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Abstract

Rationale 
Several studies have suggested a role for the gut microbiota in 
inflammation and atherogenesis. A causal relation relationship between 
gut microbiota, inflammation and atherosclerosis has not been explored 
previously.
Objective
Here, we investigated whether a pro-inflammatory microbiota from 
Caspase1-/- (Casp1-/-) mice accelerates atherogenesis in Ldlr-/- mice.  
Method and Results 
We treated female Ldlr-/- mice with antibiotics and subsequently 
transplanted them with fecal microbiota from Casp1-/- mice based on a 
co-housing approach. Autologous transplantation of fecal microbiota of 
Ldlr-/- mice served as control. Mice were co-housed for 8 or 13 weeks and 
fed chow or a high-fat cholesterol-rich (HFC) diet. Fecal samples were 
collected, and factors related to inflammation, metabolism, intestinal 
health and atherosclerotic phenotypes were measured. Unweighted 
Unifrac distances of 16S rDNA sequences confirmed the introduction of 
the Casp1-/- and Ldlr-/- microbiota into Ldlr-/- mice (referred to as Ldlr-/-

(Casp1-/-) or Ldlr-/-(Ldlr-/-) mice). Analysis of atherosclerotic lesion size in 
the aortic root demonstrated a significant 29% increase in plaque size 
in 13-week HFC-fed Ldlr-/-(Casp1-/-) mice compared to Ldlr-/-(Ldlr-/-) mice. 
We found increased numbers of circulating monocytes and neutrophils 
and elevated pro-inflammatory cytokine levels in plasma in HFC-fed 
Ldlr-/-(Casp1-/-) compared to Ldlr-/-(Ldlr-/-) mice. Neutrophil accumulation 
in the aortic root of Ldlr-/-(Casp1-/-) mice was enhanced compared to 
Ldlr-/-(Ldlr-/-) mice. 16S-rDNA-encoding sequence analysis in feces 
identified a significant reduction in the short-chain fatty acid (SCFA)-
producing taxonomies Akkermansia, Christensenellaceae, Clostridium 
and Odoribacter in Ldlr-/-(Casp1-/-) mice. Consistent with these findings, 
cumulative concentrations of the anti-inflammatory SCFAs proprionate, 
acetate and butyrate in the cecum were significantly reduced in 13-week 
HFC-fed Ldlr-/-(Casp1-/-) compared to Ldlr-/-(Ldlr-/-) mice.
Conclusion 
Introduction of the pro-inflammatory Casp1-/- microbiota into Ldlr-/- mice 
enhances systemic inflammation and accelerates atherogenesis.
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Introduction
Atherosclerosis, the main underlying cause of cardiovascular disease, is 
traditionally considered a lipid-driven disease. However, numerous studies 
have shown that atherosclerosis is influenced by the innate and adaptive 
immune system with cytokines involved in all stages of atherogenesis.1,2 
Moreover, the CANTOS-trial demonstrated that an antibody against 
interleukin-1β reduced recurrent cardiovascular events in patients with 
a previous myocardial infarction, indicating that inflammation enhances 
cardiovascular risk in humans.3

Gut microbiota is known to be involved in the shaping of the immune 
system during early life. Recent studies have suggested a role for the gut 
microbiota in the regulation of inflammation by influencing differentiation 
of inflammatory cell types, cytokine production and haematopoiesis.4–6 
A leaky gut and alterations in gut microbiota composition can both lead 
to leakage of endotoxins into the circulation that promote systemic 
inflammation and to the development of obesity and related metabolic 
diseases.7,8 Symptomatic atherosclerosis is associated with an altered 
gut metagenome in the human population 9,10 and bacterial DNA has 
been detected in atherosclerotic plaques.11 Furthermore, a high blood 
concentration of the microbiota-dependent metabolite trimethyl-amine-
N-oxide (TMAO) has been linked to an increased risk of atherosclerosis,12–14  
indicating a pivotal role for the gut microbiota in atherogenesis. In 
addition, germ-free ApoE-deficient (ApoE-/-) mice showed lower circulating 
lipopolysaccharide levels, reduced systemic inflammation, and decreased 
atherogenesis compared to conventionally raised ApoE-/- mice15. Taken 
together, these findings suggest a triangular relationship between the gut 
microbiota, host immunity and atherogenesis, however, proof to support 
a pro-inflammatory role for the gut microbiota in atherogenesis is lacking. 
To examine whether introduction of a pro-inflammatory gut microbiota 
accelerates atherogenesis, we exposed female Ldlr-/- mice to the pro-
inflammatory gut microbiota of Casp1-/- mice,7 as previous reports have 
demonstrated that alterations in their microbiota sensitize mice to the 
development of several inflammatory diseases.7,16 The gut microbiota of 
Casp1-/- mice promoted atherosclerosis and increased blood leukocyte 
numbers, pro-inflammatory plasma cytokines, and neutrophil accumulation 
in atherosclerotic plaques, while plasma lipid and TMAO levels, and gut 
integrity were unaffected. The Casp1-/- microbiota reduced microbiota-
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derived anti-inflammatory short-chain-fatty acids (SCFAs). 

Methods 
The methods section is available in the Online Data.

Results
Casp1-/- microbiota successfully introduced into Ldlr-/- mice
To study whether a pro-inflammatory microbiota accelerates atherogenesis, 
we exposed antibiotic-treated Ldlr-/- mice to the gut microbiota of   
Casp1-/- mice through fecal microbiota transplantation via a co-housing 
approach7  (Figure 1A). Autologous transplantation of fecal microbiota 
from Ldlr-/- mice into antibiotic-treated Ldlr-/- mice via a co-housing 
approach7 served as control. Analysis of fecal microbiota composition at 
time of sacrifice revealed both co-housing and diet-associated changes 
in gut microbial ecology (Figure 1B). Unweighted UniFrac distances of 
16S rDNA sequences, a measure for b-diversity, demonstrated clustering 
between the Ldlr-/- mice receiving Casp1-/- microbiota (referred to as      
Ldlr-/-(Casp1-/-) mice) and the Casp1-/- donor mice (Figure 1B, Online Table 
II). Analogously, we observed clustering between Ldlr-/- mice receiving the 

autologous microbiota transplantation (referred to as Ldlr-/-(Ldlr-/-) mice) 
and their respective donor mice. We also observed a clear separation 
between mice fed chow or a HFC diet (Figure 1B, Online Table I), and this 
was consistent for all donor and recipient mice. As expected, a-diversity 
was not different between Ldlr-/-(Ldlr-/-) and Ldlr-/-(Casp1-/-) mice (Online 
Figure IB). Altogether, these data demonstrate that Casp1-/- and Ldlr-/- 

microbiota were successfully transferred into Ldlr-/- mice.   

Casp1-/- dysbiosis promotes atherosclerosis in Ldlr-/- mice fed a HFC-
diet
We analyzed atherosclerotic lesion size in the aortic root and we found 
that Casp1-/- microbiota did not affect atherosclerotic lesion size in Ldlr-

/- mice fed chow or a HFC diet for 8 weeks (Figure 2A, B). However, 
atherosclerotic lesion size was increased by 29% in Ldlr-/-(Casp1-/-) mice 
compared to Ldlr-/-(Ldlr-/-) mice following 13 weeks of HFC-feeding (Figure 
2A, B; p< 0.05). The collagen and macrophage content in aortic root 
sections was not different between the mice (Online Figure IIA), indicating 
that lesion size but not severity was increased. In the aortic arches, gene 
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expression of several macrophage-related and inflammatory markers were 
similar between HFC-fed mice with the exception of a significant increase 
in Il-10 expression in Ldlr-/-(Casp1-/-) mice (Online Figure IIB). Body weight, 
plasma triglyceride and cholesterol levels (Online Figure IIIA-D) also did 
not differ and no alteration was observed in plasma levels of TMAO, 
its TMA precursors (choline, L-carnitine, betaine, and g-butyrobetaine; 
Online Figure IIIE), and TMAO-producing taxonomies (Online Figure IIIF). 
Altogether, these results exclude plasma lipid levels and TMAO as factors 
that contribute to the increased atherosclerotic lesions in Ldlr-/-(Casp1-/-) 
mice.

Casp1-/- dysbiosis promotes inflammation
Next, we assessed whether Casp1-/- dysbiosis accelerates atherosclerosis 
by increasing plasma inflammatory cytokines. We found a significant 
elevation in the plasma levels of IL-1β, IL-2, IL-10 and IFN-γ in Ldlr-

/-(Casp1-/-) mice after 13 weeks of HFC diet (Figure 3A), while CXCL1, 
TNF-α, IL-5 and IL-6 were not affected (Online Figure IVB). Flow cytometry 
analysis showed an increase in the number of blood Ly6Clo and Ly6Chi 

monocytes and neutrophils in Ldlr-/-(Casp1-/-) mice compared to Ldlr-/-

(Ldlr-/-) mice accompanied by an increase in white blood cell count (Figure 
3B, Online Figure IVA), with leukocyte percentages being unchanged 
(Online Figure IVC). We also observed increased neutrophil accumulation 
in atherosclerotic plaques of Ldlr-/-(Casp1-/-) mice compared to Ldlr-/-(Ldlr-/-) 
fed a HFC diet for 13 weeks (Figure 3C, D). These data suggest that 
Casp1-/- dysbiosis enhances IL-1β plasma levels resulting in monocytosis 
and neutrophilia and increased neutrophil accumulation in atherosclerotic 
plaques. 

Exposure to Casp1-/- microbiota does not impair intestinal barrier 
function in Ldlr-/- mice fed a HFC diet
A disturbance in microbiota composition may affect intestinal integrity 
and subsequently promote systemic inflammation7,8 To investigate the 
effect of Casp1-/- microbiota on intestinal barrier function, we analyzed 
the gut microbiota composition using LEfSe analysis of 16S rDNA 
encoding sequences. We identified 34 microbial taxonomies that differed 
in abundance between Ldlr-/-(Ldlr-/-) and Ldlr-/-(Casp1-/-) mice (Online 
Figure VA). Casp1-/- dysbiosis resulted in a significant expansion of the 
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Figure 1 – Transplantation of Casp1-/- microbiota into Ldlr-/- mice via a co-
housing approach. Female Ldlr-/- mice aged 12 weeks were exposed to fecal 
microbiota derived from Casp1-/- or Ldlr-/- mice for 8 or 13 weeks while fed a 
chow diet or a high-fat cholesterol (HFC) diet. (A) Experimental setup of the co-
housing approach. Female Ldlr-/- mice were orally gavaged with a cocktail of broad 
spectrum antibiotics for a period of 10 days to suppress intestinal microbes. This 
was followed by daily transfer of used bedding material from cages housing non-
antibiotic-treated Ldlr-/- (donor) or Casp1-/- (donor) mice to cages housing the 
antibiotic-treated Ldlr-/- mice for 1 week. During this period the mice were kept on 
chow diet or switched to a HFC diet for the remainder of the study. The antibiotic-
treated Ldlr-/- mice were then cohoused with non-antibiotic-treated Casp1-/- mice 
(referred to as Ldlr-/-(Casp1-/-) mice) or Ldlr-/- mice (autologous transplantation, 
referred to as Ldlr-/-(Ldlr-/-) mice) in a 3:2 ratio for a period of 8 or 13 weeks. (B) 
Principal coordinate analysis plot of Unweighted UniFrac distance on the basis of 
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genera Bilophila, Streptococcus and Mucispirillum (Online Figure VB-D) 
under both chow- and HFC-diet conditions. Although these genera are 
associated with intestinal inflammation, and are known to expand under 
inflammatory conditions,17 we did not observe any differences in intestinal 
barrier function, e.g. inflammation and epithelial injury (Online Figure 
VIA-C). In addition, mucus layer thickness of the colon (Online Figure 
VID, E) and Muc-2 expression (Online Figure VIF) in the colon were not 
altered between groups, suggesting that the integrity of the mucus layer 
of the colon was not different between Ldlr-/-(Ldlr-/-) and Ldlr-/-(Casp1-/-) 
mice. Although intestinal permeability was significantly impaired by HFC-
feeding, only Ldlr-/-(Casp1-/-) mice fed chow diet displayed increased 
permeability compared to Ldlr-/-(Ldlr-/-) mice (Online Figure VIG). These 
results indicate that Casp1-/- microbiota does not change the intestinal 
barrier function under HFC-diet conditions and therefore cannot explain 
the increase in plasma inflammatory cytokines. 

Exposure to Casp1-/- microbiota lowers SCFA-producing microbial 
taxonomies and cecum concentration of SCFAs 
We observed a significant reduction in the abundance of the SCFA-
producing taxonomies Akkermansia (Figure 4A), Christensenellaceae 
(Figure 4B), Clostridium (Figure 4C) and Odoribacter (Figure 4D)  in 
Ldlr-/-(Casp1-/-) mice. As previous studies have shown that SCFAs reduce 
inflammation,18,19 we measured the concentrations of acetate, propionate 
and butyrate in the cecum of the mice. Consistent with the lower 
abundance of SCFA-producing taxonomies, a significant reduction was 
observed in the cumulative levels of these SCFAs in Ldlr-/-(Casp1-/-) mice 
compared to Ldlr-/-(Ldlr-/-) mice (Figure 4E) and this was mainly due to 
lower acetate levels in the Ldlr-/-(Casp1-/-) mice. Thus, it is conceivable that 
a reduction in the anti-inflammatory SCFAs may have contributed to the 
increased levels of inflammatory plasma cytokines of mice exposed to 
Casp1-/- microbiota. 

16S-rDNA-encoding sequences in feces collected from chow- and HFC-fed Ldlr-/- 

mice exposed to Casp1-/- or Ldlr-/- microbiota for 13 weeks. 
Chow: Ldlr-/- mice (donor), n= 8; Ldlr-/-(Ldlr-/-) mice, n=15; Casp1-/- mice (donor), 
n=9; Ldlr-/-(Casp1-/-) mice, n=14. HFC: Ldlr-/- mice (donor), n=7; Ldlr-/-(Ldlr-/-) mice, 
n=13; Casp1-/- mice (donor), n=8; Ldlr-/-(Casp1-/-) mice, n=14.
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Discussion
We examined whether a pro-inflammatory microbiota accelerates 
atherogenesis in female Ldlr-/- mice, a mouse model exhibiting 
dyslipidemia, inflammation and atherosclerosis when fed a western style 
diet20. We found that Casp1-/- microbiota increased atherosclerosis in the 
aortic root in HFC-fed Ldlr-/- mice (Figure 1A-B). This was accompanied 
by increased pro-inflammatory plasma cytokines (Figure 3A), increased 

Figure 2 – Casp1-/- microbiota promotes atherosclerosis development in Ldlr-/- 
mice fed a HFC diet. (A) Representative toluidine blue stained slides of the aortic 
root. Scale bars, 400 mm. (B) Quantification of atherosclerotic root lesion area. 
Chow (13 weeks): Ldlr-/-(Ldlr-/-) mice, n=15; Ldlr-/-(Casp1-/-) mice, n=16. HFC (8 
weeks): Ldlr-/-(Ldlr-/-) mice, n=19; Ldlr-/-(Casp1-/-) mice, n=19. HFC (13 weeks): Ldlr-

/-(Ldlr-/-) mice, n=14; Ldlr-/-(Casp1-/-) mice, n=13. In bar graphs, data represent 
number of observations. For the scatter plot, the midline represents the mean ± 
S.E.M. *P<0.05 by unpaired one-tailed Student’s t-test.
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blood leukocyte numbers, particularly monocytes and neutrophils (Figure 
3B), increased neutrophil accumulation in atherosclerotic plaques (Figure 
3C-D), and reduced levels of SCFAs in the cecum (Figure 4E). These 
results imply a causal relationship between microbiota composition, 
inflammation, and atherosclerosis. 
We found that in particular the plasma levels of IFN-γ, IL-2 and IL-1β 
were increased in Ldlr-/- mice with Casp1-/- dysbiosis, suggesting that 
accelerated atherosclerosis in these mice is partially driven by these 
cytokines, which is supported by previous studies.21–23 Furthermore, we 
showed an increase in peripheral blood leukocytes, which have previously 
been linked to cardiovascular disease.24 Within the leukocyte population, 
neutrophils and monocytes are important contributors to atherogenesis.25 
Increased monocytes and neutrophils in the circulation may lead to 
infiltration of monocytes and neutrophils into atherosclerotic plaques and 
further promoting plaque growth.25  
We observed that exposure to Casp1-/- microbiota lowers SCFA-
producing taxonomies and cumulative cecum concentrations of SCFAs. 
SCFAs have anti-inflammatory properties and can suppress NF-kB activity 
in immune cells,18 resulting in reduced production of pro-inflammatory 
cytokines including IFN-γ, IL-1β and IL-2.26 Furthermore, SCFAs may act 
as modulators of immune homeostasis by acting as histone deacetylase 
(HDAC) inhibitors.19 Oral butyrate supplementation has recently been 
shown to attenuate the adhesion and migration of macrophages and 
to decrease pro-inflammatory cytokines in atherosclerotic plaques.27 
Thus, it is tempting to speculate that the reduction in SCFAs in Ldlr-/- 

mice following exposure to Casp1-/- microbiota may have contributed 
to increased levels of pro-inflammatory cytokines and leukocytes in the 
circulation, and neutrophil accumulation in the atherosclerotic plaque. 
It is well recognized that microbial transplantation can be transient.13 
Thus, we cannot exclude that certain effects on TMAO, although not 
present at time of sacrifice, may have been lost throughout the length 
of the study. In line with this, the possibility exist that the inflammatory 
effects may have been dampened over time. Future studies, therefore, 
should include more frequent and earlier time points to rule out these 
possibilities. 
Whereas previous studies have shown a decreased abundance of 
Akkermansia Muciniphila upon HFD feeding, our data show on opposing 
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Figure 3 – Casp1-/- dysbiosis leads to systemic inflammation. (A). Plasma 
cytokines at time of sacrifice. n=10 per group. (B) White blood cell count and 
immune subsets during week 5 of co-housing. Ldlr-/-(Ldlr-/-) mice, n=18; Ldlr-/-

(Casp1-/-) mice, n=17. (C-D) Female Ldlr-/- mice aged 12 weeks were exposed to 
fecal microbiota derived from Casp1-/- or Ldlr-/- mice for 13 weeks while fed a HFC 
diet. (C) Representative Ly6G-stained slides of the aortic root. Scale bars, 100 
mm. (D) Number of infiltrated neutrophils per 100.000 µm2 characterized by Ly6G-
stained slides of the aortic root. Ldlr-/-(Ldlr-/-) mice, n=13; Ldlr-/-(Casp1-/-) mice, n=12 
Data represent mean ± S.E.M. *P<0.05 as determined by unpaired one-tailed 
Student’s t-test.

effect on Akkermansia Muciniphila following HFC feeding. A similar effect 
upon high fat and high carbohydrate diet feeding in mice was recently 
shown 28 and warrants further investigation. Nevertheless, promising 
results have been obtained with the administration of Akkermansia 
Muciniphila resulting in protection against atherogenesis in ApoE-/- mice 
by strengthening the gut barrier and preventing metabolic endotoxemia-
induced inflammation.29 Likewise, metformin’s reported beneficial effects 
on atherosclerosis in humans with type I and II diabetes and non-diabetic 
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dysglycaemia may be related to its ability to enhance the growth of 
Akkermansia Muciniphila and promote SCFA production.30 Together 
with our findings this indicates that manipulation of the gut microbiota 
composition is an interesting treatment strategy to protect against 
inflammation and atherosclerosis and reduce cardiovascular disease risk.

Figure 4 – Casp1-/- induced alterations in the gut microbiota. Female Ldlr-/- mice 
were exposed to fecal microbiota derived from Casp1-/- or Ldlr-/- mice by means 
of co-housing for 13 weeks while fed a chow and HFC diet. (A-D) Abundance 
of microbiota taxonomies based on LEfSe analysis of 16S-rDNA-encoding 
sequences in feces collected at time of sacrifice. (A) Family Akkermansia. (B) 
Genus Christensenellaceae. (C) Genus Clostridium. (D) Genus Odoribacter. (E) 
Cecum concentration of propionate, acetate, and butyrate in HFC-fed mice.

(A-D) Chow: Ldlr-/-(Ldlr-/-) mice, n=15; Ldlr-/-(Casp1-/-) mice, n=14; HFC: Ldlr-/-(Ldlr-/-) 
mice, n=13; Ldlr-/-(Casp1-/-) mice, n=14. (E) Ldlr-/-(Ldlr-/-) mice, n=8; Ldlr-/-(Casp1-/-) 
mice, n=9. Data represent mean ± S.E.M. *P<0.05 as determined by Kruskal-Wallis 
test (A-D) and unpaired one-tailed Student’s t-test (E).
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Supplemental material

The Online Methods
Co-housing strategy and Organ Collection
All animal studies were performed with approval by the University of 
Groningen Ethical Committee for Animals Experiments, which adheres 
to the principles and guidelines established by the European Convention 
for the Protection of Laboratory Animals. Experiments were carried out on 
female Casp1-/- mice1 (a gift from Prof. Netea2 (B6N.129S2-Casp1tm1Flv/J)) 
and Ldlr-/- mice (B6.129S7-Ldlrtm1Her/J; Jackson Laboratory, Bar Harbor, 
ME, US) bred inhouse. Male mice were not used in our co-housing studies 
to prevent fighting and unnecessary discomfort. Mice were housed in 
individual ventilated cages and maintained on a 12-hour light/12-hour 
dark cycle with ad libitum access to food and water. At the age of 10-12 
weeks, Ldlr-/- mice were orally gavaged, once daily, for a period of 10 
days with a cocktail of broad spectrum antibiotics (Metronidazole, 0.1 
mg/g bodyweight; Ampicillin, 0.26 mg/g bodyweight; Neomycin, 0.26 
mg/g bodyweight; Vancomycin, 0.13 mg/g bodyweight) to suppress 
intestinal microbes. 3-5 Fecal samples were collected before and after the 
10-day antibiotic treatment to confirm the effectiveness of the antibiotic 
treatment. Consistent with previous studies3,4, total bacterial content was 
dramatically reduced in Ldlr-/- mice that received antibiotics for 10 days 
(Online Figure IA). At the end of the antibiotic treatment the mice were 
either kept on chow (RMH-B, AB Diets, the Netherlands) or subjected to a 
high-fat cholesterol diet (HFC; 60% kcal fat, 0.25% cholesterol, Research 
Diets, New Brunswick, New Jersey, US). Co-housing did not occur for 
an additional 7 days as residual antibiotics present in the feces of the 
antibiotic-treated Ldlr-/- mice may, upon consumption, alter the microbiota 
composition of the donor mice. However, to initiate the colonization 
process of the gut microbiota towards their donor’s composition, we 
transferred used bedding material (including fecal pellets) from cages 
housing non-antibiotic-treated Ldlr-/- (donor) or Casp1-/- (donor) mice to 
cages housing the antibiotic-treated Ldlr-/- mice (recipients) during this 
first week post-antibiotic treatment (Figure 1A). The antibiotic-treated 
Ldlr-/- mice received new used bedding material from the donor mice, 
once daily, to have ample supply of fecal pellets for daily consumption. 
Thereafter, the antibiotic-treated Ldlr-/- mice were cohoused with non-
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antibiotic-treated Ldlr-/- (autologous transplantation) or Casp1-/- mice in 
a 3:2 ratio for a period of 8 or 13 weeks while maintaining the mice on 
either diets. Successful fecal transplantation was essential for inclusion 
of mice into the experiment, as determined by 16S sequencing. Mice 
were excluded in case humane endpoints were reached. Indications of 
humane endpoints were a decrease of 15% in bodyweight during the 
experiment, development of scratch marks or signs of discomfort such as 
a hunchback. All mice met the inclusion criteria and 2 mice from the Ldlr-

/-(Ldlr-/-) HFC 13-wk group and 3 mice from the Ldlr-/-(Casp1-/-) HFC 13-wk 
group were excluded from the experiment because of humane endpoints. 
Mice were anesthesized by isoflurane during sacrifice and sacrificed by 
cardiac puncture. Blood was collected in EDTA-coated tubes, spun down 
at 1000g for 10 min at 4°C, and plasma was stored for further analysis. 
Aortic arches were removed and frozen in liquid nitrogen. Hearts were 
embedded in OCT, frozen on dry ice in isopentane and stored at -80°C 
until further analysis. Intestines were removed and duodenum, ileum, 
and colon were dissected and snap-frozen in liquid nitrogen or fixated in 
Carnoy fixative.6

16S sequencing
Fresh fecal samples were collected 1 day before sacrifice and 
immediately snap frozen in liquid nitrogen. Fecal DNA was isolated as 
previously described7 and sequenced at the Broad Institute (Boston, 
MA, US) using Illumina MiSeq paired-end reads. The hypervariable V4 
region was amplified using the 515F (GTGCCAGCMGCCGCGGTAA) 
and 806R primers (GGACTACHVGGGTWTCTAAT). Primer sequences 
were removed and paired-end reads aligned as previously described.8 
Quality filtering and dereplication of merged pairs was done in Usearch 
with fastq_maxee set to 1. An Operational Taxonomic Unit (OTU)-table 
was made by closed reference OTU clustering at 97%, making use of 
Greengenes13_8 as a reference database. We merged the sequencing 
data of the following 8 groups into one OTU-table: Ldlr-/- (Ldlr-/-) 13-wk 
chow diet; Ldlr-/- (Casp1-/-) 13-wk chow diet; Ldlr-/- fecal donor mice 13-wk 
chow diet; Casp1-/- fecal donor mice 13-wk chow diet; Ldlr-/- (Ldlr-/-) 13-wk 
HFC-diet; Ldlr-/- (Casp1-/-) 13-wk HFC-diet; Ldlr-/- fecal donor mice 13-wk 
HFC-diet; Casp1-/- fecal donor mice 13-wk HFC-diet. The total number of 
sequences of this OTU-table was 3474378 with a mean number of 37771 
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sequences per sample. The negative control to observe the effect of the 
pro-inflammatory microbiota of the Casp1-/- mice on the development of 
atherosclerosis in Ldlr-/- mice were the Ldlr-/- mice receiving an autologous 
fecal transplantation (Ldlr-/-(Ldlr-/-). The experiment has been executed 
during feeding of a chow diet or HFC diet for 13 weeks. Singletons were 
filtered from the OTU-table and samples were rarefied in the Qiime 
software package.9 Unweighted Unifrac analysis (Figure 1B) and bacterial 
relative abundance (Figure 4A-D, Online Figure VB-D) was determined in 
Qiime and plotted in R using the function ggplot. Cladograms identifying 
the most characteristic bacteria for each experimental group were created 
in LEfSe software.10

Flow cytometry
At five weeks after the initial bedding transfer, blood samples were 
collected by tail bleeding into EDTA-coated tubes and white blood cell 
(WBC) count was determined by CBC (Medonic CA 620). For analysis 
of blood leukocytes, tubes were kept at 4°C for the whole procedure 
unless stated otherwise. Red blood cells were lysed (BD Pharm Lyse, 
BD Biosciences, San Jose, CA, US) and WBCs were stained with a 
cocktail of antibodies against CD45-APC-Cy7 (557659, BD Biosciences, 
San Jose, CA, US), CD115-APC (17-1152-80, eBioscience, San Diego, 
CA, US) and Ly6C/G-PerCP-Cy5.5 (561103, BD Biosciences, San Jose, 
CA, US) according to Westerterp et al.11 Neutrophils were identified as 
CD45+CD115-Ly6G+ and monocytes as CD45+CD115+. Monocytes were 
further identified as Ly6Clo and Ly6Chi subsets (Figure S1A). Flow cytometry 
measurements were performed on a BD LSR-II (BD Biosciences, San Jose, 
CA, US) and analyzed using FlowJo Software. 

Analysis of plasma parameters 
Plasma triglycerides, total and free cholesterol were determined by 
commercially available kits (triglycerides and total cholesterol: Roche/
Hitachi, Basel, Switzerland). Cytokines were measured using the Meso 
Scale Discovery (MSD, Rockville, Maryland, US) V-PLEX pro-inflammatory 
panel 1 (mouse) kit. 

Measurement of TMAO
TMAO, choline, L-carnitine, betaine and γ-butyrobetaine in plasma 
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were analyzed by ultra-high performance liquid chromatography in 
combination with isotope dilution tandem mass spectrometry (UPLC-
MS/MS). In short, 10 µL plasma was pipetted into 96-well plates, 25 µL 
internal standard solution was added (containing TMAO-D9, choline-D9, 
L-carnitine-D3, and betaine-D11), followed by 300 µL 80% acetonitrile 
(ACN) + 1% formic acid (FA) in Millipore water. The plate was mixed for 
ten minutes and the content was transferred to an Ostro 96-well plate 
(Waters, Etten-Leur, the Netherlands). Eluate was collected and diluted 
with 500 µL 80 % ACN + 1% FA in water and vortexed for one minute. 
Chromatography with gradient elution was performed with an Acquity 
UPLC system (Waters, Milford, US) and XBridge BEH Amide column (3.0 
mmx. 50 mm, 2.5 µm) at 40 °C. 0.5 µL was injected and flow rate was 0.6 
mL/min, with solvent A, 100 mM ammonium formate + 1% FA in water, 
and solvent B, ACN. The gradient consisted of 10% solvent A and 90% B 
for 0-0.2 min, followed by a linear gradient to 40% solvent B from 0.2-4.0 
min, held at 40% for 0.5 min, and then set at 10% solvent A from 4.5 min 
to 5.0 min. Total run time was 5 min. Mass spectrometric detection was 
performed on a XEVO TQ-s system (Waters). Analytes were detected in 
positive mode and selected reaction monitoring mode. The respective 
quantifier ion transitions were as follows: m/z 76.15 > 58.3 for TMAO, m/z 
104.2 > 60.3 for choline, m/z 162.2 > 103.25 for L-carnitine, m/z 118.2 > 
59.3 for betaine, and m/z 146.25 > 60.3 for γ-butyrobetaine. All analytes 
were baseline separated from each other. 

Measurement of short-chain fatty acids
Cecal concentrations of SCFAs were measured as previously described.12 
Briefly, the cecum was thawed and put in a bead beating tube with 100 
µl of internal standard (0.5 mg/ml 4-phenyl butyric acid), 20 µl of 20% 
5-sulfosalicyclic acid and beads (2.3 mm dia. Zirconia/silica). By bead 
beating, the entire cecum was disrupted and homogenized for 30 s at 
5000 rpm (Precellys 24, Bertin Technologies). After 10 min centrifugation 
at 18500 g, half of the supernatant was acidified with 10 µl of HCl (37%) and 
SCFAs were extracted with 2 ml diethylether. After 15 min vortexing and 3 
min centrifugation at 1000 g, the supernatant was transferred to a new tube 
with a tip of spatula of Na2SO4, and then vortexed and centrifuged again. 
Derivatization was performed overnight with 500 µL of the supernatant 
and 50 µL of N-tert-Butyldimethylsilyl-N-methyltrifluoroacetamide 
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(MTBSTFA) at room temperature. Concentrations of the different SCFAs 
were measured on an Agilent 5975C series GC/MS (Agilent Technologies). 
The gas chromatograph was equipped with a ZB-1 column (Phenomenex, 
Torrance, CA, US). Mass spectrometry analysis was performed by 
electron ionization. Ions monitored were m/z 117 for acetate, m/z 131 for 
propionate, m/z 145 for butyrate and m/z 221 for 4-phenol butyric acid.

Gut permeability assay and mucus integrity
Gut permeability was measured in unfasted mice at time of sacrifice. 
Mice received 0.6 mg/g bodyweight of FITC-conjugated dextran (Sigma-
Aldrich, St. Louis, US) by oral gavage and blood was collected via cardiac 
puncture after 4 hr. The concentration of FITC was determined in plasma 
by fluorometry at 488 nm, dilutions of FITC-dextran in PBS were used as 
a standard curve. Mucus integrity was determined in cross-sections of 
colon and ileum (4 µm) and stained with PAS/Alcian blue for detection 
of the mucus barrier as previously described.13 Slides were then scanned 
with a Hamamatsu slide scanner and the thickness of the mucus layer was 
determined using Image Scope software.

Histological analysis of atherosclerosis
Hearts were cut into sections of 7 µm at the aortic root, after which serial 
cross-sections of every 42 µm were stained with toluidine blue (0.2% in PBS, 
Sigma-Aldrich, Gillingham, UK). Slides were scanned with a Hamamatsu 
slide scanner and plaque size was measured in a blinded fashion using 
image scope software (Leica Aperio Imagescope, Wetzlar, Germany) 
and was presented as the sum of 3 valves. Sirius red staining on frozen 
sections was performed for 30 min to measure collagen content (0.05% 
direct Red in saturated picric acid, Sigma, Zwijndrecht, the Nederlands). 
Images were obtained using a Leica DM3000 microscope and quantified 
using image scope software where collagen was quantified as the 
percentage of total lesion size. For immunohistochemistry, slides were 
fixed in acetone and blocked with an Avidin/Biotin Blocking kit (Vector 
Laboratories). Hereafter, frozen sections were incubated with CD68 
antibody (AB53444, Abcam, Cambridge, UK) to stain for macrophages, 
dectin-1 for alternatively activated macrophages (MCA2289GA, AbD 
serotec, Uden, The Netherlands), and Ly6G (551459, BD Pharmingen) 
for neutrophils. Biotin-labeled rabbit anti–rat antibody (CD68: E0468; 
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a-dectin1, Ly6G: BA-4001, Dako, Eindhoven, the Netherlands) was used as 
a secondary antibody. CD68-positive, dectin-1-positive and ly6G-positive 
cells in the lesion area were scored in a blinded fashion and quantified as 
the percentage of total plaque area or expressed per 100.000 mm2 (ly6G-
positive cells).

Quantitative real-time PCR  
Total RNA from aortic arches was isolated using Qiazol reagent and 
cDNA was synthesized using the Transcriptor Universal cDNA Master 
kit (Roche, Mannheim, Germany). Real-time PCR was performed with a 
7900HT PCR system (Applied Biosystems, Foster city, CA, US) using SYBR 
Green Master Mix reagent (Roche, Mannheim, Germany). Each sample 
was run in triplicate and normalized to PPIA as housekeeping gene. We 
calculated fold changes in gene expression normalized to PPIA by the 
ΔΔCT method using the equation 2-ΔΔCT. The results are shown as fold 
changes compared to the control group. Primer sequences are listed in 
Supplemental Table I.

Quantification of total bacteria in feces by PCR
Fecal pellets were collected pre-administration (Day 0) and at 10 
days after antibiotic administration. Fecal DNA was isolated as 
previously described7 and the hypervariable V4 region was amplified 
using the 515F (GTGCCAGCMGCCGCGGTAA) and 806R primers 
(GGACTACHVGGGTWTCTAAT).

Statistical analysis 

Microbiome composition and abundance 
Unweighted Unifrac analysis and bacterial relative abundance was 
determined in Qiime and plotted in R using the function ggplot. Based 
on PCA analysis of UniFrac distance matrix, a PERMANOVA analysis using 
adonis function from R vegan package was then conducted to assess the 
significance between different mouse groups. Significance was assessed 
by 1000 permutations. In addition, the LEfse tool developed by the lab 
of Curtis Huttenhower10 was used to test for microbial taxonomies that 
significantly differed in abundance. The algorithm chooses biomarkers 
(OTU’s from the microbiota) by first performing a Kruskall-wallis test 
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to choose OTU’s that are differentially distributed between groups 
followed by a pairwise Wilcoxon test to test consistency and finally linear 
discriminant analysis to test the effect size. 

Clinical significance after microbiota transfer by means of co-housing
All data are presented as mean ± SEM. Statistical analysis was performed 
using GraphPad Prism 5 Software (Graphpad Software, San Diego, CA, 
US). All data were tested for normality by d’Agastino and Pearson omnibus 
normality test. We used testing to one-tail since we had postulated an 
a priori hypothesis that an inflammatory microbiota would accelerate 
atherogenesis. For normally distributed data, Student’s T-test was used. 
For non-normally distributed data, non-parametric Mann-Whitney U test 
was used. Data were considered significant if p < 0.05.



65



66

References supplemental material
1. Henao-Mejia J, Elinav E, Jin C, Hao L, Mehal WZ, Strowig T, Thaiss CA, Kau AL, 
Eisenbarth SC, Jurczak MJ, Camporez J-P, Shulman GI, Gordon JI, Hoffman HM, 
Flavell RA. Inflammasome-mediated dysbiosis regulates progression of NAFLD 
and obesity. Nature. 2012;482:179-185. 

2. Joosten LAB, Netea MG, Fantuzzi G, Koenders MI, Helsen MMA, Sparrer H, 
Pham CT, van der Meer JWM, Dinarello CA, van den Berg WB. Inflammatory 
arthritis in caspase 1 gene-deficient mice: contribution of proteinase 3 to caspase 
1-independent production of bioactive interleukin-1beta. Arthritis Rheum. 
2009;60:3651–3662. 

3. Rakoff-Nahoum S, Paglino J, Eslami-Varzaneh F, Edberg S, Medzhitov R. 
Recognition of Commensal Microflora by Toll-Like Receptors Is Required for 
Intestinal Homeostasis. Cell. 2004;118:229–241. 

4. Hill DA, Hoffmann C, Abt MC, Du Y, Kobuley D, Kirn TJ, Bushman FD, Artis D. 
Metagenomic analyses reveal antibiotic-induced temporal and spatial changes 
in intestinal microbiota with associated alterations in immune cell homeostasis. 
Mucosal Immunol. 2010;3:148–158. 

5. Gregory JC, Buffa JA, Org E, Wang Z, Levison BS, Zhu W, Wagner MA, Bennett 
BJ, Li L, DiDonato JA, Lusis AJ, Hazen SL. Transmission of Atherosclerosis 
Susceptibility with Gut Microbial Transplantation. J Biol Chem. 2015;290:5647–
5660. 

6. Johansson ME V, Hansson GC. Preservation of Mucus in Histological Sections, 
Immunostaining of Mucins in Fixed Tissue, and Localization of Bacteria with FISH. 
In: Methods in molecular biology (Clifton, N.J.). 2012. p. 229–235.

7. Schuijt TJ, Lankelma JM, Scicluna BP, de Sousa e Melo F, Roelofs JJTH, de 
Boer JD, Hoogendijk AJ, de Beer R, de Vos A, Belzer C, de Vos WM, van der Poll 
T, Wiersinga WJ. The gut microbiota plays a protective role in the host defence 
against pneumococcal pneumonia. Gut. 2016;65:575–583. 

8. Fu J, Bonder MJ, Cenit MC, Tigchelaar EF, Maatman A, Dekens JAM, Brandsma 
E, Marczynska J, Imhann F, Weersma RK, Franke L, Poon TW, Xavier RJ, Gevers 
D, Hofker MH, Wijmenga C, Zhernakova A. The Gut Microbiome Contributes to 
a Substantial Proportion of the Variation in Blood Lipids. Circ Res. 2015;117:817–
824. 



67

9. Kuczynski J, Stombaugh J, Walters WA, González A, Caporaso JG, Knight R. 
Using QIIME to Analyze 16S rRNA Gene Sequences from Microbial Communities. 
In: Current Protocols in Bioinformatics. Hoboken, NJ, USA: John Wiley & Sons, 
Inc.; 2011. p. Unit 10.7.-Unit 10.7.

10. Segata N, Izard J, Waldron L, Gevers D, Miropolsky L, Garrett WS, 
Huttenhower C. Metagenomic biomarker discovery and explanation. Genome 
Biol. 2011;12:R60–R60. 

11. Westerterp M, Gautier EL, Ganda A, Molusky MM, Wang W, Fotakis P, Wang 
N, Randolph GJ, D’Agati VD, Yvan-Charvet L, Tall AR. Cholesterol Accumulation 
in Dendritic Cells Links the Inflammasome to Acquired Immunity. Cell Metab. 
2017;25:1294–1304.e6. 

12. den Besten G, Havinga R, Bleeker A, Rao S, Gerding A, van Eunen K, Groen 
AK, Reijngoud D-J, Bakker BM. The Short-Chain Fatty Acid Uptake Fluxes by 
Mice on a Guar Gum Supplemented Diet Associate with Amelioration of Major 
Biomarkers of the Metabolic Syndrome. PLoS One. 2014;9:e107392–e107392. 

13. Sovran B, Lu P, Loonen LMP, Hugenholtz F, Belzer C, Stolte EH, Boekschoten 
M V, van Baarlen P, Smidt H, Kleerebezem M, de Vos P, Renes IB, Wells JM, Dekker 
J. Identification of Commensal Species Positively Correlated with Early Stress 
Responses to a Compromised Mucus Barrier. Inflamm Bowel Dis. 2016;22:826–
840. 

14. Kanters E, Pasparakis M, Gijbels MJJ, Vergouwe MN, Partouns-Hendriks I, 
Fijneman RJA, Clausen BE, Förster I, Kockx MM, Rajewsky K, Kraal G, Hofker MH, 
de Winther MPJ. Inhibition of NF-kappaB activation in macrophages increases 
atherosclerosis in LDL receptor-deficient mice. J Clin Invest. 2003;112:1176–1185.



68

Supplemental figures

O
nline Table I – Prim

er sequences

G
ene

Forw
ard prim

er
Reverse prim

er
M

uc2
G

G
C

A
TC

C
A

C
TC

TA
A

C
A

TC
TC

C
G

C
A

TA
G

A
TG

G
G

C
C

TG
TC

C
TC

A
G

G

C
d

68
TG

A
C

C
TG

C
TC

TC
TC

TA
A

G
G

C
TA

C
A

TC
A

C
G

G
TTG

C
A

A
G

A
G

A
A

A
C

A
TG

M
cp

-1
G

C
TG

G
A

G
A

G
C

TA
C

A
A

G
A

G
G

A
TC

A
A

C
A

G
A

C
C

TC
TC

TC
TTG

A
G

C
TTG

G
T

Tnf-α
G

TA
G

C
C

C
A

C
G

TC
G

TA
G

C
A

A
A

C
A

G
TTG

G
TTG

TC
TTTG

A
G

A
TC

C
A

TG

inos
G

C
A

A
A

G
TC

TC
A

G
A

C
A

TG
G

C
TTG

A
TG

TC
A

C
A

TG
C

A
G

C
TTG

TC
C

A
G

Icam
-1

A
C

TG
C

A
C

G
TG

C
TG

TA
TG

G
TC

C
TG

C
A

G
G

TC
A

TC
TTA

G
G

A
G

A
TG

Il-10
G

C
TC

TTA
C

TG
A

C
TG

G
C

A
TG

A
G

C
G

C
A

G
C

TC
TA

G
G

A
G

C
A

TG
TG

C
cl5

G
TG

C
C

C
A

C
G

TC
A

A
G

G
A

G
TA

T
C

C
C

A
C

TTC
TTC

TC
TG

G
G

TTG

M
ip

-2
A

G
G

G
C

A
G

G
G

C
A

G
TA

G
A

A
TG

A
TG

TG
G

C
TG

G
A

G
TC

TG
G

A
G

TG

C
xcl-1

C
C

A
A

A
C

C
G

A
A

G
TC

A
TA

G
C

C
A

C
G

TC
TTC

TTTC
TC

C
G

TTA
C

TTG
G

Pp
ia

TTC
C

TC
C

TTTC
A

C
A

G
A

A
TTA

TTC
C

A
C

C
G

C
C

A
G

TG
C

C
A

TTA
TG

G



69

O
nline Table II – Related to Figure 1B. p-values for all m

ouse group com
parisons. Statistical analysis w

as 
p

erfo
rm

ed
 b

y PERM
A

N
O

VA
 analysis b

ased
 o

n PC
A

 analysis o
f U

niFrac d
istance m

atrix. Sig
nificance w

as assessed
 

b
y 1000 p

erm
utatio

ns.

M
ouse 

G
roups 

Ldlr -/- 

C
how

 
Ldlr -/-(Ldlr -/-)  

C
how

 
Ldlr -/- 

H
FC

 
Ldlr -/-(Ldlr -/-) 

H
FC

 
C
asp1

-/- 
C

how
 

Ldlr -/-(C
asp1

-/-) 
C

how
 

Ldlr -/-(C
asp1

-/-) 
H

FC
 

C
asp1

-/-  
H

FC
 

Ldlr -/-  

C
how

 
N
A

 
0.58 

0.001 
0.001 

0.001 
0.001 

0.001 
0.001 

Ldlr -/-(Ldlr -/-)  
C

how
 

0.58 
N
A

 
0.001 

0.001 
0.001 

0.001 
0.001 

0.001 
Ldlr -/- 

H
FC

 
0.001 

0.001 
N
A

 
0.81 

0.001 
0.001 

0.001 
0.001 

Ldlr -/-(Ldlr -/-)  

H
FC

 
0.001 

0.001 
0.81 

N
A

 
0.001 

0.001 
0.001 

0.001 
C
asp1

-/- 
C

how
 

0.001 
0.001 

0.001 
0.001 

N
A

 
0.011 

0.001 
0.001 

Ldlr -/-(C
asp1

-/-) 
C

how
 

0.001 
0.001 

0.001 
0.001 

0.011 
N
A

 
0.001 

0.001 
C
asp1

-/-  
H

FC
 

0.001 
0.001 

0.001 
0.001 

0.001 
0.001 

N
A

 
0.082 

Ldlr -/-(C
asp1

-/-)  
H

FC
 

0.001 
0.001 

0.001 
0.001 

0.001 
0.001 

0.082 
N
A

 
	



70

Online Figure I – Total bacterial content following antibiotic treatment in Ldlr-

/- mice and a-diversity in co-housed mice
A) Total bacterial content in feces from Ldlr-/- mice treated with broad spectrum 
antibiotics (Metrodinazole, Ampicillin, Neomycin, Vancomycin) for 10 days. 
The PCR bands from 5 representative mice are shown. B) a-diversity based on 
16S-rDNA-encoding sequences in feces collected from chow- and HFC-fed Ldlr-/- 

mice exposed to Casp1-/- or Ldlr-/- microbiota for 13 weeks.  
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Online Figure II – Casp1-/- microbiota does not influence atherosclerotic 
plaque severity in Ldlr-/- mice fed a HFC diet. (A), (left) Representative sections 
of the aortic root stained with Sirius red for collagen content (scale bar, 400 
mm), CD68 antibody as macrophage marker (scale bar, 400 mm) and a-dectin-1 
antibody for alternatively activated macrophages (scale bar, 400 mm). (Right) 
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Quantitative analysis of Sirius red-positive area, CD68-positive area and Dectin-1 
positive area.  (B) Quantitative RT-PCR of mRNAs encoding inflammation and 
macrophage markers in the aortic arches (n=10 each group). HFC (13 weeks): 
Ldlr-/-(Ldlr-/-) mice, n=14; Ldlr-/-(Casp1-/-) mice, n=13. In bar graphs, data represent 
number of observations. For the scatter plot, the midline represents the mean ± 
S.E.M. *P<0.05 by unpaired one-tailed Student’s t-test.  

Online Figure III – Casp1-/- dysbiosis does not affect plasma lipid and TMAO 
levels. Female Ldlr-/- mice aged 12 weeks were exposed to fecal microbiota derived 
from Casp1-/- or Ldlr-/- mice for 8 or 13 weeks by means of co-housing while fed 
a chow diet or a HFC diet. (A) Bodyweight. (B) Plasma triglycerides. (C) Plasma 
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cholesterol. (D) Lipoprotein profile of pooled plasma. (E) Plasma concentration of 
the TMA precursors choline, L-carnitine, betaine, and g-butyrobetaine and TMAO. 
(F) Relative abundance of TMA producing bacteria on the basis of 16S-rDNA-
encoding sequences in feces collected at time of sacrifice.
 (A) Chow (13 weeks): Ldlr-/-(Ldlr-/-) mice, n=17; Ldlr-/-(Casp1-/-) mice, n=18; HFC (8 
weeks): Ldlr-/-(Ldlr-/-) mice, n=20; Ldlr-/-(Casp1-/-) mice, n=19; HFC (13 weeks): Ldlr-/-

(Ldlr-/-) mice, n=16; Ldlr-/-(Casp1-/-) mice, n=15. (B-E) n=10 per group. (F) HFC (13 
weeks): (Ldlr-/-(Ldlr-/-) mice, n=13; Ldlr-/-(Casp1-/-) mice, n=14. In bar graphs, data 
represent mean ± S.E.M. ns, not significant as determined by unpaired one-tailed 
Mann-Whitney U test (A-E).

Online Figure IV – Levels of leukocytes and cytokines in blood. (A-B) Female 
Ldlr-/- mice aged 12 weeks were exposed to a fecal microbiota derived from Casp1-
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/- or Ldlr-/- mice by means of co-housing for 13 weeks while fed a HFC diet. (A) 
Gating strategy for the analysis of flow cytometry data. (B) Plasma cytokines at 
time of sacrifice. (C) Percentage of blood leukocyte levels during week 5 of the 
fecal microbiome transplantation. In B, n = 10 per group. In C, Ldlr-/-(Ldlr-/-) mice, 
n=18; Ldlr-/-(Casp1-/-) mice, n=19. Throughout, data represent mean ± S.E.M.

Online Figure V – Casp1-/- induced alterations in the gut microbiota. (A) 
Female Ldlr-/- mice aged 12 weeks were exposed to fecal microbiota derived from 
Casp1-/- or Ldlr-/- mice by means of co-housing for 13 weeks while fed a HFC diet. 
(A) Cladogram of LEfSe analysis on the basis of 16S-rDNA-encoding sequences in 
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feces collected at time of sacrifice. Plot shows the 34 microbial taxonomies that 
differ in abundance following Casp1-/- and Ldlr-/- microbiota transplantation. (B-D) 
Abundance of gut microbiota taxonomies based on LEfSe analysis of 16S-rDNA-
encoding sequences in feces collected at time of sacrifice. (B) Genus Bilophila. (C) 
Genus Streptococcus. (D) Genus Mucispirillum.               
(A) Ldlr-/-(Ldlr-/-) mice, n=13; Ldlr-/-(Casp1-/-) mice, n=14. (B-D) Chow: Ldlr-/-(Ldlr-/-) 
mice, n=15; Ldlr-/-(Casp1-/-) mice, n=14; HFC: Ldlr-/-(Ldlr-/-) mice, n=13; Ldlr-/-(Casp1-/-) 
mice, n=14. In bar graphs, data represent mean ± S.E.M. *P<0.05 as determined 
by Kruskal-Wallis test (B-D).

Online Figure VI – Casp1-/- dysbiosis does not result in impaired gut integrity. 
(A-G) Female Ldlr-/- mice aged 12 weeks were exposed to fecal microbiota derived 
from Casp1-/- or Ldlr-/- mice by means of co-housing for 13 weeks while fed a HFC 
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diet. (A) Representative colon histology by H&E staining at 20x magnification 
(scale bar, 100 mm). (B) Tnfα and (C) Cd68 expression in colon. (D) Representative 
PAS/Alcian blue stained mucus layer of the colon at 40x magnification (scale bar, 
60 mm). (E) Quantification of the mucus layer thickness of the colon. (F) Muc-2 
expression in colon. (G) FITC-labeled dextran in plasma. In A-C, F-G, n = 10 per 
group. In D-E, n=8 per group. Throughout, data represent mean ± S.E.M.
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