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SUMMARY: 22 

Here, we present a method using permeable membrane supports to facilitate the study of non-23 

contact paracrine signaling used by tumor cells to suppress the immune response. The system is 24 

amenable to studying the role of tumor-secreted factors in dampening macrophage activation. 25 

 26 

ABSTRACT: 27 

Tumor-derived paracrine signaling is an overlooked component of local immunosuppression and 28 

can lead to a permissive environment for continued cancer growth and metastasis. Paracrine 29 

signals can involve cell-cell contact between different cell types, such as PD-L1 expressed on the 30 

surface of tumors interacting directly with PD-1 on the surface of T cells, or the secretion of 31 

ligands by a tumor cell to affect an immune cell. Here we describe a co-culture method to 32 

interrogate the effects of tumor-secreted ligands on immune cell (macrophage) activation. This 33 

straightforward procedure utilizes commercially available 0.4 µm polycarbonate membrane 34 

permeable supports and standard tissue culture plates. In the process described, macrophages 35 

are cultured in the upper chamber and tumor cells in the lower chamber. The presence of the 0.4 36 

µm barrier allows for the study of intercellular signaling without the confounding variable of 37 

physical contact, because the two cell types share the same medium and exposure to paracrine 38 

ligands. This approach can be combined with others, such as genetic alterations of the 39 

macrophage (e.g., isolation from genetic knock-out mice) or tumor (e.g., CRISPR-mediated 40 

alterations) to study the role of specific secreted factors and receptors. The approach also lends 41 

itself to standard molecular biological analyses such as quantitative reverse transcription 42 

polymerase chain reaction (qRT-PCR) or Western blot analysis, without the need for flow sorting 43 

to separate the two cell populations. Enzyme-linked immunosorbent assays (ELISAs) can similarly 44 
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be utilized to measure secreted ligands to better understand the dynamic interaction of cell 45 

signaling in the multiple cell type context. Duration of co-culture can also be varied for the study 46 

of temporally regulated events. This co-culture method is a robust tool that facilitates the study 47 

of tumor-secreted signals in the immune context. 48 

 49 

INTRODUCTION: 50 

Recent studies have focused on the ability of cancer cells to avoid detection by immune cells, 51 

suppress local immune activation, or to produce a tolerogenic tumor-permissive milieu in the 52 

tumor microenvironment. Two broad classes of tumor and immune cell interactions have been 53 

described that facilitate these effects: contact-mediated interactions or tumor-secreted ligands. 54 

One of the most well-studied and clinically tractable mechanisms of contact-mediated immune 55 

inhibition utilized by tumors is the expression of PD-L1, which interacts with PD-1 on T cells to 56 

inhibit their activation and function1,2. In response to interferon-gamma (IFNγ), which is 57 

expressed by a number of activated immune cells, tumor cells can increase expression of PD-L1 58 

to induce exhaustion of PD-1–expressing activated T cells, thereby preventing them from 59 

effectively eradicating tumor cells3. The use of antibodies to block the interaction between PD-60 

L1 and PD-1 is currently used to treat multiple cancer types in humans4. In light of this clinical 61 

success and others, the identification and targeting of tumor-derived immunosuppressive 62 

mechanisms has received increasing attention. 63 

 64 

Beyond suppression of adaptive immunity, tumors are also known to secrete factors that 65 

suppress the pro-inflammatory responses of innate immune cells. Tumor-derived or tumor-66 

induced secretions, including IL-6, IL-10, VEGF, IL-23, and colony stimulating factor (CSF-1), have 67 

been shown to inhibit antitumor responses of natural killer (NK) cells, granulocytes, and dendritic 68 

cells in the tumor microenvironment5-7. Tumor cells can also secrete factors that skew the 69 

recruitment and differentiation of myeloid-derived cells in the tumor microenvironment to 70 

promote suppression of T cell activation8,9.  71 

 72 

One type of innate immune cell that has a profound effect on tumor progression is the 73 

macrophage. For many years, the presence of tumor-associated macrophages (TAMs) has been 74 

used as a negative prognostic of patient survival10. The concept that immunosuppressive TAMs 75 

dampen immune cell-mediated clearance of tumors was introduced more than 40 years ago11. 76 

More recently, it has been shown that the macrophage pro-inflammatory response can be 77 

downregulated while a pro-tumor phenotype can be induced in the tumor microenvironment. 78 

These immunosuppressive macrophages can contribute to a tolerogenic response, driving tumor 79 

progression and resistance to chemo- and immunotherapy12. Given that macrophages are often 80 

one of the most abundant leukocytes with the tumor, restoration of their tumor-specific immune 81 

activity represents a potential target for anticancer therapeutics13. 82 

 83 

While contact-mediated interactions between tumor cells and macrophages can be modeled 84 

through direct coculture, the use of permeable membrane supports can elucidate which tumor-85 

secreted factors are immunomodulatory without the potentially confounding influence of tumor-86 

immune cell-cell contact. Using somewhat similar methods, others have demonstrated the 87 

potential of identifying secreted factors in microglia/neuronal interactions14 as well as tumor cells 88 



with mesothelial cells15. We have also successfully used this co-culture technique to characterize 89 

the role of a tumor-secreted protein, Pros1, as a suppressor of pro-inflammatory gene expression 90 

after the stimulation of peritoneal macrophages with LPS and interferon-gamma16. Here we 91 

describe a straightforward methodology that can be used to interrogate how tumor-secreted 92 

factors can affect macrophage activation. 93 

 94 

PROTOCOL: 95 

 96 

All procedures related to the harvest and use of murine peritoneal macrophages were conducted 97 

at the University of North Carolina at Chapel Hill (UNC) and were approved by the UNC 98 

Institutional Animal Care and Use Committee (IACUC). 99 

 100 

1. Macrophage culture 101 

 102 

NOTE: This procedure can utilize primary peritoneal macrophages (described in detail below), 103 

bone marrow-derived macrophages, or macrophage cell lines such as J774 (ATCC) or RAW264 104 

(ATCC).  105 

 106 

1.1. Harvest peritoneal macrophages as previously described16,17 and plate directly into the 107 

upper chamber(s) of a 0.4 µm polyester membrane insert co-culture 6 well plate (Figure 1A). 108 

 109 

NOTE: The approximate yield of macrophages from each isolation is 1 x 106 cells total, so the 110 

average number of cells per well is ~1.5–1.6 x 105 cells in a 6 well plate.  111 

 112 

1.2. Culture the harvested macrophages in Dulbecco’s Modified Eagle Medium (DMEM)/F12, 113 

10% Fetal Bovine Serum (FBS), 1x penicillin/streptomycin, 20 ng/mL macrophage colony 114 

stimulating factor (M-CSF) for 3 days at 37 °C, 5% CO2. 115 

 116 

NOTE: The upper chamber contains 1 mL of culture medium while the lower chamber is filled 117 

with 1.5 mL. The medium must be added to each chamber. 118 

 119 

2. Coculture of tumor cells with macrophages 120 

 121 

2.1. Prior to use, culture commercially available tumor cells in their respective medium following 122 

ATCC-recommended tissue culture methods.  123 

 124 

2.2. Wash adherent tumor cells once with phosphate buffered saline (PBS), add 0.05% trypsin + 125 

ethylenediaminetetraacetic acid (EDTA), and incubate at 37 °C until the cells detach. Resuspend 126 

the cells in FBS containing medium, quantitate the total number of cells using a hemocytometer 127 

or cell counter, and then centrifuge for 5 min at 220 x g to pellet.  128 

 129 

2.3. During centrifugation, aspirate the medium from the upper and lower chambers of the 130 

macrophage-containing permeable membrane support plates and replace with fresh medium. 131 
 132 



2.3.1. For lower chambers where tumor cells will be plated, fill with 1 mL of medium instead of 133 

1.5 mL to allow for sufficient volume for cell addition. 134 

 135 

2.4. Aspirate medium from pelleted tumor cells and resuspend cells in DMEM/F12 with 10% FBS, 136 

1x penicillin/streptomycin, and 20 ng/mL M-CSF at a concentration of 3 x 105 cells/mL. 137 

 138 

2.5. Add 0.5 mL of 3 x 105 cells/mL tumor cells to the lower chamber of desired wells (Figure 1B). 139 

 140 

NOTE: Cells can be treated immediately. 141 

 142 

3. Treatment of co-cultured cells 143 

 144 

3.1. To induce macrophage pro-inflammatory gene expression, treat singly or co-cultured 145 

macrophages by adding 100 ng/mL IFNγ and 50 ng/mL LPS.  146 

 147 

3.1.1. Vary the duration of treatment times in culture as needed. Macrophage activation occurs 148 

within 2 h and some tumor-mediated suppression occurs by 8 h. Co-culture for 24 h yields robust 149 

and consistent tumor-derived suppression.  150 

 151 

NOTE: Alternatively, macrophages can be induced to adopt a pro-wound healing phenotype 152 

through the addition of factors such as interleukin-10 (IL10), and the effect of the tumor-secreted 153 

ligand assessed. 154 

 155 

3.2. As a negative control, culture macrophages singly and leave untreated. As a positive control, 156 

treat singly cultured macrophages with 100 ng/mL IFNγ and 50 ng/mL LPS.  157 

 158 

4. Downstream analysis of co-cultured cells 159 

 160 

4.1. After desired incubation time has elapsed, isolate the cell lysate or conditioned culture 161 

medium as desired, depending on testing needs.  162 

 163 

4.2. To isolate the cell lysate for quantitative polymerase chain reaction (qPCR) analysis, aspirate 164 

the media from both chambers of the well and wash once with 2 mL of PBS. Apply RNA lysis 165 

buffer to the top chamber containing the macrophages. Gently scrape the membrane to release 166 

the cell lysate, and transfer to a collection tube for further processing according to the RNA 167 

isolation kit manufacturer’s protocol. 168 

 169 

REPRESENTATIVE RESULTS: 170 

To determine the effect of tumor-secreted ligands on macrophage polarization, the procedure 171 

described was utilized. Peritoneal macrophages cultured in the absence of tumor cells were used 172 

as negative (untreated = far left) and positive (IFNγ and LPS stimulated = 2nd from left) controls 173 

(Figure 2A). Alternatively, peritoneal macrophages were co-cultured with B16F10 melanoma 174 

tumor cells (ATCC) (Figure 1A). Immediately after plating, cells were either treated with IFNγ and 175 



LPS or left untreated. After 24 h of culture, macrophages were harvested, RNA prepared, and 176 

qRT-PCR performed to measure the expression of pro-inflammatory genes. Using the co-culture 177 

system described here, we show that peritoneal macrophages co-cultured in the presence of 178 

B16F10 tumor cells, but without activating stimuli (LPS + IFNγ), did not increase expression of 179 

pro-inflammatory–associated genes (Figure 2A, B16F10 membrane/untreated). This implies that 180 

tumor-secreted ligands are 1) not sufficient by themselves to induce pro-inflammatory gene 181 

expression or 2) if there is immune activation by tumor secretions, paracrine ligands are sufficient 182 

to suppress it to naive levels. This co-culture method illustrates that when macrophages polarized 183 

by IFNγ and LPS are cultured in the presence of tumor cells, suppression of inflammation-184 

associated gene expression was reduced by as much as 60% (Figure 2A, B16F10 185 

Membrane/IFNγ+LPS). A comparable level of macrophage pro-inflammatory gene suppression 186 

was observed when the murine macrophage cell line J774 was substituted for peritoneal 187 

macrophages (Figure 2B).  188 

 189 

Our previous work identified Pros1 as a tumor-secreted factor that can inhibit macrophage 190 

activation16. Using the permeable membrane support co-culture model in conjunction with 191 

ELISA, we assayed the concentration of Pros1 in conditioned medium after 24 h. We observed 192 

that in conditioned medium from IFNγ and LPS treated B16F10 melanoma cells Pros1 was 193 

expressed at 475 ng/mL ± 120 ng/mL (Figure 3). Peritoneal macrophages treated in the same 194 

conditions expressed Pros1 at 61 ng/mL ± 5 ng/mL (Figure 3). Interestingly, when co-cultured, 195 

the Pros1 within the IFNγ and LPS treated well was 86 ng/mL ± 15 ng/mL. This suggests that 1) 196 

macrophages consume tumor-secreted Pros1 or 2) the amount of Pros1 secreted by B16F10 cells 197 

is substantially decreased when in the presence of macrophages. Results from both Figure 2 and 198 

Figure 3 highlight profound changes of macrophage activation and paracrine signaling when 199 

macrophages are co-cultured with tumor cells. 200 

 201 

FIGURE LEGENDS: 202 

Figure 1. Schematic for permeable membrane support co-culture of tumor cells with 203 

macrophages. Positive and negative treatment controls can be applied to singly cultured 204 

macrophage wells (A). To determine the effects of tumor-secreted signals on macrophage 205 

activation, macrophages are cultured in the upper chamber of permeable membrane support co-206 

culture plates and tumor cells cultured in the lower chamber (B).  207 

 208 

Figure 2. Tumor paracrine signals suppress macrophage pro-inflammatory polarization. 209 

Macrophage expression of inflammation-associated genes was assayed by qRT-PCR in untreated 210 

or IFNγ and LPS stimulated macrophages in the presence or absence of tumor cells. Expression 211 

of pro-inflammatory genes was decreased in peritoneal macrophages (A) or J774 macrophage 212 

cell line (B) when cultured in the presence of tumor cells separated by a permeable membrane 213 

support so that the effect was transmitted by a paracrine soluble ligand. *p < 0.05 relative to 214 

untreated, †p < 0.05 relative to IFNγ and LPS stimulated. Data are mean ± SEM; p values 215 

calculated by two-tailed Student’s t test. 216 

 217 

 218 



Figure 3. Coculture of tumor cells and macrophages leads to changes in the amount of tumor-219 

secreted paracrine ligands found in conditioned medium. ELISA was used to determine the 220 

concentration of Pros1 in tumor alone, macrophage alone, or co-cultured conditioned medium 221 

after 24 h. Co-culture leads to a decrease in the amount of Pros1 relative to tumor cell only 222 

controls. *p < 0.05 relative to untreated. p values calculated by two-tailed Student’s t test. 223 

 224 

DISCUSSION: 225 

The co-culture assay presented here is a modification of previously established assays that allows 226 

for the study of tumor-secreted factors on immune cell activation. While cell-cell contact is 227 

known to induce changes in immune activity, the ability of tumor-secreted ligands to modulate 228 

immune activation is less well understood. We describe a method which, unlike direct co-culture, 229 

can be used to interrogate how tumor-derived secreted factors impact immune cell activation 230 

without the confounding nature of contact-mediated signaling. Given the potential clinical 231 

importance of tumor-secreted ligands in immunosuppression, this method offers an easy to use 232 

tool to study these mechanisms in ways not addressed by direct co-culture. 233 

 234 

Essentially, the co-culture method described here involves the culture of macrophages (primary 235 

cells: resident, bone marrow-derived, or a macrophage cell line) with tumor cells (cell line or 236 

primary cells) without physical contact. It is critical that the macrophages be cultured on a 0.4 237 

µm pore size polyester membrane insert to allow free permeability of tumor-secreted ligands 238 

while preventing possible macrophage cell migration through the filter. It is also important to 239 

add the described amount of culture medium to the upper and lower chambers to ensure proper 240 

cell coverage. Experimental design, such as inclusion of one cell type only controls, is another key 241 

factor when planning co-culture experiments. Several other factors, described in more detail 242 

later, can also have effects on the results of the assay and it is important to keep each in mind 243 

during study design. 244 

 245 

Two useful modifications to the outlined protocol to consider are the duration of co-culture or 246 

the relative ratio of tumor cells to macrophages. In the method described, macrophages and 247 

tumor cells are plated at roughly equal concentrations. An important point to consider is the 248 

relative proportion of macrophages to tumor cells that naturally occurs in the tumor 249 

microenvironment. To better mimic the tumor microenvironment, the relative proportion of 250 

macrophages could be altered to mirror what is found within the tumor in vivo, though 251 

preliminary work may be necessary to establish the correct ratio.  252 

 253 

Another critical point, and possible limitation of the system, is that treatments applied to 254 

stimulate one cell type in the assay may have unexpected or unintended effects on the other cell 255 

type. As described here, addition of LPS and IFNγ is intended to stimulate pro-inflammatory gene 256 

expression in macrophages. However, in Ubil et al. we showed that IFNγ also induces the 257 

expression and secretion of immunosuppressive Pros116, and others have shown the effects of 258 

LPS on tumor cells18. It is therefore essential to include the appropriate controls to monitor 259 

potential off-target or unintended effects on the other cell type to verify experimental outcomes. 260 

One method by which this may be achieved is by treating individual cell types with the agents of 261 

interest and monitoring effects using standard molecular biology assays. 262 



 263 

When designing permeable membrane support experiments, it is also important to consider 264 

possible diffusion gradients of secreted ligands. The relative rate of ligand secretion, the duration 265 

of co-culture and whether the culture plate is maintained in a stationary position can all have 266 

effects on the results. In addition, it is possible for some secreted ligands to adhere to the surface 267 

of culture plates. 268 

 269 

While the representative results shown are characteristic of this system, the degree of pro-270 

inflammatory gene suppression observed when co-culturing other tumor lines may vary 271 

dramatically. In Ubil et al., we show that some human tumor lines can almost completely 272 

suppress the pro-inflammatory gene expression of a human macrophage cell line16. Conversely, 273 

other tumor cell types or cell lines may vary substantially in their immunosuppressive capabilities. 274 

The cause for these variances is unclear but is an area for further study.  275 

 276 

Permeable membrane support co-culture is a robust methodology that can be easily modified to 277 

address a variety of questions and can be adapted to a range of molecular biology readouts 278 

including qRT-PCR, Western blot, and ELISA. The system can be used to interrogate individual 279 

gene functions, such as ligands or receptors, when genetic alterations like those from gene-280 

deleted mice or CRISPR edits are made to either macrophages or the tumor cells. The system is 281 

also amenable to the study of pharmacological activators or inhibitors and their effects on 282 

paracrine signaling. Also, while not discussed here, the system can be used to study the effects 283 

of immune activation on tumor cell gene expression.  284 

 285 

This method has been used successfully in the discovery and characterization of a novel function 286 

for an immunosuppressive, tumor-secreted ligand. This robust tool can be utilized to interrogate 287 

the much broader subset of non-contact tumor/immune interactions in the hopes of discovering 288 

new therapeutic targets. 289 

 290 
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Name of Material/ Equipment Company Catalog Number Comments/Description

B16-F10 ATCC ATCC CRL-6475

cDNA synthesis kit Promega A3500

DMEM/F12 media ThermoFisher Scientific- Gibco 11320033

Fetal Bovine Serum Millipore TMS-013-B

J774A.1 ATCC ATCC TIB-67

Lipopolysaccharides from Escherichia coli  O111:B4 Sigma-Aldrich L5293-2ML

Murine M-CSF Prospec CYT-439

Penicillin-Streptomycin (10,000 U/mL) ThermoFisher Scientific- Gibco 15140122

Pros1 ELISA MyBioSource  MBS2886720 

RAW264.7 ATCC ATCC TIB-71

Recombinant Mouse IFNγ BioLegend 575302

Sensimix SYBR Low-ROX kit Bioline QT625-05

Transwell permeable supports Fisher Scientific 07-200-170

Trypsin-EDTA ThermoFisher Scientific- Gibco 25200056
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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 MyJove Corporation, a
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video.
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

Studying the Effects of Tumor-Secreted Paracrine Ligands on Macrophage
Activation Through the Use of Transwell Co-Culture

Kelly Pittman, Shelton Earp, Eric Ubil
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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 statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.
9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.
11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.
14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission. 
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We thank the editor and reviewers for their positive comments and critiques.  We believe we have 
addressed each comment fully.  In several instances, we revised and expanded the text to incorporate 
points made by reviewers that increase the rigor of the manuscript.  In bold below are line-by-line 
responses to individual editorial comments.  We have also provided summarized responses to 
comments made by Reviewers 1 and 2. 
 
Editor: 
 
General: 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 
spelling or grammar issues. 
 
The manuscript has been proofread. 
 
2. Please provide email addresses for all authors within the manuscript itself. 
 
E-mail addresses for all authors have been included in the manuscript. 
 
3. Please define all abbreviations before use; e.g., DMEM, FBS, M-CSF. 
 
All abbreviations have been defined upon first use. 
 
4. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols 
(™), registered symbols (®), and company names before an instrument or reagent. Please limit the use of 
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: Transwell (including in the title), Costar, Thermo Fisher Scientific, Gibco, etc. 
 
Commercial language has been removed from the manuscript, though commercial products are fully 
referenced in the Table of Material and Reagents. 
 
Protocol: 
1. For each protocol step, 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. If revisions cause a step to have more than 2-3 actions and 4 sentences per step, please split into 
separate steps or substeps. 
 
Additional detail has been included in a number of the protocol steps to address the “how” question. 
 
Specific Protocol steps: 
1. 2.1: Where do tumor cells come from? Is this procedure generally done with, e.g., commercially 
available cell lines? 
 
Additional language stating that work was performed with commercially available cell lines has been 
included.  A comment was also made in the manuscript that the method should be amenable to use 
with primary tumor cells as well. 
 
2. 2.3: Please express centrifuge speeds as ‘x’g’ instead of rpm. 

Rebuttal Letter Click here to access/download;Rebuttal Letter;Pittman Earp Ubil
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The substitution of x g has been made. 
 
3. 4.1: How exactly is cell lysate isolated? 
 
The text has been altered to state that cell lysate is isolated per the instructions of the RNA 
preparation kit vendor. 
 
Figures: 
1. Please upload each Figure individually to your Editorial Manager account (i.e., 3 separate files). 
 
The initial combined figures have been separated out for individual loading. 
 
2. Figures 2 and 3: Please explain what the error bars represent in the appropriate figure legend. Please 
also explain what the stars (*) and crosses (†) represent, including statistical test used, if applicable. 
 
Additional language has been included to describe the indications of statistical significance and the 
tests used. 
 
Discussion: 
1. Please revise the Discussion to explicitly cover the following: 
a) Critical steps within the protocol 
b) Any limitations of the technique 
c) The significance with respect to existing methods 
 
Each point has been addressed within the discussion section.  The terms “critical” and “important” 
have been added to more clearly indicate essential steps.  Further commentary on limitations, 
including a point made by a reviewer, have been incorporated and significance has been stressed, in 
regard to the ability to use the method to study cancer immune suppression. 
 
References: 
1. Please include references within the main text of the manuscript, not as footnotes. 
 
References have been incorporated within the text and as endnotes. 
 
2. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, 
F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage (YEAR).] For more than 6 authors, list only 
the first author then et al. 
 
References have been modified to fit the above format. 
 
3. Please do not abbreviate journal titles. 
 
Full journal titles have been substituted for abbreviations. 
 
Table of Materials: 
1. Please ensure the Table of Materials has information on all materials and equipment used, especially 
those mentioned in the Protocol. 



Materials used have been fully referenced. 
 
 
Reviewer 1: 
 
We thank Reviewer 1 for their positive comments on our manuscript and for suggestions to improve the 
scientific rigor of the writing. 
 
Major concerns 
Comment #1. Reviewer 1 points out that while the focus of the article is on the macrophage/cancer cell 
interaction, we spend considerable time discussing the interactions of T cells and cancer cells.  We have 
since revised the introduction to provide a broader overview of the types of tumor/immune signaling 
interactions and have highlighted relevant tumor/macrophage interactions. 
 
Comment #2. We added additional references and commentary about the use of transwell assays in the 
context of tumor/macrophage interactions, particularly in the introduction. 
 
Comment #3. Rightfully, the reviewer comments how the M1/M2 paradigm has increasingly become 
outdated, especially in light of current single-cell sequencing findings.  We have since removed mention 
of M1/M2 polarization. 
 
Minor concerns 
Comment #1. We initially mentioned peritoneal macrophages and macrophage cells lines but have since 
expanded our writing to include bone marrow derived macrophages as well. 
 
Comment #2. Reviewer 2’s comments that reagent additions will have consequences on both cell types 
is absolutely correct.  We have since expanded the discussion to address this point, and included 
references demonstrating potential off-target or unintended effects and some appropriate controls. 
 
Reviewer 2: 
 
We also thank Reviewer 2 for their positive comments. 
 
Major concerns 
Comment #1. No major concerns raised. 
 
Minor concerns 
Comment #1. Reviewer 2 mentions potential diffusion gradients and the possibility that soluble secreted 
factors may adhere to cell culture dishes.  We have expanded the discussion to address these concerns 
and highlighted how the added variable may affect overall outcomes. 


