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Transcytosis in Endothelial Cells

 Mechanism for the exchange of molecules (serum
proteins) across the endothelial barrier

* An active system of shuttling caveolae = spherical
Invaginations of the PM

What we do....
* Another role for Caveolae/ transcytosis machinery
Caveolae as mechanosensors?

Puma, T. and Hubbard, A. Transcytosis: Crossing Cellular Barriers (2003)



Rolg of Blood Flow in Atherosclerosis The Problem
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*Hemodynamic Shear Stress and Its Role in Atherosclerosis

Adel M. Malek, MD, Ph.D.; Seth L. Alper, MD, Ph.D.; Seigo lzumo, MD *Barakat, A. “Responsiveness of vascular endothelium to shear stress”



Previous Work

 Used optical tweezers technique to study the viscoelastic
properties of endothelial cells

« Many granular structures present

Used as probe for Optical tweezers measurements (less
Invasive)

Biorhythm of endothelial cytoskeleton

Can we use caveolae as probes?




Objective

 To understand the role of caveolae/
transcytosis machinery Iin
mechanosensing/ mechanotransduction

Study Plan

* Visualizing caveolae with confocal
mIicroscopy

 Measuring force transmission in the
vicinity of caveolae

— Trap caveolae with optical tweezers



1. Antlbodv Labeling of Caveolar Markers

Antibodies against 3 proteins known to associate with
Caveolae:

1. Caveolin —main organizer of caveolae

— a GTPase, cleaves caveolae from PM

—recruits Dynamin to PM

e Co-localization Study

Scored Overlap Coefficient:

(Manders et al. Measurement of co-localization of objects in dual-confocal images. Journal of
microscopy 169: 375-382 (1993).)

-Describes the extent of
co-localization,
- Graded from 0-1

O= no co-localization

1= perfect co-localization




Caveolar Markers Co-localize Wlth Potentlal Probes
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2. GFP-tagging of Caveolar Markers

GFP = Green Fluorescent Protein

 Fluorescent protein isolated from jellyfish
(Aequoria victoria)

 Protein is encoded by a single gene
— Gene can be cloned and introduced into cells
Therefore, it can be used as a fluorescent marker to track proteins
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GFP gene in frame with gene of interest GFP-fusion protein

GFP constructs to visualize caveolae:
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Co-localization of GFP-Caveolin-1 with granular structures
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3. Transport of Fluorescently-Labeled Albumin

To visualize caveolae dynamics after they pinch off of the PM

Fluorescently-labeled albumin co-localizes with GFP-cav1 and granular structures
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Cross-section line across multiple
structures of interest

Fluorescently-labeled BSA
co-localizes with the structures in the
Z-direction

Due to the low time sample taken,
caveolae dynamics could not be
observed in the Z direction.



BSA distribution in the cellular structures of interest
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3.5
3 o
25 '7_/;/5/1— 1
Q 2 $ "~ y=0.0307x + 1.7988 © 2
15 R°=0.6933
1
0.5
0 , , , : :
0 5 10 15 20 25 30
Time (s) Change in BSA Density (ROI2)
2.1
- BSA co-localizes with the 20 T
cellular structures of interest 2 -
. . W 1.95 = .0.0046x +1.9707
- We could not tell if BSA is 19 - :
bemg tr_ansported In the 1.85
Z-direction, over the short 18

observation period of time

Time (s)

30




What we have achieved so far...

?Can we potentially trap caveolae?

Antibody-labeled caveolar markers co-localize
with cellular structures

We can GFP-tag caveolar markers for live-cell
studies
GFP-caveolinl co-localizes with granular structures

Albumin transport through GFP-labeled
structures can be tracked

Next step...

Optically trapping caveolar structures to

measure force transmission that occurs in its
vicinity



To measure viscoelasticity in the vicinity of
Caveolae

Confocal Microscopy — Optical Tweezers Setup
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» Co-localization of caveolar markers » Strongly focused IR laser beam

with granular structures : : : .
g * Obtain phase shift and displacement of caveolae motion

e Caveolae dynamics in the Z-direction . . .
y > Extract the elastic and viscous moduli

Simultaneously visualize caveolae dynamics and measure viscoelastic property



Future Direction

Expose endothelial cells to various flow
conditions and study the change in mechanical
properties with optical tweezers

Treat cytoskeleton with various drugs to see the
contribution of the 3 filaments (microfilaments,
microtubules, and intermediate filaments)
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