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ABSTRACT

BACKGROUND: Endothelial dysfunction, a key factor in atherosclerotic vascular damage, increases cardiovascular risk in
patients with psoriasis. However, studies on clinically measurable indicators of endothelial dysfunction and their changes
during systemic therapy in psoriasis are limited and inconsistent.

AIM: Comparative assessment of the clinical effect of the IL-17 inhibitor Netakimab and Methotrexate on the values of laboratory
markers of endothelial dysfunction in patients with psoriasis in comparison with the dynamics of clinical efficacy indicators
over 6 months of therapy.

MATERIALS AND METHODS: The study observed 66 PsA patients initially prescribed Methotrexate (Group 1: 30 patients)
or Netakimab (Group 2: 36 patients). Group 1 received Methotrexate 15 mg weekly with Folic acid, while Group 2 received
Netakimab 120 mg subcutaneously at weeks 0, 1, 2, then every 4 weeks. Clinical data were analyzed before, 3 months, and
6 months after treatment. Plasma levels of VEGF, endothelin-1 (En-1), and nitric oxide (NO) were measured before treatment
and after 3 months.

RESULTS: In psoriasis patients, plasma levels of endothelial dysfunction markers were higher than in the control group: VEGF
(19.8 [4.5; 49.4] pg/ml vs. 5.2 [0.5; 9.8] pg/ml, p=0.004), En-1 (286.4 [154; 439] pg/ml vs. 96.5 [32; 188] pg/ml, p=0.002), and
NO (4.3 [2.1; 12.5] pg/ml vs. 2.2 [0.2; 5.0] pg/ml, p=0.02). By the third month of therapy, VEGF, En-1, and NO levels decreased,
with more significant reductions in Group 2: VEGF decreased by 10.2 [8.4; 13.7] vs. 7.0 [5.6; 11.7] (p=0.043) and En-1 by 184.6
[167;202] vs. 112.7 [97; 136] (p=0.008) in Group 1. Group 2 also showed a more pronounced decrease in PASI and NAPSI scores
at 3 and 6 months.

CONCLUSION: The work demonstrated the ability of the IL-17 inhibitor netakimab to reduce initially elevated values of laboratory
markers of endothelial dysfunction.

Keywords: psoriasis; endothelial dysfunction; methotrexate; netakimab; vascular endothelial growth factor; endothelin-1;
nitric oxide.
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ODVII'VIHaJ'IbHOG nccnenoBsaHme

CpaBHuTeNbHasA OLEHKA AUHAMUKKU NabopaTopHbIX
MapKepoB 3HAOTENUANbHOU AUCHYHKLUU

y 60/1bHBIX NCOpMa3oOM NOA BAUAHUEM METOTpPeKcaTa
u uuruéutopa UJ1-17A Herakumaba

0.A. Mputyno, A.A. leTpos, A.B. lNetpos, M.A.H. Mapakax

KpbiMckuin peaepanbHbiii yHuBepeuTeT Menm B.W. Bepraackoro, Cumdeponons, Poccus

AHHOTALIUA

06ocHoBaHMe. JHoTeNMaNbHAA ACHYHKLMS ABNSETCA OAHUM M3 MeXaHU3MOB, IEXaLLMX B OCHOBE aTepOCKIIepPOTMYECKO-
ro MopaXKeHusl COCYAMCTON CTEHKW, W accOLMMPYETCS C MOBBLILLEHHBIM PUCKOM PasBUTUS CepAEYHO-COCYAMUCTON NaTonorum
y DoMbHbIX BYNbrapHbIM McopuasoM. B 1o e BpeMs uccnefoBaHWs, NOCBALLEHHBIE U3YYEHUIO KITMHUYECKW ONpeLenseMblX
MoKasaTtenen 3HAO0TENIMANbHON AMCHYHKLUMM U MX LMHAMUKKU NMPU CUCTEMHOM Tepanuy NaLMEHTOB C MCOpMA30oM, HEMHOMO-
UMCTIEHHBI U NPOTUBOPEYMBHI.

Lienb uccnepoBaHus — cpaBHUTENbHBIN aHanK3 Bo3gencTus uHrnburopa UI1-17 HeTakumMaba u MeToTpeKcarta Ha cogep-
)KaHue nabopaTopHbIX MapKepOB 3HA0TENMANBHON AUCHYHKLUMM (NNa3MeHHas KOHLEHTpaumus haKkTopa pocTa SHLOTeNus co-
CYL0B, 3H0TENMHA-1 M OKCMAA a30Ta) Y NALMEHTOB C NCOPMUA30M B COMOCTABEHWM C AMHAMUKON KIIMHUYECKUX MOKa3aTenen
Ha NPOTSIKEHUM 6 MeCALEB JIEYEHMS.

Marepuanbl U MeToAbl. B 0CHOBY McCej0BaHNA MOSOXKEHbI AaHHbIE AMHaMUYECKOro HabnoaeHus 3a 66 BonbHbIMM Ncopu-
a30M, KOTOPbIM BrepBble Ha3HayaIMCb MeTOTpeKceaT (B Ao3e 15 Mr B HeAemo MOAKOXHO B COYETaHUM € NpUEMoM (honreBon
KMCNOTbI N0 5 Mr B Hegento BHYTPb; noarpynna 1; n=30) unn HeTaknumab (B go3e 120 Mr NOAKOMHO MO CreayHoLLen CxeMme:
Ha 0, 1 1 2-n Hepensx, 3aTeM 1 pa3s B 4 Hepenu; noarpynna 2; n=36). OLeHKa KIMHUYECKOI AMHAMUKM NPOBOAMUNach A0 Hava-
a Tepanuu, a TaKkke yepe3 3 U 6 MecsALEeB neyeHns. BceM naumneHTaM nNpoBefeHo MCCie0BaHNE COAEpPXHKaHNsA NNa3MeHHbIX
KOHLieHTpaLuid GaKTopoB pocTa 3HAOTENUA COCYA0B, IHAOTENMHA-1 M OKCMAA a30Ta KaK [0 Hayana fleyeHns, Tak WU no uc-
TeYeHUW TpeTbero MecsLa Tepanuu. KoHTponbHyio rpynny coctaBunm 20 npaKTUHECKM 34,0p0OBbIX LOOPOBONBLEB.
Pe3ynbTathl. Y naumeHTOB C NCOPWMa30M N0 CPAaBHEHUKO C KOHTPOJILHOM FPYNMOi 3aperncTpupoBaHa MoBbILUEHHAs KOHLEH-
TpaLus MapKepoB 3HA0TENMaNbHOW AUCHYHKUMM, OQHAKO K KOHLLY TPETbero MecsLia Tepanum 0TMeYanoch CHUMXEHWE WX Co-
LEepXaHus B Nias3Me KpoBU. Pasnuumsa B CHIKEHUM 3TUX MOKA3aTesiell MeX[y HayasoM JIeYeHWs U TPETbM MecsLEM Ha-
bniofieHns bosee BbipaXKeHbl B MOATPYNNe MaUMEHTOB, NOyYaBLUMX HETaKMMab. AHanM3 KIMHUYECKONW AUHAMUKM NeYeHus
MoKasan, 4To y nauMeHToB NOArpynnbl 2 bbin 3admKcnpoBaH bonee 3HaUUTENbHBINA MPOrPecc Mo CHUMKEHUIO MHAeKcoB PASI
(pacnpocTpaHEHHOCTb M TshkecTb ncopuasa) U NAPSI (oLeHKa TAXKEeCTM nopayKeHust HorTeli Npu ncopuase) Yepes 3 u 6 Mecs-
LieB M0 CPaBHEHWIO C NaLyeHTamu rpynnbi 1.

3aknioueHune. B paboTe npofeMoHCTpUpoBaHa cnocobHocTb MHIMbuTopa UJ1-17 HeTakMMaba K CHUMEHWI0 UCXOLHO NOBbI-
LUEHHbIX 3HaYeHMIA NabopaTOpHbIX MapKePOB 3HAOTENMUANbHOW AUCHYHKLMK.

KnioueBble cnoBa: ncopuas; aHaorTennasnbHasa ,U,VICd)YHKLI,VIFI; MeTOTpeKCar; HEeTaKumao; CbaKTOP pocCTa aHA0TeNnnA CoCcynos;
3HOoTEeNMH-1; oKcup asoTa.
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DERMATOLOGY

BACKGROUND

The high risk of cardiovascular adverse events and the
increased incidence of cardiovascular diseases in patients with
psoriasis compared with the general population are currently
regarded as one of the most significant consequences of
systemic inflammation [1-3]. According to population-based
studies, the risk of ischemic heart disease in patients with
psoriasis is increased by 1.14-1.71 times [4], myocardial
infarction by 1.2-1.7 times [5], and acute cerebrovascular
accidents by 1.1-1.38 times [5-7]. Numerous publications
in recent years indicate that impaired endothelial function
in patients with psoriasis may represent one of the main
mechanisms underlying early pathologic changes in arterial
vessels, which in turn increase the risk of atherosclerosis
and related conditions [8, 9].

In clinical practice, the degree of endothelial
dysfunction is assessed using laboratory methods
that determine the concentrations of substances with
vasodilatory or vasoconstrictive effects that induce
hypertrophy of arterial wall smooth muscle cells and
promote pathologic proliferation of endothelial cells.
Among the most accessible molecules for investigation are
vascular endothelial growth factor (VEGF), endothelin-1
(ET-1), and nitric oxide (NO), the concentrations of which,
according to several studies, are significantly elevated in
the plasma of patients with severe psoriasis [10-16]. The
elevation of these markers in the systemic circulation may
be associated with activation of cytokines that play a key
role in the pathogenesis of psoriasis (IL-17, IL-12/23, and
TNF-a) [18-21]. At the same time, studies on the effects
of widely used inhibitors of proinflammatory cytokines on
markers of endothelial dysfunction remain limited and
inconsistent [21-24].

The work aimed to perform a comparative analysis of
the effects of the IL-17 inhibitor netakimab and methotrexate
on laboratory markers of endothelial dysfunction (plasma
concentrations of VEGF, ET-1, and NO) in patients with
psoriasis in relation to changes of clinical outcomes over
6 months of treatment.

METHODS

Study Design

This was a single-center, prospective, non-randomized
study.

The primary endpoint was to identify differences in
pathological angiogenesis parameters after 3 months of
therapy with methotrexate or netakimab.

Eligibility Criteria
Inclusion criteria: confirmed diagnosis of moderate to

severe psoriasis vulgaris in the exacerbation stage with PASI
> 10 and BSA > 10%; age > 18 and < 70 years.
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Non-inclusion criteria: age < 18 or > 70 years; presence
of psoriasis forms other than psoriasis vulgaris; acute
infectious diseases; uncontrolled hypertension; chronic
heart failure more severe than New York Heart Association
(NYHA) functional class |; malignant neoplasms; psychiatric
disorders; use of systemic drugs for the treatment of
psoriasis (psoriatic arthritis) other than methotrexate (e.g.,
leflunomide, sulfasalazine, cyclosporine, acitretin, Janus
kinase inhibitors, biologic disease-modifying antirheumatic
drugs); use of topical agents (e.g., glucocorticoids, calcineurin
inhibitors, vitamin D analogues) within 2 weeks before
examination; phototherapy within the past 2 months.

Exclusion criterion: refusal to participate in the study.

Study Setting

The study was conducted at the Multidisciplinary
Clinical Hospital of St Luke, V.I. Vernadsky Crimean Federal
University.

Study Duration
The study was conducted between 2022 and 2023.

Intervention

Depending on the selected systemic therapy for psoriasis,
patients received subcutaneous methotrexate at an initial
dose of 10 mg per week, which was increased to 15 mg
per week after 1 month, or subcutaneous netakimab 120 mg
administered at weeks 0, 1, and 2, followed by once every
4 weeks.

Main Study Outcome

The primary outcome was identifying differences in
pathological angiogenesis parameters after 3 and 6 months
of therapy with methotrexate or netakimab. No secondary
outcomes were specified.

Outcomes Registration

All participants underwent clinical and laboratory
examination, including hematologic and biochemical tests
and measurement of C-reactive protein. Psoriasis severity
was assessed using the Psoriasis Area and Severity Index
(PASI) and Body Surface Area (BSA). In patients with nail
involvement, the Nail Psoriasis Severity Index (NAPSI) was
also assessed.

Plasma concentrations of VEGF and ET-1 were
measured in patients with psoriasis and in the control
group of healthy volunteers using enzyme immunoassay
(sandwich method) on a Thermo Scientific Multiskan FC
microplate photometer (Thermo Fisher Scientific, USA)
with standard reagent kits (Cloud-Clone Corp, USA). Nitric
oxide (NO) concentration was determined by a 2-stage
diazotization reaction (Griess reaction) with formation
of diazonium ions, followed by detection of the reaction
products using photocolorimetry with an optical filter
at a wavelength of 540-570 nm (R&D Systems, USA).
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Follow-up clinical assessment, including evaluation of
PASI and NAPSI scores, was performed at 3 and 6 months
after initiation of treatment. Laboratory assessment of
endothelial dysfunction biomarkers (VEGF, ET-1, and NO)
was performed after 3 months of therapy.

Statistical Analysis

The sample size was not calculated in advance.

Databases were generated using Microsoft Excel.
Statistical analysis was performed with SPSS Statistics,
version 11.0, and STATISTICA for Windows, version 10.0
(StatSoft Inc). Non-parametric methods were used according
to distribution characteristics. The results are presented as
median and interquartile range (25th—75th percentiles) (Me
[25; 75]). Comparative analysis of two groups was performed
using the Mann-Whitney U test. The strength of association
between independent quantitative variables was assessed
using Spearman’s rank correlation (r). Differences were
considered statistically significant at p < 0.05.

RESULTS

Participants

The study included 66 patients with psoriasis who were
prescribed methotrexate or netakimab for the first time:
37 women and 29 men, with a median age of 45.2 [26.4-
57.8] years. Disease duration ranged from 1 to 16 years.

Depending on the systemic therapy selected, patients
were divided into two subgroups.

Subgroup 1 (n = 30) included patients who received
subcutaneous methotrexate, starting at 10 mg weekly with
escalation to 15 mg weekly after 1 month of therapy if
well tolerated, as assessed by clinical and laboratory data.
Subcutaneous methotrexate was combined with oral folic
acid 5 mg weekly.

Subgroup 2 (n = 36), in whom methotrexate had previously
been discontinued due to contraindications (n = 5), intolerance
(n = 22), or lack of efficacy (n = 9), received monotherapy
with subcutaneous netakimab at a dose of 120 mg at weeks
0, 1, and 2, then once every 4 weeks.

Median PASI and NAPSI scores in the study population
were 31.5 [19.2-40.7] and 22.4 [14.9-35.2], respectively.

Comorbid cardiovascular conditions were identified in
32 patients: hypertension (n = 25), ischemic heart disease
(n = 8), NYHA | heart (n = 2), heart valve diseases with
hemodynamically significant alterations of intracardiac blood
flow (n = 3), and diabetic angiopathies (n = 2).

Patients in both subgroups did not differ significantly in
psoriasis severity and spread, frequency of joint, enthesis,
and spinal involvement, or prevalence and severity of
cardiovascular disease (see Table 1).

The control group included 20 apparently healthy
volunteers without skin diseases, rheumatic musculoskeletal
diseases, or clinically significant cardiovascular diseases.
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Primary Results

Analysis of laboratory markers of endothelial dysfunction
prior to treatment demonstrated that, compared with
the control group, patients with psoriasis had elevated
plasma concentrations of VEGF (19.8 pg/mL [4.5; 49.4] vs.
5.2 pg/mL [0.5; 9.8]; p = 0.004), ET-1 (286.4 pg/mL [154; 439]
vs. 96.5 pg/mL [32; 188]; p = 0.002), and NO (4.3 pg/mL [2.1;
12.5] vs. 2.2 pg/mL [0.2; 5.0]; p = 0.02).

Correlation analysis of PASI and NAPSI scores with
levels of endothelial dysfunction markers revealed strong
and moderate associations (in descending order) between
VEGF concentration and PASI and NAPSI values, as well as
between ET-1 concentration and PASI values (see Table 2).

During the 3-month treatment period, methotrexate
reduced plasma VEGF and ET-1 levels, whereas netakimab
reduced VEGF, ET-1, and NO simultaneously (see Table 3).

Differences in changes in endothelial dysfunction markers
from baseline to 3 months were more pronounced in the
subgroup of patients receiving netakimab. Specifically, VEGF
concentration decreased by 10.2 [8.4; 13.7] in subgroup 2
and by 7.0 [5.6; 11.7] in subgroup 1 (p = 0.043), whereas
ET-1 decreased by 184.6 [167; 202] and 112.7 [97; 136],
respectively (p = 0.008).

After 3 months of treatment, patients in subgroup 2, who
received subcutaneous injections of netakimab, demonstrated
a more significant reduction in PASI and NAPSI scores as
well as plasma C-reactive protein concentrations compared
with patients in subgroup 1, who received subcutaneous
methotrexate (see Table 4).

At 6 months, clinical evaluation revealed that patients in
subgroup 2 maintained a more pronounced decrease in PASI
and NAPSI scores (see Table 5).

Adverse Events

Throughout the study, no serious adverse reactions to
subcutaneous methotrexate or netakimab requiring drug
discontinuation were observed.

DISCUSSION

Summary of Primary Results

This study demonstrated the ability of methotrexate
and the IL-17 inhibitor netakimab to reduce levels of all
investigated biomarkers of endothelial dysfunction—VEGF,
ET-1, and NO. Netakimab exerted a more pronounced effect
on reducing both clinical indices of psoriasis activity and
markers of endothelial dysfunction.

Interpretation

The study revealed elevated plasma concentrations of
endothelial dysfunction markers in patients with psoriasis,
as well as correlations between the severity and extent
of skin and nail involvement and VEGF and ET-1 levels.
These findings are consistent with previously reported data




Russian journal
DERMATOLOGY Vol. 28 (2) 2025 of skin and venereal diseases

Table 1. Clinical characteristics of patients who received different types of therapy

Parameter SnuEggrgu&; qug;ZLZEA])Z p
Women 15 (50.0) 22 (61.1) 0.12
Men 15 (50.0) 14 (38.9) 0.10
Cardiovascular diseases 14 (46.7) 18 (50.0) 0.54
Median age, years, Me [25; 75] 49.6 [27.4;59.8] 46.1[23.7; 60.2] -
PASI score, Me [25; 75] 27.6 [16.6;35.2] 38.5[29.5; 54.2] 0.09
Psoriatic onychodystrophy 14 (46.7) 17 (47.2) 0.73
NAPSI score, Me [25; 75] 22.1[15.4;36.1] 245 [15.5; 34.5] 0.81

Table 2. Correlation indices (r) between plasma concentrations of markers of endothelial dysfunction and values of clinical indices in psoriasis patients

Clinical index VEGF p ET-1 p NO p
PASI 0.68 0.001 0.62 0.001 0.18 0.06
NAPSI 0.61 0.003 0.48 0.006 0.20 0.03

Note. VEGF, vascular endothelial growth factor; ET-1, endothelin-1; NO, nitric oxide.

Table 3. Changes in plasma concentrations of markers of endothelial dysfunction in patients with psoriasis after 3 months of treatment with methotrexate
or netakimab (Me [25; 75])

Parameter Suggzroguop 1 Suggzroauép 2
Before treatment 19.6 [4.5; 34.2] 19.9 [4.2;38.1]
VEGF, pg/mL After 3 months 12.6 [3.1; 49.4] 9.7 2.8;25.3]
p 0.02 0.009
Before treatment 281.8 [161; 417] 288.3 [145; 410]
ET-1, pg/mL After 3 months 169.1 [87; 221] 103.7 [56; 217]
p 0.006 0.008
Before treatment 4312.6;11.3] 4.412.0;10.8]
NO, pg/mL After 3 months 35(1.8;9.7] 2.0[0.7;75]
p 0.008 0.008

Note. VEGF, vascular endothelial growth factor; ET-1, endothelin-1; NO, nitric oxide.

Table 4. Dynamics of clinical parameters in patients treated with methotrexate and netakimab over a 3-month period

Change vs. baseline SuzgzroBuUp 1 SuIl;gzroBubp 2 p
PASI -10.8[6.5; 14.3] -33.0 [24.5; 37.4] 0.023
NAPSI -2.6(17;33] -9.7 5.5 11.4] 0.031
C-reactive protein, mg/L -2.01[0.5; 5.4] -71.1[3.5;10.2] 0.041

Table 5. Dynamics of clinical parameters in patients treated with methotrexate and netakimab over a 6-month period

Change vs. baseline Su:gzroBuUp 1 SuIl;gzroBubp 2 p
PASI -21.4[16.5;25.5] -34.7 [28.7; 38.0] 0.039
NAPSI -12.8[8.8; 16.8] -20.0[17.2; 28.0] 0.035
C-reactive protein, mg/L -6.5[3.5;9.9] -7.3(3.8;10.0] 0.46
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[14-18] and are likely explained by the involvement of these
molecules in the regulation of pathological angiogenesis.
Under the influence of methotrexate and netakimab, plasma
concentrations of VEGF, ET-1, and NO decreased by the end
of the third month of treatment, which was accompanied by
reductions in PASI and NAPSI scores and C-reactive protein
levels.

The results demonstrated that treatment with the IL-17
inhibitor netakimab led to a more pronounced reduction in
all studied biomarkers of endothelial dysfunction (VEGF,
ET-1, and NO) at month 3 compared with methotrexate.
Importantly, according to clinical efficacy data at 3 and
6 months, netakimab caused greater reduction in PASI and
NAPSI scores.

Several previous clinical trials have shown that the IL-17
inhibitor secukinumab improves endothelium-dependent
flow-mediated dilation of arteries [25] and reduces the
volume of non-calcified carotid plaques according to CT
angiography [26]. The present study demonstrated the ability
of the IL-17 inhibitor netakimab to decrease laboratory
markers of endothelial dysfunction in patients with psoriasis.

Study Limitations

The study was conducted in a relatively small cohort
of patients. To minimize potential bias, future multicenter
studies with larger samples (= 1000 patients) are needed to
confirm these findings.

CONCLUSION

The present study suggests that compared with
methotrexate, the use of the IL-17 inhibitor netakimab results
in @ more pronounced reduction of elevated laboratory
markers of endothelial dysfunction in patients with psoriasis.
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Thus, therapeutic approaches involving IL-17 blockade may
be effective in preventing the development and progression
of cardiovascular comorbidities in this patient population.
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