, have been reported in several cases (4-14% of cases).

Other congenital abnormalities found include café au lait spots, short stature, flattened vertebral bodies, hypoplastic rib, Madelun
g deformity, and deafness. Retinal angioid streaks and macular abnormalities are also reported.



Congenital Dyserthropoietic Anemia ;Type |

Most patients have life-long anemia with Hb concentration between 7-11 g/dL. Occasionally, there are severe cases requiring tran
sfusion in utero or immediately after birth, and regular blood transfusions during childhood and adolescence, but less than 10% o
f cases remain transfusion dependent later in life.

CDA | patients usually have a macrocytic anemia with MCV values up to 115-120; but may be normocytic during childhood. Norm
ocytic CDA | patients still display macrocytes and thus an increased RDW. Anisocytosis, poikilocytosis (including teardrop-shaped
poikilocytes), and basophilic stippling are other features of the peripheral blood smear.

Increased hemoglobin A, levels and unbalanced globin chain synthesis are found in some cases in the absence of B-thalassemia mu
tations.

Bone marrow examination reveals marked erythroid hyperplasia with megaloblastic erythroblasts. Usually, 30-60% of early and |
ate polychromatic erythroblasts are present.



Congenital Dyserthropoietic Anemia ;Type |

The hallmark of CDA | is incompletely divided cells with thin inter-nuclear chromatin bridges between pairs of near
ly completely separated erythroblasts, which may also be seen between two nuclei in a single cell. These abnormali
ties are the most specific changes, usually present in more than 20% of these cells.

They are not seen in normal bone marrow, but are occasionally observed in single cells in patients with myelodyspla
stic syndromes or erythroleukemia.

Proerythroblasts and immature basophilic erythroblasts usually appear normal.

A small proportion of erythroblasts are binucleate and occasional cells have three or four nuclei, in contrast to CDA
I, nuclei are of different sizes and stains. Other abnormalities include RBC basophilic stippling, irregular nuclear out
lines, and karyorrhexis.






Bone marrow smear of a patient with congenital dyserythropoietic anemia type | showing an internuclear chromatin bridge.
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Electron microscopy (EM) studies demonstrated that heterochromatin is denser than normal and forms
sharply delineated clumps with small translucent vacuoles, giving rise to the description of a ‘Swiss chee
se’ appearance, and cytoplasm may penetrate through widened pores of the nuclear envelope. Bone m
arrow macrophages contain phagocytosed morphologically abnormal erythroblasts .

%

(A) normal individual
(B and C)CDA ; type | /abnormal “Swiss cheese” appearance of the heter
ochromatin .

(C )shows invagination of the nuclear membrane and nuclear membrane
—bound areas of cytoplasm (containing iron-laden
mitochondria) within the nucleus.
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Molecular Biology of CDA |

In 1998 the gene for CDA | was localized to chromosome 15g15.1-15.3. and it is now recognized that CD
A | is caused by mutations in the CDAN1 gene.

CDAN/has 28 exons spanning 15 kb of genomic DNA and encodes a highly conserved protein called cod
anin. Codanin-1 increases during the S phase and is phosphorylated and excluded from condensed chro
mosomes during mitosis. And codanin-1 acts as a negative regulator of replication and may be involved i
n mechanisms controlling gene transcription and chromatin structure remodeling.

Codanin-1 mutations lead to the abnormal accumulation of heterochromatin protein HP1a in the Golgi
apparatus of CDA | erythroblasts but not normal erythroblasts.



Congenital Dyserthropoietic Anemia

Congenital dyserythropoietic anemia type Il (CDA 1l) also known as hereditary erythroblastic multinuclea
rity with positive acidified serum test (HEMPAS) is the most frequent member of the family of congenita
| dyserythropoietic anemias.

CDA 1l is an autosomal recessive disorder in which the severity of anemia varies from mild to severe, an
d approximately up to 15% of CDA |l cases are transfusion-dependent.

Transfusion requirements decrease in subsequent years and only 5% of patients need regular transfusio
ns in adulthood.

In several of these cases there could be co-inheritance of another intra-erythrocyte defect (such as beta
- or alpha thalassemia) and this could account for the severity of the clinical outcome.

Splenomegaly is present in 50-60% of CDA |l patients.



Congenital Dyserthropoietic Anemia ;Type I

Although this disorder is considered to be congenital, it is interesting that this type of anemia can be dia

gnosed in all age groups. Very few cases are characterized by clinical manifestations during intrauterine |
ife.

Diagnosis of CDA Il is usually made later in life compared with CDA |, because the symptoms can be mild
er . The mean age at diagnosis in a large collection of patients was 18.2 years .



Congenital Dyserthropoietic Anemia ;Type I

Clinical and Laboratory findings:

CDA |l patients may come to medical attention because of anemia combined with jaundice (90% of cases), splenom
egaly (70%) or hepatomegaly (45%).

Red cell size is mostly normocytic; the mean hemoglobin concentration is 8—11 g/dl , with a normal or slightly incre
ased MCV with evidence of ineffective erythropoiesis and premature peripheral red cell destruction, causing jaundi
ce and hepatosplenomegaly.

Peripheral blood smear shows anisopoikilocytosis without specific types of poikilocytes, with basophilic stippling o
f cells and few occasionally binucleated mature erythroblasts.

As in other congenital disorders in which ineffective erythropoiesis is a prominent feature, such as B thalassemia ma
jor, complications of extramedullary hematopoiesis may occur, such as dysmorphic facies, particularly in severely aff
ected individuals.



Congenital Dyserthropoietic Anemia ;Type I

Cholelithiasis and secondary hemochromatosis are frequent complications, with iron overload .

Beyond the age of 20 most patients develop iron overload and some patients develop liver cirrhosis, di
abetes and heart failure .

Occasionally, transient red cell aplasia secondary to parvovirus B19 infection may develop. Mental retar
dation, hemihypertrophy, and piebaldism and vaginal atresia have all been reported.
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Bone marrow samples show distinct hypercellularity due to erythroid hyperplasia with 45-90% erythroid precursor
s but contrary to CDA |, is of normoblastic appearance .

The defining erythroblast abnormality is a prominent binuclearity. Proerythroblasts are morphologically normal, bu
t basophilic and early and late polychromatic erythroblasts are binucleated, with up to 10% to 35% of late erythrobl
asts being so.

In many binucleate late polychromatic erythroblasts, the nuclei are equal in size, and each of the two nuclei has a
diploid DNA content, suggesting the possibility that the cells resulted from a failure of cytokinesis following normal
mitosis.

If more than 10% of typical binucleated erythroblasts are seen, together with more than 2% of cells with karyorrh
exis, the diagnosis of CDA Il is very likely , and confirmatory tests such as gene sequencing are indicated.

The phagocytosis of red cells and erythroblasts by bone marrow macrophages leads to the formation of Gaucher-lik
e macrophages (pseudo- Gaucher cells) in some individuals, containing birefringent needles.
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Bone marrow smear from a patient with congenital dyserythropoietic anemia, type I, showing binucleate late polychroma
tic erythroblasts and karyorrhexis.
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When tested against a panel of ABO-compatible acidified sera (pH 6.8) from normal individuals, about 30% of the
sera lyses CDA Il red cells (acidified serum lysis test or Ham test). Unlike paroxysmal nocturnal hemoglobinuria (PN
H), there is rarely lysis of the patient’s red cells by his or her own serum.

In addition, CDA Il cells do not lyse in isotonic sucrose as PNH cells do. The lysis in acidified heterologous sera is due
to a naturally occurring complement binding immunoglobulin (Ig) M antibody against an unidentified antigen on
CDA |l cells, that is absent on normal cell.

So, the acronym HEMPAS (hemolytic anemia with a positive acidified serum test) was commonly used as a synonym
for CDA 1.

The technical difficulty of this test, and the fact that cross testing of more than 30 normal sera is needed to obtain a
reliable result, has undermined its usefulness and has largely been abandoned by most laboratories.
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In addition to morphologic findings, CDA 1l patients show characteristic biochemical changes that can be used
for diagnostic purposes. A common finding in all typical CDA Il patients is an impaired glycosylation of erythro
cyte membrane proteins.

During normal maturation of erythroid cells, the erythrocyte membrane proteins are glycosylated with polylac
tosaminoglycans.

Band 3 and band 4.5 proteins normally contain long polylactosamine chains attached to complex N-linked oli

gosaccharides. However, in CDA Il, erythrocyte membrane proteins carry altered N-glycans with truncated pol
ylactosamine. Instead, glycosylation is shifted to lipid acceptors resulting in the accumulation of polylactosami
nes as glycolipids.

Immunogold electron microscopy analysis using anti-band 3 antibodies reveals irregular clustering of undergly
cosylated band 3 protein in CDA Il erythrocyte membranes when compared with normal erythrocytes.

SDS-PAGE of red cell membrane proteins can be used as a diagnostic criterion in lieu of a positive acidified
serum lysis test.
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The diagnostic hallmark of CDA Il is the analysis of erythrocyte endoplasmic reticulum membrane proteins by
sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) identifying narrower band size and fa
ster migration of erythrocyte anion transporter (EA1), or band 3, and band-4.5 proteins.

In CDA Il Band 3 and band 4.5, two abundant erythrocyte membrane proteins, show a sharper band and fast
er migration on sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) due to decreased gly
cosylation .

This increased mobility of band 3 as well as the decreased band width on SDS-PAGE is used as a diagnostic crit
erion. This criterion is a reliable, indirect hint for decreased glycosylation of band 3 although the appraisal is
subjective and sometimes ambiguous, so that a positive result alone is not sufficient for the diagnosis.

Exceptional cases that do not show the characteristic SDS-PAGE pattern have been reported, but it is recomm
ended that these should be considered as CDA ll-like conditions.
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Erythrocyte ghost extracts analysed by SDS-PAGE show that CDA Il band 3 is sharper than control band 3
due to truncated N-glycans.
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Some laboratories use antibodies for the i-antigen in order to prove the diagnosis of CDA Il. While the presence of
i-antigen consisting of linear polylactosamines is physiologic in healthy newborns, it is subsequently altered to branc
hed polylactosamines coding for the | antigen resulting in an adult I-antigen status after 18 month of life .

There is an increased amount of i-antigen on erythrocytes of CDA Il patients, resulting in an increased aggregation a
fter addition of anti-i-antibodies. Sensitivity seems to be good .

The main pitfall may be that increased presentation of the i-antigen is also present in other disorders going along wi
th increased erythrocyte turnover that might be a differential diagnosis to CDA Il . In addition, it has to be considere
d that another rare inherited disorder, the so called adult i-phenotype with persistence of the i-antigen is known, ca
used by a defect in a specific glycosyltransferase .
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lectin studies using tomato-lectin (Lycopersicon esculentum) specific
to branched polylactosamines were shown to be of good diagnostic

value in CDA II.
D) CDAIlI Control

Due to the severe truncation of polylactosamines in CDA Il erythroc
ytes, tomato-lectin does not bind to erythrocyte membranes after s
eparation by SDS-PAGE and western blotting . Band3-

The test cannot be used for newborns and children under 12 month
s of age, since tomato-lectin does not bind to erythrocyte membran
es in these patients due to incomplete expression of the i-phenotyp
e (false positive results).

In addition, transfusion of erythrocytes within 3—4 months before th
e testing may result in false negative results.

The lectin does not bind to erythrocyte glycoproteins in CDA Il patients.
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On electron microscopy (EM) examination, vesicles loaded with proteins of the endoplasmic reticulum (ER), such as calreticulin, gl
ucose regulated protein (GRP78) and protein disulfide isomerase (PDI), appear to be running beneath the plasma membrane.

The phenomenon of “double membranes” in late erythroblasts and some erythrocytes from CDA Il patients was first described in
1972 . The origin of the membrane structure close to the erythrocyte membrane was suggested to be endoplasmic reticulum usi
ng western blot and electron microscopic studies.

Calreticulin antibodies to detect this ER specific protein in erythrocytes, distinguishes CDA Il patients from healthy controls and o
ther types of anemia suggesting that western blot analysis of calreticulin or other ER-markers from erythrocyte ghosts is a good an
d reliable diagnostic marker for CDA Il.

In addition to the nuclear abnormalities unique to CDA Il erythroblasts, the retention of organelle residues suggests that CDA Il mi
ght be a maturation disorder of erythroblasts indicating that the hypoglycosylation of membrane proteins could be a secondary ph
enomenon.
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Characteristic changes in red blood cells and bone marrow in HEMPAS.

(A) bone marrow smear showing bi- and multinuclear erythroblasts and hypercellularity.
(B) Double membrane of erythrocytes due to residual endoplasmic reticulum.

journal homepage: www.sisevisr com/iccate/bhadie
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Sequencing analysis in 33 patients from 28 unrelated families from the main European Registries showe
d a wide spectrum of different mutations in the SEC23Bgene in either the compound heterozygous or h
omozygous state

SEC23Bis an essential component of coat protein complex Il (COPII)-coated vesicles that transport secre
tory proteins from the endoplasmic reticulum to the Golgi complex in erythroid cells. Abnormalities in S
EC23B activity may affect both erythroblast maturation/division in the bone marrow and red cell surviv
al in the circulation.

An in vitro model of gene silencing demonstrated that suppression of SEC23B expression recapitulates t
he cytokinesis defect, with a significant increase in the percentage of binuclearity and an increased size
of nuclei in SEC23Bsilenced cells.
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CDA lll ,the least common type, is a more heterogeneous disorder and most data are derived from a larg
e family living in Sweden in 1962 accounting for 34 patients.

This allowed for the mapping of the gene on chromosome 15 ( K/F23.8). It encodes for mitotic kinesin-li
ke protein 1 (MKLP1), a highly conserved protein necessary for central spindle and midbody assembly an
d has critical role in cytokinesis.

The familial form is inherited in an autosomal dominant pattern.

The main laboratory finding is mild macrocytic anemia, and the disease runs a benign course.
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Affected individuals may experience fatigue, weakness, and episodes of abdominal pain and jaundice re
sulting from gallstones.

Splenomegaly is absent in the dominantly inherited cases, but it is present in most sporadic cases.

Intravascular hemolysis and consequent hemosiderinuria may be present, and occasionally it leads to ir
on deficiency.

Iron overload does not develop in the Swedish cases probably because of iron loss from hemosiderinuri
a.

In the Swedish family, the prevalence of monoclonal gammopathy of unknown significance and myelom
a is increased, and visual disturbances due to macular degeneration and angioid streaks may be seen in
older patients.
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The macrocytic anemia is generally of mild-to-moderate severity. The peripheral blood smear displays basophilic sti
ppling, irregularly contracted erythrocytes, anisocytosis, and poikilocytosis .

A distinguishing feature of CDA Il is markedly abnormal erythroblast proliferation resulting in giant binucleated and
multinucleated erythroblasts with up to 12 nuclei with different shape and size and total DNA content up to 48 N.

Electron microscopy shows multinucleatederythroblasts with multiple nuclear clefts in the heterochromatin, whic
h may lead to nuclear lobulation and karyorrhexis .

The cytoplasm of many erythroblasts contains large autophagic vacuoles, inclusions
containing B- globin chains, and iron-loaded mitochondria and myelin figures.
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Multinucleate erythroblasts from the bone marrow of a case of congenital dyserythropoietic anemia, type Ill.
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Complications and therapeutic approaches :

Cholelithiasis, splenomegaly and iron overload are the most prevalent complications of CDA types | and Il.

The co-inheritance of UGT1A (TA)7/(TA)7 genotype, i.e. Gilbert syndrome, could account for an increased rate of gall
stones.

In both CDA | and in CDA I, as well as in all ineffective erythropoiesis conditions, secondary hemochromatosis is th
e most important long-term complication. Hemochromatosis can lead to organ damage if not recognized and appr
opriately treated.

In both conditions, iron loading is not only dependent on transfusions (but could be increased by them). Iron loadin
g may be alleviated by ongoing iron loss, such as menstrual bleeding or pregnancies.
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In CDA | patients high levels of GDF15 contribute to this pathology and its overexpression, occurs together with ineffective erythr
opoiesis and positively correlates with ferritin levels in adults. Serum hepcidin to ferritin ratio is strongly decreased in CDA patien
ts, and serum hepcidin concentrations are inappropriately low.

Taken together, these data support a role for GDF15 in limiting hepcidin expression in response to iron overload, and increasing i
ron absorption under erythropoietic stress conditions.

Adequate treatment with regular phlebotomies leads to normal ferritin concentrations, indicating reversal of iron overload in patie
nts with CDA.

Iron chelation therapy may be indicated, or alternatively, phlebotomy may be considered in patients with mild anemia.

Very often, CDA patients do not support phlebotomy treatment and in these cases oral chelating agents could be proposed. For th
e moment, management of iron overload should follow the guidelines for thalassemia.
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Routine splenectomy is not recommended in CDA | and Il and individual decisions have to be made in CDA with tra
nsfusion dependency and enlarged spleen.

Some cases of CDA Il follow an indolent course, while transfusion-dependent individuals often benefit from splenec
tomy, usually with a moderate increase in hemoglobin concentration.

Splenectomy leads to a moderate but sustained increase in Hb concentration and decrease in serum bilirubin levels,
but it does not prevent further iron loading.

In some patients, it is advisable to follow the guidelines for mild cases of HS.

Cholecystectomy is often indicated in all types of CDA, and decision making should follow the common guidelines fo
r cholelithiasis.
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With regard to the distinct erythroid hyperplasia, vitamin B12 and folic acid supplements are frequently used, altho
ugh without any evidence of efficacy.

Use of erythropoietin formulations also appear to be ineffective. Interferon (IFN)-a seems to be effective in improvi
ng the chronic anemia and splenomegaly in CDA |, but whether this shows efficacy in other types of CDAs remains u
ncertain.

Allogeneic bone marrow transplantation (BMT) from an HLA-identical sibling was successful in 6 transfusion depend
ent children with very severe CDA and in one adult with CDA Il and beta-thalassemia trait. This treatment can abolis
h transfusion dependency, thus preventing progression of tissue damage related to iron overload. The result should
be both longer life expectancy and better quality of life.



Features of Congenital Dyserythropoietic Anemia ; Groups IV-VII

Defining Features

Vi Severe transfusion-dependent anemia
Marked erythroid hyperplasia, usually normoblastic
Markedly ineffective erythropoiesis
Slight-to-moderate increase in nonspecific dyserythropoietic changes, including markedly irregular or karyorrhec
tic nuclei
Absence of the marrow abnormalities characteristic of CDA IlII
Absence of precipitated protein within erythroblasts by electron microscopy (which excludes a-thalassemia synd
romes and CDA group VII)

V (primary shunt hype  Normal or near-normal Hb with normal or slightly increased MCV

eirelsTnerte) Predominantly unconjugated hyperbilirubinemia
Marked normoblastic/mildly or moderately megaloblastic erythroid hyperplasia
Little or no erythroid dysplasia



Features of Congenital Dyserythropoietic Anemia Groups IV-VII

VI Normal or near-normal Hb with marked macrocytosis (MCV 119-125 fL)
Erythroid hyperplasia with cobalamin and folate-independent florid megaloblastic erythropoiesis and n
onspecific dyserythropoiesis
Ineffective erythropoiesis

VII Severe transfusion-dependent anemia
Marked normoblastic erythroid hyperplasia with nonspecific dyserythropoietic changes, especially irreg
ular nuclear shapes, in many polychromatic erythroblasts
Markedly ineffective erythropoiesis
Intraerythroblastic inclusions resembling precipitated globin that do not react with antibodies to a- or B
-globin chains (electron microscope studies)




Characteristic features of different types of congenital dyserythrg
ic anemias

CDA type | Il [} v Variants
Inheritance Autosomal recessive  Autosomal recessive Autosomal dominant  Autosomal dominant Autosomal
recessive/X-linked
Case reported ~ 150 ~ 370 3 families <20 >20
Morphology Abnormal chromatin  Bi- or multi-nuclearity Giant Multi-nucleated CDA I-like
structure, chromatin of mature multi-nucleated erythroblasts CDAIl-like
bridges erythroblasts enythroblasts Others
Gene Codanin SEC23B Unknown KLFI Unknown/ GATAI
Chromosome 15q15.1.3 20p11.23 15¢21-25 19p132 Unknown/Xp11.23
Associated dysmorphology  Skeleton, others Variable, rare B cells, retina Variable CNS, thrombocytopenia
Therapy INF-cx, Splenectomy, None Unknown Unknown
iron depletion iron depletion

Modified from HeimpeFP PMID: 15278299.
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Case Presentation:

Oral iron supplements were strictly avoided.

During pregnancy, she was transfused with two units of packed red blood cells (PRBC) in total in order to

maintain a hemoglobin level greater than 7g/dl. A healthy male infant, weighing 3650gr, was delivered vi

a Cesarean section at the 36th week of gestation. Bone marrow biopsy was performed post-partum:
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Case Presentation:

What is your interpretation?



Case Presentation:

Direct sequencing of the SEC23Bgene revealed a homozygous missense mutation in the exon 4 (¢.325G > A), a mut
ation that leads to a variant protein with substitution of glutamic acid 109 by lysine (p.Glu109Lys) and has been des
cribed as a causative mutation in CDA Il.
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