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Abstract

Cancer development is a multiple-step process involving many cell types including cancer precursor cells, immune cells, fibroblasts and
endothelial cells. Each type of cells undergoes signaling and functional changes during carcinogenesis. The current challenge for many cancer
researchers is to dissect these changes in each cell type during the multiple-step process in vivo. In the last few years, the authors have
developed a set of procedures to isolate different cell populations during skin cancer development using K14creER/R26-SmoM2YFP mice.
The procedure is divided into 6 parts: 1) generating appropriate mice for the study (K14creER+ and R26-SmoM2YFP+ mice in this protocol); 2)
inducing SmoM2YFP expression in mouse skin; 3) preparing mouse skin biopsies; 4) isolating epidermis from skin; 5) preparing single cells from
epidermis; 6) labeling single cell populations for flow cytometry analysis. Generation of sufficient number of mice with the right genotype is the
limiting step in this protocol, which may take up to two months. The rest of steps take a few hours to a few days. Within this protocol, we also
include a section for troubleshooting. Although we focus on skin cancer, this protocol may be modified to apply for other animal models of human
diseases.

Video Link

The video component of this article can be found at https://www.jove.com/video/50311/

Introduction

As the most common type of human cancer, basal cell carcinoma (BCC) affects about 2 million Americans per year 1. Accumulating evidence
indicate that abnormal activation of hedgehog (Hh) signaling is the driving force underlying BCC development (Reviewed in 2,3). Alterations of
Hh signaling in BCCs include inactivating mutations of PTCH1 4-6, gain-of-function mutations of SMO 7-9, and aberrant expression of Hh pathway
transcription factors GLI1 10 and GLI2 11 or rare inactivated mutations of negative regulator Su(Fu)12. Through all these and other studies,
Federal Drug Administration (FDA) has recently approved the use of Hh signaling inhibitor Vismodegib to treat metastatic and locally advanced
BCCs13-15.

Despite all these achievements 16, we still do not understand the molecular and cellular mechanisms by which Hh signaling drives
carcinogenesis. Establishing animal models using tissue-specific activation of Hh signaling is still important for these studies and for our
understanding of drug resistance. In mice, wild-type mice do not develop BCCs, even under heavy doses of carcinogens, UV or ionizing
radiation. In contrast, Ptch1+/- mice are susceptible to BCC development 17,18. The penetrance of BCC development in Ptch1+/- mice is over 50%
18,19 although Ptch1+/- mice rarely develop full-grown BCCs if kept under normal conditions. Due to the embryonic lethality of Ptch1-/-, tissue-
specific knockout of PTCH1 is generally used for the study 20. In addition, conditional skin-specific expression of oncogenic SmoM2YFP (Krt14-
creER:R26-SmoM2YFP or Krt14-cre:R26-SmoM2YFP) leads to formation of multiple microscopic BCCs at a very early age, providing an easy
genetic assay for Hh signaling downstream of SMO 21.

There are three major issues in our knowledge of BCC biology. First, the cellular origin of BCCs is not entirely clear. While some studies support
the budge of hair follicle as the stem cell site 22-24, Youssef et al. 25 localized the murine cell of origin of cutaneous Hh-driven tumors to be in the
inter-follicular epidermis region, not in the hair follicle, by using cell-specific Cre to activate expression of a ROSA26-driven transgenic mutant
SMO. Second, cellular interactions during BCC development are not well understood. It is known that keratinocytes with activated Hh signaling
can lead to formation of BCCs, but other cellular changes are not well-understood. Furthermore, treatment of Smo antagonists in mice can
lead to drug resistance 26-28. Thus novel targets for BCC are greatly needed. Understanding these three issues requires analyses of cellular
changes in mice during carcinogenesis. While several methods have been published for keratinocyte culture, flow cytometry and skin stem cell
isolation 29-31, there are currently no comprehensive procedures for cell analyses in mouse BCCs. By combining methods for mouse model of
BCCs, separation of epidermis, generation of single cells from tissue and cell analyses, we will provide readers with a set of procedures to study
cell signaling, cellular and molecular interactions during BCC development. We believe that this protocol will allow readers to see how each
procedure is accomplished. In addition, we provided some data to illustrate what the results should look like, and troubleshooting to help readers
to overcome difficulties during performing these procedures.
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Protocol

This study has been approved by the IACUC Committee at Indiana University School of Medicine.

1. Generate Mice with Correct Genotypes

1. Establish a mouse model of BCCs. Mate K14-CreER mice (Jackson laboratory stock number 005107) with R26-SmoM2YFP mice (Jackson
laboratory stock number 005130) (18) to generate K14-creER+ and R26-SmoM2YFP+ mice.

2. Perform genotyping. Immerse tail specimens (0.5 cm long) in directPCR tail lysis solution with 1 mg/ml proteinase K at 55 °C overnight with
shaking. The next day, remove tissue debris by centrifugation at top speed in a micro-centrifuge (to keep the supernatant for genotyping).
Use 1 μl of the supernatant for each PCR reaction with the primers and conditions recommended by the vendor. Select the mice with the right
genotypes (at age of 3-6 weeks, buprenorphine at 0.05-0.1 mg/kg will be applied via SQ every 8-12 hr for 2-3 days after tail snip) for step 2.

2. Induce Expression of SmoM2 in Skin Keratinocytes

Induce SmoM2 expression in keratinocytes by oral administration of tamoxifen (5 μg/kg body weight in 50 ml of vegetable oil in each feeding) for
5 consecutive days via oral gavage with a feeding needle (curved 20 gauge).

3. Preparing Skin Specimens

In general, phenotypes are more severe on the ear and the tail in K14creER/R26SmoM2GFP mice. To prepare for cell analyses, we first harvest
the mouse skin after animal sacrifice with an institutional approved procedure (CO2 plus cervical dislocation).

4. Isolating Epidermis

1. After sacrifice mice with an approved procedure (see step 3), remove fur using a trimmer. Immerse skin specimens in dispase solution (5 mg/
ml in DMEM with 10% FBS) at 37 °C for 1-2 hr (1 hr for mice less than 8 weeks old and 2 hr for mice old than 8 weeks).

2. Following dispase treatment, separate epidermis from dermis by forceps.

5. Generate Single Cells

1. To obtain single cell population, mince epidermis by scissors and then immerse in collagenase IV solution (1 mg/ml in DMEM with 10% FBS)
for 1-2 hr at 37 °C in a 50 ml tube. Try to gently swirl the tubes every 20 min to help cell disassociation.

2. Inspect cell disassociation under microscope. When single cells can be detected in the collagenase medium, incubate the specimen for an
additional 30 min to increase the cell yield. In general, the epidermis from one mouse can yield up to 107 cells.

3. Filter the tissue mixture through cell strainer (pore size 70 μm), spin cells down at 1,500 rpm via bench top centrifugation, and wash once
time with PBS.

6. Label Cells and Perform Flow Cytometry Analyses

1. Resuspend the cells in 10% FBS in PBS at 2.5 x 106 cells/ml to block non-specific binding (on ice for 30 min)
2. Take an aliquot of cells to each of 1.5 ml microtubes for specific antibody labeling. Add different antibodies to each tube at a final

concentration of 2 μg/ml. Mix antibodies with cells via a gentle vertex for several seconds and leave them on ice for 30 min, then wash with
1 ml PBS. For BCC specimens, we used the antibodies for following biomarkers: CD11b-PE plus Gr1-APC (myeloid cells or myeloid-derived
suppressor cells); vimentin-FITC (fibroblast) (see reagents for details).

3. For intracellular staining, we use a kit and follow the vendor's manual (see Reagents for details). We use fresh cells to analyze cell surface
markers. After surface marker staining, wash cells, and resuspend them in PBS. Add DAPI to the cell mixture at a final concentration of 1 μg/
ml. DAPI will stain dead cells that will be gated out from further analyses.

4. Analyze the data with specific software. We first select single cells based on the FSC vs. SSC plot, and use DAPI negative population (live
cells) for further analysis.

Representative Results

It is known that mice do not develop basal cell carcinomas except with Hh signaling activation. Figure 1 shows the skin phenotype following
induced expression of oncogenic smoothened, SmoM2YFP. Figure 2 shows analysis of myeloid cells in normal and tumor-bearing mice. CD11b+

Gr1+ cells are derived from myeloid cells, and some of them are myeloid derived suppressor cells. In normal situation, the CD11b+Gr1+ cell
population is hardly detectable, but will increase in response to inflammation or tumor development. We showed that induced expression of
SmoM2YFP in skin results in an increase in CD11b+Gr1+ cells. Currently, the molecular mechanisms underlying this change in BCCs are not
clear.
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Figure 1. Morphological changes after SmoM2YFP induction in mouse skin. The top shows a diagram of mouse genotypes. The middle
panel: the K14creER+ and R26-SmoM2YFP+ mouse treated with tamoxifen showed grossly abnormality in the skin (right) as well as skin tumors
in the H&E section (left). The bottom panel: the mouse without SmoM2YFP induction showed normal looking skin (right) and no abnormal
morphology in the H&E section (left).

 

Figure 2.  Flow analysis of CD11b+Gr1+ cells. To examine the change of CD11b+Gr1+ cells during skin cancer development, we isolated
single cells and stained with fluorescence-labeled antibodies to CD11b and Gr1. After analysis with FlowJo, we noticed an increase of this cell
population in skin tissues from tamoxifen-treated mice.

Discussion

We have described a method for cell population analysis in BCCs. Tumor tissues are consistent of many cell types, and each cell type behaves
differently at a given time of carcinogenesis, which is very hard to recapture even under the best in vitro conditions. Using this protocol, we
showed that development of basal cell carcinoma is accompanied by expansion of epidermal stem cells as well as recruitment of myeloid cells.
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In comparison with immunohistochemistry or immunofluorescent analyses, cell population analyses give a more quantitative assessment of cell
population changes since specific antibodies to a variety of cell types are now available.

For this protocol, 10 weeks are needed to complete the study because phenotypic change from gene induction requires time. It is thus important
to plan the experiment ahead of time. For cell isolation and analyses, two whole days may be needed. Because live cells are used for analyses,
it is important to reserve a FACSCalibur ahead of time. We have also listed common problems when working with this protocol (see below).

In our experience, below are common problems we encountered:

1. Poor separation of epidermis: This may be caused by incomplete dispase treatment (Please increase the time of diapase treatment) or
insufficient dispase solution (The skin needs to be totally immersed in dispase solution). We use at least 5 ml of dispase solution for one
mouse. The volume may vary based on the size of skin.

2. Low yield of cell number: This may due to incomplete digestion with collagenase IV. Please first check collagenase concentration or
expiration date. This can also be caused by insufficient amount of epidermis used. Furthermore, enzyme digestion should be performed at to
37 °C with shaking (please adjust temperature before perform digestion).

3. Cell clumps: This is very common for skin cells (pipette cells a few times after going through strainer (before centrifugation), or existence of
Mg2+ and Ca2+ in the solution (please use Mg2+ and Ca2+-free PBS for cell wash).

4. Too many dead cells: This may be a result of degraded tissues (please use fresh tissues), or over-digestion (avoid extended incubation with
dispase and collagenase IV).

This protocol can be combined with bone marrow transplantation or tissue transplantation to examine the cell origin. For example, transplantation
of GFP-expressing bone marrow cells into lethally irradiated mice will allow us to examine the contribution of bone marrow cells to tumor-
associated fibroblasts and myeloid cells. Similarly, skin tumors can be transplanted into a new mouse host to examine tumor-host interactions.

In addition to examine cell population changes during carcinogenesis, this protocol will also allow researchers to examine effects of
drug treatments to the cells in the tumor environment. Although this protocol is designed to use for cell population analyses during skin
carcinogenesis, slight modifications can be made for other cancer types.

In summary, cell population analyses in mouse models of skin cancer can give us the dynamic cellular changes during carcinogenesis, leading to
a better understanding of cell biology in neoplastic transformation and different cellular events in the transformation process.
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