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Characterization of Cellular FLICE Inhibitory Protein (cFLIP) in Cells of Human Cervical Cancer  
  

Introduction 
 

Apoptosis, or programmed cell death, is a mechanism that accounts for the majority of cell death in the body, 
occurring during homeostasis of adult tissue associated with cell turnover, and during the removal of cells that 
can no longer serve the body due to damage.1 In the absence of apoptosis, cells proliferate to excess, forming 
tumors that damage healthy tissues. The extrinsic pathway of apoptosis relies on the binding of hormone, such as 
Fas ligand, to receptors that activate caspase-8 and other downstream enzymes that induce apoptosis.2 
Interestingly, an inhibitor of caspase-8, known as cellular FLICE-like Inhibitory Protein (cFLIP) is structurally 
identical to caspase-8, but lacks its enzymatic activity. When present within cells, cFLIP competes for binding with 
molecules, thereby preventing the downstream activation of other enzymes which trigger apoptosis.3 Increased 
expression of cFLIP in cells is associated with the onset of cancer.2 

 
Cytoskeletal keratin intermediate  filaments are found in cells of many adult organs and cancers. In particular, 
cells with keratin 8/18 filaments are more resistant to apoptosis than cells lacking these  
structures.4  Recent evidence from our laboratory suggests human cervical cancer cells (HeLa) possessing keratin 
8/18 filaments (K+ cells) are more resistant to Fas-induced apoptosis than cells lacking these structures (K- cells)5, 
but the mechanisms for this are unknown. Here we propose the mechanism of resistance to Fas-induced 
apoptosis in K+ HeLa cells is because these cells simply express more cFLIP than K- HeLa cells.  

Objective 

Determine the relative expression of cFLIP in K+ and K- HeLa 
cells under basal and Fas-induced apoptotic conditions. 

Immunofluorescence: 

Culture & fixation: Cells cultured in microchamber slides to 70% confluency; fixed w/ 2% PFA; permeabilized in MeOH. 
Immunodetection: Cells probed with K18-FITC (clone CY-90),  and rhodamine phalloidin counterstain. 
Visualization: Images collected using fluorescent microscope, Qimaging digital camera & ImagePro Insight software. 

Materials & Methods 

Cell Culture: 

Results Results (cont’d) 
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Conclusion 

Induction of Fas-induced apoptosis: 

Treatments: Cells grown to 80% confluency in 6-well plates , pretreated with protein synthesis inhibitor, cycloheximide 
(CHX; 0.25 ug/ml)  for 2 hours, then exposed to Fas activating antibody (CH11; 1 ug/ml) for 8 hours.  Fas-induced 
apoptosis quantified by MTS and caspase activity assays, conducted by manufacturers’ recommendations. 

Western blot analysis: 
Lysates: Following treatments, cells were washed with PBS, lifted with trypsin EDTA, pelleted and resuspended in lysis 

buffer containing inhibitor cocktail.  The samples were sonicated and then denatured for 5 minutes at 100C in 5x 
SDS-loading buffer. 

Immunoblotting: Proteins separated by 12.5% SDS-PAGE; transferred to nitrocellulose membranes.  
Immunodetection: Membranes probed for cFLIP (Santa Cruz) & β-Actin (clone AC-15). Membranes were blocked, and 

then incubated overnight with primary antibody at 4oC.  Detection was achieved using secondary antibody 
conjugated to fluorochrome using the LI-COR Odyssey Infrared Imaging Scanner. cFLIP intensity was normalized to  
β-actin. 

In Cell Western Assay: 

Culture: Cells grown and treated with cycloheximide and Fas agonist as previously described.  Following treatments,  
cells were fixed & permeabilized in 100% MeOH.  Fixed cells were then  incubated in blocking buffer for immunodection. 
Immunodetection: Cells incubated with cocktail of cFLAR and β-actin antibodies, then fluorochrome–conjugated 
secondary antibodies. Expression quantified with LI-COR Odyssey Infrared Imaging Scanner; cFLIP intensity normalized 
to β-actin. 

HeLa cells established from cervical carcinoma; 
provided by ATCC. Cells were previously isolated  
and clonally selected to propagate two distinct 
phenotypes containing keratin 8/18 filaments (K+), 
and lacking these filaments (K-). See adjacent 
fluorescent image.  

Difference in cFLIP expression between K+ and K- HeLa cells not evident in situ 

Summary 

- K+ HeLa cells are more resistant to Fas-induced apoptosis than K- HeLa 
cells 
- Sensitivity to Fas-induced apoptosis in both cell types is augmented by 
inhibiting protein synthesis 
-Fas-induced apoptosis in both cell types is associated with caspase 
activation 
- Sensitivity to Fas-induced apoptosis in K- HeLa cells is not attributed to a 
decline of cFLIP expression 
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The protein cFLIP is suspected to protect cells against programmed cell death (apoptosis) in cervical cancer 
carcinoma, and thus provide a mechanism to promote metastasis. Increased cFLIP expression would be 
anticipated in cervical caner cells resistant to apoptosis compared to those that are vulnerable. The objective of 
this study was to determine the relative expression of cFLIP in a cervical cancer cell line (HeLa cells ) known to 
contain cells both resistant and vulnerable to apoptosis, depending upon whether or not the cells express 
cytokeratin filaments. The HeLa cells that express (K+) or lack (K-) cytokeratin filaments were cultures and then 
exposed to culture medium alone (control), cyclohexamide (a protein synthesis inhibitor), and/or Fas antibody 
(to induce apoptosis). A cell death assay confirmed K+ cells are more resistant to apoptosis than K- cells. The 
cells were subsequently lysed to separate cellular proteins using SDS-polyacrylamide gel electrophoresis (SDS-
PAGE). SDS-PAGE followed by immunoblot analysis revealed no differences in cFLIP expression (relative to β-
actin) between K+ and K- HeLa cells under control culture conditions. However, further experiments in which 
the cells were exposed to cyclohexamide and/or Fas agonist indicated cFLIP increased in K- cells, regardless of 
treatment. Additional experiments are underway to resolve these discrepancies, including a test of whether 
cFLIP might associate with keratin filaments to influence the abundance of immunodetectable cFLIP.   

HeLa cells (K+) 

Western Blot analysis shows increased expression of cFLIP in K- phenotype  
 

cFLIP and β-actin expression detected by fluorochrome-conjugation; blots show 
increased expression of cFLIP relative to β-actin in the K- phenotype (n=3 expts).  
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K+ HeLa cells express less cFLIP than K- HeLa cells 

Qualitative assessment of cFLIP (red bands) 
relative to β-Actin (green bands) indicated less 
cFLIP expression in K+ than K- HeLa cells.  

Densitometric analysis of cFLIP expression from multiple experiments confirmed less cFLIP expression 
in K+ compared to K- HeLa cells.  Treatment with Fas agonist and/or CHX did not alter this outcome in 
either cell type. Two-way ANOVA indicated  an effect of phenotype (K+ vs. K-; P<0.05), but no 
treatment effect (Control, CHX, Fas, Fas+CHX; P>0.05) or phenotype-by-treatment interaction (P>0.05; 
n= 3 experiments). Within phenotype, different letters indicate differences (P<0.05). 
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No difference in cFLIP expression (red fluorescence) relative to β-actin (green fluorescence) was observed 
between K+ and K- HeLa cells using In-Cell Western assays (merged images and graphed data shown).  
Equally surprising, CHX had no effect on cFLIP expression. Two-way ANOVA indicated no effect of 
phenotype (K+ vs. K-; P<0.05), no treatment effect (Control, CHX, Fas, Fas+CHX; P>0.05) and no phenotype-
by-treatment interaction (P>0.05; n= 3 experiments). In-Cell Western analysis provides for the detection of 
protein only in attached, viable cells. Therefore, we speculate that relative cFLIP expression  does not differ 
between K+ and K- HeLa cells, but its solubilization might be tied directly to relative keratin 8/18 filament 
abundance. 
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The presence of K8/K18 filaments in HeLa cells is a potential mechanism 
for explaining cell resistance to apoptosis, which is relevant to the 
development and growth of malignancies. Although the relationship  
between K8/18 filaments and cFLIP remains unclear, it may have bearing 
on therapeutic strategies to enhance cell death in carcinomas, leading to 
improved health and well-being. 

K+  and K-  HeLa cells differ in resistance to Fas-induced apoptosis  

Treatment of K+ HeLa cells with the protein synthesis inhibitor, CHX,  or Fas agonist alone had no 
effect on cell viability  (as measured by MTS assay ).  Together, however, the treatments reduced cell 
viability ~60%.  Conversely, Fas agonist alone or in combination with CHX reduced cell viability of K- 
HeLa cells by ~ 70% and ~ 80%, respectively.  This indicates the K- HeLa cells are more sensitive to Fas-
induced apoptosis, an effect that is augmented by inhibiting protein synthesis.  There were effects of 
phenotype (K+ vs. K-; P<0.05) and treatment (Control, CHX, Fas, Fas+CHX; P<0.05), but no phenotype-
by-treatment interaction (P>0.05; n= 3 experiments). Within phenotype, different letters indicate 
differences (P<0.05). 

HeLa cell (K-) 

Abstract 

Fas-induced apoptosis in K+  and K-  HeLa stimulates caspase activity 

In response to Fas agonist alone or in combination with CHX, caspase activity was augmented in both 
K+ and K- HeLa cells (as measured by CaspaseGlo 3/7 assay ). Treatment of K+  and K- HeLa cells with 
CHX had no effect on caspase activity.  Overall, K- HeLa cells exhibited greater caspase activity  in 
response to Fas agonist  than K+ HeLa cells, again indicating a greater sensitivity of the K- cells to Fas-
induced apoptosis.  There were effects of phenotype (K+ vs. K-; P<0.05) and treatment (Control, CHX, 
Fas, Fas+CHX; P<0.05), but no phenotype-by-treatment interaction (P>0.05; n= 4 experiments). 
Within phenotype, different letters indicate differences (P<0.05). 
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