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 Abbreviations 

Amp Ampicillin

GFP green fluorescent protein

PBS phosphate buffered saline

FBS fetal bovine serum

XIAP X-linked inhibitor of apoptosis, anti-apoptotic component 

SDS-PAGE sodium dodecyl sulfate polyacrylamide gel electrophoresis 

FLIP FLICE (Caspase 8) inhibitory protein

T1/2DM type 1/2 diabetes mellitus

TNF-α tumor necrosis factor

IL-1β interleukin-1β

IFN-γ interferon-γ

MCV Molluscum cotagiosum virus

FADD Fas-associated death domain

TRADD TNF receptor 1-associated death domain
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Abstract 

In the recent decade, the antiapoptotic factor FLIP (FLICE inhibitory protein) has been well 

studied in various of cell types. Since it is specifically expressed in β cells, but not the 

exocrine cells in pancreas, it arouses a lot of interests as being a putative gene therapy target 

against abnormal β-cell apoptosis in future diabetes treatment. In this project, I overexpressed 

the viral FLIP from the Molluscum contagiosum virus, MCV 159, in insulin secretion cell line 

and human islet cells and then I treated the cells with cytokines, DETA/NO or streptozotocin. 

When cells overexpressed the viral FLIP MCV159 (v-FLIP), the cell death decreased 

significantly, both in INS-1 and human islet cells. Thus, v-FLIP induced a strong protection in 

β-cells against cytokine-, streptozotocin- and NO-induced cell death. Moreover, v-FLIP also 

activated the NF-κB signaling pathway and consequently increased the gene expression of the 

antiapoptotic proteins XIAP and A20. The present results support the notion that viral FLIP 

could be overexpressed in insulin producing cells to treat type 1 diabetes by preventing cell 

death.   
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1. Introduction 

1. 1 Diabetes and the β-cell  

 

Diabetes mellitus is known to be one of the most common chronic diseases in the world and it 

is characterized by high blood sugar levels (hyperglycemia). According to the report 

published by the World Health Organization there will be more than 350 million diabetics in 

the world by the year of 2030. Although many pathways and interactions are involved in the 

blood sugar adaption in the body, the most important factor controlling the blood glucose 

levels in the body is insulin. Insulin is a hormone produced by β-cells located within the islets 

of Langerhans in the pancreas. There are 2 main types of diabetes, both of which have been 

extensively studied. Basically, Type 1 diabetes mellitus (T1DM) develops following a 

shortage of insulin production due to an autoimmune attack specifically directed against the 

insulin producing beta-cells in the pancreas. Type 2 diabetes mellitus (T2DM) is mainly 

caused by a decreased production of insulin and/or a decreased effect of this hormone on its 

target tissues in the body (insulin resistance). 

 

T1DM patients need lifelong treatment with insulin, the main delivery systems including the 

insulin injection, insulin pump, or insulin pen. Although T1DM is no longer a life-threatening 

disease, the side effects of diabetes when not properly treated are unacceptably dangerous, for 

example abnormal urine production, loss sharpness of vision, unexplained weight loss and 

diabetic ketoacidosis. For T2DM patients the current combination therapies include dietary 

monitoring, increasing exercise, medications and insulin supplementation.  

 

For severe cases of T1DM, transplantation of whole pancreas or transplantation of isolated 

islets of Langerhans represent an alternative to insulin treatment. In 2000 Shapiro et al 

published a study, demonstrating that clinical islet transplantation can provide T1DM patients 

an insulin independent period after surgery (2). However, 70% of the transplanted β-cells might 

be destroyed by prolonged hypoxia and recurrent immune attacks, mediated by various 

apoptotic pathways in the early period of the post-transplantation(3-5).  
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Therefore, the study of apoptotic pathways involved in the destruction of β-cells could 

provide both an insight into the mechanisms of the disease as well as possible future therapies. 

In particular, local modulation of antiapoptotic proteins might hold potential for a future 

application of gene therapy to prevent islet loss in transplanted patients. 

 

1.2 Cell apoptosis and signaling pathways 

 

Apoptosis, or programmed cell death, is a conserved mechanism by which the organisms 

dispose of useless or malfunctioning cells, and which includes serial highly organized 

activities, including chromatin condensation, nuclear degeneration and cellular shrinking (6).  

 

The key molecules involved in cell apoptosis are members of the caspase (conserved cysteine 

proteases) family. Diverse stimuli can activate these caspases in a hierarchical order. The 

process starts with activation of the initiator caspases (i.e., caspases-8/10). These 

consequently activate the effector caspases (i.e., caspase-3/7) by cleavage at proper sites. And 

finally, the effector caspases will promote degradation of downstream intracellular proteins, 

eventually achieving the programmed cell death (6).  

 

The extracellular signals like cytokines (i.e. TNF-α, IL-1β and IFN γ) promote cellular 

apoptosis by binding their specific receptors on the target cells. One of the classic 

extracellular apoptosis signaling pathways are achieved via TNFRs (TNFR1 and TNFR2, 

tumor necrosis factor receptor). TNFRs are receptors for lymphotoxic-beta, CD40, CD27 and 

CD30 (8). FasL, one member of the TNF (tumor necrosis factor) family, can induce cell death 

through the Fas (CD95/APO-1) signaling pathway(9). When FasL bounds to Fas 

(type1-membrane protein, belongs to TNFRs family), the recruitment of the initiator caspases 

to the plasma membrane begins and initiates apoptosis. Fas contains a death domain (DD), 

which will interact with the DD within FADD or TRADD, which in turn will associate with 

caspase 8 via its death-effector domains (DEDs). These serials bindings and associations will 

eventually form the DISC (death inducing signaling complex), which will subsequently 
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activate downstream effector caspases leading to cell death (9-11) (figure 1).  

     

   FasL 

        Fas                   FADD                        Caspase 8 

 

 

 

                    DISC 

Figure 1. The formation of DISC.   DD, death domain   DEDs, death effector domain.  

The FADD or TRADD are adaptor molecules. They contain a death domain at the amino terminus and a death 

effector domain at the carboxyl terminus, thus they can connect both TNFR as well as the initiation caspase 8. 

 

Moreover, as one of the most important mediator involved in the autoimmune responses in 

Type 1 diabetes, cytokines also are proposed to activate many other signaling pathways 

involving several target proteins such as MAPKs, JNK, P38, NF-κB etc. (12,13). Activation of 

these proteins modulates many cellular processes like cell growth, proliferation, 

differentiation and cell apoptosis. In particular, the transcription factor NF-κB, a 

multi-functional protein family, is able to modulate cellular fate depending on the different 

stimuli. In beta-cells, activated NF-κB has been reported mostly as a pro-apoptosis 

regulator(13),while in other cellular systems, it can promote pro-survival pathways involving 

expression of several anti-apoptotic proteins such as A20, XIAP, c-IAP, HSP70. (7,15).  

 

The activation of NF-κB requires a release from IκB, and phosphorylation at specific sites. In 

pancreatic β-cells, the NF-κB subunit composition is p50/p65. After phosphorylation of IκB, 

IκB is released from NF-κB, and the NF-κB subunits will translocate from cytosol to nucleus 

leading to activation of transcription of target genes (15).   

 

1.3 FLIP— the FLICE (Caspase 8) Inhibitor Protein 
 



8 

FLIP was first described in 1997 as an efficient antiapoptotic molecule mainly expressed in 

lymphoid and muscle cells (11). In the recent 10 years, the function of FLIP has been well 

studied, but the mechanism of its function is still unclear. Many studies on FLIP in cell 

apoptosis deal with its blocking function in the Fas signaling pathway. There are several types 

of FLIP, including 2 cellular FLIPs (c-FLIP) and 6 viral FLIPs (v-FLIP) , but all of them 

contain 2 death effector domains (DEDs). These FLIPs inhibit a wide range of cell death 

signaling pathways including Fas, TRAMP (Apo-3), TRAIL-R and TNFR. The DEDs are the 

main functional domains for FLIP-induced antiapoptotic events (10,11).  

 

The cellular FLIPs include the short form, FLIPS, and the long form, FLIPL. The long form of 

cellular FLIP contains also a caspase-like domain(11). In addition, it has been shown that 

c-FLIPL can activate NF-κB by this region via TRAF1 and RIP binding (11,16).  

 

Like eukaryotic cells having their strategies to escape from cell apoptosis, viruses also 

evolved their own pathways to prevent the host's apoptotic response after the infection, and 

v-FLIP is one of them. Margot et al. found two DEDs containing proteins in viruses and they 

named them viral FLIPs (10). Both γ-herpes viruses (herpesvirus-8) and molluscipoxvirus 

(MCV) express this type of antiapoptotic proteins that are structurally similar to c-FLIPs. 

v-FLIPs contain two DEDs but lack of the caspase-like region.  

 

Kathrin et al. reported that FLIP is expressed only in β cells, and not in the exocrine tissue of 

the pancreas(1), so FLIP might have a special function in insulin producing cells. Thus, I 

investigated here the anti-apoptotic characteristics of a viral form of FLIP (MCV-159 (11)) in 

insulin producing cells. I overexpressed v-FLIP via a bicistronic lentiviral vector in the insulin 

producing β-cell line, INS1 cells and in primary human islet cells. I detected an efficient 

anti-apoptotic effect of this protein following different treatments. Protein analysis 

demonstrated that a possible mechanism of the action for FLIP not only involves the 

inhibition of the Fas/FasL pathway, but also might involve the activation of the NF-κB 

signaling pathway.  
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2. Materials and Methods 

2.1 Cells and Cell Culture 
All chemicals and reagents were purchased from Sigma unless stated otherwise. Cytokines 
were from Peprotech.  
 
Rat insulinoma INS-1 cell line (a kind gift from prof. H. Mulder) was cultured in humidified 

air containing 5% CO2 at 37 ℃ in RPMI 1640 medium supplemented with 100 U/ml 

benzylpenicillin, streptomycin (0.1 mg/ml), 10% (v/v) fetal bovine serum, 2 mmol/L 

L-glutamine and 50 µM 2-mercaptoethanol. 

 

To evaluate the effect of FLIP overexpression on β-cells apoptosis, INS1 cells were 

transfected by using the lentiviral GFP-FLIP and GFP (negative control) vectors (The GFP  

and FLIP-GFP plasmid were very kindly supplied by Dr. Gustavo Mostoslavsky from the 

Department of Genetics, Harvard Medical School and Dr. Thomas Matthes, from Dept. of 

Hematology, Geneva University Hospitals, respectively). Three days later the transfected cells 

were treated with either a cytokine mixture (250 U/ml human 1L-1β, 1000 U/ml murine IFN-γ 

and 1000 U/ml human TNF-α, Peprotech), streptozotocin (15 mM for human islet and 7.5 mM 

for INS1 cells; the medium containing streptozotocin was changed to normal culture medium 

after 30 mins) or DETA/NO (1 mM for human islets and 0.5 mM for INS1 cells, ) for 24 hours. 

These 3 types of toxic treatments induced increased cell death after 24 hours. 

 

HEK 293T cells (Human Embryonic Kidney cell line, a gift from prof. G. Akusjärvi) were 

used for the production and titering the lentiviral vector. HEK 293T cells were cultured in 5% 

CO2 at 37 ℃ in DMEM medium supplemented with 100 U/ml penicillin, 10% (v/v) fetal 

bovine serum and 2 mM L-glutamine.  

 

Human islets were kindly provided by Prof. Olle Korsgren. Dept. of Clinical Immunology, 

Uppsala University, Sweden. They were maintained in CMRL 1066 medium supplemented 

with 100 units/ml of penicillin, 2 mM L-glutamine and 10% FBS. In some experiments, islets 

were additionally cultured with cytokines (250 U/ml human 1L-1β, 1000 U/ml human IFN-γ 
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and 1000U/ml human TNF-α) for 5 days for induction of apoptosis. 

 

2.2 Lentivirus Construction and Lentiviral mediated transduction 

 (pWP-SIN-cPPT-WPRE)-CMV-IRES-GFP plasmid (figure 2) ligated with v-FLIP gene at 

MCS was constructed. The cleavage site for v-FLIP is between BamH 1 and Sal I. (Digestion: 

7µl DNA, 1µl NE3Buffer for Sal1 & Bam H1(10X), 1µl 10X BSA, 0.5µl Sal 1, 0.5µl Bam 

H1. 60mins, 37℃) 

 

 

Figure 2. Map of CMV-GFP plasmid(7000bp). MCV159 viral FLIP gene had been inserted in MCS to 

construct the CMP-FLIP-GFP plasmid (10kp).  

 

 Lentivirus construction and titration 

Lentiviruses were produced by a five-plasmid transfection procedure. HEK 293 T cells were 

transfected using calcium phosphate precipitation technique with the bicistronic backbone 

vector expressing v-Flip under the CMV promoter and a green fluorescent protein (GFP) 

(figure 2) together with four expression vectors encoding the packaging proteins Gag-Pol, Rev, 

Tat and the G protein of the vesicular stomatitis virus (VSV), as previously described (18) 

(table 1). 
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Table 1. DNAs proportion calculation table 

DNA proportion table 

Molar ratio 20 1 1 1 2 

DNA Backbone DNA Tat rev gag/pol Vsv-g 

Mass 3.4µg/kb length 1.2µg 1.2µg 1.2µg 2.4µl 

 

Six hours after transfection the medium was changed to regular DMEM complete medium. 

After 2 days the viral vector was harvested every 12 hours until the cells detached and died 

(4-6 collections). The virus containing media was filtrated pooled and concentrated ∼ 100 fold 

by ultracentrifugation. (16500rpm for 90mins, at 4℃) 

 

Titration of the virus was performed by diluting the viral extract 1:50, 1:100,1:500, 1:1000 

and 1:5000, and 2 days after infection of INS1 cells, the percentage of GFP+ cells was 

determined by using a FACSCalibur flow cytometer (Becton-Dickinson Immunocytometry 

Systems, San Jose, CA). The number of active viral particles or transforming units per ml 

(TUs/ml) were calculated as follows: 

 

C(v)= DG(d)N *%∗∑  

C(v): Titer of virus, U/ml 

N: Cell number in each text well 

G(d)%: Percentage of the GFP+ cells in one text well 

D: Dilution Rate 

 

2.3 Flow Cytometric analysis of cell viability 

The viability of INS1 cells was determined by staining the cells with 20 µg/ml propidium 

iodide  for 15 min at 37℃. The medium containing free-floating cells was collected. The 

attached cells were suspended by trypsinization (0.5% trypsin for 5 mins at 37℃). The 

attached and free-floating cells were combined, washed and analyzed by flow cytometry 
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using the BD FACSCalibar™ flow cytometer and the CellQuest software (BD 

Immunocytometry system, USA).  

 
2.4 Western blot analysis  
 
The cells treated with different toxins were used for Western blot analysis. FLIP 

overexpression could be detected using an anti-FLAG antibody. For the detection of all other 

proteins we used antibodies as shown in table 2: 
 

Table 2. Primary and Secondary antibodies used for Western blot. 
Product No. Name Size(kDa) Dilution Rate 

(Primary) 
Secondary antibody

Sc 7195 Bcl-Xl 30 1/200 Rabbit 
Sc 51590 OctA-Probe(F-tag) 34 1/200 Mouse 
Sc 371 IkB-α  37 1/200 Rabbit 
Phospho- 
IkB(5A5) 

PhosIκB-α 40 1/1000 Mouse 

Sc 7386 NF-κB P52 52 1/200 Mouse 
Sc 11426 XIAP 55 1/200 Rabbit 
Sc 101749 P- NF-κB p65 66 1/200 Rabbit 
Sc 8008 NF-κB P65 65 1/200 Mouse 
Sc 7944 C-IAP2 68 1/200 Rabbit 
Sc 48366 ReIB  70 1/100 Mouse 
Sc13119 HSP 70α/β 70 1/200 Mouse 
Sc 22834 A20 90 1/200 rabbit  
 

Except the Phospho-IκB-α that was purchased from Cell Signaling, all the other primary antibodies came from 

Santa Cruz Biotechnology. Note: The dilution of primary antibody should be 3-fold less than in the table if using 

the S.N.A.P id blotting System with 3 ml of 1% BSA.  

 

The cell samples for Western blot were first washed with PBS and then lysed in SDS-sample 

buffer (2% SDS, 5% 2-mercaptoethano, 10% glycerol, bromphenol blue, 2mmol/L 

phenylmethylsulfonyl fluoride, 0.15mol/L Tris, PH 8.8). The cells were sonicated for 10 

seconds to break high molecular weight DNA. After boiling the samples for 5 mins, they were 

separated  on 12% SDS polyacrylamide gels (table 3). After transferring the proteins from 

the gel to a nitrocellulose filter (Amersham Biosciences), I blocked the filter with 2.5% BSA 

for 1 hour and stained it with primary antibodies (table 2). The horseradish peroxidase-liked 
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secondary antibodies were applied after incubation with primary antibodies. The procedure of 

blocking and incubation with primary and secondary antibody could be simplified by using 

SNAP i.d. Protein Detection System (Millipore).   

 

Table 3. Recipe of 12% SDS polyacrylamide gel 

 

 

 

 

 

 

The immunodetection was performed by ECL Immunoblotting detection system (Amersham 

Biosciences) and the Kodak Imagestation 4000MM. To quantify the protein expression, I 

analyzed the immunoblotting result by densitometric scanning with Kodak Digital Science ID 

software (Eastman Kodak, Rochester, NY) and the results were normalized to amino black.   
 
2.5 statistics analysis 

 
Results are presented as means + standard error. * denotes p<0.05 using one-way ANOVA for 
multiple measurements and Fisher's post-hoc test. 

SDS-PAGE (12%)
Seperation Gel concentration Gel

Acraylamide (30%) 4ml 1.35ml
Tris (3M, ph 8.8) 1.3ml 
Tris (3M, ph 6.8) 1.25ml
dd Water 4.7ml 7.4ml
SDS (20%) 50ul 50ul
APS 50ul 50ul
TEMED 5ul 5ul
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3. Results  

3.1 Efficiency of Lentiviral vector transduction  
 
To investigate the role of v-FLIP, I first constructed the lentiviral vector to deliver the DNA 

coding for v-FLIP into the host cells, both INS1 cells and human islet cells. 

 

I amplified the plasmid (pWP-SIN-cPPT-WPRE)-CMV-IRES-GFP-FLIP in the E.coli system. 

After digestion I got a band by running a 0.8% agarose gel at the expected size of 800bp 

(figure 3). I obtained 10 ml of the plasmid, at a concentration of 0.156 µg/µl. 

 
                   1    2          3    4    5 
                              
                                          

Uncleaved plasmid 
          10kbp                           Linearized plasmid 
 
 
          2000bp 
 
 

750bp                                V-FLIP fragment, 800bp 

 

 

                              

Figure 3. The Agarose analysis after plasmid isolation. Lane 1& 2 Marker. Lane 3, the plasmid only digested 

by BamH1. Lane 4, the plasmid only digested by SalI. Lane 5, the plasmid digested by both BamH1 and SalI. 

Only in the lane 5, I got the single fragment.  

 

After obtaining the amplified plasmid, I transfected the HEK 293T cells to produce the 

lentiviral vector. After 2 days of production, I harvested 2 ml of v-FLIP (titer: 5×106 TU/ml) 

vector and 2 ml of GFP vector (titer: 1.2×107 TU/ml).   

 

Transduction of INS1 cells with 5 TU/cell of the v-FLIP vector mediated a transduction 

efficiency of 17.7% in 24-well plates, but the transfection efficiency did not go up further  
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when increasing the viral concentration. As demonstrated by Western blot analysis, the INS1 

cells overexpressed viral FLIP 2 days after transduction, and the level of v-FLIP expression 

increased somewhat with the amount of the virus added (figure 4). However, some 

degradation can also be detected especially at the higher viral concentrations. This might 

indicate that when the cells express high amounts of FLIP, the protein could be highly 

“degraded” or “processed” for some reasons. So in the following experiments, I used 3 TU of 

the FLIP virus and GFP viruses to transduce the INS 1 cells.  

 

      Control      GFP     FLIP 5 TU  FLIP 10 TU FLIP 15 TU FLIP 20 TU/cell 

       

 

 

Figure 4. Western blot for v-FLIP overexpression. INS1 cells were infected with different concentrations of 

virus, GFP virus was used as control. The control lane was without any infection. v-FLIP overexpression was 

oberved in FLIP virus infected cells, but not in control or GFP cells, and the amount of FLIP increased with the 

concentration of the virus. 50% of FLIP was degraded or processed in the 10 TU, 15 TU or 20 TU v-FLIP 

groups.  

 

3.2 v-FLIP overexpression protected β-cells from cytokines/ streptozotocin/NO 

induced cell death 

 

Despite the many studies dealing with viral FLIP (v-FLIP) as an antiapoptotic protein in many 

types of the cells, like lymphoid T and B cells, little is known about its precise role in β-cells. 

In the present study, I detected a significant protection by v-FLIP in β-cells when challenged 

with various apoptosis inducing agents (figure 5a, c). I exposed INS1 cells to cytokines (250 

U/ml human 1L-1β, 1000 U/ml murine IFN-γ and 1000 U/ml human TNF-α), streptozotocin 

(7.5 mM), or the NO donor DETA/NO (0.5 mM), and cell death rates were increased 2.2-, 4.0- 

and 3.5-fold by the different treatments, respectively (figure 5b). However, when the cells 

overexpressed v-FLIP, the cell death rates were reduced to control levels (figure 5c). Thus, the 

cell death had been prevented significantly by v-FLIP.   

？
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D
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 Iodide, PI) 

 

A.          Con. No virus        GFP virus       FLIP virus 

          

Control 

(No addition) 

 

Streptozotocin 

 

Cytokines 

 

 

NO donor 

 

 

B.                                      C.  

 

 

 

 

 

 

 
 
 
 
 
 
Figure 5. v-FLIP protects beta cells against cytokine/Streptozotocin/NO donor-induced apoptosis. INS 1 
cells were treated with cytokines, strepotozotcin or the NO donor DETA/NO for 24 hrs and then stained with PI 
(propidium iodide) for 15 mins; the dead cell were stained as red cells. Control cells were not infected with any 
virus, neither CMV-GFP nor CMV-GFP-FLIP virus. The transduced cells were green. A. FACS profile of INS1 
cells transduced with GFP lentivirus or v-FLIP lentivirus and treated with cytokines, streptozotocin and 
DETA/NO was obtained. The upper right area depicts the dead cells that are also GFP positive. The figure shows 
that there were fewer dead cells in this quadrant in the v-FLIP group as compared with cells only expressing GFP. 

GFP (Green Channel, GFP+) 
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The death rates were calculated according to this profile. B,C. Combined results of 4-5 experiments as measured 
by PI staining. B indicates the death rate in GFP negative cells and C indicated the cell death rate in GFP positive 

cells. The results are presented as the mean ± SEM: * denotes p<0.05 using ANOVA and Fisher's LSPD test.  

 

In this experiment, the death rates in GFP-negative cells were kept at a similar level within 

every single treatment. No significant difference was observed between the death rates 

induced by cytokines, streptozotocin and DETA/NO in the different transduced groups. In the 

cells without any treatment, there is no difference in cell viability between the v-FLIP group, 

GFP group and the non-virus group (figure 5B,C). This might indicate that v-FLIP was more 

functional when cells were presented in a toxic environment such as cytokines.  

 

In summary, v-FLIP overexpression protects against different forms of cell death in INS1 

cells.  

 

 Viral FLIP reduced cell death in human islet cells 

 

The efficiency of v-FLIP overexpression in promoting cell survival was also investigated on 

human islet cells cultured in the presence of cytokines. The human islets were transduced with 

v-FLIP virus, then exposed to cytokines for 5 days until a significant death had been induced.  

 

A.                                     B. 

          GFP+       Total cells    Dead cells 

1 

 

2 

  

 

3 

 

Figure 6. Fluorescence microscopy studies of human islets. A. Fluorescence microscopy micrographs of 

human islets transduced with v-FLIP virus and subjected to cytokines for 5 days until the cell death had been 
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induced. Green cells were GFP+ and FLIP expressing cells. All cells’ nuclei were stained blue by Hoechst stain, 

and only dead cells can be stained red with Propidium iodide (PI). B. Quantifications of the death rate of the islet 

treated were done by manual counting. The islets were from 2 donors.  

 

An increased cell viability of the v-FLIP expressing (GFP+) human islet cells as compared 

with non-transduced cells was observed. As demonstrated by fluorescence microscopy 

following PI staining, fewer green cells (expressing v-FLIP) were dying (stained red in figure 

6 A-1,2). However, in the islet which contained no, or fewer green cells, much of them were 

stained red (dead cells) (figure 6 A-3). Since we did not stain for insulin, we cannot say 

whether the protective effect of v-FLIP is present in β-cells. Instead, it appears that v-FLIP 

efficiently reduced the death of cells within the islets of Langerhans (figure 6 B).  

 

3.3 v-FLIP-induced changes in gene expression 

Since a distinctive decrease in death rates in INS1 or human islet cells overexpressing v-FLIP 

was observed, I next studied the mechanisms behind v-FLIP’s protection. As mentioned above, 

v-FLIP might prevent β-cell death by affecting several signaling pathways, including 

Fas/FasL, NF-κB, ERK, JNK/Akt(12-14,20). Therefore, I immunoblotted filters with control, 

GFP or FLIP samples with antibodies directed against Bcl-XL, OctA-Probe(F-tag), IκB-α, 

Phospho-IκB-α, NF-κB P52, XIAP, P-NF-κB p65, NF-κB p65, C-IAP2, RelB , HSP 70α/β, 

A20. These are proteins involved in different pro- or anti-apoptosis pathways. I quantified the 

Western blot results by using the Kodak Digital Science ID software, the filter were 

normalized by amino black before quantification.  

 

In one experiment, transduction with the v-FLIP virus resulted in v-FLIP overexpression 

(figure 8A), which was paralleled by an increased expression of NF-κB p65, phospho-NF-κB 

p65, p52, XIAP and A20 (figure 7). However, the ratio Phospho-p65/p65 was not affected 

when comparing v-FLIP expressing cells and non-FLIP expressing cells (figure 8a). Moreover, 

v-FLIP did not increase IκB-α or promote IκB-α phosphorylation (figure 8b). Previous studies 

showed that the viral form of FLIP that I used in this study affected IκB-β, but not IκB-α, and 

that v-FLIP promoted NF-κB release from IκB without inducing IκB phosphorylation(21-23). 
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Thus, this might be the reason why I could not see any differences in IκB-α when v-FLIP was 

overexpressed.  

 
A.                                      D. 
 
 
 
 
 
 
 
                                               
B.                                   

E 
                                         . 
                                          
 
 
 
 
C.  

 
.  
 

                                   F.   
 
 
                                           
 
 
 
 
 
Figure 7. v-FLIP activated NF-κB and increased expression of anti-apoptotic genes.  
Lane 1. GFP STZ 2. GFP NO 3. GFP Cyto 4. GFP 5. No virus STZ 6. No virus Cyto 7. No-virus NO 8. Flip NO 
9. Flip Cyto 10. Flip STZ 11. Flip 12. Control (no virus, no treatments). A. Western blot of overexpression of 
v-FLIP and v-FLIP degradation products. B-F. Western blot results of phospho-p65, p65, XIAP, p52 and A20, 
respectively. All protein intensities were standardized by amino black staining before the final ratio calculation.  

 

In most cases, the NF-κB dimmers are composed of p50/p65, which are translocated to the 

nucleus when IκB has been activated by the IKK complex. This is classic NF-κB activation 

*
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pathway. In addition, there are alternative pathways of NF-κB activation, for example 

IKKβ-mediated processing of p100 to p52. This in turn will lead to nuclear translocation of 

p52/RelB dimmers(24). In my case, both p65 and phospho-p65 increased their expression when 

v-FLIP had overexpressed (figure 7 B, C). Thus, even though the ratio Phospho-p65/p65 did 

not influenced by v-FLIP overexpression(figure 8 a), I could not exclude the possibility that 

v-FLIP could active NF-κB via its classic pathway. Moreover, p52 protein level also increased 

when v-FLIP was overexpressed (figure 7 E) indicating that v-FLIP might also induce p100 

processing to p52. Unfortunately, the immunoblotting against RelB was very weak and no 

specific bands could be observed.  
 
a.                                     b.  

   
 
Figure 8. P65 and IkB activation. The chart a and b indicate the ratios of the phosphorylated proteins relative 

to total protein. A. phospho-p65/p65  B. phospho-IκB/IκB.   

 

The expression of the antiapoptotic proteins XIAP and A20 were downstream regulated by 

NF-κB, and I observed an increase when v-FLIP was overexpressed (figure 7D, F). As no 

clear effect of v-FLIP overexpression was seen on the levels of C-IAP2 and Hsp 70 (data not 

show), my results could suggest that v-FLIP prevented cell apoptosis via NF-κB induced 

XIAP and A20 overexpression.  
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4. Discussion

In this study, I demonstrated that the viral form of FLIP, MCV-159 protected efficiently 

β-cells, both INS1 cells and human islets, challenged with various apoptosis-inducing agents. 

The antiapoptotic function of other cellular and viral FLIPs has been reported in several other 

types of cells such as 293T cells and lymph cells (T or B cell line). In this study I investigated 

the putative role of v-FLIP (MCV-159) in β-cells and I detected a significant protection 

against cytokine-, streptozotocin- and NO donor-induced cell death. This is the first time that 

this particular viral FLIP has been proved as an efficient protective factor for β-cells (INS1 

cells as well as human islets). Thus, the v-FLIP gene could be used as an antiapoptotic gene in 

future gene therapy trials in Type 1 diabetes. Furthermore, in my study, I also tried to lift the 

curtain on the more specific mechanisms behind v-FLIP’s protective function. My results 

indicated that v-FLIP MCV-159 prevention against cell death occurred possibly via NF-κB 

activation, and the further downstream activation of antiapoptotic genes including XIAP and 

A20. In insulin producing cells previous reports suggested that NF-κB activation is a 

pro-apoptotic event (14). According to my results NF-κB activation appears to be mainly an 

anti-apoptotic signal, but a pro-apoptotic role of NF-κB in β-cells in other situations cannot be 

excluded. It seems that, in my setting v-FLIP induced NF-κB activation through 2 pathways, 

the classic pathway involving p50/p65 phosphorylation and the alternative pathway, via 

inducing p100 processing to p52. Previous research indicated that v-FLIP could have a 

interaction with IκB-β instead of IkB-α, which might be an explanation of why I could not 

detect any difference on IκB-α activation.  

 

I also observed a possible degradation or a further processing of v-FLIP when high levels of 

v-FLIP were expressed (figure 4 and figure 7A). Thus, an interesting question is if v-FLIP 

function is maximal on its full size or there is another processed product, which could also 

mediate the protection. In non-apoptotic malignant, primary T- and B-cells and mature 

dendritic cells Golks et al. reported an N-terminal cleavage product of c-FLIP, P22-FLIP, 

which could strongly induce NF-κB activation, via interaction with IKKγ subunit (21). In the 

present setting, I might also have a cleavage product “P22-viral FLIP”, which could mediate 



 

NF-κB activation. 

 

Many of the previous studies concerning the anti-apoptotic activity of FLIP mainly focus on 

the cellular FLIPs, especially on its long form c-FLIPL. These studies demonstrate that 

c-FLIPL can activate NF-κB through its death domain or caspase-like region by binding to 

TNFRs and RIP. Cottet S et al. proposed that c-FLIPL could activate NF-κB in the murine 

β-cell line β-Tc Tet cells (17). It seemed that c-FLIPL  associated stronger with NF-κB. 

However, Jennifer and Gail mentioned that c-FLIPS, which is structurally similar to v-FLIP 

and does not contain a caspase-like region, could reversely reduce the activation of NF-κB 

pathway in T lymphocytes (24). Therefore, our results showing v-FLIP also could active the 

NF-κB signaling pathways and induce antiapoptotic gene expression in β-cells is very 

exciting.  

 

Therefore, in the future, these results will hopefully be validated both in INS1 cells as well as 

in human islet cells using a specific NF-κB inhibitor. And the monoclonal antibody of rat Ki 

67 will be used with TUNEL technique, to detect the β cell replication and apoptosis (1) in the 

future as well. 
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