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The effect of efastin peptides (Kappa-eiastin) wasinvestigated onhuman monocytes. The dete
presentedhere indicatethat elastin peptides increase the intracellular Ca<* level measured by
Quin 2 Nuorescence and mediate the release of Aglucuronidese and eiastase.TheDa

cohsumption andHo0; release were stimuleted in e dose- dependent menner. The esrlynise of

cAMP was followed Dy e return to the original 1evel st 30 min andby s concomitiant increeseof
cGMP 1evel. The sction of elasiin peptides on intracelluler calcium ievel and cGMP 1evels may
wellbe related to itspreviousiy demonstrated chemotacticactivity These activities mayweil
piay e rolein the modificetions of the extracellularmatrixfollowing elastin degradationes
observed inatherosclerosis emphysemaandaging. o 1986 academic Press, Inc.

The degradation of elastin by elastase type enzymes was shown to play an
important role in several psthological processes (1-9). All these enzymes
although of different nature (10-12) sre able to hydrolyse elastin. The
released peptides were shown to have a veriety of biological properties
{13-16) and among them a chemotactic effect on monocytes and fibroblasts
(7.

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
phosphoincsitides followed by generation of inositol triphosphate and
diacylglycera! . The inositol triphosphate is believed to induce the release of
Ca* from en intraceliuler storage and as & consequence the level of
intracellular free Ca2* 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 Ca2* (20-22).

Recently, we have demonstrated (23) thst elastin peptides stimulate ca?*
uptake and inhibit Ca?* extrusion by monocytes, skin fibroblasts and arterial
smooth muscle cells, acting inversly as formyl peptides (ex:

T on leave from the Clinic of Internal Medicine n°1, Medical University of
Debrecen, Hungary .

0006-291X/86 $1.50
Copvright © 1986 by Academic Press, Inc.
All rights of reproduction in any form reserved. 92



Vol. 141, No. 1, 1986 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

N-Formyi-Methionyl-Leucyl-Phenylalanine (FMLP)).

Therefore, we investigated the effects of elastin peptides on cytosolic free
Ca2* level,on production of biologically active oxygen species (BAOS), on
enzyme release and on intracellular cyclic nucleotides concentration .

MATERIALS AND METHODS

PATIENTS: Monocytes were obtained from 20 middle-aged healthy male subjects(ege: 25-52
years) arter informed consent. The selection of the subjects wasbased on the following
criteria: goodphysice) and mental heelthconfirmedby clinicel, rediological endbiological
examinations.

MONDCYTES were separatedbyFicoll-Hypague gradient centrifugetion accordingio Kumagai et
a1 (24)without modifications (25).

KAPPAELASTIN( Elastin peptides) was prepared frombovine ligamentumnuchae elastinby
alkaline hydrolysis inethanol (26).

EXPERIMENT AL CONDITIONS:All incubetiong were performed inaCOz{ncubstar {C0, 5%, air 95%,

humidity 95% at 37°C)and the cells were prepared for olémeosurements by suspending themin
phosphate buffered sgline, Final densities were 2.5 % 10P cells/mi for ghlucuronidase
determinationand 107 cells/ml for elestase determination. For thesedeterminations, cells
werepreincubated for 30 minwith 10 ng/ml cytochalssin B{Calbiochem) following by 60 min
incubation withvarious concentrations of elastinpeptides.After incubation, cellswere
centrifuged and enzymeactivity determinedin the medium,

BBLUCURONIDASE ACTIVITY was determined accarding ta Brittingeret al (27} using
phenolphtelein glucuronide {Serva) es substrate. Thereleased phenolphialein was determined
spectrophotometricallyafier i Bhoursincubation,

ELASTASEALTIVITY DETERMINATION was carried out according to the method of Hornebeck et al
{28) with slight modifications. Briefy, to 1,0 miof the 1/4 dilution of culture supernatant, 2¢
uiof N-Succinyi-irielenine- paranitroenilide in dimethylsulfoxide (S mg/ml) were sdded end
furtherdiluted in0, 1M Trig-HC1, pH B,6. After 15hours incubation, the change in ebsorbance at
410nmwas determinated (29).

i(.At)TATE DEHYDROGENASE ASSAY was cerried out eccording to the method of Dioguardi et al
30).

D, CONSUMPTION wes measured with Clerk type oxygen electrode in3ml cell suspension

contelningSx 1 05monocgtes under constant stirring et 37°C. The preincubetion time for
(egu; Hbration withair was 30 min. The measurement was carried out accordingto Tenabe et
1).

H202 PRODUCT DN was determined according 1o the method of Pick and Keisari {32) based on the
HDamediated and horseradish peroxidase dependent oxydation of phenol red.For these

gelerminations, 2% losmonocgtesfml were used in the pregence of various concentrations of
glaestinpeptides after 30minof incubation.

DETERMINATIONOF cAMP and cGMP LEVELS:This was carried out before and afterthe additionat

1 pig/em) of keppo-elastinat 0,15,30, 60, 120 min of incubstion. For the cyciic nucleotides

determinations, the cells wereprepared as described by Stabinsky et a1 (33). The

?ztemih nat1) ons were made according to the instructions encloged in the redioimmunoasseykit
mersham).

MEASUREMENT DF CYTOSOLIC FREE Ca2+CONCENTRATION BY QUIN 2: Fluorescence of Quin

2-oaded cells wes measured by theretnod of Tsien et al (34-35). Monocytes (107 cells per mi)
incubated for 20 minat 37°C with Quin 2 ecetoxymethylester {50 uM) in RPMI, then diluted
ten-fold withbuffer and (ncubated for anadditional 60 min. The cells were centrifugedat 1000
g for Smin and suspended fn Hank's buffer at a concentration of S x 109%elis/ml- One ml of this
cell suspenstonwes centrifuged at S000 g tna microcentrifugeand resuspendedwith 2,0 miof
buffer which tontains ornot 1 mMCaCla and then transfered to a 1 cm cuvette. Fluorescence

intensities (F) were measured in e Hitachi fluorescence spectrophotometer ust nganexcitation
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wavelength of 339 nmend an emission wuvelen%th of 492 nm. The total Quin 2 preseny inthe
cells was meesured by the addition of digitonin{Serva). Fminis obtained by setting{Ca<*); to

tnMby adding 2mM EGT A and Tris to take the pH above 8,3. The keppa elastin et verious
concentrations was t,at:meu and the fiugrescence was foll gyid for 8 min. The level of
intracellulerfree Co<* wascomputed by the equation (Ca<* ) =Kd(F-Fmin)/(Fmex-F),

RESULTS

Addition of kappa elastin to cells enhanced very rapidly the cytosolic free
calcium concentration, measured by Quin 2. The most important increase was
obtained by 1 ,ug/ml of kappa elastin (Fig. 1). The measurement was

continued until the Tevel of Ca2* returned to the original value. As the kappa
glastin concentration was increased,the recovery of the original Ca 2+
concentration was delayed. This recovery time was 4 min with 0,5 ,ug/mi of

kappa elastin and 6 min with 1 /ug/ml.

We determined also with various concentrstions of kappa elastin the 5
glucuronidase and elastase release from monocytes (Table 1). Kappa elastin
stimulated the release of both enzymes from monocytes significantiy
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Figure |

Effect of kappaelastin oncytosoiic {Ca2+) measured by Quin 2 fluorescence.

a) Fluorescence of Quin 2 loaded monocytes. Digitonin (S0 ug/mi) 13 added to determine the
maximal celcium dependent Nuorescence ( Frnax), Egta{ 2mM) s added to quench the calcium

dependent flugrescence! Frain).
Fluorescence of Quin 2 foaded monocytes follawing additions of b) 0, 1 ug/mi; ¢) 0, 5ug/mi and
d) 1,03g/ml of kappa elastin. Measurements performed as described in Materials and methods.
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Table 1
Effect of kappaelastin on the Fglucuronidase andelasiase relessefrommonocyles.
Monocytes are preteated for 30mn with cytochalasinB. Eachvalue represent the mean + SEMof five
experiments. Experimentswere done intriplicate.

enzymes released into the medium

, i lastase
Incubation Lactate dehydrogenase P dlucuronidase €
(60min ) %\ of tot;ycscctg}vity n mol phenolphthaline | ol PNA/18 Pour's /
19hours/10%¢cells 107 cells
gy;(g')clhr;lllﬂsfn B < 5% non detected non detected
+KE 0.1pug/ml 82.424.36 12.8 £ 0.58
0.5ug/ml < 10% 75.8+3.25 14,5 + 0.79
1.0ug/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 H202 as well as 0, consumption were also determined

(Table 2). The oxugen consumption and H,0, production were markedly

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

further stimulate the oxygen metabolism of the cells.
The intraceliular concentration of cyclic nucleotides was also determined in
monocytes in the presence of 1 ,ug/ml keppe elestin  The cAMP

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

Table 2

Effect of kappa elastin on the D consumpiion andHp0,production
Each veluerepresent the meen +3EMof Tive experimens.
Experiments were done intripicate.

Experimental Oy consumption produced Hy 09
group 1 mol/10min/ 107 cells pmol /30min/ 107cells

control 320% 14 217t 8

KE 0.1 pg /mi 1680%L 62 1086 34
0.5ug/ml 1850t 64 1215¢ 32
1.0ng/ ml 1815% 48 11375 41
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Figure 2

cAMP and eGP levels inmonocytes efter the eddition of kapps elastin () Hg/mY). The
determinations were carried out ot 0, 15,30, 60 and 120 min of incubation.

—g——CBMP . g------ CAMP

DISCUSSION

Elastin peptides were shown to exhibit several biological activities:
induction of immunoarteriosclerosis when injected to rabbits (13-16),
chemotactic activity for monocytes and fibroblasts (17), cells which play an
important role in the pathogenesis of arteriosclerosis (36~-38).

Dur 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 ca2* (39-40). Kappa elastin
also stimulates the increase of cytoplasmic free CaZ* as determined by Quin
2 fluorescence. This effect is due to the enhancing of Ca?* influx 88 shown
before (23), but possibly also to the liberation of ca?* from intracellular
storage sites.This effect could be mediated by the stimulation of the
phosphatidylinositol breakdown involving the formation of inositol
triphosphate and diascyiglycerol, as it is occuring in the case of other
chemotactic peptides (41). This suggests that kappa elastin may have @
receptor site on the monocyte membrane, coupied positively to a guanine
nucleotide reguiatory (N) protein. This contention is supported by the
stimulation of cGMP formation, aithough cAMP level is also transiently
elevated after stimulation by kappa elastin, as in the case of other
chemoattractant receptor stimulation.

The elevation of cytosolic CaZ* 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 kapps elastin also. In fact we found that kapps
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glastin caused a marked elevation of BAOS production measured by the
increase of oxygen consumption, chemiluminescence (data not shown)
reflecting the 07, production and H,0, release. This BADS stimulation was

dose dependent. The Zglucuronidase end elastase release was 81so markedly
stimulated but in & dose independent manner. This elastase release could
further amplify the effect of kapps elastin by inducing the production of new
peptides at the site of enzyme release.

These results suggest that the rapid rise of intracellular free ca2* could play
an important role in the cell activation during 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 expiain 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 {1-3), arterial wall (4-6) or skin
(7-9).
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