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ABSTRACT. Objectives. Interleukin-1 (IL-1) and interleukin-6 (IL-6) are determining factors in the immune and
inflammatory responses to tumors cells. Experimental data suggest that interleukin-1 and interleukin-6 play
important roles in the development and progression of breast cancer. We designed a broad study to investigate the
susceptibility and prognostic implications of the genetic variation in IL-1a, IL-1b and IL-6 in breast carcinoma.
Experimental design. We used the polymerase chain reaction and restriction enzyme digestion to characterize the
genetic variation of IL-1a, IL-1b and IL-6 in 305, unrelated Tunisian patients with breast carcinoma and 200
healthy control subjects. Associations between the genetic markers and the clinicopathological parameters, the
specific overall survival rate (OVS) of breast carcinoma and the disease free-survival rate (DFS) were assessed
using univariate and multivariate analyses. Results. Both IL-6 (-597) GA and IL-6 (-174) GC heterozygous
genotypes were found to be significantly associated with breast carcinoma (OR = 1.59, p = 0.024 and OR = 1.61,
p = 0.022 respectively). A highly significant association was found between the (+3954) T allele of IL1-B gene and
the aggressive phenotype of breast carcinoma as defined by the high histological grade, axillary lymph node
metastasis and large tumor size. The IL-1a (-889) TT homozygous genotype showed a significant association with
reduced disease-free survival and/or overall survival rate. The IL-1b (+3954) TT, IL-6 (-597) GG and IL-6 (-174)
GG homozygous genotypes were found to be associated with reduced DFS but not with overall survival.
Conclusions. The polymorphisms in the promoter region of the IL-6 gene may represent a marker for the
increased risk of breast carcinoma. Genetic variations in IL-1a, IL-1b and IL-6 may predict the clinical outcome
of breast carcinoma.
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The role of genetic factors in the epidemiology and patho-
genesis of both sporadic breast carcinoma and hereditary
breast carcinoma are now well established [1, 2]. Only a
small minority (± 5%) of patients with breast carcinoma
develop the disease as a result of inheritance of germline
mutations in dominant, highly penetrant susceptibility
genes such as BRCA1 and BRCA2. However, polymor-
phisms in genes involved in the complex mechanisms of
carcinogenesis may confer low penetrant susceptibility to
breast carcinoma in a significant proportion of the remain-
der of patients [2-4].

Multifunctional cytokines, interleukin-1 (IL-1) and
interleukin-6 (IL-6), are involved in the development of
inflammatory and immunological responses which play a
crucial role in the pathogenesis of autoimmune and malig-
nant diseases.
The IL-1 gene cluster on chromosome 2q14.2 contains
three related genes within a 430 kb region: IL-1a, IL-1b,
and IL-RN, which encode the pro-inflammatory cytokines
IL-1a, IL-1b as well as their endogenous receptor antago-
nist IL-1ra, respectively [5]. These cytokines are produced
by a variety of cell types, including monocytes, macroph-
ages, and epithelial cells and have multiple biological
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effects [6]. The role of IL-1 in carcinogenesis has been
investigated extensively. Experimental data support the
crucial role for these cytokines as autocrine or paracrine
stimuli in murine and human carcinogenesis [7-9].
In breast carcinoma, secreted IL-1a of tumor cell origin
was shown to induce expression of prometastasic genes in
the malignant cells (IL-6 and IL-8) and in stromal fibro-
blasts (IL-6, IL-8 and MMP-3), in an autocrine and para-
crine manner, respectively [10]. IL-1b was found to com-
bine with oestrogen receptor (ER)a, resulting in
transcriptional activation in breast cancer cells [11]. The
concentration of IL-1b was reported to be higher in inva-
sive breast carcinoma tissue than in benign lesions [12].
Several polymorphisms have been reported for the three
IL-1 members [13, 14]. Among those, IL1-A (-889) C-T
and IL1-B (+3954) C-T are reported to be functional [14,
15]. The polymorphism (-889) C-T of IL-1a corresponds
with altered IL-1a protein expression in vivo and in vitro,
the presence of the T allele has been associated with
increased IL-1a secretion [15, 16].
The polymorphism at position +3954 in exon 5 of the
IL-1b gene, has been widely investigated for its effect on
protein production. The presence of the T allele at this site
has been associated with increased IL-1b secretion in vitro
[14]. IL1-B polymorphisms have been reported to be asso-
ciated with pancreatic cancer risk [17].
IL-6 is another pleiotropic pro-inflammatory cytokine that
may be involved in the host response to cancer. Experi-
mental findings suggest that IL-6 acts as a potent stimula-
tor of metastasis by up-regulating the expression on endot-
helial cells of adhesion receptors, such as intercellular
adhesion molecule-1 and leukocyte adhesion molecule-1,
and also by stimulating the production of growth factors
such as hepatocyte growth factor and vascular endothelial
growth factor [18-20].
The status of common functional single G>A and G>C
base exchange polymorphisms in the human IL-6 gene
promoter (chromosome 7p21) located respectively at 597
and 174, upstream from the start site of transcription (-597
G>A and -174 G>C loci), have been reported to influence
IL-6 levels in vitro and in vivo [21-23]. The G alleles at
(-597) or (-174) increases IL-6 expression, both in basal
and stimulated conditions, the highest IL-6 levels in
plasma and serum being found in subjects homozygous for
the (-597 or -174) G allele [21, 22].
Results of subsequent studies of the association of IL-6
(-174) G/C polymorphism with a biological phenotype of
breast cancer have been controversial. In the Australian
population, the IL-6 (-174) CC genotype was associated
with an aggressive form of breast cancer [24]. In a British
study, the heterozygous genotype (GC) of this polymor-

phism was associated with markers of poor prognosis [25].
However, in the American population, the proposed asso-
ciations have not been confirmed [26].
Based on the abundant evidence for the role of IL-1 and
IL-6 in carcinogenesis and the known correlation between
polymorphisms of the IL-1a, IL-1b and IL-6 and protein
expression, we investigated the potential association of
these polymorphisms with the susceptibility, clinicopatho-
logical characteristics and prognosis of breast carcinoma.

MATERIALS AND METHODS

Patients and controls

The gene and allele frequencies of the genes for IL-1a,
IL-1b and IL-6 were determined in a group of 200, unre-
lated, control subjects and 305, unrelated patients with
breast carcinoma. The control and patient groups were
selected from the same population, living on the coast of
Tunisia.
Clinical follow-up data were collected in the cohort of the
305 patients recruited from the department of Radiation
Oncology and Medical Oncology of Sousse Hospital
(Sousse, Tunisia) between 1991 and 2003.
All patients included in this study had primary breast
carcinoma, with unilateral breast tumors. The patients
(301 females and 4 males) had a mean age of 50 ± 24
years. The median of follow-up was 36 months (range,
1-120 months). At the time of analysis, 65 patients experi-
enced recurrence (local or distant). Among them, 18 pa-
tients died from breast carcinoma (27.7%). A detailed
description of the clinicopathological characteristics of
this cohort has been reported elsewhere [27]. Table 1
shows the treatment description of all patients.
Control subjects (191 females and 9 males) having a mean
age of 46 ± 12 years, were healthy blood donors, having no
evidence of any personal or family history of cancer (or
other serious illnesses). Written informed consent was
obtained from all subjects.

Genomic DNA extraction

Genomic DNA was extracted from peripheral blood leu-
kocytes by a salting procedure [28]. Briefly, 10 mL of
blood were mixed with triton lysis buffer (0.32M sucrose,
1% Triton X-100, 5mM MgCl2, H2O, 10mM Tris-HCl, PH
7.5). Leukocytes were spun down and washed with H2O.
The pellet was incubated with proteinase K at 56°C and
subsequently salted out at 4°C using a substrate NaCl
solution. Precipitated proteins were moved by centrifuga-
tion. The DNA in supernatant fluid was precipitated with
ethanol. The DNA pellet was dissolved in 400 ll H2O.

Table 1
Treatment description of the 305 patients with breast carcinoma

Surgery No surgery
Radiotherapy 33 16
Chemotherapy 23 17
Radiotherapy + Chemotherapy 133 25
Radiotherapy + endocrine therapy 14 0
Chemotherapy + endocrine therapy 6 6
Radiotherapy + Chemotherapy + endocrine therapy 32 0
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Polymorphism analysis of the IL-1a gene

Based upon the method described by Tarra et al. [29], a
polymerase chain reaction (PCR), followed by digestion
with the endonuclease NcoI was used to detect the C to T
transition polymorphism at position -889 of IL-1a gene.
Two sequence specific oligonucleotide primers were used
for the PCR: the 3’-primer (5’- GGGGGCTTCACTATGT-
TGCCCACACTGGACTAA - 3’) was used with the 5’-
primer (5’- GAAGGCATGGATTTTTACATATGACCT-
TCCATG - 3’). Thirty microliters of PCR reaction mixture
comprised genomic DNA samples (100ng), 200 lmol/L
dNTPs, 1.5 mM MgCl2, 1x Taq polymerase buffer, 50
pmol of each primer, and 0.5 unit of Taq DNA polymerase
(Amersham, Paris, France). Reaction conditions used with
the thermal cycler (Biometra, GÖttingem, Germany) were
as follows: an initial incubation at 94°C for 4 minutes,
followed by 30 cycles of incubation at 94°C for 30 sec-
onds, 50°C for 30 seconds and 72°C for 30 seconds and
followed by a final incubation at 72°C for 5 minutes. The
amplified fragments (300 bp) were digested with NcoI,
fragments were analysed by agarose-gel electrophoresis.
The T allele remained uncut, while the C allele was cut into
2 fragments of 280 and 20 bp.

Polymorphism analysis of the IL-1b gene

A 249 bp fragment of the fifth exon encoding IL-1b (posi-
tion +3816 to 4066) was amplified using the following
specific oligonucleotide primers: the 5’ primer: 5’-
GTTGTCATCAGACTTTGACC-3’ was used in combina-
tion with the 3’ primer: 5’- TTCAGTTCATATGGAC-
CAGA -3’ in a 25 lL reaction mixture containing genomic
DNA samples (100ng), 200 lmol/L dNTPs, 1.5 mM
MgCl2, 1x Taq polymerase buffer, 50 pmol of each primer,
and 0.5 unit of Taq DNA polymerase (Amersham, France).
Amplification was accomplished by initial incubation at
96°C for 5 minutes followed by 3 cycles of 96°C for 90
seconds, 53°C for 90 seconds; 35 cycles of 96°C for 60
seconds, 53°C for 60 seconds, 72°C for 60 seconds respec-
tively, and a final extension at 72°C for 10 minutes.
To assess the polymorphism of the IL-1b at position 3954,
the corresponding PCR products were digested with TaqI.
The presence of a TaqI site, which corresponds to the C
allele, was indicated by the cleavage of the 249 bp ampli-
fied product to yield fragments of 135 and 114 bp. The
T allele corresponds to the uncut fragment.

Polymorphism analysis of the IL-6 gene

The two polymorphic sites (-174 and -597) of the promoter
of IL-6 gene were analyzed. A 198 bp fragment covering
the (-174) polymorphic site of the IL-6 gene was amplified
using the following primers: 5’- TGACTTCAGCTTTACT
CTTTGT - 3’ and 5’- CTGATTGGAAACCTTATTAAG -
3’ in a 20 ll reaction mixture containing genomic DNA
samples (100ng), 200 lmol/L dNTPs, 1.5 mM MgCl2, 1x
Taq polymerase buffer, 0.5 lmol/L of each primer, and 0.5
unit of Taq DNA polymerase (Amersham, France). PCR
amplification were performed with an initial denaturation
temperature of 94°C for 10 minutes, followed by 35 cycles
of 96°C for 60 seconds, 55°C for 60 seconds, and 72°C for
60 seconds, and a final extension at 72°C for 10 minutes.

PCR products were digested with NlaIII restriction en-
zyme at 37°C overnight and electrophoresed on a 2%
agarose gel. NlaIII RFLP was detected by ethidium bro-
mide staining. The presence of an NlaIII site was indicated
by the cleavage of the 198 bp amplified product to yield
140 bp and 58 bp. The G allele corresponds to the uncut
fragment and the C allele to the presence of NlaIII site.
The analysis of the (-597 G/A) polymorphism of the IL-6
gene was performed using the following primers 5’-
GGAGACGCCTTGAAGTAACTGC-3’and5’-GAGTTT
CCTCTGACTCCATC - 3’ to generate a PCR fragment of
163 bp. Genotyping was resolved by PCR product diges-
tion with the FokI enzyme. The rare IL-6 (-597) A allele
has a FokI restriction cutting site. The resulting fragments
have the size of 116 and 47 bp.
To assess genotyping reliability PCR products for the
IL-1a, IL-1b and IL-6 polymorphisms were analyzed by
direct sequencing.

Statistical analyses

The allele frequencies of IL-1a, IL-1b or IL-6 were tested
for the Hardy-Weinberg equilibrium for both patient and
control groups using the Chi-Square test. The same test
was used to evaluate for significant association between
disease (breast carcinoma against controls) and IL-1a,
IL-1b or IL-6 genotypes. Relative risk of breast carcinoma
associated with a particular genotype was estimated by the
odds ratio (OR).
Disease-free survival (DFS) was defined as the time from
the date of diagnosis to the first local or distant recurrence
or to last contact. Breast carcinoma-specific overall sur-
vival (OVS) was defined as the time from the date of
diagnosis to death if the patient died from breast carcinoma
or to last contact. Six-year survival rates were estimated,
and survival curves were plotted according to Kaplan and
Meier [30]. Differences between groups were calculated
by the log rank test [31]. Clinicopathological parameters
were dichotomized as follows: nodal status (≥1 versus no
positive lymph node), SBR (Scarff, Bloom and Richard-
son) tumor grade (1-2 versus 3), clinical tumor size (T1-T2

versus T3-T4). Statistics were performed using SEM-
STATISTIQUES software (Centre Jean Perrin, Clermont-
Ferrand, France).

RESULTS

Polymorphisms in the IL-1a, IL-1b and IL-6 genes
as risk factors for breast carcinoma

Table 2 shows genotype frequencies for IL-1a, IL-1b and
IL-6 in patients with breast carcinoma and in the control
group. The genotype distributions of IL-1a, IL-1b and
IL-6 genes were in Hardy-Weinberg equilibrium for both
patient and control groups.
No significant differences in IL-1a genotype distribution
were seen between the patients and controls. The fre-
quency of the IL-1b (+3954) TT homozygous genotype
was higher in the patient group than in the control subjects,
but the difference reached only borderline significance
(0.111 versus 0.070, OR = 1.86, p = 0.06).
A significant increase in the frequency of the IL-6 (-597)
GA heterozygous genotype was observed in the patient
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group compared to the control group (0.324 versus 0.235,
OR = 1.59, p = 0.024).
The frequency of the IL-6 (-174) GC heterozygous geno-
type was also higher in patients than in controls (0.321
versus 0.230, OR = 1.61, p = 0.022). In agreement with a
previous report [32], the two polymorphisms were found
in tight linkage disequilibrium.

Prognostic significance of polymorphisms in the IL-1a,
IL-1b and IL-6 genes

Table 3 shows the distributions of IL-1a, IL-1b and IL-6
polymorphisms according to the clinicopathological indi-
ces of breast carcinoma severity. The T (+3954) allele of
the IL-1b gene was found in 63.75% of patients with large
tumors (T3-T4). The same allele was found in 66.66% of
patients having tumors with high SBR tumor grade (grade
3). In addition, the T (+3954) allele was found in 61.11%
of patients with lymph node metastases. Taken together,
these results suggest that the T (+3954) allele of the IL-1b
gene is highly associated with the aggressive forms of
breast carcinoma.
Figure 1 shows breast carcinoma-specific overall survival
(OVS) and disease-free survival (DFS) in patients accord-
ing to the presence or absence of the IL-1a (-889) TT
homozygous genotype. The estimated 3- and 6-year breast
carcinoma-specific OVS rate in the group of patients car-
rying or not carrying the IL-1a (-889) TT homozygous
genotype was, respectively, 75% and 36.8% versus 94.9%
and 70.6% (log rank test, p < 0.01). The 3-year DFS rate in
the group of patients with IL-1a (-889) TT genotype was
80.9% and 98.5% in the group of patients without IL-1a
(-889) TT genotype (log rank test, p < 10-5).
A remarkably strong association between DFS and IL-1b
(+3954) TT genotype was found in all the 305 patients
(figure 2). The estimated 3-year DFS rate in the group of
patients with IL-1b (+3954) TT genotype was 79.4% and
98.5% in the group of patients without the IL-1b (+3954)
TT marker (log rank test, p < 10-3). No statistical differ-

ence in the OVS was observed between the two groups of
patients.
As shown in figure 3, the breast carcinoma-specific DFS
was significantly shorter in the group of patient with the
IL-6 (-597) GG and IL-6 (-174) GG genotypes. The
estimated 3-year DFS rate in the groups of patients with
(-597) GG or (-174) GG genotypes was 92% and 99% in
that of patients without IL-6 (-597) GG or (-174) GG
markers (log rank test, p < 0.02). No association was found
between IL-6 (-597) GG and IL-6 (-174) GG genotypes
and the OVS rate in this population of patients with breast
carcinoma (data not shown).
Multivariate analyses were undertaken to evaluate the im-
portance of IL-1 and IL-6 markers in the risk of the
recurrence and death compared with the clinicopathologi-
cal parameters. Introducing the genetic and clinicopatho-
logical parameters bearing prognostic significance tested
the Cox model. No genetic or clinicopathological param-
eters were selected for OVS and DFS.

DISCUSSION

Given the important role of IL-1 and IL-6 in cancer patho-
genesis, IL-1a, IL-1b and IL-6 can be regarded as candi-
date genes for cancer.
The present case-controlled study revealed no significant
differences in IL-1a and IL-1b genotype distributions be-
tween patients with breast carcinoma and the control sub-
jects. These results suggest that these genetic variations in
IL-1a and -B are unlikely to play an important role in the
genetic predisposition to breast carcinoma. In the Tunisian
population, the frequency of IL-1a (-889) TT genotype
(17.5%) was higher compared to Italian (2.8%) and the
American (11.8%) populations [33].
The assessment of the prognostic value of the genetic
markers IL-1a and –B in breast carcinoma indicated that
the IL-1a (-889) TT homozygous genotype is associated
with reduced overall and disease-free survival, and there-
fore with a poor prognosis in breast carcinoma.

Table 2
IL-1a, IL-1b and IL-6 genotypes frequencies in control subjects and in patients with breast carcinoma

Genotype Patients Controls OR Confidence interval p-value
n = 305 n = 200

n f n f
(-889) IL-1 a
C/C 116 (0.380) 83 (0.415) 1
C/T 132 (0.433) 82 (0.410) 1.15 [0.76-1.74] NS
T/T 57 (0.187) 35 (0.175) 1.17 [0.68-2] NS
(+3954) IL-1b
C/C 157 (0.515) 120 (0.60) 1
C/T 114 (0.374) 66 (0.330) 1.32 [0.88-1.98] NS
T/T 34 (0.111) 14 (0.070) 1.86 [0.91-3.82] 0.06
(-597) IL-6
G/G 197 (0.646) 149 (0.745) 1
G/C 99 (0.324) 47 (0.235) 1.59 [1.04-2.44] 0.024
C/C 09 (0.030) 04 (0.020) 1.70 [0.47-6.70] NS
(-174) IL-6
G/G 199 (0.653) 150 (0.750) 1
G/C 98 (0.321) 46 (0.230) 1.61 [1.05-2.47] 0.022
C/C 08 (0.026) 04 (0.020) 1.51 [0.40-6.07] NS

The v2 test used to determine whether significant differences (p-value) were observed when the patient group was compared with the control group; NS: not significant.
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The IL-1b (+3954) TT homozygous genotype was specifi-
cally associated with reduced DFS but not with OVS. More
interestingly, we showed that the (+3954) T allele was
highly associated with aggressive forms of breast carci-
noma as defined by large tumor size, high grade and lymph
node metastases.
Several studies have shown that IL-1b promotes invasive-
ness, including tumor angiogenesis and also induces im-
mune suppression in the host [34]. Moreover, IL-1b is
expressed in 90% of invasive breast carcinoma and to
lesser extent in ductal, in situ breast carcinoma and benign
lesions [12]. In advanced breast carcinomas, high IL-1b
correlated well with other parameters of aggressive tumors
(high tumor grade, presence of p53, absence of bcl2), and
expression of other pro-inflammatory cytokines such as
IL-8 [12, 35].
Most studies indicate that IL-1a production by tumor cells
increases invasiveness [36-38]; only rarely were anti-

tumor effects observed [39]. In breast cancer cell lines and
in malignant breast tumors, expression of IL-1a is associ-
ated with both a more malignant phenotype and ERa
negativity [37]. Additionally, it has been shown that IL-a
promotes tumor growth and cachexia in the MCF-7 xe-
nograft model of breast cancer [38].
Our findings, which show the strong association between
IL-1a and -B gene polymorphisms and the poor prognosis
in breast carcinoma, along with those showing that these
genetic variations in the IL-1 genes are functionally impor-
tant elements influencing IL-1 production [10-12], suggest
that the genetic basis of the potential tumor promoter role
attributed to IL-1 may result from IL-1a and -B polymor-
phisms. Therefore, these polymorphisms could be causal,
predisposing to a poor prognosis in breast carcinoma.
The genotype frequencies of IL-6 determined for the cur-
rent cohort indicated a significant increase of IL-6 (-597)
GA and – (-174) GC heterozygous genotypes in patients

Table 3
Genotype frequencies of IL-1a, IL-1b and IL-6 polymorphisms in relation to pathological indices of breast cancer severity

n (%) p value
IL-1a-889 polymorphism C/C C/T +T/T
Tumor size
T1-T2 72 (38.1) 117 (61.9) 0.83
T3-T4 29 (36.7) 50 (63.3)
Histological grade
1-2 62 (36.26) 109 (63.74) 0.9
3 30 (37.03) 51 (62.97)
Lymph node metastases
Negative 59 (41.85) 82 (58.15) 0.19
Positive 56 (34.57) 106 (65.43)

IL-1b+3954 polymorphism C/C C/T +T/T
Tumor size
T1-T2 111 (58.73) 78 (41.27) 0.0007
T3-T4 29 (36.25) 51 (63.75)
Histological grade
1-2 99 (57.9) 72 (42.10) 0.0002
3 27 (33.33) 54 (66.66)
Lymph node metastases
Negative 93 (65.96) 48 (34.04) 0.000002
Positive 63 (38.89) 99 (61.11)

IL-6 -597 polymorphism G/G G/A +A/A
Tumor size
T1-T2 117 (61.9) 72 (38.1) 0.18
T3-T4 55 (70.51) 23 (29.49)
Histological grade
1-2 110 (63.95) 62 (36.05) 0.45
3 55 (68.75) 25 (31.25)
Lymph node metastases
Negative 93 (65.49) 49 (34.51) 0.75
Positive 102 (63.75) 58 (36.25)

IL-6 -174 polymorphism G/G G/C+C/C
Tumor size
T1-T2 117 (62.23) 71 (37.77) 0.07
T3-T4 58 (73.41) 21 (26.59)
Histological grade
1-2 111 (64.91) 60 (35.09) 0.31
3 57 (71.25) 23 (28.75)
Lymph node metastases
Negative 91 (64.54) 50 (35.46) 0.81
Positive 106 (65.84) 55 (34.16)
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with breast carcinoma compared to controls. The fre-
quency of the IL-6 (-597) A and (-174) C alleles was higher
in the patient group compared to the controls, but the
differences did not reach statistical significance. It has
been reported that the polymorphisms of cytokine genes
differ considerably among different populations, particu-
larly polymorphisms in the IL-6 gene. In the Tunisian
population, we showed that the frequencies of the IL-6
(-597) A and IL-6 (-174) C alleles are lower compared to
other populations: (13% versus 35%). Our data provided
evidence of an association between the IL-6 (-597) GA and
IL-6 (-174) GC genotypes and an increased risk of breast
cancer in the Tunisian population, but not with the IL-6
(-597) A or IL-6 (-174) C alleles; this was probably
because of the low number of IL-6 (-597) AA and IL-6
(-174) CC patients in the Tunisian population.
IL-6 is a pleiotropic cytokine that has been shown to be
important in the activation of the host anti-tumor response.
In vitro studies have shown that IL-6 acts as a late-acting

killer factor (KHF) in the differentiation of cytotoxic
T-lymphocytes, and it augments the activities of NK-cells
[40]. Low expression of IL-6 can affect the immune sys-
tem.
Several studies have shown that the IL-6 (-597) G-A and
(-174) G-C SNPs are functional alterations that affect
serum levels of IL-6 [21, 32]. Recent data from Belluco et
al. demonstrate that circulating IL-6 levels are signifi-
cantly higher in IL-6 (-174) GG homozygotes with colon
cancer compared with carriers of a C allele [40]. Thus, we
hypothesized that carriage of the mutant IL-6 allele influ-
ences the genetic susceptibility to breast carcinoma.
More interestingly, we showed that the IL-6 GG genotype
homozygous for both positions, known to be genetic fac-
tors dictating the over-production of IL-6, are associated
with reduced disease-free survival. Recently it has been
reported that the IL-6 (-174) G allele is significantly asso-
ciated with increased risk of recurrence compared with
those of the C allele in patients with high risk, node-
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Figure 1
Breast carcinoma specific overall survival (A) and specific disease-free survival (B) of 305 breast carcinoma patients according to the presence
or absence of IL-1a (-889) TT homozygous genotypes (p denotes the log-rank test value).
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Figure 2
Breast carcinoma specific overall survival (A) and specific disease-free survival (B) of 305 breast carcinoma patients according to the presence
or absence of IL-1b (+3954) TT homozygous genotypes (p denotes the log-rank test value).
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positive breast cancer [26]. This result is in agreement with
our findings.
Several reports highlighted the role of IL-6 in cancer
pathogenesis and disease progression. It has been shown
that in different tumor types, a high IL-6 serum level is
associated with advanced stage disease [41-44] and a
worse outcome [41, 42, 45, 46]. Regarding breast carci-
noma, it has been reported that a high IL-6 serum level is
associated with poor response to cancer therapy and re-
duced survival [47-49].
The results of the current study, which show the associa-
tion between the IL-6 polymorphisms and both suscepti-
bility and disease-free survival associated with breast car-
cinoma, suggest the genetic basis for the various roles of
IL-6 in tumor development, and clinical outcome may
result from IL-6 polymorphisms.
In conclusion, this study suggests that variation in genes
for IL-1 and IL-6 represent attractive factors for the prog-
nosis of breast carcinoma. The role of the pro-
inflammatory cytokines as genetic markers of breast can-
cer can be complemented with other SNPs and haplotype
analysis. Extension of the findings of the current study to
other malignant tumors will be of use in determining
whether these genetic markers are specific to breast carci-
noma.
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