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DIAGNOSTIC METHOD FOR DETECTING
CANCER BY MEASURING AMOUNT OF A
CYTOKINE LIKE IL-6

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is continuation of and claims the
benefit of priority to U.S. patent application Ser. No. 11/918,
488, filed May 29, 2008, which is a continuation of and claims
the benefit of priority to International Patent Application No.
PCT/SE2006/000440, filed Apr. 12, 2006, which designated
the United States, and was published in English and, which
claims the benefit of priority to Swedish Patent Application
No. 0500889-1, filed Apr. 15,2005 and Swedish Patent Appli-
cation No. 0502506-9, filed Nov. 4, 2005. All of the afore-
mentioned applications are hereby expressly incorporated by
reference in their entireties.

TECHNICAL FIELD

[0002] The present invention relates to a diagnostic method
for predicting the possible recurrence of malignant tumours
in cancer patients.

BACKGROUND OF THE INVENTION

[0003] Recurrence of a cancer is a serious event, in particu-
lar the appearance of distant metastases, which can no longer
be resected. The cure rate of patients in this situation is gen-
erally very poor. Patients with a high risk of recurrent disease
are therefore given adjuvant treatment already after radical
surgery, although the existence of remaining tumour cells
cannot be diagnosed at this stage. Thus, there is a great need
for a method to diagnose these patients, in order to be able to
give them an adequate treatment from the very beginning of
the post-surgical period.

[0004] Several factors of prognostic significance for col-
orectal cancer (CRC) have been identified. Dukes’ classifica-
tion or staging based on the TNM classification gives good
prognostic information, but still there is a great need for tests
giving more detailed prognostic information especially for
patients with Dukes’ B and C or stage II and III cancers.
Therefore the prognostic value of several molecular and
genetic factors has been investigated. So far no single param-
eter, which allows individual monitoring of CRC patients, has
been described. Cancer is often associated with a systemic
chronic inflammation resulting in production of cytokines
e.g. interleukin-6 (IL-6) and TNF-a and induction of acute
phase reactants, such as C-reactive protein (CRP). High
serum levels of CRP has been reported to correlate to poor
prognosis, but still a fairly high recurrence rate is found in
patients with normal serum levels of CRP, thus reducing the
value of this parameter for individual monitoring of cancer
patients. Therefore, scores based on several parameters, e.g.
serum level of CRP and TNM-stage has been proposed. The
importance of the immune system for the control and/or prog-
nosis of CRC is suggested by the correlation between infil-
tration of lymphocytes and good prognosis/prolonged sur-
vival.

[0005] Cancer related immunosuppression is often associ-
ated with a systemic, chronic inflammation with increased
pathological production of several cytokines, wherein cytok-
ines are chemical mediators released by cells that affect the
behaviour of other cells, (e.g. IL-1f, IL-1 Ra IL-6, IL-10,
IL-17, TNF-a,, PGE2, TGF-f). IL-6, and TNF-a are involved
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in a paraneoplastic syndrome frequently found in cancer
patients. This syndrome is characterized by a poor perfor-
mance status, low-grade fever, anorexia, weight-loss, fatigue
and distortion of various biochemical laboratory parameters.
This condition is said to correlate to the tumour burden of the
patient, being worse in more advanced disease. In particular,
IL-6, a pleiotropic, proinflammatory cytokine, is of impor-
tance for the regulation of immune reactivity (Lotz: 1995.
Cancer Treat Res 80:209; Barton B E. 1996. Med Res Rev
16:87). In addition to its regulatory role in immune and
inflammatory responses, it regulates hepatic acute-phase pro-
tein synthesis, hematopoiesis and bone metabolism. IL-6 pro-
duction can be induced by a large variety of stimuli which
includes;

[0006] Other cytokines (such as IL-1p, IL-17 and TNF-
@)
[0007] Microbial products (such as endotoxins, e.g.

lipopolysaccharide from Gram-negative bacteria like
Escherichia coli, formalin fixed or dried Staphylococcus
aureus, mycobacterial cell wall components or synthetic
constructs thereof (muramyl dipeptide) and Staphylo-
coccus aureus anterotixins A (SEA) and B (SEB)

[0008] Mitogens, such as Phytohemagglutinin (PHA)
and Concanavalin A (ConA)

[0009] Plasma/serum factors, such as IgG, IgA, immun-
complexes and fibrinogen or fibrin degradation prod-
ucts, e.g. D-dimer

[0010] Complement factors, such as C3a and C5a

[0011] Acute-phase reactants, such as C-reactive protein
(CRP)

[0012] Extracellular matrix (ECM) components, such as
fibronectin, vitronectin or proteolytic fragments or syn-
thetic peptides thereof

[0013] Neuropeptides

[0014] In addition, other pro-inflammatory cytokines
(TNF-q, IL-1 and IL-8) can be induced in mononuclear cells
by P-selectin (from platelets), free hemoglobin and soluble
CD23.

[0015] An increased serum concentration of I1-6 is often
found in cancer patients, especially in patients with advanced
disease and has been reported to correlate with a poor prog-
nosis in various types of cancer, e.g. multiple myeloma,
chronic lymphocytic leukemia, renal cell carcinoma, prostate
cancer, ovarian cancer, metastatic breast cancer, pancreatic
carcinoma and colorectal cancer. IL-6 may also be involved in
the malignant process as an autocrine or paracrine growth
factor in cancers like renal cell carcinoma, multiple myeloma,
prostate cancer, colon cancer and Kaposi’s sarcoma. Except
for a possible prognostic value, the information provided by
determination of serum concentrations of factors such as IL-6
can, can be questioned. The cellular origin of these serum
factors is often unknown, they are immensely diluted in
serum and their half-life is not accounted for. The information
obtained from serum determinations of such factors is there-
fore most likely just a faint reflection of the mechanisms
behind their appearance in serum.

[0016] An increased systemic concentration of IL-6 has
been reported to correlate with a poor response to chemo-
therapy and it is well documented that patients with increased
IL-6 and/or CRP serum levels cannot be successfully treated
with immunotherapy.

[0017] The source of serum IL-6 in cancer patients is still
somewhat unclear. Although IL-6 can be produced by a broad
range of normal cells such as fibroblasts, monocytes, T lym-
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phocytes, endothelial cells and keratinocytes it is generally
assumed to be derived from the tumour as it may be produced
by certain malignant cells. In a study of 12 colon cancer
patients, IL-6 mRNA was expressed in tumour tissue in 83%
of'the cases but only in one patient in normal mucosa (Pianca-
telli etal. 1999. J Immunother 22:25) and in another study by
Kinoshita et al. it was shown that the IL-6 concentration in
tumour tissue of colorectal carcinoma patients were signifi-
cantly higher than in normal mucosa and was correlated with
the serum IL-6 concentration. In addition, serum level of IL-6
was correlated with such parameters as tumour size and pro-
liferative activity of the tumour (Kinoshita et al. 1999. Cancer
85:2526)

[0018] Based on these observations I[.-6 was chosen as an
interesting parameter of dysregulation of the immune system
in cancer patients. In the present study LPS-induced IL-6
production by blood cells from CRC patients was determined
preoperatively and a possible correlation to the prognosis of
these patients was analysed.

SUMMARY OF THE PRESENT INVENTION

[0019] The object of the present invention is to obtain a
possibility of diagnosing a possible recurrence of a cancer
after resection of a primary tumour. Such a diagnosis is of
utmost importance to;

[0020] a) provide a patient having a prognosis of low
recurrence probability with adequate information and
adequate follow up routines, which will save consider-
able health care costs, and;

[0021] b) provide a patient with a high risk of recurrence
with the utterly best care to prevent recurrence.

[0022] The importance of the systemic immune status for
control of tumours is further demonstrated by the prognostic
value of endotoxin lipopolysaccharide induced production of
interleukin-6 by peripheral blood mononuclear -cells,
PBMCs, from cancer patients. The invention will be
described below with reference to the determination of a
serum factor, which in cooperation with a cytokine stimulat-
ing factor enables prognosis of the outcome of future cancer
recurrence, if any, as well as the diagnosis of possible recur-
rence of colon cancer, however, without being restricted
thereto.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

[0023] The present invention relates in particular to a
method for determination of a serum factor in cancer patient
sera, said factor acts synergistically with a cytokine stimulat-
ing factor to enhance cytokine production by indicator cells in
cell cultures in the presence of cancer patient serum, whereby
said serum factor is identified by production of the cytokine
IL-6 in the presence of a cytokine stimulating factor, whereby
the indicator cells are mononuclear blood cells or a cell line.
[0024] Ina preferred embodiment the cytokine stimulating
factor is from the group comprising microbial products, mito-
gens, plasma/serum factors, Extra cellular matrix molecules,
cytokines, acute-phase reactants, complement factors or neu-
ropeptides.

[0025] In a preferred embodiment the microbial product is
an endotoxin.
[0026] In a preferred embodiment the endotoxin is a

lipopolysaccharide.
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[0027] A further aspect of the invention relates to a method
for determining risk of recurrence of cancer after resection of
the primary tumour, whereby indicator cells in the form of
mononuclear blood cells or a cell line in a cell culture com-
prising lipopolysaccharide in a concentration of below 0.10
ng/ml produces a significant amount of IL-6.

[0028] In a preferred embodiment the blood cells are
peripheral blood mononuclear cells.

[0029] Ina preferred embodiment the cytokine determined
is a chemical mediator affecting the behaviour of other cells.
[0030] Inapreferred embodiment the cytokine determined
is one or more from the group of cytokines comprising IL-1f,
IL-IRa IL-6, IL-10, IL-17, TNF-a, PGE2, TGF-f.

[0031] Ina preferred embodiment the cytokine is interleu-
kin-6 (IL-6). In a preferred embodiment the peripheral blood
mononuclear cells are cultivated in the presence of up to 50
pg/ml of lipopolysaccharide.

[0032] In a preferred embodiment the endotoxin
lipopolysaccharide is derived from Escherichia coli 026:B6.
[0033] In a preferred embodiment the cultivation of the
peripheral blood mononuclear cells takes place in a medium
consisting of RPMI 1640 comprising 1% human serum albu-
min (HSA), and supplemented with penicillin, streptomycin,
L-glutamine and said medium further consisting of 10%
fresh, heat-inactivated serum.

[0034] In a preferred embodiment the cytokine production
is determined by immunoassays, such as ELISA, ELISpot,
MA, any blotting technique, including Western blotting,
Southern blotting, any bioassay, any tissue culture technique,
RT-PCR, flow cytometry, cytometric bead array, DNA
microarray and/or proteomics.

Materials and Methods
Patients

[0035] Thirty-five patients with colorectal cancer were
tested before radical resection of the primary tumour. Thus,
only patients with stage I-11I were included in this study and
stage IV patients with distant metastases were excluded. LPS
induced production of interleukin-6 by patient PBMCs cul-
tured for 24 hours in autologous serum was analysed by a
standard ELISA-technique. All patients were then followed
for at least 46 months.

Serum

[0036] Sera, collected from healthy volunteers or from
patients with colorectal carcinoma, was heat-inactivated at
56° C. for 30 minutes. Fresh sera was used for cell cultures
(see below), whereas aliquots of the same sera were saved at
=70° C. for determination of IL-6 concentrations.

Isolation of Peripheral Blood Mononuclear Cells (PBMC)

[0037] A blood sample was collected from healthy volun-
teers or from colorectal carcinoma patients preoperatively on
the same day as surgery was performed. Venous blood was
drawn in glass vacuum tubes with acid dextrose citrate solu-
tion A as anti-coagulant (Vacutainer, Becton Dickinson, Fran-
klin Lakes, N.J.). Erythrocytes were removed by sedimenta-
tion on 2% dextran T500 solution (Amersham Pharmacia
Biotech AB, Uppsala, Sweden) in 0.9% NaCl. Mononuclear
cells (PBMC) were then isolated by Ficoll-paque Plus (Phar-
macia, Uppsala, Sweden) density gradient centrifugation
after which the cells were washed twice in RPMI 1640
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Dutch’s modification (Gibco BRL, Life Technologies, Pais-
ley, Scotland) with 2% human serum albumin (HSA, Phar-
macia & Upjohn, Stockholm, Sweden) (RPMI/2% HSA).
Cell viability was assessed by exclusion of 0.05% Trypan
Blue and was always above 95%. The cell suspension was
stained with Turk’s solution and the number of lymphocytes
and monocytes in the PBMC preparation were counted in a
hemocytometer. PBMCs were resuspended in RPMI1/2%
HSA and the cell concentration adjusted to 5x10° lympho-
cytes/ml.

Culture of PBMCs for the Generation of Cell Culture Super-
natants

[0038] PBMC were cultured in round-bottomed, tissue cul-
ture microtitre plates (Costar 3799, Corning Inc, Corning,
N.Y.). 100 pul per well of culture medium consisting of RPMI
1640 supplemented with 200 IU/ml Penicillin, 200 png/ml
Streptomycin, 4 mM L-glutamine (all from Sigma Chemical
Company, St. Louis, Mo.) and 20% fresh, heat-inactivated
serum was then added to the microtiter plates followed by 100
wl per well of cell suspension in RPMI/2% HSA. Hence, the
final concentration per well is 50,000 PBMCs, 10% serum
and 1% HSA. Lipopolysaccharide from Escherichia coli 026:
B6 (LPS, Sigma Chemical Co) was also added at a final
concentration of 0.05 ng/ml. The cells were cultured in a
humidified 5% CO2 atmosphere at 37° C. Supernatants (SN)
were harvested after 24 hours and residual cells removed by
centrifugation in a refrigerated centrifuge at 2600 G for 5
minutes. SN were frozen and stored at —=70° C. until 1L-6
concentrations were evaluated by ELISA.

Analysis of Cytokines

[0039] Cytokine production can be determined by immu-
noassays, such as ELISA, ELISpot, RIA, any blotting tech-
nique, including Western blotting, Southern blotting, any bio-
assay, any tissue culture technique, RT-PCR, flow cytometry,
cytometric bead array, DNA microarray and/or proteomics.
[0040] IL-6in cell culture SN or in serum was measured by
ELISA using the DuoSef ELISA development kit or Quan-
tikine ELISA kit for human IL-6 (R&D Systems Europe,
Ltd., Abingdon, UK) following the manufacturer’s recom-
mended procedures. The lower limit of detection was 3.1
pg/ml. All samples were analysed as duplicates. Both SN and
sera had been kept frozen at -7° C. before determination of
IL-6.

Results

Spontaneous and LPS-Induced Production of IL-6 in Purified
PBMCs In Vitro

[0041] In the present investigation we analyzed spontane-
ous and LPS-induced production of IL-6 by purified PBMCs
in vitro. In setting up in vitro culture models, there is always
the risk that the regulatory mechanisms operating in vivo are
changed or completely lost. In order to avoid this, the mono-
nuclear blood cells were manipulated as little as possible, thus
no attempts were made to further purify monocyte or lym-
phocyte subsets, especially as their interaction might be cru-
cial to maintain the in vivo regulation of cytokine production.
Many studies investigating cytokine production by PBMCs
from cancer patients have used fetal calf serum rather than
autologous serum in the culture medium. This is advanta-
geous from the point of standardizing the culture conditions,
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but it may introduce new unknown factors in the culture
model and cancer related autologous, possibly immune regu-
latory serum factors are removed. Thus, all cultures in the
present investigation used autologous sera in the culture
medium.

[0042] PBMCs were isolated from forty patients with col-
orectal cancer (CRC) preoperatively and were analysed for
spontaneous and for LPS-induced IL-6 production in short
term cultures with autologous sera in the culture medium.
Five of these patients had synchronous metastases and are
therefore excluded from the following analyses. Patient char-
acteristics are: 11 patients had T1-2, 21 patients had T3 and 3
patients had T4 tumours; 21 patients were NO, 10 patients
were N1 and 4 patients were N2; five patients had distant
metastases.

[0043] Under these culture conditions the spontaneous
IL-6 production by PBMCs was very low in both cancer
patients (mean 221+48, range 31-1120) and controls (mean
162+52, range 20-1620) and was detectable in 9 out of 40
patients and 12 out of 35 controls PBMCs were stimulated
with LPS at a low concentration in order to find out if PBMCs
from cancer patients are influenced by the malignant disease
in a way, which allows discrimination between patients with
different prognosis. In order to make the in vitro model as
sensitive as possible only alow dose of LPS was used. The use
of LPS-stimulation in culture models, where the intention is
to obtain data of prognostic value, has to be interpreted with
great care as some 10 percent of the population carries a
mutation resulting in no response to LPS. After LPS stimu-
lation, analysis showed that PBMCs from CRC patients pro-
duced more IL-6 (mean 7085+1510, range 31-32400) than
PBMCs from healthy controls (mean 3899+779, range
57-24000), p=0.065 (FIG. 1). An analysis of the distribution
of IL-6 producers among healthy controls and cancer patients
showed that a production of 5000 pg/ml discriminated
between two groups, which in the following analysis are
called low and high producers. Spontaneous IL-6 production
was at most 15% of LPS-stimulated IL-6 production in high
producers.

[0044] No significant difference in IL-6 production by
PBMCs due to stage, occurrence of lymph node metastases,
degree of differentiation or to the presence or absence of
vascular invasion in the tumour tissue was found. There was
a slight tendency towards a higher IL-6 production by
PBMCs from patients with left sided tumours as compared to
right sided (p=0.22) and PBMCs from the few patients (N=3)
with T4 tumours had a significantly higher 1L-6 production
than those from T2 or T3 tumours (p<0.0001).

[0045] For comparison with results in the following analy-
ses the effect of tumour stage, tumour extension and lymph
node metastases is shown in FIG. 2. These results are in very
good agreement with previously published data.

[0046] As shown, in the majority of patients the spontane-
ous production was low, which might be due to the sensitivity
of the method used. However, from these results it cannot be
excluded that the low serum concentration often found in
cancer patient sera actually is derived from PBMCs. Interest-
ingly, LPS-induced IL-6 production was in general higher in
cultures from cancer patients as compared to cultures from
healthy controls, which shows that PBMCs from cancer
patients are somehow induced to produce IL-6. In contrast to
studies showing an increased serum concentration of IL-6, we
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can, based on the present results, claim that the increased
LPS-induced IL-6 production is due to cancer related modu-
lation of the immune system.

Correlation Between the Overall Survival of CRC Patients
and IL-6 Production.

[0047] Next a possible correlation between the overall sur-
vival of CRC patients and IL-6 production by their PBMCs
was analysed.

[0048] The median follow-up time was 52.8 months and all
patients were followed for at least 46 months. When only
patients with radical resection were analysed together, low-
producers of IL-6 had a significantly better survival compared
to high producers (FIG. 3A). All 21 patients with low produc-
tion of IL-6 were still alive at 46 months following primary
surgery, but 10 out of 14 with high production had died,
p<0.0001. The median survival was not reached in the former
group but was 31 months for high-producers.

[0049] Two patients in the group of 21 with low LPS-
induced IL-6 production had intra-abdominal recurrences,
one a regional recurrence after 58 months and the other ret-
roperitoneal lymph node metastases after 30 months. This is
hardly surprising, as the test used in the present investigation
obviously does not correlate with the local aggressiveness of
the tumour, shown as vessel invasion or lymph node
metastases. However, the over all survival was significantly
better for low-producers of IL-6. This indicates that the pro-
duction of cancer related factors supporting LPS induced
IL-6 production does not correlate to the local aggressiveness
of the tumour, but rather to its propensity to establish distant
metastases. Alternatively, there might be a regional—sys-
temic gradient of these cancer related factors modulating the
immune function so that the regional tumour control is broken
down while systemic protection still is active (North R.1985.
Advances in Cancer Res 45:1). It is interesting to note that
PBMCs from the patient, who had lymph node metastases
after 30 months, did not at all respond to LPS. He might, thus
carry the mutation discussed above and can therefore not be
identified using the present prognostic test.

[0050] Inthe group of patients with lymph node metastases,
IL-6 production identified those with a poor prognosis. As
shown in FIG. 3 B, all patients, in total six patients having low
IL-6 production were alive, whereas none out of 8 having
high production of IL-6 was alive after 46 months. Similarly,
patients with T3 tumours and low IL-6 production had a
significantly better survival than high producers. All 12
patients in the former group were alive compared to 2 out of
9 with high IL-6 production. Even in the subset of T3/N12
patients, low IL-6 production predicts a long term event free
survival (6 out of 6 patients) whereas all of the patients with
high production have died (6 out of 6). Thus, low IL-6 pro-
duction by PBMCs from colorectal cancer patients predicts
long term event free survival after radical resection of the
primary tumour. A multivariate Cox regression analysis,
stratified for T- and N-stage identified IL-6 production as an
independent prognostic factor.

[0051] Influence of serum factors on LPS induced produc-
tion of IL-6 To further explore the influence of serum factors
on LPS induced production of IL-6, PBMCs from ABO-
compatible healthy blood donors were cultured in cancer
patient sera (Table 1).

[0052] The effect of cancer patient sera on LPS induced
IL-6 production (pg/ml) by PBMCs from healthy controls.
Each cancer patient serum was tested on control cells from
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two persons. When cancer patient sera had the same effect in
the two tests, the result was considered to be conclusive,
either stimulatory or inhibitory.

TABLE 1
Controls
Cancer patients autologous Control cells Cancer patient
Patient  autologous sera sera cancer pat. sera serum factor
1 5501 205 2622 stimulatory
220 2309 stimulatory
2 525 772 49 inhibitory
1104 64 inhibitory
3 2586 105 1337 stimulatory
548 2386 stimulatory
4 3023 623 251 inhibitory
602 184 inhibitory
5 336 300 1540 stimulatory
512 3800 stimulatory
6 7544 820 6374 stimulatory
12349 19208 stimulatory
7 1365 1440 1318 uncertain
4746 2681 uncertain
8 845 698 1195 uncertain
2283 823 uncertain
9 171 1306 320 inhibitory
474 111 inhibitory
[0053] Asshown in Table 1 the results were inconclusive in

two out of nine experiments, four cancer patient sera had a
marked stimulatory activity and in three there seems to be
some inhibitory activity. The possibility to analyse the role of
cellular factors in PBMCs from cancer patients is compli-
cated by the fact that these cells have been in an in vivo milieu
for quite some time where they have been triggered by serum
factors modulating their reactivity to LPS. Therefore these
analyses were not performed. However, it can be concluded
that serum factors are of importance for LPS induced IL-6
production by PBMCs. Further in the present test method,
high and low producers of IL-6 (cancer and control persons)
after LPS stimulation were identified in autologous short-
term cultures of PBMCs. As shown in Table 1, the enhanced
IL-6 production can be transferred by serum factors. In order
to investigate the possibility that these serum factors can be
used to discriminate between high and low producers of IL-6
after LPS stimulation, sera were used in the culture medium
of cultures with new indicator cells (PBMCs from healthy
controls). The LPS induced IL-6 production in these cultures
was then determined and the amount of IL-6 produced was
compared to the amount produced in autologous cultures with
these sera. There is a highly significant correlation between
the results from the autologous cultures and the cultures
where sera were cultured together with new indicator cells.
This was the case both when sera from cancer patients and
healthy controls were analysed.

[0054] Provided that the majority of malignant tumours are
recognized as non self by the immune system, a proper analy-
sis of the tumour-host interaction should provide information
of prognostic value. In fact, as shown in the present investi-
gation, the immune system obviously plays a very important
role at an early stage of cancer and the determination of the
immune regulatory mechanisms can be used to develop good
prognostic parameters. The stage of cancer diseases, based on
local aggressiveness and metastatic potential, provides
important prognostic information. The stage of a tumour can
be the result of the intrinsic biological properties of the
tumour cells or the result of interplay between these proper-
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ties and the host defence mechanisms, provided that these
mechanisms are efficient enough to influence tumour pro-
gression. Indeed, recent data from both mouse and human
studies provide strong support for the concept of cancer
immunosurveillance and suggest that tumour development is
the result of immune system-tumour interactions. Our results
demonstrate that immune regulatory mechanisms, deter-
mined as LPS-induced IL-6 production, play a major role for
the prognosis of CRC. The stage of cancer can thus, at least to
a large extent, be considered the result of the efficacy of the
immune system. Based on the present data on LPS-induced
IL-6 production, cancer patients as well as healthy controls
can be divided into two groups, low-producers and high-
producers with a production of less than 5000 pg/ml or more.
That a large number of cancer patients were low-producers is,
however, not surprising as a very good correlation was found
between high LPS-induced IL-6 production and a poor prog-
nosis. It is then reasonable to assume that a high LPS-induced
IL-6 production is somehow involved in a poor protection
against systemic dissemination of the tumour cells. As also
PBMCs from some healthy controls showed an increased
LPS-induced production of L-6, this phenomenon can be a
part of normal immune regulation possibly occurring during
a short period when the activity of the immune system is
down-regulated after activation due to infections or inflam-
matory processes. In cancer patients this type of down-regu-
lation is dangerous, because the inflammatory reaction is due
to the presence of a malignant tumour, which sustains long-
lasting down-regulatory mechanisms.

[0055] It can thus be concluded that malignant tumours
already before resection of the primary tumour influence the
immune system and that this system plays a major role in the
control of malignant tumours. Furthermore, tests based on
these immune regulatory mechanisms can provide important
prognostic information.

FIGURE LEGENDS

[0056] FIG. 1. LPS induced IL-6 production in short term
cultures of PBMCs from colorectal cancer patients (n=35)
and healthy controls (n=35). Each bar represents one patient/
control. Tests are sorted according to IL-6 production.

[0057] FIG. 2. Kaplan-Meyer cumulative survival plots. A.
According to stage, I () (blue), II (-) (green) and I1I (=) (red);
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B According to tumour extension, T2 (-) (blue), T3(-)
(green) and T4 (-) (red). C. According to lymph node
metastases, NO (-) (blue), N1 () (green) and N2 (-) (red).
[0058] FIG. 3. IL-6 production in radically resected col-
orectal cancer patients. Kaplan-Meyer cumulative survival
plots. A. All patients; B. Patients with lymph node metastases
(N12); C. Patients with T3 tumours; D. Patients with T3, N12
tumours. IL-6 low producers (-), (green), high producers (-)
(blue).

1. (canceled)

2. A method for identifying a prognosis for survival of a
patient with colorectal cancer and lymph node metastases
comprising:

(a) measuring the amount of interleukin-6 (IL-6) in a sus-
pension of peripheral blood mononuclear cells (PB-
MCs), human sera from said patient, and lipopolysac-
charide; and

(b) classifying said patient as having a reduced prognosis
for survival when the amount of IL-6 measured in the
suspension of (a) is above the amount of IL-6 in a sus-
pension of lipopolysaccharide, and PBMCs and sera
from a human with colorectal cancer and a good prog-
nosis for survival; or

(¢) classifying said patient as having an increased progno-
sis for survival when the amount of IL-6 measured in the
mixture of (a) is equivalent to the amount of IL-6 in a
suspension of lipopolysaccharide, and PBMCs and sera
from a human with colorectal cancer and a good prog-
nosis for survival.

3. The method of claim 2, wherein said patient has had a

primary tumor removed.

4. The method of claim 2, wherein the amount of IL-6 is
measured by an immunoassay, a blotting technique, ELISA,
ELISpot, flow cytometry, cytometric bead array, or proteom-
ics.

5. The method of claim 4, wherein the immunoassay is
ELISA or flow cytometry.

6. The method of claim 2, wherein the patient with local
colorectal cancer comprises at least T3 stage colorectal
cancer.
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