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Abstract

Fatty acid binding protein 5 (FABPS) is elevated in psoriatic keratinocytes and could be involved in systemic metabolic
disturbances in psoriasis. The aim of the study was to evaluate serum FABPS in obese and non-obese psoriatic patients, to
assess the relationship between FABPS and the duration, severity of the disease, inflammatory and metabolic markers and
influence of treatment with narrowband—ultraviolet B (NB-UVB). Seventy-four patients (30 treated with NB-UVB) with pso-
riasis were enrolled in the study. The serum concentrations of FABP5 were measured using Human FABP5 Enzyme-Linked
Immunosorbent Assay kit. Serum fatty acids were measured by gas—liquid chromatography. Serum FABPS levels in psoriatic
patients were higher versus control group (P <0.001). FABPS5 in patients with PASI > 20 was higher compared to the mild
group (PASI< 10) (P<0.001) and serum FABP5 correlated positively with PASI score (r=0.41, P<0.001). There was also
positive correlation between FABPS and basic inflammation indices. Decrease of PASI after NB-UVB treatment (P <0.001)
was observed and accompanied by decrease of the serum FABP5 (P=0.007). FABPS is a potential marker of psoriasis, its
severity and clinical outcome after therapy with NB-UVB. FABPS may reflect metabolic disturbances in psoriatic patients.

Keywords Psoriasis - Epidermal fatty acid binding protein - Fatty acid binding protein 5 - Narrowband—ultraviolet B -
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Introduction

Psoriasis is an immune-mediated, chronic inflammatory skin
disease of complex patomechanism. Several studies have
shown that psoriasis is associated with systemic disorders
specially metabolic syndrome (MS), which is defined as a
constellation of insulin resistance, obesity, hyperlipidemia
and hypertension [1, 2] Psoriatic patients are also predis-
posed to other comorbidities like: inflammatory bowel dis-
eases, cardiovascular diseases and non-alcoholic fatty liver
disease (NAFLD) [3-5]. It has been established that the
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release of inflammatory molecules and cytokines play an
important role in metabolic disturbances and atherosclerosis
in the course of psoriasis [6]. On the other hand, there are
some evidence that pre-existing obesity or MS increase the
risk of development of psoriasis [7]. The possible explana-
tion of this bilateral interinfluence is the chronic, systemic
metabolic inflammatory state, termed metaflammation [8].
Despite of advancement in medical science and new methods
of psoriasis treatment, mortality rate in psoriatic patients is
still 20% higher than in the general population [9]. Although
abnormalities in lipid metabolism play an important role in
the pathogenesis of psoriasis and its comorbidities, the exact
underlying mechanism is complex and still unclear.

In recent years, a number of proteins facilitating fatty acid
transport, including fatty acid binding protein (FABP) have
been identified. These proteins, do not only buffer lipids, but
also are crucial mediators of metabolic and other biological
activities [10]. In previous studies increase of serum FABP2,
FABP4 in the psoriatic patients have been found [11, 12].
Fatty acid binding protein 5 (FABPS5, or Epidermal Fatty
Acid Binding Protein, E-FABP) is a lipid carrier, originally
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discovered in human epidermis. FABPS is predominantly
expressed on keratinocytes, but also abundantly in adipose
tissue (adipocytes and macrophages), in thymus and tongue
epithelia [13, 14]. Psoriatic post mitotic keratinocytes over-
express FABPS, as compared to the keratinocytes, in nor-
mal epidermis. FABPS5 induces differentiation in normal
human keratinocytes and modulates the differentiation pro-
cess in psoriatic keratinocytes in vitro [14]. Although the
role of FABPS in the keratinocytes in psoriatic epidermis
has been already elucidated, the role of circulating FABP5
has not been studied extensively in this population. Other
studies revealed that FABPS may represent mediators of and
biomarkers for metabolic and cardiovascular disease in type
2 diabetes mellitus, thus it could play an important role and
contribute to the development of cardiometabolic comor-
bidities in psoriasis [15, 16].

The aim of the present study was to evaluate serum con-
centration of FABPS in psoriatic patients and to assess the
relationship between FABPS5 and the duration and the sever-
ity of the disease as well as the inflammatory and metabolic
markers. Additionally, the influence of narrowband—ultra-
violet B (NB-UVB) treatment of psoriasis on FABPS serum
concentration have been investigated.

Methods
Subjects and examination

The study was conducted on 74 patients (25 women and 49
men) with exacerbated plaque psoriasis aged 19 to 79 years
(mean 50.7 + 14.5 years) with active plaque-type psoriasis
and 30 sex- and age-matched healthy controls. None of the
patients or controls were under any dietary restriction. All
patients were white people and had skin phototype II and III.
They did not use phototherapy or any other systemic therapy
of psoriasis during the previous 3 months. Patients suffering
type II diabetes, liver disease, using lipid-lowering drugs,
and systemic therapy for psoriasis were excluded from the
study. The duration of psoriasis varied from 1 to 58 months
(mean 18.7 months). The severity of psoriasis was assessed
using Psoriasis Area and Severity Index (PASI) [17]. All
subjects gave their informed consent for inclusion before
they participated in the study. The study was conducted in
accordance with the Declaration of Helsinki, and the proto-
col was approved by the Bioethical Committee of the Medi-
cal University of Bialystok, Poland (No: R-1-002/457/2016).

NB-UVB treatment
The group of 30 patients underwent NB-UVB treatment.

Blood samples were collected before and after photother-
apy. The treatment schedule comprised irradiations three
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times a week, starting from the dose 0.020 J/cm?2 for the
II phototype and 0.024 J/cm2 for the III phototype. The
dose was increased by approximately 10%-20% per week,
depending on skin type, tolerance and clinical response
to the therapy. In case of signs of burning, the dose was
diminished or the treatment was stopped for two—three days.
TL-01 lamps (Cosmedico Medizintechnik GmbH, Stuttgart,
Germany) were used as a source of irradiation (wavelength
of 311-313 nm). Some patients completed 20 lamp treat-
ment, some finished irradiations earlier for different fam-
ily and social reasons. The patients underwent 14.9 +4.5
(min 6, max 20) irradiations and their cumulative dose was
0.84 +0.43 J/cm? (min 0.2, max 2.28). During the whole
period of irradiations the patients were asked to apply only
topical emollients on the skin. PASI, the number of irra-
diations and the total dose of irradiations at the end of the
treatment were calculated.

Blood collection and analyses

Blood was taken after overnight fast before starting the treat-
ment. In the group of patients treated with NB-UVB the
blood was collected twice: before and after phototherapy,
after overnight fast. After centrifugation the samples have
been stored at — 80 °C until analysis.

The serum concentrations of FABPS were measured
using commercially available Human FABP5 enzyme-
linked immunosorbent assay (ELISA) kit (BioVendor, Kar-
asek, Brno, Czech Republic). All assay procedures were
conducted following the manufacturer’s instruction. Four
fold dilution of each sample was required before analysis.
The limit of detection for FABPS was 0.066 ng/mL, and the
standard curve range was between 1-40 ng/mL. Intra- and
inter-assay coefficients of variations were equal to 5.8% and
6.1%, respectively. At the end of the procedure the intensity
of colored product was measured in a hybrid multi-mode
microplate reader (Synergy H1™, Biotek Instruments, Win-
ooski, Vermont, USA) at 450 nm wavelength and the absorb-
ance of the samples was plotted on standard curve. The
biochemical analysis including C-reactive protein (CRP),
serum fasting blood glucose (FBG), total cholesterol, high-
density lipoprotein cholesterol (HDL-C), low-density lipo-
protein cholesterol (LDL-C), triglycerides (TG), aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
bilirubin were performed in the Central Laboratory of the
University Hospital Center.

Total serum fatty acids content and composition was
measured according to a method by Glaser et al. [18].
Briefly, 100uL of serum was incubated at 85 °C for 45 min
in 1.5 mL of 3 N HCI in methanol containing 2 g/l BHT
(2,6-di-tert-butyl-p-cresol, antioxidant). Prior to incu-
bation, 100 pl of internal standard mixture (heptadeca-
noic acid, cholesteryl-heptadecanoate, triheptadecanoate,
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diheptadecanoate and diheptadecanoyl-phosphatidylcholine;
0.2/2/1.5/0.2/2 per weight, 10 pg of C17:0 total, in chlo-
roform/methanol 2:1) was added to account for methyla-
tion and extraction losses. After cooling to room tempera-
ture, fatty acids methyl esters were extracted with 0.5 mL
hexane, 30 s of vortexing and centrifugation (3000 g for
5 min). A volume of upper organic phase was transferred
glass vials and 1uL of sample was analyzed by gas-liquid
chromatography using a Hewlett-Packard 5890 Series II gas
chromatograph, a Agilent J&W CP-Sil 88 capillary column
(50 mx0.25 mm 1.D.) and flame-ionization detector. The
oven temperature was programmed from 130 °C to 220 °C
at 5 °C/min and held at 220 °C for 32 min. Argon was used
as carrier gas. The following fatty acid species were identi-
fied and quantified according to respective retention times
of synthetic standards: myristic (14:0), palmitic (16:0), pal-
mitoleic (16:1n-7), stearic (18:0), oleic (18:1n-9), linoleic
(18:2n-6), a-linolenic (18:3n-3), arachidic (20:0), arachi-
donic (20:4n-6), eicosapentaenoic (20:5n-3), behenic (22:0),
docosahexaenoic (22:6n-3), lignoceric (24:0) and nervonic
(24:1n-9) acids. The FA were additionally grouped accord-
ing to their biologic properties. The percentage of SFA
(myristic acid, palmitic acid, stearic acid, arachidic acid,
behenic acid, lignoceric acid) were measured and calculated.
Unsaturated fatty acids (UFA) were divided into monoun-
saturated fatty acids (MUFA) (palmitoleic acid, oleic acid,
nervonic acid), and polyunsaturated fatty acids (PUFA)
(n-3 PUFA: a-linolenic acid, eicosapentaenoic acid (EPA),
docosahexaenoic acid (DHA) and n-6 PUFAs: linoleic acid,
arachidonic acid).

Statistical analysis

Descriptive statistics were used to show sociodemo-
graphic and biochemistry characteristics of the study
groups. According to the Shapiro—Wilk test the examined
variables did not have normal distribution. Data were pre-
sented as median and quartiles. In the statistical analysis
Mann-Whitney tests and Kruskal-Wallis tests were used.

The correlations between the serum FABP5 and metabolic
and clinical variables were determined by Spearman’s rank
correlation analysis. The difference was statistically signifi-
cant at P <0.05.All analysis was performed using Statistica
software (version 12.0).

Results

Seventy four patients (25 women and 49 men) with exac-
erbated plaque type psoriasis patients, aged 19 to 79 years
(mean 50.7 + 14.5 years). The control group consisted of
30 age- and sex-matched healthy controls. The clinical
and demographic data of the patients have been shown in
Table 1. The median severity of the disease measured by
PASI was 9.05 (from 1.4 to 38.3). From the first diagnosis
psoriasis lasted from 1 to 58 months (mean 18.7 months).
In the study group 43 patients (58.1%) had mild disease
(PASI<10), 21 (28.4%) had moderate disease (PASI
10-20) and 10 (13.5%) were diagnosed with severe disease
(PASI> 20).

The median serum FABPS5 concentration in the study
group (16.28 ng/mL; Q1 =12.72400, Q3 =21.69600) was
significantly higher than in the healthy controls (7.82 ng/mL,;
Q1=6.336000; Q3=9.2600) (P <0.001) (Fig. 1). Futher-
more, the positive correlation between serum FABP5 con-
centration and PASI score before treatment was observed in
patients with psoriasis (R=0.42; p<0.001).

To avoid the influence of obesity on the study results, the
examined group was divided to non-obese patients (n =50,
BMI < 30 kg/m?) and obese patients (n=24, BMI > 30 kg/
m?). Non-obese group consists of 26 patients with normal
body weight (19 >BMI < 25) and 24 individuals with over-
weight (25 > BMI < 30). There was no significant difference
between BMI of normal weight and overweight psoriatic
patients. Both obese and non-obese psoriatic patients had
higher FABPS5 than the healthy control group (P <0.001 and
P <0.001 respectively).

Table 1 Clinical and laboratory
characteristics of the psoriatic
patients and the controls

Parameter Psoriasis (n=74) Controls (n=230) p-value
Median (Q1,Q3) Median (Q1,Q3)

Age (years) 54.0 (41.0; 59.0) 42.0 (38.0; 54.0) NS

BMI (kg/m?) 27.7 (23.89;33.09) 23.81 (22.22;26.02) P=0.001

Men: Women 49(66.2%):25(33.8%) 20(67%):10(33%) -

Psoriasis duration (months) 17.0 (6.0; 30.0) - -

PASI score 9.05 (5.9; 13.8) - -

Serum FABPS5 concentration 16.27 (12.42; 21.69) 7.81(6.33;9.26) P<0.001

Serum vitamin D concentration 15.43 (11.16; 21.92) 21.29 (16.38; 27.67) NS

Data shown as median and quartiles (Q,—first quartile; Q;—third quartile) and percentage. (BMI- body
mass index, PASI — psoriasis area and severity index, NS — non-significant)
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Fig. 1 Comparison of serum fatty acid binding protein 5 (FABPS5) concentration between patients and controls. Data shown as median and quar-
tiles (Q1, Q3). Significant difference between the groups P <0.001 *** (n=74)

Based on psoriasis activity FABP5 concentration in
patients with severe form of the disease (PASI>20) was
higher compared to the mild group (PASI< 10) (P <0.001)
(Fig. 2).

Serum FABPS5 correlated positively with PASI score
(r=0.42, P<0.001) in all psoriatic patients (n="74) (Fig. 3).
The similar correlation was observed in the patients group
with BMI <30 (r=0.41, P=0.003). There was no corre-
lation between PASI score and FABPS in obese psoriatic
patients. There was no relationship between FABP5 and
disease duration or age of the patients.

There was positive correlation between FABPS and
basic inflammation indices: C-reactive protein (R=0.29,
p=0.014), white blood cell count (R=0.50; p<0.001) and
the platelet count (R=0.26; p=0.033). Negative correlation
between FABPS and serum vitamin D concentration before
NB-UVB treatment was found (R =-0.24; p=0.040).

There was also some correlations between FABPS
with the serum free fatty acids—negative correlations
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between FABPS and n-3 PUFA (R=-0.28; p=0.017),
arachidonic acid (R=-0.36; p=0.002), eicozapentaenoic
acid (R=-0.28; p=0.014) and docozaheksaenoic acid
(R=-0.27, p=0.021). Positive correlation between FABP5
and n-6/n-3 PUFA ratio was observed (R=0.28; p=0.017).

After the treatment with NB-UVB the median total PASI
score decreased from the basal PASI 6.4 to 2.0 (P <0.001).
FABPS serum concentration decreased significantly from
median 6.89 to 6.5 (P=0.007) (Table 2).

Discussion

Serum concentration of FABP5 in psoriatic patients was
examined with respect to clinical and laboratory data. Signif-
icantly higher levels of FABPS were observed in both groups
of psoriatic patients (with and without obesity) compared to
the healthy control subjects. The obtained results were dif-
ferent to results of Miyake et al. who found similar average
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Fig.2 Comparison of serum fatty acid binding protein 5 (FABPS)
concentrations between patients according to the severity of the dis-
ease. Data shown as median and quartiles (Q1, Q3). Significant dif-

serum FABPS5 level in psoriatic patients and healthy individ-
uals [19]. However authors discovered higher FABPS level
in skin-stripping lesions and uninvolved skin of patients than
the skin of healthy individuals. There were some differences
between the study group in the present study and patients of
Miyake. In this study there were 74 patients with less severe
disease (PASI mean 11.3) versus 31 patients (PASI mean
17.3). Studied patients did not use any topical or systemic
treatment prior to the study. Patients of Miyake used topical
steroids and/or vitamin D ointments. Topical treatment, spe-
cially steroids and vitamin D, may have some immunomodu-
latory effect and influence the results. There are several stud-
ies confirming high expression of FABPS in psoriatic skin
lesions and in uninvolved skin of psoriatic patients compared
to the healthy skin [14, 19, 20]. Authors suggest that FABP5
plays an important role in keratinocyte differentiation [14].
Higher serum concentration of FABPS in this research may
reflect its epidermal level. The underlying mechanism of the

ference between the groups P <0.001*** (PASI — psoriasis area and
severity index) (n="74)

association of FABPS and psoriasis is not clear yet, but one
of the possible explanation is role of the adaptive immune
system, particularly of Thl and Th17 lymphocytes, which
has been regarded as prominent in the immunopathogen-
esis of psoriasis [21]. Interestingly, studies have shown that
FABP5 can increase Th17-cell differentiation [22] and aber-
rant FABPS5 activity may over activate immune cells leading
to inflammatory autoimmune diseases [23].

The positive correlation of serum FABPS with basic
inflammation indices: C-reactive protein, white blood cell
count and the platelet count in the current study, seems to
confirm the notion that FABP5 follows the inflammatory
process in psoriasis and may play an important role in the
pathogenesis of psoriasis and, what is more, may be used as
a biomarker of severity of the disease [24, 25].

High level of FABPS can have also some metabolic
implications. In the other studies serum FABPS levels cor-
related positively with parameters of adiposity, adverse
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Fig.3 Correlation between concentrations of serum fatty acid binding protein 5 (FABP5) and PASI (psoriasis area and severity index) (n=74)
(r=042, P<0.001) (n=74)

Table2 PASI and FABPS5 serum concentration before and after treatment with NB-UVB. Data are shown as median and quartiles (first quar-

tile—Q),third quartile- Q;)

Before NB-UVB treatment After NB-UVB treatment P -value
PASI 6.4 (4.4, 8.0) 2.0(1.4;2.7) P<0.001
FABP5 ng/mL 6.89 (5.69; 9.05) 6.51 (3.8; 8.15) P=0.007

PASI psoriasis area and severity index (n=30)

lipid profiles, serum insulin, adipocyte fatty acid binding
proteins (A-FABP, FABP4), C-reactive protein levels and
were higher in subjects with the metabolic syndrome (MS).
According to Yeung et al. FABP5 is a new circulating bio-
marker associated with increased cardio-metabolic risk and
the association of FABPS5 with the MS and the carotid intima
thickness is independent of FABP4 [26]. Similar, Bagheri
et al. suggested that FABP4 and FABP5 may represent medi-
ators of and biomarkers for metabolic and cardiovascular
disease in type 2 diabetes mellitus [16]. Moreover, Ibarretxe
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et al. suggested that FABP5 was associated with increased
subclinical atherosclerosis and higher FABPS plasma levels
was associated with the presence of type 2 diabetes, obe-
sity, metabolic syndrome, or atherogenic dyslipidemia [27].
The meta-analysis of 35 studies and 1,450,188 participants
revealed that psoriatic patients have higher prevalence to
MS compared to general population. [2]. In psoriasis MS
is diagnosed in about 31.4% of patients [28]. Subsequently,
numerous studies have demonstrated that psoriasis, par-
ticularly severe disease, is associated with increased risk of
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cardiovascular diseases [8, 29]. Present results may indicate
that elevated serum FABPS5 represents another link between
psoriasis MS and cardiovascular comorbidities.

On the other hand, in the last decade, modern epidemio-
logical studies have provided strong evidence that obesity
predisposes patients to the development of psoriasis and
amplifies psoriatic inflammation [30, 31] The analysis of
metabolic factors indicated that adiposity is a central factor
in this association [32]. Zhang Y et al. reported that FABPS
expression from the high-fat diet-induced obese mice was
twofold higher in keratinocytes and sixfold higher in mac-
rophages as compared to the controls. This results indicate
the high-fat diet upregulates FABPS in the skin tissues and
promotes inflammation of the skin [33]. Sometimes it is dif-
ficult to point out what has came first in the metabolic dys-
regulation or inflammation. On both sides, elevated serum
FABPS observed in this study may contribute to the further
immunologic and metabolic dysregulation.

Additionally, there was a negative correlation of serum
FABPS5 with serum concentration of arachidonic (AA),
eicosapentaenoic (EPA), docosahexaenoic (DHA) fatty
acids and positive correlation with n-6/n-3 ratio of polyun-
saturated fatty acids (PUFA). According to the literature,
FABPS5 has a broad range of ligands, including saturated and
unsaturated fatty acids like: linoleic acid, EPA, DHA, AA
and their derivatives [34]. In general, EPA and DHA are able
to inhibit different mechanism of inflammation while n-6
PUFA promote production of inflammatory cytokines and
T cell reactivity through production of prostaglandins and
leukotrienes from AA [35]. Positive correlation of FABP5
with n-6/n-3 ratio highlights the pro-inflammatory state pro-
moting metabolic disturbances in psoriatic patients.

Psoriasis is often accompanied by NAFLD. There was no
correlation of FABPS with liver function tests in the present
study. However, such connection was reported by Ishimura
in general population [36]. Present study group was free of
liver diseases and the levels of transaminases were within
the normal range so, based on present results, it is difficult
to conclude about connection of FABP5 and NAFLD in
psoriasis.

To the best of our knowledge, this is the first study eval-
uating influence of NB-UVB on serum concentration of
FABPS in patients with chronic plaque psoriasis. Significant
decrease of serum FABPS after the effective NB-UVB treat-
ment was observed. There was only one study comparing an
effect of different methods of treatment on FABPS5 levels in
skin-stripping [17]. The authors have reported decreased lev-
els of skin FABPS5 among 7 (out of 10) studied patients. Two
of them were treated with adalimumab, 3 with infliximab
and 2 with NB-UVB. It is difficult to compare this results
with present study. Firstly, because FABPS was evaluated
in different tissue and secondly, it was very small group
of patients. Nevertheless, one can again speculate that the

serum concentration of FABPS5 may reflect its level in the
skin. What was interesting, according to Miyake et al., skin-
stripping FABPS decreased prior to the clinical improve-
ment, so it could help to predict the result of the treatment.
In other study authors also observed decrease of FABP5
in psoriatic skin samples and serum after treatment with
methotrexate [37]. Further prospective studies are needed
to investigate if the serum concentration decrease also pre-
cedes the improvement of skin lesions after UVB. Reduc-
tion of FABPS5 after treatment may indicate improvement
of metabolic condition of psoriatic patients. Similar results
(reduction of plasma FABPS5) were obtained in morbid obese
patients after gastric binding-induced weight loss [38].
Authors also suggested that FABPS may be associated with
metabolic improvement. In this context, it should further
be noted that weight loss in obese psoriatic patients may
improve skin lesions [39].

Study strength and limitations

This study indicate not only higher concentration of serum
FABPS in psoriatic patients, in relationship with the sever-
ity of the disease and inflammatory markers but also the
beneficial effect of treatment with NB-UVB on FABPS con-
centration. The presented results point out two important
informations for clinicians: first that psoriatic patients even
without obesity have metabolic disturbances and should be
screened for them, and second, even more important: that
during our present study, after NB-UVB treatment we have
observed decrease of serum FABPS concentration which
may have influence on metabolic status of psoriatic patients.
The main limitation of the present study is lack of classic
metabolic indices like TC, HDL-C, LDL-C after the NB-
UVB. Observed significant reduction of PASI is strong
evidence clinical improvement and reduction of FABPS
indicate improvement of metabolic status. It is difficult to
verify if the observed changes in FABPS levels are related to
UV-therapy or to the improvement of psoriasis. Subsequent
limitation of the study is small group of patients. To have
more comprehensive view, it would be the best to extend
the number of patients and make a comparison in subgroups
with different comorbidities.

Conclusion

In the present study elevated serum level of FABPS in
psoriatic patients correlates with the disease severity and
accompanies indicators of systemic inflammation. These
findings may suggest that serum concentration of FABPS
could be used as a novel clinical biomarker of inflamma-
tion and disease severity in psoriasis. Moreover, aberrant
FABPS indicate metabolic abnormalities which may result in
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the development of metabolic syndrome and cardiovascular
diseases. The present results indicate the need and impor-
tance for screening of psoriatic patients in the direction of
metabolic disturbances, even without associated obesity.
Furthermore, decrease of FABPS serum concentration dur-
ing NB-UVB treatment may indicate the influence on meta-
bolic status of psoriatic patients. This finding needs further
investigations.

Clinicians, when deciding about psoriasis treatment
should lean toward NB-UVB if it is possible, more often
than topical treatment. Taken together, the results have addi-
tional value in the growing body of evidence indicating a
common metabolic profile between psoriasis and cardio-
metabolic diseases. Therefore, understanding the possible
relationship between them is an important issue that may
lead to the development of more effective therapies.
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