
https://doi.org/10.1007/s12029-021-00782-z

INVITED REVIEWS

Zebrafish Xenotransplantation Models for Studying Gene Function 
and Drug Treatment in Hepatocellular Carcinoma

Seniye Targen1 · Ozlen Konu1 

Accepted: 13 November 2021 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

Abstract
Introduction Zebrafish is a promising model organism for human disease including hepatocellular cancer (HCC). Recently, 
zebrafish has emerged also as a host for xenograft studies of liver cancer cell lines and patient derived tumors of HCC. 
Zebrafish embryos enable drug screening and gene function studies of xenografted cells via ease of microinjection and 
visualization of tumor growth and metastasis.
Objectives In this review, we aimed to overview zebrafish HCC and liver cancer xenotransplantation studies focusing on  
‘gene functional analysis’ and ‘drug/chemical screening’.
Methods Herein, a comprehensive literature search was performed for liver and HCC xenografts in zebrafish on PubMed 
using different key words and filters for molecular modifications or drug exposure.
Results Our literature search revealed around 250 studies which were filtered and summarized in a table (Table 1) revealing 
comprehensive collection of experimental and technical details on microinjection, injected  cell lines, molecular modifica-
tions of injected cells, types and doses of drug treatments as well as biological assessments.
Conclusion This review provides a platform for HCC and liver xenografts and highlights studies performed to understand 
gene functionality and drug efficacy in vivo in zebrafish.

Keywords Zebrafish · Gene function · HCC · Xenograft

Introduction

Establishment of zebrafish xenotransplantation models of 
both immortalized cell lines and patient-derived tissue has 
pioneered a new era in cancer biology research as thoroughly 
reviewed by leading scientific research groups [1–3]. In the 
present review, specifically the hepatocellular carcinoma 
(HCC) and liver cancer xenograft models will be addressed 
with a particular emphasis on immortalized cell injection 
applications including gene functionality studies, generation 
of drug screening platforms, and patient-derived xenograft 
applications.

To date, tens of different cancer types of xenografts have  
been successfully applied to the zebrafish model, and HCC 
and liver cancer cell injections account for a fair share of  
the pie [3]. The field is growing; for example in 2020, a  

comprehensive systematic review performed by our group  
identified around 200 zebrafish xenotransplantation focused  
articles (of which seven, belonged to studies only focused 
on  hepatocellular  cancer), which we integrated to 
ZenoFishDb v1.1, a searchable database housing xenotrans-
plantation studies in zebrafish [3]. Since then our ongoing 
literature search and others [4] identified many more.

Majority of the zebrafish xenograft models established for  
liver cancer consist of immortalized cell line engraftments 
and have been used for assessing different aspects of car-
cinogenesis including tumor growth, tumor foci formation 
and proliferation [5–7]; cancer stem cell proliferation [8]; 
metastasis-related events such as migration, dissemination, 
extravasation, and intravasation [9–12]; angiogenesis [5, 13]; 
and tumor microenvironment [14] under different experi-
mental settings, mostly in embryos but some using immu-
nosuppressed adult fish [15, 16].
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Current State of the Field

In this review, we provide a detailed table (Table 1) in which 
we have summarized the existing HCC cell line xenografts 
performed in zebrafish host via a comprehensive literature 
search. Accordingly, four independent PubMed searches 
were made for the “hepatocellular carcinoma zebrafish,” 
“hepatocellular carcinoma zebrafish xenograft,” “liver 
zebrafish xenograft,” and “liver zebrafish xenotransplanta-
tion” keywords. A through screening of articles for these 
keywords revealed approximately around 250 studies which 
were then screened for studies that focused on “gene func-
tionality” or “drug/chemical testing,” and hence, we sys-
tematically gathered them into Table 1. Overall, the most  
of HCC/liver cell transplantations, regardless of the bio-
logical assessment purpose, were performed on 2 days post 
fertilization (dpf) zebrafish larvae and frequently injected to 
the yolk sac. In general, the studies addressed the anti-HCC 
role for tested drugs, plant extracts, or signaling pathway 
inhibitors. The remaining part of the xenotransplantation 
studies were based on deciphering the function of tested/
investigated genes in vivo through molecularly modified-
cell injections.

Experimental Design and Coverage of Liver 
Cancer Cell Transplantation Studies 
in the Zebrafish Literature

With respect to concept and design, the literature on HCC/
liver cells xenografted in zebrafish could be broadly parsed 
into two: (a) studies focusing on gene functionality and (b) 
those addressing drug and/or chemical testing as summa-
rized in Table 1. The former mainly includes cells modified 
with small interfering RNAs (siRNAs) [12], short hairpin 
RNAs (shRNAs) [10, 17], or expression vectors [18–22]. 
Hence, the effects of protein silencing or overexpression of 
genes on cells could be easily tested in vivo for different  
biological assessments including tumor growth, prolifera- 
tion, and metastasis. The latter (b) approach can also incorporate  
such molecular modifications, yet the main focus is to test  
the therapeutic effect of drugs on the xenografts.

Tested drugs or compounds are of various origin; herb 
extracts [23], synthetic antioxidants [24], and kinase inhibi-
tors [13] are among many. For instance, traditional Chinese 
medicine (TCM) of different kinds has been assessed for 
their anti-HCC effects in vivo employing zebrafish xeno-
grafts. Examples of the tested TCM constituents include 
compound Phyllanthus urinaria L. (a formula composed of 
different herbs) [21] and arenobufagin (a natural bufadien-
olide constituent of toad venom) [25] as depicted in Table 1. 
In addition, pharmaceutical drugs such as kinase inhibitors 

are often used for testing proliferative capacity of liver can-
cer cell transplants in vivo. For instance, anti-HCC effects of 
pan-WNK kinase inhibitors (WNK463) or VEGFR tyrosine 
kinase inhibitors (PTK787) were tested on liver zebrafish 
xenograft models [13]. Other kinase inhibitors tested in 
zebrafish xenograft assessments include JNK-IN-8, a pan-
inhibitor of c-JUN N-terminal kinase [26] and SP600125 
(JNK inhibitor) [27] as specified in detail in Table 1.

Another category is the use of patient-derived cells 
injected into the zebrafish host paving the way for pre-
cision medicine [3] as also have been the case in mice 
models [28–30]. Nevertheless, the zebrafish xenograft 
appli-cations of HCC and/or liver cells [31] remain elu-
sive although development of such models would be  
essential step towards high-throughput drug screening  
for liver cancer therapeutics. One such study was per-
formed by Lin and colleagues wherein they have injected 
patient-derived HCC tissue-derived cells and screened for  
anti-HCC effects of novel small molecules. In summary,  
they have studied the proliferative capacity of cells derived  
from a panel of liver cancer patients in the presence of  
well-established anti-HCC drug, sorafenib and two other  
novel multiple tyrosine kinase inhibitors, BPR1J419S1 and  
BPR1J420S1. Interestingly, they found that BPR1J419S1  
and BPR1J420S1 were more effective in terms of their  
anti-proliferative capacities when compared to sorafenib  
[31]. This study highlights the potential use of “zebrafish 
Avatars” for developing personalized therapy towards liver 
cancer as previously aimed for different types of cancers 
including colon, gastric, pancreas cancers [32, 33] and 
melanoma [34].

Conclusions

In summary, we have identified the current state of 
HCC/liver cell xenotransplantation in zebrafish focus-
ing on the types of cell lines, molecular modifica-
tions and drugs used as well as the zebrafish strain and  
specifications of injection and the biological assess-
ments, which included proliferation activity, tumor  
growth inhibition, dissemination, intravasation, and metas-
tasis. As illustrated in Table 1, a wide range of HCC and  
liver cancer cell lines has been used so far in the literature 
and our review provides an important resource for the  
selection of the cell line to be injected as well as compari-
son of the general set-up used for a specific cell line(s).  
In addition, the articles highlighted throughout Table 1 
serve as a platform for researchers to decide on (a) output  
assessment methods; (b) data analysis methods; and (c)  
end-point of the undertaken assessments based on indi- 
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vidual summaries of each study included in the review.  
Overall, the treatment dosages and/or altered gene dosages  
in the examined studies have provided often successful  
anti-cancer, anti-proliferative, or anti-migration responses.  
These findings using HCC/liver cancer cell lines suggest 
that zebrafish xenograft models may be first-line screen-
ing agents to go further with mammalian models or PDX 
studies for a given drug, especially for dose determination 
and toxicity evaluation.
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