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Materials and Methods

Obesity is an independent risk factor for vascular disease and revascularization failure. Dietary methionine

restriction (MetR), as a novel interventional modality, improves perivascular adipose tissue (PVAT) metabolic

fitness and protects against surgical stress in variety of preclinical models. Thus, we hypothesized that one-

week of pre-operative MetR would attenuate intimal hyperplasia via PVAT related mechanisms to

enhance vein graft patency and durability.

Background

1. A standardized mouse unilateral carotid interposition vein allografting procedures via cuff techniques was 

employed as a tool to study intimal hyperplasia and vascular remodeling (Figure 1).

2. Male 10 weeks old C57BL/6J mice were fed a control diet (60% high fat with 0% cysteine) for 3 weeks, 

followed by one week of MetR (60% high fat with 0% cysteine and 0.05% methionine) challenge prior to 

surgery. 

3. 72 mice (4 groups) underwent vein graft implantation, half of the animals kept vena cava PVAT during the 

surgery, while the remaining animals had vein cava PVAT removed. The donor mice share the same diet 

and genetic background. All mice returned to the same high fat diet post-operation for additional 4 weeks 

before harvest.

4. Ultrasound was performed post surgery at days 14 and 27, and the vein grafts were harvested at day 28 

for morphometric analysis.

5. Serum glucose levels, insulin, and white blood cells were measured at baseline, post dietary intervention, 

and post surgery.

6. Immunohistochemistry of macrophages (iNOS & CD206), elastin fiber, tunnel assay were performed on 

paraffine sections.

Figure 1. Schematic of mouse  vein graft implantation with cuff techniques.  A representative surgical 

image at vein graft implantation & an ultrasound image at day 27. A. 10-week C57 mouse. B. A cuff body and 

handle. C. Both ends of common carotid artery are everted and secured on cuff with 8-0 suture. D. Vein graft 

without PVAT. E. Vein graft with PVAT attached. F. A typical B mode ultrasound cross sectional image at day 27.
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Figure 3. Representative Masson’s trichrome stained sections of mouse vein grafts. A. Control no PVAT.

B. Control with PVAT. C. MetR no PVAT. D. MetR with PVAT. The specimens were analyzed at week 4 post 

implantation, and the images were taken at 1000 µm proximal to distal cuff from distal end of graft, scale bars = 

200 µm. Yellow traces mark the lumen, intima, and media + adventitia.

1. Each vein graft implantation was completed in approximately 30-60 minutes with 97.2% survival rate 

(70/72) and 80.0% patency rate (56/70) at four weeks.

2. One week of MetR lead to approximately 17.8% of body weight loss compared to the controls (p<0.001). 

3. Met restriction significantly decreased glucose and insulin levels (p<0.05, Figure 2A ).

4. Met restriction reduced circulating white blood cell counts (neutrophil, lymphocytes, p<0.05, Figure 2B ).

5. Met restriction trended to increased media & adventitia mass (Figure 3 & 4D) and reduced intimal 

hyperplasia (Figure 3, 4A, 4B & 4C). MetR with PVAT dramatically reduced intima / (media + adventitia) 

area ratio (p<0.001, 4E & 4F). 

6. Met restriction increased CD206 positive macrophages and decreased iNOS macrophages in vein graft 

wall as well as the ratio of type two (M2) and type one macrophage (M1) (p<0.01). We also observe less 

fibrosis tissue distributed around the boarder of media + adventitia (data not shown).

Results

Figure 2. Impact of Met restriction on metabolic fitness and Inflammation. 

A. Met restriction decreased serum glucose and insulin levels(p<0.01). B. Met restriction reduced the total 

numbers of white blood cells, circulating lymphocytes and neutrophils(p<0.01). 
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Conclusions

1. Murine vein graft via cuff technique (hemodynamically induced vein wall intimal hyperplastic response and

vascular wall remodeling) is a reliable and feasible model for investigating vein graft disease.

2. Met restriction significantly reduced intimal area and thickness, intima/(media + adventitia) area ratio, and

improve patho-adiposity of PVAT. MetR interacted with PVAT to further enhance vein graft patency and

durability.

3. Ultrasound biomicroscopy surveillance can serve as a useful experimental adjunct to monitor lumen

narrowing progress.

4. This novel method of short-term dietary methionine restriction prior to vein graft procedure stands as a

simple, translatable strategy for increasing host resistance to surgical trauma and improving vein graft

durability.

Limitations

1. Results only derived from morphological analysis and more mechanistic studies are required/warranted in 

future research.

2. Only young, male mice were used in the study. Older/female mice should be considered for future 

experimentation to obtain more generalized conclusions.

3. Our morphological studies were conducted at day 28. More proximal time points may shed insights on the 

mechanisms of intimal hyperplasia. 

4. Surgical procedures utilized in this experiment are complex and require extensive training, thus limiting its 

application.  
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Figure 4. Mouse vein graft 

morphometry with dietary  methionine 

restriction. Morphometric analysis at 28 

days post vein graft interposition.  

A&C. Intima area, intimal thickness, and 

media + adventitia area comparisons in 

different animals. Pre-surgery MetR

decreased intimal hyperplasic response 

in Met restricted mice. MetR improved 

pathoadiposity, thus further reduced 

intimal area/thickness in MetR with PVAT 

mice.

B&D. Distribution of Intima area and 

media + adventitia area along the grafts 

relative to distance proximal to the distal 

cuff. 

E&F. Lower intima / (media + adventitia) 

area ratios were observed in MetR

restricted mice, especially in MetR with 

PVAT group(p<0.001).

H. Remodeling index was calculated and 

MetR mice displayed better trend of 

outward remodeling compared to other 

groups. 
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