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Cholangiocarcinoma (CCA), the malignant tumor arising from bile duct
epithelia, is the common cancer and a major public health problem in northeast
Thailand. CCA is a slow progression disease and difficult to diagnose until the disease
becomes an advanced or metastatic stage, at which the prognosis is poor. Recently,
gene expression profiles of Opisthorchis viverrini (Ov)-associated CCA carcinogenic
model indicate that protein kinase A regulatory subunit 1 alpha (PRKARI1A) is
significantly upregulated in tumor tissue suggesting that this particular protein might
play role(s) in Ov associated CCA and may serve as a potential drug target for CCA
treatment.

PRKARIA, the regulatory subunit of protein kinase A type I (PKAI), is
overexpressed in varieties of tumors and cancer cell lines including CCA, although its
role in CCA growth modulation is unclear. Therefore, this study aimed to investigate
the molecular mechanism by which PRKAR1A/PKAI associated with human CCA
development as well as to elucidate whether PRKAR1A/PKA is suitable to be the
potential target for inhibiting CCA cell growth.

Real time PCR demonstrated an increased mRNA expression of
PRKAR1A/PKAI, whereas PRKAR2B/PKAII was down-regulated in human CCA
cell lines. In accordance with mRNA level, CCA cell lines showed abundantly
expressed PRKARI1A, while lacking PRKAR2B expression. To address the functional
importance of PRKARI1A, shRNAs was employed to stably deplete the expression of
PRKARI1A in CCA cell lines. Silencing PRKAR1A expression significantly induced
growth inhibition and apoptosis of CCA cells, with an associated decrease in MAPKs
and PI3K/Akt pathway signaling. The inhibition of PKA using a PKA inhibitor (H89)
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and cAMP analogues (8-Cl-cAMP, 8-Br-cAMP), also led to a significant cell growth
inhibition. Moreover, we have demonstrated a relevant additive effect toward tumor
cell growth inhibition as well as apoptosis induction can be achieved in vitro by
combining PRKARIA silencing with protein kinase inhibitors as well
chemotherapeutic drugs.

In conclusion, this study reports the overexpression as well as molecular
mechanisms by which PRKARIA/PKAI regulates human CCA cell growth.
Importantly, abrogation of PRKARI1A expression caused significant CCA cell growth
inhibition, oncogenic signaling and coupled apoptosis induction, hence enhance the
cytotoxicity of anticancer drugs. Our study suggests that PRKARIA can be a
potential drug target for CCA therapy either as single-drug or in combination with

other anticancer drugs.
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