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Cancer-associated fibroblasts play important roles in several carcinomas. Up
to date, there has been no report on cancer-associated fibroblasts regarding CCA,
a cancer with high incidence in Thailand. This project is aimed to investigate the
differential gene expression profile of CCA-associated fibroblasts in comparison to
that of non-tumorigenic liver fibroblasts using oligonucleotide microarray and the
tumorigenic function of an altered gene on CCA cells is explored.

Gene expression profile of CCA-associated fibroblasts isolated from one
histoproven CCA patient in comparison to two non-tumorigenic liver fibroblasts
obtained from two CCA patients revealed 1,466 up-regulated and 495 down-regulated
genes. In overview, most genes expressed in CCA-derived fibroblasts have pro-
tumorigenic effect, though a part of genes trend to have anti-tumorigenic effect.

Seven up-regulated genes encoded secreted proteins having carcinogenic
properties ADAM12, AREG, ER, JAGL1, PDGF-A, PN and SCG2 were confirmed by
relative quantification real time PCR in concordance to the microarray result. Among
them, periostin (PN) was selected for further study. PN is a multi-functional protein
involved in several tumorigenic properties including cell proliferation, invasion and
induction of neoangiogenesis in the previous study. PN was markedly over-expressed
at both  mRNA and protein levels in CCA-associated fibroblasts. From
immunohistochemical study, PN was exclusively expressed in cancer fibroblasts, but
not in cancer or other cells in CCA tissues. Low-to-no expression of PN was observed
in tissues of benign liver diseases and hepatocellular carcinoma. In addition, CCA
patients with high levels of PN had significantly shorter survival time than those with
low levels (P = 0.026). Multivariate analysis revealed high PN level (P = 0.045) and
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presence of lymph node metastasis (P = 0.002) as independent poor prognostic factors
in CCA patients.

The in vitro study revealed that recombinant PN significantly induced CCA
cell proliferation and invasion compared to the untreated cells. Using interference
RNA against integrin a5 and anti-integrin a5p1 neutralizing antibody, the result
showed that induction of PN in CCA cell proliferation and invasion were significantly
decreased. Moreover, the measurement of pAKT and pERK in cells treated with PN
showed the decreased level of pAKT, but not pERK, when integrin a5p1 expression
was inhibited. Taken together, the results suggest that PN induces CCA proliferation
and invasion via integrin a5p1 and PN-induced invasion probably triggers AKT-
dependent signal pathway.

Up to our knowledge, this study is the first report about gene expression
profile of CCA-associated fibroblasts and has determined the genes involving in
induction of cancer progression. PN was up-regulately expressed in CCA-derived
fibroblasts and its expression level can be used to distinguish CCA from other
hepatocellular carcinoma and benign liver diseases and as a prognostic factor of poor
survival in CCA patients. Molecular mechanism of fibroblast-derived PN indicates
the activation of cancer cell invasion through integrin a5B1 and AKT dependent
signal pathway. In conclusion, this study highlights roles of CCA-associated
fibroblasts in cancer progression and supports the hypothesis to target fibroblasts,
fibroblast-derived substances, and their activated intra-CCA signal pathways as
therapeutic targets to attenuate cancer progression. In addition to the conventional
chemotherapy, targeting fibroblasts may help to improve the efficiency of CCA

patient treatment.
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