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Abstract

Obesity causes insulin resistance via a chronic low-grade inflammation. This inflammation is
characterized by elevated pro-inflammatory markers and macrophage accumulation in the adipose
tissue (AT). AT inflammation is a key factor causing insulin resistance and thus type 2 diabetes,
both linked to atherosclerotic cardiovascular disease. Osteopontin (OPN), a well-known
inflammatory cytokine, is involved in obesity-linked complications including AT inflammation,
insulin resistance, atherosclerosis and CVD. During inflammation, OPN is proteolytically cleaved
by matrix metalloproteinases or thrombin leading to increased OPN activity. Therefore, OPN
provides a new interesting target for immunological prevention and treatment of obesity-associated
diseases. The aim of our study was to evaluate peptide-based vaccines against integrin binding
sites of OPN and to examine whether these active immunotherapies are functional in reducing
metabolic tissue inflammation, insulin resistance, and atherosclerosis in a cardio-metabolic (LdlIr
~/~ mice) and a diet-induced obesity model (WT mice). However, atherosclerosis, insulin
resistance and AT inflammation were not diminished after treatment with OPN-derived peptides in
murine models. Lack of efficacy was based on a failure to induce antibodies capable to bind
epitopes in the context of functional OPN protein. In conclusion, our data point to unexpected
challenges in the immunotherapeutic targeting of adhesive motives, such as RGD containing
sequences, on endogenous proteins.
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1 Introduction

Non-communicable diseases, such as cardiovascular disease (CVD), type 2 diabetes and
cancer are the major health consequences of obesity, the prevalence of which has more than
doubled since 1980 [1]. Obesity develops when caloric intake exceeds energy expenditure
[2] and is linked to insulin resistance and a low-grade inflammatory state, primarily
originating from visceral adipose tissue (AT) [3,4]. The accumulation of visceral AT is hence
a key factor not only of disturbed glucose homeostasis and type 2 diabetes but also of
enhanced atherogenesis leading to CVD hence conferring the so-called cardio-metabolic risk
[5]. The chronic inflammatory response associated with obesity is characterized by
abnormal adipokine production, including tumor necrosis factor alpha (TNF-a.), monocyte
chemoattractant protein (MCP)-1, interleukin (IL)-6 and osteopontin (OPN) [6-9]. The
major source of cytokines within the AT are macrophages with markedly increase in
abundance in obese rodents and individuals [7,10,11]. In AT and liver tissue-specific
metabolic cells, adipocytes and hepatocytes, respectively, and immune cells, particularly
macrophages exist in close proximity with immediate access to the blood vessel network [4].

OPN (gene: Spp) has been recognized to be a multifunctional protein which is mainly
expressed in immune cells, smooth muscle as well as endothelial and epithelial cells [12—
14]. OPN plays a functional role in several physiological and pathological events, like cell
migration and survival, inflammation, and tumor biology [13,15,16]. Moreover, OPN has
been identified to be involved in the pathogenesis of obesity-associated diseases including
insulin resistance, type 2 diabetes, nonalcoholic fatty liver disease and steatohepatitis, and
atherosclerosis [17-20]. OPN contains a 1°8Gly-Arg-Gly-Asp-Serl62 (GRGDS)-cell binding
domain which interacts with integrins mainly of the alpha-v family. Interestingly, this
domain is found in many matrix molecules and represents an adhesive motif [21]. Under
inflammatory conditions, OPN is cleaved by thrombin and matrix metalloproteinases [22,23]
the expression of the latter being largely upregulated in obesity-driven AT inflammation and
atherosclerosis [24-27]. Moreover, in obesity and atherosclerosis, an increase of cleaved
OPN in human AT and inflamed atherosclerotic plaques, respectively, has been observed
[28,29]. Cleavage of OPN results in the exposure of additional integrin-binding sites
including 162SVVYGLR68 in humans (SLAYGLR in rodents) and 1625V YG166 in
thrombin- and MMP-cleaved OPN, respectively, which are not accessible in the full-length
form and therefore comprise inflammation-specific “neoepitopes” [21-23,28].

We and others reported that OPN is strongly upregulated in AT of obese humans and mice
[15,20,30], and showed a relation between increased human plasma OPN concentrations and
overweight-obesity [31]. In mice, OPN promotes macrophage infiltration into AT in obesity
[30] and plays a key role in liver steatosis [32]. Published data revealed significantly
improved AT and liver inflammation, metabolic parameters as well as insulin sensitivity in
OPN-deficient mice [30,32]. Importantly, short-term neutralization of OPN successfully
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diminished the number of hepatic macrophages thereby improving insulin sensitivity in
murine models of obesity [15].

Since non-communicable diseases have become the major cause for morbidity and mortality
worldwide, new therapeutic strategies have to be developed. Though passive
immunotherapies with monoclonal antibodies have dramatically improved the treatment of
chronic diseases like rheumatoid arthritis, the drawbacks are considerable. In addition to
high costs and frequent administration, tolerability as well as primary and secondary
treatment failure of monoclonal antibody therapy have to be mentioned [33,34].

Active immunization approaches have been reported to successfully induce neutralizing
antibodies against endogenous proteins [34-36]. Hence, we aimed at evaluating an active
immunization approach to specifically target the RGD [21] and additional integrin binding
domains, latter are supposed to be generated under pathological conditions such as obesity-
associated AT inflammation and atherosclerosis [28,29]. Therefore, immunological targeting
of the central OPN region including the integrin binding sites exposed after proteolytic
cleavage may inhibit cardio-metabolic complications. We tested this hypothesis in a recently
developed rodent model reflecting cardio-metabolic disease [37] and a well-established
model of diet-induced obesity (DIO). Ldlr~/~ animals on sucrose-enriched high-fat diet
(DDC) constitute a suitable model to evaluate cardio-metabolic disease including insulin
resistance, adipose tissue inflammation and atherosclerotic plaque formation.

The active immunization with different OPN-derived peptides performed in this study did
not improve insulin sensitivity, inflammation and atherosclerosis. Despite significant titers
against injection peptides, OPN protein was not substantially bound by post-immune sera.
Our data challenges the concept that an active immunization approach may induce high-
affinity neutralizing antibodies against highly abundant and conserved adhesive motives,
including RGD-containing regions, on endogenous proteins such as OPN.

2 Material and methods

2.1 Ethics statement

The protocol was approved by the Committee on the Ethics of Animal Experiment of the
Medical University of Vienna and the Austrian Federal Ministry for Science and Research
(Permit Numbers: BMWF-66.009/0096-11/10b/2008; BMWF-66.009/0319-11/3b/2012) and
followed the guidelines on accommodation and care of animals formulated by the European
Convention for the Protection of Vertebrate Animals Used for Experimental and Other
Scientific Purposes. All animal experiments were carried out to minimize suffering
according to the 3R principals of animal walfare- “replace, reduce and refine”.

2.2 Animals and diets

Male C57BL/6JR]j wild-type (WT) mice were purchased from Janvier Labs (Saint Berthevin,
France). At 9 weeks of age, 150 mice were separated into ten different groups and set either
on a high-fat (HF, 60 kcal%, D12492; Research Diets, New Brunswisk, NJ) to serve as a
diet-induced obesity (D1O) model or a low-fat diet (LF, 10 kcal%, D12450B; Research
Diets, New Brunswisk, NJ) for 14 weeks. For the recently established cardio-metabolic
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mouse model [37], 120 B6.129S7-LdIr™mIHer/3 (LdIr~”-) mice were obtained from Charles
River (Sulzfeld, Germany), separated into eight groups and kept either on a sucrose-enriched
high-fat diet (DDC, 58 kcal% fat and 218 g sucrose, D09071704, Research Diets, New
Brunswisk, NJ) or normal chow (NC) for 17 weeks. Mice fed LF and NC served as control
diets for DIO and the cardio-metabolic model, respectively (Table 1).

All mice were housed in a specific pathogen-free facility, which maintained a 12 h light/dark
cycle and had free access to water and food. Weight was determined biweekly. Gonadal
white AT (GWAT) and liver were collected and stored for further experiments. Additionally,
aortae were excised from LdIr~~ mice, fixed in 4% paraformaldehyde for 24 h and stored in
PBS at 4 °C.

2.3 Vaccination experiments using OPN-derived peptides

Peptides were conjugated to the carrier protein keyhole limpet hemocyanin (KLH),
formulated with 0.2% Alhydrogel (Adj; Brenntag Biosector, Denmark) and stored at 4 °C.
Mice were subcutaneously (s.c) immunized with 20 pg peptide antigen per mouse, including
OPN-derived peptides and scrambled OPN (see Table 1) controls as well as adjuvant with
carrier protein (Adj-KLH) and PBS, respectively. The primary immunization was performed
one week before as well as one, three and seven weeks after the start of the dietary
treatment. Plasma was collected before the primary immunization (P1) and after the 2nd
(P2) and 3rd (P3) boost by using heparin-coated minicaps (Hirschmann, Eberstadt,
Germany). Serum samples collected after study duration (end-serum) were prepared before
mice were sacrificed and stored at —20 °C for further analysis.

2.4 Titer determination

To evaluate antibody titers and check potential cross-reactivity between peptides and OPN
protein, isolated P1, P2 and P3 plasma as well as end-serum was used to perform enzyme-
linked immunosorbent assays (ELISA), as described elsewhere [35]. In short, plates were
coated with injected peptides coupled to bovine serum albumin, and full-length (FL) OPN
(R&D Systems, Minneapolis, MN), blocked with 1% bovine serum albumin in PBS and
incubated with obtained plasma and end-serum samples. Streptavidin-horse radish
peroxidase was used to measure bound antibodies at 405 nm.

2.5 Metabolic measurements

Serum cholesterol and triglyceride concentrations were assessed by an automated analyzer
(Cobas ¢ 111 analyzer). Commercially available ELISA kits were used to measure serum
insulin (Mercodia, Uppsala, Sweden) and OPN (R&D Systems). Fast protein liquid
chromatography (FPLC) analysis of serum lipoproteins was performed with pooled (5 mice
per pool) end-serum as described previously [37]. Insulin tolerance tests (ITT) were
performed after 13 and 15 weeks on indicated diets measuring glucose levels before, 30, 60,
90 and 120 min after an intraperitoneal injection (i.p.) of recombinant human insulin (0.75
IU/kg bodyweight NovoRapid for HF and DDC and 0.25 1U/kg bodyweight for LF and NC.
respectively; Novo Nordisk, Bagsverd, Denmark).
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2.6 Reverse transcription and gene expression

Samples of GWAT and liver were stored in RNAlater (Qiagen, Hilden, Germany) overnight
at 4 °C. Next day, RNAlater was removed and tissues were snap frozen and stored at —80 °C.
To isolate RNA, tissues were homogenized in TRIzol Reagent (Invitrogen, Carlsbad,
CA,USA) using an automated homogenizer (Precellys 24, Erlangen, Germany). One
microgram RNA was transcribed to cDNA with M-MLV Reverse Transcriptase (Promega,
Madison, USA). Gene expression was normalized to ubiquitin C (Ubc) and analyzed by
quantitative real-time RT-PCR on an ABI Prism 7000 cycler, using commercially available
assays-on demand (Applied Biosystems, Foster City, CA)(Supplementary Table S1).

2.7 Histology and oil-red O staining

Murine liver tissue was embedded in OCT (Sakura, Netherlands) and cut into 5 pm sections.
Liver sections were fixed in 60% 2-Propanol for 5 min and lipids stained with 0.5% oil-red
O (Sigma-Aldrich) in 60% 2-Propanol for 20 min. Counterstaining was performed by using
hematoxylin-eosin [19] and sections were analyzed with standard light microscopy. Relative
lipid accumulation was quantified by detecting oil-red O stained areas with ImageJ software,
thereby assessing five independent fields per sample by a blinded person.

2.8 Atherosclerotic lesion quantification

To quantify atherosclerotic plaque formation en face staining of lipids by Sudan 1V on the
luminal side of opened aortae was performed as described elsewhere [37]. In short, aortae
were excised from LdIr”~ mice and cleaned by removing connective tissue and surrounded
fat. Next, aortae were opened longitudinally, cleaned and pinned on black silicon plates.
Then aortae were fixed overnight at 4 °C with 2% paraformaldehyde, 5% sucrose, 20 UM
EDTA (pH 7.4). Aortic lesions were stained with 0.5% Sudan IV and destaining was
performed using 75% ethanol. Pictures were taken with a Sony Z-1000 camera and samples
were quantified by using ImageJ software observer blinded.

2.9 Statistical analysis

Data are expressed as mean £ SEM or mean + SD. For both experiments, effects of
immunization within the HFand DDC diet groups, respectively, were analyzed with one-way
ANOVA using Tukey’s multiple comparisons test. Effects of dietary treatment of PBS and
Adj-KLH control groups (LF vs. HF; NC vs. DDC, respectively) and Adj-KLH (LF and HF;
NC and DDC) was assessed by unpaired Student’s #test. A P value of <0.05 was considered
statistically significant

3 Results

To evaluate an active immunization approach against the central, integrin binding sites-
comprising region of OPN, we employed our recently developed cardio-metabolic model for
atherosclerosis and insulin resistance [37] as well as the well-established DIO model. Male
LdIr~/= and WT mice were set either on a DDC for 17 weeks and a HF diet for 14 weeks to
induce atherosclerosis and obesity, or on a NC and LF diet to serve as lean controls,
respectively. For each experiment, mice from each group were immunized four times using
different peptides derived from OPN (Peptide 1-4; Pep 1-4), scrambled controls based on
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OPN-peptides (Ctrl 1; Control pep 1 and Ctrl 2; Control pep 2), Adj-KLH and PBS. As
expected, dietary treatment with DDC and HF generated DIO by significantly increasing
bodyweight and GWAT weight, compared to the respective lean controls, which after 17 and
14 weeks on DDC and HF diet did not differ between the treatment groups in both models
(Supplementary Table S2). The co-primary efficacy parameters of this study were insulin
resistance, adipose tissue inflammation, hepaticsteatosis, and atherosclerotic plaque
formation. £n face staining of aortae excised from the cardio-metabolic model (LdIr~/~
mice) after 17 weeks on DDC and NC diet suggested that immunization with Peptide 1
reduced plaque formation compared to the Control pep 1, which, however, appeared to
increase the atherosclerotic lesion area as compared to PBS or Adj-KLH. Of note,
atherosclerotic lesion formation was generally lower in PBS LF and Adj-KLH LF groups
than expected [37]. Due to the high variation and the low number of animals that could be
analyzed none of these results were statistically significant (Fig. 1).

To evaluate, whether insulin resistance in obese mice is ameliorated by active immunization
with OPN-derived peptides, an ITT was performed. Obesity-associated diet-induced insulin
resistance was not improved after treatment with anti-OPN vaccines in both animal models

(Fig. 2).

In order to elucidate, whether immunization with peptides derived from OPN diminish
hepatic lipid droplet formation, cryo-sectioned liver probes of the DIO model were stained
with oil-Red O. As expected, HF-induced obesity resulted in accumulation of lipid droplets
indicating the development of hepatic steatosis in the DIO model (WT animals). However,
treatment with OPN-derived peptides did not affect lipid droplet formation in the liver of the
DIO model (data not shown).

3.1 Immunization of obese mice does not ameliorate tissue inflammation and systemic

parameters

To clarify at which stage the treatment was insufficient, we investigated if and which
upstream events of atherosclerosis and insulin resistance were affected by the immunization.
Therefore, we investigated mRNA expression of inflammatory parameters and adiponectin
in AT and liver in the immunized DDC-treated cardio-metabolic model (LdIr~~ mice) (Fig.
3) and the HF-treated DIO model (WT mice) (data not shown). As expected, dietary
treatment significantly enhanced Emr1 (F4/80), Tnf-a and Spp1 (Fig. 3A-C) mRNA
expression, whereas adipogenic marker Adipog (Fig. 3D) gene expression levels were
reduced in the cardio-metabolic model. However, immunization with OPN-derived peptides
did not change these markers in AT of both models (data not shown). Similarly,
immunization with OPN-derived peptides did not show any differences in hepatic mRNA
expression of Emr1, Ccl2, Tnf-a and SppI in both animal models (data not shown).

To test, whether immunization affected systemic inflammation associated with obesity,
serum characteristics were determined. Diet administration deteriorated serum triglycerides
(TAGsS), total cholesterol, insulin and OPN, whereas treatment with OPN-derived peptides
did not reduce the systemic inflammatory state in both models (Supplementary Table S2).
As expected, lipoprotein fractionation by FPLC analysis revealed comparable cholesterol
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distribution between all respective animals on DDC and HF diet (Fig. 4) without changes in
immunization groups.

3.2 Active immunization with OPN-derived peptides generates stable moderate antibody

titers

In order to examine the efficacy and specificity of immunization-induced antibodies against
the integrin binding sites of OPN, obtained plasma and end-sera were tested against injected
peptides. All vaccines tested in both models were found to elicit a profound antibody
response (Fig. 5A and B). Both models under treatment with Peptide 2 (Pep 2) showed
significantly higher antibody titers compared to the other peptides. Also antibody titer
progression over 17 and 14 weeks, respectively, on indicated diets showed highest response
for Peptide 2 but still a moderate and stable response in the other groups (Supplementary
Fig. S1A and B).

In order to check the selectivity of vaccination-induced antibodies, end-sera were tested
against all used peptides. Antibodies raised by Pep 2 and Pep 3 specifically reacted with
corresponding peptides (Fig. 5C and D). However, in the DIO model (WT mice) Peptide
(Pep) 1 and Peptide 4 induced antibodies cross-reacted with Peptide 2 and Peptide 3,
respectively (Fig. 5D).

These results raised the question, whether the absence of functional effects despite proper
titers against vaccination peptides indicates a failure to induce OPN-neutralizing antibodies.
Therefore we tested the induced antisera for their binding of recombinant murine OPN.
Strikingly, essentially no binding of the Peptide 2-vaccinated group could be detected,
indicating insufficiency of induced antibodies to recognize full-length OPN protein (Fig. 6).
As expected, this also accounts for groups vaccinated with Peptide 1, 3 and 4 which are
supposed to induce functional antibodies merely against cleaved OPN forms.

4 Discussion

The increasing prevalence of obesity-associated non-communicable diseases like type 2
diabetes, cancer and CVD requires new therapeutic interventions to combat 38 million
deaths per year [1]. Obesity-induced inflammation and cardio-metabolic diseases based on
insulin resistance and atherosclerosis are constantly investigated to find new targets for
modern therapies. We and others could demonstrate that OPN is drastically increased in
obese human and rodent models. Moreover, data published from our lab showed improved
insulin resistance as well as AT and liver inflammation after short-term neutralization with
anti-OPN antibodies in obese mice [15,29,30,38]. Moreover, Shojaei et al. reported an
inhibition of metastatic lesion growth after treatment with an anti-OPN monoclonal
antibody, thereby targeting the 1625V YGLRSKS!71 motif next to the RGD region, and the
main thrombin cleavage site, in mice [39]. However, mapping of human OPN epitopes to
generate novel monoclonal anti-OPN antibodies revealed the 2K1 antibody, established
against the region VDTYDRGDSVVYGLRS and able to react with full-length and
thrombin-cleaved OPN, thereby indicating a pivotal role in monocyte binding and migration.
Additionally, treatment with the modified 2K1 anti-OPN antibody after fusion with human
IgG1, improved joint swelling in a rheumatoid arthritis model [40,41].
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In this study we investigated peptide-based active immunization against the central domain
of OPN and could not observe any influence on obesity-related consequences including
atherosclerosis, insulin resistance, hepatic steatosis and metabolic tissue-specific
inflammation in both murine models. A possible reason for this lack of effect may be
insufficiency of the peptide-based vaccination approach used here to induce functional
neutralizing antibodies against integrin binding sites on endogenous protein despite binding
to linear peptides. Of note, similar situations have been described in humans [42]. OPN in
particular is highly concentrated in murine compared to the human serum [10,29,37]. Our
approach to include peptides that correspond to the free thrombin and MMP cleavage site,
thus comprising neoepitopes, was designed to circumvent this problem. Although an anti-
SLAYGYR monoclonal antibody was successfully tested in a model of rheumatoid arthritis
[43], it is not known whether cleaved OPN is increased under inflammatory conditions in
mice, which would be necessary for its targeting. While OPN cleavage products were
detected in human AT and atherosclerotic plaque samples [28,29], it is insufficiently known
whether and to which extent obesity and atherosclerosis induces protease cleavage of OPN
in mice. On the other hand, the presence of considerable amounts of cleaved OPN under
normal conditions could prevent induction of OPN-specific auto-antibodies. As a limitation
of our study, we could not test the antisera for binding of cleaved murine OPN for technical
reasons, so that the complete cryptic region might not have been exposed in the full-length
protein. In addition to limited functionality of our peptide-induced antibodies, we detected
specific binding only after immunization with Peptide 2 and 3, but not with Peptide 1 and 4.
Though a thorough peptide design and /n sifico testing was performed, cross-reactivity of
sera obtained after immunization with peptides without any amino acid sequence similarities
occurred.

In general, the RGD region constitutes a highly abundant and relevant domain in several
proteins. Concerning these facts, induction of sufficient antibodies against the RGD domain
may pose severe drawbacks and uncertainties, e.g. by attacking different vital proteins.
Interestingly, another study exhibited OPN-specific antibodies after active immunization
with human OPN-derived peptides in the DIO model (WT mice) [44]. Concerning these
results, the question is raised whether naive lymphocytes specific for the original (murine)
central OPN region-exist or whether T- and/or B-cells will be eliminated by negative
depletion. Here we suggest that insufficient induction of protein-specific antibody titers in
mice after vaccination with murine OPN-derived peptides supports the hypothesis that OPN
specific lymphocytes are eliminated during their development. Another hypothesis is based
on the existence of B-cells in a state of anergy. Methods to break tolerance include the use of
more potent adjuvants such as toll-like receptor agonists [45] to counter poor
immunogenicity or other novel immunization approaches utilizing viral vectors or antigen-
loaded mature dendritic cells [46-48]. However, a more effective adjuvant may bear the risk
of inducing a general inflammatory state, which in this case, could ignite the inflammatory
disorder underlying insulin resistance and atherosclerosis rather that quench it by the
specific antibodies to be elicited.

It is noteworthy that there is increasing evidence that neutralization of OPN improves
obesity-associated complications including AT inflammation, insulin resistance and CVD
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[15]. Therefore, novel strategies to test OPN-related treatment strategies have to be evolved
and the need for the generation of a humanized OPN mouse model is given.

Concluding this study, although knockout data and passive immunization experiments
clearly revealed functional improvements by deficiency or neutralization of OPN in obesity,
active immunization with peptide-based OPN vaccines directed against the central integrin-
binding region did not elicit antibodies that improved obesity-driven cardio-metabolic
sequelae. Due to its crucial role in a variety of inflammatory and cardio-metabolic diseases
further investigations on active immunization against OPN are warranted with particular
emphasis on epitope design and novel vaccination approaches.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Immunization with OPN-derived peptides does not significantly affect atherosclerotic lesion
formation. The cardio-metabolic model (LdIr™/~ mice) (n = 14—15 per group) was fed a DDC
and NC and immunized with scrambled OPN controls, OPN-derived peptides, PBS or Adj-
KLH, as indicated. Atherosclerotic lesion formation was quantified with en face staining
after dietary treatment for 17 weeks (n = 3 per group). Representative image of Sudan IV
staining is given (A) and quantification of plaque formation was performed by ImageJ
software (B). Data is expressed as mean + SEM. Effects of immunization within the HF and
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DDC diet groups were analyzed with one-way ANOVA using Tukey’s multiple comparisons
test. Effects of dietary treatment of PBS and Adj-KLH control groups (LF vs. HF; NC vs.
DDC, respectively) and Adj-KLH (LF and HF; NC and DDC) was assessed by unpaired
Student’s #test.
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Insulin sensitivity is not improved after immunization with OPN-derived peptides. Both
models (LdIr~~ and WT mice) (n = 11-15 per group) were immunized with scrambled OPN
controls, OPN-derived peptides, PBS or Adj-KLH, as indicated. ITT was performed after 15
and 13 weeks of dietary treatment. Glucose concentrations are given for LdIr’= (A) treated
with DDC or NC, and WT mice treated with HF or LF diet as indicated (B). Area under the
curve (AUC) was calculated for all DDC-fed groups of Ldlr~~ mice (C) and for all HF diet-
fed groups of WT mice (D). Data is expressed as mean + SD, one-way ANOVA.
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Fig. 3.

Obesity-associated AT inflammation is not diminished after immunization with OPN-
derived peptides, The cardio-metabolic model (LdIr~~ mice) was fed either a DDC or NC
for 17 weeks (n = 11-15 per group) and immunized with three different OPN-based
peptides, scrambled control. Adj-KLH and PBS, as indicated. Expression of macrophage
markers Emr1 (F4/80) (A) and /tgax (B) by qRT-PCR as well as cytokines like Spp1 (C) and
Adipog (D) was assessed in GWAT. Ubiquitin was used as a housekeeping gene. Data is
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expressed as mean + SEM and shown after normalization to the mean of control peptide 1.
***p < 0.001, one-way ANOVA and unpaired Student’s £test, as indicated.
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Fig. 4.

Ar?alysis of serum lipoproteins after dietary treatment. Serum cholesterol distribution in both
models (n = 14-15 per group) was assessed by FPLC analysis after treatment with indicated
diets and immunization with OPN-derived peptides, scrambled controls and PBS for 17
weeks (A,B) and 14 weeks (C,D), as indicated. Specific lipoprotein area under the curve
(AUC) was normalized to total AUC of the cardio-metabolic (LdIr”~ mice) (B) and DIO
model (WT mice) (D). Data is expressed as mean + SEM.

Immunol Lett. Author manuscript; available in PMC 2019 March 15.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Griin et al.

Titers against injected peptides

Titer of |njected peptides

Titer of injected peptides

(ODm ax/2)

(ODmax/2)

Page 18

A 3
40000+ =
&
o
300004 B
[&]
D,
200004 f
2
—7— T
10000+ &
w
3
0- -
\\ N\ Vv %
I QQ;Q QQ,Q QQ;Q
C
60000 -
® = Mean
50000 4 ° = Median
40000 - °
30000 - °
8 20000 4
=
10000 - U
" '!' o § =
Ctrl 1 Pep1 Pep2 Pep3 Ctrl 1 Pep1 Pep2 Pep3 Ctrl 1 Pep1 Pep2 Pep3
Peptide 1 Peptide 2 Peptide 3
coated peptides
D
70000 - & o Tiear
60000 - =Median
~— 50000 4 ° &
40000 - ® ° o 1)
30000 - s i & &
20000 4 ! v @ °
10000 - ! ! o ! ! i
0 o

SN NS N N ¥ > SN DD I P )
S R Q”Q & & "Q LR Q”Q&(}g‘ S ¥ Q”Q“é'b S F et <z°°“
Peptide 1 Peptide 2 Peptide 3 Peptide 4
coated peptides

Fig. 5.

Arglltibody titers and cross-reactivity of DDC and HF diet groups. The cardio-metabolic (LdIr
I~ mice) and the DIO model (WT mice) were fed either a DDC and HF diet for 17 and 14
weeks, or a NC and LF diet to serve as lean controls (n = 14-15 per group). Immunization
was performed four times with scrambled control OPN-peptides (Control pep 1 and 2; Ctrl 1
and 2) and four different OPN-derived peptides (Peptides 1-4; Pep 1-4). Mean progression
of OPN-specific antibody production in Ldlr~= (A) and WT mice (B) is given. Possible
cross-reactivity of obtained end-sera against peptides was determined in Ldlr~ (C) and WT
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mice (D) using ELISA. Data is expressed as mean £ SEM as well as mean (black band) and
median (white band).
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Cross-reactivity of polyclonal antibody and antisera against recombinant mouse OPN. Both
animal models were fed either a DDC or HF and NC or LF diet for 17 and 14 weeks,
respectively (n = 14-15 per group). Immunization was performed using scrambled control
OPN-peptides (Control pep 1 and 2; Ctrl 1 and 2), different OPN-derived peptides (Peptide
1-4; Pep 1-4) and Adj-KLH, as indicated. Mean titer of polyclonal antibody (pAB) titration
of the cardio-metabolic (LdIr~ mice) (A) and the DIO model (WT mice) (B) as well as
possible cross-reactivity of obtained end-sera from Ldlr~= (C) and WT mice (D) against
recombinant mouse OPN was determined with ELISA. Data is expressed as mean.
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Treatment groups including mouse strain, animal number per group, dietary treatment, abbreviations of OPN-
derived peptide-based vaccines, amino acid sequences and description of vaccines.

Model Genotype Number of animals Dietary treatment  ID No Amino acid sequence Description

DIO WT 15 HF Controlpepl C-LYRGLAS-COO scrambled

cardio-metabolic  LdIr’- 15 DDC Control pep1 C-LYRGLAS-COO scrambled

DIO WT 15 HF Control pep2 C-GYSAGLD-COO scrambled

DIO WT 15 HF Peptide 1 C-LAYGLR-COO free thrombin
cleavage site

cardio-metabolic  LdIr’- 15 DDC Peptide 1 C-LAYGLR-COO free thrombin
cleavage site

DIO WT/ 15 HF Peptide 2 C-PTVDVPNGRGDS-NH, GRGDS in
OPN context

cardio-metabolic  LdIr’- 15 DDC Peptide 2 C-PTVDVPNGRGDS-NH, GRGDS in
OPN context

DIO WT 15 HF Peptide 3 C-GDSLAYG-COO free MMP
cleavage site

cardio-metabolic  LdIr"- 15 DDC Peptide 3 C-GDSLAYG-COO free MMP
cleavage site

DIO WT 15 HF Peptide 4 C-RGDSLAYG-COO free MMP
cleavage site

DIO WT 15 LF PBS

DIO WT 15 HF PBS

cardio-metabolic  LdIr'- 15 NC PBS

cardio-metabolic  LdIr'- 15 DDC PBS

DIO WT 15 LF Adj-KLH

DIO WT/ 15 HF Adj-KLH

cardio-metabolic  LdlIr"- 15 NC Adj-KLH

cardio-metabolic  Ldlr"- 15 DDC Adj-KLH

DIO = diet-induced obesity; WT = wild-type mice; Ldir—= low-density lipoprotein receptor knock-out; HF = high-fat diet; DDC = sucrose-
enriched high-fat diet with cholesterol; LF = low-fat diet; NC = normal chow; Adj = adjuvant; OPN = osteopontin; MMP = matrix

metalloproteinase.
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