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ABSTRACT

DEVELOPMENT OF A METHOD TO EXAMINE
SHEAR STRESS ON CARDIOMYOCYTES

by
Dhawal Desai

Cardiac hypertrophy is the remodeling or enlargement of the heart exhibited by
individuals suffering from heart disease. Cardiac hypertrophy involves two mechanisms,
mechanical stresses and humoral changes in the cardiac tissue. One such humoral change
involves the Renin Angiotensin System (RAS). The primary function of RAS is
maintenance of hemodynamics of the body mediated through an effector protein,
Angiotensin II. However, RAS has been shown to play a significant role in the
pathophysiology of the heart; contributing to hypertension, cardiac hypertrophy and
myocardial infarction. RAS acts through binding of Angiotensin II at its receptors. The
two forms of Angiotensin II receptors, designated type one (AT1) and type two (AT2),
have been shown to have different functions and distribution in various body tissues.
Receptors for both ATl and AT2 are expressed on cardiomyocytes. The level of
expression of each receptor type has been shown to have important implication. It has
been suggested that the receptors may have cooperative yet opposing effects when bound
by Angiotensin II. Thus, the level of expression may drive the system to or away from
hypertrophy.

The current research developed techniques to allow examination of the hypothesis
that in cardiomyocytes, exposure to increasing shear stress causes upregulation of the

AT1 and AT2 receptors. The isolated rat cardiomyocytes were exposed to shear stress



and methods were developed to measure the change in AT1 and AT2 cellular expression
resulting from the application of shear stress. The techniques required to accomplish this
task including isolation of rat cardiomyocytes, flow chamber (shear stress) apparatus and
use, handling of cardiomyocytes and molecular science techniques (RT-PCR) are
described here in detail. The ability to track gene regulation of AT1 and AT2 receptors
though RT-PCR techniques is demonstrated. The ability to attach cardiomyocytes to a
culture dish surface in order to expose them to shear stress is also shown. However, to
take full advantage of the flow chamber, stronger cell attachment to culture dish is
required. Future research will be directed to achieving stronger adhesion between
cardiomyocytes and the cell culture surface. Recent reports have suggested use of
various culture surfaces and adhesion molecules including laminin, elastin, cell culture

plastic, and fibronectin. Use of serum and serum free medium has also been suggested.
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At 10 ml/hr flow rate, the cells remained attached for two minutes and nine seconds on
the polystyrene surface and fourteen minutes and eieven seconds with the membrane
from culture inserts. For experiments with flow rate of 20 ml/hr, the longest duration that
cells remained attached was nineteen minutes and twenty seconds on the polystyrene

surface. No experiments were conducted at 20ml/hr using membrane from culture inserts.

Vacuum
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Figure 3.7 The flow chamber

Table 3.1 Shear Stresses

Flow Rate Q Shear Stress 1y,

10 ml/hour 258 dynes/cm”

20ml/hour .516 dynes/cm”




28

To illustrate flow through the flow chamber, Figures 3.8(a-d) are presented
below. The figures present a live cardiomyocyte attached to the surface while another
cell passes through the flow chamber. In Figure 3.8a the nonattached (free) cell is just
entering the visible area as the attached cell remains adhered to the surface. In Figures
3.8b and 3.8c the free cell can be seen coming in contact with the adhered cell while
passing though the flow chamber. Finally, in Figure 3.8d, the cell is seen exiting the
visible window. The figures document the presence of flow through the flow chamber

and ability of cardiomyocytes to remain attached to the surface during these experiments.
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CHAPTER 4

DISCUSSION

This laboratory is the first to consider the effects of shear stress on cardiomyocytes in
connection with regulation of the genetic expression of AT1 and AT2 receptors. This
paper reports the preliminary findings and suggests future direction of research. As
reported previously by others, cardiac hypertrophy is mediated by Angiotensin II through
Angiotensin receptors AT1 and AT2. In the current research, procedures were developed
that will allow observation of the effects of shear stress on regulation of the AT1 and
AT?2 receptor genes.

The current study reports on two significant achievements in completion of this
task. First, in order to show regulation of AT1 and AT2 receptors, the ability to use the
molecular biology techniques of RT-PCR were developed. The rat cardiomyocytes were
successfully isolated, messenger RNA was extracted from these cells and the ability to
consistently carryout RT-PCR to amplify ATl and AT2 mRNA signals was
demonstrated.

The other achievement includes the ability to attach live cardiomyocytes to a
culture dish used for flow experiments. In order to administer shear stress through the
use of the flow chamber, it was necessary to first successfully attach cardiomyocytes to
the culture dish surface and prevent them from washing away with the flow medium.
Through an incubation procedure, this laboratory has demonstrated the ability to attach

cardiomyocytes to two different surfaces. The polystyrene surface of the culture dish
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from Corning and the membrane of cell culture inserts from B-D were appropriate for
cell attachment.

However, changes can be suggested to yield better results. In the flow chamber
experiments, application of higher shear stresses is desired. However, there are several
hurdles in accomplishing this task. The flow chamber provides some challenges due to
its unstable construction. The components of the flow chamber including the flow
chamber deck, the rubber gasket and culture dish are held together by vacuum. The
slightest movement tends to throw off the equilibrium and causes suction to overwhelm
the system and suction away the content of the chamber. The other challenge in utilizing
the flow chamber is the entry of air bubbles. Even in the most careful techniques, it is
impossible to completely eliminate the entry of air bubbles. The slightest movement of
the chamber causes air bubbles to enter the flow chamber as the airtight junctions
between the gasket and flow chamber deck are temporarily disturbed. Once an air bubble
enters the flow path, it is impossible to extract it. It is also unrealistic to continue with
the experiment as the presence of the air bubble in the flow path prevents shearing of the
cells. The bubble also interferes with normal flow of the medium through the flow path.

The other challenge is the attachment of the cells to the surface. In order to
increase the shear stress through the chamber, it is necessary for the cells to remain
attached. If the cells are not adequately attached to the surface, they tend to flow away
with the medium.

To strengthen cell attachment, two different surfaces were utilized. The first of
these surfaces included the culture grade plastic (culture dish) from Corning. The results

presented here showed that the plastic surface was useful in experiments utilizing flow
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rates in the range of 10-20 ml/hr. Next, a culture membrane from culture inserts was
utilized. The insert membrane is treated with a polymer to strengthen cell adhesion.
Once again the results showed that cell attached best when flow rates of 10-20 ml/hr were
administered.

As far as the challenges posed by the flow chamber, improvements will have to be
made by the manufacturer. Until a better flow chamber is available, careful handling of
the flow chamber is suggested. On the cell attachment side, other options remain. Some
researchers have suggested using various attachment substances and serum mediums that

will allow better cell adhesion.2%28



CHAPTER S

CONCLUSION AND RECOMMENDATIONS

As discussed above, techniques have been developed to study the correlation between
AT1 and AT2 gene regulation as it relates to the effects of shear stress on
cardiomyocytes. The ability to track genetic regulation of angiotensin receptor through
molecular biology techniques of RT-PCR has been shown. The ability to attach
cardiomyocytes to a culture dish surface in order to subject these cells to shear stress via
the flow chamber apparatus, has also been demonstrated

However, improvements can be made to take full advantage of the flow chamber
apparatus. The central issue of these improvements is being able to get stronger cell
attachments to the culture dish surface. This will increase the number of cells that remain
attached to the dish and the length of time these attachments last. Improvements in the
attachment will also allow higher flow rates to be applied during flow experiments.

Other methods for adhering cardiomyocytes have been published. Mitcheson and
group have suggested a “rapid attachment” method.”® The method is best for acute
studies that will utilize the cell shortly after isolation. The culture surface is pretreated
and cells are plated in a serum-free medium. The method utilizes laminin (a protein)
diluted between 1-5 ul/ml in phosphate buffered saline. The culture surface is treated at
least 30 minutes prior to plating cells. Other researchers have suggested use of various
attachment substances including laminin, cell culture plastic, elastin, rat tailed collagen
and fibronectin.”” Use of medium containing foetal bovine or horse serum has also been

suggested.”®
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