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A B S T R A C T

Little is known about the difference in gene expression between carcinoma-associated fi-

broblasts (CAFs) and paired normal colonic fibroblasts (NCFs) in colorectal cancer. Paired

CAFs and NCFs were isolated from eight primary human colorectal carcinoma specimens.

In culture conditions, soluble factors secreted by CAFs in the conditioned media increased

clonogenicity and migration of epithelial cancer cells lines to a greater extent than did NCF.

In vivo, CAFs were more competent as tumour growth enhancers than paired NCFs when

co-inoculated with colorectal cell lines. Gene expression analysis of microarrays of CAF

and paired NCF populations enabled us to identify 108 deregulated genes (38 upregulated

and 70 downregulated genes). Most of those genes are fibroblast-specific. This has been

validated in silico in dataset GSE39396 and by qPCR in selected genes. GSEA analysis re-

vealed a differential transcriptomic profile of CAFs, mainly involving the Wnt signallingsig-

nalling pathway, focal adhesion and cell cycle. Both deregulated genes and biological

processes involved depicted a considerable degree of overlap with deregulated genes re-

ported in breast, lung, oesophagus and prostate CAFs. These observations suggest that

similar transcriptomic programs may be active in the transition from normal fibroblast

in adjacent tissues to CAFs, independently of their anatomic demarcation. Additionally

NCF already depicted an activated pattern associated with inflammation.

The deregulated genes signature score seemed to correlate with CAF tumour promoter abil-

ities in vitro, suggesting a high degree of heterogeneity between CAFs, and it has also prog-

nostic value in two independent datasets.

Abbreviations: DEG, differentially expressed gene; CAF, carcinoma-associated fibroblast; NCF, normal colonic fibroblasts; ECM, extra-
cellular matrix; CM, conditioned medium.
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Further characterization of the roles these biomarkers play in cancer will reveal how CAFs

provide cancer cells with a suitable microenvironment andmay help in the development of

new therapeutic targets for cancer treatment.

ª 2014 Federation of European Biochemical Societies.

Published by Elsevier B.V. All rights reserved.

1. Introduction

The tumour microenvironment is a place where tumour cells

co-exist and co-evolve with “non-tumoral” cells such as adi-

pocytes, fibroblasts, endothelial and immune cells, all of

which are embedded in an extracellular matrix (ECM). When

changes occur in this compartment, the altered stroma can in-

fluence cancer development and progression (Bissell et al.,

1982; Bissell and Hines, 2011). Carcinoma-associated fibro-

blasts (CAFs), the main constituents of tumour stroma,

actively drive tumourigenesis and cancer progression

(Elenbaas and Weinberg, 2001; Hwang et al., 2008; Olumi

et al., 1999; Orimo et al., 2005; Zhang et al., 2009). They partic-

ipate throughout tumour development by establishing

cellecell interactions with tumour cells or through secretion

of cytokines, chemokines and growth factors. CAFs are most

often denoted by the expression of a-smooth muscle actin

(aSMA), but other markers such as vimentin and fibroblast-

activating protein (FAPa) are also used to identify them.

Nevertheless, these are alsomarkers ofmyofibroblasts or acti-

vated fibroblasts, and not properly and exclusively of CAFs. An

exclusive marker for CAFs that can clearly distinguish them

from normal fibroblasts from adjacent mucosa or other

closely related cell types is yet to be identified. Chang et al.

(2002) reported that transcriptional patterns displayed by fi-

broblasts from different anatomic sites were distinct and

characteristic, and suggested that fibroblasts from different

organs could be considered as distinct differentiated cell

types. However, in a subsequent study, the same group

defined a common transcriptomic profile in fibroblasts stimu-

lated with serum and with a pattern similar to that observed

in a wound healing process and associated with tumour pro-

gression (Chang et al., 2004). It is known that the involvement

of CAFs in solid tumours, in which desmoplasia is a character-

istic feature, is of huge importance. Gene expression profiles

and their associationwith cancer aggressiveness, has been re-

ported in several tumours types (Peng et al., 2013). The current

work is focused on colorectal cancer, in which, to our knowl-

edge, the genetic and molecular profile of CAFs has been less

thoroughly explored. The purpose of this study is to identify,

for the first time in paired samples, genes that are differen-

tially expressed in two fibroblast populations derived from

the same colorectal cancer (CRC) patients (NCFs and their

paired CAFs from primary tumour) and to examine their asso-

ciations with phenotypic differences. Using microarray tech-

nology, we identified 109 deregulated probes (corresponding

to 108 genes) differentially expressed between the two popula-

tions and functionally involved in cancer progression. Knowl-

edge of alterations in the stroma surrounding a tumour might

provide tools and biomarkers of use in designing new ways to

attack tumour-supportive CAFs and could add valuable infor-

mation for future and prognostic treatments.

2. Materials and methods

2.1. Culture of primary fibroblasts and preparation of
conditioned medium

Fresh surgical specimens from colorectal cancer patients were

obtained with the approval of the Ethics Committee of the

Hospital Universitari de Bellvitge (IDIBELL). Tissue samples

from morphologically normal colonic mucosa (at least 5 cm

from the surgical margin), and from colorectal primary

tumour were minced and incubated with collagenase and dis-

pase for 2 h at 37 �C. Cells were resuspended and plated with

Dulbecco’s modified Eagle’s medium-F12 (DMEM F12, Gibco)

containing 10% fetal bovine serum (FBS) and penicillin/strep-

tomycin antibiotics. Primary fibroblast cultures were estab-

lished and routinely maintained at 37 �C in a humidified

atmosphere containing 5% CO2. After a maximum of 5 pas-

sages, RNA and protein were obtained to check for fibroblast

purity. 106 fibroblasts were incubated for 48 h in 10-cm diam-

eter dishes in DMEM-F12 with or without FBS. Conditioned

medium was collected, centrifuged for 5 min at 3000 rpm to

remove cell debris, sterile-filtered through 0.22-mm filter units

(Millex� GS, Millipore) and stored at �80 �C until use.

2.2. In vitro cellular assays

Migration of cancer cells and CAFs was measured by wound

healing assay. Cells were seeded in 6-cm diameter plates

and cultured until confluent. The cell monolayer was

scratched with a yellow 200-ml pipette tip to create a wound.

After several PBS (phosphate-buffered saline 1�) washes to

remove floating cells, in an epithelial cell migration assay,

conditioned medium from NCF or CAF was added. Pictures

were taken at different times. Distances between cell margins

were measured with Leica software (Wetzal, Germany) on

three occasions and each assay was performed in duplicate.

Clonogenic capacity was assessed by cloning assay.We plated

100 cells for each epithelial colon cancer cell line (DLD1,

SW620, SW480 and SW1116) in 12-well plates and incubated

them for 9 days in DMEM F12 10% (control) or the appropriate

conditionedmedium. The number of colonieswas counted af-

ter crystal violet staining. AWST-1 cell proliferation assaywas

conducted in CAFs alone and in DLD1 cells stimulated with

CAF conditioned medium (CM) (24 h without FBS being

collected, as mentioned above). Briefly, 1000 cells were seeded

in a 96-well plate and cultured at several times (0, 24, 72 and
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