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Tumour-infiltrating lymphocytes in colorectal cancer with
microsatellite instability are activated and cytotoxic
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Background: Patients with colorectal cancer that display high-level microsatellite instability (MSI-H)
appear to have a better prognosis. This may be explained by the pronounced T cell infiltrate seen in
MSI-H tumours that is related to a specific antigen-driven immune response. The nature of tumour-
infiltrating lymphocytes in colorectal cancers was investigated using quantitative real-time polymerase
chain reaction (PCR) and immunohistochemistry.
Methods: Quantitative fluorescent hydrolysis probe-based reverse transcriptase–PCR assays were used
to detect levels of mRNA specifying T cell markers in fresh frozen colorectal tissue from MSI-H
tumours and those with little or no microsatellite instability (microsatellite stable (MSS) tumours). In
addition, immunohistochemistry was performed on paraffin-embedded sections to compare expression
of the same T cell markers and the activation markers granzyme B and interleukin 2 receptor α-subunit
(IL-2Rα) in MSI-H and MSS tumours.
Results: MSI-H tumours contained higher ratios of CD8/CD3 mRNA copy numbers than MSS
tumours (P = 0·016), confirming the cytotoxic nature of lymphocyte infiltrates in this subset of
colorectal cancers. Furthermore, immunohistochemistry confirmed that MSI-H tumours contained
more infiltrating lymphocytes than MSS tumours, as shown by increased expression of CD3 (P = 0·003)

and CD8 (P = 0·008). Consistent with other studies, the lymphocytes in MSI-H tumours were activated
as indicated by significantly higher granzyme B counts (P = 0·020) and a significantly higher level of
expression of IL-2Rα (P = 0·017).
Conclusion: The results support the hypothesis that MSI-H colorectal cancers may be more
immunogenic than MSS tumours.
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Introduction

Microsatellite instability is a feature of malignancy in
the hereditary non-polyposis colorectal cancer (HNPCC)
syndrome1,2. Germline defects in mismatch repair genes
lead to an accumulation of replication errors, deletion
and insertion mutations at simple repeated sequences
(microsatellites) throughout the genome3. Around 15–20
per cent of sporadic colorectal cancers also show
microsatellite instability, resulting from defective mis-
match repair commonly due to hypermethylation of the
hMLH1 gene4,5. HNPCC-associated cancers and spo-
radic tumours showing high-level microsatellite instability
(MSI-H) are associated with an improved 5-year sur-
vival rate of up to 10–20 per cent, and this survival

advantage is independent of other common prognostic
criteria6,7.

The presence of tumour-infiltrating lymphocytes in
colorectal cancer has been associated with an improved
prognosis8,9 and is more marked in MSI-H cancers10.
Previously, immunohistochemical methods have demon-
strated increased expression of cytotoxic CD8-positive T
cells and increased apoptosis of tumour cells in MSI-
H colorectal cancer11,12. Increased levels of perforin and
granzyme B, mediators of target cell death13, were also
demonstrated in these studies. Subsequent survival data
support the view that the presence of cytotoxic lympho-
cytes in MSI-H colorectal cancer may enhance patient
survival14.
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This study examined the activation of T cell responses
in MSI-H colorectal cancer by comparative analysis of
interleukin 2 receptor α-subunit (IL-2Rα) expression
by immunohistochemistry. The IL-2Rα is upregulated
in immune responses and is recognized as a marker
of lymphocyte activation15. In addition, fluorescent
hydrolysis probe-based reverse transcriptase–polymerase
chain reaction (RT–PCR) assays were used to detect
mRNA levels of T cell markers, allowing a quantitative
comparative analysis of lymphocyte infiltration.

Patients and methods

Patients

The local research ethics committee gave approval and all
patients gave informed consent before operation. Tissue
was collected between 1 November 1997 and 1 December
2001 from consecutive patients undergoing operation for
colorectal cancer. Eleven patients were excluded because
sampling was thought to be potentially detrimental to
histopathological assessment (four patients) or because
prompt collection of a sample was not possible (seven).
Specimens from 164 tumours, arising in 162 patients
(two patients had two cancers each), were collected within
30 min of surgical resection. Tumour material was biopsied
from the exophytic component, avoiding grossly necrotic
areas, and mucosal tissue was sampled at a distance of
10 cm proximal to the cancer (distal in tumours at the
caecal pole). The tissue was snap-frozen in liquid nitrogen
and stored at − 70◦C.

Microsatellite analysis and fluorescent hydrolysis
probe-based polymerase chain reaction

Genomic DNA was prepared from tumour and mucosal
specimens using a DNeasy kit (Qiagen, Hilden, Ger-
many) and quantified on a GeneQuantTM spectropho-
tometer (Pharmacia Biotech, Cambridge, UK). The two

mononucleotide markers, BAT-26 and BAT-40, were
chosen from the panel of markers recommended by the
National Cancer Institute convention on microsatellite
instability analysis16. PCR analysis at these polyadenine
tracts was performed with 100 ng genomic DNA in a
total volume of 40 µl containing 1·5 mmol/l magnesium
chloride, 1 × PCR buffer, 200 µmol/l deoxynucleotide
triphosphate, 1 unit AmpliTaq GoldTM (Perkin Elmer,
Foster City, California, USA) and 1 µmol/l of each primer.
PCR conditions were 94◦C for 11 min followed by 40
cycles (94◦C for 40 s, 50◦C for 30 s (45◦C BAT-40),
72◦C for 30 s) and elongation at 72◦C for 7 min. Prod-
ucts were separated on a denaturing polyacrylamide gel
(Sequagel XR; National Diagnostics, Atlanta, Georgia,
USA) within a dedicated system (Sequi-Gen GT sequenc-
ing cell/PowerPac 3000; BioRad Laboratories, Hemel
Hempstead, UK) and visualized by a modified silver stain-
ing procedure17. Tumours with MSI-H showed marked
differences in tumour DNA product length owing to the
quasimonomorphic nature of the BAT-26 marker, and
similar bandshifts were seen in BAT-40 analysis. Tumours
with no bandshifts in these markers were labelled as
microsatellite stable (MSS). In view of the clinicopatholog-
ical similarities, no distinction was made between HNPCC
and sporadic MSI-H colorectal cancers.

For molecular analysis, tissue from 18 MSI-H tumours
was available and compared with that from 28 MSS
colorectal tumours, chosen to give similar proportions
of right- and left-sided tumours (proximal or distal to the
splenic flexure) and to minimize the influence of tumour
location on the analysis. Total RNA was prepared from
samples using an RNeasy kit (Qiagen) and quantified
using spectrophotometry and Ribogreen quantification
kits (Molecular Probes, Leiden, The Netherlands). RNA
quality was assessed by measurement of the A260/A280
ratio. Primer and probe sequences were designed for T cell
markers (Table 1) and quantitative RT–PCR performed
on the ABI 7700 Prism sequence detection system using
Taqman EZ RT–PCR reagents (Applied Biosystems,

Table 1 Primers and probes used for quantitative reverse transcriptase–polymerase chain reaction analysis

Gene

Exon/
exon
span Primers Probe 5′ FAM 3′ TAMRA

Amplicon
length
(b.p.)

Genbank
accession

no.

CD3� 5–7 F: 5′ GAG TTC GCC AGT CGA GAG CT 3′ 5′ CAG ACA AGC AGA CTC TGT TGC CCA ATG A 3′ 85 NM 000073
R: 5′ TCA TCT TCT CGA TCC TTG AGG G 3′

CD4 — F: 5′ CTT CTT CTG TGT CAG GTG CCG 3′ 5′ CAC CGA AGG CGC CAA GCA GAG 3′ 69 NM 000616
R: 5′ AGG AGT CTC TTG ATC TGA GAC ATC C 3′

CD8A 2–3 F: 5′ CTG AGC AAC TCC ATC ATG TAC TTC A 3′ 5′ CCA CTT CGT GCC GGT CTT CCT GC 3′ 68 NM 001768
R: 5′ GTC GTG GTG GGC TTC GC 3′

F, forward; R, reverse; FAM, 6-carboxyfluorescein; TAMRA, 6-carboxy-tetramethylrhodamine.
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Warrington, UK) and standard cycling parameters.
Reactions were processed in duplicate, with reference
concentrations of amplicon on the same 96-well plate.
Amplicon-specific standard curves were constructed using
sense-strand oligonucleotides for each plate, and sample
copy numbers of mRNA were calculated for each by
reference to this standard curve18.

Immunohistochemistry

Tissue from 26 MSI-H tumours was available and 48
MSS tumours were chosen to reflect the proportion
of right-sided tumours. Paraffin-embedded stored tissue
was retrieved and fresh 3-µm sections were mounted on
poly-lysine treated slides (BDH-Merck, Poole, UK). A
previously described method was followed for staining of
the IL-2Rα subunit in paraffin-embedded tissue19. Staining
for CD3, CD4, CD8 and granzyme B was performed as
follows. Sections were dewaxed by immersion in xylene
twice, each for 2 min, and industrial methylated spirits
twice, each for 2 min. Endogenous peroxidase was blocked
by incubating sections in 1 per cent (v/v) hydrogen peroxide
in methanol for 15 min. Sections were washed in tap water
for 5 min then placed in 0·05 mol/l Tris-buffered saline
(TBS) pH 7.6 for 5 min. Antigen retrieval and visualization
was performed according to Table 2. TBS washes were
included between steps. Washes for CD4 staining included
Tween 20 (500 µl/l in TBS). All antibodies were visualized
using 3,3′-diaminobenzidine as chromagen (Biogenex, San
Ramon, California, USA) and counterstained with Meyer’s
haemulun (BDH-Merck). Sections were washed in tap
water, dehydrated and mounted. For controls, paraffin-
embedded appendiceal tissue was used. Negative controls
omitted the primary antibody.

Quantification of results and statistical analysis

Messenger RNA copy numbers for the T cell markers
CD4 and CD8 were standardized to CD3 mRNA copy
numbers. In immunohistochemical analysis, positively
stained intraepithelial cells were counted, as improved
prognosis in colorectal cancer has been associated
specifically with intraepithelial lymphocytes rather than
stromal or peritumoral lymphocytes20. Quantification was
performed by observation of ten high-power (× 400) fields
and taking mean values. Areas were quasirandomly sampled
to include representative areas of solid tumour. One
author analysed all slides. Some 20 per cent of slides
were sampled randomly and reassessed independently
by another observer. Both observers were blinded to
microsatellite status.

Groups were compared using a non-parametric method,
the two-tailed Mann–Whitney U test. Correlations
between marker expressions were assessed by the non-
parametric Spearman’s rank test. Clinicopathological data
were compared with an unpaired t test for mean age
and contingency tables and a χ2 test for associations.
Analyses were performed on GraphPad Prism version
3.0 (GraphPad Software, San Diego, California, USA) and
significance was taken at the 5 per cent level.

Results

Clinicopathological data

Microsatellite instability was detected in 26 (15·9 per cent)
of 164 colorectal cancers using BAT-26 (Table 3). Two
patients each had two MSI-H cancers. BAT-40 failed to
identify any additional cases (data not shown). In this series
of 164 colorectal cancers, 59 (36·0 per cent) were located

Table 2 Antibodies and reagents used for immunostaining

Antibody
(clone) Supplier Dilution, time Antigen retrieval and buffer Visualization

CD3 Dako 1 : 400, 40 min MW, 18 min
Citrate pH 6.0

Vectastain Universal Elite ABC kit

CD4 (IF6) Novocastra 1 : 60, 60 min PC, 3 min
EDTA/water, pH 8.0

Vectastain Universal Elite ABC kit

CD8 Dako 1 : 100, 40 min MW, 18 min
Citrate, pH 6.0

Vectastain Universal Elite ABC kit

IL-2Rα (ACT-1) Dako 1 : 1500, 15 min 99◦C, 25 min
Dako Target Retrieval Solution, pH 6.1

Dako CSA system

Granzyme B Dako 1 : 75, 40 min MW, 18 min
EDTA/water, pH 8.0

Vectastain Universal Elite ABC kit

MW, microwave treatment at 650 W; PC, pressure cooker treatment; citrate buffer, citric acid 0·38 g/l, trisodium citrate 2·38 g/l, adjusted with sodium
hydroxide; EDTA/water, EDTA (disodium salt) 0·38 g/l, adjusted with sodium hydroxide IL-2Rα, interleukin 2 receptor α-subunit. Dako, Dako A/S,
Glostrup, Denmark; Novocastra, Novocastra Laboratories, Newcastle upon Tyne, UK; Vectastain Universal Elite, Vector Laboratories, Burlingame,
California, USA.
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Table 3 Population statistics for all patients and respective
tumour samples

MSI-H MSS

No. of patients 24 138
Sex ratio (M : F) 9 : 15 79 : 59
Age (years)* 65·5(13·7) 69·4(12·5)
No. of tumour samples 26 138
Location of tumour†

Right 19 (73) 40 (29·0)
Left 7 (27) 98 (71·0)

*Values are mean(s.d); †values in parentheses are percentages. MSI-H,
high-level microsatellite instability; MSS, all other phenotypes. Right,
tumours from the caecum to the distal transverse colon; left, tumours at
or distal to the splenic flexure.

Table 4 Messenger RNA copy numbers for chosen markers and
selected indices

Copy no. (per ng tumour RNA)

MSI-H MSS P*

CD3 3650 (14·8–30 700) 4410 (1100–19 600) 0·606
CD4 7420 (36·8–133 000) 2530 (105–31 800) 0·661
CD8 15 700 (660–124 000) 12 400 (3810–81 200) 0·105
CD4/CD3 0·70 (002–380) 0·67 (0·03–3·18) 0·954
CD8/CD3 4·20 (2·26–103) 3·00 (1·05–6·13) 0·016

Values are median (5th–95th percentiles). MSI-H, high-level
microsatellite instability; MSS, all other phenotypes. *Two-tailed
Mann–Whitney U test.

Table 5 Immunohistochemistry counts for intraepithelial
lymphocytes

Counts per high-power field

MSI-H MSS P*

CD3 14·6 (1·0–58·5) 3·9 (0·1–21·8) 0·003
CD4 3·9 (1·0–41·3) 3·1 (0·2–20·4) 0·212
CD8 18·8 (0·7–139) 3·3 (0·6–19·0) 0·008
IL-2Rα 1·5 (0·3–9·5) 1·1 (0·1–2·7) 0·017
Granzyme B 23·5 (5·2–78·0) 6·3 (1·0–24·2) 0·020

Values are median (5th–95th percentiles). MSI-H, high-level micro-
satellite instability; MSS, all other phenotypes. IL-2Rα, interleukin 2
receptor α-subunit. *Two-tailed Mann–Whitney U test.

proximal to the splenic flexure and MSI-H was found in 19
(32 per cent) of these tumours (P < 0·001). The MSI-H
population was younger, probably owing to the inclusion
of patients with HNPCC, and two-thirds were women, but
these trends were not significant.

Reverse transcriptase–polymerase chain reaction

Comparison of absolute values for mRNA copy numbers
between samples is restricted by lack of ability to control
for cellular constituents. Although analysis of frozen
sections has confirmed a tumour epithelial proportion of
80–90 per cent, RNA extraction is affected by sample
heterogeneity between cases. This variability was allowed
for by using ratios of mRNA copy numbers. The number
of mRNA copies of T cell subset markers CD4 and CD8
was standardized to that of CD3. There were significant
differences in CD8/CD3 ratios between MSI-H and MSS
tumours (Table 4).

a  MSI-H

b  MSS

Fig. 1 Immunohistochemical staining for CD8 antibodies on
intraepithelial lymphocytes in colorectal cancers a with
high-level microsatellite instability (MSI-H) and b all other
phenotypes (MSS) (Meyer’s haemulun counterstain, original
magnification × 400)
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a  MSI-H

b  MSS

Fig. 2 Immunohistochemical staining for interleukin 2 receptor α

antibodies on intraepithelial lymphocytes in colorectal cancers a
with high-level microsatellite instability (MSI-H) and b all other
phenotypes (MSS) (Haematoxylin counterstain, original
magnification × 400)

Immunohistochemistry

Clear differences in immunohistochemical staining were
noted between MSI-H and MSS tumours (Table 5).
MSI-H tumours showed significantly higher counts for
CD3-positive and CD8-positive cells (Fig. 1), but no
differences were found in CD4 counts. IL-2Rα (Fig. 2)
and granzyme B levels were also significantly higher in
MSI-H tumours. Overall CD3 expression correlated most
strongly with CD8 expression (rs

2 = 0·64) and, similarly,
IL-2Rα expression correlated most strongly with CD8
expression (rs

2 = 0·70). The correlation between IL-2Rα

and CD4 was relatively poor (rs
2 = 0·24).

To assess variability, interobserver scores were analysed
by method comparison analysis and agreed within 5
per cent21.

Discussion

This analysis revealed microsatellite instability in 15·9
per cent of 164 consecutive colorectal cancers. There
was a significant association with the right side of the
colon, consistent with accepted figures and indicating that
the choice of microsatellite marker is valid. Since the
International Collaborative Group tentatively endorsed
the division of microsatellite status into three groups (MSI-
H, low-level microsatellite instability (MSI-L) and MSS)
in 1997, several studies have highlighted the biological
distinction between MSI-H and the two other groups22,23.
However, clinicopathological differences between MSI-L
and MSS cancers are not well defined, so MSI-L was not
defined separately in this study but simply included in the
MSS group. The BAT-26 marker has been shown to be
highly specific for the MSI-H phenotype and consistent
with larger panels, including dinucleotide markers24–26.
Several studies have highlighted the value of BAT-26 as a
marker for MSI-H, and inclusion of BAT-40 revealed no
additional benefit in terms of sensitivity.

In this study MSI-H colorectal cancers displayed
significantly higher immunostaining of CD3 and CD8 T
lymphocyte markers. The significant correlation between
CD8 and CD3 markers confirmed that the lymphocyte
infiltrate was predominantly cytotoxic (CD8 positive), as
shown in previous work11. Notably the mRNA analysis
confirmed this finding by demonstrating significantly
increased CD8/CD3 mRNA levels.

Immunohistochemical staining of paraffin-embedded
colorectal tissue for IL-2Rα demonstrated that this marker
of activation was also raised in MSI-H tumours. IL-
2Rα is expressed by a variety of immune cells other
than cytotoxic lymphocytes. Indeed, a subset of CD4-
positive cells that expresses high levels of IL-2Rα appears to
have immune suppressive actions27. However, expression
of IL-2Rα correlated more strongly with CD8-positive
lymphocytes, whereas correlation with CD4-positive
lymphocytes was relatively poor. This suggests that the
population of T cells was dominated by activated cytotoxic
CD8-positive IL-2Rα-positive lymphocytes rather than
regulatory CD4-positive IL-2Rα-positive lymphocytes.

There were no significant correlations between T cell
marker mRNA copy numbers and immunohistochemi-
cal counts in these specimens (data not shown). This
may be explained by the fact that there are obvious
and significant differences between the two techniques.
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Immunohistochemistry on paraffin sections allows global
assessment of a tumour sample and is, at best, semiquanti-
tative. The mRNA analysis is quantitative but is performed
on only a tiny fraction of the tumour sample. The use of
ratios of marker copy numbers corrects for tumour het-
erogeneity but there remain clear sampling differences.
These differences may contribute to the discrepancy seen
between levels of protein and mRNA detection. In addi-
tion, mRNA analysis makes no differentiation between all
lymphocytes in the sample whereas only intraepithelial
lymphocytes were counted in the immunohistochemical
analyses. Despite these limitations, both techniques pro-
vided evidence for greater activation of a predominantly
cytotoxic T cell infiltrate in MSI-H colorectal cancers.

The mutator phenotype characteristic of MSI-H
produces mutated peptides that may act as tumour-
specific antigens28,29. For an antigen-specific response
such antigens must be presented in an HLA-restricted
manner, but the higher frequency of mutations in β2-
microglobulin, necessary for major histocompatibility
complex class I presentation, in MSI-H tumours may
preclude direct antigen presentation in these cancers30,31.
However, cross-priming of dendritic cells by released
intracellular antigens may provide an alternative pathway of
immune stimulation32. Increased expression of HLA-DR
has been demonstrated in these tumours33 and HLA-
DM, involved in endosomal processing during class II
presentation, is also overexpressed in MSI-H34. Thus,
activation of the helper arm of the immune system may
have a pivotal role, and interaction between the helper
and killer arms of the immune system is well recognized.
Increased IL-2Rα expression might be a manifestation of
this interaction.

There is now considerable evidence that MSI-H colo-
rectal cancer represents a potential in vivo model of a host
immune response to malignant cells. It is attractive to pro-
pose that such a reaction is responsible for the improved
prognosis in patients with these tumours. Whether this
immune activity is indeed driven by tumour-specific anti-
gens remains to be determined. Further studies of MSI-H
colorectal cancer might yield vital knowledge regarding
this model, leading to significant improvements in under-
standing of host–tumour interactions and improvement of
current immunotherapeutic strategies.

Acknowledgements

The study was funded by Bowel and Cancer Research,
Academic Department of Surgery, The Royal London
Hospital, London, UK (registered charity no. 328667).

References

1 Aaltonen LA, Peltomaki P, Leach FS, Sistonen P,
Pylkkanen L, Mecklin JP et al. Clues to the pathogenesis of
familial colorectal cancer. Science 1993; 260: 812–816.

2 Peltomaki P, Lothe RA, Aaltonen LA, Pylkkanen L,
Nystrom-Lahti M, Seruca R et al. Microsatellite instability is
associated with tumors that characterize the hereditary
non-polyposis colorectal cancer syndrome. Cancer Res 1993;
53: 5853–5855.

3 Ionov Y, Peinado MA, Malkhosyan S, Shibata D,
Perucho M. Ubiquitous somatic mutations in simple
repeated sequences reveal a new mechanism for colonic
carcinogenesis. Nature 1993; 363: 558–561.

4 Lothe RA, Peltomaki P, Meling GI, Aaltonen LA,
Nystrom-Lahti M, Pylkkanen L et al. Genomic instability in
colorectal cancer: relationship to clinicopathological variables
and family history. Cancer Res 1993; 53: 5849–5852.

5 Cunningham JM, Christensen ER, Tester DJ, Kim CY,
Roche PC, Burgart LJ et al. Hypermethylation of the
hMLH1 promoter in colon cancer with microsatellite
instability. Cancer Res 1998; 58: 3455–3460.

6 Gryfe R, Kim H, Hsieh ET, Aronson MD, Holowaty EJ,
Bull SB et al. Tumor microsatellite instability and clinical
outcome in young patients with colorectal cancer. N Engl J
Med 2000; 342: 69–77.

7 Wright CM, Dent OF, Barker M, Newland RC,
Chapuis PH, Bokey EL et al. Prognostic significance of
extensive microsatellite instability in sporadic clinico-
pathological stage C colorectal cancer. Br J Surg 2000; 87:
1197–1202.

8 Watt AG, House AK. Colonic carcinoma: a quantitative
assessment of lymphocyte infiltration at the periphery of
colonic tumors related to prognosis. Cancer 1978; 41:
279–282.

9 Jass JR. Lymphocytic infiltration and survival in rectal
cancer. J Clin Pathol 1986; 39: 585–589.

10 House AK, Watt AG. Survival and the immune response in
patients with carcinoma of the colorectum. Gut 1979; 20:
868–874.

11 Dolcetti R, Viel A, Doglioni C, Russo A, Guidoboni M,
Capozzi E et al. High prevalence of activated intraepithelial
cytotoxic T lymphocytes and increased neoplastic cell
apoptosis in colorectal carcinomas with microsatellite
instability. Am J Pathol 1999; 154: 1805–1813.

12 Michael-Robinson JM, Biemer-Huttmann A, Purdie DM,
Walsh MD, Simms LA, Biden KG et al. Tumour infiltrating
lymphocytes and apoptosis are independent features in
colorectal cancer stratified according to microsatellite
instability status. Gut 2001; 48: 360–366.

13 Barry M, Bleackley RC. Cytotoxic T lymphocytes: all roads
lead to death. Nat Rev Immunol 2002; 2: 401–409.

14 Guidoboni M, Gafa R, Viel A, Doglioni C, Russo A,
Santini A et al. Microsatellite instability and high content of
activated cytotoxic lymphocytes identify colon cancer patients
with a favorable prognosis. Am J Pathol 2001; 159: 297–304.

Copyright  2004 British Journal of Surgery Society Ltd www.bjs.co.uk British Journal of Surgery 2004; 91: 469–475
Published by John Wiley & Sons Ltd



Tumour-infiltrating lymphocytes in colorectal cancer 475

15 Maxwell-Armstrong CA, Durrant LG, Robins RA,
Galvin AM, Scholefield JH, Hardcastle JD. Increased
activation of lymphocytes infiltrating primary colorectal
cancers following immunisation with the anti-idiotypic
monoclonal antibody 105AD7. Gut 1999; 45: 593–598.

16 Boland CR, Thibodeau SN, Hamilton SR, Sidransky D,
Eshleman JR, Burt RW et al. A National Cancer Institute
workshop on microsatellite instability for cancer detection
and familial predisposition: development of international
criteria for the determination of microsatellite instability in
colorectal cancer. Cancer Res 1998; 58: 5248–5257.

17 Bassam BJ, Caetano-Anolles G, Gresshoff PM. Fast and
sensitive silver staining of DNA in polyacrylamide gels. Anal
Biochem 1991; 196: 80–83.

18 Bustin SA. Absolute quantification of mRNA using real-time
reverse transcription polymerase chain reaction assays. J Mol
Endocrinol 2000; 25: 169–193.

19 Quack KC, Vassiliadou N, Pudney J, Anderson DJ, Hill JA.
Leukocyte activation in the decidua of chromosomally
normal and abnormal fetuses from women with recurrent
abortion. Hum Reprod 2001; 16: 949–955.

20 Naito Y, Saito K, Shiiba K, Ohuchi A, Saigenji K, Nagura H
et al. CD8+ T cells infiltrated within cancer cell nests as a
prognostic factor in human colorectal cancer. Cancer Res
1998; 58: 3491–3494.

21 Altman DG, Bland JM. Measurement in medicine – the
analysis of method comparison studies. Statistician 1983; 32:
307–317.

22 Bocker T, Diermann J, Friedl W, Gebert J,
Holinski-Feder E, Karner-Hanusch J et al. Microsatellite
instability analysis: a multicenter study for reliability and
quality control. Cancer Res 1997; 57: 4739–4743.

23 Gonzalez-Garcia I, Moreno V, Navarro M, Marti-Rague J,
Marcuello E, Benasco C et al. Standardized approach for
microsatellite instability detection in colorectal carcinomas.
J Natl Cancer Inst 2000; 92: 544–549.

24 Hoang JM, Cottu PH, Thuille B, Salmon RJ, Thomas G,
Hamelin R. BAT-26, an indicator of the replication error
phenotype in colorectal cancers and cell lines. Cancer Res
1997; 57: 300–303.

25 Cravo M, Lage P, Albuquerque C, Chaves P, Claro I,
Gomes T et al. BAT-26 identifies sporadic colorectal cancers
with mutator phenotype: a correlative study with
clinico-pathological features and mutations in mismatch
repair genes. J Pathol 1999; 188: 252–257.

26 Samowitz WS, Slattery ML, Potter JD, Leppert MF.
BAT-26 and BAT-40 instability in colorectal adenomas and
carcinomas and germline polymorphisms. Am J Pathol 1999;
154: 1637–1641.

27 Somasundaram R, Jacob L, Swoboda R, Caputo L, Song H,
Basak S et al. Inhibition of cytolytic T lymphocyte
proliferation by autologous CD4+/CD25+ regulatory T
cells in a colorectal carcinoma patient is mediated by
transforming growth factor-β. Cancer Res 2002; 62:
5267–5272.

28 Bodmer W, Bishop T, Karran P. Genetic steps in colorectal
cancer. Nat Genet 1994; 6: 217–219.

29 Saeterdal I, Bjorheim J, Lislerud K, Gjertsen MK,
Bukholm IK, Olsen OC et al. Frameshift-mutation-derived
peptides as tumor-specific antigens in inherited and
spontaneous colorectal cancer. Proc Natl Acad Sci U S A 2001;
98: 13 255–13 260.

30 Branch P, Bicknell DC, Rowan A, Bodmer WF, Karran P.
Immune surveillance in colorectal cancer. Nat Genet 1995; 9:
231–232.

31 Bicknell DC, Kaklamanis L, Hampson R, Bodmer WF,
Karran P. Selection for beta 2-microglobulin mutation in
mismatch repair-defective colorectal carcinomas. Curr Biol
1996; 6: 1695–1697.

32 Banchereau J, Steinman RM. Dendritic cells and the control
of immunity. Nature 1998; 392: 245–252.

33 Lovig T, Andersen SN, Thorstensen L, Diep CB,
Meling GI, Lothe RA et al. Strong HLA-DR expression in
microsatellite stable carcinomas of the large bowel is
associated with good prognosis. Br J Cancer 2002; 87:
756–762.

34 Bustin SA, Li SR, Phillips S, Dorudi S. Expression of HLA
class II in colorectal cancer: evidence for enhanced
immunogenicity of microsatellite-instability-positive
tumours. Tumour Biol 2001; 22: 294–298.

Copyright  2004 British Journal of Surgery Society Ltd www.bjs.co.uk British Journal of Surgery 2004; 91: 469–475
Published by John Wiley & Sons Ltd


