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AbstractmRecent theories have established that, during an
ongoing immune response, the lymphokines produced by
TH1 and TH2 subsets of CD4+ T cells are critical to the
effectiveness of that response. In vivo and in vitro studies
have demonstrated that the type of environmental cytokines
plays a determinant role in directing the development of
naive T cells into TH1 or TH2 effector cells. Disregulated
expansion of one or other subset may contribute to the
development of certain diseases. To establish whether a
similar situation might exist in the cells of the peripheral
blood (PBMC) of colorectal cancer patients, we have
performed immunological studies on a group of patients
and a group of healthy subjects. We examined the interleu-
kin-2 (IL-2), interferon γ (IFNγ), IL-4, IL-6 and tumour
necrosis factorα levels in serum; the production of IL-4
and IL-2, with and without activating agents, by PBMC,
tumour-draining lymph node lymphocytes and tumour
cells; and the proliferative response of PBMC to IL-2, IL-
4 and anti-CD3 monoclonal antibody (anti-CD3), which
were variously combined. The data of the present study lead
us to hypothesize that, because of suppressive effects
probably due to environmental IL-4, in the peripheral
blood of patients there seems to be a disregulation in the
functionality of TH1 and TH2 subsets of CD4+ T cells, with
an expansion in TH2 and a malfunction in TH1 cells.
Moreover it seems that this disregulation increases with
as the disease progresses through the stages, suggesting that
it can be directly implicated in the mechanisms that allow
the tumour to locate and progress in the host.
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Introduction

The theory shared by recent studies is that the protective
value of the immune response is highly dependent on the
type of cytokines produced by T cells [19, 43, 46]. Accord-
ing to their cytokine profile, these immune responses have
been classified into types I and II [6, 7], respectively
regulated by TH1 and TH2 cell subsets of the CD4+ T
helper (TH) cellular population. Although both subsets
secrete interleukin-3 (IL-3), granulocyte-macrophage-colo-
ny-stimulating factor and tumor necrosis factorα (TNFα),
only TH1 cells produce IL-2, IFNγ and TNFβ [11], whereas
TH2 secrete IL-4, IL-5, IL-6 and IL-10 [47]. The cytokines
produced by TH1 and TH2 cell subsets are very important
for the functionality and immune response of cytotoxic T
lymphocytes (CTL), because they can regulate the differ-
entiation of these cells.

Various studies [10, 17, 25, 52] have described an
essential role for IL-2 in the generation of the CTL
precursor in both the type I and type II immune response
[56]. In the absence of the T helper cellular population,
which produces IL-2, Ag-specific CTL can be generated
only from the precursors of the type I immune response
because of their ability to produce IL-2 in an autocrine
fashion [3]. IL-6 may be important for the generation of
CTL but this role appears to be caused by IL-2-dependent
mechanisms [29]. The TH2 and TH1 cells seem to derive
from a common precursor that may be either a TH0 or a
naive cell [1, 36, 38], which produces both TH1 and TH2
cytokines. Generally the polarization of the immune re-
sponse into TH1 or TH2 cellular types is not absolute and
the ratio of these cells varies according to the physiological
demand and clinical condition [28]. In vivo and in vitro
studies in mice have demonstrated that cytokines play a
very important role in directing the development of naive T
cells into TH1- or TH2-type effector cells [12, 33, 44, 49].
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IL-4 was shown to be essential for the development of TH2
cells [9, 22] and to inhibit the differentiation of precursors
into TH1 cells [45, 51]. Moreover, some pathological
conditions may arise from an abnormal balance between
the production of TH1 and TH2 cytokines [34]. It seems
that the relative proportion of each cell type depends on
the exogenous cytokines present during the activation
event [16, 13, 31, 48, 53]. In fact, the cytokines present
during the primary stimulation were found to have an
important influence on the type of TH cell differentiation
[12, 13, 31, 44]. In this paper we describe our results
from the immunological evaluation of a group of color-
ectal cancer patients and a group of healthy subjects, which
we performed in order to determine whether a similar
situation exists in the cells of the peripheral blood of cancer
patients.

Materials and methods

Patients and healthy subjects

A group of 77 patients (44 men and 33 women, aged from 44 to 85
years), who were diagnosed for the first time as having colorectal
cancer and had to undergo colectomy, were studied. Clinical diagnosis
was confirmed histopathologically and patients were subtyped by
pTNM classification according to the diagnostic criteria of the Amer-
ican Joint Committee on Cancer and the Committee of the Interna-
tional Union Against Cancer. After this classification the patients were
divided into four groups that corresponded to the four stages shown in
Table 1. None of the patients received radiation or chemotherapy
before surgery. Tumours varied from 2.5 cm to 9.0 cm in diameter.

A group of 70 healthy subjects (40 men and 30 women, aged from
43 to 78 years: laboratory staff, blood donors, subjects undergoing
surgery for dermic cysts) served as the control group. In both the
patient (N) and healthy subject (Nc) groups there was the same

distribution of both age (N = 77, 66.1+10.5 years compared to
Nc = 70, 64.5+9.1 years,P = 0.1) and sex (P = 0.132, odds
ratio = 1.000). Venous blood (donated by both patients and healthy
subjects) was collected by venepunture into syringes containing pre-
servative-free heparin (Liquemin-Roche), 1 h prior to anaesthesia and
surgery.

Detection of IL-2, IFNγ, IL-4, IL-6, and TNFα

Sera from patients and the control group, collected within 1 h of
withdrawal, and the cell-free supernatant obtained in vitro were
centrifuged at 250g and stored frozen in aliquots at –80°C until
use. Enzyme-linked immunosorbant assays (ELISA) were employed.
The method has been described in detail elsewhere [5]. The sensitiv-
ities of these assays were as follows: TNFα 51.5 pg/ml (T Cell
Diagnostics, Cambridge, USA); IL-255 pg/ml, IL-4 51 pg/ml
(Endogen, Cambridge, USA), IL-652 pg/ml (Medgenix, Belgium),
IFNγ5100 pg/ml (Genzyme, Cambridge, USA).

PBMC, tumor-draining lymph node lymphocytes and tumour cell
preparation

Peripheral blood mononuclear cells (PBMC) were separated by cen-
trifugation over a Ficoll/Hypaque gradient (20 min, 1000g), and
washed with RPMI-1640 medium (Gibco). Isolated cells were cultured
at a concentration of 1× 106 cells/ml in RPMI-1640 complete medium
(supplemented with 10% heat-inactivated human serum or fetal calf
serum, 0.2 nML-glutamine, 50 IU/ml penicillin and 50µg/ml strepto-
mycin; Sigma). Lymph node lymphocytes (LNL) and tumour cells
were initially rinsed in modified RPMI-1640 medium containing 10%
human serum and then finely minced with surgical iris scissors. The
mechanically disaggregated specimens were then filtered to separate
mononuclear and tumoral cells from surrounding tissue fragments and
centrifuged for cell number determination.

Cytokine production from PBMC, LNL and tumour cells

Supernatants were obtained from PBMC, LNL and tumour cell culture
in RPMI-1640 complete medium. The cells [with and without 3µg/ml
phytohaemagglutinin (PHA)] were incubated at concentrations of
1 × 106 cells/ml at 37°C in a humidified atmosphere of 5% CO2.
After 24 h and 72 h of culture without change of medium, 120µl
supernatant was removed from each well, centrifuged at 250g and
stored frozen in aliquots at –80°C until use.

Proliferation assays

Cellular cultures were performed in triplicate in a 96-well microtitre
plate (Falcon Plastics). Each well contained 2× 105 mononuclear cells
in 200 µl complete medium, and cytokines were added: 1000 U/ml
IL-2 (Proleukin, Cetus Corp., Emeryville, USA), 1000 U/ml IL-4
(Genzyme, Boston) and 2.5µg/ml anti-CD3 (Orthoclone OKT3
Cilag), which were variously combined. The plate was incubated at
37 °C in a 5% CO2 incubator for 7 days and 0.8µCi [3H]thymidine was
added to each well 18 h prior to harvesting. The incorporation was
counted in triplicate and expressed as cpm.

Statistical analysis

The results were expressed as means+ standard deviations and the
differences between groups were assessed by the Mann-WhitneyU
test, the two-tailed Student’st-test and theχ2-test as appropriate.
Correlations between immunological parameters were analysed using
Spearman’s rank test or the Pearson correlation test as appropriate. The
level of significance was set atP50.05. The immunological evaluation
in relation to the progression of the illness was carried out by
comparing the groups of patients at various stages.
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Table 1mClinical and histopathological data of patients with colorectal
cancer

Number of patients in stages:

Characteristic I II III IV

Rectum/colon
sigmoideuma

2 2 1

Transverse
colon

1 2 1 1

Descending
colon

1 5 1 1

Ascending
colon

1 10 4 3

Sigmoid 4 7 2 5

Rectum 9 9 2 3

pTNM T2N0M0 14 T3N0M0 33 T3N1M0 5 T3N1M1 4
T1N0M0 4 T3N2M0 3 T3N3M1 2

T3N3M0 1 T4N1M1 2
T4N3M0 1 T4N3M1 5
T4N1M0 2 T1N1M1 1

Number of
patients

18 33 12 14

a Location of colorectal cancer



Results

Evaluation of IL-2, IFNγ, IL-4, IL-6, TNFα in the serum

In patients (Table 2) the serum levels of IL-4 and IL-6 were
significantly higher than in the controls. By contrast, the IL-
2 serum level was lower. IFNγ and TNFα levels were not
different from those of the control group. By comparing the
serum levels of each group of patients in the various stages
with those of the control group it is possible to note an
increase in the levels of IL-4, IL-6 and TNFα. However, the

IL-2 level decreased as the disease progressed. This envir-
onmental model of peripheral blood suggests that the TH
cells functionally present are of the TH2 type and they
increase with the progression of the disease.

IL-4 and IL-2 production from PBMC,
LNL and tumour cells.

After stimulation with the mitogen PHA, the production of
IL-4 from PBMC of patients was significantly higher than
in the control group (Table 3) and positively correlated with
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Table 2mCytokine serum levels in the group of patients and in the control group. This table shows the cytokine serum levels for the patients and
the control group. Values are expressed as means+ SD; the numbers of patients, stages and controls are shown in parentheses.IL interleukin,IFN
interferon,TNF tumour necrosis factor

Cytokines Cytokine level (pg/ml)

Controls All patients Stage I Stage II Stage III Stage IV

IL-2* (27) 24.2+10.6 (54) 10.4+9.7
P50.0001

(15) 20.1+9.2
NS

(19) 9.1+7.8
P50.0001

(9) 6.2+6.4
P50.0001

(11) 2.9+3.4
P50.0001

IFN-γ** (41) 111.5+178 (63) 189.5+244
NS

(12) 144.1+194.5
NS

(32) 144.5+200.6
(NS

(9) 331.8+386.8
NS

(10) 243.7+248.4
NS

IL-4* (33) 16.4+6.2 (24) 330.4+283.5
P50.0001

(8) 52.7+36.4
P50.0001

(3) 105 +111
P50.0001

(6) 411.5+111.2
P50.0001

(7) 675 +137.1
P50.0001

IL-6** (70) 16.2+91.6 (70) 118.8+278.2
P50.0001

(16) 23.2+63.6
NS

(31) 24.1+69.3
P = 0.015

(11) 136.6+141.9
P50.0001

(12) 474.6+372.2
P50.0001

TNFα** (33) 0 (51) 4.9+20
NS

(10) 0
NS

(25) 0
NS

(10) 23.5+41.8
P = 0.001

(6) 2.6+6.3
P = 0.02

*, ** The statistical evaluation of the patients, both in total and in the different disease stages, was carried out by comparing them with the control
group. This was done by using the most appropriate statistical test depending on the populaton distribution: * by Student’st-test; ** by the Mann-
Whitney U-test

Table 3mProduction of IL-2 and IL-4 from peripheral blood mono-
nuclear cells (PBMC) and lymph node lymphocytes (LNL). Values are
expressed as means+ SD; numbers of patients, stages and controls
are shown in parentheses. In this table the production of IL-2 and IL-4
coming from PBMC and LNL (without and with phytohaemagglutinin,
PHA, 3 µg/ml, 24 h, 37°C) in the group of patients and the control
group is shown. As regards the production of cytokines from PBMC,

the statistical evaluation of the patients, both in total and in the various
disease stages, was carried out by comparing them with the control
group. This was done by using the most appropriate statistical test
depending on the distribution of the population. As regards the lymph
node cells, it was not possible to perform a comparison with the
healthy subjects owing to the lack of lymph nodes from this group

Cytokine Mitogen Cytokine production (pg/ml)
and its stimula-
source tion Controls All patients Stage I Stage II Stage III Stage IV

PBMC
IL-2* –PHA (20) 19.7+19.5 (19) 1.1+3.2

P50.0001
(3) 3.3 +5.8

NS
(7) 1.5+3.9

P = 0.010
(5) 0.16+0.3

P = 0.026
(4) 0

P = 0.01

IL-2* +PHA (20) 330.2+210.9 (19) 47+71.6
P50.0001

(3) 134.8+104.4
NS

(7) 78.3+69.6
P = 0.0008

(5) 1.9 +4.4
P = 0.0007

(4) 6.1+10.6
P = 0.001

IL-4** –PHA (7) 4.3+4.1 (18) 6.2+3.3
NS

(2) 1.05+0.9
NS

(2) 6.2+6.3
NS

(6) 3.96+0.04
NS

(8) 8.5+2.1
P = 0.042

IL-4** +PHA (7) 11.5+5.2 (18) 31.5+16.1
P = 0.0043

(2) 9.6 +1.2
NS

(2) 7.4+5.6
NS

(6) 28.2+8
P = 0.0009

(8) 45.7+4.5
P50.0001

LNL
IL-4 –PHA (8) 1.6+ 0.3 ND (6) 1.7+ 0.3 (2) 1.3+ 0.03 ND
IL-4 +PHA (9) 6.8+ 5.7 ND (6) 9.0+ 5.9 (2) 2.3+ 0.3 (1) 2.8
IL-2 –PHA (8) 3.2+ 3.9 ND (6) 2.6+ 4.4 (1) 5.15 (1) 5
IL-2 +PHA (11) 323.9+525.7 ND (8) 391.6+612 (2) 159.8+ 77 (1) 110.5

* , ** Statistical analysis by: * Student’st-test; by the Mann-WhitneyU-test



the disease stage (Table 4). By contrast, the production of
IL-4 without PHA was not different between patients and
the control group (Table 3) even though it increased with
disease stage (Table 4). Preliminary results show that the
CD4+ cells of patients, after PBMC separation with Dyna-
beads M-450 (for use with Detachabead; Dynabeads,
Dynal, Oslo, Norway), also produced higher IL-4 levels
than did the control group (N = 5,Nc = 9; t-testp = 0.008) in
the supernatant collected after 72 h of culture. In addition,
the production of IL-2 from PBMC of patients (with and
without PHA) was significantly lower than in the control
group (Table 3) and negatively correlated with the disease
stage (Table 4). These statistics suggest that in the PBMC of
the patients there is an increase in the TH subpopulation
that produces IL-4 (TH2) and that this subpopulation
increases with disease progression. Our observations
agree with the results showing that patients9 LNL in culture
produce IL-4 (Table 3) and the highest production of IL-4
was at stage II, which preceded lymph node infiltration.
Thus, it may be possible that when the tumour cells
infiltrate the lymph node, the generation of TH cells in
the lymph node environment is shifted towards a TH2 type
of immune response. The fact that the functionality of the
TH cells is directed towards the TH2 subpopulation is
probably due to the cell suppression effect which, when
the IL-4 is present in the environment, suppresses the
production of TH1-type cells. In fact, in 1 patient with
colon adenoma (data not shown) IL-4 production with PHA
from LNL was lower than for patients at stage II (2.36
versus 9.0+5.9 pg/ml). In patients the production of IL-2

from LNL with PHA seems to decrease with the progres-
sion of the illness. This decrease also goes to show the
possible phenotypical and functional shifting of the TH
subpopulation towards the TH2 type as the disease pro-
gresses. In order to support what is stated above, the results
of the experiments on the production of IL-4 by the tumour
cell culture are reported. These results highlight that the IL-
4 is ever present in all the supernatants (without PHA)
collected after 24 h of culture (N = 6; 4.5+3.2 pg/ml) and
increases in the 72-h supernatant (N = 3; 253.8+256.9 pg/
ml). In the latter it is also possible to note the increase from
stage I (N = 1, 91.3 pg/ml) to stage IV (N = 1, 550 pg/
ml).Whereas, must be noted that the IL-2 production is
always absent in the 72-h supernatant (without PHA) from
tumour cells (N = 7, IL-255 pg/ml).

PBMC proliferative response

Mean values and the statistical evaluation of proliferative
response in patients and the control group of healthy
subjects are shown in Table 5. It can be seen that the
proliferative responses to IL-2, and IL-2+anti-CD3 are not
statistically different from those of the healthy control
group. However, when we added IL-4 to the stimulation
with IL-2+anti-CD3 there was a decrease in the prolifera-
tive response in the group of patients in respect to the
control group. Moreover, when we observed the prolifera-
tive response to IL-2 in the groups of patients at the various
stages a decrease in the response to IL-2 with the progres-
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Table 4mStatistical correlations in the group of patients. When present, PHA was 3µg/ml; IL-2, IL-4 1000 U/ml; anti-CD3 2.5µg/ml. Cytokine
levels were measured in pg/ml, PBMC proliferation in cpm

Serum level of cytokines Cytokine production by PBMC Proliferative response of PBMC to:

–PHA +PHA

Parameter IL-2
(a)

IFNγ
(b)

IL-4
(c)

IL-6
(d)

TNFα
(e)

IL-2 IL-4
(f)

IL-2
(g)

IL-4
(h)

IL-2
(i)

IL-2
+anti-
CD3 (l)

anti-CD3
(m)

IL-4
(n)

IL-2+IL-4
+anti-
CD3 (o)

Stage (A) [–] NS [+] [+] [+] NS [+] [–] [+] [–] [+] [+] NS NS
Serum levels of:

IL-2 (B) [–] [–] NS NS NS NS NS NS NS [–] NS NS NS
IFNγ (C) [–] NS NS NS NS NS NS NS NS NS NS NS NS
IL-4 (D) [–] NS [+] NS NS [+] [–] [+] [–] [+] [+] NS NS
IL-6 (E) NS NS [+] NS NS NS [–] NS NS NS NS [+] NS
TNFα NS NS NS NS NS NS NS NS NS NS NS NS NS

The statistical correlations were carried out using the Spearman’s Rank
and the Pearson correlation tests.
Correlations with stage (Spearman’s rank test)
Serum level of cytokines:Aa (N = 54, r = –0.62,P 50.0001);Ac

(N = 24,r = 0.89,P50.0001);Ad (N = 70,r = 0.43,P = 0.0004);Ae
(N = 51, r = 0.35,P = 0.014)

Production of cytokines:Af (N = 18, r = 0.63,P = 0.012);Ag (N = 19,
r = –0.58,P = 0.0095);Ah (N = 18, r = 0.92,P = 0.0001)

PBMC proliferative response:Ai (N = 36, r = –0.51,P = 0.0024);Al
(N = 36, r = 0.45,P = 0.0071);Am (N = 36, r = 0.92,P = 0.009)

Correlation with serum levels of cytokines:
Serum level of cytokines:Bb = Ca [N = 48, r = –0.45,

P (Pearson) = 0.001];Bc = Da [N = 21, r = –0.81,
P (Pearson) = 0.0001];Dd = Ec (N = 24, r = 0.42,
P (spearman) = 0.040]

Production of IL-2 and IL-4 from PBMC:Df [N = 7, r = 0.85, P
(Pearson) = 0.014];Dg [N = 7, r = –0.76,P (Pearson) = 0.04];Dh
(N = 7, r = 0.97, P (Pearson) = 0.0002];Eg [N = 19, r = –0.47,
P (Spearman) = 0.040]

PBMC proliferative response:Bl [N = 26, r = –0.50,
P (Pearson) = 0.0091];Di [N = 15, r = –0.58,P (Pearson) = 0.002];
Dl [N = 15, r = 0.62,P (Pearson) = 0.014];Dm [N = 15, r = 0.99,
P (Pearson) = 0.011];En [N = 27, r = 0.48,P (Spearman) = 0.017]

Moreover, correlations between the production of IL-4 and the pro-
liferative response of PBMC to various stimuli were noticed (Pearson
correlation test)

fl (N = 9, r = 6.9,P= 0.038)fo (N = 9, r = 0.76,P= 0.0179;hl (N = 9,
r = 0.70,P = 0.034);ho (N = 9, r = 0.68,P = 0.042). On the other
hand, significant correlations between the production of IL-2 and
IL-4 from PBMC with and without PHA were not noticed



sion of the illness could be seen (Tables 4, 5). Such an
effect seems to be neutralized by the addition of the anti-
CD3 to the IL-2 in that such a stimulus determines an
increase in the proliferative response as the disease pro-
gresses (Tables 4, 5). Thus, it would seem that there are
faults at the level of the mechanisms of the proliferative
responses of patients9 PBMC to the IL-2, which increase
with the stage progression, and that these faults are elimi-
nated by the costimulator effects of the signals produced in
vitro with the addition of anti-CD3. The increase in the
proliferative response with the addition of anti-CD3 backs-
up our hypothesis of the expansion of the TH2 cells with as
the disease advances in that other researchers have noticed
that a good proliferative response of PBMC to IL-2+anti-
CD3 demonstrates an enrichment in the TH2 cell subpopu-
lation in respect to the TH1 cells [37, 54, 55]. The decrease
in the proliferative response to IL-2+anti-CD3 after the
addition of IL-4, in the patients relative to the control group
(recreating the situation in vivo), might suggest a suppres-
sive action on IL-2 by IL-4.

Statistical correlations

In Table 4 the correlations between the immunological
parameters of patients are shown. It is of great interest to
note that the progression of the disease was positively
correlated with the IL-4 serum level. By contrast, the
correlation with IL-2 level was negative. In patients the
production of IL-4 from PBMC (with and without PHA)
also significantly increased with disease stage and was

correlated with the level of IL-4 in the serum. Instead the
production of IL-2 from PBMC (with PHA) decreased as
the disease advanced. Moreover, in patients the prolifera-
tive response of PBMC to IL-2 was negatively associated
with disease progression, suggesting that the IL-2 mecha-
nism does not work well because it is damaged in some
way; however, the costimulator signals produced by anti-
CD3 reversed this situation, in that an increase of PBMC
proliferative response with stage was noted when we added
anti-CD3 to IL-2. Moreover this increase, which is well-
known to be indicative of a TH2 expansion, was positively
correlated with serum level and production of IL-4 by
PBMC, confirming the TH2 expansion hypothesis. In
addition, it must be noted that the serum level of IL-6
was negatively correlated with IL-2 production by PBMC
after PHA stimulation. Moreover the IL-6 serum level
increased with disease progression, but IL-2 decreased.
Other researchers have shown that to allow the generation
of reactive CTL effector cells the mechanisms of IL-2 and
IL-6 should be positively correlated [29, 50].

Discussion

The data of the present study lead us to hypothesize that,
probably through IL-4 mechanisms, in the cells of periph-
eral blood of colorectal cancer patients there is a disregula-
tion in the functionality of TH1 and TH2 cells with an
expansion in TH2 and a malfunction in TH1.
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Table 5mProliferative responses of PBMC in patients and in controls. Results show the PBMC proliferative response to IL-2 (1000 U/ml), IL-4
(1000 U/ml) anti-CD3 (2.5µg/ml), which were variously combined. The values are expressed as means+ SD

PBMC Proliferative response ([3H]dThd incorporation, cpm)

Controls (Nc = 23) All patients (N = 36) Stage I (N = 6) Stage II (N = 12) Stage III (N = 5) Stage IV (N = 13)

Without
activation**

326.2+265.3 768.2+125.8
NS

625 +195.6
P = 0.022

729.4+897.9
NS

318 +206.2
NS

1043.4+1853.4
NS

+IL-2* 43530.1+22369.8 54088.9+36962.6
NS

93067.2+39896.3 (a)
P = 0.004

59614.6+38185.8
NS

44018.6+32370
NS

34871.4+20079.6 (b)
NS

+IL-2+anti-
CD3*

19653.0+15753.4 88510.1+38480.6
NS

78861.5+21140.7 (c)
NS

74577.7+37672.6
NS

50824.4+9938.9
P = 0.0001

120319+29500 (d)
NS

+IL-2+anti-
CD3+IL-4*

141031.0+14487.4 102808.0+30864.2
P = 0.005

106937 +43793.3
NS

104012 +34421.7
P = 0.028

76258.8+13956.3
P50.0001

110902 +21862.5
P = 0.0041

+IL-2+IL-4* 38965.5+8393.5 32749.9+14402.9
NS

46268.5+11914.1
NS

30916.7+9204.5
NS

28037.4+11316.9
NS

29329.6+16929.7
NS

+IL-4+anti-
CD3*

64026.0+13455.2 13128.6+8767.0
P50.0001

21950.7+6608.5
P = 0.015

9855.2+5416.3
P = 0.015

19644.3+18082.8
P = 0.0020

11206.3+4558.3
P50.0001

+IL-4 635.2+316.0 1248.0+1659.4
NS

245.2+124.1
P = 0.049

892.1+1 064.5
NS

2384.2+2298.5
NS

1375.8+1853.7
NS

+anti-CD3** 539.1+979.1 8271.7+9087.1
P = 0.015

184 +31.1
NS

282 +66.5
NS

3647.4+2069
P = 0.033

19327 +4467.6
P = 0.0043

* , ** The statistical evaluation was carried out using: * Student’st-test; ** the Mann-WhitneyU-test, depending on the population distribution.
The statistical evaluation of the values of the patients, both in total and in various stages of disease, was carried out by comparing them with the
control group. Differences between patients in stages I and IV:a versusb, P = 0.0005;c versusd, P = 0.0068;a versusc, P = 0.46;d versusb,
P50.0001



This hypothesis is supported by the following results. In
patients the serum levels of IL-4 and IL-6 were significant-
ly higher than in the control group, whereas the level of IL-
2 was lower and IFNγ was not different (Table 2). It must be
noted that, as the disease progressed, the level of IL-4
increased in the serum; by contrast, IL-2 decreased (Tables
2, 4). We also found that, in patients, the IL-4 production
from PBMC was higher than in the control group and
significantly increased with as the disease stage advanced,
being positively correlated to the level of IL-4 in the serum.
Non-T cells, such as basophils and mast cells, could provide
IL-4 but, after PBMC separation, the CD4+ cells of patients
also produced a higher level of IL-4 than did those of the
control group. In addition IL-2 production from PBMC was
lower than in the control group and decreased with disease
progression.

Our hypothesis is also supported by the experiments on
proliferative responses of PBMC to IL-2, IL-4 and anti-
CD3, which showed interesting statistical correlations
(Table 4). In patients the proliferative response to IL-2
also decreased with the disease stage, denoting damage to
its mechanisms. However, the addition of anti-CD3 to IL-2
reversed this situation, resulting in a significant increase in
PBMC proliferation as the disease advanced. It must also be
noted that the proliferative response to IL-2+anti-CD3 was
positively correlated with the serum level and with the
production of IL-4 from PBMC (with and without PHA)
and, consequently, with TH2 cells. Moreover, the results of
other researchers [37, 54, 55] underline the conclusion that
IL-2+anti-CD3 stimulation favours thein vitro proliferation
of TH2 cells.

Thus, taken together, these data suggest that, in patients,
the presence of IL-4 during the ongoing immune response
to tumour suppressed the response of TH1 cells and
favoured the expansion of TH2. Our results may indicate
that, in these patients, the TH2 type of immune response
can be induced by three principal causes: (a) IL-4 produc-
tion from tumour cells, which we found in all samples
examined (whereas IL-2 is always absent) and can affect
the type of immune response at either the local or systemic
level, or both together, by suppressive effects on IL-2
mechanisms; (b) the absence of TH1 cell costimulator
signals, which induces an unresponsive anergy state in
these cells and a transition from TH1 to a TH2-like
signalling phenotype; (c) the presence of the cytokine IL-
4 in the lymph node environment which, for the activity of
suppressor cells, may be sufficient to induce changes in the
type of lymphocyte trafficking between the lymph nodes
and peripheral blood, turning the response towards TH2-
type cells. The existence of the mechanisms by which IL-4
down-regulates IL-2 production is confirmed by the results
of other researchers [23, 35, 41, 42, 48], which have shown
that, in several infectious disease models, IL-4 inhibits the
generation of protective cell-mediated immunity and that
the environmental IL-4 is able to down-regulate IL-2
production by the inhibition of IL-2 gene transcription.

Our hypothesis about the mechanisms determining this
situation in the cells of peripheral blood of patients is also
confirmed by our results, which concern the immunological

evaluation in stages. In fact, it is possible to note that,
compared to the control group, at stage I the patient serum
only showed an increase in IL-4 while the IL-2, IL-6, IFNγ
and TNFα levels were still within the normal range (Table
2). Instead, after the progression of the disease from stage I
to II, compared to controls the patient’s serum levels of IL-
4 and IL-6 increased, whereas that of IL-2 decreased (Table
2) and as did its production from PBMC (Table 3). In
addition, the IL-4 and IL-6 serum levels were increasing
while IL-2 was decreasing, which continued until stage IV
(Table 2). Our observations are also confirmed by results
from PBMC proliferative responses. The stimulation by IL-
2 and IL-2+anti-CD3 in patients did not show significant
differences from the control group (Table 5). Therefore,
when we added IL-4 to IL-2+anti-CD3 (recreating the
situation in vivo) there was a decrease of the PBMC
proliferative responses of patients compared to the control
group (Table 5). Thus it is possible to suppose that anti-
CD3 in vitro signals induced costimulatory effects on the
PBMC response because the cells that are functionally
increasing are of the TH2 type; however, the suppressive
effects due to IL-4 damage the activation pathway of these
cells with an anti-CD3 stimulus. This is confirmed by the
results of the PBMC proliferative response to anti-CD3 and
IL-4+anti-CD3 (Table 5). In fact, it is possible to note that
in patients, compared to the control group, the proliferative
response to anti-CD3 was significantly higher, but when we
added IL-4 to anti-CD3 this response was significantly
lower. Moreover our results show that disease progression
was negatively associated with serum level and IL-2
production from the patients9 PBMC; instead, there was a
positive correlation with IL-6 serum level and PBMC
production after PHA stimulus (data not shown:N = 21,
r = 0.88, Spearman’s rank testP = 0.0001). IL-2-producing
TH1 cells may be required for the generation and function
of mature CTL [10, 17]. IL-6 has been shown in vitro to be
a CTL differentiation factor [50], but it may not be
sufficient by itself to drive the generation of reactive CTL
effector cells in vivo, because for this it also needs IL-2
[29]. Consequently, the result of an IL-2 deficiency may be
the suppression of the generation of reactive CTL effector
cells, which allows the tumour to locate and progress in the
host. In fact, an IL-4-dependent mechanism by which CD8
cytolytic responses can be turned into non-cytolytic ones
[14] was found, which probably allows a pathogen to
escape elimination. This mechanism has been implicated
in the pathology of leprosy [40] leishmania major [20] and
AIDS [26]. It must be underlined that, as in the last
pathology, in our patients we previously found [5] an
increase in soluble IL-2 receptor and a decrease in CD4+

PBMC expression connected with disease progression.
Moreover, other papers show that T cells isolated from
cancers are defective in their response to IL-2 [2] and to
autologous tumour [57] and have a reduced level of CTL
[24].

It therefore seems that, in colorectal cancer patients, the
initial tumour establishment is enabled because the immune
system of the patients is functionally directed toward a TH2
type of immune response, which nevertheless is not able to
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oppose and destroy the first cells contaminated by tumour
mechanisms. The inability of the TH2 cells to destroy the
initial cancer cells seems to be due to the IL-2 deficiency,
which does not allow the generation of specific reactive
antitumour CTL [4, 14, 18]. Consequently, to allow the
generation of a specific and productive immune response
which destroys the tumour, it is very important to elucidate
how these mechanisms should be manipulated in vivo to
shift the cytokine balance in patients.

These events may not only take place in colorectal
cancer patients; it is possible that they are involved in the
basic mechanisms of tumour pathology, because in other
types of cancers [27] their effects may also be noticed, since
the positive resolution of the disease was obtained by
therapy inducing TH1 cytokines. Moreover, immunother-
apy led to an improvement in the resolution of the disease,
following the very frequent administration of IFNα. Data
from other studies suggest that this may because IFNα but
not IFNγ is able to oppose the inhibition of IL-4 mechan-
isms on TH1 cells and redirect the immune response from
type II to type I [8].

In conclusion, further research is necessary but current
studies have underlined the fact that IFNγ and TGFβ favour
TH1 cell development [15, 32, 49]. Interestingly, the latest
research also reports that IL-12 induces TH1 differentiation
and development in CD4+ T cells undergoing primary
activation [21, 43]. Moreover, TH1 cells are very sensitive
to glucocorticoids [39] and inducers of cAMP [30], which
can aid an appropriate choice of pharmacological therapy.
Thus, it is of great interest to study the possible applications
of these agents and new agents in order to improve the
evaluation and treatment in colorectal cancer patients, and
to begin to find the right way to solve this increasingly
urgent problem.

References

1. Abehsira-Amar O, Gilbert M, Joliym M, Theze J, Jankovic DL
(1992) IL-4 plays a dominant role in the differential development
of Th0 into Th1 and Th2 cells. J Immunol 148:3820

2. Alexander JP, Kudoh S, Melsop KA, Hamilton TA, Edinger MG,
Tubbs RR, Sica D, Tuason L, Klein E, Budowski RM, Finke JH
(1993) T-cells infiltrating renal cell carcinoma display a poor
proliferative response even though they can produce interleukin
2 and express interleukin 2 receptors. Cancer Res 53:1380

3. Bass HZ, Yamashita N, Clement LT (1992) Heterogeneous me-
chanisms of human cytotoxic T lymphocyte generation. I. Differ-
ential helper cell requirement for the generation of cytotoxic
effector cells from CD8+ precursor subpopulations. J Immunol
149:2489

4. Bass H Z, Yamashita N, Clement LT (1993) Heterogeneous
mechanisms of human cytotoxic T lymphocyte generation. II.
Differential effects of IL-6 on the helper cell-independent gener-
ation of CTL from CD8+ precursor subpopulations. J Immunol
151:2895

5. Berghella AM, Pellegrini P, Piancatelli D, Maccarone D, Del
Beato T, Giubilei D, Pomidori A, Adorno D, Casciani CU
(1994) Progression mechanisms in colon cancer: soluble interleu-
kin-2 (IL-2) receptor, IL-2 plus anti-CD3 proliferative response
and tumor stage correlations. Cancer Immunol Immunother 38:160

6. Bloom BR, Modlin RL, Salgame P (1992) Stigma variations:
observations on suppressor T cells and leprosy. Annu Rev Im-
munol 10:453

7. Bloom BR, Salgame P, Diamond B (1992) Revisiting and revising
suppressor T cells. Immunol Today 13:131

8. Brinkman V, Geiger T, Alkan S, Heusser CH (1993) Interferon
alpha increases the frequency of interferon gamma-producing
human CD4+ T cells. J Exp Med 178:1655

9. Chatelain R, Varkila K, Coffman RL (1992) IL-4 induces a Th2
response in Leishmania major-infected mice. J Immunol 148:1182

10. Chen L, Tourvielle B, Burns GF, Bach FH, Mathieu-Mahul D,
Sasportes M, Bensussan A (1986) Interferon: a cytotoxic T
lymphocyte differentiation signal. Eur J Immunol 16:767

11. Cher DJ, Mosmann TR (1987) Two types of murine helper T cell
clone. II. Delayed-type hypersensitivity is mediated by TH1
clones. J Immunol 138:3688

12. Coffman RL, Varkila K, Scott P, Chatelain R (1991) Role of
cytokines in the differentiation of CD4+ T-cell subsets in vivo.
Immunol Rev 123:189

13. Doherty TM, Coffman RL (1993) Leishmania antigens presented
by GM-CSF-derived macrophages protect susceptible mice against
challenge with Leishmania Major. J Immunol 150:5476

14. Erard F, Wild MT, Garcia-Sanz JA, LeGros G (1993) Switch of
CD8 T cells to noncytolytic CD8-CD4- cells that make TH2
cytokines and help B cells. Science 260:1802

15. Gajewski TF, Fitch F (1988) Anti-proliferative effect of IFN-
gamma in immune regulation. I. IFN-gamma inhibits the prolif-
eration of TH2 but not TH1 murine helper T lymphocyte clones.
J Immunol 140:4245

16. Gajewski TF, Joyce J, Fitch FW (1989) Anti-proliferative effects
of IFNγ in immune regulation. III. Differential selection of TH1
and TH2 murine helper T lymphocyte clones using recombinant
IL-2 and recombinant IFNγ. J Immunol 143:15

17. Gillis S, Gillis AE, Henney CS (1981) Monoclonal antibody
directed against IL-2: inhibition of T lymphocyte mitogenesis
and in vitro differentiation of alloreactive cytotoxic T cells. J Exp
Med 154:983

18. Harding FA, Allison JP (1993) CD28-B7 interactions allow the
induction of CD8+ cytotoxic T lymphocytes in the absence of
exogenous help. J Exp Med 177:1791

19. Heinzel FP, Sadick MD, Holaday BJ, Coffman RL, Locksley RM
(1989) Reciprocal expression of interferonγ or interleukin 4
during the resolution or progression of murine Leishmaniasis.
J Exp Med 169:59

20. Heinzel FP, Sadick MD, Mutha SS, Locksley RM (1991) Produc-
tion of interferon gamma, interleukin 2, interleukin 4, and inter-
leukin 10 by CD4+ lymphocytes in-vivo during healing and
progressive murine leishmaniasis. Proc Natl Acad Sci USA
88:7011

21. Hsieh C-S, Macatonia SE, Tripp CS, Wolf SF, O9Garra A, Murphy
KM (1993) Development of TH1 CD4+ T cells through IL-12
produced by listeria-induced macrophages. Science 260:547

22. Kopf M, Le Gros G, Bachmann M, Lamers MC, Bluethmann H,
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