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Abstract

Over the past decades, the main techniques used to visualize bacteria in tissue have improved but are still mainly
based on indirect recognition of bacteria. Both microscopy and molecular recognition are being improved, but most
procedures for bacteria detection in tissue involve extensive damage. Here, we describe a method to visualize
bacteria in tissue slices from an in vivo model of breast cancer. This method allows examining trafficking and
colonization of fluorescein-5-isothiocyanate (FITC)-stained bacteria in various tissues. The protocol provides direct
visualization of fusobacterial colonization in breast cancer tissue. Rather than processing the tissue or confirming
bacterial colonization by PCR or culture, the tissue is directly imaged using multiphoton microscopy. This direct
visualization protocol causes no damage to the tissue; therefore, all structures can be identified. This method can be
combined with others to co-visualize bacteria, types of cells, or protein expression in cells.
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Background

Fusobacterium nucleatum is an oral anaerobic bacterium that is prevalent in periodontal disease (Nozawa et al.,
2020) and preterm birth (Hill, 1993, 1998; Han et al., 2009; Gonzales-Marin et al., 2013). Recently, F. nucleatum
was found to colonize colorectal adenocarcinoma (Castellarin et al., 2012; Kostic et al., 2012), esophageal cancer
(Yamamura et al., 2016), pancreatic cancer (Mitsuhashi et al., 2015), and breast cancer (Parhi et al., 2020). The
presence of F. nucleatum in colon, pancreatic, and esophageal cancer has been associated with poor prognosis (Mima
et al., 2016; Yamamura et al., 2016; Yamaoka et al., 2018; Mitsuhashi et al., 2015). In a mouse model, F. nucleatum
colonizes breast cancer and promotes tumor growth and metastatic progression (Parhi et al., 2020).

In order to identify Fusobacterium nucleatum colonization in human and mouse cancer tissues, the methods
previously used were microbiome analysis, PCR, fluorescence in situ hybridization, and culture (Castellarin et al.,
2012; Kostic et al., 2012; Parhi et al., 2020; Abed et al., 2016; Abed et al., 2020). Specifically directing bacteria to
a target cancer as a future therapy strategy requires visualization tools for imaging and monitoring bacterial
trafficking in animal models. Here, we show a simple method that requires minimal time, equipment, materials, and
resources to quickly validate bacterial localization in cancer tissue in an in vivo model. This is a direct method to
visualize the bacteria in the tissue with minimal intermediate steps that may affect the results.

Materials and Reagents

1. 1 mL syringe (BD Plastipak™, catalog number: 303084)

2. 27G and 26G needle (BD Plastipak™, catalog numbers: 305109 and 303176)

3. Sterile surgical pad

4. 10 cm tissue culture dish (Corning Incorporated, Falcon, catalog number: 353003)

5. 11 mL (Nunc™ catalog number: 347856), 15 and 50 mL tubes (Miniplast, catalog numbers: 835-015-40-111 and
835-050-21-111)

6. 1.5 mL Eppendorf microtubes (Bar Naor Ltd., catalog number: BNO22RL)

7. Scalpel (Bar Naor Ltd., catalog number: BN400-21-JH)

8. Whatman syringe filter 0.2 pm (Bar Naor Ltd., catalog number: BNFCA206030H)

9. Coverslip (Bar Naor Ltd., catalog number: BN1001-18-1CN)

10. Superfrost Plus glass slides (Thermo Fisher Scientific, catalog number: J1I800AMNT)

11. Pipette tips [Axygen, catalog numbers: TF-200-R-S (20-200 pL), TF-1000-R-S (100-1,000 puL)]

12. Glass vials (Bar Naor Ltd., catalog number: BN1228WH)

13. Animals: 5-7-weeks-old female C57BL/6 mice (Envigo, Israel)

14. ATS3 cell line (Sigma SCC178)

15. Dulbecco’s modified eagle medium (DMEM), 500 mL (Biological Industries, catalog number: 01-050-1A)
16. Accutase solution normal human, 100 mL (Biological Industries, catalog number: C-41310)

17. Dulbecco’s PBS, 500 mL (Biological Industries, catalog number: 02-020-1A)

18. Heat-inactivated fetal bovine serum (FBS), 500 mL (Biological Industries, catalog number: 04-127-1A)
19. L-glutamine in saline solution, 100 mL (Biological Industries, catalog number: 03-020-1B)

20. Penicillin—streptomycin solution, 100 mL (Biological Industries, catalog number: 03-031-1B)

21. MEM non-essential amino acids solution, 100 mL (Biological Industries, catalog number: 01-340-1B)
22. Fusobacterium nucleatum strain of interest (for example ATCC 23726)

23. Wilkins-Chalgren broth (Oxoid, catalog number: CM0643)

24. Fluorescein isothiocyanate (FITC), 1 g (Sigma-Aldrich, catalog number: F7250-1G)

25. Ethanol (Sigma-Aldrich, catalog number: E7023)

26. Trypan blue solution (Biological Industries, catalog number: 03-102-1B)

27. Sodium carbonate (Sigma-Aldrich, catalog number: 497-19-8)

28. Sodium hydroxide (Sigma-Aldrich, catalog number: 1310-73-2)

29. Isoflurane, USP Terrell™ (Piramal, catalog number: VED1350)

30. Double deionized water (DDW)
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31. Ice

32. Wilkins medium (see Recipes)

33. Sodium carbonate buffer (0.1 M, pH 9.0) (see Recipes)
34. FITC solution (see Recipes)

Equipment

1. Pipettes

2. Centrifuge (Eppendorf 5810 R)

3. Autoclave (Tuttnauer 2540MK)

4.  Anesthesia induction chamber

5. Hemocytometer

6. Spectrophotometer (600 nm wavelength)
7.  Orbital shaker

8. Nikon multiphoton AIMP

9.  Stereo microscope (Nikon SMZ2-)

10. Scalpel handle

11. Scissors

12. Forceps

13. Tail vein injection platform

14. Heat lamp

15. Anaerobic chamber (Bactron I-II Shellab, USA)
16. Caliper

17. Vortex

Software

1. NIS-Elements (Nikon Instruments Inc.) https://www.microscope.healthcare.nikon.com/products/software/nis-
elements)

Procedure

A. Prepare cells

1. Seed 5 x 10° AT3 cells in a 10 cm tissue culture dish in 10 mL of DMEM medium containing 10% heat-
inactivated FBS, 1% L-glutamine, 1% penicillin—streptomycin, and 1% MEM non-essential amino acids
solution. Incubate the cells at 37 °C in a humidified incubator with 5% CO, for 34 days. Ensure that the
cells are 80%—100% confluent on the day of the experiment.

2. Change media (DMEM supplemented with 10% heat-inactivated FBS, 1% L-glutamine, 1% penicillin—
streptomycin, and 1% MEM non-essential amino acids solution) the day before implantation.

3. To detach the tumor cells from the tissue culture dish, aspirate the culture medium, wash the cells with 5
mL of PBS, aspirate the PBS, and add 2 mL of accutase solution. Incubate the cells for 5-8 min with
accutase at 37 °C. Trypsin/EDTA is an acceptable alternative to accutase.

4. Add 3 mL of DMEM to neutralize the accutase and pipette up and down until all cells have been detached.
Transfer the cells suspension to a 15 mL conical centrifuge tube and add 10 mL of medium (the same as
in step Al).
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Centrifuge the cells at 1,000 rpm (200 x g) for 5 min at room temperature (RT). Aspirate the supernatant,
leaving 500 pL of medium above the cell pellet. Resuspend the cells in the residual volume and add 10 mL
of PBS. Invert the tube 2—3 times to get a homogeneous cell suspension and take 10 pL to count the cells
in a hemocytometer. Use trypan blue to distinguish between live and dead cells.

Centrifuge the cell suspension at 200 x g for 5 min at RT. Aspirate the PBS and resuspend the cells in PBS
at a final concentration of 2 x 10° cells/mL. Ensure that the single cell suspension has no clumping cells.
Transfer the cells to an Eppendorf tube and keep on ice until use.

B. Orthotopical injection of AT3 tumor cells into mammary fat pad

Anesthetize the mice in an induction chamber receiving a slow flow rate of isoflurane (3%-5% in oxygen).
Place the mouse on a sterile surgical pad and make sure the head is properly placed inside the isoflurane
nose cone. Confirm proper anesthesia by pinching the paw. Disinfect the injection site with 70% ethanol.
Consider applying eye gel to prevent vision deterioration while the mouse is anesthetized.

Inject subcutaneously 1 x 10% AT3 cells in 50 pL of PBS orthotopically into the inguinal mammary fat pad
using a 1 mL syringe with a 26G needle, by raising the nipple with forceps and inserting the needle
underneath and perpendicular to the nipple.

Monitor the mice until they regain consciousness; make sure they regain full consciousness before joining
other mice.

C. Bacteria growth, staining, and injection to mice

Perform bacterial injection when tumor size reaches 500 mm® measured externally by caliper.

L.

Grow F. nucleatum strain of interest in 5 mL of sterile Wilkins medium (see Recipes) overnight for 12—18
h in an anaerobic chamber in an atmosphere of 90% N2, 5% CO., and 5% H; at 37 °C.

Centrifuge at 2,057 x g for 5 min at 4 °C and discard supernatant. Resuspend the pellet with 1 mL of PBS,
then add 4 mL of PBS and centrifuge again under the same conditions.

Discard the supernatant and resuspend the pellet with 1 mL of a fresh FITC solution (see Recipes). Ensure
that the single cell suspension has no clumps.

Incubate in the dark with orbital rotation for 30 min at RT.

Add 4 mL of PBS and suspend. Centrifuge at 2,057 % g for 5 min at 4 °C and repeat the washing until the
PBS in the supernatant is clear.

Discard the supernatant, resuspend the bacteria with 1 mL of PBS, and bring the bacteria to an ODgg of 1
(approximately 1 x 10° bacteria/mL). Keep bacteria on ice and in the dark until use.

Restrain the mouse in a tail vein injection platform. Position the tail such that the vein is facing upwards.
Prior to injection, warm the tail using an overhead heat lamp for a few minutes to dilate the veins.

Using a 1 mL syringe and a 27G needle, insert the needle gently, while the bevel is up, into the lateral or
dorsal tail vein towards the direction of the head. Keep the needle and syringe parallel to the tail. Inject
intravenously 5 x 107 fluorescein-5-isothiocyanate (FITC)-labeled F. nucleatum ATCC 23726. The
contents of the needle should inject easily without resistance. In order to confirm correct intravenous
injection, the piston should easily move and the vein color should change to a whiter color
momentaneously.

D. Mice sacrifice and tissue harvesting

Twenty-four hours after bacterial injection, transfer mice to a chamber containing 2% isoflurane in oxygen
for approximately 30 s.

Verify that mice are fully anesthetized and perform cervical dislocation. Another option is performing CO,
euthanasia followed by confirmation by cervical dislocation.
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Clean tumor area with 70% ethanol. Cut the skin with a pair of sterilized scissors in the ventral middle of
the mice, near the tumor. Hold the skin near the tumor with sterile forceps and remove tumor carefully
using a sterile scalpel.

Hold the skin on the other side of the mice’s body near the healthy (control) breast tissue with sterile
forceps and remove tissue carefully using a sterilized scalpel.

Place tumor and healthy breast tissue in a glass vial containing PBS, on ice.

E. Multiphoton microscopy of FITC-labeled F nucleatum

Cut a slice from the fresh tissue using a scalpel and photograph using a Nikon SMZ25. Representative
images are shown in Figure 1.

Healthy Tissue Breast Cancer

Control

1000 pm

F. nucleatum

1000 pm

Figure 1. Nikon SMZ25 images of breast cancer tissue and adjacent mammary tissue. Representative
microscopy images of tumor and normal adjacent mammary samples harvested 24 h post intravenous
injection of 5 x 107 FITC-labeled F. nucleatum ATCC 23726 or with PBS vehicle into AT3 cancer-bearing
mice.

Place the tissue on a slide with a drop of water and cover with a coverslip.
Observe and photograph immunofluorescent images using the Nikon multiphoton A1MP microscope set
to 740 nm wavelength using a 25% objective. Representative images are shown in Figure 2.
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Healthy Tissue Breast Cancer

Figure 2. Nikon multiphoton A1IMP microscope images of breast cancer tissue and adjacent
mammary tissue. Representative multiphoton microscopy images of tumor and normal adjacent

mammary samples harvested 24 h post intravenous injection of AT3 cancer-bearing mice with 5 x 10’

FITC-labeled F. nucleatum ATCC 23726. Images were taken from Parhi et al. (2020). No changes were
made.

Control

F. nucleatum \V

Data analysis

Images obtained from the fluorescence microscope are converted to 8-bit images by NIS-Elements software (see
Figures 1 and 2).

Recipes

1. Wilkins medium
100 mL of DDW
3.1 g of Wilkins-Chalgren broth
Mix until dissolved
Autoclave at 121 °C for 30 min and aliquot 5 mL to 11 mL tube
Reduce in an anaerobic chamber overnight

2. Sodium carbonate buffer (0.1 M, pH 9.0)
84 mg of sodium carbonate
10 mL of DDW
Adjust pH to 9.0 with sodium hydroxide
Sterilize by filtering through 0.2 pym Whatman filter
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3. FITC solution
Dissolve 1 mg of FITC in 10 mL of sodium carbonate buffer by vortexing
Keep in the dark until used
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