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Recent studies have revealed a high prevalence of undiagnosed psoriatic arthritis (PsA) in patients
with psoriasis. Diagnosis of psoriatic arthritis has proven challenging because the symptoms of the disease
are nonspecific, rheumatoid factor is not detectable, and acute phase reactant levels may be normal. There-
fore, identifying soluble biomarkers for diagnosing PsA in psoriasis patients may help in early diagnosis and
proper management. The aim of the work was to evaluate plasma gelsolin and matrix metalloproteinase-3
(MMP-3) levels as potential markers for PsA. This case-control study included 25 healthy controls and 50
psoriasis patients, who were divided into 25 patients with psoriasis only and 25 patients with psoriatic arthri-
tis. Plasma levels of gelsolin and MMP-3 were measured using ELISA. It was shown that patients with PsA
had significantly lower gelsolin and significantly higher MMP-3 plasma levels compared to patients with pso-
riasis only. For detecting PsA, gelsolin and MMP-3 had sensitivity of 96% and specificity of 92 and 80% for
each, respectively. Gelsolin level negatively while MMP-3 level positively correlated with such parameters as
disease activity for psoriatic arthritis, composite psoriatic disease activity index, and inflammatory markers
including high-sensitivity C-reactive protein and erythrocyte sedimentation rate. It was concluded that plas-
ma gelsolin and MMP-3 levels could serve as potential biomarkers for diagnosing PsA and monitoring the
disease progression in PsA patients.

Keywords: gelsolin, MMP-3, psoriatic arthritis, psoriasis.

der, characterized by erythematous plaques

and disfiguring scaling. Approximately one-
third of psoriasis patients can eventually develop
psoriatic arthritis (PsA) [1, 2]. Psoriatic arthritis is
defined as a musculoskeletal inflammatory disease
associated with cutaneous psoriasis and is usually
seronegative for rheumatoid factor. PsA affects
women and men almost equally with a peak age at
40 and 50 years [3, 4].

PsA is a diverse aggressive condition that af-
fects multiple organ systems including peripheral
and axial joints, skin, entheses, and nails [5, 6].
Progressive joint damage, extensive inflammation,
and comorbidities are usually associated with PsA.
Moreover, the severity of PsA at the time of presen-

P soriasis is a chronic inflammatory skin disor-

tation is considered a risk factor for mortality [7, §].
Given the heterogeneity of the disease, PsA diagno-
sis is challenging, studies have revealed a high preva-
lence of undiagnosed PsA in patients with psoriasis.
This might be due to the fact that detecting inflam-
matory musculoskeletal disease in psoriasis patients
by non-rheumatologists is quite difficult since acute-
phase reactants may be normal and the symptoms
are nonspecific [9, 10]. Therefore, identifying soluble
biomarkers for predicting PsA in psoriasis patients
may help in early diagnosis and proper management,
which leads to better outcomes [11].

Gelsolin is an actin-depolymerizing protein of
the gelsolin superfamily. It is a highly conserved,
multifunctional protein, which was first described in
the macrophages’ cytosol and later in multiple other
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cells [12, 13]. Gelsolin is considered an anti-inflam-
matory modulator and is involved in the process of
immune response. It has also been reported to be in-
volved in the cytoskeletal structure remodeling that
determines the morphology of cells and chemota-
xis [14, 15]. Plasma gelsolin has been identified as
a promising biomarker of inflammatory conditions,
for predicting disease severity, clinical outcome and
treatment response [16]. Reduction of plasma gelso-
lin levels has been linked with chronic inflammatory
disorders, organs failure, sepsis, and cancers [17, 18].

Matrix metalloproteinase-3 (MMP-3) is a key
member of the MMPs family, it is an enzyme en-
coded by the MMP-3 gene on chromosome 11q22.3
in humans [19, 20]. MMP-3 is involved in the deg-
radation of extracellular matrix proteins during tis-
sue remodeling in normal physiological processes,
as well as in pathological conditions [21]. MMP-3 is
produced by chondrocytes and synovial fibroblasts
in joints. It was reported that MMP-3 can actively
accelerate joint damage in rheumatoid arthritis
[22]. Studies have also revealed the implication of
MMP-3 in systemic sclerosis, mixed connective tis-
sue disease and ankylosing spondylitis [23].

Our study sought to evaluate plasma gelsolin
and MMP-3 levels as potential biomarkers for PsA,
and to assess their correlation with PsA severity.

Materials and Methods

Study design and participants. This is a pro-
spective case-control study that was conducted on
three groups: group I: 25 patients with psoriasis
and PsA (PsA patients), group II: 25 patients with
psoriasis only without PsA (psoriasis patients),
and group III: 25 healthy controls. All participants
were matched for age and sex. The patients were
recruited during the period between July 2022 and
June 2023, from Dermatology, Rheumatology, and
internal medicine departments, Tanta University
Hospital, Egypt. The biochemical assays (which will
be discussed later), conducted on blood samples of
the studied subjects, were performed in the Clinical
Pathology department, Tanta University Hospital,
Egypt.

Ethics approval and consent to participate.
Our study was approved by the ethics committee of
the Faculty of Medicine, Tanta University (approval
code: 36264PR679) and it was conducted in full ad-
herence to the Declaration of Helsinki. At the begin-
ning of the study, written informed consents were
collected from all subjects involved in the study.
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Inclusion criteria. The psoriasis patients were
clinically diagnosed by its characteristic lesions and
were assessed by a rheumatologist to exclude PsA.

PsA patients had psoriasis, were diagnosed ac-
cording to classification criteria for psoriatic arthri-
tis (CASPAR) [24], were seronegative for rheumatoid
factor (RF) and had active PsA (at least 3 swollen
and tender joints).

Exclusion criteria. Patients with any autoim-
mune disease, cardiovascular disease, malignancy,
liver diseases, inflammatory bowel disease, uncon-
trolled diabetes mellitus, and patients on biological
treatment were excluded from the study.

Data collection and clinical assessment. Each
participant underwent a full medical history taking
and a complete physical examination. Psoriasis area
and severity index (PASI) was measured for all pa-
tients to evaluate the severity of psoriasis lesions.
Disease Activity for Psoriatic Arthritis (DAPSA)
[25] and Composite Psoriatic Disease Activity Index
(CPDALI) were used to measure the disease activity
in PsA patients [26].

Sample collection and biochemical assays. Af-
ter overnight fasting, 10 ml venous blood samples
were obtained under complete aseptic conditions for
measuring the following; erythrocyte sedimentation
rate (ESR) using the Westergren method, high-sen-
sitivity C-Reactive Protein (hs-CRP) and RF using
the nephelometric technique on Konelab 60i Thermo
Scientific autoanalyzer (Thermo Scientific -Finland),
gelsolin and MMP-3 assay using enzyme-linked im-
munosorbent assay (ELISA).

Assay of gelsolin and MMP-3 using ELISA.
Gelsolin and MMP-3 levels were measured in plas-
ma samples using sandwich-type ELISA, strictly
following the manufacturer’s instruction of each kit.
The ELISA kits utilized in the study were provided
by Abcam, Cambridge, UK, for gelsolin assay, and
Elabscience Biotechnology Inc., USA, for MMP-3
assay.

Statistical analysis. Data were assessed using
IBM SPSS software package version 24.0 (Armonk,
NY, USA: IBM Corp). Quantitative data were ex-
pressed as mean = SD. Qualitative data were ex-
pressed as frequency and percentage. The Stu-
dent’s t-test was utilized for comparing two groups,
whereas F-test (analysis of variance) was employed
to compare between multiple groups. To compare
categorical ones, the chi-squared test was used. The
diagnostic value of gelsolin and MMP-3 for pre-
dicting PsA was evaluated using receiver operating
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characteristics (ROC) curve analysis. The Pearson’s
correlation test was employed to evaluate the corre-
lation between two quantitative variables that were
normally distributed. For all statistical procedures,
significance threshold was set if P < 0.05.

Results

There was no significant statistical difference
between the three studied groups regarding age, sex
and BMI (P = 0.778, 0.850 and 0.513, respectively)
(Table 1). Regarding the characteristics of patients,
the mean PASI score of PsA and psoriasis pateints
was 6.76 £ 3.11 and 5.60 + 3.18, respectively, and
showed no significant difference (P = 0.198). There
was a statistically significant difference regarding
nail involvement (P = 0.024), 64% of PsA patients
showed nail dystrophy, whereas 32% of psoriasis
patients had nail dystrophy. The mean levels of hs-
CRP and ESR of PsA patients (4.62 = 3.33 mg/l, and
30.24 £ 11.63 mm/h, respectively) were signifcantly
higher than psoriasis group (2.52 + 1.63 mg/l and
18.64 £ 4.37 mm/h, respectively). The mean DAPSA
and CPDAI scores of PsA patients were 24.16 £ 13.60

and 8.80 £ 4.79, respectively. PsA disease activity
was classified by DAPSA and CPDAS scores into
low activity (32%), moderate activity (40%) and
high activity (28%). According to PsA types, 52% of
PsA patients had asymmetrical oligoarthritis, 40%
showed polyarthritis and 8% had DIP joint (Table 1).

In regard to the biomarkers in the studied
groups, plasma gelsolin levels were significantly de-
creased in PsA patients (mean: 129.34 + 20.52 mg/1)
compared to psoriasis patients and controls (mean;
173.24 + 11.71 and 193.36 + 12.86 mg/l, respec-
tively). Whereas plasma MMP-3 levels were signifi-
cantly increased in PsA patients (31.38 + 10.93 pg/
ml) in comparison to psoriasis patients and con-
trols (12.36 + 3.78 and 11.46 + 3.28 pg/ml, respec-
tively). Both gelsolin and MMP-3 showed a signifi-
cant difference between PsA and psoriasis groups
(P <0.001) (Table 2).

ROC curve analysis was conducted to assess
the diagnostic performance of plasma gelsolin and
MMP-3 in detecting PsA and in discriminating
between PsA and psoriasis. Regarding PsA detec-
tion; at a cut-off value <163.2 mg/l, gelsolin had

Table 1. Demographic data and patients’ characteristics in the studied groups

Parameters ‘ PsA patients ‘ Psoriasis patients ‘ Controls ‘ P value
Age, years 4792 +£9.77 46.68 £ 10.09 45.80 + 11.84 0.778
Sex, male/female 14/11 (56/44%) 15/10 (60/40%) 13/12 (52/48%) 0.850
BMI, kg/m? 26.04 +£2.54 2552 +2.47 26.32+2.41 0.513
PASI 6.76 £ 3.11 5.60 £ 3.18 - 0.198
Nail involvement 16 (64%) 8 (32%) - 0.024*
hs-CRP, mg/1 4.62 £3.33 2.52 £1.63 - <0.001*
ESR, mm/h 30.24 + 11.63 18.64 = 4.37 - <0.001*
Arthritis duration, years 6.92 £2.89 - -
DAPSA 24.16 = 13.60 - -
CPDAI 8.80+4.79 - -
PsA activity:
Low 8 (32%) - -
Moderate 10 (40%) - -
High 7 (28%) - -
PsA types:
Asymmetrical
oligoarthritis 13 (52%) - -
Polyarthritis 10 (40%) - -
DIP joint 2 (8%) - -

Note. P value for comparing between the two studied groups. *Statistically significant at P < 0.05; n = 25, mean + SD
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96.0% sensitivity, 92.0% specificity, 92.3% posi-
tive predictive value (PPV), 95.8% negative predic-
tive value (NPV) and area under curve (AUC) of
0.953 (P < 0.001). While, MMP-3, at a cut-off value
>14.6 pg/ml, had 96.0% sensitivity, 80.0% specifici-
ty, 82.8% PPV, 95.2% NPV and AUC of 0.953
(P < 0.001). As for their combination, it had 96.0%
sensitivity, 88.0% specificity, 88.9% PPV, 95.7%
NPV and AUC of 0.968 (P < 0.001) (Table 3 and
Fig. 1).

Regarding discriminating between PsA and
psoriasis; gelsolin, at a cut off value <156.8 mg/1,
showed 92% sensitivity, 88% specificity, 88.5% PPV,
91.7% NPV and AUC of 0.966 (P < 0.001). Moreo-
ver, MMP-3, at a cut-off value >14.6 pg/ml, showed
96% sensitivity, 80% specificity, 82.8% PPV, 95.2%
NPV and AUC of 0.957 (P < 0.001). The integrated

use of gelsolin and MMP-3 improved their validi-
ty, their combination had 96% sensitivity, 100%
specificity, 100% PPV, 96.2% NPV and AUC of
0.998 (P < 0.001) (Table 4 and Fig. 2).

Regarding PsA activity, plasma gelsolin and
MMP-3 showed significant differences (P < 0.001)
between the different PsA patients’ subgroups.
Plasma gelsolin levels fell with increased PsA
activity (low: 156.88 + 4.45 mg/l, moderate:
120.97 + 7.39 mg/l and high: 109.81 + 2.65 mg/1)
However, plasma MMP-3 levels increased with
PsA activity (low: 18.09 + 4.82 pg/ml, moderate:
33.12 + 3.50 pg/ml and high: 44.09 £+ 1.80 pg/ml)
(Table 5).

In PsA patients, plasma gelsolin levels showed
a significant negative correlation with the duration
of arthritis (P < 0.001), PsA activity scores (DAP-

Table 2. Comparison between PsA and psoriasis according to plasma gelsolin and MMP-3

Parameters PsA patients Psoriasis patients Controls P value
Gelsolin, mg/1 129.34 +£20.52 173.24 £ 11.71 193.36 + 12.86 <0.001*
MMP-3, pg/ml 31.38 + 10.93 12.36 £3.78 11.46 +3.28 <0.001*

Note. *Statistically significant at P < 0.05; n = 25, mean + SD

Table 3. Diagnostic performance of plasma MMP-3, gelsolin and their combinations for detecting PsA

Parameters | AUC Pvalue | 95% C.I cutoff | OenSiti- | Specifi- | ooy py
vity city
MMP3,
pg/ml 0.957 <0.001* 0.910-1.000 >14.6 96.0 80.0 82.8 95.2
Gelsolin,
mg/l 0.953 <0.001* 0.886-1.000 <163.2 96.0 92.0 92.3 95.8
Combina-
tion 0.968 <0.001* 0.927-1.000 96.0 88.0 88.9 95.7

Note. *Statistically significant at P < 0.05

Table 4. Diagnostic performance of plasma MMP-3, gelsolin and their combinations to discriminate PsA

from psoriasis

Parameters AUC P value 95% C.1 cut-off | Sensitivity | Specificity PPV NPV
MMP3,

pg/ml 0.957 <0.001* 0.909-1.000 >14.6 96.0 80.0 82.8 95.2
Gelsolin,

mg/l 0.966 <0.001* 0.924-1.000 <156.8 92.0 88.0 88.5 91.7
Combina-

tion 0.998 <0.00*  0.993-1.000 96.0 100.0 100.0 96.2

Note. *Statistically significant at P <0.05
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Fig. 1. ROC curve of plasma MMP-3, gelsolin and
their combinations for detecting PsA
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Fig. 2. ROC curve of plasma MMP-3, gelsolin and
their combinations to discriminate PsA from psoriasis

Table 5. Relationship of plasma MMP-3 and gelsolin with disease activity in PsA patients group

PsA activity Low,n=8 Moderate, n = 10 High,n=7 P value
MMP-3 18.09 +4.82 33.12 £ 3.50 44.09 + 1.80 <0.001*
Gelsolin 156.88 +4.45 120.97 = 7.39 109.81 £2.65 <0.001*

Note. P value for relation between disease activity with different markers. *Statistically significant at P <0.05; mean + SD

Table 6. Correlation between MMP-3, gelsolin and different parameters in PsA patients group

Plasma MMP-3 Plasma gelsolin
Parameters

r P value r P value
BMI 0.147 0.484 -0.238 0.252
Arthritis duration 0.476 0.016* -0.602 <0.001*
Nail involvement -0.230 0.268 0.248 0.231
PASI 0.344 0.092 -0.300 0.146
DAPSA 0.918 <0.001* -0.881 <0.001*
CPDAI 0.850 <0.001* -0.868 <0.001*
ESR 0.566 0.003* -0.595 0.002*
hs-CRP 0.827 <0.001* -0.661 <0.001*
Gelsolin -0.898 <0.001*

Note. r — Pearson correlation coefficient. *Statistically significant at P < 0.05

SA, CPDAI) (P < 0.001), inflammatory markers
(ESR, hs-CRP) (P = 0.002 and <0.001) and MMP-3
(P <0.001). Whereas, plasma MMP-3 levels showed
a significant positive correlation with arthritis dura-
tion (P = 0.016), DAPSA, CPDAI (P < 0.001), ESR
(P =0.003) and hs-CRP (P < 0.001) (Table 6).

Discussion

Patients with PsA have a higher inflamma-
tory burden and poorer quality of life in compari-
son to psoriasis patients without PsA [27]. Soluble
biomarkers could be effective tools for screening

51



ISSN 2409-4943. Ukr. Biochem. J., 2024, \ol. 96, N 6

patients with psoriasis for underlying PsA in order
to start the appropriate treatment and prevent the
eventual debilitation of PsA patients [§]. In the pre-
sent study, we aimed to evaluate plasma gelsolin and
MMP-3 as potential biomarkers for PsA, and to ex-
plore their correlation with PsA severity.

In the current study, the incidence of nail in-
volvement was significantly elevated in PsA pa-
tients than in those with psoriasis alone. This was in
agreement with previous studies that hypothesized
that nails involvement and joints affection could
have a similar mechanism and are closely related. It
had been suggested that nail involvement might be
a predictor for the development of PSA in psoriasis
patients [28, 29].

Our results revealed no significant difference
between PsA and psoriasis patients regarding pso-
riasis severity (PASI). Past studies reported that the
extent and severity of skin lesions do not correlate
well with the severity of joint disease [30, 31].

In the present study, inflammatory markers
hs-CRP and ESR were significantly higher in PsA
patients than in psoriasis. Like most inflammatory
disorders, acute phase reactants such as CRP and
ESR could be increased. However, they are elevated
in only about 40% of patients, therefore, normal
levels of CRP and ESR should not be used to rule out
a diagnosis of PSA [32]. To date, there are no specific
laboratory tests for PSA diagnosis [5].

Our study demonstrated that PsA patients had
significantly decreased plasma gelsolin levels and
significantly elevated plasma MMP-3 levels com-
pared to psoriasis patients and controls.

Plasma gelsolin plays a significant role in in-
flammation. It can stimulate an anti-inflammatory
response by binding to pro-inflammatory media-
tors, in addition, gelsolin improves the functions of
macrophages by activating the nitric oxide synthase
[33]. It was reported that when recombinant plasma
gelsolin was administered to animal models, it sup-
pressed the inflammatory reaction [34]. A past study
hypothesized that the reduction of plasma gelsolin
levels in rheumatoid arthritis patients might be ex-
plained by allocations of plasma gelsolin in the in-
flammation sites.Furthermore, it was proposed that
gelsolin binding to macromolecules present in the
inflamed joints leads to the consumption of plasma
gelsolin [35].

In the current study, we confirmed the findings
of Esawy et al.[36] who reported diminished plasma
gelsolin levels in PsA patients compared to psoriasis

52

patients and controls. Previous studies reported that
plasma gelsolin levels were reduced in various disor-
ders such as Alzheimer’s disease [37], organ failure,
rheumatoid arthritis, systemic lupus erythematosus
[38]. So, our findings are in the same line with past
studies confirming that plasma gelsolin levels are re-
duced in chronic inflammatory disorders.

As regards to MMP-3, our results showed
significantly increased levels of plasma MMP-3 in
PsA patients compared to psoriasis group and con-
trols. This was in accordance with previous studies
[39, 40]. MMP-3 is a protease which is involved in
cartilage and bone destruction, as well as in remode-
ling of connective tissue. It breaks down collagen
types 11, 111, IV, IX, X, fibronectin, elastin, proteo-
glycans and laminin [41]. It was reported that MMP-
3 in synovial fluid is a marker of inflammation that
correlates with inflammatory cytokines such as in-
terleukins-6 and 17. In addition, increased levels of
inflammatory cytokines induce the expression of the
metalloproteinases including MMP-3, MMP-2 and
MMP-9, which cause destruction in non-collagen
matrix components of the joint [42, 43]. Consequent-
ly, plasma MMP-3 could serve as a marker of tissue
destruction and joint inflammation.

Roc curve was used in the current study to
assess the diagnostic performance of plasma gel-
solin and MMP-3 for detecting PsA as well as
differentiating between PsA and psoriasis. For de-
tecting PsA, gelsolin and MMP-3 had sensitivity
of 96% for each and specificity of 92% and 80%,
respectively As for differentiating between PsA and
psoriasis, gelsolin showed 92% sensitivity and 88%
specificity, whereas MMP-3 showed 96.0% sensitivi-
ty and 80% specificity. The integration of gelsolin
and MMP-3 markedly improved their validity in dif-
ferentiating PsA from psoriasis, their combination
showed 96.0% sensitivity and 100% specificity.

The present study demonstrated a significant
association of plasma gelsolin and MMP-3 levels
with PsA activity. Plasma gelsolin fell with in-
creased PsA activity, while plasma MMP-3 levels
increased with high PsA activity. Indeed, plasma
gelsolin showed a significant inverse correlation
with DAPSA, CPDAI (PsA activity scores), hs-
CRP, ESR (inflammatory markers), and the dura-
tion of arthritis. On the other hand, plasma MMP-3
levels showed a significant positive correlation with
DAPSA, CPDALI, hs-CRP, ESR and arthritis dura-
tion. Regarding psoriasis activity, plasma gelsolin
and MMP-3 levels did not correlate with PASI scores
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in PsA patients. These findings were in accordance
with other studies [36, 39, 40, 44].

The present study also showed a significant in-
verse correlation between gelsolin and MMP-3. As
a whole, our results revealed that low plasma gel-
solin and high plasma MMP-3 levels were associa-
ted with PsA severity and the intensity inflamma-
tion, indicatinghat they could serve as inflammatory
markers.

Conclusions. PsA patients had significantly
lower plasma gelsolin levels and higher plasma
MMP-3 levels compared to psoriasis without PsA
patients and controls. Plasma levels of gelsolin and
MMP-3 were also significantly associated with PsA
severity. Therefore, plasma gelsolin and MMP-3
levels could serve as potential biomarkers for diag-
nosing of PsA as well as for monitoring the disease
activity in PsA patients.

Limitation of the study. The small sample size
is considered a limitation in the current study. So,
future studies with larger sample sizes are recom-
mended to corroborate the current experimental re-
sults.
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JocimkeHHs OCTaHHIX POKiB BUSBIIIA BUCOKY
MOIIMPEHICTh HEAIarHOCTOBAHOI'O TICOPIaTUYIHOTO
aprputy (IIcA) cepen maIieHTIB XBOpUX Ha
ricopias. /liarHocTyBaTH mcopiaTUYHUN apTPUT Ya-
cTo OyBae HEMPOCTO, OCKIIBKH CHMITOMH 3aXBO-
proBaHHS HecnenudivHi, peBMaToigHU (pakTop HE
BU3HAYAETHCS,  PiIBEHb TOCTPO(a30BUX PEaKTaHTIB

MOKe 3amumarucsi B Hopmi. Tomy BH3Ha4YeHHs
PO3UMHHUX OlOMapKepiB y MAIiEHTIB 13 ICopia3oM
COpUSATHME paHHIN JiarHOCTHI Ta ePEKTHBHOMY
JIKYBaHHIO I[bOTO 3aXBOPIOBaHHs. MeTow po0o-
TH OyJI0 OIIHWUTH PiBHI TEJICOJIHY Ta MaTPHKCHOL
merarnomnpoTeinazu-3 (MMP-3) y mia3mi kpoBi Ak
noTeHIiitHux OiomapkepiB [IcA. Lle mocnimxeHHs
«BHIAJOK-KOHTPOJIBY» MPOBOIUIIOCH 13 32Ty YeHHSIM
25 3mopoBux oci0 Ta 50 ocid, XBOpUX Ha TIcOpias,
cepen sSkux Oyyno 25 mamieHTiB i3 IcopiazoM Ta
25 mamieHTiB i3 TCOpiaTHYHUM apTpUTOM. PiBHI
resnconiny Ta MMP-3 BumiproBaiu 3a JOMOMOTOIO
IDA. Tlokazano, mo maiieHTd 3 IICA Manu 3HAYHO
HWKYWU PIBEHB FeJICOIHY Ta 3HAYHO BUILUHI PiBEHb
MMP-3 y nna3mi KpoBi MOPiBHSHO 3 Halli€HTaMH,
XBOPHUMU JTHIIIE Ha Ticopia3s. [1iggac miarHocTyBaHHS
[IcA, aytnmuBicTs renconiny Ta MMII-3 ctanoBuna
96%, a cneuudiunicts — 92 Ta 80%, BiAMOBITHO.
PiBenb renconiny HeraruBHo, a pisenb MMII-3 mo-
3UTHBHO KOPEJIOBAB i3 TaKUMH TapameTpamu sK
AKTHUBHICTh 3aXBOPIOBAHHS MPH TCOPIATUIHOMY
apTpUTi, KOMIUIGKCHHUH  IHAEKC  aKTHBHOCTI
NICOPIaTUYHOrO0 3aXBOPIOBAHHS Ta MapKepH 3arma-
JIEHHS, 30KpeMa BHCOKOUYTINBHM C-peakTHBHUI
MPOTEiH Ta MIBUAKICTh CSAMMEHTAIII] PUTPOIIHTIB.
3po0IieHO BUCHOBOK, 110 piBHI rencoiny Ta MMII-
3 y mia3mi KpoBi MOXYTh OyTH BHKOPUCTaHI SIK
MOTEHITIMHI Mapkepu s miarHOCTyBaHHS I[ICA
Ta MOHITOPUHIY NPOIpPECyBaHHS 3aXBOPIOBAHHS Y
NAIi€HTIB 13 ICOPIaTUYHUM apTPUTOM.

KnwouyoBi cunoBa: reiacomid, MMII-3,

TICOPIaTUYHUH apTpHT, TICopias.
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