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This study evaluates HLA gene expression and tumor infiltration by
B-cells, macrophages, dendritic cells, T-helper and cytotoxic T-
lymphocytes in response to short-term preoperative treatment with
cyclooxygenase inhibitors. Patients with colorectal carcinoma were
randomized to receive oral NSAID (indomethacin or celebrex) for
three days preoperatively; controls received esomeprazol.
Peroperative tumor biopsies and normal colon tissue were analyzed
by microarray, quantitative PCR and immunohistochemistry.
Efficacy of short-term systemic NSAID treatment was confirmed by
measurement of PGE2 production in blood monocytes from healthy
volunteers. NSAID treatment upregulated genes at the MHC locus on
chromosome 6p21 in tumor tissue, but not in normal colon tissue,
from the same patient. 23 of the 100 most upregulated genes
belonged to MHC class II. HLA-DM, -DO (peptide loading), HLA-
DP, -DQ, -DR (antigen presentation), granzyme B, H, perforin and
FCGR3A (CD16) (cytotoxicity) displayed increased expression, as
did CD8, a marker of cytotoxic T-lymphocytes, while HLA-A and -C
expression were not increased by NSAID treatment. MHC II protein
(HLA-DP, -DQ, -DR) levels and infiltration by CD4+ T-helper cells
of tumor stroma increased upon NSAID treatment, while CD8+
cytotoxic T-lymphocytes increased in both tumor stroma and
epithelium. Molecules associated with immunosuppressive T
regulatory cells (FOXP3, IL-10) were significantly decreased in
indomethacin-exposed tumors. Standard oral administration of
NSAID three days preoperatively was enough to increase tumor
infiltration by seemingly activated immune cells. These findings
agree with previous information that high prostanoid activities in
colorectal cancer increase the risk for reduced disease-specific
survival following tumor resection.

Keywords: clinical trial, colorectal NSAID,

immunohistochemistry, cellular immunity

cancer,

Introduction

A growing amount of information demonstrates that
eicosanoids are involved in complex processes related to cancer
progression, such as tumorigenesis, angiogenesis, metastasis
and immune response (1-5). Accordingly, several clinical studies
have implied benefit of non-steroidal anti-inflammatory drugs
(NSAIDs), particularly in patients with colorectal tumors (2-4,
6, 7). Our own research has provided evidence that tumor
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progression is attenuated by nonselective NSAIDs which
decrease systemic inflammation, prolong survival and improve
quality of life (8-11). In attempts to screen for genome-wide
effects of indomethacin treatment in colorectal tumor cells, we
performed expression profiling on microarrays focusing on
findings in the MHC (major histocompatibility complex) locus
on chromosome 6p21, a region associated with more than 100
disease conditions (12). This 3.6 Mb genomic sequence encodes
the transplantation HLA- genes and others of importance for
defense reactions and fundamental cellular processes (12).
Interestingly, human tumors frequently lose expression of HLA
molecules, and reduction or total loss has been confirmed in
colorectal carcinoma (13-15). Cells participating in the immune
response may thus fail to exert function without adequate MHC
signaling in tumor cells, with the exception of natural killer
(NK) cells which may recognize MHC class I-negative tumor
cells. In the present study we describe the expression levels
observed for genes representing HLA class I and II, markers for
antigen presenting cells and for immune cells such as T-helper
and cytotoxic T-lymphocytes (CTLs), pro-apoptotic cytotoxins,
and NK cells in tumor tissue following preoperative oral NSAID
treatment. These markers suggest that NSAIDs interact with
colorectal cancer progression by alterations affecting immune
surveillance.

Results
Microarray profiling was used to profile expression of the
immune response, whereas quantitative PCR and

immunohistochemistry were used to follow up on suggestive
observations of RNA and protein levels.

Microarrays

Pooled tumor cDNA from six indomethacin-treated patients
versus pooled tumor cDNA from six placebo-treated control
patients were hybridized on whole human oligo microarrays.
Results from three technical replicates were merged and 41059
features out of 44290 were informative. The expression levels of
2278 genes were found to have changed when filtering on two-
fold up- or down-regulation (643 were upregulated and 1635
were downregulated). One major finding was a cluster of
upregulated genes from the MHC locus on chromosome 6p21,
comprising a 3.6 Mb sequence. In the list of the top 100
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upregulated genes, 23 belonged to MHC class II genes and three
belonged to the MHC region. Results from a "yellow control
experiment” with self-self competition showed a mean ratio of
1.02 £ 0.123 (SD). Evaluation of Treg-associated molecules
(FOXP3,1L-10, CTLA4, CCL22) showed significantly decreased
levels of FOXP3 and IL-10 in tumor tissue from indomethacin-
treated patients (P < 0.05), while the levels of CTLA4 and
CCL22 were not altered. Hybridization analyses on pooled RNA
indicated that MHC class II genes were not upregulated in
normal mucosa from indomethacin-treated patients as was
observed in tumor tissue (not shown).

Real-time PCR

In our analyses of samples from individual patients, we
focused on genes representing HLA class I and II, markers for
antigen presenting cells, T-helper and effector cells (such as
cytotoxic T-lymphocytes), pro-apoptotic cytotoxins, and
membrane receptors triggering lysis by NK cells, granulocytes
and macrophages. PCR expression values for alpha- and beta-
chains of HLA molecules were summarized and presented for
whole molecules, as well as for functional groups - i.e. HLA-DM,
-DO for peptide loading, HLA-DP, -DQ, -DR for antigen
presentation, and granzyme B, H and perforin representing
cytotoxicity. The results of the microarray analysis for the six
patients analyzed individually agreed with the results from the
corresponding pooled RNA. Ten out of seventeen genes/
functional groups showed significantly increased expression
(P<0.05-0.008) and three showed a trend to increased
expression in tumors in NSAID-treated patients (Table 1).
Increased expression of HLA-A or HLA-C was not observed in
NSAID-treated patients based on individual quantitative PCR
analyses (Table 1).

Immunohistochemistry

Low or undetectable levels of MHC II protein in tumor
epithelial cells were most frequent in the control group
compared to tumors from NSAID-treated patients: 8/14 (57%)
in the control group versus 4/14 (29%) in the NSAID-treated
group, with a cutoff score of 10 or less (the maximum score
measured being 400). The remaining patients (score > 10) had
higher score values for MHC II protein in tumor epithelial cells
(Figure 1). All patients stained positive for MHC II protein in
tumor stroma, and MHC I protein in both tumor stroma and
tumor epithelial cells. In NSAID-treated patients, both MHC

class T and II protein had high scores in stroma and epithelial
cells, with a significant increase in HLA-DP, -DQ, and -DR
(Table 2). Antigen presenting cells, CD20+ B cells and CD68+
macrophages were significantly increased in the tumor
epithelial area in NSAID-treated patients. There was also a trend
to significance (P<0.1) for CD20+ cells in tumor stroma.
CD83+ protein, a marker for dendritic cells, did not show a
significant change. The number of CD4+ T-helper cells seen in
tumor stroma following NSAID treatment was significantly
higher. Infiltration of CD8+ cytotoxic T-lymphocytes was
significantly increased in tumor stroma and in tumor
epithelium from NSAID-treated patients. In stromal parts,
CD8+ and CD68+ cells were often seen as a barrier at the
invading border of tumor cells and/or close to escaping single
tumor cells or invasive islets of tumor tissue (Figure 2). Double
staining of samples taken at random showed co-localization of
the pro-apoptotic protein perforin and CD8 protein, which
confirms the capability of CD8+ T-lymphocytes to kill target
cells (Figure 3). Immunohistochemical double staining of CD16

Table 1
Transcript analysis by quantitative PCR of tumor RNA from
individual patients.

Figure 1

Gene NSAID Treated' Controls' P> <
(n=14) (n=14)
HLA-A 3.6 3.8 ns’
HLA-C 23 2.7 ns
HLA-A,C pool 5.6 7.2 ns
HLA-DM 8.1 4.5 0.03
HLA-DO 14.9 83 0.08
HLA-DM,DO pool 23.1 13.9 0.05
HLA-DP 49 2.2 0.01
HLA-DQ 11.1 3.7 0.04
HLA-DR 9.4 52 0.07
HLA-DP,DQ,DR pool 25.5 11.9 0.03
CD4 2.0 1.7 ns
CD8a 0.9 0.4 0.05
Granzyme B 0.5 0.2 0.08
Granzyme H 0.5 0.2 0.03
Perforin 0.6 0.3 0.04
Granzyme B,H, Perforin pool 1.8 0.7 0.04
FCGR3A (CD16) 5.4 1.6 0.008
" Median values.
? Mann-Whitney U test.
* Not significant.
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Immunohistochemistry of colon tumor tissue sections with antibody recognizing HLA-DP, -DQ, and -DR proteins. (A) Tumor epithelial cells and stroma. (B) Only

stroma. (C) Negative control where the specific antibody has been substituted by normal mouse IgG. Protein stains brown. Background nuclei stain blue. Original

magnification 40x.
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Table 2

Immunohistochemical evaluation of immune-associated molecules
involved in peptide-signaling, antigen presentation, helper and
effector cells, and pro-apoptotic cytotoxicity.

Protein Localization' NSAID Treated’> Controls’ P’ <
(n=14) (n=14)
MHC I TS 313 275 ns*
TE 285 263 ns
MHC 11 TS 255 165 0.05
TE 31 9 ns
CD20 TS 47 30 0.08
TE 1.9 0.8 0.001
CD68 TS 123 72 ns
TE 44 19 0.007
CD83 TS 4.0 2.7 ns
TE 0 0 ns
CD4 TS 88 35 0.03
TE 3.7 2.2 ns
CD8 TS 83 40 0.001
TE 18 9 0.006
Granzyme B TS 8.0 2.8 ns
TE 2.1 1.2 ns

! Abbreviations: TS, tumor stroma; TE, tumor epithelium.

2 Median score values as described in Materials and Methods.
* Mann-Whitney U test.

*Not significant.

and CD56, as markers for NK cells, did not show co-localization
of proteins in samples taken at random. Instead CD16 protein
seemed to be present in macrophages and granulocytes, as
judged from their nuclear morphology. CD56 protein was
sparsely detected in some patients.

Discussion

We have earlier reported that indomethacin treatment of
patients with different types of solid cancer may prolong
survival and improve physical functioning and quality of life
when provided as palliative support (8). The explanation behind
such improvements may be manifold, but local effects on tumor
growth are involved. Evidence for this is an attenuation of
angiogenesis, decreased tumor cell proliferation and increased
tumor apoptosis (9-11, 16). The basis for this may be that COX-
2 and 15-hydroxy-prostaglandin dehydrogenase expression in
colorectal cancer predicts tumor tissue variation in PGE2
signaling on prostaglandin subtype receptor E;_y, where tumor
tissue EP, expression is a predictor of mortality (17, 18).
However, it is also well known that prostanoids play a major role
in the communication of immune responses, which represent
complex interactions that may determine disease progression
and metastasis. Therefore, it was considered important to
evaluate local immune factors in the presence of preoperative
treatment with NSAID, since it is recognized that NSAID can
convert states of anergy into immune competence in
malnourished and stressed patients (19, 20).

A major observation in the present study is that many genes
belonging to the MHC locus on chromosome 6p21 were
upregulated in human colon cancer during short preoperative
treatment with conventional NSAIDs (indomethacin, celebrex).
MHC genes control the synthesis of molecules that are essential
for immune functions mediated by T-lymphocytes and NK cells
(21). Antigen recognition by T-cells is dependent on the
expression of HLA molecules by target cells. HLA molecules
bind small antigenic peptides arising from enzymatically
degraded proteins which are then presented on the cell surface,
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Figure 2

Immunohistochemistry of colon tumor tissue section with antibody
recognizing CD68 protein. Cells expressing CD68, a marker for macrophages,
form a front along the invasive margin of tumor epithelial cells. Protein stains
brown, background nuclei stain blue.
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Immunohistochemistry showing CD8+ cytotoxic T cells (brown staining) in
tumor epithelium and dual-labeled pore-forming protein perforin in red
(arrows). Background nuclei stain blue. Tumor cells which have been killed have
left cleared spaces in the tumor epithelium.

subsequently screened and recognized by the T-cell receptor.
Normally, HLA class I molecules are expressed on all cells
except red blood cells and cells of the testis, presenting
intracellularly-derived peptide fragments to CD8+ cytotoxic T-
lymphocytes, while HLA class IT molecules, usually expressed
on professional antigen presenting cells (APCs), present
extracellularly-derived peptide fragments to CD4+ T-helper
lymphocytes (22-27).

Intestinal epithelial cells may express low levels of HLA class
I1, although such expression is normally restricted to APCs,
such as B-lymphocytes, macrophages and dendritic cells. Up-
regulation of these molecules is associated with inflammation
(13). Attempts have been made to turn tumor cells into antigen
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presenting cells by inducing HLA signaling, since human
tumors often lose expression of HLA molecules, which may
leave the immune system inactivated towards tumor cells (14,
28-30). Increased levels of PGE2 in colon cancer may negatively
influence immunity. Arvind et al. (28) reported that SW1116
colon cancer cells expressed HLA class II antigens constitutively,
especially HLA-DR. PGE2 reduced the expression of HLA-DR
and removal of PGE2 restored the levels of HLA-DR, while
PGF20. and LTB4 did not affect the expression of HLA-DR.
Also, a colon cancer cell line (HT 29), which did not express
HLA-DR constitutively, initiated HLA-DR expression when
cells were treated with prostaglandin inhibitors like aspirin,
indomethacin and sulindac. In contrast, HLA class I expression
was not influenced by PGE2. Such effects agree with our present
results that NSAIDs (indomethacin, celebrex) upregulated HLA
class II expression in colon cancer tissue and MHC II protein in
tumor epithelial cells following short-term preoperative
treatment. All tumors displayed HLA class I protein in the
tumor tissue without an upregulation of expression being
observed, which thus seems to be enough for peptide
presentation and CTL activation. PGE2 has been reported to
suppress immune response by EP receptor signaling, where
production of downstream targets such as chemokines and their
receptors, associated with dendritic cells, macrophages and
lymphocyte function, were inhibited (1, 31-35). PGE2 also
downregulates cytokines (TNF-a, IFN-y and IL-2) with T-
helper cell-stimulatory function (Th1) and upregulates T-helper
cells (Th2), as characterized by immunosuppressive cytokines
such as IL-4, IL-6 and IL-10 (1, 36-41). This is conceptually in
agreement with the results presented here showing that NSAID
treatment increased the infiltration of B cells, macrophages,
CD4+ T-helper cells, as well as CD8+ cytotoxic T-cells, in tumor
tissue. We also observed increased RNA expression of granzyme
H and perforin and a trend to increased granzyme B levels in
such tumors capable of activating intracellular caspases that
initiate apoptosis in target cells. Granzymes are released
together with perforin, which is a pore-forming protein from
the cytoplasmic granules of CTLs and NK cells (42-49). We
conclude that such CTLs are ready to kill target cells based on
the perforin protein seen in CD8+ cytotoxic T-lymphocytes, as
evidenced by the "halos" surrounding condensed apoptotic
tumor cells or the disruption of tumor cell patterns.

Several reports support the importance of activated tumor-
specific CD8+ cytotoxic T-lymphocytes (50-53). Accordingly,
Pagés et al. (54) reported that patients who suffered from
colorectal cancer with no signs of metastatic spread (vascular
emboli, lymphatic invasion or perineural invasion) had
increased infiltration by immune cells (CTLs) with increased
content of cytotoxins. Another study reported infiltration by
CTLs in primary malignant melanoma and corresponding
metastases, where CTLs were armed with cytotoxins only in
primary tumors (55). Also, mobilization of granulocytes,
lymphocytes and macrophages at the invasive border of
gastrointestinal cancer were recently reported to be associated
with improved survival (56, 57). Earlier studies have suggested
that monocytes and macrophages are responsible for T-
lymphocyte impairment by increased PGE2 production (58-61)
There is a growing consensus based on vaccine trials that co-
operation between CD4+ Thl cells and activated CD8+
cytotoxic T-lymphocytes is necessary for adequate anti-tumor
immune responses. The appearance of CD4+ CD25+/CD8+
CD25+ T regulatory cells (Tregs) was not functionally evaluated
in the present study, but the expression of Treg-associated
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molecules (immunosuppressive FOXP3 and IL-10) decreased in
indomethacin-exposed tumors in studies by others (62, 63).

It may well be that unspecific and specific COX inhibition
exerts different effects in complex immune reactions that
involve eicosanoids, although we believe that such differences
are rather quantitative based on a systematic analysis of several
unspecific, intermediately specific and specific cyclooxygenase
inhibitors in our experimental models (64). Besides,
indomethacin is the only NSAID resulting in survival
differences in patients with malignancies so far (8). Thus, it was
important for us to include indomethacin, but it was also
tempting to include preliminary effects by more modern
therapeutics, such as COX-2 inhibitors. Therefore, patients were
randomized to receive either indomethacin or celebrex to form a
preliminary group of NSAID-treated patients. Thus, the results
presented here represent net effects of both unspecific and more
specific COX-intervention, with patients on indomethacin or
celebrex showing the same overall changes. Future research will
eventually reveal fundamental differences between specific and
unspecific COX-inhibition. Analysis of normal mucosa from
NSAID-treated and control patients was performed to account
for host reactions by NSAIDs. Comparison of expression ratios
from array analyses of indomethacin-treated tumor tissue and
normal mucosa confirmed that MHC class II genes were not
upregulated in normal mucosa.

In conclusion, the results presented demonstrate that
administration of NSAID for three days preoperatively was
enough to turn the tumor microenvironment into what is, at
least conceptually, a more favorable condition for patient
outcome, with the appearance of tumor infiltration by immune
cells with the potential to kill tumor cells. This agrees with
observations in our previous investigations showing that COX
activities, high tumor content of PGE2 and tumor expression of
EP, increased the risk for reduced survival (17, 65). Future
studies should reveal detailed molecular events to explain the
mechanism behind our potentially important observations with
relevance for immune therapy of colon carcinoma, as well as
surgical procedures.

Abbreviations
COX, cyclooxygenase; NSAID, non-steroidal anti-inflammato-
ry drug; PGE2, prostaglandin E2
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Materials and methods

Patients

Patients who were to undergo primary and curative resection
of colorectal cancer were randomized to receive NSAID or sham
treatment during three days before surgery, between 1998 and
2004 at Sahlgrenska University Hospital, Gothenburg, Sweden.
The patient group consisted of 16 females and 12 males with a
median age of 74 £ 9 (SD) years (range 55-85 years). Tumors
were histologically classified by certified pathologist as Dukes A
(5), B (10), C (11) and D (1) corresponding to stages I-IV. One
patient had villous adenoma but remained in the study. Tumor
stages within treatment groups were as follows: in the controls
(n=14), Dukes A (2), B (7), C (5), and D (0); in the NSAID-
treated patients (n = 14), Dukes A (3), B (3), C (6), D (1), and
villous adenoma (1) (Table3). NSAID treatment was
indomethacin (Confortid, 50 mg x 2, Alpharma, n=10) or
Celebrex (100 mg x 2, Pfizer, n = 4) during 3 preoperative days,
together with gastric prophylaxis (Nexium 40 mg x 1, Astra
Zeneca, n = 14) which was also provided as a sham-treatment to
all control patients (Table 3). None of our patients received
perioperative radiochemotherapy, according to standard

Table 3

Patient characteristics before operation.

NSAID Treated Controls

Characteristic' (mean + SEM)  (mean + SEM)
Male/female 8/6 4/10
Age 7242 78 £2
Dukes' stage

A 5 3

B 3 7

C 5 4

D 1 0
Weight 75+3 74+4
Weight loss 2+2 2+3
Hb 1215 116 £ 6
CRP 34+15 18+11
S-albumin 35+2 37+2
S-bilirubin 9+1 8+1
ALP 48+0.8 35+03
ASAT 0.6+0.2 0.5+0.1
ALAT 0.5+0.1 0.3 £0.04
ESR 21+7 18+3
CEA 6+3 32+22
CA-125 18+4 23+5
Disease-specific mortality (d) 522 £107 313+ 106
S-creatinine 112+7 99 +4
Tumor differentiation
- low 4 1
- intermediary 7 10
- high 2 1
Tumor location
- right 8 7
- transverse 3 0
- left, sigmoideum 3 7

' Abbreviations: Hb, hemoglobin; CRP, C-reactive protein; ALP,
alkaline phosphatase; ASAT, aspartate aminotransferase; ALAT,
alanine aminotransferase; ESR, erythrocyte sedimentation rate; CEA,
carcinoembryonic antigen; CA-125, cancer antigen 125.

? Contains one adenoma.
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treatment criteria at our institution and individual judgment at
the time of inclusion. None of the patients experienced
objective or subjective side effects associated with NSAID or
esomeprazol. There was no use of NSAID or NSAID-like drugs
off the trial. The study (NCT00473980) was approved by the
Committee for Ethics at the Medical Faculty, University of
Gothenburg.

Assessment of medication efficacy

We used the capacity of white peripheral blood cells to
produce PGE2 after endotoxin (LPS) challenge in vitro as a
marker of NSAID treatment efficacy. Peripheral venous blood
was drawn from healthy volunteers before and after
consumption of indomethacin for three days as described above.
EDTA mixed blood was diluted in RPMI 1640 (PAA
Laboratories), layered on Lymphoprep (Nycomed) and
centrifuged. White blood cells in the buffy coat were washed in
medium and diluted in complete medium (RPMI 1640, 10%
heat-inactivated ~FCS, 100 U/ml penicillin, 100 pg/ml
streptomycin, and 292 pg/ml L-glutamine) for a final
concentration of 5x 10° cells/ml. One milliliter per well was
seeded in duplicate in a 24-well culture plate (Falcon).
Lipopolysaccharide (LPS) (10 ug/ml cell suspension of
Salmonella enteritides) was added to one well and saline to the
duplicate well. Plates were kept at 37°C in a humidified 5% CO,,
95% air cell incubator for three hours. Indomethacin (10 pg/ml
cell suspension) was then added to inhibit further breakdown of
arachidonic acid. The cell suspension was centrifuged for ten
minutes at 300xg at room temperature. The cell-free
conditioned medium was kept at -20°C until analysis of PGE2.
Unconditioned culture medium was treated in the same way and
saved for background PGE2 subtraction. PGE2 was extracted on
Amprep C18 minicolumns (Amersham RPN 1900) for PGE2
assay (Amersham RPA 530) following acidification, ethanol
addition and centrifugation of conditioned and blank medium.
The radioimmunoassay was performed in duplicate, after
conversion of extracted PGE2 by methyl oximation.

Three days of indomethacin treatment decreased both basal
PGE2 levels (36-40 versus 16-17 pg/ 10° cells) and LPS-
stimulated levels (124-151 versus 62-83 pg/10° cells).

Tumor and colon tissue material

Tumor tissue and normal colon tissue samples (down to the
serosa layer) were collected at surgery, snap frozen in liquid
nitrogen and stored at -70°C until analysis. Recent samples were
kept in RNA later (Ambion) for 24 hours at 4°C and then kept at
-20°C ~ until  analysis of RNA  expression. For
immunohistochemistry, biopsies were kept in 4% buffered
formaldehyde solution for 3 days at 4°C, washed and kept in
70% ethanol until dehydration and paraffin embedding.

RNA extraction and cDNA synthesis

Total RNA was extracted with the RNeasy Fibrous Tissue Midi
Kit (Qiagen), and DNase treatment was included according to
the kit protocol. Quality and quantity of RNA were checked in
an Agilent 2100 BioAnalyzer with the RNA 6000 Nano Assay Kit
(Agilent Technologies). The concentration of RNA was also
measured in a Nano Drop ND-1000A spectrophotometer (Nano
Drop Technologies, Inc.). Aliquots of total RNA were used for
real-time PCR, where 1 pg total RNA was reverse transcribed
with ClonTech 1% STRAND™ ¢DNA Synthesis Kit (Becton
Dickinson) and incubated for 1 hour at 42°C, followed by 5
minutes at 94°C. Each sample was then diluted to a final volume
of 100 pl. Reactions were run in parallel, with the reverse
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transcriptase being omitted in the control for DNA
contamination. Poly(A™) RNA was purified using the mRNA
Purification Kit (Amersham Biosciences) for microarray
analysis. Purified poly(A™) mRNA fractions were also checked
in the BioAnalyzer and quantified in the NanoDrop.

Tumor mRNA for microarray analysis was pooled from six
indomethacin-treated patients and from six sham-treated
controls respectively (indomethacin-treated, 71 + 11 (SD) years;
controls, 74 £ 5 (SD) years; 2 males and 4 females in each group;
1 Dukes A, 2 Dukes B, and 3 Dukes C in each group). Similar
principles were used for normal colon tissue from the same
patients.

Microarray expression profiling

Four hundred nanograms of pooled mRNA from
indomethacin-treated patients (test) were labeled with Cyanine
3-dCTP (Amersham BioSciences) in a cDNA synthesis reaction
using the Agilent Fluorescent Direct Label Kit. Four hundred
nanograms of pooled mRNA from control patients were labeled
with Cyanine 5-dCTP in parallel. An expression array (Whole
Human Genome Oligo Microarray, Agilent Technologies)
containing 44290 features, including positive and negative
control spots, was used. Hybridization was performed during 18
hours with test versus control cDNA in a dual-color experiment,
followed by post-hybridization washes according to "in situ
Hybridization Kit Plus" (Agilent Technologies) instructions.
Microarrays were dried with nitrogen gas in a laminar flow
bench and images were quantified on Agilent G2565 AA
microarray scanner and fluorescence intensities were extracted
using the Feature Extraction software program (Agilent
Technologies). Dye-normalized, outlier- and background-
subtracted values were analyzed using the GeneSpring software
program, imported with the FE Plug-in (Agilent). Three
technical replicates of tumor tissue were run, including dye-
swap and two replicates of normal colon. Informative features
from pooled tumor RNA were 41059 out of the 44290 features
analyzed. Hands-on variation was checked in a "yellow
experiment" where the same tumor RNA was labeled with both
dyes competing for the same targets.

Quantitative real-time PCR

Real-time PCR was performed in a LightCycler 1.5 with
nghthcler Fast Start DNA Master, LightCycler Fast Start DNA
Master”™ (Roche) or SYBR Premix Ex Taq Perfect Real Time
(TaKaRa Bio Inc.). PCR conditions are given in Table 4. Primers
for eighteen target genes, alpha and beta chain were included
when applicable (except for CD8) and added to each capillary at
a final concentration of 0.5 uM. Primer sequences, fragment
length and gene accession number are given in Table 5 (66-70).
Two microliters of cDNA were used for each amplification. All
samples were analyzed in duplicate and compared to the
expression of glyceraldehyde-3-phosphate dehydrogenase
(GAPDH, Control Amplimer Set, 639003, BD Biosciences)
which was the housekeeping gene which was the least variable of
eleven candidates tested (17). Quantitative results were derived
using the relative standard curve method, where the standard
specimen was cDNA from an untreated human colon tumor
(intermediate differentiation, Dukes C) resected at Sahlgrenska
University Hospital. For CD8 alpha, granzymes and perforin,
the expression level was too low in the untreated control tumor
standard to obtain a standard curve. Instead pooled cDNA from
five tumors from indomethacin-treated patients was used. All
PCR products had the expected size, as analyzed with the
Agilents BioAnalyzer in DNA 1000 Chip, although MHC genes
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Table 4

PCR conditions and kits used for quantitative amplification.

Gene Kit' PCR conditions
Activation Denaturation Annealing Elongation Cycles
HLA-DMA a  95°C,600s 95°C,10s 63°C,7s 72°C,5s 40
HLA-DMB a_  95°C,600s 95°C,10s 62°C,7s 72°C,6s 40
HLA-DOA b 95°C,600s 95°C,10s 60°C, 6s 72°C,7s 40
HLA-DOB b 95°C,600s 95°C,10s 62°C,6s 72°C,7s 40
HLA-DPALI a_ 95°C,600s 95°C,10s 61°C,7s 72°C,11s 40
HLA-DPBI1 a  95°C,600s 95°C,10s 61°C,7s 72°C,8s 40
HLA-DQAI1 b 95°C,600s 95°C,10s 64°C,7s 72°C,12's 40
HLA-DQB a  95°C,600s 95°C,10s 62°C,7s 72°C,13 s 40
HLA-DRA a_  95°C,600s 95°C,10s 65°C,10s  72°C,7s 40
HLA-DRB a  95°C,600s 95°C,10s 60°C,10s  72°C,6s 40
CD4 a  95°C,600s 95°C,10s 64°C,10s  72°C,7s 40
CD8a ¢ 95°C,10s 95°C,5s 55°C,10s 72°C,10s 45
Granzyme B a 95°C,600s 95°C,10s 60°C,7s 72°C,9s 40
Granzyme H a 95°C,600s 95°C,10s 60°C,7s 72°C, 8 s 40
Perforin a 95°C,600s 95°C,10s 60°C,7s 72°C, 10 s 40
HLA-A a_  95°C,600s 95°C,10s 60°C, 6s 72°C,4s 40
HLA-C a_  95°C,600s 95°C,10s 60°C, 6s 72°C,4s 50
FCGR3A (CD16) a  95°C,600s 95°C,10s 60°C,6s 72°C,6s 40
GAPDH a  95°C,600s 95°C,10s 60°C, 6 s 72°C, 18 s 40
" Kit used:

a) Light Cycler Fast Start DNA Master™ SYBR Green 1 (code 03515885001, Roche).
b) Light Cycler Fast Start DNA Master SYBR Green 1 (code 12239264001, Roche).

¢) SYBR Premix Ex Taq (Perfect Real Time) (code RR041A, TaKaRa Bio Inc).

Table 5
Gene names and accession numbers, primer sequences and fragment lengths.
Gene Accession No. Primer Sequences’ Fragment Reference
Length (bp)

HLA-DMA NM_006120 f: 5° CTG TGT GGC AAG AAG GTA TGG GT 3” 116 66
r: 5" CAT TGG AGT AGG AGC TTC AGG GA 3

HLA-DMB NM_002118 f: 5> GGC ATC TTT ACA GAG CAG AGC AT 3’ 145 66
r: 5° ATG TGA AAT CCT TTG GAG TCC CA 3’

HLA-DOA AY947481 f: 5> CAG GCA TTG GGA GCT CCAG 3’ 157 67
r: 5> GGA TCA TTA CCT GGG GACAC 3’

HLA-DOB AY 645723 f: 5 CTG TGG AGT GGA GAG CTC A 3’ 168 67
r: 5> CAG CTC TTG AGA CCCTCA TTACC3’

HLA-DPA1 NM_033554 f: 5 TTG ATC CAG CGT TCC AAC CAC 3’ 272 -
1: 5 CAG TCA TAG AAG TCC TCT GCT 3°

HLA-DPBI1 NM_002121 f: 5° CTA CGC GTT TAA TGG GAC AC 3’ 200 -
r: 5 CGT AGT TGT GTC TGC ACA TCC TGT 3”

HLA-DQA1 NM_002122 f: 5 TGA TGG AGA TGA GCA GTTCTAC 3’ 296 -
r: 5’ CAT TGC TCA GCCATG TGATGTT 3’

HLA-DQB M20432 f: 5 GTC TTG TGA CCA GAT ACATCT 3’ 306 68°
1: 5 TCT GGC CTG GAT AGA AATCTGT 3’

HLA-DRA NM_019111 f: 5 GCC AAC CTG GAA ATC ATG ACA 3’ 171 66°
r: 5 ATT TCG AAG CCA CGT GACATT GACCA 3’

HLA-DRBI NM_002124 f: 5 AGT ACC GGG CGG TGA CGG AG 3’ 146 66
1: 5 TCG CCG CTG CACTGT GAAG 3

CD4 BTO019811 f: 5 GAC ATG CAC TGT CTT GCA GAAC 3’ 160 707
r: 5> ACT GCC CGT CAGCTTTTC AACTGTA 3’

CD8a NM_001768 f: 5° CGT CAT GGC CTT ACC AGT GAC 3’ 394 69°
r: 5 CGG CAC GAA GTG GCT GAA GTA 3’

Granzyme B A26437 f: 5> TGG GAT CAG AAG TCT CTG AAG 3’ 220 -
r: 5 GCT GCA GTA GCA TGA TGT CAT 3°

Granzyme H NM_033423 f: 5 GCA TCC TAG TGA GAA AGG ACT 3’ 187 -
r: 5 TGC AGT AGC ATG ATG TCG TTG 3’

Perforin X13224 f: 5> AGC AAT GTG CAT GTG TCT GTG 3’ 234 -
r: 5 GTT GGA GAT AAG CCT GAGGTA 3’

HLA-A NM_002116 QuantiTect Primer Assay (QT00100023) 82 -

HLA-C NM 002117 QuantiTect Primer Assay (QT00039809) 89 -

FCGR3A (CD16) NM_000569

QuantiTect Primer Assay (QT00217252)

131

! Abbreviations: f, forward; r, reverse.

2
“ Sense.
? Modified.
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Table 6
Antibodies, host species, final concentrations and target retrieval solutions used for immunohistochemistry, with suppliers and product
numbers.
Antibody Isotype Supplier Product No. Concentration Buffer for HIER
(ug/ml)
MHC Class I, Rabbit Polyclonal Santa Cruz sc-25619 4 1 mM EDTA buffer, pH 8.0
Biotechnology
Monoclonal Mouse Anti-Human HLA-DP, IgGl, kappa  DakoCytomation MO0775 3 1 mM EDTA buffer, pH 8.0
-DQ, -DR Antigen, Clone CR3/43
Monoclonal Mouse CD20, Clone L26 IgG2a, kappa Novocastra NCL-CD20-L26 0.96 10 mM Citrate buffer, pH 6.0
Monoclonal Mouse Anti-Human CD68, 1gG3, kappa  DakoCytomation MO0876 0.8 10 mM Tris, 1 mM EDTA buffer, pH 9.0
Clone PG-M1
Monoclonal Mouse CD83, Clone 1H4b IgG1, kappa  Novocastra NCL-CD83 1.4 Target Retrieval Solution High pH
(pH 9.9) (DakoCytomation S3308)
Monoclonal Mouse CD4, Clone 4B12 IgG1, kappa  Novocastra NCL-CD4-368 27.5' 1 mM EDTA buffer, pH 8.0
Monoclonal Mouse Anti-Human CD8, IgG1, kappa  DakoCytomation M7103 4 10 mM Tris, 1 mM EDTA buffer, pH 9.0
Clone C8/144B
Monoclonal Mouse Anti-Human 1gG2a, kappa DakoCytomation M7235 24 Target Retrieval Solution High pH
Granzyme B, Clone GrB-7 (pH 9.9) (DakoCytomation S3308)
Monoclonal Mouse Perforin, Clone 5B10  IgGl Novocastra NCL-PERFORIN 4.9 10 mM Tris, 1 mM EDTA buffer, pH 9.0
Monoclonal Mouse CD16 IgGl Santa Cruz sc-20052 4 10 mM Tris, 1 mM EDTA buffer, pH 9.0
Biotechnology
Monoclonal Mouse NCAM (CD56) IgG1 Santa Cruz sc-7326 4 10 mM Tris, Im M EDTA buffer, pH 9.0

Biotechnology

" These are approximate concentration values according to manufacturer.

may be polymorphic. All reactions were confirmed using both
positive and negative controls (one dilution of standard curve
c¢DNA and water substituted for cDNA, respectively).

Immunohistochemistry

Formalin-fixed and paraffin embedded tissue sections (4 um)
were deparaffinized and rehydrated according to standard
procedures and rinsed twice in 5 mM TBS, pH 7.8. Sections
were microwave-irradiated in different target retrieval solutions.
Eleven antibodies were used. Host species, final concentrations
and suppliers are given in Table 6. Sections were mounted with
Shandon Coverplates. Non-specific protein binding was initially
blocked with TBS containing 5% fat-free dry milk, followed by
the procedure described in EnVision Dual Link System-HRP
(K4065, Dako Cytomation). Normal IgG from the same species
as the primary antibody was used as the negative control and
was incubated in parallel. Diaminobenzidine (DAB), included
in the EnVision kit, was used as chromogen. Counterstaining
was performed in Mayer ‘s hematoxylin and mounting was done
in Mountex following dehydration (Histolab Products,
Gothenburg, Sweden). The EnVision Doublestain Kit (K1395,
Dako Cytomation) was used according to the manufacturer's
instructions for dual labeling of CD8 and perforin respective to
CD16 and CD56, where perforin and CD16 stained red (Fast
Red) and CD8 and CD56 stained brown (Dab+). Sections were
mounted in aqueous medium (Faramount, Dako Cytomation)
following counterstaining.

Observations of protein occurrence and distribution on
antibody-stained tissue sections were performed using a Nikon
eclipse E400 microscope and Digital HyperHAD Color Video
Camera (Sony) using the Easy Image analysis software (Tekno
Optik  AB, Sweden). Cells were counted manually,
distinguishing between tumor epithelium and tumor stroma, in
the presence of numerous infiltrating cells (CD4, CD8, CD20,
CD68) in ten representative fields of view. Similarly, cells were
counted in sections, also with tumor epithelium/tumor stroma
distinction, with or without adjustment to equalize areas when
cells and granule were sparse (CD83, granzyme B, perforin,
CD16, C56). A semiquantitative scoring system was used for the
evaluation of MHC immunostaining, where the protein
distribution area (expressed as a percentage) was multiplied by

10 of 10

an intensity score ranging from 0 to 5 (maximum score =
100 x 5).

Statistics

Primary variables were significantly altered gene transcript
levels indicative of functional groups of molecules, such as the
HLA locus. Patients were randomized to receive either sham
treatment or study drugs (indomethacin, celebrex) in a 2:1
relationship by a computer-based algorithm (71). Power
estimates on tumor tissue transcripts (o <0.05, 3 =0.80)
indicated that 10-12 patients in the NSAID-treated and control
groups would be enough to identify significantly altered gene
expression according to our earlier experience (17).

The ratio between expressed transcripts in tumors from
NSAID-treated patients versus tumors from placebo-treated
patients was calculated using the GeneSpring software program
for microarray evaluation. Filtering on flags and filtering on fold
change (two-fold up and down) were used. Real-time PCR
results were calculated as gene expression values relative to
GAPDH expression obtained from the LightCycler® data files.
Differences between study and control groups were tested for
statistical significance using the non-parametric Mann-
Whitney U-test, with P < 0.05 considered as significant in two-
tailed tests and P < 0.10 a trend to significance.
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