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ABSTRACT

Background: Psoriasis as an immune-mediated inflammatory  skin disease. The basis of 

the pathogenesis of psoriasis is the dysregulation of immune cell function in genetically 

predisposed individuals. The characteristic dysfunction of the immune system in patients 

with psoriasis is manifested as a variation in the cellular phenotypic profile in accordance 

with the disease status. Objective: The aim of this study was to evaluate the immuno-

phenotypic profile of lymphocytes obtained by flow cytometry as an auxiliary diagnostic 

tool in the objectivization of the PASI score. Methods: The study group included 40 

patients with psoriasis, hospitalized and treated at Dermatology Clinic of Clinical center 

University of Sarajevo and 30 healthy individuals as controls. After venepunction, the 

blood samples for determining the immune profile were prepared following standard 

laboratory procedures using conjugated monoclonal antibodies and BD FACSCanto II 

flow cytometer. T-lymphocytes (CD3, CD4, CD8), B lymphocytes (CD19), Natural killer 

cells (NK), and activatet T-cells (CD3HLA) were determined for all patients. Based on the 

PASI score, the severity and area of the disease was assessed for all psoriasis patients 

by dermatology specialist. Results: Our data shows no significant difference in any of 

the lymphocyte subpopulations between psoriasis patients and healthy controls, except 

CD3HLA. CD3HLA has higher values in patients with psoriasis, p=0.015. Of all the param-

eters, only NK cells were significantly correlated to the PASI score (rho -0.279; p=0.048). 

ROC curve analysis revealed a statistically significant difference for the proportion of 

CD3 lymphocytes (AUC 0.799; p=0.004), CD8 lymphocytes (AUC 0.733; p= 0.023), NK 

cells (AUC 0.722; p=0.008) and CD3HLA activated T lymphocytes (AUC 0.347; p=0.034).

Conclusion: Profile of major lymphocyte subsets in patients with psoriasis is similar 

to that of healthy controls. The values of CD3, CD8, NK, CD3HLA were defined as 

biomarkers capable of distinguishing psoriasis according to the severity of the disease. 

Immunophenotyping of peripheral blood lymphocytes can play an important role as an 

auxiliary diagnostic method in differentiating the clinical stages of psoriasis and objec-

tifying the PASI score.
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1. BACKGROUND
From the immunological aspect, it is 

considered that psoriasis is an autoim-
mune disease mediated by T-cell im-
munity. New scientific data on immu-
nopathogenesis defines this disease as a 
disorder of the immune system and not 
as a skin disease. Advances in the un-
derstanding psoriasis immunological 
basis and mechanisms of the disease re-
sult in concrete benefits for patients and 
imply the introduction of new targeted 
therapies (1).

Psoriasis can manifest itself at any 

age with no clear sex predilection for 
psoriasis. Peak ages for the onset of pso-
riasis are between 30 and 39 years and 
between 50 and 69 years (2).

Contemporary knowledge suggests 
that psoriasis is a genetically deter-
mined disease, whose expression in-
volves immune mechanisms and nu-
merous environmental factors that act 
as disease triggers (3).  Several different 
environmental factors have been rec-
ognized as so-called triggers for the 
onset of psoriasis, i.e. worsening of the 
existing condition, namely: infections, 
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especially those caused by β-hemolytic streptococcus; emo-
tional stress; alcohol consumption; overweight; medications, 
skin trauma, etc (4).

The pathogenesis basis of psoriasis is the dysregulation of 
immune cell function in genetically predisposed individuals. 
The characteristic dysfunction of the immune system in pa-
tients with psoriasis is manifested as a variation in the cellular 
phenotypic profile in accordance with the disease status.

Psoriasis is characterized predominantly by the Th1 type of 
cytokine profile in skin lesions with elevated levels of INF-γ, 
TNF-α, IL-12, and IL-18. These cytokines are responsible for 
the sudden increase in the number of keratinocytes and the 
absence of maturation, as well as for the characteristic vas-
cular changes of the disease (5). 

Innate and adaptive immune cells contribute to the chronic 
inflammatory pathological process of psoriasis. Dysfunc-
tional helper T cells (Th1, Th17, Th22, and Treg cells) are 
major factors in psoriasis development, because they are re-
sponsible for releasing pro-inflammatory factors (6). Also, in 
patients with psoriasis, there is no satisfactory activation of 
the suppressive function of regulatory T-lymphocytes, which 
in certain conditions can lead to increased proliferation and 
activation of Th1 and Th17 lymphocytes  (7).

There is an increased population of T-helper cells in the skin 
lesions as well as in the peripheral circulation in psoriasis. Per-
centage of each T-cell phenotype or other lymphocyte sub-
populations in the disease pathogenesis is understudied. 
Evaluation of the immunophenotypic profile of lymphocytes 
in psoriasis can be achieved by flow cytometric analysis.

Several instruments are used to assess the severity of psori-
asis. PASI is one of the most widely used tools. Although there 
are some notable limitations of the PASI, it is considered the 
gold standard for measuring disease severity (8).

PASI score (Psoriasis area and severity index), involves 
measuring the surface of the affected skin and assessing the 
severity of skin changes. PASI score values determine the se-
verity of the clinical picture. The minimum value of the PASI 
score is 0 and indicates a disease-free state, and the maximum 
is 72. A PASI value of up to 10 represents mild psoriasis, and 
a PASI value above 10 indicates moderate to severe psori-
asis. Evaluation of the clinical picture (PASI) is a subjective 
method and requires an assessment of the patient’s condition 
to always be perforemd by the same doctor (9).

Currently, there is no cure for psoriasis and there are no 
specific markers that can accurately predict disease progres-
sion and therapeutic response. Therefore, biomarkers for dis-
ease prognosis and treatment response are needed to serve 
clinicians as objective indicators to improve patient manage-
ment and therapy outcomes (10).

2. OBJECTIVE
The aim of this research was to evaluate the immunophe-

notypic profile of lymphocytes obtained by flow cytometry as 
an auxiliary diagnostic tool in the objectivization of the PASI 
score.

3. MATERIAL AND METHODS
The study group included  40 patients with psoriasis who 

were hospitalized and treated at Dermatology Clinic of Clin-
ical center University of Sarajevo and 30 healthy individuals 

as controls. Patients aged ≥ 18 years, clinical diagnosis of 
plauqe psoriasis over 6 months confirmed by pathohistolog-
ical findings. 

The immunological analysis for this study was carried out 
at the Department of Clinical Immunology at Clinical center 
University of Sarajevo. The blood samples were taken into 
EDTA tubes and prepared for determining the immune pro-
file within 48 hours by standard sample preparation proce-
dure. Major lymphocytes  subsets obtained by flow cytometry 
using conjugated monoclonal antibodies: FITC (Fluorescein 
isothiocyanate), PE (phycoerythrin), PerCP (peridinin-chlo-
rophyll-protein complex), APC (allophycocyanin) from BD 
Biosciences (San Jose, CA, USA). 

Measurement of lymphocyte subpopulations was per-
formed on BD FACSCanto II flow cytometer. The results are 
expressed as percentages of immune system cells (CD3, CD4, 
CD8, CD19, CD16+56) labeled by a specific monoclonal an-
tibody.

Based on the PASI score, the severity and area of the disease 
was assessed for all patients in the study. The PASI (Psoriasis 
Area and Severity Index) score is the most commonly used 
scale for determining the state of the disease. The minimum 
PASI score value is 0 and indicates no psoriasis, and the max-
imum value is 72. A score higher than 10 suggests severe pso-
riasis. All healthy individuals in our study had a PASI score 
of 0.

This study was approved by the Ethics Committee of Clin-
ical centre University of Sarajevo, Bosnia and Herzegovina. 

Statistical analysis
For statistical analysis, IBM SPSS version 25.0 for Windows 

has been used. Normality tests, Shapiro-Wilk and Kolmogor-
ov-Smirnov determined that CD3, CD4 and CD8 parameters 
followed normal distribution while paremeters CD19, NK 
and CD3HLA did not. Comparisons between groups were 
performed by the Mann-Whitney U test for non-parametric 
data and student’s T test for parametric data. Correlations be-
tween lymphocyte subpopulations and PASI score were de-
termined by Spearman’s and Pearson’s correlation. Receiver 
operating caracteristic (ROC) curves were constructed for 
parameters that distinguish mild (PASI 10) from moder-
ate-severe (PASI ≥ 10) psoriasis. The area under the curve 
(AUC) and cut-off value for immunological parameters were 
determined. The p-value less than 0.05 was considered as sig-
nificant for all tests.

4. RESULTS
The study included a total 70 subjects; 30 health controls 

and 40 psoriasis patients with disease at various stages based 
on the PASI score. 32 (80%) patients had PASI ≥ 10, which 
is defined as moderate to severe disease. Mild psoriasis PASI 
<10 was assessed in 8 (20%) patients. 

In the group of patients with psoriasis, subjects are older, 
average age: median=56 years (range 35.7-64 years), than 
subjects in the control group: median=48 years (range 35-
57.5 years), but this difference is not statically significant 
(p=0,252).

Our study included 38 (54.2%) males and 32 (45.8%) fe-
males. Gender distribution analysis indicates a greater rep-
resentation of male respondents in both groups in compar-
ison to female (57.5% vs 42.5%  in patients with psoriasis and 
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56.6% vs 43.4% in healthy controls, respec-
tively). Gender differences between groups 
are not significant, p=0.523.  

Correlation coefficient analysis (Table 3) 
shows that the PASI score is correlated with 
NK (r = - 0.297; p = 0.048). The correlation 
is negative and weak. Other observed param-
eters did not show significant correlation to 
PASI.

In order to determine the cut-off value for 
lymphocytes subsets to discriminate mild 
(PASI<10) from moderate-severe psoriasis 
(PASI≥10), receiver operating characteris-
tics curve was established. ROC curves for all 
parameters are displayed on two figures for 
better visibility of the results. (Figure 1.) 

In our study, cut-off value of CD3 in dis-
tinguishing psoriasis severity was 74,5% with 
a sensitivity of 71% and a specificity of 80%; 
cut-off value of CD8 was 24,05 % with a sensi-
tivity of 63% and a specificity of 80%; cut-off 
value of NK was 12,4 % with a sensitivity of 
80% and a specificity of 71%; cut-off value 
of CD3HLA was 7,55 % with a sensitivity of 
60% and a specificity of 68%.

Table 4. shows ROC curve characterisic 
and statistical values of AUC (area under the 
curve) for parameters that distinguish mild 
from moderate-severe psoriasis. The area 
under the curve for CD3, CD8, natural killer 
cells, CD3HLA showed significant difference 
compared to baseline. For parameters CD4 
and CD19 AUC did not show significant dif-
ferences. 

5. DISCUSSION
The statistical analysis of the data showed that the groups 

were age and gender matched, which makes the control and 
experimental groups comparable.  This is the expected data 
and in accordance with the published data of epidemiological 
studies in the world, considering the fact that the disease oc-
curs equally in both sexes (2,11).

The PASI score (Psoriasis area and severity index), a stan-
dardized measuring instrument, which involves measuring 
the surface of the affected skin and assessing the severity of 
skin changes, was used to assess the activity of the disease and 

the severity of the clinical picture. In our study average PASI 
score values in patients with psoriasis were 17.28 ±9.1. Eval-
uation of the clinical picture (PASI) is a subjective method 
and requires assessment of the patient’s condition to always 
be evaluated by the same physician. Other alternatives to the 
PASI have been suggested by researchers (9). Scoring systems 
do not replace the dermatologic clinical examination and 
medical laboratories can play a major role (8,9).

The percentage and number of lymphocyte subpopulations 
(T, B and NK-cells) as immunological indicators of periph-

eral blood were investigated, 
and the immunophenotypic 
characteristics of lymphocytes 
from psoriasis patients were an-
alyzed. This study compares 
certain circulating lymphocyte 
subpopulations in patients with 
psoriasis and healthy subjects. 
Mean values of CD3, CD4 and 
CD8 did not differ significantly 
between psoriasis patients and 
healthy controls. Median values 
of CD19 and NK did not differ 
significantly between psoriasis 

Parameter Group N Mean SD SEM t-test p

CD3
Psoriasis patients 40 77.59 7.22 1.01

0.25 0.79
Healthy control 30 77.12 7.74 1.58

CD4
Psoriasis patients 40 43.82 8.75 1.22

0.26 0.79
Healthy control 30 43.26 8.71 1.74

CD8
Psoriasis patients 40 27.15 9.39 1.31

0.93 0.37
Healthy control 30 25.24 5.59 1.11

Table 1: Mayor lymphocyte subsets CD3, CD4 and CD8 between groups. N=number of 
subjects; Mean=arithmetic mean; SD=standard deviation; SEM=standard error of the mean 
Mean values of CD3, CD4 and CD8 did not differ significantly between psoriasis patients and 
healthy controls.

Parameter Group N
Median
(50%)

IQR
(25%-75%)

Mann-
Whitney U

p

CD19 Psoriasis patients 40 9.90 6.50 13.40
560.5 0.39

Healthy control 30 8.80 6.90 11.75

NK Psoriasis patients 40 9.00 7.00 14.40
546.0 0.31

Healthy control 30 11.70 7.15 20.20

CD3HLA Psoriasis patients 40 10.30 5.35 16.30
408.5 0.015

Healthy control 30 6.30 3.75 9.80

Table 2: Mayor lymphocyte subsets CD19, NK and CD3HLA between groups. N=number of 
subjects; IQR=Interquartile Range Median values of CD19 and NK did not differ significantly 
between psoriasis patients and healthy controls. Median values of CD3HLA were higher in 
psoriasis patients compared to healthy controls, p=0.015.

Pearson correlation Spearman correlation

CD3 CD4 CD8 CD19 NK CD3HLA

PASI
r 0.188 -0.030 0.222 rho -0.051 -0.279 0.048

p-value 0.185 0.837 0.117 p-value 0.722 0.048 0.743

Table 3. Correlation between PASI score and lymphocyte subpopulations. PASI= Psoriasis 
Area and Severity Index; r=Pearson’s correlation coeficient; rho=Spearman’s correlation 
coeficient

Figure 1: ROC curve for CD3, CD4, CD8, CD19, NK, CD3HLA
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patients and healthy controls. Median values of CD3HLA 
were higher in psoriasis patients compared to healthy con-
trols, p=0.015.

Various studies have shown diversity in the reference range 
of lymphocyte subpopulations with respect to gender, age, 
race and other factors. The demographic impact associated 
with variations in lymphocyte levels is also significant. It is 
recommended to use reference values when interpreting and 
presenting the results of lymphocyte subpopulations. There-
fore, the doctor should know the ranges of normal values of 
his own clinical laboratory (12-14).

Analysis of the correlation coefficient in our study shows 
that the severity of the clinical picture (PASI) is correlated 
with NK cells. The correlation is negative and weak (r=-0.297; 
p=0.048). According to our data with lower values of NK cells 
there is a tendency to encounter higher values of PASI score, 
implying a more severe clinical picture.

The full significance of mentioned data is still uncertain. A 
decrease in the number of CD3-CD16+56+ cells may repre-
sent a congenital deficiency of NK cells in patients with psori-
asis. This hypothesis is supported by the fact that NK cells do 
not reach the values found in healthy individuals, so it is pos-
sible that this percentage of the cell population is permanently 
reduced in the peripheral blood of patients with psoriasis. An-
other possible cause leading to decrease in the number of NK 
cells can be explained by the activation of these cells with an-
tigens that are involved in the course of the disease, followed 
by apoptosis. 

Given that we did not study NK cells in the skin, we could 
not rule out that the reduction of NK lymphocytes in the pe-
ripheral blood may be due to the migration of NK cells into 
skin lesions. Further research is needed to clarify the role of 
NK cells in the skin of patients with psoriasis.

Ahn R et al indicated the unique role of NK cells, as a com-
ponent of the innate system, in the pathogenesis of psoriasis. 
This is supported by the fact that NK cells appear very early 
at the site of injury/inflammation, where they participate in 
defense initiation and inflammatory response (15). NK cells 
induce T lymphocyte migration into the epidermis by sup-
pressing keratinocyte proliferation. Activated NK cells pro-
duce IFN-γ, and other cytokines, such as IL-2 and TNF-α 
(Th1 cytokines), which modulate the autoimmune process in 
psoriasis. This is also demonstrated in other studies (16).

In our study, an association between NK cells and the se-
verity of the clinical picture (PASI) was demonstrated, which 
is in contrast to older results of Langewouters and colleagues 

who did not notice this correlation (17). Newer studies 
identified a definite association between circulating 
white blood cells and psoriasis, even on basic results from 
peripheral blood eosinophils, NLR, PLR, without flow-
cytometric aproach (18).

Flow cytometry enables the evaluation of the co-ex-
pression of CD3 and HLA-DR markers on lympho-
cytes. The expression level of HLA-DR on lymphocytes 
is a measure of the immune activation in vivo. CD3+H-
LA-DR+ cells are activated T lymphocytes, with median 
(IQR) values in patients with psoriasis 10.3 (5.35-16.3), 
higher compared to healhty controls 6.3 (3.75-9.8). The 
difference is statistically significant, p = 0.015.

The main populations of efector cells in the psoriatic 
immune response are activated lymphocytes with their sub-
populations (helper CD4+ and cytotoxic CD8+ lympho-
cytes). Activated CD4+ -lymphocytes move from the circu-
lation to the skin and accumulate in the dermis, while CD8+ 
mostly infiltrate the epidermis. Objects of efector T-lympho-
cytes act on target cells, either by secreting cytotoxins (per-
forin and granzyme) or by means of molecules attached to 
the membrane of cytotoxic cells. However, the role of cellular 
cytotoxicity mechanisms in the pathogenesis of psoriasis has 
not yet been sufficiently investigated (19).

Psoriasis is more than just a CD4 type disease, and signifi-
cant roles is played by effector cell subsets, CD8+ T cells, den-
tridic cells, NK cells, in the immunopathogenesis. Contem-
poraray data in the pathogenesis of psoriasis has shown novel 
treatment modalities. Future research of environmental trig-
gers are necessary to address the needs of personalized med-
icine in the treatment of psoriasis. Clinical laboratories and 
immunophenotypic profiling will play a major role in manag-
ment of psoriasis, starting with determining reference and 
cut-off values. 

Based on the ROC curves in our study, we determined 
CD3, CD8, NK and CD3HLA as markers that can differen-
tiate PASI below and above 10. Cut-off value for CD3=74,5%, 
CD8=24,05%, NK=12,4%, CD3HLA=7,55%.

6. CONCLUSION
Immunophenotyping of peripheral blood can play an im-

portant role as an auxiliary diagnostic method in differenti-
ating the clinical stages of psoriasis and objectifying the PASI 
score. Relative values for T lymphocytes (CD3), cytotoxic T 
lymphocytes (CD8), and natural killer cells (NK cells) and 
activated T limphocytes (CD3HLA) were defined as bio-
markers capable of distinguishing psoriasis according to the 
severity disease. Determining the main subsets of lympho-
cytes using flow cytometry can be a diagnostic option for 
monitoring the activity of this disease as well as evaluating 
the effectiveness of therapy.
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Parameter 
(%)

AUC-ROC SE
95% CI p

Lower-
Bound

Upper 
Bound

CD3 0.799 0.068 0.666 0.931 0.004

CD4 0.479 0.085 0.313 0.646 0.840

CD8 0.733 0.073 0.590 0.876 0.023

CD19 0.533 0.109 0.319 0.747 0.749

NK 0.772 0.069 0.637 0.906 0.008

CD3HLA 0.347 0.067 0.215 0.479 0.034

Table 4. ROC curves characteristics for major lymphocite substes (CD3, CD4, 
CD8, CD19, NK, CD3HLA). SE=standard error; p=statistical significance; 
AUC=Area Under the Curve; ROC= receiver operating characteristic; CI= 
confidence intervals



210 ORIGINAL PAPER / ACTA INFORM MED. 2023, 31(3): 206-210

Psoriasis Area and Severity Index (PASI) Objectivisation by Flow Cytometry Analysis of Major Lymphocytes Subsets

REFERENCES
1. Hudgens S, Howerter A, Keith S, Evans C, Pelletier C. Develop-

ment and validation of a psoriasis treatment acceptability mea-
sure through group concept mapping. Health Qual Life Outcomes. 
2023 Aug 8; 21(1): 83. doi: 10.1186/s12955-023-02162-6.

2. Steven R Feldman. Psoriasis: Epidemiology, clinical manifesta-
tions, and diagnosis. Post TW, ed. UpToDate. Waltham, MA: Up-
ToDate Inc. http://www.uptodate.com. Literature review current 
through: Jul 2023. Topic last updated: Sep 12, 2022.

3. Ortiz-Lopez LI, Choudhary V, Bollag WB. Updated Perspectives 
on Keratinocytes and Psoriasis: Keratinocytes are More Than In-
nocent Bystanders. Psoriasis (Auckl). 2022 May 2;12: 73-87. doi: 
10.2147/PTT.S327310.

4. Strychalski ML, Brown HS, Bishop SC. Cytokine Modulators in 
Plaque Psoriasis - A Review of Current and Prospective Biologic 
Therapeutic Approaches. JAAD Int. 2022 Aug 27; 9: 82-91. doi: 
10.1016/j.jdin.2022.08.008.

5. Cruz CJG, Yang CC. Clinical application of serum biomark-
ers for detecting and monitoring of chronic plaque psoria-
sis. Front Mol Biosci. 2023 Jul 21; 10: 1196323. doi: 10.3389/
fmolb.2023.1196323.

6. Hu P, Wang M, Gao H, Zheng A, Li J, Mu D, Tong J. The Role 
of Helper T Cells in Psoriasis. Front Immunol. 2021 Dec 15; 12: 
788940. doi: 10.3389/fimmu.2021.788940.

7. Evers BDG, Hils M, Heuser C, Hölge IM, Argiriu D, Skabytska Y, 
Kaesler S, Posch C, Knolle PA, Biedermann T. Inflammatory Cues 
Direct Skin-Resident Type 1 Innate Lymphoid Cells to Adopt 
a Psoriasis-Promoting Identity. JID Innov. 2023 Apr 25; 3(4): 
100204. doi: 10.1016/j.xjidi.2023.100204.

8. Oji V, Luger TA. The skin in psoriasis: assessment and challenges. 
Clin Exp Rheumatol. 2015 Sep-Oct; 33(5 Suppl 93): S14-9. Epub 
2015 Oct 15. 

9. Papp KA, Lebwohl MG, Kircik LH, Pariser DM, Strober B, Krueger 
GG, Berk DR, Navale L, Higham RC. The Proposed PASI-HD Pro-
vides More Precise Assessment of Plaque Psoriasis Severity in Ana-
tomical Regions with a Low Area Score. Dermatol Ther (Heidelb). 
2021 Aug; 11(4): 1079-1083. doi: 10.1007/s13555-021-00572-2. 
Epub 2021 Jul 8. 

10. Honma M, Nozaki H. Molecular Pathogenesis of Psoriasis and 
Biomarkers Reflecting Disease Activity. J Clin Med. 2021 Jul 21; 
10(15): 3199. doi: 10.3390/jcm10153199.

11. Kim YH, Kim SI, Park B, Lee ES. Clinical Characteristics of Psoria-
sis for Initiation of Biologic Therapy: A Cluster Analysis. Ann Der-
matol. 2023 Apr; 35(2): 132-139. doi: 10.5021/ad.22.148.

12. Louati N, Rekik T, Menif H, Gargouri J. Blood lymphocyte T sub-
sets reference values in blood donors by flow cytometry. Tunis 
Med. 2019 Feb; 97(2): 327-334.

13. Zhang L, Zhong H, Wei B, Fan J, Huang J, Li Y, Liu W. Establish-
ing Reference Values for Peripheral Blood Lymphocyte Subsets of 
Healthy Children in China Using a Single Platform. J Immunol Res. 
2022 Aug 17; 2022: 5603566. doi: 10.1155/2022/5603566.

14. Besci Ö, Başer D, Öğülür İ, Berberoğlu AC, Kıykım A, Besci T, Leb-
lebici A, Ellidokuz H, Boran P, Özek E, Haklar G, Özen A, Barış S, 
Aydıner E. Reference values for T and B lymphocyte subpopula-
tions in Turkish children and adults. Turk J Med Sci. 2021 Aug 30; 
51(4): 1814-1824. doi: 10.3906/sag-2010-176.

15. Ahn R, Vukcevic D, Motyer A, Nititham J, Squire DM, Hollenbach 
JA, Norman PJ, Ellinghaus E, Nair RP, Tsoi LC, Oksenberg J, Foer-
ster J, Lieb W, Weidinger S, Franke A, Elder JT, Jorgenson E, Leslie 
S, Liao W. Large-Scale Imputation of KIR Copy Number and HLA 
Alleles in North American and European Psoriasis Case-Control 
Cohorts Reveals Association of Inhibitory KIR2DL2 With Psori-
asis. Front Immunol. 2021 Jun 11;12:684326. doi: 10.3389/fim-
mu.2021.684326. PMID: 34177931

16. Shang L, Cao J, Zhao S, Zhang J, He Y. TYK2 in Immune Respons-
es and Treatment of Psoriasis. J Inflamm Res. 2022 Sep 16; 15: 
5373-5385. doi: 10.2147/JIR.S380686. 

17. Langewouters AMG, van Erp PEJ, de Jong EMGJ et al. Lympho-
cyte subsets in peripheral blood of patients with moderate-to-se-
vere versus mild plaque psoriasis. Arch Dermatol Res 2008; 300: 
107–113.

18. Zhou G, Ren X, Tang Z, Li W, Chen W, He Y, Wei B, Zhang H, Ma 
F, Chen X, Zhang G, Shen M, Liu H. Exploring the association and 
causal effect between white blood cells and psoriasis using large-
scale population data. Front Immunol. 2023 Feb 14; 14: 1043380. 
doi: 10.3389/fimmu.2023.1043380. 

19. Deng, Y., Chang, C. & Lu, Q. The Inflammatory Response in Pso-
riasis: a Comprehensive Review. Clinic Rev Allerg Immunol. 2016;  
50;: 377–389..Available at  https://doi.org/10.1007/s12016-016-
8535-x


