
A novel xenograft model of human HCC in immunocompetent mouse  

Yanzhen Bi
#1, 2

, Jun Shi
#3

, Shanshan Li
#1, 2

, Quanyi Wang
4
, Quanquan Wang

5
, 

Xinyuan Wen
4
, Feng Yang

4
, Zhongping Duan

1, 2
, Yonghong Yang

4
, Xiaobei Zhang

4
, 

Yongchao Zhang
4
, Zhenfeng Shu

6
, Yu Chen

*1, 2
, Feng Hong

*4
 

1
Difficult & complicated liver diseases and artificial liver center, Beijing Youan 

Hospital, Capital Medical University, Beijing, PR China. 

2
Beijing Municipal Key Laboratory of Liver Failure and Artificial Liver Treatment 

Research. 

3
Department of infectious disease, Provincial hospital affiliated to Shandong 

University, Jinan, PR China. 

4
Institute of Liver Diseases, Affiliated Hospital of Jining Medical University, Jining, 

PR China. 

5
Department of Neuromuscular Disease, the Third Hospital of Hebei Medical 

University, Shijiazhuang, PR China. 

6
Shanghai Meifeng Biotechnology Co., Ltd, Shanghai, PR China. 

 

#
These authors contributed equally to this study. 

*
 Corresponding authors: 

Feng Hong  

Institute of Liver Diseases, Affiliated Hospital of Jining Medical University, Jining, 

272000, PR China. 

E-mail: fenghong9508@163.com  

   

Yu Chen 

Difficult & complicated liver diseases and artificial liver center, Beijing Youan 

Hospital, Capital Medical University, Beijing, 100069, PR China. 

E-mail: chybeyond@163.com 

 

 

 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted September 8, 2019. ; https://doi.org/10.1101/762351doi: bioRxiv preprint 

mailto:fenghong9508@163.com
mailto:chybeyond@163.com
https://doi.org/10.1101/762351
http://creativecommons.org/licenses/by-nc-nd/4.0/


ABSTRACT 

Hepatocellular carcinoma (HCC) is one of the most common malignant tumors that 

threaten human health; thus, the establishment of an animal model with clinical 

features similar to human liver cancer is of important practical significance. Taking 

advantage of the novel microcarrier-6, human HCC cells was injected into 

immunocompetent mice to establish a novel human HCC patient-derived xenograft 

(PDX) model. Primary HCC cells were isolated from fresh liver cancer tissues, which 

were subsequently co-cultured with microcarrier-6 to construct a three-dimensional 

tumor cell culture model in vitro. The HCC-microcarrier complex was implanted into 

mice by subcutaneous inoculation, and the tumor formation time, tumor formation 

rate, and pathological manifestation were recorded. Changes of immune parameters  

in mice were detected by flow cytometry. The success rate was 60% (6/10) in the 

establishment of liver cancer PDX mouse model，and the total tumor formation rate of 

the tumor-forming model is 80-100%. H&E staining and immunohistochemical 

experiments indicate that the model well retained the characteristics of the primary 

tumor. Interestingly, M2 macrophages in tumor-bearing mice increased significantly, 

and the levels of CD4
+
 T cells were significantly reduced. Through the application of 

the microcarrier-6 in immunocompetent mice, we successfully established a novel 

human HCC PDX model, which can be used to better study and further elucidate the 

occurrence and pathogenic mechanism of HCC. 

 

KEY WORDS: Hepatocellular carcinoma, microcarrier, xenograft, animal model 

 

INTRODUCTION 

Hepatocellular carcinoma (HCC), better known as liver cancer, is one of the most 

common malignant tumors and ranks in the top five among all cancers in terms of 

mortality rate (Bray et al., 2018; Ong et al., 2013). Early diagnosis of HCC remains 

difficult (Wang et al., 2016a), and the five-year survival rate is only 10-20% (Li and 

Wang, 2016; Liu et al., 2015); therefore, the establishment of an animal model of 

HCC that is capable of simulating these clinical features is of great significance for 
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studying HCC. Human HCC patient-derived xenograft (PDX) animal models are 

based on the orthotopic or ectopic transplantation of fresh tumor tissue or tumor cells 

from patients into mice, providing a resource for tumor development (Kopetz et al., 

2012). The PDX model is currently considered the most compatible animal model 

with clinical disease, and using fresh clinical HCC tissues can accurately reflect the 

HCC pathogenesis in patients (Bissig-Choisat et al., 2016; Hidalgo et al., 2014; 

Nicolle et al., 2016). However, the PDX model is typically constructed in highly 

immunodeficient mice to minimize the immune response, which imposes certain 

limitations to the study of tumorigenic mechanisms and the screening of antitumor 

drugs, in particular those dependent on the immune system. Therefore, an HCC PDX 

model in immunocompetent mice would be of great significance for the improvement 

of HCC treatment accuracy. 

  Microcarrier-6 is a novel microcarrier composed of a positively chargeable organic 

composite polymer. It has an irregular “maze”-like structure with multi-layered holes 

and strips to provide sufficient space. The pore size, surface positive charge density, 

and carrier particle size can be adjusted by chemical synthesis. It is a pure organic 

compound with advantages such as high purity, low immunogenicity, high 

biocompatibility, and being metabolizable and non-contaminating; thus, it can be used 

to provide a stable microenvironment for cell growth. The sufficient space available 

inside the microcarrier-6 solves the problems of uneven distribution of required 

nutrients and the produced metabolic waste. Simultaneously, due to its irregular 

“maze”-like structure, the microcarrier-6 can act as a barrier to prevent the direct 

attack of tumor cells by immune cells to a certain extent. In addition, following 

modification with stromal cell-derived factor-1α (SDF-1α) and vascular endothelial 

growth factor (VEGF), the microcarrier-6 can be directly embedded under the skin of 

mice, which accelerates blood vessel formation, induces blood vessel ingrowth, and 

provides a blood supply for rapid tumor growth. 

  In the present study, primary HCC cells were isolated from fresh liver cancer 

tissues and co-cultured with the microcarrier-6. The HCC-microcarrier complex was 

subsequently implanted into mice, resulting in the establishment of a novel HCC PDX 
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model in immunocompetent mice. Moreover, we detected the changes of immune 

parameters of tumor-bearing mice, and the results showed that the M2-like 

macrophages promoting the tumor formation were activated, while the CD4
+
 T cells 

exerting the immune-clearing were suppressed. 

RESULTS 

The construction of a 3D human primary HCC cell culture system using the 

microcarrier-6 

Microscopically, the isolated primary HCC cells were spherical, and almost all of 

them were single cells with a strong refractive index (Fig. 2A). The microcarrier-6 

was observed as irregular lumps or long fusiform strips with a loose texture similar to 

fibrous tissue (Fig. 2B). Following a 24-h incubation of the primary HCC cells in 

medium, many small cell clusters were observed by microscopy, but single cells still 

accounted for the majority (Fig. 2C). Following 24 hours of co-culture, the primary 

HCC cells were firmly attached to the microcarrier-6 and reached a saturation state, 

with microcarriers surrounded by irregular cell clusters (Fig. 2D). 

Establishment of an HCC PDX model in immunocompetent mice using the 

microcarrier-6 

There was no significant change in appetite, coat, or weight of the mice in any group, 

and no mice died. Only the mice in the experimental group showed a slight decrease 

in activity after 1 week. No mice developed tumors in either the cell control group or 

the carrier control group during the course of the experiment (20 days) (Table 1, 2). 

While in the experimental group, 10 cases of liver cancer tissues were transplanted 

into immunocompetent mice, and finally 6 cases successfully constructed a novel 

xenograft model of human HCC (Table 1). The total tumor formation rate of the 6 

tumor formation models was 90-100% (Table 2). In the experimental group, the 

transplanted tumors grew rapidly, and the subcutaneous mass was palpable 5-7 days 

after inoculation (Fig. 3E). The peak growth period of the transplanted tumors lasted 

for 1-2 weeks, and a subcutaneous mass could be observed by the naked eye after 

approximately 2 weeks (Fig. 3E). At 2-3 weeks, the volume of the transplanted tumor 

changed little and reached the stationary phase. Simultaneously, the volume could 
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reach 0.6 cm3 in approximately 20 days (Fig. 3C, 3D, 3E). The transplanted tumor 

tissue was easily separated from the surrounding tissue, and the shape was irregular, 

mostly round or elliptical. The surrounding blood supply was rich, displaying a 

grayish white and grayish red color (Fig. 3C, 3D).  

H&E staining of the primary and transplanted tumors  

Following application of H&E staining to the primary HCC tissue paraffin sections, 

numerous abnormally shaped and disordered tumor cells could be observed by light 

microscopy (Fig. 4A, 4B). Similarly, the transplanted tumor tissue also showed a large 

number of disordered (in a nest or flaky shape) and obviously atypical cells, with a 

round or elliptical shape. These cells had a large nucleus, coarse chromatin, and 

obvious nucleoli of different sizes, showing pathological mitotic characteristics. A 

large number of lymphocytes and a small amount of foreign matter around the 

microcarrier-6 that had not been cleared could be seen in the stroma. HCC cells had 

also infiltrated the peripheral fat and muscle tissues, accompanied by obvious necrosis 

mainly occurring in the center of the tumor. The newly developed capillaries in the 

transplanted tumor tissue were abundant, mostly located at the edge of the tumor (Fig. 

4C, 4D).  

Immunohistochemical staining of the primary and transplanted tumors 

Gpc-3, Hep-1, and CK8/18 are mainly expressed in the membrane and cytoplasm of 

human cancer cells, and therefore are specific markers for the human HCC cells. The 

immunohistochemical staining revealed that Gpc-3, Hep-1, and CK8/18 were all 

positively expressed in the primary (Table 3) and transplanted tumor tissues(Fig. 5), 

confirming that the atypical cells were human-derived HCC cells.  

Changes of macrophages and CD4
+
 T cells during tumor formation in mice 

To evaluate the changes of immune cell subpopulations during tumor formation in 

mice, we performed flow cytometry analyses of macrophages and CD4
+
 T cells in 

spleen samples (Fig. 6). As shown in Fig. 6, tumor-bearing mice in experimental 

group (PDX ) showed a significantly higher frequency of macrophages and decreased 

prevalence of CD4
+
 T cells in the spleen as compared with control mice. There was an 

increased prevalence of M2 macrophages in the spleen of tumor-bearing mice as 
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compared with non-tumoid mice in experimental group (PDX-) ( Fig. 6B), while the 

percentage of M1 macrophages and CD4
+
 T cells in the spleen was significantly 

decreased (Fig. 6A, 6C). The above-mentioned results indicate that the M2-like 

macrophages promoting the tumor formation were activated, while the CD4
+
 T cells 

exerting the immune-clearing were suppressed. 

DISCUSSION 

HCC is one of the most common malignant tumors that threaten human health. 

Currently, liver cancer is mainly treated using surgery, chemotherapy/radiotherapy 

combination treatment, and gene-targeted therapy; however, there is still no effective 

way to completely control the development of HCC. The discovery of novel 

treatments for HCC requires animal-based experiments, and the establishment of an 

animal model that mimics human liver cancer is therefore essential for HCC research. 

In recent years, with the advance of related technologies, comprehensive research has 

been conducted to develop novel HCC models, among which the HCC orthotopic 

transplantation models, the induced HCC models, the transgenic HCC models, and the 

human HCC xenograft models are the main ones. 

The ideal HCC model should accurately reflect the biological characteristics of 

HCC, fully simulating the human tumor microenvironment. Moreover, it should be 

easy to operate and have a high reproducibility and a low price. To date, the HCC 

PDX model is a commonly used model with the most comparable clinical features to 

humans, and serves as an important platform for the study of preclinical evaluation, 

tumor treatments, and prognosis. It is expected that this model will result in novel 

breakthroughs in individualized treatments (Izumchenko et al., 2016; Siolas and 

Hannon, 2013; Tentler et al., 2012). The PDX models established thus far are usually 

in immunodeficient mice, which are not only expensive to raise, but also cannot be 

used for the evaluation of the efficacy of immune-related drugs (e.g., vaccines, 

immunomodulatory PD-1 antibody drugs, or anti-tumor drugs functioning by immune 

activation, such as the CD40 monoclonal antibodies) (Kim et al., 2009; Pavia-Jimenez 

et al., 2014; Zhang et al., 2013). In addition, the existing PDX model does not reflect 

the intrinsic link between tumor development and immune status/regulation. 
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In the present study, immunocompetent C57BL/6 mice were used to overcome the 

above problems. In addition, the pathological type of the ten clinical samples selected 

in this experiment was HCC, which is the most common type of primary liver cancer, 

and thus is clinically representative. Subcutaneous ectopic transplantation of the 

tumors under the armpit mainly considered the rich blood supply and tissue loosening 

in this site, which are conducive to tumor growth (Zheng et al., 2012). 

The microcarrier-6 used in the present study is a novel type of microcarrier, which 

was co-cultured with human primary HCC cells to successfully construct a 3D growth 

model (Fig. 2D). Since the microcarrier-6 has a low immunogenicity, a loose texture, 

and a large number of central pores for the growth of tumor cells, it can act as a 

barrier to block the direct killing of tumor cells by immune cells. Following 

modification, the microcarrier-6 can more easily allow the growth of blood vessels, 

providing good conditions for the rapid growth of tumor cells. The 3D cell mass 

formed by the 24-h co-culture of tumor cells with the microcarrier-6 prevented single 

tumor cells from being rapidly cleared by the mice immune system. Moreover, this 

approach also effectively prevented cell death which plagued the interior of the 

transplanted primary tissue block due to lack of blood supply. 

With the newly established 3D growth model of human primary HCC, we 

successfully developed a PDX mode of HCC in immunocompetent mice in the 

experimental group. The mice in the cell control and carrier control groups did not 

develop tumors. This PDX model is characterized by rapid tumor growth, which can 

be detected in 5-7 days and peaks at 1-2 weeks, reaching a volume of 0.6 cm3 in 

approximately 20 days. Cellular immunity is the main force against tumor growth; the 

cells involved mainly include T cells, natural killer (NK) cells, macrophages, and 

dendritic cells (DC) (Wang et al., 2016b; Zitvogel et al., 2016).Interestingly, we found 

that the M2-like macrophages promoting the tumor formation were activated, while 

the CD4
+
 T cells exerting the immune-clearing were suppressed during the early stage 

of transplanted tumor formation. This indicates that foreign tumor cells can regulate 

the immune system of mice and create a suitable microenvironment for the rapid 

growth of tumor cells. 
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Pathological H&E staining revealed a large number of cells with an atypical 

nucleus that had infiltrated into muscle, fat, and other tissues, in addition to a large 

area of necrosis in the center of the tumor, which is in accordance with the 

development of human HCC, considering the fast growth and insufficient blood 

supply. The capillaries, mainly located around the tumor, were also abundant. 

Immunohistochemistry of the liver cancer-specific markers Gpc-3, Hep-1 and CK8/18 

were positive, confirming that the heteromorphic cells were human HCC cells. 

Through the inoculation of human primary HCC cells into immunocompetent mice, 

the present study successfully established a human HCC PDX model using the 

microcarrier-6. This model can reflect the interaction between the immune system and 

tumors; therefore, it is anticipated to bring considerable broad benefits to the cancer 

research community. 

MATERIALS AND METHODS 

Reagents 

Collagenase B was purchased from Sigma (Shanghai, China). RPMI 1640 medium, 

trypsin, fetal bovine serum, red blood cell lysate, and streptomycin were purchased 

from Gibco (Thermo Fisher Scientific, Waltham, MA). Rabbit anti-human CK8/18, 

GPC-3, and Hep-1 monoclonal antibodies were purchased from Abcam (Cambridge, 

UK), and isoflurane was purchased from Shenzhen, China. The microcarrier-6 was 

supplied by ELYON BIO-TECHNOLOGIES LLC (Gaithersburg, MD). 

Experimental animals 

150 C57BL/6 mice (male, 6-8 weeks old, body weight 22-25 g) were purchased from 

Jinan Pengyue Experimental Animal Breeding Co., Ltd. [License No. SCXK 

20140007]. The mice were raised in the animal center of the Affiliated Hospital of 

Jining Medical College (SPF class). All animal experiments were performed in 

accordance with the relevant regulations of the Animal Ethics Committee of the 

Affiliated Hospital of Jining Medical College. 

Patient information 

Ten fresh HCC specimens were obtained from the Department of Hepatobiliary 

Surgery of the Affiliated Hospital of Jining Medical University. The acquisition of 
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tumor specimens was approved by the patients and their family members, and the 

informed consent was signed, clarifying that the obtained specimens were for research 

purposes only. The present experiment was approved by the Ethics Committee of the 

Affiliated Hospital of Jining Medical University. The details of the ten liver cancer 

patients are shown in Table 1. 

Acquisition of human primary HCC cells 

A collagenase B solution (0.05% in RPMI 1640) was filtered through a filter with a 

pore size of 0.22 μm, and placed in a thermostatic water bath at 37°C for 30 minutes. 

Fresh HCC specimens were washed three times in RPMI 1640 medium and cut into 

pieces (approximately 1 mm × 1 mm × 1 mm) with scissors (Fig. 3A, 3B). The 

specimen pieces were mixed with 0.05% collagenase B solution and incubated at 

37°C for digestion. After 1 h, the mixture was diluted in RPMI 1640 and mixed using 

a pipette. The extracted supernatant was filtered through a sieve with a pore size of 70 

μm, and centrifuged at 1000 rpm for 8 min. Following the lysis step of red blood cells, 

human primary HCC cells were obtained. Residual tissue blocks were mixed with 

0.05% collagenase B for further digestion. Human primary HCC cells were 

sequentially extracted after 2, 3, and 4 h of collagenase B digestion, as described 

above (Fig. 1, 2A). 

Co-culture of human primary HCC cells with the microcarrier-6 

The microcarrier-6 was immersed in 75% ethanol for 24 h, washed three times with 1 

× phosphate-buffered saline (PBS), and added to RPMI 1640 medium containing 10% 

fetal bovine serum; the concentration of the microcarrier suspension was subsequently 

adjusted to 300 µg/mL. Following incubation for 24 h at 37°C, the microcarrier-6 was 

ready for use. Subsequently, the microcarrier-6 was incubated with SDF-1α and 

VEGF at a concentration of 100 ng/mL for 12 h. Human primary HCC cells extracted 

at all time points were pooled, resulting in a high percentage of viable cells, as 

counted by trypan blue staining (> 95%). The cell concentration was adjusted to 2 × 

10
7
/mL by resuspending the cells in RPMI 1640 medium containing 10% fetal bovine 

serum. Half the liver cancer cell suspension was mixed with the modified 

microcarrier-6 suspension (1:1 v/v) in a 15-mL centrifuge tube, and the other half was 
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added to an equal volume of RPMI 1640 medium containing 10% fetal bovine serum. 

Moreover, an equal volume of microcarrier-6 suspension was added to RPMI 1640 

medium containing 10% fetal bovine serum. These three tubes were placed in an 

incubator at 37°C, 5% CO2 for 24 h (Fig. 1, 2). 

Establishment of an HCC PDX model in immunocompetent mice 

The ten specimens were shared among the 150 C57BL/6 male mice, 15 in each case, 

which were subsequently sub-divided into three groups: cell control group, carrier 

control group, and experimental group, with five mice in each group. The mice in cell 

control groups were inoculated with HCC cell suspension only at 2 × 10
6
 cells/mouse 

(counted prior to the co-culture step); those in carrier control groups were inoculated 

with the microcarrier-6 suspension only at 30 µg/mouse; and those in experimental 

groups were inoculated with the HCC-microcarrier complex suspension at 2 × 10
6
 

cells and 30 µg microcarrier-6 (counted prior to co-culture). Following a 24-h 

co-culture, all samples were washed three times in 1 × PBS, gently mixed with 1 × 

PBS to the same final volume as before washing, and placed on ice until further use. 

The mice were anesthetized with isoflurane and inoculated with each individual 

co-culture solution using a trocar in the right axilla (200 µL/mouse) (Fig. 1). 

Observation indicators and pathological examination 

The longest (a) and shortest (b) diameters of the subcutaneously transplanted tumors 

were measured once a week, the tumor volume (Ogawa et al., 2007) was calculated 

using V = 1/2 × a × b
2
, and a tumor growth curve was constructed. When the tumors 

had a long diameter of 1 cm, the mice were sacrificed by cervical dislocation, and the 

tumor tissues were completely excised. Following fixation in 4% neutral 

formaldehyde and paraffin embedding, the tissues were stained with H&E. 

Immunohistochemical staining was performed using the EnVision two-step method 

according to the manufacturer’s instructions. The staining results were interpreted as: 

positive if the positive particles located in the tumor cytoplasm represented ≥ 5% of 

the total cells; < 5%, negative. 

Flow cytometry 

Spleen samples were collected and ground and filtered into a 15 mL centrifuge tube 
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and centrifuged at 1200 rpm for 5 min. Spleen cells can be obtained after lysis of red 

blood cells. For phenotypic staining, cells were washed twice with PBS containing 

1% FBS and 0.1% NaN3, and subsequently incubated with mouse primary antibodies 

against CD3, CD4, CD11b, F4-80, CD86 and CD206 for 30 min at 4°C according to 

the standard procedure. After washing twice with PBS, cells were analyzed using a 

FACSCalibur flow cytometer (BD Biosciences). An isotype control was used for each 

antibody. 

Statistical analysis  

The SPSS 20.0 software (IBM SPSS, Chicago, IL) was used for statistical analyses. 

Measurement data are presented as the mean ± standard error of the mean (SEM). The 

differences among the mean values of each group were compared using the one-way 

analysis of variance (ANOVA) or Kruskal-Wallis test as appropriate. p < 0.05 is 

considered a statistically significant difference. 

 

Competing interests 

The authors declare no competing or financial interests. 

 

Author contributions 

Conceptualization: Y.C., F.H., Y.B.; Methodology: J.S., S.L, Q.Y.W., Q.Q.W.; 

Validation: X.W., F.Y.; Formal analysis: Z.D., Y.Y.; Investigation: X.Z., Y.Z.; 

Resources: X.W., F.Y., Z.S.; Data curation: F.H., Y.B., Q.Q.W., S.L.; Writing - original 

draft: Y.B.; Writing - review & editing: Y.C., F.H.; Visualization: Y.C., F.H., Y.B.; 

Supervision: F.H.; Project administration: F.H.; Funding acquisition: Y.C., F.H. 

 

Funding 

This study was supported by grant from National Natural Science Foundation of 

China (81170395, 81570556) and National Key R&D Program of China 

(No.2017YFA0103000), National Science and Technology Key Project on “Major 

Infectious Diseases such as HIV/AIDS, Viral Hepatitis Preventon and Treatment” 

(No.2012ZX10002004-006, 2017ZX10202203-006-001, 2017ZX10302201-004-002, 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted September 8, 2019. ; https://doi.org/10.1101/762351doi: bioRxiv preprint 

https://doi.org/10.1101/762351
http://creativecommons.org/licenses/by-nc-nd/4.0/


2017ZX10203201-005, 2017ZX10201201). 

 

References  

 Bissig-Choisat, B., Kettlun-Leyton, C., Legras, X. D., Zorman, B., Barzi, M., Chen, L. L., Amin, M. 

D., Huang, Y. H., Pautler, R. G., Hampton, O. A. et al. (2016). Novel patient-derived xenograft and cell 

line models for therapeutic testing of pediatric liver cancer. J Hepatol 65, 325-33. 

 Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A. and Jemal, A.  (2018). Global 

cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 

185 countries. CA Cancer J Clin 68, 394-424. 

 Hidalgo, M., Amant, F., Biankin, A. V., Budinska, E., Byrne, A. T., Caldas, C., Clarke, R. B., de 

Jong, S., Jonkers, J., Maelandsmo, G. M. et al. (2014). Patient-derived xenograft models: an emerging 

platform for translational cancer research. Cancer Discov 4, 998-1013. 

 Izumchenko, E., Meir, J., Bedi, A., Wysocki, P. T., Hoque, M. O. and Sidransky, D. (2016). 

Patient-derived xenografts as tools in pharmaceutical development. Clin Pharmacol Ther 99, 612-21. 

 Kim, M. P., Evans, D. B., Wang, H., Abbruzzese, J. L., Fleming, J. B. and Gallick, G. E. (2009). 

Generation of orthotopic and heterotopic human pancreatic cancer xenografts in immunodeficient 

mice. Nat Protoc 4, 1670-80. 

 Kopetz, S., Lemos, R. and Powis, G. (2012). The promise of patient-derived xenografts: the best 

laid plans of mice and men. Clin Cancer Res 18, 5160-2. 

 Li, L. and Wang, H. (2016). Heterogeneity of liver cancer and personalized therapy. Cancer Lett 

379, 191-7. 

 Liu, C. Y., Chen, K. F. and Chen, P. J. (2015). Treatment of Liver Cancer. Cold Spring Harb 

Perspect Med 5, a021535. 

 Nicolle, D., Fabre, M., Simon-Coma, M., Gorse, A., Kappler, R., Nonell, L., Mallo, M., Haidar, H., 

Deas, O., Mussini, C. et al. (2016). Patient-derived mouse xenografts from pediatric liver cancer 

predict tumor recurrence and advise clinical management. Hepatology 64, 1121-35. 

 Ogawa, K., Mukai, T., Asano, D., Kawashima, H., Kinuya, S., Shiba, K., Hashimoto, K., Mori, H. 

and Saji, H. (2007). Therapeutic effects of a 186Re-complex-conjugated bisphosphonate for the 

palliation of metastatic bone pain in an animal model. J Nucl Med 48, 122-7. 

 Ong, H. T., Federspiel, M. J., Guo, C. M., Ooi, L. L., Russell, S. J., Peng, K. W. and Hui, K. M.  

(2013). Systemically delivered measles virus-infected mesenchymal stem cells can evade host 

immunity to inhibit liver cancer growth. J Hepatol 59, 999-1006. 

 Pavia-Jimenez, A., Tcheuyap, V. T. and Brugarolas, J. (2014). Establishing a human renal cell 

carcinoma tumorgraft platform for preclinical drug testing. Nat Protoc 9, 1848-59. 

 Siolas, D. and Hannon, G. J. (2013). Patient-derived tumor xenografts: transforming clinical 

samples into mouse models. Cancer Res 73, 5315-9. 

 Tentler, J. J., Tan, A. C., Weekes, C. D., Jimeno, A., Leong, S., Pitts, T. M., Arcaroli, J. J., 

Messersmith, W. A. and Eckhardt, S. G. (2012). Patient-derived tumour xenografts as models for 

oncology drug development. Nat Rev Clin Oncol 9, 338-50. 

 Wang, J., Wang, L., Zhu, Y., Zhang, J., Liao, J., Wang, S., Yang, J. and Yang, F. (2016a). A high 

accuracy cantilever array sensor for early liver cancer diagnosis. Biomed Microdevices 18, 110. 

 Wang, M., Busuttil, R. A., Pattison, S., Neeson, P. J. and Boussioutas, A. (2016b). Immunological 

battlefield in gastric cancer and role of immunotherapies. World J Gastroenterol 22, 6373-84. 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted September 8, 2019. ; https://doi.org/10.1101/762351doi: bioRxiv preprint 

https://doi.org/10.1101/762351
http://creativecommons.org/licenses/by-nc-nd/4.0/


 Zhang, X., Claerhout, S., Prat, A., Dobrolecki, L. E., Petrovic, I., Lai, Q., Landis, M. D., 

Wiechmann, L., Schiff, R., Giuliano, M. et al. (2013). A renewable tissue resource of phenotypically 

stable, biologically and ethnically diverse, patient-derived human breast cancer xenograft models. 

Cancer Res 73, 4885-97. 

 Zheng, M. J., Wang, J., Chen, Y. W., Xu, L., Xue, D. D., Fu, W., Zhang, Y. F., Du, Q., Zhao, Y., Ling, 

L. J. et al. (2012). A novel mouse model of gastric cancer with human gastric microenvironment. 

Cancer Lett 325, 108-15. 

 Zitvogel, L., Pitt, J. M., Daillere, R., Smyth, M. J. and Kroemer, G. (2016). Mouse models in 

oncoimmunology. Nat Rev Cancer 16, 759-773. 

 

Figures and tables 

 

 

Figure 1. Schematic outline of modeling. A. Schematic outline of establishing HCC 

PDX model in immunocompetent mice. B. Different interventions in each group. 
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Figure 2. Three-dimensional co-culture system of liver cancer cells. A. Freshly 

isolated primary HCC cells were single cells with a strong refractive index. B. The 

microcarrier-6 was observed as irregular lumps or long fusiform by microscopy. C. 

Following a 24-h incubation of the primary HCC cells in medium, many small cell 

clusters were observed by microscopy. D. Following 24 hours of co-culture, the 

primary HCC cells were firmly attached to the microcarrier-6 scaffold. 

 

 

Figure 3. Characteristics of primary tumor and transplanted tumor tissue. A. Fresh 

primary liver cancer tissue. B. The primary HCC cells were separated from 
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comminuted tumor tissues by an enzymatic method. C. Tumor-bearing mouse. D. 

Transplanted tumors. e Growth curves of transplanted tumors. 

 

 

Figure 4. H&E staining of primary tumors (A, B) and transplanted tumors (C, D). A, 

B. Numerous abnormally shaped and disordered tumor cells could be observed by 

light microscopy in the primary HCC tissue. C, D. The transplanted tumor tissue also 

showed a large number of disordered and obviously atypical cells. A small number of 

microcarriers surrounded by inflammatory cells that form granulomas. Abundant 

vessels were shown in tumor tissues. Red arrows refer to blood vessels and blue 

arrows indicate granulomas. 

 

 

Figure 5. Immunohistochemical staining of transplanted tumors. The human liver 
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cancer xenograft displaying diffuse and strong immunoreactivity in the cytoplasm of 

cancer cells. A. Gpc-3. B. Hep-1. C. CK8/18. 

 

 

Figure 6. The changes of immune cell subpopulations during tumor formation in 

mice.  The number of spleen macrophages (A, B) and spleen CD4
+
 T lymphocytes 

(C) in mice were analyzed by FACS at 10 days. PDX (+) represented tumor-bearing 

mice in the experimental group, while PDX (-) represented non-tumoid mice in the 

experimental group. Data are shown as the mean ± SEM, as determined by ANOVA; 

ns denotes p > 0.05. 

 

Table 1 Summary of characteristics of the established PDX models for liver cancer 
Case 

number 
Tumor type Gender Age 

Tumor 

diameter/cm 
AFP/ug/L Differentiation Hepatitis 

Cirrhosis 

or not 
Strain 

Implanted 

site 

Tumor-formation 

or not 

HCC-1 
Hepatocellular 

carcinoma 
Female 74 4.5×3.5×3 14.81 Moderate HBV No C57BL/6 Subcutaneous Yes 

HCC-2 
Hepatocellular 

carcinoma 
Male 54 3×3×2.5 19.20 Poor HBV Yes C57BL/6 Subcutaneous Yes 

HCC-3 
Hepatocellular 

carcinoma 
Male 46 13.5×12×8 58233.14 Moderate HBV Yes C57BL/6 Subcutaneous No 

HCC-4 
Hepatocellular 

carcinoma 
Male 44 4.5×4×3.5 56.07 

Moderate 

or Poor 
HBV Yes C57BL/6 Subcutaneous Yes 

HCC-5 
Hepatocellular 

carcinoma 
Male 60 13×12×9 6424.04 Moderate HBV Yes C57BL/6 Subcutaneous No 

HCC-6 
Hepatocellular 

carcinoma 
Male 64 4×3.5×3 7.7 Moderate HBV Yes C57BL/6 Subcutaneous No 

HCC-7 
Hepatocellular 

carcinoma 
Male 61 5×4×4 372.55 Moderate HBV Yes C57BL/6 Subcutaneous Yes 

HCC-8 
Hepatocellular 

carcinoma 
Male 47 5.5×5×4.9 1210.32 

Moderate 

or Poor 
HCV No C57BL/6 Subcutaneous Yes 

HCC-9 
Hepatocellular 

carcinoma 
Male 53 3×2×2 1524.85 Moderate HBV No C57BL/6 Subcutaneous Yes 

HCC-10 
Hepatocellular 

carcinoma 
Male 58 7×4.5×4 1059.344 Moderate HBV Yes C57BL/6 Subcutaneous No 
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Table 2 Tumor formation time and tumor formation rate 

Groups 
PDX-1 

(HCC-1) 

PDX-2 

(HCC-2) 

PDX-3 

(HCC-4) 

PDX-4 

(HCC-7) 

PDX-5 

(HCC-8) 

PDX-6 

(HCC-9) 

Tumor 
formation 

Time (day) 

Total rate of 

tumor 

formation (%） 

Cell control 

groups 
0/5 0/5 0/5 0/5 0/5 0/5 − − 

Carrier control 
groups 

0/5 0/5 0/5 0/5 0/5 0/5 − − 

Experimental 

groups 
4/5 5/5 4/5 4/5 5/5 5/5 5-7 80-100 

 

Table 3 Immunohistochemical staining of patient tumor tissues and patient-derived 

transplanted tumor tissues 

Case number GPC-3 Hep-1 CK8/18 

HCC-1 + + + 

HCC-2 + + + 

HCC-3 + + + 

HCC-4 + + + 

HCC-5 + + + 

HCC-6 + + + 

HCC-7 +  +/- + 

HCC-8 + + + 

HCC-9 + + + 

 HCC-10 + + + 

PDX-1 + + + 

PDX-2 + + + 

PDX-3 + + + 

PDX-4 + + + 

PDX-5 + + + 

PDX-6 + + + 
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