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[Abstract] Xenograft models, and in particular the mouse xenograft model, where human cancer cells
are transplanted into immunocompromised mice, have been used extensively in cancer studies.
Although these models have contributed enormously to our understanding of cancer biology, the
zebrafish xenograft model offers several advantages over the mouse model. Zebrafish embryos can be
easily cultured in large quantities, are small and easy to handle, making it possible to use a high number
of embryos for each experimental condition. Young embryos lack an efficient immune system. Therefore
the injected cancer cells are not rejected, and the formation of primary tumors and micrometastases is
rapid. Transparency of the embryos enables imaging of primary tumors and metastases in an intact and
living embryo. Here we describe a method where GFP expressing tumor cells are injected into
pericardial space of zebrafish embryos. At four days post-injection, the embryos are imaged and the
formation of primary tumor and distant micrometastases are analyzed.
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[Background] Zebrafish (Danio rerio) is a small fresh water fish that has gained popularity as a model
organism not only in developmental biology, but also increasingly in biomedicine. One of the rapidly
growing fields, is the use of zebrafish as a model for cancer biology research. Zebrafish mate efficiently
and reliably, and can produce lots of offspring that are small, transparent, develop externally and can
be cultured easily in e.g., multi-well plates (White et al., 2013). Interestingly, human tumor cells can be
implanted into zebrafish embryo and many of these xenografts are able to faithfully recapitulate their
malignant behavior by growing, invading and metastasizing in the embryo (Lee et al., 2005; Nicoli et al.,
2007; Chapman et al., 2014). Zebrafish has also become a highly tractable model system for molecular
studies on vascular development, angiogenesis and lymphangiogenesis and helped us to improve our
understanding of vascular disease in humans (Hogan and Schulte-Merker, 2017). The possibility to
visualize both blood and lymphatic vasculature using live imaging techniques makes zebrafish suitable
for investigating tumor cell dissemination and metastasis from the primary site (Hogan and SchulteMerker, 2017). As compared to mouse xenografts, the zebrafish embryo xenograft experiments require
lower costs, smaller numbers of tumor cells and are faster to carry out.
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Due to small size of the embryos, the transplantation needs to be performed using specific
microinjection equipment. This consists of a fluorescence stereomicroscope, micromanipulator and a
microinjector. Here, the xenotransplantation protocol is described using a GFP-expressing melanoma
cell line WM852 (Pekkonen et al., 2018), but similar approaches can be used with a number of other
cell lines (Veinotte et al., 2014). The use of cells labeled with a fluorescent protein is preferred, as this
enables straight-forward quantitation of the tumor growth and direct detection of tumor cells in the
embryos. Here, we have utilized mounting of the embryos inside agarose gel to allow precise
transplantation of the cells into the pericardial cavity of the embryos. Other anatomical sites for injections
such as yolk sac, perivitelline space, vasculature and hindbrain ventricle can be also used (Veinotte et
al., 2014) and the choice of transplantation site depends on the experimental question and the used cell
line. As the pericardial cavity is optically clear (in contrast to yolk sac), it enables a good view on the
transplanted tumor cells, and the pericardial space is also easily accessible allowing reliable
transplantation of tumor cells. Moreover, at the embryonic and larval stages used here, the pericardial
cavity is not a site of prominent angiogenesis (in contrast to often used perivitelline space injections)
and hence in this model, the cancer cells need to first invade locally before being able to reach the
vascular network.
Materials and Reagents
1. Glass capillaries (World Precision Instruments, catalog number: TW100-4)
2. PAP-pen (Ted Pella, catalog number: 22311)
3. Pasteur glass pipettes (VWR, catalog number: 612-1702)
4. Humidor made from large Petri dishes (145 mm) (Greiner Bio One International, catalog number:
639160) (Add wetted paper towel on the bottom of the dish to prevent mounted embryos from
drying while injecting them.)
5. 10 cm Petri dishes (Greiner Bio One International, catalog number: 633185)
6. 10 cm cell-culture dishes (Greiner Bio One International, catalog number: 664160)
7. Normal glass microscopy slide (VWR, catalog number: 631-1551)
8. Paper towel
9. Pipette tips (fitting for 100-1,000 μl, 20-200 μl, 2-50 μl and 0.5-10 μl pipettes)
10. FACS tubes with 40 μm mesh cap (BD, catalog number: 352235)
11. 15 ml tubes (Greiner Bio One International, catalog number: 188271)
12. 12-well plate (Greiner Bio One International, catalog number: 665180)
13. Zebrafish (e.g., casper strain (roy-/-; mitfa-/-)
14. Tricaine (MS-222 or Ethyl 3-aminobenzoate methanesulfonate) (Sigma-Aldrich, catalog number:
A5040)
15. Low-melting-point agarose (Sigma-Aldrich, catalog number: A9414-10G)
16. Polyvinylpyrrolidone K 60 Solution, 45% (PVP) (Sigma-Aldrich, catalog number: 81430-500ML)
17. Phosphate buffered saline (PBS) (Biowest, catalog number: L0615-500)
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18. N-phenyl-thiourea (PTU) (Sigma-Aldrich, catalog number: P7629)
19. Tris base (Sigma-Aldrich, catalog number: T1503)
20. WM852 (RRID:CVCL_6804) transduced with p-lenti6 GFP lentivirus
21. Trypsin-EDTA solution (Lonza, catalog number: 17-161E)
22. Dulbecco’s Modified Eagle Media (DMEM) (Sigma-Aldrich, catalog number: D6546)
23. Pen-Strep solution (Sigma-Aldrich, catalog number: P0781)
24. Fetal Calf Serum (FCS) (Thermo Fisher Scientific, GibcoTM, catalog number: 10270106)
25. NaCl (VWR, catalog number: 27810.295)
26. KCl (VWR, catalog number: 26764.260)
27. CaCl2·2H2O (Honeywell, Fluka TM, catalog number: 31307-500G)
28. MgSO4·6H2O (Fisher Scientific, catalog number: 15640520)
Manufacturer: Honeywell, FlukaTM, catalog number: M0250-500G.
29. 60x E3 stock solution (see Recipes)
30. 1x E3 (see Recipes)
31. E3 with 0.2 mM PTU (1x E3 + 0.2 mM PTU) (see Recipes)
32. 20x Tricaine stock solution (4 g/L) (see Recipes)
33. 1 M Tris-HCl, pH 9.0 (see Recipes)
34. 1,000x PTU stock solution (0.2 M) (see Recipes)
Equipment
1. Pipettes (100-1000 ul, 20-200 ul, 2-50 ul, 0.5-10 ul)
2. Zebrafish housing system (e.g., AQUA SCHWARZ, model: Stand-alone unit V30)
3. Mating boxes (e.g., AQUA SCHWARZ, model: SpawningBox 3, catalog number: AS 006-0642)
4. Micropipette puller (NARISHIGE, catalog number: PB-7).
5. Fluorescence stereomicroscope (e.g., ZEISS, model: SteREO Lumar. V12)
6. Micromanipulator (Eppendorf, model: InjectMan® NI 2, catalog number: 5181 000.017)
7. Microinjector, CellTramVario (Eppendorf, catalog number: 5176 000.033)
8. CEDEX XS Cell counter (also Bürker chamber is perfectly adequate)
9. Incubator, 33 °C (no CO2!!)
10. Forceps, Dumont No. 5 or similar (Sigma-Aldrich, catalog number: F6521)
11. Pipette pump (Fisher Scientific, FisherbrandTM, catalog number: 15239805)
12. Glass-tubing cutter (Sigma-Aldrich, catalog number: Z150770)
13. Heating-block (Eppendorf, model: Thermomixer 5355)
14. Vortex mixer (Scientific Instruments, model: Vortex-Genie 2)
15. Centrifuge (Eppendorf, model: 5804)
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Software
1.

ImageJ/FIJI (https://imagej.nih.gov/ij/download.html; https://fiji.sc/)

2.

GraphPad Prism 6.0

Procedure
A. Preparing the embryos
1. Set-up mating two days before the injection day (Day 1). Three males and three females in a 3
L mating box are usually enough.
2. Collect embryos in the morning around 10:00 AM (Day 0) (The zebrafish mate when the lights
turn on).
3. Select healthy fertilized embryos and place on separate 10 cm dishes–50 embryos/dish in 25
ml of 1x E3 + 0.2 mM PTU (see Recipes). Place in a 33 °C incubator (no CO2!!) (Day 0).
4. On the injection day (Day 2), dissect the embryos out from the chorion membrane with fine
sharp forceps (e.g., Dumont No. 5), if necessary. Many of the 2 dpf embryos may have hatched
spontaneously (Figure 1).

Figure 1. An unhatched embryo encased by chorion membrane (above) and a hatched
embryo (below). Scale bar: 1 mm.
5. Anesthetize the embryos with 200 mg/L Tricaine (MS-222, 4 g/L stock solution) (see Recipes)
for 5 min.
6. Melt aliquots of 0.7% low-melting point agarose (see Recipes) at 95 °C heating block. Let the
block cool down to 37 °C before the next step.
Note: Low-melting point agarose stays liquid at 37 °C.
7. Add 53 μl of 4 g/L Tricaine-stock solution into 1ml of 0.7% low-melting point agarose (final
concentration of agarose is 0.66%). Vortex briefly, and spin down. Place the tube back to 37 °C.
8. Prepare mounting slide. Take a normal glass microscopy slide and wipe it clean. Draw a bigger
ellipse with a PAP-pen (for embryos) and a small circle (for 10 μl of cells) (Figure 2). Allow PAP-
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smear to dry for a couple of minutes. These hydrophobic linings will help to keep liquids in the
correct place on the glass slide.

Figure 2. Glass microscope slide with PAP-pen smears (faint greenish color)
9. Add 15 dechorionated and anesthetized embryos in the middle of the larger circle (Figure 3).

Figure 3. Embryos in a droplet of E3 on the microscope slide
10. Add 200 μl of low-melting-point agarose and align the embryos gently using a gentle orientation
tool (e.g., a pipette tip with a bit of attached nylon line) (Figure 4).

Figure 4. Aligned embryos inside the agarose on a microscope slide. Orientation tool made
of two pipette tips and a nylon line is in the front.
11. Allow the agarose to solidify. (The embryos stay alive within the agarose.) Store mounted
embryos in a large (150 mm) humidified Petri dish (Figure 5), until ready to inject.

Figure 5. A humidified Petri dish. Wetted paper towel is placed on the bottom of the Petri dish
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and covered with a lid. To prevent drying, the microscope slides with mounted embryos are
placed in this chamber.
B. Preparing the cells
1. Use a 10 cm plate of GFP expressing tumor cells (50-90% confluent)/treatment.
2. Wash cells 2 times with PBS.
3. Aspirate PBS, add 3 ml of Trypsin-EDTA solution.
4. Incubate for 5 min at 37 °C, or until cells have detached.
5. Collect detached cells into a 15 ml Falcon tube and add 5 ml of DMEM + 10% FCS.
6. Pellet cells (180 x g), 3 min and resuspend in 10 ml of PBS.
7. Pellet cells (180 x g), 3 min and resuspend in 10 ml of PBS.
8. Pellet cells (180 x g), 3 min and resuspend in 1 ml of PBS.
9. Optional step, if using a cell line prone to clumping:
a. Pipet the cell suspension into a FACS tube through a 40 μm mesh cap (BD Falcon).
b. Pellet cells with a centrifuge for 3 min (180 x g).
10. Aspirate all liquid and resuspend the cells in 20 μl of 2% PVP/PBS injection solution. (Addition
of PVP is optional, but helps to maintain stable cell suspension during injections.)
11. Count cell density (2 μl of cell suspension, 198 μl of PBS) using CEDEX XS cell counter.
12. Dilute into a final concentration of 3-10 x 107 cells/ml. In 4 nl injection, this is 120-400 cells.
13. Store cell suspensions on ice until ready to inject.
C. Injection of tumor cells into embryos
1. Place an empty glass capillary needle (self-made capillary without filament, e.g., TW100-4, WPI)
in CellTram injector. (Figure 6)

Figure 6. Microinjection station
2. Break a large enough opening so that cells can be easily expelled (> 25 μm, a larger tip helps
to get more cells in embryo but generates more damage to the embryo and is harder to get
through the skin of the embryo) (Video 1).
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Video 1. Breaking the capillary needle
3. Gently rotate the oil outwards, until all air bubbles are out and oil comes out from the tip of the
needle (Video 2).

Video 2. Expelling the air bubbles
4. Gently touch the side of the tip with a paper tissue to absorb the excess oil.
Note: The glass capillary is extremely fragile!
5. Add 10 μl of cell suspension in the smaller circle on the slide. Go to the injection work station.
6. Move the needle into cell suspension and draw some cell suspension into the needle (Video 3).
Monitor under a stereomicroscope that some liquid and cells actually go into the needle and it
doesn’t get stuck.
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Video 3. Filling the capillary needle. (Experimentation with zebrafish was performed

under license ESAVI/9339/04.10.07/2016 issued by national Animal Experimentation
Board (Regional State Administrative Agency for Southern Finland)).
7. Next, inject the embryos (Video 4). Move the needle through the skin of the embryo. Try to hit
an empty space around the heart (pericardial cavity). Expel a little bit of cell suspension into the
cavity (one fine notch with CellTram). Look that some cells actually went into the embryo and
then move the needle out (Figure 7).

Video 4. Injection of tumor cells into pericardiac space of the embryos.

(Experimentation

with

zebrafish

was

performed

under

license

ESAVI/9339/04.10.07/2016 issued by national Animal Experimentation Board
(Regional State Administrative Agency for Southern Finland)).
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Figure 7. Embryos right after injection with GFP labeled tumor cells. Often some tumor
cells escape from the injection site when the needle is withdrawn. Scale bar: 1 mm.
8. Move to the next embryo. Continue until all embryos are injected. In one session easily > 50
embryos can be injected.
9. After injections, discard the needle carefully according to your institutional guidelines.
10. Break the gel using fine forceps (Video 5) and by flushing the gel pieces into a dish with 1x E3medium (Video 6) (see Recipes). Pipette up and down with a large bore Pasteur pipette to
release the embryos from the gel (Video 7). Move the released embryos to a new Petri dish with
fresh 1x E3 + 0.2 mM PTU (see Recipes).

Video 5. Breaking the gel with forceps. (Experimentation with zebrafish was

performed under license ESAVI/9339/04.10.07/2016 issued by national Animal
Experimentation Board (Regional State Administrative Agency for Southern Finland)).
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Video 6. Releasing the gel pieces from the microscope slide. (Experimentation with

zebrafish was performed under license ESAVI/9339/04.10.07/2016 issued by national
Animal Experimentation Board (Regional State Administrative Agency for Southern
Finland)).

Video 7. Releasing the embryos from the gel. (Experimentation with zebrafish was

performed under license ESAVI/9339/04.10.07/2016 issued by national Animal
Experimentation Board (Regional State Administrative Agency for Southern Finland)).
11. Add antibiotics (1:100 Pen-strep) and incubate 50 embryos/dish at 33 °C until transplanted
embryos are selected for the experiment.
Notes:
a. Culturing the embryos at a higher temperature (33 °C) than usually (28.5 °C) facilitates the
growth of human tumor cells in this model.
b. Without a separate animal experiment license, the experiment has to be ended at latest
when the embryos are 5 days old !!! Consult your Animal Experiment Board for details.
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D. Imaging
1. At 1-day post-injection (1 dpi) anesthetize embryos with 200 mg/L Tricaine and select
successfully transplanted and healthy embryos (Figure 8) under a stereomicroscope into the
experiment.

Figure 8. A healthy transplanted embryo. Scale bar: 1 mm.
2. Place 1 embryo/well in a 12-well plate with 2 ml of E3 + Tricaine, orient gently with an orientation
tool and image both on GFP and bright field channels. After all the embryos have been imaged,
aspirate excess medium out carefully and place 2 ml of fresh 1x E3 + 0.2 mM PTU medium in
the wells. (Do not let the embryos dry!)
3. At 4 days post-injection anesthetize the embryos with tricaine again. Image embryos again using
both GFP and bright field channels. (Figure 9)

Figure 9. Timeline of the experiment and examples of the results. A. Time line of zebrafish
xenograft experiments. B. Intravital fluorescence microscopy images of six dpf zebrafish
embryos taken four days post injection (4 dpi). Fluorescence in GFP channel is shown. Scale
bar, 500 µm. Inset shows magnification of the primary tumor. Tumor cells invading outside
pericardial space are marked with an arrow, invading cells in the pericardial cavity with a triangle
and unspecific fluorescence in eye and yolk sac with an asterisk (*). The outline of the pericardial
cavity is depicted with dashed line. Figure and text reproduced and modified from Pekkonen
et al. (2018).
Data analysis
1. In the image analyses, use ImageJ/FIJI software.
2. Subtract background (subtract background > rolling ball radius 25) in the GFP channel.
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3. Outline the primary tumor area using a segmented line tool. Measure fluorescence intensity and
shape (circularity) of the primary tumor.
4. Count manually the cells that have invaded outside the pericardial cavity. Adjust
contrast/brightness so that you can see individual cells. These are much dimmer than the bright
primary tumor.
Note: Autofluorescence is often observed in the lens and in the yolk.
5. For statistical analyses, use GraphPad Prism 6.0 software (other statistical software is ok too).
Perform non-parametric Mann-Whitney (2 groups) or Kruskal-Wallis test (for > 2 groups).
6. For examples of the results, please see Figure 9b above and more detailed in Figure 7 in
(Pekkonen et al., 2018).
Notes
1. For handling the embryos, a glass Pasteur pipette with a pipette pump works the best. The tip
needs to be expanded by cutting it with a glass cutter for safe transport of embryos. Also, plastic
Pasteur pipettes can be used.
2. Phenylthiourea (PTU) can be used to prevent pigmentation in non-albino zebrafish strains. PTU
is neurotoxic  wear gloves and handle stock solution in chemical hood!
3. Xenograft assay also works with many other, but not all, cell types, melanoma cell line WM852
is used here as an example.
4. Sometimes the size of the implanted tumors may vary, if this turns out to be a problem, the
relative tumor growth can be calculated and the number of invading cells normalized to the size
of the primary tumor.
5. Due to technical and biological variability, a fairly large number of embryos (> 25) need to be
xenografted and analyzed to gain robust results. This can be achieved by combining data from
multiple independent experiments.
6. If one desires to implant a very large number of embryos (> 200/day), it is recommended to
perform the experiment working as a pair. One researcher injects the embryos and the other
one mounts and dismounts the xenografted embryos.
7. Embryos are fragile and can break easily. Avoid forceful handling and touching of embryos with
sharp objects (other than the capillary needle).
8. Capillary needle is extremely sharp and filled with cancer cells. Caution is required so that the
researcher doesn’t inject him/herself.
9. During low-resolution imaging with stereomicroscope, the mounting of anesthetized embryos is
not necessary. If one desires to perform higher resolution imaging e.g., using confocal
microscope, the mounting of embryos using low-melting point agarose on glass-bottom dishes
is required.
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Recipes
1. 60x E3 stock solution (1 L) (Nüsslein-Volhard et al., 2002)
17.2 g NaCl
0.76 g KCl
2.9 g CaCl2·2H2O
4.9 g MgSO4·7H2O
2. 1x E3
5 mM NaCl
0.17 mM KCl
0.33 mM CaCl2·2H2O
0.33 mM MgSO4·7H2O
Make by adding 16.67 ml of 60x stock solution into a 1 L vessel and fill up to 1 L with MilliQ
water
3. E3 with 0.2 mM PTU (1x E3 + 0.2 mM PTU)
Add 1 ml of 1,000x PTU stock to 1,000 ml of E3
4. 20x Tricaine stock solution (4 g/L)
Make by adding 4.0 g of Tricaine into a 1 L vessel and fill up to 1 L with 1x E3 medium
To adjust the pH to 7, add approximately 5 ml of Tris-HCl, pH 9.0
5. 1 M Tris-HCl, pH 9.0
Make by adding 12.14 g of Tris into 100 ml vessel
Add 100 ml of MilliQ water and adjust the pH to 9.0 using HCl and/or NaOH
6. 1,000x PTU stock solution (0.2 M)
3.044 g of PTU in 100 ml of ethanol
Note: This solution is toxic, store in an air-tight bottle.
7. 0.7% low-melting point agarose
a. Add 0.7 g of low-melting point agarose powder into 100 ml of 1x E3 medium
b. Heat in microwave until agarose has melted and the solution is completely clear
c.

Aliquot 1 ml of solution into 1.5 ml microcentrifuge tubes and store at -20 °C until used
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These procedures have been evolved from the number of earlier work dealing with zebrafish embryo
xenografting (Lee et al., 2005; Nicoli et al., 2007; Teng et al., 2013; White et al., 2013; Chapman et
al., 2014; Veinotte et al., 2014; Xie et al., 2015; Yen et al., 2014).
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