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Abstract. Introduction: The progressive growth of malignancies is accompanied by a decline in the immune response through
mechanisms which are poorly understood. Apoptosis and induction of inflammation by tumor released cytokines as tumor escape
mechanisms have been proposed to play an important role in colorectal carcinogenesis.

Methods: Expression of Tumor necrosis factor-alpha (TNF-«) was analyzed in colorectal cancer specimen and the cancer cell
line HT-29 by immunohistochemistry and RT-PCR. TNF-« expression on protein and mRNA level were correlated with clinical
characteristics and impact on survival. TNFR-1 was co-labelled with TNF-a and CD8+- cytotoxic T cells in immunofluorescence
double staining experiments.

Results: 94% (n = 98/104) of the patients with CRC expressed TNF-a. High TNF-« expression was significantly associated
with positive lymph node stage and recurrence of the tumor. Multivariate analysis revealed high TNF-a expression as an inde-
pendent prognostic factor. Immunohistochemistry was correlated with RT-PCR results (7 = 0.794). Immunofluorescence double
staining experiments revealed increased TNFR-1 expression by CD8+- cells.

Conclusions: TNF-« expression by tumor cells may be an efficient immunological escape mechanism by inflammation-
enhanced metastases and probably by induction of apoptosis in tumor-infiltrating CD8-+ immune cells resulting in a down regula-
tion of the tumoral immune response. Our data support the role of tumor-derived TNF-« expression as an important promoter of
tumoral immune escape mechanisms and malignant progression, and suggest that analysis on either protein (immunohistochem-
istry) or RNA level (RT-PCR) can be used effectively in this respect. Targeting TNF-a: may be a promising option, especially in
cases with high TNF-« expression and positive lymph node metastases.
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Abbreviation 1. Introduction

CRC: Colorectal cancer (CRC) is the third most com-
mon cause of cancer-related death worldwide. Be-

tween 40% and 50% of the patients die within five

colorectal carcinoma.
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years after diagnosis although great advances have
been made in the diagnosis [11]. Surgery is the main-
stay of treatment for all colorectal cancer cases, aiming
at complete (RO) resection of the tumor-infiltrated part
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of the colon, and removal of its lymphatic drainage.
Nodal positive patients (UICC stage III) are a well-
recognized risk population, and adjuvant treatment is
administered in these patients. Although the role of
lymphadenectomy seemed well established over years,
with tumor involvement of lymph nodes clearly recog-
nized as one of the strongest independent prognos-
tic factor, its role with respect to survival benefit has
only recently been questioned: One group in Germany
around the biostatistician Holzel [24,25] has suggested
from indirect lines of evidence based on epidemio-
logic data, that lymph node metastases are not able
to metastasize. Although this is merely a hypothesis,
there seems surprisingly little evidence in the literature
for its ad hoc falsification, extensively stimulating ba-
sic research regarding lymphatic spread.

While many studies recently improved our under-
standing of tumor initiation and progression, many
questions regarding the phenomenon of an increas-
ingly ineffective tumor immune response during tumor
growth still remains to be clarified [15,16]. In fact, dur-
ing cancer progression, colorectal tumor cells acquire
various characteristics which allow them to evade im-
munological surveillance [28,31,51]. Particularly with
regard to therapeutic modulation of the immune sys-
tem, understanding of tumor-specific immunological
responses and mechanisms leading to induction or sup-
pression of the immune system are required. In this re-
spect it has been hypothesized that tumor progression
in immunocompetent individuals may reflect a failure
of the immune system to recognize tumor antigen or
may result from subversion of anti-tumor responses
[21,26]. Innate and adaptive immune responses can
be induced against tumors and the protective effec-
tor cells include CD8+ cytotoxic T cells, Interferon
(IFN)-~ producing CD4+ and CD8+ T cells, natural
killer (NK) cells and macrophages. Although T cells
usually constitute a main immune cell population at-
tracted to the tumor site, they are often ineffective in
their anti tumoral effects. Our recent evidence suggests
that this may result from cytokine-induced apoptosis
CD8+ T cells which is obviously one of these crucial
tumor immune escape mechanisms [20,21]. Cytokines
are messengers of the immune system that can be also
released from tumor cells. They are functioning in an
autocrine and/or paracrine manner and are able to en-
hance or suppress immunity.

TNF-a is a cytokine ligand of the TNF family inter-
acting with different receptors of the TNF receptor su-
perfamily, which can induce apoptosis and may be one
of the reasons for the progression of colorectal cancer

[41]. TNF-« is produced by macrophages as well as
tumor cells and has multiple effects on cell function
by binding to specific, high-affinity cell surface recep-
tors. Beside apoptotic mechanisms, TNF-a may even
promote tumor growth at lower levels during cancer
progression [54,55]. Interestingly, during cancer pro-
gression tumor cells from CRC have been described
to lose their susceptibility for the induction of apop-
tosis [5]. In a previous study we demonstrated signif-
icantly increased TNF-« expression in cancer patients
detected by cytocine-measurements, indicating a po-
tential role during tumor progression [21]. TNF-« acts
via two distinct receptors [50]. Although the affinity
for TNF receptor 2 (TNFR-2) is five times higher than
that for TNFR-1 [48], the latter initiates the majority
of the biological activities of TNF-a. TNFR-1 (p60)
is expressed on all cell types, while TNFR-2 (p80) ex-
pression is mainly confined to immune cells [2]. The
major difference between the two receptors is the death
domain (DD) of TNFR-1 that is absent in TNFR-2. For
this reason, TNFR-1 is an important member of the
death receptor family that shares the capability of in-
ducing apoptotic cell death [3]. Therefore we focused
on TNFR-1 in our study. Besides this apoptotic sig-
nalling, TNFR-1 is widely studied because it is a dual
role receptor: next to induction of apoptosis, it also
has the ability to mediate inflammation signals. Al-
though signalling pathways are well defined nowadays,
the life-death signalling regulation is still poorly un-
derstood [4,35].

However, the clinical impact of TNF-a expression
by cancer cells in patients with colorectal cancer re-
mains unanswered. Therefore we looked for the ex-
pression of this inflammatory cytokine in tumor tis-
sues by immunohistochemistry and RT-PCR. Results
of protein and RNA level were correlated. We further-
more analyzed protein expression results with tumor
stages and patients’ survival to determine the role of
TNF-a expression by cancer cells in tumor progres-
sion.

2. Material and methods
2.1. Tumor patients

Patients with histologically proven colorectal can-
cer (n = 104) undergoing curative surgical resection
in our Department between 2001 and 2005 were in-
cluded in the study. The histological stage of the tu-
mor was determined according to the Union Interna-
tional Contre le Cancer (UICC)-TNM staging system
[19,47]. Tumors localization, UICC stages and tumor
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differentiation (grading) according to WHO [22] were
documented in a prospectively maintained database.
Data concerning age, gender, depth of infiltration and
lymph node metastases were collected. Regular med-
ical visits of the patients after curative therapy were
performed at intervals according to the governmental
guidelines for tumor patients. Follow-up data were ob-
tained from our local tumor registry of Lower Franko-
nia/Germany. Follow-up was complete (100%) for all
patients. Mean follow-up accounted for (32 months
=+ 20.5 standard deviation). None of the patients that
were chosen for analysis had undergone neoadjuvant
treatment, with any preoperative antineoplastic pro-
tocol (neither chemotherapy nor radiochemotherapy).
Patients with rectal cancer having undergone neoadju-

vant treatment were excluded. Only patients in whom
complete (RO) resections had been achieved were in-
cluded in our study. Tumor tissue samples as well as
normal colon tissues from the patients were collected
with informed consent before surgical resection, frozen
instantly in liquid nitrogen, and stored at —80°C un-
til analyzed. Normal colon tissues from healthy in-
dividuals served as controls (n = 10). For stratifi-
cation, immunohistochemical analysis confirmed that
none of the analyzed tumors was positive for expres-
sion of h(MLH1 and hMSH2 indicative for microsatel-
lite instability (positive mismatch repair (MMR) sta-
tus). The mucinous phenotype of colorectal carcinoma
could be associated with false positive subcellular re-
actions by immunohistochemistry and was therefore

Table 1

Clinicopathological characteristics of the study population

Characteristics Patients TNF-a p-value
(n =104) Colorectal cancer cells
Low High

Age (y) 0.257
<63 26 (25%) 10 (38%) 16 (62%)
>63 78 (75%) 42 (54%) 36 (46%)

Gender 0.841
Male 62 (60%) 32 (52%) 30 (48%)
Female 42 (40%) 20 (48%) 22 (52%)

Primary tumor 1.0
Colon 41 (39%) 21 (51%) 20 (49%)
Rectum 63 (61%) 31 (49%) 32 (51%)

Histological classification <0.001
Gl 19 (18%) 16 (84%) 3 (16%)
G2 48 (46%) 27 (56%) 21 (44%)
G3/4 37 (36%) 9 (34%) 28 (76%)

Depth of invasion 0.045
pT1 23 (22%) 15 (65%) 8 (35%)
pT2 38 (37%) 21 (55%) 17 (45%)
pT3 27 (26%) 11 (41%) 16 (59%)
pT4 16 (15%) 531%) 11 (69%)

Lymph nodes metastases 0.003
pNO 50 (48%) 33 (66%) 17 (34%)
pN1-3 54 (52%) 19 (35%) 35 (65%)

UICC stage <0.001
UICCI 22 (21%) 17 (77%) 5 (23%)
UICC II 24 (23%) 15 (63%) 9 (37%)
UICC III 42 (40%) 14 (33%) 28 (67%)
UICC IV 16 (15%) 6 (37%) 10 (63%)

Median OS (m) 31.5m 48 (n =52) 17.5 (n = 52)

Notes: y — years; G — grading; UICC — International Union against
Cancer; R — residual tumor; OS — overall survival; m — months.
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excluded from our study. Clinical characteristics of the
study population are summarized in Table 1.

2.2. Cell culture

We analyzed TNF-a expression in cells (1 x 10%)
from the human colorectal colon cell line HT-29 (Pro-
mochem, Wesel, Germany) in cytospins. HT-29 cells
were cultured in RPMI-1640 medium supplemented
with 10% newborn calf serum, 80 U/ml penicillin
and 100 U/ml streptomycin in humidified atmosphere
(90% relative humidity) with 5% CO, at 37°C. The
culture media were changed every two days.

2.3. Immunohistochemical staining procedure

First we assessed H&E sections from each tumor tis-
sue to differentiate between tumor cell areas, stromal
areas and infiltrating immune cells. We then stained
for TNF-« in additional serial sections. The staining
of TNF-a was performed on serial cryostat sections
of the 104 snap-frozen colorectal cancer specimens
in early-stage tumors (UICC I/II) and late-stage tu-
mors (UICC HI/IV) with neighbouring normal colon
tissue and 10 normal colon specimens. For immunohis-
tochemical analysis, unconjugated monoclonal mouse
anti-human TNF-a was purchased from R&D sys-
tems (Wiesbaden-Nordenstadt, Germany). The uncon-
jugated mouse isotype control antibody was obtained
from eBioscience (San Diego, CA, USA). A second
unconjugated monoclonal mouse anti-human TNF-«
clone was purchased from BD Pharmingen (Heidel-
berg, Germany) and was used for confirmation of TNF-
« expression measured by the staining with anti-TNF-
« antibody from R&D systems in a choice of 28 col-
orectal cancer specimens. In this choice, we stained
for CD8 (Dako, Hamburg, Germany) and TNFR-1
(Abcam, Cambridge, UK). Additionally, we analyzed
TNF-a expression in control cancer cell line HT-29 as
positive control in cytospins. All tumors stained pos-
itive for cytokeratin-20 (CK-20) (Dako) and negative
for cytokeratin-7 (CK-7) (Dako), a pattern characteris-
tic of colonic adenocarcinoma [42]. Serial cryostat sec-
tions (5 um) were mounted on glass slides and fixed
in acetone for 10 min and then dried for 5 min. En-
dogenous peroxidase activity was quenched with 3%
hydrogen peroxide. Subsequently, the slides were in-
cubated with the primary antibody or control anti-
body diluted in TBS plus 0.5% bovine serum albu-
mine (BSA) overnight at 4°C in a humidified cham-
ber and with horseradish peroxidise (HRP)-conjugated
AffiniPure Donkey anti-mouse IgG at a 1:200 dilution

(Jackson ImmunoResearch Laboratories Inc., Suffolk,
England) for 30 min at room temperature in a humid-
ified chamber. Slides were subsequently incubated for
5 min in DAB (3,3/-diaminobenzidine) (Biogenex, San
Ramon, CA, USA), counterstained with Haemalaun
and mounted with Glycergel (Dako) and analyzed us-
ing a Zeiss camera (Jena, Germany) and imported into
Microsoft Office Picture Manager.

2.4. Immunofluorescence double staining experiments
(IF)

The sequential immunofluorescence (IF) double
staining (co-expression) was analysed for TNFR-1
with TNF-a and CDS expression. The secondary an-
tibody used for immunofluorescence double staining
of TNF-a and CD8 was a fluoresceinisothiocyanat
(FITC)-conjugated AffiniPure donkey-anti-mouse IgG
(Jackson ImmunoResearch) or Cy3-conjugated Affi-
niPure donkey-anti-mouse IgG (Jackson ImmunoRe-
search), used at 1:200 dilution with 30 min incuba-
tion time at room temperature in a humidified chamber.
The secondary antibody for TNFR-1 was a fluorescein-
isothiocyanat (FITC)-conjugated AffiniPure donkey-
anti-rabbit IgG (Jackson ImmunoResearch) or Cy3-
conjugated AffiniPure donkey-anti-rabbit IgG (Jack-
son ImmunoResearch), used at 1:200 dilution with
30 min incubation time at room temperature in a
humidified chamber. Slides were counterstained with
DAPI (4',6-Diamidino-2-phenylindoldihydrochlorid)
(Sigma-Aldrich), covered with Polyvinyl-alcohol
mounting medium (DABCO) (Sigma-Aldrich) and
analysed using a Zeiss camera (Jena, Germany). The
photographed images using the Metamorph software
package (Visitron Systems, Puchheim, Germany) were
imported into the Microsoft Office Picture Manager.

2.5. Quantification of immunohistochemistry (IHC)

Quantification of TNF-« immunoenzymatic stain-
ing of tumor cells was performed analyzing six defined
representative individual high power fields (x400) for
each staining sample. Scoring was done by means of
cell counting. The results were expressed as percent-
ages (number of positive cells within 100 counted tu-
mor cells, %). Cases with less than 10% positive cells
were regarded as negative. Sections were evaluated
by two independent blinded investigators for clinical
data separately and, in case of discrepancies, both eval-
uated the slides simultaneously and made an agree-
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ment. We must, however, consider the fact that two in-
vestigators scores could be highly correlated with one
another but show little agreement. Therefore, beside
Kendall’s tau (7) correlation coefficient, the Intraclass
Correlation Coefficient (ICC) was calculated, which is
a measure to perform reliability of measurements or
ratings [45]. In this purpose a distinction was made
between two preliminary study models: First, TNF-a-
expression was rated by the same investigators and sec-
ond TNF-a-expression was rated by a different, second
rater. In both models, the ICC was always a measure
for absolute agreement because systematic differences
were regarded as relevant.

2.6. Real-time quantitative reverse transcription-PCR
analysis (RT-PCR)

To analyze gene expression of TNF-a by RT-PCR,
we extracted total cellular RNA using RNeasy Minikit
from Qiagen (Hilden, Germany). Areas of interest
for each tissue section were manually microdissected
with a scalpel from serial cryostat sections (5 pm)
of colorectal cancer specimens in early-stage tumors
(UICC /) and late-stage tumors (UICC III/IV). For
both groups (early and advanced tumor stages) equal
amounts of tumor tissue areas were assessed. RNA
extraction was performed according to the manufac-
turer’s instructions. The lysate was loaded onto the
RNeasy silica membrane (“RNeasy Mini spin col-
umn”, RNeasy Mini Kit Qiagen, Hilden, Germany).
RNA binds, and all contaminants were efficiently
washed away. Pure, concentrated RNA was eluted in
water and stored at —70°C until further analyzes.
The amount of total RNA was determined by mea-
suring absorbance at 260 nm. The purity of the total
RNA was established by confirming that the 260 nm:
280 nm ratio was within a 1.8-2.0 range, indicating
that the RNA preparations were free of protein conta-
minants. Primer sets of short segments (50-150 base
pairs) from Qiagen (Hilden/Germany) were used. Op-
timum primer concentration was determined by titra-
tion. Human colon matched cDNA was purchased
from Pharmingen (Heidelberg, Germany) as control.
The housekeeping gene Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used for relative quan-
tification and cDNA quality control. All PCR reac-
tions were carried out with a DNA Engine Opticon 2
System (MJ Research, Biozym, Oldendorf, Germany).
Reverse transcription from RNA to cDNA was car-
ried out by using iScript cDNA Synthesis Kit (Bio-

Rad, Hercules, CA, USA). Each PCR reaction was
performed in 23 pl volume containing 11.5 pl of the
LightCycler-DNA Master SYBR Green I mix (Ap-
plied Biosystems, Darmstadt, Germany), 10 pmol/ul
forward primer, 10 pmol/ul reverse primer, 3 ul tem-
plate DNA and 7.5 pl RNase free water. Initial denat-
uration at 95°C for 15 min was followed by 39 cy-
cles of a denaturation step at 95°C for 15 s, an anneal-
ing step at 57.5°C for 30 s and an extension step at
72°C for 30 s. To confirm amplification specificity, the
PCR products from each primer pair were subjected to
a melting curve analysis. The quantification data were
analyzed with the LightCycler analysis software. Re-
producibility was confirmed by independent PCR re-
peated twice. The average threshold cycle (Ct) value
was calculated as the cycle number at which the fluo-
rescence of the reporter reaches a fixed threshold. The
difference (AC't) between the average C't-values of the
samples in the target wells and those of the housekeep-
ing gene GAPDH was assessed, followed by the calcu-
lation of the difference between the average ACt val-
ues of the tumor samples for each target and the ACt
value of the normal tissues for that target (AAC't). The
relative quantification value, fold difference (mean) is
expressed as 2—AACE

2.7. Statistical analysis

Statistical analysis was performed with MedCalc
Software (Mariakerke, Belgium). All values were ex-
pressed as median =+ interquartil Range (IQR) because
D’ Agostino-Pearson test did not show a normal dis-
tribution of gene and protein expression. Overall sur-
vival was defined as the time period from surgical tu-
mor resection to death or tumor specific death of the
patient. The overall survival time in association with
TNF-« expression was estimated using the Kaplan—
Meier method [27]. Median cut-off value for either
high or low expressors was set at 26% for TNF-« ex-
pression in all CRCs (n = 104); univariate analysis
of significance for TNF-a expression differences in
survival curves was evaluated with the log rank test.
Multivariate analysis by using the Cox Proportional
Hazards Model was performed on all parameters that
were found to be significant on univariate factors [12].
The relation between TNF-« expression and clinico-
pathologic characteristics was tested via Pearson’s chi-
square test analysis. Fisher’s exact test was used to ask
whether there is any relation between two categori-
cal variables where sample sizes were small (associa-
tion between tumor recurrence and lymph node metas-
tases).
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Data were analyzed using the non-parametric
Mann—Whitney U-test. p-values of less than 0.05 were
regarded statistically significant. Correlation of im-
munohistochemistry and RT-PCR analysis was per-
formed by the non-parametric Kendall’s tau (7) cor-
relation coefficient because this coefficient does not
assume a linear relationship between both methods/va-
riables.

3. Results
3.1. Intra- and interobserver reliability

A preliminary study was carried out to assess the
intra- and interobserver reliability. There were signif-
icant correlations between the first and the second
assessment for intraobserver reliability (TNF-a ex-
pression: 7 = 0.812, p < 0.0001, 95% CI 0.742—
0.866; ICC for average measures was 0.9804, 95% CI
0.9700-0.9870) and also between two observers (TNF-
a expression: 7 = 0.9593, p < 0.0001, 95% CI
0.9404-0.9722; ICC for average measures was 0.9777;
95% C10.9672-0.9849).

3.2. TNF-« expression is associated with tumor
progression of colorectal adenocarcinomas

TNF-a was not expressed in normal colon tissue.
TNF-a expression in the stroma was considerably
weak and strongly associated with cancer cells but
only particularly with infiltrating stromal cells. 94%
(n = 98/104) of the patients with CRC expressed
TNF-a. Stainings from the HT-29 colon cancer cell
line in cytospins served as control for tumoral TNF-o
expression and showed 70-80% positive tumor cells.

Furthermore, we analyzed positivity of all counted
cells according to early (UICC I/II) and advanced
(UICC II/IV) tumor stages. Compared to early (UICC
I/IT) tumor stages (n = 46, Median 15%, Interquar-
tile range 8-33%; 95% CI 13-20%) TNF-a expres-
sion was significantly upregulated in advanced (UICC
[II/TV) tumor stages (n = 58, Median 30%, Interquar-
tile range 28-34%; 95% CI 28-32%; p < 0.0001; Ta-
ble 1).

Figure 1A and B demonstrates a representative ex-
ample of TNF-a expression in early (UICC I/II) and
advanced (UICC III/IV) tumor stages. TNF-« staining

Fig. 1. Immunohistochemical staining of TNF-«. Representative images of immunohistochemical expression of TNF-a by tumor cells during
tumor progression (cytoplasmic staining pattern, brown, arrows). TNF-« is increased on tumor cells in early stage tumors (UICC I/II) (A). In
advanced stage tumors (UICC III/IV) TNF-« expression is increased compared to early stage tumors (UICC I/II) (B). Adjacent stromal cells
(asterisks) stained negative for TNF-a. DAB brown color, Haemalaun blue color, nuclear counterstaining. Original magnification: left x 100,
right X200. (The colors are visible in the online version of the article; http://dx.doi.org/10.3233/ACP-CLO-2010-0539.)
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Fig. 2. Correlation of TNF-« protein and gene expression in CRC:
TNF-« protein and gene expression show a strong positive corre-
lation among the 31 colorectal cancer patients under investigation
(1 = 0.794).

results of six distant liver metastases were comparable
with related primary tumors of advanced (UICC III/IV)
tumor stages and showed no differences in increased
TNF-« expression.

3.3. Correlation of TNF-« protein and gene
expression

To confirm the results of the immunohistochem-
ical staining, gene expression of TNF-a in 31 mi-
crodissected cases of CRC was assessed and correlated
with immunohistochemical results. Compared to early
(UICC I/TI) tumor stages (n = 14, Median 1.70 fold-
difference to normal tissue, Interquartile range 0.54—
4.49; 95% CI 1.30-3.43) TNF-a expression was sig-
nificantly upregulated in advanced (UICC LI/IV) tu-
mor stages (n = 17, Median 4.60 fold-difference to
normal tissue, Interquartile range 2.16-5.10; 95% CI
3.91-4.80; p < 0.0001). We found a strong correlation
of TNF-« protein and gene expression (7 = 0.794,
Fig. 2). The results confirmed elevated TNF-« protein
and gene expression by cancer cells.

3.4. CD8+ infiltrating immune cells are associated
with TNFR-1 expression

In a choice of 28 tumor samples, we associated
CDS8+ infiltrating immune cells with TNFR-1 expres-
sion. Figure 3A and B demonstrates a representative

example of CD8+ and TNFR-1 expression in a ser-
ial section of an early tumor stage (UICC I/II). Im-
munofluorescence double staining showed TNF-« ex-
pression by tumor cells with adjacent TNFR-1 express-
ing by tumor infiltrating immune cells (Fig. 4). Most
of these cells were shown to have a CD8+ pheno-
type. This suggests that CD8+ T cells are expressing
TNFR-1 measured in immunhistochemical serial sec-
tions above (Fig. 5).

3.5. High TNF-« expression is strongly associated
with tumor recurrence in patients with positive
lymph node metastases

Analysis of TNF-« expression profiles within the tu-
mors with clinicopathologic parameters demonstrated
a strong association between tumor recurrence in pa-
tients with lymph node metastases (p = 0.000002716,
Fisher’s exact test). Second, we analyzed a significant
elevated TNF-« expression in patients within patients
of tumor recurrence compared to patients without tu-
mor recurrence (TNF-a expression in patients without
tumor recurrence: n = 63, Median 20%, Interquartile
range 10-33%; 95% CI 15-27%; TNF-« expression
in patients with tumor recurrence: n = 41, Median
30%, Interquartile range 15-35%; 95% CI 28-33%;
p = 0.0002). Subgroup analysis revealed a signifi-
cantly elevated TNF-« expression in patients with tu-
mor recurrence and positive lymph node metastases
(n = 33, Median 30%, Interquartile range 28-34%;
95% CI 29-34%) compared to patients without tu-
mor recurrence and positive lymph node metastases
(n = 21, Median 23%, Interquartile range 20-32%;
95% CI 20-31%; p = 0.015; Fig. 6). No difference of
TNF-« expression was found when comparing TNF-«
expression in patients with and without tumor recur-
rence and negative lymph node metastases.

3.6. Prognostic value of TNF-« in CRC

To analyze differences in the overall/tumor related
survival among patients after successful (R0O) curative
surgical resection for CRC patients were divided into
two subgroups as described above (dichotomous vari-
ables). Lymph node metastases (N+, p < 0.0001,
HR = 0.1098, 95% CI 0.05565-0.2167), pT stage
(pT3/4, p < 0.0001, HR = 0.1089, 95% CI 0.0397-
0.2199) and grading (G3/4, p < 0.0001, HR =
0.2418,95% CI 0.1157-0.5055) were shown to be pre-
dictive factors of poorer survival in univariate analysis
of all (n = 104) CRCs. To analyze differences in tumor
related survival dependant on the TNF-a-expression
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Fig. 3. Immunohistochemical staining using antibodies for CD8 and TNFR-1: Immunohistochemistry shows representative images of CD8 and
TNFR-1 expression in tumor infiltrating cells (membranous staining pattern, brown). In serial sections, increased expression of CD8 (A) and
TNFR-1 (B) is found adjacent to the tumor (asterisks) in early tumor stages (UICC I/II). DAB brown color, Haemalaun blue color nuclear coun-
terstaining. Original magnification: left x 100, right x200. (The colors are visible in the online version of the article; http://dx.doi.org/10.3233/

ACP-CLO-2010-0539.)

by immunohistochemistry in CRC we divided the pa-
tients in at least two subgroups as described above (di-
chotomous variables). Survival in the subgroup with
high TNF-a expression within their tumors (x > 26%)
in CRC (n = 52, p = 0.0002, HR = 0.2835, 95% CI
0.1476-0.5447), was significantly poorer in compari-
son to the subgroup of patients with low expression of
TNF-« (Fig. 7). Data show that TNF-a expression in
CRC is associated with clinical pathological features
which may predict worse clinical outcome (Table 1).
Multivariate analysis using the Cox Proportional Haz-
ards Model demonstrate positive lymph node metas-
tases, pT stage (pT3/4), and high TNF-« expression
but not grading (G3/4) as independent prognostic fac-
tors in all (n = 104) cancer samples (LN positive:
Exp (b) 6.4391; 95% CI of Exp (b) 2.6649-15.5585;
p < 0.0001. pT3/4: Exp (b) 3.8363; 95% CI of Exp
(b) 1.8550 to 7.9341; p = 0.0003086. High TNF-« ex-
pression: Exp (b) 3.1064; 95% CI of Exp (b) 1.4686—
6.5705; p = 0.003174).

4. Discussion

In the present study we focused on the putative
role of inflammatory TNF-« in tissue invasion and
lymph node metastases. Once, the development of
cancer was categorized in six essential alterations
in cell physiology that collectively dictate malignant
growth. These important findings were described as
‘hallmarks of cancer’ [23,34] and were character-
ized as self-sufficiency in growth signals, insensi-
tivity to growth-inhibitory (antigrowth) signals, eva-
sion of programmed cell death (apoptosis), unlim-
ited replicative potential, sustained angiogenesis, and
tissue invasion and metastases. Several experimental
and epidemiological evidence indicate that, irrespec-
tive of the trigger for the development (chronic infec-
tion/inflammation or genetic alteration), a ‘smoulder-
ing’ inflammation suggested as the seventh hallmark of
cancer is associated with the most of, if not all, tumors
and supports their progression [10,30].
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Fig. 4. Co-expression of TNF-a with TNFR-1 by an immunoflu-
orescent double staining: Immunofluorescent double staining im-
ages demonstrate a representative example of TNF-a expres-
sion by tumor cells (asterisks) with adjacent TNFR-1 express-
ing tumor infiltrating immune cells (arrows) in patients with CRC
with (bottom) and without (top) nuclear counterstaining. Indica-
tion line shows tumor border in adjacent to infiltrating immune
cells. FITC green Fluoresceinisothiocyanat, Cy3 red, and DAPI
4/ 6-Diamidino-2-phenylindoldihydrochlorid blue. Calibration bar
represents 25 um. (The colors are visible in the online version of the
article; http://dx.doi.org/10.3233/ACP-CLO-2010-0539.)

The metastatic process consists of tumor cell de-
tachment, local invasion, angiogenesis and survival in
the circulation, adhesion to endothelial cells, extrava-
sation and regrowth in different organs. In each step,
causative molecules have been identified: these include
cell adhesion molecules, various growth factors, matrix
degradation enzymes and motility factors [28,31,51].
Inflammation by TNF-a-signalling has been shown to
be involved in this process. Our finding of increased
TNF-« gene and protein expression in cancer progres-
sion and metastasis is in line with results in other can-
cer entities [1,32,33,36,37,43,49,52] and show high ex-
pression levels of this cytokine to be associated with
an increased likelihood of tumor recurrence among pa-
tients with positive lymph node metastases.

The mode of tumor spread remains an enigma and
has received great attention in recent years, as metasta-
tic spread remains the major cause of cancer mortal-
ity. The complex and highly selective metastatic cas-
cade does not only depend on the intrinsic properties
of tumor cells but also the microenvironment that they
derive from. An inflammatory microenvironment con-
sisting of secretory cytokines, chemokines and growth
factors has been suggested to contribute significantly
to the invasive and metastatic traits of cancer cells [40,
49]. Our findings of increased TNF-a expression can
bee seen in lime with this perspective.

During inflammation, a number of proteins can be
up-regulated to allow immune cells to migrate to sites
of inflammation [6,7,10,30]. Tumors use these same
processes to invade adjacent structures. TNF is a po-
tent pro-inflammatory cytokine that can be utilized
by tumors to induce other downstream molecules in-
volved in the metastatic process [29,38,39]. Blocking

Fig. 5. Co-expression of CD8 with TNFR-1 by an immunofluorescent double staining: Immunofluorescent double staining images demonstrate
a representative example of CD8 co-expression with TNFR-1 in patients with CRC (arrows). FITC green Fluoresceinisothiocyanat, Cy3 red, and
DAPI 4/ ,6-Diamidino-2-phenylindoldihydrochlorid blue. Calibration bar represents 25 um. (The colors are visible in the online version of the

article; http://dx.doi.org/10.3233/ACP-CLO-2010-0539.)
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Fig. 6. High TNF-« expression is strongly associated with tumor
recurrence in patients with positive lymph node metastases: Sig-
nificant elevated TNF-a expression was found within patients of
tumor recurrence compared to patients without tumor recurrence
(p = 0.0002). Subgroup analysis demonstrates a significantly ele-
vated TNF-o expression in patients with tumor recurrence and pos-
itive lymph node metastases compared to patients without tumor re-
currence and positive lymph node metastases (p = 0.015). No differ-
ence of TNF-« expression is found by comparing TNF-« expression
in patients with and without tumor recurrence and negative lymph
node metastases.

of TNF-a melanoma model reduced the number of
metastatic lung tumors indicating that some tumors
may intrinsically use TNF within their microenviron-
ment to aid metastasis [14]. This suggests that hu-
man TNF may also promote metastasis in human tis-
sue [53]. Our results regarding TNF-« expression in
colorectal cancer specimen and the colorectal cancer
cell line HT-29 indicate that TNF-a expression is as-
sociated with cancer progression and reduced tumor-
specific survival among patients with high TNF-« ex-
pression compared to patients with low TNF-« expres-
sion. TNF-« was expressed by colorectal cancer cells
but was rarely detected in stromal cells which represent
the other part of the inflammatory microenvironment.
From our immunohistochemical results we conclude
that the TNF-a mediated inflammatory microenviron-
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Fig. 7. Overall survival curves calculated according to the Ka-
plan—Meier method: Survival of patients with low TNF-a expression
profile in CRC is better in comparison to patients with high TNF-«
expression (p = 0.0002). The times of the censored data are indi-
cated by short vertical lines.

ment is tumor-derived and in a lesser extent related
to tumor-infiltrating leukocytes. The following failure
of the immune system may result from subversion of
anti-tumor responses in cancer patients [26]. Based on
our immunofluorescence double staining experiments
in patients with CRC we suggest an inflammatory mi-
croenvironment or even apoptotic depletion of CD8+
cells by a TNF-a/TNFR-1 mechanism. This may re-
sult in promoting metastasis or further recruitment of
tumor infiltrating cells [35].

It was initially thought that the majority of the ef-
fects of TNF on cancers were beneficial enhancing
immunological rejection of cancers via immune re-
sponses. However, the clinical trials using TNF to
treat cancer were disappointing due to the high toxic-
ity caused by large amounts of cytokine [8,13,17,44].
Therefore, the use of TNF as an anti-cancer agent has
clear limitations due to its toxicity and may even be
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deleterious in the long term, as it can lead to re-growth
of resistant tumors and, in the case of melanoma, more
aggressive strains [56].

Today, there is no doubt about the link between in-
flammation and cancer [6,7,10,30]. TNF-a may play
a key role in this process [5], which make new TNF-
related antineoplastic therapies attractive. The use of
anti-TNF-a biologicals as therapeutic approach has
been successful in patients suffering from Rheuma-
toid arthritis (RA) [46]. On the other hand, it was
stated that the use of anti-TNF-a agents may induce
cancer because of TNF-« inhibition released by im-
mune cells leading to apoptosis in cancer cells. This
possible additional increased risk for lymphoma as-
sociated with TNF blockers was based on few cases
and needs confirmation [18]. TNF-a does not only
act as pro-inflammatory cytokine contributing to the
wide spectrum of human diseases including inflam-
matory diseases, but can also induce tumor develop-
ment. Therefore, the use of TNF-« inhibitors with a
focus in cancer treatment has been taken into account
[54]. With regard to our results of increased TNF-« ex-
pression by cancer cells and its role in other diseases
we hypothesize the inflammatory mechanism of action
by this cytokine as an example for the seventh ‘hall-
mark of cancer’ in CRC. However, the role of TNF-
a-expression and its therapeutic implication in cancer
patients remains a double-edged sword.

TNF-a protein and gene expression was signifi-
cantly elevated in cancer samples. Strong correlation
of immunohistochemistry and RT-PCR results were as-
sociated with tumor progression. Expression of TNF-
a by tumor cells during cancer progression may sus-
tain multi-step carcinogenesis, further tumor growth
by several tumor escape mechanisms, such as recruit-
ment and education of immune cells, inflammation-
enhanced metastases, and induction of apoptosis in in-
filtrating CD8+ cells. These findings may contribute
to a further understanding in the pathogenesis of col-
orectal cancer. The use of anti-TNF-« agents may be a
promising option especially in cases with high TNF-«
expression and positive lymph node metastases.
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