Introduction

Terminology of cell proliferation and viability

1. Introduction

Rapid and accurate assessment of viable cell number and cell proliferation is an impor-
tant requirement in many experimental situations involving in vitro and in vivo studies.
Examples of where determination of cell number is useful include the analysis of growth
factor activity, serum batch testing, drug screening, and the determination of the cyto-
static potential of anti-cancer compounds in toxicology testing. In such toxicological
studies, in vitro testing techniques are very useful to evaluate the cytotoxic, mutagenic,
and carcinogenic effects of chemical compounds on human cells.

1.1 Terminology of cell proliferation and viability

Usually, one of two parameters is used to measure the health of cells: cell viability or cell
proliferation. In almost all cases, these parameters are measured by assaying for “vital
functions” that are characteristic of healthy cells.

Cell Viability

Cell viability can be defined as the number of healthy cells in a sample. Whether the cells
are actively dividing or are quiescent is not distinguished. Cell viability assays are often
useful when non-dividing cells (such as primary cells) are isolated and maintained in cul-
ture to determine optimal culture conditions for cell populations.

The most straightforward method for determining viable cell number is a direct counting
of the cells in a hemocytometer. Sometimes viable cells are scored based on morphology
alone; however, it is more helpful to stain the cells with a dye such as trypan blue. In this
case, viability is measured by the ability of cells with uncompromised membrane integ-
rity to exclude the dye.

Alternatively, metabolic activity can be assayed as an indication of cell viability. Usually
metabolic activity is measured in populations of cells by incubating the cells with a tetra-
zolium salt (MTT, XTT, WST-1) that is cleaved into a colored formazan product by met-
abolic activity.

Cell Proliferation

Cell proliferation is the measurement of the number of cells that are dividing in a culture.
One way of measuring this parameter is by performing clonogenic assays. In these assays,
a defined number of cells are plated onto the appropriate matrix and the number of colo-
nies that are formed after a period of growth are enumerated. Drawbacks to this type of
technique are that it is tedious and it is not practical for large numbers of samples. In
addition, if cells divide only a few times and then become quiescent, colonies may be too
small to be counted and the number of dividing cells may be underestimated. Alterna-
tively, growth curves could be established, which is also time-consuming and laborious.

Another way to analyze cell proliferation is the measurement of DNA synthesis as a
marker for proliferation. In these assays, labeled DNA precursors (3H-thymidine or bro-
modeoxyuridine) are added to cells and their incorporation into DNA is quantified after
incubation. The amount of labeled precursor incorporated into DNA is quantified either
by measuring the total amount of labeled DNA in a population, or by detecting the
labeled nuclei microscopically. Incorporation of the labeled precursor into DNA is
directly proportional to the amount of cell division occurring in the culture.

Cell proliferation can also be measured using more indirect parameters. In these tech-
niques, molecules that regulate the cell cycle are measured either by their activity (e.g.,
CDK kinase assays) or by quantifying their amounts (e.g., Western blots, ELISA, or
immunohistochemistry).
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