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Presented study was conducted to investigate the prognostic significance of the coexpression of serum interleukin-6 (IL-6)
and tumor necrosis factor-a (TNF-a) in breast cancer, by correlating their presence with clinicopathological characteristics
indicative of tumor progression and the overall survival of breast cancer patients. One hundred twelve consecutive patients
with primary breast cancer were prospectively included and evaluated. Serum concentrations of IL-6 and TNF-a were measured
by quantitative sandwich enzyme immunoassay (ELISA). Median split was used to subdivide patients with low or high IL-6
and TNF-a levels. A positive association between the expression of the two cytokines was found. The coexpression of high
IL-6 and TNF-a was independently associated with extended lymph node (>3) involvement (aOR, 7.8) and lymphovascular
invasion (aOR, 14.1), increasing the prognostic significance of each cytokine separately; it also provided additional prognostic
information regarding survival, defining a high-risk subgroup of patients with significantly shorter survival and higher risk
of death compared to patients with both cytokines low (aHR, 4.45) and patients with only one cytokine high (aHR, 3.63).
Our findings suggest that the coexpression of these two cytokines could be used clinically as a useful tumor marker for the

extension and the outcome of the disease.
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Breast cancer is the most common malignancy in women.
Its aetiology is multifactorial, the period of development can
span decades and clinical course is highly variable. Tumor
markers for breast cancer include pathologic characteristics,
such as tumor size, tumor grade, and lymph node status [1], as
well as biological factors such as hormone receptors, HER-2,
urokinase plasminogen activator, and plasminogen activator
inhibitor 1 [2, 3], may help in the initial assessment of the
extent of the disease and the prediction of response or resist-
ance to specific therapies. All of these factors require tumor
tissue, thus necessitating either biopsy or surgery. It would be
desirable to have a serum prognostic marker for breast cancer,
particularly if it provided independent prognostic informa-
tion. Although, for many malignancies, serum tumor markers
play an important role in patient management [4-8], in breast
cancer the role of serum markers is less well established [9].

Serum markers, such as CA 15-3, carcinoembryonic antigen
(CEA) and the shed form of HER-2, have been widely inves-
tigated for potential prognostic value in breast cancer [9, 10],
but their independent impact on determining prognosis was
not established in several large scale studies [11-13].

One approach in the exploration into the mechanisms
related to the occurrence, invasion and metastasis of breast
cancer is the evaluation of serum cytokines and cytokine re-
ceptors, which play regulatory roles in disease development.
Cytokines are pleiotropic molecules who share common
characteristics including a) they are biologically active at low
concentrations, b) they exert their biological effects by binding
and signaling through cell surface receptors, and c) they can
be additive, synergistic, or antagonistic [14]. Since changes
in cytokine levels mediated by the tumor both directly and
indirectly are important parameters that affect the course of



206 G. TRIPSIANIS, E. PAPADOPOULOU, K. ANAGNOSTOPOULOS, S. BOTAITIS, M. KATOTOMICHELAKIS, K. ROMANIDIS et al.

disease, they have received a great deal of attention by many
researchers as potential diagnostic and prognostic markers in
breast cancer [15, 16].

One important cytokine in breast cancer is IL-6, a proin-
flammatory cytokine involved in various other physiological
and pathological processes in the body. IL-6 is produced by
macrophages, B-cells, T-cells, endothelial cells, osteoblasts [17]
and tumor cells [18] and is active in the immune response,
haematopoiesis, the acute phase response and inflammation.
IL-6 can also act as an autocrine or paracrine cancer cell
growth factor and contribute to recurrence and metastasis in
breast cancer. TNF-a, another extremely pleiotropic cytokine,
is produced by a wide range of pathogenic stimuli, such as
macrophages, neutrophiles, fibroblasts, NK cells, astrocytes,
T and B cells, Kupfer cells, smooth muscle cells and keratino-
cytes; TNF-ais also produced by tumor cells and can act as an
endogenous tumor promoter [19-21]. TNF-a has been shown
to be one of the major mediators of inflammation [21] and it
is also able to affect the expression of growth factors and other
cytokines, via multiple signal transduction pathways [22].

There is increasing evidence that serum levels of IL-6 and
TNF-a reflect tumor maintenance and aggressiveness in breast
cancer patients. In two previous papers, based on a smaller co-
hort, we have shown that serum levels of IL-6 and TNF-a were
independent prognostic markers of breast cancer outcome
and survival [23, 24]. Despite the generally good outcome
of each cytokine, it is well understood that multiple marker
investigation rather than a single tumor marker would be of
benefit towards on defining better prognostic biomarkers that
would allow a more precise strategy of treatment based upon
the subgrouping of patients. Therefore, in the present study, we
examine the prognostic value of the coexpression pattern of
serum levels of IL-6 and TNF-a, by evaluating the association
of their presence with the clinicopathological characteristics
indicative of tumor progression and the overall survival of
breast cancer patients.

Materials and methods

Study population. One hundred twelve consecutive
patients with primary breast carcinoma, admitted to the Uni-
versity General Hospital of Alexandroupolis were included
in the presented population-based study. The diagnosis of
breast cancer was confirmed by histological examination,
using specimens obtained from biopsy or surgical resection.
Tumors were graded according to the criteria described by
Bloom and Richardson [25] and tumor stage was assigned
according to the TNM classification defined by the Union
International Against Cancer [26]. The expressions of estrogen
receptor (ER), progesterone receptor (PR) and HER-2 proteins
were considered positive if 10% of the cancer cells showed im-
munoreactivity. Forty five healthy females with no evidence
of neoplastic disease, who visited our hospital for routine
health checkup, frequency matched to breast cancer patients
based upon age, were recruited as controls. Written informed

consent was obtained from all women and the Regional ethical
committee approved the study.

Measurement of serum IL-6 and TNF-a. Peripheral blood
samples were collected from each patient before operation.
After centrifugation at 3000 rpm for 20 min, serum samples
were frozen and stored at -70 °C until biochemical assess-
ment. Quantitative sandwich enzyme immunoassay (ELISA)
was performed for measuring concentrations of serum IL-6
and TNF-qa, by means of a commercially available kit (Im-
munoKontact, AMS Biotechnology, U.K.).

Statistical analysis. Statistical analysis of the data was
performed using the Statistical Package for the Social Sci-
ences (SPSS), version 19.0 (IBM). The normality of IL-6 and
TNF-alevels was tested with Kolmogorov-Smirnov test. Both
cytokines were expressed as the median and interquartile
range (IQR; 25" to 75" percentile). Mann-Whitney U test
test was used to assess differences of IL-6 and TNF-a levels
between patients and controls. In the sequence, median split
was used to subdivide patients into groups with low or high
IL-6 and TNF-a levels. The chi-square test was used to assess
the association of IL-6 and TNF-a expression with patients’
characteristics. Multivariate stepwise logistic regression
analysis was constructed to explore the independent effect of
clinicopathological parameters on IL-6 and TNF-a expression.
Odds ratios (OR) and their 95% confidence intervals (CI) were
estimated as the measure of association of cytokines expres-
sion with patients’ characteristics. As indicator of survival
the disease-specific survival (including only death related to
the disease as an event) was investigated. Survival rates were
calculated with the Kaplan-Meier method and the statistical
difference between survival curves was determined with the
log-rank test. Multivariate Cox proportional hazards regres-
sion analysis, using a backward selection approach, were
performed to explore the independent effect of cytokines and
clinicopathological parameters on overall survival. All tests
were two tailed and statistical significance was considered for
p values <0.05.

Results

Characteristics of study population. The study popu-
lation was consisted of 112 breast cancer patients with
a median age of 65 years (range, 33 — 84 years; mean age
+ SD, 63.41£12.00 years). The clinicopathological charac-
teristics of the tumors are shown in Table 1. Regarding to
histology, 90 (83.4%) were ductal and 22 (19.6%) lobular
carcinomas. More than 80% of cases were invasive carcino-
mas (93 patients, 83.0%) and the majority of the tumors had
size between 2 and 5 cm (T2; 72 patients, 64.3%). Nineteen
(17.0%) were well-differentiated (G1), 18 (16.0%) were
moderately differentiated (G2) and 75 (67.0%) were poorly
differentiated carcinomas. Half of the cases (56 patients,
50.0%) were of stage II, while in 53 patients (47.3%) lymph
node metastases were detected; in 46 of them (49.1%) the
number of positive lymph nodes was greater than three. ER,
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PR and HER-2 positivity was detected in 69.6%, 42.9% and
54.5% of the patients, respectively.

Association of IL-6 & TNF-a with clinicopathological
parameters. Patients with primary breast cancer exchibited
significantly higher levels of serum IL-6 (median (IQR), 6.81
pg/ml (5.24 - 10.19 pg/ml) vs 1.49 pg/ml (0.85 - 2.69 pg/ml),
p<0.001) and TNF-a (18.93 pg/ml (12.01 - 30.26 pg/ml) vs
7.92 pg/ml (4.41 - 12.14 pg/ml), p<0.001) compared to the
control group. In order to assess the relation of IL-6 and
TNF-a with the clinicopathological parameters and overall
survival, the patients’ median values were selected as the
cut-off points to subdivide breast cancer patients into (i) pa-
tients with low or high IL-6 (if IL-6 was <6.81 pg/ml or 26.81
pg/ml, respectively) and (ii) patients with low or high TNF-a
(if TNF-a was <18.93 pg/ml or 218.93 pg/ml, respectively).
The presence of high IL-6 and TNF-a levels was analyzed in
relation to the following parameters: patient’s age, histological
type, lymphovascular invasion, tumor size, histological grade,

Table 1. Characteristics of breast cancer patients

No of patients Percentage (%)

Age

<45 years 14 12.5

46-65 years 48 42.9

>65 years 50 44.6
Histological type

Lobular 22 19.6

Ductal 90 80.4
Lymphovascular invasion

No 19 17.0

Yes 93 83.0
Tumor size

T1 33 29.5

T2 72 64.3

T3 7 6.2
Histological grade

Gl 19 17.0

G2 18 16.0

G3 75 67.0
Clinical stage

0-1 30 26.8

1I 56 50.0

I-1v 26 232
Lymph node status

Negative 59 52.7

Positive 53 47.3
No of positive lymph nodes

< 3 lymph nodes 27 50.9

>3 lymph nodes 26 49.1
Estrogen receptors

Negative 34 30.4

Positive 78 69.6
Progesterone receptors

Negative 64 57.1

Positive 48 429
HER-2 protein

Negative 51 45.5

Positive 61 54.5

clinical stage, lymph node status, number of positive lymph
nodes and the immunohistochemical expression of ER, PR
and HER-2 (Table 2). The presence of high IL-6 levels was
significantly associated with ages older than 65 years (cOR=8.7,
95% C.1.=3.7-20.6, p<0.001), invasive tumors (cOR=3.6,95%
C.1.=1.2-10.7, p=0.019), advanced stages (cOR=2.7, 95%
C.L=1.1-6.9, p=0.033), the presence of more than three posi-
tive lymph nodes (cOR=5.7,95% C.1.=1.7-18.8, p=0,003), the
immunohistochemical over-expression of ER (cOR=3.6, 95%
C.1.=1.5-8.7, p=0.003) and HER-2 (cOR=2.8, 95% C.I.=1.3-
6.0, p=0.008). Furthermore, the presence of high TNF-a
levels was more frequent in invasive tumors (cCOR=2.5, 95%
C.1.=0.9-7.2, p=0.078), poorly differentiated tumors (cOR=3.0,
95% C.I.=1.3-6.8, p=0.009), advanced stages (cOR=2.8, 95%
C.1.=1.1-7.2, p=0.025) and in patients with more than three
positive lymph nodes (cOR=4.5, 95% C.1.=1.4-14.3, p=0.009).
Multivariate stepwise logistic regression analysis revealed
that the presence of more than three positive lymph nodes

Table 2. High levels of IL-6 and TNF-a in patients with breast cancer accord-
ing to clinicopathological parameters. Data are expressed as frequencies
and percentages.

HighIL-6  pvalue High TNF-a p value
Age <0.001 0.705
< 45 years 3(21.4) 8 (57.1)
45 - 65 years 15(31.3) 22 (45.8)
> 65 years 39 (78.0) 26 (52.0)
Histological type 0.926 0.341
Lobular 11 (50.0) 13 (59.1)
Ductal 46 (51.1) 43 (47.8)
Lymphovascular invasion 0.019 0.078
No 5(26.3) 6(31.6)
Yes 52 (55.9) 50 (53.8)
Tumor size 0.617 0.300
Tl 18 (54.5) 19 (57.6)
T2-T3 39 (49.4) 37 (46.8)
Histological grade 0.255 0.009
Gl-G2 16 (43.2) 12 (32.4)
G3 41 (54.7) 44 (58.7)
Clinical stage 0.033 0.025
I-1I 39 (45.3) 38 (44.2)
II-1v 18 (69.2) 18 (69.2)
Lymph node status 0.252 0.850
Negative 27 (45.8) 29 (49.2)
Positive 30 (56.6) 27 (50.9)
No of positive lymph nodes 0.003 0.009
< 3 lymph nodes 10 (37.0) 9(33.3)
>3 lymph nodes 20 (76.9) 18 (69.2)
Estrogen receptors 0.048 0.411
Negative 10 (29.4) 19 (55.9)
Positive 47 (60.3) 37 (47.4)
Progesterone receptors 0.173 0.127
Negative 29 (45.3) 36 (56.3)
Positive 28 (58.3) 20 (41.7)
HER-2 protein 0.008 0.343
Negative 19 (37.3) 23 (45.1)
Positive 38 (62.3) 33 (54.1)
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(aOR=4.2, 95% C.I1.=1.2-14.3, p=0.024) and invasive tumors
(aOR=2.7, 95% C.I.=1.2-6.1, p=0.019) remained significant
independent determinants of high levels of IL-6, while poorly
differentiated tumors (aOR=3.5, 95% C.1.=1.4-8.7, p=0.008)
and the presence of more than three positive lymph nodes
(aOR=3.8, 95% C.I.=1.2-11.9, p=0.019) were significant
independent determinants of high levels of TNF-a in breast
cancer patients.

The coexpression of IL-6 and TNF-a in relation to the
clinicopathological parameters was examined next (Table 3).
In almost 70% of the patients the same expression of the two
cytokines was detected (both low in 33.% and both high in
33.9%); high expression of TNF-a was more frequent among
high IL-6 patients than among low IL-6 patients (67.9% vs
32.1%, p<0.001; Spearman’s p=0.373, p<0.001 for the quanti-
tive expression of the two cytokines). The coexpression of the
two cytokines was significantly associated with patients’ age
(p=0.019), lymphovascular invasion (p=0.015), clinical stage

(p=0.007), the number of positive lymph nodes (p<0,001),
the immunohistochemical expression of HER-2 (p=0.046)
and histological grade (0.072). In particular, the simultaneous
expression of high IL-6 and TNF-a levels was more likely to be
found in ages >65 years (cOR=3.8,95% C.1.=1.7-8.6, p=0.001),
invasive tumors (cOR=11.9, 95% C.1.=1.5-92.9, p=0.004),
poorly differentiated tumors (cOR=2.4, 95% C.I.=1.0-6.0,
p=0.053) and in patients with more than three positive lymph
nodes (cOR=5.1,95% C.1.=1.5-17.7, p=0.007); invasive tumors
(aOR=14.1, 95% C.I.=1.6-122.0, p=0.016) and the presence
of more than three positive lymph nodes (aOR=7.8, 95%
C.I.=2.1-29.5, p=0.001) remained significant independent
determinants of the simultaneous presence of high IL-6 and
TNF-a levels.

Association of IL-6 & TNF-a with survival. After a me-
dian follow up period of 30 months (range, 3-68 months), 24
(21.4%) patients died as a consequence of disease progres-
sion. Among the entire cohort, the mean survival time was

Table 3. Co-expression of IL-6 and TNF-a in breast cancer patients in relation to their clinicopathological parameters. Data are expressed as frequen-

cies and percentages.

Coexpression of IL-6 & TNF-a

IL-6 and TNF-a low IL-6 or TNF-a high IL-6 and TNF-a high p value

Age 0.019
< 45 years 6(42.9) 5(35.7) 3(21.4)
45 - 65 years 21 (43.8) 17 (35.4) 10 (20.8)
> 65 years 10 (20.0) 15 (30.0) 25 (50.0)

Histological type 0.224
Lobular 8 (36.4) 4(18.2) 10 (45.4)
Ductal 29 (32.2) 33(36.7) 28 (31.1)

Lymphovascular invasion 0.015
No 9 (47.4) 9 (47.4) 1(5.3)
Yes 28(30.1) 28 (30.1) 37 (39.8)

Tumor size 0.643
T1 9 (27.3) 11 (33.3) 13 (39.4)
T2-T3 28 (35.4) 26 (32.9) 25(31.6)

Histological grade 0.072
11 17 (45.9) 12 (32.4) 8 (21.6)
111 20 (26.7) 25(33.3) 30 (40.0)

Clinical stage 0.007
11 35 (40.7) 25(29.1) 26 (30.2)
I-1v 2(7.7) 12 (46.2) 12 (46.2)

Lymph node status 0.597
Negative 22 (37.3) 18 (30.5) 19 (32.2)
Positive 15 (28.3) 19 (35.8) 19 (35.8)

Positive lymph nodes <0.001
< 3 lymph nodes 15 (55.6) 7 (25.9) 5(18.5)
>3 lymph nodes - 12 (46.2) 14 (53.8)

Estrogen receptors 0.409
Negative 14 (41.2) 11 (32.4) 9 (26.5)
Positive 23(29.5) 26 (33.3) 29 (37.2)

Progesterone receptors 0.748
Negative 20 (31.3) 23 (35.9) 21 (32.8)
Positive 17 (35.4) 14 (29.2) 17 (35.4)

HER-2 protein 0.046
Negative 23 (45.1) 14 (27.5) 14 (27.5)
Positive 14 (23.0) 23 (37.7) 24 (39.3)
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55+2 months (95% C.I.=51-60 months; median survival
time was not reached). Mean survival time was 61+2 months
(95% C.I1.=56-66 months) in patients with low levels of IL-6
and 40+3 months (95% C.1.=35-45 months) in patients with
high levels of IL-6. In addition, mean survival time was 60+3
months (95% C.1.=55-65 months) in patients with low levels
of TNF-a and 45+3 months (95% C.I.=39-51 months) in
patients with high levels of TNF-a. The log-rank test revealed
statistically significant differences between survival rates
over time (IL-6: p=0.008; TNF-a: p=0.010), with patients
with high levels of IL-6 or TNF-a having worse prognosis.
The incidence of death was significantly higher in patients
with high IL-6 than in patients with low IL-6 (29.8% vs.
12.7%, p=0.027; Hazard ratio (HR)=3.14, 95% C.1.=1.30-
7.65), and in patients with high TNF-a than in patients
with low TNF-a (30.4% vs. 12.5%, p=0.021; HR=3.04, 95%
C.1.=1.25-7.36).

In the sequence, we defined the following three groups
according to the co-expression of the two herein studied
cytokines: group A (patients with both IL-6 and TNF-a
low), group B (patients with IL-6 or TNF-a high) and
group C (patients with both IL-6 and TNF-a high). Survival
analysis in relation to IL-6 and TNF-a co-expression showed
that the 1, 2 and 3-year survival of patients of group A was
97.30+2.67%, 94.05+4.10% and 90.44+5.30%, whereas
the respective percentages for group B were 97.06+2.90%,
87.40+£5.32% and 78.95+8.83% and for group C were
89.47+4.78%, 68.72+7.13%, 52.49+9.36%. Furthermore,
the mean survival time was 62+3 months (95% C.I.=57-
68 months) in group A, 53+3 months (95% C.1.=47-59
months) in group B and 37+3 months (95% C.I.=31-44
months) in group C. Statistically significant differences were
observed between the survival rates of these three groups
of patients over time (p=0.003, log-rank test), with group
C having worse prognosis than group A (p=0.002) and group
B (p=0.035); the difference between the groups A and B did
not reach the statistical significance (p=0.168) (Figure 1).
During follow-up, mortality rate was 10.8%, 16.2% and
36.8% for groups A, B and C, respectively (p=0.002). Cox
regression analysis revealed that patients of group C were 5
times (HR=5.08, 95% CI=1.53-9.73, p=0.005) and almost 3
times (HR=2.78, 95% CI=1.06-7.26, p=0.037) more likely to
die of cancer than patients of groups A and B, respectively;
an almost two-fold increased risk of death was observed
in patients of group B compared to patients of group
A (HR=1.87, 95% CI=0.52-6.66, p=0.335).

Investigation with multivariate Cox proportional hazards
regression analysis revealed that positive lymph node status (ad-
justed Hazard ratio (aHR)=3.12, 95% C.1.=1.18-8.32, p=0.022),
immunohistochemical c-erbB2 overexpression (aHR=4.54,
95% C.1.=1.37-15.10, p=0.014) and the simultaneous pres-
ence of the two cytokines (aHR=4.45, 95% C.1.=1.07-18.61,
p=0.040 compared to group A; aHR=3.63, 95% C.1.=1.20-
11.06, p=0.023 compared to group B) remained independent
determinants for poor survival.
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Figure 1. Overall survival of breast cancer patients according to the coex-
pression of IL-6 and TNF-a (Group A: patients with both IL-6 and TNF-a
low; Group B: patients with IL-6 or TNF-a high; Group C: patients with
both IL-6 and TNF-a high). Log-rank test: p=0.168 (Group A vs Group B);
p=0.002 (Group A vs Group C); p=0.035 (Group B vs Group C).

Discussion

Although cytokines were initially discovered as secreted
proteins that mediate and regulate immunity and inflam-
mation processes, it is becoming clear that their functions
extend to many other aspects of biology, including breast
cancer [27, 28]. IL-6 and TNF-a are perhaps the best charac-
terised tumorigenic cytokines involved not only to initiation
but in all stages of tumor development, including promotion,
progression and metastasis [29-32]. In the present study, the
prognostic value of the coexpression pattern of serum IL-6 and
TNF-a was examined by correlating them to the traditional
surgical pathologic prognostic factors and the survival rate of
breast cancer patients. We demonstrated that: (A) high levels
of each of the two cytokines alone were independently asso-
ciated with higher likelihood for the presence of more than
three positive lymph nodes with adjusted odds ratios of 4.2
for IL-6 and and 3.8 for TNF-a; (B) the coexpression of high
levels of the two cytokines was also independently associated
with the extension of the disease with adjusted odds ratios of
7.8 for the presence of more than three positive lymph nodes
and 14.1 for lymphovascular invasion; (C) there was a positive
association between the expression of the two cytokines, prob-
ably indicating that their role in the tumorigenic activity may
share a common molecular pathway; (D) patients with both
cytokines high, had significantly shorter survival and higher
risk of death compared to patients with both cytokines low
(adjusted Hazard ratio [aHR], 4.45) and patients with only
one of the cytokines high (aHR 3.63). Our results indicate
that the combined expression of these two cytokines appears
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to be a useful independent prognostic marker for breast cancer
outcome.

Several studies have elaborated on the independent negative
impact on prognosis of high levels of IL-6 or TNF-a in serum
of patients with breast cancer [16, 33]. Recently, Al-Hassan et
al. [34] also found elevated serum IL-6 and TNF-a levels in
higher stages among newly diagnosed breast cancer patients,
Alsubhail [35] associated higher serum levels of these cytokines
with higher stages and distant metastasis in Iraqi breast cancer
patients, while Ravishankaran and Karunanithi [36] associ-
ated higher serum levels of IL-6 with tumor invasion, the
presence of distant metastasis and overall survival in Indian
breast cancer patients. The present results, regarding to each
cytokine separetaly, are also in keeping with the preliminary
results published by our group, using a smaller sample of breast
cancer patients, where it was shown that the quantitative ex-
pression of the serum levels of IL-6 [23] and TNF-a [24] were
independent prognostic factors for extended lymph node (>3)
involvement and shorter survival. Although these studies sug-
gest that elevated levels of the two cytokines may contribute to
disease progression, a clear cut conclusion in this issue has not
yet been reached; serum levels of IL-6 and TNF-a were found
to increase with the advancement of the disease stages in breast
cancer, but these differences were not statistically significant
[37], whereas no statistically significant association of IL-6
and TNF-a was found with the presence of distant metastasis
in patients with esophageal cancer [38]. A major finding of
this multiple marker investigation was that the coexpression
of high serum IL-6 and TNF-a levels enhanced the predictive
value of the number of positive lymph nodes and lymphovas-
cular invasion. Moreover, regardless other well-established
prognostic factors, the combined analysis of IL-6 and TNF-a
gave additional prognostic information regarding survival
compared to serum IL-6 or TNF-a alone. In particular, the
simultaneous presence of high IL-6 and TNF-a levels defined
a high-risk subgroup of patients, which were independently
associated with worse survival not only compared to patients
with both cytokines low, but also compared to patients with
only one of the two cytokines high. Our findings demonstrate
that the simultaneous presence of IL-6 and TNF-a contributes
on the progression and dissemination of breast cancer.

TNF-a and IL-6 seem to play an important role in tumor
formation, invasion, and metastasis due to their ability to
activate a variety of oncogenic transcription factors, such
as Nuclear Factor-kappa B (NF-kB), protein-1 (AP-1) and
Signal Transducer and Activator of Transcription (STATs 1, 3
and 5) [39-42]. Abnormal activation of NF-kB and/or STATs
is found in over 50% of all cancers, which can induce many
biological changes within the affected cell, such as resistance to
apoptosis, increase of proliferation, differentiation, angiogen-
esis, and immune modulation in the cells, thereby increasing
tumor growth [30, 43-47]. so renders cancer cells resistant to
apoptosis and speeds up their rate of proliferation, Autocrine
and/or paracrine mechanisms might lead to NF-«xB and STAT3
activation in cancer, since activating mutations in the genes

encoding these transcription factors are rare. Cytokines not
only are involved in the activation mechanisms through which
they act, but they are considered to form a cytokine network,
either autocrine or paracrine, acting in an amplifying cascade,
to be involved in the system of invasion and metastasis through
receptors expressed on cancer cells. Another major finding
of the present study was the positive association between the
expression of the two cytokines. Our finding is consistent
with the reports which demonstrate that IL-6 and TNF-a
were interdependent cytokines [48-50]. Ben-Baruch [51],
in areview of breast cancer development and progression,
indicated the fact that the IL-6 and TNF-a are interrelated and
may act in an additive manner, suggesting that these cytokines,
together with IL-1, form a network of related factors that may
affect tumor cell progression in a cooperative manner. A clear
positive correlation between IL-6 and TNF-a levels, which
may explain the role of these two cytokines in tumor growth,
was also found by Alsuhail [35], who claimed that the often
inaccurate predication of survival in patients with metastasic
breast cancer, may be indicated by biological parameters, such
as IL-6 and TNF-a.

In conclusion, the present study showed that the coexpres-
sion of high IL-6 and TNF-a levels correlates significantly with
classical clinicopathological parameters indicative of a more
aggressive behaviour of this carcinoma and most importantly,
it correlates with reduced survival rate of breast cancer patients.
It also provided evidence that IL-6 and TNF-a are interdepend-
ent cytokines, reinforcing the separate negative impact of each
one of these two cytokines on cancer progression and survival.
Our findings suggest that the coexpression of the two cytokines
has strong prognostic value for breast cancer outcome and
merits to be an independent biomarker of clinical use.
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