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A proposal for the definition of terms related to
locomotion of leukocytes and other cells*

There is currently much confusion ofterms relating to locomotion ofleukocytes
and other cells. Standardized andprecise use of terms is, however, indispensablefor
analysis ofthe basic mechanisms controllingsuch locomotion. Thepresentproposal is
intended to serve as a basis for a standardized system of reporting locomotor
behaviour ofleukocytes and other cells and their responses to environmental stimuli.
Definitions of the terms random locomotion, directional locomotion, chemotaxis,
chemokinesis, and intrinsic locomotor capacity are proposed. Examples are given to
demonstrate the application of the terms in the experimental and clinical analysis of
cell locomotion.

Active locomotion of cells or organisms depends on
intrinsic cellular mechanisms, which are influenced by
factors from the environment. A response to an
environmental stimulus that takes the form of a
directed orientation reaction is called taxis; one that
takes the form of undirected locomotion is called
kinesis (for review see 1). The words chemotaxis (2)
and chemokinesis (3) may be used to describe such
reactions when the stimulus from the environment is
chemical. Chemotaxis and chemokinesis play a con-
siderable role in cell locomotion, particularly in leuko-
cytes (4-6). Analysis of leukocyte locomotion in the
presence of a source of a chemical attractant shows
that these cells (a) become morphologically oriented
in the concentration gradient and (b) migrate direc-
tionally towards the source of the gradient (7). Cells
exposed to certain chemical stimuli in the absence of a
gradient show enhanced locomotion, whose speed is
determined by the stimulus although it is not direc-
tional (8-11). It remains to be evaluated whether and
to what extent chemotaxis and chemokinesis can be
mediated by identical factors. The capacity for active

* The names of the scientists responsible for formulating this
proposal will be found in the Annex. Reprints requests should be
addressed to: Dr H. U. Keller, Institute of Pathology, Freiburg-
strasse 30, CH-3010 Bern, Switzerland. A French version of this
article will be published in a later issue of the Bulletin.

locomotion is a prerequisite for leukocyte emigration
into inflammatory sites and influx of these cells into
such sites may be regulated by changes in speed and/or
directionality of the cells. Therefore, experimental
tests of cell function must be capable of distinguishing
these different modes of leukocyte locomotion.
Present methods measure fairly complex phenomena,
such as "random locomotion" and "directional
locomotion". Further analysis of these complex
phenomena will yield information on leukocyte
functions and responses, such as intrinsic locomotor
capacity, chemokinesis, or chemotaxis.

There is currently serious confusion of terms
relating to locomotion of leukocytes. In particular,
the term chemotaxis has been used in a variety of
ways, so that it often becomes impossible to discern
what the author had in mind. Frequently the term
"chemotaxis" has been used interchangeably with
"directional locomotion" or even to describe any
form of movement of leukocytes (for instance into
filters) in the presence of chemical substances (see 6).
The terms "random migration" or "random loco-
motion" have been used interchangeably to denote
different qualities such as intrinsic locomotor
capacity, changes in the speed of locomotion, or just
undirected movement. The way the terms are used
also varies in different fields of biology. For instance,
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the word chemotaxis means one thing for those who
study locomotion of bacteria and something different
for those who study animal orientation.

Standardized and precise use of terms is, however,
indispensable for analysis of the basic mechanisms
controlling leukocyte locomotion under both experi-
mental and clinical conditions. Such use of terms must
allow for a clearcut distinction between:

(1) Description of forms of behaviour, such as
random or directional locomotion on the one hand
and the interpretation of these observations in terms
of cell functions (intrinsic locomotor capacity,
chemokinesis, chemotaxis, etc.) on the other.

(2) The intrinsic locomotor capacity of a cell on the
one hand and reactions to regulatory environmental
influences (chemokinesis and/or chemotaxis, etc.) on
the other.

(3) Different types of reaction (chemokinesis,
chemotaxis, etc.) to environmental influences.

The evaluation of terms currently used in biology to
describe locomotion of cells or organisms shows that
they permit such distinctions, provided the terms are
used in a well defined and standardized way. The
present proposals are mainly concerned with leuko-
cytes because these cells show chemokinesis as well as
chemotaxis and because the confusion of terms is
particularly obvious in this field. The same criteria
should however be applied to all cells or organisms.
We believe that such a uniform scheme would encour-
age a more complete evaluation of cell behaviour and
permit valid comparisons of the behaviour exhibited
by different cells or organisms. In the following
section, we present a proposal for such a standardized
terminology with particular reference to responses to
chemical stimuli and discuss the use of the different
terms.

NOMENCLATURE

Definition of basicforms oflocomotor behaviour

Random locomotion. A type of locomotion that is
random in direction. The axis of the moving cell or
organism is not oriented in relation to the stimulus.
NOTE. The term random locomotion (12, 13) usually refers to
motion in which the cell or organism shows a tendency to
move along a path that can be represented by a line segment,
but that is randomly oriented in relation to the environment.
However, it can also refer to locomotion according to a
random-walk model (13), in which-if the path of the cell is
represented as a series of line segments meeting at
angles-the spatial orientation and magnitude of each angle
are determined solely by chance, and in which the mean
square displacement of the cell is proportional to time.

Directional locomotion. Locomotion with preference
for or avoidance of a particular direction. The axis of
the migrating cells or organisms is oriented in relation
to the stimulus.

Definition ofsomeparticularfunctions that influence
cell locomotion

Intrinsic locomotor capacity. An intrinsic capacity of
the cell to perform active locomotion.

NOTE. The expression of intrinsic locomotor capacity de-
pends on other variables such as adhesion (14, 15), detach-
ment (16) of cells, and, conceivably, deformability (17, 18).

Chemokinesis. A reaction by which the speed or
frequency of locomotion of cells and/or the frequency
and magnitude of turning (change of direction) of cells
or organisms moving at random is determined by
substances in the environment. Chemokinesis is said
to be positive if displacement of cells moving at
random is increased and negative if displacement is
decreased.a
By analogy with chemotactic mediators (see below),

chemokinetic mediators can be called cytokinesins or
chemokinetic substances or factors.
Two forms of kinesis have been distinguished (1):

Orthokinesis, a reaction by which the speed or
frequency of locomotion is determined by the
intensity of the stimulus.
Klinokinesis, a reaction by which the frequency or the
amount of turning per unit time is determined by the
intensity of the stimulus.

Chemotaxis. A reaction by which the direction of
locomotion of cells or organisms is determined by
substances in their environment.

If the direction is towards the stimulating sub-
stance, chemotaxis is said to be positive, if away from
the stimulating substance, the reaction is negative. If
the direction of movement is not definitely towards or
away from the substance in question, chemotaxis is
indifferent or absent (19).

Positive chemotaxis can result in the cells being
attracted towards the stimulating agent or in their
being retained in high concentrations of the active
substances by avoidance of low concentrations.
Chemotaxis is increased when the directionality of
locomotion is increased; if the directionality is
decreased, chemotaxis is said to be decreased.

a This expresses the meaning of the term chemokinesis as first
proposed by Rothert (3). The present formulation is based on
McCutcheon's definition of chemotaxis (19) (see below).
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Terms such as necrotaxis (20) have been proposed
in order to characterize the source of the attractant.
Chemotactic mediators have been termed cytotaxins
(21) or more vaguely chemotactic substances (22) or
factors (23).

APPLICATIONS OF TERMS

The terms that have been defined above should not
be used unless the forms of behaviour they describe
have been demonstrated experimentally. If the
experimental data do not justify such a precise
description, noncommital descriptive terms should be
used. Where the only information is that cells have
responded to an agent with increased movement, for
instance increased penetration into the filter,
noncommittal terms such as stimulated movement or
increased movement should be employed (24).

Distinction between basic forms of locomotor
behaviour andfunctions
None of the current methods of investigation pro-

vides for a direct measurement of functions such as
intrinsic locomotor capacity, chemokinesis, or
chemotaxis. These functions have to be determined by
analysis of complex phenomena, such as random
and/or directional locomotion.

Examples

* The fact that cells or organisms accumulate in
response to a chemical gradient is not sufficient proof
of directional migration or chemotaxis. The analysis
of the behaviour of individual cells or organisms has
shown that such a phenomenon can be due either to
biased random locomotion in the form of klinokinesis
(25, 26,27) or to directional locomotion in the form of
chemotaxis (7, 19, 20).

* Decreased cell displacement during random loco-
motion may reflect defects in its intrinsic locomotor
capacity, due, for instance, to structural defects in the
contractile system of the cell (28), or may indicate
negative chemokinesis due to regulatory substances,
such as neutrophil immobilizing factors (29, 30).
* Decreased cell displacement during directional
locomotion may reflect defects in its intrinsic loco-
motor capacity or may indicate negative chemokinesis
and/or decreased chemotaxis, e.g., due to "deacti-
vation" with cytotaxins (23) or to cellular defects of
chemotaxis (4).

Distinction between intrinsic locomotor capacity and
reactions to environmentalfactors such as chemo-
kinesis and chemotaxis
The distinction presents no problem if chemicals are

evaluated for their activity on moving cells in vitro. It
is also easy to distinguish changes in chemotaxis from
altered intrinsic locomotor capacity by measuring
random locomotion concomitantly. It is, however,
more difficult to decide whether cells obtained from a
patient show impaired locomotion because of intrinsic
defects in the cell or due to immobilizing factors.

Examples
* If the behaviour of leukocytes from patients with
the "lazy leukocyte" syndrome is analysed on the
basis of the proposed terms it is found that they exhibit
decreased random locomotion but no defect of
chemotaxis (6).

* Cells may behave like "lazy leukocytes" because of
intrinsic defects-for instance, in their contractile
system (28)- or as a result of regulatory chemokinetic
influences (29, 30). It is still uncertain which of these
possibilities applies to the actual "lazy leukocyte"
syndrome (31). In such a situation additional experi-
ments are needed to evaluate cell adhesion, deform-
ability, contractile structures, and metabolic processes
in the "lazy leukocytes" or the presence of cyto-
kinesins in the circulating blood of these patients.

Distinction between chemotaxis and chemokinesis

Experimental and clinical studies indicate that
chemokinesis and chemotaxis can be regulated by
different factors and mechanisms (4, 19). Exclusive
assessment of cell accumulation in a chemical gradient
does not make it possible to distinguish between
chemotaxis and chemokinesis. However, if cell
locomotion is oriented relative to the gradient axis,
then chemotaxis is present. If the speed of locomotion
or rate of change of direction is different in different
parts of the gradient, then chemokinesis should also
be suspected and this can be assessed separately at
different concentrations of the factor in nongradient
situations if the cells do not adapt to the stimulus or if
adaptation is slow enough (32, 33). If they adapt to the
stimulus within a very short time, chemokinesis can be
demonstrated only in a concentration gradient.

Example
* Certain substances have been reported to be ex-
clusively chemotactic in their effect (19, 34), while
neutrophil-immobilizing factors (29, 30) can affect
the rate of locomotion without exerting a chemotactic
effect.
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Annex

SCIENTISTS RESPONSIBLE FOR FORMULATING THE FOREGOING PROPOSAL

The original draft of the proposal was drawn up by
H. U. Keller, P. C. Wilkinson, M. Abercrombie,
E. L. Becker, J. G. Hirsch, M. E. Miller, W. S.
Ramsey, and S. H. Zigmond, and was published in
three journals:
Cell biology international reports, 1: 391-397 (1977)
Clinical and experimental immunology, 27: 377-380
(1977)
Thejournal of immunology, 121: 2122-2124 (1978).
Following publication of the original proposal,

comments and suggestions were received from a
number of other scientists and these were taken into
consideration in revising it to produce the version pub-
lished above. This modified version has been agreed
upon by the following scientists:

H. U. Keller, Bern, Switzerland; P. C. Wilkinson,
Cambridge, England; M. Abercrombie, Cambridge,
England; E. L. Becker, Farmington, USA; J. G.
Hirsch, New York, USA; M. E. Miller, Torrance,
USA; W. S. Ramsey, Corning, NY, USA; S. H. Zig-
mond, Philadelphia, USA; F. K. Austen, Boston,
USA; J. Baum, Rochester, USA; J. F. Borel, Basle,
Switzerland; A. S. G. Curtis, Glasgow, Scotland;
G. A. Dunn, Cambridge, England; J. I. Gallin,
Bethesda, USA; E. J. Goetzl, Boston, USA;
A. K. Harris, Chapel Hill, USA; J. R. Humbert,
Buffalo, USA; E. Sorkin, Davos-Platz, Switzerland;
J. P. Trinkaus, New Haven, USA; J. M. Vasiliev,
Moscow, USSR; L. Weiss, Buffalo, USA: J. H. Wis-
sler, Bad Nauheim, Federal Republic of Germany.
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