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Active locomotion of cells or organisms depends on intrinsic cellular mechanisms which are influenced
by factors from the environment. Responses to environmental stimuli which take the form of directed
orientation reactions are called taxes; those which take the form of undirected locomotion are called
kineses (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
considerable role in cell locomotion particularly in leucocytes (4, 5 & 6). Analysis of leucocyte loco-
motion in the presence of a source of a chemical attractant shows that these cells (a) become morphologi-
cally oriented in the concentration gradient and (b) migrate directionally towards the source of the grad-
ient (7). Cells exposed to certain chemical stimuli in the absence of a gradient show enhanced locomotion
whose speed is determined by the stimulus but which is not directional (8, 9, 10 & 11). It remains to
be evaluated whether and to what extent chemotaxis and chemokinesis can be mediated by identical
factors. This capacity for active locomotion is a prerequisite for leucocyte 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 differ-
ent modes of leucocyte locomotion. Present methods measure fairly complex phenomena such as 'random
locomotion' and 'directional locomotion'. Further analysis of these complex phenomena will yield
information on leucocyte functions such as intrinsic locomotor capacity, chemokinesis or chemotaxis.
There is currently serious confusion of terms relating to locomotion of leucocytes. 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 'direc-
tional locomotion' or even to describe any form of movement of leucocytes (e.g. into filters) in the pres-
ence of chemical substances (see 6). The terms 'random migration' or 'random locomotion' have been
used interchangeably to express different qualities such as intrinsic locomotor capacity, changes in the
speed of locomotion or just undirected movement. A standardized precise and adequate use of the rele-
vant terms is however indispensable for the analysis of the basic mechanisms controlling leucocyte
locomotion under experimental as well as clinical conditions. Such terms must allow for a clearcut
distinction between: (1) basic forms of behaviour (e.g. random or directional locomotion) on the one
hand and the interpretations derived from such measurements in terms of leucocyte function such as
intrinsic locomotor capacity, chemokinesis, chemotaxis etc. on the other; (2) the basic 'intrinsic loco-
motor capacity' of a cell on the one hand and reactions to environmental influences such as chemo-
kinesis and/or chemotaxis on the other; (3) different types of reactions (chemokinesis, chemotaxis) to
environmental influences.
The evaluation of terms currently used in biology to describe locomotion of cells or organisms shows

that they meet these requirements, provided the terms are used in a well-defined and standardized way.
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The present proposals are mainly concerned with leucocytes 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 encourage 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 ofbasicftrms oflocomotor behaviour. Random locomotion. A type oflocomotion that is random

in direction. The axis of the moving cell or organism is not orientated in relation to the stimulus. The
term random locomotion includes two meanings (12 & 13). (1) Random direction in relation to the
surrounding of the cell i.e. non-directed locomotion. For instance, the cells may move in persistently
straight paths but randomly directed in relation to the environment. (2) Locomotion according to a
'random walk' model (13), in which if the course of the cell is expressed in straight-line segments
separated by turns, there is an equiprobable distribution of intersegmental angles; and in which the
mean square displacement of the cells is proportional to time. Locomotion random in the first sense
may or may not be random in the second.

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

Definition of some particular functions which influence cell locomotion. Intrinsic locomotor capacity.
An intrinsic capacity of the cell to perform active locomotion.
The expression of intrinsic locomotor capacity may depend on other functions such as adhesion of

cells to the substrate (14) and conceivably deformability (15).
Chemokinesis. A reaction by which the speed or frequency oflocomotion 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.*

In analogy to chemotactic mediators (see below), chemokinetic mediators can be called cytokinesins
or chemokinetic substances or factors.
Two forms of kinesis have been distinguished (1): ortho-kinesis, a reaction by which the speed or

frequency of locomotion is determined by the intensity of the stimulus, klino-kinesis, a reaction by
which the frequency or 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 substance, 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 (16).

Positive chemotaxis can result in attraction towards the stimulating agent or in retaining the cells in
high concentrations ofthe active substances by avoidance of low concentrations. Chemotaxis is increased
when the directionality of locomotion is increased; if directionality is decreased, chemotaxis is said to be
decreased. Terms such as necrotaxis (17) have been proposed in order to characterize the source of the
attractant. Chemotactic mediators have been termed cytotaxins (18) or more vaguely chemotactic sub-
stances (19) or factors (20).

APPLICATIONS OF TERMS
The terms which have been defined above should not be used without experimental demonstration of
these forms of behaviour. If the experimental data do not provide for such a precise description, non-

* 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 (16) (see below).
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committal descriptive terms should be used. Where the only information is that cells have responded to
an agent with increased movement, e.g. increased penetration into the filter, non-committal terms such
as 'stimulated movement' or 'increased movement' should be employed (21).

Distinction between basic forms of locomotor behaviour andfunctions
None of the current methods provides for a direct measurement of functions such as intrinsic loco-

motor 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 for directional migration or chemotaxis. The analysis of the behaviour of individual cells
or organisms has shown that such a phenomenon can be due to biased random locomotion in the form of
klinokinesis (22 & 23) or to directional locomotion in the form of chemotaxis (7, 16 & 17).

Decreased random locomotion can reflect either defects in the intrinsic locomotor capacity, e.g. due
to structural defects in the contractile system of the cell (24), or negative chemokinesis due to regulatory
substances such as neutrophil immobilizing factors (25 & 26).

Decreased directional locomotion may reflect defects in the intrinsic locomotor capacity, a decrease
due to negative chemokinesis and/or decreased chemotaxis e.g. due to deactivation with cytotaxins (20)
or to cellular defects of chemotaxis (4).

Distinction between intrinsic locomotor capacity and reactions to environmentalfactors such as chemokinesis
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 e.g.
cells obtained from a patient show impaired locomotion because of intrinsic defects in the cell or due to
immobilizing factors.

Examples. The analysis of leucocytes from patients with the 'lazy leucocyte' syndrome on the basis of
the proposed terms shows that these cells exhibit decreased random locomotion but no defect of chemo-
taxis (6).

Cells may behave like 'lazy leucocytes' because of intrinsic defects e.g. in their contractile system (24)
or as a result of regulatory chemokinetic influences (25, 26). It is still uncertain which of these possi-
bilities applies to the actual 'lazy leucocyte' syndrome (27). In such a situation additional experiments
evaluating cell adhesion, deformability, contractile structures and metabolic processes in 'lazy leucocytes'
or the presence of cytokinesins in the circulating blood of these patients have to be performed to deter-
mine the cause.

Distinction between chemotaxis and chemokinesis
Experimental and clinical studies indicate that chemokinesis and chemotaxis can be regulated by

different factors and mechanisms (4 & 16). The distinction between chemokinesis and chemotaxis can
be made on the basis of parallel measurement of random and directional locomotion using comparable
techniques. Exclusive assessment of directional locomotion does not permit this differentiation.

Examples. Certain substances have been reported to have an exclusive effect on chemotaxis (16 & 28),
while e.g. neutrophil immobilizing factors (25 & 26) can affect the rate of locomotion without exerting a
chemotactic effect.

We thank D. L. Gunn, Chilham, J. M. Lackie, Glasgow, H. Cottier, Bern and L. H. Sobin, World Health Organization,
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REFERENCES

1. FRAENKEL, G.S. & GuNN, D.L. (1961) The orientation
of animals. Kineses, Taxes and compass reactions.

Oxford University Press, London and New York 1940.
Reprinted: Dover Publications, New York.



380 H. U. Keller et al.
2. PFEFFER, W. (1884) Locomotorische Richtungsbewegung

durch chemische Reize. Untersuchungen ails dem
botanischen Institut zn Tuibingen 1, 363.

3. RorHERT, W. (1901) Beobachtungen und Betrachtungen
uber taktische Reizerscheinungen. Flora, 88, 371.

4. MILLER, M.E. (1975) Pathology of chemotaxis and
random mobility. Seminars in Hematology, 12, 59.

5. WILKINSON, P.C. (1976) Cellular and molecular aspects
of chemotaxis of macrophages and monocytes. Immuno-
biology of the Macrophage, (ed. by D. S. Nelson), pp.
349-365. Academic Press, New York.

6. KELLER, H.U., HESS, M.W. & COTTIER, H. (1975)
Physiology of chemotaxis and random motility. Neutro-
phil Physiology and Pathology, (ed. by R. Humbert,
P. A. Miescher & E. R. Jafft), pp. 45-67. Grune and
Stratton.

7. ZIGMOND, S.H. (1974) Mechanism of sensing chemical
gradients by polymorphonuclear leucocytes. NVature
(Lond.), 249, 450.

8. KELLER, H.U. & SORKIN, E. (1966) Studies on chemo-
taxis. IV. The influence of serum factors on granulocyte
locomotion. Immunology, 10, 409.

9. ZIGMOND, S.H. & HIRSCH, J.G. (1973) Leucocyte
locomotion and chemotaxis. 7. exp. Med. 137, 387.

10. WILKINSON, P.C. (1974) Chemotaxis and inflammation.
Churchill Livingstone, Edinburgh and London.

11. WILLMER, E.N. & JACOBY, F. (1936) Studies on the
growth of tissues in vitro. IV. On the manner in which
-growth is stimulated by extracts of embryo tissues.]3.
exp. Biol. 13, 237.

12. ABERCROMBIE, M. (1965) The locomotory behaviour of
cells. Cells and Tissues in Culture, volume 1, (ed. by E.
N. Willmer) pp. 177-202. Academic Press, London.

13. GAIL, M.H. & BOONE, CH.W. (1970) The locomotion of
mouse fibroblasts in tissue culture. Biophys. ]. 10, 980.

14. WOLPERT, L. & GINGELL, D. (1968) Cell surface mem-
brane and amoeboid movement. Symposium of the
Societyjor Experimental Biology. XXII. Aspects of Cell
motility, pp. 169-198. Cambridge University Press.

15. MILLER, M.E. (1975) Developmental maturation of
human neutrophil motility and its relationship to
membrane deformability The phagocytic cell in host
resistance, (ed. by J. A. Bellanti and D. H. Dayton),
pp. 295-307. Raven Press, New York.

16. MCCUTCHEON, M. (1946) Chemotaxis in leukocytes.
Physiol. Rev. 26, 319.

17. BESSIS, M. & BURT1, B. (1965) Positive and negative
chemotaxis as observed after the destruction of a cell
by U.V. or laser microbeams. Texas Rep. Biol. Med. 23,
204.

18. KELLER, H.U. & SORKIN, E. (1967) Studies on chemo-
taxis. V. On the chemotactic effect of bacteria. Int.
Arch. Allergy, 31, 505.

19. BOYDEN, S. (1962) The chemotactic effect of mixtures
of antibody and antigen on polymorphonuclear leuco-
cytes. 3. exp. Med. 115, 454.

20. WARD, P.S. & BECKER, E.L. (1968) The deactivation of
rabbit neutrophils by chemotactic factors and the nature
of the activatable esterase. 7. exp. Med. 127, 693.

21. SHOWELL, H.J., FREER, R.J., ZIGMOND, S.H., SCHIFF-
MANN, E., ASWANIKUMAR, S., CORCORAN, B. & BECKER,
E.L. (1976) The structure-activity relations of synthetic
peptides as chemotactic factors and inducers of lyso-
somal enzyme secretion for neutrophils. _7. exp. Med.
143, 1154.

22. BERG, H.C. & BROWN, D.A. (1972) Chemotaxis in
Escherichia coli analysed by three-dimension tracking.
Nature (Lond.), 239, 500.

23. TSANG, N., MACNAB, R. & KOSHLAND, D.E. (1973)
Common mechanisms for repellents and attractants in
bacterial chemotaxis. Science, 181, 253.

24. BOXER, L., HEDLEY-WHYTE, T., GLADER, B. & STOSSEL,
T. (1974) Primary defect in neutrophil motility. Clin.
Res. 22, 384.

25. GOETZEL, E.J. & AUSTEN, F.K. (1972) A neutrophil
immobilizing factor derived from human leucocytes. I.
Generation and partial characterization. J. exp. Med.
136, 1564.

26. KELLER, H.U., GERBER, H., HESS, M.W. & COTTIER,
H. (1976) Studies on the regulation of the neutrophil
chemotactic response using a rapid and reliable method
for measuring random migration and chemotaxis of
neutrophil granulocytes. Agents and Actions, 6, 326.

27. MILLER, M.E., OSKI, F.A. & HARRIS, M.B. (1971)
Lazy leucocyte syndrome. A new disorder of neutrophil
function. Lancet, i, 665.

28. RAMSEY, W.S. (1972) Analysis of individual leucocyte
behaviour during chemotaxis. Exp. Cell Res. 70, 129.


