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ABSTRACT

Objective: Many researchers using Internal Ribosome Entry Site (IRES) elements for
construction of bicistronic gene transfer vector reported difficulties to achieve significant
expression of the second cistron. In the present study, we have constructed an expression
vector containing a bicistronic cassette composed of the human oligodendrocyte transcription
factor 2 cDNA (hNkx2.2cDNA), an inter-cistronic sequence, the IRES and enhanced green
fluorescent protein (¢GFP) sequences.

Methods: The hNkx2.2 cDNA sequence together with an inter-cistronic sequence of 168bp in
length was subcloned into the pIRES-2-eGFP mammalian expression vector. Expression of
the transgenic proteins from the upstream cytomegalovirus (CMV) promoter was confirmed
by Western and fluorescence microscopy analyses.

Results: DNA sequence analysis was performed on nascent vector DNA confirmed the
integrity of Nkx2.2 cDNA in the bicitronic cassette and the construction of the desired vector.
Analyses of vector containing the cassette clearly confirm the functionality of the produced
vector, correct size of the generated Nkx2.2 protein and the biological activity of the eGFP
reporter in the cell culture model. Transcription of the bicistronic cassette is driven by a
massage from a common upstream CMV promoter and translation of the two cistrons is
uncoupled.

Conclusion: IRES sequence provides a valuable tool for simultaneous expression of bicistron
from a single mRNA transcript incorporated in the gene transfer and therapeutic vector. The
produced bicistronic hybrid vector will be useful for gene transfer and of great value for
future stem cells transdifferentiation studies.

Keywords: Diabetes, Miletus, Infection, Bacteria and fungus
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INTRODUCTION

imultaneous expression of multiple genes from a single gene transfer vector is an

important requirement in molecular and cellular therapies."* There are generally three

common strategies in which two genes can be co-expressed from a single vector.
Firstly, two genes can be fused together in frame to produce a chimeric sequence, ensuring
simultaneous expression of both genes in one protein.”’ However, this strategy may not work
for all combinations of proteins, some of which could result in protein misfolding or
mistargeting. Secondly, two transcriptional units can be constructed with separate promoters
to drive expression of different genes in the same vector. The major disadvantage of
constructing such a dual promoter vector is possible transcriptional interference and/or
dissociated gene expression, with a fraction of the transfected cells expressing the selectable
marker but not the gene of interest and vice versa.*'’ To overcome the above shortcomings,
the third strategy involve the construction of a bicistronic cassette, in which the two
heterologus genes are separated by an element known as internal ribosome entry site (IRES)
sequence. Transcription of both genes in the bicistronic cassette is driven by a massage from a
common upstream promoter, thus eliminating promoter interferance. As a result, a single
messenger unit including the bicistronic transcript of both genes spaced by IRES is produced.
Translation initiation of the first cistron at the 5° of IRES is typically mediated by a cap-
dependent translation initiation mechanism'' but the second cistron at the 3> of IRES is
translated via cap independent translation initiation, mediated by the IRES element which
functions as ribosome-binding sites for internal initiation of translation.

Since both the first and the second genes in a bicistronic cassette are under the control of the
5’ upstream promoter, detection of the protein encoded by the second cistron is theoretically
the insurance that the first cistron is also being expressed. However, many researchers using
IRES elements for construction of bicistronic gene transfer vector reported difficulties to
achieve significant expression of the second cistron. In the present study, we have constructed
an expression vector containing bicistronic cassette under control of the CMV promoter. This
bicistronic cassette contains the human oligodendrocyte transcription factor 2 cDNA
(hNkx2.2cDNA) and the IRES-eGFP cassette sequences. We then examined the efficiency of
this vector with the aim to use it in future gene transfer studies for stem cells
transdifferentiation and stem cells based gene therapy.

MATERIAL AND METHODS

Plasmid Construction and Cloning

The hNkx2.2cDNA insert was excised from pBatl2-Nkx2.2 plasmid by digestion with
Xhol/BamHI using BamHI buffer from NEB in a total volume of 200ul reaction mix topped
with 3 drops of oil and incubated at 37°C for 14 hrs. The tube was incubated at 65°C for
20mins to inactivate the endonucleases. Digested DNA was then cleaned with PCR
purification column (Qiagen) and eluted in 40ul sterile DPEC treated H,O to ensure removal
of enzymes and salts. Approximately, Sug of the pIRES-2-eGFP plasmid DNA was also
digested with Xhol/BamHI enzymes, heat inactivated at 65°C for 20 mins and column
purified to remove the short Xhol-BamHI flanking sequence. Purified digested vector and
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insert DNA were mixed together in 1:10 ratio and ligated using T4 DNA ligase for overnight
at 16°C. Ligated mix was purified again using the Qiagen column and eluted in 30ul TE
buffer. Only 2ul of eluted ligation mix was used to tranform Top 10 competent cells.
Transformation was performed according to invitrogen recommendations and 300pl of
serially diluted SOC media containing transformed bugs was plated on Kan resistance plates.
Colonies were allowed to grow for overnight and then subcultured on Kan and Amp resistance
plates. Only Kan resistance colonies were screened further by insert-vector PCR method (12)
using the forward primer 5’-CAC CAA AAT CAA CGG GAC TT-3’ and the reverse primer
5’-TTT GTG TTG GTC AGC GAC AT-3’ which anneals to the 5' and 3' restriction/ligation
site. Colonies producing an amplicon 244bp were inoculated for overnight culture and the
integrity of the hNKx2.2-insert in the pNKx2.2-IRES-eGFP clones was examined by
restriction digestion and DNA sequence analysis.

Gene transfer into cultured cells

The human embryonic kidney epithelial (HEK 293), the Hela, and hfMSCs cells were
cultured with Dulbecco’s modified Eagle’s medium (Invitrogen or Sigma, UK) supplemented
with 10% fetal calf serum (FCS, Sigma). All cells were incubated at 37°C with 5% CO; in a
humidified incubator. Cells were seeded into a 10cm® dishes at 60-70% confluence with a
density of 5x10° cells and transfected the following day with 10ug of the expression vector
DNA using FuGene6 (Roche, UK) according to the manufacturer’s instructions. Forty-eight
hours later, cellular expression of fluorescent proteins was examined with a fluorescence
microscope (type). Mock transfected cells were used as controls. All transfection experiments
were repeated at least three times. Approximately 48 hours post-transfection, HEK 293T cells
were analysed for cellular expression of eGFP using fluorescence microscopy.

Western blot analysis of protein expression

Forty eight hours after transfection, cells were harvested by scrubbing and re-suspended in
30ul/10° cells ice-cold lysis buffer (10mM Tris pH 7.5, ImM EDTA, 1% NONIDET P-40
(Sigma, UK), protease inhibitor cocktail at indicated dilutions (Roche, UK)). Cell suspensions
were then centrifuged at 13,000xg for 20 mins at 4°C. The protein content of cell lysate
supernatants was assayed by the bicinchoninic acid method using a commercial assay kit from
Pierce with bovine serum albumin as a standard. Five milligrams protein of each lysate were
combined with equal volumes of Laemmli sample buffer, boiled for 5 min and were separated
on a 13% or 11% SDS-PAGE gel for NKx2.2, and B-actin protein detection, respectively.
Gels were then blotted onto PVDF membranes with a Hoefer apparatus (200 mA). After 1 h
incubation at room temperature in blocking solution (5% dried skimmed milk in PBS-Tween-
20 0.1%), membranes were incubated overnight at 4°C with specific primary antibodies,
diluted as specified below with blocking solution. After three 5-min washes in PBS-Tween-
20, blots were incubated at room temperature for 1h with peroxides-conjugated goat anti-
rabbit antibody (Abcam) or rabbit anti-mouse polyclonal antibody (Dako, UK) diluted 1:1000
in blocking solution. Following the final wash detection on autoradiography hyper-films was
performed after inducing a chemiluminescence reaction with the Amersham Supersignal
detection kit. Primary antibodies used in this study were anti-NKX2.2 (polyclonal, 1:2000;
Research Diagnostic, USA) and anti-GFP (polyclonal, 1:2000; abcam, UK) and anti-beta-
tubulin (1:2000; Sigma, UK).
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RESULTS

Structure of the bicistronic cassettes and proof of clonality

We placed the hNkx2.2cDNA sequence, at the 5’ of IRES element (Figure 1-A). The
hNkx2.2cDNA and the 168bp downstream spacer sequences were derived from the pBatl2-
Nkx2.2 plasmid which was a kind gift of Dr Huseyin Mehmet, Imperial College London, UK.
The pIRES2-eGFP expression vector was chosen because it contains the IRES of the
encephalomyocarditis virus (ECMV) which has high translation efficiency compared to other
IRES sequences including those from hepatitis A and C viruses, poliovirus, human rhinovirus,
and foot-and-mouth disease virus.">'® In addition to its high efficiency, ECMV IRES possess
a broad tissue tropism.'” which makes it the most widely used in gene transfer protocols.'®*’
This vector also permits high level of plasmid DNA production and the multi-cloning site
offer the possibility of convenience cloning. The eGFP incorporated in this vector is a red-
shifted variant *'** of wild-type GFP which has been optimised for brighter fluorescence and
higher expression in mammalian cells. Moreover, sequences flanking the eGFP have been
converted to a Kozak consensus translation initiation site > to further increase the translation
efficiency in eukaryotic cells. The initiator AUG codon of the eGFP is located 12 bases
downstream of the IRES element. Such a short distance is nevertheless sufficient to greatly
affect the eGFP expression. The eGFP was used as a marker for easy, rapid and less
expensive detection and monitoring of expression.

DNA fragment containing the ANkx2.2cDNA was subcloned into the pIRES2-eGFP
(Clontech) mammalian expression vector and its integrity was confirmed by PCR colony
screening method (Figure 1-B) and DNA sequence analyses (Figure 1-C).

The correct 244bp fragment size was found in 8 colonies (Figure 1-B), indicating
Nkx2.2cDNA insertion in the desired orientation. The other twelve screened colonies showed
no PCR product and therefore excluded from further screening. The ligation mixture was also
examined by insert-vector PCR' as positive control to confirm the physical presence of the
expected recombinant plasmid containing the hNKx2.2cDNA in correct orientation. The PCR
positive colonies were then grown individually in LB growth media under kanamycin
selection. DNA sequence analysis was performed on nascent vector DNA which also
confirmed the integrity of Nkx2.2 ¢cDNA in the bicitronic cassette and the construction of the
desired mammalian expression vector (Figure 1-C).

Analysis of hNKx2.2 expression by Western blotting

Analysis of gene expression was performed by Western blotting and fluorescence microscopy
after cells transfected with bicistronic construct containing 5'-Nkx2.2-IRES-eGFP-3' cassette.
Western analysis ensures that the expressed proteins of a correct mature sizes and the
fluorescence microscopy permits accurate assessment of gene transfer and expression at a
single cell level.

Immunoprobing with anti-hNKx2.2 antibody (Figure 2-A) shows the mature form of the
hNKx2.2 protein from cell extracts transfected with the pNkx2.2-IRES-eGFP construct. The
hNKx2.2 is migrating as one band of apparent molecular masses of 32kDa (lane 2). No
signals were detected from the mock transfected negative controls (lane 1) or from extract of
cell transfected with pIRES-2-eGFP mother plasmid (lane 3). Immunoprobing of the
membrane with anti-f-actin antibody in Figure 2-B shows the production of B-actin protein of
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the expected molecular mass of approximately 47kDa from cells. No other proteins were
recognised from cell extract immunoprobed with these antibodies.

In summary, the data provided above show that the produced vector is functional and the
generated proteins of correct sizes.

Analysis of eGFP expression by fluorescence microscopy

Fluorescence microscopy analysis was carried out for the detection of cellular expression of
eGFP approximately 48 hours post-transfection. Transfected human kidney epithelial (HEK
293T) cells were able to express high levels of eGFP compared to mock transfected control as
shown in Figure-3. Transfection efficiency of cells was estimated to be more than 90%.

Figure 1. Diagram of the constructed 5’-NKx2.2-IRES-eGFP-3’ bicistronic expression
cassettes and the clonality analysis. A) Schematic diagram of the constructed expression
vector showing the orientation of 5’-NKx2.2-IRES-eGFP-3’ transcriptional unit and the
position of the upstream CMV promoter. B) Insert-vector PCR analysis for screening and
selection of the desired clone. Amplicon size of 244bp generated from lane 3, 4, 5, 6, 7, 8, 9,
10, 14, indicate clonality and integrity of Nkx2.2 cDNA in the bicistronic cassette. The
ligation mixture was used as positive control. Clone at lane 10 was used in the subsequent
analysis. C) Sequence analysis at the ligation site from purified plasmid DNA proof
construction of 5°’-NKx2.2-IRES-eGFP-3’ bicistronic expression cassettes.

A 0 1 2 3 4 kb
o2 ovs RS>

Nhel, Xhol BamHI Notl, Xbal

12345678910 11121314151617 18192021 - +
B === === — R

- 244bp

Figure 1.
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Figure 2. Expression of NKx2.2 protein from HEK 293 cells transfected with pNKx2.2-
IRES-eGFP constructed vector. Spug of HEK 293 cellular extracts transfected with 10ug
DNA of the pNKx2.2-IRES-eGFP construct were loaded into lane of 13% (A) and 11% (B)
SDS-PAGE gel for NKx2.2, and B-actin protein detection, respectively. A) Immunoblotting
with anti-hNKx2.2 antibody shows the mature form of the hNKx2.2 migrating as one band of
apparent molecular mass of 32kDa (lane 2). No signals were detected from the mock
transfected negative controls (lane 1) or from extract of cell transfected with pIRES2-eGFP
mother plasmid (lane 3). Positive control is extract of primary culture of rat oligodendrocyte
precursor CG4 cells (+). B) Immunoblotting of the membrane with anti-fB-actin antibody
shows the production of B-actin protein of the expected molecular mass of approximately
47kDa from cells. No other proteins were recognised from cell extract immunoprobed with
these antibodies.

Do not forget a and b

A 1 2 3 +

hNkx2.2-»-| @B . ||| 32kDa

B B-actin | || ==| & 47kDa

Figure 2.

Figure 3. Fluorescence microscopy analysis of IRES-mediated eGFP expression from
pNKx2.2-IRES-eGFP bicistronic construct in mammalian cells.

A) Phase contrast photo of transfected HEK 293T cells. B) High levels of eGFP expression
which confirms functionality of the bicistronic vector.

Figure 3.
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DISCUSSION

When an IRES is used for the construction of a multi-cistronic cassette in gene transfer and
expression vectors, it has been frequently observed that the DNA sequence subcloned at the
3’ to the IRES element is poorly expressed compared to the sequence subcloned at the 5° of
the TRES.***® In most of the reported articles this phenomenon is attributed to the low
efficiency of IRES mediated translation initiation compared to cap dependent translation. This
is possibly due to the following; firstly, a higher affinity of translation factors for the cap
structure than for the IRES element, therefore, transcription factors may become less available
for the internal initiation of translation.”’ Secondly, the IRES may requires additional host
trans-acting factors, which modulate its function in a cell or tissue type specific manner
@931 Thus, high levels of IRES mediated internal translation initiation can be anticipated
depending on the nature of the IRES sequence and its tissue tropism."> Another possible
explanation for this phenomenon is the length and possibly the nature of the ICS sequence
flanking the IRES element at both its 5” and 3” ends. >’

In this work, an IRES derived from the ECMV genome was used to mediate eGFP marker
gene translation initiation. We have successfully constructed bicistronic cassette containing
the hANkx2.2cDNA and the IRES/eGFP elements. We then analysed the expression levels of
the respective transgenes systematically at the DNA and protein levels. We showed
functionality of the produced vector and the correct size of the transgenic proteins.

Expression efficiency of the eGFP was obtained when the ICS was 168bp in length. However,
the expression levels of eGFP become completely undetectable at a spacer length of 450bp
(data not shown). These results are in agreement with data published by Attal et al.** who
found that IRES elements from ECMV as well as from poliovirus function optimally when
about 100 nucleotides were added after the termination codon of the first cistron (luciferase).
These authors also showed that IRES elements become totally inefficient when added after a
300-500 nucleotide spacer.32 In a similar study using the IRES elements from poliovirus and
from SV40, respectively in bicistronic cassettes containing the firefly luciferase gene as the
first cistron and the CAT gene as the second cistron, Attal et al.® also showed that the
expression of the second cistron was undetectable when the spacer fragment was 500
nucleotides. To exclude the effect of tissue tropism, we have also transfected our construct
into Hela and hfMSCs cells and obtained similar results.

The produced bicistronic hybrid vector will be useful for simultaneous gene transfer and
expression of the hNKx2.2 and the marker eGFP genes and of great value for stem cells
transdifferentiation studies. The human NKx2.2 gene encodes a homeobox protein which acts
as a nuclear transcription factor involved in the morphogenesis of the central nervous
system33 and in the control of expression of myelin genes as Nkx2.2 is able to drive gene
expression of myelin proteolipid protein, an OL-specific marker. Specifically, cells hosting a
proteolipid protein promoter-GFP reporter construct showed fluorescence when transfected
with an Nkx2.2 encoding vector.”> In addition to its role in neural development and
differentiation, Nkx2.2 is also critical for the early pancreatic endocrine development and the
following differentiation into pancreatic B cells.”* as Nkx2.2 knockout mice are completely
devoid of insulin expression.” In 2005, Zhang et al.*® used transfection methods and
expression plasmids to deliver Nkx2.2 gene inside neural stem cells and accomplished a
transient expression up to 12 days with a 60-80% efficiency of transfection. Accurate
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assessment of gene transfer and expression following transfection may require a marker gene
to evaluate levels and longevity of expression. In the present study, transfection of HEK 293
cells permit up to 90% transfection and eGFP expression.

We are also aware that transdifferentiation of stem cells by gene transfer may require long-
lasting expression of the transgenic NKx2.2 in the relevant cell model, therefore, future work
will focuses on subcloning the 5'-NKx2.2-IRES-eGFP-3' into an integrated virally based gene
transfer vector system to ensure permanent expression of the integrated transgenes.

CONCLUSIONS

In conclusion, we have overcome the previously reported problem of insignificant second
cistron expression and have produced a functional 5’-hNKx2.2-IRES-eGFP-3’ expression
cassette containing a 168bp spacer..

ACKNOWLEDGEMENT

The author would like to thank Miss Lia Zambitti for her valuable technical help and carry
over the project to the next step. The author would also like to thank Dr Hussain Mehmet for
providing all the plasmids, constructs, cDNA, and working environment to carry out this
work.

REFERENCES

1. Chen WS, Villaflores OB, Jinn TR, Chan MT, Chang YC, Wu TY. Expression of
recombinant human interferon-gamma with antiviral activity in the bi-cistronic
baculovirus-insect/larval system. Biosci Biotechnol Biochem. 2011;75(7):1342-8.

2. Licursi M, Christian SL, Pongnopparat T, Hirasawa K. In vitro and in vivo comparison
of viral and cellular internal ribosome entry sites for bicistronic vector expression. Gene
Ther. 2011 Jun;18(6):631-6.

3. Al Z, Schumacher HM, Heine-Dobbernack E, El-Banna A, Hafeez FY, Jacobsen HJ, et
al. Dicistronic binary vector system-A versatile tool for gene expression studies in cell
cultures and plants. J Biotechnol. 2010 Jan 1;145(1):9-16.

4. Ho SC, Bardor M, Feng H, Mariati, Tong YW, Song Z, et al. IRES-mediated Tricistronic
vectors for enhancing generation of high monoclonal antibody expressing CHO cell
lines. J Biotechnol. 2011 Oct 17.

5. Holt JR, Johns DC, Wang S, Chen ZY, Dunn RJ, Marban E, et al. Functional expression
of exogenous proteins in mammalian sensory hair cells infected with adenoviral vectors.
J Neurophysiol. 1999 Apr;81(4):1881-8.

117



Al-Allaf., Construction of functional bicistronic vector for gene transfer and
simultaneous expression of hNkx2.2 and eGFP in human cells

UQU Medical Journal

10.

11.

12.

13.

14.

15.

16.

Hoque AT, Liu X, Kagami H, Swaim WD, Wellner RB, O'Connell BC, et al.
Construction and function of a recombinant adenovirus encoding a human aquaporin 1-
green fluorescent protein fusion product. Cancer Gene Ther. 2000 Mar;7(3):476-85.

Kollen WJ, Mulberg AE, Wei X, Sugita M, Raghuram V, Wang J, et al. High-efficiency
transfer of cystic fibrosis transmembrane conductance regulator cDNA into cystic

fibrosis airway cells in culture using lactosylated polylysine as a vector. Hum Gene Ther.
1999 Mar 1;10(4):615-22.

Cullen BR, Lomedico PT, Ju G. Transcriptional interference in avian retroviruses--
implications for the promoter insertion model of leukaemogenesis. Nature. 1984 Jan 19-
25;307(5948):241-5.

Emerman M, Temin HM. Genes with promoters in retrovirus vectors can be
independently suppressed by an epigenetic mechanism. Cell. 1984 Dec;39(3 Pt 2):449-
67.

Emerman M, Temin HM. Quantitative analysis of gene suppression in integrated
retrovirus vectors. Mol Cell Biol. 1986 Mar;6(3):792-800.

Kozak M. Adherence to the first-AUG rule when a second AUG codon follows closely
upon the first. Proc Natl Acad Sci U S A. 1995 Mar 28;92(7):2662-6.

Al-Allaf FA, Tolmachov O, Themis M, Coutelle C. Coupled analysis of bacterial
transformants and ligation mixture by duplex PCR enables detection of fatal instability of
a nascent recombinant plasmid. J Biochem Biophys Methods. 2005 Aug 31;64(2):142-6.

Borman AM, Le Mercier P, Girard M, Kean KM. Comparison of picornaviral IRES-
driven internal initiation of translation in cultured cells of different origins. Nucleic Acids
Res. 1997 Mar 1;25(5):925-32.

Gallardo HF, Tan C, Sadelain M. The internal ribosomal entry site of the

encephalomyocarditis virus enables reliable coexpression of two transgenes in human
primary T lymphocytes. Gene Ther. 1997 Oct;4(10):1115-9.

Ramesh N, Kim ST, Wei MQ, Khalighi M, Osborne WR. High-titer bicistronic retroviral
vectors employing foot-and-mouth disease virus internal ribosome entry site. Nucleic
Acids Res. 1996 Jul 15;24(14):2697-700.

Saiz JC, Lopez de Quinto S, Ibarrola N, Lopez-Labrador FX, Sanchez-Tapias JM, Rodes

J, et al. Internal initiation of translation efficiency in different hepatitis C genotypes
isolated from interferon treated patients. Arch Virol. 1999;144(2):215-29.

118



Al-Allaf., Construction of functional bicistronic vector for gene transfer and
simultaneous expression of hNkx2.2 and eGFP in human cells

UQU Medical Journal

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Borman AM, Bailly JL, Girard M, Kean KM. Picornavirus internal ribosome entry
segments: comparison of translation efficiency and the requirements for optimal internal
initiation of translation in vitro. Nucleic Acids Res. 1995 Sep 25;23(18):3656-63.

Azzouz M, Martin-Rendon E, Barber RD, Mitrophanous KA, Carter EE, Rohll JB, et al.
Multicistronic lentiviral vector-mediated striatal gene transfer of aromatic L-amino acid
decarboxylase, tyrosine hydroxylase, and GTP cyclohydrolase I induces sustained

transgene expression, dopamine production, and functional improvement in a rat model
of Parkinson's disease. J Neurosci. 2002 Dec 1;22(23):10302-12.

Morgan RA, Couture L, Elroy-Stein O, Ragheb J, Moss B, Anderson WF. Retroviral
vectors containing putative internal ribosome entry sites: development of a polycistronic
gene transfer system and applications to human gene therapy. Nucleic Acids Res. 1992
Mar 25;20(6):1293-9.

Pizzato M, Franchin E, Calvi P, Boschetto R, Colombo M, Ferrini S, et al. Production
and characterization of a bicistronic Moloney-based retroviral vector expressing human
interleukin 2 and herpes simplex virus thymidine kinase for gene therapy of cancer. Gene
Ther. 1998 Jul;5(7):1003-7.

Cormack BP, Valdivia RH, Falkow S. FACS-optimized mutants of the green fluorescent
protein (GFP). Gene. 1996;173(1 Spec No):33-8.

Yang TT, Cheng L, Kain SR. Optimized codon usage and chromophore mutations
provide enhanced sensitivity with the green fluorescent protein. Nucleic Acids Res. 1996
Nov 15;24(22):4592-3.

Jang SK, Krausslich HG, Nicklin MJ, Duke GM, Palmenberg AC, Wimmer E. A
segment of the 5' nontranslated region of encephalomyocarditis virus RNA directs
internal entry of ribosomes during in vitro translation. J Virol. 1988 Aug;62(8):2636-43.

Attal J, Theron MC, Houdebine LM. The optimal use of IRES (internal ribosome entry
site) in expression vectors. Genet Anal. 1999 Nov;15(3-5):161-5.

Attal J, Theron MC, Puissant C, Houdebine LM. Effect of intercistronic length on
internal ribosome entry site (IRES) efficiency in bicistronic mRNA. Gene Expr.

1999;8(5-6):299-309.

Brocard M, Paulous S, Komarova AV, Deveaux V, Kean KM. Evidence that PTB does
not stimulate HCV IRES-driven translation. Virus Genes. 2007 Aug;35(1):5-15.

119



Al-Allaf., Construction of functional bicistronic vector for gene transfer and
simultaneous expression of hNkx2.2 and eGFP in human cells

UQU Medical Journal

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Brown EA, Zajac AJ, Lemon SM. In vitro characterization of an internal ribosomal entry
site (IRES) present within the 5' nontranslated region of hepatitis A virus RNA:
comparison with the IRES of encephalomyocarditis virus. J Virol. 1994 Feb;68(2):1066-
74.

Romero-Lopez C, Berzal-Herranz A. The functional RNA domain SBSL3.2 within the
NS5B coding sequence influences hepatitis C virus IRES-mediated translation. Cell Mol
Life Sci. 2011 May 20.

Dobrikova EY, Grisham RN, Kaiser C, Lin J, Gromeier M. Competitive translation
efficiency at the picornavirus type 1 internal ribosome entry site facilitated by viral cis
and trans factors. J Virol. 2006 Apr;80(7):3310-21.

Lourenco S, Costa F, Debarges B, Andrieu T, Cahour A. Hepatitis C virus internal
ribosome entry site-mediated translation is stimulated by cis-acting RNA elements and
trans-acting viral factors. FEBS J. 2008 Aug;275(16):4179-97.

Ray PS, Das S. La autoantigen is required for the internal ribosome entry site-mediated
translation of Coxsackievirus B3 RNA. Nucleic Acids Res. 2002 Oct 15;30(20):4500-8.

Attal J, Theron MC, Rival S, Puissant C, Houdebine LM. The efficiency of different
IRESs (internal ribosomes entry site) in monocistronic mRNAS. Mol Biol Rep. 2000
Mar;27(1):21-6.

QiY, CailJ, WuY, WuR, Lee J, Fu H, et al. Control of oligodendrocyte differentiation
by the Nkx2.2 homeodomain transcription factor. Development. 2001 Jul;128(14):2723-
33.

Shiroi A, Ueda S, Ouji Y, Saito K, Moriya K, Sugie Y, et al. Differentiation of
embryonic stem cells into insulin-producing cells promoted by Nkx2.2 gene transfer.
World J Gastroenterol. 2005 Jul 21;11(27):4161-6.

Furuta H, Horikawa Y, Iwasaki N, Hara M, Sussel L, Le Beau MM, et al. Beta-cell
transcription factors and diabetes: mutations in the coding region of the BETA2/NeuroD1
(NEUROD1) and Nkx2.2 (NKX2B) genes are not associated with maturity-onset
diabetes of the young in Japanese. Diabetes. 1998 Aug;47(8):1356-8.

Zhang X, Cai J, Klueber KM, Guo Z, Lu C, Qiu M, et al. Induction of oligodendrocytes

from adult human olfactory epithelial-derived progenitors by transcription factors. Stem
Cells. 2005 Mar;23(3):442-53.

120



