
 

Shape-sifting: NIST categorizes bio scaffolds
by characteristic cell shapes
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(Top) The same basic cell type grown on two different bio scaffolds (collagen
gel and a grid-like scaffold made of a biocompatible polymer) adopts
significantly different shapes. The superimposed ellipsoids are calculated from
the dimensions of each cell. (Bottom) Plotting the characteristic ellipsoids for
each cell by how round they are in the two major cross sections reveals that cells
tend to different shapes on different scaffolds -- spheres at one extreme, long
narrow rods at another. Credit: Farooque,Camp,Simon/NIST
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Getting in the right shape might be just as important in a biology lab as a
gym. Shape is thought to play an important role in the effectiveness of
cells grown to repair or replace damaged tissue in the body. To help
design new structures that enable cells to "shape up," researchers at the
National Institute of Standards and Technology (NIST) have come up
with a way to measure, and more importantly, classify, the shapes cells
tend to take in different environments.

With the notable exception of Flat Stanley, we all live, and are shaped
by, a 3-dimensional world. Biologists have accepted that this
dimensional outlook is just as important to growing cells. A key
challenge in tissue engineering—the engineering of living cells to grow
into replacement or repair tissues such as bone, heart muscle, blood
vessels or cartilage—is creating 3-D scaffolds to support the cells as they
grow and provide an appropriate environment so that they develop into
viable tissue.

This, says NIST materials scientist Carl Simon, has led to a large and
rapidly expanding collection of possible 3D scaffolds, ranging from
relatively simple gels made of collagen, the body's natural structural
matrix, to structured or unstructured arrangements of polymer fibers,
hydrogels and many more.

"What we're trying to measure," Simon explains, "is 'what is 3D in this
context?' Presumably, a scaffold provides some sort of
microenvironment—a niche that allows a cell to adopt the normal 3D
morphology that it would have in the body. But you can't measure the
niche because that's sort of an amorphous, ill-defined concept. So, we
decided to measure cell shape and see how that changes, if it becomes
more 3D in the scaffold."

The NIST team made painstaking measurements of individual cells in a
variety of typical scaffolds using a confocal microscope, an instrument
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that can make highly detailed, 3-dimensional images of a target, albeit
with very lengthy exposure times. They then used a mathematical
technique—"gyration tensors"—to reduce each cell's shape to a
characteristic ellipsoid. Ellipsoids can range in shape from points or
spheres to flat ellipses or elongated sticks to something like an American
football.

Analyzing the ellipsoid collection allowed them to categorize average
cell shapes by scaffold. Cells in collagen gels and some fiber scaffolds,
for example, tend toward a 1-dimensional rod shape. Other scaffolds
promoted 2-dimensional disks, while a synthetic gel using a material
called PEGTM* seems to encourage spheres.

"This technique," says Simon, "gives you a way to compare these
different scaffolds. There are hundreds of scaffolds being advanced. It's
hard to know how they differ with respect to cell morphology. By
looking at the cell shape in 3D with this approach, you can compare
them. You can say this one makes the cells more 3-dimensional, or this
one makes the cells more like they would develop in collagen, depending
on what you want. "
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