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BUOAOTUYECKASA TEPANUA PEBMATOUAHOIO APTPUTA:
PEAABHA AU NMPEAUKLLUA DPPEKTUBHOCTU?

M. B. Kopo#, B. A. CapuTtxaaa, A. B. iroaa

CTAaBpPONOALCKMU FOCYAQPCTBEHHBIN MEAULLUHCKUIA YHUBEPCUTET,
Poccunckasa Peasepaums

Relationship of intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1), platelet-
endothelial cell adhesion molecule-1 (PECAM-1), E-, P- and L-selectins blood levels with results of three-monthly
combination treatment by biological agents and methotrexate was studied in 35 patients with rheumatoid arthritis (29 women,
6 men) at age from 40 to 66 with previous noneffective methotrexate treatment. Tocilizumab was applied in 20 patients, in
15 cases etanercept was used. The moderate effect of treatment was observed in 74.3 % of cases, remission or low activity of
rheumatoid arthritis were reached in 22.9 % of patients, 9 patients were non-responders. Increase of blood concentration
of all immunoglobulins superfamily molecules and of P-selectin was observed in rheumatoid arthritis. After 3 months of
therapy decrease in VCAM-1, PECAM-1 blood levels and normalization of ICAM-1, P-selectin values were observed, especially
in cases of effective treatment, in non-responders there was reduction only of ICAM-1 levels. The favorable response
to treatment was associated with high initial levels of ICAM-1, PECAM-1 and low levels of P-selectin in blood that opens new
possibilities of use of adhesion molecules in prediction of successful therapy of RA.

Keywords: rheumatoid arthritis, immunoglobulins superfamily molecules, selectins, biological therapy, prediction of
efficacy

Y 35 605bHbIX pEBMATOMOHLIM apTPUTOM (29 XeHLWuH, 6 Myx4unH) B Bo3pacTte oT 40 oo 66 neT c npegecTyiowen
HeadPEKTUBHON Tepanmen MeTOTPEKCATOM M3yYeHa B3aMMOCBA3b MNAa3MEHHOI0o COA4EPXaHUS MONEKYST MEXKIETOUYHOM
agresumn-1 (ICAM-1), agreauu cocyamuctoro aHpotenus-1 (VCAM-1), agresun sHpotenus n tpomboumntos-1 (PECAM-1),
E-, P- n L-cenekTnHoB c pe3yfnbTaTamMu TPEXMECSYHOr0 KOMOMHMPOBAHHOIO NevyeHns GUONoOrMyeckuMm npenapaTamm u
MeToTpekcaToM. Y 20 naumMeHToB NpuMeHsancs Toumnnaymad, B 15 cnyyaax HasHayeH aTaHepuenT. YA0BNEeTBOPUTESbHbIN
addekT Tepanum Habnogancs B 74,3 % cnyvyaes, PEMUCCUS NN HU3KAs aKTUBHOCTb PEBMATOMOHOIO apTpmUTa AOCTUMHYThI
y 22,9 % 605bHbIX, 9 NAUMEHTOB ABNANNCL HOH-pecrnoHaepamu. MNMpu peBMaTongHOM apTpuUTe OTMeYanach yBemyeHHas
KOHLIEHTpaLMsa B KPOBU MOEKy CynepcemMencTasa MMMyHOrnobynmHoB 1 P-cenekTuHa. Yepes 3 mecsua Tepanum Habnto-
nanocb cHuxeHue copepxanuns VCAM-1, PECAM-1 B KpoBu 1 HopManusauus 3HaveHuii ICAM-1, P-cenekTHa, 0co6eHHO
B Cly4asix 9P OEKTUBHOIO JIEHYEHUS, Y HOH-PECNOHAEPOB NPONCX0AMI0 YMEHbLUEHNE 3HaYeHn Tonbko ICAM-1. Bnaronpu-
ATHbIA OTBET Ha NledeHne Obll CBSI3aH C BbICOKMMU UCXOLAHbIMU YPOBHSAMU ICAM-1, PECAM-1 1 HU3KMMK nokasaTensiMum
P-cenexkTHa B KPOBMW, HTO OTKPbLIBAET HOBblIE BO3MOXHOCTWN MCMNOb30BaHUS MONEKyN aaresnn B Npeankummn yCerewwHom
Tepanuun PA.

KntoyeBble cnoBa: peBMaronaHbIvi apTpUT, MOSIEKY bl CyriepcemMericTa UMMYHOr/I00Y/IMHOB, CeNeKTUHbI, buoiornye-
ckasi Tepanusi, NPeanKuns a¢PeKTnBHOCTN
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ACCP - Antibody To Cyclic Citrullinated Peptide DMARDs - Disease Modifying Antirheumatic Drugs
Ac - Accuracy EULAR - European League Against Rheumatism
CI - Confidence Interval ICAM-1 -Intercellular Adhesion Molecule-1

DAS - Disease Activity Score NPV - Negative Predictive Value

NSAIDs- Non-Steroid Anti-Inflammatory Drugs OR - 0dds Ratio
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PECAM-1 - Platelet Endothelial Cell Adhesion Molecule-1

PPV - Positive Predictive Value
RA - Rheumatoid Arthritis
RF - Rheumatoid Factor

Se - Sensitivity
Sp - Specificity
TNF - Tumor Necrosis Factor

VCAM-1 - Vascular Cell Adhesion Molecule-1

or to reduce the disease activity, leading to

decreased destruction and dysfunction of joints,
conservation of quality of life and increased duration
of life of the patients. In cases with less effectiveness
of therapy with synthetic DMARDs, the question of
prescription of other drugs, or addition of biological
agents is to be decided, especially with the presence
of unfavorable prognostic factors, among which are
large number of inflamed joints, high level of acute
phase proteins, presence of RF and/or ACCP [1].

Biological preparations with their characteristic ability
to block the activity of cytokines, chemokines and other
immunological proteins, as well as inhibition of intercellular
interactions were widely used in therapy of RA [1]. Good
and moderate clinical response on therapy with TNF-a
inhibitors (EULAR criteria) was noticed in 52-61 % and
28-34 % cases of RA respectively [2]. Unlike synthetic
DMARDs, therapy with etanercept more often leads to
remission or decrease in the activity of RA: its positive
effect, which was much higher after 2-year therapy was
noticed (64 % and 50 % cases respectively) [3]. Analogical
results were obtained in relation of therapy with tocilizumab
when compared to anti TNF-a agents [4]. At the same
time, in the recent years, decrease in effectiveness of
anti-cytokine therapy was noticed, which was depended
on number of factors [5], including one related with the
absence of individual indication for its prescription.

Activation/dysfunction of endothelium plays key role
in the pathogenesis of RA, its manifestation, including
the hyperproduction of adhesion molecules [6-8],
responsible for the cellular migration, accumulation of
immune cells and fibroblasts involved in the processes of
destruction and proliferation of synovial membrane. Thus,
in patients with RA increased plasma concentrations of
molecules of immunoglobulin superfamily and selectins
in severe course of disease was noticed, including with
systemic (hematological) manifestations [6, 7, 9, 10],
which was not shared by other researchers [8].

The possibility of correction of endothelial dysfunction
with modern DMARDSs, including genetically engineered
biological preparations, was not completely studied.
Although it is known that proinflammatory cytokines,
which are main target of these preparations, are one of
the stimulators of adhesion molecules. Blocking TNF-a
improves endothelial functioning in RA, by decreasing
the levels of ICAM-1, VCAM-1, PECAM-1, E-, P-selectins
in blood, supressing the activation of endothelium and
migration of immune cells to synovial membrane [11,
12]. Combination of etanercept and methotrexate lead
to sustainable decline in the concentration of adhesins
in blood, proportionally decreasing the activity of disease
[13]. At the same time, evidences of existence of such
interactions in patients with RA are insufficient [14]. Until
now, effect of tocilizumab on adhesive status in patients
with RA was not studied; evaluation of the capability of
adhesins in blood in these patients as predictors
of effectiveness of biological therapy was not carried out.
Meanwhile, it was obvious that definition of contingency
of adhesion molecules with results of treatment of RA
and evaluation of features of these associations may be
useful in deciding the problems of prognosis of therapy.

Aim of the research was to evaluate the relationship of
soluble adhesion molecules with results of treatment
of RA with biological preparations.

The aim of therapy of RA is to achieve remission
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Material and Methods. Thirty five patients with
RA (29 women, 6 men) of age from 40 to 66 years were
included in the research. Inclusion criteria: patients
with RA of age 18 and elder, consent for participation
in the research, intake of NSAIDs or glucocorticoids in
stable doses for not less than 4 weeks. Under exclusion
criteria were, intake of genetically engineered biological
preparations in anamnesis, inflammatory diseases
of joints of other etiology, acute and in the period of
exacerbation chronic somatic diseases, malignant
neoplasms, transplantation of organs in anamnesis,
major surgery or infection in the past 12 weeks, alcoholic
or drug addiction, psychological diseases, denial of
participation in research. Control group constituted
70 practically healthy people, compatible of sex, age and
physical development.

Diagnosis of RA was established in accordance with
the ACR/EULAR (2010) criteria, clinical characteristics of
the patients were defined according to the classification of
association of rheumatologists of Russia. Among patients
prevailed women (82.9 %), with late stage of disease
(97.1 %) and high disease activity (74.3 %). Duration of
joint syndrome constituted 13.57+1.83 years. Mean values
of index DAS28 were 5.78+0.12. RF and ACCP in blood
were found in 94.3 % and 91.4 % of patients respectively.
Most of the patients were diagnoses with Il X-ray stage
(85.7 %) and lll functional class of the disease.

At the moment of inclusion in the research, all patients
were prescribed methotrexate in stable dose of 10-
20 mg per week for not less than 12 months along with
the combination of folic acid. Aside from that, 85.7 %
of patients used NSAIDs (diclofenac, nimesulide or
meloxicam) in stable doses or «on demand» and/or
glucocorticoids (prednisolone or methylprednisolone) in
low doses (54.3 % patients).

Due to lack of response to the treatment (in comparison
with data prior to the intake of methotrexate) modification of
treatment was made with the combination of methotrexate
and biological agents (in 20 patients tocilizumab was used,
in 15 cases etanercept was prescribed). Tocilizumab was
introduced intravenously in the form of infusion at a dose
of 8 mg/kg body weight, once in 4 weeks, etanercept —
subcutaneously of 50 mg once in a week. Effectiveness
of combination therapy was evaluated after 3 months, in
accordance with EULAR criteria.

Study of plasmallevels of molecules ofimmunoglobulin
superfamily (ICAM-1, VCAM-1, PECAM-1) and selectins
(E-, P-, L-) at the baseline and in dynamics of 3-month
treatment was done by ELISA method using kits of
«Bender MedSystems GmbH» (Austria).

Research was corresponded to the requirements
of Helsinki declaration of world medical association
on ethical principles for conducting medical research
with the participation of humans as subjects. Patients
and individuals in control group were given information
consent on conducting the research, which was approved
by ethical committee of the university.

Statistical analysis of the obtained results was
carried out with the help of software program adapted
for medical-biological research (IBM SPSS Statistics
24). Two sample or paired Students t-criteria, criteria of
Newman-Keuls, Mann-Whitney, Kruskal-Wallis, Dane,
and Wilcoxon were evaluated. Odds ratio and its 95 %
confidence interval were studied. Diagnostic valuation of
indicators was determined by sensitivity and specificity,
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positive and negative predictive value, accuracy,
expressed in percentages. ROC-analysis had applied
with defining the area under curve (AUC). Results were
considered reliable with the level of significance of
differences p<0.05.

Results and Discussion. During the process of
treatment, significant decrease in the value of DAS28,
number of tender and swollen joints, ESR, C-reactive
protein, improvement of general health assessment of
patient had taken place. Satisfactory effect from 3-month
treatment was observed in 74.3 % of cases, including
remission or low activity of RA achieved in 22.9 % of
the patients; 9 patients were non-responders, which
corresponded with the previously received data [3, 4]. In
patients with positive results of treatment in dynamics,
very low values of DAS28, number of tender and swollen
joints, levels of C-reactive protein were observed.

Prior to the administration of biological agents,
in patients with RA, increased concentrations of all
molecules of immunoglobulin superfamily and levels of
P-selectinin blood were present (p<0.05) irrelevant of sex
and age (Table 1). In dynamics of 12-week combination
therapy, decline in plasma levels of ICAM-1, VCAM-1,
PECAM-1and P-selectin (p<0.05) had taken place, in
which levels of VCAM-1 and PECAM-1 in the course of
treatment remained increased, and concentration
of ICAM-1 and P-selectin in blood came to normal levels.

In patients with satisfactory results of treatment,
normalization of indicators of ICAM-1, P-selectin and
decline in the levels of VCAM-1, PECAM-1 in blood not
reaching to the control levels were observed. In cases

without any effect, decrease in the values of soluble
ICAM-1 and inertness in the increased levels of remaining
adhesins was observed, whereas concentration of ICAM-
1, VCAM-1 and P-selectin became even higher than in
group of responders. In cases with beneficial effect on
12-weeks therapy very high pretreatment levels of ICAM-1
and PECAM-1 and very low levels of P-selectin in blood in
comparison with non-responders were observed (Table 2).

Table 1
Blood levels of adhesion molecules in dynamics
of biological therapy of rheumatoid arthritis
(M£SE/Me (Q1; Q3))

Adhesion Groups
molecules

(ng/ml) Control, n=70 RA, n=35
E-selectin 33.71+1.24 %
P-selectin 91.83+3.14 %:
L-selectin (26530‘?92749) %5%%
ICAM-1 499.04+20.24 %;{
VCAM-1 (50?58 ;7'151020) 2%5%%*2
PECAM-1 55.90+3.87 8151?59:8%‘*"

Note: in numerator — parameters before treatment, in
denominator — parameters after treatment. * — p<0.05 in
comparison with control; * — p<0.05 in dynamic of treatment.

Table 2
Influence of biological therapy results on blood levels of adhesion molecules (M+*SE/Me (Q1; Q3))
Groups
Adhesion RA
molecules Control
(ng/ml) ontro Effect «+», n=26 Effect «-», n=9
sin o
. 5.85£7.90 * * 67+22.09 *
P-selectin 91.83%3.14 S itsex e 145 5aa s *
_ - . 3655 (3460; 4222) 3722 (3394; 3972)
L-selectin 3490 (2650; 4749) 3582.5 (3104; 4140) 3945 (3676, 3955.5)
1184.42476.68 * * 61.78+68.42 *
ICAM-1 499.04+20.24 454.23+19.61 % # 738.22466.14 * X
] , 2706 (1398; 6000) * 2000 (926.5; 4000) *
VCAM-1 787.50 (545; 1120) 2332 (1531; 3681) % x # 4000 (1515; 4126) *
77+9.83 * # 67+9.20 *
PECAM-1 55.90+3.87 e x 382922,

Note: in numerator — parameters before treatment, in denominator — parameters after treatment. * — p<0.05 in comparison with
control; * - p<0.05 in dynamic of treatment; ¥ — p<0.05 between groups of patients.

Threshold levels of ICAM-1 more than 886 ng/
ml, PECAM-1 higher than 101 ng/ml, E-selectin lower
than 40 ng/ml and P-selectin less than 176 ng/ml were
related with positive effect of biological therapy; values

of ICAM-1 and P-selectin were characterized with high
diagnostic accuracy in delineation of results of therapy
and levels of PECAM-1 had moderate accuracy (Tab-
le 3).

Table 3
Diagnostic significance of adhesion molecules in prediction of biological therapy results
Adhesion molecules OR AUC Se Sp PPV NPV Ac

(ng/ml) (95 % CI) (M£SE) (%) (%) (%) (%) (%)
E-selectin <40 5.43 (1.06-27.83) 0.58+0.11 73.1 66.7 86.4 46.2 71.4
P-selectin <176 15 (2.13-105.62) 0.74+0.09 92.3 55.6 85.7 71.4 82.9
L-selectin <3669 2.73 (0.56-13.37) 0.54+0.11 57.7 66.7 83.3 35.3 60.0
ICAM-1 >886 42 (4.98-354.54) 0.83+0.07 92.3 77.8 92.3 77.8 88.6
VCAM-1 >2490 2.81 (0.59-13.34) 0.55+0.11 69.2 55.6 81.8 38.5 65.7
PECAM-1 >101 15.11 (1.62-140.58) 0.73+0.09 65.4 88.9 94.4 47.1 71.4
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Irrelevant of type of biological treatment (tocilizumab,
etanercept), normalization of initially increased plasma
levels of ICAM-1 and P-selectin, decrease in blood
concentration of PECAM-1 and tendency to decrease in
the values of VCAM-1 were observed. Values of E- and
L-selectins remained normal after treatment with any of
the drugs.

In 15 patients with positive results of intaking
tocilizumab, normalization of initially increased values of
ICAM-1 and P-selectin, decline in the increased levels
of PECAM-1 (not reached up to control levels) and
tendency for decreasing in the blood concentrations of
VCAM-1 were observed. In cases without any effect from
tocilizumab, significant decrease (not normalization) in
the levels of soluble ICAM-1 and absence in dynamics of
remaining indicators were noticed, whereas the values
of ICAM-1 and P-selectin became higher than in the gro-
up of responders. Patients with beneficial effects ontreatment
with tocilizumab had very high initial (prior to its intake)
levels of ICAM-1, PECAM-1 and very low concentrations
of P-selectin in blood in comparison to non-responders.

The values of ICAM-1 more than 892 ng/ml (OR
56; 95 % CI (2.83-1109.43)) and E-selectin lower than
40 ng/ml (OR 26; 95 % CI (1.84-367.70)) testifies on
high possibility of attaining results of treatment with
tocilizumab, which are characterized with high diagnostic
accuracy (90 n 85 % respectively) in delineation of results
of treatment with this medicine.

Effective treatment with etanercept in 11 patients
facilitated to normalization of initially increased values of
ICAM-1, PECAM-1 and P-selectin, even in the absence
of dynamics of values of VCAM-1. In non-responders,
normalization in blood concentrations of ICAM-1
was observed in absence of dynamics of increased
values of VCAM-1, PECAM-1 and P-selectin. Levels of
ICAM-1, VCAM-1 and P-selectin after treatment
remained very higher than in group of responders. In
cases with successful treatment by etanercept, very high
initial levels of ICAM-1 and very low values of P-selectin
in blood were determined. Dynamics in concentrations of
E- and L-selectins, regardless of treatment results, were
not found.

Indicators of ICAM-1 higher than 886 ng/ml (OR 30;
95 % CI (1.41-638.15)) were involved with achieving
positive results of treatment with etanercept and
characterized with high diagnostic accuracy (86.7 %) in
delineation of treatment results.

An important role in the activation and dysfunction
of endothelium in RA related with increase in levels of
soluble adhesion molecules [6, 8, 15] illustrates the
capability of DMARDs to decrease their expression and
in result decrease inflammatory infiltration in synovial
tissue. From the results of P. A. Klimiuk et al. [15], initially
increased blood levels of ICAM-1, VCAM-1 and E-selectin
were declined after 6-month treatment of early RA with
methotrexate, which was noticed with decreased number
of tender and swollen joints, values of ESR, C-reactive
protein, DAS. TNF-a antagonists (infliximab, adalimumab
or etanercept) are capable of decreasing activity of RA
by levelling the endothelial dysfunction, inhibition of
synthesis of adhesins and vascular endothelial growth
factor [11-13, 16, 17]. Certolizumab, in vitro, suppressed
TNF-o induced expression of adhesins and secretion
of chemokines by endotheliocytes [18], and intake of
inhibitors of aldosterone and angiotensin converting
enzyme in patients with RA capable of highly expressed

decline in the levels of ICAM-1, vascular endothelial
growth factor, TNF-a, acute phase proteins in blood, and
improved indicators of vasodilation [19].

Beneficial involvement of treatment procedures on the
levels of adhesion molecules in RA are likely related with
suppression in production of proinflammatory cytokines
[17], since expression of adhesins on significant extent
is related by its effects, with decreased oxidative stress
[20] and with decreased activity of angiotensin Il and
aldosterone [19].

Absence of normalization in values of VCAM-1 and
PECAM-1 in patients responding to treatment and
inertness in values of most adhesins in non-responders
may characterized by the retention of pathomorphological
shifts in the form of synovial membrane hyperplasia,
bone-cartilage destruction [21] as a main skip out from
the treatment.

Due to high specificity of unsatisfactory results in
treatment of RA, its optimization remains as an important
problem. At the same time reliable markers of successful
treatment of RA, including that of biological preparations
are not developed yet. As a predictor of successful
response on treatment of refractory RA with leflunomide
and methotrexate, initial values of DAS28 less than
5.5 were proposed [22]. Short duration of RA and low
values of DAS28 resulted in stable remission as a result
of treatment with tocilizumab [23]. Positive results in
treatment of RA by TNF-a inhibitors are associated with
high educational level in patients [24], and predictors
of response on methotrexate lied high levels of RF and
ACCP [25]. Successful application of TNF-a inhibitors
was associated with prior intake of methotrexate, NSAIDs,
and absence of smoking.

For the prediction of results in treatment, we propose
to use complex of biomarkers, including adhesion
molecules. According to our data, threshold level of
ICAM-1, PECAM-1, E-selectin and P-selectin, evaluated
prior to the treatment, accompanied by, positive
response on biological treatment in RA by 42, 15, 5 and
15 times respectively very higher, than with alternative
indicators of biomarkers and are character-ized by
adequate diagnostic relevance in delineating good and
unsatisfactory results of treatment.

Thus, biological therapy provides beneficial influence
on adhesion function of endothelium in RA and capable
of decreasing inflammatory effects of disease. Analysis
of adhesins profile, as it turned out having predictive
value in evaluation of results of RA treatment, opens
new forecasting capabilities of response on treatment,
allowing, including that to distinguish the risk group of
unsatisfactory results.

Conclusions

1. In RA, increased blood concentration of immu-
noglobulin  superfamily molecules and P-selectin
irrelevant of sex and age of patients was observed.

2. At the end of 3-month biological therapy of RA
(tocilizumab, etanercept) decrease in concentration of
VCAM-1, PECAM-1 in blood and normalization of ICAM-1,
P-selectin were noticed, especially in cases with effective
treatment; in non-responders decrease in levels of only
ICAM-1 had taken place.

3. Cases with beneficial response on biological agents
were interrelated with very high initial levels of ICAM-1,
PECAM-1 and very low concentration of P-selectin in
blood, which can be used for prediction of treatment
of RA.
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The authors declare no conflict of interest.
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