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B3anmoaeiicteua mexay C-peakTMBHbIM OEAKOM,
CbIBOPOTOYHBIM P-KOMMOHEHTOM amuAOMAQ U
UHTEPAEHKUHOM-8 U MX BAMsSIHME HA (PyHKUUM
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B mepBble yachl BOCTAJHTEJBHOH peakLHH BO3pac-
TaeT CUHTe3 6eJKOB OCTPOH (ha3bl BocmajeHus - C-pe-
aktuBHoro 6Gesika (CPB) u cbiBopoTOuHOrO P-KOMIIO-
HeHTa amusnouga (PKA) - u omHOro u3 mpoBocnaJu-
TeJIbHBIX UMTOKHHOB - UHTepJelikuHa 8 (MJI-8). Heil-
Tpocduisl (Hd) mepBbMU MOSBASIIOTCS B oyare BOCHA-
JIeHHS Y NIPeJICTaBISIOT OAMH U3 HauboJjee paHHHUX 3a-
IIUTHBIX 6apbepoB OpraHu3mMa. BaxKHBIMH MOKa3aTess-
MW (OYHKUMOHAJBHOH aKTMBHOCTH H sBasioTcst ux
MHUTpaLMsl U afresvsl K JHAOTENHAJbHBIM KJIeTKaM H
fesKaM BHEKJEeTOYHOro martpukca. MJI-8 Biuser Ha
TpaHC3HIOTeJHaJbHYI0 Mmurpauuio Hd, nosbimas
TJIOTHOCTb B2-UHTETPUHOB M MX aBUAHOCTH K [CAM-1
u ICAM-2. BrusiHue 6enKOB OCTpoH (ha3bl BocTiaje-
Hus, B wactHoctd, CPB u PKA, Ha akcnpeccuto anre-
3HOHHBIX perienropoB CDI1b u CDI18 u aaresuto Hp k
feNKaM BHEKJETOUYHOIO MATPHUKCA HE H3Y4YeHO; He 0Xa-
PaKTepU30BAHO U HX COBMeCTHOe gaeicteue ¢ MJI-8.
Panee HamMHu W JPYTHMH aBTOpPaMH ObUIO MIOKA3aHO, UTO
CPbB moxet B3aumopeiictBoBath ¢ PKA u MJI-8, oxn-
HaKO He OBLIO BBISICHEHO, KaK BJIHUSIOT 3TH B3aHMOZEH-
CTBUS Ha ajre3uto U murpauuio Hd v Ha akcnpeccuio
aJiIre3MOHHBIX MOJIEKYJ Ha 3THX KJETKax.

B Hacrosiueil pa6oTe C IIOMOLIBI0 UMMYHO(EPMEHT-
HOro MeTofa ObLIO ToKasaHo, uto MJI-8 cBsi3biBaercs
¢ copbupoBaHHbIM Ha mactHke CPB. Metomom yJbT-
paLeHTPUPYTHPOBAHUS He YIal0Ch TIOKa3aTh B3aHMO-
NedcTBUe 3TUX OeJIKOB B pacTBope. Takum o6pasom,
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ycaoBueM cBsa3biBaHusg CPb u WJI-8 siBasinace UMMO-
ounansauug CPB. MJI-8 cBs3bIBaica TakxKe ¢ HMMOOHU-
nu30oBaHHBIM PKA, HO 3TO B3aMMOOEHCTBHE HOCHJIO
6osiee cabblil XapakTep.

Okasaiocs, uto CPB, PKA u WNJI-8 gsasiorcs xemo-
atTpaktaHTamu nis Hd 310poBBIX JOHOPOB, OOHAKO Te-
PSIIOT XeMOATTpaKTaHTHBlE CBOHCTBA TPU COUYETAHHOM
gedcteun. Jkcmpeccuio CDIlb, CDI8 u penentopos
(PUOPOHEKTHUHA UCCJIe[IOBAIH METOAOM IIPOTOYHOH LIMTO-
(bsryopUMeTpUH. BBIIO yCTaHOBJIEHO, YTO GeNKH OCTPOH
(haspl BOCTIAJIEHUS] M3MEHSIOT 3KCIPECCHI0 HHTErpuHOB
CDI11b/CDI18 u petemnropa (uGpoHerrrHa (aSB1-HHTE-
rpuHa) Ha nosepxHocTH Hd. PKA o6HapyxuBas CBOH-
CTBa aKTUBATOpa AITe3UOHHBIX IPOLIECCOB, YCHIHBAS
akcmpeccuio CDI1b/CDI8 u peLentopoB (pHOPOHEKTH-
Ha. KomOuHauuu 6enKOB, B COCTaB KOTOPBIX BXOLHJ
PKA, Takxe yCHUJHBaJH BCe TPOLECCH], CIIOCOBCTBYIO-
e azare3ud. CPb u MJI-8 nonuxkanu sxcnpeccuio du-
6poHekTHHOBOro petientopa. CPB moBbIan akcmpec-
CHIO JIMIb OfiHOTO W3 peuentopoB (CD18), a B xombu-
Hauuu ¢ MJI-8 u PKA 4acTHUHO HeHTpasu30Bas aKTHB-
HOCTb 3TUX OeskoB. IIpy [eHCcTBMH KOMOHHAIMH
PKA+CPb unu CPB+WMJI-8 Habmopasncs HeHTpaau3yo-
WK 3¢deKT GeNKOB 110 OTHOLIEHUIO APYT K IPYTY.

Takum o06pa3om, OBLIO NOKA3aHO, YTO OEJKH OCT-
poli ¢asel BocniasieHust CPB n PKA Bausiior Ha agre-
3ui0 U murpauuio Hp, a B uMMOOHIM30BaHHOM CO-
CTOSTHUM MOTYT CBSI3bIBaTh IIPOBOCIAJUTENIBHBIN IH-
ToKMH KMJI-8. 310 NpUBOAMUT K YaCTUUHOH HeHTpasu-
3alMH OHOJNOTUYEeCKOM AaKTUBHOCTH KAaK II€HTPAKCH-
HOB, TakK U WJI-8. CaenoBarensHo, CPb, PKA u UJI-8
MOTYT BBICTYNIaTh B Ka4eCTBE Kak NpO-, TaK U MPOTH-
BOBOCHAJNHUTENbHBIX (DAaKTOPOB. MOXKHO TIPEANOIaraTh,
YTO B3aUMOIEUCTBHE MeXOy OeJKaMH OCTPOH ha3bl
Bocnajenust 1 WUJI-8 peryaupyer mpoLecc TPaHCIH-
JIOTeJIMaNbHON MUTDALUKU HeHTPOGMUIOB B TKaHb M
3Tanbl Pa3BUTHS BOCTIANUTENBHONU PEAKLIHH.
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C-reactive protein (CRP) and serum amyloid P component (SAP) are acute phase proteins, whose con-
centrations increase within 24 h of inflammation along with concentration of IL-8. Polymorpho-
nuclear neutrophil leukocytes (PMNs) form the earliest barrier protecting an injured organ during
acute phase response. The aim of present work was to study interactions between CRP, SAP and IL-8,
and to estimate the role of these interactions in regulation of neutrophil transendothelial migration.
The results have shown that 1L-8 binds to immobilized but not to free CRP. Binding of IL-8 to immo-
bilized SAP was less strong. SAP like IL-8 increased CD11/CD18 integrin expression. IL-8 did not abol-
ish the effect of SAP, and the mixture of I1L-8 and SAP has stimulated CD11/CD18 expression. CRP
upregulated CD18 but not CD11b expression. Under simultaneous action of CRP and IL-8, the stim-
ulatory effect on CD11b and CD18 was abolished. The expression of fibronectin receptor was reduced
by either IL-8 or CRP but increased by SAP. Effect of each protein was downregulated after following
preincubations: CRP+SAP, CRP+IL-8 or SAP+IL-8. The mixtures of CRP with SAP, CRP with IL-8 or SAP
with IL-8 showed no chemotactic activity, although each of the proteins was chemoattractive. Thus,
acute phase proteins and IL-8 can act as anti-inflammatory factors upon binding each other. In sum-
mary, CRP and SAP influence PMN adhesion, migration and expression of CD11b/CD18 and
fibronectin receptors, and can modulate the action of IL-8 on PMN attachment to endothelium and
fibronectin, and on PMN traffic through the extracellular matrix during transendothelial migration.

INTRODUCTION development of inflammation. C-reactive protein

The earliest physiological changes, revealing ~ (CRP) is a major acute phase protein in human,
after an inflammatory stimulus are the expres- while its homologue, serum amyloid P compo-
sion of inflammatory cytokines and the increase ~ nent (SAP), shows less dramatic increase. It has
of serum concentrations of acute phase reac- been shown that SAP and CRP influence activ-

tants. These early molecules regulate further ity of the majority of cell types of immune sys-
tem, including polymorphonuclear leukocytes
- (PMN). CRP and SAP stimulate PMN oxygen
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Binding and inactivation of IL-8 by pentraxins

with endothelial cells via surface adhesion mol-
ecules, and includes the following stages: (i)
light attachment to vascular wall and rolling,
(ii) tight attachment, and (iii) penetration
through the vascular wall and moving in extra-
cellular matrix toward the site of inflammation.
Initial attachment of PMNs to endothelium and
movement along its surface is mediated by L-
selectin (CD62L). The CDI11/CDI18 integrin
complex is largely responsible for tightening of
adhesion and transendothelial emigration of
neutrophils. PMN traffic through extracellular
matrix is regulated by other cell surface inte-
grins and chemotactic factors released by dam-
aged tissue. One of the Bl-integrins involved is
the classic receptor for fibronectin (a5p1 inte-
grin). It is constantly expressed on neutrophil
surface, although can be modulated by inflam-
matory environment. Chemotactic attraction of
PMNs to endothelium is provided by IL-8 syn-
thesized by activated endothelial cells as well as
by other molecules activating PMNs and facili-
tating their movement through extracellular
matrix. IL-8 also acts to enhance the expression
of B2-integrins on PMNs and to increase their
binding to endothelial ICAM:s.

Despite the abundant data concerning the role
of cytokines, integrins and selectins in transmi-
gration of PMNs, there is a substantial gap in
knowledge about the role of acute phase proteins
in this process. Little or no data are available on
individual or combined effects of CRP, SAP and
IL-8 on PMN functions such as an expression of
CDI1/CD18, receptors for IL-8 and fibronectin
(FN), an adhesion to extracellular matrix (partic-
ularly to fibronectin), and a migration rate. The
aim of the present research was to study the
effects of acute phase proteins (separately and in
concert with IL-8) on these PMN activities.
Additional motivation has come from our previ-
ous observations that binding of CRP to SAP
inactivates both proteins, and that CRP can also
bind to IL-8 (the consequences were not so far
studied). These data prompted us to study phys-
ical interactions between CRP, SAP and IL-8,
and to evaluate their role in the process of
transendothelial migration of PMNs.

MATERIALS AND METHODS

Human C-reactive Protein, Serum Amyloid P
Component, Fibronectin and IL-8

CRP was isolated from ascites fluid of carcino-
ma patients, purified and assessed as described
elsewhere [4]. In SDS-PAGE it showed single
band of approximately 22 kDa corresponding to
CRP subunits. CRP was kept at 4°C in citrate
buffer (pH 6.2) with 0.01% sodium azide and
before use was dialyzed against 1000-fold volume
of PBS at 4°C during 18 h and sterile filtered.
SAP was purified as described by others with
slight modifications [5]. A polyclonal antiserum
against SAP was obtained in rabbits by three
injections (once a week) of 50, 140 and 120 pg of
SAP in Freund’s complete adjuvant. An IgG frac-
tion was prepared by ion exchange chromatogra-
phy [6]. FN was a purified, electrophoretically
homogeneous protein isolated from pooled human
plasma as described [7]; it was kindly provided by
Dr. I.V. Voronkina (Institute of Cytology, St. Pe-
tersburg, Russia). IL-8 was an electrophoretically
pure recombinant human cytokine produced in
the Institute of High Pure Chemicals (St.
Petersburg, Russia) by expression in E. coli. It
was concentrated to 320 pg/ml and kept at -
20°C until use. IL-8 and rabbit neutralizing poly-
clonal antibodies against IL-8 were kindly provid-
ed by Prof. A.S. Simbirtsev.

Protein Binding Assay

Binding of IL-8 to immobilized CRP was stud-
ied by ELISA. Titertech plates was coated with
CRP (10 pg/ml) by overnight incubation at 4°C
and blocked with 1% bovine serum albumin (BSA,
Sigma, USA) containing 0.05% Tween-20 (Sigma,
USA). IL-8 (0.5 pg/ml) was allowed to bind to
immobilized CRP for 1 h at 37°C. Then the wells
were incubated with polyclonal antiserum against
IL-8 at 2-fold dilutions for 1 h at 37°C. All wash-
ings were made with the same BSA-Tween solu-
tion. Bound anti-IL-8 IgG was detected with a per-
oxidase-conjugated goat anti-rabbit IgG (Pasteur
Institute of Epidemiology and Microbiology, St.
Petersburg, Russia) and o-phenylenediamine/hyd-
rogen peroxide substrate in phosphate-citrate
buffer (pH 5.0). Adsorbability was measured at
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492 nm with a plate reader (Spectra-IIl, Austria).
Binding of IL-8 to immobilized SAP was studied
under similar conditions.

The Binding Assay in Solution

CRP (400 pg/ml) and IL-8 (300 pg/ml) were
mixed, incubated for 1 h at 37°C, layered on 15-
30% sucrose gradient in 20 mM Tris-HCI (pH 7.4)
and centrifuged at 100 000 g using Beckman L7-
55 centrifuge (rotor SW50.1) for 19 h at 4°C. The
tube content was separated into 14 fractions (350 pl
each), and protein in each aliquot was precipitated
with 10% TCA at 0°C during 1 h. Precipitates
were sedimented, washed and dried on air and ana-
lyzed by SDS-PAGE [8].

Isolation of PMNs

PMNs were isolated from heparinized peripher-
al blood of healthy donors by the following proce-
dures: centrifugation on Ficoll-Verografin gradient
(1.077 g/cm3), collecting the bottom mononuclear-
depleted fraction and its resedimentation in 9%
polyvinyl alcohol (55 kDa) solution for 30-45 min
at 37°C, and removal of erythrocytes with 0.824%
ammonium chloride for 20 min at 4°C. After each
incubation the cells were washed 3 times with
PBS. The final cell population consisted of approx-
imately 95% of neutrophils. Neutrophils were sus-
pended at concentration of 108 cell/ml in Hanks’
balanced salt solution (HBSS) containing 10%
fetal calf serum (FCS) and used in migration and
adhesion studies.

Flow Cytometry Analysis

For flow cytometry, PMNs were obtained from
blood in a simplified way, including spontaneous
sedimentation of erythrocyte and lysis of the rest
erythrocytes. PMNs (1.0x10% cell/ml) were stim-
ulated by CRP, SAP, 1L-8 or their mixtures for
30 min at 37°C and washed twice with HBSS
containing 0.1% sodium azide. Then the cells
were incubated with mAb against CD11b/CDI18
(Medbiospecter, Moscow, Russia) or mAb against
fibronectin receptor (Sigma, USA) for 30 min at
4°C, washed and incubated in FITC-conjugated
goat anti-mouse IgG (Medbiospecter, Moscow,
Russia) under the same conditions. After wash-

ing, PMNs were resuspended in 1% paralorm-
aldehyde, and single-color immunofluorescent
staining was analyzed by EPICS-XL cytofluori-
meter (Beckman-Coulter, USA). Negative con-
trols were obtained by omitting monoclonal anti-
bodies. Data from 5 000 events were sampled.
Antibody binding was determined as mean fluo-
rescence intensity and quantity of PMNs after
gating for neutrophils by their characteristic for-
ward and side scatter properties.

Evaluation of Neutrophil Adhesion

PMN adhesion was studied using FN-coated
plastic wells. FN (5 pg/ml) was allowed to
immobilize in 96-well flat-bottom Linbro plates
for 2 h at 18°C. After washing with PBS the wells
were filled with PMNs (7x10% cells/well), and
CRP, SAP, IL-8 or their mixtures (for concentra-
tions, see below) were added. The plates were
incubated for 2 h at 37°C in a humidified atmos-
phere containing 5% COg, and unattached PMNs
were removed by three washings with RPMI
1640 medium containing 10% FCS. Attached
cells were dried, fixed with methanol and stained
with 0.1% crystal violet. An excess of dye was
removed by washing. Cell-bound dye was extract-
ed by 0.1% SDS (0.2 ml/well) for 3 h at 37°C,
and the adsorbability of solution was measured in
fresh plate at 620 nm.

Evaluation of Neutrophil Migration

PMN migration was assessed by a method of
cell migration under agarose layer [9]. The assay
was performed in 90-mm Petri dishes precoated
with human FN (5 ug/ml, 2 h/37°C). Melted 1%
agarose (Sigma, USA) in MEM culture medium
(Gibco, USA) supplemented with 10% FCS was
poured onto dishes to give a thin layer, and 3-mm
wells were cut in the gel after its solidification. The
wells were filled with 20 pl of PMNs (1x106
cell/ml in the same medium). CRP, SAP, IL-8 or
their mixtures in 20-ul volumes were added to
empty wells situated 12 mm away from the wells
with PMNs. PBS or human serum albumin were
used as controls. After incubation for 18-24 h at
37°C in a humidified atmosphere with 5% COs,
the dishes were fixed with methanol and stained



Binding and inactivation of IL-8 by pentraxins

Volume 5 + Number 4 « 2000

~a 2
- \ \A
4 . ~a
020 \.\ AN
] \ l/.\.\A
_ o\o 3 | ]
i So—o e
010 ________“¢ 4 _____ o .

2.0 2.5 3.0 3.5 4.0 4.5

Dilution of anti-IL-8, log;,

Figure 1. Interaction between IL-8 and immobilized C-
reactive protein. (1) - immobilized IL-8 + anti-IL-8; (2) -
immobilized CRP + free IL-8 + anti-IL-8; (3) - immobi-
lized CRP + anti-IL-8; (4) - immobilized BSA + anti-IL-8.

with 0.1% amido black 10B (Reanal, Hungary).
Then the agarose was carefully removed and the
areas of cell migration were measured under
MBS-10 microscope (LOMO, St. Petersburg,
Russia) at 16-fold magnification. Results are pre-
sented as chemotaxis index (CI) - a ratio of migra-
tion distance toward experimental protein
(expressed in ocular micrometer units) to migra-
tion distance toward control well.

Evaluation of Anti-Streptolysin O Activity of
CRP

Influence of IL-8 binding on biologic activity
of CRP was assessed with a method of CRP-
mediated inhibition of hemolytic effect of strep-
tolysin O (SLO) [10, 11]. Briefly, fifty micro-
liters of two-fold dilutions of recombinant
human IL-8 in PBS containing CRP (30 pg/ml)
were incubated with 30 ul (10 hemolytic units)
of SLO (Institute of Vaccines and Sera, St. Pe-
tersburg, Russia) for 30 min at 37°C, and 20 pl
of 1% suspension of human erythrocytes in PBS
was added. After additional incubation for 30 min
at 37°C, the degree of hemolysis was registered
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Figure 2. Interaction between IL-8 and immobilized
serum amyloid P component. (1) - immobilized SAP +
free IL-8 + anti-IL-8 (1:100); (2) - immobilized IL-8 +
anti-IL-8 (1:100). Background adsorbability (non-specif-
ic binding of anti-IL-8 polyclonal antibody to immobi-
lized SAP in the absence of IL-8) is subtracted.

by measuring the adsorbability of the super-
natants at 405 nm.

RESULTS
Binding of IL-8 to Immobilized Acute Phase
Proteins (CRP and SAP) as Assessed by ELISA

Immobilized CRP bound to IL-8 at physiological
ionic strength (Figure 1). A quantity of CRP at
immobilization was 75 pM (10 pg/ml) and the
quantity of added IL-8 was 568 pM, so the molar
ratio of CRP to IL-8 was approximately 1:7.5,
based on MW of 125 000 for CRP and 8 800 for
IL-8. Interleukin-8 binding was detected with poly-
clonal antiserum against IL-8 which was prior test-
ed for cross-reactivity with CRP by incubating
twelve 2-fold dilutions (starting from 1:100) in
CRP-coated wells. The dilutions showing no cross
reaction were chosen for use.

Since IL-8 might require calcium ions during
binding to CRP like other ligands of CRP, we
compared the binding of IL-8 to CRP in the pres-
ence of Ca2* ions and under calcium-free condi-
tions. The binding of IL-8 to immobilized CRP
appeared to be independent of calcium because
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the addition of 2 mM Ca?* ions did not influence
the interaction of CRP with IL-8 (data not
shown). When the wells precoated with IL-8 were
allowed to bind free CRP, the binding was not
clearly registered. Thus, immobilized CRP evi-
dently binds to IL-8 whereas immobilized IL-8
doesn’t bind to free CRP. This indicates that the
primary immobilization of CRP is the necessary
requirement for interaction of these proteins.

SAP was also studied for ability to bind to IL-8.
SAP was adsorbed onto microplate wells in a
quantity of 43.7 pM and allowed to bind to IL-8
(113.6 pM). The molar SAP/IL-8 ratio of added
proteins was approximately 2:5. The results pre-
sented in Figure 2 show that immobilized SAP
behaves similarly to CRP and can also bind to IL-8.
Binding occurred at physiological ionic strength, in
PBS not supplemented with calcium (Fig. 2).

Interaction Between CRP and IL-8 in Solution
as Assessed by Ultracentrifugation and SDS-
PAGE

Results of ultracentrifugation of preincubated
mixture of CRP and IL-8 in isokinetic gradient of
sucrose are shown in Figure 3. Fig. 3a demon-
strates gradient protein profile after centrifugation

Russian Journal of |mmunology
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Figure 3. SDS-PAGE patterns of fractions after ultracen-
rifugation of CRP (A), IL-8 (B) and preincubated mixture
of CRP and IL-8 (C).

Lanes 1-12 - fractions of sucrose gradient; M - molecu-
lar weight markers (kDa).

of CRP. CRP was distributed over fractions 4 to
11 and was negligible in fractions 1, 2, and 3. After
ultracentrifugation of IL-8, the bulk quantity of
cytokine was revealed in the first three fractions
(Fig. 3b) with traces of protein in fractions 4, 5,
and 6. Thus, the distribution of free CRP and IL-8
under isokinetic sucrose gradient centrifugation
was quite different. The distribution of the proteins
after mixed preincubation did not change: as ear-
lier, the peak of IL-8 was found in fractions 1-3
and CRP in fractions 4-11 (Fig. 3c). If the inter-
action occurred in solution, the protein profile
would have change after gradient centrifugation,
since CRP-IL-8 complex would be of a larger size
and would have a higher constant of sedimenta-
tion. These data suggest that CRP and IL-8 do not
interact in solution.

Interaction of IL-8 with CRP as Assessed by the
Change of Anti-Streptolysin O activity of CRP

Binding of CRP to SLO can be inhibited by
certain ligands of CRP (most effectively by poly-
L-lysin) [11]. Similar decrease of anti-SLO activ-
ity of CRP has been shown to be induced by a
30-min preincubation of CRP with human reco-
mbinant IL-8 (Figure 4). IL-8 per se had no
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influence on hemolytic activity of SLO at a wide
range of doses, and another recombinant human
cytokine, IL-2, didn’t affect anti-SLO activity of
CRP (Fig. 4). An apparent ability of IL-8 to
affect one of the activities of CRP supports the
ELISA data that IL-8 binds to CRP. Amounts of
IL-8 reducing antitoxin effect of 1.6 and 3.3 ug/ml
CRP by 50% were determined by plots (Fig. 4)
fitted with polynoms of 2 and 3 order. Four
determinations gave the mean of IL-8 equal to
8.93+1.74x 108 M. The molar concentrations of
CRP were 1.28x108 M (1.6 pg/ml) and
2.64x10°8 M (3.3 pg/ml). So, the molar ratios of
CRP to IL-8 at 50% inhibition point were 1:6.3-
1:8.3 for 1.6 ng /ml of CRP and 1:2.9-1:3.5 for

Figure 4. Decrease of antitoxin activity of CRP after
preincubation with I1L-8

(1) - SLO + CRP (3.2 pg/ml) + 1L-8; (2) - SLO + CRP (1.6
pg/ml) + IL-8; (3) - SLO + CRP (1.6 pg/ml) + IL-2; (4) -
SLO (2.5 hemolytic units); (5) - SLO + CRP (1.6 pg/ml);
(6) - SLO + CRP (3.2 ug/ml); (7) - PBS.

X axis: concentration of IL-8 (ug/ml) and IL-2 (10-3 U/ml);
Y axis: hemolysis (%).

—-— 1 —— 2 —0— 3

3.3 pg/ml of CRP. These ratios are close to
those obtained with ELISA.

Influence of Acute Phase Proteins and IL-8 on
Adhesion of PMNs to Fibronectin

The data presented in Figure 5 show the influ-
ence of CRP, SAP, IL-8 and their preincubated
mixtures on PMN adhesion to FN (control adhe-
sion of PMNs to FN was taken as the zero level).
IL-8 (0.5 pg/ml) lowered PMN adhesion to FN by
30% (column 1, P<0.05). CRP (1 pg/ml) + IL-8
(0.5 pg/ml) as well as SAP + IL-8 (at the same
concentrations) decreased the adhesion of PMNs
to FN by 29% and 32%, respectively (Fig. 5,
columns 2 and 3, P<0.01). When the concentra-

Figure 5. Effects of IL-8, CRP and
SAP on human neutrophil adhesion
to fibronectin-coated substrate (per-
centage of control). (1) - IL-8; (2) -
IL-8 + CRP (1 pg/ml); (3) - IL-8 + SAP
(1 ug/ml); (4) - IL-8 + CRP (10 pg/ml);
(5) - IL-8 + SAP (10 pg/ml); (6) - IL-8
+ CRP (1 pg/ml) + SAP (1 pg/ml). IL-8
was used at concentration of 0.5
pg/ml. The numbers of observations
are: 15 -for 1, 2, 3 and 6, and 8 - for
4 and 5. The following differences -
1vs.4,1vs.5,and 4 vs. 5 - are sta-
tistically significant at P<0.05 (by
White criterion)
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tions of acute phase proteins were increased to
10 pg/ml, the degree of IL-8-dependent inhibi-
tion of adhesion decreased. Combinations of IL-8
with CRP (10 pg/ml) or with SAP (10 pg/ml)
lowered the adhesion of PMNs only by 13% and
23%, respectively (columns 4 and 5, both effects
are insignificant). Statistical analysis revealed
significant differences between the effect of IL-8
and effects of several combinations of acute phase
proteins with IL-8 (Fig. 5; compare columns 1
with 4, 1 with 5, and 1 with 6). These data sug-
gest that binding of IL-8 to any pentraxin results
in moderation of IL-8 influence on PMN adhe-
sion. The effect of a three-protein mixture (Fig. 5;
CRP + SAP + IL-8, column 6) was significantly

90 —

70 I T

60 ]

50

Russian Journal of |mmunology

Figure 6. Effects of CRP, SAP and
their mixture on PMN migration on
fibronectin-coated substrate (CI). (1) -
IL-8; (2) - CRP; (3) - SAP; (4) - IL-8 +
CRP (expected migration); (5) - IL-8
+ CRP (actual migration); (6) - IL-8 +
SAP {expected migration); (7) - IL-8 +
SAP (actual migration); (8) - SAP +
CRP (expected migration); (9) - SAP
+ CRP (actual migration}. IL-8 was
used at 5 pg/ml, CRP and SAP - at 10
ug/ml. The following differences - 1,
2 and 3 vs. PBS; 5 vs. 4; 7 vs. 6, and
9 vs. 8 - are significantly different at
P<0.05 (by Student’s t criterion).

different from the effects of any of the two-pro-
tein mixtures (CRP + IL-8 or SAP + IL-8, P=0.01).
This indicates that CRP and SAP more readily
bind to one another than to IL-8, and in the three-
protein mixture a higher proportion of IL-8 mole-
cules remains unbound by pentraxins.

Influence of Acute Phase Proteins and IL-8 on
Migration of PMNs on FN-Coated Surface

IL-8 stimulated directed movement of PMNs
and enhanced chemotaxis index by 65%
(CI=1.65, Figure 6). CRP and SAP also showed
strong chemoattractive activities: their Cls were
1.58 and 4.32 (increase by 332%), respectively.
To evaluate a joined effect of two (or three) pro-

Figure 7. Effect of CRP, SAP, IL-8 and
their combinations on expression of
CD11b(C0)/CD18(EA) by PMNs
(percentage of CD11b/CD18-posi-
tive cells). (1) - PBS; (2) - CRP; (3) -
SAP; (4) - CRP + SAP; (5) - IL-8; (6) -
IL-8 + CRP; (7) - IL-8 + CRP + SAP.
Dashed horizontal lines show con-
trol levels of CD11bt and CD18+
cells obtained with PBS. Asterisks
show statistically significant differ-
ences from corresponding controls at
P<0.05 (by Student’s t test or White
criterion).
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Figure 8. Effect of CRP, SAP, IL-8
and their combinations on expres-
sion of fibronectin receptors by
PMNs (percentage of FNR-positive
cells). (1) - PBS; (2) - CRP; (3) -
SAP; (4) - CRP + SAP; (5) - IL-8; (6) -
IL-8 + CRP; (7) - IL-8 + SAP; (8) -
IL-8 + CRP + SAP. Dashed horizon-
tal line shows control level of
fibronectin receptor-positive cells
obtained with PBS. Asterisks show
statistically significant differences
from corresponding controls at
P<0.05 (by Student’s t test or White
criterion).

teins acting simultaneously, we used the
«expected» CI which was calculated as an aver-
age of separate effects of each of the proteins,
assuming that in a mixture each protein acted
independently. The actual migration of PMNs to
the wells with SAP + CRP mixture was very low,
much less than expected (0.28 vs. 2.9). The pen-
traxins inhibited one another by 248% (Fig. 6,
column 4). Similar result was obtained with
PMN migration to the wells with CRP + IL-8
mixture. The actual CI for CRP + IL-8 mixture
was 1.1, whereas the expected CI for CRP + IL-8
combination was 1.6 (the difference is statistical-
ly significant). The actual migration of PMNs to
the wells with SAP + IL-8 was also low (CI=0.19)
and was much less than expected (expected
CI=1.62). Using chemotaxis as a model, we could
demonstrate that interactions between pentraxins
and IL-8 affect biological activity of the proteins.
Low chemotactic activity of molecular pairs (of
either CRP with SAP or of any pentraxin with
IL-8) suggests that the binding between pen-
traxins or between pentraxins and IL-8 is associ-
ated with their inactivation.

Influence of Acute Phase Proteins and IL-8 on
Expression of CD11b, CD18 and FNR by PMNs

The average amounts of CDI1* and CDI8* cells
among intact PMNs were 70.7+7.8 and 69.0+7.8%,
respectively. Numbers of positive cells correlated
with mean fluorescence intensity of PMNs

(receptor density on cell surface). CRP didn’t
affect the level of CDIlb expression, while SAP
significantly increased both the number of CDI1b-
positive PMNs and the density of receptors on
cell surface (Figure 7, P<0.05). The mixture of
these proteins (CRP + SAP) didn’t change the
level of CDI11b compared to control one, which
confirms that SAP was inactivated by another
pentraxin. However, any of pentraxins as well as
their mixture elicited elevation of CDI18 receptor
expression by PMNs (Fig. 7). IL-8 elevated the
number of CD18* cells like CRP. The mixture of
IL-8 with CRP lost this ability, while the mixture
of IL-8 with both CRP + SAP showed it again
(Fig. 7). This indicates that CRP and IL-8 can
bind and neutralize one another, but do not form
complex in the presence of SAP presumably
because of higher affinity of CRP to SAP than to
IL-8. At the same time, the mixtures IL-8 + CRP
and IL-8 + CRP + SAP elicited elevation of the
number of CDI11b-positive cells.

About 50% of intact PMNs expressed recep-
tors for FN (asB; integrins, Figure 8). CRP and
IL-8 lowered the number of FNR* cells (to 37.5%
and 30%, respectively, P<0.05), whereas SAP
slightly and insignificantly elevated it (to 57.3%,
P>0.05) (Fig. 8). The effect of CRP + SAP on the
expression of FNR was different from that of
CRP: SAP blocked activity of CRP and abolished
inhibitory effect of the latter on FNR expression
(Fig. 8, P<0.05). Under the action of CRP + IL-8

371



Galkina E.V. et al.

or SAP + IL-8, the magnitude of CRP-associated
or IL-8-associated inhibition of the number of
FNR-positive PMNs was also less profound (Fig. 8,
P<0.05). The pronounced cross-neutralization of
CRP and IL-8 was observed, if the third protein
(SAP) was added to their mixture: real effect of
CRP + SAP + IL-8 combination (55% of FNR*
PMNs) was very low; it was significantly differ-
ent from the expected effect calculated for these
three proteins (41.6%, P<0.05) and didn't differ
from background effect of PBS (Fig. 8).

DISCUSSION

Interactions between major acute phase
inflammatory factors are one of the most intrigu-
ing regulatory mechanisms of inflammation. Our
group as well as some foreign researchers have
shown that there is a direct interaction between
two acute phase proteins, CRP and SAP [12, 13].
When these proteins bind one another, they lose
some of their activities. Other experimental data
suggested that CRP also binds to IL-8 [13, 14].
During the present study the interaction between
CRP and IL-8 was confirmed by ELISA.
Immobilized CRP interacted with IL-8 at physio-
logical ionic strength after being adsorbed onto
plastic surface. No apparent binding of IL-8 was
seen when CRP and IL-8 were both free in solu-
tion. The results of ultracentrifugation and SDS-
PAGE of the CRP and IL-8 mixture showed that
the proteins most probably did not interact in
solution. This suggests that circulating CRP and
IL-8 do not bind each other during acute phase
of inflammation. This suggestion is indirectly
supported by the absence of reports about circu-
lating complexes containing CRP and IL-8.
Conformational changes of CRP molecule known
to occur under immobilization [12] could lead to
the opening of hidden sites responsible for IL-8
binding. Nevertheless, the data presented herein
show that preincubation of CRP with IL-8 in
solution apparently changed their effect on PMN
functions. This indicates that binding of IL-8 by
CRP in this case should be preceded by prior
binding of CRP to a certain substrate, for exam-
ple to cell membranes or to serum lipoproteins,
fibronectin, etc.
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SAP is highly homologous to CRP, and both
pentraxins have similar spatial structures.
Immobilized SAP may interact with IL-8 under the
same conditions as CRP, though IL-8 binding by
SAP seemed to be some weaker.

Pro-inflammatory cytokine IL-8 is known to
stimulate a number of activities of neutrophils
including their adhesion to plastic surfaces. At
the same time IL-8 has been shown to inhibit
PMN adhesion to polycarbonium membrane [15].
Our data indicating that high concentration of
IL-8 inhibits PMN adhesion to immobilized FN
suggest that IL-8 can act as anti-inflammatory
factor as well.

High concentrations of pentraxins (10 pg/ml)
neutralized IL-8, CRP being more effective in
inhibiting IL-8 than SAP. The effect of three-pro-
tein combination (CRP + SAP + IL-8) was differ-
ent from the effect of two-protein mixture (SAP +
IL-8). This indicates that CRP more readily inter-
acts with SAP than with IL-8.

Using synthetic peptides and monoclonal antibod-
ies to defined regions of CRP molecule, two binding
sites for SAP have been identified: the first matched
to peptide 134-148 (ILGQEQDSFGGNFEG), the sec-
ond - to peptide 191-206 (YEVQGEVFTKPQLWP)
[12]. Interaction of CRP with SAP is independent on
lectin specificities of CRP, since a number of sugars
didn't interfere with CRP-SAP binding. In SAP mol-
ecule, a site for binding CRP was matched to peptide
144-199 of carboxyterminal part of SAP [12]. A com-
petition between IL-8 and SAP for binding with CRP
is worthy of special study.

One of the mechanisms of inhibitory effect of
IL-8 on PMN adhesion to FN was elucidated by
the data on expression of FNR on PMN surface
(Fig. 8). Acting separately, IL-8 and CRP low-
ered the number of FNR-positive PMNs, but no
significant effect on FNR expression was seen
under their joined action. CRP and IL-8 neutral-
ized one another. Thus, the pathways of regula-
tory action of CRP + IL-8 combination on the
expression of different integrins (FNR vs.
CDI11/CD18) seem to be different. In contrast to
CRP and IL-8, SAP elevated the expression of
FNR by PMNs. Nevertheless, the addition of JL-8
to SAP diminished this effect of SAP too. CRP
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could not weaken the activity of SAP, however
simultaneous addition of CRP and IL-8 to SAP
inactivated SAP evidently resulting in apparent
recover of FNR expression on PMN surface.
Although the mechanisms of influence of various
combinations of proteins remain obscure, it can
be suggested that CRP and IL-8 interact with
different sites of SAP.

The results clearly have shown that pentraxins
SAP and CRP easily neutralize chemotactic activ-
ity of IL-8 and cross-neutralize one another. IL-8,
CRP and SAP, all chemoattractive for PMNs in
single use, demonstrated loss of their chemoat-
tractant activities in any combination. Our data
indicate that the acute phase proteins influence
PMN adhesion and migration, thus implicating
CRP and SAP in regulation of transendothelial
migration of PMN.

IL-8 initiates the second phase of transendoth-
elial migration, namely, the phase of tight adhe-
sion. This process is associated with the increas-
ing of CD11/CDI8 expression and avidity. In our
experiments, SAP was similar to IL-8 in activat-
ing expression of two subunits of CD11/CDI18
integrin complex. So, SAP is thought to be able
to accelerate the phase of tight adhesion of
PMNs like IL-8.

It is interesting that in activating CD11b expres-
sion SAP showed no decrease of its activity when
mixed with CRP which was in distinct contrast to
the results pertinent to chemotaxis and adhesion of
PMNs. Moreover, marked and significant stimula-
tory effect on the expression of CD11b was elicited
by the mixture of CRP with IL-8 although neither
CRP nor IL-8 showed stimulatory potential after
single use. Similarly, CRP and SAP did not inter-
fere one another in the activation of CD18 expres-
sion by PMNs. This suggests that the sites of
CRP, SAP and IL-8 involved in the triggering of
integrin expression are different from those
required for chemotactic activity of these proteins
and/or for induction of PMN adhesion.

In summary it may be concluded that CRP and
IL-8 can promote the movement of PMNs along
the extracellular matrix by attracting PMNs and
diminishing FNR expression on their surface. The
role of SAP and three-component system CRP +

SAP + IL-8 in regulation of PMN migration along
the extracellular matrix should be clarified in fur-
ther investigations.
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