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Short Abstract: (10 word minimum, 50 word maximum)
In vivo Fluorescence Molecular Tomography (FMT 2500) imaging can detect and quantify 4T1 breast cancer metastasis deep in the lungs of BALB/c mice. Combining in vivo imaging of fluorescence agents to detect cathepsin (via ProSense® 750 agent) and avb3 integrin (via IntegriSense® 680 agent) upregulation provides useful biological information regarding tumor growth and progression and therapeutic efficacy..  


Long Abstract: (150 word minimum, 400 word maximum)
Breast cancer is a clinical challenge today, with almost 200,000 new breast cancer cases reported annually in the United States alone.  In 10% of breast cancer diagnoses, the cancer has metastasized to distant organs in the body, such as bone, liver, and lung, decreasing the 5-year relative survival rate to 20%.  Traditional mouse models of cancer rely primarily on post-mortem measurements of disease morphology and histologic analysis for the assessment of tumor burden, so a robust, non-invasive technique that can provide quantitative information about cellular activities occurring in the metastatic process, in living animals, will further our capabilities in understanding and treating cancer progression. 
In the present study, we demonstrate that in vivo imaging of two fluorescent agents, using VisEn Medical’s Fluorescence Molecular Tomography (FMT 2500) quantitative tomography system, provides deep tissue detection and quantification not possible by 2D surface reflectance imaging.  ProSense® 750 (VisEn Medical), a protease-activatable NIR imaging agent, effectively images and quantifies the abnormal increase in protease activity associated with tumor aggression and growth within the lungs of BALB/c mice receiving an intravenous injection of 4T1 mouse breast adenocarcinoma cells.  Combining this agent with simultaneous injection of IntegriSense® 680 (VisEn Medical), a targeted NIR agent binding to avb3 integrin, provides additional biological information regarding tumor and neovascular endothelium integrin expression.  These two different biologies are imaged simultaneously using FMT to provide 3D multiplex fluorescence images and biological quantification.  The cell propagation, animal preparation, and in vivo imaging procedures needed to perform this study are described and demonstrated in detail.  These results indicate that quantitative tomographic fluorescence imaging datasets can be established in pre-clinical mouse tumor metastasis models as standards for longitudinal measurement of deep tissue cancer pathology.
	
Text:

In Vivo Quantification of a 4T1 Tumor Metastasis Model

1.0 Cell Culture
1.1 Clean all work surfaces (in the laminar flow hood) and bottles with 70% ethanol.
1.2 The base medium for the 4T1 cell line is ATCC-formulated RPMI-1640 Medium. To make the complete growth medium, in a sterile fashion remove 50 ml from the bottle (500 ml) and add 5 ml of Penicillin/Streptomycin solution and 50 ml of Fetal Bovine Serum. 
1.3 Remove the stock culture flask from the 37ºC CO2 incubator place in the laminar flow hood.  Wipe the cap and neck of the flask with 70% alcohol.
1.4 The cells should not be allowed to become confluent (i.e. completely masking the surface of the flask); for proper culture maintenance each subculture (passage) should be performed at 80% of confluence.
1.5 To detach the cells that are adhered to the flask, remove medium, and add 3 to 4 ml of a warmed trypsin-EDTA solution. Allow the flask to sit at room temperature (or at 37ºC) until the cells detach. This should take 5 min at most. 
1.6 Add fresh culture medium to stop the action of the trypsin (blocked by FBS), aspirate and dispense into new culture flasks. A subculture dilution ratio of 1:6 to 1:8 is recommended.  Place new subculture flasks in the tissue culture incubator at 37ºC and 5% CO2.
1.7 Normally, cells are passaged on Day 0 and media replaced on Day 2 and Day 5.  These days will change if cells become 80% confluent earlier or later.
1.8 For feeding, medium should be changed by aspirating the old medium and adding fresh, warm medium.

2.0 Cell preparation for injection
2.1 Detach cells with trypsin-EDTA as described above (see 3.3). Add 5 ml of complete medium to a 50 ml conical tube and place the detached cells in tube containing the medium (FBS in medium stops the action of trypsin). Mix by gently inverting the tube a couple of times. 
2.2 Remove 20 l of cell suspension with a sterile pipette tip and place in hemocytometer to count.
2.3 Centrifuge the cell suspension for 5 min at 1200 rpm to pellet the cells to the bottom of the tube.
2.4 Discard the medium and resuspend the cell pellet with sterile PBS to obtain a concentration of 5 x 106 cells/ml.  Each 2 ml of cell suspension provides material sufficient for 5 mice (2 tumor site injections per mouse).
2.5 Place the tube with cells in an ice-filled bucket.



3.0 Mouse Preparation and 4T1 Cell Injection
3.1 Mix cells thoroughly (gentle vortexing) to avoid clumps just prior to injection. 
3.2 Aspirate 1 ml of cell suspension into 1 ml syringe, and attach a 271/2 Gauge needle. Retract syringe hub and point needle vertically.  Tap the syringe and slowly pushing in the plunger to flush out air bubbles.   Do not let the filled syringe sit for more than 2-3 minutes or cells will settle and clump.
3.3 Mouse preparation for tail vein intravenous injection
3.3.1 To effectively inject intravenously in the mouse tail vein it is necessary to dilate the tail blood vessels.  This is done by wetting small pieces of surgical gauze with warm water, squeezing out the excess water.  The gauze should be very warm to the touch, but not painful.
3.3.2 Grasp BALB/c mouse with the left hand by the scruff of the neck and the back skin.  Mouse should not be able to move much but should be able to breathe freely.  Gently hold the mid-tail with the warmed surgical gauze for 60 seconds.
3.3.3 Quickly slide the mouse into the restraining device, maintaining a firm grip on the tail.
3.3.4 Inject 100 ul of cell suspension (total of 5 x 105 cells) into one of the lateral tail veins.  Inject at the end quarter of the tail, and if the injection is missed, try again by injecting up the tail several millimeters.  A properly performed IV injection should encounter little resistance when pushing the syringe plunger.
3.4 Mark and release the mouse back into its cage and observe for the next hour for any behavioral or health abnormalities.   
3.5 Detection of tumor growth is detectable by imaging as early as 5-7 days.  Maintain mice for 10-14 days, at which time tumor growth within the lungs is very high for maximal signal by FMT 2500 imaging.  

4.0 Mouse Preparation and Imaging
4.1 Mouse Depilation and Injection of Fluorescence Imaging Agents.  As with many imaging modalities, it is critically important to fully remove the hair from the mouse from the region surrounding the desired scan volume (in this case the entire upper torso).  This means removing all hair on the front, back, and both side surfaces.  Otherwise, the hair will scatter the laser light and interfere with the proper scanning and subsequent reconstruction of the volume of interest. Mouse depilation is quick and easily performed.
4.1.1 Anesthetize mice with either ketamine (100 mg/kg) and xylazine (20 mg/kg) or isofluorane gas (according to your institution’s IACUC guidelines).  With gas anesthesia, it is necessary to administer via nose-cone and minimize time not directly receiving anesthesia.
4.1.2 Apply depilatory cream (un-perfumed NAIR) with a gloved finger onto desired area.  Work the cream into the skin of the entire upper torso of the mouse, making sure to rub against the direction of hair growth.
4.1.3 Let the cream sit on the mouse for no longer than 5 minutes, then rinse the mouse in the sink, rubbing the hair off under a stream of warm tap water.  Please note that depilatory creams are somewhat corrosive and will cause small sores or lesions if left on the skin for too long.  Such sores and inflammation would increase the background FMT signal.
4.1.4 Repeat steps 2 and 3 until all undesirable hair has been removed.
4.1.5 Prepare a 1 ml syringe containing a mixture of IntegriSense 680 (VisEn Medical) and ProSense 750 (VisEn Medical) (2 nmols each per 100 ul).  Inject intravenously as described in 5.3.
4.2 Mouse In Vivo Imaging with the FMT 2500:  Twenty-four hours after IntegriSense/ProSense injection, prepare the mice for in vivo FMT imaging.
4.2.1 Anesthetize mice with either ketamine (100 mg/kg) and xylazine (20 mg/kg) or isofluorane gas (according to your institution’s IACUC guidelines).  If using isofluorane gas, turn on the anesthesia system connected to the FMT 2500, then deeply anesthetize the mice in a peripheral anesthesia chamber.
4.2.2 Remove the top of the mouse imaging cassette (VisEn Medical) and place the anesthetized mouse carefully on the glass of the bottom plate.  Re-attach the upper plate of the cassette and dial the cassette depth on both knobs simultaneously to a setting that gently grips and secures the mouse in a stationary imaging position without discomfort (generally to 13-14 mm).
4.2.3  Slide the imaging cassette into the FMT 2500 imaging chamber with the mouse’s ventral side positioned upward (i.e. belly up).  This insertion will trigger isofluorane gas flow into the cassette if using this type of anesthesia.  
4.2.4 Use the TrueQuant software that runs the FMT 2500 to perform quantitative tomographic imaging of each mouse.
4.2.4.1 2D imaging:  Collect 2D reflectance image, generated by LED front illuminators positioned over the mouse.
4.2.4.2 3D tomographic imaging:  Select and resize a tomographic scan field that encompasses the entire upper torso of the mouse.  The tomographic scan transilluminates (i.e. passes light through the body of the animal to be collected on the opposite side) the thorax region, with signal detection occurring via a thermoelectrically cooled CCD camera placed on the opposite side of the imaged animal.  Appropriate optical filters allowed collection of both fluorescence and excitation datasets, and the multiple source-detector fluorescence projections were normalized to the paired collection of laser excitation data.  The entire image acquisition sequence takes approximately 4–5 min per mouse.  
4.2.4.3 Repeat prior 2 steps for second agent channel (to perform) multi-agent multiplexed analysis.
4.2.4.4 FMT Tomographic reconstruction:  A mathematic reconstruction algorithm automatically analyzes the transillumination datasets and generates 3D quantitative representations of fluorescence within the scan volume of the mouse.





Part 7: Representative Results:  

[image: ]
Results:  To be discussed during the video session.
Discussion: 
We used NIR imaging agents and optical tomographic imaging (FMT 2500) to detect deep tissue lung metastases of 4T1 breast adenocarcinoma cells.  Tumor masses were labeled in the living mice by using commercially available NIR agents (ProSense and IntegriSense) to detect cathepsin and v3 integrin upregulation, and these masses deep within the lung were readily detected by non-invasive FMT 2500 imaging.  This version of 4T1 metastasis yields a high tumor burden within the lungs readily detectable by 14 days post-cell injection.  Decrease of 4T1 cell numbers can provide a lower burden model with smaller, distinct masses, and longer progression time.

Imaging and quantification of cathepsin and integrin levels through the use of activatable NIR agents and FMT imaging offers a powerful and effective technique for detecting and quantifying deep tissue metastases in established mouse oncology models without the need for invasive procedures or the sacrifice of animals.  Additional agents are available for detecting matrix metalloproteases (MMP) activity, selective cathepsin B activity, or vascular leak, and can also provide useful measures by which tumor progression can be quantified. Using each of the four available imaging channels of the FMT 2500, four separate agents, each targeted at separate biomarkers, can be imaged and quantified simultaneously providing a quad-plexed analysis of disease and biology in vivo.  In addition, these NIR agents provide robust biomarkers to assess the efficacy of a variety of chemotherapeutic or anti-angiogenic therapies.  Third, multi-modality imaging is possible by combining NIR agent  biological data quantified tomographically with the FMT alongwith other 3D modalities, such as MRI, PET, and CT (a feature made possible by the FMT 2500), provide the best of both biological and anatomical insights for preclinical research.

One additional advantage of fluorescence imaging is the putatively safe nature of the fluorescence agents.  This advantage, coupled with the highly specific molecular nature of NIR fluorescence agents, presents a high likelihood that optical imaging will be translated more routinely for human use in the future.  Likely clinical applications include using fluorescence-based catheters, laparascopes, and endoscopes with NIR capacity.  
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Table of specific reagents and equipment:
	Name of the reagent
	Company
	Catalogue number
	Comments (optional)

	4T-1 cells  mouse breast adenocarcinoma
	ATCC
	CRL-2539
	

	RPMI medium 
	ATCC
	# 30-2001
	

	Fetal Bovine Serum 
	ATCC
	# 30-2020
	

	Penicillin/Streptomycin 
	ATCC
	# 30-2300
	

	Trypsin-EDTA 
	ATCC
	# 30-2101
	

	Phosphate Buffered Saline
	ATCC
	# SCRR-2201
	

	1 ml syringes with 271/2 Gauge needles 
	Becton Dickinson
	# 309623
	

	50 ml conical tubes 
	VWR
	# 3292-335-300
	

	Tissue culture flasks (Vented seal cap, cantered neck, 600 ml,)
	VWR
	# 15705-072
	

	Disposable plastic pipettes 
	VWR
	
	

	Hemocytometer
	
	
	

	Microscope
	
	
	

	Laminar Air Flow Hood
	
	
	

	CO2 incubator
	
	
	

	BALB/c mice (female)
	Charles River Laboratory
	
	

	Mouse restraining device
	
	
	

	Depilatory cream 
	Church & Dwight Co.
	
	

	Surgical gauze squares
	
	
	

	Centrifuge
	
	
	

	Surgical gauze squares
	
	
	

	DMEM
	
	
	

	Latex medical examination gloves
	
	
	

	Pipettor
	
	
	

	ProSense 750 Imaging Agent
	VisEn Medical Inc.
	# 10001
	ProSense® 750: Agent activated by proteases: cathespins B, L, S, and plasmin

	IntegriSense 680  Imaging Agent
	VisEn Medical Inc.
	# 10645
	IntegriSense™ 680: Targeted fluorescence imaging agent; 
integrin _v_3 antagonist and NIR fluorochrome.

	FMT 2500 Quantitative Tomography System
	VisEn Medical Inc.
	# 11065
	FMT 1500™ 
Quantitative Tomography 
In Vivo Imaging System
(120v)
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