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Abstract 
 
Objective: Recruitment of immunological competent cells to the vessel wall is a crucial step 
in formation of abdominal aortic aneurysms (AAA). Innate immunity effectors (e.g., 
macrophages), as well as mediators of adaptive immunity (e.g., T cells), orchestrate a local 
vascular inflammatory response. Interleukin-10 (IL-10) is an immune-regulatory cytokine with 
a crucial role in suppression of inflammatory processes. We hypothesized that an increase in 
systemic IL-10-levels would mitigate AAA progression.  
Methods and Results: Using a single intravenous injection protocol, we transfected an IL-10 
transcribing non-immunogenic minicircle (MC) vector into the Angiotensin II (AngII)-ApoE-/- 
infusion mouse model of AAA.  IL-10 MC transfection significantly reduced average aortic 
diameter measured via ultrasound at day 28 from 166.1 ± 10.8 % (control) to 131.0 ± 5.8 % 
(IL-10 transfected). Dissecting AAA rates were reduced by IL-10 treatment, with an increase 
in dissection-free survival from 21.5% to 62.3%. Using flow cytometry of aortic tissue from MC 
IL-10 treated animals, we found a significantly higher percentage of CD4+/CD25+/Foxp3+ 
regulatory T cells, with fewer CD8+/GranzymeB+ cytotoxic T cells. Furthermore, isolated aortic 
macrophages produced less TNF-α, more IL-10 and were more likely to be MRC1- positive 
alternatively-activated macrophages. These results concurred with gene expression analysis 
of LPS-stimulated and AngII-primed human peripheral blood mononuclear cells.  
Conclusions: Taken together, we provide an effective gene therapy approach to AAA in mice 
by enhancing anti-inflammatory and dampening pro-inflammatory pathways through 
minicircle-induced augmentation of systemic IL-10 expression. 
 

 

 

 

 

 

 

 

 

 

Abbreviations: 
AAA  - abdominal aortic aneurysm 
AngII - Angiotensin II 
BLI - Bioluminescence imaging 
CTL - Cytotoxic T cell  
FOXP3 - forkhead box P3 
GRZB - Granzyme B 
IL-10  - Interleukin-10 

IL-6 - Interleukin-6  
MC - Minicircle 
MRC1 - Mannose Receptor, C type 1  
PBMC - Peripheral Blood Mononuclear Cell 
SMC - Smooth muscle cell 
TNFa - Tumor necrosis factor alpha 
Treg - Regulatory T cell 
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Introduction 
 
Human abdominal aortic aneurysm (AAA) is defined as a pathologic dilatation that exceeds 
the normal diameter by 50%, or that has an antero-posterior diameter of over 30 mm. AAAs 
are a significant cause of morbidity and mortality in the United States and worldwide. The 
average incidence in Western civilizations is 0.4-0.67%1. Although mortality numbers are 
slowly decreasing due to better endovascular and open surgical repair techniques as well as 
better risk factor management2, AAAs still accounted for up to 10,000 deaths per year in the 
US in 2014, or approximately 3.1 deaths per 100,000 people3.  

Infiltration of monocytes/macrophages, polymorphonuclear leukocytes (PMNs), and T- 
and B-lymphocytes mark the early phases of aneurysm development4. With further 
progression, a variety of cytokines, leukotrienes and immunoglobulins attract additional 
inflammatory cells and establish a local vascular inflammatory response. Matrix degeneration 
with disruption of local collagen and elastin follows, accompanied by smooth muscle cell (SMC) 
apoptosis in the aortic media, and ultimately leading to AAA expansion and rupture5,6. 

With vascular inflammation being one of the major initial hallmarks of AAA formation, 
mechanisms that dampen the immune response might be leveraged to prevent progressive 
tissue damage. Interleukin-10 (IL-10) is a well described anti-inflammatory cytokine, with a 
crucial role in suppression of inflammatory processes in diseases such as environmental 
allergy, asthma or inflammatory bowel disease. There is evidence that the immune-regulatory 
capacities of IL-10 might also be crucial in aneurysm development, as the IL-10-1082 'A' 
polymorphism (associated with lower IL-10 production7) is more common in patients with AAA8, 
and patients with this polymorphism are at an increased risk of developing AAA9. IL-10 plasma 
concentrations in patients with AAA are significantly decreased compared to matched patients 
with coronary artery disease10.  Also, IL-10-knockout mice show increased susceptibility to 
Angiotensin II (AngII)-induced aortic aneurysm and aortic rupture11. To our knowledge, no 
studies have to-date been conducted utilizing transgenic IL-10 animals.  

IL-10 treatment has already been successfully performed in inflammatory bowel 
disease and glomerulosclerosis in rodents. However, recent studies have encountered major 
pitfalls. Intravenous or intraperitoneal injections of recombinant IL-10 need to be performed 
close to the time point of disease induction, or be repeated daily, due to IL-10’s short plasma 
half-life12-14. In humans, outcomes in the treatment of inflammatory bowel disease did not 
demonstrate efficacy15. While disease-specific reasons for these limited results may exist, one 
major drawback is the lack of sufficient IL-10 bioavailability at the tissue of interest16.  

To increase IL-10 bioavailability and to overcome IL-10 delivery issues, here we applied 
a non-viral minicircle transfection approach to the AngII-infusion-ApoE-/- AAA model.  
Minicircles (MC) are episomal DNA vectors lacking a bacterial plasmid backbone. Due to their 
small size compared to standard plasmids, they display higher transfection efficiency and 
survival rate of the target cells. In addition, MC constructs sustain a higher expression rate of 
their harboring transgenes over a longer period of time. This, combined with their low 
immunogenicity, makes them intriguing vectors for gene therapy17-19. 

 
Material and Methods 
Materials and Methods are available in the online-only Data Supplement. 
 
Results 
To evaluate transfection efficacy of our intravenous MC injection approach, we first utilized 
minicircles expressing a firefly luciferase reporter construct (MC-Luc). MC-Luc was injected 
and subsequent bioluminescence imaging (BLI) was performed at days 1, 3, 9, and 15. We 
found a noticeable increase in luciferase activity in regions corresponding to the lungs at 1-3 
days after transfection, with increasing activity in the liver and kidney regions over the course 
of the first 9 days (Fig. 1A).  By 15 days after transfection, the luciferase signal had significantly 
dropped, indicating a considerable loss of activity (Fig. 1B).  

AngII-treatment began at day 7 after MC transfection, to ensure active vector 
expression during aneurysm induction. We also evaluated IL-10 plasma levels of mice at 7 
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and 14 days after injection with MC IL-10 or MC control, confirming expression and production 
of IL-10 in a similar fashion to MC-Luc. We found a significant increase in plasma IL-10 levels 
in MC IL-10-treated mice (vs. matched controls) at day 7 after transfection (161.3 ± 14.6 pg/ml 
vs. 55.5 ± 15.4 pg/ml, p < 0.01, n=5, Figure 1C). At day 14 after MC injection, no differences 
could be found for IL-10 expression in MC IL-10 vs. MC control (46.8 ± 13.4 pg/ml vs. 36.8 ± 
10.6 pg/ml, p = n.s., n=4/5). To further evaluate the long-term effects of MC IL-10 injection 
regarding tissue levels of IL-10, expression in peripheral tissues were quantified with qRT-PCR 
at day 28 after AngII infusion. Here, IL-10 did not show significantly higher expression in aortic 
tissue, lung tissue or hepatic tissue in comparison to MC control (Figure 1D). Interestingly 
however, splenic IL-10 expression was significantly higher in MC IL-10 than in controls (2.52 
± 0.5-fold increase vs. MC control, p<0.01, n=10). This was accompanied by higher splenic 
Foxp3 expression at day 28 after AngII (1.9 ± 0.3-fold, p<0.05, n=10, Fig. 1E), but not 
increased TNF levels.  

Subcutaneous AngII pump implantation at day 7 after transfection led to significant 
suprarenal aortic aneurysm formation in ApoE -/- mice as previously described20, with 78% of 
the mice having a diameter of more than 150% of baseline in the control group. Aneurysm 
formation was attenuated in mice that had been injected with MC IL-10, as only 10% of these 
animals had a diameter increase of ≥150% (average diameter 166.1 ± 10.8 % in control vs. 
131.0 ± 5.8 % in IL-10 treated animals, p < 0.01, n = 9  vs. 10, Figure 2A). Differences in 
diameter remained throughout the time course of aneurysm formation, starting at day 7 (Fig. 
2A). These findings were supported by H&E and Picrosirius Red stainings, which showed a 
relevant decrease in AAA diameter after MC IL-10 treatment (Figure 2B).  

In the murine ApoE-/- AngII infusion AAA model, aneurysm formation is typically driven 
by intramural hematoma or myointimal dissection of the aortic wall. Therefore, in addition to 
aneurysm size, the presence of a ‘dissecting AAA’ is an important aspect of AAA formation21. 
In concert with the significantly decreased diameter after MC IL-10 treatment, we found 
improved dissecting AAA-free survival in animals transfected with the IL-10 vector (21.5 % vs. 
62.3 % at day 28 in AngII vs. AngII MC-IL10, p = 0.01, n = 41, Fig. 2C). 

Next, we evaluated the number and polarization of CD45+ / CD3+ lymphocytes and 
F4/80+ macrophages in suprarenal aortic tissue 7 days after aneurysm induction via flow 
cytometry. AngII MC IL-10-treated animals showed a significantly higher percentage of 
regulatory T cells (Treg cells) than AngII-control or non-AngII-treated animals 
(CD4+/CD25+/Foxp3+, 1.8 ± 0.1 % of CD45+/CD3+ vs. 0.6 ± 0.08 % in AngII-control vs. 0.7 ± 
0.05 % in non-AngII-animals, p < 0.01 vs. AngII-control and non-AngII, n=5/6/5 per group, Fig. 
3A). In contrast, AngII-control treated animals had an increased percentage of cytotoxic T cells 
compared to AngII MC IL-10 or non-AngII treated mice (CD8+ / GranzymeB+, 3.9 ± 0.2 % of 
CD45+/CD3+ vs. 2.3 ± 0.3 % in AngII-control and 2.6 ± 0.3 % in non-AngII, p < 0.01 vs. AngII 
MC IL-10 and non-AngII, n= 6/5/5 per group, Fig. 3B). As a result, the Treg cell to cytotoxic T 
cell ratio (CD4+/CD25+/FOXP3+ per CD8+/GranzymeB+) was highly and significantly 
increased in the AngII MC IL-10-treated animals (Fig. 3C).  

We did not find a significant difference in absolute cell number in aortic tissue (CD4+ 
or CD8+ or CD3+/CD45+ or F4/80+ cells of single cells) between the three experimental 
groups, indicating that there was a difference in cell polarization, rather than cell number (Supp. 
Figure 2).  

Peripheral blood quantification did not reveal significant differences in T cell polarization 
regarding Treg and cytotoxic T cells.  CD4+ cells were significantly more present in peripheral 
blood in AngII-treated animals, independent of MC IL-10 treatment (CD4+ of single cells, 2.2 
± 0.3 % in non-AngII-animals vs. 3.5 ± 0.4% in AngII-control vs. 3.7 ± 0.4 % in AngII MC IL-10, 
p < 0.01 vs. non-AngII, n=5/6/5 per group, Supp. Fig. 3D) 

F4/80-positive macrophages in suprarenal aortic tissue were more prone to Tumor 
necrosis factor alpha (TNF-α) production (38.6 ± 5.3 percent of F4/80+ cells) without MC IL-
10 application than after transfection with IL-10 (20.0 ± 3 percent of F4/80+, p < 0.05, n= 4/5/4 
per group, Fig. 4A), and also showed decreased IL-10 signal (3.9 ± 0.5 % of F4/80+ cells vs. 
8.6 ± 1.6 % of F4/80+ cells, p < 0.01 vs. AngII-control, n= 4/5/4 per group, Fig. 4B). Notably, 
the increased TNF-α/IL-10 ratio in AngII-treated control animals was reversed with IL-10 
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transfection (Fig. 4C). Intriguingly, suprarenal aortic macrophages showed increased 
differentiation into the more anti-inflammatory M2-like phenotype with MC IL-10 treatment 
(19.4 ± 1.2 % of Mannose Receptor C type 1 (MRC1)+ over F4/80+ cells vs. 11.6 ± 1.9 % in 
AngII control, p < 0.05 vs. control, n= 4/5/4 per group, Fig. 4D).  

To further investigate translational potential in human cells, we primed human PBMCs 
with AngII or AngII/IL-10 before stimulation with LPS and evaluated expression of inflammatory 
markers. There was a significant reduction in inflammatory gene expression with AngII/IL-10 
vs. AngII alone for all markers except FOXP3 (0.07 ± 0.01 vs. 0.31 ± 0.05 vs. 0.19 ± 0.04 
relative expression vs. GAPDH in cells not primed with AngII vs. AngII primed cells vs. AngII/IL-
10 treated cells, p = 0.07 vs. (+) AngII, n = 9/18/19, Fig. 5A).  Granzyme B (GRZB)-expression 
was lower in AngII/IL-10 treated cells (0.19 ± 0.05 vs. 0.2 ± 0.02 vs. 0.14 ± 0.01 04 relative 
expression vs. GAPDH in cells with (-) AngII vs. (+) AngII vs. (+) AngII/IL-10, p < 0.05 vs. (+) 
AngII, n = 9/18/19, Fig. 5B), resulting in no significant change of FOXP3 to GRZB ratio in AngII 
(+) vs. AngII (+) / IL-10 (0.47 ± 0.1 vs. 1.55 ± 0.25 vs. 1.48 ± 0.3 –fold, p = n.s. vs. (+) AngII, n 
= 9/18/19, Fig 5C).  

Looking at macrophage markers revealed beneficial effects for (+) AngII/IL-10 vs. (+) 
AngII alone. TNF-α (TNF) expression dropped significantly with MC IL-10 treatment (0.15 ± 
0.01 vs. 0.09 ± 0.03 vs. 0.004 ± 0.002; p < 0.05 vs. (+) AngII, n = 9/18/19, Fig. 6A). IL-10 
expression was increased in (+) AngII / IL-10 (0.24 ± 0.03 vs. 0.36 ± 0.06 vs. 0.62 ± 0.12; p < 
0.05 vs. (+) AngII, n = 9/15/11, Fig. 6B), resulting overall in a significantly decreased TNF-α to 
IL-10 ratio (0.62 ± 0.05 vs. 0.18 ± 0.07 vs. 0.01 ± 0.01; p < 0.01 vs. (+) AngII and vs. (-) AngII, 
n = 6/14/11, Fig. 6C). Markers of alternatively activated M2-macrophages, such as MRC1 
(0.005 ± 0.001 vs. 0.005 ± 0.001 vs. 0.01 ± 0.002; p < 0.05 vs. (+) AngII, n = 9/15/17, Fig. 6D) 
and CD163 (1.04 ± 0.16 vs. 0.8 ± 0.09 vs. 39.92 ± 21.79; p < 0.01 vs. (+) AngII, n = 9/18/11, 
Fig. 6E) were significantly up-regulated. Conversely, IL-6 expression was reduced in cells that 
were treated with IL-10 (0.32 ± 0.08 vs. 0.37 ± 0.06 vs. 0.05 ± 0.01; p < 0.01 vs. (+) AngII and 
vs. (-) AngII, n = 6/15/14, Fig. 6F).  
 
Discussion 
Here, we show that systemic transfection with a non-immunogenic delivery method using IL-
10 expressing minicircles is feasible and effective in a murine model of AAA disease. Plasma 
IL-10 levels were significantly increased at 1 week after transfection in Apo E-/- mice, and IL-
10 induction significantly decreased aneurysm size and likelihood of suprarenal dissecting 
AAA  formation. These beneficial effects upon aneurysm development were accompanied by 
a significant increase in Treg cells and a decrease in cytotoxic T cells. Furthermore, local 
macrophages were more likely to differentiate into the alternatively activated M2-macrophages 
and express less TNF-α as well as more IL-10. Human PBMCs with IL-10 treatment after AngII-
incubation showed ameliorated expression of differentiation markers Granzyme B (GZMB), 
TNF-α, MRC1, CD163 and IL-6, indicating possible translational potential in the application of 
IL-10.  

One major IL-10-induced anti-inflammatory process in tissue is the induction of CD4+ 
CD25+ FOXP3+ Treg cells22. In general, their mechanism of action also involves production of 
Interleukin-10 (IL-10) itself22,23, providing a self-amplifying feedback loop, which we also 
identified. The induction of a subset of more anti-inflammatory macrophages by Treg cells24, 
particularly the so-called ‘deactivated’ M2c-macrophages which are believed to be important 
for tissue remodelling and matrix deposition, is also regulated by IL-1025,26. In AAA disease, 
M2-macrophages are present in the later phases of development27 and are involved in healing 
and prevention of further AAA growth. By contrast, activation and clonal expansion of CD8+ 
cytotoxic T cells induces cell damage and apoptosis potentially worsening AAA disease, if not 
properly regulated28,29. As IL-10 has been shown to contribute to CD8+ cytotoxic T cell (CTL) 
expansion under certain conditions, we monitored the CD8+ GranzymeB+ CTL amount in 
tissue and calculated the ratio of Treg / CTL ratio to further characterize the impact of IL-10 on 
the T cell population in the aortic wall. 

Using the AngII-induced AAA model, we observed that systemic overexpression of IL-
10 via single timepoint MC transfection led to aortic cell polarization into Treg cells and anti-
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inflammatory M2-macrophages expressing MRC1. These changes in adaptive and innate 
immune cell differentiation were associated with a clear reduction in aneurysm formation. We 
did not find a significant change in CD3+/CD45+, CD4+, CD8+ or macrophage cell number in 
aortic tissue after MC injection. Therefore, our results suggest a polarization effect, rather than 
a recruitment. Considering the limited expression period of the MC-delivered plasmids of, at 
most, 2 weeks with regard to IL-10 plasma levels (when compared to the four-week period of 
aneurysm development), it could be that this treatment might have sparked self-amplifying 
cascades and cell-cell interactions that maintain the anti-inflammatory response. At 28 days 
after aneurysm induction, only splenic tissue showed increased expression of IL-10 (Figure 
1D). This was accompanied by higher Foxp3 expression, possibly indicating pronounced Treg 
polarization (Figure 1E). This is especially intriguing, as flow cytometry analysis of spleens at 
day 7 after AngII showed significantly fewer CD4+ cells and a tendency towards fewer Foxp3-
positive Treg cells (Supp. Figure 4 A and D). This might indicate an initial mobilization of CD4+ 
cells from the spleen in response to AngII, a redistribution process to non-lymphoid tissue 
known to occur after recognition of certain antigens30. Subsequently, splenic IL-10 and Foxp3 
expression might increase again over the next 3 weeks if MC IL-10 expression had 
successfully induced anti-inflammatory processes in the aorta. 

In patients with AAA, both the number and function of Treg cells as well as the 
expression of FOXP3 are significantly decreased in peripheral blood31,32, suggesting that the 
lack of Treg immunomodulation may accelerate AAA formation. Indeed, adoptive transfer of Treg 
cells to AngII-treated ApoE-/- mice reduced AAA incidence and severity in a dose-dependent 
manner33. Further, direct treatment with Treg cells decreased macrophage number and the 
expression of pro-inflammatory cytokines in local aortic tissue. After Treg treatment in vitro, 
macrophages had a more pronounced M2-like phenotype, consistent with previous reports24,26. 
As such, the beneficial effects of Treg cells are likely mediated via direct cell-cell contact as well 
as paracrine effects.  

Yodoi et al.34 demonstrated that expansion of Foxp3+ Treg cells by IL-2 complex 
treatment resulted in a marked decrease in the incidence and mortality of AAA, and that this 
effect could be reversed by genetic depletion of Foxp3+ Treg cells, further underlining the 
importance of Treg cells in the prevention of aneurysm disease. Moreover, Zhou and 
colleagues32 further clarified the importance of IL-10 in mediating the beneficial effects of Treg 

cells in AAA formation. Transfusion of Treg cells from WT animals suppressed macrophage 
activation and reduced lesion macrophage and T cell counts in the murine AngII AAA model. 
However, this was not the case in mice that were infused with Treg cells from IL-10-/- animals, 
suggesting that the presence of IL-10 is imperative for cell-cell interaction of Treg cells with the 
surrounding tissue. IL-10 has also been shown to be a crucial regulator of inflammation-matrix 
interaction, as Treg cells from IL-10 competent mice suppress MMP-9 and MMP-13 activity 
more strongly than Treg cells from IL-10 -/- mice32. Notably, IL-10-/- mice show increased elastin 
degradation11 and, Treg treatment inhibits apoptosis of aortic wall cells in the AngII-induced 
aneurysm model33.  Our data support a critical role for the mediator IL-10 in prevention of AAA 
formation, and suggest that a transient increase in IL-10 might be sufficient to induce a critical 
mass of anti-inflammatory Treg cells and regulatory macrophages at the site of lesion, thereby 
possibly decreasing AAA growth by positively modulating the inflammatory response, with 
potential downstream effects on extracellular matrix degradation and apoptosis via IL-10.  

Recent work highlights the special considerations that need to be taken into account 
regarding the role of aortic dissection in the AngII-AAA model21,35. Inflammatory cell  infiltration 
tends to localize to sites of aortic dissection36. It is believed that classical activation of 
macrophages induces vascular dissection, thereby promoting AAA formation at least in part 
by an IL-6 dependent mechanism37. Our work suggests that re-adjusting the macrophage 
activation cascades using IL-10 treatment suppresses IL-6 as well as TNF-α expression and 
promotes MRC1 and CD163 transcription. The IL-10-induced increase in Treg cells and the shift 
from classical to alternatively activated macrophages in aortic tissue is therefore likely to be 
an important mechanism in the prevention of dissecting AAA. We assume that our anti-
inflammatory treatment primarily suppresses both micro- and macro-ruptures, as these 
hemorrhagic events are thought to drive AAA growth in the AngII-model. This is further 
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underscored by the early separation of our AAA diameter and dissecting AAA-free survival 
curves (Fig. 2 A and B) at day 7 with a subsequently similar growth rate.  

In PBMCs from healthy controls stimulated with AngII, we observed minimal impact on 
inflammatory gene expression in the absence of IL-10 treatment. Our cells of interest, mainly 
monocytes/macrophages and T cells, all express receptors for AngII34,38,39 and should 
therefore be susceptible to AngII priming. However, effects of AngII on leukocytes appear to 
be context-sensitive38,40 and are difficult to duplicate in vitro41. We acknowledge that our 
understanding of AngII-induced effects on mononuclear cells is not complete, nevertheless, 
IL-10 treatment was beneficial after PBMCs were primed with AngII, supporting our main 
hypothesis that IL-10 initiates an anti-inflammatory and self-amplifying polarization towards 
Treg cells and M2-macrophages. 

There are limitations to our study. We applied the MC IL-10 vector systemically, once, 
and did not seek to control the site of expression nor the effect duration. It is possible that 
observed effects might be even stronger, and display less off-target impact if a more specific 
approach to the vasculature or immune cells had been chosen42,43. Additionally, we cannot 
definitively conclude whether systemic or local increases of IL-10 are more important to 
prevent AAA formation, as the cellular changes we induced in aortic tissue were observed after 
systemic IL-10 delivery with an initial increase of plasma IL-10. With regard to clinical 
applicability and the known methodological shortcomings of cell-specific transfections, we 
deliberately chose this approach, intending to maintain translational potential and seeking to 
prove that MCs are feasible non-immunogenic vectors for the treatment of AAAs in this mouse 
model. We did not seek to provide deeper mechanistic insights as the interaction of IL-10 with 
lymphocytes and myeloid cells has been extensively studied before. While we do not provide 
hemodynamic data (such as blood pressure) in these animals, and therefore cannot exclude 
differences in MC-IL10 treated vs. non-MC-IL-10 treated animals, a recent publication 
suggests no prognostic value of hemodynamic markers on aneurysm growth44. Also, initial 
characterization of the model did not show any alteration in arterial blood pressure after AngII 
infusion20. The recently published prevention of blood pressure increase by continuous IL-10 
infusion has only been shown in combination with significantly higher doses of AngII 
(90ng/min) and vastly higher IL-10 levels (0.5ng/min) when compared to our plasma IL-10 
concentration45.  

In summary, we provide evidence that a one-time application of an IL-10 transcribing 
minicircle vector successfully limits aneurysm formation in a mouse model of AAA, while 
increasing regulatory T cells and alternatively activated macrophages in the aortic wall. IL-10 
treatment of PBMCs partially recapitulated the anti-inflammatory effects of IL-10, indicating 
possible translational potential in humans.  
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Significance 

Abdominal aortic aneurysms (AAA) are a common and lethal disease, and infiltration of innate 
and adaptive immune cells with subsequent vascular inflammation of the aortic wall is a 
hallmark of aneurysm development. By applying a non-viral strategy with a non-immunogenic 
vector (minicircle) to systemically overexpress interleukin-10 in a murine model of AAA, we 
significantly decreased aneurysm growth and size as well as rate of dissecting AAA. These 
relevant effects were accompanied by higher amounts of beneficial Treg cells and alternatively 
activated, anti-inflammatory macrophages in local aortic tissue. Furthermore, local pro-
inflammatory immune response was dampened with lower TNF-α production and fewer 
cytotoxic T cells. This work suggests a novel approach for the treatment of AAA, with 
translational potential.  
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Figure 1 Vector expression and efficiency in vivo 

Bioluminescence imaging (BLI) was performed at days 1, 3, 9, and 15 after intravenous injection of MC-
Luc. Subsequently, BLI was performed with the Xenogen In Vivo Imaging System with administration of 
D-Luciferin at a dose of 375 mg/kg of body weight.  
A) Localization and intensity of bioluminescence.  
B) Quantification of bioluminescence per organ  
C) IL-10 plasma levels of mice at d7 after transfection with MC IL-10; n=5 per group, ** = p≤0.01.  
D) Gene expression analysis (q-rtPCR) of IL-10 after 28days of AngII treatment in homogenized tissue 
E) Gene expression of splenic tissue for IL-10, foxp3 and TNF at d28 after AngII infusion.  
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Figure 2 Aortic diameter and rate of dissecting AAAs after MC IL-10 transfection 

Ultrasound measurements of ApoE-/- mice after subcutaneous infusion of AngII (1 μg/kg/min). 
A) Aortic diameter in percent of baseline diameter over a time course of 28 days; n = 15 vs. 15, * = 
p≤0.05, ** = p≤0.01 vs. AngII MC control. 
B) Representative H&E and Picrosirius Red staining of suprarenal aortic sections harvested d28 after 
AngII infusion. 
C) Kaplan-Meier curve for freedom from dissecting AAA; n = 15 vs. 15, ** = p≤0.01 vs. AngII MC control. 
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Figure 3 T lymphocyte presence and differentiation in aortic tissue 

At day 7 after aneurysm induction (d14 after transfection with MC) aortic tissue was harvested, lysed 
and analyzed via flow cytometry to characterize T cell differentiation. A and B include representative 
flow cytometry graphs and histograms; n=4/5/4; n=5/6/5 
A) Percentage of CD4+/CD25+/Foxp3 of CD45+/CD3+ cells in untreated animals, AngII-infused controls 
and AngII-infused/MC-IL10 transfected animals; ** = p≤0.01 vs. AngII, ## = p≤0.01 vs. untreated.  
B) Percentage of CD8+/GranzymeB+ of CD45+/CD3+ cells; ** = p≤0.01 vs. AngII MC IL-10, ## = p≤0.01 
vs. untreated.  
C) Ratio of CD4+/CD25+/Foxp3 over CD8+/GranzymeB+ cell (Treg to cytotoxic T cell ratio), ** = p≤0.01 
vs. AngII, ## = p≤0.01 vs. untreated.  
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Figure 4 Macrophage presence and differentiation in aortic tissue 

At day 7 after aneurysm induction (d14 after transfection with MC) aortic tissue was harvested, lysed 
and analyzed via flow cytometry to characterize macrophage differentiation markers. A, B, D include 
representative flow cytometry graphs and histograms; n=4/5/4 
A) Percentage of TNF-α+ of F4/80+ cells in untreated, AngII-infused, and AngII-infused/MC-IL10 
transfected animals; * = p≤0.05 vs. AngII MC-IL10, # = p≤0.05 vs. untreated.  
B) Percentage of IL-10+ of F4/80+ cells; ** = p≤0.01 vs. AngII  
C) Ratio of TNF-α+ over IL-10+ cells; * = p≤0.05 vs. AngII MC-IL10, # = p≤0.05 vs. untreated. 
D) Percentage of MRC1+ of F4/80+ cells; * = p≤0.05 vs. AngII  
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Figure 5 T lymphocyte differentiation in human PBMCs after AngII priming and stimulation  

Human PBMCs were isolated and primed with AngII or AngII/IL-10 for 24 hours before cells were 
activated with LPS (24h) to further evaluate gene expression of T cell characterizing markers; n=9/18/19 
A) Relative expression of FOXP3 over GAPDH in unprimed, AngII-primed, and AngII/IL-10 primed 
PBMCs; ## = p≤0.01 vs. untreated; p=.0.07 in AngII IL-10 vs. AngII.  
B) Relative expression of GranzymeB (GZMB) in unprimed, AngII, AngII/IL-10 PBMCs; * = p≤0.05 vs. 
AngII.  
C) Ratio (relative expression) of FOXP3 over GRZB; * = p≤0.05 vs. AngII. 
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Figure 6 Macrophage differentiation in human PBMCs after AngII priming and stimulation 
Human PBMCs were isolated and primed with AngII or AngII/IL-10 for 24 hours before cells were 
activated with LPS (24h) to further evaluate macrophage activation (n=9/18/19) 
A) Relative expression of TNF-α (TNF) over GAPDH in unprimed, AngII-primed, and AngII/IL-10 primed 
PBMCs; ** = p≤0.01 vs. AngII.  
B) Relative expression of IL-10 in unprimed, AngII, and AngII/IL-10 PBMCs; * = p≤0.05 vs. AngII.  
C) Ratio (relative expression) of TNF over IL-10; ** = p≤0.01 vs. AngII, ## = p≤0.01 vs. unprimed 
D) Relative expression of MRC1 in unprimed, AngII, and AngII/IL-10 PBMCs; ** = p≤0.01 vs. AngII.  
E) Relative expression of CD163 in unprimed, AngII, and AngII/IL-10 PBMCs; ** = p≤0.01 vs. AngII.  
F) Relative expression of IL-6 in unprimed, AngII, and AngII/IL-10 PBMCs; ** = p≤0.01 vs. AngII.  
 

 
 


