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SUMMARY:

Adipocytes exist in discrete depots and have diverse roles within their unique
microenvironments. As regional differences in adipocyte character and function are uncovered,
standardized identification and isolation of depots is crucial for advancement of the field. Herein,
we present a detailed protocol for the excision of various mouse adipose depots.

ABSTRACT:

Adipose tissues are complex organs with a wide array of functions, including storage and
mobilization of energy in response to local and global needs, uncoupling of metabolism to
generate heat, and secretion of adipokines to regulate whole-body homeostasis and immune
responses. Emerging research is identifying important regional differences in the developmental,
molecular, and functional profiles of adipocytes located in discrete depots throughout the body.
Different properties of the depots are medically relevant since metabolic diseases often
demonstrate depot-specific effects. This protocol will provide investigators with a detailed
anatomic atlas and dissection guide for the reproducible and accurate identification and excision
of diverse mouse adipose tissues. Standardized dissection of discrete adipose depots will allow
detailed comparisons of their molecular and metabolic characteristics and contributions to local
and systemic pathologic states under various nutritional and environmental conditions.

INTRODUCTION:
Adipose tissues play critical roles in whole-body homeostasis, including storage and release of
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energy in response to local and global needs, thermoregulation, and secretion of adipokines to
regulate energy balance, metabolism and immune responses’?. Adipocytes are distributed
throughout the body in discrete depots, and in some cases serve specialized roles within their
microenvironments3>. Historically, the study of adipose tissue has centered on white adipose
tissue (WAT), and its role in maintaining energy homeostasis. Most adipocytes are distributed
throughout the body in subcutaneous and visceral WAT depots. The characteristics of these
depots are important for differential susceptibility to metabolic diseases. Subcutaneous
adipocytes, located beneath the skin, have been associated with protective metabolic effects>.
Visceral adipocytes, which surround the vital organs and are contained within the gonadal,
perirenal, retroperitoneal, omental and pericardial depots, are commonly linked to metabolic
disorders, including type 2 diabetes and cardiovascular disease?. Brown adipose tissues (BAT)
have also been studied extensively. Brown and brown-like adipocytes express uncoupling protein
1 (UCP1) and play important roles in adaptive thermogenesis and glucose homeostasis®’.
Classical brown adipocytes are contained in the interscapular BAT depot®. Clusters of brown
adipocytes are also found in other locations, including supraclavicular, infra/subscapular,
cervical, paravertebral and periaortic depots®°.

In addition to their location in major WAT and BAT depots, adipocytes exist in discrete
niches throughout the body* where they may perform specialized functions within their
respective microenvironments. For example, bone marrow adipose tissue (BMAT) serves as a
lipid reservaoir, is a major source of circulating adiponectin, and closely interacts with osteoblasts,
osteoclasts, and hematopoietic cells'®'1. Dermal adipocytes contribute to widespread processes,
including wound healing, immune response, thermoregulation, and hair follicle growth?13,
Further, epicardial adipocytes may produce several adipokines and chemokines that exert local
and systemic effects on the development and progression of coronary artery disease'4. Expansion
of inter/intramuscular WAT has been positively correlated with increased adiposity, systemic
insulin resistance, and decreased muscular strength and mobility®. In addition, popliteal
adipocytes serve as a lipid reservoir for lymphatic expansion during infection®. While the specific
roles of different articular depots are generally unknown, the Hoffa depot (infrapatellar) within
the knee is now thought to contribute to pathologies, including anterior knee pain and
osteoarthritis?’.

Whereas regional differences in adipocyte character and function are under intense
study, the field is currently limited by the lack of a standardized protocol for the identification
and dissection of diverse mouse depots. Previously published methods have typically described
the isolation of one or two specific depots and lack the level of detail required for uniform
excision'®®®, The protocol described in this manuscript provides a comprehensive guide for the
specific anatomic locations and isolation steps of many different mouse adipose depots.
Although WAT depots are the primary focus of this manuscript, the excision of interscapular BAT
is also described in detail. Adipose tissues excised using this protocol can be used for a wide
variety of experimental endpoints, including explant studies, histology, and gene expression
analyses.

The goal of this manuscript is to provide investigators with a detailed protocol to clearly
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and precisely identify and isolate both prominent and less-studied mouse adipose depots (Figure
1). This resource will facilitate a more complete investigation of the developmental, molecular,
and functional characteristics of adipocytes within diverse niches.

[Place Figure 1 here]
PROTOCOL

All animal procedures are performed with the approval of the Institutional Animal Care and Use
Committee (IACUC) of the University of Michigan.

1. Euthanization
NOTE: For the purpose of this video protocol, four to six-month-old C57BL/6J mice are used.

1.1. Place the mouse in an isoflurane vaporizer chamber and adjust the isoflurane flow rate to
5% or greater. Continue isoflurane exposure until one minute after breathing stops. Then remove
the mouse from the vaporizer chamber and confirm euthanasia using an approved secondary
measure.

NOTE: Approved secondary measures will vary by institution and animal protocol and may
include cervical dislocation or decapitation.

1.2. Place the euthanized mouse on the dissection pan. Sterilize the dorsal and ventral external
surfaces of the mouse using 70% ethanol. Ensure that the external surface of the mouse is
sufficiently wet to minimize contamination from fur during dissection.

2. Identification and isolation of major subcutaneous adipose depots (anterior subcutaneous,
dorsolumbar, inguinal, gluteal) and interscapular brown adipose tissue.

2.1. Identifying and isolating anterior subcutaneous WAT
NOTE: Anterior subcutaneous WAT is located between the scapulae, descending from the nape
of the neck to the axillae of the mouse’. This depot has alternatively been described as

suprascapular® or interscapular?® WAT and lies directly on top of the interscapular BAT depot.

2.1.1. To isolate the anterior subcutaneous depot, lay the mouse on its stomach in a prone
position. Secure the upper and lower limbs to the dissection pan with dissection pins.

2.1.2. Use forceps to lift the dorsal skin at the nape of the neck. Use iris scissors to make a small
(1 mm) cut in the skin.

2.1.3. Insert one blade of the iris scissors into the initial cut and make a midline vertical incision
(2—3 cm) through the skin, beginning at the nape of the neck and descending along the spine to
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mid-back.

2.1.4. Make two horizontal incisions (1 cm each) using the iris scissors, extending laterally from
midline, at the top and bottom of the initial vertical incision.

2.1.5. Use forceps to carefully peel back the skin and expose the anterior subcutaneous depot.
2.1.6. Use iris scissors to remove the depot following the natural borders of the tissue.
NOTE: This method isolates both anterior subcutaneous WAT and interscapular BAT.

2.1.7. Place the dissected depot on the dissection pan and carefully remove the contaminating
BAT using iris scissors.

2.2. Identifying and isolating classical BAT
NOTE: Classical BAT is located beneath the anterior subcutaneous WAT depot.

2.2.1. To isolate BAT, use iris scissors to cut horizontally along the bottom edge of the anterior
subcutaneous tissue, following the natural border of the depot.

2.2.2. Then, use iris scissors to make two vertical incisions along the lateral edges of the depot,
following the natural borders of the tissue.

2.2.3. Use forceps to carefully flip the depot up and reveal the butterfly-shaped interscapular
BAT embedded within the WAT. Carefully dissect the BAT out from the surrounding WAT.

2.3. Identifying and isolating posterior subcutaneous WAT,
2.3.1. Lay the mouse on its back in a supine position.

2.3.2. After securing the upper and lower limbs with dissection pins, use forceps to lift up the
skin at the base of the sternum and make a small (1 mm) cut in the skin.

2.3.3. Insert one blade of the iris scissors into the initial cut and make a midline incision (4-5 cm)
through the skin, beginning at the base of the sternum and descending to the base of the tail.
Exercise caution when making this incision because the ventral skin is very thin and is closely
associated with the underlying peritoneal cavity wall.

2.3.4. Make two horizontal incisions (1 cm each) using iris scissors, extending laterally from
midline, at the top of the initial vertical incision.

2.3.5. Use forceps to carefully peel back the skin from the peritoneal cavity and the leg to find
posterior subcutaneous WAT, which should remain associated with the skin. Secure the
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outstretched skin with dissection pins to ease complete excision of the WAT.

NOTE: Although the posterior subcutaneous WAT appears to be continuous, it is actually
comprised of three discrete depots: dorsolumbar, inguinal, and gluteal®. The dorsolumbar depot
extends from the lumbar spine to the base of the hindlimb. The triangular inguinal depot extends
from the base of the hindlimb ventrally across the groin and contains a prominent lymph node.
The gluteal depot extends inferiorly from the base of the groin and wraps around the leg to the
base of the tail.

3. Identification and isolation of visceral adipose depots (gonadal, perirenal, retroperitoneal,
omental, pericardial)

3.1. Identifying and isolating visceral WAT depots
NOTE: WAT depots, which are largely contained within the thoracic and peritoneal cavities, keep
the mouse in a supine position. Secure the upper and lower limbs to the dissection pan with

dissection pins.

3.1.1. Use forceps to lift up the thin peritoneal cavity wall at the base of the sternum and make
a small cut (1 mm) using iris scissors.

3.1.2. Insert one blade of the iris scissors into the cut and make a descending vertical incision (4—
5 cm) from the top of the peritoneal cavity (base of the sternum) to the rectum.

3.1.3. Make two horizontal incisions (1 cm each) with iris scissors, extending laterally from
midline, at the top and bottom of the vertical incision.

3.1.4. Use forceps to peel back the peritoneum and expose the abdominal cavity contents. Pin
the outstretched peritoneum to the dissection pan.

3.2. Identifying and isolating gonadal WAT

NOTE: Gonadal WAT surrounds the uterus and ovaries in females (ovarian or parametrial) and
the epididymis and testes in males (epididymal). Ovarian WAT surrounds the ovaries, uterus, and
bladder. In obese animals, gonadal and perirenal WAT can appear to be continuous —in this case,
separate the depots at the uterine horn and ovaries. Epididymal WAT is found bound to the
epididymis, testes, and the prominent epididymal blood vessel.

3.2.1. Locate the gonads (testes or ovaries) and use forceps to lift up the associated gonadal WAT.

3.2.2. Use iris scissors to carefully excise the WAT from the gonads.

3.3. Identifying and isolating perirenal WAT
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NOTE: Perirenal WAT surrounds the kidneys bilaterally. In obese animals, this depot can appear
to extend inferiorly to the top of the uterine horn and ovaries. Although the perirenal WAT has
traditionally been classified as a visceral depot?!, several groups have identified it as a brown
depot based on lineage tracing and radiolabeled glucose uptake studies®>?°Error! Bookmark not
defined.. Histologically it is comprised of a mixture of white and brown adipocytes.

3.3.1. To excise the perirenal depot, locate the kidney and use forceps to lift it up and pull it
midline to see a clear division between the perirenal and retroperitoneal depots.

3.3.2. Excise the WAT directly associated with the kidneys. Ensure that the adrenal glands,
located above the kidneys, are removed from the WAT.

3.4. Identifying and isolating retroperitoneal WAT

NOTE: Retroperitoneal WAT is located in a paravertebral position, along the border between the
posterior abdominal wall and the spinal cord.

3.4.1. To excise this depot, use forceps to lift the kidney up and towards midline to clearly see
the border between the perirenal and retroperitoneal depots.

NOTE: In obese animals, identifying this border can be challenging.

3.4.2. Then, use iris scissors to carefully dissect the retroperitoneal WAT from the posterior
peritoneal wall.

3.5. Identifying and isolating omental WAT

NOTE: Omental WAT is located along the greater curvature of the stomach. Although omental
adipose is an important depot in humans, it is generally present only in morbidly obese mice.

3.5.1. To identify visceral omental WAT, use forceps to lift the stomach up. Use iris scissors to
remove the associated adipose tissue along the inferior border of the stomach. Do not confuse
omental WAT with the pancreas.

3.6. Identifying and isolating mesenteric WAT

NOTE: Mesenteric WAT is a web-like structure surrounding and associated with the small and
large intestines.

3.6.1. To excise this depot, remove the intestines from the rest of the digestive tract by cutting
at the base of the stomach and the rectum. Use forceps to lift the intestines out of the visceral

cavity and unravel them.

3.6.2. Use iris scissors to carefully dissect the mesenteric WAT away from the intestines,
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beginning at the duodenum and continuing to the end of the colon. Carefully remove lymph
nodes that are closely associated with the mesenteric depot.

3.7. Identifying and isolating pericardial WAT

NOTE: Pericardial WAT is located outside the visceral pericardium and on the external surface of
the parietal pericardium, often along the inferior aspect of the heart!4.

3.7.1. To gain access to the thoracic cavity, keep the mouse in a supine position. Secure the upper
and lower limbs to the dissection pan with dissection pins.

3.7.2. Use forceps to lift the xyphoid process (cartilage at the base of the sternum) and make a
small (1 mm) cut in the thoracic cavity wall.

3.7.3. Insert one blade of the iris scissors into the cut and make two horizontal incisions (1 cm
each) extending laterally from the base of the sternum. This will expose the diaphragm and

inferior border of the thoracic cavity.

3.7.4. Use dissecting scissors to make two ascending vertical incisions (3—4 cm) through the
ribcage, extending superiorly from the lateral borders of the thoracic cavity to the clavicle.

3.7.5. Use forceps to lift up the ventral half of the ribcage. Use dissecting scissors to make a final
cut (2 cm) along the inferior length of the clavicle to remove the ribcage and expose the thoracic

cavity contents.

3.7.6. If present, carefully dissect the pericardial adipose from the outer surface of the
pericardium.

4. Identification and isolation of other adipose depots
4.1. Identifying and isolating epicardial WAT

NOTE: Epicardial WAT is contained within the visceral pericardium and is directly associated with
the surface of the myocardium.

4.1.1. If present, epicardial adipocytes can be observed histologically after isolation and fixation
of the perfused heart in 10% neutral buffered formalin for 24 hours.

4.2. Identifying and isolating popliteal WAT

NOTE: Popliteal WAT is located in the popliteal fossa in the posterior knee and contains a large
lymph node. This depot is not typically visible in young animals.

4.2.1. To isolate popliteal WAT, use iris scissors to carefully remove the skin from the base of the
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hind limb to the foot.

4.2.2. Place the patella against the dissection pan and secure the outstretched leg with a pin in
the foot. Ensure that the popliteal fossa at the back of the knee is facing upward.

4.2.3. Use iris scissors to make a cut at the inferior border of the medial and lateral heads of the
gastrocnemius muscle. Use forceps to lift up the muscle and reveal the triangular popliteal depot.

4.2.4. Use iris scissors to excise the depot along the natural tissue borders.
4.3. Identifying and isolating dermal WAT

NOTE: Dermal WAT is a thin layer of adipocytes located between the reticular dermis and the
panniculus carnosus muscle layer.

4.3.1. To identify dermal adipocytes by histological methods, place the mouse on its stomach in
a prone position. After securing the upper and lower limbs with dissection pins, spray the external
surface of the mouse with 70% ethanol to wet the skin.

4.3.2. Use a scalpel to remove the wetted fur from a square portion of skin on the back of the
mouse.

4.3.3. Use iris scissors to carefully excise the shaved portion of skin, which will include the
reticular dermis, dermal WAT, panniculus carnosus, and some subcutaneous WAT.

4.3.4. Use a scalpel to cut the excised skin into thin vertical strips.
4.3.5. Position the thin vertical strips with the sticky subcutaneous WAT layer facing down.

4.3.6. Starting at one end, roll the strip onto itself to form a spiral. The sticky subcutaneous WAT
layer on the outside of the spiral will allow the roll to maintain its shape during fixation.

4.3.7. Place the spiral in a well of a 24 well plate containing 10% neutral buffered formalin for 24
hours prior to histological processing??.

4.4. Identifying and isolating intermuscular WAT

NOTE: Intermuscular WAT is broadly defined as adipocytes located beneath the deep fascia of
muscles. This term includes adipocytes interspersed between muscle fibers of skeletal muscle,
also known as intramuscular WAT, and adipocytes located within muscle bundles themselves.
Wildtype mice generally do not have large numbers of intermuscular adipocytes. However, it is
possible under certain conditions to identify intermuscular WAT by histological methods. Under
some conditions, intermuscular adipocytes can also be found in smooth muscles, such as the
diaphragm.
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4.4.1. To isolate the tibialis anterior (TA) muscle, for example, place the mouse on its back in a
supine position and secure the lower limbs to the dissection pan using dissection pins. Wet the
skin with 70% ethanol to minimize contamination with fur.

4.4.2. Useiris scissors to carefully remove the skin from the leg and expose the quadriceps muscle
group, located above the knee on the femur shaft, and the TA located below the knee on the
ventral surface of the tibia.

NOTE: The TA is thick near the proximal end of the tibia and more tendinous near the distal end.

4.4.3. Use iris scissors to excise a piece of the muscle and fix in 10% neutral buffered formalin for
24 hours prior to histological processing®?.

4.5. Identifying and isolating intra-articular WAT depots
NOTE: Intra-articular WAT depots are located within synovial joints.

4.5.1. To identify infrapatellar WAT, for example, by histological methods, harvest leg bones as
detailed in the BMAT section.

4.5.2. After the removing the femur-tibial complex, use iris scissors and gauze pads to remove as
much muscle and connective tissue as possible. Do not break the tibiofemoral joint.

4.5.3. Fix the femur-tibial complex in 10% neutral buffered formalin for 24 hours prior to
decalcification and histological processing (described below, step 4.6.8).

4.6. Identifying and isolating bone marrow adipose tissue

NOTE: Bone marrow adipose tissue (BMAT) is contained within bones, interspersed with
hematopoietic cells. Anatomically, BMAT can be classified as constitutive (distal tibia and caudal
vertebrae) or regulated (mid-to-proximal tibia, femur, and lumbar vertebrae)'%!. Clean isolation
of bone marrow adipocytes for RNA and protein analyses is challenging in mice. However, mouse
bones can readily be harvested, fixed, decalcified and paraffin-embedded for histological
analyses.

4.6.1. To harvest leg bones, for example, first remove the legs from the mouse. Use dissection
scissors to cut the acetabulofemoral joint, keeping the femoral head intact.

4.6.2. Use iris scissors to carefully remove the skin from the leg, revealing the leg muscles.

4.6.3. Carefully dissect away the main muscles from the femur and tibia using iris scissors and
gauze pads.
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4.6.4. When the femur is exposed, follow the edge of the bone to the articulation of the pelvis
and femur and carefully release the femoral head from the acetabulofemoral joint. Use gauze to
clean any remaining tissue from the femur.

4.6.5. Follow the border of the tibia to the ankle joint. Carefully release the medial malleolus,
located at the tip of the tibia, from the ankle joint.

4.6.6. Once the femur-tibial complex has been isolated, remove as much muscle and connective
tissue as possible using iris scissors and/or gauze.

4.6.7. Separate the tibia from the femur by inserting one blade of the iris scissors into the
tibiofemoral joint and gently cut through the medial and lateral collateral ligaments and the
anterior and posterior cruciate ligaments. Do not remove the capsule of the knee joint to ensure
that the tibia remains intact. Use gauze to clean any remaining tissue from the tibia.

4.6.8. Fix bones in 10% neutral buffered formalin for 24 hours at room temperature and then
wash and store according to future needs.

4.6.8.1. To analyze bone parameters using microcomputed tomography (uCT), store bones in
Sorensen’s phosphate buffer, pH 7.4%3,

4.6.8.2. For BMAT quantification and histological analyses, decalcify bones in 14% EDTA, pH 7.4,
for 10-14 days.

4.6.8.3. Following decalcification, use osmium tetroxide staining and uCT analysis to quantify
BMAT?4, Otherwise, process and paraffin-embed bones for histology?3.

REPRESENTATIVE RESULTS

Successful identification and isolation of various mouse adipose depots can be achieved using
the protocol described above. The gross anatomical locations of subcutaneous (A, E-F), brown
(B), visceral (C, D, G-J), and popliteal (K) depots are shown in Figure 2.

[Place Figure 2 here]

Histological characteristics of subcutaneous (A-D), brown (E), visceral (F-K), popliteal (L),
constitutive (M) and regulated marrow adipose (N), intramuscular (O), and infrapatellar (P)
adipose depots were evaluated by Hematoxylin and Eosin (H&E) staining?? and are shown in
Figure 3.

[Place Figure 3 here]

FIGURE AND TABLE LEGENDS
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Figure 1. Schematic depiction of mouse adipose depots dissected in this protocol. This image
has been adapted from Bagchi et al., 2018*.

Figure 2. Gross anatomical locations of mouse adipose depots. Gross anatomy of (A) anterior
subcutaneous, (B) brown, (C) epididymal (b, bladder), (D) ovarian (u, uterine horns), (E) posterior
subcutaneous (dorsolumbar (d), inguinal (i), gluteal (g)), (F) inguinal, (G) mesenteric, (H) perirenal
(k, kidney), (1) retroperitoneal (k, kidney), (J) pericardial (h, heart), and (K) popliteal adipose
depots in C57BL/6J adult mice. Arrows point to specific depots if multiple depots are depicted.
Relevant organs are designated by appropriate letters.

Figure 3. Histological evaluation of discrete mouse adipose depots. Histology of (A) anterior
subcutaneous, (B) dorsolumbar, (C) inguinal, (D) gluteal, (E) brown, (F) gonadal, (G) perirenal, (H)
retroperitoneal, (I) omental, (J) mesenteric, (K) pericardial, (L) popliteal, (M) constitutive and (N)
regulated bone marrow adipose, (0) intermuscular, and (P) infrapatellar depots in C57BL/6J adult
mice. Tissues were isolated according to the given protocol, fixed overnight in 10% neutral
buffered formalin, processed, and embedded in paraffin. 5 um sections were stained with H&E.
Most images were taken at 100x magnification; scale bar, 100 um.

DISCUSSION

As the importance of the diverse molecular and functional characteristics of discrete adipocyte
clustersisincreasingly recognized, it is crucial that investigators within the field uniformly identify
and excise adipose depots for further analyses. To date, few protocols exist for standardized
localization and isolation of the wide range of mouse adipose depots. Previously published
methods are focused primarily on one or two depots and lack the details necessary for uniform
identification and excision by different investigators*®1°, This manuscript is a novel and important
contribution to the field of adipose biology since it provides an in-depth guide to the anatomic
location and precise dissection of commonly studied and lesser known depots throughout the
mouse. Gross anatomical location and histological analyses are provided to demonstrate the
diversity of adipocyte niches.

Successful isolation of discrete adipose depots using this protocol is dependent on several
critical steps. Maintenance of a clean dissection environment is crucial; 70% ethanol can be used
as necessary to remove contaminating hairs or blood from the dissection tray and tools. When
isolating posterior subcutaneous WAT, it is imperative that the initial incision in the skin does not
penetrate the closely associated peritoneal cavity so that the two layers can be efficiently
separated to expose the WAT. Similarly, when cutting through the peritoneal wall to expose the
abdominal cavity contents, incisions must not perforate the underlying intestines to prevent
contamination with digestive elements. Interscapular BAT must be carefully excised from the
surrounding tissue to prevent WAT contamination, which will skew future analyses. Consistent
identification of the posterior subcutaneous dorsolumbar, inguinal, and gluteal depots depends
on the utilization of precise anatomic landmarks described in the protocol. The distinction
between these depots is particularly important; although the depots can appear to be
continuous, centrally located inguinal adipocytes acquire brown-like characteristics more readily
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than their surrounding counterparts.

The adipose tissues isolated using this protocol can be analyzed using a variety of
techniques. In addition to histological evaluation (e.g. H&E staining, immunohistochemistry),
adipose tissues can be used for a wide array of molecular analyses, from regulation of
transcription through to posttranslational protein modifications. Adipocytes and stromal vascular
cells within individual depots can be isolated by collagenase digestion and differential
centrifugation. These fractions can then be used for molecular, metabolic, and cell culture
studies. Depot explants can also be used for ex vivo metabolic and enzymatic assays.

Several challenges and limitations arise during the isolation and excision of mouse
adipose tissues. First, some depots that are physiologically important in humans are not
commonly present in lean, adult mice. For example, omental WAT, which is the major visceral
depot in humans, can only be seen in genetically or diet-induced obese mice. The expansion of
some depots can, however, be induced by nutritional challenges or drug treatments. For
example, high fat diet feeding can cause the expansion of omental and pericardial WAT.
Intermuscular WAT can be induced by skeletal muscle injury?>2?® or high fat diet?”. Regulated
BMAT expands in response to various challenges, including high fat diet, calorie restriction and
thiazolidinedione treatment!'?®, Second, due to the small size of mice, obtaining enough sample
for molecular or metabolic analyses can be difficult. For example, isolation of enough pure bone
marrow adipocytes for subsequent analyses is challenging, even after pooling bones from
multiple mice. Third, accurately defining borders of certain depots can be difficult. For example,
posterior subcutaneous WAT appears to be one continuous depot but is actually comprised of
discrete dorsolumbar, inguinal, and gluteal depots. Additionally, the perirenal can appear to be
fused to both the gonadal and retroperitoneal depots in very obese animals. The lack of distinct
borders between adjacent depots can make clean isolation of these tissues challenging. However,
this dissection protocol provides investigators with a detailed atlas and step-by-step guidance for
accurate and reproducible dissection of a wide range of mouse adipose depots. Field-wide
standardization of the identification and isolation of discrete mouse adipose depots described
above will undoubtedly help further elucidate differences in the development, gene expression,
and local and systemic functions of previously under-studied adipocyte niches.
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Name of Material/ Equipment Company Catalog Number Comments/Description
10% neutral buffered formalin Fisher Scientific 22-110-869
24-well plates, untreated Sigma-Aldrich CLS3738
70% ethanol (dilute from 95%) Fisher Scientific 04-355-226
Dissecting forceps with curved tips VWR 89259-946
Dissecting pan Carolina Biological 629004
Supply Company
Dissecting scissors (sharp/blunt
tip) VWR 82027-588
Gauze sponges Vitality Medical 2634 Curity 4 x 4 inch gauze sponge, 12 ply
Handi-Pins for dissection Carolina Biological 629132
Supply Company
Iris scissors (straight) VWR 470018-890
Isoflurane VetOne 501017

Scalpel VWR 100499-578  Feather scalpel handle with blade, disposable
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Identification and dissection of diverse murine adipose depots

Author(s):

Devika P. Bagchi and Dr. Ormond A. MacDougald

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

Standard Access

Item 2: Please select one of the following items:

D Open Access

The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
Devika P. Bagchi

D t t:

epartmen Molecular and Integrative Physiology
Institution: University of Michigan Medical School
Title: Graduate student
Signature: %—U Date: 12/04/18

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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January 11, 2019

Phillip Steindel, Ph.D.
Review Editor
Journal of Visualized Experiments

JOVE59599
Title: Identification and dissection of diverse mouse adipose depots

Dear Dr. Steindel,

We appreciate the thoughtful editorial and reviewer comments for our manuscript. We have
revised our manuscript, entitled “Identification and dissection of diverse mouse adipose depots”
to address each of the comments from the reviewers and editorial board as outlined below.

Reviewer #1:

The current manuscript describes useful description about how to identify and dissect different
fat depots from mice. If visual procedure of dissection is well established, it will certainly add great
value to inexperienced personnel in scientific community. However, some improvement must be
made to complete as a paper.

Major Concerns:

1. Introduction should include more descriptions about brown fat and specialized functions of
other adipocytes besides the major WAT depots. Some of those described in the Protocol can be
moved to Introduction.

We have extensively revised the Introduction to describe the specialized functions of brown
adipose tissue (BAT) and other adipocyte depots. We have added new descriptions of BAT and
have moved some of the depot descriptions from the Protocol to the Introduction.

2. More specific information about the materials and equipment should be provided.

We have provided further details regarding materials and equipment used in this protocol.

3. Steps that are critical or require careful attention should be highlighted in the protocol. For
instance, when dissecting discrete depots that appear to be continuous. Alternatively, this can be
highlighted in the form of video.

The Protocol section details the anatomic landmarks that are critical to note when dissecting

depots that appear to be continuous. These steps will also be highlighted in the video. In
addition, we have revised the Discussion to draw attention to other crucial steps.

L]
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Minor Concerns:

1. In Figure Legends, the labels - (A), (B), (C), etc - point to words in opposite directions, which is
confusing. For example, the labels point to the former in Figure 1 whereas they point to the latter
in Figure 2. In addition, labels (d), (i), and (g) of Figure 1 (E)? should be used consistently in small
letters in the figure.

We have updated the figure legends so that labels are consistently listed after the respective
adipose depots. In Figure 2E (formerly 1E), we have also changed the “d”, “i”, and “g” labels to
lowercase letters. We have also added in other designations for major anatomic landmarks
(e.g. kidney).

Reviewer #2:

This article provides a valuable resource for researchers to clearly distinguish and experimentally
isolate the discrete adipose tissue depots within the mouse. The description of the dissection is
clear and in conjunction with a video will greatly assist researchers.

Major Concerns:

1. The article would be significantly improved by the inclusion of a schematic figure clearly
showing the anatomical locations of all the adipose tissue depots to be dissected. The schematic
figure would complement the anatomical images presented in figure 1.

We recently published an atlas of mouse adipose depots as a SnapShot in Cell Metabolism. We
have adapted that schematic (now Figure 1) to depict the anatomic locations of the adipose
depots dissected using this protocol.

2. It appears that the proposed video will not include dissection of the interscapular BAT depot. |
think that this dissection should be included in the video given the importance of this depot in
thermoregulation and obesity. Furthermore, isolation of additional BAT depots such as
subscapular should also be included in the video and manuscript.

For this manuscript, we have chosen to focus on the identification and excision of commonly
studied WAT depots and diverse uncommonly studied depots of adipocytes. However, brown
adipose tissues are undoubtedly important in thermoregulation and global metabolism. We
have therefore included a step-by-step description of the excision of interscapular BAT and will
include the dissection in the proposed video associated with this manuscript. The field would
certainly benefit from a protocol summarizing other BAT depots and their excision; however,
we feel that those dissections are outside the scope of this manuscript.

Reviewer #3:



It is now quite clear that anatomically distinct adipose depots differentially contribute to energy
metabolism and physiology. A detailed protocol for the isolation of these distinct depots has been
missing from the field and is definitely needed. This protocol is timely, very well-written, and the
discussion is excellent.

Major Concerns:

None

Minor Concerns:

1. In cases where the certain WAT depots are not abundant (e.g. bone marrow fat and
intramuscular fat), the authors may want to steer readers towards literature describing models
to induce these fat depots (e.g. skeletal muscle chemical injury; various methods to induce bone

marrow adipogenesis, etc.).

For researchers interested in depots that are not commonly present in lean mice, we have
added relevant references and techniques to induce expansion to the Discussion section.

Editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are
no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors
in the submitted revision may be present in the published version.

We have thoroughly proofread the manuscript to ensure that there are no spelling or
grammatical mistakes.

2. Please revise the table of the essential supplies, reagents, and equipment. The table should
include the name, company, and catalog number of all relevant materials in separate columns in
an xIs/xlsx file. Please sort the Materials Table alphabetically by the name ofin Figure 2.

We have revised the table of essential supplies, reagents, and equipment. The table is now
presented in alphabetical order and includes the name, company, and catalog number of all
required materials.

4. Please revise the Introduction to include all of the following:

a) A clear statement of the overall goal of this method

b) The rationale behind the development and/or use of this technique

c) The advantages over alternative techniques with applicable references to previous studies

d) A description of the context of the technique in the wider body of literature

e) Information to help readers to determine whether the method is appropriate for their
application



We have revised the Introduction to include the rationale behind the development of this tool,
the advantages over currently available methods with applicable references, a description of
the context in the wider body of literature, information to help readers to determine if the
method is appropriate for their experimental needs, and a clear statement of the overall goal.

5. Please ensure that all text in the protocol section is written in the imperative tense as if telling
someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be
described in the imperative tense in complete sentences wherever possible. Avoid usage of
phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that
cannot be written in the imperative tense may be added as a “Note.” However, notes should be
concise and used sparingly. Please include all safety procedures and use of hoods, etc.

We have revised the Protocol section to ensure that all dissection steps are written in the
imperative tense. We have added “Notes” for text that cannot be written in the imperative
tense.

6. Please add more details to your protocol steps. Please ensure you answer the “how” question,
i.e., how is the step performed? Alternatively, add references to published material specifying how

to perform the protocol action.

We have revised the Protocol section to add further details to the dissection of each described
adipose depot.

7. What type of mouse is used? Age/Strain?

For the purpose of this dissection protocol, four to six-month-old C57BL/6J mice are used. We
have added this information to the Protocol section.

8. Please specify how animals are anesthetized and how proper anesthetization is confirmed. We
need specific values used. What concentration of isoflurane?

We have further specified that animals are euthanized in an isoflurane vaporizer with a flow
rate > 5%. Isoflurane exposure is continued until one minute after breathing stops. Euthanasia
is confirmed by an appropriate secondary measure. Approved secondary measures will vary by
institution and animal protocol and may include cervical dislocation or decapitation.

9. What instruments are used for the incisions?

We have specified that iris scissors are used for all incisions described in this protocol.

10. What are the lengths of the incisions?



Lengths of incisions will vary depending on the age and corresponding size of the animal being
dissected. However, we have added approximate lengths for the dissection of a typical four to
six-month-old C57BL/6J mouse.

11. What is used to peel back the skin?
We have specified that curved forceps are used to peel back the skin throughout this protocol.
12. Please include the staining method in the protocol as well (this can be a reference).

We have specified the use of Hematoxylin and Eosin staining for adipose histological analyses.
We have added an appropriate reference for the staining protocol.

13. As we are a methods journal, please revise the Discussion to explicitly cover the following in
detail in 3-6 paragraphs with citations:

a) Critical steps within the protocol

b) Any modifications and troubleshooting of the technique

c) Any limitations of the technique

d) The significance with respect to existing methods

e) Any future applications of the technique

We have revised the Discussion to explicitly cover the significance of this method with respect
to existing protocols, steps critical to the success of the method, current limitations and
potential modifications that can be used to overcome them, and further applications of this
protocol.

14. Please do not abbreviate journal titles.

In the revised manuscript, we used the JoVE EndNote style file for format our references;
however, some journal titles remain abbreviated even with this style file.

We again thank the editor and reviewers for their thoughtful comments. Thank you for
considering our revised manuscript for publication in the Journal of Visualized Experiments.

Sincerely,

Devika P. Bagchi and Ormond A. MacDougald
Department of Molecular & Integrative Physiology
University of Michigan Medical School

Ann Arbor, MI 48105



