
Abnormalities in cholesterol metabolism are associated with multiple human cancers, including hepatocellular carcinoma (HCC). However, the relation between 
cholesterol and inflammation in HCC are still not completely understood. The goal of this project was to determine if there were differences in tumor tissue compared 
to cancer-free controls of mRNA expression levels of proteins involved in cholesterol metabolism such as proprotein convertase subtilisin-kexin type 9 (PCSK9) and 
low-density lipoprotein receptor (LDLR). As well as to investigate the effect of inflammatory stimuli in human hepatocytes and HCC cell lines. Data obtained by qPCR 
and publicly available datasets were used. Stimulation of human hepatocytes and cell lines with pro-inflammatory cytokines were analyzed by immunocytochemistry 
and LDL uptake assays. 
Although the results from the database and patient samples were rather contradictory, the preliminary data suggests expression differences between tumor and non-
tumor tissue and that inflammation can regulate genes associated with cholesterol metabolism. Cytokine stimulation led to a change in mRNA expression and 
increased the LDLR protein expression, as well as the LDL uptake in HuH7 cells. Further analyses are needed for these results to be fully conclusive. 
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Figures
Fig. 2.1 https://medium.com/minimalist-
pharmacist/clinical-utility-of-omega-3-
acid-ethyl-esters-fish-oil-and-pcsk9-
inhibitors-ca5b92345822, State: 02.09.18
Fig. 5.1  RNA-seq expression of PCSK9, 
LDLR, SREBF2. (Source: D. Sánchez)
Fig. 5.2  HuH7 cells. Untreated control, 
stained for LDLR. (Source: own 
illustration)
Fig. 5.3  HuH7 cells stimulated with 
TNF, IL-6 and IL-1β. Stained for LDLR 
(Source: own illustration)

Abstract1.

Aim 1. Determine if mRNA expression levels of proteins required for cholesterol 
metabolism are different in human HCC compared to cancer-free control 
samples. 
a. Is PCSK9, as well as SREBF2 increased and LDLR decreased in the tumor

tissue?
b. Can the questions above be confirmed with publicly available data sets and 

additionally determined if HNF1, HMGCR and SORT1 expressions are also 
increased in HCC tissue compared to adjacent tumor-free tissue?

Aim 2. Investigate the effect of inflammatory stimuli on PCSK9, LDLR, SREBF2, 
HNF1, HMGCR and SORT1 mRNA expression in human hepatocytes and 
HCC cell lines, as well as on LDLR protein expression and the uptake of LDL-C 
in HCC cell lines.
a. Does stimulation of primary hepatocytes and HCC cell lines with TNF, IL-6 

and IL-1β increase mRNA expressions of LDLR, SREBF2, HNF1, HMGCR 
and SORT1 and simultaneously decrease PCSK9?

b. Does stimulation of HCC cell lines with TNF, IL-6 and IL-1β increase LDLR 
protein expression, as well as the uptake of LDL-C in HCC cells?

Aims/ Leading Questions3.

Question 1a
Comparing the mRNA levels of patient liver- and tumor samples, it could be 
shown that the expression of PCSK9, LDLR and SREBF2 were significantly 
increased in the non-tumor tissue, compared to the tumor tissue. 
Question 1b
In contradiction, the data from the TCGA confirmed that the RNA-seq expression 
of PCSK9, SREBF HNF1, HMGCR and SORT1 were increased and that LDLR 
expression was decreased in tumor samples compared to liver tissue. 
Question 2a
Stimulation with pro-inflammatory cytokines on primary isolated human 
hepatocytes led to an increase in the mRNA expression in all examined genes, 
whereas the stimulation of the HuH7 cell line, led to contrary findings. PCSK9, 
LDLR, HMGCR, SORT1, SREBF2, and HNF1α mRNA expression were all 
downregulated with no major change in HMGCR and HNF1α, compared to the 
untreated controls. 
Question 2b
In the HuH7 cell line, stimulation led to an increase in LDLR protein expression.
This finding matched to the results of the LDL uptake assay, where although 
there was no significance due to the small data volume, an increase in 
fluorescence intensity was recognizable in the stimulated cells. This suggests, 
that stimulation increases the uptake of LDL-C in HCC cell lines. 
Outlook: Most of the data needs to be verified and the experiments need to be 
repeated to gain larger data volumes.

Discussion6.

Results5.

Fig. 5.3 HuH7 cells stimulated with TNF, 
IL-6 and IL-1β. Stained for LDLR (Source: 
own illustration)

Fig. 5.2 HuH7 cells. Untreated control, 
stained for LDLR (Source: own illustration)

qPCR and RNA sequence analysis: : RNA from 49 patient liver samples and 
29 tumor tissues were isolated. To determine the mRNA expression levels of 
PCSK9, LDLR and SREBF2, a qPCR was performed. Tumor tissue was 
compared to cancer-free liver tissue. In addition RNA sequence (RNA-seq) 
expression data from The Cancer Genome Atlas (TCGA) was used to expand 
the PCR. The dataset consisted RNA-sequences of 371 liver hepatocellular 
carcinoma samples and 50 cancer free adjacent samples.
Stimulation with pro-inflammatory cytokines: Primary human hepatocytes 
and HuH7 cells, a human liver carcinoma cell line were stimulated with TNFα, IL-
1β and IL-6. mRNA levels were quantitated by real time PCR. 
Immunocytochemistry for LDLR: HuH7 cells were stained with human LDLR 
antibody, goat IgG (primary antibody). Donkey anti-goat IgG-fluorescein 
isothiocyanate (FITC) was used as secondary antibody. Images of previously 
stimulated, as well as of untreated HuH7 cells were taken and compared.
LDL uptake assay: Stimulated and untreated HuH7 cells, previously starved 
from LDL were incubated in Bodipy FL LDL (fluorescent LDL). The fluorescence 
signal was measured and compared.

Material and Methods4.

Figure 5.1 shows the data from TCGA. It could be 
demonstrated, that PCSK9 and SREBF2 were 
significantly increased and LDLR decreased in the HCC 
tumor tissue compared to the adjacent tumor-free 
control tissue. 

Fig. 2.1 PCSK9 - Mechanisms of action 
(Source: Minimalist / Pharmacist, 2018)
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In Figure 5.2 can be seen 
that the untreated HuH7 
control cells displayed low 
signals of LDLR 
expression, whilst the cells 
in Figure 5.3 stimulated 
with TNF, IL-6 and IL-1β 
showed clear and intense 
signals located all over the 
cell surface.

The results for the 
remaining TCGA data, 
as well as the data to 
all other questions can 
be found in the 
corresponding diploma 
thesis.  

PCSK9 is primarily expressed in the liver and 
plays an important role in cholesterol 
metabolism.
Normally circulating LDL cholesterol (LDL-C) 
binds to the LDLR and is internalized into 
hepatocytes through vesicles. After 
dissociation of the LDL-C, the receptor is 
recycled back to the cell surface. But the 
secreted PCSK9 is connecting with the LDLR 
at the hepatocyte plasma membrane, which 
is preventing the receptor from forming a 
closed conformation structure and being 
recycled to the cell surface. Instead, both 
components are degraded. This reduces 
LDL-C clearance and therefore leads to a 
higher serum cholesterol level [3]. These 
processes are visualized in Figure. 2.1.
In addition, the transcription factors sterol 
regulatory element-binding transcription factor 
2 (SREBF2), hepatocyte nuclear factor 1-
alpha (HNF1) and sortilin 1 (SORT1) play 
an important role in the regulation of PCSK9 
[2], [4], [5].

HCC develops in the presence 
of underlying liver diseases 
generally characterized by 
chronic inflammation [1]. 
As cholesterol abnormalities are 
an important factor in cancer 
cell physiology [2], biological 
inhibitors of PCSK9, which have 
been developed for the 
treatment of hyperlipidemia [3], 
gained attention in relation to 
HCC therapy.  

Fig. 5.1 RNA-seq expression of PCSK9, LDLR, 
SREBF2. Tumor-free control tissue   Tumor tissue
(Source: D. Sánchez)

Introduction2.


