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SUMMARY

Loss of the T cell receptor-associated CD3z chain has been proposed as a possible mechanism of the
acquired immunosuppression in both tumour-bearing hosts, and in symptomatic patients with HIV
infection. However, other reports suggest that thez-chain loss may in part be caused by protease activity
of contaminating phagocytesex vivo. Using flow cytometry and Western blot analysis on highly purified
T cells, and ensuring adequate addition of protease inhibitors, we have studied the expression of CD3z

on peripheral blood T cells from patients with colorectal carcinoma, and compared these with normal
controls, and pregnant donors, as a further example of an immunocompromised state. Immunohisto-
chemistry was performed on tumour sections from patients with colorectal carcinoma to measure CD3z

expression in tumour infiltrating T cells, and compared with normal mucosa and tonsil. Using these
three approaches, our data provide no evidence for downregulation of CD3z chain expression either in
colorectal carcinoma or pregnancy and suggest that this explanation is unlikely to fully account for the
reduced T cell function associated with these conditions in all patients.
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INTRODUCTION

There is widespread evidence that escape from the host immune
system plays an important role in tumour occurrence and progres-
sion [1–3]. It has been demonstrated in mice bearing a colon
carcinoma tumour (MCA-38) that downregulation of two impor-
tant T cell signal transduction molecules, CD3z and p56lck could
be the basis of immune dysfunction [4]. These observations have
been confirmed in splenic T cells from mice bearing a CMS5
sarcoma [5] and in T cells from humans bearing a range of tumour
types [6–9]. The degree of CD3z downregulation may be depen-
dent on proximity to the tumour, such that lower expression is seen
in tumour infiltrating lymphocytes (TIL) than peripheral blood
lymphocytes (PBL) of tumour patients. Also, the reduction inz is
most apparent in colonic T cells adjacent to the tumour compared
to T cells isolated from a distal, non-cancerous colonic site [8].
Furthermore, the decreasedz levels may correlate with increased
Dukes stage of disease [8].

The observation that CD3z is downregulated in tumour bearing
hosts is not without controversy. Using highly purified T cell
preparations, levels of CD3z were normal in splenic T cells

isolated from three different murine tumour models as measured
by Western blotting [10]. Furthermore, variable expression of
CD3z chain was measured in TIL from patients with renal cell
carcinoma [11,12], with no decrease detected in PBL of patients
compared to PBL of healthy controls [12]. In addition, normal
CD3z expression was observed in patients with non-Hodgkins B
cell lymphoma [13]. Importantly, the downregulation of CD3z

may not be uniquely associated with tumour bearing hosts: PBL
from patients with symptomatic but not asymptomatic HIV infec-
tion also demonstrate reduced CD3z expression [14], which may
suggest a functional role for CD3z downregulation in other
immunocompromised states.

Accurate determination of CD3z-chain downregulation in
cancer patients may be important for efficacy of future therapies.
For example, cancer vaccines may be less effective in CD3z-
downregulated patients. In addition, reversal of CD3z-chain
downregulation might represent a novel mechanism for drug
intervention. The aim of the current study was to examine further
CD3z expression in T cells of patients with colorectal carcinoma,
and to compare these to normals. Pregnant donors were also
compared as an example of an immunocompromised state [15].

It has been suggested that the apparent loss of CD3z may be
attributed, in part, to proteolytic degradation by enzymes derived
from granulocytes or macrophages, which may contaminate some
T cell preparations [16,17]. Flow cytometry and Western blotting
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were performed on highly purified T cell preparations ensuring
adequate addition of protease inhibitors. In addition, immuno-
histochemistry was performed to detect CD3z ande expression on
tumour sections from patients with colorectal carcinoma and
compared with normal colon and tonsillar control tissue. Using
these three techniques, our data show no demonstrable down-
regulation of CD3z chain expression either in colorectal carcinoma
or pregnancy, relative to controls.

MATERIALS AND METHODS

Measurement of CD3z and e in peripheral blood
Venous peripheral blood (20 ml) was collected into heparinized
tubes. Blood was diluted 1 : 2 with PBS and layered onto a Ficoll
gradient (Lymphoprep; Nycomed Pharma, Oslo, Norway). Follow-
ing centrifugation (1200 r.p.m., 30 min), the PBMC layer was
removed and washed twice with PBS. Aliquots of PBMC were
taken for flow cytometry or Western blot analysis.

Flow cytometry
PBMC (4×105, 100ml) were fixed (2 ml lysis solution; Becton
Dickinson, Oxford, UK) for 10 min before centrifugation
(1500 r.p.m., 7 min) and the cell pellet resuspended in permeabi-
lization solution (0·5 ml; Becton Dickinson, UK). Following a
10 min incubation, cells were washed in 2 ml, 0·5% BSA/PBS
and centrifuged at 1500rpm for 7 min. Intracellular lymphocytez

chain was detected using TIA-2 (10mg ml¹1; Coulter, Luton, UK)
using MOPC21 (Sigma, Poole, UK) as an isotype matched anti-
body control. A fluorescein isothiocyanate (FITC) conjugated goat
antimouse F(ab0)Ig monomer (Dako Ltd, Cambridge, UK) was
used to detect bound Ig. Cells were incubated with 2% mouse
serum (0·5 ml) for 30 min, prior to staining for CD3e (0·6mg ml¹1,
PE-labelled; Becton Dickinson, UK) using a PE-conjugated iso-
type matched antibody as control. Cells were analysed using a
Coulter (XL) flow cytometer, and 5000 events were analysed
within a lymphocyte gate, defined by forward/side scatter, and
confirmed by positive staining for CD3e.

Western blotting
CD3þ cells were purified from PBMC using T cell enrichment
columns (R&D Systems, Oxford, UK, HTCC-500) to give a purity
of >94%. CD3 cells were washed twice with PBS, and resus-
pended at 2×105 cells/ml in lysis buffer containing protease
inhibitors (Tris pH 7·4 (50 mM); EDTA (5 mM); NaCl (300 mM);
sodium orthovanadate (1 mM); aprotinin (10mg/ml); PMSF (2 mM);
leupeptin (10mg/ml); chymostatin (100mg/ml); trypsin chymotrypsin
inhibitor (100mg/ml); Triton-X 100 (0·5%) (all from Sigma) for
15 min at 48C. The lysate was then centrifuged (10000 r.p.m., 5 min
48C) to remove the nuclear pellet. An aliquot of cell lysate was
mixed 1 : 1 with sample load buffer (bromophenol blue, Tris
(0·1M); glycerol (20%), SDS (4%); 2-mercaptoethanol (10%)
(Sigma) and heated for 3 min at 1008C. Samples containing 5
and 10mg protein/lane were separated by SDS-PAGE on a 14% gel
[18]. The protein bands were then electrophoretically transfered to
polyvinylidene difluoride membrane (Immobilon P, 0·4mm; Milli-
pore, Watford, UK). Following blocking by 3% nonfat milk protein
in PBS (overnight, 48C) the membranes were blotted with optimal
concentrations of rabbit anti-CD3z polyclonal antiserum (1 : 150,
Glaxo Wellcome, Stevenage, UK) and rabbit anti-CD3e polyclonal
antibody (1 : 800, Dako Ltd) for 1 h at room temperature. After
washing (PBS/0·1–0·2% Tween-20), the membrane was incubated

with antirabbit immunoglobulin-horseradish peroxidase (1 : 10000;
Sigma) for 1 h. After further washing, protein bands were detected
by enhanced chemiluminescence (ECL, Amersham, Aylesbury,
UK). Densiometry was carried out using Phoretix software with a
band intensity calibration and results expressed as integrated
optical density units. Under these blot conditions, a decrease in
the amount of protein loaded is clearly seen as a decrease in band
intensity. It was necessary to use a polyclonal antibody for the
detection of CD3e, therefore to allowz ande to be visualized on the
same blot a polyclonal antiserum was used to detectz. In T cell
lysates, thez antisera used detects a single band of the same
molecular weight as that detected by TIA-2 (data not shown).

Preparation of tissue samples
Primary adenocarcinoma tumour specimens and nonmalignant
tonsil were obtained at time of surgery from St George’s Hospital,
London. The tissue was immediately snap-frozen in isopentane on
dry ice, embedded in OCT-Compound (Tissue Tex Miles
Scientific, Elkhart, IN) and stored in the vapour phase of liquid
nitrogen.

Immunohistochemistry
Frozen human colon adenocarcinoma or control tonsil blocks were
sectioned (6–8mm) onto VectabondTM (Vector Labs, Peterbor-
ough, UK) coated microscope slides and air-dried before fixing
with ice-cold acetone for 2 min. Endogenous alkaline phosphatase
was blocked by incubation with 15% acetic acid for 20 s. Sections
were washed (Tween 20/PBS) and stained using optimal concen-
trations of anti-CD3e (UCHT1, Dako Ltd), anti-CD3z (TIA-2,
Coulter) or an isotype control (mouse IgG1, Vector Labs) for
45 min in 1% BSA/PBS at room temperature. After washing, the
sections were incubated with a biotinylated horse antimouse IgG
(1 : 200, Vector Labs) for 30 min at room temperature. After further
washing, sections were developed with avidin-alkaline phospha-
tase (ABC-AP Kit, Vector Labs) for 30 min and washed, before
application of substrate solution (Vector Labs) for 20 min. Sections
were given a final wash before counterstaining in Mayers haema-
toxylin and viewed by light microscopy.

RESULTS

Colorectal carcinoma
The total lymphocyte count for patients with colorectal carcinoma
was within the normal range (1·5–3·5×109/l). Flow cytometric
analysis of PBL did not reveal any significant difference in the
expression of CD3e or z between patients with colorectal carci-
noma compared to healthy controls either in terms of percentage
positive cells or MFI. (Table 1, Fig. 1). The MFI ofz specific
staining (minus MFI of isotyped matched controls) was 3·26 0·3
in controls compared to 3·16 0·5 for PBL isolated from patients
with colorectal carcinoma. As a positive control for flow cyto-
metric analysis the effect of hydrogen peroxide was tested, as this
is reported to downregulatez expressionin vitro [19,20]. Hydrogen
peroxide (100mM) reduced z expression by 406 5% (n¼ 3
experiments), clearly demonstrating that the method used to
stain and analyse forz expression can detect a decrease, when
present.

The normal expression of CD3e and z in patients with
colorectal carcinoma compared to controls was confirmed by
Western blot analysis on highly purified CD3 cells (Fig. 2).
Densitometric analysis of bands confirmed no difference inz
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band intensity between groups (10mg/lane blot, mean units: con-
trols 1463, carcinoma patients 1544). Western blots were also
performed at a lower protein concentration of 5mg/lane, again no
difference was seen between the controls and carcinoma patients
(data not shown).

Immunohistochemistry was used to show that the ratio of CD3e

to CD3z staining intensity of tumour-infiltrating T cells was
indistinguishable to that of both normal tonsil and colon. Tumours
from seven patients were studied (one Dukes A, four Dukes B and
two Dukes C). Figure 3 shows a direct comparison of staining on a
representative tumour and tonsil, using optimal (1 : 1000), supra-
optimal [1 : 500]: and suboptimal (1 : 2000) concentrations of
primary antibodies. Staining of both tissues was performed in
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Table 1. CD3 e andz expression on PBMC from patients with colorectal carcinoma measured by flow cytometry

Normal Colorectal carcinoma

Age/sex % Cellsz z e Age/sex % Cellsz z e

ande positive (MFI) (MFI) Dukes stage ande positive (MFI) (MFI)

38 years/F 75·8 1·6 19·7 86 years/F 45·4 2·1 21·9
Dukes C*
TLC N/A

47 years/M 58·9 4·2 54·8 86 years/M 76·4 3·2 56·4
Dukes C*
TLC 1·5

32 years/F 68·5 2·7 47·0 60 years/F 68·1 2·0 39·1
Dukes B
TLC 3·5

41 years/M 81·2 2·9 43·0 51 years/M 77·1 2·5 30·2
Dukes B/C
TLC 2·3

40 years/M 56·9 3·6 70·2 44 years/F 49 4·4 65·2
Dukes C1
TLC 2·3

42 years/F 80·9 3·5 70·4 63 years/F 73·1 2·6 63·1
Dukes B
TLC 1·6

45 years/M 64·3 3·7 71·7 63 years/M 73·3 5·1 58·4
Dukes C1
TLC 2·9

Mean6 SE mean 3·26 0·3 53·86 7·2 Mean6 SE mean 3·16 0·5 48þ 6·5

The mean fluorescence intensity (MFI) of staining fore andz on a CD3þ population is shown. Blood was taken from patients with colorectal carcinoma prior
to surgery. The Dukes stage of disease is noted for each patient; two patients (*) had inoperable tumours and were estimated as Dukes stage C. The total
lymphocyte count (TLC expressed as cells×109/l) for the colorectal carcinoma patients was within the normal range.
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Fig. 1. Example of flow cytometric analysis of CD3z expression of PBL
from (a) healthy control (male, 41 years) compared with (b) a patient with
colorectal carcinoma Dukes B/C (male, 51 years).

Fig. 2. Levels of CD3z and e in purified CD3 purified cells from the
peripheral blood of patients with colorectal carcinoma (T1–T3, all Dukes
C) and healthy controls by Western blot (C1–C4). Samples were loaded at
10mg of total protein per lane.
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Fig. 3. CD3z chain expression in colorectal carcinoma (Dukes stage B) compared with nonmalignant tonsil. Staining was performed on
sequential tissue sections at the dilutions shown and visualized using alkaline phosphatase. An appropriate murine IgG antibody was included
as a negative control.



parallel. Visual analysis revealed no difference in staining intensity
of expression between tonsil and tumour at any given antibody
concentration. These findings were confirmed using image analysis
of a section stained with TIA-2, increasing the dilution range to
1 : 8000, but without counterstain (one Dukes C, two Dukes B, a
representative experiment is shown in Fig. 4). A further compar-
ison was performed by staining colorectal tumour, normal colon
and tonsil for CD3 and expression, and observing at both low and
high magnification. Figure 5 shows no discernible difference in
eitherz or e expression between tissues, using optimal concentra-
tions of both antibodies.

Pregnancy
The expression of CD3z was investigated by flow cytometry using
an antibody directed against the intracellular portion of thez chain
(TIA-2) on lymphocyte-gated cells. The results from five pregnant
donors are compared to five, female, age-matched, nonpregnant
controls in Table 2. CD3e or z expression did not differ between the
two groups in terms of percentage positive cells or mean
fluorescent intensity (MFI). The MFI forz specific staining
(minus MFI for isotype matched control) was 5·36 0·6 in control
PBL compared to 5·06 0·6 for PBL from pregnant donors (n¼ 5).
Furthermore, Western blot analysis on highly purified CD3 cells,
using rabbit polyclonal antibodies also showed that total levels of
CD3e andz detected were similar in the pregnant and nonpregnant
donors (Fig. 6). Densiometric analysis of bands confirmed no
difference in z band intensity between groups (mean units:
controls 2488, pregnant donors 2412). Western blots were also
performed at a lower protein concentration of 5mg/lane; again
no difference was seen between the control and pregnant donors
(data not shown).

DISCUSSION

The initial aim of this study was to confirm and extend previous
findings of downregulated CD3z chain expression in colorectal
carcinoma patients, by study of PBL and tumour tissue. However,

we have shown that the expression of CD3z is neither uniformly,
nor demonstrably downregulated in the PBL of patients with
colorectal carcinoma as detected by flow cytometry and
highly sensitive, optimized Western blot analysis. Furthermore,
immunohistochemical examination of CD3z in TIL showed no
reduction compared with nonmalignant tonsil tissue, analysed
both visually and using sensitive image analysis equipment.

In addition to reduced CD3z chain expression, immunosup-
pression in colorectal carcinoma [21,22] and symptomatic HIV
infection [14] has been linked to a skewed Th2 cytokine profile.
We therefore studied pregnant women as another example of an
immunocompromised state associated with a dominant Th2 profile
[22]. Similar to our findings in colorectal cancer patients, we did
not detect a decrease inz chain expression in pregnancy compared
with normal controls.

The current study has used a commercially available mono-
clonal antibody (TIA-2) to detectz by flow cytometry and
immunohistochemical analysis. It may be possible that tumour
associated factors modifyz at an epitope not recognized by this
antibody. Indeed, the presence of a clippedz-chain (p14) has been
described in activated T cells [23]. However, most other studies
reporting a decrease inz-chain expression in patients with
colorectal carcinoma have used the same antibody (TIA-2) either
for flow cytometry on PBL [7,8] or immunohistochemistry [24].
We believe therefore that these disparate results cannot be directly
attributed to differences in the antibody used to detectz-chain.
Importantly, the method we used for analysis of PBMC can detect
a reduction in CD3z expression: incubation of purified peripheral
blood CD3 cells with hydrogen peroxide, which has been shown to
downregulate CD3z expression [19,20], produced a substantial
decrease in CD3z expression as determined by flow cytometry
(data not shown). Furthermore, the failure to measure a down-
regulation ofz cannot be attributed to disease severity. The present
study includes patients of Dukes stage B and C and PBL from
patients with similar disease severity have previously been shown
to express decreased CD3z chain [8].

The use of permeabilization techniques for the flow cytometry
and immunohistochemical analysis may enable the detecting anti-
body to bind toz in the intracellular compartment and not only that
present in the TCR complex. Although some previous studies have
performed two-dimensional gel analysis following immuno-
precipitation of CD3e [7,8], and are therefore measuring a
decrease inz within the TCR complex, the Western blot analysis
in the present study measures the whole cell reservoir of CD3z.
While others have measured a decrease inz using whole cell
lysates in Western blots [6,9] our study does not confirm these
findings.

Reports that CD3z is downregulated not only in tumour
specific lymphocytes but in the entire lymphocyte repertoire of
cancer-bearing hosts appears to be inconsistent with the specific
immunological suppression observed in tumour patients [25].
Indeed, the original observation thatz chain was downregulated
in splenic T cells from tumour bearing mice [4,5] has since been
questioned [16,17]. The downregulation of CD3z measured in
splenic cells from tumour bearing mice was not observed when
Mac-1þ cells were removed [17], or when highly purified T cells
were analysed [10]. The downregulation of CD3z may therefore be
attributed to proteolytic degradation by contaminating phagocytes
as no downregulation was observed following removal of contam-
inating granulocytes or addition of protease inhibitors to cell
lysates [16]. However, the latter study did demonstrate that
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Fig. 4. Image analysis of CD3z expression in colorectal carcinoma (Dukes
stage B) compared with nonmalignant tonsil. Staining was peformed on
sequential tissue sections at the dilutions shown and visualized using
alkaline phosphatase, without counterstain. The sections were colour
(green channel) imaged on a Leica Q600 Image Analyser with a×10
objective lens. The mean intensity of the staining is measured in arbitrary
units. There was no difference in CD3z staining intensity observed between
the tumour and tonsil sections at a range of antibody dilutions.



CD3z expression in PBL from cancer patients was downregulated
even in the presence of a cocktail of protease inhibitors [16].
Nevertheless, the possibility of proteolytic degradation of
signalling molecules during enzymatic treatment is greater for
TIL than for preparations of PBL, which do not require such
preparation. In a further study, the level of CD3z expression was
measured by Western blot analysis on a tumour-derived mono-
nuclear cell fraction compared with PBL from healthy volunteers
[26]. However, the tumour derived sample contained 53–75%
CD3þ cells whereas the PBL control was greater than 96% CD3þ.
This may account for the observed reduction in CD3z levels in the
tumour-derived samples [26]. The present study used highly
purified (> 94%) T cell preparations, and a combination of protease
inhibitors shown to inhibit macrophage/granulocyte proteases [16].
Under these stringent conditions, we repeatedly failed to see a
decrease in CD3z expression by Western blot.
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Fig. 5. CD3z ande-chain expression in colorectal carcinoma (Dukes stage B) compared with nonmalignant colon and tonsil. Staining was
performed on sequential tissue sections at the optimal dilutions shown and visualized using alkaline phosphatase. An appropriate murine IgG
antibody was included as a negative control.

Fig. 6.Levels of CD3z ande in CD3 purified cells from the peripheral blood
of pregnant (P1–P2) and nonpregnant female donors (C1–C3) detected by
Western blot. Samples were loaded at 10mg of total protein per lane.



The present study demonstrates a lack of evidence for down-
modulation of CD3z expression in colorectal carcinoma using
multiple detection methods. Similarly, other groups have also
failed to demonstrate a decrease in CD3z chain expression in
cancer patients with B cell lymphoma [13] or have reported
minimal or variable decreases from patients with renal cell
carcinoma [11,12,25,27]. The demonstration that both PBL and
TIL from patients with colorectal carcinoma appear to have normal
expression of CD3z and CD3e is encouraging for the successful
development of cancer vaccines.
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