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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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CYTOKINE - ASSOCIATED PARAMETERS OF THE IMMUNE RESPONSE IN PSORIASIS
AND THEIR CORRELATIONS WITH ALPHA - AND BETA - DIVERSITY OF THE GUT
MICROBIOME

Togzhan Algazina, Dinara Azanbayeva, Natalya Tsoy, Gulnaz Touir*, Tatyana Kotlyarova.

Department of Dermatovenereology and Dermatocosmetology, NJSC “Astana Medical University”, Astana, Kazakhstan.

Abstract.

Objective: The aim of this study was to evaluate the relationship
between cytokine-associated immune response parameters in
patients with psoriasis and indices of gut microbiome alpha- and
beta-diversity.

Methods: The study included 91 patients with mild-to-
moderate psoriasis and 92 nominally healthy volunteers in the
control group. Disease severity was assessed using the Psoriasis
Area and Severity Index (PASI). Cytokine profiling was
performed in fecal samples using multiplex analysis to evaluate
a panel of inflammatory mediators, including IL-1a, IL-4, IL-
6, IL-8, IL-12p70, IL-17, IFN-y, and TNF-o. Gut microbiome
composition was analyzed using 16S rRNA gene sequencing.
Microbial diversity was assessed using alpha-diversity indices
(Shannon and Simpson) and beta-diversity measures (Bray—
Curtis dissimilarity and principal coordinates analysis).

Results: Elevated levels of pro-inflammatory cytokines were
observed in patients with psoriasis, with the most pronounced
increases in IL-12p70 and IL-la. Significant positive
correlations were identified between PASI scores and the levels
of IL-4, IL-8, and EGF, indicating an association between
immune markers and disease severity. Beta-diversity analysis
suggested a trend toward differences in microbial community
structure between groups; however, these findings were not
confirmed by PERMANOVA. Additionally, differences in the
relative abundance of specific bacterial taxa were observed.

Conclusions: Psoriasis is associated with both immune
dysregulation and alterations in gut microbiota composition.
The observed relationships between fecal cytokine levels,
microbiome characteristics, and disease severity support the
concept of the gut—skin axis and highlight the potential of the gut
microbiome as a biomarker and therapeutic target in psoriasis.

Key words. Psoriasis, cytokines, psoriasis area and severity
index, gut microbiome, genome-wide sequencing.

Introduction.

The conceptual understanding of psoriasis in the scientific
literature has evolved significantly in recent years. It is now
recognized as a chronic systemic immuno-inflammatory
disorder as well as a localized skin condition, with disturbances
in both innate and adaptive immune responses playing a central
role in its pathogenesis.

According to clinical, experimental, and molecular
immunology studies, the TNF-o/IL-23/IL-17 axis plays
a key role in driving the activation of dendritic cells, the
differentiation of T helper 17 (Th17) cells, and the production of
characteristic effector cytokines, including IL-17A, IL-17F, and
IL-22. Together, these processes promote hyperproliferation
and impaired differentiation of keratinocytes in the epidermis,
which are hallmarks of psoriatic plaques [1-9].
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The high clinical efficacy of monoclonal antibodies and other
biologic agents targeting TNF-a, IL-23, or IL-17 provides strong
indirect evidence supporting the critical role of this cytokine
axis in disease pathogenesis [2].

In parallel with advances in understanding the immunological
mechanisms of psoriasis, increasing attention has been directed
toward the role of the gut microbiome as a key factor influencing
immune regulation and systemic inflammation. This growing
interest is supported by the concept of the “gut—skin axis,” which
proposes that alterations in gut microbial composition, impaired
intestinal barrier function, changes in microbial metabolites, and
subsequent immune signaling may influence both local psoriatic
lesions and systemic inflammatory processes [1].

Evidence suggests that patients with psoriasis frequently
exhibit signs of intestinal microbiota dysbiosis. Notably, the
pattern of these alterations often overlaps with those observed in
other chronic immune-mediated diseases, such as inflammatory
bowel disease and rheumatoid arthritis. A commonly reported
finding is a decrease in the relative abundance of Bacteroidetes
accompanied by an increase in Firmicutes, resulting in an
elevated Firmicutes/Bacteroidetes ratio, which may serve as a
marker of microbial imbalance [8].

Regardless of specific taxonomic shifts, one of the most
consistently reported findings is related to beta-diversity
(B-diversity), which reflects differences in microbial community
structure. Multiple studies using 16S rRNA sequencing methods
(e.g., Bray—Curtis, UniFrac) have demonstrated differences in
gut microbiota composition between patients with psoriasis and
healthy controls. However, these findings should be interpreted
cautiously, as results may vary depending on the analytical
approach used [10].

In contrast, findings related to alpha-diversity (a-diversity)
remain inconsistent. Some studies report reduced diversity,
while others show no statistically significant differences
compared to control groups. These discrepancies may be
explained by variations in study design, cohort characteristics,
and analytical methods [8].

Among the various components of the immune response in
psoriasis, increased levels of proinflammatory cytokines such
as TNF-q, IL-6, IL-8, IL-17, and IL-23 have been consistently
observed. These mediators are associated with disease activity,
clinical severity (e.g., PASI and BSA scores), and systemic
manifestations [7].

A particularly promising area of research involves examining
the relationships between microbiome parameters (including
a- and P-diversity and the abundance of specific taxa) and
immunological markers such as circulating cytokines. Several
studies have reported associations between changes in
microbial genera (e.g., Phascolarctobacterium, Dialister) and
levels of inflammatory mediators or immune receptors (e.g.,
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IL-2R), suggesting that the gut microbiome may contribute to
the immunopathogenesis of psoriasis and modulate immune
responses, particularly the Th17 pathway [3].

Despite the growing body of research, relatively few
studies have integrated immunological and microbiome data
within a single analytical framework. As a result, it remains
unclear which specific immune alterations are most closely
associated with changes in microbial diversity and whether
these relationships can be used as biomarkers of disease
activity or targets for personalized therapy. Addressing this gap
remains an important objective in modern dermatological and
immunomicrobiological research [§].

Based on these considerations, the present study was conducted
to evaluate cytokine-associated parameters of the immune
response in psoriasis and their correlations with the alpha- and
beta-diversity of the gut microbiome.

Objective. The primary objective of this study was to assess
the relationship between cytokine-associated immune response
parameters in patients with psoriasis and indices of gut
microbiome alpha- and beta-diversity.

Materials and Methods.

This prospective study included 183 participants: 91 patients
with mild-to-moderate psoriasis and 92 healthy volunteers in
the control group.

Baseline demographic and clinical characteristics were
comparable between groups. The mean age was 37.2 £ 4.5 years
in the psoriasis group and 36.8 + 4.2 years in the control group
(p > 0.05). No significant differences were observed in gender
distribution or body mass index (BMI) between groups (p >
0.05). In addition, no correlation was identified between BMI
and PASI (r = 0.08; p = 0.42).

Table 1. Baseline characteristics of study participants.

Variable

Age (years) 37.2+45
BMI (kg/m?) 25.1+32
Sex (male/female) 48 /43
PASI score 145+5.7
Special diet (n, %) 21 (23.1%)
Regular fiber intake (adequate/inadequate) 54/37

Table 2. PASI score indicators in patients with psoriasis.

Parameter

PASI range, points

Mean PASI score, points

Median PASI [Q1; Q3], points

Mild severity (PASI 0-10), n (%)
Moderate severity (PASI 10-30), n (%)
Severe severity (PASI >30), n (%)

Psoriasis (n = 91)

Clinical severity was assessed using the Psoriasis Area and
Severity Index (PASI).

Cytokine levels were measured in fecal samples to reflect local
intestinal immune activity. Stool samples were collected under
standardized conditions and stored at —80°C until analysis.
Multiplex analysis was performed using the MAGPIX®
platform (Luminex, USA) with commercially available assay
kits, according to the manufacturer’s instructions. The following
mediators were evaluated: IL-1a, IL-1B, IL-4, IL-6, IL-8, IL-
12p70, IL-17A, IFN-y, TNF-a, EGF, and GM-CSF.

Gut microbiome analysis was performed using 16S rRNA
gene sequencing followed by bioinformatic processing.
Alpha-diversity was assessed using Shannon and Simpson
indices, while beta-diversity was evaluated using Bray—Curtis
dissimilarity and principal coordinates analysis (PCoA).

Statistical analysis was performed using R software.
Correlations were assessed using Spearman’s rank correlation
coefficient. Correction for multiple comparisons was applied
using the Bonferroni method.

The baseline characteristics of the study participants are
presented in Table 1. No statistically significant differences were
observed between the groups (p > 0.05), indicating appropriate
comparability.

Given the well-established influence of external factors on gut
microbiota composition, additional variables, including dietary
habits and prior treatment history, were assessed. Dietary
patterns were evaluated using a structured questionnaire,
capturing information on general nutritional habits and fiber
intake. The diet of the study population was predominantly
characterized by a high intake of animal fats and meat products.

Information on previous treatments was obtained from medical
records and patient interviews. No antibiotic therapy had been

Table 3. Cytokine-associated immune response parameters and their association with PASI.

Parameter Main group Control Group
IL-12p70 2.86-fold higher 1.0
IL-1a 4.0-fold higher 1.0
IL-4 — —
IL-8 — —
EGF — —
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Control (n =92) p-value
36.8+4.2 >0.05
247+3.0 >0.05
46/ 46 >0.05
19 (20.7%) >0.05
58/34 >0.05
Value
3.6-28.2
14.5+5.7
15,0 [10.2;17.0]
42 (46.2)
49 (53.8)
0
p Correlation with PASI
<0.05 Positive
<0.05 Positive
— r=0.3; p<0.008
— =0.4; p<0.01
— r=0.3; p<0.01



Table 4. Key gut microbiome indicators in patients with psoriasis and the control group.

Parameter

Alpha-diversity (Shannon, Simpson)

Statistical significance of a-diversity differences
Beta-diversity (Bray — Curtis, PCoA)

P

PERMANOVA

P

Primary dominant taxa in psoriasis

Primary dominant taxa in control

administered within three months prior to study inclusion.
Furthermore, in accordance with the inclusion criteria, which
were limited to patients with mild to moderate psoriasis, no
participants were receiving systemic or biologic therapy at the
time of the study.

Results and Discussion.

Clinical assessment of disease severity showed that PASI
scores ranged from 3.6 to 28.2, with a mean of 14.5 £ 5.7 and
a median of 15.0 [10.2; 17.0]. Among the examined cohort, 42
patients (46.2%) presented with mild disease, while 49 (53.8%)
were classified as having moderate severity. No patients with
severe psoriasis were included in the study.

Overall, no significant differences in alpha-diversity were
observed between groups.

The distribution of patients according to the severity of the
psoriatic process is illustrated in Figure 1.

Analysis of immune response biomarkers demonstrated that
most parameters were comparable between groups; however,
statistically significant differences were identified for specific
mediators. The most pronounced changes were observed for
IL-12p70 and IL-1a, with levels 2.86-fold and 4.0-fold higher,
respectively, in patients with psoriasis compared to controls.
These findings reflect activation of inflammatory and immune
pathways associated with psoriasis.

All correlation analyses were performed using Spearman’s
rank correlation coefficient.

The comparative characteristics of relative IL-12p70 and IL-
la levels in the experimental and control groups are illustrated
in Figure 2.

These findings are consistent with current understanding
of psoriasis pathogenesis. IL-12/IL-23-dependent activation
of dendritic cells and T-cell responses contributes to chronic
inflammation, while IL-1 plays a role in initiating and
amplifying local inflammatory processes. The importance of the
IL-23/Th17 axis is further supported by the clinical efficacy of
targeted biologic therapies.

Analysis of the relationship between immunological markers
and disease severity revealed weak-to-moderate positive
correlations between PASI and IL-4 (r = 0.3; p < 0.01), IL-8 (r
=0.4;p<0.01), and EGF (r=0.3; p<0.01). These associations
should be interpreted with caution, as they may be influenced by
inter-individual variability and potential outliers.

IL-12p70, IL-la, and IL-17 levels were also positively
associated with disease severity, with higher concentrations
corresponding to more pronounced clinical manifestations. No
correlation was observed between BMI and PASI.
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Result

groups are homogeneous

p>0.5

Intergroup differences identified
0.004

Pairwise differences not confirmed
0.486

Bacteroidetes, Dorea
Ruminococcaceae, Lactobacillus

This relationship is consistent with known pathogenetic
mechanisms. IL-8 promotes neutrophil chemotaxis and sustains
inflammatory infiltration, while IL-17 and IL-23 are key
mediators of psoriatic inflammation. The observed correlations
suggest that clinical disease activity is associated not only
with localized skin changes but also with systemic immune
responses.

Assessment of the gut microbiome showed that the
experimental and control groups were homogeneous in terms
of alpha-diversity, with no statistically significant differences
observed in Shannon or Simpson indices (p>0.5). However,
beta-diversity analysis revealed differences in the composite
microbiome structure between groups: while Bray — Curtis
metrics and PCoA ordination initially reached statistical
significance (p=0.004), subsequent PERMANOVA evaluation
did not confirm pairwise differences (p=0.486). The primary
microbiome indicators are summarized in Table 4.

It should be noted that the absence of differences in alpha-
diversity is not inconsistent with the existing literature.
According to various reviews and clinical studies on the
psoriatic gut microbiome, alterations in alpha-diversity are
not universally detected. Instead, a more consistent hallmark
is the qualitative shifts in microbial composition and changes
in the relative abundance of specific taxa. Therefore, the lack
of statistically significant differences in Shannon and Simpson
indices does not preclude the presence of qualitative dysbiosis.

Furthermore, beta-diversity analysis suggested a trend toward
differences in the overall microbiome structure between the
experimental and control groups. When using Bray — Curtis
metrics and PCoA ordination, these intergroup differences
reached statistical significance (p=0.004), suggesting potential
differences in microbial community structure associated with
psoriasis.

However, subsequent evaluation using the PERMANOVA
method showed that pairwise differences between psoriasis
patients and the control group were not statistically significant
(p=0.486).

This discrepancy likely reflects the limitations of the current
sample size and the high interindividual variability inherent in
the gut microbiome. In such instances, it is most appropriate
to conclude that while patients with psoriasis exhibit signs of
overall shifts in microbial community structure, the robustness
of these differences remains contingent upon the statistical
approach employed and necessitates verification in larger
cohorts. This cautious interpretation aligns with existing
literature, which emphasizes the heterogeneity of microbiome
profiles in psoriasis and the limited reproducibility of findings
across diverse populations.
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Figure 3. Scatter plots demonstrating correlations between PASI and IL-4, IL-8, and EGF levels, with individual data points and linear
regression lines.

Analysis of the relative abundance of specific taxa revealed
that Bacteroidetes and Dorea predominated in the experimental
group, whereas Ruminococcaceae and Lactobacillus were more
prominently represented in the control group. Furthermore,
differences were identified at the level of specific operational
taxonomic units (OTUs): the control group exhibited lower
levels of B. dorei, Betaproteobacteria, Clostridium IV, R.
hominis, and Coprobacter. Conversely, the psoriasis group
was characterized by an increased abundance of A. finegoldii,
Megasphaera, R. intestinalis, and Mitsuokella.

Interpretation of these findings requires a measured approach,
as the specific taxa associated with psoriasis often vary across
microbiome studies. Nonetheless, the overall direction of the
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identified shifts — specifically, the altered representation of
certain genera and families in the absence of a consistent decline
in alpha-diversity — is in strong agreement with contemporary
concepts of intestinal dysbiosis in psoriasis [4].

Results from the correlation analysis between microbiome
indicators and clinical disease severity are also presented.
The current study established that in moderate-to-severe
psoriasis, an increase in the PASI score was associated with a
decreased abundance of several taxa, including Actinobacteria,
Fusobacteria, Bacilli, Lactobacillales, Coriobacteriales,
Prevotellaceae, Veil- lonellaceae, Prevotella, Coprococcus,
Streptococcus, Dorea, Lactobacillus, and Collinsella, among
others. Furthermore, an inverse correlation was identified



between Veillonella abundance and body mass index in patients
with moderate-to-severe disease.

From a clinico-pathogenetic perspective, these findings suggest
that as the psoriatic process intensifies, it is characterized not
merely by a shift in taxonomic composition, but by a decline
in specific microbial groups potentially involved in maintaining
intestinal metabolic and immune homeostasis [5]. However,
given the limited number of sequenced samples and the
heterogeneity of global literature data, such associations should
be regarded as preliminary. They hold significant interest for
future research, as they may point to the existence of distinct
immunomicrobi- ome phenotypes in psoriasis [6].

Thus, the data obtained confirm that psoriasis is accompanied
by a combination of immuno- inflammatory disturbances and gut
microbiome alterations. At the immunological level, IL- 12p70
and IL-1a emerged as the most significant markers, alongside
correlations between PASI and IL-4, IL-8, EGF, and IL-17.
Regarding the microbiome, no substantial differences in alpha-
diversity were observed; however, evidence suggesting potential
alterations in beta-diversity and shifts in specific taxa abundance
was identified. Collectively, these results align with the "gut-
skin" axis concept, wherein the intestinal microbiota modulates
the cytokine response and may be linked to the clinical activity
of psoriasis. The discrepancy between different beta-diversity
analysis methods may be attributed to the limited sample size
and high inter-individual variability of the gut microbiome.
Such variability is well documented in microbiome research and
highlights the importance of standardized analytical approaches
and larger study populations.

Conclusion.

1. Characteristics of the cytokine-associated immune
response in patients with psoriasis.

Significant alterations in the cytokine profile were identified
in patients with psoriasis, particularly in the levels of IL-12p70
and IL-la. These cytokines play a key role in the activation
of immune cells, including T lymphocytes and dendritic cells,
thereby contributing to the development and maintenance of
cutaneous inflammation. The elevated level of IL-12p70 is
associated with the active inflammatory phase and the formation
of psoriatic plaques, whereas increased IL-la levels may be
linked to keratinocyte hyperproliferation. Concentrations of
these mediators in fecal samples were significantly higher
compared to the control group, supporting their involvement in
local intestinal immune activity and disease pathogenesis.

2. Association between clinical severity and immunological
markers.

Disease severity, assessed using the Psoriasis Area and
Severity Index (PASI), demonstrated statistically significant
correlations with several immunological markers. Positive
associations were identified between PASI scores and cytokines
such as IL-4, IL-8, and EGF, as well as IL-12p70, IL-1a, and
IL-17. These findings indicate that inflammatory markers are
not only reflective of local skin involvement but may also serve
as indicators of overall disease activity. Notably, IL-17 and
IL-12p70 showed more pronounced increases in patients with
higher disease severity, further supporting their role in psoriasis
progression.
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3. Comparative analysis of gut microbiome alpha-diversity.

Alpha-diversity of the gut microbiota, assessed using Shannon
and Simpson indices, did not differ significantly between
patients with psoriasis and healthy controls. This suggests that
overall microbial richness and evenness remain comparable
between groups. Therefore, psoriasis-related microbiome
alterations are more likely associated with qualitative shifts in
microbial composition rather than changes in overall diversity,
and may also reflect high inter-individual variability.

4. Beta-diversity of the gut microbiome in psoriasis.

Beta-diversity analysis suggested differences in microbial
community structure between the psoriasis and control groups
when assessed using Bray—Curtis dissimilarity and PCoA
(p = 0.004). However, these differences were not confirmed
by PERMANOVA (p = 0.486), indicating a lack of statistical
significance in pairwise comparisons. Therefore, the findings
should be interpreted as a tendency toward differences rather
than definitive structural reorganization. These results may be
explained by the limited sample size and high inter-individual
variability of the gut microbiome and require confirmation in
larger studies.

5. Interplay between microbiota alterations and disease
severity.

Differences in the relative abundance of specific bacterial
taxa, including Firmicutes and Bacteroidetes, were identified in
patients with psoriasis and were associated with inflammatory
markers. Certain genera, such as Prevotella and Bacteroides,
were linked to levels of cytokines including IL-17 and TNF-a.
These findings support the role of the gut microbiome as a
modulator of immunopathogenesis and highlight its potential
as a biomarker of disease activity. Such associations may
contribute to the development of personalized therapeutic
strategies targeting both immune dysregulation and microbial
imbalance.

Summary.

Contemporary research on psoriasis as a chronic immuno-
inflammatory condition confirms its systemic nature, with
dysregulation of both innate and adaptive immune responses
playing a central role. In particular, the TNF-o/IL-23/IL-17
axis is recognized as a key regulatory pathway in psoriatic
inflammation, as evidenced by the clinical efficacy of targeted
biologic therapies.

At the same time, increasing attention has been directed
toward the role of the gut microbiome as an important factor
influencing immune regulation and systemic inflammation,
supporting the concept of the “gut—skin axis.”

The results of the present study demonstrate that patients with
psoriasis exhibit alterations in gut microbial composition, which
are partially associated with disease severity. In particular,
beta-diversity analysis suggested a trend toward differences
between groups; however, these findings were not confirmed by
PERMANOVA and should therefore be interpreted with caution.
This discrepancy highlights differences in methodological
sensitivity and underscores the need for careful interpretation.



Alpha-diversity did not differ significantly between groups,
indicating that psoriasis is more likely associated with qualitative
shifts in microbial composition rather than changes in overall
microbial diversity.

Furthermore, cytokines such as IL-12p70, IL-1a, and IL-17,
measured in fecal samples, were significantly associated with
disease severity, as reflected by their correlation with PASI
scores. These findings emphasize the role of inflammatory
mediators in assessing disease activity and suggest that the gut
microbiome may serve as a potential biomarker and therapeutic
target.

Overall, these findings provide a basis for further investigation
into the complex interactions between the microbiome and the
immune system in psoriasis. Future studies with larger cohorts
may contribute to the development of improved diagnostic
approaches and personalized therapeutic strategies targeting
both immune dysregulation and microbial imbalance.
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