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The balance between pro- and anti-inflammatory cytokines released by immune and

non-immune cells plays a decisive role in the progression of atherosclerosis. Interleukin

(IL)-17A has been shown to accelerate atherosclerosis. In this study, we investigated the

effect on pro-inflammatory mediators and atherosclerosis development of an Affibody

molecule that targets IL17A. Affibody molecule neutralizing IL17A, or sham were

administered in vitro to human aortic smooth muscle cells (HAoSMCs) and murine

NIH/3T3 fibroblasts and in vivo to atherosclerosis-prone, hyperlipidaemic ApoE−/−

mice. Levels of mediators of inflammation and development of atherosclerosis were

compared between treatments. Exposure of human smooth muscle cells and murine

NIH/3T3 fibroblasts in vitro to αIL-17A Affibody molecule markedly reduced IL6 and

CXCL1 release in supernatants compared with sham exposure. Treatment of ApoE−/−

mice with αIL-17A Affibody molecule significantly reduced plasma protein levels of

CXCL1, CCL2, CCL3, HGF, PDGFB, MAP2K6, QDPR, and splenocyte mRNA levels

of Ccxl1, Il6, and Ccl20 compared with sham exposure. There was no significant

difference in atherosclerosis burden between the groups. In conclusion, administration of

αIL17A Affibody molecule reduced levels of pro-inflammatory mediators and attenuated

inflammation in ApoE−/− mice.

Keywords: CXCL1, Affibody molecule, atherosclerosis, apolipoprotein E-deficient (ApoE−/−) mice, human aortic

smooth muscle cells

INTRODUCTION

Innate and adaptive immunity are key in the formation and progression of atherosclerotic lesions
and in plaque rupture (1, 2). Lipid loaded macrophages and T cells accumulate in the vascular wall
and promote initiation and progression of atherosclerosis (1).

Interleukin (IL)-17A plays a critical role in the development of various chronic inflammatory
diseases including inflammatory bowel disease, rheumatoid arthritis, and experimental
autoimmune encephalitis through the actions of CD4+ T helper 17 (Th17) cells (3). IL17A also
controls the immune responses against extracellular bacteria and fungi (3). IL17A is mainly
produced by CD4+ Th17 cells. IL17A is also produced by other cells including CD8+ T cells,
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YδT cells, natural killer T cells, natural killer cells and neutrophils
(4, 5). Th17 cells and Yδ T cells are the main producers of IL17A
in atherosclerosis in ApoE−/− mice (6).

A higher frequency of dual IFNγ+/IL17A+ producing T cells
has been observed in human atherosclerotic coronary arteries
(7). Increasing numbers of Th17 cells have been found in
atherosclerotic plaques in experimental atherosclerosis (8) and
patients with acute myocardial infarction and unstable angina
(9). It has been proposed that IL17A contributes to atherogenesis
by inducing vascular and systemic inflammatory responses,
and inhibition of IL17A with αIL17A antibodies ameliorates
experimental atherosclerosis (6, 8, 10).

Recently an Affibody molecule against IL17A (ABY-035) was
developed and formatted to have very high potency and long half-
life, that have been shown to reduce inflammation in patients
with psoriasis (unpublished data). Affinity proteins are promising
tools in the development of next generation therapeutics.
Currently there are various alternative ways of blocking target
molecules that are under development, including non-antibody
derived small protein molecules called “Affibody molecules”
(11, 12). Due to their small size compared to antibodies (6.5
vs. 150 kDa), these molecules show excellent tissue penetration,
can be administered at high molar concentrations in a small
volume for high dose subcutaneous administration, and have
high affinity and specificity. Affibody molecules are not derived
from antibodies and do not contain the fragment crystallizable
(Fc) portion, which reduces unwanted side-effects such as
antibody-dependent cell cytotoxicity (ADCC) and complement
activation (11).

In the present study, we investigated the capacity of an
isotype surrogate Affibody molecule cross-reactive with human
and murine IL17A to reduce levels of inflammatory cytokines,
plasma lipids, and atherosclerotic lesion development.

MATERIALS AND METHODS

Cell Culture and in vitro Experiments
Primary human aortic smooth cells (SMCs, Life technologies,
USA), were cultured in 75 cm2 flasks (Sarstedt, Germany)
containing a basal vascular smooth muscle cell growth medium
231 (Gibco, Life Technologies, USA). The culture medium
was supplemented with Smooth Muscle Growth Supplement
(SMGS), and antibiotics [Penicillin (0.1 U/ml) + Streptomycin
(100 ng/ml)-PEST, Gibco, Life Technologies]. Mouse fibroblast
cells (NIH/3T3 cells) weremaintained in DMEMmedium (Lonza
Ltd, Switzerland) supplemented with 10% FBS+ PEST (Gibco,
Life Technologies). The cell cultures were maintained at 37◦C in
humidified air containing 5% CO2, by replacing medium every 2
days and/or sub-culturing upon confluence.

For setting up stimulation experiments human aortic SMCs
(3 x 104) and mouse NIH/3T3 cells (5 x 104) were seeded and
cultured overnight in respective complete media. The next day,
the media was replaced with fresh antibiotics free medium, and
cells were treated with different concentrations of human or
murine recombinant IL17A (R&D systems, USA) and cultured in
the presence or absence of human ormurine Affibodymolecule at
different concentrations to block IL17A (Affibody AB, Sweden),

for 24 h. Unstimulated cells served as reference. At the end of
incubations, the supernatants were collected and stored at−80◦C
until further analysis.

Animals
Male ApoE−/− mice 10 weeks of age on C57BL/6J background
were maintained within the Animal Research Facility at
Karolinska Institute, Stockholm. Mice were fed a normal
chow diet. A pharmacokinetics-pharmacodynamics (PK/PD)
simulation approach was used to determine the dosage
regimen for the Affibody molecule. A simulation of the
exposure levels of Affibody molecule was performed using a
one-compartment model in the PK/PD simulation software
Maxsim2 (Fraunhofer–Chalmers Research Centre Industrial
Mathematics). PK-parameters for the Affibody molecule were
adopted from Affibody in-house data and the dose level was
iterated in order to achieve sufficient exposure. The dosing
regimen of 300µg/dose of the Affibody molecule, 2 times/
week for 10 weeks was estimated to yield an efficient trough-
concentration of approximately 20 nM. Blocking anti-mouse
albumin associating IL17A Affibody molecule (300 µg; Affibody
AB, Stockholm, Sweden) or phosphate-buffered saline (PBS) as
sham were administrated interperitoneally twice a week for 10
weeks, frequency and dose calculated to have stable and high
steady state exposure given the Affibodymolecule half-life of 24 h
in mice (estimated to be approximately 12 days in man). All
experiments were approved by the regional Ethical Committee
on Animal Experiments Stockholm, Sweden.

Tissue Processing, Immunohistochemistry,
and Lesion Analysis
Mice were euthanized 1 week after the last injection of the
αIL17A Affibody molecule or sham treatment. Blood samples
were collected by cardiac puncture for plasma preparation and
blood cell count and thereafter vascular perfusion was performed
with sterile RNase-free PBS. The thoracic aorta was dissected
and snap-frozen for later RNA isolation. The aortic arch was
dissected and preserved for atherosclerotic lesion analysis in a 4%
phosphate-buffered formaldehyde solution. The heart including
the aortic root was removed and preserved by snap freezing for
immunohistochemistry and quantitative lesion analysis. Spleens
were collected and stored in PBS on ice until splenocyte isolation.
Spleens were chopped on nylon mesh and passed through
a 70 and 40µm pore size nylon mesh strainer to a single
cell splenocyte suspension. Isolated splenocytes were used for
immunophenotyping of leukocytes by flowcytometry (BD FACS
Verse flow cytometer (Becton Dickinson, NJ, USA). 8-10 ×

106 splenocytes were preserved in RNA later (Thermo Fischer
Scientific, USA) and stored at−80◦C until further analysis.

En Face Analysis of the Aortic Arch and

Brachiocephalic Artery
Lipid accumulation in the mouse aortic arch and the
brachiocephalic artery was determined as previously described
(13). In brief, the aortic arch and its branches were cut open and
pinned to a flat surface. Samples were stained using Sudan IV
and micrographs of the aortas were captured using a microscope
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(Leica MZ6) and camera (Leica DC480) and stained area
measured by a blinded evaluator. The stained plaque area was
subsequently measured by a second blinded evaluator using
ImageJ software (NIH). Plaque coverage was calculated as the
percentage of plaque area of the total surface area of the aortic
arch with the aortic intercostal arteries denoting a caudal end of
the arch and not including branching vessels. Plaque coverage
was measured similarly in the brachiocephalic artery.

Lesion Analysis in the Aortic Root
Quantification of atherosclerosis in the aortic root was performed
as previously described (13). During the transport of frozen heart
samples, tissues from 15 mice were damaged and we were thus
able to perform aortic root staining in 8 mice only. In brief, the
aortic root was sequentially sectioned at 10µm thickness using
a cryostat. Consecutive sections were cut in 100µm intervals
starting from the point at which all the three aortic valve leaflets
appeared in the microscopic view. The aortic root sections were
stained with Oil Red O followed by image acquisition using a
Panoramic 250 Flash II (3DHISTECH Ltd, Hungary) scanner.
Image J2 (NIH) software was used to quantify atherosclerotic
lesion area, depending on quality of staining on slides, an average
lesion area from 6 to 10 sections per mouse was calculated.

Determination of Blood Cell Count and Biochemical

Profile in Plasma
Whole blood (EDTA) was analyzed on a Scil veterinary
animal blood counter (Scil animal care company, Germany).
Plasma was isolated by centrifugation at 1,500 g for 15min.
Total plasma cholesterol, high-density lipoprotein (HDL), low-
density lipoprotein (LDL) and triglycerides were analyzed with
a standard method by the Clinical Chemistry Laboratory,
University Hospital Örebro. The concentration of glucose in
plasma was determined using Mouse Glucose Assay Kit (Crystal
Chem, USA) according to manufacturer’s instruction.

Flow Cytometry
Isolated splenocytes were exposed to anti-CD-16/32 (Biolegend,
UK) for 5min, then stained with antibodies CD45 AF647
(clone-30-F11), CD4 PE (clone-RM4-5), 7AAD (Biolegend),
CD3 pacific blue (clone-500A2), CD8a V500 (clone-53-67)
(BD Biosciences). The antibody staining was compared with
fluorescence minus one (FMO) stain as negative control. Stained
cells were analyzed on a BD FACS Verse flow cytometer (Becton
Dickinson, NJ, USA). Data were analyzed using Kaluza software
(Beckman Coulter).

RNA Extraction, cDNA Synthesis, and
Quantitative Real-Time PCR Analysis
Total RNAwas extracted from the thoracic aorta and splenocytes.
mRNA levels were measured by qPCR with PowerUp TM
SYBR TM Green Master Mix (Thermo Fischer Scientific, USA)
and with primers detailed in Supplementary Table 1 (Eurofins
Genomics, Denmark). All samples were analyzed in duplicate,
and the expression of each gene was normalized to the mRNA
levels of beta-actin (β-actin). The relative expression values

were calculated by the change-in-cycling-threshold method
as 2−d1C(t).

Olink Protein Analysis
Plasma samples were analyzed using olink protein analysis.
The Mouse Exploratory panel (Olink Bioscience AB, Uppsala,
Sweden) enables the analysis of 92 murine proteins related to a
broad range of biological functions and pathways. The protein
values are reported as linearized normalized protein expression
levels (NPX). Proteins with signals below the limit of detection
(LOD) were excluded from further analysis.

ELISA
The release of IL6 and CXCL1(GRO-α) in cell culture
supernatants were assayed by sandwich ELISA (R&D systems,
USA) according to the manufacturer’s protocol.

Statistical Analysis
GraphPad Prism 9 was used to analyse the data (GraphPad
Software Inc. USA). Based on distribution of data, comparisons
between two groups were made by using Student’s t-test or
Mann-Whitney U two-tailed test as appropriate. Values are
shown as mean ± SD or median with interquartile range (IQR).
Correlation between the plasma concentration of proteins and
the area of aortic root lesions was analyzed using Spearman
correlation. P < 0.05 was considered significant. In cell culture
experiments n= the number of independent experiments.

RESULTS

αIL17A Affibody Molecule Blocks IL17A
Induced CXCL1 and IL6 Release in vitro
IL17A is known to promote release of pro-inflammatory
mediators CXCL1 and IL6 (7, 14, 15). Accordingly, we
investigated whether IL17A promotes their release from human
aortic SMCs. We observed that exposure of human aortic
SMCs with 5 ng/ml of recombinant human IL17A significantly
promoted release of CXCL1 and IL6 to the culture medium
(Figures 1A,B). Administration of αIL17A Affibody molecule
together with recombinant human IL17A significantly reduced
release of both CXCL1 and IL6 in the culture medium
(Figures 1C,D).

Similarly, recombinant murine IL17A (25 ng/ml) also
significantly induced release of CXCL1 from murine NIH/3T3
cells (Figure 1E), while αIL17A Affibody molecule significantly
reduced CXCL1 release from NIH/3T3 cells (Figure 1F).
Together, these observations indicate that αIL17A Affibody
molecule reduces IL17A-induced release of CXCL1 and IL6 in
human SMCs and CXCL1-release in NIH/3T3 cells in vitro.

Effect of αIL17A Affibody Molecule on
Atherosclerotic Lesion Development in
ApoE–/- Mice
To determine the effect of αIL17A Affibody molecule in
development of atherosclerosis in vivo, we administered
αIL17A Affibody molecule or PBS as sham interperitoneally
in ApoE−/− mice. There were no significant differences
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FIGURE 1 | In vitro efficacy of Affibody molecules in blocking IL17A induced responses in human aortic smooth muscle cells (SMCs) and mouse NIH/3T3 fibroblast

cells. ELISA data showing the release of CXCL1 and IL6 into the medium (24 h) induced by increasing concentration of recombinant IL17A in human SMCs (n = 4)

(A,B) and CXCL1 in mouse 3T3 fibroblast cells (n = 4) (E). Human SMCs were stimulated with 5 ng/ml recombinant IL17A and without or with increasing

concentrations of human Affibody molecules against IL17A and release of CXCL1 and IL6 (24 h) was assessed by ELISA (n = 3) (C,D). Mouse NIH/3T3 fibroblast cells

were stimulated with 25 ng/ml recombinant IL17A and without or with increasing concentration of Affibody molecule against mouse IL17A and release of CXCL1 (24 h)

was assessed by ELISA (n = 5) (F). Data is presented as mean ± SD. *p < 0.05, **p < 0.01, ***p < 0.001 vs. control or as mentioned in graph (vs. IL17A).

in the atherosclerotic lesion size as measured by en face
staining in the aortic arch and brachiocephalic artery between
αIL17A Affibody molecule and sham treated mice (n = 12)
(Figures 2A,B). The atherosclerotic lesion size as measured by
serial sectioning of the aortic root was significantly lower in
αIL17A Affibody molecule compared with sham treated mice
(n= 4) (Figures 2C–E).

Treatment With αIL17A Affibody Molecule
Did Not Significantly Change Blood
Lipoprotein Levels or Spleen Cellular
Composition in ApoE–/- Mice
No animal died during the experimental period and mice
that were treated with αIL17A Affibody molecule showed no
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FIGURE 2 | Effect of Affibody molecule targeting IL17A in atherosclerotic lesion development in ApoE−/− mice. Quantification of lesion size (%) in the aortic arch (A)

and brachiocephalic artery (B) of control mice and αIL17A Affibody molecule treated mice. Quatification of lesion areas (µm2 ) in the aortic root (C). Representative Oil

Red O immunostainings from the aortic root of control (D) and mice treated with αIL17A Affibody molecule (E). Data are presented as Median with IQR.

significant growth retardation. Body weight, whole blood counts
of leukocytes, plasma concentrations of cholesterol, HDL, LDL,
and triglycerides were not significantly different between sham
treated mice and mice injected with αIL17A Affibody molecule
(Table 1). In addition, no significant changes were noted in
plasma glucose levels between both groups (data not shown).

Splenocytes were immunophenotyped using flow cytometry.
The mean proportion and number of CD4+ T cells was increased
in αIL17A Affibody molecule treated mice compared with sham
treated mice, but the difference was not statistically significant
(Table 1). The proportions and numbers of T cells (CD3+ and
CD8+) and CD45+ leukocytes were not significantly different
between groups (Table 1).

αIL17A Affibody Molecule Reduced Plasma
Protein Levels of Selected Inflammatory
Markers in ApoE–/- Mice
Targeted protein analysis using olink proteomics showed that
treatment with αIL17A Affibody molecule significantly reduced

plasma protein levels of chemokines CXCL1 and CCL2 (MCP-1)
compared with sham (Figure 3A and Supplementary Figure 1).
Reduced CCL3 levels was also noted in the αIL17A Affibody
molecule treated group compared with sham, but this
difference was not statistically significant (Figure 3A and
Supplementary Figure 1). Plasma levels of IL17A, IL6, CCL5,
CCL20, CXCL9, and IL1-β were not significantly different
between treatments (Supplementary Figure 2). In addition,
there was a positive correlation between CXCL1 and lesion area
in the aortic root (R2 = 0.67, p = 0.08), but this finding was not
statistically significant (Figure 3B).

Furthermore, plasma levels of a set of proteins that
others have associated with atherosclerosis development and
other cardiovascular pathophysiology (e.g., growth factors and
enzymes) (16–20) such as hepatocyte growth factor (HGF),
platelet-derived growth factor B (PDGFB), MAP kinase 6
(MAP2K6), quinonoid dihydropyridine reductase (QDPR),
protein phosphatase 1 regulatory inhibitor subunit 2 (PPP1R2),
perilipin 1 (PLIN1) and integrin subunit beta 1 binding protein 2
(ITGBP1BP2) were significantly reduced in the αIL17A Affibody
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TABLE 1 | Blood and morphometric parametersa and T cell subsets in spleenb.

Parameter Control (mean ± SD) IL17A Afb (mean ± SD) p-value

(n = 12) (n = 10-11)

Leukocytes (109/L) 7.46 ± 3.26 7.48 ± 1.98 n.s.

Monocytes (109/L) 0.37 ± 0.22 0.37 ± 0.06 n.s.

Granulocytes

(109/L)

2.91 ± 2.14 2.46 ± 0.80 n.s.

Erythrocytes

(1012/L)

3.64 ± 0.64 3.54 ± 0.37 n.s.

Hemoglobin

(mmol/L

8.77 ± 1.36 8.90 ± 0.53 n.s.

Body weight (g) 33.25 ± 2.60 32.64 ± 2.30 n.s.

Triglycerides

(mmol/L)

1.7 ± 0.54 1.58 ± 0.43 n.s.

Total cholesterol

(mmol/L)

12.93 ± 2.54 11.42 ± 4.37 n.s.

LDL cholesterol

(mmol/L)

1.57 ± 0.41 1.4 ± 0.64 n.s.

HDL cholesterol

(mmol/L)

0.48 ± 0.16 0.64 ± 0.21 n.s.

T cell composition in spleenb

CD3+ (% of

CD45+ cells)

25 ± 3 29 ± 4 n.s.

CD4+ (% of CD3+

cells)

52 ± 4 56 ± 4 p = 0.08

CD8+ (% of CD3+

cells)

2.91 ± 2.14 2.46 ± 0.80 n.s.

CD45+ total count

(107)

1.04 ± 0.36 1.04 ± 0.31 n.s.

CD3+ total count

(106)

2.59 ± 1.12 2.82 ± 1.06 n.s.

CD4+ total count

(106)

1.33 ± 0.58 1.54 ± 0.57 n.s.

CD8+ total count

(105)

6.71 ± 3.61 7.62 ± 3.97 n.s.

aBody weight, hematological parameters, and lipid profile were measured on the day of
tissue harvesting (20 weeks old) from mice treated with Affibody molecules against IL17A
and sham.
bProportion and total cell count of T cells (CD3+, CD4+, and CD8+) and total leukocyte
count (CD45+) in splenocytes isolated from experimental animals and analyzed by using
flow cytometry. All the values are presented as mean ± SD. n.s., not significant.

molecule treated group compared with sham (Figure 3A and
Supplementary Figure 1).

We also noted reduced caspase 3 (CASP3), transforming
growth factor (TGF)-β, lipoprotein lipase (LpL) protein levels in
αIL17A Affibody molecule treated mice compared with sham,
but this finding was not statistically significant (Figure 3A and
Supplementary Figure 1).

In addition, significantly higher levels in plasma of glucagon
(GCG), integrin β6 (ITGB6), TGFα, V-Set and immunoglobulin
domain containing 2 (VSIG2), were also observed in αIL17A
Affibody molecules treated mice compared with sham (Figure 3
and Supplementary Figure 3). Protein levels of NOTCH3 and
TNF receptor super family member 12A (TNFRSF12A) were also
increased in αIL17A Affibody molecule treated mice compared

with sham, but this difference was not statistically significant
(Figure 3 and Supplementary Figure 3).

αIL17A Affibody Molecule Reduced mRNA
Levels of Cxcl1 and Il6 in Splenocytes of
ApoE–/- Mice
In the spleen, mRNA levels of Cxcl1 and Il6, were significantly
lower in splenocytes from mice treated with αIL17A Affibody
molecule compared with sham (Figures 4A,B). Further, mRNA
levels of Ccl20 were also significantly lower in splenocytes from
mice treated with αIL17A Affibody molecule compared to sham
(Figure 4C). No significant differences were observed in mRNA
levels of Vcam1 (Figure 4D), Tnf, Il1-β , Ifn-γ , Tgfβ1, Ccl2, Ccl5,
Il-4, and Casp3 in splenocytes from mice treated with αIL17A
Affibody molecules compared with sham (data not shown).

We observed significantly lower levels of Casp3 mRNA in
the thoracic aorta of αIL17A Affibody molecule treated mice
compared with sham (Figure 4E). Reduced median level of Cd3
mRNA was also observed in the aorta of mice treated with
αIL17A (Figure 4F), but the difference did not reach statistical
significance. In contrast to the observations in splenocytes,
mRNA levels of Cxcl1 and Il6 were not significantly different in
the aorta of αIL17A Affibody molecule treated mice compared
to sham (Figures 4G,H). Further, mRNA levels of Il1-β, Ifn-
γ , Tgfβ1, Ccl2, Ccl5, Vcam1, and Col1a1 were not significantly
different in the aorta of αIL17A treated mice compared to sham
(data not shown).

DISCUSSION

In the present study, we investigate the effect of αIL17A Affibody
molecule and found that αIL17A Affibody molecule reduced IL6
and CXCL1 release by human smooth muscle cells and murine
NIH/3T3 fibroblasts. In vivo-administration of αIL17A Affibody
molecule in atherosclerosis-prone ApoE−/− mice attenuated
plasma levels of inflammatory markers and downregulated Th17
associated genes in splenocytes. There was no significant effect
on atherosclerosis burden. The reduced levels of CXCL1 by
exposure to or treatment with IL17A blockade observed here
are consistent with the findings by Smith et al. who reported
that blockade of IL17A reduced circulating CXCL1 levels in
ApoE−/− mice (6). Together with the observations of reduced
HGF, PDGBF,MAP2K6, andQDPR, these results suggest that the
novel Affibody molecule effectively blocks IL17A and attenuates
circulating inflammatory markers and other atherosclerosis-
associated proteins.

In this study, mice treated with the Affibody molecule against
IL17A showed normal growth and development. Of note, we
found elevated plasma protein levels of glucagon in mice treated
with Affibody molecule against IL17A. Glucagon counteracts
insulin action by stimulating hepatic glucose production and thus
increasing blood glucose levels (21). However, the effect was not
prominent here since we did not observe any significant changes
in plasma glucose levels between groups. In connection with this,
it has been reported that IL17A negatively regulates adipogenesis
and glucose metabolism in mice and delays obesity development
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FIGURE 3 | Affibody molecule against IL17A reduces plasma levels of inflammatory and/or atherosclerosis-associated proteins in ApoE−/− mice. The Volcano plot

shows fold changes (FC) and p-values of differentially altered plasma proteins analyzed by olink proteomics, in mice treated with αIL17A Affibody molecule (n = 11)

compared to sham (n = 12) (A). The p-values are presented on log10 scale while the FCs were calculated from linearized normalized protein expression (NPX) values

and presented on log2 scale. Positive log2 fold change values correspond to higher protein levels and negative values correspond to reduced protein levels in mice

treated with αIL17A Affibody molecule. The horizontal dotted line reflects the cut-off for statistical significance (p < 0.05). Blue circles highlight proteins with a

significant decrease (p < 0.05) and red circles highlight proteins with a significant increase (p < 0.05). Gray circles represent proteins with no statistical significance.

Correlation between the plasma concentration of CXCL1 protein and the area of aortic root lesion in atherosclerotic prone ApoE−/− mice (n = 8) (B).

(22). No significant difference in body weight was observed
between the groups in this present study. In line with these
observations, plasma cholesterol, HDL, LDL, and triglyceride
levels were not significantly different between groups, which is in
accordance with previous studies of IL17A blocking in ApoE−/−

mice (10, 23). Together, the net effect on feeding and metabolism
in this study was neutral as we found no evidence here that the
Affibody treatment impacted growth or systemic metabolism.

Several experimental studies of IL17A in atherosclerosis show
conflicting results (6, 9, 10, 23–27). The differences in results
are likely, at least in part, explained by differences in study
design, use of neutralizing antibodies, genetic background of
mice, and type of diet. Here, we determined the IL17-blocking
treatment regimen based on an in silico simulation of in vivo
Affibody concentrations. This was performed in order to achieve
a sufficient trough concentration between injections to maintain
IL17 blocking.

Themice were housed in a facility with extensive experience of
experimental atherosclerosis research and were fed a chow diet.
We observed no significant differences between the experimental
groups of ApoE−/− mice in atherosclerotic lesion development.
A possible explanation for the lack of significant effects on
atherosclerosis burden by the Affibody administered here is the
time course used for treatment, the dose and frequency chosen of
Affibody administration, and the status of disease development
at study initiation. Of note, this study addresses early stage
atherosclerosis. In light of the conflicting results of previous
studies and the lack of significant effect on atherosclerosis
development by the Affibody directed against IL-17 activity

investigated here, future studies are needed to detail the effect of
IL-17 blocking at all stages of atherosclerosis.

IL17A is known to promote the release of IL6 (7, 14, 15), but
there was no significant effect on plasma IL6 levels in ApoE−/−

mice treated with αIL17A Affibody molecule in this study. One
possible explanation for this is the time point of observation
here. As tissues and blood were collected 1 week after the last
injection of the Affibodymolecule, we speculate that there was no
sustained blockade of IL17A resulting from the treatment at that
time. Our observations agree with those reported by Cheng et al.,
who in their experiments found no significant changes in serum
IL6 levels 1 week after the last injection with IL17A blocking
antibody in ApoE−/− mice (23).

An important limitation of this study is that we, for technical
reasons, were only able to study aortic root atherosclerosis
in a small number of samples. We observed in this limited
sample that the size of the atherosclerotic plaques was lower
in Affibody-treated compared with sham-treated mice. We
report this observation for full transparency, but it should
be underscored that the sample size is not suitable for firm
conclusions. It is tempting to speculate that effects of this
Affibody on atherosclerosis in ApoE-/- mice may be discrepant
between segments in the arterial tree, but the sample size here is
too limited and further studies are needed.

In conclusion, our study reports that a novel Affibody
molecule targeting IL17A reduced IL6 and CXCL1 release
by human SMCs and NIH/3T3 cells. Injecting Affibody
molecules against IL17A in ApoE−/− mice attenuated
levels of pro-inflammatory mediators in plasma and
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FIGURE 4 | Effects of Affibody molecule against IL17A on gene expression in splenocytes and thoracic aorta from ApoE−/− mice. mRNA levels were assessed by

quantitative real-time reverse transcription polymerase chain reaction (qPCR) analysis. Analysis of Cxcl1, Il6, Ccl20, and Vcam1 genes in splenocytes from sham (n =

6) and αIL17A Affibody molecule treated mice (n = 5) (A-D). Analysis of Casp3, Cd3e Cxcl1, and Il6 transcripts in the thoracic aorta from sham (n = 12) and αIL17A

Affibody molecules treated mice (n = 10-11) (E-H). Data are presented as Median with IQR. NS, Not significant.
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downregulated Th17-associated transcripts in splenocytes.
Together, these findings suggest that the novel Affibody
molecule blocks IL17A. In light of the available data on
IL17A-blocking in the pathogenesis of atherosclerosis and
cardiovascular disease, it will be important to confirm the
present observations in independent future studies and,
depending on the findings in subsequent studies, consider
whether it would be prudent to explore further the clinically
used human-specific only affibody molecule ABY-035 as a
potential therapeutic agent in blocking IL17A in subjects
with atherosclerosis.
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