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Abstract
Aim We compared the expression of genes related to
inXammatory and cytotoxic functions between MSI and
MSS (HLA-class I-negative and HLA-class I-positive)
colorectal cancers (CRCs), seeking evidence of diVerences
in inXammatory mediators and cytotoxic T-cell responses.
Twenty-two CRCs were divided into three study groups as
a function of HLA class I expression and MSI phenotype: 8
MSI tumours, 6 MSS/HLA¡ tumours and 6 MSS/HLA+
tumours (controls).
Findings A Wrst comparison between eight MSI and six
MSS/HLA-positive (control) cancers, based on microarray
analysis on an AVymetrix® HG-U133-Plus-PM plate, iden-
tiWed 1974 diVerentially expressed genes (P < 0.05). We

grouped genes in Gene Ontology functional categories:
apoptotic programme (72 genes, P = 5.5·10¡3), leucocyte
activation (43 genes, P = 1.8·10¡5), T-cell activation (24
genes, P = 6.3·10¡4), inXammatory response (40 genes,
2.3·10¡2) and cytokine production (10 genes, P = 1.9·10¡2).
Real-time PCR and immunohistochemical evaluation were
used to validate the data, Wnding that increased mRNA lev-
els of pro-inXammatory cytokines and cytotoxic mediators
were associated with greater inWltration by CD8+T lym-
phocytes in the MSI group (P < 0.001). Finally, HLA-class
I-negative tumours were not grouped together but rather in
accordance with features of the gene expression proWle of
MSI or MSS tumours. As expected, genes associated with
antigen processing machinery and MHC class I molecules
(TAP2, B2m) were downregulated in MSS/HLA-class
I-negative CRCs (n = 6) in comparison to controls.
Conclusions In conclusion, microarray and immunohisto-
chemical data may be useful to comprehensively assess
tumour–host interactions and diVerentiate MSI from MSS
cancers. The two types of tumour, MSI/HLA-class I-negative
and MSS/HLA-class I-negative, showed marked diVerences
in the composition and intensity of inWltrating leucocytes,
suggesting that their immune escape strategies involve
distinct pathways.
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MSI Microsatellite instability
MSS Microsatellite stability

Introduction

Microsatellite instability (MSI) is one of the main carcino-
genic pathways and has been observed in 15% of colorectal
cancers (CRC). This type of genetic instability consists of
the accumulation of numerous somatic mutations during
DNA replication (insertions and deletions of single nucleo-
tides and single base substitutions) in repetitive DNA
sequences (microsatellites) because of alterations in the
DNA mismatch repair (MMR) system [1–3]. The microsat-
ellite instability (MSI) phenotype is the hallmark of Lynch
syndrome-associated cancers characterized by MMR gene
germline mutations (predominantly hMLH1 or hMSH2),
and it is also found in »10–15% of sporadic CRCs, in
which MMR gene promoter methylation is observed [3, 4].
Besides microsatellite instability, there is another carcino-
genic pathway that promotes emergence of the remaining
85% of sporadic CRCs, i.e., chromosomal instability (CIN),
characterized by numerical and structural chromosomal
alterations, by the accumulation of mutations in oncogenes
(e.g., K-ras) or tumour suppressor genes (p53) and, in most
cases, by not being accompanied by CpG island metylator
phenotype (CIMP) [4, 5].

Finally, cDNA microarray studies have demonstrated
that microsatellite stable (MSS) and MSI colorectal cancers
clearly diVer in gene expression proWling, strongly support-
ing the diVerent pathogeneses of these tumours [6, 7]. How-
ever, few studies have focused on the analysis of immune
response genes, which may elucidate the distinct biological
behaviours of the two cancer types [8].

Tumour development takes place despite activation of
cytotoxic T lymphocytes (CTLs) in the response of the host
immune system. In CRCs, it is possible to correlate the MSI
phenotype with the strength of the anti-tumour immune
response characterized by a high lymphocytic inWltration
[9, 10]. In attempts to explain the high immunogenicity of
this type of tumour, various studies have suggested that a
defective DNA MMR system results in insertions and dele-
tions at coding microsatellites in target genes that lead to
the abundant generation of new immunogenic frameshift
peptides (FSPs) that can be presented to CTLs [11, 12].
However, the biological meaning of the lymphocyte inWl-
trate in microsatellite instability tumours is controversial.
Some authors propose that intra-epithelial lymphocytes
(IELs) possess the characteristics of predominantly cyto-
toxic cells and release mediators of target cell death,
whereas others argue that these inWltrates are secondary
phenomena representing the proliferation of resident lam-
ina propia lymphocytes with no immunological implica-

tions or biological role [8, 13]. Emergence of tumour
escape variants due to immunoedition may explain the fail-
ure of CTLs to eliminate tumour cells [14]. In MSI cancers,
a frequent mechanism to escape CTL immunosurveillance
is the total loss of surface expression of HLA class I mole-
cules and subsequent loss of tumour antigen presentation
capacity [15]. Cells with HLA class I loss due to B2-micro-
globulin (B2m) gene mutations [16–19], especially in
tumours with mutator phenotype (i.e. insertions and dele-
tions leading to a change in the translational reading
frame), would be immunoselected under immune pressure.

In a previous study, we observed that the characteris-
tics and intensity of the inWltrate clearly diVered as a func-
tion of the microsatellite instability phenotype but not the
HLA expression on tumour cells [20]. In the present
study, we used the same set of colorectal tumours to com-
pare the expression of genes inXuencing inXammatory
response and cytotoxic activity between MSI and MSS
colorectal tumours in order to explain the above diVer-
ences in leucocyte inWltration. We observed a diVerential
expression of genes involved in the anti-tumour immune
response that may elucidate the molecular cancer escape
mechanisms.

Materials and methods

Histopathology and selection of tumour samples

We selected 20 colorectal carcinomas (CRCs) based on the
immunohistochemical study of HLA class I expression and
analysis of the MSI phenotype. The rational for dividing
the groups of tumours is based on their immunogenicity for
CD8+T cells, associated with HLA class I expression. Two
groups consists of HLA-negative tumours (both MSI and
MSS), while another group includes control tumours with
genomic stability and no detectable alterations in HLA
expression. Therefore, the three study groups were: 8 MSI
tumours, including 7 HLA-class I-negative (MSI/HLA-
negative) and 1 HLA-class I-positive (MSI/HLA-positive);
6 MSS tumours, all with total HLA class I loss (MSS/HLA-
negative); and 6 MSS/HLA-positive tumours (control
group), with no detectable alterations in HLA or B2m
genes (MSS/HLA-positive). The clinical characteristics of
the 20 patients are listed in Table 1.

We analysed cryopreserved samples (Virgen de las Nie-
ves University Hospital [VNUH] Tumour-Tissue Biobank)
that were previously studied and provided by the Depart-
ment of Pathology, VNUH, Granada (Spain). The diagnosis
followed the WHO pathological classiWcation and TNM
staging criteria [21]. Clinical and pathological reports were
available, and approval was obtained from the ethical
investigation review board of our hospital.
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Immunohistological analysis of HLA class I expression

Frozen tissue sections of 4–8 �m thickness were cut on a
microtome-cryostat (Bright), allowed to dry at room tem-
perature for 4–18 h, Wxed in acetone at 4°C for 10 min and
stored at ¡40°C until staining. Immunohistological tech-
niques were performed with the Biotin-Streptavidin System
(supersensitive Multilink HRP/DAB kit, BioGenex, The
Hague, The Netherlands). The following mouse monoclo-
nal antibodies (mAbs) were used to analyse HLA class I
expression: W6/32 against HLA-A, B and C heavy chain/
B2m complex (kind gift from Dr Bodmer, Tissue Antigen
Laboratory, Imperial Cancer Research Fund Laboratories,
London, UK); GRH-1, which recognizes free and HLA
class I heavy chain-associated B2m chain [22]; and HC-10
against free heavy chain of HLA-B and C molecules [23].
The primary antibody was replaced with PBS for negative
controls, in which no immunohistochemical staining was
detected.

DNA isolation

Total DNA was obtained from tumour fragments microdis-
sected (PALM Microlaser System, Olympus) from two frozen
tissue sections (4–8 �m thick) using the REDExtract-N-Amp

Tissue PCR extraction kit. Normal DNA was obtained from
PBLs using the Quiagen DNA isolation kit (QIAamp Tissue
Kit, Wetsbsurg, Leusden, the Netherlands).

MSI analysis

MSI status was determined according to the criteria of the
National Cancer Institute workshop, using various panels of
dinucleotide and mononucleotide repeat sequences and
classifying tissue samples with MSI in ¸30–40% of tested
markers as MSI and those with MSI in <30–40% of mark-
ers as MSS [3]. The MSI analysis conditions and markers
used are reported elsewhere [20].

Microarray proWling

Total RNA was isolated from 10 serial cuts (30 �m thick)
from a liquid nitrogen-preserved tumour specimen that was
also used in the tumour diagnosis by pathologists. The
RNA isolation kit used was RNeasy Mini Kit (Quiagen).
All samples were found to have good quality mRNA, with
little degradation and correct ratios of 28S:18S ribosomal
peaks. The RNA Integrity Number (RIN), a measure of the
integrity of total sample RNA, was calculated by using an
algorithm that takes account of the entire electrophoretic

Table 1 Summary of main 
clinical and histological 
parameters of patient samples

Samples Age Sex TNM Tumour location Tumour stage Tumour grade

MSI tumours

CRC-1 81 Female pT3N0M0 Colorectal IIA IV

CRC-2 39 Male PT3N1M1 Colorectal IVA II

CRC-3 73 Female pT4N1M0 Colorectal IIIB III

CRC-4 45 Male pT2N0M0 Colorectal I II

CRC-5 79 Male pT4N2M0 Colorectal IIIC II

CRC-6 59 Female pT3N0M0 Colorectal IIA II

CRC-7 72 Female pT3N2M0 Colorectal IIIB III

CRC-8 82 Female – Colorectal – III

MSS/HLA-negative tumours

CRC-9 64 Female pT3N1M0 Colorectal IIIB II

CRC-10 71 Female pT3N0M0 Colorectal IIA II

CRC-11 72 Male pT3N0M0 Colorectal IIA II

CRC-12 70 Male pT3N2M0 Colorectal IIIB III

CRC-13 66 Male pT3N0M0 Colorectal IIA II

CRC-14 54 Male pT4N1Mx Colorectal IIIB II

MSS/HLA-positive tumours (Conrols)

CRC-15 61 – pT3N0M0 Colorectal IIA II

CRC-16 67 Male PT3N0M0 Colorectal IIA II

CRC-17 – – – Colorectal – II

CRC-18 62 Male pT2N0M0 Colorectal I II

CRC-19 70 Female pT3N2M1 Colorectal IVA II

CRC-20 83 Male pT3N0M0 Colorectal IIA II
– Data not available
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trace. RIN values range from 1 (maximum degradation) to
10 (intact RNA). RIN values in our RNA samples ranged
from 7 to 9.5. Biotinylated cRNA was synthesised from
200 ng of total RNA from each sample by using GeneChip
3� IVT Express kit (AVymetrix), following the manufac-
turer’s recommendations. Oligonucleotide array hybridiza-
tion and scanning were performed according to AVymetrix
protocols. Gene expression proWles were determined by
using AVymetrix HG-U133-Plus-PM Array Plate which
contains 54,670 probe sets, including >33,000 well-charac-
terized genes and UniGene clusters per sample.

Data pre-processing

Raw data were pre-processed by using the Robust Multi-
Arrays Average (RMA) Bioconductor package RMA
[24]. We removed control probes (102) and those with a
background level hybridization signal and then Wltered
out the probes with no expression change across all sam-
ples, resulting in 9,695 probes that were used for further
analysis.

Microarray analysis

Gene expression

As a Wrst step in the analysis of pre-processed data, we
identiWed the diVerentially expressed genes by means of the
Partek Genomic Suite (Partek Inc. St Louis, MO, USA).
Unsupervised hierarchical clustering of the samples was
done by using Partek Genomic Suite software, with the
euclidean distance as proximity measure and the average-
linkage method as linkage criteria. We also applied principal
components analysis (PCA), to simplify the analysis and
visualization of the expression data sets. The data discussed
in this publication have been deposited in NCBI’s Gene
Expression Omnibus [25] and are accessible through GEO
Series accession number GSE27544 (http://www.ncbi.nlm.
nih.gov/geo/query/acc.cgi?acc=GSE27544).

Gene ontology

Gene Ontology (GO) information was used to assign bio-
logical meaning to selected genes, [26, 27] using csbl.go, a
recently published tool, implemented as an R package [28,
29]. Furthermore, after analysing the set of genes and their
GO annotations, we computed the most enriched GO terms.
P-values were obtained by applying Fisher’s exact test.

Pathways

The data sets of diVerentially expressed genes were
uploaded into the Ingenuity Pathways Knowledge Base

(IPKB) (IPA program) for the construction of networks and
the analysis of biofunctions and biological pathways [30].

Microarray data validation

Real-time RT-PCR and immunohistochemical analysis
were performed to validate the microarray data.

Real-time RT-PCR analysis

Total RNA was extracted from 10 new sections (30 �m
thick) of each tumour specimen and from microdissected
fragments using miRNeasy Mini Kit (Qiagen) according to
the manufacturer’s recommendations. cDNA synthesis was
performed with the iScript cDNA Synthesis Kit (Bio-Rad),
using 1 �g RNA and following the manufacturer’s instruc-
tions. RT-PCR products were analysed for gene expression
of four target genes identiWed in microarray analysis: B2m
(RNA isolated from tumour microdissected fragments),
MIP1� (CCL3), TGF1� and STAT1 (RNA isolated from 10
serial cuts of tumour specimen) by quantitative real-time
RT-PCR. To control for variations in amounts of mRNA,
we also tested glucose-6 phosphate dehydrogenase
(G6PDH) as control gene. All reactions were performed in
a LightCycler instrument using the LC-FastStart DNA
Master SYBR Green I kit (Roche Diagnostics, Manheim,
Germany) with the exception of G6PDH and B2m, for
which FastStart DNA Master Plus HybProbe Kit (Roche
Diagnostics, Manheim, Germany) was used. HouseKeeping
Gene Set kit (Roche Diagnostics) was used for G6PDH
ampliWcation. B2m primers used in the analysis were: Fw 5�

TCAGGAAATTTGACTTTCCATTC 3�; Bw 5� TTCTGG
CCTGGAGGCTATC 3� (TIB MOLBIOL, Berlin, Germany).
Primers used for MIP1� (CCL3), TGF1� and STAT1 gene
ampliWcation reactions were part of the LightCycler-Primer
Set (GmbH, Heidelberg, Germany). The Wnal expression
levels of target genes were given relative to the expression
levels of G6PDH.

Real-time PCR data were expressed as median § standard
deviation. Normal distribution of results was conWrmed by
Kolmogorov–Smirnov test. The Student’s t test was used to
analyse data in the validation experiment. Statistical signiW-
cance was deWned as P · 0.05. SPSS version 15.0 (SPSS,
Inc., Chicago, IL) was used for data analyses.

Immunohistological study

Immunohistological techniques were applied as speciWed
above. For the staining of tumour inWltrates, we took con-
secutive cuts (4–8 �m thick) from the frozen tumour speci-
men used to obtain histological sections for RNA isolation.
The following mouse mAbs were used to stain tumour inWl-
trates: GRT2 (anti-CD45), produced in our lab [31]; OKT3
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(anti-CD3 hybridoma, ATCC, Teddington, UK), OKT8
(anti-CD8 hybridoma, ATCC), anti-CD4 (Clone RPA-T4,
Becton–Dickinson Biosciences (BDB), San Jose, CA), anti-
perforin (Clone �G9, BD Biosciences), anti-CD64 (Clone
10.1, BD Biosciences), anti-CD206 (macrophage mannose
receptor; Clone 19.2, BD Biosciences), anti-CD163
(macrophage scavenger receptor; Clone Ber-Mac3, MBL,
Woburn, MA) and anti-CD56 (Clone 123C3, Dako, Barce-
lona, Spain. A mouse monoclonal Ab (1D4.1) provided by
Dr. Jaime Sancho (Department of Cellular Biology and
Immunology, Instituto de Parasitología y Biomedicina,
Granada, Spain) was used to stain the CD3 complex �-chain
[32].

Two observers analysed tissue tumour inWltrates, deWn-
ing the inWltrate for each mAb staining as: stromal (inXam-
matory inWltrate surrounding tumour mass), interstitial (in
Wbrous septa around glands), or intratumoral (inXammatory
cells in close contact with neoplastic epithelial cells). Each
stromal, interstitial and intratumoral inWltration was scored
as: 0 (Absent), + (Low), ++ (Moderate) and +++ (High).

In the statistical analysis, for each studied tumour, we
calculated the overall inWltration score (0–9) for each
marker (CD45, CD3, CD8, CD64, CD163, CD206, CD247
[CD3 complex �-chain] and perforin) separately, as the sum
of the scores for stromal, interstitial and intratumoral inWl-
tration. After the normal distribution of the data was conWrmed
by means of the Kolmogorov–Smirnov test, one-way
ANOVA and Tukey post hoc tests were used to compare
the means for each marker. P · 0.05 was considered sig-
niWcant. SPSS version 15.0 (SPSS, Inc., Chicago, IL) was
used for the data analyses.

Results

Gene expression proWles

Parket Genomic Suite software was used for unsupervised
hierarchical clustering analysis from the signiWcantly diVer-
entially expressed sequences. As expected, the samples
tended to cluster together in accordance with their experi-
mental conditions. Figure 1a depicts the hierarchical clus-
tering for 2,057 sequences diVerentially expressed across
all groups (P < 0.05), showing that the control group and
MSS/HLA-negative samples are more closely related and
have similar gene expression proWles, whereas MSI sam-
ples, except for the CRC-4 tumour, clearly diVer from the
rest, as conWrmed by PCA of the signiWcant sequences.
Patient groups can be distinguished into a linearly separable
gene expression data space (Fig. 1b).

The statistical analysis revealed 1974 and 1070
sequences corresponding to genes diVerentially expressed

in MSI versus MSS/HLA-positive and in MSS/HLA-negative
versus MSS/HLA-positive tumours, respectively. Com-
parison of MSI and MSS/HLA-positive groups revealed
upregulation of 964 genes and downregulation of 1,010
genes in the former.

Gene function analysis

GO functions associated with the diVerentially expressed
genes in the MSI versus control (MSS/HLA-positive)
experiment were: apoptotic program (72 genes, P =
5.5·10¡3), leucocyte activation (43 genes, P = 1.8·10¡5),
T-cell activation (24 genes, P = 6.3·10¡4), chemotaxis (24
genes, P = 9.8·10¡3), inXammatory response (40 genes,
P = 2.3·10¡2) or cytokine production (10 genes, P = 1.9·10¡2).
Among the last three groups, we mainly focused on the
genes involved in the inXammatory response and cyto-
toxic activity.

DiVerentially expressed immune response genes in MSI 
tumours versus MSS/HLA-class I-positive (controls) 
tumours

Fifty-two genes associated with inXammatory and cyto-
toxic functions were diVerentially expressed (P < 0.05) in
MSI tumours versus controls (Tables 2 and 3). Most of
these genes were upregulated (fold change ranging from
1.4 to 6.79) in MSI tumours, (Fig. 2a), and only genes
involved in anti-inXammatory pathways (TGFBR2,
GPX2) and eosinophil chemotaxis (CCL11) were down-
regulated.

Genes related to inXammation (cytokines and chemokines)

Among the upregulated diVerentially expressed genes
(Table 2), we found genes encoding macrophage- and T
lymphocyte-attractant chemokines and cytokine receptors
(CCL3, CCL18, CXCL16, IL15RA), molecules related to
cytokine-signalling pathways (TNFAIP6, STAT1, STAT5A,
NFIL3, SPP1), proteins implicated in the extravasation of
leucocytes from blood to tissues (ICAM1, ITGB2, ITGAM,
ROCK1) and molecules that contribute to inXammation
(CLEC2B, S1PR3, PTAFR, ALOX5).

Macrophage-related genes

We also observed several upregulated macrophage marker
genes (Table 2), including genes for Fc Receptors
(FCGR2A, FCGR2B, FCGR1A…), PAMP receptor
(CLEC7A), scavenger receptor related to M2 macrophages
(CD163), co-activator molecule (CD86), TLRs and pro-
teins implicated in TLR signalling pathway (CD14, TLR2,
123
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TLR8, LY96, TICAM2) and molecules involved in macrophage
activation (JMJD6) (Fig. 2b).

Lymphocyte activation and cytotoxicity-related genes

We found overexpressed gene sequences related to T lym-
phocytes (Table 3; Fig. 2c), including those encoding for:
molecules that participate in signal transduction through the
TCR (CD53, � chain of TCR, � chain of CD3 (CD247),
LCP2, FYN, NFATC2IP); proteins involved in cell activa-
tion and proliferation (TCIRG1, CD84); cytolytic activity

markers (RNF19B, TNFSF9, GNLY, PRF1); and a protein
expressed in activated T cells that negatively regulates the
TGF� pathway (CD109).

A further gene encoding a negative regulator of immune
response, Arginase II (ARG2), was upregulated in MSI
tumours versus controls (Table 2).

NKG2D-ligand-encoding genes (MICA, MICB, ULBP2)
were also upregulated in MSI tumour cells versus controls,
implying that MSI tumour cells expressing these stress
molecules may be susceptible to the cytotoxic activity of T
or NK cells through their NKG2D receptors (Table 3).

Fig. 1 Bidimensional-hierarchical clustering and PCA of MSI, MSS/
HLA-negative and MSS/HLA-positive (control) cancers, using 2,057
signiWcantly diVerentiated sequences (P < 0.05). a Two-way hierarchi-
cal clustering in which samples (columns) and array targets (rows)
were ordered. Red, upregulated; green, downregulated. MSI tumours,
except for the CRC-4 sample, were clearly diVerentiated from MSS
CRCs (HLA negative and HLA positive), which shared similar expres-
sion proWles. b Discriminating genes were used to generate a three-

dimensional (from 2,057 dimensional plot) plot of the data. The cumu-
lative proportions of the variance captured by each principal compo-
nent are (1) principal component axis, 31.8%; (2) principal component
axis, 18.3%; and (3) principal component axis, 6.68%. PCA- based
multidimensional scaling visualization separated MSI, MSS/HLA-
negative and MSS/HLA-positive (controls) samples into linearly sep-
arable 2,057-gene expression data spaces
123
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Immune response-related genes diVerentially expressed 
in MSS/HLA-class I-negative versus MSS/HLA-positive 
tumours (controls)

Genes diVerentially expressed between MSS/HLA-nega-
tive tumours and controls were related to: cell adhesion
(64 genes, P = 5.8·10¡7), immune response (45 genes,

P = 0.01), phagocytosis (9 genes, P = 2·10¡3), chemotaxis
(17 genes, P = 3.4·10¡3) and negative regulation of apopto-
sis (29 genes, P = 6.6·10¡3). The MSS/HLA-negative
group showed upregulation versus controls of genes encod-
ing: monokines and other chemokines (CCL3, CCL4,
CCL8, fold change >4), macrophage markers (FCGR1A,
FCGR2A, FCGR2B, FCGR2C,CD14, TLR2, TLR8, CLEC7A,

Table 2 List of inXammatory- and macrophage markers-related gene-speciWc probes diVerentially expressed (P < 0.05) between MSI and MSS/
HLA-positive (control) colorectal cancers

Probe ID Entrez gene Fold change P-value Gene symbol Gene name

Cytokine, chemokine and inXammation-related molecules

205114_PM_s_at 414162 5.09 0 CCL3 Chemokine (C–C motif) ligand 3

210133_PM_at 6356 ¡6.15 0.01 CCL11 Chemokine (C–C motif) ligand 11

32128_PM_at 6362 6.79 0.01 CCL18 Chemokine (C–C motif) ligand 18

223454_PM_at 58191 1.92 0 CXCL16 Chemokine (C-X-C motif) ligand 16

207375_PM_s_at 3601 1.47 0.03 IL15RA Interleukin 15 receptor, alpha

206026_PM_s_at 7130 4.79 0 TNFAIP6 Tumour necrosis factor, alpha-induced protein 6

209969_PM_s_at 6772 2.09 0.02 STAT1 Signal transducer and activator of transcription 1, 91 kDa

203010_PM_at 6776 1.76 0 STAT5A Signal transducer and activator of transcription 5A

209875_PM_s_at 6696 21.15 0 SPP1 Secreted phosphoprotein 1

209949_PM_at 4688 3.24 0 NCF2 Neutrophil cytosolic factor 2

203574_PM_at 4783 1.46 0.04 NFIL3 Nuclear factor, interleukin 3 regulated

209732_PM_at 9976 2 0.02 CLEC2B C-type lectin domain family 2, member B

202638_PM_s_at 3383 2.36 0 ICAM1 Intercellular adhesion molecule 1

202803_PM_s_at 3689 2.49 0.02 ITGB2 Integrin, beta 2 (complement component 
3 receptor 3 and 4 subunit)

205786_PM_s_at 3684 4.02 0 ITGAM Integrin, alpha M (complement component 
3 receptor 3 subunit)

214578_PM_s_at 6093 1.39 0.03 ROCK1 Rho-associated, coiled-coil containing protein kinase 1

228176_PM_at 1903 2.9 0 S1PR3 Sphingosine-1-phosphate receptor 3

211661_PM_x_at 5724 1.98 0.01 PTAFR Platelet-activating factor receptor

204446_PM_s_at 240 1.82 0.03 ALOX5 Arachidonate 5-lipoxygenase

202831_PM_at 2877 ¡1.8 0.01 GPX2 Glutathione peroxidase 2 (gastrointestinal)

208944_PM_at 7048 ¡1.55 0.03 TGFBR2 Transforming growth factor, beta receptor II (70/80 kDa)

Macrophage markers

203561_PM_at 2212 3.32 0 FCGR2A Fc fragment of IgG, low aYnity IIa, receptor (CD32)

210889_PM_s_at 2213 2.76 0.01 FCGR2B Fc fragment of IgG, low aYnity IIb, receptor (CD32)

210992_PM_x_at 9103 2.63 0.01 FCGR2C Fc fragment of IgG, low aYnity IIc, receptor for (CD32)

216950_PM_s_at 100132417///
2209

3.79 0.01 FCGR1A///
FCGR1C

Fc fragment of IgG, high aYnity Ia///Ic, receptor (CD64)

210895_PM_s_at 942 2.92 0.02 CD86 CD86 molecule

201743_PM_at 929 2.31 0.01 CD14 CD14 molecule

212722_PM_s_at 23210 1.38 0.04 JMJD6 Jumonji domain containing 6

221698_PM_s_at 64581 2.57 0.01 CLEC7A C-type lectin domain family 7, member A

203645_PM_s_at 9332 4.56 0 CD163 CD163 molecule

203946_PM_s_at 384 3.14 0.02 ARG 2 Arginase, type II

204924_PM_at 7097 2.71 0 TLR2 Toll-like receptor 2

229560_PM_at 51311 2.95 0.01 TLR8 Toll-like receptor 8

206584_PM_at 23643 2.48 0.02 LY96 Lymphocyte antigen 96

228234_PM_at 35376 3.12 0 TICAM2 Toll-like receptor adaptor molecule 2
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MRC1, CD163) (fold change ranging from 2 to 5.26), other
molecules related to TLR pathway (LY96, fold change = 2.86;
TICAM2, fold change = 2.2), and antigen-presenting cell
(CD86, fold change = 3.28; IFI30, fold change = 2.25)
markers, transcription factors detected in nuclei of monocytes
and granulocytes (MNDA, fold change =  3.12) or involved
in monocyte/macrophage diVerentiation (MAFB, fold
change = 2.07), neutrophil-related markers (NCF2, fold
change = 2.84; SPARC, fold change = 1.91), adhesion-
related molecules (SKAP2, fold change = 3; ITGAM, fold
change = 4.53; ICAM1, fold change = 2.12; ROCK1, fold
change = 1.35), complement-related molecules (C1QB,
fold change = 2.83; C3AR1, fold change =  3.06), negative
regulators of immune response (VSIG4, fold change = 5.2;
PPP3CB, fold change = 1.3; PLA2G7, fold change = 3.13)
and molecules involved in the TGF� pathway (TGFB1,
fold change = 1.83; TGFB3, fold change = 3.37) and the
downregulation of genes related to antigen processing
machinery and MHC class I molecules (TAP2, fold
change = ¡1.56; ERAP1, fold change = ¡2.22; B2m, fold
change = ¡2.44).

Microarray data validation

Real-time PCR analysis and immunohistochemistry were
performed to validate microarray results. Four statistically
signiWcant genes were selected for these experiments:

STAT1 and MIP1� (CCL3) gene sequences were upregu-
lated in MSI tumours compared with MSS/HLA-positive
(control) group, and TGF1� and B2m genes were up- and
downregulated, respectively, in MSS/HLA-negative tumour
group versus controls. Real-time PCR conWrmed these Wnd-
ings (P < 0.05), with the exception of STAT1 gene expression,
which did not signiWcantly diVer between MSI tumours and
controls (Table 4).

The microarray analysis results were also conWrmed by
immunohistochemistry, measuring the expression of two
proteins encoded by discriminator genes identiWed in the
MSI/control comparison: CD3 complex �-chain and perfo-
rin (Table 3). Expression of these proteins was higher in
MSI tumours than in control CRCs (Fig. 3; Table 5).
Expression of the selected proteins was closely related to
the presence of cytotoxic CD8+T cells in the tissue. We
observed a high inWltration by these cytotoxic CD8+T lym-
phocytes in MSI tumours (Fig. 3a; Table 5), which is also
compatible with the upregulation of other genes expressed
by these cells and identiWed in the MSI/control comparison
(GNLY, � chain of TCR, RNF19B, TNFSF9, LCP2, FYN,
NFATC2IP, TCIRG1, etc. [fold change > 1.46]) (Table 3).
MSI tumours showed the highest leucocyte inWltration, rep-
resented mainly by CD8+T lymphocytes, whereas the leu-
cocyte inWltration was lower in MSS/HLA-negative
samples, with low or absent CD8+ cells (Fig. 3a, c) [20].
MSS/HLA-positive tumours (controls) largely showed

Table 3 List of T lymphocyte and cytotoxicity markers-related gene-speciWc probes diVerentially expressed (P < 0.05) between MSI and MSS/
HLA-positive (control) colorectal cancers

Probe ID Entrez gene Fold change P-value Gene symbol Gene name

217143_PM_s_at 6955///6964 2.7 0.05 TRA@///TRD@ T-cell receptor alpha locus///T-cell receptor delta locus

210031_PM_at 919 2.6 0.05 CD247 CD247 molecule

205269_PM_at 3937 2.46 0.02 LCP2 Lymphocyte cytosolic protein 2 (SH2 domain containing 
leucocyte protein of 76 kDa)

216033_PM_s_at 2534 2.95 0 FYN FYN oncogene related to SRC, FGR, YES

36564_PM_at 127544 1.55 0.03 RNF19B Ring Wnger protein 19B

203416_PM_at 63 2.32 0.03 CD53 CD53 molecule

205988_PM_at 8832 2.49 0.01 CD84 CD84 molecule

204158_PM_s_at 10312 1.46 0.04 TCIRG1 T-cell, immune regulator 1, ATPase, H+ transporting, 
lysosomal V0 subunit A3

212809_PM_at 84901 1.56 0 NFATC2IP Nuclear factor of activated T-cells, cytoplasmic, 
calcineurin-dependent 2

206907_PM_at 8744 3.81 0.03 TNFSF9 Tumour necrosis factor (ligand) superfamily, member 9

223501_PM_at 10673 2.56 0.01 TNFSF13B Tumour necrosis factor (ligand) superfamily, member 13b

226545_PM_at 135228 5.61 0 CD109 CD109 molecule

37145_PM_at 10578 4.62 0.01 GNLY Granulysin

214617_PM_at 5551 3.02 0.02 PRF1 Perforin 1 (pore forming protein)

238542_PM_at 80324 4.99 0.02 ULBP2 UL16-binding protein 2

205904_PM_at 4276 1.82 0.01 MICA MHC class I polypeptide-related sequence A

206247_PM_at 4277 2.4 0.01 MICB MHC class I polypeptide-related sequence B
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moderate/high leucocyte inWltration, with a low presence of
CD8+ cells in comparison to MSI tumours (Fig. 3b).

The density of M1 (CD64) macrophage inWltration was
similar among the three CRC groups (Fig. 3j–l). M2 macro-
phages (CD163, CD206) were detected in all selected CRC
samples, with no major diVerences in inWltration pattern
among tumour groups (Fig. 3m–o; Table 5). No signiWcant
diVerences in inWltration density were found between M1

and M2 macrophages in any CRC group (Fig. 3j–o). The
microarray data showed signiWcant diVerences in the
expression of genes related to M1 (FCGR2A, FCGR2B,
FCGR1A, CD86, CD14, TLR2, TLR8 (fold change > 2.31))
and M2 (CD163, ARG2 (fold change > 3.14)) macrophages
between MSI tumours and controls, but these diVerences were
not reXected in the immunohistochemistry results (Table 5).
This discrepancy may be due to the semi-quantitative nature of

Fig. 2 a Bidimensional-hierarchical clustering of MSI and MSS/
HLA-positive (control) cancers, using 52 signiWcantly diVerentiated
sequences (P < 0.05). Red, upregulated; green, downregulated. Dis-
criminator sequences, related to inXammatory and cytotoxic functions,
were mainly upregulated in MSI tumours. b, c Ingenuity pathways
analysis (IPA) of 26 diVerentially expressed genes in MSI CRCs
versus MSS control groups that were qualiWed as networks. a This

network centred on various macrophage markers, cytokines and che-
mokines. All diVerentially expressed genes were upregulated (red). In-
creased gene expression of MIP-1-� (CCL3) but not STAT1 was
conWrmed by RT-PCR analysis (Table 4). b This network centred on T
lymphocyte activation via TCR and cytotoxicity, with 12 molecules
from the data set of diVerentially expressed genes that were upregu-
lated
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immunohistochemical analysis and the intense inWltration
by macrophages, which accumulated mainly in interstitial
and stromal tissue areas. Accordingly, further Real-Time
PCR studies are warranted to conWrm the microarray data.

Discussion

In this study, we compared the genome-wide gene expres-
sion microarray analysis proWle between HLA-class I-nega-
tive tumours (MSI and MSS) and HLA-class I-positive
tumours (controls). A main Wnding was that the two groups
of HLA-class I-negative tumours (MSI and MSS) diVered
in the number of diVerentially expressed genes related to
local anti-tumour immune reactivity, which was conWrmed
by hierarchical cluster analysis.

Only a small number of genes were diVerentially
expressed (P < 0.05) between MSS-HLA-class I-positive
and MSS/HLA-class I-negative tumours, including the
upregulation of molecules involved in TGF� pathway
(TGFB1, TGFB3) and, as expected, the downregulation of
genes related to antigen processing machinery and MHC
class I molecules (TAP2, ERAP1, B2m) in the HLA-I-nega-
tive group versus controls.

Among the 9,695 genes analysed, the expression of
2,057 signiWcantly diVered among all of the groups. Sam-
ples were non-randomly enriched in various categories of
biological processes, including leucocyte activation, T-cell
activation, inXammatory response or cytokine production,
all of which showed a signiWcantly higher expression in
MSI versus MSS (control) cancers. Apoptosis was another
GO category that discriminated between these cancers
(P = 5.5·10¡3), identifying 72 genes with pro- or anti-apop-
totic functions that were over- or under-expressed in MSI
cancers. This observation highlights the complex interaction

between pro- and anti-apoptotic agents in MSI tumours,
which requires further investigation.

A marked diVerence between MSI tumours and controls
was also found for 52 genes involved in inXammatory
responses against cancer (Tables 2 and 3), including the
overexpression (in MSI) of genes related to immune
response intensity and cytotoxic cell activity. The observed
pattern of gene expression might be considered as a bio-
marker for MSI cancers.

Ingenuity pathway analysis (IPA) showed that the mech-
anisms underling the generation of variants with defective
HLA class I expression diVered according to the MSI/MSS
phenotype (Figs. 2b, c). For instance, 40 genes in the
inXammatory and cytotoxic signalling pathway were upreg-
ulated (P = 0.02) in MSI versus MSS/HLA-positive
tumours, suggesting the importance of this pathway in the
MSI groups.

The immunohistochemical data showed higher inWltra-
tion by CD8+T lymphocytes with activated phenotype in
MSI tumours versus controls (Fig. 3a, b). In agreement
with these Wndings, the microarray data evidenced overex-
pression in MSI tumours of genes encoding lymphocyte
markers related to: TCR-mediated signal transduction and
lymphocyte activation, proliferation and cytotoxic activity.
The high inWltration of CD8+ lymphocytes in MSI tumours
may result from the release of speciWc chemokines. In this
context, cytokines detected in MSI tumours were reported
to favour recruitment of cytotoxic T cells and increase Th1
responses and upregulation of antigenic peptides poten-
tially recognizable by CD8+T lymphocytes [8, 33]. In the
present study, we identiWed a higher expression of genes
encoding macrophage- and T lymphocyte-attractant chemo-
kines and cytokines, molecules related to cytokine-signalling
pathways and proteins implicated in the extravasation of
leucocytes from blood to tissues. However, MSI cancers
showed a markedly decreased expression of TGFBR2
gene versus MSS controls (Table 2). MSI analysis revealed
that 6 out of 8 MSI carcinomas showed instability in the
microsatellite marker of the coding region in TGFBR2
gene [20], conWrming that this gene is frequently aVected
by the MSI pathway due to mutational inactivation [34].
However, we detected no appreciable diVerences in the
intensity of inWltration and gene expression proWles
between TGFBRII wild type tumours (CRC-2 and CRC-6)
and the remaining MSI cancers with instability in this
microsatellite marker.

In MSI carcinomas, the overexpression of M1 markers
involved in inXammation and Th1 responses was more fre-
quent than the overexpression of M2 markers related to
inhibitory functions. However, despite this Wnding, no
major diVerences were observed by immunohistochemistry
between M1 (CD64) and M2 (CD163) polarized macro-
phage populations in MSI tumours (Fig. 3j–o).

Table 4 Summarized results of quantitative real-time RT-PCR analy-
sis in CRC samples

Expression results of B2m, MIP1� (CCL3) and TGF�1 genes by Real-
Time RT-PCR conWrmed the data obtained in microarray analysis
(P · 0.05), excluding STAT1 gene expression, for which no signiWcant
diVerences were observed
a Mean values of target gene mRNA copy numbers normalized against
G6PDH mRNA copy numbers

Ratioa 
MSI 
tumours

Ratioa 
MSS/HLA-
negative 
tumours

Ratioa 
MSS/HLA-
positive 
tumours

P-value

B2m 1.99 108.6 0.05

STAT1 10.5 37.2 0.16
MIP1� (CCL3) 6.018 0.418 0.04
TGF�1 2.3·10¡2 7·10¡4 0.02
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The above Wndings suggest that a combined analysis
of microarray and immunohistochemical data might be
useful to comprehensively assess tumour–host interactions.
Thus, our data suggest that the immune microenviron-

ment of MSI tumours favours immune-mediated tumour
rejection, in line with previous suggestions of the pro-
tective role of immune inWltrates in colorectal tumours
[35–38].

Fig. 3 Immunohistological results of microarray data validation in
CRC tissue samples. a MSI tumour (CRC-6), b MSS/HLA-positive
(control) tumour (CRC-19) and c MSS/HLA-negative tumour (CRC-
14). A higher inWltration by CD8+ cells was observed in MSI tumour
versus control CRC, whereas no CD8+ cells were observed in MSS/
HLA-negative CRC. d Elevated expression of CD3 complex �-chain in
MSI tumour (CRC-1) compared with e Control tumour (CRC-19) and

f MSS/HLA-negative sample (CRC-14). Perforin staining in paraYn-
embedded samples was higher in g MSI tumours (CRC-6) than in
h Control tumours (CRC-16) and i MSS/HLA-negative CRCs (CRC-
11). No diVerences were observed in inWltration by M1 (CD64) and
M2 (CD163) macrophages in CRC samples. j, m MSI tumour (CRC-
1); k, n MSS/HLA-positive sample (CRC-19); l MSS/HLA-negative
CRCs (CRC-11) and o (CRC-12)

a bCD8 CD8 c CD8

d e fCD3 complex -chain CD3 complex -chain CD3 complex -chain

Perforing Perforinh Perforini

CD64j CD64k CD64l

CD163m CD163n CD163o
123



814 Cancer Immunol Immunother (2012) 61:803–816
However, the outgrowth of MSI CRCs, despite the pres-
ence of a dense lymphocytic inWltration, is probably due to
several mechanisms that interfere with the eYcacy of the
host immune response in vivo [39–41]. We found two pos-
sible mechanisms for tumour immune evasion in the MSI
tumours studied: Wrst, total loss of HLA class I molecules
on tumour cell surface, mainly attributable to the accumula-
tion of somatic mutations in the B2m gene and cell clonal
expansion [20]; second, inhibition of T-cell responses by
factors associated with the presence of M2 macrophages.
For instance, we found increased gene expression levels of
ARG2 (fold change = 3.14) and VSIG4 (V-set and immuno-
globulin domain containing 4, fold change = 4.08) in MSI
tumours compared with controls [42, 43].

We believe that molecular inactivation due to somatic
mutation of the B2m gene may play a critical role in MSI
tumour development, whereas this mutation was less fre-
quent in the present MSS cancers. Interestingly, the pres-
ence of CTLs in MSI may be a necessary but not suYcient

condition for tumour rejection. In fact, the high inWltration
of CD8+ lymphocytes in MSI tumours persists after immu-
noedition (immune selection of B2m-deWcient cells), prob-
ably recruited or locally expanded by the elevated
expression of speciWc chemokines in the tumour microenvi-
ronment.

Finally, genes encoding NKG2D ligands (MICA, MICB
and ULBP2) were found to be overexpressed in MSI
tumours compared with controls, which, together with the
total loss of HLA class I expression, could promote the
cytotoxic activity of NK cells and CD8+ NKG2D+T lym-
phocytes. Although the absence or downregulation of HLA
class I renders cells susceptible to NK cells, we found only
scant CD56+ cells in most of the tumours, with no diVer-
ences as a function of HLA class I cell surface expression,
in agreement with previous reports [44, 45].

In summary, immune-mediated tumour rejection may be
favoured by the characteristics of MSI tumours, including
the abundant generation of new immunogenic frameshift
peptides presented to CTLs and the dense inWltration with
CTLs. Nevertheless, changes in the intrinsic phenotype of
cancer cells (e.g. total HLA class loss) and the participation
of immune regulatory mechanisms can lead to tumour
immune escape. Finally, our results also strongly suggest a
divergence in the mechanisms that drive immune escape in
HLA-I-negative MSI and MSS tumours.
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