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Intrahepatic cholangiocarcinoma (ICC) is the second most common type of primary
cancer in the liver. ICC is an aggressive cancer with poor prognosis and limited thera-
peutic strategies. The identification of new drug targets and prognostic biomarkers is an
important clinical challenge for ICC. The presence of an abundant stroma is a histologi-
cal hallmark of ICC. Given the well-established role of the stromal compartment in the
progression of cancer diseases, we hypothesized that relevant biomarkers could be iden-
tified by analyzing the stroma of ICC. By combining laser capture microdissection and
gene expression profiling, we demonstrate that ICC stromal cells exhibit dramatic
genomic changes. We identified a signature of 1,073 nonredundant genes that signifi-
cantly discriminate the tumor stroma from nontumor fibrous tissue. Functional analysis
of differentially expressed genes demonstrated that up-regulated genes in the stroma of
ICC were related to cell cycle, extracellular matrix, and transforming growth factor beta
(TGFp) pathways. Tissue microarray analysis using an independent cohort of 40 ICC
patients validated at a protein level the increased expression of collagen 4A1/COL4A1l,
laminin gamma 2/LAMC2, osteopontin/SPP1, KIAA0101, and TGFf2 genes in the
stroma of ICC. Statistical analysis of clinical and pathological features demonstrated
that the expression of osteopontin, TGFf2, and laminin in the stroma of ICC was sig-
nificantly correlated with overall patient survival. More important, multivariate analysis
demonstrated that the stromal expression of osteopontin was an independent prognostic
marker for overall and disease-free survival. Conclusion: The study identifies clinically
relevant genomic alterations in the stroma of ICC, including candidate biomarkers for
prognosis, supporting the idea that tumor stroma is an important factor for ICC onset
and progression. (HeraTOLOGY 20135 00:000-000)

ntrahepatic cholangiocarcinomas (ICC) account for
5%-10% of liver primary cancers." ICC usually
arise from epithelial cells of the intrahepatic small
bile ducts, although a recent report in mice suggested
that ICC might also originate from the conversion of
mature hepatocytes.” Over the last decade, the inci-
dence of ICC has increased significantly in Western

countries.>® This trend could be related to a better
histological diagnosis of ICC and/or to the rising inci-
dence of the main risk factors for ICC: cholangitis,
chronic hepatitis B and C, diabetes, and obesity.5 Liver
resection remains the only curative treatment for ICC
but is associated with a high rate of recurrence.’
Recently, we showed that hilar lymph node metastasis,
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perineural invasion, and intrahepatic satellite nodules
represent high risk factors for ICC recurrence in
patients undergoing liver resection.” For patients with
nonresectable ICC, chemotherapies provide only par-
tial benefit.®? To date, the overall prognosis of patients
with ICC is poor, necessitating the identification of
accurate prognostic factors and novel therapeutic
strategies.

Growing evidence demonstrates that tumor onset
and progression are determined not only by cancer
cells themselves but also by their microenvironment."”
Microenvironment is a dynamic system which
includes several types of cells (e.g., myo-fibroblasts,
immune and endothelial cells), soluble factors (e.g.,
cytokines), and components of the extracellular matrix
(ECM) which constitute the stroma of tumors. Impor-
tantly, the stroma modulates key processes of carcino-
genesis, including cell communication, differentiation,
invasiveness, chemoresistance, and epithelial to mesen-
chymal transition (EMT). Supporting the dynamic
coevolution of tumor cells with their microenviron-
ment, several studies have demonstrated that stromal
gene expression signatures correlated with the progres-
sion of cancers."'™ In the liver, we have previously
shown that ECM remodeling is associated with tumor
progression.’* More recently, we identified a gene sig-
nature characteristic of the tumor-stroma crosstalk
that was successful at predicting the survival of
patients with hepatocellular carcinoma (HCC)."> We
also showed that targeting the tumor-stroma crosstalk
by epigenetic modulators may represent a promising
therapeutic strategy in HCC."” The presence of a
dense stroma is a prominent feature of ICC, suggest-
ing that remodeling of the tumor microenvironment
may represent a key process in ICC onset and pro-
gression.'® Thus, we hypothesized that relevant prog-
nostic biomarkers could be inferred by investigating
alterations of the stroma in ICC. By laser capture
microdissection (LCM), gene expression profiling, and
tissue microarray analysis (TMA) we identified a gene
signature of the tumor stroma in ICC from which
the overexpression of osteopontin was shown to be an
independent predictor of overall and disease-free
survival.
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Patients and Methods

Patients. A cohort of 87 patients with primary
ICC was studied. These patients underwent liver resec-
tion at Rennes-University hospital between January
1997 and August 2011. Only mass-forming types of
ICC were included, as defined by the Liver Cancer
Study Group of Japan. Written informed consent was
obtained from all patients. The study protocol fulfilled
national laws and regulations and was approved by the
local Ethics Committee. Freshly frozen and formalin-
fixed paraffin-embedded (FFPE) tissues were provided
by the biobank of the university hospital. Histological
and clinical features including those observed upon
follow-up examinations were obtained from hospital
charts.

Laser Capture Microdissection. LCM was per-
formed using the Arcturus Veritas Microdissection sys-
tem (Applied Biosystems, Carlsbad, CA). From frozen
tissues, serial sections of 10 um were prepared using a
Leica 3050 S cryostat (Leica Microsystems, Wetzlar,
Germany) and mounted onto a PEN membrane glass
slide (Applied Biosystems). Tissue sections were dehy-
drated by successive immersions (30 seconds, twice) in
70%, 90%, and 100% ethanol solutions. Enzymatic
activity was locked by the immersion in a xylene solu-
tion (1 minute, twice) before performing LCM.

RNA Extraction and Gene Expression Profiling.
Total RNA was purified using an Arcturus Picopure
RNA isolation kit (Applied Biosystems). Genome-wide
expression profiling was performed using human Sure-
Print G3 8x60K pangenomic microarrays (Agilent Tech-
nologies, Santa Clara, CA) as described.'>!” Fifty
nanograms of total RNA was purified from LCM tis-
sues and amplified with a low-input QuickAmp labeling
kit (Agilent Technologies). The amplification yield was
1.8 0.7 ug complementary DNA (cRNA), and the
specific activity was 5.8 = 3.4 pmol Cy3 per ug cRNA.
Gene expression data were analyzed using Feature
Extraction and GeneSpring softwares (Agilent Technolo-
gies) and further analyzed using R-based ArrayTools.
Microarray data are publicly available from the gene
expression omnibus (GEO) database (www.ncbi.nlm.-
nih.gov/geo; GSE45001). Briefly, microarray data were
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normalized using the quantile normalization algorithm,
and differentially expressed genes were identified by a
two-sample univariate # test and a random variance
model as described.'® Permutation P values for signifi-
cant genes were computed based on 10,000 random
permutations. Clustering analysis was done using Clus-
ter 3.0 and TreeView 1.6 with uncentered correlation
and average linkage options.

Data Mining and Integrative Genomics. Enrich-
ment for specific biological functions or canonical
pathways was evaluated as described.'””® Gene set
enrichment analysis (GSEA) was performed using the
Java-tool developed at the Broad Institute (Cambridge,
MA).?" Integration of genomic data was performed as
described® using publicly available gene expression
datasets downloaded from GEO. ChIP enrichment
analysis was performed using the ChEA algorithm
developed by Lachmann et al.*?

Tissue Microarray (TMA). TMAs were designed
with the TMADesigner software. FFPE tissues were
arrayed using a Minicore 3 tissue Arrayer (Excilone,
VICQ, France). After hematoxylin-eosin staining, three
representative areas of stroma from each ICC tumor
(T) and of fibrous tissue from portal tracts areas in the
surrounding nontumor (NT) liver were selected by an
experienced pathologist (B.T.). Chosen areas were
punched with a cylinder of 1 mm diameter and the
samples were transferred into a recipient paraffin
block. Thus, each tissue block (NT and T) was repre-
sented by three independent spots in the TMA.

Immunobhistochemistry (IHC). THC experiments
were performed using an automated Discovery XT
immunostaining device (Ventana Medical System, Tuc-
son, AZ). TMA sections (4 um thick) were evaluated
for the expression of collagen 4, laminin, osteopontin,
TGFp2, and KIAA0101 (Supporting Table 1). Antigens
were retrieved from deparaffinized and rehydrated tissues
by incubating the slides for 48 minutes at 95°C in CCl1
Tris-based buffer (pH 8.0) (laminin, collagen 4, and
KIAA0101) or in Ulwra CC2 citrate buffer (pH 6.0)
(osteopontin and TGEFf2) (Ventana Medical System).
Detection was performed using a streptavidin-biotin-
peroxidase kit (OmniMap, Biotin-free DAB Detection
Systems, Ventana Medical System). TMA slides were
analyzed by two experienced pathologists (B.T., EL.G.)
in a blinded manner. Staining intensity in the stroma
was scored as follows: negative (0), mild (1), moderate
(2), or strong (3). Given that each stromal sample was
represented in triplicate, the sum of the three values was
performed to obtain a score of with a range of 0 to 9.
This score was finally categorized into four groups to
optimize the statistical analysis and to take into account
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extreme values: 0 (score 0-1), 1 (score 2-3), 2 (score 4-
7), and 3 (score 8-9).

Statistical Analysis. Differences in protein expres-
sion (NT fibrous tissue versus T stroma) were eval-
uated by chi-squared testing. Relationships between
protein expression and clinical parameters were eval-
uated using the chi-squared or Fisher’s exact probabil-
ity test for categorical variables and using the analysis
of variance for numerical variables. The correlation of
the scoring performed by the two pathologists was esti-
mated by a weighted kappa coefficient; disagreements
were weighted according to their squared distance
from a perfect agreement in the correlation matrix.
The Kaplan-Meier method was used to estimate the
overall (OS) and disease-free survival (DFS), and
group differences were analyzed with the log-rank test.
A trend analysis was also performed. Univariate and
multivariate Cox regression models for the hazards of
OS and DFS mortality were used to evaluate the effect
of protein expression. Correlation between the differ-
ent variables was also evaluated in order to identify
putative interaction and confounding factors. The
most suited Cox model was selected using a stepwise
regression, selecting variables based on the Akaike
Information Criterion (AIC). P< 0.05 was considered
statistically significant. Statistical analysis was per-
formed with R (v. 2.15.1).

Results
Study Design. Relevant biomarkers for ICC prog-

nosis were investigated by the unsupervised gene
expression analysis of the stroma in mass-forming type
ICC. To increase the robustness of the study, an initial
cohort of clinically well-annotated cases of patients
with ICC (n = 87) was used to build a testing set and
a validating set as described.”® The testing set included
10 cases of freshly frozen ICC for which stroma analy-
sis was performed by a combined approach using
LCM and pangenomic microarray profiling (Support-
ing Table 2). Significant differences in messenger RNA
(mRNA) profiles (T stroma versus matched NT
fibrous tissue) were evaluated at a protein level using a
validating set which consisted of 40 FFPE ICC equally
distributed in cases with or without recurrence
(Table 1). IHC was done using TMA to reduce experi-
mental noise. Finally, the prognostic value of selected
proteins was estimated using clinical records and
patient follow-up reports (Fig. 1).

ICC Tumor Stroma Exhibits Important Genomic
Changes. LCM was performed to isolate RNA from
the stromal compartment of freshly frozen ICC tissues.
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Table 1. Clinicopathological Features of Validating Set ICC

Clinicopathological features n=40
Age (years, mean = SD) 64.8 +8.8
Gender (male:female) 30:10
Tumor size (mm, mean = SD) 64 =29
Range 20-130

Tumor >50 mm
UICC classification, 7" edition
I 15 (37.5%)

27 (67.5%)

I 12 (30%)
I 10 (25%)
v 3 (7.5%)
Satellite nodules > 1 8 (20%)
Positive hilar lymph nodes 9 (22.5%)
Macrovascular invasion 3 (7.5%)
Microvascular invasion 13 (32.5%)
Perineural infiltration 8 (20%)
Capsular disruption 4 (10%)
Tumoral necrosis 15 (37.5%)
Cirrhosis 9 (22.5%)
Hepatitis B/C 0 (0%)
Follow-up (months, mean = SD) 31.8*+259
Range 1.5-102.4
Death 22 (55%)

For each ICC tumor, fibrous tissue from portal areas
within the surrounding nontumor liver was also iso-
lated and used as a reference (Fig. 2A). Following
hybridization on microarrays, the statistical analysis
focused on identifying genes for which expression was
significantly altered in the stroma of ICC. As shown
in Fig. 2B, applying stringent criteria (?< 0.001 and
fold change FC>2) resulted in the identification of
1,073 nonredundant genes differentially expressed
between the NT fibrous tissue and the T stroma, dem-
onstrating that the stroma of ICC displayed substantial
genomic changes (Supporting Table 3). Thirty-one
percent of the stromal signature included genes that
were up-regulated relative to NT fibrous tissue. Sup-
porting the gene selection, a hierarchical clustering
analysis based on this signature efficiently discrimi-
nated the NT fibrous tissue from the T stroma (Fig.
2C). Fully supporting this observation, integrative
genomics demonstrated that the LCM-derived stroma
discriminated  cholangiocarcinoma
tumors from surrounding NT livers in an independent
genomic dataset (GSE26566) established from whole
tissue sections (Fig. 2D).

Up-Regulated Genes in the Stroma Are Associated
With Cell Cycling, ECM Activity, and Activation of
the TGFP Pathway. Further validating the enrich-
ment of the stromal compartment by LCM, both up-
and down-regulated genes were categorized into func-
tional modules associated with the extracellular region,
including  ECM  (Supporting Table 4F). Down-
regulated genes were enriched in gene sets known to

signature  also
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be down-regulated in liver cancers, including genes
involved in metabolism (Supporting Table 4, Support-
ing Fig. 2). Up-regulated genes were related to entry
into the cell cycle, ECM organization, and cell signal-
ing pathways, namely, p38, p53, and TGFp Accord-
ingly, the stroma signature of ICC coincided with a
discrete enrichment of transcription factor (TF)-associ-
ated gene sets (Supporting Table 4D). Indeed, up-
regulated genes were known to be transcriptionally
regulated by E2F(s) and SMAD(s), two families of TF
involved notably in the regulation of cell cycle and
TGEFp signaling pathway, respectively. Down-regulated
genes were regulated by hepatocyte nuclear factors
known to control the expression of numerous meta-
bolic genes (Supporting Table 4, Supporting Fig. 2).
These results were confirmed by an unsupervised
GSEA (Supporting Fig. 2). A significant enrichment of
gene signatures representative of ECM receptor inter-
actions, cell cycle, and TGFp signaling was also
observed in the stroma of ICC (Fig. 3A-C).
Independent Set of ICC Highlights a Molecular
Heterogeneity of Stromal Profiles. The expression of
several genes was evaluated at a protein level in an
independent set of 40 ICC (Fig. 1). Among the genes
significantly up-regulated in the stroma of ICC, we
focused on key genes that form our hypothesis that
ECM remodeling contributes to ICC pathogenesis.
Selected candidate genes were representative of the
enriched functional categories identified above, includ-
ing ECM components (collagen 4A1/COL4A1, lami-
nin gamma 2/LAMC2, osteopontin/SPP1), a master
gene of the TGFf pathway (TGFf2) as well as a par-
tially characterized gene involved in the cell cycle
(KIAA0101).%* The expression of these five genes was
greatly increased at the RNA level in the testing set
(Fig. 4A), and TMA confirmed this observation at the
protein level in the validating set (Fig. 4B). Interest-
ingly, while mRNA levels were homogeneous in the
NT fibrous tissues, a greater heterogeneity of mRNA

| resected ICC with clinical records and follow-up (n=87) I
v v
testing set validating set

(n=10 frozen ICC) (n=40 FFPE ICC)
v v

stroma analysis (LCM)
NT fibrous tissue vs. T stroma

recurrence (n=20)
recurrence-free (n=20)

v v

mRNA expression >
(DNA microarray)

protein expression
(tissue microarray)

v
I estimation of prognostic value in ICC I —

Fig. 1. Flowchart of the study design.
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profiles was observed in the T stroma (Fig. 4A). Based
on this observation and previously published ICC
genomic profiles,”>?® we hypothesized that the vari-
ability of expression profiles of these particular genes
in the stroma may reflect the heterogeneity of ICC
subgroups with different prognoses.

Expression Profiles of the Tumor Stroma Are Clin-
ically Relevant. The Cclinical relevance of protein
expression profiles within ICC T stroma was evaluated
by univariate statistical analysis. Clinical and patholog-
ical characteristics of the validating set are summarized
in Table 1. Importantly, this cohort was representative
of ICC cases encountered in clinical practice, particu-
larly with an even distribution according to the Inter-
national Union Against Cancer (UICC) 7th edition
classification (37.5%, 30%, 25%, and 7.5% for stage
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I, 1L, 111, and IV, respectively). Analysis of the intensity
of TMA staining in the stroma demonstrated statisti-
cally significant associations between laminin, osteo-
pontin, TGFf2, and KIAA0101 protein expression
and clinical data (Table 2). Osteopontin, TGFf2, and
laminin expression in ICC T stroma was significantly
correlated with patient OS. The expression of osteo-
pontin was also significantly correlated with DES
(P <0.001), tumor size (P = 0.049), presence of hilar
lymph nodes (7= 0.009), and macrovascular invasion
(P=0.04) (Table 2, Fig. 5; Supporting Fig. 1). Impor-
tantly, the scoring of osteopontin staining was per-
formed by two independent pathologists. The
correlation between the two analyses was significant
(weighted kappa coefficients were 0.831 and 0.855 for
initial and categorized score, respectively), supporting
osteopontin as a candidate biomarker in ICC. The
overexpression of TGFf2 was significantly associated
with the UICC 7th edition classification (P = 0.032),
microvascular invasion (P =0.047), and presence of
hilar  lymph (P=0.048). In addition,
KIAAO0101 overexpression was correlated with perineu-
ral infiltration, which is one of the most important
indicators of recurrence with the presence of hilar
lymph nodes.” No significant correlation was found
between Collagen 4A1 staining and the clinical varia-

bles tested (Table 2).

nodes

Fig. 2. Gene expression profiling of microenvironment in ICC. (A)
H&E staining of a representative tumor (T) tissue (right panels) and an
adjacent nontumor (NT) liver tissue (left panels) from a patient with
ICC. From the testing set (10 frozen ICC), laser capture microdissec-
tion (LCM) was performed to isolate RNA from NT fibrous tissue and T
stroma (asterisk). Original magnification, X2 (top) and X10 (bottom).
(B) Volcano plot of 1,073 nonredundant genes differentially expressed
between the T stroma and the surrounding NT fibrous tissue. Following
microarray analysis of the 10 frozen ICC from the testing set, genes
were selected based on the significance of the differential gene
expression in the T stroma versus the surrounding NT fibrous tissue
(horizontal red line; P < 0.001) and the level of induction or repres-
sion (vertical red lines; fold-change >2). (C) Clustering analysis of
genes differentially expressed between the T stroma and the surround-
ing NT fibrous tissue (n = 10 ICC from the testing set). Examples of
major changes in steady-state levels of mRNAs are indicated on the
right. (D) Integrative genomic analysis of the ICC stroma gene signa-
ture using independent human gene expression profiles from patients
with cholangiocarcinoma. Shown is a detailed dendrogram view of NT
(blue) fibrous tissues and T (red) stroma samples obtained by LCM
(dataset 1: the present study) integrated with an independent dataset
of human cholangiocarcinomas (dataset 2: Andersen et al.25). Dataset
2, which was uploaded from GEO (GSE26566), consisted of 104 chol-
angiocarcinomas (T, red) and 59 nontumoral surrounding liver tissues
(NT, blue). Validating the stroma signature in an independent cohort of
patients, the clustering analysis of tissue samples based on the
expression of 1,073 genes differentially expressed between the NT
fibrous tissue and the T stroma identified two main clusters which
respectively included the NT fibrous tissue and most of the NT human
tissues (cluster 1), and the T stroma and most of the cholangiocarci-
nomas (cluster 2).
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from GSEA algorithm.

Stromal Expression of Osteopontin Is an Inde-
pendent Factor of Prognosis. Univariate and multi-
variate analyses of risk factors influencing OS and
DES were performed (Table 3). Among 14 factors
assessed by the univariate analysis, the number of nod-
ules (P=0.027), capsular disruption (2= 0.030),
TGFp2 staining (P < 0.001), and osteopontin staining
(P<0.001) were significantly associated with OS.

A O NT fibrous tissue [l T stroma
_ 304 P=0.008
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2 254 | P=0.004
- i
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o 1 P<0.001
g 159 —
©
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protein 0 1 2 3 P
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LAMC2 % 0 12 26 o 0.002
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SPP1 T 3 55 iz s <0.001
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Analysis of correlation between the different variables
did not show any potential confounding interactions,
as no values were above 0.7 (Supporting Table 5). By
multivariate analysis, the number of nodules (hazard
ratio [HR], 2.0; 95% confidence interval [CI], 1.3-
3.2; P=0.002), capsular disruption (HR, 6.4; 95%
Cl, 1.5-27.4; P=0.012), and osteopontin staining
(HR, 3.2; CI 95%, 1.3-7.5; P=0.009) were identified
as independent risk factors for reduced OS. Independ-
ent risk factors for reduced DFS included number of
nodules (HR, 2; 95% CI, 1.4-3; < 0.001), positive
hilar lymph node (HR, 3; 95% CI, 1-8.8; 2= 0.048),
capsular disruption (HR, 5.8; 95% CI, 1.6-20.3;
P=10.006), and osteopontin staining (HR, 2.5; 95%
CI, 1.1-6; P<0.001). Altogether, these results high-
lighted the stromal overexpression of osteopontin as an
independent factor of poor prognosis in ICC.

Discussion

In the present study we established the genomic
profiles of the stromal compartment of ICCs and
investigated their clinical relevance. Combining LCM
and gene expression profiling, the expression of 1,073
genes was found to significantly discriminate the

Table 2. Statistical Analysis of Protein Expression in View of
Clinical and Pathological Features of ICC Patients

Fig. 4. Validation of mRNA profiles at a protein level. (A) mRNA
analysis of selected genes demonstrated a significant increase in the
expression of COL4Al1, LAMC2, SPP1 (osteopontin), TGFf2, and
KIAAO11 in the stroma of ICC compared to the adjacent NT fibrous tis-
sue. Normalized microarray values are shown. The P-value was deter-
mined by using a two-tailed Student t test. (B) Immunohistological
analysis of COL4A1, LAMC2, SPP1, TGFf2, and KIAAO11l protein
expression in the T stroma (T) and the surrounding NT fibrous tissue
(NT) of an independent set of 40 patients with ICC. Staining was
scored as described in the Patients and Methods section: negative
(0), mild (1), moderate (2), or strong (3). The expression of all
proteins was significantly increased in the stroma of ICC.

Variables COL4A1 LAMC2  OSTEOP TGFp2 KIAA0101
UICC classification, 7 Ed. ns ns ns 0.032 ns
Tumor size ns ns 0.049 * ns ns
Satellite nodules >1 ns ns ns ns ns
Microvascular invasion ns ns ns 0.047 ns
Positive hilar lymph nodes ns ns 0.009 0.048 ns
Perineural infiltration ns ns ns ns 0.043
Macrovascular invasion ns ns 0.040 ns ns
Capsular disruption ns ns ns ns ns
Tumoral necrosis ns ns ns ns ns
0s ns 0.018 <0.001 <0.001 ns
DFS ns ns <0.001 ns ns

*P value as determined in the Methods section.
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gene signature from tumor stroma predicted HCC
prognosis.33
ture specific of the crosstalk between hepatocytes and
activated stellate cells from the tumor microenviron-
ment. Importantly, this signature was predictive of a
poor prognosis and metastatic propensity in HCC."
Altogether,
tumor stroma may represent a relevant target for iden-
tifying biomarkers for cancer prognosis. Stroma is an
important histological hallmark of ICC, suggesting
that it may greatly influence tumor progression. How-
ever, few studies have specifically investigated the alter-
ations of the stroma in ICC, particularly at a genomic
scale. Notably, a genome-wide comparative analysis of
tumor epithelia and stroma from 23 cholangiocarcino-
mas was recently reported.”” Tumor epithelium was
characterized by the dysregulation of the HER2 net-

work and frequent overexpression of EGFR, whereas
25

Recently, we also reported a gene signa-

these results strongly suggest that the

the stroma was enriched in inflammatory cytokines.

Table 3. Univariate and Multivariate Analysis of Factors
Associated With Overall (A) and Disease-Free (B) Survival
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Fig. 5. Stromal overexpression of osteopontin and TGFf2 correlates
with @ poor prognosis in patients with ICC. (A) Representative immuno-
histological analysis of osteopontin expression by tissue microarray in
patients with or without recurrence (right and left panels, respectively).
NT, nontumoral tissue; T, tumoral tissue. (B,C) Kaplan-Meier curves and
log-rank analysis of overall survival (0S) (left panels) and disease-free
survival (DFS) (right panels) according to the expression of SPP1/osteo-
pontin (B) or TGF2 (C) in the stroma of ICC. Staining was scored as
negative (0), mild (1), moderate (2), or strong (3).

tumor stroma from the nontumoral fibrous tissue of
portal areas. Among up-regulated genes, we validated
the dysregulation of osteopontin at the protein level in
an independent cohort of 40 ICC, and we demon-
strated that the overexpression of osteopontin in the
stroma of ICC was an independent risk factor for OS
and DEFS.

Changes in the crosstalk between cancer cells and
their microenvironment is a well-recognized hallmark
progression. The clinical
genomic alterations of stromal cells has been reported
in several solid tumors such as breast and lung carcino-
mas.??3! In liver cancers, tumor onset and formation
are associated with important stromal changes, includ-
ing fibrosis/cirrhosis and ECM remodeling.'* Recently,
Budhu et al.>* reported at a genomic level the prog-
nostic value of a gene signature associated with the
tumor microenvironment in HCC. Similarly, a five-

of cancer relevance of

Multivariate
Univariate (Cox Model)
(Log-Rank Test)
Hazard
Variables P Value P Value Ratio [95% ClI]
(A)
Gender 0.225 -
Age (years) * 0.595 -
Tumor sizet 0.183 -
AJCC classification 0.363 -
Number of nodules 0.027 0.002 20.017 [1.287; 3.160]
Microvascular invasion 0.248 -
Perineural infiltration 0.071 -
Positive lymph node 0.630 —
Macrovascular invasion 0.372 —
Capsular disruption 0.030 0.012 6.400 [1.496; 27.381]
Tumoral necrosis 0.976 -
Cirrhosis 0.901 -
TGFf2 staining <0.001 -
Osteopontin staining <0.001 0.009 3.156 [1.327; 7.504]
(B)
Gender 0.694 -
Age* 0.484 -
Tumor sizet 0.047 -
AJCC classification 0.002 -
Number of nodules <0.001 < 0.001 20.047 [1.384; 30.025]
Microvascular invasion 0.066 -
Perineural infiltration 0.006 -
Positive lymph node 0.018 0.048 2977 [10.008; 8.791]
Macrovascular invasion 0.098 -
Capsular disruption 0.030 0.006 5.776 [1.646; 20.269]
Tumoral necrosis 0.541 —
Cirrhosis 0.875 -
TGFf2 staining 0.264 -
Osteopontin staining <0.001 0.035 2.538 [10.068; 60.028]

*Age was defined as <65 years or >65 years.
Mumor size was defined as <50 mm or >50 mm.
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This study provided not only an important insight into
the pathogenesis of cholangiocarcinoma but also novel
therapeutic targets. However, these studies were not
designed to investigate the molecular heterogeneity of
the stroma or to define specific gene dysregulations in
the stromal compartment of ICC. Herein, we specifi-
cally addressed these issues by performing gene expres-
sion profiling of microdissected stroma from human
ICC. Also, while previous studies analyzed several types
of cholangiocarcinomas with different prognoses (e.g.,
peri-hilar, infiltrating, and mass-forming type), our
study exclusively focused on the mass-forming type of
ICC. The robustness of the results was evaluated using
two independent cohorts of patients with ICC. Impor-
tantly, the cases included representatives of all groups of
ICC, as defined by the staging system of the UICC clas-
sification (Table 1; Supporting Table 2). The validating
set was also equally distributed in cases with or without
recurrence. Thus, although the cohort is small, we
believe that the cases are likely representative of ICC. A
good agreement was found for all genes evaluated at the
mRNA level in the testing set and at the protein level in
the validating set. Univariate and multivariate statistical
analysis of protein expression and clinical features dem-
onstrated that an overexpression of osteopontin in the
stroma was closely associated with a poor prognosis in
ICC. Osteopontin is a multifunctional secreted glyco-
protein also known as the secreted phosphoprotein 1
(SPP1), which interacts with CD44 and integrins.
Although initially discovered in bone tissue,>* osteopon-
tin is equally present in the liver, especially in the epithe-
lium of the bile ducts and in stellate and Kiipffer cells.”
Osteopontin plays a pivotal role in mediating tumor-
stroma interactions and in modulating cell adhesion, tis-
sue remodeling, and tumor invasiveness, as previously
described in colon and liver cancers.>®>° In HCC, sev-
eral studies have demonstrated that osteopontin block-
ade resulted in the inhibition of tumor growth,
migration, and invasion, both iz vitro and in vive.*%*!
Besides a functional role in cancer, osteopontin also
exhibits great potential as a diagnostic and/or prognostic
biomarker. Indeed, the plasma level of osteopontin was
shown to correlate with poor prognosis in several can-
cers, including HCC.*>% 1n ICC, while osteopontin
was identified as one of the most overexpressed genes,46
to date no study correlated its expression in the stroma
with aggressiveness. We also identified TGFf2 as a good
candidate biomarker for ICC prognosis. Importantly,
osteopontin and TGFp2 protein expression were the
most correlated independent variables (Supporting
Table 5). Accordingly, differences in OS (2= 0.06) and
DES (2= 0.008) could be also observed by combining

HEPATOLOGY, Month 2013

the expression of TGFf2 and osteopontin (Supporting
Fig. 3).

Identifying ICC with favorable or unfavorable progno-
ses might orientate the selection of the most appropriate
treatment, including liver resection/transplantation, chem-
otherapy, and targeted therapy, either alone or in combi-
nation. Although ICC is not currenty a widely accepted
indication for orthotopic liver transplantation (OLT),
some studies suggest that OLT could be indicated for
selected ICC patients, as suggested for hilar cholangiocar-
cinoma.”” A combination of neoadjuvant therapy fol-
lowed by OLT in appropriately selected patients with
unresectable ICC also demonstrated promising disease
recurrence-free survival.*® Given that the expression of
osteopontin correlates with relevant clinical variables (OS,
DEFS, hilar lymph nodes, macrovascular invasion), we
believe that patients with low to absent expression may
benefit from OLT.

In conclusion, by using an unsupervised approach
we showed a clear correlation between genomic
changes in the stroma and the aggressiveness of ICC,
and we identified osteopontin as a promising prognos-
tic biomarker. In addition, these observations support
the idea that targeting the tumor stroma may represent
a valid and innovative therapeutic strategy in ICC.
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