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Abstract

The adipose tissue is a central metabolic organ that regulates whole-body energy homeostasis. The abnormal
expansion of adipose tissue leads to the progression of obesity. The adipose tissue microenvironment is affected by
pathological hypertrophy of adipocytes, highly correlated with systemic metabolic disorders. In vivo genetic
modification is a great tool for understanding the role of genes involved in such processes. However, obtaining new
conventional engineered mice is time consuming and costly. Here, we provide a simple and speedy method to
efficiently transduce genes into adipose tissue by injecting the adeno-associated virus vector serotypes 8 (AAV8)
into the fat pads of adult mice.
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Background

Obesity is a severe global health problem characterized by excess adipose tissue expansion and strongly associated
with metabolic diseases such as diabetes, cardiovascular and hepatic lipid diseases, and some types of cancers
(Haslam and James, 2005; Swinburn et al., 2011; Wabitsch et al., 2015). The growth of the adipose tissue can be
attributed to the enlargement of the existing adipocytes (hypertrophy) or the formation of new adipocytes
(hyperplasia) (Salans et al., 1973; Spalding et al., 2008; Jo et al., 2009). Unlike the protected role of adipocyte
hyperplasia (Vishvanath and Gupta, 2019), hypertrophic adipocytes are more responsible for lipid homeostasis
disorders and pathological consequences (Haczeyni et al., 2018). Moreover, besides its usage as a container for lipid
storage, the adipose tissue also plays crucial roles in regulating metabolic and endocrine functions. Therefore, there
is an urgent need to clarify the obesity pathogenic mechanism, develop safe anti-obesity therapeutic strategies, and
further avoid the pandemic dimensions of obesity.

Genetic engineering of mice is a commonly used approach to clarify gene function in vivo. However, the production
of new transgenic mice is time consuming and costly (Jimenez et al., 2013; Bates et al., 2020). Some undesired side
effects can be observed in conventional genetically modified mice: the manipulated gene that works on the whole
body may interfere with its primary function on a specific tissue. In vivo gene transfer to the target organ has become
a faster, lower-cost, and more specific strategy. Using this strategy, the time points of gene delivery can be arranged
based on experimental requirements. It can also eliminate the undesired effects on embryo development.
Adeno-associated virus (AAV) vectors, discovered in the 1960s, are considered one of the safest and most promising
tools for in vivo delivery of gene therapies (Atchison et al., 1965; Wang et al., 2019). They are small (25-26 nm in
diameter), non-enveloped viruses composed of an icosahedral capsid that contains a linear single-stranded DNA
genome (approximately 4.7-4.9 Kb). In contrast to the adenovirus, retrovirus, and lentivirus, AAVs show a relatively
safe profile with apathogenicity and low immunogenicity (Cao et al., 2011). They can transduce genes into dividing
and non-dividing cells (Flotte et al., 1994), allowing long-term transgene expression in such tissues. Among the 13
AAV serotypes that have been identified (Pipe et al., 2019), at least three serotypes (AAV2/8/9) exhibit efficient
gene transfer to adipose tissue of adult mice (O'Neill et al., 2014; Uhrig-Schmidt et al., 2014; Bates et al., 2020).
Recently, we successfully applied this protocol on direct AAV8 injection into the subcutaneous adipose tissue. In
this protocol, we demonstrate a detailed procedure for efficient gene delivery into adipocytes of adult mice.

Materials and Reagents

1. Animals: 8-12-week-old C57BL/6JNarl mice (National Laboratory Animal Center)

Rodent MD’s™ Rimadyl (Carprofen, 2 mg/tablet) (Bio-Serv, catalog number: SMD150-2)

AAV8 vectors carrying enhanced green fluorescent protein (GFP) as reporter gene driven by CMV promoter
(obtained from National RNAi Core Facility at Academia Sinica, Taiwan)

PBS (Gibco, catalog number: 10010023)

75% ethanol

FORANE®isoflurane (Abbott, catalog number: B506)

Bacitracin-neomycin ointment (Shiteh, catalog number: 022990)
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Equipment

Matrx® anesthesia machine (Midmark, catalog number: VIP3000) (Figure 1, D)

Anesthetic gas recovery machine (Step, catalog number: R-600) (Figure 1, @)

Anesthetized mouse facemask (RWD, catalog number: 68635) (Figure 1, ®)

Surgery tweezers (Shineteh, catalog number: ST-TWO011) (Figure 1, @)

Surgery scissor (Shineteh, catalog number: ST-S011PK) (Figure 1, ®)

50 L syringe (Hamilton, catalog number: 80901); needles sold separately (model: 1705 LT) (Figure 1, ®)
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. Needle (30 G x¥4) (BD Precision Glide™, catalog number: 305106) (Figure 1, D)
8. Needle holder (Shineteh, catalog number: ST-H212) (Figure 1, ®)

. Sterilized Suture, 4-0, 12 mm 3/8 circle (UNIK, catalog number: SC124) (Figure 1, @)
10. Biosafety Cabinet (Classll)
11. Hair clipper (Orbaner, catalog number: MB-022)

Figure 1. Setup of experiment. O Anesthesia machine, @ Anesthetic gas recovery machine, 3 Anesthetized
mouse facemask, @ Surgery tweezers, ® Surgery scissor, ® Syringe, @ 30 G needle, & Needle holder, ©
Sterilized suture.

Procedure

1. Replace the diet with rodent MD’s™ Rimadyl 16 h before surgery to prevent postoperative pain.

2. Anesthetize mice in an anesthesia chamber filled with isoflurane at a flow rate of 5% in 100% oxygen.

3. Assess the level of anesthesia by pinching the mice’s hind toes or tail end (no withdrawal should be observed).
4. Transfer mice to a biosafety cabinet and put on an anesthetized mouse facemask. Adjust the rate of isoflurane

to 1.5%-2.5% in 100% oxygen.
5. Shave a small area in the flanks and proximal hip joints with a hair clipper (Figure 2A).
Video 1 shows the procedures in steps 5-10.
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Video 1. Procedures of direct adeno-associated virus (AAV) injection of murine adipose tissue. The video
was produced at National Yang Ming Chiao Tung University (NYCU), where all procedures followed
guidelines from the NYCU and were approved by the Institutional Animal Care and Use Committee (IACUC)
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of NYCU (IACUC approved number: 1090706, 1090706r, 1100332).

6. Clean the shaved region with 75% ethanol.

7. Prepare an AAVS solution in PBS. AAVS will be administered at a total of 1 < 10%-2 <10 viral genomes
(VG) AAVS in a 30 pL volume for one fat pad per mouse. Fit a 30G needle securely with Hamilton syringe.
Preload syringe with the AAV8 solution. Avoid air in the syringe.

8. Tent the skin with the tweezers and make a 0.5-1 cm incision in the skin using surgical scissors.

9. Expose the fat pad and carefully insert a 30G needle until the needle bevel enters the tissue. Inject the AAV8
slowly into 4-5 distinct spots (6—8 pL per spot) of the fat pad. Hold the needle in place for a little while after
each injection to prevent backflow into the syringe (Figure 2B).

10. Hold the needle of the 4-0 braided silk with a needle holder and suture the incision (Figure 2C). (Alternative:
close the incision with Michel's suture clips.)

11. Apply ointment to the incision region until it heals to prevent post-operative infection.

12. Transfer the mice to a clean cage on a heating pad. Monitor the mice closely until they regain consciousness.

13. Each experimental mouse must be single housed in a cage after surgery until the incision heals. Provide mice
with Rimadyl within 48 h after the surgery to alleviate pain.

14. After one week from injection, the GFP signal is detectable.
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Figure 2. Direct adipose adeno-associated virus (AAV) injection procedure. A. Shave and clean the surgery
area at the flank and proximal hip joints. The surgical incision region is shown as a double-headed arrow. B.
Make a 0.5 cm incision and carefully inject the AAV into multiple spots in the fat pad. C. Suture the incision
using 4-0 braided silk.

Notes

1. All materials used in this experiment must be sterilized or autoclaved to prevent contamination.

2. Observe the mice daily to ensure there are no surgical complications such as infection, bleeding, or poor wound

healing. Apply the ointment to the incision region or prolong the Rimadyl feeding if particular surgical
complications arise.
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