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Matters of the Heart 
Studying Heart Muscle Cells 

WHEN A LIVING BEING UNFOLDS FROM AN 

embryo, something triggers each cell to 
turn into different kinds of tissue. Bone, 
gland, muscle, nerve, artery - none 
arises by accident. Parker Antin special- 
izes in studying these regulatory 
mechanisms in animal embryos. 

As a cell and developmental biologist 
in the Department of Animal Sciences at 
The University of Arizona, Antin is 
currently studying the mechanisms that 
turn cells of the early embryo into heart 
and skeletal muscle cells. An under- 
standing of these regulatory factors in 
animals may provide the key to regen- 
erating parts of the human body that 
have been damaged or diseased. It may 
also assist work in selecting and adjust- 
ing animal characteristics for production 
agriculture. 

"If you knew which genes made a 
heart muscle cell, you could help 
Johnny, who just had a heart attack, to 
regenerate heart muscle," Antin said. 
"We're trying to find out which genes 
tell the cells to become heart muscle." 

To do that, Antin is studying the 
youngest cells in the body. 

"We all start from a fertilized egg," 
Antin said. "How do you go from that 
single fertilized egg to all the cells in the 
body? The sperm is basically a DNA 
bullet, and the egg has everything else. 
After fertilization, the egg divides many 
times before cells begin to differentiate. 
They must also get into the right place 
at the right time. Not only do cells take 
on specialized functions, they also 
interact in precise ways to create fingers 
that move, and hearts that beat." 

Antin uses chicken embryos obtained 
from ranch eggs to study the initial 
differences that arise, beginning with a 
biological process known as gastrula- 
tion. In this sequence of events, the 
embryo goes from a hollow ball of cells 
to a recognizable structure, with a head 
and a tail. 

"During this process, precursors to 
the different types of cells appear," 
Antin said. "Using special techniques, 
we know which cells will become a 
heart cell, a brain cell, and so on." 

Antin's work on skeletal muscle cells 
has helped to show that certain master 
regulatory genes are turned on in cells 
to make them become muscle. Tests 

Antin's work on skeletal 
muscle cells has helped to 
show that certain master 
regulatory genes are turned 
on in cells to make them 
become muscle. 

Two -day old chicken embryo, stained purp e to show heart tissue in the center (at left), 
and nuclei of heart muscle cells in a chicken embryo. The strands in the center of the 
photo are myofibrils, the structures that contract the muscle. 

reveal that putting a master gene for 
muscle development into a non -muscle 
cell will turn it into muscle. 

"If we artificially express one of the 
genes in nerve cells, for example, they 
turn into muscle cells," Antin said. "We 
can't yet do that with heart muscle." He 
realized that working on heart cells 
required different techniques than those 
he was able to use for skeletal muscle 
research. 

"It was easy to work on skeletal 
muscles because we had tissue culture 
lines - an artificial system out of an 
embryo," he said. "We can grow billions 
of those cells. Models recapitulating that 
were identified thirty years ago." 

But tissue culture models for heart 
muscle development simply do not 
exist. And embryonic regions that will 
form heart are very small, affording 
very few cells for study at the critical 
time of development Antin is investigat- 
ing. 

"We can't do 'bucket biochemistry,' " 
he said, "because we have a only small 
number of cells to work with. We have 
to use fancy biochemical techniques to 
identify the character of these cells." 

Using a modification of a technique 
known as polymerase chain reaction, 
Antin amplifies minute amounts of 
genetic material. First he isolates it by 
heating it and chemically unzipping the 
RNA strand to open up places where 
primers can be attached. Then these 
primers are used by an enzyme called 
DNA polymerase to make an exact 
DNA copy of the RNA. This procedure 
is repeated many times within a single 
tube to create billions of copies of one 
RNA sequence. 

So far, Antin has discovered that heart 
muscle development is regulated at two 
levels, intrinsic and extrinsic. 

"Intrinsic regulation comes from 
genes inside the cell," Antin explained. 
"It says, 'I know what I'm going to 
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We've defined what happens 
between groups of cells that 
tells them when they'll 
become heart cells. 

become.' Extrinsic regulation is an 
environmental factor that says, 'you 
need to be over there, and don't do it till 
I say.' " Those are both molecular 
studies, according to Antin. From an 
embryology standpoint, the questions 
include when and where do precursors 
show up, how do they get to where 
they're supposed to be, and what 
controls that process. 

"We now have information that tells 
us when the precursors will become 
heart cells," Antin said. "And we've 
defined what happens between groups 
of cells that tells them when they'll 
become heart cells. External signals 
seem to trigger when those intrinsic 
genes will be expressed." There is a give 
and take between the intrinsic and 
extrinsic processes, and Antin's group 
has determined the timing of those 
operations. 

Antin does all of this work using 
fertile chicken and quail embryos 
obtained from eggs he buys at a local 

ranch. The method offers low cost, 
simplicity and a respect for animal rights. 

"We don't have to do any invasive 
procedures on the mother to get the 
embryos," Antin said. "They're essen- 
tially the same boxed eggs like people 
buy in a store, except that they have 
been fertilized. From a laboratory 
standpoint, bird embryos have physical 
characteristics that make them easy to 
use. They're flat and easy to look down 
on, instead of a ball. Many embryos, 
including those of humans and cows, 
have the same characteristics." 

Antin and a team of five researchers 
began working on heart muscle cells at 
The University of Arizona in 1991. The 
National Institute of Health, the Ari- 
zona affiliate of the American Heart 
Association, and the Arizona Agricul- 
tural Experiment Station have spon- 
sored the research. 

In spite of their progress, Antin and 
his associates have not yet isolated the 
exact genes responsible for the entire 
process of heart muscle differentiation. 
As always in research, the answers just 
lead to more questions. 

"We're trying to understand how 
heart cells locate themselves where they 
need to be before they become their 

final cell type," Antin said. "How do 
they know to get to the right place at the 
right time, and what controls that? 
These cells start off in different places in 
the embryo. We are studying how each 
gene controls the morphology of the 
embryo." 

Antin hopes to be able to identify 
each gene and its function within the 
next three years. 

"To sum it up, we're interested in 
heart and skeletal muscle cells, how it is 
decided what they will become and 
how they're made," Antin said. "If we 
know about these two, we can manage 
them from a production side, or a 
biomedical side." - Susan McGinley 

Contact Parker 
Antin in the 
Department of 
Animal Sci- 
ences, The 
University of 
Arizona, Shantz 
Bldg., Tucson, 
AZ, (520) 621- 
5993, or parker @ccit.arizona.edu. 

Western Grazin g Fees 
Studying Perceptions and Realities 

ARGUMENTS OVER GRAZING FEES AND LAND 

use in the West may never go away - 
they have a long history. Federal 
grazing lands comprise 250 million 
acres in eleven states, and ranchers, 
recreationists, environmentalists, federal 
land management employees and others 
have all had different opinions about 
this rangeland. 

"Groups with conflicting interests 
have battled over the use and manage- 
ment of those lands since agriculture 
moved into the Great Plains and Rocky 
Mountains over a century ago," said Jeff 
LaFrance, an agricultural economist at 
The University of Arizona. 

In 1994, the nationwide public debate 
over western grazing fees continued the 
tradition. The controversy focused on 
the differences in permit costs between 
publicly and privately leased grazing 
lands. Public lands ranchers were 
accused of being subsidized by low 
federal grazing fees, and a movement 

arose to increase public grazing fees, 
presumably to "even the score." 

According to his research, LaFrance 
maintains this view was too simplified, 
and overlooked crucial differences 
between the conditions attached to both 
private and public grazing permits. 
And with environmental concerns 
foremost in the public mind, LaFrance 
argues that the rationale of raising 
public grazing fees in order to save the 
land may backfire instead. 

In 1994, LaFrance and Myles J. Watts, 
an agricultural economist from Montana 
State University, analyzed locational 
differences in private grazing fees in the 
West. They also studied the legal 
conditions attached to public and 
private grazing permits, and noted the 
differences. 

"Landlords on private lands build 
and maintain fences, provide water 
facilities, exclude open access to people 
other than tenants, and allow rights to 
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"The perception that public 
lands ranchers pay less 
overlooks the fact that they 
have to buy the permit from 
someone else." 

hunting, fishing and timber cutting," 
LaFrance said. "And they often will 
move and check cattle, and administer 
supplemental feed. None of this is 
provided under a federal grazing 
permit. Since these services are costly to 
provide, their value is built into the 
competitive market price for private 
grazing rights." 

Normally, a grazing permit goes with 
a ranch when it is sold, and any cost is 
part of the value of the ranch, according 
to LaFrance. Banks include that cost in 
equity calculations. "The perception 
that public lands ranchers pay less 
overlooks the fact that they have to buy 
the permit from someone else," he said. 


