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In vitro studies of the interaction between heparin
and eosinophil cationic protein
K. FREDENS', R . DAHI.^ & P. VFNGF'

I Clinical ClTMiiislrv. H.nv.Tsiiv Hu.pJt;,!. l.-ppsal,i. .Sucdon

phil ^,'!•a^u^K•ylt•^. h.CV i-. hi(,'lily ralio.ii i ,,nri m^ty dMm^.|.;r l issur if n-.( in.iciix'aK'd.

H,>p.^inn Js ;i lll^^llK aiiiiini.- subMaiK^; presctii in iiiasi ,(-11. and Isasophil K'- îiuil'>cyr<-.%.

"Mir pn-scni /« ;'(r,r. suid\ slu.ws ihai RCP >an i[KK[i^a[(• tin- antici .a .^i lani a, tiviry ol

h f p a n n pr(!l)alilv h\ [li,- fnniiaiiim of a (omplcx ln-ivM't-n ihi. ivv<, mok-rul.-s. T h i s

si-<T.>tJoii ol hcp-.u-m ma\ pumiim- p i 'nnr . i i idn ol nia.si <;-]] p roduc ts ihvciuyh lisMifi .'\lso

Uiis niav iniistiluLr OIK- nKHlianisni wlii'r. 'hv rkr ,-Mou>\if arUon o l 'F .CF is [n-ul raliz.-il.

Kosinophil caiionic prott-in (EC'P) is a highly po]yacrylainidc-gcl olecirophorf^sis in the prps-
cationic prott^in and a major cunstiiiicni of ihc tMicc of .sodium-dodt'cyl sulphate (5). Heparin
human eo.sinophi] granulocyie gi-anuk-s (6). The with a molecular weight of I4,(.100± 1,000 was
Tnolecular weight of EClP is 18-21 kl.) and the purchased from Leo Pharmaceutical, Copen-
moleeule contains a large number ol arginine liagen, Denmark. Platelet-pxior plasma was pre-
residue^ which probably partly explains the high pared by eentrifugaiion of t:itrated blood 2,000
iso(.'l<'(trie jinint of the proiein. The biological x g lor 20 inin. Plasma coagulation time was
lunetiun ol ECIP is in particular related to Us measured al 37°C in glass tubes by deiermina-
cytotoxic properties, with the capacity to kill a tion of the time from addition of calcium to elot
variety of mammalian and non-mammalian formation. The cocffu ient oi' variation of the
<ells. Also KCP is able to enhance coagulation in recalciflcation assay was less than \%.
vitro by a Factor XH-dependent mechanism Heparin aeiivity was also determined photo-

(10). metneally by means oi'Coatest heparin (KABI,
Preliminary experiments suggestecJ that ECP Sweden). 200 |il heparin was ineubated with

neutralized ihe anticoagulant activity of hepa- andthrombin III (AT III) in e.xcess, to generate
rin. The aim ol this study was to clarify the heparin-AT III complexes. F X, in excess was
stoichiometrie interaction between ECP and added and incubation continued for 30 s, F X,
heparin. not inactivated was allowed to catalyze the split-

ting of p-nitroaniline from the substrate S-2222

MATERIAL AND METHODS <« ' -" ' -« . ' " frOR)-Gly-Arg-pNA)^ After 180 .s
the reaction was stopped with ^v % aeetic acid

KCP with a molecular weight of 18-21,000 was and the absorbance read at 405 nm. The ab-
purified from human eosinophil granulocytes. sorbance clecreased Hneai'ly with increasing he-
The purity of ECP was evaluated by means of parin eoneentrations in the concentration range
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studied (0,5-4,0 ng h<fparin/ml), IncubaTions
were done in 0.05 moi/l Tris butler, pH 8,4
(Fig, 1)-
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RESULTS

lncrt'asii\g anidums of EC,:P were incub;ited
with 1 \l^ (0,07 nnidl) of heparin in a constanT
volume. After 90 s 100 1̂ oi'citratcd plasma was
added and incuhanon consinued fbr 30 s, before
addition of 100 ul 0,03 M CaCL, The time until
elot formation was reeordcd. and ihe results are
shown in Fig, 2, The iirolonged recalci fit ation
lime induced b\' J jig of heparJii wa,s graduaJJy
abolished by preincubation with inercasint;
aniounTs ol' ECP, and a compleie reversal was
seen with 4 |ig (0,19 nmol) of ECP, In the next
experiment, performed in a p]a,sma-i'ree med-
ium , preincubation of heparin with ECP re-
sulted in neutralization of the heparin aetivity,
A slightly increased neutralization of heparin by
ECP was found when ihe preineubation rime
was increased from 0 s to 30 s, but further
preineubation did not change the degree of neu-
tralization. In Fig. 3 the results are shown when
3.2 fig (0.086 nine]) of heparin and varying
amounts of ECP were preineubated for 30 s
before the addition of AT III, A complete neu-
tralization of heparin was found by 0,6 ng
(0.029 nmol) ECP- No ehange in the ability of
ECP to neutralize heparin was found when

heparin was preintubaced with AT HI for 30 ^
before the addition of ECP,

DISCUSSION

Heparin is a highly eharged anion and its anti-
coagulatnry effects are neutralized by eationie
substances sueh as protamin, 1 he finding in this
study of a neutralization of heparin by ECP is
probably related to thc faet that ECP also is a
highly eationie molecule (9). Thus the neutral-
ization of heparin is likely to be the result of this
opposition in charge, Gleich et al, found that
major basic protein (MBP), another cationic pro-
tein of eosinophil granules, also neutralizes the
anticoagulatory effects of hepann (3),

In the plasma-free heparin system the molar
relationship for the interaetion between ECP and
heparin neutralization was 1:3, whereas in the
plasma coagulation assay the same relationship
for hepann neutralization was 8:3, This means
ihat in thc plasma system an excess of ECP was
neeessary for heparin to be neutralized. This
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indicates the occurrence of substances in plasma
that bind ECP and is eonsislent with observations
which have shown the binding of ECP to both
high and low molecular weight substances (7),

It is possible that ECP and MBP are natural
inhibitors of heparin in vivo. By inhibition of
heparin as well as by enhancing E XII dependent
reaetions, ECP may enhance blood coagulation
(8),

In previoiis investigations ii was found that
long-term daily treatment with heparin injections
resulted in a rise in blood eosinophil count (4),
The number of eosinophils did not increase con-
tinuously during treatment as the same number
was found after 5 and 10 days, 'I'he mechanism
for this blood eosinophilia is not known, but it has
been found that heparin in a dose-dependent
manner inhibits the eosinopenia normally found
after administration of ACTH, hydrocortisone.
insulin and epmephrin (1),

Heparin is a constituent of tissue mast cells and
blood basophils. In immediate type allergic rea( -
tions the degranulation of mast cells lesuUs in ihe
release of hrparin and other bio-active substances
(U). The funetion of heparin in this ivpe of
inflammatory reaction is not known, bin an in-
hibition of tlbrin deposition might allow ior a
better penetration of mast cell products through
!h<' tissues, Eosinophils arc attracted to the site of
allergic reactions (2), and neutralization ol'hepa-

o
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Fii',:! Neutralizalion of ihi- heparin acliviiy by ECP in î
plasma-irce m.-dium as nie^isured by Coate.st-heparin. In-
• leasing amiiunls of ECP was added to 1,2 ng ol" hejiarin

lin could be of value for the localization of the
reaction and one of the physiological actions of
ECP,

Conversely, ECP and MBP are highly cyio-
toxic proteins and therefore the binding to hepa-
rin could constitute one meehanism by which
cells are protected from the deleterious effects of
these proteins,
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