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Abstract: Background: Recent studies report independent associations between psoriasis, cardiovascular (CV)
events and risk factors. Blood Myeloperoxidase (MPO) from activated myeloid cells is associated with CV risk mainly
through lipid oxidation, induction of endothelial dysfunction and release of IL-12 from macrophages. Objectives: To
elucidate associations between psoriasis and conventional CV risk factors. Methods: We performed a cross-section-
al study of 100 psoriasis patients and 53 controls, group matched on age, gender and body mass index, to assess
levels of MPO in serum, as well as immunohistochemical staining from psoriasis skin lesions, psoriasis uninvolved
skin, and normal skin. Results: Although the groups did not differ on waist circumference, glucose, cholesterol, tri-
glycerides, creatinine or personal history of CV events, psoriasis patients had significantly higher waist-to-hip ratios,
blood pressures, proportion of current smokers, and lower high density lipoprotein level than controls. Serum MPO
level was elevated 2.5 fold (P<0.001) in psoriasis patients, even after adjusting for the CV risk factors on which the
groups differed. MPO did correlate with coronary artery calcification, carotid plaque, carotid intima media thickness
and flow mediated dilation, but did not correlate with psoriasis severity. However, MPO was highly expressed in le-
sional psoriatic skin and colocalized predominantly with CD45* CD11b* leukocytes. CD11b* cell density correlated
with circulation MPO levels. Conclusion: Lesional skin CD11b* leukocytes activated to generate MPO may contribute
to serum levels of MPO. Lesional CD11b* cell activity may be an alternative measure of disease burden to PASI that
underlies the MPO biomarker for systemic inflammation related to Cardiovascular Disease.
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Introduction congestive heart failure (CHF), cancer, type 2
diabetes mellitus, hypertension and depre-

Psoriasis is a chronic and recrudescent inflam- ssion.

matory disease which affects approximately

2-3% of the world’s population, including 125
million people worldwide and 7.5 million
Americans [1]. The negative impact of psoriasis
on health-related quality of life is comparable
to those of other major medical and psychiatric
diseases, such as myocardial infarction (Ml),

Psoriasis is associated with cardiovascular dis-
eases (CVDs) as well as with established cardio-
vascular (CV) risk factors. Although initial stud-
ies indicated that psoriasis may be associated
with an increased prevalence of CVDs, includ-
ing MI, CHF and stroke, as well as CV-related
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mortality, Gelfand et al. found that psoriasis
may confer an independent risk for MI, even
after adjusting for established CV risk factors,
especially in young patients with severe psoria-
sis [2]. Shared chronic systemic inflammatory
processes may explain the association between
psoriasis, CV risk factors and CVDs. The chron-
ic inflammation characteristic of psoriasis is
also central to the pathophysiology of athero-
sclerotic plaque initiation, progression and rup-
ture which lead to acute thrombotic events
including Ml and stroke A number of other sys-
temic inflammatory diseases such as rheuma-
toid arthritis (RA), systemic lupus erythemato-
sus and chronic gingivitis are also associated
with increased risk of CVDs and CRP elevation,
although the mechanism of this risk elevation
is not elucidated [3, 4]. Murine studies with
psoriasiform animal models have also estab-
lished that sustained skin-specific inflamma-
tion is associated with increased aortic root
vascular inflammation and arterial thrombosis
[5].

Myeloperoxidase (MPO) is a pro-oxidative and
proinflammatory hemeprotein stored in azuro-
philic granules of leukocytes and secreted
upon cellular activation following inflammation
[6, 7]. MPO catalyzes the conversion of chloride
and hydrogen peroxide to hypochlorite—a
strong reactive oxygen species (ROS Although
produced by monocytes, macrophages, Kupffer
cells and microglial cells, 95% of circulating
MPO in healthy individuals derives from poly-
morphonuclear neutrophils.

Emerging evidence in humans consistently sug-
gest that MPO may not merely be a marker for
CVDs, but that MPO-induced oxidative stress
and inflammation may actively contribute to the
formation, progression and destabilization of
atherosclerotic plaques which lead to acute
coronary syndromes (ACS) [8-11].

In this cross-sectional study, we sought to
explore associations between psoriasis, con-
ventional CV risk factors, and the CV-biomarker
MPO. We found elevated serum levels of MPO
in psoriasis with and without recognizable ath-
erosclerotic lesions, and that MPO is overex-
pressed in lesional skin by CD11b* leukocytes,
as compared to psoriatic non-lesional and non-
psoriatic skin.
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Materials and methods
Patients

One hundred psoriasis patients and 53 con-
trols 18 years or older were recruited from the
dermatology clinic at University Hospitals Case
Medical Center (UHCMC), Cleveland, Ohio, for
this cross-sectional study. Control patients did
not have psoriasis or any other inflammatory
skin disorders (e.g., acnhe, atopic dermatitis,
contact dermatitis, bullous pemphigoid, pem-
phigus vulgaris, alopecia areata) or inflamma-
tory disorders in general. All patients provided
informed consent to participate in the UHCMC
institutional review board-approved protocol
before initiation of the study.

History and physical examination

Each study patient completed a detailed ques-
tionnaire including socio-demographic informa-
tion, smoking history, allergies, current medica-
tions and treatments, lifetime treatments for
psoriasis, personal and family medical history
especially of psoriasis and psoriatic arthritis
(PsA) and CVDs. The study investigator then
reviewed this completed questionnaire in detail
with the patient at the study visit.

Also at the study visit, anthropometric mea-
sures obtained included height, weight, waist
circumference (WC) measured at the level of
the anterior superior iliac spines, and hip cir-
cumference measured at the level of the larg-
est circumference around the buttocks.

Psoriasis patients were additionally evaluated
by measuring their psoriasis area and severity
index (PASI), body surface area (BSA) and physi-
cians’ global assessment (PGA).

Serum analyses

A venous blood sample after at least an 8-hour
fast was obtained from each patient at the
study visit. Enzyme-linked immunosorbent
assays (ELISAs) were used to determine serum
levels of MPO (Kamiya Biomedical, Seattle,
WA). LDL, HDL, total cholesterol, triglyceride,
fasting blood glucose, creatinine and blood
urea nitrogen (BUN) were quantified by the
UHCMC clinical laboratory.

Skin biopsies

Optional 6 mm punch biopsies were obtained
from psoriasis patients (lesional and non-
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lesional skin) and controls (non-psoriatic skin).
These biopsies were embedded in tissue freez-
ing medium (TFM) and stored in -80°C freezer
until  immunofluorescence or immunohisto-
chemistry was performed.

Confocal immunofluorescent microscopy

8 um tissue sections were cut and fixed as
described previously [12]. Tissue sections were
incubated with anti-human MPO (BD
Biosciences, San Jose, CA) overnight at 4°C,
anti-human CD45 (Abcam, Cambridge, MA) for
4 hours at room temperature, anti-human
CD68, anti-human HAM56 (Dako, Glostrup,
Denmark) for 2 hours at room temperature,
anti-human CD11b conjugated to phycoery-
thrin (PE) (Abcam, Cambridge, MA) for 7 hours
at 4°C or appropriate isotype controls. These
antibodies were then stained with Alexa 488
for 7 hours at 4°C (Santa Cruz Biotechology,
Inc., Santa Cruz, CA) or with Alexafluor 555- or
488-conjugated goat anti-mouse isotype-spe-
cific secondary antibodies (Invitrogen, Carlsbad,
CA) when necessary. Hoechst 33253 was used
as a nuclear marker in all fluorescent images.
Images were acquired with a 25X Plan-
Neofluoar, NA 0.8 Imm. Korr, Ph2 objective on a
Zeiss LSM 510 META laser scanning confocal
microscope (Carl Zeiss Microimaging, Jenna,
Germany) located at the Neurosciences
Imaging Center at Case Western Reserve
University, Cleveland, Ohio.

Inmunohistochemistry

8 um tissue sections were cut and fixed as
described previously [13]. Blocked serial sec-
tions were incubated with anti-human MPO (BD
Biosciences, San Jose, CA), anti-human
Neutrophil elastase (Dako, Carpinteria, CA)
anti-CD11b (BD Biosciences, San Jose, CA) or
mouse isotype control (Dako, Carpinteria, CA)
for 1 hour at room temperature. Sections were
rinsed with PBS and incubated with biotin-
labeled secondary antibody (Vector laborato-
ries, Burlingame, CA) for 1 hour at room tem-
perature. After washing, the sections were
incubated for 30 minutes with the avidin-biotin
peroxidase complex (Vector laboratories,
Burlingame, CA). The sections were then rinsed
and stained with 3,3-diaminobezidine (Vect-
astin Kit, vector laboratories, Burlingame, CA)
and counterstained with hematoxylin (Vector
laboratories, Burlingame, CA).
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Quantifying CD11b* cells in psoriatic skin

Cd11b* cells were divided by mm? of papillary
dermal skin and this was defined as the Cd11b
index. In order to standardize the CD11b* cell
counting area between skin samples, the papil-
lary dermal area used for counting was defined
using the autofluorescence of elastin fibers at
488 nm. This area was then superimposed on
the anti-CD11b* immunohistochemistry color
image, and the peroxidase-positive CD11b
cells within the non-fluorescent area between
the papillary dermis and the rete ridges was
used for counting the CD11b positive events.

Statistical analyses: Means * standard devia-
tions were reported for normally distributed
continuous variables. Medians with interquar-
tile ranges were reported for non-normally dis-
tributed continuous variables. Counts with pro-
portions were reported for categorical variables.
Two-sample t-test, Wilcoxon test and Pearson
chi-square test were applied to compare the
group differences for the above three types of
variables, respectively.

Univariable analyses were applied to assess
the crude association of serum MPO level and
psoriasis-specific measures and therapy use.
Unadjusted means were reported for categori-
cal variables. Relative changes in serum MPO
level between groups or for every one unit
increase were reported.

In the multivariable model, associations
between serum MPO level and the presence of
psoriasis in all subjects were evaluated,
sequentially adjusting for age, gender, waist-to-
hip ratio (WHR), current smoking status, systol-
ic BP and serum HDL level in models 1 through
6.

The linear association between serum MPO
and the CD11b index was estimated using the
non-parametric Spearman’s Rho correlation
coefficient. This was done for the entire sam-
ple, and also for the sample stratified by level of
disease severity (mild, moderate, and severe)
using the PASI scores. P-values <0.05 were
considered statistically significant. Since the
study is exploratory in nature, nominal p-values
are reported, without correction for multiple
uses of the data.

Statistical significance was set at a level or p
value of 0.05. All analyses were performed
using SAS 9.2 (SAS Institute, Cary, NC).
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Table 1. Study patient clinical characteristics

Controls (n=53) Psoriasis (n=100)

Mean + sd or N (%) Mean + sd or N (%) p-value
Demographics
“Age (years) 45.1+18.0 46.3+16.2 0.596
“Male gender 26 (49.1%) 52 (52.0%) 0.729
Other Race (vs. white race) 8 (15.1%) 13 (13.0%) 0.720
Conventional cardiovascular risk factors

“BMI (kg/m?) 29.1+6.4 30.1+7.4 0.532
WHR 0.90+0.07 0.931£0.08 0.022
WC (cm) 39.01£5.8 40.1+6.5 0.350
Fasting blood glucose (mg/dL) 91.8+21.2 95.2+29.3 0.836
Systolic BP (mmHg) 119.4+15.5 128.1+16.8 0.002
Diastolic BP (mmHg) 73.61£8.5 79.5+9.7 <0.001
LDL (mg/dL) 110.3+35.1 119.5+36.2 0.164
HDL (mg/dL) 55.3+13.3 51.1+14.7 0.046
Total cholesterol (mg/dL) 189.1+44.6 196.3+45.4 0.397
Triglyceride (mg/dL) 121.5+109.0 125.4+82.8 0.368
Creatinine (mg/dL) 1.0+0.3 1.0+0.2 0.857
BUN (mg/dL) 14.8+4.9 13.8+4.7 0.234
Current cigarette smoker 12 (22.6%) 38 (38.0%) 0.034
Heart attack, stents, angioplasty, bypass surgery (personal) 2 (3.8%) 3 (3.0%) 1.000
Stroke (personal) 0 (0%) 0 (0%) 1.000
Premature heart attack (family) 20 (37.7%) 38 (38.0%) 0.974

Stroke (family)
Current medication use

Aspirin

Statins

ACE inhibitors

14 (26.4%) 44 (44.0%) 0.033
6 (11.3%) 13 (13.0%) 0.760
9 (17.0%) 16 (16.0%) 0.876

4 (7.6%) 14 (14.0%) 0.239

“Age, gender and BMI were group matched. ACE inhibitors: angiotensin-converting enzyme inhibitors; BMI: body mass index;
BP: blood pressure; BUN: blood urea nitrogen; HDL: high density lipoprotein; LDL: low density lipoprotein; N: count; sd: standard

deviation; WC: waist circumference; WHR: waist-to-hip ratio.

Results
Study patient characteristics

The clinical characteristics of psoriasis patients
versus controls are presented in Table 1.
Comparable to previous studies, the mean age
of our psoriasis patients was 46.3 [14].
Although patient characteristics such as age,
gender, race and BMI were similar between
psoriasis and control subjects, psoriasis
patients had significantly higher waist-to-hip
ratios (WHRs), systolic and diastolic BPs, pro-
portions of current cigarette smokers, percent-
ages of those with first- or second-degree rela-
tives afflicted by stroke(s); and lower serum
HDL levels when compared to controls. The
proportions of subjects using conventional
CV-protective medications, including aspirin,
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statins and angiotensin-converting enzyme
(ACE) inhibitors, did not differ significantly
between psoriasis patients and controls.

Table 2 elucidates psoriasis-specific measures
in our patient population. Since psoriasis sever-
ity measures were not normally distributed,
PASI, BSA and PGA are reported in medians
and interquartile (25"-75" percentile) ranges,
as 8.0 (3.6, 15.5), 6.0 (2.0, 16.5) and 2.0 (2.0,
3.0), respectively. Consistent with previous
reports, a majority (90%) of our psoriatics were
afflicted with plaque psoriasis, while 14% had
concurrent PsA [14, 15].

Therapeutically, 28 (28%) of our psoriasis
patients had never tried systemic, light or bio-
logic therapies and 55 (55%) were currently not
on these psoriasis therapies (Table 2).
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Table 2. Psoriasis-specific measures in psoriasis patients only

Psoriasis (n=100)
Median (25" percentile,
75" percentile) or N (%)

Psoriasis measures

PASI 8.0 (3.6, 15.5)
BSA 6.0 (2.0, 16.5)
PGA 2.0(2.0,3.0)
Plaque psoriasis 90.0 (90.0%)
Concurrent PsA 14.0 (14.0%)
Age when psoriasis was first diagnosed by a board-certified dermatologist (years) 23.5(17.0, 40.0)
Psoriasis duration (years) 17.3 (9.0, 24.0)
Systemic, light or biologic treatment over lifetime

None 28.0 (28.0%)

1 treatment 23.0 (23.0%)

>1 treatments 49.0 (49.0%)
Current systemic, light or biologic treatment

No treatment 55.0 (55.0%)

Treatment 45.0 (45.0%)

BSA: body surface area; N: count; PASI: psoriasis area and severity index; PGA: physicians’ global assessment; PsA: psoriatic
arthritis.

Table 3. Univariable linear regression analyses of serum MPO levels (ng/mL)

Unadjusted relative
change in MPO
between groups or for p-value
every 1 unit increase
in variable (95% ClI)

Unadjusted mean (95% Cl)
orN

Psoriasis patients (N=100)
Psoriasis measures
Psoriasis Control: N=53 2.48 (1.81, 3.38) <0.001
1,140.9 ng/ml (886.9, 1,467.7)
Psoriasis: N=100
2,827.6 ng/ml (2,353.8, 3,396.7)

PASI 1.00 (0.99, 1.02) 0.924
BSA 1.00 (0.99, 1.01) 0.831
PGA 1.08 (0.89, 1.30) 0.445
Psoriasis duration 0.99 (0.98, 1.00) 0.395
# of systemic, light or biologic therapy over lifetime 1.05 (0.96, 1.15) 0.248
Among Concurrent PsA No: N=86 1.17 (0.70, 1.99) 0.553
2,765.1 ng/ml (2,270.3, 3,367.8)
Yes: N=14

3,243.6 ng/ml (1,989.7, 5,287.7)

BSA: body surface area; Cl: confidence interval; MPO: myeloperoxidase; N: count; PASI: psoriasis area and severity index; PGA: physicians’ global
assessment; PsA: psoriatic arthritis.

Elevated serum MPO in psoriasis 2.48 [95% CI: 1.81, 3.38], p<0.001, Table 3).

This difference was only minimally attenuated
Psoriasis patients had significantly elevated by adjusting for gender, WHR, current smoking
serum MPO levels (2,827 ng/mL) when com- status, BP and HDL (Table 4). Of interest, serum
pared to controls (1,140 ng/mL relative change MPO levels did not correlate with measures of
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Table 4. Multivariable linear regression analyses of serum MPO levels (ng/mL)

Adjusted relative change in MPO

Exposures of interest Adjusted Mean (95% Cl) or N between groups (95% Cl) p-value
Psoriasis and control patients (N=153)
Presence of psoriasis
“Model 1 Control: 1,130.4 (880.9, 1,450.5) 2.50 (1.84, 3.41) <0.001
Psoriasis: 2,829.1 (2,359.8, 3,391.8)
Model 2 Control: 1,146.5 (856.4, 1,534.7) 2.50 (1.84, 3.40) <0.001
Psoriasis: 2,866.7 (2,277.5, 3,608.3)
Model 3 Control: 1,133.9 (845.7, 1,520.4) 2.45 (1.79, 3.36) <0.001
Psoriasis: 2,779.4 (2,167.1, 3,564.8)
Model 4 Control: 1,076.7 (800.0, 1,449.1) 2.34(1.71, 3.21) <0.001
Psoriasis: 2,519.9 (1,918.9, 3,309.3)
Model 5 Control: 1,090.3 (810.6, 1,466.6) 2.24 (1.62, 3.09) <0.001
Psoriasis: 2,440.9 (1,851.4, 3,218.3)
Model 6 Control: 1,095.0 (816.5, 1,468.4) 2.22 (1.61, 3.06) <0.001

Psoriasis: 2,432.1 (1,849.8, 3,197.8)

“Model 1: MPO = exposure + age. Model 2: Model 1 + gender. Model 3: Model 2 + waist-to-hip ratio. Model 4: Model 3 +
current smoker. Model 5: Model 4 + systolic blood pressure. Model 6: Model 5 + HDL. CI: confidence interval; HDL: high

density lipoprotein; MPO: myeloperoxidase; N: count.
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Figure 1. MPO is highly expressed in lesional psoriatic skin. 8 um sections of frozen human skin biopsies were la-
beled with MPO antibody (red) and the nuclear stain Hoechst 33253 (blue). MPO was detectable by confocal micros-
copy in lesional psoriatic skin (A) primarily in the dermo-epidermal junction and papillary dermis, and was minimal in
non-lesional psoriatic skin (B) and non-psoriatic skin (C). Scale bar = 50 pym. Representative image of n>7 patients.

psoriasis severity (i.e., PASI, BSA, PGA, psoria-
sis duration, number of lifetime psoriasis thera-
pies and concurrent PsA, Table 3).

Biomarker analysis

In addition to MPO, additional serum biomark-
ers relevant to systemic inflammation, CVD risk
and metabolism were also evaluated: IL-15,
VEGF, leptin, hsCRP and resistin. Among these,
MPO, resistin and hsCRP were significantly ele-
vated in psoriasis patients relative to controls.
However, only MPO remained significant by
multivariate analyses after adjusting for rele-
vant cardiovascular confounding factors includ-
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ing age, gender, W/H ratio, smoking, BP and
HDL (Supplementary Tables 1, 2, 3, 4 and 5).

Skin MPO analyses

In circulation, neutrophils (SSC>400) appear to
be the major producers of MPO, although we
did not observe a statistically different percent-
age of MPO-producing cells (Supplementary
Figure 1) in psoriasis versus healthy controls.
Although monocytes (SSC<400) appear to be
minor producers of MPO in circulation, they
expressed MPO in lesional psoriatic skin (Figure
1A) and mainly localized to the dermo-epider-
mal junction and papillary dermis. This was in
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Figure 2. MPO positive cells co-localize with CD45* cells within lesional psoriatic skin. 8 ym sections of frozen hu-
man skin biopsies were labeled with MPO antibody (red, A), CD45 antibody (green, B) and the nuclear stain Hoechst
33253 (blue). MPO was detectable by confocal microscopy mainly in the dermo-epidermal junction and papillary
dermis, co-localized with CD45* lymphocytes (white arrows, C). Scale bar = 50 ym. Representative image of n>7

patients.

Figure 3. Neutrophil elastase and MPO expression patterns are distinct in serial tissue sections from lesional psori-
atic skin. 8 um serial sections of frozen human skin biopsies were labeled with either MPO (A) or neutrophil elastase
(B) and counterstained with hematoxylin. Scale bar = 100 um. Representative image of n>3 patients.

contrast to the minimal or non-detectable MPO
expression in non-lesional psoriatic (Figure 1B)
and non-psoriatic skin (Figure 1C) (n>7
patients). MPO* cells co-localized with cells
expressing CD45, a leukocyte-specific marker
(Figure 2). However, MPO and the neutrophil-
specific marker neutrophil elastase had distinct
expression patterns, with MPO being present in
much greater quantities in the dermo-epider-
mal junction and papillary dermis in sequential
sections, indicating that most MPO™ cells were
negative for neutrophil elastase, (Figure 3). The
tissue macrophage-specific marker CD68 colo-
calized with a substantial subset of MPO* cells
(Figure 4C), and HAM colocalized with a minor-
ity of MPO* cells (Figure 4F). Cells expressing
CD11b, a marker of myeloid lineage, colocal-
ized strongly with MPO positive cells (Figure 5),
indicating MPO expression across a spectrum
of myeloid cells in lesions. Taken together, the
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expression phenotype of MPO* cells in psoriatic
skin was that of more immature tissue macro-
phages with overlap into some mature macro-
phages, (CD45*, CD11b*, neutrophil elas-
tase™g, CD68" HAM56Y).

Correlation among skin CD11b* cells and
serum MPO levels

Given the abundance of CD11b* MPO* cells in
psoriatic lesions, the lack of an alteration in
MPQO* circulating monocytes and the lack of
correlation between serum MPO and PASI mea-
sures, we asked whether variation in lesional
CD11b* myeloid cells correlated with serum
MPO levels.

Cutaneous CD11b* cells were counted in the
papillary dermis defined by autofluorescence of
elastin. The number of CD11b* cells divided by
the papillary dermis area was calculated and
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Figure 4. A subset of MPO* cells in lesional psoriatic skin express mature macrophage-specific markers CD68 and
HAM56. 8 um sections of frozen human skin biopsies were labeled with MPO antibody (red, A and D), CD68 (green,
B) or HAM56 (green, E) and the nuclear stain Hoechst 33253 (blue) in lesional psoriatic skin. Double labeling was
detected by confocal microscopy. Cells that co-localized for MPO and either CD68 (C) or Ham56 (F) are indicated
(white arrows). Scale bar = 50 yum. Representative image of n>3 patients.
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Figure 5. Lesional psoriatic MPO* cells express CD11b. 8 um sections of frozen human skin biopsies were labeled
with MPO antibody (green, A), CD11b (red, B) and the nuclear stain Hoechst 33253 (blue) in lesional psoriatic skin.
Double staining was detected by confocal microscopy and localized primarily to the dermo-epidermal junction and
papillary dermis. Co-localized (MPO* CD11b*) cells are indicated (white arrows, C). Scale bar = 50 ym. Representa-
tive image of n>9 patients.

constituted the CD11b* density index. The CD11b* mean index and psoriasis patients
CD11b* density index was 282+29 cells/mm?, within the upper quartile of severity (PASI>15)
There was a substantial variation in density did reach statistical significance (Figure 6,
among patients however, a correlation between r=0.714, p=0.047).

23 Am J Transl Res 2014;6(1):16-27



Psoriasis and cardiovascular risk factors

PASI> 15
7004
®
600+
e
= 5004
©
[
£
% 400+
Q
©
£
o 3004
=
°
© 2004 . "
L ]
1004
c L] Ll L L] L] L] 1
0 1000 2000 3000 4000 5000 6000 7000
serum MPO

Figure 6. Serum MPO correlates with increased CD11b* cells within high
PASI patients. 8 uym sections of frozen lesional psoriatic skin of patients with
PASI>15 and above were labeled and counted for CD11b* cells and the MPO
serum levels were found to correlate with the CD11b index (CD11b* cells di-
vided by u?) using a non-parametric Spearman correlation (n=8).

ond-degree family mem-
bers with history of one or
more strokes (Table 1),
which may predispose th-
em to cerebrovascular and
other CV events.

Interestingly, we discovered
that despite having more
conventional CV risk fac-
tors than controls, the pro-
portion of psoriasis pati-
ents currently taking CV-
protective medications, inc-
luding aspirin, statins and
ACE inhibitors were not sig-
nificantly different from
controls (Table 1).

MPO and psoriasis

Serum MPO and psoriasis:
In this cross-sectional st-
udy we demonstrate a sig-
nificantly elevated serum
MPO level in psoriasis

Discussion
CVrisk factors in psoriasis patients

Consistent with previous reports, our cross-
sectional study demonstrated psoriasis pa-
tients to be at increased CV risk with signifi-
cantly higher WHRs than controls even after
group matching on the basis of BMI, (Table 1).

Previous studies have noted that while patients
with more severe psoriasis exhibit more ubiqui-
tous lipid abnormalities (i.e., higher total cho-
lesterol, triglycerides), while patients with mild-
er psoriasis may have lower HDL levels as the
only detectable lipid abnormality when com-
pared to controls [16, 17]. These findings are
consistent with the results of our study: Our
psoriasis patients were predominantly mild in
severity as occurs in the general psoriatic popu-
lation, and our psoriasis patients only had sig-
nificantly lower serum HDL levels than controls
(Table 1).

While none of our study subjects have had a

stroke, we did find that psoriasis patients were
more likely than controls to have first- and sec-
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patients when compared to

controls, even after control-
ling for traditional CV risk factors (Tables 3, 4).
Although the difference in serum MPO levels
between psoriasis patients and controls
remained highly significant after adjusting for
traditional CV risk factors, it was minimally
attenuated by WHR, current smoking status
and BP (Table 4). This is consistent with previ-
ous studies, which have noted that abdominal
visceral fat, cigarette smoking, and hyperten-
sion are associated with elevated systemic
MPO levels or increased oxidative stress
[18-22].

Skin MPO and psoriasis: In this study we detect-
ed elevated MPO expression in lesional psori-
atic skin, as compared to non-lesional psoriatic
skin and non-psoriatic skin which expressed
minimal or non-detectable MPO (Figure 1). We
found MPO-expressing cells to be predominant-
ly located in the dermo-epidermal junction and
papillary dermis of lesional psoriatic skin,
where there are abundant blood vessels from
which leukocytes may enter skin tissue via dia-
pedesis (Figure 1). MPO" cells co-localized with
cells expressing CD45, a leukocyte-specific
marker, indicating that MPO is most likely pro-
duced by leukocytes (Figure 2).
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Importantly, distinct expression patterns of
MPO and neutrophil elastase could be
explained by the following hypothesis: Most
psoriatic lesions are chronic, and the acute-
inflammatory neutrophils should only be pres-
ent in considerable quantities when the lesions
first develop, while the chronic-inflammatory
macrophages are expected to predominate
after that. This thought is substantiated by a
previous study which reported that neutrophils
aggregated in the stratum corneum mainly in
acute psoriatic lesions [23]. Moreover, in chron-
ic atherosclerotic lesions removed during vas-
cular surgery, MPO co-localized primarily with
lesional macrophages without significant
involvement of neutrophils [24]. The authors
concluded that the source of MPO may differ
between stable chronic atherosclerotic disease
and acute plaque disruption, rupture and
thrombosis.

In our study, cells positive for CD68 and HAM56,
two markers of mature tissue macrophages,
did not represent the majority of MPO* cells in
lesional psoriatic skin (Figure 4). However, we
discovered that cells expressing CD11b, a
marker of blood monocytes and immature mac-
rophages at the point when they first enter tis-
sue, represented a major source of MPO* cells
(Figure 5).

Hence, we show that in patients with psoriasis,
a chronic inflammatory disease, monocytes
and macrophages may indeed be the predomi-
nant source of MPO. This is distinct from the
situation in more acute conditions where neu-
trophil is the main source of MPO. It may be
that as blood monocytes enter psoriatic lesion-
al skin, they transiently express MPO, account-
ing for the co-localization of MPO with CD11b*
blood monocytes and immature macrophages,
but as they mature into CD68* and HAM56*-
expressing macrophages, MPO production
wanes.

Serum MPO and psoriasis severity: Despite
MPO elevations in psoriatic blood and lesional
skin, we found that serum MPO levels did not
correlate with psoriasis severity as evaluated
by PASI, BSA and PGA. All three measures are
assessments of psoriatic skin involvement in
terms of skin area involved and/or erythema,
induration and scaling, and do not account for
occurrences within the blood of psoriasis
patients or the chronicity of psoriatic skin
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lesions. Therefore, if MPO is predominantly pro-
duced by monocytes and immature macro-
phages when they first enter psoriatic lesions,
serum MPO level would not be expected to
associate with these measures.

Interestingly, serum MPO levels also did not
associate with the duration for which patients
have been diagnosed with psoriasis, the num-
ber of lifetime systemic, light or biological treat-
ments patients have tried, and the concurrent
diagnosis of PsA. However, a correlation
between the serum MPO levels and CD11b*
cells in skin appeared within patients with PASI
over 15 only (Figure 6).

Our study had a number of strengths.
Experienced practicing dermatologists (NJK,
KDC) diagnosed patients with psoriasis. This is
a significant improvement over database stud-
ies where misclassification may be an impor-
tant confounder. A 2006 study showed that the
agreement between self-reported and derma-
tologists’ diagnoses of psoriasis was only mod-
erate [25]. Also, we excluded patients with
other inflammatory skin disorders from the con-
trols, so as not to weaken differences between
psoriasis and controls due to shared inflamma-
tory mechanisms. Furthermore, we group mat-
ched on age, gender and BMI, to eliminate the
effects of these well-established CV risk fac-
tors in assessing novel associations.

Several limitations to our study should be con-
sidered. We used a cross-sectional design
which can only evaluate associations, not cau-
sations. Hence, further prospective studies are
needed to evaluate temporal and causal rela-
tionships. Also, it is possible that biases and
unmeasured or unknown confounders could
explain some of the observed associations.
However, selection and information biases are
unlikely to explain our findings given that psori-
asis patients and controls were recruited from
the same well-defined source population and
information was collected in the same manner
for both groups, respectively. Furthermore,
patients seeking dermatological care for psori-
asis or other skin diseases may be more likely
to engage in healthier lifestyles and health
maintenance.

In conclusion, inflammatory MPO serum levels

are significantly higher in psoriasis patients
compared to controls, even after controlling for
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conventional CV risk factors, and did not corre-
late with psoriasis severity measured by PASI,
BSA, PGA. MPO is expressed in significantly
higher quantities in psoriatic lesional skin than
psoriatic non-lesional and non-psoriatic skin,
and predominantly localizes to the dermo-epi-
dermal junction and papillary dermis. MPO*
cells co-localize mostly with CD11b* monocytes
and immature tissue macrophages which are
instrumental in the development of atheroscle-
rotic and psoriatic lesions. Hence, MPO may be
an important mediator between psoriasis and
CVDs, and may be used to predict CV risk so
that high risk psoriatic populations may be
more aggressively managed. MPO may also be
therapeutically targeted to prevent CVDs in
psoriasis patients.
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Supplementary Table 1A. Univariable analysis of resistin (pg/mL) in all patients (N=153)

Unadjusted mean (95% Cl) Unadjusted relative change for every 1 unit

) -value
N increase / between groups P

Exposures of interest
Psoriasis Control: N=53 1.52 (1.09, 2.10) 0.013
3,912.5 (3,005.2, 5,093.6)
Psoriasis: N=100
5,928.3 (4,892.4, 7,183.6)

Supplementary Table 1B. Multivariable analysis of resistin (pg/mL) in all patients (N=153)

Adjusted relative change for every 1 unit increase /

Adjusted mean (95% Cl) between groups (95% Cl) p-value
Psoriasis

Model 1  Control: 3,925.3 (3,015.4, 5,109.7) 1.51 (1.09, 2.09) 0.013
Psoriasis: 5,927.2 (4,892.6, 7,180.5)

Model 2  Control: 3,402.6 (2,507.1, 4,617.8) 1.52 (1.10, 2.11) 0.011
Psoriasis: 5,185.6 (4,075.4, 6,598.1)

Model 3  Control: 3,299.6 (2,433.3, 4,474.3) 1.44 (1.04, 2.00) 0.028
Psoriasis: 4,755.5 (3,672.4, 6,158.0)

Model 4  Control: 3,023.6 (2,231.3, 4,097.4) 1.33(0.96, 1.84) 0.082
Psoriasis: 5,375.0 (4,184.7, 6,903.9)

Model 5 Control: 3,018.2 (2,225.6, 4,093.0) 1.34 (0.96, 1.87) 0.083
Psoriasis: 4,049.5 (3,048.0, 5,379.9)

Model 6  Control: 3,015.4 (2,223.8, 4,088.9) 1.34 (0.96, 1.87) 0.081

Psoriasis: 4,052.6 (3,050.7, 5,383.6)

Model 1: log(resistin) = exposure + age. Model 2: Model 1 + gender. Model 3: Model 2 + waist-to-hip ratio. Model 4: Model 3 +
smoker. Model 5: Model 4 + systolic blood pressure. Model 6: Model 5 + HDL.

Supplementary Table 2A. Univariable analysis of hsCRP (mg/L) in all patients (N=153)

Unadjusted mean (95% Cl) Unadjusted relative change for every 1 unit

. -value
N increase / between groups p

Exposures of interest
Psoriasis Control: N=53 1.56 (1.02, 2.38) 0.041
1.35 (0.96, 1.90)
Psoriasis: N=100
2.10 (1.64, 2.70)
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Supplementary Table 2B. Multivariable analysis of hsCRP (mg/L) in all patients (N=153)

Adjusted relative change for every 1 unit

Exposures of interest Adjusted mean (95% Cl) increase / between groups (95% Cl) p-value
0
Psoriasis
Model 1 Control: 1.37 (0.97, 1.92) 1.54 (1.01, 2.34) 0.045
Psoriasis: 2.10 (1.64, 2.69)
Model 2 Control: 1.19 (0.80, 1.77) 1.55 (1.02, 2.36) 0.040
Psoriasis: 1.85 (1.35, 2.53)
Model 3 Control: 1.09 (0.75, 1.58) 1.31(0.87, 1.86) 0.195
Psoriasis: 1.42 (1.03, 1.95)
Model 4 Control: 1.10 (0.75, 1.67) 1.32(0.87, 1.98) 0.189
Psoriasis: 1.44 (1.01, 2.05)
Model 5 Control: 1.14 (0.78, 1.66) 1.15(0.76, 1.73) 0.505
Psoriasis: 1.31 (0.92, 1.86)
Model 6 Control: 1.14 (0.79, 1.66) 1.14 (0.76, 1.71) 0.533

Psoriasis: 1.31 (0.92, 1.84)

Model 1: log(hsCRP) = exposure + age. Model 2: Model 1 + gender. Model 3: Model 2 + waist-to-hip ratio. Model 4: Model 3 +

smoker. Model 5: Model 4 + systolic blood pressure. Model 6: Model 5 + HDL.

Supplementary Table 3A. Univariable analysis of leptin (ng/mL) in all patients (N=153)

Unadjusted relative change for every 1 unit

Unadjusted mean (95% Cl) increase / between groups p-value
Exposures of interest
Psoriasis Control: N=53 1.16 (0.70, 1.94) 0.563
14.58 (9.63, 22.07)
Psoriasis: N=100
16.96 (12.54, 22.94)
Supplementary Table 3B. Multivariable analysis of leptin (ng/mL) in all patients (N=153)
irest . Adjusted mean (95% CI N ncrease. between gous (5o 0 PYalue
Psoriasis
Model 1 Control: 14.97 (10.02, 22.36) 1.13(0.69, 1.86) 0.626
Psoriasis: 16.93 (12.65, 22.67)
Model 2 Control: 8.66 (5.59, 13.43) 1.17 (0.74, 1.86) 0.503
Psoriasis: 10.15 (7.18, 14.34)
Model 3 Control: 7.84 (5.15, 11.92) 0.98 (0.62, 1.53) 0.920
Psoriasis: 7.66 (5.36, 10.94)
Model 4 Control: 8.35 (5.45, 12.78) 1.03 (0.66, 1.63) 0.885
Psoriasis: 8.63 (5.84, 12.76)
Model 5 Control: 8.69 (5.72, 13.19) 0.90 (0.57, 1.41) 0.639
Psoriasis: 7.79 (5.28, 11.50)
Model 6 Control: 8.71 (5.74, 13.21) 0.89 (0.57, 1.41) 0.627

Psoriasis: 7.78 (5.27, 11.48)

Model 1: log(leptin) = exposure + age. Model 2: Model 1 + gender. Model 3: Model 2 + waist-to-hip ratio. Model 4: Model 3 +

smoker. Model 5: Model 4 + systolic blood pressure. Model 6: Model 5 + HDL.
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Supplementary Table 4A. Univariable analysis of VEGF (pg/mL) in all patients (N=153)

Unadjusted mean (95% Cl) Unadjusted relative change for every 1 unit
N increase / between groups p-value
Exposures of interest
Psoriasis Control: N=53 1.07 (0.84, 1.35) 0.576
507.3 (419.4, 613.6)
Psoriasis: N=100
542.6 (472.4,623.2)
Supplementary Table 4B. Multivariable analysis of VEGF (pg/mL) in all patients (N=153)
erest . Adjusted mean (95'% CI) N ncrense, beween goups (5o 0y Pvalue
Psoriasis
Model 1 Control: 512.5 (425.5, 617.3) 1.06 (0.84, 1.33) 0.631
Psoriasis: 542.2 (473.6, 620.8)
Model 2 Control: 492.0 (395.9, 611.4) 1.06 (0.84, 1.33) 0.614
Psoriasis: 521.9 (439.7, 619.5)
Model 3 Control: 487.2 (391.6, 606.1) 1.04 (0.82, 1.32) 0.730
Psoriasis: 507.7 (421.8, 611.0)
Model 4 Control: 494.1 (395.4, 617.5) 1.06 (0.83, 1.34) 0.656
Psoriasis: 521.5 (425.0, 639.7)
Model 5 Control: 497.5 (398.1, 621.7) 1.03 (0.81, 1.31) 0.812
Psoriasis: 512.4 (416.2, 630.8)
Model 6 Control: 497.4 (398.0, 621.6) 1.03(0.81, 1.31) 0.809

Psoriasis: 512.5 (416.3, 630.9)

Model 1: log(VEGF) = exposure + age. Model 2: Model 1 + gender. Model 3: Model 2 + waist-to-hip ratio. Model 4: Model 3 +

smoker. Model 5: Model 4 + systolic blood pressure. Model 6: Model 5 + HDL.

Supplementary Table 5A. Univariable analysis of IL.-15 (pg/mL) in all patients (N=153)

Unadjusted mean (95% Cl) Unadjusted relative change for every 1 unit
. p-value
N increase / between groups
Exposures of interest
Psoriasis Control: N=53 1.32(0.94, 1.85) 0.106

146.0 (111.3, 191.5)
Psoriasis: N=100
192.6 (158.1, 234.7)




Psoriasis and cardiovascular risk factors

Supplementary Table 5B. Multivariable analysis of IL-15 (pg/mL) for all patients (N=153)

Exposures of

Adjusted relative change for every 1 unit

interest Adjusted mean (95% CI) increase / between groups (95% Cl) p-value
Psoriasis
Model 1 Control: 147.0 (112.2, 192.6) 1.31(0.94, 1.83) 0.114
Psoriasis: 192.5 (158.2, 234.3)
Model 2 Control: 153.3 (111.8, 210.2) 1.31(0.94, 1.82) 0.117
Psoriasis: 200.2 (156.1, 256.9)
Model 3 Control: 155.4 (113.1, 213.4) 1.34 (0.95, 1.88) 0.093
Psoriasis: 208.0 (158.9, 272.4)
Model 4 Control: 152.5 (110.3, 210.8) 1.32(0.93, 1.86) 0.118
Psoriasis: 200.7 (149.1, 270.2)
Model 5 Control: 154.4 (111.7, 213.4) 1.26 (0.89, 1.79) 0.199
Psoriasis: 194.6 (143.9, 263.1)
Model 6 Control: 155 (112.3, 213.7) 1.25(0.88, 1.78) 0.210

Psoriasis: 193.9 (143.7, 261.8)

Model 1: log(IL-15) = exposure + age. Model 2: Model 1 + gender. Model 3: Model 2 + waist-to-hip ratio. Model 4: Model 3 +
smoker. Model 5: Model 4 + systolic blood pressure. Model 6: Model 5 + HDL.
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Supplementary Figure 1. Systemic MPO analysis. Intracellular flow cytometry used to stain PBMCs revealed no sta-
tistical difference between the percentage of MPO-producing cells in psoriasis versus healthy controls.
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