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A protocol to co-inject cancer cells and fibroblasts and monitor tumor growth over time is
provided. This protocol can be used to understand the molecular basis for the role of
fibroblasts as regulators of tumor growth.

ABSTRACT:

Cancer-associated fibroblasts (CAFs) can play an important role in tumor growth by
creating a tumor-promoting microenvironment. Models to study the role of CAFs in the
tumor microenvironment can be helpful for understanding the functional importance of
fibroblasts, fibroblasts from different tissues, and specific genetic factors in fibroblasts.
Mouse models are essential for understanding the contributors to tumor growth and
progression in an in vivo context. Here, a protocol in which cancer cells are mixed with
fibroblasts and introduced into mice to develop tumors is provided. Tumor sizes over time
and final tumor weights are determined and compared among groups. The protocol
described can provide more insight into the functional role of CAFs in tumor growth and
progression.

INTRODUCTION:

Within the tumor microenvironment, one of the most prominent cell type is the cancer-
associated fibroblast (CAF)!. These carcinoma-associated fibroblasts can play a tumor-
suppressive role?3. For example, S100A-expressing fibroblasts secrete collagens that
can encapsulate carcinogens and protect against carcinoma formation4. Further,
depletion of a-smooth muscle actin (SMA)-positive myofibroblasts in pancreatic cancer
causes immunosuppression and accelerates pancreatic cancer progression?. CAFs can
also co-evolve with cancer cells and promote tumor progression®®. Fibroblasts can
synthesize and secrete extracellular matrix proteins that create a tumor-promoting
environment®. These extracellular matrix proteins can cause mechanical stiffening of the
tissue, which is associated with tumor progression®1°. The deposited extracellular matrix
can act as a physical barrier that inhibits immune infiltration!!. Matrix deposition by CAFs
has also been associated with tumor invasion as fibronectin generated by CAFs has been
shown to promote tumor invasion!?. CAFs promote angiogenesis and recruit
immunosuppressive cells to the tumor microenvironment by secreting transforming
growth factor-B (TGF- ), vascular endothelial growth factor (VEGF), interleukin-6 (IL-6),
and CXC-chemokine ligand 12 (CXCL12)%315, Because of their central role in promoting
tumor growth, cancer-associated fibroblasts are an emerging target for anti-cancer
therapy®16-18,

The protocol below describes a method for testing how fibroblasts affect the growth of
tumors in a well-established and widely-used mouse model of tumor growth. In order to
understand the importance of fibroblasts in the tumor microenvironment, the standard
protocol for introducing cancer cells into mice to monitor their growth was modified to
include fibroblasts with the cancer cell introduction. The cancer cells can be introduced
subcutaneously or intradermally. Intradermal introduction would result in tumors that arise
from the skin itself. Xenografts in which cancer cells and fibroblasts are co-injected into
mice represent an important methodological tool for dissecting the role of fibroblasts,
subpopulations of fibroblasts and protein factors in the ability to promote cancer growth*®-
21 A detailed protocol for co-injection of cancer cells and fibroblasts into mice is provided.
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This method can be used to compare the presence or absence of fibroblasts, to compare
fibroblasts from different sources?®, or to compare fibroblasts with and without expression
of specific proteins?®. After the cancer cells and fibroblasts are introduced, tumor size can
be monitored over time. At the end of the experiments, tumors can be dissected and
weighed. By monitoring tumor growth over time, the importance of different factors can
be dissected.

There are possible alternative approaches for studying the role of fibroblasts in tumor
growth. As an example, there are Cre-loxed based models that provide for tissue-specific
knockout of genes with drivers expressed preferentially in fibroblasts. Such approaches
also provide opportunities to investigate the role of specific genes and pathways in
fibroblasts for tumor progression. As compared with Cre-lox-based approaches, the
protocol provided would represent a significantly more rapid approach to monitoring the
role of fibroblasts because tumor growth would be monitored over just a few weeks. The
provided approach is also significantly less expensive because it does not require
generating and housing colonies of genetically engineered mice. The protocol provided
can be used to rapidly test the effect of knockdown of different genes using ShRNAs rather
than needing to develop mouse colonies. The provided approach is also more flexible
because it would allow for a comparison of different numbers of fibroblasts, different ratios
of cancer cells and fibroblasts, knockdown of different genes, and even comparison of
fibroblasts from different tissue sites or species. A Cre-lox approach would have the
advantage that the fibroblasts are present within the mice in a more physiological context.

The protocol reported here would be valuable for scientists who seek to monitor the
effects of fibroblasts on tumor growth rapidly and cost effectively. This protocol is
especially valuable for scientists investigating different subsets of fibroblasts or fibroblasts
from different sources on tumor growth on tumor growth. If it is important that tumor
initiation occurs in a physiological context, then genetically engineered mouse models
should be considered.

There are several possible approaches for performing these experiments. Immune-
competent mice can be used as hosts, which would allow for investigation of fibroblast-
immune cell interactions. For immune-competent mouse models, mouse cancer cells and
mouse embryonic fibroblasts (MEFs) must be injected. The use of MEFs also allows the
investigator to take advantage of the wide range of knockout mouse strains to test the
presence or absence of a gene of interest. Alternatively, immune-deficient mice can be
used to test the role of human fibroblasts in promoting the growth of tumors in mice that
are derived from human cancer cells. Introduction of the cancer cells can be performed
subcutaneously or orthotopically. For melanoma, as described below, the tumor-fibroblast
mixture can be injected intradermally for orthotopic injection that more closely simulates
the location within the skin where a melanoma would develop.

PROTOCOL.:

All experiments described were approved by the Animal Care Committee at the University
of California, Los Angeles.
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NOTE: Select cancer cells and fibroblasts that match the host mice for mouse strain.
Select cancer cells and fibroblasts that match the sex of the host mouse. Obtain mice
from breeding colonies or purchase them from reputable vendors. Introduce tumors into
mice that are ~8-10 weeks of age. Mice with fur will be in the telogen or resting phase of
the hair follicle cycle. Plan for a ratio of 0.5 to 3 fibroblasts to cancer cell.

1. Determine the appropriate number of mice to be used for experimentation
1.1. Prior to performing the studies, perform a power analysis to determine the

appropriate number of mice to use for the studies. Use the following formula to determine
sample size for an experiment with the specified power:

N = (Za-w2)+Za-p)ES)?
If o is the selected level of significance (usually 0.05), then 1-o/2 = 0.975 and Z=1.960.
B is the power and if 80% power is desired, then Z=0.84.

ES, the effect size = \u1- poVo

where po is the mean under hypothesis Ho, p1 is the mean under hypothesis Hi, and ¢ is
the standard deviation of the outcome of interest??.

NOTE: More information on calculating sample size can be found?2.
2. Generate cancer cells for injection

2.1. Determine the relevant growth rate with the following equation:
Gr = (In (N(t)/N(O)/t

NOTE: An example for cells that double in 24 hours is shown
Doubling time = In(2)/growth rate

24 hours = In(2)/growth rate

24*growth rate = .693

Growth rate = .693/24=.028875

2.2. Determine the number of cancer cells to plate and the amount of time the cells
need to be grown prior to injection.

NOTE: 0.25-1 million cancer cells are injected for each tumor formed.

2.3. Calculate the number of days required to generate a sufficient number of cells
according to the equation

N(t)=N(0)e9™
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where N(t) is the number of cells at time t, N(0) is the number of cells at time O, gr is the
growth rate, and t is the time.

NOTE: An example of these calculations for growing 500,000 cells to generate 10° cells
into each of 12 tumors. Based on these calculations, 5 days is sufficient to grow the
necessary number of cells:

N(t)=N(0)e9™

12 x 108 = 500,000e@™

12 x 10%=500,000e(.028875*t)

24=e(.028875*x)

In(24)=0.028875x

3.178=0.028875x

X=110 hours= 4.59 days

2.3.1. Allow extra time for cells to attach to the plate and for cells that are lost during
collection.

2.4. Plate cancer cells.

2.4.1. Wear gloves and lab coats when working with cultured cells.

2.4.2. Perform cell manipulations in a laminar flow hood to minimize the introduction of
microbes from the air into the samples. Treat the tissue culture hood with ultraviolet light
prior to use. Use sterile technique and only sterile cell culture plasticware and

consumables such as tissue culture-treated plates, pipets, and conical tubes.

2.4.3. Calculate the correct number and size of tissue culture plates based on the number
of cells in the vial and the desired cell concentration once plated.

2.4.4. Label tissue culture plates.

2.4.5. Prepare a water bath with water at 37 °C.

2.4.6. Aliguot medium into conical tubes and place in a water bath at 37 °C. Many cancer
cells can be grown in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with

10% fetal bovine serum (FBS).

2.4.7. Remove the required number of vials of frozen cells from the liquid nitrogen
freezer.

NOTE: Use freezer gloves when handling cells in a liquid nitrogen freezer.
2.4.8. Quickly thaw the cell vials in the water bath while gently shaking.

NOTE: Add ethanol to gloves while handling vials to maintain sterility.
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2.4.9. Using sterile technique in a tissue culture hood, pipet the cells into a 15 mL conical
tube containing 10 mL of DMEM + 10% FBS.

2.4.10. Centrifuge the cell mixture at 180 x g for 5 minutes.

2.4.11. Gently remove the supernatant with sterile suction or a sterile 10 mL pipet.
2.4.12. Gently resuspend the cells in the pellet into 1 mL of DMEM + 10% FBS.
2.4.13. Pipet the resuspended cells onto a labeled tissue culture plate with a sterile
p1000.

2.4.14. Using sterile 10 mL pipets, pipet medium with serum into tissue culture
plates.

2.4.15. Incubate tissue culture plates in a tissue culture incubator at 37 °C with 5%
CO:a.

2.5. Expand cancer cells to generate sufficient cancer cells for injection.

NOTE: Monitor cells with light microscopy for confluency. Trypsinize every two to three
days or as needed to prevent the cells from reaching 100% confluence. If a large number
of cells are required, use hyperflasks (Table of Materials) to grow a large number of cells
in a space- and medium-efficient way. Each time the cells need to be passaged, follow
this procedure:

2.5.1. Remove the medium from the plate with sterile suction or a sterile 10 mL pipet.

2.5.2. Gently wash the plate by pipetting on warm phosphate buffered saline (PBS). Then
remove the PBS with sterile suction or a pipet.

2.5.3. Pipet 5 mL of 1x Trypsin-ethylenediaminetetraacetic acid (EDTA) in PBS for a 10
cm plate onto the cells and incubate for 5 minutes at 37 °C.

2.5.4. Remove cells from the plate with gentle taps to dislodge the cells from the plate.

2.5.5. Using a sterile 10 mL pipet, collect the cells into DMEM with 10% FBS serum in
conical tubes.

2.5.6. Centrifuge conical tubes at 180 x g for 5 minutes.

2.5.7. Remove the supernatant by pouring it off. The cell pellet should be visible. Watch
it to make sure it remains in the tube.

2.5.8. Resuspend the pelleted cells by adding 1 mL of DMEM + 10% FBS and pipetting
up and down gently.
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2.5.9. Aliquot resuspended cells onto new tissue culture plates of the appropriate size
with DMEM + 10% FBS (10 mL of media is suitable for a 10 cm tissue culture plate).

3. Generate fibroblasts for injection

NOTE: Primary fibroblasts will senesce after too many doublings/passages. It is important
to use primary fibroblasts after a limited number of passages or doublings. Keep track of
the number of passages or doublings that the fibroblasts have grown from the mouse or
human skin. Use fibroblasts with fewer than 15 passages for primary human dermal
fibroblasts. Use fibroblasts with fewer than 9 passages for mouse embryonic fibroblasts.
Fibroblasts are altered when they become confluent. Trypsinize the fibroblasts when they
are approximately 90% confluent. Fibroblasts will have different properties depending on
how they are cultured. Many scientists promote culturing on more physiologically relevant
substrates than tissue culture plates such as 3D collagen matrices that more effectively
capture tissue-like environments?3-25,

3.1. Use the equation in section 2.1 to determine the growth rate for the fibroblast cells.

3.2.  Use the equation in section 2.2 to determine the number of days required to
expand the fibroblasts.

3.3. Plate the fibroblasts as described in section 2.3 using the appropriate medium on
the appropriate day to ensure cancer cells and fibroblasts will be ready for injection on
the same day.

3.4. Expand the fibroblasts in the appropriate medium to generate a sufficient number
of fibroblasts needed following the procedures described in section 2.4.

4, Shave mice to prepare mice for injection

NOTE: Wear lab coats, hair nets, shoe covers, and gloves when working with mice.

4.1. One to two days prior to injection, in accordance with the rules of the Institutional
Animal Care Committee, anesthetize the mice. If using isoflurane for anesthesia, use a
mixture of isoflurane and O2. Place the mice in an anesthesia chamber and introduce an

isoflurane/O2 mixture to maintain the surgical plane of anesthesia.

4.2. Check the animals to ensure they are in the appropriate surgical plane of
anesthesia by pinching the mouse’s toe and confirming the mouse does not move.

4.3. Using an animal clipper with surgical blade #40, gently remove the fur from the
appropriate positions on the flanks of the mice by passing the animal clipper over the skin
multiple times until the fur is removed.

4.4,  Monitor the mice until they recover from anesthesia.
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5. Prepare cancer cells and fibroblasts for injection

NOTE: Cancer cells and fibroblasts should be injected as soon as possible after
collection, preferably within 30 minutes. On the morning of the injection, harvest the
cancer cells and fibroblasts separately from tissue culture plates. For each cell type
perform the following steps:

5.1. Remove the medium from the tissue culture plate with gentle sterile suction or by
pipetting off the medium.

5.2. Gently pipet on 5 mL of PBS without disrupting the cells. Swirl the PBS. Gently
aspirate the PBS with suction or pipet off the PBS.

5.3. Gently pipet 5 mL of Trypsin-EDTA in PBS onto the cells layer and incubate for 5
minutes at 37 °C.

5.4. Remove cells from the plate with gentle taps to dislodge the cells. Pipet the cells
several times with a 10 mL pipet and transfer the cells to a conical tube containing DMEM
with 10% FBS.

5.5. Centrifuge the conical tubes at 180 x g for 5 minutes.

5.6. Remove the supernatant by gently pouring it off, retaining the cell pellet. Wash the
cell pellet twice with PBS. Each time, pipet 10 mL of PBS onto the cells. Gently mix with
a p1000 pipet.

5.7. Centrifuge the cells as in step 5.5. Gently remove the PBS with a pipette and
repeat.

5.8. Resuspend the washed, pelleted cells in 1 mL of PBS with a p1000.
5.9. Clean a hemocytometer slide with alcohol and dry.

5.10. Pipet 100 pL of the cell mixture into a tube and add 400 pL of 0.4% Trypan blue
for a final Trypan blue concentration of 0.32%.

5.11. Gently fill the chambers of a glass hemocytometer underneath the coverslip by
pipetting the cell mixture until the chamber is full.

5.12. Using a microscope, focus on the grid lines of a 10x objective.
5.13. Count the live, unstained cells and blue cells in one set of 16 squares.

5.14. Count all 4 sets of 16 squares.
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5.15. Average the cell count for the clear and blue cells from the 4 sets of 16 squares
and multiply by 10,000. Multiply by 5 to correct for the 1:5 dilution from the Trypan blue.

5.16. The final counts are the concentration in cells/mL for the viable and dead cells.
Multiply by the volume to determine the total number of cancer cells and fibroblasts.
Confirm that the fraction of cells that are viable is >80%.

5.17. Confirm that there are a sufficient number of melanoma cells and fibroblasts for all
of the injections planned, assuming at least 20% loss of sample during the injections.

5.18. Transfer the required number of cells to a new conical tube and pellet the cells by
centrifugation (180 x g for 5 minutes).

5.19. Remove the supernatant with a 10 mL pipet.

5.20. Resuspend the pellet at the required concentration in the appropriate amount of
United States Pharmacopeia (USP) GRADE PBS (50 pL per tumor for intradermal
injection and 100 pL per tumor for subcutaneous injection).

6. Inject cancer cells and fibroblasts into mice

NOTE: If approved by the institutional Animal Care Committee, inject two tumors into
each mouse, one on each flank. Randomize which mouse will receive which injection on
the right and left flanks. Depending on the number of mice to be injected, anesthetize the
mice and inject cancer cells and fibroblasts into the mice in batches.

6.1. For subcutaneous injection of cancer cells

6.1.1. Anesthetize mice as described in section 4.1.

6.1.2. Wipe the shaved skin with alcohol swabs.

6.1.3. Fill a sterile syringe with the desired volume of cells or cell mixture and cap the
syringe with a 27-gauge needle.

NOTE: Make sure no air bubbles are present. Flick the syringe as needed to remove
bubbles. Once cells have been introduced into the syringe, keep the cells within the
syringes well-mixed by continuously inverting the syringes to prevent clumping.

6.1.4. Insert the needle into the subcutaneous region on the mouse’s flank and gently
inject the cells into the mouse.

6.1.5. Monitor the mice until they recover from anesthesia. If needed, provide the mice
with extra insulating materials like huts and/or heating pads to help the mice to fully
recover.
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6.2. Forintradermal injections of cancer cells
6.2.1. Anesthetize mice as described in section 4.1.
6.2.2. Wipe the shaved skin with alcohol swabs.

6.2.3. Fill a sterile syringe with the desired volume of cells or cell mixture and cap the
syringe with a 27-gauge needle.

NOTE: Make sure no air bubbles are present. Flick the syringe as needed to remove
bubbles. Once cells have been introduced into the syringe, keep the cells within the
syringes well-mixed by continuously inverting the syringes to prevent clumping.

6.2.4. Insert a 27-gauge needle into the intradermal region of the skin on the mouse’s
flank and gently inject the cells into the intradermal region in the mouse.

6.2.5. Monitor the mice until they recover from anesthesia. If there are signs that the mice
are in distress, consult a veterinarian. If needed, provide the mice with extra insulating
materials like huts and/or heating pads to help the mice to fully recover.

7. Monitor mice during tumor growth

7.1.  Monitor mice daily for any signs of pain or distress (hunched posture, writhing,
vocalization, stretching out along the cage, pressing their abdomen to the bottom of the
cage floor, or reluctance to move around the cage) or abscess formation. If there are
signs that the mice are in distress, consult a veterinarian.

7.2.  Once tumors are formed, measure tumor volume approximately every three days.
Measure tumor length (the longest side) and width (perpendicular to length) with calipers.

NOTE: Best practices are for the same person to perform these measurements
throughout the experiment to reduce variability in the data.

7.3. Calculate tumor volumes with the formula Volume= 0.5 x (Length x Width?).
8. Harvest tumors and measure tumor weights

8.1. Euthanize mice when tumor growth reaches an experimental endpoint established
by the institution Committee on Animal Care. Place mice in a chamber and euthanize
them with slow (20-30% per minute) displacement of chamber air with compressed COx.

8.2. Perform cervical dislocation on the mice. Restrain the rodent on a firm, flat surface.
Place a sturdy pen or another object against the back of the neck at the base of the skull.
Quickly push forward and down with the object restraining the head while pulling
backward the hand holding the tail base. Confirm that the spinal cord is severed.
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NOTE: Cervical dislocation should be performed by experienced lab personnel.

8.3. For each mouse in the experiment, confirm that the mouse is no longer alive by
checking that there is no breathing, no heartbeat and no response to a toe pinch.

8.4. Using a sterile scalpel and surgical scissors, excise the entire tumor from the
mouse. With surgical scissors, trim non-tumor tissue from the tumor.

8.5. Weigh the tumor on an analytical balance and record the tumor weight.
9. Statistical analysis of tumor volumes and tumor weights

9.1. Compare tumor volumes over time in each group with repeated measures analysis
of variance (ANOVA) analysis. Perform paired analysis if two tumors were injected per
mouse.

9.2. Compare tumor weights among the groups with ANOVA using a two-tailed test.
Tukey’s post-hoc test can then be used to determine which groups are significantly
different from each other. Perform paired analysis if two tumors were injected per mouse.

Representative Results:

A2058 human melanoma cells and primary human dermal fibroblasts were cultured under
sterile conditions. Cells were collected and washed three times with PBS.
Immunodeficient mice (NU/J - Foxnl nude strain) were injected subcutaneously on one
flank with 0.25 million A2058 melanoma cells alone. On the other flank, mice were injected
with a mixture of 0.25 million A2058 melanoma cells and 0.75 million fibroblasts. Cells
were injected into 12 immune-deficient mice. Injections into left and right flanks was
randomized. Tumor volumes were monitored on days 12, 14, 16, 19, and 21 days post
injection (Figure 1A). Upon euthanasia, tumors were excised, imaged (Figure 1B) and
weighed (Figure 1C). The presence of the fibroblasts results in significantly larger tumors.

FIGURE LEGENDS

Figure 1. Comparison of melanoma growth in the presence and absence of co-
injected fibroblasts. Melanoma cells were introduced into nude mice either with or
without primary skin fibroblasts. (A) Plot of tumor volume over time for melanomas with
and without co-injected fibroblasts. Volume was calculated as 0.5*length*width?. Mean
volumes and standard error of the mean (SEM) are plotted. ANOVA was performed to
determine significance. (B) Images of excised tumors. (C) Final weights of tumors at the
end of the experiment on day 21. Mean weights and SEM are plotted. An unpaired, two-
tailed t-test was used to compare final weights. * indicates p < 0.05, *** indicates p <
0.001.

DISCUSSION
In the experiment in Figure 1, co-introducing human dermal fibroblasts with human
A2058 melanoma cells resulted in larger tumors than when the melanoma cells were
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introduced without co-injected fibroblasts. This difference could be easily detected based
on tumor volume and tumor weight. The results are consistent with multiple reports that
cancer-associated fibroblasts can promote tumor growth®2. In addition to the endpoints
discussed here such as tumor volume and tumor weight, additional endpoints can also
be monitored. Additional analyses are also possible. For instance, the tumors that
develop can be collected into formalin for fixation, paraffin-embedded and analyzed with
hematoxylin and eosin for histology. Alternatively, the tumors developed can be collected
into optimal cutting temperature compound (OCT) for further analysis with
immunofluorescence for specific proteins.

One important limitation of these experiments is that the fibroblasts that are co-injected
with the cancer cells may senesce or die after a few cell divisions. Alternatively, co-
injected fibroblasts may migrate away from the tumor, in which case, they may not affect
tumor growth. If the fibroblasts senesce, die or migrate away from the tumor, then they
will become less abundant over time and the effect of the co-introduced fibroblasts will
become less important for tumor growth. Indeed, the introduced cancer cells are expected
to recruit additional fibroblasts from the host. For experiments in which a specific gene is
knocked down or knocked out in the introduced fibroblasts, over time, recruitment of host
fibroblasts that express the encoded protein will be expected to reduce any phenotype
that might be observed. To monitor the presence of the introduced fibroblasts, the
fibroblasts can be genetically engineered to express a fluorescent protein such as
GFP26.27_|f the fibroblasts express GFP, then flow cytometry can be used to monitor the
number of fibroblasts that are present within the tumor on different days after they are
introduced. As an alternative, the luciferase enzyme can be introduced in the fibroblasts
and bioluminescence imaging can be used to monitor the amount of fibroblasts in the
mice over time. If the fibroblasts are rapidly eliminated from the tumor microenvironment,
Cre-lox genetically engineered mouse models would address this concern and
complement the studies described.

If the experiments are performed by introducing human cancer cells and fibroblasts into
nude mice, then the limited immune system is expected to have a significant impact on
the results. Athymic nude mice (NU/J) lack T cells and therefore lack cell-mediated
immunity. They also have a partial defect in B cell development. Cell mediated immunity,
that is the killing of cells via activated CD8+ T cells, can play an important role in the
suppression of tumor growth?82°_ In recent studies, interplay between cancer-associated
fibroblasts and CD8+ T cells has been reported3®-32, Introducing mouse cancer cells and
mouse fibroblasts into mice with an immune system can be considered as an alternative
approach that would address this issue.

Another alternative approach is to use genetically engineered mouse models in which the
Cre-lox system is used to modulate the levels or activity of specific proteins in host
fibroblasts. One such approach is to use fibroblast-enriched Cre-lox models with drivers
such as FSP1, Collal, Colla2, or PDGFRa%?*%, With a Cre/lox recombinase model, there
would not be concern that the injected fibroblasts will die or migrate away from the tumor.
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There are a few steps in the protocol provided that are critical for its success. The growth
of the fibroblasts is an important part of the protocol and is likely to contribute significantly
to the outcome. Primary fibroblasts senesce easily, and the passage or doublings must
be carefully monitored to ensure the fibroblasts are in the exponential growth phase and
have not senesced. Senescent fibroblasts are expected to secrete high levels of cytokines
that can have a dramatic effect on tumor growth36-38, It is consequently of high importance
that passage number is carefully documented and that the fibroblasts injected are not
senescent unless the protocol calls for analysis of senescent fibroblasts.

When fibroblasts become confluent, they can be expected to undergo a large number of
changes, some of which will likely be reversed when they re-enter the cell cycle3®44.
Maintaining the fibroblasts in a proliferative state and splitting them when they are 90%
confluent is important for ensuring that the studies are as consistent as possible. Culturing
fibroblasts on tissue culture plates likely also affects their behavior and alternatives such
as 3D collagen matrices should be considered?325. Fibroblasts cultured in 3D matrices
show substantially different migration patterns than fibroblasts grown on 2D surfaces*>49,
which would likely affect their tumor-promoting capacity when introduced into tumors,
where the fibroblasts will play an active role in establishing the tumor extracellular matrix
microenvironment®°.

Injecting melanoma cells into the mouse via intradermal injection can yield more
reproducible tumor growth than subcutaneous injections. This is a tricky step as there is
very little space in the intradermal region. It is important to carefully position the needle.
If intradermal injections are performed, then only 50 pL of solution is injected. Even for
experienced researchers, these injections can leak. It is important to take note of whether
each injection leaked so that, if no tumor forms, it can be eliminated from the final analysis.

Preparing syringes for injection is another critical step. It is important to remove all
bubbles from the syringe, which can require flicking the syringe to eliminate the bubbles.
It is also important that the cells do not clump. Repeatedly invert the syringes to prevent
clumping.

Another tricky aspect of these experiments is that measuring tumor volume can be
variable from person to person. In order to limit variability in tumor volume measurements,
it is helpful to assign a single lab member responsibility for taking all of the tumor volume
measurements in all mice and at all timepoints throughout an experiment.

It is preferable to inject mice with cancer cells from the same sex as the host mouse
whenever possible. It is possible to use both sexes and include sex as a variable in
ANOVA models to determine whether sex affects tumor size over time.

Understanding the tumor microenvironment is essential for gaining insight into
tumorigenesis. The protocol can provide a basis for understanding the role of fibroblasts,
different types of fibroblasts, and different pathways within fibroblasts that can affect
tumor growth. Findings from these experiments may identify new therapeutic targets that
will prevent fibroblasts from promoting tumor growth?8,
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Table of Materials

Name of Material/ Equipment
26G Needles
Alcohol swabs
Animal clipper miniARCO with surgical blade
#40
Athymic nude mice (NU/J)

Cancer cells

Cell Culture Multi Flasks
Centrifuge for conical tubes capable of
reaching 180 x g
Countess Cell Counting Chamber
Dulbecco's Modified Eagle Medium
Fetal bovine serum
Fibroblasts

Isoflurane

PBS USP grade for injection into mice
Sterile 10 ml serological pipet
Sterile 5 ml serological pipet
Sterile 50 ml centrifuge tubes

Sterile Syringe Filters pore size 0.2 microns

Sterile tissue culture-grade Trypsin-EDTA
Sterile tissue-culture grade PBS
Sterle 25 ml serological pipet
TC treated 100 x 20 mm dishes
TC treated 150 x 20 mm dishes
TC treated 60 x 15 mm dishes
Trypan blue

Company
Fisher Scientific
Fisher Scientific

WAHL Professional
The Jackson labs

ATCC
Fisher Scientific

Fisher Scientific

Fisher Scientific

Fisher Scientific

Fisher Scientific
ATCC

Henry Schein Animal Health
Fisher Scientific
Celltreat
Celltreat
Genesee Scientific

Fisher Scientific
Fisher Scientific
Fisher Scientific
Celltreat
Genesee Scientific
Genesee Scientific
Genesee Scientific
Fisher Scientific

Click here to access/download;Table of Materials;Table of Materials.xlsx 2

Catalog Number

14-826-10
326895

8787-450A
002019

ATCC® CRL-
11147™

14-826-95

14-432-22

C10228
11965-118
MT35010CV
PCS-201-012

NDC 11695-6776-

2
50-751-7476
667210B
229005B
28-108

09-740-61A
15400054
50-751-7476
667225B
25-202
25-203
25-260
C10228

Comments/Description

These mice are immunocompromised :

This is the catalog number for a primar

We isolate fibroblasts from skin in our
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and can be used for experiments in which human cells are introduced. Immunocompetent mice can also be used if mouse cancer cells and fik

'y human melanoma cell line. Other cancer cell types can also be used.

lab. This is a catalog number for an adult primary human dermal fibroblast cell line. MEFs and fibroblasts derived from other sites can also be
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October 30, 2020
To the editors,

Thank you very much for the reviews of our manuscript “A mouse model to investigate the role of cancer-
associated fibroblasts in tumor growth,” by David Jelinek, Ellen Ran Zhang, Aaron Ambrus, Erin Haley,
Emily Guinn, Austin Vo, Peter Le, Ayse Elif Kesaf, Jennifer Nguyen, Lily Guo, Destiny Frederick,
Zhengyang Sun, Natalie Guo, Parker Sevier, Eric Bilotta, Kaiser Atai, Laurent Voisin, and Hilary Coller.

We thank the reviewers for their time and insightful comments. We have responded in depth to each
comment. We are confident the manuscript is stronger as a result of the reviewers’ constructive input.

Please find below a point-by-point response to the reviewers’ comments. We are also submitting a revised
manuscript, table and figure.

We anticipate that our manuscript will be of interest to the readers of JOVE.
We look forward to hearing from you.
Sincerely,
@1[4 Aa“? CQLLM_,
Hilary Coller

Editorial comments:
Changes to be made by the Author(s):
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.

We have reviewed spelling and grammar in the manuscript.
Please define all abbreviations at first use.

We now define all abbreviations at first use.

2. Please provide an email address for each author.

Emails have been added.

3. Please provide 6-12 key words/phrases.

Key words are present.

4. Please use the required headings (see instructions for authors): summary instead of short abstract and abstract instead of long
abstract.
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This change has been made.

5. Please rephrase the Summary to clearly describe the protocol and its applications in complete sentences between 10-50 words:
“Here, we present a protocol to ...”

This change has been made.

6. In the introduction, please clarify whether you are describing results from different studies or controversial results when you
state that fibroblasts can secrete proteins that can stiffen the tissue (associated with tumor progression) and that fibroblasts can
promote tumor invasion into tissue (because that would involve the secretion of MMPs and other matrix-degrading molecules).

This is a very observant comment. We modified the text to cite a recent paper showing the importance of fibronectin deposition for
tumor invasion.

7. Please consider shortening the Introduction and revise it to include all of the following:
a) A clear statement of the overall goal of this method

This has been added.

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

This has been added.

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

This has been added.

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

This has been added.

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

This has been added.

8. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
Personal pronouns have been eliminated.

9. 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.
Actions have been changed to imperative tense.

Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol.
This phrasing has been removed.

Any text that cannot be written in the imperative tense may be added as a “Note.” However, notes should be concise and used
sparingly.



Notes have been used as needed.
Please include all safety procedures and use of hoods, etc.
Information on safety procedures are included.

10. Please note that your protocol will be used to generate the script for the video and must contain everything that you would like
shown in the video. 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. Please add
more specific details (e.g. button clicks for software actions, numerical values for settings, etc) to your protocol steps. There
should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol.

We have added additional details so that the protocol can be followed by another researcher.
11. In 2, how old are the nude athymic mice

We use mice 8-10 weeks of age. We added this in protocol section 1.

and will you use male or female mice for this study?

We use mice of the same sex as the cancer cells. We added this information to protocol 1.
12. 2.4: do you mean multiwell plates or 10 cm/3 cm dishes?

The size of the tissue culture plate depends on the number of cells in the vial. We have added a step to calculate the number of
plates that is appropriate for the tissue culture vial.

13. 2.8: Please specify how much trypsin-EDTA you add to the cells and do you prefer to use 10X or 1X?

We added that we add 5 mls of 1X trypsin for a 10 cm tissue culture plate.

14. Although you have given the details for calculating cell numbers, please do provide specific details for steps such as 5.8 to
facilitate filming.

We added additional details including using the hemacytometer to calculate cell number.

15. Please specify the method of euthanasia used in your study.

Methods of euthanasia have been added.

16. Please move the ethics statement from Representative Results to the Protocol (before the numbered steps).
This change has been made.

17. Please highlight up to 3 pages 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. Remember that non-
highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.

A suggested video has been highlighted.

18. Please include all the Figure Legends together at the end of the Representative Results in the manuscript text.

This change has been made.

19. Is it possible that injecting fibroblasts and cancer cells into the same mouse (other flank) may have influenced tumor growth in
the other flank? Did you try injecting cancer cells only and cancer cells + fibroblasts separately into different mice?



This is a good question. We have thus far been trying to compare fibroblasts and no fibroblasts in the same mouse to control for
mouse to mouse variability. We can try this in a future experiment.

20. Please do not abbreviate journal names in the reference list.

This change has been made.

21. Please sort the Materials Table alphabetically by the name of the material.

The change has been made.

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

The submitted protocol describes how to plan, prepare, and execute the co-injection of human melanoma cells and fibroblast cells
into a mouse model. The Introduction is well researched and presented and the Discussion provides valuable insights into some
of the more difficult aspects of this procedure, but there are several areas which need to be revised or expanded.

Major Concerns:

1) Point 3 of the Protocol section (Generate fibroblasts for injection) should include the culture conditions of the fibroblasts. While
the authors' publication history indicates they have a thorough background in fibroblast culture, those who are inexperienced with
fibroblasts attempting to use this protocol may not know about the potential for fibroblasts to differentiate due being grown to
confluence or due to mechanotransduction from being grown on plastic for too long. The Protocol section should include
measures to avoid differentiation prior to co-injection (eg. limits on how many cell divisions should be allowed, limits on maximum
confluence of fibroblasts, growing fibroblasts on plates coated with a softer matrix, etc.)

Thank you. We have added these important points.

2) While the introduction makes mention of immune-deficient mice being required for xenograft experiments, the discussion does
not mention the limitations this introduces into the model. It is well established that the immune system plays a role in determining
the course of tumor development, and the interplay between different components of the tumor microenvironment is an important
area of study. While there are many direct effects that CAFs have on tumor progression, CAFs also function to help recruit and co-
opt immune cells to increase growth and metastatic potential of tumors. Additionally the modified immune cells play a role in
regulating the status of CAFs. As such, it is important to identify and explain the scope of this limitation.

Thank you. We have added this important point.

Minor Concerns:

1) The discussion section does not mention the potential impacts of host fibroblasts being recruited to the tumor. This is especially
important in cases where the co-injected fibroblasts are deficient in a protein that may be provided by the host-derived CAFs,
masking the effect that would have been seen in a genetic knockout.

Thank you. We have added this important point.

2) The discussion section mentions potential senescence, death, and migration of CAFs away from the tumor as a limitation of the
model. As senescent CAFs are one of the major subpopulations of CAFs seen in tumors, please comment on why this is a
weakness of the model. If an experiment showed no effect between experimental groups (eg. co-injected fibroblasts vs no co-
injected fibroblasts), is it possible for an experimenter to determine whether this is due the co-injected fibroblasts dying/migrating
away from the tumor vs the fibroblasts remaining in place but not causing the effect being tested for? If so, please briefly mention
what techniques should be used to do so.

Thank you. We have added this important point.

Reviewer #2:



Manuscript Summary:

This is a well written manuscript which provides a detailed protocol to study the role of cancer-associated fibroblasts in tumor
growth using mouse model.

The protocol is mainly comprehensive and most key points are covered; | have a few minor comments:

Minor Concerns:
1. It would be nice if the authors can comment on the age of mice to use

Thank you. We have added this important point.

2. The authors should discuss the cell ratio of melanoma cells to fibroblast (number of melanoma cells to Fibroblast) needed for
transplantation.

Thank you. We have added this important point.

3. It is useful to mention that passage number should be considered, specifically for Fibroblast.

Thank you. We have added this important point.

4. Perhaps it would be useful to mention that labeled cancer cells (Luciferase and /Or GFP/RFP) might be useful to monitor the
cancer progression by Bioluminescence imaging of xenografted mice in the presence absence of Fibroblast.

Thank you. We have added this important point.

5. Please indicate that cells should be injected as soon as possible after collection (Preferably with in 30 minutes).

Thank you. We have added this important point.

6. Figure 1, please provide tumor images, or histology images or HIS stained tumor images.

Thank you. We have added these images.



