
Precision medicine in  

hepatocellular carcinoma: 
  

From cell lines to patients 

Zhixin Qiu, Hong Li, Yixue Li, Lijian Hui, et.al. 

 
Shanghai Institutes for Biological Sciences 

Chinese Academy of Sciences 
Shanghai Center for Bioinformation Technology 

Shanghai Academy of Science&Technology 

August 29-31, 2018 The 16th KJC Bioinformatics Symposium, Hayama, Japan 



The concept of "precision medicine" 

• Precision Medicine refers to the tailoring of medical treatment 
to the individual characteristics of each patient. 

• It does not literally mean the creation of drugs or medical 
devices that are unique to a patient, but rather the ability to 
classify individuals into subpopulations that differ in their 
susceptibility to a particular disease. 

• Precision medicine often involves the application of panomic 
analysis and systems biology to analyze the cause of an 
individual patient's disease at the molecular level and then to 
utilize targeted treatments (possibly in combination) to address 
that individual patient's disease process. 

• Preventive or therapeutic interventions can then be 
concentrated on those who will benefit, sparing expense and 
side effects for those who will not.  

The National Research Council, USA 



Main content of the work 

Over the past few years we have built the world's largest 
cell bank of liver cancer cell lines, Liver Cancer Model 
Repository (LIMORE) with our collaboration partners.  

We established a corresponding "dry“ and "wet" 
combined database, and based on LIMORE Cell Bank, we 
have screened out a number of potential disease related 
biomarkers, which can be used for the evaluation of the 
efficacy and prognosis of anti-liver cancer drugs.  

For the precise treatment of the liver cancer we have 
successfully used the LIMORE system to discover a 
disease biomarker, which is a secreted protein, and can 
be used as a companion to the diagnosis of Sorafenib's 
prognosis and efficacy.  



Hepatocellular carcinoma(HCC) is a major health 

problem globally and especially in China 

The fifth most common cancer 

The second leading cause of cancer 

55% in China 

50% in China 

Five year survival rate is only 8.9% 

Hepatocellular carcinoma (HCC) is a 
worldwide disease problem. In Asia, 
especially China, the incidence and 
mortality of liver cancer are the highest. 
More than 50% of new cases and deaths 
occur in China every year, which brings 
great burden to China's health. 



Totoki Y et al. Nature Genetics. 2014 

Schulze K et al. Nature Genetics. 2015 

HCC genetic heterogeneity among patients  

Genetic heterogeneity complicates the prediction of cancer prognosis 



Totoki Y et al. Nature Genetics. 2014 

Schulze K et al. Nature Genetics. 2015 

HCC genetic heterogeneity among patients  

Genetic heterogeneity complicates the prediction of cancer prognosis 

Liver cancer is a 
heterogeneous disease. 
But compared to other 
cancer types, most of the 
genes are mutated at a low 
frequency.  



Totoki Y et al. Nature Genetics. 2014 

Schulze K et al. Nature Genetics. 2015 

HCC genetic heterogeneity among patients  

Genetic heterogeneity complicates the prediction of cancer prognosis. 
Therefore, Motivated by these studies, we aim to establish a large panel of 

liver cancer cell lines from different ancestries to better represent the 

genetic heterogeneity of liver cancer.  

Previous study has also 
shown that patients from 
different ancestries have 
different mutational 
signatures.  



In the Era of Precision Medicine 



In the Era of Precision Medicine 

Non-precise medical 
treatment, no 
classification of patients, 
no difference in treatment 
medication 



In the Era of Precision Medicine 

Gleevec in chronic myelogenous leukemia 

Herceptin in breast cancer 

Tarceva in lung cancer 

Precision medical treatment 
according to mutations to genotype 
patients, choose the right drugs, 
just like: Gleevec in CML, 

Herceptin in breast cancer and 

Gefitinat in lung cancer 



In the Era of Precision Medicine 

Gleevec in chronic myelogenous leukemia 

Herceptin in breast cancer 

Tarceva in lung cancer 

In the era of precision medicine, 
people have a new understanding 
of the treatment of diseases. 
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Precision medicine: Peek-a-WHO 
Our works is: Rapid 
establishment of a gene-
drug knowledge base 
through large-scale 
analysis in models, then 
we can peek who will be a 
right patient for give a 
right treatments.   
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Patient derived xenografts (PDX) are 
models of cancer where the tissue or cells 
from a patient's tumor are implanted into 
an immuno-deficient or humanized 
mouse. PDX models are used to create an 
environment that allows for the natural 
growth of cancer, its monitoring, and 
corresponding treatment evaluations for 
the original patient. 
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Patient derived Cancer Cell  (PDC) are 
models of cancer where the cells from a 
patient's tumor are implanted into a petri 
dish and stay alive. PDC cell line are used 
to monitoring, and corresponding 
treatment evaluations for the original 
patient. 



Models to reflect genetic heterogeneity 

Cancer cell line 
(PDC) 

Genetic 

Heterogeneity 
Drug response 

PDX 

Organoid 

(PDO) 

Patient Derived Xenografts 

Patient Derived Cancer Cell  

Patient Derived Organoid 

Patient derived Organoid (PDO) are 
models of cancer where the tissue or cells 
from a patient's tumor are implanted into 
a special petri dish and stay alive. PDO 
contains a local tumor microenvironment, 
can be used to monitoring, and 
corresponding treatment evaluations for 
the original patient. 



These three models are very 
good, but they are expensive 
and Time consuming. Is there 

any other choice? 

Again Cell Line？ 



History of cancer cell line-based platforms 
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History of cancer cell line-based platforms 

Sharma SV et al. Nature Review Cancer. 2010.  

The earliest cell line platform dates back 
to the 1980s. The National Cancer 
Institute collected 60 cell lines from 
different cancer types to form the NCI60 
cell line platform for large-scale chemical 
drug screening. The discovered drug 
Bortezomib was approved by the FDA for 
the  treatment of multiple myeloma. 



History of cancer cell line-based platforms 

Sharma SV et al. Nature Review Cancer. 2010.  

So far, we have not found a suitable cell line platform for liver 

cancer research. Can a large panel of liver cancer cell lines 

facilitate to address the challenges? 

With the understanding of cancer 
heterogeneity, NCI60 has been unable to 
meet the needs of the analysis. Beginning in 
2006, tissue-specific cell line platforms 
consisting of cell lines of the same cancer 
type have been reported in lung cancer and 
breast cancer, and can include dozens of cell 
lines for a cancer type. 



Establishment of Liver Cancer Model Repository (LIMORE) 

1, Establishment of cell line is of low efficiency  

 

 

2, Cell lines gain similar mutations 
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4, Database of LIMORE cell bank 

 

 



Establishment of HCC cell lines 

31 collected cell lines

Public cell banks

45 newly generated cell lines

Liver cancer patients

Primary and
long-term culture

Surgically
removed



Establishment of HCC cell lines from  

Chinese patients 

Optimized medium with growth 

factors, hormones, and FBS 

Tumor Dissociation 

Primary Culture 

Epithelial Cell Clone Clone picking up 

Fresh samples & optimized 

enzymatic dissociation 

45 new liver cancer cell lines 

The success rate of cell culture : ~50% 
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Finally, we have a total of 76 liver 
cancer cell lines. This is far more 
than CCLE in liver cancer. These liver 
cancer cell lines and data would be a 
great platform for liver cancer 
research. About half of them are 
from Chinese. 70% are from HBV 
positive patients.  
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Finally, we have a total of 76 liver 
cancer cell lines. This is far more 
than CCLE in liver cancer. These liver 
cancer cell lines and data would be a 
great platform for liver cancer 
research. About half of them are 
from Chinese. 70% are from HBV 
positive patients.  

Do HCC cell lines retain mutation landscape of primary HCCs? 



Establishment of Liver Cancer Model Repository (LIMORE) 

1, Establishment of cell line is of low efficiency  

 

 

2, Cell lines gain similar mutations 

  

 

3, Represent genetic heterogeneity and drug response 

 

 

4, Database of LIMORE cell bank 

 

 



Cell lines retain genomic alterations of primary HCCs 



Cell lines retain genomic alterations of primary HCCs In the corresponding groups 
(tissue, PDC, cell line) ,the 
driven gene mutations were 
completely identical. 



Cell lines also retain expression profiles of primary HCCs 

Qiu et al Sci Rep 2016 July 



Cell lines also retain expression profiles of primary HCCs 

Qiu et al Sci Rep 2016 July 

The corresponding groups 
(tissue, PDC, cell line) have 
completely similar expression 
patterns and are clustered 
together. 



Establishment of Liver Cancer Model Repository (LIMORE) 

1, Establishment of cell line is of low efficiency  

 

 

2, Cell lines gain similar mutations 

 

 

3, Represent genetic heterogeneity and drug response 

 

 

4, Database of LIMORE cell bank 

 

 



Cell lines vs. HCC: CNV heterogeneity 

Schulze K et al. Nature Genetics. 2015 

F
re

q
u
e
n
cy

 (
%

)

6
0

0
3
0

3
0

6
0

D
e
le

ti
o
n

G
a
in

IR
F
2

T
E
R
T

C
D

K
N

2
A

P
T
P
N

3

A
X

IN
1

P
T
E
N

V
E
G

F
A

M
E
T

M
Y
C

F
G

F
1
9

-C
C

N
D

1

JA
K
3
, C

C
N

E
1

F
re

q
u
e
n
cy

 (
%

)

6
0

0
3
0

3
0

6
0

D
e
le

ti
o
n

G
a
in

1

2

3

4

5

6

7

8

9

1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

2
0

2
1

2
2

Spearman r=0.51, p=3e-16

LIMORE
n=54

TCGA HCCs
n=373

C
h
r



Cell lines vs. HCC: CNV heterogeneity 

Schulze K et al. Nature Genetics. 2015 
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We compared the profiles of CNV 
variation in all 373 samples in TCGA with 
the profiles of CNV variation in 54 cell 
lines in our LIMORE cell bank, and found 
that the Spearman similarity coefficient 
between them was as high as 0.51. It 
indicates that the whole cell line in 
LIMORE can reflect the heterogeneity of 
CNV in liver cancer tissues. 



Cell lines vs. HCC: Driver alteration heterogeneity 
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We calculated the mutational profiles of the 
major liver cancer-driven genes in 65 cell lines 
in LIMORE, and compared them with the 
mutational profiles of the major liver cancer-
driven genes in 1185 samples in TCGA, and 
found that the Spearman similarity coefficient 
between them was as high as 0.67. It is shown 
that the whole cell line of LIMORE can well 
reflect the heterogeneity of the mutation of 
the driving gene of liver cancer tumor tissue. 



Cancer type comparison 



Cancer type comparison 
We used different tumor cell 
lines to describe tumor 
heterogeneity. It can be seen 
that LIMORE shows the closest 
similarity to liver tumor tissue. 



LIMORE system is a 
completely new cell line 

system that comprehensively 
reflects the heterogeneity of 

liver cancer, and is a good 
and simple model system for 

studying liver cancer. 



Sensitivities of liver cancer cell lines to 99 anti-cancer drugs 

Receptor/Upstream
 signal activation (33)

Intracellular
signaling pathway (19)Chemotherapy (13)

Epigenetics (10)

Apoptosis (7)

Cell cycle (7)

DNA Damage Repair (6)

Protein Folding
and Stability (4)

Mechanism of action (MoA) of 99 drugs

We performed 99 anti-cancer 
drug susceptibility 
experiments on 66 liver cancer 
cell lines in LIMORE. By 
integrating the genetic 
information of the cell line 
with the drug sensitivity 
analysis, a number of potential 
molecular biomarkers 
indicating drug susceptibility 
could be  identified. 



Overview of pharmacogenomic landscape 

Elastic net regression 

We use elastic net 
regression model 
to build our 
pharmaco-genomic 
landscape, here 
small red hexagons 
are drugs, small 
blue dots are 
genes. This map 
links the drug-
acting phenotype 
of each individual 
cell line with the 
gene expression 
and gene mutation 
patterns of the cell 
line under the 
action of the drug.  

drug 
gene 



FGF19 alterations and FGFR inhibitors 
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In our experiments we found that FGF19 
gene amplification and overexpression 
are associated with its receptor FGFR 
and the Inhibition of FGFR. Lenvatinib is 
FGFR inhibitor and a drug in the clinical 
stage III of anti-liver cancer. 



CTNNB1 activating mutations and drug sensitivities 
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In the susceptibility test to the LIMORE 
cell line, we found that the activating 
mutations in CTNNB1 are associated 
with three drug-sensitive enhancements, 
bi2536 (PLK inhibitor), PF562271 (FAK 
inhibitor), panobinostat (HDAC inhibitor) 
Here, the CTNNB1 gene encodes the 
protein β-catenin. 



Sorafenib for Advanced Hepatocellular Carcinoma 

• A multi-kinase inhibitor, c-Raf, b-Raf, VEGFR, PDGFR… 

• The only approved drug for advanced HCC. 

• Patients’ response is low. 

 

NEJM, 2008, Lancet Oncology, 2009 

How to improve sorafenib response? 

1. patient stratification 

2. combination therapy 



Sorafenib for Advanced Hepatocellular Carcinoma 

• A multi-kinase inhibitor, c-Raf, b-Raf, VEGFR, PDGFR… 

• The only approved drug for advanced HCC. 

• Patients’ response is low. 

 

NEJM, 2008, Lancet Oncology, 2009 

How to improve sorafenib response? 

1. patient stratification 

2. combination therapy 

The efficacy of liver cancer 
patients for Sorafenib drug 
treatment is relatively poor.  
Patients’ response is low. Even 
comparing with placebo is not 
much better. 



Improving sorafenib efficacy: 1) patient stratification 

Molecular features associated with sorafenib response
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Molecular features associated with sorafenib response

R
e
la

ti
ve

 c
e
ll

v
ia

b
ili

ty
0
.0

0
.6

KEAP1 (0.78)

INF2 (0.86)
IGBP1 (0.83)
PRR19 (0.71)
FIBP (0.70)
CDC25B (0.6)

CRY1 (0.70)
DKK1 (0.76)
RSBN1 (0.76)
KDM4A−AS1 (0.78)
EZH2 (0.85)

−3

0

3

E
x
p

re
ss

io
n

The vertical axis of this histogram reflects 
the sensitivity of the cell line to Sorafenib. 
The smaller the value, the more cells are 
killed and the more sensitive. Each column 
is a cell line. The bottom row shows the 
mutation of a gene. Red is the cell line in 
which the gene has mutations. White is a 
cell line that has no mutations. 



Improving sorafenib efficacy: 1) patient stratification 

Molecular features associated with sorafenib response
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These two heat maps show genes 
associated with sensitivity and resistance 
to Sorafenib. The higher the gene 
expression shown in the heat map above 
(red-yellow), the more sensitive Sorafenib. 
The higher the gene expression shown in 
the heat map below, the more resistant 
sorafenib. 

From these calculations, we found some genes related to the efficacy of 
Sorafenib. Among these genes, we chose a gene with high scores and 
secreted into the blood to study whether this gene can be used as an 
evaluation of Sorafenib. a pharmacological prognostic biomarker. 



Improving sorafenib efficacy: 1) patient stratification 

Molecular features associated with sorafenib response
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Therefore, LIMORE is a very useful cell bank of liver 
cancer, which can help us discover drug sensitivity or 
drug resistance-related gene mutations, gene 
expression, protein expression and metabolic 
expression patterns through drug susceptibility 
experiments, and discover drug-related disease 
biomarkers. 



Improving sorafenib efficacy: 1) patient stratification 

 

A serum biomarker 
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The last slide found some genes related to the efficacy of Sorafenib. Among these genes, 
we selected a gene with high scores and secreted into the blood, validated in PDX and 
patients, The results of the validation are consistent with the results in the cell line. So 
this gene can be used as a biomarker to evaluate the efficacy of Sorafenib. 
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We observed the expression of the genes 
found in the patient's PDX model, and the 
results of the validation in the PDX model are 
as follows. Two columns indicate that the 
gene is high (expressed value > 21.22) and 
low expressed (expressed value < 21.22). The 
gene is highly expressed and more likely to be 
sensitive to Sorafenib (blue). 
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A serum biomarker 
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The protein expression of the genes we 
observed in the patients was verified here. 
Two columns indicate that the protein of the 
gene is highly expressed in the blood (protein 
expression value > 0.96) and low expression 
(expression value < 0.96). Patients with high 
protein expression are more likely to be 
sensitive to Sorafenib (blue). 

We successfully identified a secreted protein using the LIMORE system, which can 
be used as a biomarker for the accompanying diagnosis of anti-liver cancer 
treatment of Sorafenib and evaluates the therapeutic effect and prognosis. 
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Heat maps of all genes associated with 
sorafenib susceptibility in 11 cell lines 

The figure shows the results of the prediction model 
on 22 PDXs. The horizontal axis is the predicted value 
and the vertical axis is the actual value of the 
experimental test. Both are very relevant 
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Heat maps of all genes associated with 
sorafenib susceptibility in 11 cell lines 

The figure shows the results of the prediction model 
on 22 PDXs. The horizontal axis is the predicted value 
and the vertical axis is the actual value of the 
experimental test. Both are very relevant 

Our analysis found many genes related to the 
sensitivity of Sorafenib, and one of them was 
selected and verified in the last slide. Based 
on these related genes, we used the Eletric 
Net Regression algorithm to establish a 
predictive model, and then evaluated 
whether the model could predict the efficacy 
of Sorafenib well on 11 independent cell lines 
and 22 PDX. 



Coefficient of drug interaction

in a cell line, CDI

CDI=
CV

CV CV

AB

A B×

Drug A:Sorafenib

Drug B: 55 different drugs

72h treatment

Cell viabili ty (CV)

by CellTiter Glo assay

CDI>1.5
1.2<CDI<1.5
1<CDI<1.2
0.8<CDI<1
0.5<CDI<0.8
CDI<0.5

Improving Sorafenib efficacy: 2) combination therapy 

CDI: The efficacy of a combination 
of a drug and Sorafenib. The smaller 
this value, the more effective the 
combination. 

Now we can also study CDI, a drug 
interactions with LIMORE Cell Bank. 
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CDI>1.5
1.2<CDI<1.5
1<CDI<1.2
0.8<CDI<1
0.5<CDI<0.8
CDI<0.5

Antagonism

Synergism

The last few slides were all about the efficacy of 
Sorafenib when used alone. This slide shows the efficacy 
of Sorafenib in combination with other drugs. 
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In the above graph, each point is a drug, and the vertical axis represents 
the average CDI of all the cell lines after the combination of the drugs and 
Sorafenib. Blue medicine is an effective example of several combinations. 
Red medicine is an poor example of several combinations.  
In the figure below, each column is a drug. The color of the column 
indicates the CDI interval of this drug in combination with Sorafenib on the 
cell line. The more blue, the more effective the combination is in the cell 
line, the more red, the more invalid the combination. 



Establishment of Liver Cancer Model Repository (LIMORE) 

1, Establishment of cell line is of low efficiency  

  

 

2, Cell lines gain additional mutations 

  

 

3, Represent genetic heterogeneity and drug response 

 

 

4, Database of LIMORE cell bank 

 

 



LIMORE: Liver Cancer 
Model Repository 

The world's largest liver cancer cell 
line, and an integrated database of 

"omics" and "drug action" data 



Workflow 

LIMORE: a preclinical platform for liver cancer by collecting 

available liver cancer cell lines and establishing new cell lines 

from primary liver cancers 

• 32 collected cell lines 
including the widely 
used Huh7, Hep3B and 
PLC/PRF/5. 
 

• 34 established new cell 
lines from HCCs. 



Workflow 



Data 

• number of cell lines: 66 (32 published and 34 
established) 

• data type: clinical data, whole genome sequencing 
(WGS), exome sequencing (WES) ,RNA sequencing 
(RNAseq) and drug response data 

 
Pathological 

subtype 
HCC  

hepatoblastom
as 

hepatocellular adenoma 

num of 
patients 

63 2 1 



Data 
• number of cell lines: 66 (32 published and 34 

established) 

• data type: clinical data, whole genome sequencing 
(WGS), exome sequencing (WES) ,RNA sequencing 
(RNAseq) and drug response data 

• number of single drugs: 100                                                         

 
 CCLE: “Cancer Cell Line Encyclopedia” 
maintained by Novartis  
GDSC: “The Genomics of Drug 
Sensitivity in Cancer” Project is a 
collaboration between the Cancer 
Genome Project at the Wellcome 
anger Institute (UK) and the Center for 
Molecular Therapeutics, 
Massachusetts General Hospital 
Cancer Center (USA) 



Implementation 

• database: MySQL 

• page: PHP+JQuery 

• URL: www.picb.ac.cn/limore 



Result 

• Browse and result page 

keyword: cell line, genomic features and drug 
name 



Result 

• Browse and result page 

keyword: cell line 



Result 

• Browse and result page 

keyword: genomic features------expression 



Result 

• Browse and result page 

keyword: genomic features------mutations 



Result 

• Browse and result page 

keyword: genomic features------mutations 



Result 

• Browse and result page 

keyword: genomic features------oncoprint 



Result 

• Browse and result page 

keyword: drug name 



Result 

• Batch download page 



Summary 
• Over the past few years we have built the world's largest cell bank 

of liver cancer cell lines, Liver Cancer Model Repository (LIMORE)  

• LIMORE system is a completely new cell line system 
that comprehensively reflects the heterogeneity of 
liver cancer, and is a good and simple model system 
for studying liver cancer. 

• Established a corresponding "dry“ and "wet" combined database. 

• Use LIMORE, we have screened out a number of potential disease 
biomarkers, which can be used as a biomarker for the evaluation 
of the efficacy and prognosis of anti-liver cancer drugs.  

• We successfully used the LIMORE system to discover a disease 
biomarker that can be used as a companion diagnosis of 
Sorafenib's prognosis and efficacy. 

• LIMORE Cell Bank is a very valuable and potential platform to help 
us conduct precision medicine research on liver cancer treatment. 
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