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Vascular Healing--Cell Biology and Rheologic Factors 
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1. Brief Summary of Plans: 

Based on encouraging and continuing progress this year (-03), no major changes in our 
overall research plan are anticipated. The changes to our original research plan, which are 
detailed below, reflect recent rapid developments in our knowledge concerning cytokines and 
cell adhesion molecules influencing endothelial cell-to-cell, cell-to-substrate, as well as platelet 
and monocyte adherence to endothelial cells. Additionally, progress in our laboratories at 
UTI-ISCSA and GIT, especially related to shear stress influences on endothelial cell-to-substrate 
focal adhesion points and endothelial secretory product(s) influencing monocyte recruitment and 
adhesion, will allow us to focus more precisely our efforts to optimize both development of a 
pre-endothelialized vascular graft and also probe cellular mechanisms regulating the biology of 
vascular endothelial cells residing in different flow environments. 

Initial objectives established for Specific Aim #1 directed at defining endothelial cell 
growth on porous graft materials under steady or pulsatile flow conditions have been achieved. 
Some studies will continue to explore molecular mechanisms governing the shear dependent 
decrease in cell proliferation observed. The knowledge gained from these studies has allowed 
us to initiate in vitro testing of a confluent pre-endothelialized vascular graft. Additionally this 
year, we plan to continue a collaboration initiated in the current year with Dr. Dan Urry at The 
University of Alabama at Birmingham to examine the influence of elevated laminar shear stress 
on the proliferation and retention of BAEC cultured on synthetic elastomeric polypeptides. 

Since most of the major objectives of Specific Aim #2 designed to determine influence 
of different shear stress on graft endothelial monolayer integrity have been completed, plans for 
this year will focus on cellular and molecular mechanisms regulating the expression and 
distribution of cell-to-substrate focal adhesion sites. Additional studies will continue to define 
the cell-to-cell adhesion molecules responding to the flow environment 

The objectives of Specific Aim #3 to examine the influence of shear stress 
preconditioning of BAEC on platelet and monocyte adherence have been achieved. Studies 
planned for this next year ( -04) are designed to 1) examine monocyte and platelet adherence 
under flow conditions and 2) define specific cellular molecules including cytokines and cell 
adhesion molecules potentially mediating shear stress associated responses. The only 
deviations from the original design will be to examine the expression of several of these 
possible mediators; specifically, MCP-1, ICAM-1, and VCAM-1 by measuring mRNA levels in 
shear stress preconditioned BJ_\EC using northern blot analyses. Plans in Specific Aim #4 to 
develop and test a preconditioned, endothelialized vascular prosthesis have been initiated and are 
designed to continue on schedule in year -04. At the current rate of progress, in vivo testing 

, sboukJ be initiated within ~ first 6 months of year -04. As is evident in the progress in year -
' ~ ·\03~ ~ntiDUed success in ~program involves and depends upon an integrated and coordinated 

~on ~ng the investigators at both UTI-ISCSA and GIT . 
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2. Current Studies: 
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Specific Aim #1: Since the primary objectives of this aim were completed in the 
frrst two years, and are currently providing the basic endothelialized material for the other 3 
specific aims, studies have been expanded to examine some of the molecular mechanisms 
mediating the pronounced decrease in BAEC and P AEC proliferation observed in response to 
elevated shear stress. Specifically, studies performed in a collaborative effort between the 
laboratories of Dr. R. M Nerem of GIT and Dr. B.C. Burk at Emory University indicate that 
BAEC cultures preconditioned for 24 h to elevated steady state laminar or pulsatile shear stress 
exhibited a decreased precentage of cells in the S phase of the cell cycle accompanied by an 
increase in the percentage of cells in the G<IQ1 phase as compared to no flow control cells using 
flow cytometry. Secondly, this same collaborative group demonstrated that BAEC 
preconditioned to elevated shear stress exhibited a seven-fold decreased response in cellular 
mRNA levels for c-myc protein relative to control BAEC when tlie cells were challenged with a 
pharmacological dose of a-thrombin. Finally, video observations at GIT of BAEC dividing 
under elevated shear stress reveal that these cells do not "round up" prior to or upon division but 
rather divide along the short axis of the elongated cells and simply extend in the direction of 
flow after division. These, observations suggest that these cells do not break their cell-to
substrate attachments upon division and, thus, may have important implications relative to the 
maintenance of vascular endothelial integrity in high flow and shear stress environments. 

Specific Aim #2: Studies within this Aim have proceeded on schedule based on 
previous studies in year -02 indicating that endothelial cells cultured on solid polyester film can 
withstand shear stress up to 200 dynes/cm2 for indefmite periods without denuding, while cells 
cultured on porous (1 JL) polyester material can withstand shear stress of 300 dynes/cm2 without 
any significant cell loss. As planned in the current year, these studies have been repeated at GIT 
using different flow environments including pulsatile and reversing flow. Similar to steady 
state laminar flow studies, BAEC cultured on solid polyester film remained attached in the 
presence of a variety of high shear pulsatile laminar flow environments over prolonged shear 
exposure periods. Those cells exposed to pulsatile flow did exhibit a more rapid rate of 
elongation and alignment with flow direction relative to cells exposed to the same mean shear 
stress. Also, BAEC exposed to prolonged reversing laminar flow with no mean flow (e.g., 
+30 dynes/cm2 to -30 dynes/cm2) also remained attached to the polyester substrate, though no 
cell shape change or alignment was observed. In contrast, BAEC exposed to a reversing 
laminar flow with a net mean flow (e.g., +30 dynes/cm2 to -10 dynes/cm2) initially elonged and 
aligned with flow and, then, after a variable lag time invariably detached from the solid 
polyester substrate. Studies are currently being performed to examine this response with cells 
cultured on the porous polyester substrate. 

Secondly, Dr. Girard has recently completed studies, which will soon be submitted for 
publication, demonstrating the distribution of vinculin associated with focal cell contacts to the 
extracellular matrix in BAEC under different flow environments using fluorescent 
immunolabeling techniques. These studies indicate that BAEC preconditioned to 24 h elevated 
steady -~te _shear stress (30 dyne.s/~2) ~bit a prominant localization of vinculin at the 

:.. ~':ips~" ~nd of most EC concomitant with changes in cell shape and alignment. In contast, 
.... ' -~ -~::·~~under no flow ~tions e~~t a ~l!lt localization of ~cu~n in focal 

.. · _· .·: -~~~strtb~ted DC3! .the ~phery of ~ch cell ThtS approach should yteld tmportant 
- mStghts as to the cellulai' mecbarusms regulating the cell attachment responses to the different 
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Finally, this year, Dr. Mowery, at U1HSCSA, has been conducting studies designed to 
identify cell surface proteins potentially involved in cell-to-cell adhesion interactions. As part of 
these studies, a 45 Kd protein has been isolated which appears to be expressed in response to 
flow conditions. Also studies to measure mRNA levels for the cellular adhesion molecule, 
ICAM-1, are being undertaken using northern blot analysis in BAEC preconditioned to elevated 
shear relative to static cultured BAEC. 

Specific Aim #3: Understanding platelet-endothelial and monocyte endothelial 
interactions is critical not only to development of a small diameter vascular graft which can 
maintain patency in vivo but also to investigate the basic cellular processes mediating 
thrombosis and atherogenesis. Studies in year -03 within Specific Aim #3 have been 
concentrated on determining the cellular mechanisms regulating the previously documented 
decreased platelet and monocyte adherence to BAEC preconditioned for 24 h elevated shear 
stress. Experiments performed within the current year by ~. Cayatte at UTHSCSA have 
demonstrated that the decrease in platelet and monocyte adherence observed in cells 
preconditioned to elevated shear stress (30 dynes/cm2) relative to BAEC preconditioned to low 
shear stress ( < 1 dyne/cm2) is a time dependent process requiring a minimum of 4 h for 
expression. The results of these studies form the basis of a manuscript currently in preparation. 
Further, the observed difference in adherence of blood monocytes to BAEC preconditioned 
under different shear stress levels appears to be at least partially dependent upon a secretory 
product. Specifically, a molecule(s) appears to be secreted into serum free circulating culture 
medium by either BAEC or PAEC exposed to LS (< 1 dyne/cm2) conditions for at least 4 h 
which enhances monocyte adherence to test endothelial cultures in a dose dependent manner. 
This as yet unidentified molecule(s) is present in either very low or undetectable levels in either 
HS or NS treated BAEC. Current efforts are directed toward isolating and identifying this 
agent. Concomitant studies to examine the expression of known cell adhesion molecules 
mediating monocyte (VCAM- 1) or platelet (GPlb) adherence are being conducted using both 
immunolabeling and mRNA northern blot analyses. Also, efforts are currently underway to 
assay IL-l and MCP-1 levels in media of shear stress preconditioned cells by 
radioimmunoassay. 

Specific Aim #4: Studies were initiated within this Aim in the current year to 
develop and test in vitro a small diameter, pre-endothelialized, and shear stress pre-conditioned 
vascular prosthesis. In cooperation with Spectrum Medical Industries, a 5 mm internal diameter 
cylindrical tube constructed from the 1 JL porous polyester mesh used in our previous studies has 
been developed. Also during this year, the Cell Culture Laboratory at UTHSCSA has 
developed a technique to successfully seed and culture endothelial cells in this potential 
prosthesis. Current studies are directed toward initiating the flow studies in vitro using this pre
endothelialized prosthesis and evaluating cell retention after prolonged pulsatile shear stress 
conditions as described in our initial design. 

3. Human Subjects: No change 

4. Vertebrate Animals: No change 
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Micropipette Technique to the Measurement of Cultured Porcine Aortic Endothelial 
Cell Viscoelastic Properties. ASME J Biomech Engr 112:263-268, 1990. 

8. Sprague EA, Cayatte AJ, Nerem RM, and Schwartz CJ. Time-dependent Shear 
Stress Modullation of Platelet and Monocyte Adherence to Cultured Bovine Aortic 
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13 Prasad ARS, Nerem RM, Schwartz CJ, and Sprague EA. Stimulation of 
Phosphoinositide Hydrolysis in Cultured Endothelial Cells Exposed to Elevated 
Shear Stress. Submitted for publication, 1991. 

14. Kelley JL, Kerbacher JJ, Gilchrist EP, Rozek MM, Sprague EA and Schwartz CJ. 
Purification of the 'Scavenger' Receptor for Chemically Modified Lipoproteins from 
Rabbit Carrageenan Granuloma Macrophages. In Preparation, 1991. 
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