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Background: Psoriasis is an immune-mediated chronic systemic inflammatory skin disease whose diagnosis and severity assessment
pose challenges for clinicians worldwide. The use of serum biomarkers facilitates the early diagnosis and treatment of psoriasis.
Methods: This case—control study compared tumor necrosis factor o (TNF-a), interleukin (IL)-6, IL-17, IL-10, and fibrinogen-like protein
1 (FGL1) levels of 139 untreated psoriasis patients and 140 healthy controls. Serum samples were collected, and enzyme-linked
immunosorbent assays were performed to quantify their levels. Subgroups were analyzed according to abnormal lipid metabolism status.
Results: Compared to controls, patients with psoriasis exhibited lower concentrations of serum TNF-a, IL-17, and FGL1 (P < 0.05).
A correlation analysis showed that FGL1 was inversely correlated with high-density lipoprotein cholesterol and IL-17 in the psoriatic
state. Stepwise multiple regression analysis revealed that FGL1 and total cholesterol were the independent determinants of Psoriasis
Area and Severity Index (PASI) score in psoriasis patients. The area under the receiver operating characteristic curve of FGL1
assessing moderate-to-severe psoriasis and mild psoriasis was 0.70, while the area under the curve (AUC) assessing severe psoriasis
and mild-to-moderate psoriasis was 0.67, better than that of IL-17. In addition, FGL1, but not IL-17, was able to identify psoriasis with
abnormal lipid metabolism to a certain extent (AUC = 0.60).

Conclusion: In conclusion, serum FGL1 may be a promising biomarker for diagnosing and staging psoriasis. It may also be involved
in its progression and comorbid abnormal lipid metabolism.
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Background

Psoriasis is an immune-mediated systemic inflammatory skin disease that affects approximately 2—4% of the world’s
population.' Although its etiology is unclear, it presumably involves the interaction of environmental factors and a genetic
predisposition.” Its typical clinical signs are erythema, infiltration, scaling, and cribriform hemorrhage accompanied by
pruritus or pain, seriously affecting patient quality of life.

Dysregulation of the skin’s immune system is among the most important pathogenic mechanisms underlying psoriasis.
Tumor necrosis factor-o (TNF-a) and interleukin (IL)-6 are the earliest main pro-inflammatory factors in the inflammatory
response that activates neutrophils and lymphocytes.** Upon TNF-a and IL-6 production, dendritic cells transform into
mature antigen-presenting cells and start producing cytokines such as IL-23 and IL-12, which further affect T cell
differentiation.” T helper (Th) 17 activation stimulates the overexpression of inflammatory cytokines, such as IL-17, in the
skin and serum,®” acting as a key player in the development of psoriasis. In addition, studies have confirmed that TNF-o* and
IL-6'*'" are involved in lipid metabolism, which may be related to metabolic diseases that complicate psoriasis symptoms.
T-regulatory (Treg) cells, more specifically the Th17/Treg imbalance, play a key role in the pathogenesis of psoriasis.'* Treg
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cells can produce potent anti-inflammatory cytokines such as IL-10 that regulate the antigen presentation of dendritic cells,
inhibit T cell activity, and stimulate B cell differentiation to play a regulatory role.'*'* IL-10 can also be secreted by
macrophages, B cells, and natural killer cells.'*'*

Fibrinogen-like protein 1 (FGL1) is a proliferation- and lipid metabolism—related protein secreted by the liver.'’
Several studies have confirmed that FGLI1 is an emerging checkpoint ligand for lymphocyte activation gene 3 (LAG3),
a susceptibility gene for psoriasis.'® A study compared the skin lesions of patients with psoriasis and those with delayed
skin hypersensitivity in remission and found lower LAG3 expression in the former.'” A Phase I clinical trial confirmed
that targeting LAG3 could effectively treat psoriasis and reduce IL-17 secretion.'® FGL1 can bind to a specific domain of
LAG3, trigger T-cell exhaustion, and inhibit T-cell activity.'” Studies have shown that FGL1 may be a new biomarker for
immune-related diseases including Crohn’s disease and rheumatoid arthritis.”*' Altogether, these findings suggest that
FGLI1 is associated with psoriasis pathogenesis and may be useful for diagnosing and staging its severity.

The diagnosis of psoriasis in the clinical setting currently relies primarily on the assessment of the patient’s history and
clinical signs by experienced dermatologists. However, lesions in certain specific anatomical sites, such as the palms and soles,
pudendal region, external auditory canal, and scalp present a challenge to both general practitioners and trained dermatolo-
gists. A definite diagnosis may be made using dermatoscopy, imaging technology, and other auxiliary examinations. However,
only a few practitioners can interpret the associated images. Skin histopathology is the gold standard for the diagnosis of
psoriasis; as a resource-intensive method, its full process includes an invasive skin biopsy, biopsy processing, and subsequent
analysis. This method requires the collaboration of a specialized and trained dermatologist, laboratory technician, and
dermatopathologist. Therefore, it may be difficult to apply in many healthcare settings, and it often takes weeks for
a patient to receive a biopsy report, resulting in delayed or inappropriate care.

Treatment, conversely, is individualized according to disease severity. The area of the lesions in patients with psoriasis is an
important indicator of severity; however, its measurement is highly subjective in patients with scattered lesions. The lack of an
objective tool for assessing severity coupled with several clinical subtypes and multiple differential diagnoses is a major
obstacle to early diagnosis and treatment.”*** Therefore, a method to diagnose psoriasis and assess its severity is needed.

In this context, the detection of serum inflammatory factors and FGL1 in patients with psoriasis may be a useful
approach to an uncomplicated diagnosis, post-treatment assessment, and exploration of its immune-related pathogenesis.
Therefore, we hypothesized that psoriasis and its varying severity could alter the concentrations of inflammatory
biomarkers and FGL1. Hence, this study aimed to compare the serum levels of TNF-a, IL-6, IL-17, IL-10, and FGL1
between patients with psoriasis and healthy controls as well as between patients with psoriasis of varying severities and
explore their ability to identify psoriasis complicated by abnormal lipid metabolism.

Methods

The trial was designed in accordance with the STROBE Statement—Checklist of items that should be included in reports
of case—control studies (Additional file 1).

Study Design

We recruited psoriasis vulgaris patients aged 18—80 years who had not received psoriasis-related treatment within the past 3
months and normal controls aged 18—80 years from the Department of Dermatology, Yueyang Integrated Traditional Chinese
and Western Medicine Hospital affiliated with Shanghai University of Traditional Chinese Medicine between July 2020 and
September 2021. The diagnostic criteria for psoriasis vulgaris were based on the Chinese Psoriasis Diagnosis and Treatment
Guidelines** compiled by the Psoriasis Professional Committee of the Dermatology and Venereology Branch of the Chinese
Medical Association. Patients with psoriatic arthritis, familial hyperlipidemia, severe endocrine system diseases such as
Cushing syndrome, severe mental illness, or cognitive impairment; who lacked personal behavioral ability; or who were
judged unsuitable for participation were excluded. All procedures in this study were approved by the Medical Ethics
Committee of Yueyang Hospital of Integrated Traditional Chinese and Western Medicine affiliated with the Shanghai
University of Traditional Chinese Medicine (2020-071, Additional file 2) and followed the principles of the Declaration of
Helsinki. All participants were informed in detail about the purpose and procedures before enrollment and signed an
informed consent form (Additional file 3). Demographic data were collected; laboratory tests were performed to determine
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fasting blood lipids, including triglycerides (TG), total cholesterol (TC), high-density lipoprotein (HDL) cholesterol, low-
density lipoprotein (LDL) cholesterol; and peripheral blood was drawn for the determination of serum FGL1, IL-6, TNF-a,
IL-10, and IL-17 concentrations. The participant could provide the test report without reevaluation if the lipid determination
was conducted in the public hospital in our city in the past month. The Psoriasis Area and Severity Index (PASI) scores of the
participants in the psoriasis group were assessed and recorded by the same investigator. PASI scores <3, 3 to <10, and >10
were defined as mild, moderate, and severe psoriasis, respectively.* All blood samples were immediately centrifuged at
3000 rpm for 6 min, and the serum samples were transferred to clean Eppendorf tubes and stored at —80 °C until analysis.

Sample Size

The prevalence of psoriasis combined with metabolic syndrome is approximately 35%, while that of metabolic syndrome
alone is approximately 20%.> According to the sample size calculation formula of the case—control study with an
unmatched design: n = 2 x p“_g(#, a two-sided test was used with values of a = 0.05 and B = 0.20; therefore,
a minimum sample size of 139 pélrfilcipants per group was required.

Diagnostic Criteria for Lipid Metabolism Disorders

The diagnosis of lipid metabolism disorder was made if any of the following diagnostic criteria were met**: body mass index
(BMI) (weight/height®) >25 kg/m?; previous diagnosis of hyperlipidemia, hepatic adipose infiltration or fatty liver by
abdominal ultrasonography; and TG >1.7 mmol/L and/or HDL cholesterol <0.9 mmol/L (male) or <1.00 mmol/L (female).

Enzyme-Linked Immunosorbent Assay Analysis of Peripheral Blood Cytokines in

Patients with Psoriasis versus Controls

A human FGL1 enzyme-linked immunosorbent assay (ELISA) kit was purchased from Elabscience (Wuhan, China),
while human high-sensitivity ELISA detection kits for IL-6, IL-10, IL-17A, and TNF-o were purchased from
MultiSciences (Hangzhou, China). All serum protein levels were measured by the same investigator in psoriasis versus
normal participants according to the manufacturer’s protocol.

Statistical Analysis
The demographics, serum cytokine levels and PASI scores of the two groups were analyzed, and a subgroup analysis
was performed according to whether the participants had psoriasis complicated by metabolic disorders to explore the
relationship between FGL1 and psoriasis, severity of psoriasis, and concomitant lipid metabolism disorders.
Qualitative indicators are described as frequency, percentage, or constituent ratio; quantitative indicators are
described as mean, standard deviation (SD), or median (M) and interquartile range (IQR). Qualitative data were
analyzed using the chi-squared test. Quantitative data were used to calculate statistically significant differences in
serum lipid and cytokine levels between psoriasis patients and healthy subjects using the ¢-test for normally distributied
variables and a non-parametric test (Mann—Whitney U-test) for non-normally distributed variables. A correlation
analysis (Spearman correlation test) was used to analyze the correlation between blood lipid levels and cytokine
concentrations of the two groups. Associations between variables and PASI scores in psoriasis were evaluated by
univariate and stepwise multiple regression analyses. Receiver operating characteristic (ROC) analysis was used to
diagnose the different psoriasis severities. There are no missing data in this study. The statistical analyses were
performed using SPSS software version 20.0. A two-sided test was used uniformly for hypothesis testing, and statistical
significance was set at P < 0.05.

Results

A total of 279 participants were included in this study: 139 with psoriasis and 140 healthy controls. Table 1 lists the
demographic data, lipid metabolism, and serum cytokine levels of the two groups as well as the course, age at onset, and
severity in the psoriasis group. According to PASI score, 25 (17.99%), 43 (30.94%), and 71 (51.08%) patients had mild,
moderate, and severe psoriasis, respectively. There was no significant intergroup difference in age, and the psoriasis
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Table | Basic and Clinical Characteristics of Psoriasis Patients versus Normal Controls

Characteristics Psoriasis (n=139) Normal (n=140) P
Age, years, M (IQR) 60 (25) 57 (24.25) 0.29
Sex, male/female, n/n 98/41 75/65 <0.05
Disease duration, years, M (IQR) 12.50 (13.25) - -
Age at onset, years, M (IQR) 40.50 (27.00) - -
PASI score, M (IQR) 8.60 (14.80) - -
BMI, kg/m?, M (IQR) 2421 (4.65) 23.31 (2.49) 0.81
225, n (%) 52 (37.41) 48 (34.29) 0.56
Hyperlipidemia/fatty liver, n (%) 21 (15.11) Il (7.86) <0.05
TG, mmol/L, M (IQR) 1.80 (1.62) 1.61 (1.73) 0.09
21.70 mmol/L, n (%) 69 (49.64) 48 (34.29) <0.05
TC, mmol/L, M (IQR) 4.80 (1.80) 4.85 (1.30) 0.73
26.45 mmol/L, n (%) 52 (37.41) 22 (15.71) <0.05
HDL cholesterol, mmol/L, M (IQR) 1.13 (0.41) 1.23 (0.48) <0.05
<0.9 mmol/L (male) or <1.0 mmol/L (female), n (%) 42 (30.21) 17 (12.14) <0.05
LDL cholesterol (mmol/L), mean *+ SD 3.06 + 0.06 3.03+0.07 0.97
23.6 mmol/L, n (%) 33 (23.74) 23 (16.43) 0.10
Lipid metabolism disorder; n (%) 99 (71.22) 64 (45.71) <0.05
FGLI, ng/mL, M (IQR) 562.90 (289.48) 643.91 (325.59) <0.05
IL-6, pg/mL, M (IQR) 2.30 (5.72) 1.63 (5.18) 0.58
IL-10, pg/mL, M (IQR) 10.04 (24.10) 13.41 (32.06) 0.40
TNF-a, pg/mL, M (IQR) 9.48 (66.89) 30.58 (133.46) <0.05
IL-17, pg/mL, M (IQR) 1.57 (3.10) 2.90 (1.50) <0.05

Abbreviations: BMI, body mass index; FGLI, fibrinogen-like protein |; HDL, high-density lipoprotein; IL, interleukin; LDL, low-density
lipoprotein; M (IQR), median (interquartile range); PASI, psoriasis area and severity index; SD, standard deviation; TC, total cholesterol; TG,
triglyceride; TNF-a, tumor necrosis factor-a.

group included a higher proportion of men than the normal control group (P < 0.05). The median disease severity in the
psoriasis group was 8.60, the median age at onset was 40.50 years, and the median disease duration was 12.50 years.
A proportion of patients in the psoriasis group had hyperlipidemia or fatty liver than the normal controls, but no
intergroup difference in BMI was noted. Among the four blood lipid-related indices, the serum HDL cholesterol and the
abnormal proportion of this index differed between groups. ELISA revealed that FGL1, TNF-a, and IL-17 levels differed
between the two groups (P < 0.05).

We analyzed the relationship between serum cytokines and lipid metabolism levels in two groups (Table 2, Figure 1).
First, interestingly, FGL1 was significantly negatively correlated with IL-17 and HDL cholesterol levels in the psoriatic state;

Table 2 Correlation Between the Serum Cytokine and Lipid Index Levels in Psoriasis Patients versus Normal Controls

FGLI IL-6 IL-10 TNF-a IL-17 TG TC HDL LDL
FGLI, 0.13 - 0.0l - 0.0l — 0.25%%* 0.12 —0.03 —0.23% 0.02 FGLI,
IL-6, 0.10 0.24%* 0.14 0.20°** — 0.22%* - 0.19*% —-0.09 —0.18* IL-6,
IL-10, 0.01 0.30%** 0.76%** 0.06 0.07 0.10 0.08 0.07 IL-10,
TNF-a, —-0.07 0.25%* 0.89%** 0.04 0.08 0.13 0.03 0.10 TNF-a,
IL-17, 0.07 —0.08 —0.06 -0.13 —0.11 —0.08 —0.06 -0.10 IL-17,
TG, 0.19 —0.31% — 0.37%%* —0.31%* —0.06 0.440%* — 0.22%* 0.427++* TG,
TC, -0.14 0.01 0.07 0.07 0.11 0.25%* 0.38%** 0.95%** TC,
HDL, — 0.4 %% 0.04 0.17 0.19 —0.05 — 0.42%%* 0.39k* 0.25%%* HDL,
LDL, —0.04 0.01 0.05 0.05 0.23* 0.22% 0.9 k¥ 0.19 LDL,

Notes: Values are shown as correlation coefficient (P value). normal group; psoriasis group; *P < 0.05; **P < 0.01; ***P < 0.001.
Abbreviations: FGLI, fibrinogen-like protein |; HDL, high-density lipoprotein; IL, interleukin; LDL, low-density lipoprotein; TC, total cholesterol; TG, triglyceride; TNF-a,
tumor necrosis factor-a.
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Figure | Heat map of correlation coefficients of serum cytokine levels and blood lipid indexes in psoriasis versus normal controls. *P < 0.05; **P < 0.01; **P < 0.001.

in contrast, in normal controls, FGL1 was correlated with only HDL cholesterol. IL-17 was associated with only LDL
cholesterol in normal controls and the proinflammatory factor IL-6 in addition to FGL1 in psoriasis. Second, IL-6, IL-10, and
TNF-o were correlated in pairs in the normal controls, and all were related to TG metabolism. In psoriasis, IL-6 was not
associated with TNF-a but was correlated with TC and LDL cholesterol. Finally, LDL cholesterol and HDL cholesterol were
not correlated in normal controls, but the four lipid metabolism indexes were correlated in pairs in psoriasis patients.

Afterward, we performed a subgroup analysis of serum cytokine levels according to lipid metabolism disorder status
and found that the levels of all cytokines but IL-6 differed significantly between groups. For intragroup comparisons, we
did not repeat the comparison between patients with psoriasis and healthy controls. As shown in Table 3, the serum FGL1
level of the psoriasis with lipid metabolism disorder group (M [IQR], 578.92 [296.37] ng/mL) was higher than that in the
psoriasis without lipid metabolism disorder group (M [IQR], 501.05 [278.53] ng/mL), but no difference was seen in
normal controls. Intragroup differences in IL-10 and TNF-a levels were observed in the two groups of normal controls
but not in the psoriasis groups. However, there was no intragroup difference in IL-17 levels. We also compared PASI
scores in psoriasis patients by lipid metabolism status and found no intergroup difference (P = 0.13).

Univariate associations of psoriasis severity are shown in Table 4. The PASI score was significantly correlated with
serum concentrations of FGL1, TC, HDL cholesterol and LDL cholesterol. To avoid omitting important variables, those
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Table 3 Serum Levels of FGLI, IL-6, IL-10, TNF-0, and IL-17 of Psoriasis Patients versus Normal Controls by Lipid Metabolism

Characteristics Psoriasis Normal P
Normal Lipid Abnormal Lipid Normal Lipid Abnormal Lipid
Metabolism (n=40) Metabolism (n=99) Metabolism (n=76) Metabolism (n=64)
FGLI, ng/mL, M (IQR)* 501.05 (278.53) 578.92 (296.37) 598.73 (360.87) 706.52 (325.54) <0.05
IL-6, pg/mL, M (IQR) 2.45 (7.08) 1.69 (4.01) 1.75 (9.29) 1.54 (3.09) 0.50
IL-10, pg/mL, M (IQR)* 15.23 (2.52) 8.45 (23.31) 20.07 (32.12) 6.33 (26.33) <0.05
TNF-a, pg/mL, M (IQR)* 7.16 (63.31) 6.19 (62.17) 45.34 (136.72) 4.88 (59.26) <0.05
IL-17, pg/mL, M (IQR) 0.97 (3.74) 1.12 (2.84) 2.92 (1.18) 2.88 (1.85) <0.05
PASI score 7.05 (10.82) 10.00 (14.80) / / 0.13

Notes: *Psoriasis with normal lipid metabolism vs psoriasis with abnormal lipid metabolism. *Normal controls with normal lipid metabolism vs normal controls with
abnormal lipid metabolism.
Abbreviations: FGLI, fibrinogen-like protein I; IL, interleukin; M (IQR), median (interquartile range); TNF-a, tumor necrosis factor-a.

Table 4 Univariate Associations with PASI Scores in Patients with

Psoriasis
Beta SE P
Age 0.10 0.06 0.17
Sex —0.04 1.83 0.56
Disease duration 0.10 0.07 0.18
Age at onset 0.07 0.05 0.38
FGLI 0.18 <0.01 0.02
IL-6 0.07 0.09 0.36
IL-10 —0.01 0.05 0.92
TNF-a —0.04 0.0l 0.58
IL-17 0.05 0.06 0.47
TG —-0.09 0.49 0.28
TC —0.24 0.71 <0.01
HDL —-0.16 2.02 0.04
LDL —-0.20 1.05 0.0l

Abbreviations: FGLI, fibrinogen-like protein |; HDL, high-density lipoprotein; IL,
interleukin; LDL, low-density lipoprotein; TC, total cholesterol; TG, triglyceride; SE,
standard error; TNF-o, tumor necrosis factor-a.

with P values <0.2 on univariate analysis were included. Stepwise multiple regression analysis revealed that FGL1 and
TC were the independent determinants of PASI score in psoriasis patients (Table 5). Other variables tested in the model
included age, psoriasis duration, and HDL and LDL cholesterol levels.

Finally, we tested the diagnostic accuracy of FGL1 in different psoriasis disease states (Table 6). The ROC curves for
FGL1 and IL-17 levels are shown in Figure 2. The area under the ROC curve (AUC) of FGLI1 for differentiating normal
controls from patients with psoriasis was 0.63, with a sensitivity of 72.9% and specificity of 49.7% (95% confidence

Table 5 Multivariable Predictors of PASI Scores in
Psoriatic Patients

Beta SE P
PASI R2=0.10
FGLI 0.17 <0.01 0.03
TC -0.25 0.73 <0.01

Abbreviations: FGLI, fibrinogen-like protein |; PASI, Psoriasis Area and
Severity Index; SE, standard error; TC, total cholesterol.
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Table 6 Parameters of Receiver Operating Characteristic Curve for Differentiating Psoriasis Disease Status

Group Characteristic | AUC | Sensitivity | Specificity 95% CI Cut-Off
(%) (%) Value
Normal vs psoriasis FGLI 0.63 729 49.7 0.57-0.70 555.81
IL-17 0.70 743 65.4 0.64-0.76 1.79
Moderate-to-severe psoriasis vs mild psoriasis FGLI 0.70 444 92.3 0.61-0.80 620.13
IL-17 / / / / /
Severe psoriasis vs mild-to-moderate psoriasis FGLI 0.67 45.9 83.8 0.59-0.75 645.46
IL-17 0.6l 67.6 574 0.52-0.69 0.57
Psoriasis with lipid metabolism disorder vs psoriasis FGLI 0.60 64.8 51.0 0.50-0.69 501.68
without lipid metabolism disorder IL-17 / / / / /

Abbreviations: AUC, area under the curve; Cl, confidence interval; FGLI, fibrinogen-like protein |; IL, interleukin.

interval [CI], 0.57-0.70). In this respect, IL-17 outperformed FGL1 with an AUC of 0.70 (95% CI, 0.64-0.76). The
AUC, sensitivity, and specificity of FGL1 in patients with moderate-to-severe psoriasis vs those with mild psoriasis were
0.70, 44.4%, and 92.3%, respectively (95% CI, 0.61-0.80). For differentiating patients with severe psoriasis from those
with mild-to-moderate psoriasis, FGL1 had an AUC, sensitivity, and specificity of 0.67, 45.9%, and 83.8% (95% CI,
0.59-0.75). However, IL-17 is useful for evaluating severe psoriasis and mild-to-moderate psoriasis with an AUC value
of 0.61 (95% CI, 0.52-0.69), but it cannot differentiate between moderate-to-severe psoriasis and mild psoriasis.
Meanwhile, for differentiating between psoriasis patients with versus without lipid metabolism disorders, FGL1 had
an AUC sensitivity, and specificity of 0.60, 64.8%, and 51.0% (95% CI, 0.50-0.69).

Discussion

Based on the pathogenesis of psoriasis, this study explored the ability of serum cytokines, including IL-6, TNF-a, IL-17,
IL-10, and serum FGLI, to differentiate between patients with psoriasis and normal controls and identify psoriasis
severity. We found that serum FGL1, TNF-a, and IL-17 concentrations differed between psoriasis patients and normal
controls. A correlation analysis of cytokines in psoriasis showed a significant correlation between FGL1 and IL-17. We
also noted differences in FGL1, TNF-a, IL-17, and IL-10 in the subgroups of patients with psoriasis complicated with
abnormal lipid metabolism. Univariate and multiple regression analyses revealed that FGL1 and TC were independent
determinants of PASI score, although the regression-based mediation analysis indicated that the relationship between TC
and PASI scores was not mediated by FGL1 (results not shown). However, in the correlation analysis, TC, IL-6, IL-17,
and FGL1 were correlated, while TC, TG, HDL cholesterol, and LDL cholesterol were closely related; therefore, the
correlation between TC and PASI score must be circumspectly recognized and determined by other in-depth studies.

Based on the pathogenesis of psoriasis, we took the above results and evaluated the diagnostic value of IL-17 and
FGL1 in different psoriasis disease states. The ROC analysis results indicated that IL-17 was unable to distinguish mild
from moderate-to-severe psoriasis, while the AUC value was lower than that of FGL1 for differentiating mild-to-
moderate psoriasis from severe psoriasis. To the best of our knowledge, this is the first study to initially demonstrate that
serum FGL1 levels in psoriasis patients are superior to serum IL-17 for assessing psoriasis severity, suggesting that FGL1
may be a promising future biomarker, and involved in the pathogenesis of psoriasis.

In the correlation analysis shown in Figure 1, some intergroup commonalities and differences are visible, which implies
the effects of cytokines on blood lipid metabolism under physiological and pathological states of psoriasis. Considering the
commonalities, FGL1 and IL-6 are involved in the metabolism of HDL cholesterol and TG, respectively. In disease states,
IL-6 is more extensively involved in lipid metabolism, and it reportedly has activity as a driver of dyslipidemia in theumatoid
arthritis.>” Serum FGL1 concentrations in patients with rheumatoid arthritis are significantly higher than those in normal
controls,”® which is in contrast to our finding that patients with psoriasis had lower FGL1 levels than normal controls, but the

positive correlation trend between serum FGLI level and its severity is consistent. Based on the function of FGL1,"”

this may
mean that it is unable to inhibit the activation and proliferation of effector T cells to participate in the pathogenesis of

psoriasis, and with the aggravation of inflammation, FGL1 may be upregulated in a reactive manner. The negative correlation
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Figure 2 ROC curves of FGLI and IL-17 for differentiating different disease status of psoriasis. (A) ROC curve of FGLI for differentiating normal controls from psoriasis

patients; (B) ROC curve of IL-17 for differentiating normal controls from psoriasis patients; (C) ROC curve of FGLI for differentiating severe psoriasis from mild-to-
moderate psoriasis; (D) ROC curve of FGLI for differentiating moderate-to-severe psoriasis from mild psoriasis.
Abbreviations: FGLI, fibrinogen-like protein [; IL, interleukin; ROC, receiver operating characteristic.

between FGL1 and IL-17 in the disease state implies the same. Of course, this requires verification. In a report on Crohn’s
disease and FGLI, intestinal tissues, which involve local immunity, were examined.?’ All of these findings suggest
a fundamental role of FGL1 in regulating immune-mediated inflammation.
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Located on human chromosome 8 (8p22-21.3), FGL1 is a 68-kD protein belonging to the fibrinogen family.?*?’ It contains
beta and gamma subunits at the carboxy terminus and is highly homologous to fibrinogen but lacks the platelet-binding sites,
cross-linking regions, or thrombin-sensitive sites necessary for fibrin clot formation.'® Under physiological conditions, FGL1
is mainly secreted by hepatocytes and involved in hepatocyte mitosis and hepatic energy utilization (including lipid

metabolism and blood sugar regulation),'**=?

and its expression can be considered a defense mechanism against exogenous
injury or as a stimulator of self-protection mechanisms. Partial hepatectomy and IL-6 induce FGL1-promoter activity.*
However, high FGL1 levels can act on myoblasts via the phosphorylated Jun N-terminal kinase pathway or on HepG2 cells via
the hepatocyte-dependent extracellular regulated protein kinase (ERK) 1/2 pathway, resulting in insulin resistance.'**' In
addition, FGL1 blockade as a therapeutic target reportedly combats obesity via a mechanism may be related to the canonical
ERK 1/2-CCAAT/enhancer-binding protein B—peroxisome proliferator—activated receptor y pathway.>*

Since the discovery of FGL1 as a major inhibitory ligand of LAG-3,'” FGLI has become a promising biomarker with
predictive value for resistance to programmed cell death protein 1/programmed cell death 1 ligand 1 therapy and an
effective target for cancer immunotherapy.'® Recent studies reported that LAG3 deficiency is significantly associated with
elevated HDL cholesterol levels and the risk of myocardial infarction.*® There are conflicting reports on the association
between elevated HDL cholesterol and a reduced risk of myocardial infarction (MI), and gene association study revealed
that LAG3 may be the gene significantly associated with high HDL cholesterol and increased risk of MI.* This indicates
that LAG3/FGL1 may be a new intervention target for psoriasis prevention and treatment as well as comorbid psoriasis
with metabolic syndrome and cardiovascular disease.

Our study has some limitations. First, we cannot rule out that glucose metabolism and other comorbidities in patients
with psoriasis may cause serum FGL1 concentration fluctuations. Second, only serum samples were collected from
patients with psoriasis; thus, cytokine expressions in skin lesions was not explored. Likewise, we did not observe the
treatment effect on the aforementioned cytokines. Third, by design, observational studies do not elucidate causal
relationships; thus, further studies are needed to determine the role of FGL1 in the pathogenesis of psoriasis and its
usefulness as a biomarker for diagnosis and the assessment of treatment effects.

Conclusion

To summarize, the study initially demonstrated that serum FGL1 concentrations were superior to serum IL-17 for
determining psoriasis severity. Considering the diagnostic accuracy of FGLI in this study, we believe that serum FGL1
could be a valuable biomarker. We also found that FGL1 level was negatively correlated with HDL cholesterol level,
suggesting that FGL1 may also be involved in the progression of psoriasis complicated by abnormal lipid metabolism.
However, given the exploratory design of our study, the exact role of FGL1 in the pathogenesis of psoriasis requires
further in-depth studies and validation.

Abbreviations

AUC, area under the curve; BMI, body mass index; CI, confidence interval; ERK, extracellular regulated protein kinase;
ELISA, enzyme-linked immunosorbent assay; FGLI1, fibrinogen-like protein 1; HDL, high-density lipoprotein; IL,
interleukin; LAG3, lymphocyte activation gene 3; LDL, low-density lipoprotein; M, median; MI, myocardial infarction;
PASI, Psoriasis Area and Severity Index; QR, interquartile range; ROC, receiver operating characteristic; SD, standard
deviation; SE, standard error; TC, total cholesterol; TG, triglycerides; Th, T helper; TNF-a, tumor necrosis factor-a;
Treg, T-regulatory.
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