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Demonstration of a Complement-Dependent
Migration Inhibitory Activity
in Normal Guinea Pig Serum
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Laboratory of Radiobiology, Department of Radiothciapy, University ofBeinc, In,sel,spital, Berne, Switzerland

A cell migration inhihitoi")' cilcct was o\'idcnliated in normal guinea pig sertim as com-

inhibilory activity of GPS is abrogated or decreased by tising complement destroying

in ]3rc,sen< e of calcitim', on zymosan, on Sephadex G-50 or by adding EDTA or heparin
to cultute medium, 'Fhe GPS dialysation fractions while exhibiting neither complement
haemolytic clfcd nor migration inhibiton- activity when tested alone, restored the.se
functions by recombination. Absorption of GPS on homologou,s blood cells abrogated
ihc migration inhibiloiy cUccl bnl retained ihe complement haemolylic function. When
GPS ahsorhcd on liomologotis blood cells was mixed 1 :5 with hcat-inactivatcd ,senim
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Difibrcnt agents, inchidiiig lympliokincs (1 -H, at.tologous or homologotus serum exliihited a
antigen-antibody complexes (5), cytophilic significant inhibitory eflect upon cell migra-
antibodies (6, 7), polymorphonuclear leuco- tion //; vitro compared with a similar btit
cyte prodticts (8), or components of the heat-inacti\ated serum. The migration in-
coagtilation system (9, 10), have been sliown to hibitory effect of normal guinea pig ,seruni
inhibit cell migration in vitro. could be abolished by tising complement

MIF is reported lo be prodticed not only by destroying agents such as: heating at 56'X; for
acti\'ated lymphocytes following specific or only 5 min, absorption on immtine com])lexes,
non-specific stimulation, but al,so by cells of zymosan, and Sephadex G-50, or by adding
established lymphoid or non-lymphoid origin EDTA as a chelating agent, or heparin, to the
(11, 12), Recently, MIF has been fotind in culture medium. On tlie other hand, the
fie.sh non-inacti\'ated foetal calf sertim and it migration inhibitory acti\ity of GPS disap-

Pi-oduced by antigen-stimulated lymphocytes blood cells but the complement haemotytic
(13), ' ' ftmction remained unaffected.

During Mil ' a,ssay experiments in gtiinea These i5reliminary data stiggested that the
pigs, we hax'e obserxed (hat non-inaeti\'ated migration inhibitory activity of gtiinca pig

•iltbieviatiom used in this papet: GPS, Gttinca iiig sctum: IlIGPS, Hoat-inactivatcd guinea pig scrum; MIF, Migration
inhibitory laclt>r- MI Migtation index- SRBC, Sheep red blood cells: PBL, Peripheral blood leucocvle,s- PBS
Pliosphate hii Her'saline-PEC Petikmcal extidaie cell,s,
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or whieh requi g) GPS and HIGPS were dialysed for 24 h at

MATERIAL AND METHODS

Pi epai ation of GPS .samples depleted of compliment

Blood wa,s drawn from oiitl)ted guinea jiigs by

i,e, puncture and incubated for 60 min at

,37"(; and 90 min at 4"C;, Serum wa,s removed

and eentriftiged at 2000 ,4/ for 15 min, Aliquots

of GPS were ijroecs,sed as follow,s:

a) Heated at 56°G for 5 or 30 min,

b) GPS and HIGPS were each mixed with

2 mg/ml ovalbumin-rabbit anti-ovallntmin

presence of EDTA 0,01 M final concen-

tration (EDTA, UCB Belgium) and in-̂

cubated at ?>TW for 1 h with occasional

shaking. Finally, the suspension was eentri-

ftiged at 2000 g for 15 min and the

supernatant collected for testing. To the

satnples absorbed in the jJiesence of EDTA

was added 0,01 M calcium chloride final

concentration at end of iiK tibation period,

c) GPS and HIGPS were each mixed with

20 mg/ml zymosan (Serva, Germany) pre-

pared according to Kabat & Mayei-"s

technif|ue (11), incubated for 1 h at 37°G

with occasional shaking, and ,stored o\er-

night at !"G, ,\fter centrifuging at 2000 g

for 15 min the supernatant was collected for

testing,

d) (;PS and HIGPS were mixed with an e(|ual

volume of ether by inverting the tubes for

5 min (14), after which the ,serum was

remo\'ed for testing,

e) Sephadex C;-50 (Pharmacia, Sweden)

washed with PBS was mixed with (JPS and

HKiPS at a 20 mg/ml concentration and

incubated overnight at '\"il. After centiiltig-

ing at 2000 g for 15 min the suiieniatants

were collet ted for testing,

0 Pure heparin (Galbiocliem} was added to

both fJPS and HKJPS preparations in a

concentration of lO^'' g/ml.

buffer ([J, = 0,02, pH 5,1) (11), After

dialysi,s the content of the \'isking bag was

centrifuged in the cold and the supernatant

fhtid was removed. The ])recipitate was

washed twice with cold btifTcr ((;, = 0,02,

pH 5,4) and dis,solved in PBS, The

preeipitates and the stipernatants prepared

from GPS were tecombined with their

complementary supertiatants and i)recii^i-

tates prepared IVom HIGPS, and each

reeombinant was tested fbr migration

inhibitory aetivity, A mixture of the

preeipitate and the supernatant fractions

l^repart-d from HKiPS was used as control,

Absoiption oj CPS on homologous blood tells

GPS was mixed v/v with homologous pelleted
blood cells and incubated overnight at VXl.
The mixttite was centriltiged at 2000/,' and the
supernatant tested fbr Mil ' activity, HIGPS
was treated similarly and tised as control,

^'Oniplcmcnl iUiatiou hy hcnTiwIysis ns.sav

I'his was done essentially by using the

technique of Mayer (14) and SRBG-anti-

SRBC: serttm system. Titles wete exjMcssed as

the highest dilution of (iPS or its fractions to

give complete haemolysis,

Migiation inhibition assay

Cell migration fiom blood clot fiagments method.

This method was performed as pre\iously

de,scn'bed (15), Briefly, fiom a blood clot,

obtained by incubating 2 ml blood at room

temperature in a 3,2 cm diam, gla,ss dish,

fragments were < ut with a 1,2 mm diam, trocar

rol

and a,ssay edia.

Celt migialion fiom clotted plasma dioplets. In this

method a slightly modified technique (16) was

tised whicli has been described previous!).

Initially, tbe peripheral blood leucocytes were

separated by Ficoll-isoj)a(|ue centrifiigation.
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Target cells (granulocytes, lymphomonocytes
or buffy coat cells) 5 x KV were stispended in '
50 [̂1 plasma (obtained by centriftiging blood
harvested on EDTA 0,01 M final concen-
tration) or in 0,5-1% fibrinogen in saline, and
the preparations were eooled on ice, 10 [̂1 of a
0,1 M GaCl^ solution and 10 al thrombin
(0,6 1 U) were added respectively. With a
Finnpipette, droj^lets of 5 ;xl of the cell
suspension were plaeed in the centre of the
migration chambers (Sterilin) and the pre-
parations were incubated at 37°G 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),

Fig, 1, Influence of various concentralions of GPS upon
The capillary tube technique. T h e cap i l l a ry t u b e cell migration from blood clot IVagmenis m vitw. HIGPS,

tcchniciuc fbr P E C m i g r a t i o n w a s d o n e as l>eat inactivated guinea pig scrum, 30 min at SG-C,GPS,

deser ibed previous ly (15) , f̂ '"'"'"'' P'K '̂ '̂ •"""^ ^'> (M^^^'Uion Iudoxl was caU-ulaiod
itspciccnlagrofconlrol, (Area X/Area conliol) x 100, by

Qmntilaiwe tkternunation.s. (^.antitatix-e de- i S "!!!p"!^d Z i l u r uHifindlvklual mlg!^^^
terminations were perfbrmed gravimetrically projoction,s on Whatnuu, paper,
by projeeting the migration areas on
Whatman paper. Arithmetic mean ± s,d,.
Migration Index and /-test were determined.

dl

i l

HIGPS15% HIGPS 10% HIGPS 5%

GPS 5% GPS 10% GPS 15%

MI ^
MI = (Area X/Area i D1) X 100, function, Whe

ith. compler
Iher well-kill

molytic

inactivating agents were used, the migration
RE^^ULTS inhibitoiy eflect of both GPS and its

In vitro migration of cells hom blood clot Pretreatment of GPS with ether or bv adding
fragments or fiom clotted plasma droplets of EDTA or heparin to the culture medium, also
normal guinea pigs are signifieantly inhibited abrogated or decreased the migration in-
by the addition of autologous (homolog-ous) hibitory activity of GPS (Fig, 2).
iion-inacti\ated serum to the culture medium. When GPS was separated into an insoluble
as compared with the same serum, btit heat- (euglobulin) and a soltible (p,seudoglobulin)
inactivated. Using varying proportions of GPS fraction by dialysis, both the migration
mixed with HIGPS, and adding the serum inhibitory efiect and the complement haemo-
mixture to the culture medium at a final lytic function of each fraction were lost but

15 Dred by
hibitory activity could still be detected even at (Fig, 3),
5% GPS eoneentration (Fig, 1), GPS previously absorbed on homologous

The migration inhibitory aetivity is heat blood cells lost its migration inhibitory activity
labile, being destroyed on heating at 56'̂ 'G for 5 but retained its eomplement haemolytie
mill, and is lost by alxsorbing GPS on immune fiinction. Recombination of GPS ab,sorbed on
complexes in the presence of ealcitim, or by homologous blood cells with serum samples
absorbing it on zymosan or Sejihadex G-50, inactivated by heating fbr 5 min at 56"C--
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HIGPS, heat-inatii\ated guinea pig serum, 30 min at ,56"C;; GPS, non-inaclivaied gtiiiiea pig serum; liiGPS, 5 min lieal-
inadivatetl GPS; GPSit, GPS absorbed on ovalbumin-rabbit anliovalbumiti insoluble inimtine comiilexei;; GPSic +
edta, GPS absorbed on immune complexe,s as above, but in presence of ED'FA 0 01 M • GPSz GPS ab,sorbed on zymosan •
GP,S,,,,,, GPS absorbed on Sephadex G-50; GP,S,.,,^, GPS mixed and shaken wilh ether, helore testing; GP,S,,, heparin
10-' g/ml was added to control and assay media; GP,S,j,,, ED'FA 0,01 M (final concentralion) added to control and as.say

n Ibtir irtjjec

each of the two fractions initially being fragments or from clotted plasma droj^lets. Tin-
inactive upon cell migration—led to complete inhibitory effect is detectable even at a 5"/,,
restitution ofthe migration inhibitory activity, concentration of GPS in the medium, Th

ants is of critical importance. The proportion be dependent on the migration system u
of the 5-min inactivated serum must be higher Lower values were recorded by the ma
than the absorbed one. When the proportion is phage migration from the eapillary tul
inverted, no recovery ofthe inhibitory effect on compared with the blood clot fragmen
cell migration could be observed (Fig, 4), method. By tising the clotted jilasma c

When FicoU-separated PBL were t.sed as teehniqiie, granulocytes appear to be
target, by means ofthe clotted plasma droplet ,sensitive to the migration inhibitory a
technic|ue, granulocytes apj^eared to be more than lym|)homonocytes,
sensitive to the migration inhibitory activity of A thermolabile MIF, in the lymph of
GPS than lymphomonocytes. Also PEG sensitized sheep and pigs, whieh cotild be
migration from cajjillary ttibes was only destroyed by heating for 5 min at 56°G has
moderately inhibited by GPS (Table 1), been previously deseribed (9, 10), Sephadex

G-200 or ammonium sulphate fractions ofthe
lymph, which initially lacked MIF activity

)logous or homologous GPS inhibits the in when tested alone, regained a powerful in-
migration of cells from blood clot hibitory effect upon recombination. This MIF

DISGUSSION
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C; GPS, guinea pig scnini; hiGPS,
C D inaclix-ated GPS al 5(;°C; GPSbr, GPS ab.sorbed v/v on

pelleted homologous blood cells: hi -I- be 5:1,
buory anrviiy o recombination of hiGPS wilh GPSbe in proportion of
Us rocoxeiy by 5v:lv: hi + be 1:5, the same teeombinants as before but

liaeli.m oC heal-inaelivale.l
I (lialy.salion liaelion ol' (iPS +
hulionolheat-inartivatedseiuni:

C:

In contrast, we lind tliat the inhibitory
tixity of CPS seems to be related to its

wasealeiilateda.spciTentageoroonuol (MI = complement haemolytic function as it is

ctix ate specifically some of the complement
omponents. This bronght about a loss in the

the migration inhibitory elTect (Table 1). By
heating GPS at 56"C for 5 min, just etiough to
destroy ti, and C, components ( i n , the

ctix'ity was related to a preliminai-y sensiti- (omplement haemolytic function as well as tlie
ation, and it was claimed that the afferent migration inhil^itory actix ity disappeared. The
ympli' of the antigenic-stimulated drainage binding of C,̂ , to immune complexes by
rea did not contain demonstrable MIF ab.sorption experiments, a process laiuiring
ctixity at a time when the efferent lymph calcium ions and which can be i^reserxed by
as strongly inhibitory. Moreover, removal addition of EDIW, leads to the inacti\ation of
f librinogen decreased or abolished the both tlie complement haemolytic and the

IF ffi Th ddii f i a t i a t e d migration inhibitory actix ities of GPS TheMIF effect. The addition of non-inactixated migration inhibitory
lix'itv of the efferent i'nactixation of G

of GPS. The
t byGPS increased the MIF activity of the eilerent niacti

lymphobtainedafterantigenicstimulation(lO). by absorbing it with zymosan or dcxtian,
Furlhermore, Fox et al. (13) fonnd an MIF-like causes a signiiicant decrease of the migration
substance in fresh non-inactiviated foetal calf inhibitory effect of GPS concomitantly with
sertim and they claimed it to be similar lo il not llie inactivation of its complement haemolytic
identical with MIF secreted by antigenic- function. The.se results indicate that G, is also
s.imnlated lymphocytes. involved in the expression of the migration
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Migration inhibitory activity of GPS tested on dillercnt homologous tare;et cells

Target cell HIGPS'' GPS"
Migration ± s,d,' Migration + s,d, M F

Granulocytes" 412,73 + 0,8 223,4+11,29 54,1

Lymphomonocytes'' 362,13 + 6,7 254,1 ± 5,88 70,1

PFXJ 188,37 + 4,(5 135,4 + 1,81 71,9

a.b ;-— Oraniilocytes und lymphomonocylcs rcsp., separated from PHL by I']coll~i.sopaf|ue ccnU'UUEjiiUon were used as
target by means of the clotted plasma droplet technique

mean.s of capillary tube technique

' \5% fresh guinea pig serum in MEM was the assay medium
^ Migration mean values ± 1 s.d. of three to four area projections on Whatman paper
« Migration index was calculated as percentage of controi - (Area X/Area control) x 100.

inhibitory a.cUon of GPS. Fhe inactivation of compiemcnt activity because of C. and C,.
C^ component by ether treatment of GPS (14) destrtietion and no migration inhibitory
catises the disappearanee of both complement activity, although the inhibitory factor eould
haemolytic and migration inhibitory aetivities, be pre,served in a non-active state, GPS
Moreover, on GPS dialysation, leading to the absorbed on homologotis blood cells exhibits
separation of the complement components, CI only the complement haemolytic function,
and C,, remaining in the insoluble fraction and When five parts of GPS treated at 56°G for 5
Ĝ  and G, in the supernatant fluid (14), the min are mixed with one part of GPS absorbed
migration inhibitory activity of each fraction on homologous blood cells, the migration
disappeared. The recombination experiments inhibitory activity is regained. This suggests
with the euglobulin and the pseudoglobulin that this inhibitory factor is present in GPS
fraetions of GPS, suggest that all four first samples treated at 56°G for 5 min (btit not at
components of complement are neeessary for 30 min) and ean be activated by complement
both the complement haemolytic and the components present in serum samples ab-
migration inhibitory functions, sorbed on homologous blood cells. The failure

On the other hand, by absorbing GPS on to inhibit cell migration when the |oroportion
homologous blood cells only the migration of the recombinants was inverted, confinned
inhibitory capacity disappeared leaving the this possibility. Similar findings have been
complement haemolytic function unimpaired, obtained with recombinants of GPS samples
This demonstrates that migration inhibitory absorbed on immune complexes and those
activity could be removed from GPS without absorbed on homologous blood cells (data not
affecting the eomplement haemolytic function, presented). Our data are more similar to
In contrast, inactivation of complement leads reeent findings demonstrating both the role of
concomitantly to the disappearance of the complement factors in maciophage spreading
migration inhibitory activity of GPS suggest- (18) and the production of an MIF-likc activity
ing that some of the complement faetors' are in GPS by incubation with plasminogen
necessary for the expression of this activity, activator produced by Simian virus 40
GPS treated at 56°G for 5 min has no transfomed mouse 3T3 cells (19),
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In conclusion, the migration inhibitory 10, Meade, C, J,, Lachmann, P, J, & Binns, R, M,: A

acti\'ity of GPS evidenced by our experiments mcchani,sm of migration inhibition invoKitig coiti-

at least partially absorbable on homologotis

blood cells and requites ,somc complement " '

factors for its activation. New investigatiotis yv, P,,'Kramer, J, & Glade, P, R',: Prodi._

arc necessary to clarify its tiature, of lymphotoxin and migration inhibitory factors by

established human lymphocylic coll lines, ].
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