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The Pattern of Cytokine Gene Expression
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Systemic and local cytokine environment may mod-
ulate the immunogenicity of colorectal cancer cells,
and affect anti-tumor immune functions of tumor-
infiltrating lymphocytes. We therefore investigated
cytokine mRNA expression patterns in tumors and
peripheral blood mononuclear cells (PBMC) from
patients with colorectal adenocarcinoma. IL-2, IFN- ,
tumor necrosis factor- (TNF- ), IL-4, IL-6, IL-8, IL-
10 and IL-1 mRNAs in single cell suspension of
freshly isolated colorectal cancer tissue were studied
by RT-PCR. Frequencies of cytokine gene expression
were compared to those in normal colonic mucosa
from tumor patients. The frequencies of IL-2, IFN- ,
IL-4 and IL-10 gene expression were also determined
in peripheral blood mononuclear cells from patients
with colorectal adenocarcinoma and compared to
those of healthy individuals. Tumor samples were

more frequently positive for IFN- , IL-2, TNF- and
IL-10 gene expression than normal mucosa (p=0.0001,
p=0.0118, p=0.001 and p<0.0001, respectively). Fre-
quencies of IL-2 and TNF- gene expressions were
significantly higher in tumors with a diameter <5 cm,
than in those with a diameter >5 cm. The genes for
IL-6, IL-1 and IL-8 were commonly expressed in
both tumor tissue and normal colonic mucosa. IFN-

transcripts were detected in more PBMC samples
from patients with colorectal cancer than those from
normal controls (p=0.0449). Thus, colorectal cancer
tissue is characterized by a specific pattern of
cytokine gene expression. It is likely that multiple
interactions between pro- and anti-inflammatory
cytokines regulate tumor growth and the functional
activity of tumor-infiltrating lymphocytes. (Patho-
logy Oncology Research Vol 10, No 2, 109-116)
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Introduction

Colorectal adenocarcinoma (CRC) is one of the most
frequent and aggressive types of cancer. It is relatively
resistant to currently available chemotherapy. Previous
attempts to use immune therapy to treat colorectal cancers
did not seem to be very effective either,' the reason for
which is unclear. The anti-tumor immune response is reg-
ulated by numerous factors, including cytokines produced
by the tumor and other cells in the tumor microenviron-
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ment (e.g. epithelial, endothelial cells, tumor-infiltrating
leukocytes/TIL). Cytokines can modulate expression and
presentation of tumor antigens, adhesion molecules, com-
position of cellular infiltrate and functional activity of
tumor-infiltrating lymphocytes. They can also affect pro-
duction of immunosuppressive factors by tumor cells. It is
plausible that the local cytokine milieu, acting on the
tumor cells or on the adjacent cells, can either block or
facilitate tumor growth.

Cytokine regulation of human CRC is not clearly under-
stood. Sera of patients with CRC have abnormally high lev-
els of IL-6, IL-4, IL-10, TNF- and TGF- 1*° TGF- and
IL-10 have been assumed to play a role in tumor-induced
immunosuppression in CRC patients. Impaired cytokine
production by mitogen-stimulated peripheral blood
mononuclear cells from patients with CRC (IFN- , IFN- ,
IL-1 , IL-2, IL-12, TNF- ) has also been described.”®
Recent studies have demonstrated production or gene
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expression of immunomodulatory cytokines (e.g. TGF- ,
IL-10, IL-6, IL-8, IL-7) in various colon carcinoma cell lines
or in cancer cells in situ.”'? However, there is still no clear
explanation for the good prognostic value of cellular infil-
trates, especially of intra-tumor NK-cells and CD8* T-cell
infiltrates in human CRC."*'® Type 1 helper or cytotoxic T
cells (Th1, Tcl, collectively T1 cells) can promote cellular
anti-tumor immune functions,'” whereas cytokines such as
IL-10 and IL-4 produced by type 2 helper T or cytotoxic T
cells (Th2, Tc2, collectively T2 cells) can inhibit cell-medi-
ated immune responses.'® Determination of the characteris-
tic cytokine profile (T1, T2) of TIL in CRC seems to be
very important. One of the goals of the present study was,
therefore, to investigate gene expression of some character-
istic T1 (IL-2, IFN- ) and T2 cytokines (IL-4, IL-10) in
tumor tissue from patients with CRC.

As many of the pro-inflammatory cytokines have potent
tumor-promoting activity by inducing tumor angiogenesis,
synthesis of matrix metalloproteases, or by directly sup-
porting tumor cell growth,'*?* the present study also aimed
to investigate the gene expression of several pro-inflam-
matory cytokines in tumor tissue. mMRNA of a broad spec-
trum of cytokines (IL-2, IFN- , TNF- , IL-4, IL-6, IL-8,
IL-10, IL-1 ) was assayed by RT-PCR in freshly isolated
tumors from patients with primary CRC. Frequencies of
cytokine gene expressions were compared to those in nor-
mal colonic mucosa from tumor patients.

Peripheral blood often contains activated lymphocytes
during in vivo immune responses.”*® Although tumor
cells produce immunosuppressive humoral factors that can
cause local and systemic immune suppression in advanced
tumors,”’ cytokine gene expression in PBMC from tumor
patients may be indicative of an ongoing anti-tumor
immune response. Peripheral blood mononuclear cells
(PBMC) from patients with CRC were, therefore, investi-

gated for type 1 (IL-2, IFN- ) and type 2 (IL-4, IL-10)
cytokine gene expression. PBMC from healthy individuals
served as normal controls.

Materials and Methods

Materials

Collagenase (type IV), DNase (type II), and agarose were
purchased from Sigma Chemical Co. (St. Louis, MO, USA),
anti-CD45-FITC and the IMK kit from Becton Dickinson
Immunocytometry Systems (San Jose, CA, USA). TRI
reagent was obtained from Molecular Research Center, Inc.
(Cincinnati, OH, USA), other molecular biology and cell
culture reagents from Boehringer Mannheim (Mannheim,
Germany), Pharmacia Biotech, Inc. (Piscataway, NJ, USA),
Zenon Biotechnology, Ltd. (Szeged, Hungary), Crosslink
Laboratories, Ltd. (Budapest, Hungary), and Gibco-BRL
Life Technologies, Inc. (Gathersburg, MD Paisely, Scot-
land). Oligonucleotides were synthesized by Eurogentec S.
A. (Seraing, Belgium) or by Genset Ltd. (France).

Reverse transcriptions and cDNA amplification were
performed with a PTC 100 programmable thermal cycler
(MJ Research, Inc., Watertown, MA, USA). DNA was
visualized, and images were obtained with Gel Doc 1000
transilluminator (Bio-Rad, Hercules, CA). FACS analysis
was carried out with a FACS Calibur flow cytometer (Bec-
ton Dickinson, San Jose, CA, USA).

Patients and tumors

Twenty-one patients (13 females, 8 males, mean age:
69.4 years) with primary colorectal adenocarcinoma treat-
ed by surgery were included in this study. Patients had not
received either chemotherapy or radiotherapy prior to
surgery. According to Dukes’ staging system, four tumors

Table 1. Summary of clinical profiles of patients with primary colorectal adenocarcinoma

Number Mean age Sex Metastasis Specimen’
of patients (yr) Female  Male No Yes T NM PBMC

Total number of patients 21 69.4 13 8 12 9 17 15 19
Dukes' stage'

A 4 47.5 2 2 4 0 2 1 4

B 8 75.6 6 2 8 0 7 7

C 9 73.7 5 4 0 9 8 7 8
Diameter of the tumor

<5 cm 9 71.3 6 3 8 1 8 7 9

>5 cm 11 67.2 6 5 3 8 8 7 10

"Dukes' stage A: infiltrated mucosa, submucosa, or muscular propria

Dukes' stage B: infiltrated intestinal wall with or without infiltrated regional organs
Dukes' stage C: regional or juxtaregional lymph node metastasis

*Specimen: T: tumor, NM: normal mucosa, PBMC: peripheral blood mononuclear cell
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Figure 1. Representative figure of cytokine gene expression in tumor tissue, normal mucosa and peripheral blood mononuclear cells
from patients with colorectal adenocarcinoma and in peripheral blood mononuclear cells from normal controls. Total cellular RNA was
isolated from freshly resected primary tumors (T), normal colonic mucosa (NM) and peripheral blood mononuclear cells (PBMC) from
three patients with CRC (panel A, Dukes” C: No.1, 2, Dukes” B: No.3) and from PBMC from four healthy controls (panel B) as
described in Materials and Methods. The amplified DNAs were resolved in 1.2 % agarose gel containing 0.5 pg/ml ethidium bromide.

were A (infiltrated mucosa, submucosa, or muscular pro-
pria, no metastasis), eight B (infiltrated intestinal wall with
or without infiltrated regional organs, no metastasis) and
nine C (appearance of regional or juxtaregional lymph
node metastases) (Table 1). Data on tumor diameter was
not available for one case. As normal control tissue, non-
affected colonic mucosa specimens were also collected in
parallel with the tumor specimens from fourteen patients
from the resected tissue, adjacent to the tumor. In 19 cases
peripheral blood mononuclear cells (PBMC) from col-
orectal carcinoma patients were also investigated for
cytokine gene expression. PBMC from ten healthy volun-
teers (1 male and 9 females, mean age 41) were also used
as controls.

Tissue samples, cell separation

Single-cell suspensions of the tissue samples were pre-
pared under sterile conditions by enzymatic dissociation as
described elsewhere.”® The chilled cell suspensions were
quickly filtered, washed, and assessed for cell recovery
(viability>85%). The cells were then resuspended in TRI
reagent at 10" cells/ml for total cellular RNA preparation.

Blood samples were collected in sterile vacutainer tubes
containing 100 U/ml of heparin before pre-medication of
the patients, in the morning of the day of the surgical
resection. They were placed on ice immediately after sam-
pling. PBMC were prepared by Ficoll-Uromiro cell-densi-
ty centrifugation as described previously”. Cells were
washed twice with Hank’s solution, counted and resus-
pended in TRI reagent at 107 cells/ml for total cellular
RNA preparation.
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Cellular RNA isolation

Total cellular RNA was isolated by the method of
Chomczynski* under RNase-free conditions using TRI
reagent (1 ml/107 cells), following the instructions of the
manufacturer for RTFPCR applications. Contaminating
genomic DNA was removed by RNase-free DNase treat-
ment as described elsewhere”. For reverse transcription, 3

g of RNA was reprecipitated with acid/salt/ethanol (1
volume of RNA in aqueous solution 0.08 volume of 3 M
Na-acetate, pH 5.4: 3.3 volume of 100% ethanol, —20°C
for 16 h), and dissolved in 1x reverse transcriptase buffer.

Reverse transcription and PCR amplification

Reverse transcription (RT) and PCR were performed
with minor modification of the method described by Zou
et al.*! In the first step cDNA was synthesized on a tem-
plate of 3 g of cellular RNA, next, cytokine and -actin
cDNA (2 1 of 1/10 diluted stock) were amplified as
detailed elsewhere.”®” The sequences of sense (S) and
antisense (AS) primers, the lengths (L) of the amplicons
are as follows.” IFN- S: GCAGAGCCAAATTGTCTC-
CT, AS: ATGCTCTTCGACCTCGAAAC, L: 290 bp, IL-2
S: GTCACAAACAGTGCACCTAC, AS: ATGGTTGCT-
GTCTCATCAGC, L: 262 bp, IL-4: S: ATGGTTGCT-
GTCTCATCAGC, AS: AACGTACTCTGGTTGGCTTC,
L: 224 bp, IL-10 S: ATGCTTCGAGATCTCCGAGA, AS:
AAATCGATGACAGCGCCGTA, L: 269 bp, TNF- S:
ACAAGCCTGTAGCCCATGTT, AS: AAAGTAGACCT-
GCCCAGACT, L: 427 bp, IL-6 S: TCAATGAGGA-
GACTTGCCTG, AS: GATGAGTTGTCATGTCCTGC,
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Table 2. Cytokine gene expression in tumor and normal colonic mucosa from
patients with colorectal carcinoma

Tumor ( n=17") Normal mucosa ( n=15) Significance’

Cytokine Positive samples % Positive samples % P value
-actin 17 100 15 100 ns®
IL-2 9 52.9 2 13.3 0.0118
IFN- 16 94.1 4 26.7 0.0001

TNEF- 11 64.7 1 6.7 0.001
IL-10 16 94.1 3 20 <0.0001
IL-4 2 11.8 1 6.7 ns
IL-6 12 70.6 5 33.3 ns
IL-8 17 100 14 93.3 ns
IL-1 10 58.8 6 40.0 ns

most tumor samples (52.9-100%)
(Table 2). In contrast, IFN- , IL-2,
TNF- , and IL-10 mRNAs were in
contrast rare in normal colonic
mucosa (p=0.0001, p=0.0118,
p=0.001 and p<0.0001, respective-
ly). IL-4 mRNA was similarly rare in
both tumor tissue and normal colonic
mucosa. Frequencies of IL-2 and
TNF- gene expressions were signif-
icantly higher in tumors with @<5
cm, than in those with @>5 cm
(p=0.0406 and p=0.0256, respective-

ly) (Table 3). No significant differ-

'total number of samples

“significance of difference in cytokine gene expression frequencies between the two

groups
®ns: not significant

L: 260 bp, IL-8 S: TTGGCAGCCTTCCTGATT, AS:
AACTTCTCCACAACCCTCTG, L: 247 bp, IL-1 S:
GGATATGGAGCAACAAGTGG, AS: ATGTACCAG-
TTGGGGAACTG, L: 263 bp, -actin S: GGGTCA-
GAAGGATTCCTATG, AS: GGTCTCAAACAT-
GATCTGGG, L: 237 bp. The primers were specific to
cytokine cDNA except those of TNF- that could be used
as an indicator for genomic DNA contamination, resulting
in a 727-bp DNA fragment on genomic DNA template.*
After DNase treatment of RNA specimens, the TNF-
gene specific amplicon could not be observed. The ampli-
fied DNA (10 1) was electrophoresed in a 1.2% agarose
gel containing 0.5 g/ml ethidium bromide in Tris
borate/EDTA buffer. Bands were visualized by UV-tran-
sillumination. Pictures were analyzed with Molecular
Analyst software (Bio-Rad).

Statistical analysis

Fisher’s exact test (two-tailed) with a level of signifi-
cance of p<0.05 was used to compare frequencies of
cytokine gene expression between groups of patients and
normal controls.

Results

Cytokine mRNA expression in tumor and normal colonic
mucosa from patients with CRC

Using RT-PCR, cytokine specific mRNAs were vari-
ably, but reproducibly detected in tumor tissue or normal
colonic mucosa specimens. A representative ethidium bro-
mide-stained agarose gel with various cytokine specific
DNA bands is shown in Figure la. IL-2, IFN- , TNF- ,
IL-10, IL-6, IL-1 and IL-8 transcripts were detected in

ences were found in the frequencies
of cytokine gene expression between
groups of patients as a function of
Dukes’ stage and presence of lymph
node metastasis (Table 3).

Cytokine mRNA expression in PBMC from patients with CRC

IFN- mRNA was detected in most PBMC samples
(84.2%) from CRC patients (Table 4). It was more preva-
lent in PBMC from patients with CRC than in those from
normal controls (p=0.0449) (Table 4). IL-2 and IL-10 tran-
scripts were rarely detected in PBMC from patients with
CRC and healthy controls (Table 4). IL-4 mRNA was
observed in a moderate number of samples from both
groups (for representative agarose gels see Figure la, b).

Discussion

Neoplasms produce a complex pattern of soluble factors
that are implicated in the immune response against the
tumor or in autocrine growth of tumor cells. We investi-
gated local and systemic expression of inflammatory and
immunomodulatory cytokines at the tumor site and in the
peripheral blood of patients with CRC. Evaluation of
cytokine expression at the site of the tumor may give a pic-
ture of tumor-host interaction. Evaluation of systemic
expression of cytokines helps to elucidate ongoing activa-
tion of immune cells in a distance from the tumor.

Expression of IFN- and IL-2 is rarely detected in TIL
or tumor tissues from numerous types of cancer including
CRC.*** We observed specific expression of IFN- and
IL-2 at the tumor site in human CRC. It is consistent with
activated NK and T cells being major effector cell popula-
tions in the anti-tumor cell-mediated immune response to
human CRC. Their local IFN- and IL-2 production may
have a direct bearing on the better survival of some
patients. In human CRC, large numbers of infiltrating
lymphocytes, especially intra-tumor NK cells and CD8"
TIL were reported to be associated with good prognosis of
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Table 3. Cytokine gene expression in tumor tissues from colorectal carcinoma patients with various Dukes' stage,

tumor size, and occurrence of lymph node metastasis

Frequency of cytokine gene expression in tumor tissue

Characteristics of tumors IL-2 IFN- TNF- IL-10 L4 IL-6 IL-8 IL-1
n % n % n % n % n % n % n % n %

Dukes’ stages

A (n=2) 1 50 2 100 1 50 2 100 0 O 2 100 2 100 1 50

B (n=7) 5 714 7 100 6 857 7 100 1 143 5 714 7 100 4 571

C (n=8) 3 375 7 85 4 50 7 875 1 125 5 625 8 100 5 625
Tumor size

<5 cm (n=8) 7 875 8 100 8 100° 8 100 2 25 7 875 8 100 6 75

>5 cm (n=8) 2 25 7 85 3 375 7 85 0 0 5 625 8 100 4 50
Lymph node metastasis

no (n=9) 6 667 9 100 7 778 9 100 1 111 7 778 9 100 5 556

yes (n=38) 3 375 7 85 4 50 7 875 1 125 5 625 8 100 5 625

'p=0.0406; *p=0.0256 (Fischer's exact test)

CRC."™'S IFN- mRNA abundance in TIL was inversely
related to Dukes’ stage, and also to levels of TNF-
mRNA in tumor cells.”®

Our results confirm that TNF- is an important factor in
the tumor microenvironment in human CRC. However,
the role of TNF- in the local regulation of tumor growth
and functions of TIL is unclear. In murine adoptive
immunotherapy models, secretion of TNF- and IFN- by
TIL plays a crucial role in causing tumor regression.®
Barth et al.*® reported that better survival of CRC patients
was associated with a larger number of TNF- expressing
cells than found in normal mucosa. LPS-induced secretion
of TNF- by cells from human colorectal carcinoma tissue
is associated with good prognosis.”” However, TNF- may
also play a negative role, favoring the growth of colorectal
cancer by enhancing neo-vascularization®® and tumor
metastases,”” and down-regulating the cell-mediated
immune response by induction of soluble mediators such
as IL-10. A negative correlation
between levels of secretion of IFN-
and TNF- has been reported in

and protein has been reported in situ in colon carcinoma
cells and also in infiltrating cells.” IL-6 and IL-1 proteins
or mRNA, like those of TNF- are typically undetectable
in colon carcinoma cell lines, although there are very few
exceptions.'**! Our results are supported by data showing
that epithelial cells or infiltrating cells in a range of
inflammatory bowel disorders,* or even in normal colonic
mucosa following stimuli like bacterial micro-flora,” pro-
duce IL-1 , IL-6 and IL-8. Although the role of these
cytokines in regulation of tumor growth and spreading in
CRC is not fully understood, there is increasing evidence
that they support tumor growth or metastasis,*s***4¢

IL-10 mRNA was found in tumor tissue but not in nor-
mal colonic mucosa. Secretion of IL-10 may suppress
effectors responsible for tumor regression.”’” On the other
hand, IL-10 can also suppress the growth and metastatic
potential of certain human tumors such as melanoma via
inhibition of amgiogenesis.48 IL-10, IL-6, IFN- , TNF- and

Table 4. Cytokine gene expression in peripheral blood mononuclear cells
from patients with colorectal carcinoma and normal healthy volunteers

cells cultured from tumor tissue of

CRC patients.” Patients’ PBMC Control PBMC Significance’
. . Cytokine n=19" n=10

Expression of pro-inflammatory Positive samples % Positive samples % P value
cytokines such as IL-6, IL-1 and
IL-8 seems to be obligatory, but -actin 19 100 10 100 ns®
does not seem to be specific to the  IL-2 4 21.1 1 10 ns
tumor microenvironment. However, IFN- 16 84.2 4 40 0.0449
quantitative differences between  IL-10 3 15.8 0 0 ns
mRNA levels of the tumor and nor- IL-4 9 474 4 40 ns

mal colonic mucosa cannot be
excluded. Specific expression of IL-
6 has recently been detected in col-

orectal tumor tissue.* IL-8 mRNA  °ns: not significant

Vol 10, No 2, 2004

'total number of samples
*significance of difference in cytokine gene expression frequencies between PBMC
from patients with colorectal carcinoma and normal controls
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IL-1 have been reported to up-regulate IL-10 production
in human COLO205 cells.*’ Such interaction between col-
orectal tumor, adjacent and infiltrating cells may also take
place in vivo. In other studies, protein and mRNA of IL-10
was not or was variably detected in tumors from CRC
patients.®* The discrepancy between these results is prob-
ably due to technical differences and limitations. A signif-
icantly larger amount of IL-10 transcripts in freshly isolat-
ed tumor cells than in epithelial cells from normal colonic
mucosa has been demonstrated previously by our group.®
IL-4, a Th2/Te2-type cytokine was not detectable in tumor
tissue samples. This argues against locally produced IL-4
regulating tumor progression in human CRC.

We demonstrated that IL-2 and TNF- gene expression
was significantly more frequent in tumors with @<5 cm,
than in those with @#>5 cm. Our data are in agreement with
previous findings showing that tumors suppress infiltrat-
ing macrophage and T cell functions.*”*® The lack of sig-
nificant differences in the frequencies of cytokine gene
expressions between groups of patients as a function of
Dukes’ stage could be due to the relatively low number of
patients investigated by us.

In our study, IFN- mRNA was prevalent in PBMC sam-
ples from patients with CRC, suggesting the presence of
activated lymphocytes (T and NK cells). Although such in
vivo activated cells in the peripheral blood of tumor patients
may not be directly involved in anti-tumor immune
response, IFN- mRNA expression in PBMC from patients
might be considered as a potential, useful indicator for cel-
lular activation in relationship to disease progression. Our
finding is in accordance with those demonstrating the pres-
ence of activated CD3* T lymphocytes in PBMC from CRC
patients® and of IFN- in some of the patients’ sera.” It rais-
es the possibility that detection of IFN- mRNAs in periph-
eral blood can be a useful tool for monitoring immune acti-
vation status of patients with CRC.

Only few of our PBMC samples from tumor patients
contained detectable IL-10 mRNA, suggesting that the
source of systemic IL-10 demonstrated by several authors
in association with progression of the disease®” is not
PBMC. IL-4 mRNA was found in some PBMC samples
from both patients with CRC and normal controls, consis-
tent with our previous fndings.” It can be associated to the
large number of women among these individuals. Th1/Th2
cytokine production is affected by sex hormones.>® High
IL-4 protein levels in sera from patients with CRC were
demonstrated in two studies.>> However, our study does
not exclude the possibility that the level of IL-4 mRNA
expression is higher in PBMC from CRC patients than in
those from normal controls.

It is unlikely that the cytokine gene expression observed
in tumor tissue is caused by peripheral blood contamination,
because mRNAs of certain cytokines, as IL-2 were more
prevalent in tumor tissue than in PBMC from the patients.

In conclusion, we describe the pattern of cytokine gene
expression associated with human CRC. The local tumor
microenvironment is characterized by simultaneous
expression of various cytokines that may form a compli-
cated regulatory network. Local expression of immuno-
modulatory cytokines like IFN- and IL-2 at the tumor site
suggests involvement of specific T (Th1/Ic1) or NK cells
in the local anti-tumor immune response. An ongoing anti-
tumor immune response in a number of patients with CRC
could be supported by the presence of activated mononu-
clear cells expressing IFN- mRNAs in the peripheral
blood. However, the local or systemic presence of pro-
inflammatory cytokines and their potential interactions
with other cytokines may favor tumor progression,*>*>>
Our study indicates that the gene expression of type 1
cytokines, particularly that of IL-2 in the tumor micro-
milieu seems to be down-regulated as a function of the
tumor mass. Quantitative determinations of cytokine
mRNAs (or proteins) would undoubtedly help elucidate
the net effects of interactions between cytokines and pre-
dict the progression of disease.

References

1. Hilgenfeld RU and Kreuser ED: Immunological and biochem-
ical modulation in the treatment of advanced colorectal cancer:
Update and future directions. Curr Topics Microbiol Immunol
213: 217-240, 1996.

2. Berghella AM, Pellegrini P, Del Beato T et al.: The significance
of an increase in soluble interleukin-2 receptor level in colorectal
cancer and its biological regulating role in the physiological
switching of the immune response cytokine network from THI to
TH2 and back. Cancer Immunol Immunother 45: 241-249, 1998

3. Shibata M, Nezu T, Takekawa M et al: Serum levels of inter-
leukin-10 and interleukin-12 in patients with colorectal cancer.
Ann N'Y Acad Sci 795: 410-412,1996.

4. Tsushima H, Kawata S, Tamura S et al: High levels of trans-
forming growth factor 1 in patients with colorectal cancer:
association with disease progression. Gastroenterology 110:
375-382, 1996.

5. Zaloudik J, Lauerova L, Janakova L et al: Significance of pre-
treatment immunological parameters in colorectal cancer
patients with unresectable metastases to the liver. Hepatogas-
troenterology 46: 220-227, 1999.

6. Heriot AG, Marriott JB, Cookson S et al: Reduction in
cytokine production in colorectal cancer patients: association
with stage and reversal by resection. Br J Cancer 82: 1009-
1012, 2000.

7. Lahm H, Schindel M, Frikart L et al: Selective suppression of
cytokine secretion in whole blood cell cultures of patients with
colorectal cancer. Br J Cancer 78: 1018-1023, 1998.

8. O’'Hara RJ, Greenman J, Drew PJ et al: Impaired interleukin-
12 production is associated with a defective anti-tumor response
in colorectal cancer. Dis Colon Rectum 41: 460-463, 1998.

9. Brew R, Southern SA, Flanagan BF et al: Detection of inter-
leukin-8 mRNA and protein in human colorectal carcinoma
cells. Eur J Cancer 32A: 2142-2147, 1996.

10. Gastl GA, Abrams JS, Nanus DM et al: Interleukin-10 produc-
tion by human carcinoma cell lines and its relationship to inter-
leukin-6 expression. Int J Cancer 55: 96-101, 1993.

PATHOLOGY ONCOLOGY RESEARCH



Cytokine Gene Expression in Colorectal Carcinoma

115

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

. Langerak AD, Garewal HS: Transforming growth factor- 1: a

useful tumor marker in patients with colorectal carcinoma?
Cancer 85: 517-519, 1999.

. Mauerer MJ, Walter W, Martin D et al: Interleukin-7 (IL-7) in

colorectal cancer: IL-7 is produced by tissues from colorectal
cancer and promotes preferential expansion of tumour infiltrat-
ing lymphocytes. Scand J Immunol 45: 182-192, 1997.

. Coca S, Perez-Piqueras J, Martinez D et al: The prognostic

significance of intratumoral natural killer cells in patients with
colorectal carcinoma. Cancer 79: 2320-2328, 1997.

. Di Giorgio A, Botti C, Tocchi A et al: The influence of tumor

lymphocytic infiltration on long term survival of surgically
treated colorectal cancer patients. Int Surg 77: 256-260, 1992.

. Jass JR: Lymphocytic infiltration and survival in rectal cancer.

J Clin Pathol 39: 585-589, 1986.

. Naito Y, Saito K, Shiiba K et al: CD8" T cells infiltrated within

cancer cell nests as a prognostic factor in human colorectal
cancer. Cancer Res 58: 3491-3494, 1998.

. Goedegebuure PS, Eberlein TJ: The role of CD4+ tumor-infil-

trating lymphocytes in human solid tumors. Immunol Res 14:
119-131, 1995.

. Mosmann TR, Li L, Sad S: Function of CD8 T-cell subsets

secreting different cytokine patterns. Semin Immunol 9: 87-92,
1997.

. Xie K: Interleukin-8 and human cancer biology. Cytokine

Growth Factor Rev 12: 375-391, 2001.

Rosen EM, Zitnik R J, Elias JA et al: The interaction of HGF-
SF with other cytokines in tumor invasion and angiogenesis.
EXS 65: 301-310, 1993.

Opdenakker G, Van den Steen PE, Dubois B et al: Gelatinase
B functions as regulator and effector in leukocyte biology. J
Leukoc Biol 69: 851-859, 2001.

Kossakowska AE, Urbanski SJ, Janowska-Wieczorek A: Matrix
metalloproteinases and their tissue inhibitors - expression, role
and regulation in human malignant non-Hodgkin’s lym-
phomas. Leuk Lymphoma 39: 485-493, 2000.

Wilson J, Balkwill F: The role of cytokines in the epithelial
cancer microenvironment. Semin Cancer Biol 12: 113-120,
2002.

Anasagasti MJ, Olaso E, Calvo F et al: Interleukin 1-depen-
dent and -independent mouse melanoma metastases. J Natl
Cancer Inst 89: 645-651, 1997.

Pocsik E, Mihalik R, Gyodi E et al: Activation of lymphocytes
after platelet allotransfusion possessing only class I MHC
product. Clin Exp Immunol 82:102-107, 1990.

Paloczi K, Pocsik E, Kotlan B et al: The pattern of activation
antigen expression on T-lymphocyte subpopulation in infec-
tious mononucleosis. Haematologia 24: 83-90, 1991.

Luo J S, Kammerer R, von Kleist S: Comparison of the effects
of immunosuppressive factors from newly established colon
carcinoma cell cultures on human lymphocyte proliferation
and cytokine secretion. Tumour Biol 21: 11-20, 2000.

Csiszar A, Szentes T, Haraszti B et al: Characterization of
cytokine mRNA expression in tumour-infiltrating mononu-
clear cells and tumour cells isolated freshly from human col-
orectal carcinomas. Eur Cyt Netw 12: 87-96, 2001.

Csiszdr A, Nagy G, Gergely P, Pozsonyi T, Pocsik E: Increased
interferon- (IFN- ), IL-10 and decreased IL-4 mRNA expres-
sion in peripheral blood mononuclear cells (PBMC) from
patients with systemic lupus erythematosus (SLE). Clin Exp
Immunol 122: 464-470, 2000.

Chomczynski P: A reagent for the single-step simultaneous iso-
lation of RNA, DNA and proteins from cell and tissue samples.
Biotechniques 15: 532-534, 536-537, 1993.

Vol 10, No 2, 2004

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Zou W, Durand-Gasselin I, Dulioust A et al: Quantification of
cytokine gene expression by competitive PCR using a colori-
metric assay. Eur Cyt Netw 6: 257-264, 1995.

Shire D, Legoux P, Minty A J: Standardisation of messenger
RNA quantification using an RT-PCR method involving coam-
plification with a multi-specific internal control. In: Modern
Applications of DNA Amplification Techniques: Problems and
New Tools. (Eds. Lassner D, Pustowoit B, and Rolfs A),
Plenum Press, New York, 1997, pp. 25-35.

Barth RJ Jr, Camp BJ, Martuscello TA et al: The cytokine
microenvironment of human colon carcinoma. Lymphocyte
expression of tumor necrosis factor- and interleukin-4 pre-
dicts improved survival. Cancer 78: 1168-1178, 1996.
Piancatelli D, Romano P, Sebastiani P et al: Local expression
of cytokines in human colorectal carcinoma: evidence of spe-
cific interleukin-6 gene expression. J Immunother 22: 25-32,
1999.

Numata A, Minagawa T Asano M et al: Functional evaluation
of tumor-infiltrating mononuclear cells. Detection of endoge-
nous interferon- and tumor necrosis factor- in human col-
orectal adenocarcinomas. Cancer 68: 1937-1943, 1991.

Barth RJ Jr, Mule JJ, Spiess PJ, Rosenberg SA: Interferon-
and tumor necrosis factor have a role in tumor regressions
mediated by murine CD8" tumor-infiltrating lymphocytes. J
Exp Med 173: 647-658, 1991.

Takagi K, Tomita K, Fukushima et al: Endogenous TNF
inducibility and prognosis of colorectal cancer. Anticancer Res
18: 4141-4146, 1998.

Etoh T Shibuta K, Barnard GF et al: Angiogenin expression in
human colorectal cancer: the role of focal macrophage infiltra-
tion. Clin Cancer Res 6: 3545-3551, 2000.

Minami S, Furui J, Kanematsu T: Role of carcinoembryonic
antigen in the progression of colon cancer cells that express
carbohydrate antigen. Cancer Res 61: 2732-2735, 2001.
Suzuki S, Mita S, Kamohara H et al: IL-6 and IFN- regulation
of IL-10 production by human colon carcinoma cells. Int J
Oncol 18: 581-586, 2001.

Trdn-Thang C, Kruithof E, Lahm H et al: Modulation of the
plasminogen activation system by inflammatory cytokines in
human colon carcinoma cells. Br J Cancer 74: 846-852, 1996.
Isaacs KL, Sartor RB, Haskill S: Cytokine messenger RNA
profiles in inflammatory bowel disease mucosa detected by
polymerase chain reaction amplification. Gastroenterology
103: 1587-1595, 1992.

Eckmann L, Jung HC, Schurer-Maly C et al: Differential
cytokine expression by human intestinal epithelial cell lines:
regulated expression of interleukin 8. Gastroenterology 105:
1689-1697, 1993.

Fox SH, Whalen GF, Sanders MM et al: Angiogenesis in normal
tissue adjacent to colon cancer. J Surg Oncol 69: 230-234, 1998.
Ono M, Torisu H, Fukushi J et al: Biological implications of
macrophage infiltration in human tumor angiogenesis. Cancer
Chemother Pharmacol 43 Suppl: S69-71, 1999.

Opdenakker G, Van Damme J: Chemotactic factors, passive
invasion and metastasis of cancer cells. Immunol Today 13:
463-464, 1992.

Salazar-Onfray F: Interleukin-10: a cytokine used by tumors to
escape immunosurveillance. Med Oncol 16: 86-94, 1999.
Huang S, Ullrich SE, Bar-Eli M: Regulation of tumor growth
and metastasis by interleukin-10: the melanoma experience.J
Interferon Cytokine Res 19: 697-703, 1999.

Elgert KD, Alleva DG, Mullins DW: Tumor-induced immune
dysfunction: the macrophage connection. J Leukoc Biol
64:275-290, 1998.



116

CSISZAR et al

50.

51.

52.

53.

Kiessling R, Wasserman K, Horiguchi S et al: Tumor-induced
immune dysfunction. Cancer Immunol Immunother 48: 353-632,
1999.

Melichar B, Touskova M, Vesely P: Effect of irinotecan on the
phenotype of peripheral blood leukocyte populations in
patients with metastatic colorectal cancer. Hepatogastroen-
terology 49: 967-970, 2002.

De Vita F, Orditura M, Galizia G et al: Serum interleukin-10
levels in patients with advanced gastrointestinal malignancies.
Cancer 86: 1936-1943, 1999.

Giltay EJ, Fonk JC, von Blomberg BM, et al: In vivo effects
of sex steroids on lymphocyte responsiveness and immuno-

54.

55.

globulin levels in humans. J Clin Endocrinol Metab 85: 1648-
1657, 2000.

Danis VA, Franic GM, Rathjen DA, et al: Effects of granulo-
cyte-macrophage colony-stimulating factor (GM-CSF), IL-2,
interferon- (IFN- ), tumour necrosis factor- (TNF- ) and
IL-6 on the production of immunoreactive IL-1 and TNF- by
human monocytes. Clin Exp Immunol 85: 143-150, 1991.
McGee DW, Bamberg T, Vitkus SJ, McGhee JR: A synergistic
relationship between TNF- , IL-1 , and TGF- 1 on IL-6
secretion by the IEC-6 intestinal epithelial cell line. Immunol-
ogy 86: 6-11, 1995.

PATHOLOGY ONCOLOGY RESEARCH



