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SCIENTIFIC BACKGROUND

Diamond-Blackfan Anaemia: Clinical Features

Diamond Blackfan Anaemia (DBA, OMIM 105650) is aegdnherited pure red cell aplasia that
typically presents in the first year of lifik.shows autosomal dominant transmission. Penegranc
incomplete and expressivity widely variable evermpatients from the same famiRatients with
DBA exhibit a macrocytic normochromic anaemia aradiculocytopenia [1]. Elevated fetal
haemoglobin levels (HbF) and elevated erythrocydenasine deaminase (eADA) activity are
important supporting features associated with DBWreover, erythroid progenitors (BFU-E and
CFU-E) in the patients’ bone marrow (BM) show a-ppmptotic phenotype and their number is
reduced [2].

Like other inherited bone marrow failure syndromdé3BA 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 d7%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, 8pd&omal gene mutations may be inherited with an
autosomal dominant pattern or may arised de nowveceRly, mutations in the X-linked
transcription factor GATAL, which is essential faythropoiesis, have also been found in patients
with DBA [9, 10].

Haploinsufficiency or reduced expression of a rdyal 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]. However, other mechanisms, such as defettareslation of specific transcripts, and splicing
defects that affect erythroid specific genes wdse aeported [12]. The reduced expression of
GATA1 by DBA cell models provides a possible lingtlween 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), Shwachnmamdhd syndrome (SDS) and
Dyskeratosis Congenita (DC) [14]. FA is excludednir diagnosis by negative results in a
chromosome breakage assay while the absence afdmdoshortening rules out DThe reduced
number of BFU-E and CFU-E after 15 days of BM cellfture 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 imsed 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 proposed a rapid and convenient assay
readily available in diagnostic laboratories whienectional defects in ribosome synthesis linked to
haploinsufficiency for large subunit ribosomal @ios could be used as a criterion for making a
DBA diagnosis [6]. This approach is currently liedtto large subunit ribosomal proteins and would
only be supportive by exclusion for DBA caused lgfedts in non-ribosomal protein genes. As a

conseqguence, a new strategy needs to be develgegport 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.oliter layer of MV membrane
has been often shown to display phosphatidyls€Ri&9, 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 gohgr 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 naghlf cells [19]. With regard to the erythroid
compartment, it is well known that mature red blagdls 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. Interestengly, ithie of EVs derived from plasma has been

developed as biomarkers for diagnostic or progoa@giplications.

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].
Recently, Dr. Farrar's group (University of Arkamsr Medical Sciences, Little Rock, AR)
analysed three DBA American families by whole exarguencing and identified three candidate
DBA genes:MCM2, FLNB, and SEMA7A. Homozygousor compound heterozygous mutations in
one of these three genes were found in each fapndpand.These three families showed an
autosomal recessive inheritance. Our collaboraderaonstrated a novel role in erythropoiesis of



these genes. In particular the knockdownMEM?2 in CD34+ cells inhibits erythroid colony
formation [21].

Subsequently, heterozygous very rare single nudeeotariations (SNVs) (allele frequencies of
~2/1000)in MCM2 were found in 2 out of 40 sporadic patients. Thesents were predicted to be
deleterious suggesting the roleMCM2 in DBA. Interestingly, we demonstrated a protefotgin
interaction between MCM2 and RPS19 linking MCM2edity to the ribosome [22]. We also
reported that the RPS19 mutant reduced its interagtith MCM2 [23].

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 basetieostudy 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 mousive 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 immunophenotypic characterisation of erythiVs from plasma of three different groups
of individuals: DBA patients, patients with othezdr blood cell (RBC) diseases, and healthy
controls. We reasoned that erythroid EVs may varthe peripheral blood of DBA patients as a
consequence of the loss of erythroid progenitds ¢elthe bone marrow of these patients.

We chose three markers to characterise EVs defiragd 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.eFG-E and early precursors, i.e proerythroblast,
basophilic erythroblast, polychromatophilic erytblast and orthochromatic erythroblast). Finally,
CD235a, i.e. glycophorin A, is the erythroid spiecimarker and it is expressed by erythroid
precursors, i.e proerythroblast, basophilic enythast, polychromatophilic erythroblast,
orthochromatic erythroblast, reticulocytes and lmgtytes (Figure 1) [24].

AIM 2: Mutation detection in new candidate DBA gens
The only way to confirm a clinical diagnosis of DB&\mutation detection. The main purpose of

this part of my PhD project was to reduce the peege of patients who remain as yet genetically



undefined. Consequently, in collaboration with Baurar's group we decided to sequeliceM2 in

the subset of Italian DBA patients who have alrebdgn screened for 6 RP genes @&TA1,
without the detection of mutations or single comfetions.MCM2 (3921 consists of 16 exons
coding for a protein involved in the pre-replicaticomplex. We selected a cohort of about 50
patients from the Italian DBA registry with the aitm amplify the power of detecting addional
casesMCM2 was screened by Sanger sequencing.

Subsequently we plan to sequeSEMATA in order toconfirm or not its role with DBA

METHODS

METHODS AIM 1

Patients and controls

Peripheral blood samples were collected from DB#fiepés =8) (Table 1), patients with other
RBC diseases (hereafter named non-DBA patients)() (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 t@trbes. 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 subjeatedittacentrifugation at
100,00@ for 60 minutes at 4°C (Optinf4 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 progenitrsmature erythrocytes). After a washing step
with filtered PBS, EVs were resuspended in 400 ftArmexin-V buffer and 2.5 puL of Annexin-V
were added to the mixes 2 and 3. All reagentsHeritnmunophenotypic analysis were purchased
from BD. A FACSCanto Il flow cytometer (BD) with EsDiva software (BD) was used for data
acquisition. Standard size micro beads of 1 andn® (flow Cytometry Size Calibration Kit



Invitrogen) were used to calibrate the instrumdite EV dimensional gate was set to analyze
events between 500 nm and 1000 nm (Figure 3, upfigranel).

The relative amount of EVs per samples was deteuhinsing 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 clasafyithe 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 [25].

METHODS AIM 2

Genomic DNA was isolated from peripheral blood wdtandard procedure and analysed for
MCM2. All the 16 MCM2 exons were screened for mutations in our cohorpaifents using
standard PCR-based Sanger sequencing. Coding seguand exon-intron boundaries were PCR
amplified using Go Tag® Flexi DNA Polymerase (Prgage The same set of primers was used for
both PCR amplification from genomic DNAs and forn§ear sequencing (IGA Technology

Services). Primer sequences are shown in Table 4.

RESULTS

RESULTS AIM 1

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 relativetypall apoptotic bodies.

The markers we used were chosen to identify EVivelgifrom early progenitors including BFU-E
(CD34), CFU-E (CD34, CD71), erythroid precursor®{@, 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 positive and negative discrimindimits of fluorescence (data not shown).

Figure 2 shows EVs from healthy controls grouped the following categories: EVs shed from



late erythroid progenitors (CD34+/CD&ICD235a+/PS+), erythroid precursors (CD71+/CD34-
/CD235aw/PS-), and cells of late erythroid stages, e.gcuktcytes and erythrocytes (CD71-
/CD235a+/CD34-. About 60% of this population wastP Since the anti-CD235a-PE was prone to
aggregation we evaluated whether the same EV piugacould be defined without using this
antibody. Comparison of experiments with and with@unti-CD235a antibody showed that
CD71+/CD34-/PS- and CD34+/CDdd/[PS+ populations corresponded to the CD71+/CD34-
/CD235&w/PS- and CD34+/CD7/CD235a+/PS+ populations, respectively (vesicletaiabd
using or not the antibody against CD235, were catiiaind their numbers corresponded) (Figure 3,
Table 3).

When we tested DBA patients, only the CD34+/CRWBS+ population (hereafter named
CD34+/CD7%w) was significantly different when compared to eotlyggoups. This population,
representing late erythroid progenitors was sulisidnreduced in 7/8 DBA patients relative to
healthy controls. Among patients with other redoblocell disorders, 9/10 patients showed a
proportion of EVs derived from late erythroid pragers similar to controls (Figure 3). As shown
in Figure 4A, the median difference between DBAgyas and all the other individuals (non-DBA
patients +healthy controls) was statistically significant (85, Mann-Whitney Test) as was the
difference between DBA patients and each of theroginoups when compared separately (p<0.05,
Kruskal-Wallis Test; Figure 3B). As expected, thedence of medians comparing non-DBA
patientsvs healthy controls was not statistically signific@iatgure 4B).

The potential diagnostic value of the analysis Bi3&+/CD71w EVSs was assessed using the ROC
curve test. The area under the ROC curve (AUC) ¢baipares DBA patientgs healthy controls
was 0.97 (= excellent) while the AUC of DBA patient all the other individuals was 0.95 (=
excellent). Moreover, comparison between DBA pasieend non-DBA patients produced an AUC
of 0.90 (= excellent). In all comparisons the ausivas able to distinguish the groups under study
with a p-value< 0.01. As expected the AUC thattelbinon-DBA patients and healthy controls was
0.64 (= fair), consequently this assay cannot trsoate between these groups (Figure 5).

AUC values suggest that this test has an excedleatiracy to discriminate DBA patients from
healthy controls, and/or non-DBA patients.

The CD34+/CD7&w EV population is shed from the CFU-E progenitonsl @ur results are in
agreement with the low levels of CFU-E found in DB#tients (Figure 1, Table 1).

Actually, this population seems to reflect more blome marrow CFU-E numbers than the level of
anaemia or the disease type. According to this thgsis, the only DBA patient (#7), who did not
show this population, had normal erythropoiesithattime of this analysis. This patient presented
with classical DBA in childhood and is now in com@d haematological remission (Hb, 11.7 g/dL).
On the other hand, 9 out of 10 patients with otRBC diseases were characterised by a



hypercellular bone-marrow at the time of the analgsd clustered in the healthy control range.
Among them five patients had congenital anaemiasacterised by erythroid cell loss at a stage
later that CFU-E (i.e. HbS, spherocytosis, CDA ndaBeta thalassemia), and four patients had
acquired conditions (i.e. iron deficiency anaenaeguired erythrocytosis and aplastic anaemia).
Patient 26, who did not show the CD34+/Claw Jpopulation, is affected by an iron refractory

anaemia with severe microcytosis. We expect thsd #his patient has a defect of erythroid

progenitors, but a BM evaluation has not been peréd so far.

These data overall suggest that the EV assay wieatkmay be useful to improve DBA diagnosis

as a quicker and less invasive alternative to CFtitures. It should be noted that this assay is
performed from peripheral blood, is amenable todfased patients and requires two working days,
whereas CFU-E cultures require 15 working days rseetl to be performed using a bone marrow
sample collected usually from very young patients.

This work has been recently submitted to PLOS OdEnal.

RESULTS AIM 2

Until now, | sequenced thdCM2 gene in 17 DBA patients among the 50 presentlyi@vi@. None
of them showed mutations in any of the 16 exon8IGM2. Taking into account that the expected
SNV frequence in the American cohort is very lostresult was not surprising. Currently, | am

sequencing the others DBA patients included insalgcted cohort.
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Figure 1. Simplified scheme of erythropoiesis. The mostrespntative markers expressed during
erythroid maturation steps are indicated. The sitgrcolour variation corresponds to expression
levels.
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Figure 3. EV distribution in a dot plot graph comparing CD@nd CD34 markers of the events
occuring in the EV dimensional gate. The dot plere obtained from the acquisition of the
samples not incubated with the anti-CD235a-PE. GIIZD34- (corresponding to CD71+/CD34-
/ICD235&w/PS-) and CD34+/CD7v (corresponding to CD34+/CDi¢d/CD235a+/PS+)
populations are shown in representative individidedsn the groups of healthy controls, DBA
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Mann-Whitney test).(B) Comparison between DBA patients, non-DBA patieatal healthy
controls. **The difference of medians is statislligaignificant (p<0.05, Kruskall-Wallis te



ROC CURVE ROC CURVE

A DBA PATIENTS vs HEALTHY CONTROLS B DEA PATIENTS vs MON-DBEA + HEALTHY CTRL
400 Bl &
80
sl
3 -
£ S B0
E 3
[ [
£ Qu..
& &
20+ "
ALUC=0.95
0 T T ]
9 P L & & >
100% - Specificity® 100% - Specificity
ROC CURVE ROC CURVE
C DEA PATIENTS ve NON-DBAPATIENTS D MOM-DBA PATIENTS vs HEALTHY CONTROLS
100+ 100+ I-
204 80
= = :
T 504 Z 604
= =
£ 4 § a0
& @
204 = 20 =
AUC=0.90 AUC=0.64
c T T T T 1 s T T T T 1
@ L * & & K. @ P ® & e &
100% - Specificityh 100% - Specificity
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TABLES

Reticulocytes BM BFU-E | BM BFU-E PB BFU-E PB BFU-E
DBA PATIENTS SEX AGE | TREATMENT |[Hb (g/dL) |MCV (fL) |R BC (1076/uL) (10M9/L) BM BASAL WITH SCF BASAL WITH SCF
ERYTHROID
1 M 24 | TRANSFUSION 8.0 88.8 3.04 13.5 APLASIA 0 46 0 1
ERYTHROID
2 F 43 STEROIDS 10.7 89.8 3.54 N/D HYPOPLASIA N/D N/D 1 7
ERYTHROID
3 M 7 TRANSFUSION| 6.8; 6.8** | 80.9; 70.8** 2.34,; 2.39** 2.8; 5.1* HYPOPLASIA 23 26 1 8
ERYTHROID
4 M 5 TRANSFUSION 9.5 79.8 3.20 10.7 APLASIA 0 0 N/D N/D
ERYTHROID
5 F 27 NONE* 10.9 83.8 3.78 45.8 APLASIA 0 7 N/D N/D
ERYTHROID
6 F 4 TRANSFUSION 9.6 82.1 3.36 6 APLASIA 0; 5; 208 2; 74; 46 0; 0 0; 24
ERYTHROID
7 M 37 NONE* 11.7 106.8 3.27 35.7 HYPOPLASIA 7 41 N/D N/D
8 F 5 TRANSFUSION 6.2 81.8 2.12 11.6 N/D N/D N/D N/D N/D

Table 1 Clinical characteristics of DBA patients (*patien clinical remission; **two analysis performeal two independent sampIeL$hree different
analysis a few years apafttwo different analysis a few years apart). The emngf PB BFU-E BASAL and BM BFU-E BASAL of healtindividuals
are 16.0+/-8.0 and 57.0+/-28, respectively.

NON-DBA PATIENTS |SEX | AGE TREATMENT Hb (g/dL) MCV (fL)  |RBC (1076/uL) |Reti culocytes (1079/L) DISEASE
23 F 7 NONE 13.3 67.6 5.74 44.8 Heterozygous for Bétalassemia
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 dydeopoietic anemia type Il (CDA 1)
28 M 12 NONE 14.4 85.6 4.69 110.5 Spherocytosis (Suutymized)
29 M 20 NONE 17.5 88.9 5.26 80.4 Acquired erytrocysosi
30 M 4 NONE 10.8 67.8 4.85 118.1 Iron deficiency an@em
31 F | 7 monthg NONE 8.2 76.3 3.19 64.9 Homozygous for Beta thalass
CYCLOSPORIN, ATGT,
32 M 15 STEROIDS 6.7 92.0 2.09 28.9 Aplastic anaemia
Table 2 Clinical characteristics of Non-DBA Patients (ATG  Anti Thymocyte Globulin Treatment).
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HEALTHY CONTROLS CD34+/CD71low
1 0,8
2 2,6
3 17,8
4 59
5 1,6
6 2,2
7 4,9
8 1,7
9 5,2
10 2,2
11 3,8
12 1,3
13A 6,2
13B 14
14 4,2
15A 15,9
15B 2,9
16 4,5
17 6,4
18 2,4
19 53
20 1,7
21 4,1
22 4,5
NON-DBA PATIENTS CD34+/CD71low
23 6,5
24 4.8
25 1,2
26 0,6
27 3,6
28 1,4
29 2,1
30 15
31 2,4
32 4.8
DBA PATIENTS CD34+/CD71low

1A 0,7
1B 0,4

2 0,7

3 0,8

4 0,8

5 04

6 0,4

7 1,6

8 0,8
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Table 3 Absolute number of CD34+/CDigd population in the three groups analyzed. (*A, B
indicate the analysis performed in two independantples on the same subject).

EXON1l F.CTCCGTGTCCCTTCTGGTCR:CCAGGTCAGTGGTAGGTAGGC
EXON 2 F:AGAGAAAGAAGGGAAGGCCC; R:AATGCCATCGATTCATCTGC
EXON3 F:GAACCTTAGGGAACAGGCCCR:AAGAGACACCTGCTACTGCGG
EXON 4 F:GAAGCTGGGAAGGAGTCTGGR:TCACGTGTTCACTCGGCTC
EXON5 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

Table 4: Primer sequences used for PCR amplification ary& sequencingk{ Forward primer;
R: Reverse primer)
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