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Cover Letter

Dear Editor,

Please find enclosed a manuscript by Jourdain et al. entitled “Mouse models of cancer-induced cachexia:
hind limb muscle mass and evoked force as readouts”. We kindly ask the manuscript to be considered for
publication in Journal of Visualized Experiments as a research article. Cachexia associated with advanced
cancer is a severe symptom reducing quality of life and life expectancy of cancer patients. Currently, no
effective therapies are available to treat cachexia.

We describe here detailed protocols to generate and evaluate two murine models of cancer-cachexia, one
syngeneic and one xenograft. Furthermore, readouts such as Magnetic Resonance Imaging (MRI) and
evoked force measurement that are used to evaluate muscle mass, volume and function are described.
This protocol will allow the testing of potential therapeutic agents for the treatment of cachexia.

We hope you agree that this study is appropriate for consideration in Journal of Visualized Experiments.

Best regards,

Shinji Hatakeyama, Ph.D.
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24 SHORT ABSTRACT:
25  Progressive cachexia affects the majority of patients with advanced cancer. There is an urgent
26  medical need for effective treatments. However, there is no specific therapeutics currently
27  available. Here we describe mouse models and readouts for cancer-induced cachexia to allow
28  the testing of potential therapeutic agents for the treatment of cachexia.
29
30  LONG ABSTRACT:
31 The majority of patients with advanced cancer suffer from cachexia, a systemic wasting
32 syndrome, which causes a reduction in tolerance to anti-cancer treatment, response to
33 therapy, quality of life, and eventually, duration of survival. Currently, there is no specific
34  remedy available despite the urgent medical need for an effective treatment of cachexia. An
35 important aspect of cachexia is the inexorable loss of skeletal muscle mass leading to
36  progressive functional impairments. It is, therefore, crucial to identify early readouts for the
37 loss of muscle mass and function to initiate appropriate and timely treatments. Here, we
38 describe mouse models of cancer-induced cachexia using readouts such as hind limb muscle
39  mass and volume, as well as evoked force and food intake measurement, to allow the testing of
40 potential therapeutic agents for the treatment of cachexia. We focus on experimental cancer
41 models using a mouse (syngeneic) or a human (xenograft) cancer cell lines with a rapid onset of
42  tumor growth and cachexia, which are easier to establish, monitor and reproduce compared to
43  the genetically engineered mouse models.
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INTRODUCTION:

The majority of patients with advanced cancer suffer from cachexia, and cancer-induced
cachexia results in a poor outcome, such as an increased toxicity to chemotherapy, a reduction
in quality of life, and survival rate® 2. It is proposed that skeletal muscle loss is the most
prominent event in cancer cachexia and cannot be fully reversed by conventional nutritional
support3®. Despite the urgent need for the effective treatment of cancer cachexia, there is no
specific therapeutic treatment currently available.

Various pre-clinical models have been developed to better understand the underlying
mechanisms of muscle wasting associated with cancer and to explore the effectiveness of
therapeutic strategies. Most of them involve the injection of cancer cell lines in
immunocompetent (syngeneic) or immunosuppressed animals (xenograft)® 7. Although many
animal studies use bodyweight as an outcome, it is necessary to use additional dedicated
readouts in order to characterize, more specifically, the loss of skeletal muscle mass and
function.

We describe here detailed protocols to generate and evaluate two murine models of cancer-
cachexia, one syngeneic®!?, and one xenograft®. Furthermore, readouts such as Magnetic
Resonance Imaging (MRI)!? and evoked force measurement!® 4 that are used to evaluate
muscle mass, volume and function are described. The methods described here will enable
testing and identification of potential therapeutic agents for the treatment of cancer cachexia.
Furthermore, these readouts are widely applicable to other muscle wasting conditions such as
other types of cachexia, sarcopenia and disuse-induced muscle atrophy.

PROTOCOL:

Protocols described here were performed according to the official regulations effective in the
Canton of Basel-City, Switzerland, under the license number BS-2186. Animals under this
license have to be euthanized if they experience a body weight loss of -20% or reach a tumor
size of 1,500 mm3. In experiments with CT-26 cells, mice typically reach the body weight loss
criterion first. In experiments with A2058 cells, mice reach first the tumor volume criterion.

1. Cancer Cell Lines Preparation and Inoculation

Note: The mouse colon cancer cell line CT-26'> was a gift (see Table of Materials). The human
A2058 melanoma cell line was commercially purchased (see Table of Materials).

1.1. Mouse colon CT-26 cancer cell line
1.1.1. Thaw a frozen vial containing cells, transfer the cell suspension to a culture flask

containing RPMI 1640 medium supplemented with 10% heat-inactivated fetal bovine serum
and antibiotic-antimycotic solution, and place at 37 °C with 5% CO,.
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1.1.2. After 2-3 passages performed every 2-4 days with a standard cell culture procedure
before the cells become confluent, harvest CT-26 cells by treatment with a proteolytic cell
detachment solution and suspend them in a solution containing 50% PBS and 50% of liquid
basement membrane matrix in order to achieve a concentration of 3 x 10° cells/mL ensured by
a standard electronic cell number counting method. Keep this cell suspension on ice to avoid
polymerization of the hydrogel matrix.

1.2. Human A2058 melanoma cell line

1.2.1. Thaw a frozen vial containing cells and transfer the cell suspension to a culture flask
containing DMEM medium supplemented with 10% heat-inactivated fetal bovine serum and
antibiotic-antimycotic solution and place at 37°C with 5% CO,.

1.2.2. After 3-4 passages performed every 2-4 days with a standard cell culture procedure
before the cells become confluent, harvest A2058 cells by the treatment with a proteolytic cell
detachment solution and suspend them in a solution containing 50% PBS and 50% of liquid
basement membrane matrix in order to achieve a concentration of 30-50 x 10° cells/mL
ensured by a standard electronic cell number counting method. Keep this cell suspension on ice
to avoid polymerization of the hydrogel matrix.

1.3. Cell inoculation

1.3.1. Habituate mice at least one week to the animal facility before performing cell inoculation.
House them in groups of 5 or less animals at 25 °C with a 12:12 h light-dark cycle. Provide food
and water ad libitum, typically use a standard laboratory diet containing 18.2% protein and
3.0% fat with an energy content of 15.8 MJ/kg.

Note: Use immunocompetent adult mice (BALB/c, at least 10-weeks old) for CT-26 cells
inoculation. Perform A2058 human cells inoculation in immune-deficient mice (Athymic Nude,
at least 10-week old). With immune-deficient animals perform all manipulations in a sterile
environment.

1.3.3. Weigh the animal and put it under anesthesia with isoflurane mixed with O; as a carrier
gas (induction at 4%, maintenance between 1.5 and 2%).

1.3.3. Apply protective gel to the eyes of the animal and shave the left or right flank.
1.3.4. Disinfect the shaved area with a solution containing 70% Ethanol or Betadine Solution.
1.3.5. Lift the chosen flank skin with forceps, and inject 0.1 mL of cell suspension containing 0.3

x 107 cells in case of CT-26 or 3-5 x 107 cells in case of A2058 subcutaneously into the left or
right upper flank of a mouse using a syringe and a 24G needle. Inject 0.1 mL of 50% PBS and
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50% of liquid basement membrane matrix into Non-tumor bearing control mice. Put the mouse
back in its cage and monitor until it wakes up.

Note: The number of cells injected will ultimately result in substantial tumor growth while
avoiding too rapid body weight loss.

2. Animal Monitoring

2.1. Measure the body weight and the tumor volume 2 to 3 times per week in the first 2 weeks
and then every day until the end of experiment or as soon as mice lost more than 10% of their
initial body weight.

2.2. Start measuring the tumor volume through the skin in vivo as soon as they become
palpable, usually a few days after inoculation (ca. 3-5 days). Measure length and width using
calipers and calculate the size of the tumor using the following formula: (length x width?)/2.

2.3. Assess food consumption by weighing food 2-3 times per week throughout the experiment.

Note: Food intake is reported as the amount of food consumed, divided by the number of
animals in the cage and the number of days.

2.4. Euthanize mice prematurely with CO; in the following cases: when body weight loss is close
to 20%, tumor volume reaches 1,500 mm?3, when tumors become necrotic, or when the animal
shows obvious and important signs of pain or discomfort.

2.5. At the end of the experiment, euthanize animals with CO;, and collect and weigh tumor
and skeletal muscles (e.g. tibialis anterior, gastrocnemius-soleus-plantaris complex and
qguadriceps).

3. Magnetic Resonance Imaging Measurement

3.1. Perform Magnetic resonance imaging (MRI) measurement under anesthesia with isoflurane
at a concentration of 3%, using an MRI with 7 T / 16 cm wide-bore instrument equipped with a
9-cm inner-diameter actively shielded gradient insert.

3.1.1. Apply veterinary eye ointment to the eyes to avoid drying during the scan.

3.1.2. Put the mouse in the MRI animal bed in the supine position, stretch the legs gently and
fix them with tape.

3.1.3. Maintain body temperature and monitor respiration throughout the experiment using a
physiology monitoring system.
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3.1.4. To define the area to be measured, switch on the laser and move the bed with the animal
until the laser point in the middle between knee and ankle.

3.1.5. Place the bed into the magnet.

3.2. Measure muscle volume using a modified 3D FLASH (Fast Low-Angle SHot) sequence, and
reconstruct the 3D water-only image with an imaging software.

3.2.1. Open the software, start a new study, enter and register experiment details. Choose
three scans (1-TriPilot-multi, 2—Localizer, 3 - FLASH-IDEAL).

3.2.2. Start the first scan (1-TriPilot-multi), and click on the traffic light. Once the scan is
completed, verify if the mouse is well positioned and centered for the next scan. Before to start
the second scan (2—Localizer), select this scan and click on geometry editor and adjust the
sagittal position window.

3.2.3. Once the scan is completed, select the scan 3 (FLASH-IDEAL) and click on geometry editor.
Select load preferences, choose localizer and click on accept. To set up the final scan, click
through the slices and adjust the axial position window.

3.2.4. Select the scan FLASH-IDEAL of the mouse to be analyzed in the paravison program, and
then the water-only image will be reconstructed and visualized in the 3D window. Go through
the slices to mark the knee and the ankle to define the range for imaging analysis.

3.2.5. Determine lower leg muscle volume by calculating the number of pixels in the water-only
image within the range and using the geometry information to convert the pixels to a volume
(mm3).

4. In Situ Force Measurement

4.1. Position the animal on a heating plate to maintain its body temperature around 37 °C
under anesthesia with isoflurane mixed with O; as a carrier gas (induction at 4%, maintenance
between 1.5 and 2%).

4.2. Shave one leg, perform a ~1 cm incision parallel to the femur with small scissors and
expose the sciatic nerve. Maintain it exposed using a glass hook, and prevent it from drying by
embedding the nerve in electrode gel.

4.3. Expose the Achilles’ tendon of the gastrocnemius-soleus-plantaris muscle complex, cut it
loose together with a piece of a calcaneus and then attach it to a force displacement transducer
using either a polyethylene or a metallic wire.
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4.4. Attach the previously exposed sciatic nerve to a stimulating electrode and connect it to an
electrical stimulator.

4.5. Immobilize knee and ankle joints with a clamp to avoid unwanted movements. Muscle and
tendon have to be horizontally aligned with the force transducer.

4.6. Stimulate the sciatic nerve with square bi-phasic pulses of 0.5 ms duration at 20 mA. To
evoke twitch contraction, apply 4 stimulations of 1Hz every 20 s were applied, and to evoke
tetanic contraction, perform 11 stimulations ranging from 10 to 120 Hz every 30 seconds.

Note: The force of contraction produced by the gastrocnemius-soleus-plantaris muscle complex
in response to electrical stimulation of the sciatic nerve is transmitted via a force displacement
transducer, amplified by a bridge amplifier, acquired with a data acquisition system and
analyzed using a dedicated software to obtain the evoked force parameters.

4.7. Once the stimulation protocol is finished, carefully detach the animal and sacrifice it
immediately CO; before performing muscle dissection as described in 2.4).

REPRESENTATIVE RESULTS:

In the CT-26 tumor-bearing group, body weight decrease started around day 13 and was
significantly decreased from day 15 when compared to the non-tumor group (Figure 1A). This
was associated with a progressive tumor growth, with a mean tumor volume reaching ca. 800
mm? by the end of the study 3 weeks after cell inoculation. In animals inoculated with A2058
cells, bodyweight decrease, and tumor growth were slower as compared to CT-26 tumor-
bearing mice (Figure 1B). Bodyweight was significantly decreased from day 17 post-inoculation,
and the study was terminated 3 weeks after inoculation with a mean body weight loss of about
5% and a tumor volume of ca. 900 mm3. A significant decrease of food intake was associated
with body weight loss in both cancer models. It was present at earlier stages in A2058 tumor-
bearing animals (Figure 2B) than in mice inoculated with CT-26 cell line (Figure 2A), although
more pronounced in the latter.

CT-26 tumors induced a significant decrease in the pooled muscle weight by close to 20% as
compared to the non-tumor bearing group (Sham; Figure 3A). Muscle atrophy appeared more
pronounced in tibialis muscle (ca. 30%) and close to average in gastrocnemius complex or
quadriceps. Muscle weight loss was milder in the A2058 tumor-bearing group (Figure 3B) when
compared to CT-26, with a significant decrease in pooled muscle weight by about 10% as
compared to the non-tumor bearing group (Sham). Muscle atrophy in this model appeared less
pronounced in tibialis muscle when compared to gastrocnemius complex and quadriceps.

Calf muscle volume was assessed non-invasively using MRI in the CT-26 mouse colon cancer
model only. Significant reduction in calf volume could be observed as early as seven days after
cancer cells inoculation, in left (Figure 4A) and right leg (Figure 4B); hence prior to body weight
loss. Calf muscle volume can, therefore, be used as an early, non-invasive marker to determine
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the onset of muscle wasting in this model. Gastrocnemius complex isometric force was
measured in response to sciatic nerve stimulation terminally at the end of both animal studies.
The advantage of this method compared to other tests (e.g., grasping test) is that it is
independent of the motivation of the animals and that it allows to assess the entire range of
force production (from minimal to maximal force). In the CT-26 tumor-bearing group muscle
force was significantly reduced as compared to sham animals for frequencies of stimulation as
low as 40Hz (Figure 5A). In the A2058 tumor-bearing group this significant decrease could only
be observed from 100 Hz (Figure 5B). Both muscle twitch (force at 1 Hz) and maximal force
displayed were significantly decreased for the two cancer cachexia models.

FIGURE LEGENDS:

Figure 1: Changes in body weight and tumor volume. A) CT-26 mouse colon cancer and B)
A2058 human melanoma -induced cachexia. Sham refers to non-tumor control animals that
received the solution only (i.e. without cells). Body weight (including tumor weight) is expressed
as % of change from the day of inoculation. Tumor length and width were measured with a
caliper and tumor volumes were calculated using the formula length x width?)/2. Values are
expressed as means + SEM (n=10-11); *: P < 0.05, **: P < 0.01, ***: P < 0.01 versus non-tumor
group by unpaired t-test comparison.

Figure 2: Progression of food intake. A) CT-26 mouse colon cancer and B) A2058 human
melanoma -induced cachexia. Food intake was assessed by weighing food 2-3 times per week.
Food intake is expressed as the weight in grams consumed by each mouse per day. Values are
expressed as means + SEM (n=10-11); *: P < 0.05, **: P<0.01, ***: P < 0.01 versus non-tumor
group by unpaired t-test paired comparison.

Figure 3: Muscles weight. A) CT-26 mouse colon cancer and B) A2058 human melanoma -
induced cachexia. Muscle weight was measured at the end of the experiment, normalized to
the body weight measured on the day cells were inoculated and then expressed as % change
from the Sham group (non-tumor control group that received the solution without cells). Values
are expressed as means + SEM (n=10-11); *: P < 0.05, **: P < 0.01, ***: P < 0.01 versus non-
tumor group by unpaired t-test comparison.

Figure 4: Calf Muscle Volume assessed by MRI. Calf muscle volume was measured in CT-26
induced cachexia with MRI under anesthesia with isoflurane, calculated with imaging software
and represented as mm?3. All values are expressed as means = SEM (n=10-11); *: P < 0.05, **: P
< 0.01, ***: P<0.01 versus non-tumor group by unpaired t-test comparison.

Figure 5: The isometric force of the gastrocnemius complex. A) CT-26 mouse colon cancer and
B) A2058 human melanoma -induced cachexia. The sciatic nerve was stimulated using 1Hz
electrical stimulation (Twitch) and increasing frequencies ranging from 10 to 160 Hz (Tetanus)
with a stimulating electrode. The force of muscle contraction produced by the gastrocnemius-
soleus-plantaris muscle complex in response to electrical stimulation of the sciatic nerve was
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acquired and calculated with a data acquisition system. Force is represented in gram; values are
expressed as means + SEM); *: P < 0.05, **: P<0.01, ***: P < 0.01 versus non-tumor group by
unpaired t-test comparison.

Table 1: List of established cachectic cell lines.

DISCUSSION:

Cancer patients with reduced skeletal muscle mass resulting in functional impairment are at an
elevated risk for toxicities due to chemotherapy treatment and increased overall mortality.
Here we demonstrate that a calf volume decrease is measurable by MRI at early stages of the
disease progression (7 days post cell inoculation), whereas bodyweight decrease could only be
observed about one week later (15 days post cell inoculation). Equally, it is reported that body
weight loss alone was not able to reflect muscle fiber atrophy in cancer cachexia patients?®.
Therefore, calf volume could be used as an early, non-invasive marker for initiation of a
therapeutic treatment. When choosing an experimental model for cancer cachexia it is
important to consider as a first choice the cell lines that lead to the smallest tumor burden
(Table 1). Indeed, the window to test therapeutic compounds will be less limiting.

Furthermore, we could observe that even with a marginal loss of body weight (loss of 5% in
A2058 tumor-bearing animals), hind limb muscle mass and function were significantly
impacted, as shown by the pronounced gastrocnemius complex atrophy and significantly
reduced evoked force. This further highlights the importance of using muscle mass and
functions, not only relying on bodyweight as the readout to assess muscle wasting conditions.
The use of MRI could be expanded to evaluate comorbidities associated with cancer cachexia,
such as cardiac alterations which are often observed in cancer cachexial” 18, although the
access to MRI might be limited.

Importantly, hind limb muscle mass, volume and evoked force measurement could also be used
to monitor the progression of cachexia and/or loss of muscle mass and functions, in other
animal models such as anorexia-cachexia syndrome, cardiac or burn-induced cachexia,
sarcopenia and disuse-induced muscle atrophy models. In particular, the measurement of
clinically applicable readouts such as muscle volume by MRI non-invasively as well as muscle
function allows more systemic assessment of the wasting condition, which gives a great
advantage over the method described previously®®. It would be more important in the future to
take such an integrated approach to assess the effect of therapeutic interventions for the
treatment of cachexia and muscle wasting conditions.
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Cell Line Origin Host Number to Inoculate Days until termination
A2058 Skin Melanoma Nude 3-5x 10° 20-30
A375M Skin Melanoma Nude 5x 10° 21-32
C32 Skin Melanoma Nude 3x10° 31-34
CT-26 Colon Carcinoma | Balb/C 3x10° 18 - 25
G-361 Skin Melanoma Nude 8x10° 27-42
LS-180 | Colon Carcinoma | Nude 3-5x 10° 16-22
MKN-1 Gastric Carcinoma Nude 8 x 10° 41-48
PC-3M | Prostate Carcinoma | Nude 3x10° 20-35
TOV-21G | Ovary Carcinoma Nude 3-5x 10° 25-35
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Name Company

Force Transducer Grass Instruments
Force Transducer

LabChartPro ADInstruments GmbH
Power Lab

Stimulus Generator

MRI Avance 7 T / 30 cm wide-bore instrument Bruker BioSpin Inc
Matlab Mathworks
physiology monitoring system SA Instruments Inc

mouse colon cancer cell line CT-26
human A2058 melanoma cell line ATCC
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article: !

Author(s):

| Mouse models of cancer-induced cachexia: hind limb muscle mass and evoked force as readouts

Jourdain Marie, Melly Stefan, Summermatter Serge, Hatakeyama Shinji

Iltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: X Standard Access

Item 2 (check one box):

i Open Access

1 The Author is NOT a United States government employee.

... The 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.

LI The 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 MylJove 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.
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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 rights permitted under such
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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. 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.

9. 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 wuse, 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.

10. 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 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
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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.

11. 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 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
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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.

12. 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.

13. 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 required per submission.
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Rebuttal Letter Click here to download Rebuttal Letter Answers to reviewers and %
editorial comments.docx

Reviewers' comments:
Reviewer #1: Manuscript Summary:

The manuscript by Jourdain and coworkers describe two mouse models of cancer cachexia, the
first already well established and characterized by several laboratories (including PMID:
27929469 in this same journal) and the second reported in a single paper (PMC5435723). The
manuscript highlights methodological aspects relevant for providing reliable investigational
tools. The subject is relevant and deserves attention, however some points should be clarified
and/or improved.

We would like to thank the reviewer for the constructive comments, which are highly
appreciated. We have now modified the manuscript according to the reviewer’s suggestions.

Major Concerns:

- Cancer cell lines: please provide a reference for the source (Cell bank, original paper where
the line was established, commercial provider, etc.). Moreover, clarify whether CT26 cells are
similar or the same cells that elsewhere are called C26.

The mouse colon cancer cell line CT-26 was obtained from Dr. Chatenay-Rivauday at Novartis
Pharma AG (Basel, Switzerland) and originally provided by Dr. Isaiah J Fidler’s lab at the MD
Anderson Cancer Center in Houston TX. We now indicated the source of the cells and have also
added a corresponding reference (Int J Cancer. 1992 Aug 19;52(1):98-104).

- From the text it is unclear whether final body weight change in comparison to the initial body
weight is takes in consideration the tumor mass. Please provide both data (with and without
tumor mass).

Tumor weight was not subtracted from final body weight when % of change from cell
inoculation was calculated. This is now specified in the manuscript (legend Figure 1). In the case
of CT-26, it was -8.4% with tumor weight and -11% without tumor (i.e. after subtracting tumor
weight).

- Please explain the reason for choosing the adopted temporal endpoint. One might argue that
also A2058 cell induce severe cachexia if allowed to growth for longer.
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We fully agree with the reviewer and would like to thank for the comment. The endpoints have
been selected based on cantonal regulations for animal experimentation. The experimental
license BS2186 granted by the cantonal authorities of Basel requires animals to be euthanized as
soon as certain predefined cut-off criteria are reached. In case of experiments involving CT-26
cells, mice reached the bodyweight loss cut-off (-20%) faster than the tumor volume cut-off
(1500 mm?d). In case of experiments involving A2058 cells, mice reached the tumor volume cut-
off (1500 mm?®) earlier and had to be sacrificed despite moderate bodyweight loss. This is now
specified in the manuscript.

- As for the food intake, few points are present in the curves in comparison to the body weight
data. | suppose that each point represent the average amount of food intake consumed in the
period starting from the previous measurement. Such approx. impedes to highlight a potential
severe anorexia present in the last days before sacrifice.

Food intake is shown as the average food consumption during the indicated days. We now more
clearly state this in the manuscript.

- Please comment on the value and feasibility of measuring evoked force as compared to
voluntary strength (e.g. grasping test or others). Moreover, the force in the graph is expressed in
grams, not the right measure unit (Newton), please convert.

The disadvantage of other tests (e.g., grasping test) is that they depend on the motivation of the
animals, which is an enormous confounding factor. The evoked force occurs under anesthesia
and is triggered by increasing electrical stimulation, which allows assessments over the entire
range of muscle contractions from the minimal to the maximal force. We have now added a
corresponding explanation. The unit has been converted to Newton.

- MRI for detecting calf volume reduction was performed only at 7 days of tumor growth. Such
result is intriguing since highlights the precocious loss of muscle mass, however it would be
useful to provide a time course or at least the final point before sacrifice in order to validate the
data as compared to muscle mass measured at necropsy.

We fully agree with the reviewer. We wanted to assess, whether at the 7, which is prior to body
weight loss, there is already a muscle weight loss which could be used as an early, non-invasive
marker for muscle wasting. We now highlight our rationale in the manuscript.



Minor Concerns:

- Please clarify better the area where cell injection is performed.

Cells are injected subcutaneous on the left or right upper flank side, in order to allow proper
grabbing for tumor measurements or other manipulation without touching the tumors. This is
now described in the manuscript.



Reviewer #2: Manuscript Summary:

The authours address an important question in muscle wasting field: can skeletal muscle wasting
precede body weight loss in cancer bearing-mice? Two unrelated cancer cachexia models are
used the C26-bearing mouse and the human melanoma bearing-ones. The first is in an
immunocopetent backgroud and the second in immunodeficient mice.

The comparison between the two models helped to answer the main question of the paper

Major Concerns:
Some important dataset are missing:

In fig 1 survival plot shall be added

We are not allowed to run survival experiments under our experimental licenses. However, we
have recently published surrogate survival plots based on our predefined cut-off criteria (body
weight loss or tumor size), which are now specified in the method and have now added the
corresponding reference.

In Fig 2 is food intake measured for each animal that has been kept alone in each cage? Or is
the food intake the mean of the food eaten from multiple animals for the same cage and divided
for the n? That should be clarified

The experimental license BS2186 granted by Basel-City cantonal authorities does not allow us to
keep animals alone unless there is a major incompatibility. Therefore the food intake data is
calculated by dividing the total amount of food eaten per cage by the number of mice present in
this cage. This is now specified in the manuscript.

In fig 3 soleus decrease in size shall be shown alone as example of oxidative muscle, please show
that out. At which day from tumor injection have these muscles been weighed? If different for
each mouse (data come from a survival experiment), they cannot plot altogether and the
experiment has to be repeated choosing a predefined timepoint. The same holds for the fig 3B

In these experiments, soleus muscle weight is not available because we measured the weight of
gastrocnemius-plantaris-soleus muscle complex and did not separate each muscle. With regard to
the timing to weigh the muscles, it was performed one to two days after the last measurements of
body weight and tumor volume, not different for each mouse.



in fig 4 what are the calf measurements by MRI in A2058-carrying mice? Please add them, if
they do not show muscle wasting ,discuss why that in the appropriate section

MRI measurement was not performed with A2058.
Minor Concerns:

CT-26 shall be replaced with C26

why just 3X105 cells of C26 are injected if most researchers do 1 million or half millions of
cells?

The starting cell number has been determined in pilot experiments. The amount indicated was
appropriate to induce substantial tumor growth with sufficient window for later treatment in the
model. This is now more clearly stated in the manuscript.

cubic mm is unappropriate, please correct it as well as many mispellings and gramatcal
mistakes throughout all the text

Cubic mm has been replaced with mm?3, and typos have been corrected.

Discussion shall be enriched with references and points coming out from the data provided

We thank for the suggestion. Discussion is enriched with references and key points from the data.



Editorial comments:

Changes to be made by the Author(s):

The changes requested by the editor have been applied and the essential steps of the protocol are
highlighted in yellow.

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.

2. For in-text formatting, corresponding reference numbers should appear as numbered
superscripts after the appropriate statement(s).

3. Please upload each Figure individually to your Editorial Manager account as a .png or a .tiff
file. Please combine all panels of one figure into a single image file. Please also provide a one
liner title for the figures in the legend.

4. Please remove the titles and Figure Legends from the uploaded figures. Please provide the
Figure and Table Legends after the Representative Results.

5. Please upload each table as .xIs/.xlsx file separately into your editorial manager account.

6. 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 xls/xlsx file.

7. Unfortunately, there are a few sections of the manuscript that show significant overlap with
previously published work. Though there may be a limited number of ways to describe a
technique, please use original language throughout the manuscript. Please see lines: 47-50, 166-
167, 209-211, etc.

8. JOVE cannot publish manuscripts containing commercial language. This includes trademark
symbols (™), registered symbols (®), and company names before an instrument or reagent.
Please remove all commercial language from your manuscript and use generic terms instead. All
commercial products should be sufficiently referenced in the Table of Materials and Reagents.

For example: Betadiene, Bruker Avance 7 T / 16 cm, Bruker BioSpin Inc., Billerica, MA, USA,
SA Instruments, Inc, Stony Brook, NY, USA, Matlab (Mathworks, Natick), MA, USA, PowerLab,
etc.

9. 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



¢) 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

10. Please use S.1. abbreviation throughout the protocol.

11. 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.

12.1.1.1-1.2.1: Please explain where is the cell line from? How do you put the frozen cell in
culture? Do you thaw the cells or just transfer the cells from the cryovial to the tube and then
add medium to it? How do you ensure the cell number at this stage?

13.1.1.2.- 1.2.2: How do you passage the cells? Please add a note stating why 2-3 or 3-4
passages of the cells. What is the cell confluency while trypsinisation? What other criteria do
you look for before ensuring cells are ready for further processing- cell count, etc?

14. 1.3.1 — How much cells are injected? Cell number/kg body weight? Do you check anything
before and after cell injection? What is the age and gender of the mice being inoculated?
Anything specific to keep in mind.

15. 2.1- This should come before the animal injection occurs. This will be the order of filming.

16. 3.2: Please provide GUI if this step needs to be filmed. The video will show how to do the
things.

17. 4.2: Please explain do you use sterile instrument? How do you identify the Achilles tendon?
18. 4.4: Please explain when was the sciatic nerve exposed?
19. Line 178-181: Please mark as a note.

20. Please ensure that a single line space is left between each step and sub-step of the protocol.
The font used us Calibri and font size is 12 with one inch margin on all sides.

21. Please highlight 2.75 pages or less (hard cut limit) of the Protocol (including headings and
spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should
be visualized to tell the most cohesive story of the Protocol. The highlighted steps should form a
cohesive narrative with a logical flow from one highlighted step to the next. Remember that non-
highlighted Protocol steps will remain in the manuscript, and therefore will still be available to
the reader.

22. Please also ensure that the steps involving anesthesia, steps involving calculations and
computational steps without GUI cannot be filmed.



23. Line 190: Please explain what is non- tumor group. What was injected in the non-tumor
group? What is being measured here?

24. Please obtain explicit copyright permission to reuse any figures from a previous publication.
Explicit permission can be expressed in the form of a letter from the editor or a link to the
editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to
your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend,
i.e. “This figure has been modified from [citation].” Please ignore if figures are original.

25. 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



