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INTRODUCTION

Diamond-Blackfan Anaemia: Clinical Features

Diamond Blackfan Anaemia (DBA, OMIM 105650) is agdnherited pure red cell aplasia that
typically presents in the first year of life withh ancidence of 6-7 newborns per million live births
It shows autosomal dominant transmission. Penetrascincomplete and expressivity widely
variable even in patients from the same famPatients withDBA exhibit a macrocytic
normochromic anaemia and reticulocytopenia [1].v&ded fetal haemoglobin levels (HbF) and
elevated erythrocyte adenosine deaminase (eADAyitgctare important supporting features
associated with DBA. Moreover, erythroid progerst¢BFU-E and CFU-E) in the patients’ bone
marrow (BM) show a pro-apoptotic phenotype andrthember is reduced [2].

Like other inherited bone marrow failure syndromd3BA is associated with congenital
abnormalities such as craniofacial, thumb, kidneg bBeart malformations and growth retardation
in approximately 40% of patients [3]. The risk afid tumors, MDS, or leukemia is elevated in
DBA. The cumulative incidence of malignancy is appmately 20% by age 46 years [4].
Corticosteroids are the first choice therapy in DByen though the mechanism whereby they
ameliorate anaemia remains unclear. The subset BA Patients who do not respond to
corticosteroids or require high doses with unacdapt toxicities receives chronic red cell
transfusions. Transfusional iron overload is a maguse of morbidity and mortality in DBA. The
only definitive treatment for the haematologicalnifiestations of DBA is haematopoietic stem cell
transplantation (HSCT) [5].



During the course of the disease, approximately b7%4l DBA patients enter spontaneous or drug-
induced remission, defined as a state of theraplepandence for at least six months with
physiologically acceptable haemoglobin levels. fiteehanism behind remission remains unknown

and about 15% of those who enter remission relggjse

Diamond Blackfan Anemia: Genetics

DBA is considered as the prototype of ribosomomsthHeterozygous mutations or single copy
deletions in 13 genes that encode proteins of 0® @®PS7, RPS10, RPS17, RPS19, RPS24,
RP26, RP29) or 60S RPL5, RPL11, RPL15, RPL26, RPL35A, RPL31) ribosomal subunits have
been identified in about 65% of patients [7, 8pé&omal gene mutations may be inherited with an
autosomal dominant pattern or may arise de novoeiRly, mutations in the X-linked transcription
factor GATAL, which is essential for erythropoiggiave also been found in patients with DBA [9,
10].

Haploinsufficiency or reduced expression of a rdial protein results in decreased levels of the
corresponding ribosomal subunit and in the defectikocessing of the ribosomal RNA precursors
(pre-rRNA) [11]. The erythroid progenitors show wedd proliferation and undergo p53-dependent
or indipendent apoptosis [12, 13].

How a defect in ribosome biogenesis specificalfgas only erythropoiesis is still under study.
The specific red cell aplasia may be attributedhypersensitivity of erythroid progenitors to
increased p53 levels, or to the high protein syitheequirement of rapidly dividing erythroblasts
[14]. The reduced expression of GATALl by DBA celbdels provides a possible link between

ribosome defect and erythropoiesis failure [15].

DBA diagnosis

Diagnosis of DBA is hampered by the overlappingnichl presentations with other BM failure
syndromes such as Fanconi Anaemia (FA), Shwachnamdnhd syndrome (SDS), Dyskeratosis
Congenita (DC) and Transient Erythroblastopeni&bildhood (TEC) [14]. FA is excluded from
diagnosis by negative results in a chromosome bgmlassay while the absence of telomere
shortening rules out DCThe reduced number of BFU-E and CFU-E after 15 ddyBM cells
culture directs to a DBA diagnosis.

The absence of unique diagnostic feature for DB#&rofmakes DBA a diagnosis of exclusion.
While the identification of the underlying moleculzasis for DBA in many patients has now made
diagnosis possible through genetic testing, theegaifected in approximately 35% of suspected
DBA patients remain unknown leaving a degree ofguiestic uncertainty for these patients.
Further confounding a diagnosis of DBA is the ised identification through genetic testing of



patients with non-classical forms of DBA includipgtients with malformations without anaemia or
with anaemia presenting as an adult. Recently, axe lproposed a rapid and convenient assay
readily available in diagnostic laboratories whienectional defects in ribosome synthesis linked to
haploinsufficiency for large subunit ribosomal gios could be used as a criterion for making a
DBA diagnosis [6]. This approach is currently ligdtto large subunit ribosomal proteins and would
only be supportive by exclusion for DBA caused lgfedts in non-ribosomal protein genes. As a
consequence, a new strategy needs to be develogegport DBA diagnosis.

Extracellular vesicles

Extracellular vescicles (EVs) are membrane-boumgmelles released by various cell types. Their
membrane displays typical markers of the parengdll af origin. Microvesicles (MV) have a
diameter 0f50-1000nm and they have not an endosomal origia.oler layer of MV membrane
has been often shown to display phosphatidyls€R&, but this may depend on the cell type from
which MVs derive or on the functional cell state5[1Apoptotic bodies (ABs) are 1-bm in
diameter. They are released as blebs by cells goihgr apoptosis and they are PS positive.
Classification of EVs, their isolation protocol awtection, molecular details of their release,
clearance and biological function are still unadgense investigation [17, 18].

MVs play a pivotal role in important biological messes such as membrane traffic and horizontal
transfer of proteins and nucleic acids among neighly cells [19]. With regard to the erythroid
compartment, it is well known that mature red blasdls shed EVs during eryptosis (a form of
erythroid cellular stress) and that reticulocytedmi@ate the nucleus and other cellular
compartments through vesiculation [20]. No data arailable on EV production from erythroid
progenitors or early precursors. Interestingly, E¥srived from plasma have been used as

biomarkers for diagnostic or prognostic applicasion

Search for new DBA genes

While the majority of sequencing studies focusimgadl the known structural components of the
ribosome identified novel DBA genes, these studis® suggested that approximately 35% of
patients with a clinical diagnosis of DBA do nowvkan identifiable RP gene abnormality [6].

More than 200 extra-ribosomal factors are requiceslynthesize ribosomes and may be involved in
DBA pathogenesis. In particulafSR2, which encodes a direct binding partnerR#S26, was
characterized as a new DBA gene supporting thelveuzent of non-RP genes in the disease [21].
Moreover, six recent works by different groups itifeed WBSCR22 as a key player in the
biogenesis of 40S ribosomal subunit. The human WR&Xgene is located in Williams-Beuren

Syndrome (WBS) critical region in chromosome 7¢23., WBS is a multisystem developmental



disorder associated with hemizygous deletion ofL& Mb region in the given locus. The WBS
region contains more than 25 genes and the delefitims region results in haploinsufficiency of
WBS control region transcripts. Knock-down of WBSZZRn human cells results in accumulation
of pre-rRNA 18SE and a reduced level of free 4868sdmal subunit [22].

Recently, Dr. Farrar's group (University of Arkasgar Medical Sciences, Little Rock, AR) studied
three DBA American families that showed autosoneglessive inheritance. These families were
studied by whole exome sequencing and two candid8&#® genes were identifiedVlCM2, and
FLNB. Homozygousr compound heterozygous mutations in one of tgeses were found in each
family proband. Farrademonstrated that these genes have a novel rokryihropoiesis. In
particular the knockdown #ICM2 in CD34+ cells inhibits erythroid colony formati¢2i3].
Subsequently, heterozygous single nucleotide vangt(SNVs) inMCM2 were found in 2 out of
40 sporadic patients with DBA. These variants weeslicted to be deleterious suggesting a role of
MCM2 in DBA. Interestingly, we demonstrated a proteiotpin interaction between MCM2 and
RPS19, linking MCM2 directly to the ribosome [2%)le also reported that two RPS19 mutants
showed a reduced interaction with MCM2 [25].

RATIONAL OF THE PROJECT

The aim of my PhD project was to improve DBA diagisowvorking on two different approaches:
the development of a new diagnostic assay basdtieostudy of EVs and the screening of new
candidate DBA genes.

AIM 1: Immunophenotypic profiling of erythroid prog enitor-derived extracellular vesicles in
DBA

As an alternative strategy for developing a modussive assay for possible use in DBA diagnosis
we turned to the study of EVs whose presence maglieeed as a consequence of increased
apoptosis associated with many bone marrow failaneswhose characteristic molecular properties
may specifically define the nature of the bone marfailure.

In this part of my project we focused on the imnpimenotypic characterisation of erythroid EVs
from plasma of three different groups of individuaDBA patients, patients with other red blood
cell (RBC) diseases, and healthy controls. We madathat erythroid EVs may vary in the
peripheral blood of DBA patients as a consequeridbenloss of erythroid progenitor cells in the
bone marrow of these patients.

We chose three markers to characterise EVs deffinagd cells of the erythroid lineage: CD34,
CD71 and CD235a. CD34 is the main haematopoietm stell marker. CD71, is transferrin



receptor 1, which is essential for iron uptake andsequently for haemoglobin synthesis during
erythroid differentiation (late progenitors, i.eFQ-E and early precursors, i.e proerythroblast,
basophilic erythroblast, polychromatophilic erythlast and orthochromatic erythroblast). Finally,
CD235a, i.e. glycophorin A, is the erythroid spiecimarker and it is expressed by erythroid
precursors, i.e proerythroblast, basophilic erythast, polychromatophilic erythroblast,
orthochromatic erythroblast, reticulocytes and lmgtytes (Figure 1) [26].

AIM 2: Mutation detection in new candidate DBA gens

The main purpose of this part of my PhD project waseduce the percentage of patients who
remain as yet genetically undefined. Consequenntlyollaboration with Dr. Farrar's group we
decided to sequenddCM2, in the subset of Italian DBA patients who haveadly been screened
for 6 RP genes an@ATAl, without the detection of mutations or single cajgtetions.MCM2
(3921 consists of 16 exons coding for a protein involvedthe pre-replication complex. We
selected a cohort of about 50 patients from thieitteDBA registry andICM2 was screened by
Sanger sequencing.

Since analysis of rRNA processing by Northern Blodwed the accumulation of pre-rRNA 18SE
in a single patient with an unknown mutation, wgusnced WBSCR22 in this patient. The human
WBSCR22 gene is located in Williams-Beuren Syndrome (WBS8bical region in chromosome
7011,23 and consists of 13 exoBBSCR22 was screened by Sanger sequencing.

METHODS

METHODS AIM 1

Patients and controls

Peripheral blood samples were collected from DB#epaés =13) (Table 1), patients with other
RBC diseases (hereafter named non-DBA patients)q) (Table 2) and healthy controle=22).

For transfusion dependent patients, peripheraldbkamples were collected after 2-5 weeks from
the last transfusion, depending on their anaenviergg.

EV isolation

Blood samples were collected into 3.2% sodium tetrambes. Platelet free plasma (PFP) was
obtained by a centrifugation at 2,40@r 10 minutes at room temperature. PFP was then
centrifuged at 1,8@pfor 30 minutes at 4°C. Supernatant was subjeatedlttacentrifugation at
100,00@ for 60 minutes at 4°C (Optinfa LE-80K, Beckman Coulterrotor SW60Tj Beckman
Coulter). Pellets containing isolated EVs were sasied in 1 mL of PBS (filtered using a 0.22 pm



pore size membrane) and stored at 4°C.

EV immunophenotypic profiles

100 pL of isolated EVs were incubated for 15 misus 4°C in the dark with the following
combinations of antibodied) anti-lgG2A-FITC/IgG1-PHisotypic control); 2) anti-CD71-FITC
and anti-CD34-PE (this mixture was expected to tifiewvesicles from CFU-E to ortochromatic
erythroblast); 3) anti-CD71-FITC, anti-CD34-PerCiRdaanti-CD235a-PE (this mixture was
expected to identify vesicles from late progenittrsmature erythrocytes). After a washing step
with filtered PBS, EVs were resuspended in 400 flArmexin-V buffer and 2.5 pL of Annexin-V
were added to the mixes 2 and 3. All reagentsHeritnmunophenotypic analysis were purchased
from Becton Dickinson (BD). A FACSCanto Il flow @rheter (BD) with FacsDiva software (BD)
was used for data acquisition. Standard size nbeads of 1 and 2 um (Flow Cytometry Size
Calibration Kit Invitrogen) were used to calibrate the instruméve. have set the EV dimensional
gate to analyse events between 500 nm and 100@ai®s. positioning was performed evaluating
the median corresponding to 1000nm microbeads mpldigng the direct proportionality between
the scattered light and the dimension (Figure peueft panel; Figure S2).

The relative amount of EVs per samples was detauhinsing the TruCoul{ tubes (BD),
according to the formula: (number of events in #megate/ number of TruCount events) *
(number of TruCount beads per test/ test volumd)itidn factor. Statistical analyses were
performed using Mann-Whitney and Kruskal-WallistsesThe potential diagnostic value of the
assay was evaluated with the assessment of Red®peration Curve (ROC). An AUC of 1
represents an excellent test; an AUC of 0.5 reptesz test that fails to discriminate between the
two groups under study. A rough guide for clasaiyithe accuracy of a diagnostic test is the
traditional academic point system: 90-100% = exce)|80-90% = good, 70-80% = fair, 60-70% =
poor, 50-60% = fail [27].

METHODS AIM 2

Genomic DNA was isolated from peripheral blood vatandard procedure and analysedM@M?2

and WBSCR22. All the 16 MCM2 and the 13MBSCR22 exons were screened for mutations in our

cohort of patients using standard PCR-based Saeggerencing. Coding sequences and exon-intron
boundaries were PCR amplified using Go Tag® FleXiAlPolymerase (Promega). The same set of
primers was used for both PCR amplification fromaaic DNAs and for Sanger sequencing (IGA

Technology Services). Primer sequences are showabie 4.

RESULTS AND DISCUSSION



RESULTS AND DISCUSSION AIM 1

During the first year of my PhD program | analysg@atients with DBA, 10 patients with other
haematological diseases and 22 healthy controter Aie submission of this work to PLOSONE
journal, reviewers asked us to increase the numbddBA and non-DBA patients in order to
further validate our results. In this second yeenllected 5 DBA patients and 6 non-DBA patients.
The number of new patients is not large, but important to note that we are dealing with very
rare diseases (the frequency of DBA is 5-7 newbg@arsmillion live births), so each pediatric
haematology centre follows-up a very low numbepatients. Moreover we increased the number
of non-DBA haematological conditions, i.e. one @atiwith Fanconi Anaemia, one with CDAII,
one with lymphadenitis, one with thrombocytopewiage with ALPS.

The aim of this study was to evaluate if EV popolas in the peripheral blood of DBA patients can
be leveraged as a potential diagnostic tool. WdistuEVs by flow cytometry, which provides
information both on vesicle dimensions and immurerphypic properties. Vesicles in the size
range of 500nm to 1000nm (EV dimensional gate) wexed in this study (Figure 3, upper left
panel). This size range, due to the instrumentite@tslimit, includes a heterogeneous population
of EVs including both microvesicles and relativetpall apoptotic bodies.

The markers we used were chosen to identify EVivelgifrom early progenitors including BFU-E
(CD34), CFU-E (CD34, CD71), erythroid precursor®7@, CD235a) and cells in the late stage of
erythroid maturation, i.e reticulocytes and eryidytes (CD235a) (Figure 1). An isotypic control
was used to set the gates of interest (Figure S1).

Figure S1 shows EVs from healthy controls grouped the following categories: EVs shed from
late erythroid progenitors (CD34+/CD&ICD235&,.,/PS+), erythroid precursors (CD71+/CD34-
/ICD235a&,,/PS-), and cells of late erythroid stages, e.gcuktcytes and erythrocytes (CD71-
/CD235a+/CD34-. About 60% of this population wastPSomparison of experiments with and
without anti-CD235a antibody showed that CD71+/CiB8- and CD34+/CD7l/PS+
populations corresponded to the CD71+/CD34-/CDR3s¥s- and
CD34+/CD71,,/CD235a./PS+ populations, respectively (vesicles obtainsthgs or not the
antibody against CD235, were counted and their mumlzorresponded) (Figure 2, Table 3).
Consequently, we reasoned that the mixture witl@DR35a was more suitable for diagnostic
purposes because it was not influenced by the$mited concerns. When we started this work PS
was considered as the main marker of EVs. Curratd dindicate that EVs populations derived
from different cells may be PS+ or PS- [17]. In edperiments, its presence was not helpful in the
discrimination of EV population derived from DBAtmEnts compared to controls.

When we tested DBA patients, only the CD34+/CRJ/BRS+ population (hereafter named



CD34+/CD7%w) was significantly different when compared to otlygoups. This population,
representing late erythroid progenitors was sultisianreduced in 8/13 DBA patients relative to
healthy controls. Among patients with other haenogioal disorders, 15/16 patients showed a
proportion of EVs derived from erythroid progengaimilar to controls (Figure 2). The median
difference between DBA patients and all the othativiiduals (non-DBA patients -healthy
controls) was statistically significant (p<0.05, MaWhitney Test) as was the difference between
DBA patients and each of the other groups when evetpseparately (p<0.05, Kruskal-Wallis Test;
Figure 3). As expected, the difference of mediamamaring non-DBA patientgs healthy controls
was not statistically significant (Figure 3). Filyathe CD71-/CD34-/CD235a+ EV population, that
is shed from the late stage of maturation, reptesée bulk of events. It should be noted thatllin a
transfusion dependent patients, either DBA or n@#ADthis population includes also EVs shed
from donor cells. Consequently, we could not corapiis population among the three groups
analysed.

The area under the ROC curve (AUC) that compareA pdientsvs healthy controls was 0.84 (=
good) while the AUC of DBA patientes all the other individuals was 0.80 (= good). Moreo
comparison between DBA patients and non-DBA pagigmbduced an AUC of 0.75 (= fair). In all
comparisons the cluster was able to distinguishgtioeips under study with a p-value< 0.01. As
expected the AUC that plotted non-DBA patients dmhlthy controls was 0.66 (= poor),
consequently this assay cannot discriminate betwesse groups (Figure 4).

AUC values suggest that this test has a good acgucadiscriminate DBA patients from healthy
controls, and/or from non-DBA patients. The CD34B1,,, EV population is expected to be shed
from BFU-E progenitors and our results are in agwegt with the low levels of BFU-E found in
DBA patients (Table 1).

Actually, this population seems to reflect more blome marrow BFU-E numbers than the level of
anaemia or the disease type. According to this tingsis, 3 DBA patients (#7, #10, #12 ), who
show this population, had normal erythropoiesithattime of this analysis (Table 1). In contrast,
we found a single DBA patient (#11) with anaemighat time of this analysis who showed normal
levels of this EV population without an evident Exation.

On the other hand, all but one patient with otheerhatological diseases clustered in the healthy
control range. This cluster includes six patienith wongenital anaemias characterised by erythroid
cell loss at a stage that is later than BFU-E HleS, spherocytosis, CDA Il and Beta thalassemia),
and five patients with acquired conditions. We asalysed a patient with Fanconi Anaemia which
can have overlapping features with DBA.

Patient #26 is the only non-DBA patient who did slbdw this population. He is affected by an iron
refractory anaemia with severe microcytosis. Weeekghat this patient also has a defect of



erythroid progenitors, but a BM evaluation haslmegn performed so far.

Overall these data suggest that the EV assay wisatkmay be useful to improve DBA diagnosis
as a quicker and less invasive alternative to BFtlsfures. It should be noted that this assay is
performed from peripheral blood, is amenable taghased patients and requires only two working
days, whereas BFU-E cultures require 15 workingsdayd needs to be performed using a bone
marrow sample in DBA patients.

Finally, this assay could be a useful tool to sedéegthroid cell-derived EVs in order to study thei
content and their functional role in erythroid dintiation. It may also be modified to isolate EVs
derived by other lineage specific progenitors asédduto study other types of bone marrow failure
syndromes.

This work has been recently accepted for publicatio PLOS ONE journal.

RESULTS AND DISCUSSION AIM 2

In the first year of my PhD project | sequenced M@M2 gene in 17 DBA patients among the 50
presently available. None of them showed mutatioreny of the 16 exons of MCM2. During this
year, | sequenced other 36 DBA patients. The oy $f interest | found, was an heterozygous
coding sequence change in exon7: c.G1186A: p.A3BBiE. SNV was also found by our American
collaborators in a single patient out of 40. Thihgss SNV was found in 2 out of 92 DBA patients
with an allele frequency of 1,08%. This SNV hasrbesported in the 1000genomes project and in
the ESP database with an allele frequency of 0.00&%ough this variant is uncommon, the
prediction algorithms are not univocal in theirergretation (SIFT: tolerated, Polyphen: possibly
damaging, Mutation Assessor: function impact meditvatation Tasting: disease causing). The
wild type sequence is not conserved through theispeMissense variants may modify splicing.
Human Splicing Finder showed that this SNV disrugntsExonic Splicing Regulatory Sequences
(Goren et al.) that is not a classical splicingutatpry element. In conclusion, this SNV can be
considered as a Variant of Unknown Significance $yU

Analysis of WBSCR22 showed a SNV in the third intm256-11A>G. Analysis of this variant by
Human Splicing Finder did not show any splicingeedtion. Other patients with accumulation of
pre-rRNA 18SE will be studied for this gene.
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Figure 2. EV distribution in a dot plot graph comparing CD71 and CD34 markers of the events
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TABLES

AGE

DBA RBC Reticulocytes | €ADA BM BFU-E | BMBFU-E | PBBFU-E | PBBFU-E
pATIENTS | SEX | AGE ONA;ET TREATMENT | Hb (gfdL) | MCVIL) | (1ongrur) | @orar) | (urg Hb) BM BASAL | WITHSCF | BASAL | WITHSCF
2 ERYTHROID
1 M 24 | months| TRANSFUSION 8.0 88.8 3.04 135 3.2 APLASIA 0 46 0 1
At birth ERYTHROID
2 F 43 STEROIDS 10.7 89.8 3.54 N/D 39 | HYPOPLASIA N/D N/D 1 7
T month ERYTHROID
3 M 7 TRANSFUSION | 6.8; 6.8 | 80.9;70.8% 234:239% @51+ N/D | HYPOPLASIA 23 26 1 8
Tyear ERYTHROID
4 M 5 TRANSFUSION 95 79.8 3.20 10.7 N/D APLASIA 0 0 N/D N/D
2 ERYTHROID
5 F 27 | months NONE* 10.9 83.8 3.78 45.8 5.3 APLASIA 0 7 N/D N/D
At birth ERYTHROID
6 F 4 TRANSFUSION 9.6 82.1 3.36 6 N/D APLASIA 0:5.200 | 2,74; 46 0: 0t 0; 24
1 year ERYTHROID
7 M 37 NONE* 117 106.8 3.27 35.7 41 | HYPOPLASIA 7 41 N/D N/D
6
8 F 5 | months| TRANSFUSION 6.2 81.8 212 116 2 N/D N/D N/D N/D N/D
3 ERYTHROID
9 F 17 | months|  STEROIDS 115 99.6 3.30 42.8 2.6 APLASIA 0; 54 62; 54 N/D N/D
2 ERYTHROID
10 M 13 | months|  STEROIDS 12.6 91.4 4.06 1050 | 3.4 APLASIA 12 89 N/D N/D
2
11 M 12 | months| TRANSFUSION 9.0 81.9 3.20 17.7 N/D NORMAL N/D N/D N/D N/D
1year ERYTHROID
12 M 20 NONE 15.2 89.7 48 62.3 5 HYPOPLASIA 0; ¢t 2: 5 N/D N/D
4 ERYTHROID
13 M 25 | months| TRANSFUSION 10.1 85.6 3.4 45 N/D APLASIA N/D N/D N/D N/D

Table 1 Clinical characteristics of DBA patients (*patien clinical remission; **two analysis performea two independent sampléﬁhree different
analysis a few years apaftiwo different analysis a few years apart). The esnof PB BFU-E BASAL and BM BFU-E BASAL of healtirydividuals
are 16.0+/-8.0 and 57.0+/-28, respectively.
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NON-DBA PATIENTS SXE AGE TREATMENT Hb (g/dL) MCV (fL)  |RBC (1076/uL) Re ticulocytes (10"9/L) DISEASE
23 F 7 NONE 13.3 67.6 5.74 44.8 Heterozygous for B&ialassemia
24 M 4 IRON 12.0 80.5 4.16 69.9 Iron deficiency anaemi
25 M 1 NONE 12.2 70.6 4.96 55.7 Heterozygosis for Hb S
26 M 5 NONE 9.0 62.3 4.45 47 Iron refractory anaemia
27 M 9 TRANSFUSION 9.9 88.0 2.98 33.5 Congenital dy#eopoietic anemia type Il (CDA II)
28 M 12 NONE 14.4 85.6 4.69 110.5 Spherocytosis (Syptmized)
29 M 20 NONE 175 88.9 5.26 80.4 Acquired erytrocygosi
30 M 4 NONE 10.8 67.8 4.85 118.1 Iron deficiency an@em
31 F | 7 months NONE 8.2 76.3 3.19 64.9 Homozygous for Beta thaiass
32 M 15 CYCLOSPORIN, STEROIDS 6.7 92.0 2.09 28.9 apic anaemia
33 F 8 STEROIDS 9.9 85.4 34 44.7 Aplastic anaemia
34 F 14 NONE 9.1 85.0 3.19 56.4 Congenital dyserytbietic anemia type Il (CDA I
35 M 10 NONE 13.0 95.3 3.86 82.1 Fanconi Anaemia
36 M 10 NONE 13.0 77.1 4.97 77.3 Lymphadenitis
37 M 12 NONE 13.4 75.4 4.88 N.D Thrombocytopenia
38 M 13 MYCOPHENOLATE 14.7 77.0 5.50 64.6 Autoimmugephoproliferative syndrome (ALPS)

Table 2 Clinical characteristics of Non-DBA Patients (ATG  Anti Thymocyte Globulin Treatment).
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CD34+/CD71low CD34+/CD71low
HEALTHY CONTROLS (without CD235a staining) (with CD235a staining)
1 0,8 1,0
2 2,6 3,0
3 17,8 14,4
4 5,9 3,2
5 1,6 2,8
6 2,2 2,8
7 4,9 34
8 1,7 24
9 5,2 31
10 2,2 2,0
11 3,8 54
12 13 1,0
13A 6,2 5,3
13B 1,4 1,7
14 4,2 2,8
15A 15,9 13,2
15B 2,9 2,5
16 4,5 3,1
17 6,4 35
18 2,4 2,6
19 5,3 2,5
20 1,7 2,1
21 17,1 10,4
22 4,5 3,6
CD34+/CD71low CD34+/CD71low
NON-DBA PATIENTS (without CD235a staining) (with CD235a staining)
23 6,5 4,3
24 4,8 34
25 1,2 24
26 0,6 1,3
27 3,6 4,3
28 14 1,5
29 2,1 31
30 15 2,1
31 2,4 3,6
32 4,8 4,4
33 0,8 13
34 1,1 0,7
35 4,0 4,9
36 14 1,9
37 4,1 3,2
38 4,5 4,9
CD34+/CD71low CD34+/CD71low
DBA PATIENTS (without CD235a staining) (with CD235a staining)
1A 0,7 0,6
1B 0,4 0,8
2 0,7 0,8




3 0,8 1,2
4 0,8 0,8
5 0,4 0,6
6 0,4 0,9
7
8
9

1,6 1,2
0,8 0,7
0,6 0,6
10 4,3 2,6
11 12 14
12 6,4 4,3
13 2,7 3,6

Table 3. Absolute number of CD34+/CDj} population obtained from the three groups analyzitdout

or with CD235a staining, respectively. (*A, B indte the analysis performed on the same controhtent
in two independent samples).

A

EXON1 F.CTCCGTGTCCCTTCTGGTCR:CCAGGTCAGTGGTAGGTAGGC
EXON2 F:AGAGAAAGAAGGGAAGGCCC; R:AATGCCATCGATTCATCTGC
EXON3 F:GAACCTTAGGGAACAGGCCCR:AAGAGACACCTGCTACTGCGG
EXON 4 F.:GAAGCTGGGAAGGAGTCTGGR:TCACGTGTTCACTCGGCTC
EXONS5 F:GGTAGGCCTTGCTTCTCACACR:AATCGCTCTTCAGGAATCACG
EXON6 F.GTGTGTTGGGACACTCTCGTCR:CACACTGGTCTTCCACAGCC
EXON7 FATTCCTTGCTGTCTTTGGCTCR:AAACAGATCCTAGCCCGAGTG
EXON8 F:GTGTGGAGCACTTGCAATAGG;R:TAAGGCAAGGTTTGAGCAGTG
EXON9 F.CTGTGGAAGTGGGTGTCTTTGR:CCTTGAAGAATGAGTCACGCC
EXON 10 F:AGGGACTGTGCCTTACCATTCR:CATTAACACCATTCCCGTCG
EXON 11 F:CGACGGGAATGGTGTTAATG;R:CTGCTGCACAATGACTTCCTC
EXON 12 F:ATGTCTTCCTCTTCCACTGCCR:GGACATGAGAAGAGACCGAGG
EXON 13 F:.CTTCTCCAGCCACTGACCTCR:TTTAATGCCTCCCTGCTCTG
EXON 14 F:AGATGGGTCTTCTTGGCTCTGR:CCACACTCCCTTTACCCTACG
EXON 15 F:GTGCTGGCACGTAGGGTAAAGR:TAAATGGCTGTCAACCAAGGC
EXON 16 F:GGTGATGGTGTCTGAAAGTGCR:AGCGGAAGTCCAGGTTACTTAC




B

EXON 1-2 F: ATGAGAGGAGTCGGTTGGTCR: GAGACAGAAATCGGCACC
EXON 3-4 F: TAGAGCAGCCCAGCCTAAT;R:GGTGCCAGACAGGACATA

EXON 5 F:AACTGACCCTGAGTGTCTGGTR: CCTGGTGACAGAGCAAGACTCC
EXON 6 F: GGACGGATGATGTCAAGAGGC;R: CAGTGCTAGGGAGGGACAG
EXON 7 F: CAGCCCTAACAATGCCTCAC;R: CTCCTTTTCCCGCCAATCTG

EXON 8-9 F:CCGCTGCCTTTCTTTCCTCAGR:CAGTGTTCTCCCAGCAGGCTCTG
EXON 10 F:GTGGGGCAGATGGTTTGAGAACR: GGTGAGGGCAGAGAGAAAGT
EXON 11-12 F: TGCCCACCCAACAACCTCTGTR: TCAAAGCAGCCCTGGACCCTTC
EXON 13 F:CTGTGGAAGTGGGTGTCTTTGR:CAGCCCAAGACATCCAAGCACTGG

Table 4 A) MCM2 primers sequences used for PCR amplificaaod Sanger sequencinB)
WBSCR22 primers sequences used for PCR amplificatiod Sanger sequencing: (Forward
primer;R: Reverse primer).
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