
Immunoblot Demonstration of IL-4 Induced Time-Dependent Upregulation 
of Claudin-5

EC were exposed to IL-4 for 1, 6, or 24 hours.  Claudin-5 showed upregulation 
in response to increasing times of incubation with IL-4.  This upregulation was 
remarkably strong after 24 hrs of incubation.  In contrast, no changes were 
observed for β-actin and VE-cadherin expression.  These results confirm the 
findings shown using immunofluorescence.  This experiment was performed 
by Dr. Karen Wasiluk in Dr. Dalmasso’s laboratory.

IL-4 Induces a Time-Dependent Upregulation of Claudin-5

Claudin-5 was visualized using immunofluorescence of EC treated with IL-4 
for increasing periods of time. The EC respond in a time-dependent 
manner.

IL-4 Induces Upregulation of the Junction Protein Claudin-5

The EC are visualized using immunofluorescence of intercellular junction 
proteins. EC that were pretreated with IL-4 for 48 hrs demonstrated a 
significant increase in claudin-5. In contrast, PECAM and VE-cadherin were 
present in similar intensity before and after IL-4 treatment.

IL-4 Induces Protection of EC from Injury by Antibodies

The EC are visualized using fluorescence of actin.  The EC responded in a 
dose-dependant manner to the increasing concentrations of heat-
inactivated human serum (HI-HS), as seen by the increase of gap formation 
and loss of parallel distribution of actin filaments. EC that were pretreated 
with IL-4 for 48 hrs demonstrate lack of aby-caused injury, retaining 
normal cell-to-cell contact and actin filament organization.

IL-4 Induces Protection of Porcine Endothelial Cells from Anti-Endothelial Cell 
Antibody in Association with Upregulation of Claudin-5

Interspecies organ transplantation offers a potential solution to the shortage of 
vital organs from human donors.  Multiple obstacles remain before rejection of 
foreign organ graft (xenotransplantation) can be avoided.  Currently pig-to-
primate combinations are being proposed to achieve this goal.  The vascular 
endothelium of the transplant is the main target of injury by the host immune 
system. I used an in vitro system in which pig endothelial cells (EC) are modified 
to make them resistant to injury by anti-EC antibodies (aby) in human blood. 
These aby damage the EC by causing EC retraction and intercellular gap 
formation.  My aim was to study methods that protect the EC from injury 
caused by the aby and mechanisms involved.  It was known that the cytokine 
interleukin-4 (IL-4) induces protection of EC from apoptosis and from killing by 
human complement1,2.  Therefore, I tested the protective effect of IL-4 on 
damage of EC caused by aby.

Hypothesis: IL-4 induces changes in the expression of intercellular adherent 
proteins in pig EC cultures in association with protection from aby-mediated 
injury.

Methods
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Visualization of Actin Filaments and Junction Proteins. EC were 
pretreated by incubating in medium alone (1% FBS/DMEM) or with medium 
containing 20 ng/ml IL-4 for times ranging from 30 min to 48 hrs.  Cells were 
then exposed to varying concentrations of heat-inactivated human serum  for 
30 min. Heat-inactivated human serum was the source of anti-EC aby. I used a 
serum pool with high content of IgM anti-EC antibody, which was previously 
described3. The EC were prepared for fluorescence labeling as follows:

Cells were then washed 3 times with 0.1% Tween 20 in PBS and labeled either 
immediately for actin alone, or labeled for claudin-5, VE-cadherin, or PECAM 
followed by actin. Actin was labeled with phalloidin-tetramethylrhoadmine 
isothiocyanate at 5µg/ml in 1% PBS/1.0% FBS/0.1% Tween 20 for 30 min. The 
junction proteins were labeled by incubation 30 min at room temperature with 
primary aby for claudin-5, VE-cadherin, or PECAM.  After washing, the cells 
were incubated with fluorescently labeled secondary aby, washed.  Coverslips 
were then mounted with Vectishield.  Cells were imaged with Olympus IX70 
Inverted Microscope at 200X magnification using DVCView Software.  Images 
were processed with Adobe Photoshop.

Western Blot Analysis. This method was performed as previously 
described1. Cell extracts (10 μg protein) underwent electophoresis and were 
transferred to nitrocellulose membranes and blocked with 5% nonfat milk in 
TBS-0.1% Tween 20, then incubated with rabbit anti-claudin-5 and VE-
cadherin, followed by HRP-conjugated donkey secondary IgG. Bands were 
visualized by chemiluminescence using Lumi-glo. The blots were stripped with 
ReBlot Plus, incubated with anti-actin, and visualized as described above.

ResultsBackground and Hypothesis

Permeabilization
0.1% Triton X-100, 0.5% Nonidet P40/PBS 5 min at room temperature

Fixation

4% Paraformaldehyde 5 min at room temperature

Conclusions
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1. Anti-EC aby cause severe injury of pig EC.  IL-4 induced strong protection 
against this injury.  

2. The injury appears to localize initially at the level of the intercellular 
junction.  Therefore, I studied the response of selected junction proteins 
to incubation with IL-4.

3. IL-4 induces time-dependent upregulation of claudin-5, but not of VE-
cadherin and PECAM.  This upregulation of claudin-5 is remarkably strong, 
and it may be the major factor that results in IL-4-dependent protection. 

4. Preliminary results from Dr. Dalmasso’s suggest that down-regulation of 
claudin-5 expression abrogates the overexpression of claudin-5 and 
protection by IL-4.
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