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Hemophilia  

 Hemophilia A and hemophilia B are the 

most common severe congenital bleeding disorder.  

 Hemophilia A: 1:5000 to 1:10000 male births 

 Hemophilia B : 1:25000 to 1:30,000 male births 

 Hemophilia is found in all ethnic groups 

 There is no geographic or racial predilection. 

 



 

 

 
 

. 

 

Classification of hemophilia 



Inheritance of hemophilia A 

 
 X-linked recessive disorders primarily 

affecting males. 

 Females: in most cases are carriers. 

 Hemophilia A can affect females : 

 imbalanced lyonization  

 Turner’s syndrome (XO) 

 Daughters of an affected male and a carrier 

female. 



 About one third of hemophilia A cases 

arise from spontaneous mutations. 

 

Inheritance of hemophilia A 

 



 The factor VIII gene is located toward the end of the long 

arm of the X-chromosome (Xq28) and, at 180 kb and 

containing 26 exons, is an extremely large 

 gene (Gitschier et al., 1984).  

 

 More than 900 different kinds of mutations are known to 

cause hemophilia A  

 

 The inversion involves intron 22 of the factor VIII gene 

 and is found in 40-50% of patients with severe hemophilia A 

Inheritance of hemophilia A 

 



 About one third of hemophilia A cases 

arise from spontaneous mutations. 

Inheritance of hemophilia A 

 



Carrier detection and prenatal diagnosis  

 Direct genetic analysis of the F8 gene 

 Indirect genetic analysis of the F8 gene 

 

 Developed countries:  the most appropriate 

choice in general is a direct strategy for 

mutation detection  

 Under developed countries: carrier detection 

and prenatal diagnosis are usually performed 

by linkage analysis with genetic markers.  



Linkage studies 
 Linkage studies are being superseded by direct mutation analysis 

protocols. 

 However, intragenic linked markers are still useful and may be of 

particular value under certain circumstances, such as: 

 

 1. Where a family has previously been investigated by linked  

markers and the mutation has not been identified. 

 2. Where a mutation has not been verified. 

 3. Where a mutation has not been found. 

 4. In families with a large deletion, where a mutation- specific 

PCR product cannot readily be amplified. 



Linkage analysis problems 

 
 Lack of prior family history. 

 Key pedigree members not available. 

 Polymorphisms uninformative in key female(s). 



Polymorphic and Dimorphic markers for 

standard PCR analysis 

 
 dimorphisms in the FVIII gene which can 

be analyzed by PCR include those 

detected by digestion with: 

  

 BclI in intron 18 (rs 4898352) 

 HindIII in intron 19 (rs 4074307) 

 AlwNI (G/A) in intron 7 (rs 7058826) 

 





The aim of present study  

 was to identify the probable carriers of 

Hemophilia A in close female relatives of 

patients with hemophilia A with HindIII 

and BclI polymorphic markers in Zanjan 

province, Iran.  

   

 



 Materials and methods 



 Study population 

 40 hemophilic patients (HA) 

 40 mothers of hemophilic patients 

 100 female relatives of hemophilic patients 



PCR amplification of selected 

polymorphims 

 DNA EXTRACTION: COMMERCIAL KIT 

(YTA) 

 

 Purity and concentration of DNA:  nanodrop 

 

 Primer was selected from previously 

published studies and were blasted for 

accuracy by online software: 

https://www.ncbi.nlm.nih.gov/tools/primer-

blast.  



 Primers 

Product Length 

 

Optimized 

Tm 
Primer sequence (5’→3’) marker 

 

142 bp 
 

55ºC 

F:TAAAAGCTTTAAATGGTCTAGGC  

BclI R:TTCGAATTCTGAAATTATCTTGTTC 

 

693 bp 
  

63ºC 

 

F: GAGCATCTACATGCTGGGATG  

HindIII R: GTCCAGAAGCCATTCCCAG  



PCR protocol 

Final 

concentration  
Volume at 20 

µL 
Stock 

concentration 
Ingredients  

1X 10µL 

 

2X Master Mix 

0.5µM 

 

1µL 

 

10 µM Forward  primer 

0.5µM 1µL 

 

10 µM Reverse primer 

- 1-2µL (100-

200ng)  
- DNA 

- 5-7 µL - DDW 



PCR  thermal cycling program  

Time (Sec) Cycle  Temperature (ºC) Stage 

300 1  95 Initial denaturation  

30  

40 

95 Denaturation  

30 ** Annealing  

30 72 Extension  

420 1 72 Final extension  

** 55 ºC for BclI; 63ºC for HindIII 



RFLP Analysis  

 The amplified PCR products containing  

 rs 4898352 (BclI) polymorphic site  in intron 18 

 rs 4074307 (HindIII) polymorphic site in intron 19 

 Were digested using appropiate restriction 

enzymes. 

 Electrophoresis on 3% agaros gel.  

 



Table 1: PCR products and enzyme digested fragments  

RE MU allele (bp) WT allele (bp) PS Polymorphism 

Bcl1 99 bp, 43 bp  142 bp 142 bp rs 4898352 

HindIII 461 bp, 232 bp 461 bp, 152 bp, 

80 bp 
693 bp  rs 4074307  

PS: product size; WT: wild type; MU: mutant; RE: restriction enzyme 



 Results  



RFLP analysis of BclI polymorphism 

1: 50bp size marker 

 

2 , 3: heterozygote mother 

         (142, 99, 43 bp) 

 

4: Homozygote patient        

    (Son)  (99, 43 bp) 

  

5, 6, 7: heterozygote carrier 

           (142, 99, 43 bp) 

  

8 ,9: Homozygote non-

carrier (undigested)(142bp) 

  



RFLP analysis of HindIII polymorphism 

1. 100bp size marker 

 

2. Homozygote patient (Son) 

     (461, 232 bp) 

 

3. Heterozygote mother 

    (461, 232, 152, 80 bp) 

 

4, 5, 7: Homozygote                 

  (non-carrier) (461,152, 80 bp) 

 

6, 8: Heterozygote carrier  

    (461, 232, 152, 80 bp) 

 

  

 

 

 

 

 

پلي مورفيسم   RFLPبررسي . 3-4شكل

HindIII  3روی ژل آگارز :% 

 bp 100سايز ماركر استاندارد 

 )232و  461(پسر هموفيل 

و  182، 232، 461(مادر هتروزيگوت 

80( 

و  182، 461) (سالم(مونث هموزيگوت 

80( 

و  182، 461) (سالم(مونث هموزيگوت 

80( 

، 232، 461(مونث هتروزيگوت ناقل 

 )80و  182

و  182، 461) (سالم(مونث هموزيگوت 

80( 

، 232، 461(مونث هتروزيگوت ناقل 

 )80و  182



heterozy

gosity 
Heterozygot

e mothers 
Evaluated 

mothers 
Restriction 

enzyme  
Genomic 

location 
Polymorphic 

marker 

30% 12 40 BclI Intron 18 rs 4898352 

BclI 

37.5% 15 40 HindIII Intron 19 rs 4074307 



PIC Heterozy

gote 

female 

Evaluated 

female 

relatives 

heterozygo

sity 
Heterozygot

e mothers 
Polymorphic 

marker 

35% 10 28 30% 12 rs 4898352 

BclI 

40% 20 50 37.5% 15 rs 4074307 

HindIII 

PIC: Polymorphism informative content 



Discussion 
 

 The utility and usefulness of indirect genetic 

mutation assessment by linkage analysis 

studies have been studied with variable 

results. 

 The present study investigated the usefulness   

of two common polymorphic markers, namely 

BclI and HindIII, in Iranian patients with 

hemophilia A.  



 

 Sun et al at china  in 2015 

 18 hemophilic family 

 37 female relative  

 Intron 18/ BclI: 26.3% 

 Intron 19/HindIII: 15.8% 

 Were informative. 

 

Discussion 



 Tasleem Raza  

 In India at 2009 

 100 hemophilic patients and their 

relative 

 Intron 18/ BclI: 53% 

 Intron 19/HindIII: 44% 

 Were informative 

 

Discussion 



 Moharrami et al  

 2015 north west of  Iran 

 Investigated 173 patients from 30 unrelated 

families with HA 

 

 47% and 35% were found to be heterozygous 

for BclI and HindIII polymorphic markers 

 

 BclI and HindIII markers were informative for 

the detection of 63% and 17% potential 

 

Discussion 



Discussion 



 The heterozygosity rate of the HindIII 

polymorphic restriction site in our study 

was 0.375 

 Japanese population 0.30, 

 Caucasian, 0.38 

 Indian, 0.49 

 Brazilian populations 0.49  

 

Discussion 



 The heterozygosity rate of the BclI 

polymorphic restriction site in our study 

was 0.30 

 Japanese population 0.28 

 Caucasian, 0.35 

 Indian, 0.54 

 Brazilian populations 0.47  

 

Discussion 



Conclusion: 
 Carrier detection plays pivotal roles in the 

prevention and the prenatal diagnosis of HA. 

   

 This study identified HindIII and BclI 

polymorphism as useful markers for carrier 

detection. 

 

 simplicity and cost effectiveness of linkage 

analysis represents a good screening method in 

developing countries. 

 



Thanks for 

 your attention 
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 Thalassemias are the most
common monogenic diseases
in man.

Inherited, autosomal recesive



 Beta Thalassemia major:
○ Primary abnormality is the absence  or severely

reduced rate of Beta globin chain synthesis.

○ Defined by imbalance αβ ratio.

○ Associated with severe microcytic
hypochromic anemia.

○ Need lifelong transfusion therapy.

○ Definitive treatment : BMT

 .



Epidemiology of thalassemia in Iran
 a -thalassemia is rare in Iran.

 ß-thalassemia is fairly common.

 The gene frequency of ß-thalassemia is about or more than
10% around the Caspian sea, and Persian Gulf.

 In Isfahan, the frequency rises again to about 8%.

 In the Fars Province, in southern Iran, the gene frequency is
also high and reaches 8-10%.



 It was found that the b-thalassemia
frequency is 1.2-2% for Zanjan
region.

 The prevalence of ß-thalassemia in
other areas is between 4% to 10%.

Epidemiology of thalassemia in Iran



 More than two million carriers of ß-thalassemia
live in Iran.

 20,000 patients affected with ß-thalassemia are
living in Iran.

Epidemiology of thalassemia in Iran



Supportive therapy for beta
thalassemia patients

Regular Red Blood cell

Transfusion is the most

common Supportive

therapy for Beta

thalassemia patients



Blood transfusion complications





Blood transfusion overwhelms the
iron balance
 Normal daily iron

flux:

1-2 mg

 Each unit of PRBC:

200-250 mg



Iron overload complication

Hepatic fibrosis  Cirrhosis

Arrhythmia

Hypogonadism

Diabetes

Hypothyroidism

Hypoparathyroidism

Cardiomyopathy
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 The Iron overload complication is more severe and

more common  in some patients than others.

 Organ specific hemosiderosis is more common in

some patients than others.

 In spite of regular and intense iron chelation

therapy, some patients develop Iron overloading

while others do not.

Study Design:
Heterogeity in Iron overload complication



Causes of iron overload in BTM
patients

●Transfusional iron overload

●Genetic iron overload



Hepcidin

ClipHFE

Transferrin Receptor 2

TfR2

Ferroportin

Acerulo-
plasminaemia

Hemojuvelin
juvenile

C282Y

juvenile

Genetic iron overload disorders



IRON

Spleen

Digestive
tract

HEPCIDIN

Blood

iron overload

HFE or non HFE mutation





 The C282Y mutation:
preventing the HFE molecule from
interacting with b2-microglobulin

 HFE H63D mutation:
Reduces the HFE- transferrin
receptor affinity



The study objectives:
 Prevalence of HFE mutations in BTM

patients and control subjects.

 Association between HFE H63D mutation
with biochemical iron markers and ferritin.

 Correlation between HFE H63D mutation
with cardiac and hepatic hemosiderosis.

 Correlation between plasma ferritin levels
with cardiac and hepatic hemosiderosis.



How do we know if there’s
too much iron?
 Serum ferritin concentration
 Used in clinical practice globally

 Liver biopsy
 Reference methodology (‘gold standard’)

 Magnetic resonance imaging (MRI)
 Investigational, potential for broad access



Materials and Methods:

Study population: consisted of 65 BTM
patients including 31 women and 34 men
(mean age 17.73 ± 9.26) and 200 healthy
subjects as controls.

All patients were on regular Red blood cell
transfusion at 2-4 weak intervals to maintain
Hemoglobin levels between 7-9 g/dl.



 Iron markers: Routine colorimetric assays

 Ferritin levels: Enzyme immunoassays or
Chemiluminescence.

 HFE H63D, HFE C282Y mutations: PCR-RFLP

Table 1: PCR products and enzyme digesting fragments

Mutation P.S Wt allele (bp) Mu allele(bp) R.E

C282Y 390bp 250,140 250,111,29 RsaI

H63D 207bp 138,69 207 BclI

P.S: product size, Mu: mutant, Wt: wild type, R.E: Restriction

enzyme

Materials and Methods:



Materials and Methods:
Table 1 Guideline used for assessment of cardiac and
hepatic iron overloading in thalassemia patients

Group Cardiac
T2*MRI (ms)

Hepatic T2*MRI
(ms)

LIC

1, Normal >20 >6.3 <2

2, Mild 14-20 2.8-6.3 2-5

3, Moderate 10-14 1.4-2.7 5-10

4, Severe <10 <1.4 >10

LIC: Liver iron concentration



Results:



Mutation analysis of HFE H63D: The PCR products
were digested  by restriction enzyme BclI I: 1 (100 bp
ladder); Lanes 3-10,13 wild type genotype (138bp,
69bp); Lanes 11, 12 heterozygote genotype (207 bp
,138 bp,69 bp); Lane 2 homozygote genotype
(207bp).



Mutation analysis of HFE C282Y:
The PCR products were digested by restriction
enzyme RsaI I: 1 (100 bp ladder); Lane 2: Undigested
product (390bp); Lanes 2-12 wild type genotype (250
bp ,140 bp).



Table 2: Genotype frequency of HFE H63D and C282Y gene

mutations among thalassemia major patients and controls
Gene mutation Patients (n=65) Controls (n=200) P value OR (95%CI)

HFE  H63D

Wild 52 (80.00%) 158 (79.00%) 1 Reff

Hetero 10 (15 .38%) 37 (18.50%) 0.614 0.82 (0.38-1.77)

Homo 03 (04.62%) 05 (2.50%) 0.421 1.82(0.42-7.89)

HFE C282Y

Wild 65 (100%) 197 (98.5%) 1 Reff

Hetero 0 (0.0%) 03 (1.50%) 0.857* undefined

Homo 0 (0.0%) 0 (0.00%) undefined undefined



Table 3: Analysis of  HFE H63D gene mutation among thalassemia major patients

and controls using dominant, recessive and allelic genetic models

Genetic

Model

Genotype/Allele Patients

(n=65)

Controls

(n=200)

P value OR (95%CI)

------------- Wild 52 (80.00%) 158 (79.0%) 1 Ref

Dominant Hetero + Homo 13 (20.0%) 42 (21.0%) 0.862 0.94 (0.46-1.88)

------------ Wild + Hetero 62 (95.38%) 195 (97.5%) 1 Ref

Recessive Homo 03 (4.62%) 5 (2.5%) 0.394 1.88 (0.44-8.12)

------------- Wild allele 114(87.69%) 353(88.25%) 1 Ref

Allelic Mutant allele 16 (12.31%) 47 (11.75%) 0.864 1.05 (0.57-1.93)



Table 4: Profile of β-thalassemia major patients with and
without HFE H63D mutation

Parameters HFE H63D
carrier
n= 13

HFE H63D non-
carrier
n=52

P value

Ferritin (μg/L) 1930 ± 912 1221 ±751 0.005

Iron (μg/dL) 213.68±48.46 165.87±57.80 0.008

TSI (%) 63.34±15.37 46.54± 14.23 0.042

MTB
(ml/kg/year)

225.82± 53.47 203.52± 63.34 0.247

Splenectomy 5/13 12/52 0.260



Table 5: Genotype frequency of HFE H63D and C282Y gene mutations

among thalassemia patients or carriers in different ethnic populations

Population

(Reference)

Number

of

studied

patients

H63D (%) C282Y (%)
Heterozygote Homozygote Heterozygote Homozygote

Brazil [9] 168 22.61 2.38 4.76 0

Turkey [10] 33 15.15 3.03 0 0

North Indian 11 308 13.96 0.97 0 0

Italy [12] 71 21 1.4 1.4 0

Tunisian [13] 50 26 04 0 0

Portugal [14] 101 30.7 0 2.97 0

Egypt [4] 75 37.3 10.7 0 0

Iran (current

study)

65 15.38 4.62 0 0



Frequency of hepatic and
cardiac hemosiderosis based

on MRI*T2 results

Cardiac hemosiderosis: 23 of the

BTM patients (38.33 %).

 Hepatic hemosiderosis: 25 of the

BTM patients (41.66%).



Table 5 Association  between hepatic and cardiac
hemosiderosis and some biochemical iron markers

in beta thalassemia major patients
Patients
parameters

Ferritin (µg/L) Iron (µg/dL) TSI

Hepatic
hemosiderosis

1633.83±414.56 219.49 ± 51.53 59.63±17.67

Non- hepatic
hemosiderosis

1162.14±723.44 158.13±56.78 45.89±12.53

P value 0.021 0.001 0.010
Cardiac
hemosiderosis

1710.72±463.28 231.67±48.59 61.18±16.58

Non-cardiac
hemosiderosis

1130±663.75 153.88±56.14 47.66± 13.14

P value 0.008 0.001 0.012
TSI: Transferrin saturation index



Comparison of plasma ferritin levels among the
four groups of patients with thalassemia regarding

T2* MRI of liver (B).



Comparison of plasma ferritin levels among the
four groups of patients with thalassemia regarding

T2* MRI of heart (B).



Table 3 Correlation of plasma ferritin level with T2* MRI of heart and liver and liver

iron concentration in patients with beta thalassemia major

Variable Value P value

T2*MRI Heart - <0.001

Correlation coefficient -0.781

%95 Confidence Intervals -0.901-0.653

T2*MRI Liver - 0.002

Correlation coefficient -0.637 -

%95 Confidence Intervals -0.850-0.553 -

Liver Iron Content - <0.001

Correlation coefficient + 0.815 -

%95 Confidence Intervals
0.627-0.845

-



Table 4 The comparison of some genetic and biochemical markers
between hepatic and cardiac hemosiderosis patients

Genetic or
biochemical
markers

Hepatic
hemosiderosis

patients  (n= 25)

Cardiac
hemosiderosis

patients   (n=23)

P value

HFE H63D
carrier

7 (28%) 6 (26.1%) 0.910

Ferritin (µg/L) 1633.83±414.56 1710.72±463.28 0.546

Iron (µg/dL) 219.49 ± 51.53 231.67±48.59 0.404

TSI (%) 59.63±17.67 61.18±16.58 0.813

TSI: Transferrin saturation index



Table 5 The association between  hepatic hemosiderosis and
HFE H63D mutation in beta thalassemia major patients

HFE H63D
mutation

Hepatic
hemosiderosis
patients  (n=

25)

Non-
hepatic

hemosidero
sis patients

(n=35)

P value OR (%95CI)

Wild 18 (72%) 30 (85.7%) - 1

Hetero +
Homo

6+1(28%) 4+1(14.3%) 0.19 2.33 (0.64-8.45)

Allele H 42 (84%) 64 (91.43%) - 1

Allele D 08 (16%) 06 (08.57%) 0.21 2.03 (0.65-6.27)



Table 6 The association between cardiac  hemosiderosis and
HFE H63D mutation in beta thalassemia major patients

HFE H63D
mutation

Cardiac
hemosiderosis

patients
(n=23)

Non-cardiac
hemosiderosis

patients
(n=37)

P
value

OR (%95CI)

Wild 17 (73.9%) 31 (83.8%) - 1

Hetero +
Homo

5+1 (26.1%) 5+1 (16.2%) 0.35 1.82 (0.50-6.52)

Allele H 39 (84.78%) 67 (90.54%) - 1

Allele D 07 (15.22%) 07 (9.46%) 0.34 1.71 (0.56-5.26)



Discussion and
conclusion



No significant differences were

observed between BTM patients

and control subjects regarding the

frequency of HFE H63D and

C282Y mutations.

The main finding of our study



The main finding of our study

Plasma ferritin levels, iron levels

and transferrin saturation index

correlated significantly with the

hepatic and cardiac hemosiderosis.



Plasma ferritin levels, iron levels and

transferrin saturation index  were similar

between patients with hepatic and cardiac

hemosiderosis indicating the ineffectiveness

of these values in discriminating of organ

specific hemosiderosis.

The main finding of our study



 Because of good correlation between

elevated plasma ferritin levels and T2* MRI

results of heart and liver,

In unequipped centers, ferritin levels can

be used as a primary criterion for iron

overload assessment.

The main finding of our study



HFE H63D mutation is not a risk factor

for organ specific hemosiderosis but is a

contributing factor for elevated plasma

ferritin levels.

The main finding of our study



Thanks for
your attention
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