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Abstract

Background: Dual specificity phosphatase 22 (DUSP22) plays an important role in the
regulation of immune and inflammation, but its correlation with clinical features and
treatment outcome in psoriasis patients is still unclear. This study was to investigate
the longitudinal change of DUSP22 with time, as well as its association with disease
activity and treatment response in psoriasis patients.

Methods: Totally, 120 psoriasis patients, 50 patients with other skin inflammations as
disease controls (DCs), and 50 health controls (HCs) were recruited. Serum samples
were collected from psoriasis patients at baseline, month (M)1, M3, and Mé after ini-
tiation of etanercept-based treatment as well as from DCs and HCs after enrollment
to assess DUSP22 level by enzyme-linked immunosorbent assay.

Results: DUSP22 was lower in psoriasis patients than in HCs and DCs (both p < 0.001).
Besides, in psoriasis patients, DUSP22 was associated with lower psoriasis area sever-
ity index (PASI) score (p = 0.001) and systemic biological treatment history (p = 0.023),
but not with other demographics, disease characteristics, or treatment history (all
p>0.05). In addition, DUSP22 was increased with time (p < 0.001) in total patients.
Moreover, DUSP22 at M3 (p = 0.004) and M6 (p < 0.001) was higher in response
patients than in non-response patients evaluated by PASI 75. Additionally, DUSP22 at
M3 (p < 0.001) and Mé (p = 0.003) was also increased in response patients compared
with non-response patients evaluated by PASI 90.

Conclusion: DUSP22 decreases and negatively correlates with disease activity, while
its longitudinal elevation with time reflects satisfactory treatment response in psoria-

sis patients.
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1 | INTRODUCTION

Psoriasis is a chronic inflammatory autoimmune disease consisting
of psoriasis vulgaris, erythrodermic psoriasis, pustular psoriasis, etc.,
which often occurs with inflammatory response in joints, nails, or
other organs and frequently associates with a high risk of comor-
bidities, such as obesity, psoriatic arthritis, and Crohn's disease.’™
Its prevalence is approximately 2% worldwide, which varies among
different races, countries, and regions.3 Although the management
of psoriasis has been improved over the past few decades and
treatment methods are effective for psoriasis patients, including
biological agents, vitamin D analogues, immune inhibitors, topical
corticosteroids, and phototherapy, non-response to treatment still
exists and bothers patients and their families.>® Therefore, it might
be necessary to find out new biomarkers to better reflect psoriasis
risk, disease activity, and treatment outcome, then further improv-
ing the management of psoriasis patients.

Dual specificity phosphatase 22 (DUSP22), also named C-Jun N-
terminal kinase (JNK) pathway-associated phosphatase (JAKP), is a
tyrosine phosphatase with 184 amino acid residues extensively ex-
pressed in human tissues and systems.7 It is reported that DUSP22
involves in T-cell activity and immunity. For instance, via activating
lymphocyte-specific protein tyrosine kinase (Lck), DUSP22 sup-
presses T-cell receptor (TCR) signaling, which contributes to the T
cell-mediated immunity and autoimmunity’; DUSP22 inhibits T-cell
activation, while its knockout in mice triggers autoimmunity and
participates in the pathogenesis of systemic lupus erythematosus
(SLE).2 Meanwhile, in patients with psoriasis, functional defects
in CD4*CD25" forkhead box protein 3 (Foxp3)" regulatory T cells
(Tregs) inhibit the excess immune response and mediate homeosta-
sis, further contributing to the pathogenesis of psoriasis.” Besides,
it is also suggested that DUSP22 plays clinical functions in immune-
or inflammation-related diseases. For example, DUSP22 has pos-
itive association with treatment response in rheumatoid arthritis
(RA) patients'; blood DUSP22 negatively associates with T helper
(Th)1 and Th 17 in sepsis patients.!! Since psoriasis is an immune
disease accompanied by inflammatory indications and based on the
above information, we hypothesized that DUSP22 might serve as a
potential biomarker for disease activity and treatment outcome of
psoriasis.

This study aimed to investigate the abnormality of DUSP22 level,
its longitudinal change with time, and its correlation with clinical

characteristics and treatment response in psoriasis patients.

2 | METHODS

2.1 | Subjects

From January 2018 to November 2020, one hundred and twenty
psoriasis patients were consecutively enrolled in this study. The en-
rolled patients were required to meet the following conditions: (a)
diagnosed as psoriasis; (b) more than 18 years old; (c) confirmed as

moderate to severe psoriasis, which was defined as psoriasis area
severity index (PASI) score >8 and the psoriatic body surface area
(BSA) >10%; (d) plaque type applicable and were willing to receive
etanercept-based treatment. The patients were excluded from the
study for any of the following reasons: (a) presented as pustular pso-
riasis or psoriatic arthritis; (b) history of cancers or hematological
malignancies; and (c) pregnant or lactating women. In addition, from
January 2018 to November 2020, fifty patients with other skin in-
flammations and fifty health subjects were also enrolled in the study
as disease controls (DCs) and health controls (HCs), respectively.
To eliminate the potential bias, the age and gender of DCs and HCs
were matched to the psoriasis patients. All subjects provided written
informed consents before enrollment, and the study was approved

by the Institutional Review Board.

2.2 | Datacollection

Demographic characteristics of all subjects were gathered for the
study use. For psoriasis patients specifically, clinical characteristics
were also collected, which included disease duration, psoriatic BSA,
PASI score, history of topical therapy, history of phototherapy, his-
tory of systemic non-biologic treatment, and history of systemic bio-
logic treatment. In addition, current treatment regimens apart from

etanercept of psoriasis patients were recorded as well.

2.3 | Sample collection and assessment

Serum samples were collected from psoriasis patients at admission
as well as from DCs and HCs after enrollment. For psoriasis pa-
tients, serum samples were also obtained at month 1 (M1), month
3 (M3), and month 6 (Mé) after initiation of etanercept-based treat-
ment. Sequentially, serum samples were used to assess the level of
DUSP22 by enzyme-linked immunosorbent assay (ELISA) using com-
mercial human ELISA kits (Shanghai Enzyme-linked Biotechnology
Co., Ltd). The ELISA procedures were carried out according to the
instruction from the manufacturer.

2.4 | Treatment and assessment

All patients were treated by etanercept subcutaneously at a dose of
25 mg twice a week.!? Meanwhile, topical therapy, phototherapy, or
systemic non-biologic treatment was applied as combination therapy
based on clinical needs. During treatment, PASI score was assessed
at baseline (M0), M1, M3, and Mé after initiation of the treatment,
which was assessed on the basis of erythema, scales, and thickness
at four anatomical sites of head, upper extremities, trunk, and lower
extremities. PASI score ranged from O (no disease) to 72 (most severe
disease). On the basis of the PASI score, PASI 75 response and PASI 90
response were used to evaluate treatment efficacy. PASI 75 response
was defined as patients achieving a 75% decrease in PASI score from
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the baseline; PASI 90 response was defined as patients achieving a
90% decrease in PASI score from the baseline. Based on the PASI 75
response at M6 and PASI 90 response at M6, the psoriasis patients
were divided as response patients and non-response patients.

2.5 | Statistical analysis

A total of 16 psoriasis patients lost follow-up during 6 months, which
were analyzed with the last observation carried forward (LOCF)
method. Statistical analysis and graph plotting were completed
by SPSS 24.0 (IBM Corp., Armonk, New York, USA) and GraphPad
Prism 6.01 (GraphPad Software Inc.), respectively. Comparison of
DUSP22 between two groups was determined by the Wilcoxon rank
sum test, and receiver operating characteristic (ROC) curve analysis
was used to evaluate the performance of DUSP22 in distinguishing
different subjects. Correlation of two continuous variables was de-
termined by the Spearman's rank correlation test, and correlation of
continuous variable and dichotomous variable was analyzed by the
Wilcoxon rank sum test. The change of DUSP22 level over time was
assessed by the Friedman test. A p value <0.05 indicated a statistical

significance.

3 | RESULTS
3.1 | Clinical characteristics of psoriasis patients

A total of 120 psoriasis patients were recruited in this study, whose
clinical characteristics are shown in Table 1. In short, the mean age
of psoriasis patients was 52.7 + 11.7 years. There were 43 (35.8%)
females and 77 (64.2%) males. Besides, the median (interquartile
range) psoriatic BSA was 17.0 (14.0-22.0) % and the mean PASI
score was 13.3 + 4.9 in psoriasis patients. Moreover, in terms of
the current treatment, 100 (100.0%), 94 (78.3%), 62 (51.7%), and 46
(38.3%) patients received etanercept, topical therapy, phototherapy,

and systemic non-biologic treatment, respectively.

3.2 | DUSP22 in psoriasis patients, HCs, and DCs

DUSP22 was decreased in psoriasis patients than in HCs (p < 0.001);
meanwhile, the receiver operating characteristic (ROC) curve
showed that DUSP22 possessed good capability in discriminating
psoriasis patients from HCs with area under curve (AUC) of 0.886
(95% confidence interval (Cl): 0.836-0.936) (Figure 1A-B). Besides,
DUSP22 in psoriasis patients was also lower than that in DCs
(p < 0.001); meanwhile, DUSP22 had certain ability of distinguishing
psoriasis patients from DCs, of which AUC was 0.743 and 95%Cl was
0.665-0.821 (Figure 1C-D). Moreover, DUSP22 was declined in DCs
compared with HCs (p = 0.001). Furthermore, DUSP22 possessed
certain potential in differentiating DCs from HCs, with AUC of 0.689
and 95%Cl of 0.584-0.794 (Figure 1E-F).

WI LEYM

TABLE 1 Clinical characteristics of psoriasis patients

Items

Demographics
Age (years), mean + SD
Gender, no. (%)
Female
Male
BMI (kg/mz), mean + SD
Disease characteristics
Disease duration (years), median (IQR)
Psoriatic BSA (%), median (IQR)
PASI score, mean + SD
Treatment history
History of topical therapy, no. (%)
No
Yes
History of phototherapy, no. (%)
No

Yes

Psoriasis
patients
(N =120)

527 +11.7

43 (35.8)
77 (64.2)
239+ 34

7.0 (4.0-14.8)
17.0 (14.0-22.0)
13.3+4.9

9(7.5)

111 (92.5)

19 (15.8)
101 (84.2)

History of systemic non-biologic treatment, no. (%)

No

Yes

History of systemic biologic treatment, no. (%)

No
Yes
Current treatment

Etanercept, no. (%)
No
Yes

Topical therapy, no. (%)
No
Yes

Phototherapy, no. (%)
No

Yes

Systemic non-biologic treatment, no. (%)

No
Yes

41 (34.2)
79 (65.8)

102 (85.0)

18 (15.0)

0(0.0)

100 (100.0)

26(21.7)
94 (78.3)

58 (48.3)
62 (51.7)

74 (61.7)
46 (38.3)

Abbreviations: BMI, body mass index; BSA, body surface area; IQR,
interquartile range; PASI, psoriasis area severity index; SD, standard

deviation.

3.3 | Correlation of DUSP22 with clinical

characteristics in psoriasis patients

DUSP22 was negatively correlated with PASI score (r, = -0.313,
p = 0.001), but positively associated with history of systemic
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biological treatment (p = 0.023) in psoriasis patients; however, no
correlation was found in DUSP22 with other clinical features in pso-
riasis patients (all p > 0.05) (Figure 2A-J).

3.4 | Correlation of DUSP22 with
treatment response

The treatment response rate evaluated by PASI 75 at M1, M3, and
M6 was 13.3%, 34.2%, and 68.3%, respectively, and that evaluated
by PASI 90 at M1, M3, and Mé was 1.7%, 18.3%, and 35.0%, re-
spectively (Table 2). After treatment, DUSP22 elevated over time in
psoriasis patients (p < 0.001) (Figure 3).

Notably, DUSP22 increased with time in response patients
evaluated by PASI 75 (p < 0.001), response patients evaluated by
PASI 90 (p < 0.001), and non-response patients evaluated by PASI

90 (p < 0.001); however, no difference was discovered in DUSP22
at different time points among non-response patients evaluated
by PASI 75 (p = 0.659) (Figure 4A-D). Furthermore, DUSP22 at M3
(p = 0.004) and M6 (p < 0.001), but not at MO or M1, was higher
in the response patients than in the non-response patients evalu-
ated by PASI 75 (Figure 5A). Additionally, DUSP22 at M3 (p < 0.001)
and M6 (p = 0.003), but not at MO or M1, was also increased in the
response patients compared with the non-response patients evalu-
ated by PASI 90 (Figure 5B). Furthermore, according to the forward
stepwise multivariate logistic regression analysis, DUSP22 at Mé
(p = 0.003, odds ratio (OR) = 1.015) and history of topical therapy
(yes vs. no) (p = 0.060, OR = 4.196) were independently associated
with better treatment response in psoriasis patients evaluated by
PASI 75 at M6, and DUSP22 at Mé was also independently cor-
related with satisfactory treatment response in psoriasis patients
evaluated by PASI 90 at Mé (p = 0.001, OR = 1.012) (Table S1).
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FIGURE 2 Correlation of DUSP22 with psoriasis patients' features. Association of DUSP22 with age (A), gender (B), BMI (C), disease
duration (D), psoriatic BSA (E), PASI score (F), history of topical therapy (G), history of phototherapy (H), history of systemic non-biologic
treatment (1), history of systemic biologic treatment (J) in psoriasis patients. DUSP22, dual specificity phosphatase 22; BMI, body mass index;

BSA, body surface area; PASI, psoriasis area severity index

TABLE 2 Treatment response rate at
different time points
Items

Number of patients (n)

Percentage (%)

PASI 75 PASI 90
M1 M3 Mé M1 M3 Mé
16 a1 82 2 22 42
13.3 34.2 68.3 1.7 18.3 35.0

Abbreviations: M1, one month; M3, three months; M6, six months; PASI 75, psoriasis area severity
index score declines more than 75%; PASI 90, psoriasis area severity index score declines more

than 90%.

4 | DISCUSSION

In the present study, we found that: (1) DUSP22 was decreased
in psoriasis patients than in HCs and DCs; besides, DUSP22 could
distinguish psoriasis patients from HCs and DCs; (2) DUSP22 was
negatively associated with PASI score and positively correlated
with history of systemic biologic treatment in psoriasis patients; (3)
DUSP22 increased with time after treatment and its longitudinal el-
evation positively associated with treatment response to etanercept
in psoriasis patients.

Regarding the DUSP22 level in patients with immune diseases
and HCs, a precious study shows that DUSP22 is lower in juvenile
idiopathic arthritis (JIA) patients than in HCs.*® Another study sug-
gests that DUSP22 is downregulated in patients with active Crohn's
disease and ulcerative colitis compared to HCs.1* Additionally,
DUSP22 in RA patients is reduced than that in HCs.* In our study,
we observed that DUSP22 was lower in psoriasis patients than in

HCs and DCs, which could be explained by that: DUSP22 inhibited
TCR and attenuated T cell-mediated immune response through in-
activating Lck, which might affect the development of psoriasis.7 |
addition, we also found that DUSP22 could discriminate psoriasis
patients from HCs and DCs, indicating the potential of DUSP22 as a
biomarker for psoriasis risk.

In terms of the association of DUSP22 with clinical features in

inflammation-related diseases, it is reported that DUSP22 correlates

n

with milder disease severity and lower level of inflammation cytokines
in sepsis.’” It is also revealed that in asthmatic exacerbation children,
DUSP22 negatively associates with eosinophil count and immuno-
globulin E.* Besides, DUSP22 is negatively correlated with Unified
Parkinson's Disease Rating Scale (UPDRS)-I score and UPDRS-Ill score
in Parkinson patients.” In our study, we discovered that DUSP22 was
negatively associated with PASI score and positively correlated with
history of systemic biologic treatment in psoriasis patients. Possible
reasons might be that: (1) DUSP22 could suppress T-cell activation
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and the proliferation of CD4* T cells through JNK pathway,** which
would alleviate inflammation and subsequently result in less serious
skin lesion in psoriasis; DUSP22 could suppress the activity of T-cell

immune response, which played an important role in the function

22 =50.295, P < 0.001

AN
o
2
(@]

1
0 - . . .
MO M1 M3 M6

FIGURE 3 Change of DUSP22 with time. DUSP22, dual
specificity phosphatase 22; M, month

2?=60.585, P < 0.001

N
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P
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(@]

£ 150

N

& 100

& T

0 50
g

0 T T T T

MO M1 M3 M6

Response patients evaluated by PASI 90

of keratinocytes, then further slowing down the aberrant prolifera-
tion of keratinocytes and causing a lower disease activity in psori-
asis patients.7’18 Thus, DUSP22 showed a negative correlation with
PASI score in psoriasis patients; (2) as DUSP22 was negatively cor-
related with inflammatory levels (as in various inflammation-related

71516 and systemic biologic treatment had strong anti-

diseases),
inflammation effect, and thus, DUSP22 was positively correlated with
history of systemic biologic treatment in psoriasis patients.
Concerning the correlation of DUSP22 with treatment response
in inflammation-related disease, it has been illustrated that DUSP22
increases gradually with treatment time and positively associates
with treatment response in RA patients'®; meanwhile, increment of
DUSP22 during etanercept treatment is also correlated with satis-
factory treatment response in RA patients.19 Moreover, circulating
DUSP22 relates to treatment response and serves as a novel bio-
marker for predicting clinical response in Crohn's disease patients.”
In our study, we also conducted this rare analysis in psoriasis; subse-
quently, we discovered that DUSP22 increased over time after treat-
ment and its longitudinal elevation was positively associated with

treatment response to etanercept in psoriasis patients. Explanations

72 =1.604, P=0.659

N |
8- 100

2

(@]

i

0 . . : :
MO M1 M3 M6
Non-response patients evaluated by PASI 75

(D)
250 272 =18.492, P < 0.001
E' 200
(@]
£ 150
N
o
2
0 50
.
0 T

MO M1 M3 M6
Non-response patients evaluated by PASI 90

FIGURE 4 DUSP22 plaque type in response or non-response patients. Change of DUSP22 with time in response (A) and non-response
patients (B) evaluated by PASI 75, as well as in response (C) and non-response patients (D) evaluated by PASI 90. DUSP22, dual specificity
phosphatase 22; PASI, psoriasis area severity index; M, month
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FIGURE 5 Comparison of DUSP22 between response patients and non-response patients. Comparison of DUSP22 between response
and non-response patients evaluated by PASI 75 (A); comparison of DUSP22 between response and non-response patients evaluated by
PASI 90 (B). DUSP22, dual specificity phosphatase 22; PASI, psoriasis area severity index; M, month

could be listed as follows: (1) etanercept was a tumor necrosis fac-
tor (TNF)-a inhibitor, which inhibited inflammation and immune re-
sponse,?® and DUSP22 reflected decreased inflammation level,*®
thus DUSP22 elevated with time; (2) DUSP22 was associated with
milder disease activity as above mentioned; therefore, it might indi-
rectly reflect better treatment response.

Although a lot of findings were identified in this study, there still
existed several limitations. First, the sample size could be expanded
to improve the statistical power. Second, since etanercept was only
suitable for plaque type patients, patients with other types of pso-
riasis were excluded from this study. Thus, our findings were not
applicable in patients with other types of psoriasis except the plaque
type. The potential of DUSP22 as a biomarker in these patients might
be further explored in future. Third, this study did not investigate the
molecular mechanism of DUSP22 in the progression of psoriasis, and
thus, in vivo and in vitro experiments could be conducted. Fourth, we
did not detect the keratinocyte level, and thus, subsequent study
could be performed on the correlation of DUSP22 in keratinocyte
with clinical features and treatment response in psoriasis.

Conclusively, DUSP22 is insufficiently expressed and negatively
correlated with disease activity in psoriasis patients, while its longi-
tudinal increase with time reflects satisfactory treatment response
in psoriasis patients.

ACKNOWLEDGMENT
This study was supported by Fund project of Hubei Health
Commission (No. WJ2019F048).

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of interest.

DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this article as no datasets were gen-
erated or analyzed during the current study.

ORCID
Jiaoli Yang " https://orcid.org/0000-0002-0309-0473
REFERENCES

1. Kim WB, Jerome D, Yeung J. Diagnosis and management of psoria-
sis. Can Fam Physician. 2017;63(4):278-285.

2. Kaushik SB, Lebwohl MG. Psoriasis: which therapy for which pa-
tient: Psoriasis comorbidities and preferred systemic agents. J Am
Acad Dermatol. 2019;80(1):27-40.

3. Rendon A, Schakel K. Psoriasis pathogenesis and treatment. Int J
Mol Sci. 2019;20(6):1475.

4. Deng Y, Chang C, Lu Q. The inflammatory response in pso-
riasis: a comprehensive review. Clin Rev Allergy Immunol.
2016;50(3):377-389.

5. Armstrong AW, Read C. Pathophysiology, clinical pre-
sentation, and treatment of psoriasis: a review. JAMA.
2020;323(19):1945-1960.

6. Reid C, Griffiths CEM. Psoriasis and treatment: past, present and
future aspects. Acta Derm Venereol. 2020;100(3):adv00032.

7. ShiX, Yang W, Wang N, Zhu J. Circulating JNK pathway-associated
phosphatase level correlates with decreased risk, activity, inflam-
mation level and reduced clinical response to tumor necrosis factor-
alpha inhibitor in Crohn disease patients. Medicine (Baltimore).
2019;98(33):e16622.

8. Chuang HC, Chen YM, Hung WT, et al. Downregulation of the
phosphatase JKAP/DUSP22 in T cells as a potential new bio-
marker of systemic lupus erythematosus nephritis. Oncotarget.
2016;7(36):57593-57605.

9. Kanda N, Hoashi T, Saeki H. The defect in regulatory T cells in pso-
riasis and therapeutic approaches. J Clin Med. 2021;10(17):3880.

10. Sun L, Tu J, Chen X, et al. JNK pathway-associated phosphatase
associates with rheumatoid arthritis risk, disease activity, and its
longitudinal elevation relates to etanercept treatment response. J
Clin Lab Anal. 2021;35(4):e23709.

11. Yu D, Peng X, Li P. The correlation between Jun N-terminal kinase
pathway-associated phosphatase and Th1 cell or Th17 cell in sepsis
and their potential roles in clinical sepsis management. Ir J Med Sci.
2021;190(3):1173-1181.

12. Cassano N, Loconsole F, Galluccio A, Miracapillo A, Pezza M, Vena
GA. Once-weekly administration of high-dosage Etanercept in


https://orcid.org/0000-0002-0309-0473
https://orcid.org/0000-0002-0309-0473

80of 8
' | WILEY

13.
14.

15.

16.

17.

18.

EET AL

patients with plaque psoriasis: results of a pilot experience (power
study). Int J Immunopathol Pharmacol. 2006;19(1):225-229.

Zhu S, Lv H, Luo Y, Huang Q, Shen J. JNK pathway-associated
phosphatase as a serum marker for disease activity and treat-
ment outcome of juvenile idiopathic arthritis. Tohoku J Exp Med.
2021;253(1):19-28.

Zhou R, Chang, Liu J, et al. JNK pathway-associated phosphatase/
DUSP22 suppresses CD4(+) T-cell activation and Th1/Th17-cell
differentiation and negatively correlates with clinical activity in in-
flammatory bowel disease. Front Inmunol. 2017;8:781.

Zhao M, Huang X. Downregulation of JKAP is correlated with ele-
vated disease risk, advanced disease severity, higher inflammation,
and poor survival in sepsis. J Clin Lab Anal. 2019;33(7):e22945.
Han H, Lu J, Chen C, Wang Y, Han Y. Reduced JKAP correlates
with advanced disease features, inflammation, as well as increased
exacerbation risk and severity in asthmatic children. Ir J Med Sci.
2021;190(3):1079-1085.

Yang Q, Zhuang J, Cai P, Li L, Wang R, Chen Z. JKAP relates to dis-
ease risk, severity, and Th1 and Th17 differentiation in Parkinson's
disease. Ann Clin Transl Neurol. 2021;8(9):1786-1795.

Ni X, Lai Y. Keratinocyte: a trigger or an executor of psoriasis? J
Leukoc Biol. 2020;108(2):485-491.

19. Mou XY, Jin D, Zhang Q, Guan JT, Jin Y. JKAP correlates with lower
disease risk and inflammation, and its increment during etaner-
cept treatment associates with commendable treatment effi-
ciency in rheumatoid arthritis patients. Eur Rev Med Pharmacol Sci.
2021;25(6):2654-2661.

20. Pan A, Gerriets V. Etanercept. In: StatPearls. Treasure Island
(FL)2021.

SUPPORTING INFORMATION
Additional supporting information may be found in the online

version of the article at the publisher’s website.

How to cite this article: E C, Fang Y, Wu S, Meng Z, Qin G,
Yang J. Dual specificity phosphatase 22 relates to skin lesion
degree and biologics history, while its longitudinal elevation
during treatment reflects better outcome in psoriasis patients.
J Clin Lab Anal. 2022;36:€24199. doi:10.1002/jcla.24199


https://doi.org/10.1002/jcla.24199

