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ABSTRACT

Zebrafish is emerging as a promising model for the study of human cancers. Several xenograft models of zeb-
rafish have been developed, particularly in larval stages (< 48 h post fertilization) when the immune system of
fish is not developed. However, xenografting in adult zebrafish requires laborious and transient methods of
immune suppression (y- irradiation or dexamethasone) that limits engraftment and survival of the tumor or fail
to recapitulate specific characteristics of malignancies. Thus, the availability of a simple protocol to successfully
engraft adult zebrafish, remains a challenge. The current study addresses this limitation and describes a robust
method of xenografting in adult zebrafish. We describe a protocol that involves pre-conditioning of Casper, a
pigmentation mutant of zebrafish with busulfan that led to a higher rate of engraftment of hepatocellular car-
cinoma and acute myeloid leukemia cells. To further ascertain the homing characteristics of the injected cancer
cells, we transplanted adult zebrafish by two routes of administration and then studied their compartmentali-
zation. This model presents a valuable alternative to rodents to study the biology of these cancers and also a cost-
effective platform for evaluation of potential anti-cancer agents.

1. Introduction

In the absence of appropriate transgenic models for many malig-
nancies, a xenograft-based tumor model can be a viable alternative to
study the disease progression and to test novel therapies. The im-
plantation of tumor cells into immune-compromised animals, especially
the murine xenograft [1,2], is a widely-used technique to study me-
chanisms controlling cancer cell proliferation, survival and metastasis
as well as to provide a platform for screening of potential drug candi-
dates [3-8]. However, current techniques of xenografting in mouse rely
mainly on using syngeneic or immune-compromised animals such as
nude, NOD-SCID or the highly immune deficient NSG mice [2,3] to
avoid rejection of the transplanted tumor cells. Such a strategy requires
specific genetic strains which often prevents the analysis of immune-
tumor cell interactions. For e.g., human tumor cell xenografts grown in
immune-compromised strains may fail to model the role of in-
flammatory response in cancer progression or to predict the efficacy of
drug in patients. In addition, the maintenance and propagation of a
substantial number of immunocompromised mice to develop xenografts
is expensive and challenging.

Two attributes of the zebrafish system makes it attractive as an al-
ternative model for cancer research: 1) transparency in the larval stage
and optical clarity of adult strains such as Casper, which is a

pigmentation mutant [9], thus making it easier to track the trans-
planted tumor cells. 2) higher fecundity of the animal; on an average a
female zebrafish can generate ~ 200 embryos every day, allowing for
the rapid scaling of animal numbers for genetic or drug screening at a
lower cost. Due to these favorable characteristics, > 20 cancer models
based on zebrafish are now established [10], including the highly ma-
lignant glioblastoma, melanoma, pancreatic cancers and leukemia
[6,11-14]. The first model was developed in 2005, when the highly
metastatic melanoma cells were injected at the blastula stage of zeb-
rafish embryo [15]. Several laboratories later validated this pioneering
work by testing several mammalian cancer cell lines through different
routes of administration and developmental stages of zebrafish [16,17].
Zebrafish also serves, as a useful model in understanding hematological
malignancies as the lineages and transcriptional regulators of hemato-
poietic cells are evolutionarily well conserved [2,18]. Pruvot et al. [7]
first reported the transplantation of K562, Jurkat and NB4 human
leukemia cell lines in zebrafish larvae at 48 h post fertilization (hpf).
Subsequently, other models of myeloid malignancies have been re-
ported [13,14,18,19]. Xenotransplantation methods have continued to
improve over time, with approaches to reproducibly quantify cell pro-
liferation more accurately, now available [20]. While larval trans-
plantation models are widely available, generating them typically in-
volves a tedious injection procedure into a large number of larvae [7].
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Further these models have limited scope in studying tumor engraftment
characteristics long-term [14] and the procedure itself is known to be
associated with high mortality [7].

Transplantation in adult forms requires the zebrafish to be immune-
compromised. This can be achieved by y-irradiation which effectively
suppresses the immune system for ~20 days [21]. Similarly, treatment
of adult zebrafish with dexamethasone is also known to suppress B-cells
and T-cells for ~30 days before rejection could occur [12]. The use of
isogenic clonal zebrafish strains that have the same MHC haplotype,
facilitates long-term engraftment in an immune-competent host. Unlike
rodents, there are very few clonal strains available in zebrafish and the
fecundity of these clonal strains is relatively low, thus making it diffi-
cult to maintain these lines [10,22]. A more recent approach to enable
long-term transplantation of the xenograft is to use immune deficient
lines such as the recently developed rag2t*°°® which is the first im-
mune-compromised model of zebrafish [23].

A major limitation with the current xenotransplantation protocols in
zebrafish is the inability to engraft adult fish with high efficiency and
for an extended duration [17], except when immune deficient lines are
used. In addition, a majority of protocols utilize zebrafish larvae (at
48 hpf) when its immune system has not been established. Alternately,
the use of immune ablation with irradiation or dexamethasone has also
demonstrated considerable mortality and toxicity [21,24] and thus
contributing to a reduced efficiency of the experimental system. Bu-
sulfan is a recommended drug used in the conditioning regimen for
bone marrow transplantation in case of acute myeloid leukemia (AML)
and the second line of treatment for chronic myeloid leukemia [25,26].
Busulfan has been also used in murine models for successful long term
(up to 5weeks) engraftment of hematopoietic cord blood cells and is
associated with minimal toxicity [2,27,28]. We thus reasoned that re-
purposing this drug, as a myelosuppressive agent in zebrafish would be
beneficial. Using this approach, we demonstrate a simple and re-
producible method of xenotransplantation in adult zebrafish with a
higher rate of engraftment for myeloid leukemia or hepatocellular
carcinoma tumor model.

2. Methods
2.1. Cell culture and zebrafish maintenance

Human leukemic monocyte lymphoma cell line (U-937) cell line
was a kind gift from Dr. Vikram Mathews, Christian Medical College,
Vellore, India and a human hepatocellular carcinoma (Huh7) cell line
was a kind gift from Dr. Saumitra Das, Indian Institute of Science,
Bangalore. Cell lines were maintained in Iscove's Modified Dulbecco's
Medium supplemented with 10% fetal bovine serum (Gibco, Life
Technologies, Carlsbad, USA). The cells were grown in the presence of
10 pg/ml each of piperacillin and ciprofloxacin at 37 °C with 5% CO2.
The cell lines used in this study were authenticated by short tandem
repeat (STR) profiling to ascertain the identity of the cells and to
identify any cellular cross-contamination or genetic drift with routine
culturing.

The breeding and maintenance of zebrafish were as per established
protocols [29]. For our experimentation we used a Casper strain (A kind
gift from Dr. Zon's Laboratory, Children's Hospital Boston) [7,14,30].
The fish was maintained at 28 °C in an automated stand-alone housing
system (Aquatic Habitats, Pentair, North Carolina, USA) with a 14h
light/10 h dark cycle. Animals were always handled and injected ac-
cording to the principles of Good Animal Practice. Embryos were
maintained at 35 °C after transplantation procedures. The age of em-
bryos is indicated in hours post-fertilization (hpf). The details of re-
agents and materials used in the study is provided in additional file 1.

2.2. Fluorescence labeling of cells

Approximately, 3 to 5 million cells were pelleted at 300 g for 10 min
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followed by a wash in 1X Phosphate buffered saline (PBS). Cells were
stained by 5 micromolar cell tracker (Molecular Probes, Life
Technologies, Carlsbad, USA), a lipophilic fluorescent tracking dye for
10 to 15 min at 37 °C. The cells were then centrifuged and washed with
PBS, re-suspended in serum-free medium and kept on ice before injec-
tion [30]. Labeling efficiency was ~100% as assessed by imaging under
the fluorescence microscope.

2.3. Cancer cell implantation in zebrafish embryo

Prior to xenotransplantation, the 48 hpf embryos were dechor-
ionized mechanically, using fine forceps. We used ~100 numbers of
embryo for the transplantation procedure. The experiments were re-
peated twice, independently. We anesthetized, 10 to 20 embryos at a
time by immersing them in tricaine solution (Sigma Aldrich, Merck
Group, Missouri, USA). Subsequently, they were transferred onto a flat
1.5% agarose injection plate using a glass Pasteur pipette and the excess
egg water was drained so as to hold the embryos in place during the
injections and to maintain them in a moist condition. Embryos were
then arrayed onto the injection plate for the xenotransplantation pro-
cedure. Approximately, 2 x 10° labeled cells were resuspended in
100 pl of PBS and used for the injections. The glass needles were filled
with the cell solution (~2 pl) and a small amount of solution was then
expelled into the yolk sac near the duct of Cuvier using Femtojet in-
jector (Eppendorf, Hamburg, Germany). About, 300 to 500 cells were
injected per embryo. The injected embryos were allowed to recover at
28 °C for one hour followed by incubation at 35 °C for the rest of the
experiment.

2.4. Cancer cell implantation in adult zebrafish

For transplantation procedure in adult fish, we used an immune
suppressed Casper strain. For the immune suppression, we administered
busulfan in the intraperitoneal region of the zebrafish, at a dose of
20 mg/kg body weight, two days prior to cell transplantation. Each
adult fish received ~7 ug of busulfan suspended in a final volume of
2 pl. The dosage of busulfan was selected based on available literature
[2,31]. We first anesthetized the zebrafish in tricaine solution (150 mg/
1). The state of sedation or the loss of equilibrium was ascertained to be
complete, if the fish reclined laterally for > 3s and did not respond to
stimuli. We then administered 2 pl of fluorescently labeled cancer cell
suspension containing 1 x 10° cells into the site near dorsum aorta of
the recipient fish using a 5pl hamilton syringe (Hamilton, Nevada
USA). Subsequently, the fish were maintained in a recovery tank for 1 h
at 28 °C and then at 34 °C for serial monitoring. To avoid any infections,
fishes were placed in normal tank water containing 1% penicillin and
streptomycin (Gibco) for 24 h, post-injection.

2.5. Imaging

To image adult fish, we anesthetized the fish at day 3, 5 and 15 post
cancer cell injection and as described previously [9,18,21]. Casper
fishes were used because of the greater transparency of their body,
which facilitates in vivo monitoring of the tumor. Subsequently, the fish
was mounted on the microscope stage and was imaged with a Leica
M205FA fluorescent stereoscopic microscope with a Leica DFC310 FX
camera (Leica Microsystems, Wetzlar, Germany). For fluorescent ima-
ging, a red channel filter was selected. Images were captured at a
uniform setting of 12.5x magnification, 1s exposure time with 2.5%
gain at different time points used in the experiment.

To image the larvae, we anesthetized the transplanted larvae in a
petri dish containing egg water with 2.5 mM Tricaine. The larvae were
further aligned laterally with a hair loop tool for imaging under the
fluorescence stereomicroscope. Lateral view imaging of the larvae was
performed since the larvae lie flat on their sides until the swim bladder
has inflated (1-5 days post fertilization [dpf]). Beyond this time point,
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larvae were imaged in a 96-well dish or by placing the larvae in a drop
of egg water. Alternatively, if a position other than the lateral view was
required, we mounted the larvae in 1.5% methylcellulose for imaging.
Images were captured at a uniform setting of 25X magnification, 1s
exposure time with 2.5% gain at both time points used in the experi-
ment.

2.6. Histology

For histological analysis, zebrafish were first anesthetized in tricaine
solution and then humanely euthanized, by placing the fish in ice-cold
water as described earlier [32]. These fishes (n = 3) were further dis-
sected as per established protocols [33] to harvest the tumor tissue.
Subsequently, tumor was washed in 1XPBS followed by an overnight
fixation in 10% neutral buffered formalin. The samples were then wa-
shed twice in 1XPBS, followed by dehydration in graded ethanol and
xylene for tissue clearing and then paraffin embedded. About 5pm
sections were cut longitudinally by manually positioning the paraffin
block in their final orientation on a microtome. Tissue sections were
collected on a slide and stained with hematoxylin and eosin as de-
scribed previously [34,35].

3. Results
3.1. Xenotransplantation

The protocol followed for the xenotransplantation is represented in
Fig. 1. The engraftment of human cells in zebrafish can be easily
monitored if the cell line is expressing a reporter gene or is transiently
labeled with a fluorescent marker. In our study, we used a lipophilic
dye to label the cancer cells. This method has been previously described
[36] to monitor various cell types in xenograft models [6,8,14,37,38].
Furthermore, we used Casper fish to assess the engraftment of the
cancer cells as these fish are pigmentation deficient, but are im-
munologically competent.

In our strategy, labeled cells were initially transplanted into zeb-
rafish larvae or immunosuppressed adults near the dorsal aorta (Fig. 2).
Tumor cells were then traced at day 0, 24 or 72hpi in zebrafish larvae
or days 0, 7 and 15 after transplanting in adult fish using a fluorescent
stereomicroscope. In our observation, this simple technique for trans-
plantation of cells had a reproducible consistency without causing any
damage to the cancer cells and also largely preserved the viability of the
recipient zebra fish immediately after cell administration.

3.2. Tumor engraftment in zebrafish larvae

Several models of AML in zebrafish have been reported employing
multiple cell types including K562, NB4, Jurkat cells [7,14,18]. U937 is
a highly aggressive leukemic cell line first developed and described by
Sundstrom et al. [39]. U937 cells have been demonstrated to develop
myeloid leukemia as early as 4 weeks in NSG (NOD-SCID-y irradiated)
mice [2], and such models have been employed to screen anti-leukemic
drugs for their potential therapeutic application in AML [40,41]. Since
U937 cells have not been previously utilized for generating a tumor
model in zebrafish, we first ascertained its toxicity by microinjection of
U937 cells into the 2-day-old zebrafish larvae. We observed that ad-
ministration of labeled U937 cells in these larvae was reasonably tol-
erated and ~50% of larvae remained viable at 72hpi. A set of re-
presentative data for the larval injections is shown in Fig. 3. Our data
corroborates well with previous zebrafish AML models developed with
K562 cells, where a similar pattern of survival was observed [7,19].

3.3. AML model of adult zebrafish

The main limitation in developing a tumor model in an adult zeb-
rafish is the functional immune system [42,43], which requires that the
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animal should be immune-suppressed so as to allow engraftment of
transplanted cells. With our protocol employing busulfan as an im-
munosuppressant, we observed an engraftment in ~87% of fishes
(n = 20 out of 23) injected with U937 cells, 3 days after transplantation
(Fig. 4). However, the engrafted cell density varied between the re-
cipient fishes possibly due to procedural variation or recipient char-
acteristics. At the day 3-time point (Fig. 4), the injected cells were seen
to home around the gastrointestinal area and evidence of tumor growth
was seen in this area for the next two weeks. Grossly, the tumor
emerged as a moderate enlargement of the peritoneal area (Fig. 4). This
feature on homing has been previously described by Mizgirev et al. [44]
where the authors used a clonal homozygous zebrafish line CG2, to
transplant the leukemic cells in larval zebrafish (5dpf) and observed
the engraftment of tumor within the peritoneal cavity after 10 days of
transplantation. Interestingly, the lack of U937 cell migration into
specific anatomically defined sites such as thymus of zebrafish may be
due to the absence of sufficient cues for engraftment or the absence of
an optimal niche in zebra fish.

In our study, the engraftment of U937 cells occurred within 3 days
and by day 7, 65% (n = 13/20) of U937 injected fishes survived. Two
weeks after xenotransplantation, the overall survival was ~45%
(n = 9/20)] (Fig. 5). Further dissection of the U937 cell transplanted
adult fish, revealed that the tumor filled the entire intestine and ap-
peared as a homogenous red cell mass under a fluorescent stereo-
microscope. Subsequently, the tumor was harvested in PBS and further
histological examination was performed. Since this tumor was seen to
home to the gastrointestinal area, intestine of mock-injected (control)
fishes were also dissected and used for comparison in histological
analysis. Hematoxylin and eosin staining of the tumor mass revealed
compacted cell aggregates that clustered in the intestine, disturbing the
normal intestinal architecture and further confirmed the establishment
of U-937 xenograft (Fig. 6).

3.4. Comparison of cancer cell homing characteristics in adult zebrafish

We next wished to examine if intraperitoneal homing of the U937
cells was specific to the cell type or the route of cell administration. To
understand the former, we administered Huh7 cells through the site
near dorsal aorta (n = 14), as done for U-937 cells into the adult zeb-
rafish (n = 23). The homing of cells was visualized using fluorescence
imaging. As can be seen in Fig. 7, the Huh7 cells homed into the
peritoneal cavity, 7 days after its administration, suggesting that the
peritoneal cavity may be the preferred niche for both U937 and Huh7
cells.

In the second set of studies, we performed an intra-cardiac delivery
of U937 cells so that the cells are in an active site of blood flow and thus
have an opportunity to home suitably as per the cues provided by the
host microenvironment. We observed that the intra-cardiac adminis-
tration of U937 cells had a high mortality rate (~50%, n = 5/10) as the
heart is often punctured during injection, leaving the fish prone to in-
fections or a massive blood loss as described earlier [45]. Interestingly,
the homing of these U937 cells was found to be in the peritoneal cavity
in spite of their administration through the cardiac route (Fig. 7).

3.5. Engraftment rate

We further compared the survival rates of the recipient adult zeb-
rafish that had undergone xenotransplantation with either Huh7 or
U937 cells by Kaplan-Meier analysis (Fig. 5). In case of adult fish
transplanted with U937 cells, we observed a 35% lethality (n = 7/20)
within the first week. These findings were similar to previous studies
with K-562 cell model of leukemia in zebrafish [19]. Interestingly, xe-
notransplantation of Huh7 cells in zebra fish had a delayed onset of
lethality with approximately 30% (n = 4/14) of deaths occurring in the
second week after cell transplantation. As a result, the overall survival
rates were variable at the end of two weeks after transplantation (~
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Fig. 1. a. Schematic representation of xenograft development in zebrafish larvae: Two days prior to transplantation fertilised eggs were collected by placing male and
female zebrafish in mating tank. Twenty four hours before xenotransplantation, embryos were dechorionized manually using forceps. Just before xenotransplantation
the dechorionized embryos were anesthetized in 2.5 mM tricaine in embryo medium. Approximately 300-500 cancer cells were injected into the yolk sac of 48hpf
embryo. Injected embryos were monitored for engraftment and tumor progression by imaging at 24 and 72h post injection (hpi). b. Schematic of xenograft
development in adult zebrafish. Immune-suppression was achieved by injecting busulfan (i.p.) two days prior to cancer cell administration. Injected fishes were
monitored for engraftment and tumor progression by imaging at 3, 7 and 15 dpi. The fishes were monitored daily for any signs of distress and maintained according
to established protocols [1].

orsal aorta

O,

Spine
Anal fin

Intra cardiac

Fig. 2. Injection sites for administration of leukemic cells in adult zebrafish. Dorsal aorta site can be identified by bleeding the fish using a pulled glass capillary of
1 mm in size and inserting it near the spine and above the anal fin. Intra-cardiac site can be accessed by placing the fish ventrally in a wet sponge. Heart can be
identified by its rhythmic movement.
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Fig. 3. U937 leukemic cell xenograft in the larval stage. Representative bright field and fluorescent images of zebrafish larvae transplanted with human U-937 cells at
a dose of 300-500 cells per larvae, at time points 24 and 72h post injection (hpi) are shown. Images were taken using Leica M205FA fluorescent stereoscopic
microscope assisted with Leica DFC310 FX camera (Leica Microsystems, Wetzlar, Germany). Proliferation of the engrafted cells can be seen 72hpi with the presence

of fluorescently labeled U-937 cells in the tail region (marked by an arrow).

BRIGHT FIELD

FLUORESCENT

Fig. 4. AML tumor model in adult Casper strain of zebrafish. Human leukemic cells (U937) were injected into immune- suppressed Casper zebrafish and images were
taken 3, 7, and 15 days post-transplantation in a Leica M205FA fluorescent stereoscopic microscope. The presence of bulky tumor across all time point can be
morphologically visualized in the upper bright field panel while the tumor is represented as dense collection of red fluorescent cells in the lower panel. The
parameters used for imaging were uniform throughout different time points used (Zoom: 12.5 X, Exposure: 1s, Gain: 2.5 x). (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)

45% for U-937 injected fishes and 71% for Huh 7 injected fish). These
data suggest that U937 cells generate aggressive acute myeloid leu-
kemia in zebrafish, but it will be feasible to use these models to study
the effect of any novel therapies for a medium-term follow up of two
weeks.

4. Discussion

Xenograft models in zebrafish have been largely developed during
the embryonic or larval stages [13,16-18]. Embryo xenograft models
are used in short-term assays (< 7 days). These models have been
widely used for analyzing tumor metastasis, neovascularization of tu-
mors, therapeutic drug testing or high-throughput drug screening
[6,12,14,18,46] for a limited time period (2-5days post-
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transplantation). As far as xenotransplantation in adults is concerned,
there is limited data. Zhang B et al. have used adult zebrafish for de-
veloping xenograft with cancer stem-like cells (CSCs) and used this
model as a platform for anti-CSC inhibitor screening [19]. Transplan-
tation of human cancer cells (adenocarcinoma, MDA-MB-435) in 30 dpf
zebrafish was first demonstrated by Stoletov and colleagues in 2007 by
injecting cells into the peritoneal cavity in 1-month-old chemically
immunosuppressed AB or Tg(flil:EGFP) zebrafish with dexamethasone
[12]. The tumor persisted in this model with a mean viability of
13.6 + 0.45days for transplanted fishes. Even tumor models devel-
oped in adult fish after irradiation prevents long-term studies since the
fish immune system recovers within 20 days of irradiation [21]. Simi-
larly, dexamethasone mediated chemical ablation of the immune
system is effective for transplantation of solid tumors but not for
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Fig. 5. Kaplan Meier survival analysis of adult zebrafish injected with cancer
cells. The percentage of cancer bearing adults that survived is denoted as a
function of time. Approximately 30-50% of injected fishes die as a result of
tumor burden from both the cell lines, although the U937 cell injected fish
demonstrate acute fatality within the first week of engraftment in comparison
to Huh? cells.

leukemia [47].

The method described here addresses the current limitation in adult
zebrafish xenotransplantation technique by employing a combination
of an immune-suppressant (busulfan) that has not been previously
tested in zebrafish and the ability to track and visualize the tumor
within the fish by employing a Casper based pigmentation mutant. This
combination had a reproducible rate of engraftment tumor cells in the
peritoneal cavity when administered near the dorsal aorta with minimal
loss of tumor cells and an extended two-week period of viability in the
transplanted fish. However, the experimental follow up in our protocol
was for a limited time period (~15days) and thus future studies are
necessary to understand the timeline of recovery of the Casper fish
immune system and its impact on tumor propagation.

This protocol will enable a researcher to create varied xenograft
models, using diverse cell lines for understanding tumor biology, me-
tastasis or potential therapeutic drug screening. However, conditions
for the long-term growth of human cells in zebrafish still need to be
identified. Presently, pre-clinical studies are dependent on mouse xe-
nografts to evaluate the efficacy of chemotherapeutics [7,14,38].

Blood Cells, Molecules and Diseases 75 (2019) 48-55

Investigations in murine models are relatively tedious and expensive
[7,18,19,48]. Since the oncogenic signaling pathways between zebra-
fish and humans [49] are highly conserved [48-50], it is likely that our
technique will complement the conventional murine studies to allow
rapid screening of novel therapeutics and in vitro studies to allow rapid
identification of effective anti-cancer agents entering clinical trials.
Different groups have utilized xenografts in adult zebrafish [37,51,52]
to overcome these shortcomings, but additional time and optimization
is necessary for adult xenograft models to become as widely used and
standardized as embryonic xenograft platforms.

5. Conclusion

This xenotransplantation method is likely to be beneficial for a
variety of applications. The superior engraftment of cancer cells in the
presence of busulfan will enable multiple xenograft models to be de-
veloped using diverse cell lines for either understanding the tumor
biology or tumor metastasis. Furthermore, busulfan based conditioning
regimen can also simplify the existing patient-derived xenograft (PDX)
model of zebrafish. These models are generally established by immune
suppression with irradiation and have poor survival rates [21] but are
useful for identification and characterization of the chemotherapy re-
sistant and relapse-inducing cancer cells [18,53,54].

Abbreviations

hpf hours post fertilization

dpt days post-transplantation

dpi days post-injection

hpi hours post-injection

SCID Severe Combined Immunodeficiency

NSG NOD/LtSz-Prkdc® T12rytm1Wjl/J (NOD-SCID-y irradiated)
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U937 TUMOUR 1

U937 TUMOUR 2

Fig. 6. Histological analysis of AML tumor. Hematoxylin and eosin stained sections of control zebrafish intestine and tumor from zebrafish challenged with U937
cells, from two representative fishes for each group are shown. Top panel shows the normal architecture of zebrafish intestine. Bottom panel depicts tumor growth
pattern and infiltrative nature as revealed by the neoplastic cells extending through the intestine and disturbing the normal architecture of the tissue. Magnification
used for imaging is depicted in the figure. The framed region in red is magnified and shown. (For interpretation of the references to colour in this figure legend, the

reader is referred to the web version of this article.)
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Fig. 7. Effect of cancer cell type or route of administration in tumor development in adult zebrafish. Representative image of adult fish transplanted with Huh7 cells
demonstrating the xenograft developed 15 days post-transplant at the peritoneal cavity by bright field (Panel A) and fluorescent (Panel B) imaging. An alternative
route of intra-cardiac administration of U937 cells (Panel C and D) shows the localisation of these cells to the peritoneal cavity, 15 days post transplantation.
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