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Demonstration of a Complement-Dependent
Migration Inhibitory Activity
in Normal Guinea Pig Serum
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um, on zymosan, on Sephadex G-50 or by
10 culture medium. The GPS d
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Different agents, including lymphokines (1--4),

gous or serum exhibited a

antigen-antibody complexes (5), cytophilic
antibodies (6, 7), polymorphonuclear leuco-
cyte products (8), or components of the
coagulation system (9, 10), have be
inhibit cell migration in vitro.
MIF is reported to be produced not only by
activated lymphocytes following specific or

1 shown o

non-specific stimulation, but also by cells of

established lymphoid or non-lymphoid origin
(11, 12). Recently, MIF has been found in
fiesh non-inactivated foetal calf serum and it
was claimed to be very that
Produced by antigen-stimulated lymphocytes

similar to

During MIF assay experiments in guinca
Pigs, we have observed that non-inactivated
Mbbreviations used in this paper
inbibitory factor; MI, Migration index:
Phosphate buffer saline; PEC, Peritoneal exudate cells.
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significant inhibitory effect upon cell migra-
tion in witro compared with a similar but
heat-inactivated  serum. The migration in-
hibitory effect of normal guinea pig scrum
could be abolished by using complement
destroying agents such as: heating at 56°C: for
only 5 min, absorption on immune complexes,
zymosan, and Sephadex G-30, or by adding
EDTA as a chelating agent, or heparin, to the
medium. On other hand, the
migration inhibitory activity of GPS disap-
peared afier in vitro absorption on homologous
blood cells but the complement hacmolytic
function remained unaflected.

These preliminary data suggested that the
migration inhibitory activity of guinca pig

culture the

: GPS, Guinea pig serum; HIGPS, Heat-inactivated guinea pig serum: MIF, Migration
BC, Sheep red blood cells; PBL, Peripheral blood leucocytes: PBS,
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serum is mediated by a factor which requir

some of the complement components in ord
to become fully active

MATERIAL AND METHODS

Preparation of GPS samples depleted of complement
Jactors

Blood was drawn from outbred guinea pigs by

i.c. puncture and incubated for 60 min at
37°C and 90 min at 4°C.. Serum was removed

and centrifuged at 2000 g for 15 min. Aliquots
[ GPS were processed as follows:
Heated at 56°C for 5 or 30 mir
) GPS and HIGPS were cach mi
2 mg/ml ovalbumin-rabbit anti-ovalbumin
insoluble immune complexes in absence or
presence of EDTA 0.01 w final concen-
tration (EDTA, UCB Belgium) and in-
cubated at 37°C for 1
shaking. Finally, the suspension was centri
fuged at 2000 g for 15 min and the
supernatant collected for testing. To the

h with occasional

samples absorbed in the presence of EDTA
was added 0.01 M calcium chloride final
concentration at end of incubation period.
GPS and HIGPS were
20 mg/ml zymosan (Serva, Germany) pr

pared according to Kabat & Mayer's
technique (14), incubated for 1 h at 37°C

ach mixed with

with occasional shaking, and stored over-
night at 4°C. Afier centrifuging at 2000 ¢
for 15 min the supernatant was collected for
testing

GPS and HIGPS were mi
volume of ether by inverting the tubes
5 min (14), afier which
removed for testing
Sephadex  G-50 Sweden
washed with PBS was mixed with GPS and
HIGPS at a 20 mg/ml concentration and
incubated overnight at 4°C. After centrifug-

ed with an equal
for
the serum was

Pharmacia,

ing at 2000 g for 15 min the supernatants
were collected for testin

Purce heparin (Calbiochem) was added (o
both GPS and HIGPS preparations in a

concentration of 10-* g/ml

g) GPS and HIGPS were dialysed for 24 h at
1°C: on a magnetic stirrer against phosphate
bufler ( 0.02, pH 5.4) (14). After
dialysis the content of the Visking bag was

centrifuged in the cold and the supernatant

fluid was removed. The precipitate was

washed twice with cold bufler (p 0.02,

pH PBS. The

precipitates and the supernatants prepared

GPs their

complementar

5.4) and dissolved in

from were recombined  with
supernatants and prece

HIGPS, and
tested

pi-
tates prepared  from cach
recombinant - was for

activity. A

migration

inhibitory mixture of the
precipitate and the supernatant fractions

prepared from HIGPS was used as control.

Absorption of GPS on homologous blood cells

s with homologous pelleted
blood cells and incubated overnight at 4°C:
The mixture was centrifuged at 2000 ¢ and the
supernatant tested for MIF activity. HIGPS
was treated similarly and used as control.

GPS was mixed v,

Complement titration by haemolysis assay
This

technique

done essentially by using the
of Mayer (14) and SRBC-anti-

RBC serum system. ‘Titres were expr
the highest dilution of GPS or its |
give complete hacmolysis

was

ssed as

actions to

Migration inhibition assay

Cell migration from blood clot fragments method.
This method was performed as previously
described Briefly, from a blood clot,
obtained by incubating 2 ml blood at room
temperature in a 3.2 em diam. glass dish,
fragments were cut with a 1.2 mm diam. trocar
and culwred afier several was
and assa

hings in control
y media.

Cell migration from clotted plasma doplets. Tn this

method a slightly modified technique (1€

used which has been deseribed  previously.

Initially, the peripheral blood leucocytes
paque centrifi
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Target cells (granulocytes, ymphomono
or bufly coat cells) 5 x 107 were suspended in
50 pl plasma (obtained by centrifuging blood
EDTA 0.01 ™ final concen-
tration) or in 0.5-19%, fibrinogen in salinc, and
the preparations were cooled on ice. 10 ul of a
0.1 M CaCl, 10 ul thrombin
(0.6-1 U ided respectively. With a
Finnpipette, droplets of 5 ul of the cell
suspension were place

harvested on

solution and
were

in the centre of the

migration chambers (Sterilin) and the pr

parations were incubated at 37°C for 20 min

in a water-saturated atmosphere. After filling
up with control and assay media, the mig-
ration chambers were sealed with coverslips

and incubated for 16-20 h at 37°C (17

The capillary tube technique. The capillary tube
technique for PEC
described previ

migration was done as

Juantitative  determinations. de-
ally
arcas  on
+ sd.,
mined.
culated as percentage of control.
(Area X/Area control) x 100.

Quantitative
terminations were performed gravimet
ration
Arithmetic
nd t-test were deter

by projecting the  mig
Whatman paper
Migration Index
MI was c

MI =

mean

RESULTS

In vitro migration of cells from blood clot
gments or from clotted plasma droplets of

normal guinca pigs

by the

non-inactivated serum to the culture medium,

e significantly inhibited
wddition of autologous (homologous)
serum, but heat-
inactivated. Using varying proportions of GPS
mis

as compared with the same

ed with HIGPS, and adding the serum
mixture to the culture medium at a
concentration  of

final
15%, the migration in-
hibitory activity could still e detected even at
5% GPS concent

The migration inhibitor

ation (Iig. 1

wetivity is heat
labile, being destroyed on heating
min, and is lost by absorbing GPS on immune
complexes in the presence of calcium, or by

absorbing it on zymosan or Sephadex G-50,

HIGPS 15% HIGPS 10% HIGPS 5%
GPS 5% GPS 10% GPS 15%

Fig. 1. Influence of various concentrations of GPS upon
cell migration from blood
heat inactivated guinea pig serum, 3
guinea pig serum; MI (Migration Inde
as percentage of control. (Area N/Area control) x 100, by

ot fragments in vitro. HIGPS,
PS,

was caleulated

0 min at 56°C

using arithmetic mean values of three experiments, each
being computed from four (o six individual migration area

projections on Whatman paper.

concomitantly with complement haemolytic
function. When other well-known complement
inactivating agents were used, the migration
inhibitory effect  of GPS
complement haemolytic activit

both and its
disappeared.
Pretreatment of GPS with cther, or by adding
EDTA or heparin to the culture medium, also
abrogated or decreased
hibitory activity of GPS (Fig. 2

When GPS was separated into an insoluble

the migration in-

(euglobulin} and a soluble (pscudoglobulin
fraction by dialysis, the

inhibitory effect and the complement haemo-
lytic function but

ctions

both
of each fraction w
restored by v
(Fig

GPS previously abs

combining the two fi

thed on homologous
blood cells lost its migration inhibitory activity
but retained its complement  hacmolytic
function. Recombination of GPS absorbed on
homologous blood cells with serum samples

ted by heating for 5 min at 56°C-
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HIGPS ~ GPS  hi GPS GPSic

Fig. 2. Action of complement destroying agents upon leuc
HIGPS, heat-inactiv

inactivated GPS; GPSic
edta, GPS
GPS,y, GPS absorbed on Sephadex G-50; GPS,

107 gjml was added 10 control and assay media; G

1 guinca pig serum, 30 min a1 56°C; €

GPS absorbed on ovalbum

PS caiar

being computed from four o six migration arca projections.

of the
inactive upon cell migration

cach two fractions initially being
led to complete
restitution of the migration inhibitory activity.
However, the proportion of the two recombin-

ants is of critical importance. The proportion
of the 5-min inactivated serum must be higher
than the absorbed one. When the proportion is
inverted, no recovery of the inhibitory effect on
cell migration could be observed (Fig. 4
When [

target, by means of the clotted plasma droplet

coll-separated PBL were used as

technique, granulocytes appeared to be more
sensitive to the mig
GP

migratl
moderately inhibited by GPS (Table 1)

ation inhibitory activity of
Also PEC
jon from capillary tubes was only

than  lymphomonocytes.

Autologous or homologous GPS inhibits the in

vitro migration of cells from blood clot

abbit antio

, GPS mixed and
EDTA 0.01 m (f

media. Migration indices were calculated as percentage of ¢

GPSic  GPS GPS

GPS
ether

GPS
H

GPS
* sph edta
edta

ocyte migration inhibitory activity of guinea pig serum.

3PS, non-inactivated guinea pig serum; hiGPS, 5 min heat-

GPSic +

bumin insoluble immune complexe

absorbed on'immune complexes as above, but in presence of EDTA 0.01 w; GPSz, GPS absorbed on zymosan;

aken with ether, before testing; GPSy, heparin
added to control and assay

n values of three ex

v,
oncent
control, using the n

rents, each

fragments or from clotted plasma droplets. The
inhibitory effect is detectable even at a
concentration of GPS in the medium.
magnitude of the inhibitory cffe
be d

L appears to
pendent on the migrs
Lower value

jon system used,
ded by the macro-
ation from the capillary tube
with  the  blood

were ¢
phage mi
compared clot fragment
By using the clotted plasma droplet
technique, granulocytes appear to he more
sensitive (o the migration inhibitory activity
than lymphomonocytes.

A MIF, in the lymph of
sensitized sheep and pigs, which could
destroyed by heating for 5 min at 56°C, has
been previously described (9, 10). Sephadex
G-200 or ammonium sulphate fractions of the
lymph, which initially lacked MIF activity
when tested alone, regained a powerful in-
hibitory effect upon recombination. This MIF

method.

thermolabil,

be
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ig. 3. Revensible loss of migration inhibitory activity of
uinea pig serum by dialysation and its recovery by
ecombination of
A Mixture
ractions of he:
pitate dialysation fiaction of GPS + supematant

actions. Migration indices in presence
pernatant and precipitate dialysation
\einactivated guinea pig serum (control)
heatinactivated serum; G

S+
Iserum; D: Mixture

lialysation {fraction  of

upernatant. dialysation | precipitate
lialysation fraction of heat
I supernatant and precipitate dialysation fractions of
3PS, MI was calcu

ea control) x 100), by using the arithmetic

ed as percentage of control (M1

nean values of (hree experiments, each being computed
¢ individual migration arca projections on
Vhatman paper

activity was related to a preliminary sensiti-
zation, and it was claimed that the afferent
lymph of the antigenic-stimulated drainage
did contain demonstrable  MIF
ictivity at a time when the efferent lymph
s strongly inhibitory. Morcover, removal
of fibrinogen dccreased or abolished  the
MIF effect. The addition of non-inactivated
GPS increased the MIF activity of the eferent
timulation (10).

not

lymphobtained afterantigenic
Furthermore, Fox etal. (13) found an MIF-like

substance in fresh non-inactiviated foctal calf

serum and they claimed it to be similar to if not
identical with MII sccreted by antigenic-

stimulated lymphocytes.

I MIGRATION INHIBITORY ACTIVITY

MGPS  GPS I GPS GPS be husbo 51 he

Fig. 4. Loss of migration inhibitory activity of GPS by
absorption on homologous bload cells and its recovery by
HIGPS
nactivated guinea pig serum, 30 min ac
HiGPS,
'C; GPSbe, GPS absorbed
blood cells; hi + be
recombination of hiGPS with GPSbe in proportion of

ccombination  with heat-inactivated  sevum.
control), |
56°C;

inactivated GP

pelleted  homologous

Svilvi bi 4 be 1:5, the same recombinants as before but

proportions; ML

percentage of control migration (cell migration in medium
nriched with 15°, HIGPS).

with  inverted was calculated  as

In contrast, we find that the inhibitory
activity of GPS scems (o be related 1o its

complement haemolytic function as it is

similarly sensitive 10 agents known to in-

ically some of the complement

activate spec
components. This brought about a loss in the
tivity and also of
the migration inhibitory effect {Table 1). By
heating GPS at 56°C for 5

complement haemolytic

min, just enough to
(14), the

complement haemolytic function as well as the

destroy G, and G, components

migration inhibitory activity disappeared. The
binding of C,, (o immune complexes by
absorption experiments, a process requiring
calcium ions and which can be preserved by
addition of EDTA, leads to the inactivation of
both the complement haemolytic and the
migration inhibitory activities of GPS. The
mactivation of C, component by heparin, or
by absorbing it with zymosan or dextran,
causes @
inhibitory effect of GPS concomitantly with
the inactiva
function. These v
involved in the expr

significant decrease of the migration
ion of its complement haemolytic
ate that C, i
ion of the migration

sults indi also
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Table 1

Migration inhi
HIGPS!
Migration +

Granulo
Lymphomonacy!

e}

tes and lymphomonocytes resp., separated
target by means of the clotted plasma droplet technique

oneal ex

apillary tube technique

i m in MEM was

3PS tested on different homoloy

date cells harvested from amidon starch (2.5%), i.p,

ous target cells

GF
Migration +

rom PBL. by Ficoll-sopaque centrifugation were used as

inoculated guinea pigs were used as target by

as control

guinea piy serum in MEM was the assay mediuimn

+ 1sd.of thr

alculated as percenta

T Migration mean valu to four are;

& Migration index was of contrc

act
C, component b
the di
hacmolyti
Mor

separation

of GPS. The inactivation of
cth atment of GPS (

of both
and migration inhibitory activities.
on GPS dialys
of I

inhibitory

causcs appearan omplem

over, ation, leading Lo the
: (e}
nsoluble fraction and
the

ration inhibitory activity of cach fraction

> complement components

and C:, remaining in the

€, and C, in the supernatant fluid (11

disappeared. The recombination experiments
with the cuglobulin and the pscudoglobulin
fractions of GPS,
components of comple ary for
both mplement hacmolytic and the
migration inhibitory

uggest that all four first
ent are ne
the
functions.
On the other hand, by absorbing GPS on
homologous blood cells only the migration

inhibitory capacity disappeared leaving the
complement haemolytic function unimpaired.
that migration inhibitory
moved from GPS without

mplement haemolytic function

This demonstrates
activity conld be r
affecting thy

ivation of complement leads
ance of the
ivity of GPS suggest-
ing that some of the complement

antly to the disappea
migration inhibitory
actors are
necessary for the expression of this z

GPS 56°C: 5

5 min

ctivity

treated  at for has no

projections on Whatman paper

(Area a control) x 100

omplement activity becanse of C, and C,

destruction  and no  migration inhibitor

activity, although the inhibitory factor could
GPS
1 homologous blood cells exhibits

be preserved in a non-active sate.
absorbed o
only the complement haemolytic function.
When five parts of GPS treated at 56°C for 5
min are mixed with one part of GPS absorbe
on homologous blood cell

inhibitory

the migration
activity is regained. This suggests
in GP:

but not at

that (his inhibitory factor is t
amples treated at 56°C for ?
30 min) and can by

min
activated by complement
components present in serum samples ab-
sorbed on homologous blood cells. The failure
to inhibit cell migration when the proportion
of the
this possibility. Similar finding

recombinants was inverted, confirmed
have been
obtained with recombinants of GPS samples
absorbed on immune complexes and . tho;
gous blood cell
Our data arc more similar

absorbed on homol data not
pre

recent findings

cented to
demonstrating both the role of
complement factors in macrophage spreading
(18) and the production of an MIF-likc activity
i 3PS by incubation with
by

"3 cells (19

plasminogen

produced Simian  virus 40

transformed mousc 3
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In conclusion, the migration inhibito
activity of GPS evidenced by
appears to be a multifa
at least partially absorbable on homologous
blood cells and
factors for its activation. New investigations
are necessary to clarify its nature.

our experiments

ctorial function which is

uires some complement
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