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Reduction of Inflammatory and
Cardiovascular Proteins in the Blood of
Patients with Psoriasis: Differential
Responses between Tofacitinib and
Etanercept after 4 Weeks of Treatment
Jaehwan Kim1,2, Lewis Tomalin1,3, Julie Lee4, Lori J. Fitz4, Gabriel Berstein4, Joel Correa-da Rosa5,
Sandra Garcet1, Michelle A. Lowes1, Hernan Valdez6, Robert Wolk6, Mayte Suarez-Farinas3 and
James G. Krueger1
Patients with psoriasis have an increased risk of myocardial infarction, and psoriasis is now recognized as an
independent risk factor for coronary heart disease and cardiovascular mortality. To understand the effects of
psoriasis medications on systemic inflammation associated with cardiovascular risks, we studied blood proteins
related to inflammation and cardiovascular disease archived from a phase 3 clinical trial of tofacitinib and
etanercept in adults with moderate-to-severe psoriasis. A total of 157 blood proteins were quantified by a
proximity extension assay from 266 patients at baseline and week 4. Protein changes in the blood after 1 month
of treatment were compared between tofacitinib (10 mg two times a day) and etanercept (50 mg biweekly), and
by response status at week 12. Tofacitinib and etanercept commonly reduced IL-6, CCL20, and CXCL10, but
IL-17A was significantly reduced only in responders of either treatment. Compared with etanercept, tofacitinib
showed a wider spectrum of cardiovascular blood protein reduction, but the protein reduction effects of
tofacitinib were strictly confined to treatment responders. Tumor necrosis factor receptor 1, E-selectin, hK11,
tumor necrosis factorerelated activation-induced cytokine, CHI3L1, IL-16, and matrix metalloproteinase-12
were cardiovascular proteins significantly reduced only in tofacitinib responders. Our data suggest that a
short-term systemic psoriasis treatment can cause reductions in circulating inflammatory and other proteins
associated with cardiovascular risks.
Journal of Investigative Dermatology (2018) 138, 273e281; doi:10.1016/j.jid.2017.08.040

INTRODUCTION
Psoriasis is one of the most common and chronic inflammatory diseases, thought to affect 125 million people, or
nearly 3% of the world’s population (Christophers, 2001;
Langley et al., 2005; Schön and Boehncke, 2005). Although
classified as skin disease, psoriasis is associated with systemic
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inflammatory conditions that include obesity, diabetes, and
cardiovascular disease (Kimball et al., 2008). Patients with
psoriasis have an increased risk of myocardial infarction and
stroke, and psoriasis is now recognized as an independent
risk factor for coronary heart disease and cardiovascular
mortality (Ahlehoff et al., 2012; Armstrong et al., 2012, 2013;
Dregan et al., 2014; Gelfand et al., 2006; Kaye et al., 2008;
Ludwig et al., 2007; Mahiques-Santos et al., 2015; Mehta
et al., 2010; Shiba et al., 2016).
Recent studies have indicated that T-cell-mediated
inflammation could be the potential mechanistic link between psoriasis and cardiovascular disease. T-cell infiltration
into the tunica intima of the arterial wall is the key step of
atherosclerosis for the early development of atheroma
(Davidovici et al., 2010; Hansson and Libby, 2006), and
patients with psoriasis have the increased number of T cells
in the skin and T cells in the blood of those patients are
dysfunctional (Kim and Krueger, 2017; Sugiyama et al.,
2005). In addition, T helper type 1 (TH17) cytokines (IL17A, IL-20, IL-8), TH1 cytokines (IFN-g, IL-12, IL-18), and
other inflammatory cytokines (tumor necrosis factor-a [TNFa]), which are produced by the T cells of patients with psoriasis, are proatherogenic inflammatory mediators for cardiovascular risk (Davidovici et al., 2010; Fisman et al., 2003).
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Therapeutics targeting T cells in psoriasis, which improve
psoriasis skin, might have beneficial effects on systemic
inflammation that are associated with cardiovascular risk in
patients with psoriasis (Armstrong et al., 2013). This
hypothesis has been supported by retrospective cohort
studies (Ahlehoff et al., 2015; Hugh et al., 2014; Wu and
Poon, 2014; Wu et al., 2012, 2013) and prospective interventional studies of biologics measuring coronary artery
disease progression with coronary computed tomography
(Hjuler et al., 2016). However, contradictory results from a
retrospective cohort study showed no reduced risk of
myocardial infarction in patients with psoriasis after systemic
treatment (Abuabara et al., 2011). Furthermore, a recent
randomized, double-blind study with positron emission
tomography-computed tomography showed no difference of
vascular inflammation over 16 weeks in patients with psoriasis treated with a TNF-a antagonist or placebo (Bissonnette
et al., 2017). Therefore, a different approach is required to
understand the influence of psoriasis treatment on systemic
inflammation and cardiovascular risk.
In this study, we investigated proteomic changes of
inflammatory and cardiovascular molecules in the blood of
patients with moderate-to-severe psoriasis after 4 weeks of
systemic treatment with tofacitinib or etanercept. Both tofacitinib and etanercept target psoriasis T cells as well as other
inflammatory cells, but via different pathways: tofacitinib is
an oral Janus kinase (JAK)1 and JAK3 inhibitor that is FDA
approved for rheumatoid arthritis and investigational for the
treatment of moderate-to-severe psoriasis (Bachelez et al.,
2015). Etanercept is an FDA-approved TNF-a antagonist for
moderate-to-severe psoriasis, which impairs dendritic cell-Tcell interactions and T-cell activation responses (Kim and
Krueger, 2017). Within the study cohort of 266 patients
with moderate-to-severe psoriasis, treatment responders to
tofacitinib, treatment nonresponders to tofacitinib, treatment
responders to etanercept, and treatment nonresponders to
etanercept were compared under two hypotheses: (1)
systemic inflammation associated with cardiovascular risk
results from active psoriasis skin lesions. Therefore, beneficial
proteomic changes of cardiovascular molecules in the blood
are confined to patients whose psoriasis skin improves with
treatment. (2) Different psoriasis drugs modulate systemic
inflammation via different pathways, having different cardiovascular risk reduction effects.
RESULTS
Study cohort of patients with psoriasis

A total of 96 patients whose psoriasis skin improved after 3
months of tofacitinib treatment, 44 patients whose psoriasis
skin did not improve after 3 months of tofacitinib treatment,
85 patients whose psoriasis skin improved after 3 months of
etanercept treatment, and 43 patients whose psoriasis skin
did not improve after 3 months of etanercept treatment were
compared. There was no difference in gender, age, psoriasis
skin severity (Psoriasis Area and Severity Index [PASI]), the
ratio of responders to nonresponders, body mass index,
smoking, and alcohol consumption between groups (Table 1,
P > 0.05). Each patient’s blood samples before and 4 weeks
after treatment were analyzed by the inflammatory panel of
92 proteins and the cardiovascular panel of 91 proteins (157
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Table 1. Baseline demographics of the full analysis set
Tofacitinib group
(n [ 138)

Etanercept group
(n [ 128)

Pvalue

Female

43 (31.2)

39 (30.5)

1.00

Male

95 (68.8)

89 (69.5)

Characteristics
Gender, no (%)

Age, y
Mean

43.1

42.8

Range

19-74

18-71

0.88

PASI1 (0e72)
Mean

21.2

21.9

Range

12.0- 53.1

12.0-63.6

Responder

94 (68.1)

85 (66.4)

Nonresponder

44 (31.9)

43 (33.6)

0.55

Treatment response
(PASI752)
0.87

Body mass index
Mean

29.2

28.7

Range

17.2e52.7

18.1e44.4

0.42

Smoking, y (%)
Previous smoker

31 (22.5)

32 (25.0)

0.73

Never smoked

47 (34.1)

39 (30.5)

0.62

Smoker

60 (43.5)

57 (44.5)

0.96
0.14

Drinks, per wk
Mean

2.9

2.1

Range

0e30.0

0e20.0

1

PASI: Psoriasis Area and Severity Index.
PASI75: 75% reduction in the Psoriasis Area and Severity Index, no (%).

2

proteins in total with 26 proteins overlap, Proseek Multiplex
Proteomic Panels, Olink Bioscience, Uppsala, Sweden)
(Figure 1a).
Pretreatment inflammatory and cardiovascular proteins in
the blood correlate with psoriasis skin severity

Assessment of the correlation between pretreatment blood
protein expression and psoriasis skin severity (PASI) revealed
positive correlation of 27% (24/92) of the inflammatory
proteins and 19% (17/91) of the cardiovascular proteins, and
intercorrelations of the proteins in each panel (P < 0.05,
Figure 1b). Of note, top four proteins clustered together with
the highest correlation coefficient were IL-20, IL-17C, IL-17A,
and cheomokine ligand (CCL) 20 in the inflammatory panel,
reflecting that the TH17 axis is the most important pathway in
psoriasis pathogenesis (Kim and Krueger, 2017). IL-6, CCL20,
E-selectin, TNFR1, TNFR2, hK11, KLK6, tumor necrosis
factorerelated activation-induced cytokine (TRANCE), IL-8,
IL-1ra, CHI3L1, IL-16, matrix metalloproteinase-12, SPON1,
t-PA, CCL3, and CCL4 were cardiovascular proteins positively
correlated with psoriasis skin severity.
Pathway analysis (Ingenuity Pathway Analysis, QIAGEN,
Redwood City, CA) with the proteins correlated with psoriasis
skin severity identified that the following canonical pathways
were activated in the blood of patients with psoriasis: (1)
T-cell activation pathways—TH1 and TH2 activation pathway
and role of IL-17A in the psoriasis pathway, (2) cardiovascular
pathways—atherosclerosis signaling pathway and role of
nuclear factor of activated T-cells in the cardiac hypertrophy
pathway, (3) tofacitininb action mechanism pathways—role
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Inflammatory and cardiovascular panels for blood-related proteomics
Inflammatory Panel
Cardiovascular Panel

a

4E-BP1
ADA
ARTN
AXIN1
BDNF
CCL11
CCL19
CCL23
CCL25
CCL28
CD244
CD5
CD6
CDCP1
CST5
CXCL10
CXCL11
CXCL5

IL-5
IL-7
LAP TGF-β-1
LIF
LIF-R
MCP-2
MCP-3
MCP-4
MIP-1α
NRTN
NT-3
OSM
PD-L1
SLAMF1
ST1A1
STAMPB
TGFA
TNF
TNFB
TNFRSF9
TSLP
TWEAK
uPA

CXCL9
DNER
FGF-19
FGF-21
FGF-5
Flt3L
hGDNF
IFN-γ
IL-1α
IL-10
IL-10RA
IL-10RB
IL-12B
IL-13
IL-15RA
IL-17A
IL-17C
IL-18R1
IL-2
IL-20
IL-20RA
IL-22 RA1
IL-24
IL-2RB
IL-33

CASP-8
CCL4
CCL20
CD40
CSF-1
CXCL1
CXCL6
CX3CL1
EN-RAGE
FGF-23
HGF
IL-18
IL-4

IL-6
IL-8
MCP-1
MMP-1
MMP-10
NGF-β
OPG
SCF
SIRT2
TNFSF14
TRAIL
TRANCE
VEGF-A

HB-EGF
hK11
HSP 27
IL-16
IL-1ra
RAGE
IL-6RA
REN
IL27-A
RETN
ITGB1BP2
SELE
KLK6
SPON1
LEP
SRC
LOX-1
t-PA
mAmP
TF
MB
TIE2
MMP-12
TIM
MMP-3
TM
MMP-7
TNF-R1
MPO
TNF-R2
NEMO
TRAIL-R2
NT-pro-BNP
U-PAR
PAPPA
VEGF-D
PAR-1
PDGF Subunit B
PECAM-1
PIGF
PRL
PSGL-1
PTX3

AGRP
AM
BNP
CA-125
CCL3
CD40-L
CHI3L1
CSTB
CTSD
CTSL1
CXCL16
Dkk-1
ECP
EGF
ESM-1
FABP4
FAS
FS
GAL
Gal-3
GDF-15
GH

IL.6
CCL20
IL.17A

t.PA
IL.6
IL.1ra

CXCL10

IL.8

IL.10

CHI3L1

SLAMF1

CCL3

CD6
IL.15RA
CD5

SELE

IL.2RB

hK11

IL.16

CCL3

SPON1

IL.8
IL.24

TNF.R2

SPON1

IL.16

KLK6

hK11

SELE

CCL20

CCL4

CCL3

CHI3L1

IL.8

IL.1ra

IL.6

t.PA

TNF.R1

0.2

–0.2

–0.4

KLK6

CCL4
MCP.3

0.4

0

TNFRSF9

LAP.TGF.beta.1

0.6

CCL4
CCL20

ARTN

0.8

MMP.12

IL.20
IL.12B

MMP.12

1
PASI
TRANCE

IL.17C
CXCL9

TRANCE

PASI

PASI

IL.24

TRANCE

IL.8

MCP.3

MIP.1.alpha

CCL4.

LAP.TGF.beta.1

IL.2RB

ARTN

CD5

TNFRSF9

IL.15RA

CD6

SLAMF1

IL.10

CXCL9

IL.12B

IL.17C

IL.20

IL.17A

CCL20

IL.6

FGF.21
FGF.21

CXCL10

Intercorrelation of blood proteins correlated with psoriasis skin severity
Inflammatory proteins
Cardiovascular proteins

b

TNF.R1

–0.6

–0.8

TNF.R2
–1

PASI
TRANCE

c

Figure 1. Pretreatment inflammatory and cardiovascular blood protein levels correlate with psoriasis skin severity. (a) Venn diagrams illustrate names of
blood proteins (n ¼ 157) measured by inflammatory (n ¼ 92, red) and cardiovascular (n ¼ 91, blue) proteomic panels, including overlapping blood proteins
(n ¼ 26, purple). (b) Heatmaps show inflammatory (n ¼ 24) and cardiovascular (n ¼ 17) blood proteins that positively correlate with Psoriasis Area and
Severity Index (PASI) at week 0. Size/color of circles indicates between blood proteins or PASI (green) at week 0. Black squares indicate high intercorrelation
between blood proteins (P < 0.05). (c) Ingenuity Pathway Analysis (IPA, QIAGEN) was applied to week 0 expression profiles of the inflammatory (n ¼ 24)
and cardiovascular (n ¼ 17) blood proteins that correlate with PASI. Bar chart summarizes IPA results displaying elog(P-values) of the canonical pathways
showing significant (P < 0.05) activation at week 0.
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Inflammatory Panel
Etanercept
Responder

Cardiovascular Panel

1

***

***

**

0.8

1

***

***

Etanercept
Responder

1

***

***

**

0.7

1

***

***

Correlation
Etanercept
Non-responder

Etanercept
Non-responder

1.0
0.5
0.0

Tofacitinib
Responder

0.6

0.6

Tofacitinib
Responder

***

1

0.6

0.5

***

1

–0.5

b

Inflammatory Panel

0.4

0.7

1

Cardiovascular Panel
0.5

log2(Fold change W4–W0)

0.5

log2(Fold change W4–W0)

0.3

Tofacitinib
Non-responder

Tofacitinib
Non-responder

Tofacitinib
Non-responder

Tofacitinib
Responder

1

Etanercept
Non-responder

0.7

Etanercept
Responder

0.3

Tofacitinib
Responder

0.3

Etanercept
Responder

Tofacitinib
Non-responder

Etanercept
Non-responder

–1.0

0.0

–0.5

–1.0

0.0

–0.5

–1.0

Tofacitinib
Etanercept
Tofacitinib
Etanercept
Responder Non-responder Responder Non-responder

Tofacitinib
Tofacitinib
Etanercept
Etanercept
Responder Non-responder Responder Non-responder

ρ = 0.24
p = 0.005

0

ρ = 0.14
p = 0.13

–10

–20

–30

–2
0
Post-treatment changes of IL-17A

2

Post-treatment changes of PASI

Post-treatment changes of PASI

c
ρ = 0.23
p = 0.009

0

Etanercept
Tofacitinib

ρ = 0.11
p = 0.23

–10

–20

–30

–4

–2
0
2
Post-treatment changes of IL-17C

Figure 2. Inflammatory and cardiovascular blood protein change patterns after 4 weeks of treatment with tofacitinib versus etanercept separated by
treatment responders versus nonresponders (PASI75). (a) Heatmaps show a correlation of inflammatory (left) and cardiovascular (right) blood protein changes
(week 4 vs. week 0) between etanercept responders, etanercept nonresponders, tofacitinib responders, and tofacitinib nonresponders. Numbers indicate
Spearman’s rank correlation coefficient, whereas the asterisk (*) indicates statistical significance (*P < 0.05, **P < 0.01, ***P < 0.001). (b) Box plots show
inflammatory and cardiovascular blood protein change patterns in each group. (c) Scatter plots with significant Spearman’s rank correlation coefficient (r)
between post-treatment changes of PASI and post-treatment changes of blood proteins in the tofacitinib group (P < 0.05). No significant correlation observed in
the etanercept group. PASI75, 75% reduction in the Psoriasis Area and Severity Index.
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a

of JAK1 and JAK3 in g-chain cytokine signaling pathways
(Figure 1c).

Inflammatory Panel
Responders

Tofacitinib

Non-responders
Etanercept

13

15

Tofacitinib

3

4

Etanercept

3

14

Cardiovascular Panel
Responders

Non-responders

Tofacitinib
Etanercept

26

b

6

Etanercept

1

Inflammatory Panel
R (n=92)
W0

W4

NR (n=42)
W0

W4

R (n=84)
W0

W4

NR (n=41)
W0

W4
MCP–4
TNF
TNFB
MMP–1
MIP–1 alpha
IL–17C
CXCL9
CXCL11
TNFRSF9
IL–17A
IL–20
CCL4
IL–6
CCL20
CD6
TRANCE
IL–18
IL–12B
CD5
CCL19
CCL23
AXIN1
TNFSF14
HGF
MCP–3
TGF–alpha
OSM
CXCL10
SIRT2
EN–RAGE
IL–7
4E–BP1
IL–8
CX3CL1

1.5

1
0.5

0
–0.5
–1
–1.5

Etanercept

Tofacitinib

Cardiovascular Panel
R (n=83)
W0

W4

NR (n=38)
W0

W4

R (n=74)
W0

W4

NR (n=35)
W0

W4
GAL
TNF–R2
TRANCE
CXCL6
TNF–R1
ECP
CXCL1
KLK6
PDGF Subunit B
Dkk–1
VEGF–A
RETN
PTX3
IL–18
CSF–1
MMP–12
LOX–1
TNFSF14
E-selectin
HB–EGF
HGF
IL–16
CHI3L1
NEMO
SIRT2
CASP–8
CCL4
EN–RAGE
IL–6
CCL3
IL–1ra
CCL20

Tofacitinib

Etanercept

Figure 3. Differentially expressed inflammatory and cardiovascular blood
proteins. (a) Venn diagrams display number and overlap of differentially
expressed (week 4 vs. week 0, fold change > 1.2, false discovery rate < 0.05)
inflammatory and cardiovascular blood proteins after treatment with
tofacitinib or etanercept in PASI75 responders versus nonresponders.
(b) Heatmaps show pre- and post-treatment mean expression levels of
differentially expressed (fold change > 1.2, false discovery rate < 0.05)
inflammatory and cardiovascular proteins in PASI75 responders versus
nonresponders from tofacitinib versus etanercept treatment groups
(R ¼ PASI75 responders, NR ¼ PASI75 nonresponders). PASI75, 75%
reduction in the Psoriasis Area and Severity Index.

Different post-treatment blood proteomic changes
according to the treatment and treatment responses

In both inflammatory and cardiovascular panels, posttreatment (week 4eweek 0) changes of protein expression
were highly correlated between responders and nonresponders in the same treatment group (Spearman’s rank
correlation coefficient r ¼ 0.7 or 0.8, P < 0.05, Figure 2a).
Post-treatment expression changes were also correlated between responders to tofacitinib and responders to etanercept
in both panels (r ¼ 0.6, P < 0.05). In contrast, nonresponders
to tofacitinib and nonresponders to etanercept showed low
correlation in both inflammatory and cardiovascular panels
(r ¼ 0.3 or 0.4, P < 0.05).
In the tofacitinib group, responders showed higher
magnitude of protein changes than nonresponders in both
inflammatory and cardiovascular panels (Figure 2b). In the
etanercept group, the magnitudes of protein changes were
not different between responders and nonresponders in both
inflammatory and cardiovascular panels. On average, more
blood proteins showed decreased expression in tofacitinib
responders compared with the other treatment groups; this
was true for both inflammatory and cardiovascular blood
proteins.
When disease severity (PASI) is modeled as a continuous
variable, post-treatment changes of IL-17A and IL-17C were
significantly correlated with post-treatment changes of PASI
in the tofacitnib group (P < 0.05, Figure 2c). No significant
correlation observed between post-treatment changes of PASI
and post-treatment changes of blood proteins in the etanercept group.
Differentially expressed inflammatory and cardiovascular
blood proteins after tofacitinib or etanercept treatment

In tofacitinib responders’ blood, 28 of 92 of proteins in the
inflammatory panel and 32 of 91 of proteins in the cardiovascular panel were differentially expressed (fold change
[FCH] > 1.2, false discovery rate [FDR] < 0.05) after 4 weeks
of treatment (Figure 3a). In tofacitinib nonresponders’ blood,
only 6 of 92 of proteins in the inflammatory panel and 0 of 91
proteins in the cardiovascular panel were differentially
expressed after 4 weeks of treatment. In etanercept responders’ blood, 19 of 92 of proteins in the inflammatory
panel and 6 of 91 of proteins in the cardiovascular panel
were differentially expressed after 4 weeks of treatment
(Figure 3a). In etanercept nonresponders’ blood, 17 of 92 of
proteins in the inflammatory panel and 1 of 91 of proteins in
the cardiovascular panel were differentially expressed after 4
weeks of treatment.
Heatmaps of pre- and post-treatment mean expression of
differentially expressed (FCH > 1.2, FDR < 0.05) inflammatory and cardiovascular blood proteins show a clear
decrease in expression of inflammatory and cardiovascular
disease proteins in clinical responders after treatment with
tofacitinib (Figure 3b). TNF displayed increased expression
after treatment with etanercept—it has been noted in previous studies that this increase is due to the detection of
inactive TNF that has been sequestered by etanercept, and
www.jidonline.org
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Figure 4. Gene-set variation analysis
(GSVA) of psoriasis immune
pathways and cardiovascular disease
pathways. Heatmap shows pre- and
post-treatment GSVA z-scores for
tofacitinib and etanercept separated
by PASI75 response, using all the
protein measurements in both
inflammatory and cardiovascular
panels (omitting duplicated proteins).
Differentially expressed pathways
related to psoriasis immune pathways
and cardiovascular disease are shown
(R ¼ PASI75 responders, NR ¼ PASI75
nonresponders; fold change > 1.3,
false discovery rate < 0.05). Pathways
for analysis are curated from
published papers (Gaffen et al., 2014;
Kim and Krueger, 2017; Tian et al.,
2012; Witte et al., 2015), Molecular
Signature Database (http://
broadinstitute.org/gsea/msigdb), and
Gene Ontology Database (http://wiki.
geneontology.org). JAK, Janus kinase;
PASI75, 75% reduction in the
Psoriasis Area and Severity Index;
STAT, signal transducer and activator
of transcription; TNF, tumor necrosis factor.

R (n=81)

NR (n=36)

R (n=73)

NR (n=33)

W0

W0

W0

W0

W4

W4

1.5
1
Cardiovascular disease signatures
IL-23-IL-17 immune axis signatures

0.5
0

TNF-α signaling via NF-κB

–0.5

Inflammatory response signatures

–1

Psoriasis meta-analysis
transcriptome

–1.5

IFNγ-treated fibroblast signatures
IL-6/JAK/STAT3 signaling
Priority cardiovascular gene signatures
Aatherosclerosis signaling
Hypertrophic cardiomyopathy signatures
Tofacitinib

Differentially expressed psoriasis immune pathways and
cardiovascular disease pathways after tofacitinib or
etanercept treatment

For biological interpretation of proteomic data by averaging
z-scores of expression values over all proteins in a given
dataset, gene-set variation analysis (GSVA) was performed to
provide a quantitative metric of protein activities. GSVA was
performed using a dataset consisting of both inflammatory
and cardiovascular protein expression combined. When
proteins appeared on both panels, expression levels from the
inflammatory panel were used. Pathways used for analysis
were curated from published papers (Gaffen et al., 2014; Kim
and Krueger, 2017; Tian et al., 2012; Witte et al., 2015),
Journal of Investigative Dermatology (2018), Volume 138

W4
IL-17-treated fibroblast signatures

therefore does not reflect the levels and biologically active
TNF (Kim et al., 2015; Weinblatt et al., 1999).
Among the differentially expressed blood proteins,
psoriasis-associated blood proteins were selected by positive
correlation with disease severity (Spearman’s rank correlation
P < 0.05, Supplementary Table S1 online). Amongst these
psoriasis-associated blood proteins, IL-6, CCL20, KLK6,
IL-1ra, and CCL4 were cardiovascular disease proteins
(Harrington et al., 2017; Heller et al., 2006) differentially
expressed (FCH > 1.2, FDR < 0.05) in both tofacitinib and
etanercept responders. TNFR1, E-selectin, CCL3, CXCL1,
matrix metalloproteinase-12, IL-16, CHI3L1, and TRANCE
were psoriasis-associated cardiovascular proteins only
differentially expressed in tofacitinib responders (FCH > 1.2
and FDR < 0.05). IL-17A, which plays pathogenic roles in
both psoriasis and atherosclerosis (Butcher et al., 2012; Erbel
et al., 2011; Kim and Krueger, 2017), was significantly
reduced in responders of both tofacitinib and etanercept
(FCH > 1.2 and FDR < 0.05), but not significantly reduced in
nonresponders of tofacitinib and etanercept.

278

W4

Etanercept

Molecular Signature Database (http://broadinstitute.org/gsea/
msigdb), and Gene Ontology Database (http://wiki.
geneontology.org). Figure 4 presents pre- and posttreatment GSVA z-scores for tofacitinib and etanercept
separated by PASI75 response, showing significant changes
of psoriasis immune pathways and cardiovascular disease
pathways (FCH > 1.3, FDR < 0.05). Tofacitinib and etanercept responders showed a clear decrease in activity of
psoriasis immune pathways and cardiovascular disease
pathways, although this decrease in activity was less apparent
in nonresponders (Figure 4).
DISCUSSION
The association between psoriasis and occlusive cardiovascular events is well established by epidemiologic studies
(Ahlehoff et al., 2012; Armstrong et al., 2012, 2013; Dregan
et al., 2014; Gelfand et al., 2006; Kaye et al., 2008; Mehta
et al., 2010; Shiba et al., 2016). However, the mechanisms
for the increased risks of myocardial infarction in patients
with psoriasis are still under investigation (Bissonnette,
2012). Although epidemiologic studies suggest that reduced
cardiac events are associated with anti-TNF treatment (Wu
and Poon, 2014; Wu et al., 2012, 2013), further studies
which show a clear reduction in cardiovascular biomarkers
are lacking.
Our data suggest the possibility that psoriasis treatment can
have cytokine signaling modulation that may have beneficial
effects on cardiovascular risk-associated blood proteins, even
with a short-term period of treatment. Among the key inflammatory molecules involved in both psoriasis and
atherosclerosis (Harrington et al., 2017; Heller et al., 2006;
Kivelevitch et al., 2017), IL-6, CCL20, and CXCL10 were
commonly reduced in the blood of patients with psoriasis
after 4 weeks of tofacitinib or etanercept treatment (FCH >
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1.2 and FDR < 0.05, Supplementary Table S1). In addition,
individual treatment modalities may have different range of
cardiovascular cytokine modulation spectrum according to
the drug action mechanisms, which is also strongly influenced by the degree of skin improvement. IL-17A, the target
molecule for psoriasis treatment (Kim and Krueger, 2017),
was significantly reduced only in responders of tofacitinib or
etanercept (FCH > 1.2 and FDR < 0.05). TNFR1, E-selectin,
hK11,
TRANCE,
CHI3L1,
IL-16,
and
matrix
metalloproteinase-12 were psoriasis-associated cardiovascular blood proteins, which were significantly reduced only in
tofacitinib responders (FCH > 1.2 and FDR < 0.05). Therefore, our study supports the notion that physicians may
eventually choose a systemic treatment not only based on the
efficacy/safety profile, drug coverage, and patient preferences, but also on its potential effects on comorbidities such
as coronary artery disease (Bissonnette, 2012).
Hjuler et al. (2016) conducted a prospective, observerblinded, interventional study using coronary computed tomography angiography to measure progression of coronary
plaque severity with 1 year of follow-up. In this study, 30
patients with psoriasis of the experimental group were treated
with adalimumab, etanercept, infliximab, or ustekinumab,
and compared with 28 patients with psoriasis of the control
group. The study concluded that clinically effective treatment
with biologic agents was associated with reduced coronary
artery disease progression in patients with psoriasis. In
contrast, Bissonnette et al. (2017) conducted a randomized,
double-blinded, interventional study using positron emission
tomography-computed tomography to measure vascular
inflammation with 4 months of follow-up. In this study, 54
patients with psoriasis of the experimental group were treated
with adalimumab, and compared with 53 patients with
psoriasis of the placebo group. The study concluded that
there was no difference in vascular inflammation in patients
with psoriasis treated with a TNF-a antagonist or placebo.
Our study findings may provide a different point of view for
the discrepancy of the above two imaging studies and implications for future psoriasis cardiovascular research. First,
imaging modalities for atherosclerosis assessment may be
supplemented by blood protein analyses. In our study, a
short-term (4 weeks) measurement of blood proteins characterized different patterns of inflammatory and cardiovascular changes depending on the treatment and treatment
responses. Secondly, psoriasis treatment with different action
mechanisms should be compared in the future psoriasis
cardiovascular studies, and the choice of drugs should be
mandated in the study design. Many of cohort or interventional studies to understand cardiovascular effects of psoriasis
treatment have been focused on a TNF-a antagonist
(Bissonnette et al., 2017; Hjuler et al., 2016; Wu and Poon,
2014; Wu et al., 2012, 2013) or the choice of drugs was
not mandated (Hjuler et al., 2016). However, our study
showed a wider spectrum of cardiovascular blood protein
reduction effects of tofacitinib (JAK1/3 inhibitor) compared
with etanercept (TNF-a antagonist) in treatment responders.
Compared with etanercept, which inhibits classic TNFassociated cytokines (TNF-a, IL-1b, IL-6, and IL-8) and
modulates IL-23 and IL-17 in psoriasis lesions (Zaba et al.,
2009), tofacitinib directly inhibits g-chain cytokines (IL-2,

IL-4, IL-7, IL-9, IL-15, and IL-21), as well as other cytokines
that JAK1 is involved in signaling, for example, IFN-a, IFN-g,
IL-6, IL-19, IL-20, and IL-22 (Krueger et al., 2016). Tofacitinib
also modulates IL-23/TH17 pathways, with clear effects after
4 weeks of treatment (Krueger et al., 2016). Lastly, a comparison between treatment responders and treatment nonresponders is necessary to assess individual drugs’
cardiovascular risk reduction effects. Our study showed that
the inflammatory and cardiovascular blood protein modulation effects of tofacitinib were strictly confined to the treatment responders, whose psoriasis skin improved after 3
months of treatment.
A major limitation of this study is the lack of placebo or
normal controls in the analyses. We defined psoriasisassociated blood proteins by positive correlation with disease severity (PASI), but there may be a discrepancy between
the blood proteins in correlation with PASI and the blood
proteins increased in psoriasis patients compared with
healthy controls. In addition, there was an assessment gap
between the blood sample acquisition (week 4) and the
assessment of PASI improvement (week 12). Our short-term
(4 weeks) data do not establish the ultimate long-term proteomic profiles of psoriasis treatment or their clinical benefits
on cardiovascular disease, which requires prospective studies
with a large study cohort and long-term follow-up.
MATERIALS AND METHODS
Study design and blood samples
The blood samples of 266 patients with moderate-to-severe chronic
plaque psoriasis were analyzed at two different time points, baseline
and week 4, comparing tofacitinib 10 mg daily and etanercept 50
mg biweekly. The blood samples were archived from a phase 3,
multisite, randomized, double-blind, placebo-controlled psoriasis
study of the efficacy and safety comparing tofacitinib and etanercept
with multiple study arms (ClinicalTrials.gov: NCT01241591)
(Bachelez et al., 2015) (Table 1). The study was performed in
accordance with the International Conference on Harmonization
Good Clinical Practice Guidelines, and the study protocol was
approved by the institutional review board or ethics committee at
each site (Bachelez et al., 2015). Written informed consent was
obtained from each patient before enrollment. To compare protein
changes between treatment responders and treatment nonresponders, 30% of samples in each treatment group were randomly
selected from treatment nonresponders. Treatment responders and
treatment nonresponders were defined by at least 75% clinical
improvement at week 12, measured by PASI 75.

Blood sample analyses
A total of 157 proteins associated with cardiovascular diseases and
inflammation were analyzed by the Proximity Extension Assay
technique using the Proseek Multiplex Cardiovascular disease reagents kit (91 proteins) and Inflammatory reagents kit (92 proteins,
26 proteins overlap with cardiovascular kit, Olink Bioscience) at the
Precision Medicine Bioanalytical Laboratory, Pfizer Pharma Therapeutics (Cambridge, MA). Each cardiovascular or inflammatory
protein’s functional description, analytical measuring range, and
validation data are available at http://www.olink.com/products.
In the Proximity Extension Assay (Assarsson et al., 2014),
oligonucleotide-labeled antibody probe pairs were allowed to bind
to their respective targets present in the blood sample. When the two
www.jidonline.org
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antibodies were in close proximity, a new PCR target sequence was
formed by a proximity-dependent DNA polymerization event.
Universal primers were used to preamplify the DNA templates in
parallel. The individual DNA sequences were detected and quantified using specific primers by a microfluidic real-time quantitative
PCR chip (96.96, Dynamic Array IFC, Fluidigm Biomark, South San
Francisco, CA). Data analysis was performed by a preprocessing
normalization procedure using an Excel macro provided by Olink.
For validation of the generated data, key proteins were measured by
different methods of protein analysis (IL-17A by Singulex Erenna
assays, Singulex, Berkeley, CA; IL-8 and E-selectin by Meso Scale
Discovery immunoassays, Meso Scale Diagnostics, Rockville, MA)
confirming high correlation between the different protein analysis
platforms (data not presented). All data were presented as arbitrary
units of concentration. General calibrator curves to calculate the
approximate concentrations are available on the Olink homepage
(http://www.olink.com).

Statistical analyses
Analysis of demographics.

An independent two-sample t-test
was used to assess differences in continuous variables, and a c2 test
was used for categorical variables in demographics (Table 1).

Analysis of protein changes.

Log2-transformed expression
values were modeled using linear mixed-effects models. After fitting
the interaction model, comparisons of interest were assessed using
linear contrasts via restricted log-likelihood maximization, under the
general framework of the limma package. P-values from the
moderated (paired) t-test were adjusted for multiple hypotheses
across genes using the Benjamini-Hochberg procedure. FCH ratio >
1.2 and FDR < 0.05 were used as cutoffs to define statistically significant protein changes. Protein changes for each patient data set
were calculated according to the following equation: log2(FCH
week 4e week 0). Spearman’s rank correlation coefficients were
used to examine associations between baseline protein expression
and psoriasis skin severity (PASI) (Figure 1b) and associations of
protein changes with tofacitinib versus etanercept treatment, and
treatment responders versus treatment nonresponders (Figure 2a).
P-values from Spearman’s rank correlation tests were adjusted for
multiple hypotheses using the Benjamini-Hochberg procedure.
Statistical analysis was carried out in the R language version 3.4
(www.r-project.org).

Pathway analysis.
(1) Ingenuity Pathway Analysis: Protein change analysis data,
including FCH ratio, P-values, and FDR, were imported into the
Ingenuity Pathway Analysis Tool (Ingenuity H Systems, Redwood
City, CA; http://www.ingenuity.com). Protein reduction with FDR
< 0.05 was considered significant and was applied before
pathway analyses. Disease pathways and canonical pathways
enriched by reducted proteins were compared between tofacitinib responders, tofacitinib nonresponders, etanercept
responders, and etanercept nonresponders (Figure 1c).
(2) GSVA: Quantification of psoriasis inflammatory pathways and
cardiovascular disease pathways was obtained using GSVA.
GSVA is an unsupervised sample-wise enrichment method
described by Hanzelmann et al. (2013). GSVA provides a protein
activity score sample, using both inflammatory and cardiovascular panels. Because proteomic assays detecting TNF have been
sequestered by etanercept (Figure 3b), TNF measurements were
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excluded from GSVA analysis. These GSVA scores were used as
inputs for the same linear mixed model framework, described
previously for the analysis of protein changes.
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