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Abstract: Current evidence convincingly supports the key role of
mast cells in triggering pro-inflammatory reactions, and of fibro-
blasts in tissue regeneration during the resolution phase of inflam-
mation. Nevertheless, questions concerning their synergy during
the acute phase of the inflammatory response — including the in-
fluence of acute-phase proteins on intercellular communication —
remain poorly studied. In this work, using flow cytometry and
quantitative fluorescence-based assessment of cell adhesion, we
demonstrate that stimulation of Fcy receptors on HMC-1 mast cells
with specific ligands (C-reactive protein, aggregated immunoglo-
bulin G, and serum amyloid P component) enhances the adhesive
properties of these cells toward stromal elements — fibroblasts
and the extracellular matrix. Notably, native HMC-1 mast cells did
not show a secretory response to C-reactive protein stimulation in
the form of histamine release. The ability to trigger a degranula-
tion response with histamine release upon contact with C-reactive
protein was associated with the expression of high-affinity FcyRI
receptors, induced on the mast cell membrane by IFNYy. These
findings reveal new aspects of the regulation of intercellular inte-
ractions under conditions of acute inflammation, highlighting the
role of cytokine modulation in the effector functions of immuno-
competent cells.
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Annortammst: CoBpeMeHHbIe JaHHBIE YOeANTeAbHO MOATBep>KAa-
IOT KAIOYEeBYIO pOAb TYIHBIX KAETOK B 3aIlycKe ITPOBOCITaAUTEeAb-
HBIX peaKIuil U pereHepaTOpHEIe CBoO¥icTBa PpubP0OAaCTOB Ha
9Talle paspelleHus BOCIIAAUTeABHOTO IIpollecca. Tem He MeHee
BOITPOCHI MIX CIHEPTUU B OCTpo¥i pase BOCIIAaAUTEABHOTO OTBETA,
BKAIOYas BAVSTHIE OeAKOB OCTpOIl a3kl Ha MEXKKAETOUHYIO KOM-
MYHUKaIIMIO, OCTAIOTCS MaJAOMCCAeA0BaHHBIMU. B pamkax Hacro-
sIIeNt paboOThl IIPU ITOMOINM ITPOTOYHON IJUTOMETPUM U KOAM-
JeCTBeHHOI (PAIOOPECIIEHTHON OIIEHKM KJAETOYHON aAre3uiu MBI
CMOTAM IIOKa3aTh, U4TO CTUMYyAsSus Fcy-penenTopHOB TYYHBIX
kaetok amauy HMC-1 crienmduyecknmu anrangamu (C-peak-
TUBHBIN OeA0K, arpernpoBaHHbIe MMMYHOTA00yAuHbl G, CBIBOPO-
TOYHBIN P-KOMIIOHEHT amMmMA0MAa) IPUBOAUT K YCUACHUIO ajre-
3MBHBIX CBOMCTB KAETOK K 91e€MeHTaM CTpOoMbl — pubpobaactam
U MEXHEeKAeTOYHOMY MaTpuKcy. [IpumMedaTeapHO, 4TO HaTUBHEIE
TyuHble KaeTku HMC-1 He 4eMOHCTpUPYIOT CeKPeTOPHOIO OTBeTa
Ha ctumyasiuio C-peakTHBHOTO OelKa B BMJe BHICBOOOXKAEHIS
ructamuHa. CIIocoOGHOCTS K 3aITyCKy AeTPaHy ASAIIVIOHHON peaKIIni
C BEIAeAeHMeM TcTaMIUHa ITpu KoHTakTe ¢ C-peakTUBHBIM Oe1KOM
CBsA3aHa C DKcrpeccueir BeicokoadpduuHbX FcyRI-perenrtopos,
MHAYIMPYyeMOll Ha MeMOpaHe TYJYHBIX KAETOK IO/ AeiCTBUeM
IFNY. DT gaHHbIe pacKpLIBAIOT HOBbIE aCIIeKThI Pery AN MeXK-
KAETOYHEIX B3aMOJEVICTBUII B YCAOBMAX OCTPOTO BOCITaJeHIN,
IToAYepKIUBast pOAb IIMTOKMHOBON MOAYAAIIVIN B peaansariun s¢-
(pexkTOpHBIX PYHKIINIT UMMYHOKOMITETEHTHBIX KAETOK.

Karouesbie caoBa: TyuHble KAeTKM, BocnadeHnne, C-peakTUBHBIN
6eaok, Fcy-penienitopsr
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Introduction

Mast cells (MCs) are multifunctional immune cells involved in allergic reactions
as well as in a wide range of physiological and pathological processes. These cells
emerged early in evolution: their counterparts have been identified in ascidians and
arthropods, where they perform functions similar to those of mammalian mast cells
[1]. Recent studies have expanded our understanding of the role of mast cells, con-
firming their involvement in antiviral and antibacterial responses, the induction of
immune tolerance, angiogenesis, and tissue repair. Mast cell dysfunction has been
associated with the development of rheumatoid arthritis [2], multiple sclerosis [3],
and fibrotic diseases [5].

Mast cell localization in the body follows a distinct pattern. They are concentrated
near epithelial barriers such as the skin and the mucosa of the gastrointestinal and
respiratory tracts. Their distribution follows two general rules: density increases
closer to the epidermis and in distal areas (facial skin, palms), which correlates with
an increased risk of pathogen contact [6]. Unlike other hematopoietic cells, mature
mast cells do not circulate in the blood but reside permanently within tissues.
The mechanisms underlying their migration remain a matter of debate, although
interactions between adhesion molecules and extracellular matrix components are
thought to play a key role in this process [7].

Fibroblasts, the principal stromal cells of connective tissue, create the
microenvironment required for mast cell maturation and function. Mast cell activation
initiates a cascade of inflammatory reactions: the release of mediators (histamine,
cytokines) increases vascular permeability, which clinically manifests as the classical
tetrad of inflammation: redness, swelling, heat, and pain [8].

Of particularinterest are the pentraxins, acute-phase proteins thatinclude C-reactive
protein (CRP) and serum amyloid P component (SAP). These oligomeric structures
perform an opsonizing function, bind apoptotic cells, and regulate complement
activity [9]. The dynamics of their synthesis during inflammation differ: CRP levels
increase 100- to 1000-fold (up to 200 pg/ml), whereas SAP concentrations fluctuate
only slightly (around 30 upg/ml) [10]. CRP interacts with a broad range of ligands,
including fibronectin, laminin, and pathogen-associated molecules, indicating its role
in modulating intercellular interactions [11].

Despite extensive data on the pro-inflammatory activity of mast cells and the
reparative function of fibroblasts, their cooperation during the early stages of
inflammation remains poorly understood. The receptor mechanisms mediating the
effects of CRP on connective tissue cells are still a matter of debate.

Aim of the study

The study aimed to investigate the role of CRP in regulating the interactions of
mast cells with fibroblasts and endothelium, and to assess the involvement of Fcy
receptors in these processes.
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Materials and methods

Cell cultures

The HMC-1 mast cell line was kindly provided by Prof. J. H. Butterfield (Mayo
Clinic, Rochester, USA). Cells were cultured in Iscove’s Modified Dulbecco’s Medium
(IMDM, Biolot, St. Petersburg) supplemented with 10 % fetal calf serum (FCS),
gentamicin (40 pg/ml), and 1.2 mM monothioglycerol. Cells were subcultured every
3—4 days upon reaching a density of 1.5—2 x 10° cells/ml.

Human fibroblasts were kindly provided by D. A. Mogilenko. Fibroblasts were
isolated from the foreskin of healthy donors. EA hy926, an immortalized human
endothelial cell line, was kindly provided by Dr. C.-J. S. Edgell (University of Northern
California, USA ). Both EA.hy926 endothelial cells and fibroblasts are adherent
cultures. Cells were cultured in DMEM (Sigma) supplemented with 10 % fetal calf
serum (Gibco), 40 pg/ml gentamicin sulfate (Biolot, St. Petersburg, Russia), and 2 mM
L-glutamine (Biolot, St. Petersburg, Russia). Cells were subcultured upon reaching a
confluent monolayer, 2—3 times per week. A 1:1 trypsin— Versene solution (Biolot,
St. Petersburg, Russia) was used to disaggregate the monolayer.

All cell cultures used in this study were incubated in 50-ml polystyrene flasks
(Orange Scientific, Belgium) at 37 °C in a 5 % CO, atmosphere.

Assessment of the cytotoxic effect of the test preparations on HMC-1 cells

CRP (Calbiochem) and IgG aggregated by heating at 63 °C (ImTek) were used
in this study. The potential effect of the drug doses used in the experiments on the
viability of HMC-1 cells was tested. Cytotoxicity was assessed by flow cytometry,
based on the appearance of cells with hypodiploid DNA content following
propidium iodide staining. CRP and algG were tested at final concentrations of 5,
10, and 50 pg/ml.

After incubation with the test substances, cells were washed with excess phosphate-
buffered saline (PBS). The resulting pellet was resuspended in 100 ul of PBS, and 900 ul
of 70 % ethanol, pre-cooled to —20 °C, was then added. Immediately before analysis,
cells were pelleted by centrifugation (7 min at 300 g) and resuspended in PBS. A 0.1 %
propidium iodide solution was then added to the samples, which were stained for
30 min in the dark at room temperature. After incubation, samples were analyzed by
flow cytometry using a Navios flow cytometer (Beckman Coulter Inc., USA).

Flow cytometry

Expression of various surface molecules was assessed using a Navios flow
cytometer (Beckman Coulter) with monoclonal antibodies. Corresponding isotype
controls were used for each monoclonal antibody (CD16, CD32, CD64, CD11b, and
CD54). All antibodies and isotype controls used in this study were manufactured
by Beckman Coulter Inc. (USA). Staining of surface antigens with antibodies was
performed according to the manufacturer’s instructions. Results were expressed as
arbitrary units of MFI (geometric mean), reflecting mean fluorescence intensity.

Assessment of mast cell activation by histamine release (Shore method)

To assess the ability of Fcy receptor ligands to induce mast cell degranulation, the
required number of cells was collected, washed with Hanks” Balanced Salt Solution
(HBSS, Biolot), and resuspended in HBSS containing 0.1 % bovine serum albumin
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(BSA, Sigma). The substances of interest were then added to the cells, and compound
48/80 (Sigma) at a concentration of 20 ug/ml was used as a positive control. After a
30-minute incubation at 37 °C, cells were pelleted by centrifugation (5 min at 300 g),
and the supernatant was collected and frozen at —20 °C. To determine total cellular
histamine content, cells were diluted with deionized water and disrupted by freeze —
thaw cycles.

The amount of released histamine was determined by a modified Shore method.
The result was expressed as the ratio of the RFU in the supernatant to the sum of the
RFU in the supernatant and the RFU of histamine remaining in the cells.

Assessment of Cell —cell adhesion

Adhesion of HMC-1 cells to adherent cultures was assessed as follows: CFSE-pre-
labeled HMC-1 cells were added to the wells of a 96-well plate containing a monolayer
of adherent cells. CFSE-labeled suspension cells were co-incubated with a monolayer
of fibroblasts (Fb) or endothelial cells for 30 min, after which the monolayer was
washed to remove unattached cells and the reaction was quantified.

When studying the effect of Fcy receptor ligands on the adhesive properties of
the suspension cells, cells were stimulated with the test agent for 24 hours and then
washed and labeled with CFSE.

When studying stimulator-induced changes in the adhesive properties of
fibroblasts or EA.hy926 cells, inducers diluted in serum-free medium containing 1 %
BSA were added 24 hours before the introduction of CFSE-labeled cells. Adhesion
was quantified using a spectrofluorometer at an excitation wavelength of 480 nm and
an emission wavelength of 535 nm. The number of attached cells — i. e., the degree
of adhesion — was estimated from the fluorescence intensity. Results were expressed
in RFU.

When studying cell —cell adhesion in the presence of inducers, CFSE-labeled cells
were added to wells containing adherent cells in 50 pl of culture medium, immediately
followed by the addition of stimulators in 50 pl of the same medium.

Binding of C-reactive protein to cells
Biotin labeling of C-reactive protein

To label CRP with biotin, the commercial CRP preparation was dialyzed twice
against PBS. A 1% biotin solution (sulfosuccinimidyl-6-[biotin]hexanoate [Sulfo-
NHS-LS-Biotin], Pierce) in dH2O was then added to CRP at a molar ratio of CRP to
biotin of 1:20. After a 30-minute incubation at room temperature, the labeled CRP was
dialyzed three times against PBS to remove unbound biotin; the final dialysis step
included 0.2 % sodium azide (Serva).

Binding of C-reactive protein to HMC-1 mast cells

CRP binding to HMC-1 mast cells was assessed by flow cytometry. Cells were
collected and washed with HBSS containing 0.1 % BSA and 0.2 % NaN.,. Biotin-
labeled CRP was then added to the cells at various concentrations and incubated for
30 min at room temperature. Cells were then washed twice to remove unbound CRP,
and 0.5 ul of allophycocyanin (APC)-conjugated streptavidin was added; samples
were incubated in the dark at room temperature for 15 min. After incubation, cells
were washed three times with PBS containing 10 % fetal calf serum, and fluorescence
intensity was measured by flow cytometry.
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Competition experiments were also performed to examine competition between
biotinylated and unlabeled CRP or algG for cell binding. In these experiments,
50 pg/ml biotin-labeled CRP and various concentrations of unlabeled CRP or algG
were added to cells simultaneously, followed by a 30-minute incubation, washing,
addition of APC-conjugated streptavidin, and measurement of cell fluorescence by
flow cytometry. The concentration of biotin-labeled CRP was chosen because, at this
concentration, CRP binding to cells was clearly distinguishable from the control but
had not yet reached saturation (Fig. 1, a).
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Fig. 1. Binding of C-reactive protein to HMC-1 cells: 2 — CRP binding to HMC-1 cells;
abscissa — CRP concentration, pg/ml; ordinate — fluorescence intensity
of cells stained with streptavidin-APC, MFI;
b — Evaluation of the specificity of CRP binding to HMC-1 mast cells: displacement
of biotin-labeled CRP by antibodies against FcyR; ordinate — MFI;
¢ — Displacement of biotin-labeled CRP by increasing concentrations of unlabeled CRP;
abscissa — concentration of unlabeled CRP, ug/ml; ordinate — MFI;
d —Evaluation of the specificity of CRP binding to HMC-1 mast cells:
displacement of biotin-labeled CRP by increasing concentrations of algG;
abscissa — concentration of algG, ug/ml; ordinate — MFI

Transfection

To assess activation of the NF-kB signaling pathway, HMC-1 mast cells were
transfected with the pNF-kBluc and pCMVL plasmids using Lipofectamine 2000
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(Invitrogen) according to the manufacturer’s instructions. The pNF-xBluc plasmid
contained the luciferase gene (luc) linked to a minimal synthetic promoter containing
tive NF-kB cis-elements (Stratagene, USA). The pCMVL plasmid contained the
(-galactosidase gene under the control of the human cytomegalovirus (CMV)
promoter. Plasmids were isolated from E. coli cells by alkaline lysis. Twenty-four hours
after transfection, cells were incubated for 24 hours with human CRP (Calbiochem/MD
Biochemicals), human serum amyloid P component (SAP) (Calbiochem), or aggregated
human IgG (ImTek, Moscow). After incubation with the stimulators, cells were washed
three times with PBS, harvested, and lysed in 20 pl of lysis buffer (Promega).

Statistical analysis

Statistical analysis of normally distributed data was performed using MS Excel
2010 (Microsoft, USA). The normality of the data distribution was assessed using
the Shapiro—Wilk and Kolmogorov—Smirnov tests. Results are presented as the
arithmetic mean and its standard error (M+m). The significance of differences between
groups was assessed by one-way ANOVA (Welch’s ANOVA). Dunnett’s post hoc test
(for comparisons with the control group) and Tamhane’s T2 test (for all pairwise
comparisons) were used for multiple comparisons. Differences were considered
statistically significant at p <0.05.

Results

1. Toxic effect of different doses of C-reactive protein and aggregated human
IgG on HMC-1 cells

Experiments were performed to assess the potential cytotoxicity of C-reactive protein
(CRP) and aggregated human IgG antibodies (algG) at concentrations ranging from 5 to
50 pg/ml. Bovine serum albumin at a concentration of 100 pg/ml was used as a negative
control. As shown in Table 1, 24-hour exposure to the studied Fcy receptor ligands did
not result in a statistically significant increase in apoptotic activity of HMC-1 cells. This
indicates the absence of a direct toxic effect of CRP and algG on cell viability at the
selected concentrations. Consequently, the effects observed in subsequent experiments
cannot be attributed to non-specific cell death by necrosis or apoptosis.

Table 1

Toxic effect of different doses of CRP and algG on HMC-1 cells

Stimulator Cells with hypodigloid DNA content,
Control: BSA, 100 ng/ml 79+15
CRP, 5 pg/ml 62+2.1
CRP, 10 ug/ml 6.9+3.5
CRP, 50 ug/ml 70+1.2
aleG, 5 ug/ml 77+14
aleG, 10 ug/ml 6.3+£3.6
aleG, 50 ug/ml 8.3+2.6

Note: Data are presented as M+m; n=6.
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2. Expression of Fcy receptors on the studied cell lines

Surface markers were analyzed by flow cytometry. HMC-1 cells were found to
show pronounced expression of CD32 (FcyRII). Moderate levels of CD64 (FcyRI)
were detected on their surface, whereas CD16 (FcyRIII) was absent (Fig. 2).
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Fig. 2. Expression of Fcy receptors by HMC-1 cells : « — Binding of HMC-1 cells to anti-
CD16 antibodies (FcyRIII); b — Binding of HMC-1 cells to anti-CD32 antibodies (FcyRII);
¢ — Binding of HMC-1 cells to anti-CD64 antibodies (FcyRI)

Note: gray indicates the level of cell binding to isotype control antibodies; black indicates
binding of antibodies against the corresponding Fcy receptors. The abscissa shows fluores-
cence intensity (MFI); the ordinate shows cell number.

3. Effect of IFNy on Fcy receptor expression by HMC-1 cells

Incubation of HMC-1 cells with interferon-gamma (IFNy) was found to induce
an increase in expression of the high-affinity receptor CD64 (FcyRI). Maximum
expression was observed 24 hours after stimulation (Fig. 3, ). The effect of IFNy was
dose-dependent: no changes were observed at 1 ng/ml, whereas 10 ng/ml increased
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CD64 expression by 20 %, and 100 ng/ml by 28 %. A further increase in cytokine dose
(up to 1000 ng/ml) did not enhance the response, indicating that a plateau had been
reached (Fig. 3, b).
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Fig. 3. FcyRI expression by HMC-1 mast cells in response to IFNYy: a — Effect of stimulation
duration; abscissa — duration of cell incubation with IFNy (15 ng/ml), hours; ordinate —
fluorescence intensity of cells stained with FITC-conjugated anti-CD64 antibodies
(MFI); b — Dependence of FcyRI expression on IFNYy concentration; abscissa — IFNy
concentration; ordinate — fluorescence intensity of cells stained with FITC-conjugated
anti-CD64 antibodies (MFI)

Note: significance of differences from control: * — p <0.05, ** — p<0.01, *** — p<0.001.

IFNy exposure had no significant effect on the expression of the low-affinity
receptors CD32 (FcyRII) and CD16 (FcyRIIl) (Fig. 4, a, b).
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Fig. 4. Expression of Fcy receptors by HMC-1 cells. Effect of IFNYy:
a — Expression of CD16 (FcyRIII) on HMC-1 cells;
b — Expression of CD32 (FcyRII) on HMC-1 cells;
c — Expression of CD64 (FcyRI) on HMC-1 cells. Binding
of antibodies against the corresponding
Fcy receptors to intact cells is shown in gray; binding to IFNy-activated cells
is shown in black

Note: the abscissa shows fluorescence intensity (MFI); the ordinate shows cell number.

4. Binding of C-reactive protein to HMC-1 mast cells

Our experimental data demonstrated the ability of C-reactive protein to bind to
HMC-1 mast cells (Fig. 5). This process did not require the presence of Ca* or Mg*
ions in the medium, as shown by the results presented in Table 2.
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Fig. 5. Binding of C-reactive protein to HMC-1 cells. C-reactive protein was labeled
with biotin and added to the cells at a concentration of 100 pg/ml; after a 30-minute
incubation, unbound protein was washed off and APC-conjugated streptavidin was added
(dark histogram); the light histogram shows streptavidin-APC added to cells without prior
incubation with CRP (control)

Note: the abscissa shows fluorescence intensity (MFI); the ordinate shows cell number.

Table 2
CRP binding to HMC-1 mast cells:
independence from cation availability and IFNvy cell activation
Medium composition Control After IFNY activation
DPBS with Ca* and Mg? cations 1.47 1.22
DPBS with 0.5 mM EDTA 14 1.35

Note: Fluorescence intensity of cells that bound CRP is shown. Data are expressed in MFI.
DPBS — Dulbecco’s phosphate-buffered saline. Differences from the control are not signifi-
cant (p >0.05).

The analysis showed no substantial effect of the medium’s cation composition
or of IFNYy stimulation on the intensity of CRP binding to the cell surface (Table 2).
Interaction was detected using a streptavidin-APC conjugate followed by flow
cytometric analysis. The threshold CRP concentration at which specific binding was
detected was 12.5 pg/ml. In the range of 12.5—100 ug/ml, a linear relationship was
observed between protein dose and binding intensity. Above 100 pg/ml, the process
reached a plateau, and further increases in concentration did not produce a statistically
significant rise in fluorescence intensity (see Fig. 1, a).

Blocking Fcy receptors with antibodies produced a modulating effect. Incubation
with anti-CD64 monoclonal antibodies reduced CRP binding by 16 %, whereas anti-
CD32 antibodies reduced it by 20 %. Combined treatment with inhibitors of both
receptors produced an additive effect, reducing binding by 27 % (see Fig. 1, b).
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Competitive inhibition experiments confirmed the selectivity of C-reactive protein
binding to HMC-1 mast cells. In a system where biotin-labeled CRP (50 pg/ml)
competed with the native form of the protein, the addition of 10 ug/ml unmodified
CRP reduced the fluorescent signal by 14 %. Increasing the competitor concentration
to 50 ug/ml enhanced the inhibitory effect, reducing binding by 33 %. Maximal
suppression of binding (48 %) was observed at a five-fold molar excess of unlabeled
protein relative to the labeled form (see Fig. 1, c).

Further experiments revealed the effect of aggregated IgG (algG) on CRP binding
to the surface of HMC-1 mast cells. Co-incubation of cells with algG and biotinylated
CRP produced a dose-dependent decrease in fluorescence. At an algG concentration of
2 pg/ml, binding was suppressed by 8 %, whereas 10 pg/mlaggregated immunoglobulin
reduced it to 11 %. The maximal inhibitory effect (20 %) was recorded at 50 pg/ml
algG, indicating a partially competitive interaction mechanism (see Fig. 1, d).

5. Effect of C-reactive protein on degranulation of HMC-1 mast cells

In the absence of prior stimulation, CRP at concentrations of 0.03—30 ug/ml
did not induce statistically significant histamine release from HMC-1 mast cells.
However, after pre-activation of cells with interferon-gamma (IFNy), a pronounced
dose-dependent modulation of degranulation was observed.

Specifically, CRP at concentrations of 0.03 and 0.3 pg/ml increased histamine
secretion by 18 % and 20 %, respectively, relative to the control. Increasing the protein
dose to 3 pug/ml raised the degranulation level by 33 %, and at a CRP concentration of
30 pug/ml, histamine secretion reached 123 % of control values (Fig. 6).

3,5
OHMC-1: K

3 T B HMC-1: IFNy -

2,5

2

=
&

1,5

1

05 1+ *kk

0

K 48/80 0,03 0,3 3 30

Fig. 6. Effect of CRP on histamine release from HMC-1 mast cells: dependence on IFNY.
HMC-1 cells were incubated for 24 hours with 15 ng/ml IFNYy (gray bars) or without IFNy
(white bars) and then stimulated with CRP at various concentrations. Abscissa:

C — PBS (negative control); 48/80 — compound 48/80 at 20 pg/ml (positive control);
numbers — CRP concentration, pg/ml. Ordinate — stimulation index
(ratio of histamine release induced by the stimulator to the negative control).

The level of spontaneous histamine release was 0.220 + 0.01
in the control without IFNy treatment and 0.195 + 0.02 after IFNYy treatment (p <0.05)

Note: significance of differences from control: * — p <0.05, ** — p <0.01, ** — p <0.001.
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6. Effect of Fcy receptor ligands (C-reactive protein, aggregated IgG) on cell
adhesion

6.1. Effect of C-reactive protein and aggregated 1gG on the adhesive properties
of HMC-1 mast cells

Experimental data demonstrated that 24-hour incubation of HMC-1 mast cells with
C-reactive protein produced a statistically significant, CRP-concentration-dependent
increase in their adhesive capacity. At a CRP dose of 10 pug/ml, MC adhesion to
unstimulated fibroblasts increased by 27 % relative to control values. Increasing the
protein concentration to 50 pg/ml raised this value by 54 %, with the differences
between groups being statistically significant (p <0.05) (Fig. 7).
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Fig. 7. Adhesion of stimulated HMC-1 mast cells to intact or TNF-activated fibroblasts

Note: white bars — adhesion of HMC-1 cells to intact fibroblasts; gray bars — adhesion to
fibroblasts activated with TNF (10 ng/ml). Abscissa — mast cell activators and their concen-
trations; ordinate — stimulation index. Differences from control are significant: ** — p <0.01;
% — p<0.001.

Stimulation of MCs with aggregated IgG (algG) at concentrations of 10 and 50 pg/ml
also induced enhanced adhesion to fibroblasts (Fb). In both cases, the increase in
adhesive activity was approximately 60 % compared with control.

To model the inflammatory process in tissues, cell cultures were stimulated
separately. Fibroblasts were treated with TNF at 10 ng/ml, while MCs were incubated
with CRP (10 or 50 pg/ml), algG (equivalent doses), or TNF (10 ng/ml). The results
showed that both CRP and algG enhanced MC adhesion to fibroblasts, and that
adhesion to TNF-activated Fb was significantly more pronounced than to intact cells.
Relative to control, CRP at 10 ug/ml increased adhesion by 14 %, and at 50 pg/ml by
38 %; algG at 10 and 50 pg/ml increased adhesion by 65 % and 49 %, respectively.
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Comparison with the baseline level (intact MCs +intact Fb) showed that CRP
stimulation at 10 pg/ml enhanced adhesion to TNF-activated Fb by 42 %, and at
50 ug/ml by 73 %. Treatment with algG (10 and 50 pg/ml) increased adhesion by
120 % and 100 %, respectively. Combined exposure of fibroblasts to TNF and of
mast cells to FcyR ligands produced an additive effect, resulting in an additional
20 % increase in adhesion compared with intact Fb.

Based on the results of the preceding experiments, the effect of CRP and algG on
the expression of the adhesion molecules CD11b (integrin) and CD54 (ICAM-1) on the
surface of HMC-1 mast cells was analyzed. The results showed no significant changes
in the expression of these markers upon incubation of cells with CRP (10—50 pg/ml)
or algG (equivalent concentrations) for the times tested (Fig. 8, 4, b, d, e). In contrast,
TNF stimulation induced a statistically significant increase in CD54 expression on the
membrane of HMC-1 MCs (Fig. 8, c).
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Fig. 8. Expression of CD54 and CD11b by HMC-1 cells stimulated
with CRP, algG, and TNF:
a, b, c — ICAM-1 expression by HMC-1 cells stimulated with CRP (a), algG (b),
and TNF (c); d, e — CD11b expression by cells stimulated with CRP (d) or algG (e)

Note: gray indicates binding of antibodies against ICAM-1 or CD11b to intact cells; black
indicates binding of antibodies to stimulated cells. The abscissa shows fluorescence intensity
(RFU); the ordinate shows cell count.
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Comparative analysis of the histograms (Fig. 8) confirmed that the CD54
expression profiles of the control group and of cells treated with CRP or algG were
fully superimposable. In contrast, TNF activation of cells produced a marked shift in
the histogram, indicating increased expression of this marker.

6.2. Effect of C-reactive protein and aggregated IgG on the adhesiveness
of fibroblasts for HMC-1 mast cells

It was experimentally established that pretreatment of fibroblasts (Fb) with CRP,
despite fibroblasts lacking Fcy receptors (see above), induced a dose-dependent
increase in the adhesion of intact HMC-1 mast cells. At a CRP concentration of
5 ug/ml, adhesion levels remained comparable to control, whereas increasing the
dose to 10 and 50 pg/ml enhanced MC attachment by 11 % and 123 %, respectively
(p<0.05) (Fig. 9). In contrast to CRP, incubation of Fb with aggregated IgG (algG)
at equivalent concentrations (10—50 ug/ml) did not produce statistically significant
changes in adhesion (Fig. 10).
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Fig. 9. Adhesion of HMC-1 mast cells to fibroblasts treated with CRP.
Role of HMC-1 cell activation by IFNy.

Note: the x-axis shows CRP concentration; K is the control (without CRP treatment).
The y-axis shows the stimulation index. White bars — intact MCs; gray bars — MCs
stimulated with IFNvy for 24 hours. Differences from control are significant: * — p <0.05;
¥ — p<0.001.
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Fig. 10. Adhesion of HMC-1 mast cells to fibroblasts treated with algG or SAP

Note: the ordinate shows the stimulation index. *** — differences from control are signifi-
cant, p<0.001.

Based on the increased FcyRI expression observed on HMC-1 MCs after IFNy
treatment, the effect of CRP on the adhesion of IFNy-activated cells was investigated.
CRP stimulation at 5, 10, and 50 ug/ml enhanced adhesion of IFNy-treated MCs by
8 %, 15 %, and 25 %, respectively (p <0.05) (Fig. 9). IFNYy alone had no effect on MC
adhesion to Fb, even in the presence of CRP.

The results showed that even at a CRP dose of 5 pg/ml, there was a significant
8 % increase in the fluorescence of adherent, interferon-activated MCs (p <0.05).
At a CRP concentration of 10 pug/ml, the increase in adhesion reached 15 %, and at
50 pg/ml, 25 %. The effects of CRP at concentrations of 5, 10, and 50 pg/ml differed
significantly from the control (p <0.05) (Fig. 9).

As shown in Figure 9, CRP enhances the adhesion of IFNy-pretreated MCs to Fb.
At the same time, IFNY itself has almost no effect on MC adhesiveness to Fb in the
presence of CRP (Fig. 9). The only robust finding is that the presence of CRP leads to
higher adhesion. Just as IFNy does not affect CRP binding to MCs, it does not affect
MC adhesion to CRP-treated fibroblasts. The only difference is that, at the lowest
concentration, the difference from control is significant for IFNy-treated cells.

Thus, the data obtained indicate that C-reactive protein affects not only cells of the
immune system but also connective tissue fibroblasts, increasing their adhesiveness
for mast cells. The mechanism underlying the effect of CRP on fibroblast adhesiveness
is most likely different from that in mast cells, since fibroblasts do not express the Fc
receptors through which the pentraxin usually acts on cells. This mechanism requires
separate investigation and is discussed below.
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In contrast to intact MCs, IFNy-stimulated MCs interact only slightly more strongly
with CRP-stimulated Fb.

Stimulation of the Fb monolayer with algG at concentrations of 10 and 50 pg/ml
also produced a significant increase in the adhesion of IFNvy-stimulated HMC-1
cells, by 20 % and 10 %, respectively. The differences between the different algG
concentrations were significant (p <0.01) (Fig. 11).
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Fig. 11. Effect of algG on the adhesive properties of fibroblasts

Note: algG was added to fibroblasts at the indicated concentrations and incubated for
24 hours. Intact (white bars) or 24-hour IFNy-stimulated (gray bars) HMC-1 cells were then
added to the fibroblasts. The ordinate shows the stimulation index; *** — differences from
control are significant, p <0.001. Control (C) — adhesion of unstimulated MCs (white bar) or
IFNy-stimulated MCs (gray bar) to intact fibroblasts.

A somewhat different pattern was observed when, before being added to a CRP-
stimulated Fb monolayer, the Fcy receptors of HMC-1 MCs were “blocked” with
IgG Fc fragments; for this purpose, HMC-1 cells were incubated for 20 min on ice
in PBS containing either Fc fragments or whole IgG molecules at a concentration of
25 pug/ml. Blocking MC Fcy receptors with IgG Fc fragments (25 pg/ml, 20 min, 4 °C)
reduced their adhesion to CRP-stimulated Fb to the level of spontaneous attachment
to intact cells, whereas adhesion to TNF-activated Fb remained unchanged (Fig. 12, a).
Similarly, pretreatment of IFNy-stimulated MCs with Fc fragments completely
abolished the CRP-dependent enhancement of adhesion (Fig. 12, b).
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Fig. 12. Adhesion of HMC-1 mast cells to fibroblasts activated with CRP.
Role of Fcy receptors on HMC-1 cells

Note: fibroblasts were activated with CRP at 50 pg/ml, after which either intact MCs (white
bars) or MCs pre-incubated with IgG Fc fragments (gray bars) were added: 2 — MCs not stim-
ulated with IFNy; b — HMC-1 MCs activated with IFNy for 24 hours. The ordinate shows
RFU. Significance of differences from control: * — p <0.05; ** — p <0.001; significance of
differences between intact MCs and MCs treated with IgG Fc fragments: # — p<0.05, ## —
p<0.01.

The same blockade of mast cell FcyR had no effect on their adhesion to TNF-
stimulated Fb.
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6.3. Effect of C-reactive protein on the adhesion of HMC-1 mast cells
to fibroblasts in its presence

This part of the study examined the effect of C-reactive protein and aggregated IgG
on the adhesion of HMC-1 mast cells to fibroblasts when present during co-culture.
Unlike the standard protocol, the cell populations under study were not pre-stimulat-
ed with C-reactive protein; instead, it was added directly to the mixture of interacting
cells for the entire duration of co-culture.

The experimental data showed that adding CRP at 50 pg/ml to the co-culture me-
dium enhanced mast cell adhesion to fibroblasts. A clear relationship was observed
between adhesion level and incubation time: the number of attached cells increased
over the 20—50 min interval. The dynamics of the process showed a peak of activity
within the first 30 min. At 20 min after the start of incubation, adhesion-related fluo-
rescence increased by 25 % relative to control samples (without CRP). The maximum
effect was recorded at 30 min, when the number of attached cells reached 186 % of
control, corresponding to an 86 % increase. However, with further prolongation of
co-culture, the differences between experimental and control groups decreased: 22 %
at 40 min and only 11 % at 50 min (Fig. 13).
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Fig. 13. Adhesion of HMC-1 mast cells to Fb during co-culture
of a cell mixture in the presence of C-reactive protein. Time dependence

Note: white bars — spontaneous adhesion of mast cells to Fb; gray bars — adhesion in
the presence of CRP, 50 ug/ml. Significance of differences from control: * — p <0.05, *** —
p <0.001.

6.4. Effect of C-reactive protein on the adhesiveness of EA.hy926 endothelial cells for
HMC-1 mast cells

Experiments demonstrated that activation of EA.hy926 endothelial cells with
C-reactive protein (CRP) enhanced the adhesion of HMC-1 mast cells. The effect of
CRP was dose-dependent: at a concentration of 10 pg/ml, adhesive activity increased
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by 50 %, and at 50 pg/ml it reached 80 % relative to control (unstimulated endothelial
cells). Statistical analysis confirmed the significance of the differences between the
effects of CRP at these concentrations (p <0.05) (Fig. 14).
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Fig. 14. Effect of C-reactive protein and aggregated IgG
on the adhesive properties of EA.hy926 endothelium for HMC-1 mast cells

Note: the ordinate shows the stimulation index. Differences from control are significant:
** — p<0.01, ** — p<0.001.

A similar enhancement of adhesion was recorded upon stimulation of the
endothelium with aggregated IgG (algG). At an algG concentration of 10 ug/ml,
the fluorescence intensity reflecting the number of attached mast cells increased by
60 %, and at 50 pg/ml by 43 %. Both values differed significantly from the negative
control (adhesion to intact endothelium, p <0.05); however, the difference between
the groups treated with different algG doses did not reach statistical significance
(p>0.05) (Fig. 14).

In addition, under the experimental conditions used, adhesion of HMC-1 mast
cells to endothelium activated with the pro-inflammatory cytokine TNF-a (10 ng/ml)
increased 1.5-fold compared with control (Fig. 14).

7. Effect of C-reactive protein on activation of the transcription factor
NF-xB in HMC-1 mast cells

HMC-1 cells transfected with the pNF-kBluc plasmid responded to CRP stimulation
with increased luciferase synthesis: luminescence in CRP-stimulated cells increased
by 40 % compared to control cells (Fig. 15).
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Fig. 15. Effect of human C-reactive protein on expression of the luciferase reporter
gene driven by the NF-kB promoter in HMC-1 cells transfected
with the pNF-«xBluc construct

Note: the ordinate shows luciferase luminescence intensity in relative luminescence units
(RLU); ** — differences from control are significant, p <0.01; *** — differences from control
are significant, p <0.001.

Discussion

The results of this study confirm that HMC-1 mast cells express the low-affinity
Fcy receptor CD32 (FcyRII). According to the literature, intact human MCs derived
from CD34" blood cells also express CD32 but contain minimal amounts of CD64
(FcyRI) and CD16 (FcyRIII) mRNA in the cytoplasm. Stimulation with interferon-y
(IFNvy) induces expression of the high-affinity FcyRI (CD64), while expression of the
low-affinity receptors remains unchanged [11]. Our data are consistent with this:
intact HMC-1 MCs show baseline CD64 expression, which is enhanced by IFNYy.
Maximal FcyRI expression was recorded 24 hours after stimulation, after which its
level decreased.

It should be noted that several studies report that CD32 is the only Fcy receptor on
HMC-1 MCs [12]. In our experiments, we did not have access to antibodies capable
of distinguishing between the FcyRII subtypes (CD32a, CD32b, and CD32c), and
therefore cannot state with certainty which CD32 subtype is expressed on HMC-1
cells. The inhibitory receptor CD32b may be absent from human MCs, in contrast to
blood basophils. In mouse MCs, by contrast, CD32b is expressed, and its activation
generates an inhibitory signal that suppresses activation induced by aggregation of
FceRI (the high-affinity IgE receptor) [13]. In our experiments, both algG and CRP
predominantly activated MCs and, in any case, did not suppress any MC function;
we therefore conclude that algG and CRP interact with an activating rather than an
inhibitory Fcy receptor.
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The experiments revealed dose-dependent binding of CRP to the MC surface.
Interestingly, binding was enhanced in the absence of Ca* and Mg?*. CRP, being a
calcium-dependent protein, undergoes a conformational change upon saturation
with Ca** ions, which regulates its interaction with ligands. For example, binding to
phosphorylcholine requires Ca*, whereas interaction with polycations / polyanions is
suppressed [10]. This suggests that CRP binds to Fcy receptors through sites unrelated
to the phosphorylcholine-specific sites.

The literature indicates that calcium ions regulate the interaction of the CRP
molecule with different ligands, switching the pentraxin’s specificity from one
ligand to another [10]. For example, interaction of CRP with phosphorylcholine (PC)-
containing ligands (such as pneumococcal C-polysaccharide) requires saturation of
the CRP molecule with calcium ions, which opens the PC-specific binding sites and
simultaneously exposes the Clg-binding site. Consequently, a CRP molecule bound
to a PC-containing ligand recruits Clq and activates complement via the classical
pathway. In contrast, pentraxin binding to ligands of another type, such as polycations
and polyanions (e. g., histones, polyribonucleotides), is inhibited by calcium ions:
when the CRP molecule is saturated with calcium, the charged peptide regions of
CRP responsible for contact with polycations and polyanions are no longer exposed
on the surface of the molecule, so binding to these ligands is blocked. Interaction of
CRP with polycations/polyanions is also not accompanied by complement activation.
Given the regulatory role of calcium ions in exposing the PC-binding and charged sites
of CRP, it can be concluded that CRP binds to Fcy receptors through sites unrelated
to the phosphorylcholine-specific sites, and that this binding most likely occurs via
the opposite face of the CRP molecule, where clusters of charged amino acid residues
are located [10].

The resolution of the method allowed detection of biotin-labeled CRP binding to
MCs starting from 12.5 pug/ml (flow cytometry, APC-conjugated streptavidin). At CRP
concentrations above 100 pg/ml, no further increase in binding to mast cells occurred,
most likely reflecting saturation of the receptors capable of interacting with CRP. In
the presence of either unlabeled CRP or IgG, binding of C-reactive protein to cells
decreased, indicating the specificity of binding and a shared receptor for CRP and
algG on mast cells (see Fig. 1, ¢, d).

Although IFNYy increased FcyRI expression on MCs, it had no effect on CRP
binding to MCs. This may be explained by the fact that FcyRII is present on cells in
much greater numbers (see Fig. 2), so that the increase in FcyRI expression produces
only a negligible change in CRP binding when measured by flow cytometry.

It has been shown that stimulation of FcyRII on human mast cells does not induce
histamine release. In addition, stimulation of HMC-1 with algG has been shown not
to induce TNF release [12].

Thus, under normal conditions, FcyRII is the only receptor for immunoglobulin
G on human mast cells, meaning that IgG stimulation of MCs either fails to induce
degranulation at all or induces it only to a minor degree. It is known that, following
IFNvy stimulation, MCs acquire the ability torespond toIgG[14]. Our data are consistent
with this. Intact HMC-1 cells did not respond to CRP added to the medium with
significant histamine release. However, when cells had been activated with IFNvy for
24 hours, histamine release was observed in response to CRP stimulation. According
to the literature, the algG concentration at which MC degranulation is maximal is
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1 pg/ml [14]. In our experiments, the greatest histamine release was observed with
CRP stimulation at a concentration of 3 pug/ml, i.e., at a CRP concentration of the
same order of magnitude as that reported for algG-induced degranulation.

MCs are capable of degranulation not only upon FceRI aggregation but also upon
aggregation of CD64 (FcyRI). FcyRI-dependent degranulation can be induced not only
by antibodies to the receptor but also by the addition of algG, or by prior “sensitization”
with human IgG1 followed by the addition of murine anti-human IgG1 antibodies
[14]. Notably, the IgG2 and IgG3 subclasses, together with the corresponding anti-
IgG antibodies, were unable to induce MC degranulation. Particularly interesting
is the finding that IgG3 was unable to induce degranulation of IFNy-stimulated
MCs, even though this subclass has an affinity for FcyRI comparable to that of IgG1.
Histamine release from MCs induced by IgG4/anti-IgG4 did occur, but was an order
of magnitude weaker than that induced by IgG/IgG1 [14].

The literature describes MC degranulation in affected tissue areas in the presence
of immune complex deposition. Activated MCs have been found, for example, in the
inflamed synovium of patients with rheumatoid arthritis and scleroderma, and in
deposits in IgG-associated vasculitis [14]. Elevated tissue IFNy levels are known to
be characteristic of a number of bacterial and viral infections [15]. This clarifies the
mechanism by which MCs become involved in the pathogenesis of such diseases. For
example, elevated levels of IFNy and MCs are observed at lesion sites in psoriasis [16].
In addition, FcyRI has been shown to be expressed by these cells [17]. It is possible
that MCs are thereby involved in tissue damage in conditions where a pathological
role of MCs, together with elevated levels of immune complexes and CRP, has been
demonstrated — for example, in psoriasis [16] and rheumatoid arthritis [18].

Thus, an antigen-dependent MC response is possible not only in the context of a
Th2-associated immune response, in which IL-4 and IL-13 drive IgE synthesis, but
also in a Th1 response, in which secreted IFNYy increases CD64 expression on cells
and promotes IgG synthesis.

As our experiments showed, CRP and algG at concentrations of 10 and 50 pg/ml
stimulated the adhesive properties of mast cells. The literature indicates that C-reactive
protein characteristically exhibits pro-inflammatory activity [10]. Furthermore,
aggregation of Fcy receptors on the surface of murine mast cells has been shown to
enhance their adhesion to fibronectin [19].

MCs are known to be consistently present in fibrotic tissue and to be associated with
the development of fibrosis, although the mechanisms linking MCs to fibrosis remain
insufficiently understood. MCs have been shown to stimulate profibrotic activity in
fibroblasts by forming contacts with fibroblasts, promoting their proliferation, and
inducing contraction of the collagen network [20]. MCs also influence fibroblast
expression of receptors for histamine, serotonin, TNF, and tryptase, as well as
fibroblast release of the chemokines CCL8, CCL13, CXCL4, and CXCL6 [20].

As our experiments showed, stimulation of fibroblasts with C-reactive protein
nevertheless results in some enhancement of mast cell adhesion to them (see Fig. 9),
despite the absence of CRP receptors (i. e., Fcy receptors) on fibroblasts. Fibroblasts
growing in culture are known to produce matrix proteins, creating a protein
microenvironment around themselves. CRP has binding sites for various connective
tissue matrix proteins, in particular fibronectin and laminin [9; 10]. The Fcy receptor-
binding sites, in turn, are located on the opposite face of the CRP molecule [10]. Based
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on this, we hypothesized that pre-incubation of fibroblasts with CRP may promote
their adhesion to mast cells indirectly, through CRP binding to components of the
extracellular matrix (fibronectin and other proteins), rather than through direct
binding to and activation of fibroblasts. When mast cells are subsequently added,
they in turn bind, via their FcyR, to the matrix-associated CRP, thereby enhancing
adhesion. This hypothesis is consistent with the fact that the CRP sites responsible
for contact with the matrix proteins fibronectin and laminin are the PC-specific sites
located on one face of the flat, discoidal CRP molecule, while the Fcy receptor-binding
sites are located on the other [10].

This is confirmed by the results of the following experiment. Before being added
to Fb that had been incubated with CRP at 50 pug/ml (or with TNF at 10 ng/ml) for
24 hours, MCs were treated with IgG Fc fragments to “block” their Fcy R. Adhesion
of Fc fragment-treated mast cells to CRP-activated fibroblasts was significantly lower
than that of MCs with unblocked Fcy receptors, and was at the level of adhesion of
intact MCs to untreated fibroblasts, whereas blocking MC Fcy receptors had no effect
on the degree of MC attachment to TNF-activated Fb (see Fig. 12).

If CRP acts as an anchor in MC adhesion to Fb, it could be predicted that co-
incubating Fb and MCs in the presence of CRP would increase the intensity of MC
adhesion to Fb. Indeed, co-incubation of MCs and Fb in the presence of CRP resulted
in a significant increase in the degree of adhesion (see Fig. 13).

Thus, the hypothesis that C-reactive protein does not activate fibroblasts but rather
serves as an anchor for MCs within the connective tissue matrix was confirmed. It has
been described in the literature that the membrane-bound form of CRP expressed by
human monocytes can function as a cell adhesion molecule, mediating the interaction
between monocytes and fibronectin [21]. It is also known that CRP binding to
fibronectin interferes with Fb binding to fibronectin, and that this inhibition is Ca*-
dependent [10]. The Ca* dependence of this inhibition indicates that CRP binds to
fibronectin via the epitope responsible for its interaction with PC (inhibition of CRP—
fibronectin binding by phosphorylcholine was demonstrated in the same study); the
Fcy receptor-binding site is located on the opposite face of the molecule, but since
tibroblasts lack Fcy receptors, Fb adhesion to fibronectin is inhibited. At the same
time, according to our data, cells expressing Fcy receptors on their surface show,
conversely, more active adhesion to extracellular matrix proteins in the presence of
CRP (Fig. 16).

It has been reported in the literature that CRP induces NF-kB activation in cultured
human glomerular mesangial cells. At concentrations of 12.5—100 ug/ml, CRP dose-
dependently increased the DNA-binding capacity of nuclear NF-kB, with a maximum
at 3 hours after incubation of cells with CRP in vitro. Incubation of mesangial cells with
CRP also enhanced NF-kB-dependent mRNA expression of monocyte chemoattractant
protein-1 (MCP-1). CRP also increased intracellular calcium concentration and the
generation of reactive oxygen species [22].

Studies on the role of CRP in atherogenesis and the development of cardiovascular
complications have shown that CRP acts on vascular wall cells as a pro-inflammatory
inducer, driving endothelial cells to acquire a so-called inflammatory phenotype and
pro-atherogenic properties. In particular, its pro-inflammatory effect on endothelial
cells has been shown to manifest as increased expression of the adhesion molecules
VCAM-1 and CD40, which mediate leukocyte recruitment and attachment to the
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vessel wall. CRP stimulated VCAM-1 mRNA expression, VCAM-1 protein synthesis
and expression, and CD40 expression, and activated the VCAM-1 gene promoter;
these effects of CRP involved protein kinase C, the mitogen-activated protein kinase
P38MAPK, tyrosine kinase, and the transcription factor NF-kB. Inhibitors of these
kinases and NF-kB inhibitors (parthenolide, pyrrolidine dithiocarbamate) abolished
the induction of VCAM-1 by C-reactive protein [23].

Fig. 16. CRP stimulation of cell adhesion to the extracellular matrix:
a — Fibroblasts and the extracellular matrix they synthesize;
b — CRP bound to extracellular matrix proteins (e. g., fibronectin and laminin)
via the face bearing the Ca*-dependent ligand-binding sites;
¢ — Cells interacting with CRP via FcyR anchor themselves in tissue
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It has been shown that the CRP-induced, NF-xB-mediated increase in VCAM-1
expression by aortic endothelial cells in vitro involves type II Fcy receptors. This was
confirmed by inhibiting CD32 mRNA using several small interfering RNAs (siRNAs)
targeting a 21-nucleotide region of CD32 mRNA. Cells incubated with the siRNAs
did not express CD32 and did not show increased VCAM-1 expression in response to
C-reactive protein stimulation [23].

The NF-kB-dependent pathway is also activated by other Fc receptor ligands, in
particular by their classical ligand, immunoglobulin G. Thus, in human monocyte-
derived dendritic cells, activation of type Il Fcy receptors (FcyRII, CD32) by aggregated
(immobilized) IgG has been shown to induce differentiation and cytokine synthesis
(IL-10), as well as the acquisition of the ability to induce proliferation of allogeneic
T cells. These dendritic cell responses to FcyRII cross-linking involve the NF-«kB-
dependent pathway, with translocation of the NF-kB proteins p65 and c-Rel from
the cytoplasm to the nucleus. The dendritic cell response to IgG was abolished in the
presence of blocking anti-CD32 antibodies [24].

It has been shown that stimulation with C-reactive protein enhances the adhesive
properties of mast cells and endothelial cells (see Fig. 7, 14; Table 3). As shown by
our data (see Fig. 1, d) and consistent with the literature, C-reactive protein and
algG share the same receptors — type I and II FcyR [25]. Likewise, our experimental
results demonstrated a stimulatory effect of algG on cell adhesion. It can therefore be
concluded that FcyRII activation triggers a signaling cascade resulting in the activation
of genes responsible for cell adhesion to one another or to other substrates, such as
connective tissue matrix proteins. A similar effect of CRP has been demonstrated, in
particular, in endothelial cells isolated from the aorta [25]. In addition, the authors
of this study showed that CD32 gene silencing by siRNA reduced the adhesive
properties of endothelial cells relative to intact CRP-treated cells. The same effect was
achieved by adding blocking antibodies against CD32 or CD64 to the endothelial cell
culture medium.

Table 3
Effect of C-reactive protein and aggregated IgG on the adhesion
of the studied cell lines (percentage increase relative to control)
Stimulated cells Adhesion partner (untreated) CRP algG
HMC-1 Fibroblasts 54 % 60 %
EA . hy926 HMC-1 80 % 43 %

Note: CRP and algG were used at a concentration of 50 pg/ml. Control: adhesion level for
the corresponding pair of untreated cells.

Thus, our experiments demonstrated that the main receptors for CRP on EA.hy926
endothelial cells and HMC-1 mast cells are the low-affinity IgG receptors, FcyRII, as
previously reported in the literature for endothelial cells isolated from the aorta or
umbilical vein.

Moreover, by acting through FcyR on MCs, CRP triggers a chain of intracellular
processes that alter the adhesive properties of these cells independently of increased
expression of the adhesion molecules CD54 and CD11b. Consequently, the mechanism
underlying CRP- and algG-induced enhancement of MC adhesiveness still requires
further investigation.
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The high-affinity receptor FcyRI also serves as a CRP receptor onimmunocompetent
cells but, unlike FcyRII, which is expressed by virtually all cells of hematopoietic
origin and by endothelium, it is normally restricted to monocytes and macrophages;
mast cells begin to express it only after IFNy stimulation. IFNy stimulation of HMC-1
MCs induces CD64 expression, and CRP-mediated activation of this receptor leads to
MC degranulation.
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