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The aim of the present study was to characterize the expression
pattern of tumor necrosis factor (TNF)-o and its receptors in breast
samples (benign diseases, insitu carcinomas and infiltrating
carcinomas), and to compare these results with those obtained
previously for interleukin-6, p53 and p21 using the same samples in
order to elucidate the effects of these cytokines on the proliferation-
apoptosis equilibrium. Immunoexpression of TNF-o and its receptors
(TNFRI and TNFRII) were studied by western blotting and immuno-
histochemistry. The percentage of samples positive for TNF-o. and
TNFRIl was higher in insitu carcinoma than in benign breast
diseases, and TNFRIl was even higher in infiltrating tumors. The
percentage of samples positive for TNFRI was similar in the three
groups. For the three proteins and in the three patient groups,
immunoreactions were observed in the peripheral cytoplasm. In the
positive samples, immunostaining for TNF-a. was more intense in
infiltrating tumors than in the other two patient groups, whereas
immunostaining for both receptors was higher in in situ carcinoma
than in benign breast diseases, and even higher in infiltrating
tumors. Comparing the TNF-a results with previous results for
mtp53, p21 and interleukin-6, we found an association between the
expression of these four proteins and increasing malignancy. TNF-o
might be an important factor in breast cancer promotion as its
proliferation and survival effects seems to be enhanced through
the increased expression of TNFRII. Also, the pro-apoptotic pathway
of TNFRI could be inhibited by p21 (which appeared increased in
breast cancer), altering TNFRI effects in promoting the expression
of several factors, such interleukin-6, which contribute to tumor
promotion. (Cancer Sci 2006; 97: 1044-1049)

Tumor necrosis factor (TNF)-a seems to exert a key role in
promoting many tumors to breast cancer. TNF-o is a 17-
kDa polypeptide that was first described as a serum-derived
substance that causes tumor cell death,” and is involved in skin
carcinogenesis and the spread of a variety of carcinomas and
sarcomas. It can induce tumor necrosis by affecting tumor vascu-
larization and initiating apoptotic cell death, but paradoxically,
it also can promote cell proliferation.*® The action of TNF-o is
mediated by two distinct receptors, named TNFRI (55 kDa) and
TNFRII (75 kDa), both of which show a similar affinity for
TNF-o in humans.“® TNFRI is the major mediator of most TNF-o.
activities,” including apoptosis.®? However, cell proliferation through
Nuclear Factor kappa B(NF-xB) transcription factor activation®!
has also been reported in fibroblasts."® TNFRII has been described
to mediate proliferation in some cells by acting as a thymocyte.!'>

Another cytokine related to TNF-o and cell proliferation is
interleukin (IL)-6. Recent studies have reported that high
expression of IL-6 is associated with proliferation markers in
breast cancer."” Both TNF-o. and IL-6 could also be related
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to different factors that favor tumor progression, such as estrogen
synthesis"® or the accumulation of mutated p53 (mtp53).1®

The tumor suppressor gene p53 encodes a nuclear phos-
phoprotein that acts as a transcription factor, which is activated
in response to TNF-o stimuli."'® Activation of p53 stimulates
genes, such as p2/, that are associated with cell cycle arrest,
DNA repair and apoptosis.!” Several reports have stated that
overexpression of p21 in breast carcinoma has been associated
with accumulation of mtp53,'%!® considered to be an indicator
of poor prognosis.®*2)

Expression of TNF-o and its receptors has been reported
in esophageal,®? prostatic,®® follicular thyroid,?* skin® and
ovarian® cancers. TNF-¢, has also been described as an important
promoter of cancer in different breast cancer cell lines, such as
MCF-7@? and MCF10A.®® To our knowledge, no immuno-
histochemical analyses of TNF-o and its receptors have been
reported in human breast tissue. The aim of the present study
was to characterize the expression patterns of TNF-o and its
receptors in benign conditions, in situ carcinomas, and infiltrating
breast tumors by immunohistochemistry and western blotting,
as well as to evaluate the relationships between these patterns
and those of IL-6, p21 and mtp53 (studied in our laboratory
using the same samples as in the present study),**** to elucidate
the effects of these cytokines on the proliferation—apoptosis
equilibrium.

Materials and Methods

Total or partial mastectomy specimens obtained from 65 women,
who were clinically and histopathologically diagnosed with
breast adenocarcinoma during 1998 in our hospital, were used
for the present study. Twenty of these women (aged from 37 to
75 years; mean 51.23 years) presented with in sifu carcinoma,
and 45 women (aged from 40 to 77 years; mean 59.93 years) had
infiltrating carcinoma. Tumor samples were compared with
breast biopsies from 17 women (aged from 16 to 59 years; mean
43.8 years) with benign lesions including ductal and lobular
hyperplasia, fibroadenoma and fibrocystic changes. We always
used the normal regions in these biopsies. All infiltrative tumor
samples were classified using the tumor size, lymphatic nodes and
metastasis (TNM) system. Removal of tissues and the study of
samples were approved by the Hospital’s Ethics Committee and
made with the consent of the patients’ relatives. Each sample was
divided into two portions: one portion was processed immediately
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for immunohistochemistry, and the other portion was frozen in
liquid nitrogen and maintained at —80°C for western blot analysis.

The primary antibodies used were goat antihuman TNF-o,
TNFRI and TNFRII (Santa Cruz Biotechnology, Santa Cruz,
CA, USA).

For western blot analysis, tissues were homogenized in
extraction buffer (0.005 M Tris-HCI, pH 8) with the addition of
a protease inhibitor cocktail (10 mM iodoacetamide, 100 mM
phenylmethyl sulfonic fluoride, 0.01 mg/mL soybean trypsin
inhibitor and 1 pL/mL leupeptin) and phosphate inhibitors (10 mM
sodium fluoride and 1 mM sodium orthovanadate) in the
presence of 0.5% Triton X-100. Homogenates were centrifuged
for 10 min at 10 000 rpm(8700g). The protein concentration of
supernatants was calculated using the Bradford method. Super-
natants were then equilibrated with loading buffer (10% sodium
dodecylsulfate [SDS] in Tris-HCI [pH 8] containing 50% glycerol,
0.1 mM 2-B-mercaptoethanol and 0.1% bromophenol blue) at
50 pg/mL. The mixture was then denatured for 5 min at 100°C,
and aliquots of 10 UL of homogenate were separated in SDS—
polyacrylamide slab minigels (15% gels). Separated proteins were
transferred in transfer buffer (25 mM Tris-HCI, 192 mM glycine,
0.1% SDS and 20% methanol). Nitrocellulose membranes
(0.2 uM), were blocked for 1 h with 1% donkey serum in Tris-
buffered saline, and incubated overnight at room temperature
with the primary antibodies at 1:500 (TNF-o), 1:1000 (TNFRI)
and 1:250 (TNFRII) in TBS with 5% bovine serum albumin
(BSA). After extensive washing with TBS/Tween-20 (TBST),
the membranes were incubated with rabbit antigoat (Dako,
Barcelona, Spain) for 1 h at 1:2500 (diluted in TBS with 5%
BSA) and then washed and incubated with the avidin—biotin—
peroxidase (ABC) complex (Vector Laboratories, Burlingame,
CA, USA) at 1:10 000 dilution. After an intensive wash, the
filters were developed with an enhanced chemiluminescence Kkit,
following the procedure described by the manufacturer (Amer-
sham, Buckinghamshire, UK).

For immunohistochemical analysis, tissues were fixed for 24 h
at room temperature in 0.1 M phosphate-buffered saline 10%
formaldehyde, dehydrated and embedded in paraffin. Sections
(5-uM thick) were processed using the ABC method. Following
deparaffinization, sections were hydrated and incubated for
30 min in 0.3% H,O, diluted in methanol to reduce endogenous
activity. To retrieve the antigen, the sections were incubated
with 0.1 M citrate buffer (pH 6) for 2 min in a conventional
pressure cooker. After rinsing in TBS buffer, the slides were
incubated with normal donkey serum at 10% in TBS for 30 min
to prevent non-specific binding of the first antibody. Thereafter,
the primary antibodies were applied at a dilution of 1:125
(TNF-0), 1:250 (TNFRI) and 1:50 (TNFRII), in TBS at room
temperature overnight. Afterward, the sections were washed twice
in TBS and then incubated with rabbit antigoat biotinylated
immunoglobulin (Dako) at 1:500 in TBS. After 1 h of incubation
with secondary antibody, the sections were incubated with a
standard streptavidin—biotin complex (Vector Laboratories) at
1:1000 and developed with 3,3’-diaminobenzidine (DAB), using
the glucose oxidase-DAB-nickel intensification method.

Immunochemical procedure specificity was checked using
negative and positive controls. For negative controls of immuno-
reactions, tissues of each type were incubated with preimmune
serum at the same immunoglobulin concentration used for each
antibody or with blocking peptides (Santa Cruz Biotechnology).
As positive controls, histological sections (immunohistochemistry)
of thymus (TNF-q, its receptors and IL-6) and skin (p21 and p53)
were incubated with the same antibodies.

A comparative histological semiquantification of immunola-
beling among the different groups of breast samples (in situ
adenocarcinomas, infiltrating adenocarcinomas and benign
fibrocystic lesions) was carried out for each of the four antibodies.
Of each sample, six histological sections were selected at random.
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Fig. 1. Western blot analysis of tumor necrosis factor (TNF)-o, TNF

receptor (TNFR) | and TNFRIl after 15% sodium dodecylsulfate-
polyacrylamide gel electrophoresis. BL, benign lesions; IC, infiltrating
carcinoma; ISC, in situ carcinoma.

In each section, the staining intensity (optical density) per unit
surface area was measured with an automatic image analyzer
(Motic Images Advanced version 3.2; Motic China Group, Xiamen,
China) in five microscopic fields per section, using the x40
objective. Delimitation of stained surface areas was carried out
manually using the image analyzer. For each positive immuno-
stained section, one negative control section (the following in a
series of consecutive sections) was also used, and the optical
density of this control section was subtracted from that of the
stained section. From the average values obtained for each
breast, the mean * SD for each breast group was calculated. The
statistical significance between means of the different breast
group samples was assessed using Fisher’s exact test and the
one-way ANOVA test at P <0.05, by multiple pairwise com-
parisons of all of the values for each breast zone, for each specific
antibody separately.

The values obtained for TNF-a in the present study were
compared with those obtained for IL-6, p21 and mtp53 in
published studies carried out in our laboratory previously using
the same samples as in the present study. In order to test if the
increase in TNF-o expression was correlated with the expression
of p53, p21 and IL-6, we used Pearson’s coefficient for each
pair of values.

Results

Western blotting. For each antibody used, a single band was
found at the corresponding molecular mass: TNF-o, 17 kDa;
TNFRI, 55 kDa; and TNFRII, 75 kDa (Fig. 1). These bands
appeared in the three patient groups, except for TNFRII in
benign lesions, which was undetectable using this technique.

Immunohistochemistry. No immunoreaction was observed in
negative controls incubated with preimmune serum, or using
the antibodies preabsorbed with an excess of purified antigens.
Staining of thymus sections (positive controls) was always
positive for all antibodies used. For each antibody assayed, the
percentage of positive cases and the immunostaining intensities
are shown in Table 1.

In infiltrating tumor samples the immunoreaction to TNF-aL,
as well as IL-6, pS3 and p21, was compared with several tumor
parameters (nodal status, TNM system and Estrogen receptor
[ER]/Progesterone receptor [PR] status) (Table 2).

TNF-a.. In the samples positive for TNF-a., labeling was always
observed in the cytoplasm of epithelial cells. No differences
were found in the percentage of positive cases between the
different groups. Immunoreactions to TNF-o. were similar in
benign lesions (Fig. 2A), in situ carcinomas (Fig. 2B) and ductal
infiltrating carcinomas, and more intense in lobular infiltrating
carcinomas (Fig. 2C) (Table 1).
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Table 1. Comparison of immunostaining intensities between groups of breast samples
TNF-o TNFRI TNFRII

Group No. cases Positive cases Positive cases Positive cases

—————  Optical density = —————  Optical density' = ————————  Optical density’

n % n % n %
Benign lesions 17 15 88.23 29 +6.5° 17 100 16.6 £5.75° 4 23.52 5.3+4.92
In-situ carcinomas 20 20 100 20 100 10 50
Lobular in situ 8 8 100 30.3 £2.39° 8 100 30.9+2.3° 4 50 31.7+4.4°
Ductal in situ 12 12 100 33.3+3.395° 12 100 27.7£3.1° 6 50 27.9+£3.5°
Infiltrating carcinomas 45 34 75.55 45 100 35 77.7
Lobular infiltrating 21 17 80.9 45.8 +4.67° 21 100 37.8+2.2¢ 18 85.71 37.8+3.2¢
Ductal infiltrating 24 17 70.83 34.8+3.3° 24 100 35.5+2.5¢ 17 70.83 31.9+3.8°

"Values are mean = SD. **Values denoted by different superscripts are significantly different from each other. Those values sharing the same
superscript are not statistically different from each other. Statistical analysis refers to each antibody separately. Significance was determined by
multiple comparisons using Fisher’s test at P < 0.05. TNF, tumor necrosis factor; TNFR, TNF receptor.

Table 2. Comparison of the expression of interleukin (IL)-6, tumor necrosis factor (INT)-o, mutated (mt) p53, p21 and ER with nodal status, the tumor
size, lymphatic nodes and metastasis (TNM) system and Estrogen receptor (ER)/Progesterone receptor (PR) status in breast-infiltrating carcinoma samples

Cases (45)
Variable ; o TNF-o. (34%) IL-6 (39%) mtp53 (307) p21 (381)
(1]

Nodal status

Negative 15 33.3 15 14 9 13

Positive 30 66.7 19 (P =0.3575) 25 (P =0.822) 21 (P =0.805) 25 (P =1.000)
TNM

T1 14 31.2 10 13 8 13

T2 19 42.2 13 18 13 14

T3 7 15.5 7 6 6 7

T4 5 11.1 4 (P =0.944) 2 (P=0.805) 3 (P=0.949) 4 (P=0.956)
ER

Negative 6 13.4 3 3 6 5

Positive 39 86.6 31 (P =0.404) 36 (P =0.494) 24 (P =0.526) 33 (P =1.000)
PR

Negative 12 26.7 8 10 8 9

Positive 33 73.3 26 (P =0.799) 29 (P =1.000) 22 (P =1.000) 29 (P =0.804)

"Number of positive cases. Only positive samples in each group were compared.

TNFRI. All samples (100%) were positive to TNFRI. Labeling
was observed in the peripheral cytoplasm of epithelial cells
(Fig. 2D; Table 1). In both groups of tumors (in situ [Fig. 2E]
and infiltrating [Fig. 2F] carcinomas), immunoreactions were
more intense than in benign lesions. In infiltrating tumors,
immunostaining was more intense than in in situ tumors.

TNFRII. In samples positive for TNFRII, labeling was observed
in the epithelial cell cytoplasm. The percentage of cases
showing positive immunoreaction to TNFRII increased with the
severity of the lesion: 23.52% of benign fibrocystic lesions
(Fig. 2G), 50% of insitu tumors (Fig.2H) and 77.7% of
infiltrating tumors (Fig. 2I). In the two patient later groups,
immunostaining intensity also increased with the severity of the
lesion: higher in in situ tumors than in benign fibrocystic lesions
and even higher in infiltrating tumors (Table 1).

Comparison between TNF-a and IL-6, p53 and p21. Comparison of
the immunoexpression of TNF-o. with those of IL-6, p53 and
p21 (values obtained in previous studies) in the three groups of
breast samples (benign lesions, in situ ductal and lobular
tumors, and infiltrating ductal and lobular tumors) is shown in
Table 3.

Only 35.3% (six patients) of benign breast lesions were
positive for TNF-a and IL-6; 64.7% (11 patients) of benign
breast lesions were positive for TNF-a and mtp53; and 70.6% (12
patients) showed expression of TNF-o; and p21. In the benign breast
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lesion group only three patients (17.64%) showed simultaneous
expression of the four proteins studied.

The relationship between TNF expression and the expression
of the other proteins appeared slightly increased in in situ breast
carcinomas, as 50% (10 patients) were positive for TNF-o and IL-6;
85% (17 patients) had both TNF-o and mtp53 expression; and 75%
(15 patients) had TNF-o. and p21 expression. In the in situ tumor
group only eight patients (40%) showed simultaneous expression
of the four proteins studied. Most of infiltrating tumors were
positive for TNF-a and IL-6 (71.1%), TNF-o and mtp53 (68.8%)
or TNF-o and p21 (71.1%). Furthermore, we found that 30 patients
(66.6%) showed simultaneous expression of the four proteins.
Using Pearson’s coefficient, we compared the expression of these
proteins among the three pathology groups statistically and found
that the increase in TNF-o expression was correlated with an
increase in both mtp53 (r = 0921) and p21 expression (r = 0953).

Discussion

In the present study, we detected TNF-o. and TNFRI in more
than 85% of cases with benign breast pathologies, whereas
TNFRII was detected in a low number of cases (23.5%).
However, for both receptors, the immunostaining intensities
were scant, and this suggests that TNF-a has little effect on
benign breast pathologies. Several authors have described the
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Fig. 2.

Immubhistochemistry of tumor necrosis factor (TNF)-o.. Similar immunostaining was found in (A) benign lesions and (B) in situ carcinomas.
(O In infiltrating cases the lobular carcinomas showed high intensity of immunoreaction, than in the other groups. (D) Immunohistochemistry of
TNF receptor (TNFR) | localized in the peripheral cytoplasm. Weak immunostaining was found in benign lesions. (E) In in situ patients the
immunostaining was more intense than in benign diseases. (F) The most intense immunoexpression was found in infiltrating cases.
Immunohistochemistry of TNFRI localized in the peripheral cytoplasm: (G) Immunohistochemistry was negative in the major of benign lesion
group. The expression increased in both (H) in situ and (l) infiltrating tumors. The highest expression was found in the infiltrating breast cancer.

Scale bar: (A,D,G) 30 um, (B,E) 25 pm and (C,F,H,I) 20 uM.

presence of TNF-a in different benign hyperplasias, including
prostatic,®® gallbladder mucosa,®” gastric®" and endometrial®?
hyperplasias. However, the effects mediated by TNF-o in these
hyperplasias would be slight, as expression of both receptor
types was scant.

In in situ breast carcinomas, TNF-o seems to be more active
than in benign breast pathologies because: (i) besides the higher
percentage of patients that were positive to both TNF-o. and
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TNFRI (100%), 50% of patients were also positive for TNFRII;
and (ii) although immunostaining intensity for TNF-o was similar
to that found in benign breast pathologies, immunoexpression of
the two receptors was increased.

In infiltrating tumors, TNF-a seems to be even more active
than in in situ tumors because: (i) the percentage of patients
positive for TNFRII rose to 77.7%; and (ii) immunostaining
optical densities of TNF-a. and its two receptors were significantly
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Table 3. Comparison of the immunoexpression of tumor necrosis factor (TNF)-o, interleukin (IL)-6, mutated (mt) p53 and p21 in three groups of

breast samples

IL-6 mtp53 p21
Variable Positive Negative Positive Negative Positive Negative
P-value P-value P-value
n % n % n % n % n % n %
Benign fibrocystic lesions (n = 17)
Positive 6 35.3" 9 52.9 11 64.7" 4 23.5 12 70.6" 3 17.6
Negative 0 2 11.4 1 5.8 1 5.8 1 5.8 1 5.8
TNF-a 0.514 0.514 0.426
In situ carcinoma (n = 20)
Positive 10 50* 10 50 17 85+ 3 15 15 75* 5 25
Negative 0 0 0 0 0 0 0 0 0 0 0 0
TNF-o NA NA NA
Infiltrating carcinoma (n = 45)
Positive 32 71.18 2 4.4 31 68.85 3 6.6 32 71.15 2 4.4
Negative 8 17.7 3 6.6 13.3 5 11.1 9 20 2 4.4
TNF-o 0.085 0.014 0.247

"Three patients were simultaneously positive for the four proteins (TNF-a, IL-6, mtp53 and p21). *Eight patients were simultaneously positive for
the four proteins. SThirty patients were simultaneously positive for the four proteins. NA, not applicable.

higher for lobular carcinomas (although not for ductal carcino-
mas). These data suggest a role for TNF-o. in tumor progression
in breast cancer. Meng et al.®¥ described high levels of TNF-o
in malignant breast epithelial cells, and suggested that TNF-o
may promote tumor growth. The elevated expression of TNFRII
in infiltrating breast cancer might be related to the inhibition of
apoptosis or proliferation by this receptor,®® which would have
a survival or proliferation effect. TNFRII functions are not yet
well know. However, the activity of this receptor has been
related to NF-xB activation and the production of cytokines
such as IL-6. Therefore, TNFRII expression would be a bad
prognosis factor in breast cancer.®® Our infiltrating tumor sam-
ples also showed a higher proliferation index than the other two
groups in the study (data not show), and the cause of this could
be the TNF-o high effect throughout TNFRII.

Tumor necrosis factor-o. has shown contrary effects in different
carcinomatous tissues and conditions. It has been reported that
TNF-a can exert either pro-apoptotic or survival and proliferation
effects, so it is necessary to clarify the role that TNF-o. is playing
in the different tissues and pathological conditions. It seems
that, in normal breast tissue, TNF-o regulates cell proliferation
through its pro-apoptotic effects, but in breast cancer, both the
inhibition of the TNFRI apoptotic pathway and the increase
in TNFRII survival and proliferation effects might be related
to enhanced cell proliferation. This effect could be mediated
by promoting the expression of other cytokines such as IL-6.
In this way, it has been reported that the TNFRI apoptotic
pathway can be inhibited by accumulation of p21, at the ask-1
level, and directed toward Apl activation and expression of
survival-related genes®® by NF-kB activation, as occurs in other
tissues such as prostate.®” We found high levels of p21 in these
breast tumors, so TNF-o could have an effect on survival and
proliferation.

In order to find a dominant target for therapy, it should be
taken into account that breast cancer is a heterogeneous disease
in which different growth factors, cytokines, oncogenes and
other mitogenic signals may be involved to effect uncontrolled
apoptosis and cell proliferation. Only when all of these factors
become well known can a positive therapy be found. Ueno et al.
studied the local expression of several cytokines, such as IL-6
and TNF-a, in primary breast cancer tissue and showed the
relevance of these proteins in crucial tumor processes such as
angiogenesis and interactions with the immune system.®®
Evaluation of TNF-q, its receptors and other factors, such as IL-6,
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P53 accumulation and subcellular location of p21, might also be
significant in the assessment of its malignancy.

Mommers et al. has suggested that accumulation of mtp53 or
p21 in benign breast lesions is associated with an increased risk of
progression to breast pathology,®” and Garcia-Tufion ef al. suggested
that IL-6 is more active in tumors than in non-neoplastic tissue.¥
In two previous studies, carried out in the same patients studied
here, we reported that immunoexpression of mtp53, p21® and
IL-6" was increased in in situ carcinoma with regard to the values
found in benign breast diseases, and that expression was even
higher in breast-infiltrating tumors. Comparison of these results
with those of the present study suggests that, in benign breast
diseases, TNF-ou expression is associated with mtp53 and p21
expression (from one-half to two-thirds of patients were positive
for the three immunostains), whereas the association of TNF-o
with IL-6 was low (17.6% of patients; P = 0.514). In in situ
carcinoma patients, the association of TNF-a expression with
mtp53 and p21 expression was higher than in benign breast
diseases (more than two-thirds of patients), and the association
with IL-6 was 40% of patients.

In infiltrating tumors, TNF-o. expression was highly associated
with mtp53 (P = 0.0141) and p21 (P = 0.247) expression, and with
IL-6 (P = 0.085). Also, there was a close relationship with ER
expression. Therefore, the association between TNF-ot immu-
noexpression and those of mtp53 and p21 was observed not only
in infiltrating carcinomas but also in in situ carcinomas and
benign breast diseases, but the close association with IL-6 and
mtp53 is characteristic only of infiltrating carcinomas, coinciding
with the highest levels of cell proliferation found (data not show).

Conclusion

We conclude that TNF-o in breast cancer could have a key role
in tumor progression, as in our patients there was an association
between TNF-q, the expression of tumor markers (mp53 and
p21), IL-6 and increasing infiltrating tumor capacity. Therefore,
an evaluation of TNF-o. and IL-6 as therapeutic targets in breast
cancer development and progression would be useful.
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