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Specialized immune cells that infiltrate the tumor microenvironment regulate the growth and survival of neoplasia. Malignant cells must elude
or subvert anti-tumor immune responses in order to survive and flourish. Tumors take advantage of a number of different mechanisms of
immune “escape,” including the recruitment of tolerogenic DC, immunosuppressive regulatory T cells (Tregs), and myeloid-derived suppressor
cells (MDSC) that inhibit cytotoxic anti-tumor responses. Conversely, anti-tumor effector immune cells can slow the growth and expansion

of malignancies: immunostimulatory dendritic cells, natural killer cells which harbor innate anti-tumor immunity, and cytotoxic T cells all

can participate in tumor suppression. The balance between pro- and anti-tumor leukocytes ultimately determines the behavior and fate of
transformed cells; a multitude of human clinical studies have borne this out. Thus, detailed analysis of leukocyte subsets within the tumor
microenvironment has become increasingly important. Here, we describe a method for analyzing infiltrating leukocyte subsets present in the
tumor microenvironment in a mouse tumor model. Mouse B16 melanoma tumor cells were inoculated subcutaneously in C57BL/6 mice. At

a specified time, tumors and surrounding skin were resected en bloc and processed into single cell suspensions, which were then stained

for multi-color flow cytometry. Using a variety of leukocyte subset markers, we were able to compare the relative percentages of infiltrating
leukocyte subsets between control and chemerin-expressing tumors. Investigators may use such a tool to study the immune presence in the
tumor microenvironment and when combined with traditional caliper size measurements of tumor growth, will potentially allow them to elucidate
the impact of changes in immune composition on tumor growth. Such a technique can be applied to any tumor model in which the tumor and its
microenvironment can be resected and processed.

Video Link

The video component of this article can be found at https://www.jove.com/video/52657/

Introduction

The balance between tumor growth and promotlon and regression is, in part, dependent on the balance of pro- and anti- tumor infiltrating
leukocytes present in the microenvironment 2 n order to study the tumor microenvironment (TME) and specifically identify the infiltrating
leukocyte subpopulations, we developed a method for evaluation of subcutaneous tumors in a murine tumor model. The importance of studying
the tumor microenvironment is well known and supported in the literature. Numerous studies have shown that the balance of pro- and anti-tumor
infiltrating immune cells can impact the outcomes of tumor growth, not only in mouse but also human studies (reviewed i in® ) For example,
Curiel et al. showed that worsened clinical outcomes in ovarian cancer patients were correlated with the presence of increasing percentages

of tumor-infiltrating regulatory CD4+ T cells (Tregsg Our own work also showed the effect of a novel leukocyte chemoattractant on the ratio

of leukocyte subsets in a mouse melanoma model”, which also correlated with decreased tumor growth. Thus, the detailed analyses of the
leukocyte subsets within a tumor is now more broadly recognized and increasingly important.

There are many ways to evaluate the tumor microenvironment for |nf|Itrat|ng leukocytes; for example groups have engineered transgenic mice
to express various fluorescent proteins in order to image the TME’, classical |mmunoh|stochem|stry and immunofluorescence of preserved
sections® , including various imaging modalities such as MRI, PET, confocal m|croscopy " _ some with the ablllty to monitor mtrawtally10 12
These can be used with various molecular imaging agents, such as nanopartlcles or novel contrast agents 4 that label immune cells. Our
method is a flow cytometry-based approach and has several advantages. First, the entire tumor microenvironment can be sampled; at the
time of analysis, the entire subcutaneous tumor and surrounding periphery is surgically resected for processing. This eliminates any potentially
sampling bias within a single tumor and gives a more “global” analysis of the tumor as a whole. Secondly, using multicolor flow cytometry to
analyze the leukocyte subsets allows us to more specifically gauge the phenotype of infiltrating leukocytes. Depending on the number of colors
used, very specific subsets can be identified. This is important as there are several leukocyte subsets within a particular cell type - or even in a
general subtype classification — that have disparate functions that are potentially significant in determining the fate of the tumor. For example,
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plasmacytoid dendritic cells (pDC) have been implicated in anti-tumor immunity15. However, the CCR9+ subset of pDCs has been shown to be
tolerogenic16, and shifting the balance of such a subset may have an impact on tumor growth.

Our method is appropriate for subcutaneous or other tumors that can be resected en bloc. In our hands, tumors were uniformly resected at
the time of euthanasia. However, it is conceivable, as has been done in some studies, that a subcutaneous tumor could be fully resected

with closure of the surrounding skin in a survival surgery”, thus allowing additional evaluation of the animal. The analysis is then performed
on the resected tumor. Thus, the results represent a single timepoint in the tumor’s development. While this allows a detailed look into the
microenvironment, it is also a static picture of what is no doubt a dynamic process. However, isolated leukocytes (e.g. via magnetic separation
or density gradient) can then be analyzed separatelg from the tumor epithelia and stroma, or used in other, functional assays to further define
their phenotype, as has been previously described®. This method, then, would be useful for any investigators interested in understanding the
composition of the leukocytes within the tumor microenvironment at a given time point, whether in the setting of the natural disease course, or
after a specific therapeutic perturbation. Although not done by us, variations of this procedure could also potentially be used to analyze specific
portions of a tumor in isolation. For example, given the size of the tumor, the peripheral zone(s) could be dissected away from the central,
possibly necrotic core of the tumor to give the researcher a more spatially segregated view of the tumor microenvironment.

In the burgeoning field of tumor immunology, there will no doubt be an exponentially growing number of studies evaluating novel
immunomodulatory agents in murine tumor models. Several reports have highlighted the differences in specific leukocyte function within the
tumor versus the peripheral environment. For example, Shafer-Weaver et al. showed in a mouse model that antigen-specific T effector CD8+
cells, while active in the periphery, were transformed into CD8+ T suppressor cells once they trafficked into the tumor microenvironment'®.
This was in part due to TGF, but other factors are likely involved as well. Thus, evaluating leukocyte subsets — numbers and ratios, as well as
functional status — within the tumor itself will give a more accurate representation of the effect of a particular immunomodulation on tumor fate.

Our technique allows detailed analysis of the tumor and provides the researcher an opportunity to more closely identify changes in leukocyte
populations than previous approaches.

NOTE: All animal experiments were conducted in accordance with approved Stanford, Palo Alto VA HCS, and National Institutes of Health
Institutional AnimalCare and Use Committee guidelines.

1. Preparing for Sample Collection and Processing (Time Required: ~10-15 min)

1. Inoculate murine B16F0 melanoma cells (0.5-1 x 106) subcutaneously at or near the midline of the abdomen in female C57BL/6 mice as

described previouslyﬁ. Alternatively, inoculate tumor cells at additional anatomical sites (e.g. flank, mammary fat pad, etc).
NOTE: Any number of tumors (implanted or spontaneous) can be used and evaluated using this protocol. For example, other commonly used
syngeneic tumors in C57BL/6 include the colon line MC38, Lewis Lung Carcinoma (LLC), and the prostate TRAMP-C2 line. While human
xenografts inoculated into immunodeficient mice can also be evaluated in this way, it should be noted that the profiles of the tumor-infiltrating
leukocytes will necessarily be altered in accordance with the immunodeficient state of the host mouse.

1. Use complete media (e.g. RPMI containing 10% FBS and additives) or another appropriate protein-containing buffer (e.g. HBSS or

PBS +1% FBS or 1% BCS). Chill media or buffer to 4 °C prior to euthanization.

2. Set up collection tubes and filters for resected tumors; place these on ice.
1. Use one 50 ml conical tube per tumor to be resected. Insert a 40-70 um cell suspension filter in each one. Alternatively, use 15 ml
conical tubes with metal filter mesh. Use a 5 ml syringe plunger or thick pen to create a cup-shaped filter at the top of the 15 ml tube.

3. Prepare instruments for resection and tumor processing; use surgical forceps and fine scissors to resect and process tumors. Use 70%
ethanol to clean instruments between resections/tumor samples. For larger number of samples (e.g. >10), we recommend simultaneous
processing of samples by multiple researchers to avoid significant differences in processing time between tumor samples.

2. Tumor Resection (Time Required: ~5 min/tumor)

1. Euthanize B16 tumor-bearing mice individually using carbon dioxide or other approved method.
Secure the mouse on a surgical stage. Spray the tumor area with 70% ethanol and wipe excess off; this helps prevent spreading of any hair
present. For non-nude mice, shave the skin area around the tumor prior to resection as needed.
3. Using forceps and scissors, resect the subcutaneous tumor en bloc, including overlying and surrounding skin. The amount of “margin” skin
taken can be varied, but typically resect 2-3 mm of skin around the tumor.
1. Weigh resected tumors (+/- surrounding skin) at this point. Place the resected skin/tumor section in the filter secured within the plastic
conical tube.

3. Preparing a Single Cell Tumor Suspension (Time Required: ~5-7 min/tumor)

1. Use forceps and scissors to mince tumor and overlying/surrounding skin. Mince the sample using scissors until all large sections of tissue are
processed into 1-2 mm sections.
NOTE: Typically, whole tumors are processed; alternatively, for larger tumors, representative sections of tumors could be minced and
processed.

2. Using a plunger from a disposable 5 or 10 ml syringe, mechanically disaggregate the minced tumor tissue against the secured filter.

3. Using a pipettor, wash the processed tumor tissue with 5-10 mls of cold media or buffer. This will flush the single cells through the filter.
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4. Repeat the above two steps several times, ensuring that the total number and volumes of washings are approximately the same for similarly
sized tumors.

1. After washing the processed tumor tissue, observe small fragments of skin and/or other connective tissue should be left behind in the
filter.

2. Alternatively, for tumors where mechanical disaggregation alone may not be sufficient, digestion with collagenase and/or other
enzymes can be performed prior to the mincing procedure. This will allow for a more thorough single cell suspension. However, it
should be noted that such digestion protocols can affect surface antigen expressionzo, so caution should be taken in interpreting these
results.

5. Wash and pellet the cells by adding media/buffer and centrifuging at 4 °C 500 x g for 5 min.

4. FACS Staining of Single Cell Suspension (Time Required: ~30-60 min)

Resuspend cells in ice cold FACS buffer (PBS + 1% FBS).

. Count viable cells using trypan blue and a hemacytometer, or automated cell counter.

3. Determine total viable cell yield per volume. This data can be used to extrapolate absolute numbers of tumor infiltrating leukocytes in
combination with FACS data.

4. Determine the number of cells to be stained and analyzed by FACS. This will be influenced by several factors (e.g. tumor histology type,

tumor age and size, average percentage of infiltrating leukocytes, etc.).

NOTE: In B16 melanoma, we found a low percentage of tumor infiltrating leukocytes (TIL; typically <5%) compared to tumor cells. Thus, at

least 1 x 10° total tumor (tumor + infiltrating leukocytes) cells were typically collected via FACS for analysis.

1. Using the trypan-stained counting data, calculated volume of cells to be stained for FACS. For example, if TIL typically constitute 5% of
total tumor cells (many of the tumor cells will be dead on trypan stain), factor this into the total number of tumor single cell suspension
to be stained.

2. For less common leukocyte subsets e.g. CCR9+ pDC) use a larger number of total tumor cells (e.g. 2-3 x 106) for FACS staining, given
the relative low frequency of these cells in the single cell suspension.

N =

5. Stain the tumor single cell suspension for FACS.

1. For live/dead discrimination, use a fixable stain or non-fixable stain (e.g. propidium iodide) can be used. If cell are stained without live/
dead discrimination, caution must be advised given the potential for non-specific binding of antibodies.

2. Stain the cell suspension for specific leukocyte subsets using a standard FACS staining protocol. Block cells to reduce non-specific
antibody binding with PBS/FBS containing 1% rat serum and Fc block (anti-CD16/32) for 10 min prior to staining with antigen-specific
antibodies. Include the correct isotype control antibodies to ensure staining is specific.

3. At this point, after the FACS staining is complete, fix samples with 4% formaldehyde or other similar fixative agent. Store samples at 4
°C in the dark (as to avoid quenching of fluorophores) until time of collection and analysis.

NOTE: Storing fixed samples for long periods of time may result in alteration in signal and intensity of the fluorophores?”.

4. Collect the samples on a flow cytometer. Optimal flow cytometer settings will vary depending on type of instrument and laser/detector
setup.

NOTE: Additionally, there can be variability between experiments even if using the same machine. Thus, perform appropriate machine
setup (e.g. using calibration beads) to ensure appropriate compensation setting prior to FACS collection and analysis of each
experiment.

6. Analysis of leukoctye subsets
1. Using FACS data analysis software, to analyze the data. For a live/dead stain, start by gating out dead cells. Use antibody against a
leukocyte specific marker (e.g. anti-CD45) to identify leukocytes within the live cells.
1. After this, use various gating schemes to identify specific subsets, depending on the staining protocol. For example, to identify
CD4+T czglls, select the SSC° region from the CD45+ population and select the CD19-CD3+ cells; from this CD4+ T cells can be
identified™.

2. Analyze data and present it in a number of different ways to ensure consistency and identify patterns or trends (i.e. use total numbers,
percentages, or ratios to quantify subsets).
NOTE: For example, we looked at total live CD45+ cells as a percentage of total tumor cells collected (Figure 1). Additionally, we then
calculated the percentage of each leukocyte subset (eg CD4+ T cells) within the tumor and compared these as ratios between the
control and test groups (Figure 3).

Representative Results

Our results showed that forced over-expression of chemerin in murine B16 tumors augmented the percentage of tumor infiltrating leukocytes
(TILs). Additionally, changes to the relative ratio of leukocyte subsets represented within the tumor microenvironment associated with chemerin
expression were identified. Re-print with permission from Pachynski et al®.

Figure 1 shows that there was a significant increase in total CD45+ cells (TILs) within in the tumors that expressed chemerin compared to
controls, as determined by FACS analysis of resected day 17 tumors. Using stained, cryosectioned B16 tumors, the increase in infiltrating CD45+
cells by immunofluorescence of tumors was confirmed (Figure 2).

Further analysis of FACS data shows a relative increase, on average, of NK cells, T cells, and conventional DC (Lin-B220- CD11c+) in the
tumors where chemerin was over-expressed compared to the control tumors (Figure 3). There was a relative decrease in the percentages of
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leukocyte subsets that have a role in_suppressing or may suppress immune responses, specifically myeloid-derived suppressor cells (Lin-CD11b
+GR1+) and pDC (Lin- B220+CD11c™PDCA1+) %,

An increasing number of studies have shown the ratio of leukocyte subsets within the tumor microenvironment to be an important factor, both in
terms of tumor growth and clinical outcomes*?*%. Our FACS data was further analyzed to reveal the number of T cells (total CD3+) and NK cells
per tumor cell; these cell types were increasingly represented in the chemerin-expressing tumors compared to controls (Figure 4).

A direct comparison of effector (i.e. NK and T cells) and suppressor cell (i.e. MDSC and pDC) populations within the tumor microenvironment for
both tumor groups was then performed. Figure 5 shows significant increases in the ratios of effector to suppressor cell populations within the
chemerin-expressing tumors compared to controls.

Overall, the representative results show the effects of chemerin expression within the tumor microenvironment on leukocyte subset populations,
and the favorable skewing of these populations and ratios in a manner consistent with the clinical benefit seen.

10- =

% CD45+
ON DD ®

Control Chemerin-
expressing

Figure 1: Increased tumor infiltrating leukocytes in chemerin-expressing tumors. Tumors excised from chemerin-expressing vs control on
day 17 were analyzed for CD45+ leukocyte infiltration (% of viable cells) by flow cytometry; *p <0.05 by two-tailed Student’s t-test showing mean
+ SEM of with 4 or more mice per group.
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Figure 2: Imaging of B16 melanoma TIL. Immunofluorescence images illustrate CD45+ cell infiltrates (white arrows) in control and chemerin-
expressing melanomas excised at day 9; bar represents 25 pym.
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Figure 3: Altered representation of leukocyte subsets in chemerin-expressing tumors. FACS analyses data was converted via log; ratio
of TIL subset frequency in chemerin- expressing vs control tumors for pDC (plasmacytoid DC; Lin- CD11c'”‘8220+PDCA1+), cDC (conventional
DC; Lin-CD11ch'B220-), CD4 (CD3+CD4+)T cells, CD8 (CD3+CD8+) T cells, total T cells (CD3+CD4+ and CD3+CD8+), NK cells (CD3-NK1.1+),
CD11b (Lin-CD11b+) monocyte/macrophages, MDSC (myeloid derived suppressor cells; Lin-CD11b+GR1+), and CD19+ B cells (CD3-CD19+).
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Figure 4: Altered ratios of effector to suppressor leukocytes in B16 tumors. Day 17 B16 melanoma tumors were analyzed by FACS as
described. Individual leukocyte subsets were identified by gating. The ratio of NK or total T cells to MDSC or pDC in each tumor type was then
calculated.
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Figure 5: Increased effector cells in chemerin-expressing B16 tumors. Control or chemerin-expressing tumors were analyzed by FACS.
Absolute numbers of T and NK cells per 10,000 total tumor cells were calculated using the FACS data. Results are from a representative
experiment.

Performing detailed analysis of the tumor microenvironment is critical in determining the mechanisms and effects of immunomodulation. With
the increasing presence of immunotherapeutics in the human clinical realm, understanding the impact of these agents on the tumor infiltrating
leukocytes is becoming requisite in defining their mechanism of action. In humans, there often exist clinical and/or logistic difficulties in obtaining
and analyzing tumor tissue for leukocyte subset analysis, and thus analysis of the peripheral immune response is often performed. Performing
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preclinical studies in animal models allows the researcher to more fully explore the impact of immunomodulatory agents on the immune system
within the tumor itself, thus giving additional insight into mechanisms that might affect clinical outcomes.

Our technique allows detailed analysis of tumor-infiltrating leukocytes. Because the entire tumor microenvironment can be sampled, a more
global view of the immune presence within the tumor can be assessed. And, ultimately, the balance of pro-tumor suppressor cells and anti-
tumor effector cells can have a significant impact on tumor growth and clinical outcomes 4, Thus, this type of analysis is valuable in providing
the researcher with detailed information about the specific leukocyte subsets present. This detailed data may be used in combination with other
functional data to further elucidate immune mechanisms within the tumor.

The relative simplicity of the protocol allows one to evaluate larger cohorts of tumors in order to minimize the variability within groups. Compared
with the more typical and prevalent approach of imaging (either by IHC or immunofluorescence), our technique allows the identification of very
specific leukocyte subsets by utilizing multi-color flow cytometry. The ability to sample either the entire tumor (including periphery) or a section of
the tumor gives the researcher additional flexibility in terms of sampling and analysis. This also allows the compilation of significantly more data
regarding leukocytes than could be obtained by analysis of multiple tissue sections by imaging, thus giving a more accurate picture of the tumor
microenvironment.

We utilized this technique on subcutaneous tumors, which are widely used in mouse models given the relative ease of tumor inoculation and
measurements. Thus, this protocol would be applicable for likely a majority of tumor models used. However, the technique could also be applied
to tumors resected from orthotopic or spontaneous tumor models, albeit with additional steps for tumor resection. And while B16 melanoma

did not require enzyme digestion to obtain a single cell suspension, there may be other tumor types where this step is required to obtain a
uniform, representative single cell suspension. There are also advantages that imaging of tumor sections affords that cannot be assessed with
our technique. For example, more specific data on leukocyte localization within the tumor microenvironment can be obtained through IHC/IF, and
this may often be a valuable adjunct to the data provided by FACS analysis.

In conclusion, our technique for evaluation of leukocyte subsets within the tumor microenvironment allows the researcher to perform detailed
analyses of the immune presence within a tumor using a relatively simple protocol. It can be applied to a majority of mouse tumor models and
can help elucidate valuable information about the leukocyte type, number, and ratios present within the tumor.
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