
INTRODUCTION

It has been known for decades that solid malignancies in humans
are associated with an infiltrate of inflammatory cells. A number
of studies have found a clear positive correlation between 
the density of the lymphoid infiltrate and the prognosis of the
patient [1–4]. This, together with the partial oligoclonality of 
carcinoma-infiltrating T cells [5], indicates that local immune
responses to the tumours are likely to be occurring, although the
precise nature of the response, and the reason for the survival of
the tumours despite the anti-tumour response, are not known. It
has been shown that in vitro, CD8+ T-IEL are able to sponta-
neously lyse colon carcinoma cell lines [6]. Around 20% of the
stromal, but almost none of the intraepithelial CD8+ T cells
express perforin in Dukes’ A carcinomas, decreasing to just 3%
in the stroma in Dukes’ C cases [7]. Carcinoma-infiltrating Vd1+

T cells also lyse colon carcinoma cell lines [8], recognizing MICA
and MICB on the tumour cells [9], and it has been shown in mice
that Va14+ NK T cells lyse tumour cells [10]. As CD1, the target
for human Va24+ NK T cells, is expressed on the intestinal epithe-
lium [11], these cells may also respond to colorectal carcinoma
cells.

The phenotypes of the infiltrating lymphocytes have been
investigated, and the proportions of CD4+, CD8+, TCRab + and

TCRgd + cells reported vary considerably in different studies
[12–19]. However, overall, it appears that CD8+ T cells localize to
the epithelium, as in the normal gut. It has also been shown that
the numbers of CD56+ and CD57+ NK T cells are increased within
colorectal carcinomas compared with the normal gut [20,21].

To increase understanding of the anti-tumour immune
response, we have asked which subsets of tumour-infiltrating T
cells are stimulated to proliferate in the T-IEL compartment,
where T cells are in direct contact with the tumour, and in the
stroma. We have also compared the proliferation frequencies
observed for each T-cell subset with that observed in areas of
maximal T cell stimulation in tonsils and Peyer’s patches. In addi-
tion, T cells within intact cultured explants of colorectal carcino-
mas were studied to determine whether the T cell response is
supported by factors in the tumour microenvironment. The
explant model described here will also enable future studies 
of the functional relationship between the stromal and lymphoid
elements of the tumour microenvironment.

MATERIALS AND METHODS

Tissues
Fresh surgical bowel specimens were received on the day of
surgery. Blocks of carcinomas were removed and either snap
frozen and stored in liquid nitrogen, or used immediately for
organ culture experiments. Intestinal biopsies were taken during
routine endoscopies, snap frozen immediately on removal and
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SUMMARY

We have investigated the proliferation rates of T-cell subsets in colorectal carcinomas using immuno-
histochemistry. It was found that the tumour-infiltrating T cells in contact with the tumour cells have a
significantly higher frequency of proliferation than those in the stroma. In particular, the CD8+ intraep-
ithelial lymphocytes (T-IEL) within the tumours have a significantly higher frequency of proliferation
in comparison with CD8+ T cells in the stromal compartment or in any normal mucosal lymphoid tissues.
It is possible that the proliferation of the CD8+ T-IEL may be driven by self-antigens expressed on the
tumour cells. The proportion of CD3+ CD7– T cells is increased within carcinomas compared with the
normal colon, and a population of CD57+ T cells was observed which is absent from the normal colon.
It is possible that these phenotypes are acquired in situ due to repeated stimulation of the T cells by
tumour antigens. Intact colorectal carcinoma explants were cultured, and the presence of tumour-infil-
trating T cells analysed after 3 days of culture in isolation from the systemic compartments. CD3+ T
cells were proliferating (at a low rate) within the explants after 3 days of culture, indicating that they
may be sustained by factors present in the tumour microenvironment.
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stored in liquid nitrogen. Fresh palatine tonsils were received on
the day of surgery. Tissue was cut into blocks, snap frozen and
stored in liquid nitrogen. Specimen details are shown in Table 1.

Immunohistochemistry
Acetone-fixed 8 mm frozen sections of colorectal carcinoma,
Peyer’s patches and tonsil were stained using an indirect
immunoperoxidase method with a horseradish peroxidase-
conjugated rabbit antiserum to mouse Ig (Dako Ltd, High
Wycombe, UK) and diaminobenzidine substrate. For double
staining, another primary antibody was added and the sections
incubated overnight at 2–4°C. These antibodies were detected
using biotin-conjugated rabbit anti-mouse monoclonal antibody
(Dako Ltd), followed by an avidin–alkaline phosphatase conju-

gate. Bound alkaline phosphatase was visualized using fast blue
substrate. The sources and specificities of primary antibodies used
are shown in Table 2. It was not necessary to use isotype-specific
antibodies for primary and secondary staining as identification of
double-stained cell surfaces was not required.

Counting the proportions of different subsets among colorectal
carcinoma-infiltrating T cells
The number of cells stained with a subset-specific antibody and
the number stained with CD3 were counted in at least 10 fields
of view (¥40 magnification). IEL and stromal lymphocytes were
counted separately. The proportion of T cells with each different
phenotype was calculated for both the T-IEL and stromal 
compartments.

Counting the proliferation rates of different subsets of
colorectal-carcinoma infiltrating, Peyer’s patch and 
tonsillar T cells
The number of cells with subset-specific antibody-stained sur-
faces, and those with both Ki67+ nuclei and stained surfaces, were
counted separately in at least 10 fields of view (¥40 magnification)
in colorectal carcinomas. The T-IEL and stromal compartments
were counted separately. At least six fields of view (¥40 magnifi-
cation) of the Peyer’s patch and tonsillar T cell zones were
counted. The proportion of cells with each phenotype that were
proliferating was calculated for each microenvironment.

Culture of colorectal carcinoma explants
The method was based on that of Wilson and Macartney [22].
Non-necrotic pieces of tumour were removed aseptically from
surgical specimens, placed in a sterile Petri dish and cut into pieces
of approximately 1–2 mm in diameter. The pieces were placed on
sterile steel grids in organ culture dishes containing 1·5 ml culture
medium consisting of 60% Trowells T8 (GIBCO BRL, Paisley,
UK), 20% NCTC (GIBCO BRL), 15% foetal bovine serum
(Sigma-Aldrich, Poole, UK), 2% L-glutamine (Sigma-Aldrich),
2% penicillin/streptomycin (10 000 U penicillin and 10 mg strep-
tomycin/ml, Sigma-Aldrich) and 1% 1 M Hepes (Sigma-Aldrich)
in the inner compartment, and 1·5 ml sterile water in the outer
compartment. The grids were such that the explants were main-
tained at the liquid/gas interface, with the culture medium being
pulled over the explants by surface tension. Explants were 
cultured in an atmosphere of 95% oxygen at 37°C for 3 days. 
The explants were snap-frozen in liquid nitrogen for immunohis-
tochemical analysis.

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 127:85–91

Table 1. Tissue specimens used: palatine tonsils; Peyer’s patch-containing
small bowel specimens; colorectal carcinoma specimens

Patient Age Sex Clinical information

Palatine tonsils
1 5 F
2 12 F
5 5 M
9 24 M

11 21 F

Peyer’s patch-containing small bowel
a 72 M Ileo-colonic resection for polyps
b 59 F Right hemicolectomy for hepatic flexure 

carcinoma
c 72 M Right hemicolectomy for caecal carcinoma
d 22 F Endoscopic biopsy, diagnosed normal
e 37 F Endoscopic biopsy, diagnosed normal
f 24 M Endoscopic biopsy, diagnosed normal

Patient Age Sex Location Dukes’ grade Differentiation

Colorectal carcinoma
A 81 M Splenic flexure C Moderate to poor
B 80 M Transverse B Moderate to poor
C 81 F Sigmoid B Moderate
D 74 M Right colon B Moderate
E 64 F Ascending B Moderate
F 91 F Colon (NOS) B Moderate
G 78 F Ascending B Moderate
H 64 M Sigmoid C Moderate
I 81 F Colon (NOS) C Well
J 45 M Colon (NOS) C Moderate
K 41 M Sigmoid B Moderate
L 67 M Sigmoid C Moderate
M 77 F Rectal B Moderate
N 63 M Rectal C Moderate
O 86 M Caecal C Moderate
P 76 F Sigmoid C Moderate
Q 79 F Caecal C Poor
R 79 M Caecal B Moderate
S 79 F Sigmoid B Moderate
T 66 F Sigmoid C Moderate
U 70 F Rectal C Moderate
V 73 M Sigmoid B Moderate
W 78 M Rectosigmoid C Moderate
X 77 M Caecal B Moderate

Table 2. Primary antibodies used in enzyme-linked immuno-
histochemistry

Antibody specificity Dilution Clone Isotype Source

Va24 1 : 100 C15 IgG1 Immunotech
panTCRgd 1 : 50 5.A6.E9 IgG1 Endogen
CD3 1 : 50 UCHT1 IgG1 Dako Ltd
CD4 1 : 50 MT310 IgG1 Dako Ltd
CD7 1 : 10 DK24 IgG2a Dako Ltd
CD8 1 : 50 C8/144B IgG1 Dako Ltd
CD45RO 1 : 50 UCHL1 IgG2a Dako Ltd
CD57 1 : 1000 VC1·1 IgM Sigma
Ki67 1 : 50 Ki67 IgG1 Dako Ltd
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Counting tumour cell proliferation rates in cultured colorectal
carcinoma explants
Frozen sections of colorectal carcinomas, cultured for 3 days, were
stained using an antibody to Ki67, and counterstained with
haematoxylin. The number of Ki67+ tumour cell nuclei and the
total number of tumour cell nuclei were counted, and the prolif-
eration frequencies calculated.

Counting T cells and T cell proliferation in cultured colorectal
carcinoma explants
Frozen sections of seven colorectal carcinomas, cultured for 3
days, were stained using an antibody to CD3 and counterstained

with haematoxylin, to identify the tumour cell nuclei. The number
of CD3+ T-IEL per 1000 tumour cells was determined.

Sections were also double stained using an antibody to Ki67,
followed by an antibody to CD3. The numbers of cells stained
with CD3, and the numbers with both Ki67+ nuclei and 
CD3-stained surfaces, were counted and the proportions of 
proliferating T cells were determined. The T-IEL and stromal
compartments were not counted separately.

Statistical analysis
The Mann–Whitney U-test was used for all statistical 
comparisons.

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 127:85–91
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Fig. 1. A comparison of the proportions of colorectal carcinoma-infiltrating T cells of different subsets in the IEL and stromal com-
partments. The mean percentages (and standard errors) of T cells expressing various phenotypic markers are compared in colorectal 
carcinoma-infiltrating IEL ( ) and colorectal carcinoma-infiltrating stromal cells (�).
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Fig. 2. A comparison of the proliferation frequencies of different colorectal carcinoma-infiltrating T-cell subsets. The mean percentages
(and standard errors) of proliferating T cells from various subsets were calculated in intraepithelial cells ( ) and in stromal cells (�).
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RESULTS

The proportions of tumour-infiltrating T-cell subsets in the IEL
and stromal compartments were quantified (Fig. 1). CD4+ cells
were found to be significantly concentrated in the stroma (P = 1·1
¥ 10–3). CD8+ and CD3+ CD7+ cells were significantly concentrated
in the IEL (P = 9·8 ¥ 10–3 and 0·026, respectively). CD3+ CD57+

cells were also identified but were found to be equally distributed
in the IEL and stroma. In 19 specimens, < 0·1% of the T cells were
TCRgd+. In the remaining specimens (A, D and K), TCRgd+ cells
were present in the stroma (2·2%, 3·4% and 1·1%, respectively)
and in A and K, they were also present in the IEL (8·7% and
1·3%, respectively). In each of eight specimens, < 0·1% of the T
cells expressed Va24.

Proliferation of T-cell subsets in the IEL and stromal com-
partments was identified by co-expression of Ki67 (Fig. 2, 
Fig. 3a,b). Table 3 shows the number of specimens used to quan-
tify the proliferation of each different T-cell subset in each 
compartment. The proliferation frequencies of the T-IEL are sig-
nificantly greater than those of the cells in the stromal compart-
ment in the CD3+ (P = 0·004), CD45RO+ (P = 0·02), CD4+

(P = 0·017) and CD8+ (P = 0·037) subsets. The proliferation 
frequencies of CD57+ and CD7+ cells in the IEL and stroma were
not significantly different (P = 0·46 and 0·59). It was only possi-
ble to quantify proliferation of TCRgd + cells in the IEL of two
specimens: the rates were 7% (patient A) and 0% (patient K). In
the stroma, the proliferation frequencies were quantified in three
specimens: they were 10·5% (patient A), 0% (patient K) and 0%
(patient D).

Within the IEL compartment, the mean proliferation fre-
quencies of the CD45RO+, CD4+, CD8+ and CD57+ subsets were
not significantly different from that of the CD3+ cells as a whole.
The decreased proliferation frequency of the CD7+ cells com-
pared with the CD3+ cells in the IEL compartment is significant
(P = 0·018). In the stromal compartment, the mean proliferation
frequencies of the CD4+, CD45RO+, CD8+ and CD57+ subsets are
not significantly different from that of the CD3+ cells.

T cells in the IEL and lamina propria compartments of normal
gut are known to be generally non-proliferative [23]. This was also
observed in the study. The proliferation frequencies of colorectal
carcinoma-infiltrating T cells were therefore compared with those
observed in areas of lymphoid tissue normally associated with T
cell division (Fig. 4). The mean CD3+ cell proliferation frequency

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 127:85–91

Table 3. It was not possible to quantify the proliferation frequencies of
every T-cell subset in all 22 specimens of colorectal carcinoma. The table
shows the number of specimens used to determine the proliferation

rates of each subset in the IEL and stromal compartments

Number of specimens Number of specimens 
in which proliferation in which proliferation of

Subset of IEL was counted stromal T cells was counted

CD3+ 20 22
CD45RO+ 14 14
CD7+ 13 14
CD4+ 20 22
CD8+ 19 22
CD57+ 7 10
TCRgd + 2 3

Fig. 3. (a) Section of colorectal carcinoma from patient A, stained using
an antibody to Ki67 (immunoperoxidase: brown), followed by an antibody
to CD4 (alkaline phosphatase: blue); (b) section of colorectal carcinoma
from patient A, stained using an antibody to Ki67 (immunoperoxidase:
brown), followed by an antibody to CD8 (alkaline phosphatase: blue); (c)
section of a colorectal carcinoma explant from patient M on day 3 of
culture, stained using an antibody to Ki67 (immunoperoxidase: brown),
followed by an antibody to CD3 (alkaline phosphatase: blue).
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and the Peyer’s patch. It is also interesting to note that the T cell
proliferation frequencies are significantly higher in the tonsils than
in the Peyer’s patches of individuals of comparable age.

The percentage of CD3+ T cells that co-express CD7 in col-
orectal carcinomas has not been previously reported. In this study
it was found that just 62% of CD3+ cells in the IEL compartment
and 47% in the stromal compartment co-express CD7 on average,
significantly more in the IEL than in the stroma. This means that
the proportion of CD3+ CD7– T cells is much greater than the
5–15% seen in the peripheral blood of elderly people [24]. This is
not altogether surprising, as the CD3+ CD7– subset in the blood
has been reported to contain twice as many cells expressing 
the gut-associated antigen HML-1 than the CD7+ subset [24].
Moreover, CD7– T cells are known to develop preferentially in
response to CD2 stimulation [24], to which intestinal T cells are
also known to respond strongly [25]. Interestingly, an antibody
has been identified that binds strongly to CD7 on IEL but only
very weakly to lamina propria T cells or thymocytes, implying that
CD7 is structurally different on IEL [26]. The mean rates of pro-
liferation of the CD7+ cells did not differ significantly between the
IEL and stromal compartments. This contrasts with the other 
T-cell subsets studied, which (with the exception of the CD57+

subset) all had significantly higher proliferation frequencies in the
IEL than in the stromal compartment. The frequencies were also
significantly lower in the CD7+ cells than in the total CD3+ popu-
lation. This implies that the CD7– IEL are responsible for the
increased proliferation frequencies of the other subsets in the
IEL, and explains why the proportion of CD7– cells is elevated in
this compartment. The CD7– IEL may be proliferating in
response to self-antigens on the tumour cells with which they are
in intimate contact.

The presence of elevated numbers of CD56+ and CD57+ T
cells in both the tumours and the peripheral blood of colorectal
carcinoma patients has been reported using flow cytometry
[20,21]. In this study, CD57+ T cells were observed in 15 out of 

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 127:85–91

is not significantly different in the T-IEL or stromal cells than in
Peyer’s patches. The CD8+ cell proliferation frequency is signifi-
cantly greater in both the T-IEL and stromal compartments than
in the tonsils (P = 1 ¥ 10–7 and P = < 10–14) or the Peyer’s patches
(P = 6·8 ¥ 10–4 and P = 0·007). The CD4+ cell proliferation fre-
quencies are not significantly different in the T-IEL or stromal
cells from those in the Peyer’s patches. It is also interesting to note
that the proliferation frequencies of T cells in tonsils is consis-
tently greater than those observed in the Peyer’s patches (Fig. 4).

Intact pieces of seven colorectal carcinomas were maintained
in culture for 3 days. The proliferation frequencies of the tumour
cells (Fig. 5a) and the numbers of CD3+ IEL per 1000 tumour cells
(Fig. 5b) were counted on day 0 and day 3 of culture. Viable T
cells were apparent in each specimen after culture. Proliferating
T cells were identified by co-expression of Ki67 (Fig. 3c), though
the frequency observed was reduced in culture to < 1%.

DISCUSSION

We have observed that the tumour-infiltrating T cells in contact
with the tumour have a higher frequency of proliferation than the
stromal T cells. This is particularly notable in the CD8+ T-cell
subset. The proliferation frequency of the CD8+ IEL is significantly
higher than that of stromal CD8+ T cells or of the CD8+ T cells in
any area of normal mucosal lymphoid tissue. Proliferating T cells
are absent from the normal intestine, but proliferating CD8+ T cells
have been observed in untreated coeliac disease [23]. However,
this response is likely to be driven by extraneously-derived gliadin
antigen [23]. The factors driving the CD8+ T cell proliferation in
colorectal carcinomas are not known but are likely to be the
tumour cells themselves. As the CD8+ IEL are perforin negative
[7], they may have a regulatory role, rather than a cytotoxic func-
tion. The CD4+ T cells also proliferate more when in contact with
the tumour. This frequency was more comparable with that
observed in the CD4+ component of the T-cell zones of the tonsil
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Fig. 4. A comparison of the proliferation frequencies of different T-cell subsets in colorectal carcinomas, tonsils and Peyer’s patches. The
mean percentages (and standard errors) of proliferating CD3+, CD4+ and CD8+ T cells are compared in tonsillar TCZ (�), Peyer’s patch
TCZ (�), colorectal carcinoma IEL ( ) and colorectal carcinoma stroma ( ). The CD8+ subset is proliferative in the carcinoma speci-
mens, but not in the tonsils or the Peyer’s patches.
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18 carcinomas. Despite the large variation between individual
tumour specimens, the overall mean proportions in the carcino-
mas were 4·2% of the CD3+ cells in the IEL and 5·2% in the
stromal compartment, which are not significantly different. This
is a lower proportion than that found by Okada et al . [20] who
reported a mean of around 14% from flow cytometric analysis 
of 22 carcinomas. CD57+ T cells were virtually absent from the
normal gut mucosa (data not shown), consistent with previous
reports [27–29]. Despite their unusual phenotype and restriction
to the carcinomas, the mean proliferation frequencies of the
CD57+ cells did not differ significantly. It has been suggested that
the CD57+ T cells are of extrathymic origin [20] because they are
also present in the bone marrow and the liver, but not in the
thymus. The likely alternative is that CD57 is acquired through
differentiation of the highly activated carcinoma-infiltrating T
cells. CD57 expression has been induced in vitro on peripheral
blood CD57– T cells by co-culture with high concentrations of 
IL-2 [30,31]. Peripheral blood CD8+ CD57+ T cells, like normal
intestinal T cells, have been shown to respond preferentially to
CD2 stimulation [32]. The idea that the CD57+ phenotype is
acquired within the carcinomas by repeated stimulation is consis-
tent with the high frequency of CD7– T cells found in the carci-

nomas, and with the increase in the proportion of CD57+ T cells
in the peripheral blood that is seen with age [33–37].

TCRgd+ cells were found to be almost absent from the carci-
nomas. It was possible to quantify them in just three out of the 22
different specimens, and in only one case did more than 5% of
the CD3+ cells express the gd TCR. This is in agreement with
several previous immunohistochemical studies [12,17]. However,
a recent flow cytometry study by Groh et al. [9] found that up to
15% of the T cells in MICA + colon carcinomas were TCRgd+. It
is possible that the sensitivity of the immunohistochemical studies
is low enough for many of the gd T cells to be missed, but this is
unlikely as TCRgd+ cells can be clearly seen in tonsils using the
same method (data not shown). It may be that the expression of
the gd receptor complex itself is down-regulated in the carcino-
mas and so can be more easily detected by flow cytometry than
by immunohistochemistry. It is known that the expression of
other cell-surface molecules, such as CD3z, CD3e and CD16z, is
reduced in colorectal carcinoma-infiltrating T and NK cells [17].
Alternatively, as Groh et al . [9] used a lengthy 12 hour enzymatic
digestion to release T cells from the tumours for analysis, some
selective death of TCRab+ cells may have occurred, resulting in
a high proportion of TCRgd+ cells among the T cells analysed.
Regardless of the explanation, it appears that the carcinomas 
are deficient in functional gd T cells, suggesting that that an 
effective MIC-mediated anti-tumour immune response is not
occurring in vivo.

The tumour explant model described here showed that col-
orectal carcinoma-infiltrating T cells are able to survive in intact
cultured explants, despite the absence of the factors that originate
in vivo from the periphery. The presence of even a small number
of dividing T cells after 3 days in culture indicates that they may
be responding to factors present in the tumour microenviron-
ment, and that factors derived from the periphery are not
absolutely required for proliferation. This model has potential for
the future study of the interactions between lymphocytes, stromal
cells and tumour cells in colorectal carcinomas, and for testing
potential therapeutic strategies.
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