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The effect of elastln peptldes (Kappa-elastln) wasinvestigated on human ~onocytes. The data 
presented here Indicate that elaetln peptldes increase the lntrecellular Ca z+ level measured by 
l~uln 2 fluorescence anti mediate tt~e release of Bglucuroni0age end elastase.The 02 
consumption andH202 release were stimulated in a dose- clepenclent manner.The early rise of 
cAMP was followe(I hy a return to the original level at 30 rain and by a concomtttant increase of 
cGMP level. Tl~e action of el astln Peptl0es oh lntracellulor calcium level an0 cGMP levels may 
well be related to Its previously demonstrated chemotactlc acttvl t~l. These activities may well 
13lay a rolein the modl flcatlons of the extrecellular matrix followlnQ elastin degraclatlon as 
ol)servedlnatheroscleroels,empilysemaandaglflg. ® J.986 Aead.emic Press, I.nc, 

The degradation of elastin by elastase type enzymes was shown to play an 
important role in several pathological processes (I-9). All these enzymes 
although of different nature (10-12) are able to hydrolyse elastin. The 
released peptides were shown to have a vaMety of biological properties 
(13-16) and among them a chemotactic effect on monocytes and fibroblasts 
(17). 
The chemotactic peptide receptors were shown to be coupled to the 
phosphoinositide specific phospholipase C, through a guanine nucleotide 
regulatory protein (18). This receptor activation involves hydrolysis of 
phosphoinositides followed by generation of inositol triphosphate and 
diacylglycerol .The inositol tMphosphate is believed to induce the release of 
Ca 2+ from an intracellular storage and as a consequence the level of 
intracellular free Ca 2+ is increased (19). The chemotactic effect, the release 
of enzymes, the production of free radicals, the modulation of cyclic 
nucleotides involved in cell activation are dependent on the increase of 
cytosolic Ca 2+ (20-22). 
Recently, we have demonstrated (23) that elastin peptides stimulate Ca 2+ 
uptake and inhibit Ca 2+ extrusion by monocytes, skin fibroblasts and arterial 
smooth muscle cells, acting inversly as formyl peptides (ex: 
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N-Formyl-Methionyl-Eeucyl-Phenylalanine (FMLP)). 
Therefore, we investigated the effects of elastin peptides on cytosolic free 

Ca 2+ level,on production of biologically active oxygen species (BAOS), on 
enzyme release and on intraceIlular cyclic nucleotides concentration. 

MATERIALS AND METHODS 

PATIENTS: Monacytes were obtei ned from 20 mi ddle-aged healthy male subjects (ege: 25-52 
years~ after informed consent. The selecti on of the subjects was based on the following 
crlterla: goodphyslcel and mental health ¢onflrmed by clinlcal,radlological and blologlcal 
examinations, 

MONOCYTES were separatedby FlcolI-Hypaque gradient centrlfugetlon accordlngto Kumagal et 
al (24) wlthoutmodlftcatlons (25). 

KAPPA ELASTIN ( Elastln peptldes) was prepared from bovine I Igamentum nucl~ae elastln by 
alkaline hydrolysis in ethanol (25). 

EXPERI MENTAL CONDIT IONS:All lncubatl onswere performed In a CO 21 ncubator (CO 2 5%, air 95¢, 
humidity 95% at 37%)and the ceils were prepared for alJmeasurements by suspending them In 
phosphate buffered sILline. Final densities were 2.5 x i 0 ~ cells/ml for B~lucuronldase 
determlnationandlO~ceils/ml forelaetase determlnaUon. For thesecleterminatlons,cells 
wereprelncubated for30 rain with I0 ngtml cytochalasln B (Calblochem) following by 60 rain 
Incubation with various concentrations of elastln peptides.Afterlncubatlon, cells were 
centrifuged and enzyme activity determined In the medium. 

#GLUCURONIDASE ACTIVITY was determined according to Brlttlnger et el (27) using 
phenolphtaleln glucuronlde (Serva) assubstrate.The released phenolphtoletn was determined 
sDectrophotometrlcallyafter 18hoursincubation. 

LASTASE ACTIVITY DETERMINATION was carried out according to the method of Horneback et al 
8) with slight modifications. Briefly, to 1,0 ml of the 114 dilutt on of culture supernat ant, 20 

~i of N-Succinyl-trlelanlne- parenitroanlllde in dlmethylsulfoxlde (5 mgtml) were added and 
further diluted In O, I M Trls-HCI, pH 8,6. After 15 hours lncul)ation, the change In aDsorbance at 
4 i 0 nm was deterrninated C29). 

LACTATE DEHYDROGENASE ASSAY was carried out according to the method of Dloguordl et al 
(30). 

02CONSUMPTION was measured with Clark type oxygen electrode in 3 ml cell suspension 
contalning 5 x 106monocytes underconstant stirring at 37OC.TheprelncubatIon tlme for 
equilibration with alr was 30 rain. The measurement was carried out according to Tanobe et el 
C30 

PRDDUCTIDN was determined according to the method of Pick and Kelsarl (32) based en the 
~ m e d l a t e d  and horseradish peroxidase dependent oxydatlan of phenol red.For these 
determl nations, 2 x 10 6 monocyt es/ml were used In the presence of vari eus concentratl one of 
elastln peptldes after 30 min of Incubation. 

DETERMINATION OF cAMP and cGMP LEVELS;This was carfled out before end afterthe ad(Iltlon of 
1 )jgtml of kappa-elastin at O, 15, 30, 60, 120 rain of Incubation. For the cyclic nucleotldes 
determinations, the cells were prepareO as clescrfbed by Stablnsky et oi (33). The 
determinations were made according to the Instructions enclosed In the redl olmmunoessay kl t 
(Amersham). 

MEASUREMENTOFCYTOSOLIC FREE Ca2*CONCENTRATION BY QUIN 2: Fluorescence of Quln 

2-loaded cellswas measured by themetnod o/Talon et sl (34-35). Monocles ( 107 cells per ml) 
Incubated for20 mln at 37=C wlth Quln 2 acet oxymethylester (50 pM) In RPMI, then diluted 
ten-fold wlthbuffer and lncubatedforanaddltional 60 mln.The cellsy~ere centrtfugedat I000 
g for 5 mln an£1 suspended in Hank's buffer st a concentration of 5 x lOOcellsfml . One ml of this 
cell suspenslonwas centrifuged at 50009 in a mlcrocentrlfugeand resuspendedwlth 2,0 ml of 
buffer which contains ornot !mM CaC12 and then translated to a I cm cuvette. Fluorescence 
Intenslti ee (F) ware measurecl in a Hitachi fluorescence spectrophot omater using an excl tatlon 
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wavelength of 339 nm ariel an emission wavelength of 492 rim. The total Quln 2 pressn~ in the 
cells was measured by the a(Idltlon of dlgltonln(Serva), Fmln ls obtained by setting (CeZ+)l to 
1riM by edcllng 2ram EGTA an(l Trls to Lake the pH above 8,3.The kappa elastin et veMous 
concentrations was ~(I(led and the fluorescence was follo~ted fQr6 rain.The level of 
Intracellular free Co z+ was ¢oml)ute¢l by the actuation (CoZ+/I=Kd(F-Fmln)/(Fma~-F), 

RESULTS 
Addition of kappa elastln to cells enhanced very rapidly the cytosolic free 
calcium concentration, measured by Quin 2. The most important increase was 
obtained by I luglml of kappa elastin (Fig. I). The measurement was 

continued until the level of Ca 2+ returned to the original value. As the kappa 
elastin concentration was increased,the recovery of the oMginal Ca 2+ 
concentration was delayed. This recovery time was 4 min with 0,5/uglml of 

kappa elastin and 6 rain with I luglml. 

We determined also with vaMous concentrations of kappa elestin the 
glucuronidase and elestase release from monocytes (Table I). Kappa elastin 
stimulated the release of both enzymes from monocytes significantly 
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Figure I 
Effect of kappa elastln on cytosollc ~CO2+)I rneasureo by Ouih 2fluorescence, 
o) Fluores~ence of Quin Z IoeCled rnonocgtes. Digitonin (50 uglrnl ) Is adcleO to (let errni ~e the 
rnaxlmal cal clurn dependent fluorescence (Frnax). Egta (2rnM) is added to quench t.he calclurn 
dependent fluorescence(Fmtn). 
Fluorescence of Quin 2 Ioaclecl monocytes following addltiotls of b} O, I ug/ml; c) 0,5 ug/rnl and 
d) I ,O~g/ml of kapI3a elastln. Measurements performed as de~crlbBd In Materials encl rnethocls. 
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Table I 
Effect of kappa ele~tln ~n the Bglucuteniclase endelastese tel ease from monocyte$. 

Monocytes are ~reteeted for 3Omn wlth cytochol ~sin B. Each veiue represent tfle me~n +_SEMof flve 
experlment& Experlmentswere done Intripllcete. 

enzymes released into the medium 

I nc ubat i  on LQctc~te dehydrogenc~se i B glucuronidase elastase 
(60 ra in )  °/o of total activity n real phenolphthciline] nmol pNA118hours/ 

19 hours/10Scells 107 cells 

Cytochalasin B < 5°/o non detected non detec ted 
5ugl ml 

÷KE 0.1,ug/ml ~ 82.414.36 12.8 ~- 0.58 

0.5,ug/ml ..~ < 10°/o 75.8+3.25 14.5 *-. 0.79 

1.0pg/ml 91.3-* 4. 63 13.6 " 0.64 

already at the lowest concentration tested. The release was significant as 
compared to control (p< 0,001). Kappa elastin even at the lowest 
concentration tested was already able to mediate the release of these 
enzymes from monocytes. 
The production of H282 as well as 02 consumption were also determined 

(Table 2). The oxygen consumption and H202 production were markedly 

stimulated (p< 0,001) in a dose dependent manner, maximal stimulation being 
obtained with 0,5 lug/ml of kappa elastin. Nigher concentration did not 

further stimulate the oxygen metabolism of the ceils. 
The intracellular concentration of cyclic nucleotides was also determined in 
monocytes In the presence of I /uglml kappa elastin The cAMP 

concentration was increased, with a peak at the 15th rain, duMng the first 30 
rain of incubation. After the 30th rain, it returned to the initial level. By 
contrast, the cGMP level showed a progressive increase with a more marked 
increase after the 30th rain of incubation (Fig. 2). 

Table 2 
Effect of kappa elasttn .on the 02consumption andH202Production 

Eechvaluerepresent the meen±SEMof flveexperlment& 
Experiments were done In trlplcete. 

Exper imenta l  02 consumption produced H20 2 
group ~ molllOmin/lO?celis #mol/3Omin/lO?ce[ts 

control 320*-- 14 2175 8 

KE 0.1,ug/ml 1680 + _ 62 1086z 34 

Q5pg/ml 1890± 64 1215" 32 

1.0~Jg/ml 1815L 48 1137 ~ 41 
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Figure 2 
cAMP end cGMP le~'el~ In monoc~tes after the addition Of kappa elastln (I ~g/ml). The 
determinations were carried out at O. 15, 30, 60 an¢1120 rnln of incubation. 

0 cGMP ..... 0 ...... cAMP 

DISCUSSION 

Elastin peptides were shown to exhibit several biological activities: 
induction of immunoarteMosclerosis when injected to rabbits (13-16), 
chemotactic activity for monocytes and fibroblasts (17), cells which play an 
important role in the pathogenesls of arteriosclerosis (36-38). 
Our results further confirm the chemotactic action of kappa elastin and try 
to elucidate the intracellular mechanisms. As it was already demonstrated 
for the chemotactic peptide FMLP, at the level of signal transduction, the 
major effect is apparently the mobilization of Ca 2+ (39-40). Kappa elastin 
also stimulates the increase of cytoplasmic free Ca 2+ as determined by Quin 
2 fluorescence. This effect is due to the enhancing of Ca 2+ influx as shown 
before (23), but possibly also to the liberation of Ca 2+ from intracellular 
storage sites.This effect could be mediated by the stimulation of the 
phosphatidylinositol breakdown involving the formation of inositol 
tMphosphate and diacylglycerol, as it is occuMng in the case of other 
chemotactic peptides (41). This suggests that kappa elastin may have a 
receptor site on the monocyte membrane, coupled positively to a guanine 
nucleotide regulatory (N) protein. This contention is supported by the 
stimulation of cGMP formation, although cAMP level is also transiently 
elevated after stimulation by kappa elastin, as in the case of other 
chemoattractant receptor stimulation. 
The elevation of cytosollc Ca 2+ has been proposed to regulate the stimulation 
of phagocytic cells by formyl peptides, ionophore A 23187,...(39,42), and this 
could well be the case for kappa elastin also. In fact we found that kappa 
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elastin caused a marked elevation of BAOS production measured by the 
increase of oxygen consumption, chemiluminescence (data not shown) 

reflecting the 0" 2 production and H202 release. This BAOS stimulation was 

dose dependent. Thepglucuronidase and elastase release was also markedly 
stimulated but in a dose independent manner. This elastase release could 
further amplify the effect of kappa elastin by inducing the production of new 
peptides at the site of enzyme release. 
These results suggest that the rapid nee of intracellular free Ca 2+ could play 
an important role in the cell activation dunng kappa elastin stimulation of 
monocytes by the increased production and release of metabolically active 
oxygen species and lysosomal enzymes. These effects of kappa elastin on 
monocytes could further explain some of the biological effects obtained 
during its injection to rabbits (13-16) and suggest that monocytes could play 
an important role in the biological alterations induced by elastin peptides at 
sites of elastin degradation in lung tissue (I-3), arterial wall (4-6) or skin 
(7-9), 
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