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Abstract

Background: Psoriasis is an inflammatory skin disease associated with increased cardiovascular
(CV) risk, whose pathogenesis is not fully known.

Objective: We identified a transcriptomic signature in psoriasis and investigated its association
with prevalent and future risk of a CV event to understand the connection between psoriasis and
CV disease (CVD).

Methods: Psoriasis patients (n=37) with a history of moderate-severe skin disease without
CVD and 11 matched controls underwent whole blood RNA sequencing. This transcriptomic
signature in psoriasis vs controls was evaluated in two CVVD cohorts: Women referred for cardiac
catheterization with (n=76) vs without (h=97) myocardial infarction (MI), and patients with
peripheral artery disease (n=106) followed over 2.5 years for major adverse CV or limb events
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(MACLE). The association between genes differentially expressed in psoriasis and prevalent and
incident CV events was assed.

Results: In psoriasis, median age was 44 (IQR; 34 — 51) years, 49% male, and ACC/AHA
ASCVD Risk Score of 1.0% (0.6 — 3.4) with no significant difference vs controls. The median
psoriasis area and severity index score (PASI) was 4.0 (IQR 2.9 — 8.2) with 36% on biologic
therapy. Overall, 247 whole blood genes were upregulated and 228 downregulated in psoriasis
vs controls (p<0.05), and 1,302 genes positively and 1,244 genes negatively correlated with
PASI (p<0.05). Seventy-three genes overlapped between psoriasis prevalence and PASI with key
regulators identified as IL-6, IL-1pB, and interferon gamma. In the CVD cohorts, 50 of 73 genes
(68%) identified in psoriasis associated with prevalent MI, and 29 (40%) with incident MACLE.
Key regulator transcripts identified in psoriasis and CVD cohorts included SOCS3, BCL3, OSM,
PIMZ, PIM3, and STAT5A.

Conclusions: A whole blood transcriptomic signature of psoriasis diagnosis and severity
associated with prevalent Ml and incident MACLE. These data have implications for better
understanding the link between psoriasis, systemic inflammation, and CVD.
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Introduction:

Enhanced CV risk in psoriasis is driven, in part, via upregulation of the systemic

immune response including a contribution of leukocytes and pro-inflammatory cytokines.!
Previously, we and others have shown that biomarkers of systemic inflammation correlate
with atherosclerosis burden in psoriasis subjects, including C-reactive protein and the
neutrophil-to-leukocyte ratio.l We aimed to identify the inflammatory and biomarker
signature uniquely expressed in psoriasis and its overlap and association with CV events.

RNA sequencing allows for assessment of the systemic immune transcriptome and can
provide mechanistic insight into pathophysiological responses. Previously, using whole
blood RNA sequencing (to identify a transcriptomic signature), we uncovered a link
between psoriasis prevalence and upregulated systemic pro-atherosclerotic processes which
correlated with vascular endothelial inflammation, a key step in atherosclerosis initiation.?
However, the association between this systemic transcriptomic signature in psoriasis and
prevalence and risk of a future CV event remains incompletely understood. Therefore, the
purpose of this investigation was to define a blood inflammatory transcriptomic signature in
psoriasis and investigate potential clinical implications via comparison with, 1) those having
an acute myocardial infarction (MI), and 2) subsequent future risk of a CV event.

Methods:

Patients with a history of moderate-to-severe psoriasis, and age-, sex-matched controls
were recruited as part of an ongoing clinical trial to assess vascular health in psoriasis
(NCT03228017), the results of which are previously published.2~* Exclusion criteria
included those with a history of CV or cerebrovascular disease, prescribed aspirin or lipid-

J Eur Acad Dermatol Venereol. Author manuscript; available in PMC 2024 July 01.


https://clinicaltrials.gov/ct2/show/NCT03228017

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Garshick et al.

Results:

Page 3

lowering (e.g. statin) therapy, and recent changes to immune-modulating therapy (within 1
month).2 Enrolled subjects underwent a fasting early morning assessment, including a blood
draw with plasma, serum, and PAXgene® Blood RNA.

The clinical implications of the transcriptomic signatures in psoriasis were assessed

in the ongoing clinical trials; 1) Women’s Heart Attack Research Program (HARP,
NCT03022552) and, 2) Platelet Activity in Vascular Surgery and Cardiovascular Events
(PACE, NCT02106429). HARP includes women with an acute MI caused by obstructive
coronary artery disease, confirmed by coronary angiography enrolled within 24 hours of
diagnosis, and controls referred for elective coronary angiography.® PACE enrolled subjects
with peripheral arterial disease (PAD) who underwent phenotyping just prior to lower
extremity revascularization and followed for a major adverse cardiovascular or limb events
(MACLE) over a median of 2.5 years.57

Blood was collected in PAXgene Blood RNA tubes and analyzed using an Illumina Hiseq
4000 sequencer. Those without adequate quality and quantity of RNA were excluded and all
downstream analyses were performed in R environment (v3.1.1) (http://www.r-project.org/)
and via Ingenuity Pathway Analysis (IPA, Qiagen Bioinformatics, Redwood City, CA).
Adjustments were made for age, sex, body mass index, and biologic status. Kaplan-Meier
analysis for the various transcripts in the PAD cohort comparing the upper half (Q4/Q3)

to the lower (half Q1/Q2) was conducted using the survminer package in R. For baseling,
anthropometric, and laboratory data, normality was assessed and non-parametric, parametric
and chi? tests used as appropriate. An exploratory p-value <0.05 was determined statistical
significance. These methodology are all previously published.2:57

In the psoriasis cohort free of clinical CV disease (n=37), the median age was 44 (IQR;
34 —51) years, 49% male, and low CV risk (ACC/AHA ASCVD Risk Score of 1.0%

[0.6 — 3.4]) with no significant difference between controls (n=11, Table 1). The median
psoriasis area and severity index score (PASI) was 4.0 (IQR 2.9 — 8.2), psoriasis duration
15 (IQR; 9 — 25) years, with 36% on biologic therapy. As expected, psoriasis subjects

had higher circulating IL-17A than controls, but were otherwise well matched (Table

1). Unbiased whole blood RNA sequencing in psoriasis vs controls revealed 247 genes
upregulated and 228 downregulated (Fig 1a, nominal p<0.05) with excellent unsupervised
clustering separation (Fig 1b). Pathway analyses (via IPA) centered upon dendritic cell
maturation, Th2, iNOS and inflammasome signaling (Fig 1c) while key enriched cytokine
and transcription regulators included interferon signaling, IL-1p, TNF, and IL-6 related
proteins (Fig 1d, eFig 1a).

Assessment of the blood transcriptome with PASI yielded 1,302 genes positively and 1244
genes negatively associated with PASI (nominal p<0.05, Fig 1e). Consistent with data from
psoriasis vs controls, similar canonical pathways (eFig 1b), enriched cytokine (Fig 1f),

and transcription regulators (eFig 1c) were associated with psoriasis severity. To identify

a circulating transcriptomic signature in psoriasis, we assessed transcripts that were (1)
differentially expressed between psoriasis and controls (Fig 1a), and (2) associated with
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psoriasis severity (Fig 1e). Resultantly, 73 differentially expressed genes were noted; 69
upregulated and 4 downregulated (Fig 1g) between psoriasis and controls. IPA pathway
analysis revealed enriched cytokine and transcription regulators of these 73 genes which
centered upon interferon, TNF, IL-1B, and STAT-related proteins (Fig 1h and Fig 1i).

To determine the clinical utility and association with adverse CV events of this pro-
inflammatory transcriptomic signature identified in psoriasis, we investigated these 73 genes
in 2 separate cohorts: (1) women with acute MI versus women referred for angiography
without MI (HARP), and (2) PAD patients enrolled at the time of lower extremity
revascularization and followed a median of 2.5 years for cardiac and limb events (PACE).

In the MI cohort, (HARP, eTable 1), 50 out of these 73 psoriasis-related genes (68%) were
significantly upregulated in those having an acute MI compared to those without MI (Fig
2a). In the PAD cohort (PACE, eTable 2), 29 of the 73 psoriasis related genes (40%) were
significantly associated with a future CV or limb event (MACLE, Fig 2a).

The differentially expressed psoriasis related genes that validated in both acute Ml and
incident MACLE were regulated via pro-atherosclerotic pathways, including interferon,
IL-1B, IL-6, and STAT related proteins (Fig 2b and Fig 2c). Of the over-represented genes
within these pro-atherosclerotic pathways (Fig 2d), a high CV risk signature emerged
whereby SOCS3, BCL3, OSM, PIM2, PIM3, and STAT5A were all higher in psoriasis
(eFig 2), M1 (Fig 2e) and those with a future major adverse cardiac or limb event (Fig 2f).
Similar cytokine and transcription regulator findings were observed after analyzing all genes
upregulated in psoriasis (vs. control) and associated with MACLE (n=124, eFig 2C) but
were not seen when restricting analyses to just genes upregulated in psoriasis vs control,
associated with MALCE, but not associated with PASI (n=95, eFig 2D), highlighting the
importance of both psoriasis skin severity and prevalence in determining a high CV risk
signature.

Discussion

Mechanisms and biomarkers to better understand the epidemiologic associations between
psoriasis and cardiovascular risk are not fully clarified. In this study whole blood RNA
sequencing in a psoriasis cohort free of clinical CVDC with mild to moderate psoriasis
disease activity, centered upon pro-atherosclerotic processes including inflammasome
signaling, TNF, and interferon related pathways. These same processes and the individual
transcript components were upregulated not just in psoriasis, but also in those having an
acute MI which also associated with future CV events.

We identified 73 differentially expressed transcripts in psoriasis (vs control) that were also
associated with psoriasis skin severity with over half correlating with prevalent myocardial
infarction and 40% with a future cardiovascular event. The cytokine and transcription
pathway analyses identified several key genes including SOCS, BCL3, PIM2, OSM, PIM3,
and STAT5A. SOCS3 and STAT5A are regulators of the JAK-STAT signaling pathway and
inducible by IL-6 and interferon gamma. PIM2 and PIM3 are proto-oncogenes regulated
by JAK-STAT signaling, while BLC3 is induced by NFkB, and OSM regulates IL-6, all
processes upregulated in psoriasis and involved in the progression of atherosclerosis.8-12
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Studies evaluating CV risk prediction in psoriasis are limited. Traditional CV risk score are
inaccurate and prior biomarker studies of systemic inflammation in psoriasis (e.g. hs-CRP,
neutrophil-to-lymphocyte ratio) correlate with degree of vascular inflammation and coronary
plaque burden but are not necessarily outcomes based.1314 Given the substantial overlap
between psoriasis genes and prevalent and future CV events, our findings suggest candidate
biomarkers to study. Furthermore, these identified biomarkers are not necessarily dependent
on psoriasis skin disease activity and suggests a degree of “residual” inflammatory CV risk
in psoriasis which deserves future investigation.

Our study has several limitations including our use of nominal p-values and that our
psoriasis transcriptomic signature was validated in non-psoriasis cohorts. Additionally, the
large majority of blood transcripts associated with PASI were not differentially expressed in
psoriasis vs control. Whether this finding is due to study sample size and this difference
would narrow when expanding enrollment (of psoriasis patients in general, and those

with more severe skin disease) requires future investigation and study expansion. We are
also not able to tell if reductions in gene expression (or psoriasis treatment) correlates

with reductions in CV events. Nevertheless, our study is a first step towards developing
more refined risk prediction tools in this at-risk population. In conclusion, a whole blood
transcriptomic signature of psoriasis diagnosis and severity associates with prevalent Ml and
incident CV events. These data have implications for better understanding the link between
psoriasis, systemic inflammation, and cardiovascular disease.
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Figure 1: A circulating transcriptomic signaturein psoriasis centers around pro-inflammatory

Processes.

A) Study design and volcano plot (nominal p<0.05), B) Heat map of top differentially
expressed genes (nominal p<0.01), C) Top differentially expressed canonical pathways,
and D) Enriched cytokine regulators of whole blood gene expression comparing psoriasis
(n=37) to controls (N=11). E) Study design and volcano plot (nominal p<0.05) and F)
Enriched cytokine regulators of differentially expressed blood transcripts assessing the
association between psoriasis area and severity index and whole blood gene expression
(nominal p<0.05). G) Overlap in upregulated and downregulated gene expression (genes =
73) between psoriasis vs. control (A) and association between psoriasis severity and whole
blood gene expression (E). Enriched cytokine H) and transcript regulators |) of gene overlap
from G. All pathways assessed using Ingenuity Pathway Analysis with differential gene
expression adjusted for age, gender, body mass index, and active biologic use.
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Figure 2. A circulating transcriptomic signaturein psoriasis associates with prevalent and future
cardiovascular events.

A) Heat map (Log» fold change) of differential expressed psoriasis genes (vs. control)
identified in Figure 1G also upregulated in a cohort of women (HARP cohort) referred for
a coronary angiogram with myocardial infarction (MI) versus controls without MlI, and a
second cohort of patients with established cardiovascular disease (PACE-cohort, peripheral
artery disease) at baseline followed longitudinally for a major adverse cardiovascular or
limb event (MACLE) over a median follow-up of 2.5 years (all nominal p<0.05). Cytokine
and transcription regulators of differentially expressed genes (nominal p<0.05) from Figure
2A in the HARP cohort B), and the PACE cohort C). D) Individual genes which compile
cytokine and transcript regulator analyses from Ingenuity Pathway Analysis. E) Individual
transcripts of those that did (MI) vs did not (controls) have an acute MI in HARP cohort
(t-test). F) Kaplan-Meier curve and log-rank P value for select genes and the outcome

of MACE in PACE cohort. HARP: Women’s Heart Attack Research Program. MACE/
MACLE: Major adverse cardiovascular (or limb) events. MI; Myocardial infarction. NCV;
Normalized count value. PACE; Platelet Activity and Vascular Surgery and cardiovascular
events. (Mann-Whitney U-test) *<0.05, **<0.01, ***<0.001.
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Baseline Characteristics Characteristics

Table 1:

Control (n=11) Psoriasis(n=37) p-value

Age, y 42 (31 - 48) 44 (34 -51) 0.19
Male sex, n (%) 7 (64) 18 (49) 0.38
Body mass index, kg/m?2 27 (23-30) 27 (24 - 30) 0.51
Caucasian, n (%) 6 (55) 28 (76) 0.35
Systolic blood pressure (mmHg) 119 (108 —133) 124 (109 - 139) 0.49
Diastolic blood pressure (mmHg) 69 (61 - 73) 73 (68 - 82) 0.05
ACC/AHA ASCVD Risk Score, % 0.6 (0.3-3.6) 1(0.6-3.4) 0.62
Psoriasis

PASI score 40(29-8.2)

Psoriasis duration, years 15 (9 -25)

Psoriatic arthritis, n (%) 8 (42)

Biologic therapy, n (%) 13 (36)
Biomarkers

WBC, x 103 cells/mm?3 6.3(4.9-6.9) 6.5(5.5-7.7) 0.36

hs-CRP, mg/L 1.1(0.2-1.8) 1.6 (0.7 - 3.6) 0.31

IL-17A, NPX 1.8(1.2-3.0) 2.7 (1.9-4.6) 0.03

IL-6, NPX 31(27-3.7) 34(3.1-4.3) 0.18

TNF-a, NPX 3.4(3.3-3.8) 3.7(33-41) 0.28
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