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Abstract

Cholangiocarcinoma (CCA) is one of the lethal cancers for people around the world,
particularly for Thai people. The incident is increasing worldwide and treatment option is limited.
Surgery is the standard practice in curing this disease. However, many CCA patients are not suitable
to undergo surgery due to the metastatic CCA or other health problems. The survival rate is not
high even though the patients have received surgery. A recurrence is high and has become a major
life threatening problem for CCA patient. Chemotherapy and radiation are the second line
treatment for patients who has received surgery or the first line for ones who has non resectable
tumor. However, CCA is not very responsive to current chemotherapeutic drugs such as cisplatin,
gemcitabine, or 5-FU. A resistance is not uncommon. Therefore, new drug combination or novel

compounds and drug targets are in greatest needed for CCA patients.

Protein kinase CK2 is one of the drug targets proposed for many cancers, including CCA. A
CK2 inhibitors, CX-4945, is being intensively studied. A combination of CX-4945 and
cisplatin/gemcitabine is currently in clinical trial phase I/l (ClinicalTrials.gov identifier:
NCT02128282). We have demonstrated that CK2is one of the key kinase positively regulating the
growth and metastatic behavior of some cancers including, prostate cancer, breast cancer, and
some types of leukemia. The mechanism that CK2 promotes the growth and invasiveness of these
cancers was identified through an inhibition of Proline-Rich Homeodomain protein (PRH/HHEX). In
contrast, we have preliminary data showing that PRH/HHEX protein plays as an oncogene in CCA
cells instead of tumor suppressor protein as shown in other cancers. Therefore, the role of CK2, its

inhibitors, and PRH/HHEX in CCA cells was examined.

Herein, we reported that PRH/HHEX was an oncoprotein in CCA cells. The overexpression
of this protein in primary CCA cells and normal cholangiocytes from CCA patients showed that the
growth rate and invasiveness was increased. Furthermore, a PRH/HHEX knockdown in CCA cell
lines, both Thai and European ones, showed that growth rate and invasiveness was decreased in
vitro. In vivo study of CCLP-1 cells confirmed these data. CCLP-1 with PRH/HHEX knockdown failed
to form tumor xenograft in nude mice. We further investigated the molecular mechanism of
PRH/HHEX and found that PRH/HHEX form a positive loop with at least 2 major pathways, Notch-3
and NF-KB pathways, in CCA cells. These are 2 major pathways in inflammation and cytokine
response contributing in cell growth and invasion. The positive loop was confirmed in transcription

and protein levels.



Furthermore, we have reported the biphasic effect of CX-4945 on CCA cells. Although CX-
4945 had inhibitory effect on cell growth and invasion and induces apoptosis when treated over 24
hours at 10 uM or higher, it enhanced CCA cell growth and invasion when low doses at 1 pM or
less was received. These data is critical in clinical settings and should be aware. In addition, CX-
4945 also induced a non-canonical cell death called methuosis in wide range of cell types,
including breast cancer cell lines, prostate cancer cell lines, CCA cell lines, immortalized
cholangiocyte cell lines, and human embryonic kidney (HEK) cells. These data was supported by
more recent publication from other research groups worldwide reporting the same phenomenon in

other cell types such as colorectal cancer cell lines.

Methuosis inducing effect of CX-4945 has brought our attention to the effective of its
combination with other chemotherapeutic drugs. We investicated the sequences of the
combination of CX-4945 and cisplatin treatment and found that treatment starting with cisplatin
following by CX-4945 6 hours apart was 50-95% more effective on CCA cell lines than the
treatment starting with CX-4945. These data will critically shape the way this combination is used
in clinical settings. Further studies on precise mechanism of the combination with other drugs is

needed.

In addition, we examined the factors or compounds that could reduce PRH/HHEX level or
its activity since we have shown that it is a driver for CCA cell growth and invasion. We have
demonstrated that andrographolide (AP1), which is a natural compound extracted from Thai herb
(Andrographis paniculata), and adenosine, which is abundant in longan, which is Thai fruit
(Dimocarpus longan; Lumyai in Thai), were able to reduce PRH/HHEX level or inhibit PRH/HHEX
activity, respectively. AP1 reduced PRH/HHEX level in CCA cell lines with an unelucidated
mechanism. We hypothesized that the action of AP1 might be via an inhibition of NF-KB subunits.
Further studies are being performed. Moreover, adenosine was able to inhibit PRH/HHEX activity by
increasing a phosphorylation of PRH/HHEX via AMPK pathway. We proposed that the kinase that
phosphorylated PRH/HHEX in the adenosine treated cells might involve AMPK but not mTORC1,
which is another pathway downstream of AMPK pathway.



