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Recurrence of breast cancer often follows a long latent period in which there are no signs of cancer, and metastases may not become clinically
apparent until many years after removal of the primary tumor and adjuvant therapy. A likely explanation of this phenomenon is that tumor cells
have seeded metastatic sites, are resistant to conventional therapies, and remain dormant for long periods of time 4,

The existence of dormant cancer cells at secondary sites has been described previously as quiescent solitary cells that neither proliferate

nor undergo aPoptosis 57, Moreover, these solitary cells has been shown to disseminate from the Primary tumor at an early stage of disease
progression 810 and reside growth-arrested in the patients' bone marrow, blood and lymph nodes A4 Therefore, understanding mechanisms
that regulate dormancy or the switch to a proliferative state is critical for discovering novel targets and interventions to prevent disease
recurrence. However, unraveling the mechanisms regulating the switch from tumor dormancy to metastatic growth has been hampered by the
lack of available model systems.

in vivo and ex vivo model systems to study metastatic progression of tumor cells have been described previously 11214 However these

model systems have not provided in real time and in a high throughput manner mechanistic insights into what triggers the emergence of

solitary dormant tumor cells to proliferate as metastatic disease. We have recently developed a 3D in vitro system to model the in vivo growth
characteristics of cells that exhibit either dormant (D2.0R, MCF7, K7M2-AS.46) or proliferative (D2A1, MDA-MB-231, K7M2) metastatic
behavior in vivo . We demonstrated that tumor cells that exhibit dormancy in vivo at a metastatic site remain quiescent when cultured in a 3-
dimension (3D) basement membrane extract (BME), whereas cells highly metastatic in vivo readily proliferate in 3D culture after variable, but
relatively short periods of quiescence. Importantly by utilizing the 3D in vitro model system we demonstrated for the first time that the ECM
composition plays an important role in regulating whether dormant tumor cells will switch to a proliferative state and have confirmed this in in vivo
studies'"". Hence, the model system described in this report provides an in vitro method to model tumor dormancy and study the transition to
proliferative growth induced by the microenvironment.

Video Link

The video component of this article can be found at https://www.jove.com/video/2914/

Protocol

1. Cell culture maintenance of dormant and metastatic tumor cell lines

1. Grow dormant (D20R/ MCF7/K7M2-AS.46) and metastatic tumor cells (D2A1/ MDA-MB-231/ K7M2) in 10 cm culture plates containing
Dulbecco's Modified Eagle's Medium (DMEM) high glucose and 10% Fetal bovine serum (FBS) and antibiotics. Once the cells reach 70-80%
confluence, proceed to the following assays.

2. Cell proliferation assay of dormant (quiescent) and metastatic (proliferating) tumor cells
cultured in a 3D-BME system

Culturing dormant/metastatic cells in the 3D system

1. Thaw Cultrex growth factor-reduced Basement Membrane Extract (BME) in 4°C refrigerator a night before carrying out the assay. Note the
BME should be handled on ice at all times.
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2. On the following day, place a 96 well plate on a tray of ice inside a laminar hood. Coat each well with 50-100ul of ice cold BME using a
dispenser with a syringe. Make sure no bubbles are formed in the wells. Place the 96 well plate coated with BME in a humidified incubator
with 5% CO, at 37°C for 30 minutes.

3. In the meantime aspirate the media from the dormant and or metastatic tumor cells (prepared in section 1). Rinse culture plates with 10 ml
phosphate buffered saline, ph 7.4 (PBS). Aspirate the PBS and add 2ml trypsin pre-warmed at 37°C, to the culture plates. Incubate the plates
in a humidified 5% CO, at 37°C, for 5 min.

4. Transfer cells to a 15 ml conical tube containing 5ml of DMEM high glucose supplemented with 10% FCS and antibiotics and count the cells.

5. Spin down the total cell number to be cultured in a tissue culture centrifuge at a speed of 1500g, at room temperature for 5 min. In our assays
we prepare 2X10° cells /well for each cell line or time point to be examined. However, this may vary depending upon the cell lines used.

6. Carefully aspirate the supernatant. Note, in most cases the pellet is not visible. Therefore, leave some media behind. Tap the bottom of the
15ml conical tube with your fingers to ensure that a suspension of single cells is obtained. Re-suspend the pellet with DMEM low glucose
with antibiotics supplemented with 2% FCS + 2% BME (assay media). 100 pl of the assay media should be added for every 2x10° cells.
Triturate the cells many times with a 5ml pipette to ensure that a single cell suspension is maintained.

7. Plate a 100pl of the cell mixture per well on top of the 96 well BME coated plate. For background evaluation (in section 2.8) plate in addition
100ul per well of only the assay media on top of the 96 well BME coated plate. Incubate the cultured 96 well plates in a humidified 5% CO,
incubator at 37°C. Cells should be re-fed every 4 days with the assay media.

Proliferation assay:

8. Proliferation assay of the cells: add to the wells at the desired time points 20 pl of the Cell Titer 96 AQueous One Solution Cell Proliferation
assay kit. Incubate in a humidified 5% CO, incubator at 37°C for 2h. Using an Elisa Plate Reader record the absorbance at 490nm. For
background evaluation and subtraction, add 20yl of the Cell Titer 96 AQueous One Solution Cell Proliferation assay kit to wells pre coated
with BME and only overlaid with assay media. Using an Elisa Plate Reader record the absorbance at 490 nm.

3. Immunofluorescent staining for cell signaling molecules in dormant (quiescent) tumor
cells and/or metastatic (proliferating) tumor cells

Culturing dormant/metastatic cells in the 3D system for immunfluorescence staining

*The following protocol is a modification of a 3D culture protocol published by Debnath J et al 18

1. Prepare BME as described in section 2.1. The following day: place an 8-chamber glass slide system on a tray of ice inside a laminar hood.
Coat each well with 50ul of ice-cold BME using a 200yl pipetman. Make sure BME is spread evenly and no bubbles are formed in the wells.
Place the 8 chamber glass slide coated with BME in a humidified 5% CO, at 37°C for 20 min.

2. Harvest dormant and or metastatic cells from section 1 and prepare to culture as described in section 2.3- 2.4. Collect the total number
of cells to be cultured in a 15 ml conical tube. We prepare 5 x10° cells / well for each cell line and time point to be examined. Spin down
the cells in a tissue culture centrifuge at a speed of 15009, at room temperature for 5 min. Aspirate the supernate carefully. Note that the
pellet is not visible; therefore leave some media behind. Tap the bottom of the 15ml conical tube with your fingers to ensure that a single cell
suspension is obtained. Re-suspend the pellet with assay media. 400yl of the assay media should be added for every 5x10° cells. Triturate
the cells many times with 5ml pipette. This step is very important to ensure that the single cell suspension is maintained.

3. Plate 400yl of the cell mixture per well on top of each of the 8 chambers coated with BME. Incubate the cultured 8 chambers glass slide
system in a humidified 5% CO, incubator at 37°C. Cells should be re-fed every 4 days with the assay media.

Immunofluorescence staining:

4. At the desired time points, aspirate the upper layer of the media and add 200yl of the fixative containing 4% Paraformaldehyde (PFA), 5%
sucrose and 0.1% Triton X-100 and incubate at room temperature for 5 minutes. Aspirate the fixative and add 200ul of 4% PFA containing
5% sucrose and incubate at room temperature for 25 minutes.

5. Aspirate the fixative; add 400 ul of phosphate buffered saline (PBS) to each well. Incubate for 10 minutes at room temperature. Aspirate the
PBS and add 400 p PBS containing 0.05% Tween 20 for 10 minutes at room temperature.

6. Block the fixed cells at room temperature with 200l of either 10% donkey serum or with 3% BSA for 1hour (blocking solution to be used
should be determined empirically for each primary antibody).

7. Aspirate the blocking solution and add 200ul of the primary antibody (dilution should be determined empirically for each primary antibody to
be used). Dilute the primary antibody in 10% donkey serum if 10% donkey serum was used for blocking or dilute primary antibody in 3% BSA
if 3% BSA blocking solution was used. Incubate with the primary antibody overnight at 4°C.

8. Aspirate the antibody, wash the wells with 400ul PBS for 15 minutes and repeat twice. Aspirate the PBS and add 200yl of donkey anti-
respective- IgG conjugated to rhodamine red (dilution should be determined empirically), cover the 8 chamber slide with aluminum foil and
incubate for 1 hour at room temperature.

9. Wash the wells with 400l PBS (3x15 minutes each wash). Aspirate PBS. Mounted with VECTASHIELD mounting medium with DAPI. Dry
slides for 40 minutes at room temperature in the dark. Slides can be kept for 1 week at 4°C. Store the slides in the dark. Image slides by
Confocal microscopy.

4. Representative Results:

An example of a proliferation analysis of the dormant D2.0R and metastatic D2A1 tumor cells in the 3D culture is shown in Figure 1A. D2.0R
cells are dormant (quiescent) through the entire experimental 14 day culture period whereas the highly metastatic D2A1 cells remain dormant
only for four to six days after which they begin to proliferate. During the initial dormant phase, many cells remain solitary in the 3-D culture
(Figure 1B; day 4) whereas other non-proliferating cells form multi-cellular spheroids. The transition of D2A1 cells from a dormant to proliferative
state in 3-D culture (Figure 1B; day 12) is associated with dramatic changes in cell morphology. Hence, this assay can be used to test what

Copyright © 2011 Journal of Visualized Experiments August 2011 | 54 | e2914 | Page 2 of 6


https://www.jove.com
https://www.jove.com
https://www.jove.com

L]
lee Journal of Visualized Experiments www.jove.com

factor/s may trigger dormant D2.0R cells to emerge from their dormant state and what factor/s may prevent D2A1 cells to transition from their
dormant state. Figure 2 is an example of an agent preventing D2A1 cells to transition from dormant to a proliferative state. As illustrated in
Figure 2, treatments of D2A1 cells with a specific inhibitor of myosin light chain kinase (ML- 7) maintained D2A1 cells in a dormant state.

Cell signaling in the dormant and proliferating tumor cells cultured in the 3D system can be studied by immunofluorescence staining for cell
signaling molecules. As illustrated in Figure 3 a significant increase in myosin light chain phosphorylation in D2A1 cells (red staining) followed
by reorganization of the f-actin filaments forming actin stress fibers (green staining) occurs during their transition from dormancy (1-4 days) to
proliferation (day 7). However, blocking myosin light chain kinase activity in D2A1 cells by shRNA or specific drug (ML-7) retains D2A1 cells in a
dormant state and results in inhibition of myosin light chain phosphorylation and f-actin stress fiber organization (Figure 4).
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Figure 1. in vitro model to study solitary tumor cell dormancy and the switch to metastatic growth. A) Proliferation of dormant D2.0R and
metastatic D2A1 in 3-D Cultrex BME, n=8 (mean + SE). Representative results of three experiments (* p<0.05). B) Light microscopy images of
D2.0R and D2A1 cells cultured in 3-D Cultrex BME magnification x20. Figure modified from Barkan et al "
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Figure 2. Preventing the switch of D2A1 cells from dormancy (quiescence) to proliferation in the 3D culture system by inhibition of
myosin light chain kinase (MLCK). Time course of D2A1 cell proliferation cultured in 3-D Cultrex BME , n=8 (mean +SE). Cells were untreated
(control), or treated with a specific inhibitor of MLCK (ML-7; 5 pM) for 48 hr beginning on culture day 5. Figure modified from Barkan et al i
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Figure 3. Myosin light chain phosphorylation followed by f-actin reorganization during the switch of D2A1 cells from dormancy to
proliferative growth. D2A1 cells were cultured in 3-D Cultrex BME on 8 chamber glass slide. Cells were fixed and stained with DAPI (blue) for
nuclear localization, phalloidin (green) for f-actin and with an antibody against the phosphorylated form of myosin light chain (MLC-p) (red), as
indicated at various time points. Merge of f-actin, and MLC-p staining (yellow). Expression of MLC-p was increased during the transition of D2A1
cells from dormancy (days1-4) to proliferative growth (day 7) followed by actin stress fiber formation (arrows). Confocal microscopy, magnification
x63. White bar equals 20 microns. Figure modified from Barkan et al e
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Figure 4. Inhibition of myosin light chain kinase (MLCK) mediated f-actin stress fiber formation in D2A1 cells. D2A1 Cells were untreated
(control), or treated with inhibitor for MLCK (ML-7; 5 uM), for 48 hr beginning on culture day 5, or treated with scrambled or MLCK shRNA and
stained for the phosphorylated form of myosin light chain (MLC-p) (red), f- actin (green), and nuclei (blue). Merge of f-actin, and MLC-p staining
(yellow). Confocal microscopy, magnification x63. White bar equals 20 microns.

The underlying mechanisms that maintain disseminated tumor cells in a dormant state or result in their transition to metastatic growth remain
largely unknown. This phenomenon has been extremely difficult to study in human patients 412 and few preclinical models have been developed
to address this issue. Nevertheless, some in vivo and ex-vivo model systems for tumor dormancy have been characterized (reviewed in 1'12).
However, the in vivo models for tumor dormancy can primarily be utilized to validate potential mechanisms regulating tumor dormancy, but are
not amenable to explore in real time the biology of a single disseminated dormant tumor cell.

The 3-D system presented here models for the first time solitary tumor dormancy and the switch to metastatic growth in an in vitro model system.
The proliferation assay for modeling tumor dormancy (quiescence) and the transition to proliferation in the 3D system can be followed over time.

This assay can be utilized to study in a high throughput manner and in a relatively short time frame potential factors/genes that maintain dormant
tumor cells in their quiescent phase or may activate them to proliferate. Furthermore, the proliferation assay can be utilized as a high throughput

platform to screen for additional tumor cell lines that may have a dormant phenotype.

Studying the molecular mechanisms which governs tumor dormancy or its switch to metastatic growth in the 3D system by conventional
biochemical methods (RT-PCR/ western blots) is difficult given the low amount of RNA/protein that can be extracted for biochemical studies from
the dormant tumor cells. However, immunofluorescence staining of cell signaling molecules of the dormant and outbreaking tumor cells in the 3D
model system, as presented in Figures 3 and 4 can be applied. Hence, the model system presented here can serve as an efficient tool to begin
to explore the molecular mechanisms regulating solitary tumor cell dormancy and the transition to metastatic growth.
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