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FLOW AND THE ASSOCIATED SHEAR STRESS REGULATES

VCAM-1 GENE EXPRESSION AND TRANSCRIPTION IN

HUMAN VASCULAR ENDOTHELIAL CELLS

Signe E. Varner1, David C. Chappell2, Russell M. Medford2,

R.Wayne Alexander?, and Robert M. Nerem!

1School of Mechanical Engineering, Georgia Institute of Technology,

2Division of Cardiology, Emory University,

Atlanta, Georgia

Atherosclerosis is a disease with a focal pattern, one
where there is a higher predilection for lesion development
at sites characterized hemodynamically by low, oscillatory
shear stress and prolonged residence times of
macromolecular particles and cells. An important
characteristic of the disease is the oxidation-reduction
(redox) sensitive expression of the cell adhesion molecule
VCAM-1 by the vascular endothelium.

To test the hypothesis that chronic exposure to
laminar shear stress has a "protective” effect on the
endothelium, inhibiting cytokine induced VCAM-1 gene
expression, confluent human umbilical vein endothelial
cells (HUVECs) were grown to confluency, exposed to a
laminar shear stress of 5 dynes/cm2 for 24 hours in parallel
plate flow chambers, and then statically incubated in fresh
media with IL-18 (10 U/mi) for 4 hours. Total cellular
RNA was isolated and analyzed by Northern filter

hybridization using human adhesion molecule specific

cDNA probes as previously described (Marui et al. 1993).
Shear preconditioned HUVECs were markedly inhibited
(80%) in their ability to activate VCAM-1 gene expression
at the mRNA level, while ICAM-1 expression was
increased and E-selectin gene expression did not appear to
be significantly changed. To further investigate the effect of
shear stress on VCAM-1 transcription, cells were
transfected with a VCAM-1 promoter region fused to the
reporter gene chloramphenicol acetyltransferase (CAT).
Enzymatic activity was determined using 14C-
chloramphenicol and thin layer chromatography. The
results indicate that for cells exposed to a shear stress for
24 hours and stimulated with IL-18, CAT enzyme activity
was almost completely inhibited, as compared to statically
incubated control cells, suggesting a shear stress
modulation of the VCAM-1 promoter.

In a similar manner, HUVEC monolayers, subjected o

shear preconditioning followed by immunofluorescent




flow cytometric analysis of VCAM-1 and ICAM-1 cell
surface expression, showed that for IL- 1B stimulated mono-
layers, the imposition of shear stress reduced the level of
VCAM:-1 by approximately 85%. In contrast, for ICAM-1
the level of expression was approximately equal for both
statically maintained and flow preconditioned monolayers.

Application of a suspension of the human monocyte
cell line, THP-1 (previously treated with anti-LFA-1 in
order to prevent ICAM-1 mediated binding), to stimulated
and non-treated flow preconditioned monolayers resulted in
the respective reduction in VCAM-1 mediated binding by
79 £+ 4% and 90 * 2% relative to that of stimulated
HUVECs maintained in static culture. These results
support the hypothesis that for VCAM-1 flow
preconditioning desensitizes the endothelium to the action
of stimulatory agents, such as IL-1B, and thus has a
protective effect. These effects of shear stress are strikingly
similar to those of thiol antioxidant pyrrolidine
dithiocarbamate (PDTC) and suggest that it is through a
redox sensitive signal transduction mechanism that shear
stress may control VCAM-1 expression.

For unstimulated HUVEC monolayers and in contrast
to the effect of a steady shear stress where there is little
effect on the level of VCAM-1 expressed, oscillatory flow
studies have indicated an upregulation of VCAM-1
expression. For confluent HUVEC monolayers subjected
to an oscillatory shear stress (0 + 5 dynes/cm2) for 24

hours, followed by immunofluorescent flow cytometric

analysis, VCAM-1 expression exhibited 9-fold increase and
ICAM-1 an 11-fold increase, this relative to the levels
present on statically maintained endothelial cells.
Comparisons of these levels with those determined for the
IL-18 stimulated cells in static culture indicated that, in
both instances, the levels eligited by the oscillatory flow
were approximately 50% that of the statically maintained,
stimulated monolayers.

These results thus indicate that adhesion molecule
expression by endothelial cells is sensitive to the exact
nature of the flow environment, being different for different
flow conditions. The exposure of endothelial cells to
steady shear stress was found to have little effect on
VCAM-1 expression for the unstimulated case, but to
reduce both VCAM-1 expression and VCAM-1 mediated
monocyte binding as induced by IL-18. This is in contrast
to oscillatory flow, a prominent feature of the
hemodynamics in branched regions of the vasculature,
where for the unstimulated case there is an increase in
adhesion molecule expression, thereby providing for
enhanced monocyte binding.
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