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Abstract: Ex vivo gene therapy approaches can improve the outcome of islet transplantation
for treating type | diabetes. We have recently shown improvement in islet survival and function
following ex vivo infection of islets with a mixture of adenoviral vectors encoding human vascular
endothelial growth factor (Adv-hVEGF) and human interleukin-1 receptor antagonist (Adv-hlL-
1Ra). In this study, we constructed a bicistronic vector encoding these two genes (phVEGF-
hiL-1Ra) by cloning hiL-1Ra under the cytomegalovirus (CMV) promoter and hVEGF under the
elongation factor-1o. (EF-1 o) promoter in pBudCE4.1 vector. There was dose and time
dependent expression of hVEGF and hiL-1Ra at both mRNA and protein levels after transfection
with human islets. Transfected islets were viable, as evidenced by insulin release upon glucose
challenge. Coexpression of hVEGF and hIL-1Ra suppressed nitric oxide production, total
caspases, apoptosis, and necrosis in the presence of inflammatory cytokine cocktail consisting
of IL-153, TNFa, and IFNy. In conclusion, our results indicated that coexpression of growth factor
and antiapoptic genes can improve islet survival and function.
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Introduction inflammatory pathways by expressing desired proteins in the
vicinity of the islets* 6

Pancreatic islets are a complex cluster of heterogeneous
cell types with extensive intraislet vasculature formed of
fenestrated capillary endothelial lining, which gets disrupted
during islet isolation leading to collapse of vasculature,
accumulation of endothelial fragments, and compromised
perfusion in the core of the islets. Hence, unlike whole
pancreas transplantation, islet grafts require the process of
revascularization to establish adequate microvascular blood
supply’#We and others have shown that hVEGF expression
promotes new blood vessel formation and improves the

Human islet transplantation offers a great potential for
treating type | diabetes. However, this approach has limited
clinical applications due to the short supply of cadaver
donors, host immune rejection, primary nonfunction and cell
death of islets following transplantatién® To achieve
successful islet transplantation, primary nonfunction of islets
has to be eliminated. Islet destruction following transplanta-
tion can be prevented by genetically engineefiacells to
(1) promote revascularization and intercept (2) apoptotic and
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outcome of islet transplantatidnVe previously transfected
islets with LipofectAMINE2000/pCAGGS-hVEGF com-

agarose, ethidium bromide, ethanol, chloroform, isopropanol,
and TBE buffer were purchased from Sigma Chemical, Ltd

plexes preceding transplantation under the kidney capsuleqSt. Louis, MO). Bacterial strain DH&, Scd, Xba, Xhd,
of nonobese diabetic-severe combined immunodeficient EcoRI, BanHI, Ahd, alkaline phosphatase, and T4 DNA
(NOD-SCID) mice. We demonstrated that hVEGF gene ligase were purchased from New England Biolabs (Ipswich,
expression promotes new blood vessel formation after islet MA). Fetal bovine serum (FBS), phosphate buffered saline
transplantation, with the involvement of endothelial cells of (PBS), penicillin, streptomycin, gentamicin, andlutamine
both the host (mouse) and the donor (human). Even thoughwere procured from GIBCO-BRL (Gaithersburg, MD).
the occurrence of revascularization of the transplanted isletsHuman insulin ELISA kit was purchased from Alpco
could be seen by immunohistochemical staining, transfection Diagnostics (Windham, NH). hVEGF and hIL-1Ra ELISA
efficiency was low? kits were purchased from R&D Systems (Minneapolis, MN).
Effective prevention of islet destruction after transplanta- SYBR Green real-time PCR master mix, reverse transcriptase
tion requires not only revascularization of islets, but also reagents, and random hexamers were purchased from Applied
abrogation of cytokine-mediated islet cell death and dysfunc- Biosystems (Foster City, CA). Custom-made primers were
tion triggered by immune and inflammatory reactions. Islet procured from Integrated DNA Technologies (Coralville, 1A).
injury stimulates resident islet macrophages and passenger
leukocytes to produce cytotoxic cytokines I|3;ITNFa., and Methods

IFNy, which lead to islet dysfunction and death by &8 )
iINOS/NO pathway? Construction of phVEGF-hIL-1Ra. To coexpress hVEGF
In our recently published work, we have clearly shown and hiL-1Ra, phVEGF-hIL-lRa was gonstrupted using
that coexpression of genes that target different insults to PBUdCE4.1 (Invitrogen Carlsbad, CA), with cloning of hiL-
transplanted islets can improve the outcome of islet trans- LR@ under the CMV promoter and that of h'VEGF under the
elongation factor-& (EF-1a) promoter. The hiL-1Ra gene

plantation better than either gene alone. Simultaneous - )
infection of human islets with two adenoviral vectors, one fragmentwas excised from pUMVC1-hiL-1Ra vector using
Scd, separated by gel fractionation, and purified using

encoding hVEGF and the other encoding hlL-1Ra, syner- i )
gistically suppress islet dysfunction and NO production in Promega PCR and Clean-up kit (Promega, Madison, WI).

human isleté! It also reduced the blood glucose levels and PBUdCE4.1 was linearized using a single cutting sitScd
increased the level of blood insulin and c-peptide of mice €NZyme for ligation at gene to vector molar ratios of 1:3
upon transplantation of human islets tranfected with a mixture @nd 1:10 using T4 DNA ligase for 18 h at 16. Following
of adenoviral vectors encoding hVEGF and hiL-1Ra. transformation in Top-10 supercompetent cells and ampli-
Taking care of this beneficial effect of coexpression of fication in ternﬁclbrot.h .med|a,.plas_m|ds were pgrlfled using
hVEGF and hiL-1Ra, we decided to construct a bicistronic GenElute Plasmid Miniprep kit (Sigma, St. Louis, MO) and

vector encoding these two therapeutic genes. The use of aconfirmed by dout;le restriction digestion _”Si(?%'d and
bicistronic vector not only simplifies the amplification and BaHI enzymes. hVEGF cDNA was excised from pCl-

purification process of plasmid DNA but also decreases the hVEGF',XhOI linker ve_ctor usingthd restriction digestion
use of total of plasmid backbone for transfection, which will "’_md p_ur|f|ed as described above. pBudCE4.1-hiL-1Ra was
minimize immunogenic and toxic effect of bacterial plasmid. N€arized using &hd enzyme and dephosphorylated using
We evaluated gene expression and cytotoxicity in human 2/kaliné phosphatase. The hVEGF cDNA was ligated with
islets. In addition, we determined islet function, nitric oxide "€ linearized pBudCE4.1-hiL-1Ra vector at the gene to
production, caspase release, apoptosis, and necrosis upof{€Ctor molar ratios of 1:3 and 1:10 using T4 DNA ligase

incubation with inflammatory cytokine cocktail of ILAL fo_r 16 h_at 16°C. Following transformation of the Ii_g_ate_d
TNFa, and IFN. mixture in Top-10 supercompetent cells and amplification

in terrific broth media, the resulting plasmid, phVEGF-hIL-
1Ra, was purified and confirmed by restriction digestion
using EcaRI enzyme. Plasmid was characterized in terms
of concentration, purity, and integrity by UV spectropho-
tometry at 260/280 nm and agarose gel electrophoresis.

Islet Culture. Human islets were received from one of
the several Islet Cell Resource (ICR) Centers through ICR
Services for Basic Science Applications. On arrival at our
facility, islets were cultured overnight in 162 éwell culture
flasks in Memphis serum-free media (M-SFM) composed
of CMRL 1066 medium containing 1% ITS, 1&4glutamine,

Materials

pBudCE4.1 vector, Zeocin, LipofectAMINE2000, and
TRIzoL reagent were purchased from Invitrogen Corporation
(Carlsbad, CA). Terrific broth, Luria agar base, glycerol,

(8) Lukinius, A.; Jansson, L.; Korsgren, @m. J. Pathol1995 146,
429-35.

(9) Narang, A. S.; Cheng, K.; Henry, J.; Zhang, C.; Sabek, O.; Fraga,
D.; Kotb, M.; Gaber, A. O.; Mahato, R. Pharm. Res2004 21,

15—-25. oo o g
(10) Narang, A. S.: Mahato, R. Pharmacol. Re. 2006 58, 194 1% p_emcﬂlm/streptomycm mixture, 1% albumin, and 16.8
243, uM zinc sulfate (pH adjusted to 7.48 0.05) at 37°C in a

5% CQ incubator. After overnight culture, islets were
visualized under the microscope for morphological integrity,

(11) Narang, A. S.; Sabek, O.; Gaber, A. O.; Mahato, RPHarm.
Res 2006 23, 1970-1982.
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percent purity, and viability by trypan blue exclusion and mg/dL or 300 mg/dL glucose. Aftel h postincubation,

used for experiments immediately. supernatants were collected and analyzed for insulin release
Transfection of Human Islets. Human islets were trans- by ELISA.
fected using phVEGF-hIL-1Ra at doses of 1, 2.5, andy5 Effect of Cytokine Treatment on Nitrite Production.

DNA equivalent of LipofectAMINE2000/pDNA (5:1, wiw)  Effect of hVEGF and hIL-1Ra gene expression on cytokine-
complexes per 1000 islets. Nontransfected islets were usednediated NO production as well as islet function was
as controls. The complexes were prepared at @l determined. For all these experiments, six test groups were
concentration in Opti-MEM medium and incubated at room used consisting of cytokine treated and untreated samples
temperature for 30 min before dilution with serum-free of (1) non-transfected islets, (2) cytokine treated nontrans-
medium for transfection. After 12 h of incubation, 1.7 mL fected islets, and (3) islets transfected with Lipofect-
of fresh media was added and the islets were incubated inAMINE2000/phVEGF-hIL-1Ra and treated with cytokines.
24-well plates at 37C in 5% CQ incubator. Triplicate For determining NO production, human islets (2000 IE
samples from each group were withdrawn at days 1, 3, 5, 7, per sample) were transfected in 24-well plates for 12 h, and
and 10. Supernatants were centrifuged at 1500 rpm for 101.7 mL of fresh media was added. At 24 h of transfection,
min at room temperature and analyzed for the level and islets were washed, centrifuged at g0for 10 min, and
duration of hVEGF and hIL-1Ra concentration by ELISA transferred to 24-well plates in 500 of media. Based on

as per vendor protocol (R&D Systems, Minneapolis, MN). the work of Corbett et al? Arnush et al’? and Eizirik et

Quantitative Real-Time RT-PCR. Expression of hvEGF &l cytokine cocktail consisting of IL7 (375 units/mL),
and IL-1Ra in human islets was assessed at mRNA level by TNFa (5000 units/mL), and IFN (5000 units/mL), was

real-time RT-PCR. Human islets were collected 48 h post- Prepared in PBS to a total volume of 1@ per well and
transfection by centrifugation at 2§Gfor 10 min. Total added to the islets. Incubation was continued for 3 days at

37 °C in 5% CQ incubator. At the end of incubation, NO
production in the undiluted media was determined by
measuring the concentration of nitrite, a stable, nonvolatile

mRNA was isolated from cell pellets by a guanidine
isothiocyanate method using TRl reagent, and RNA
concentration was measured by UV spectrophotometry. . X ) ;
Extracted RNA (0.2ug) was converted to cDNA using metabolite of NQ, by colorimetry using Griess assay reagent
MultiScribe reverse transcriptase reagents and random hex{Promega, Madison, Wi). _ _
amers. Twenty nanograms of the extracted cDNA was Caspase AssayGroups of 250 islets were transfected with
amplified by real-time PCR using SYBR Green dye universal LiPOfectAMINE2000/phVEGF-hiL-1Ra complexes (5/1, wiw),
master mix on ABI PRISM 7700 sequence detection system USing islets transfected with LipofectAMINE2000/ pCMS-
(Applied Biosystems, Inc., Foster City, CA) with forward EGFP (5/1, w/w) complexes as control. At 12 h post-
primers from the vector and reverse primers from the genes_transfectlon, islets were incubated with the cytokine cocktail
For detection of hiL-1Ra, the forward primer5GG CTA (TNFa, IFNy, and IL-15) for 3 days at 37C. Islets were
ACT AGA GAA CCC ACT GCT and gene-specific reverse then transferred to a 96-well black plate for determining total
primer 5-TTC TGA AGG CTT GCA TCT TGC TGG were caspase activity using Homogeneous Caspases Assay Kit
used. Similarly for detection of hVEGF, the reverse primer (R0che Applied Sciences, Indianapolis, IN), along with
5-AAC AGA TGG CTG GCA ACT AGA AGG and gene- positive, negative, and background controls and R-110
specific primer 5GCG AGG CAG CTT GAG TTA AAC standards (free Rhodamine 100) in various concentrations.
GAA were used. The PCR conditions included denaturation Substrate was mcul_aate_d with the !ysate Bh at 37°C .

at 95°C for 10 min followed by 40 cycles of amplification followed by determination of relative fluorescence units

by sequential denaturation at 9& for 15 s and primer ggu) usmgdt?;‘a exc¢at|.on ffl_lltter att Aéfg 58 M @max i
annealing as well as strand extension at°60for 1 min. nm) and the emission filter a M @max =

Gene expression was normalized to 18s rRNA as internal 521 nm). Data were corrected for blar!k absorbance and
. . : i expressed as the mean SD of the relative fluorescence
control using the following primers: forward-&TC TGT

GAT GCC CTT AGA TG-3and reverse’8AGC TTATGA UM . |
CCC GCA CTT AC-3. To confirm amplification specificity, Apoptotic and Necrotic Cell Death. Apoptotic and
the PCR products were subjected to a melting-curve ana|ysisnecrot|c cell death levels in cytokine treated and untreated

and agarose gel electrophoresis. Threshold cycle numberwa§amples were dgtermlned using nontransf_e ctgd islets as
compared of three doses (1, 2.5, andu§ DNA) for controls. The relative nucleosome concentration in cytoplas-

PhVEGF-hIL-1Ra with the same parameters, using non- mic lysates was measured to determine apoptosis, and that
transfected samples as controls.
Glucose-Stimulated Insulin Secretionlslets obtained 10 ~ (12) Corbett, J. A;; Sweetland, M. A;; Wang, J. L.; Lancaster, J. R.,
days after transfection with phVEGF-hIL-1Ra and nontrans- i;?gl'\ﬁ‘;Da”'e" M. L.Proc. Natl. Acad. Sci. U.S.A1993 90,
fectgd islets were washed in fresh CMRL 1Q66 culture (13) Arnush, M.: Heitmeier, M. R.: Scarim, A. L.: Marino, M. H.:
_medlum, and then_ groups of 500 washed islets were Manning, P. T.; Corbett, J. Al. Clin. Invest.1998 102, 516—
incubated at 37C with 1 mL of fresh CMRL 1066 culture 26.
medium and then containing 5% fetal bovine serum and 60 (14) Eizirik, D. L.; et al.J. Clin. Invest. 199493, 1968-74.
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Figure 1. Construction of bicistronic plasmid encoding hVEGF and hiL-1Ra (phVEGF-IL-1Ra).

in the cell culture supernatants to determine necrosis. Human Coexpression of hVEGF and hlL-1Ra Gene Expres-

islets were transfected, followed by incubation with or
without cytokine cocktail for 3 days. Thereafter, the cell

sion. To determine the levels of hVEGF and hiL-1Ra
transcription, real-time RT-PCR was carried out by deter-

culture supernatants and pellet cytoplasmic fractions weremining the threshold cycleQ), which is defined as the
collected and assayed for the content of nucleosomes usindractional cycle number at which the fluorescene crosses the

Cell Death Detection ELISA Plus kit (Roche Applied
Sciences, Indianapolis, IN).

Results

Construction of Bicistronic Vector. As shown in Figure
1, phVEGF-hIL-1Ra was constructed by cloning hiL-1Ra
excised from pUMVC1-hIL-1Ra vector usin§cd and
inserted into the polylinker site of pBudCE4.1 vector under
CMV promoter. hVEGF gene was excised from pCI-hVEGF
using Xhd and inserted into another polylinker site of
pBudCE4.1 vector under elongation factar-1EF-1 o)

fixed threshold. The higher th& value, the lower the gene
expression. Both hVEGF and hiL-1Ra were coexpressed and
levels of their expression were dose dependent (Figure 2).
To exclude the possibility of endogenous hlL-1Ra and
hVEGF gene expression, we used vector specific forward
primer and gene (hWVEGF or hiL-1Ra) specific reverse primer
for detection of hWVEGF and hiIL-1Ra. We used 18s RNA as
an internal control (Figure 2C,D). Figure 2A showed
significant expression of hlL-1Ra in transfected islets
compared to nondetectable expression of controlled samples
(Figure 2C). TheC; values of transfected samples decreased

promoter. Linearized vector was dephosphorylated to preventith increase in dose, suggesting a dose dependent expression

self-ligation, which may lead to vector recircularization. hiL-

1Ra clone was selected by double restriction digestion using

Ahd andBanHI enzymes to rule out any interfering patterns

of insert polymerization and incorrect gene insertion. The

hiL-1Ra gene has onghd restriction site, and it generates
fragments of 345 and 347 bp, wherd&eaTHI has no cutting
site in the gene. The cutting sites fahd and BanH| are

of hiL-1Ra and hVEGF (Figure 2A,B). In case of hVEGF,
nontransfected islets also showed amplification in the plot.
However,C; values of transfected samples were much lower,
suggesting efficient hVEGF expression. Since we used
different primers for hVEGF and hiL-1Ra, ti& values were
different for hWVEGF and hiIL-1Ra (Figure 2A,B).

Time Course of Gene Expression in Human IsletsWe

at 1050 and 1405 (355 and 4932) bp in the vector. Clone also determined the levels of hVEGF and hiL-1Ra secreted
selection of phVEGF-hIL-1Ra was conducted by restriction from human islets upon transfection with Lipofect-
digestion usinggcoRl enzyme, since the hVEGF gene has AMINE2000/phVEGF-hIL-1Ra complexes (Figure 3). The
one restriction site, and the vector has anoBwRI cutting levels of secreted hVEGF (Figure 3A) and hlL-1Ra (Figure
site. The cutting sites foEcoRI are at 1490 and 3790 and 3B) proteins increased with increase in dose and time. There
showed two bands of 2300 and 3626 bp after digestion with was no decrease in hVEGF and hiL-1Ra protein levels even
EcoRl. Based on the results of restriction digestion, clones at 10 days post-transfection, as determined by ELISA (Figure
were further sequenced using a pair of genes for hiL-1Ra 3). This phenomenon may be explained by the fact that
and hVEGF specific primers, respectively, flanking the gene hVEGF and hlL-1Ra are naturally secreted proteins by the
on the 5-side. Based on the sequencing data, the right cloneislets. However, increase in the levels of hVEGF and hiL-
was selected and propagated for future applications. 1Ra proteins was only modest compared to nontransfected
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Figure 2. Coexpression of hVEGF and hiIL-1Ra after transfection of human islets with LipofectAMINE2000/phVEGF-hIL-1Ra
(5:1, w/iw) complexes. hVEGF and hIL-1Ra gene expression levels were measured at mRNA level by real-time RT-PCR as
described previously.** The lower C; value indicates higher level of mRNA expression. Forward primers were designed from the
gene (hVEGF or hIL-1Ra) and the reverse primers from the vector to exclude the detection of endogenuous expression. Islets
were harvested at day 2, followed by RNA extraction, reverse transcription, and real-time PCR using SYBR Green | dye.

controls, suggesting low transfection efficiency of Lipo- transfection with LipofectAMINE2000/phVEGF-hIL-1Ra
fectAMINE2000/phVEGF-hIL-1Ra into human islets. complexes (Figure 5). Compared to untreated human islets,
Effect of Gene Expression on lIslet Function.To islets transfected with LipofectAMINE2000/pEGFP com-
determine whether insulin secretion was adversely affectedplexes produced higher amount of NO in presence of
by transfection with LipofectAMINE2000/phVEGF-hIL-1Ra inflammatory cytokine cocktail. In contrast, pretransfection
complexes, in vitro islet function tests by static incubation of islets with LipofectAMINE2000/phVEGF-hIL-1Ra com-
were carried out at 10 days after transfection. Insulin plexes prevented this increase to some extent.
secretion in response to glucose challenge was determined Total Caspase Activity. Caspases play an important role
by quantifying glucose-stimulated insulin release at basal (60 not only in apoptotic cell death but also associated with
mg/dL) and stimulated (300 mg/dL) glucose concentrations. immune response. Therefore, we determined total caspase
As shown in Figure 4A, transfection of human islets with activity in transfected as well as nontransfected human islets
LipofectAMINE2000/phVEGF-IL-1Ra complexes did not at 3 days postincubation of islets with cytokines. As shown
affect the insulin stimulation index compared to untransfected in Figure 6, the total caspase activity of cell extracts increased
human islets. with addition of the cytokine cocktail of TNk IL-1, and
There was significant decrease in the stimulation index IFN-y in the islet culture media. However, transfection of
upon incubation of human islets transfected with Lipo- islets with LipofectAMINE2000/phVEGF-hIL-1Ra com-
fectAMINE2000/pEGFP complexes with inflammatory cy- plexes reduced caspase activity, suggesting hVEGF and hlL-
tokine cocktail (TNFe, IL-18, and IFNy) (Figure 4). 1Ra gene expression suppressing cytokine-mediated caspase
However, transfection of islets with LipofectAMINE2000/ upregulation.
phVEGF-hIL-1Ra complexes prevented such decrease in the Apoptosis and Necrosis of Human IsletsWe determined
stimulation index, suggesting protective effect of h\VEGF and the relative level and type of cell death, and whether
hiL-1Ra coexpression (Figure 4B). coexpression of hiL-1Ra and hVEGF had any beneficial
Effect of Cytokines on Nitrite Levels. To determine the  effect on islet survival. Apoptotic cells have nucleosome
cytoprotective effect of hiL-1Ra and hVEGF expression on accumulation in the cytoplasm of dying cells, while necrotic
the islets, NO production was determined in terms of nitrite cells undergo membrane disruption leading to nucleosome
by Griess assay using islets incubated with a cocktail of release in the cell culture medium. Hence, the levels of DNA
inflammatory cytokine like Il-B, TNFa, and IFN/ after fragmentation were determined in terms of relative nucleo-
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Figure 3. Time profile of hVEGF and hiIL-1Ra gene expres-
sion at protein levels in human islets transfected with the
bicistronic plasmid, phVEGF-hIL-1Ra, as compared to non-
transfected control. ELISA of cell culture supernatants of islets
transfected with LipofectAMINE2000/phVEGF-hIL-1Ra com-
plexes (5:1, w/w) at doses of 1, 2, and 5 ug DNA/1000 islets
was peformed at days 1, 3, 5, 7, and 10 to give the cumulative
expression levels presented in this figure. The data show
consistent hVEGF and hlL-1Ra gene expressions over the
time period studied. (A) hVEGF. (B) hiL-1Ra.
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Figure 4. Stimulation index (SI) of human islets with (B) or
without (A) cytokine incubation after transfection with phVEGF-
hiL-1Ra. Nontransfected islets and islets transfected with
pPEGFP were used as controls. Sl was determined as the ratio
of the amount of insulin secretion at 300 mg/dL concentration
of glucose in the media to that at 60 mg/dL concentration upon
incubation for a 1 h period. Insulin concentrations were
determined by insulin enzyme immunoassay (EIA).
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Figure 5. Effect of hVEGF and hiL-1Ra coexpression on nitric
oxide (NO) production by human pancreatic islets upon
incubation with cytokine cocktail, consisting of IL-15, TNFa,
and IFNy for 2 days at 37 °C in 5% CO, incubator. Nontrans-
fected and Lipofectamine/p-EGFP complexes (5:1, w/w) were
used as controls. NO production was determined in the form
of nitrite in the cell culture supernatant by Griess assay and

presented as mean + SD.
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Figure 6. Effect of hVEGF and hiL-1Ra coexpression on the
activation of caspases in human islets upon treatment of
cytokines. Islets were transfected with phVEGF-hIL-1Ra using
pEGFP as control. At 12 h post-transfection, islets were
incubated with the cytokine cocktail (TNFa, IFNy, and IL-15)
for 3 days at 37 °C. Islets were then transferred to a 96-well
black plate for determining total caspases activity using
Homogeneous Caspases Assay Kit. Relative total caspase
activity was determined by fluorimetric assay and expressed
as relative fluorescence unit (RFU).

cell death was determined in terms of nucleosome concentra-
tion in the cell culture supernatants. Nucleosome concentra-
tion in the control group was considered the background level
of cell death in the islets. Absorbance in the test samples
was divided by this value to determine the enrichment factor
(EF) which could vary from 0 to 5 in the presented
experiments. Thus, higher EF indicated greater cell death,
relative to background levels.

We observed an increase in islet apoptosis and necrosis
after cytokine treatment of islets transfected with Lipo-
fectAMINE2000/pEGFP complexes (Figure 7). In contrast,
transfection of islets with LipofectAMINE2000/phVEGF-
hiL-1Ra complexes significantly reduced both apoptosis and

some concentration in the cytoplasmic fraction of islet cell necrosis, confirming the beneficial effect of hVEGF and hiL-
lysates compared to nontransfected islets. Similarly, necrotic1Ra coexpression.
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The objective of this study was to evaluate a bicistronic
plasmid vector for multiple gene delivery to human islets
for suppressing inflammatory cytokine-mediated destruction
and improving islet function. The use of a bicistronic vector
not only simplifies the amplification and purification process
of plasmid DNA but also decreases the use of total plasmid
backbone. This is expected to minimize the immunogenic
and toxic effects of bacterial plasmids.

To determine hVEGF and hlL-1Ra coexpression after
transfection of human islets with LipofectAMINE2000/
phVEGF-hIL-1Ra complexes, while excluding hVEGF and
hiL-1Ra expression resulting from endogenous production,
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Figure 7. Apoptotic (A) and necrosis (B) cell death in the
islets with cytokine exposure for 4 days after transfection with
LipofectAMINE2000/phVEGF-hIL-1Ra complexes. Lipo-

fectAMINE2000/pEGFP complex transfected human islets
were used as controls. Relative cell death was determined
by measuring nucleosome concentration in the cell lysates
and culture supernatants for apoptosis and necrosis, respec-
tively, by ELISA (Cell Death Detection ELISAPUs, Roche

we designed vector-specific forward primers and gene
(hVEGF or hlL-1Ra)-specific reverse primers. In the real-
time PCR experiment, lower cycle number for amplification
to the threshold copy number of the target sequence indicates
higher level of gene expression Since two different forward

Applied Sciences). Data were normalized to untreated controls
and expressed as a ratio of nucleosome concentration, called
enrichment factor. Reported values are the mean + SE of

and reverse primers and separate standard calibration curves
for real-time PCR experiment were used, we cannot directly
correlate the results for hWEGF and hiL-1Ra. Figure 2A and

n=4. Figure 2B show rapid and dose-dependent amplification of
hiL-1Ra and hVEGF at 2 days after transfection of human
. . islets with LipofectAMINE2000/phVEGF-hIL-1Ra com-
Discussion

) o i ) plexes. Amplification specificity was confirmed by melting
Isolation and purification of islets are known 1o disrupt - cyrye analysis of all the PCR products, with single predomi-
their microvasculatures, making them dependent upon dif- nant distinct melting temperature3,{ for hiL-1Ra and
fusion of oxygen and nutrients from the islet periphery. The hVEGF, respectively.

lack of establishment of capillary networks within the islets  gjnce the presence of two identical promoters in a
gxacerbates immune destruction of islets upon transplaptabicistronic vector may cause some interruption of the
tion. We and others have shown that hVEGF expression yanscription of two genes, we wanted to use two different
promotes new blood vessel formation and improves the promoters in the same vector. Therefore, we used pBudCE4.1
outcome of islet transplantatidi® However, effective vector, which contains CMV and EFelpromoters. Islets
prevention of islet destruction after transplantation requires undergo inadequate revascularization upon transplantation
not only revascularization of islets but also abrogation of qgye to the disruption of their microvasculature during their
cytokine-mediated islet cell death and dysfunction triggered jsojation and culture. Therefore, we selected EFplomoter

by immune an(_j inflammatory reactions. Islet injury stimu- express hVEGF, since ERlpromoter is known to be
lates resident |slet_ macrophages and passenger leukocyteg,gre potent than CMV promoter. As can be seen in Figure
to produce cytotoxic cytokines ILAL TNF-o, and IFNy.10 2A and Figure 2B, hVEGF expression level was much higher
The release of these inflammatory cytokines induces the compared to hiL-1Ra, which can be due to the following
production of nitric oxide (NO), which leads to islet cell 0 reasons: (i) hVEGF is driven by EFeromoter while

death’” o _ hiL-1Ra is driven by CMV promoter, which has been
Inhibition of IL-1/3 binding using IL-1Ra has been shown reported to be less potent than E&-promoteri®20 (ji)

to prevent suppressing of islet function and NO production hyEGF is known to be upregulated under hypoxic condi-

in mouse, rat, and human islets. Therefore, we recently tjong1 as discussed above. However, at this stage we do not
simultaneously infected human islets with Adv-hVEGF and 0w whether we need hVEGFE expression higher than IL-
Adv-hiL-1Ra, which suppressed cytokine induced INOS gene 1Ra which inhibits apoptosis.

expression and NO productidh.Similarly, Bertera et al. Ideally, the total RNA should be treated with DNase |
(2004}° reported a synergistic effect after simultaneous fglowing isolation to avoid any possible DNA contamina-

adenoviral infection of mouse islets with two individual {jon. However, in this study we did not treat the total RNA
genes, such as IL-1Ra and indoleamine 2,3-dioxygenase or

hiL-1Ra and superoxide dismutase (MuSOD).

(18) Teschendorf, C.; Warrington, K. H., Jr.; Siemann, D. W.;
Muzyczka, N.Anticancer Res2002 22, 3325-30.

(19) Elliott, M. D.; Kapoor, A.; Parker, M. A.; Kaufman, D. B.; Bonow,
R. O.; Gheorghiade, MCirculation 2001, 104, 563-9.

(20) Chung, S.; Andersson, T.; Sonntag, K. C.; Bjorklund, L.; Isacson,
O.; Kim, K. S. Stem Cell2002 20, 139-45.

(21) Ristimaki, A.; Narko, K.; Enholm, B.; Joukov, V.; Alitalo, K.
Biol. Chem.1998 273 8413-8.

(15) Zhang, N.; et alDiabetes2004 53, 963-70.

(16) Bertera, S.; Alexander, A. M.; Crawford, M. L., Papworth, G.;
Watkins, S. C.; Robbins, P. D.; Trucco, Mxp. Diabesity Res.
2004 5, 201-10.

(17) Welsh, N.; Bendtzen, K.; Welsh, M. Clin. Invest. 1995 95,
1717-22.
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with DNase, since the effect of the trace amount of DNA in dL) glucose as compared to lower, basal (60 mg/dL) glucose
the total RNA will be minimal. Moreover, our main objective  concentration. The stimulation index of LipofectAMINE2000/
of this RT-PCR study was to compare the gene expressionphVEGF-hIL-1Ra transfected islets was compared to non-
at different doses instead of quantifying how many copies transfected islets. As shown in Figure 4, there was only slight
of gene were expressed. decrease in the stimulation index when we increased the
Concentrations of hiL-1Ra and hVEGF protein were DNA dose from 1ug to 5ug per 1000 islets. These data
determined by ELISA of the culture supernatant of human indicated that transfection with LipofectAMINE2000/
islets transfected with LipofectAMINE2000/phVEGF-hIL- phVEGF-hIL-1Ra complexes had only minimal adverse
1Ra complexes. The results indicated persistent and doseeffect on the islef} cell response to glucose challenge.
dependent expression of hWVEGF and hiL-1Ra over a period To mimic the in vivo situation of inflammatory cytokine-
of 10 days, which were higher than the control. In Figure mediated insults, we incubated islets with a cocktail of IL-
3A, increase in the levels of hVEGF proteins was only 18, TNFa, and IFNy. Incubation with these cytokines
modest compared to nontransfected controls. This is likely significantly decreased the insulin stimulation index when
due to the endogenous production and/or immunostimulationislets were transfected with LipofectAMINE2000/pEGFP
of CpG motifs of bacterial plasmids and cationic liposomes. complexes, but had little effect when the islets were
VEGF is a naturally secreted protein by the islets. Both transfected with LipofectAMINE2000/phVEGF-hIL-1Ra com-
VEGF and its receptors, flt-1 and flk-1, are upregulated under plexes (Figure 4B), suggesting the protective effect of
hypoxic conditions. Moreover, isolated islets in vitro are hVEGF and hlL-1Ra coexpression.
dependent upon diffusion of oxygen. Because 1000 islets Islets produced a low level of nitric oxide (NO), but its
were incubated in 2 mL, these islets most likely experienced amount significantly increased when islets were transfected
hypoxia. These are the possible reasons for only a modestwith LipofectAMINE2000/pEGFP complexes and then in-
increase in the levels of hVEGF protein after islet transfection cubated with the cytokine cocktail (Figure 5). However, the
with LipofectAMINE/phVEGF-hIL-1Ra complexes. We increase in NO production significantly suppressed for
used vector specific forward primers, and hVEGF gene LipofectAMINE2000/phVEGF-hIL-1Ra transfected samples
specific reverse primers for the real-time RT-PCR to exclude (Figure 5). These results also correlated with islet function
endogenous hVEGF gene expression. Therefore, the mRNA(Figure 4B). Our results are in good agreement with the
level of hVEGF significantly increased after transfection of literature when adenoviral vector encoding hiL-1Ra has been
islets with LipofectAMINE/phVEGF-hIL-1Ra complexes. In  shown to suppress NO production and |B-induced
contrast, there was little increase in hVEGF mRNA levels impairment of islet functiol. Unlike adenoviral vector,
for the nontransfected controls (Figure 2A). These results phVEGF-hIL-1Ra-based formulations showed only partial
are in good agreement with our previously published re8ults. suppression of NO production, due to their poor transfection
Similar to hVEGF protein levels, there is only a modest into human islets.
difference in the levels of hiL-1Ra protein of transfected islet ~ We used caspase assay and the envichment factor (EF)
samples compared to their nontransfected controls (Figurevalues to determine the islet cell death in order to keep our
3B). We could not use more than:g of DNA dose for analytical techniques consistent with our previous studies.
islet transfectiion due to the high toxicity of LipofectAMINE  In addition, the mechanism of Cell Death Detection ELISA
at higher doses, which impaired insulin secretion from the Plus kit we used in the present study is similar to the TUNEL
islets. Unlike real-time RT-PCR which allows us to exclude assay, since it detects DNA strand breaks during apoptosis.
the endogenous production of hiL-1Ra mRNA, the ELISA Because of unknown differences in relative importance of
assay does not offer this possibility. The relative difference different caspases, we determined total caspase activity in
in the level of hiL-1Ra protein at day 1 was more significant islets. We observed increase in total caspase activity in islets
than that at days 3, 5, 7, and 10. This difference at early transfected with LipofectAMINE2000/pEGFP complexes,
stage is more important for islet survival and function. followed by incubation with the inflammatory cytokine
Since we had used pEGFP as control in our previous cocktail. In contrast, coexpression of hVEGF and hiL-1Ra
studies, we tried to use the same control in this study. reduced the total caspase activity (Figure 6), suggesting the
Another advantage of pEGFP is that we can monitor beneficial effect of these two therapeutic genes.
transfection efficiency using a fluorescence microscope. We determined the relative level of apoptosis and necrosis
Since transfection of islets with LipofectAMINE/pPDNA  in human islets incubated with cytokines cocktail at 3 days
complexes influences inflammatory cytokine production, posttransfection by estimation of nucleosome concentration.
insulin secretion, and other properties of islets, we did not The enrichment factor (EF) values were calculated for all
include nontransfected controls in this study. transfected samples by using 1 as the EF of the nontrans-
The transfection process should not affect the normal fected islets without cytokine. As can be seen in Figure 7,
insulin secretion capability of human islets, which varies there was significant increase in the enrichment factor for
from batch to batch. Therefore, we measured insulin releasethe islets tansfected with LipofectAMINE2000/pEGFP com-
in response to glucose challenge to assess the islet functionablexes and then incubated with the cytokine cocktail.
viability. The stimulation index of insulin secretion by the Coexpression of hVEGF and hIL-1Ra significantly sup-
islets was measured as a ratio of insulin at higher (300 mg/ pressed this increase.
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In conclusion, we constructed a bicistronic plasmid vector However, we have seen consistently the beneficial effect of
phVEGF-hIL-1Ra and determined whether coexpression of hWVEGF and hiL-1Ra coexpression on islet viability and
hVEGF and hlL-1Ra shows any beneficial effect on human function.
islet viability and function. We demonstrated that coexpres-
sion of hVEGF and hIL-1Ra can minimize the effect of
inflammatory cytokines on human islet viability and function.
The quality and purity of human islets vary from batch to
batch, which often complicates the data analysis and cor-
relation of our results from one experiment to another. MP060091S
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