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Abstract 
 
Beta-thalasseamia is one the most prevalent genetic disorder in Iran. At the present, more than 15000 affected 
individuals exist in Iran, while no permanent cure is obtainable yet. Recently, gene therapy by homologous 
recombination (HR) seems to be the only safe way to treatment the beta-thalasseamia disorder. HR replace the 
damaged gene with wild type, without causing any changes elsewhere in the genome. In the present study, in order to 
evaluation of gene targeting by HR in Beta globin locus, a specific construct was designed. This construct contained 
enhanced green fluorescent protein (EGFP) gene which was controlled by the beta-globin promoter. Hence it will just 
be expressed in erythroid cells and consequently expressed cells will emit green florescence light. In order to avoid 
non-homologous recombination cells selecting, neomycin (Neo) resistant and thymidin kinase (TK) genes were 
included as positive and negative selectable markers, respectively. To facilitate HR process the upstream (US) and 
the downstream (DS) of beta-globin gene were included within construct. The fragments were amplified using 
polymerase chain reaction (PCR) method and then cloned in the following order TK1-US-Promoter-EGFP-Neo-DS-
TK2. The final construct was confirmed by digestion analysis using certain restriction enzymes and sequencing. On 
account of the fact that the frequency of HR is low, thus Hematopoetic stem cells (HSC) should be expanded befor 
and after gene targeting by HR. In this study HSCs were also separated from cord blood and then to find out the high 
expansion level of the HSCs, different culture mediums with different growth factors were evaluated. Results 
revealed that the serum free media was the best medium for the expansion of HSCs. Finally HSCs will be transfected 
by designed construct and its expression and integration will be evaluated. 
 
 Introduction: 
Hemoglobin disorders were among the first diseases to be considered for gene therapy. Beta 
thalassemia is common monogenic disorder worldwide that causes serious morbidity and 
mortality (1, 2). It is the most prevalent genetic disorder in Iran. More than 15000 patients are 
affected by beta thalassemia disorder in Iran. Almost 200 beta thalassemia mutations have now 
been characterized. These mutations reduce the production of beta- globin chain and so β and α 
globin chains will be imbalanced. These patients need regular blood transfusion, which leads to 
iron over load and itself is lethal if untreated. Allogenic bone marrow transplantation (BMT) is 
not an option for majority of patients because of immonological problems such as graft versus 
host diseases (GVHD). In the absence of a suitable donor, the genetic correction of autologous 
hematopoietic stem cells (HSCs) represents a highly attractive alternative treatment (9,10). 
Since HSCs have the ability to self- renewing and they can differentiate to the erythroid cell 
lines. So the use of HSCs for gene replacement could eliminate the immunological problems (1-
3). There are different methods for gene therapy of beta thalassemia. Viralvectors have been 
used in many studies, but they have many problems such as random integration, unstable 
expression, disruption an essential gene or activation a  quiescent oncogen (2-5). So it is obvious 
that the best way to perform gene therapy would be replacement of damaged gene with wild 
type by gene replacement, without causing any changes elsewhere in the genome. HR directly 
corrects the mutated gene and eliminates problems with viral vectors (6, 8). So HR is the best 
way for gene therapy of beta thalassemia. In the present study a construct was designed for gene 
targeting by HR in beta globin locus. 
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Materials and methods: 
UUpp  ssttrreeaamm  ((22220000  bbpp))  aanndd  ddoowwnn  ssttrreeaamm  ((22550000  bbpp))  ooff  bbeettaa  gglloobbiinn  ggeennee,,  NNeeoo  mmyycciinnee  rreessiissttaannccee  
ggeennee  ((NNEEOO,,  11550000  bbpp))  aanndd  TThhyymmiiddiinnee  kkiinnaass  ggeennee  ((TTKK,,  11660000  bbpp))  wweerree  aammpplliiffiieedd  bbyy  eexxppaanndd  lloonngg  
tteemmppllaattee  PPCCRR  ssyysstteemm  ((RRoocchhee))..  TThhee  ssoouurrccee  ooff  eennhhaanncceedd  ggrreeeenn  fflloorreesscceennccee  pprrootteeiinn  ((EEGGFFPP)),,  NNEEOO  
aanndd  TK  ggeenneess  wwaass  ppIIRREE22--EEGGFFPP  ppllaassmmiidd,,  ppRRcc//CCMMVV22  ppllaassmmiidd  aanndd  human herpes virus cDNA 
rreessppeeccttiivveellyy..  PPCCRR  pprroodduuccttss  wweerree  cclloonneedd  iinn  ppTTZZ5577RR,,  TT//AA  PPCCRR  cclloonniinngg  kkiitt  ((FFeerrmmeennttaass))..  
PPllaassmmiiddss  wweerree  eexxttrraacctteedd  ffrroomm  wwhhiittee  ccoolloonniieess  bbyy  ppllaassmmiidd  eexxttrraaccttiioonn  kkiitt  ((CCoorree  BBiioo  SSyysstteemm))..    
EEvveerryy  fragment was subcloned into a vector aaccccoorrddiinngg  ttoo  tthhee  ccoonnssttrruucctt  ddeessiiggnniinngg.. Final 
construct sequenced and digested by restriction enzymes. HHSSCCss  ((CCDD  3344++//3388--)) were also 
separated from cord bloods by Mini-MACS cell separation kit and cultured in different culture 
mediums such as RPMI+ 10% FCS or autologous cord blood plasma and serum free media 
(SF). These mediums were supplemented by TPO, IL-3, IL-6, SCF and flt3-ligand growth 
factors. Expansion potential was evaluated by counting of MNCs , CFU-assay,  LTC-IC,  FFllooww  
ccyyttoommeettrryy and determination the number of HHSSCCss  during 7 and 14 days after expansion. 
 
 
 
RReessuullttss  aanndd  ddiissccuussssiioonn::  
The aim of this study was the replacement of EGFP instead beta globin gene to evaluation the 
efficiency of homologous recombination (HR) in this locus. So a construct was designed 
containing EGFP gene under the beta- globin promoter control. For this propose, promoter and 
5 UTR of beta- globin gene were used. Therefore EGFP will be expressed only in erythroid 
cells, consequently expressed cells will emit green florescent light. HR occurs between two 
homologue DNA sequences so the leennggtthh  ooff  ttoottaall  hhoommoollooggyy  between the construct and the 
target locus is a factor affecting frequency of HR (5-7). Upstream (2200 bp) and down stream 
(2500 bp) parts of beta globin gene were used as homologue sequences. In order to avoid 
selection of non- recombinant cells a Neo gene, as ppoossiittiivvee  sseelleeccttiioonn  mmaarrkkeerr,,  hhaass  bbeeeenn  iinncclluuddeedd  
iinn  tthhee  vveeccttoorr..  AAllssoo  ttoo  aavvooiidd  sseelleeccttiioonn  cceellllss  wwiitthh  nnoonn--  hhoommoollooggoouuss  rreeccoommbbiinnaattiioonn  aaffffeecctt,,  TTKK  
ggeennee,,  aass  nneeggaattiivvee  ccoonnttrrooll,,  hhaass  bbeeeenn  aaddddeedd  ttoo  tthhee  vveeccttoorr.. Cells that have undergone HR will have 
lost the negative selection gene and they will be eliminated by gancyclovir drug ((55,,66)). We 
amplified each fragment by PCR method and then subcloned them in following order TK1- US-
5UTR-EGFP-NEO-DS -TK2. The construct was confirmed by digestion by restriction enzymes 
and sequencing. HR has very low efficiency, so HSCs should be expanded before and after of 
gene targeting. Different culture mediums with various growth factors were evaluated for this 
purpose. Our results showed that serum free media is the best medium for expansion of HSCs. 
We expanded these cells to 30 times by this medium. This construct can integrate to beta globin 
gene by US and DS homologue sequences and two TK fragments in the end of construct will be 
eliminated through HR. finally recombinant cells will be selected by neomycin antibiotic 
resistance in cell culture.  
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