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ABSTRACT

Oxysterols are oxidation products of cholesterol that are generated by enzymatic reactions mediated
by cytochrome P450 family enzymes or by non-enzymatic reactions involving reactive oxygen and nitrogen
species. Oxysterols play various regulatory roles in normal cellular processes such as cholesterol
homeostasis. Pathological effects of oxysterols have also been described, including atherosclerosis,
neurological disease, and cancer. The molecular mechanisms whereby oxysterols contribute to the initiation
and progression of cancer are an area of active investigation. We hypothesized that biliary oxysterols
resulting from liver fluke infection participate in cholangiocarcinogenesis. To prove the hypothesis, the study
was performed in both in animal and human models.

Using gas chromatography/mass spectrometry, we identified oxysterols in liver tissue of
cholangiocarcinoma (CCA)-induced hamsters by administration with Opisthorchis viverrini and N-
nitrosodimethylamine. Certain oxysterols including 3-keto-cholest-4-ene (3K4) and cholestan-3[3, 50, GB-trioI
(Triol) were found at significantly higher levels in the livers of CCA hamsters. We therefore investigated the
effects of Triol and 3K4 on induction of cholangiocarcinogenesis using an in vitro MMNK-1 culture model.
Cytotoxicity and apoptosis studies showed that Triol- and 3K4-treated cells caused apoptosis via a
mitochondrial-dependent mechanism as shown by western blot analysis. Interestingly, Triol and 3K4 also
induced formation of the DNA adducts 1,Ne-etheno-Z’—deoxyadenosine, 3,N4—etheno-2‘-deoxycytidine and 8-
oxo-7,8-dihydro-2’-deoxyguanosine in cholangiocytes. In order to determine whether oxysterol -induced cell
death is involved in the development of cholangiocarcinoma, we established oxysterol -resistant MMNK-1
cells by long term culturing with Triol. Triol-resistant cells could resist apoptosis induced by H,0,, a known
apoptosis inducer. To investigate the mechanisms whereby oxysterol -resistant cells may be involved in
cholangiocarcinogenesis, we performed protein array analysis for phosphorylated kinases and apoptosis-
related proteins. Kinase phosphorylation array showed increased induction of mitogen-activated protein
kinases such as p38 mitogen-activated protein kinase o (p38-0) and extracellular signal-regulated kinase
(ERK1/2) in Triol-resistant cells. Phosphorylation of oncogenic tyrosine kinases such as Src, Lyn, Yes, and
Fak were also elevated. Moreover, the oncogenic transcription factors cAMP response element-binding
(CREB) and c-Jun (S63) were activated in resistant cells. Additionally, we found the increased expression of
anti-apoptosis proteins including Bcl-2, Bcl-x, clAP-2 and survivin. Conversely, we found reduced expression
of the death receptor Fas in Triol-resistant cells compared to controls. Thus, activation of down-stream
effectors that play role in receptor tyrosine kinase signaling, results in regulation of gene expression of
apoptosis-related proteins. These enhance cellular survival and evasion of apoptosis.

We profiled oxysterols in human bile and normal and malignant hepatic tissue using gas
chromatography and mass spectrometry. Seven oxysterols, 7-keto-cholesta-3,5-diene (7KD), 7[3
hydroxycholesterol (7B-OH), 5,6-epoxycholesterol (Epoxy), 7-ketocholesterol (7-keto), 24-hydroxycholesterol
(24-OH), Triol and 3K4 were identified in normal human liver and cancer tissue including CCA and HCC.
Oxysterols accumulated in the cancer groups compared to normal liver. Similar oxysterol species were found
in human gallbladder bile. High levels of oxysterols were found in the bile of CCA patients compared to the

bile of patients with benign biliary disease. No significant differences were observed in oxysterol levels



between samples from CCA patients with low and high level of total serum bilirubin. Interestingly, we found
high levels of 24-OH in CCA tumor tissue and bile compared to cadaveric donors and HCC. Here we
demonstrated low mRNA expression of CYP7A1 and CYP39A1 enzymes in CCA resulting in accumulation of
24-OH in tumor tissue. Thus, CYP expression and its role in 24-OH metabolization in CCA tissue need
further investigation.

We studied the correlation between certain types of oxyterols and their binding proteins (OSBPs).
Relative OSBP1 and OSBPL8 gene expression in CCA tumor tissue and HCC was significantly decreased
(P<0.05), whereas, relative OSBPL7 and OSBP2 gene expression in CCA tumor tissue and HCC was
increased compared to normal liver from cadaveric donors (although this difference was not statistically
significant). Correlation between OSBP expression and oxysterol levels in liver tissue was also found. A
significant correlation between OSBP2 expression and 24-OH level was found (r=0.57, P<0.0001). Moreover,
OSBPL5 expression was correlated with 7-keto, Epoxy and 7KD levels.

Major oxysterols were also investigated in human gallbladder bile. Elevated levels of total bile acids,
conjugated bile acids and primary bile acids were found in samples from CCA patients, suggesting that bile
duct obstruction may contribute to alterations in bile acid concentration. Levels of cholic acid,
chenodeoxycholic acid and deoxycholic acid were increased in cancer groups. Correlation of total bile acids,
cholic acid and chenodeoxycholic with cholesterol, bilirubin and ALP concentrations was found. These
findings suggest a different pattern of bile acid concentration in patients with hepatobiliary cancer compared
to patients with benign biliary disease. Alteration of bile acid concentration may be a reflection of the disease
process.

In conclusion, our results suggest that certain oxysterols are involved in cholangiocarcinegenesis.
Oxysterols may enhance carcinogenesis , thereby providing a rational strategy for the chemoprevention of

CCA.



