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1 | INTRODUCTION

Breast cancer is the most frequent type of cancer in women world-
wide, representing 25% of all cancers diagnosed in women.!

Currently, tumor size, number of affected axillary nodes, the

Abstract

Aim: Inflammatory breast cancer (IBC) is the most aggressive form of locally advanced breast can-
cer. The signs of inflammation such as hyperemia and hyperthermia might suggest the possible
participation of inflammatory mediators. This study investigates stromal and tumor expression
of nuclear factor-kappa B (NF-«B) and interleukin-18 (IL-18) in samples obtained from IBC and
noninflammatory locally advanced breast cancer (LABC) and the influence of these markers on

patients’ prognosis.

Methods: Demographic data, tumor molecular characteristics and overall survival in both groups
were also assessed. Furthermore, in this study, we evaluated the expression of IL-18 and p50

nuclear fraction of NF-xB by immunohistochemistry in specimens from IBC and LABC (T4b).

Results: We observed that 24.6% of women were diagnosed with IBC up to age 40. In addition, the
patients with IBC showed a lower overall survival when compared to LABC. In regard to molecu-
lar markers, ER*, C-erbB2~ or triple negative IBC patients showed a significantly reduced over-
all survival. In addition, a higher IL-18 immunostaining in stroma of IBC and LABC was observed
in comparison with tumor cells, but stromal immunoexpression was similar between IBC and
LABC. Besides, IL-18 positivity seemed be related with a better clinical response to neoadjuvant
chemotherapy. However, NF-xB expression was identical in both groups.

Conclusion: The IL-18 is present in tumor stroma of IBC and LABC and seems to be associated

with the complete response to neoadjuvant chemotherapy.

KEYWORDS
inflammatory breast cancer, interleukin-18 (IL-18), non-inflammatory locally advanced breast

cancer, nuclear factor-kappa B (NF-xB)

type and histological grade and hormonal receptors (ER, PR and
C-erbB2) are widely used in clinical practice for determining
prognosis and treatment response.?2 However, some specific sub-
types of advanced breast cancers remain associated with poor

prognosis.
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The most aggressive type of locally advanced breast cancer is clini-
cally classified as inflammatory breast carcinoma (IBC).3 Women diag-
nosed with IBC have an average five-year survival of 30-40%, whereas
patients with noninflammatory locally advanced breast cancer (LABC)
the average survival in five-year is 70-80%.%

The IBC has been called “inflammatory” because the breast often
shows signs of inflammation such as redness, hyperthermia and
edema.® The presence of inflammatory signs support the hypothesis
that immune cells are involved in the carcinogenesis and/or tumor pro-
gression, and seem to be relevant to aggressiveness of IBC. In this con-
text, tumor microenvironment-infiltrating cells possibly play an impor-
tant role by secreting cytokines and other cellular mediators that can
contribute to tumor progression.®

Nuclear factor-kappa B (NF-xB) is a cell-transducing transcription
factor that regulates the inflammatory response, cytokine production
and cell proliferation.”-? Dysregulated activation of NF-xB may result
in an amplified inflammatory response, altered balance of pro- and
anti-apoptotic proteins and cell survival favoring tumor progression.1©
Interleukin-18 (IL-18) is one of the cytokines whose expression par-
tially involves NF-xB signaling.l? The IL-18 is a proinflammatory
cytokine that modulates the expression of adhesion molecules, nitric
oxide synthase and chemokine production.!? Interestingly, serum lev-
els of IL-18 were found increased in breast cancer patients.!3 In
addition, IL-18 expression was described in tumor and surrounding
tumor tissues.!3 However, whether 1L-18 expression accounts for a
worsen prognosis in IBC and LABC breast cancer subtypes is still to be
investigated.

Then, we aimed to investigate the expression of IL-18 and NF-«B in
tumor samples of IBC and LABC and the contribution of these inflam-
matory markers as prognostic factors and the impact on neoadjuvant

chemotherapy response.

2 | MATERIALS AND METHODS

2.1 | Study characterization

This was an retrospective study including a series of 75 patients diag-
nosed with inflammatory breast cancer (IBC) and 60 with LABC stage
T4b admitted to Instituto do Cancer do Ceara and Hospital Geral de
Fortaleza, Brazil, between 2012 and 2015. The inclusion criteria were
(a) patients diagnosed with IBC or LABC, (b) enough sample size for
immunohistochemistry studies and (c) previous immunohistochemi-
cal characterization for estrogen receptor (ER), progesterone recep-
tor (PR) and human epidermal growth factor 2 (C-erbB2, HER2/neu).
Exclusion criteria were (a) stage IV (metastatic) IBC or LABC patients,
(b) insufficient tissue samples for immunohistochemistry studies and
(c) lack of molecular characterization of tumor samples for ER, PR and
C-erbB2 (HER2/neu).

The study was approved by the Ethics in Research Committee of
Instituto do Cancer do Ceara (Protocol Number 073/2008) Hospital
Geral de Fortaleza (Protocol Number 290201/12), and is accordance
to the Helsinki Declaration (1983).

2.2 | Tumor samples

The tumor samples of patients with breast cancer were collected
by core biopsy. The collected material was fixed in 10% formalin,
embedded in paraffin, sectioned with 3-um thick and then stained
with hematoxylin-eosin (H&E). Then, immunohistochemistry assay
was performed for 29 and 28 samples of IBC and LABC, respectively.

2.3 | Tissue Microarray

Tissue samples were obtained from the donor paraffin block with a
manual puncher and arrayed in a matrix of six rows and three columns
with up to 18 samples per recipient block. Liquid paraffin was gently
added to melt the wax cylinders at 60°C. Then, typical H&E staining
and immunohistochemistry assay were performed. Two independent
observers who were unaware of clinicopathological data conducted
the analysis. The following score criteria for tumor and stromal cells,
adapted from the previous publication,1* were employed: zero expres-
sion (0), mild reaction (1+), moderate reaction (2+) and strong reac-
tion (3+). Score analysis resulted in a high level of concordance (>90%).
Cases out of concordance were defined by consensus. The average
value obtained for each sample was used to statistical analyzes. Slides

were observed in an Olympus BX41 microscope.

2.4 | Immunohistochemistry assay

Paraffin sections were dewaxed and rehydrated. Treatment with a 3%
H, 0O, solution in methanol, for 10 min, was used to block endogenous
peroxidase. An EnVision FLEX buffer target retrieval solution (Agilent
Technologies, Santa Clara, CA, USA) in 96°C warm water, for 20 min,
was applied to unmask the antigens. Envision Flex Peroxidase-Blocking
Reagent was utilized for 10 min to inhibit unspecified ground reactions.
The slides were incubated with rabbit monoclonal antibodies anti-NF-
xB (Santa Cruz Biotechnology, Dallas, TX, USA; 1:200) or anti-IL-18
(Sigma-Aldrich, St. Louis, MA, USA, 1:400); liver and pancreas tumor
samples were used as positive controls at 1:50 dillution. Negative con-
trols in which no primary antibody was applied were included. Fol-
lowing primary antibody incubation, a secondary biotinylated antibody
donkey anti-rabbit 1gG (Agilent Technologies, Santa Clara, CA, USA)
1:100 was applied. Then, the streptavidin-coupled peroxidase com-
plex (TS-125-HR; LabVision, Sao Paulo, Brazil) was used for 15 min. An
automated immunostainer (Agilent Technologies, Santa Clara, CA,
USA) was utilized to process the reactions, and diaminobenzidine was
used as the chromogen. The sections were counterstained with hema-

toxylin, dehydrated, diaphanized, mounted and analyzed.

2.5 | Statistical analysis

Patient and tumor characteristics were tabulated and stratified by
breast cancer type (IBC vs LABC) and compared across groups with the
chi-square test or Fisher’s exact test when appropriate. For each cross-
ing, the odds ratios with 95% of confidence interval were calculated.
Overall survival was calculated from the time of diagnosis to the date of
death or the time of last follow-up. The survival curves were estimated

with the Kaplan-Meier method and the log-rank test was used to
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test for differences between groups. The curves were confronted with
variables RE, RP, C-erbB2 and triple negative by log-rank test. In addi-
tion, we used a multivariate analysis by the Cox regression model to
identify the prognosis factors that independently affect the survival of
the patients. P < 0.05 was considered significant. All data were ana-
lyzed using GraphPad Prism software version 6.01 and SPSS Statistics
22.0.

3 | RESULTS

3.1 | Clinico-pathological characterization of IBC
versus LABC

As shown in Table 1, there was no statistical difference (P = 0.324)
between the IBC and LABC groups regarding the age of diagnosis.
The mean age observed for the IBC and LABC groups was 49 and 51,
respectively. The characteristics of tumor specimens are also shown in
Table 1. The histology analysis showed that most of the tumors were
invasive ductal carcinoma (IDC), which represents 85.3% of IBC cases
and 90% of LABC. A similar distribution among histological grades was
also observed, with approximately 90% of the IBC and LABC tumors
classified as grades 2 and 3. Regarding the hormone receptors expres-
sion (ER, PR, C-erbB2 and triple negative), no statistical difference

between the two groups was found.

3.2 | Overall survival

The overall survival analysis showed that patients diagnosed with IBC
showed a significant (P < 0.001) reduced survival when compared to
patients with LABC (Figure 1). The odds ratio of two-year survival from
diagnosis of patients with IBC was 14.4 (95% confidence interval 3.5-
58.9; Table S1) compared to patients with LABC. For five-year survival,
the odds ratio was 6.61 (95% interval confidence 1.7-25.3; Table S1).
Despite no difference concerning locoregional recurrence (data not
shown), patients with IBC clearly survived less (45.5% of patients died
in two years) than patients with LABC (20.4%, P = 0.0002). Consider-
ing a five-year survival, 12.3% of patients with IBC are alive, whereas in

the group of LABC this percentage was 37.6% (Figure 1).

3.3 | Overall survival according to the expression of
tumor markers (ER, PR and C-erbB2) or triple negative
patients

Figure 2A shows that LABC patients positive for estrogen receptor
(ER*) have a higher survival compared to the ER* IBC group. We
observed that 50% of ER™ LABC patients survived 4.4 years, whereas
ER* IBC individuals survived only 2.3 years (P = 0.006). Regarding PR
expression, no difference between the two populations was observed
(P > 0.05, Figure 2B). The contribution of C-erbB2 on patients’ sur-
vival was also described. As observed in Figure 2C, IBC patients
that were negative to C-erbB2 (C-erb2~) showed a worse prognosis
(2.1-year median survival) compared to C-erb2- LABC group (4.4-year

survival, P < 0.001). Triple negative patients were also assessed. As
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TABLE 1 Clinical and pathological characterization of inflammatory
breast cancer (IBC) vs noninflammatory locally advanced breast cancer
(LABC)

Characteristics IBC LABC OR (95% CI) Pvalue
n(%)

Age at diagnosis

(years)
Up to 40 15(24.6) 8(14.3) 2.81(0.61-12.97) 0.3242
41-50 19(31.1) 19(33.9) 1.50(0.36-6.18)
51-60 12(19.7) 17(30.4) 1.06(0.24-4.58)
61-70 11(18.0) 6(10.7) 2.75(0.55-13.75)
>70 4(6.6) 6(10.7) 1.00
Unknown 14 4 -

Histological type
IDC 64(85.3) 54(90) 1.77(0.28-11.04) 0.299°
ILC 2(2.7) 3(5) 1.00
Others 9(12) 3(5) 4.5(0.5-41.2)
Unknown = = =

Histological grade
1 2(5.7) 3(9.1) 1.00 0.861°
2 16 (45.7) 15(45.5) 1.6(0.23-10.95)
8 17 (48.6) 15(45.5) 1.7(0.25-11.59)
Unknown 40 27 -

Status ER
Positive 28(49.1) 27(48.2) 1.04(0.5-2.17) 1.000P
Negative 29(50.9) 29(51.8) 1.00
Unknown 18 4 -

Status PR
Positive 22(40) 24(43.6) 0.86(0.40-1.83)  0.846°
Negative 33(60) 31(56.4) 1.00
Unknown 20 5 -

Status C-erbB2
Positive 18(32.7) 16(28.6) 122(0.54-2.73) 0.683
Negative 37(67.3) 40(714) 1.00
Unknown 20 4 -

Triple negative
Yes 19(33.3) 16(28.6) 125(0.56-2.78)  0.685°
No 38(66.7) 40(71.4) 1.00
Unknown 18 4 -

Cl, confidence interval; C-erbB2, growth factor receptor human epidermal
2; ER, estrogen receptor; IDC, invasive ductal carcinomas; ILC, invasive lob-
ular carcinomas; OR, odds ratio; PR, progesterone receptor.

aFisher’s exact test.

bChi-square test.

shown in Figure 2D, triple negative IBC patients also presented the
worse prognosis (2-year survival) when compared to triple negative
LABC group (3.4-year survival, P =0.049). In multivariate analysis, the
independent prognosis factors affecting the survival of patients with
breast cancer the histologic grade 3 (P = 0.021) showed a survival rate
1.001 worse and the triple negative immune staining (P =0.002) with a
survival rate 1.004 worse (Table S2).
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FIGURE 1 Kaplan-Meier curve to overall survival of patients
with inflammatory breast cancer (IBC) and noninflammatory locally
advanced breast cancer (LABC). Kaplan-Meier method was applied to
evaluate survival of patients the log-rank test was used to compare sur-
vival curves between groups [Colour figure can be viewed at wileyon-
linelibrary.com]

3.4 | Immunohistochemistry to NF-xB and IL-18

As shown in Table S3, positive immunostaining to NF-«B (score 2-
3) was observed in 46.4% of IBC cases and 36.3% of LABC group
(P> 0.05). Depicts representative photomicrographs of immunostain-
ing to NF-xB. The arrowheads indicate a strong immunoexpression of
NF-xB in the tumor tissue (Figure S1). Furthermore, no association
was found between the NF-x B expression with molecular markers (ER,
PR, C-erbB2 or triple negative tumors), neoadjuvant chemotherapy
response, or overall survival in IBC and LABC (data not shown).

IL-18 immunostaining was also investigated (Tables S4 and S5). A
stronger positivity (score 2-3) was found in the stroma (27.6% of sam-
ples) when compared to IL-18-positive tumor cells (0%, P = 0.004;
Table S3) in IBC group. Similar findings were observed in LABC group
(50% in the stroma vs 3.5% in the tumor, P < 0.001; Table 4). However,
when IL-18 immunostaining was compared in tumor (IBC: 0% vs LABC:
3.5%, P > 0.05) or in stroma (IBC: 27.6% vs LABC: 50%, P = 0.093),
no statistical differences were detected (Table S4). A representative
photomicrograph is depicted in Figure 3. The arrows indicate the mild
or moderated IL-18 expression in tumor cells and arrowheads shows
the marked IL-18 expression in stromal cells. In addition, no statistical
association between IL-18 expression with molecular markers (ER, PR,
C-erbB2 or triple negative, P > 0.05), overall survival (data not shown)
or for neoadjuvant chemotherapy response (P = 0.061; Table 2) was
detected for both breast cancer subtypes IBC and LABC.

4 | DISCUSSION

In this study was evaluated the expression of transcription factor NF-
kB and IL-18 in tissue samples obtained from patients with IBC and
LABC. These inflammatory markers were investigated for association
with patients’ prognosis and with the expression of breast cancer
biomarkers (ER, PR and C-erbB2).

Demographic data analysis showed that there was no difference
between the IBC and LABC regarding the prevalence of breast can-
cer subtypes according to age groups. The average age at diagnosis
for IBC and LABC groups was 49 and 51 years old, respectively. How-
ever, younger women (up to 40 years old) seemed to be more affected
by IBC than by LABC. Such finding is in accordance with the litera-
ture, because the IBC seems to be more frequent in younger women,
average age at diagnosis is 59 years old, when compared to 66 years
old for other types of breast cancer.? In a series of 74 patients with
IBC reported by SEER (Surveillance, Epidemiology, and End Results)
showed a mean age at diagnosis, which did not differ between the
groups, although being higher than that observed in the present study,
57.2 years for IBC and 57.4 years for LABC.15 These differences con-
cerning the age at diagnosis might involve the population in study,
genetic variability and environmental factors.

In regard to positivity for biomarkers (ER, PR and C-erbB2), no sig-
nificant difference was observed between the two groups, which cor-
roborates previously published data.l> However, it is worth to note
that positivity to ER represented a positive prognostic factor to LABC
group compared with IBC ER* tumors, because a significantly higher
overall survival was found in that group when compared to the IBC ER*
group. Data from the SEER with a series of 2237 patients diagnosed
with IBC and 7985 cases of LABC showed that ER*-expressing LABC
patients have a significantly higher survival (80 months) compared to
patients IBC that express ER, which survive an average of 60 months.1°
It is important to mention two aspects based on SEER study: (1) posi-
tivity to ER enhanced patients’ survival of both LABC and IBC groups,
which differed from the present study; (2) survival of North American
patients are significantly higher than patients form this study. Such dif-
ference seems to rely on the time of diagnosis and access to primary
health care. In Brazilian population, cancer diagnosis is commonly on
advanced stage.

Here, we also found a similar C-erbB2 positivity for IBC and LABC
(32.7% and 28.6%, respectively), which is in agreement with data
observed in the study from the Royal Marsden Hospital in London that
showed a 38% of C-erbB2 expression in IBC patients,* and the study
from the MD Anderson Cancer Center identified 44.3% of IBC sam-
ples also positive to C-erbB2.1¢ The absence of oncoprotein C-erbB2
expression has a significant impact on patient survival in IBC group
compared to LABC. Interestingly, other studies have suggested that
lack of C-erbB2 along with ER and PR negativity also significantly wors-
ened the survival of patients in the IBC group when compared to LABC
group.17:18

We also observed a mean survival of only 25 months (2.3 years)
in IBC group, but a 51-month survival (4.3 years) in LABC group.
The worse survival of IBC patients compared to LABC individuals is

also reported in previous studies.*1? Accordingly, Sutherland et al.#
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FIGURE 2 Kaplan-Meier curves to overall survival of patients with inflammatory breast cancer (IBC) and noninflammatory locally advanced
breast cancer (LABC) stratified by biological breast cancer markers (ER, PR and C-erbB-2). (A) Patients IBC or LABC positive or negative to estrogen
receptor (ER). (B) Patients IBC or LABC positive or negative to progesterone receptor (PR). (C) Patients IBC or LABC positive or negative to C-erbB2
receptor (C-erbB2). (D) Patients IBC or LABC triple negative (Trip. Neg.) or not. Kaplan-Meier method was applied to evaluate survival of patients
the log-rank test was used to compare survival curves between groups [Colour figure can be viewed at wileyonlinelibrary.com]

FIGURE 3 Immunostaining for IL-18 in inflammatory breast can-
cer (IBC) and noninflammatory locally advanced breast cancer (LABC).
The arrows indicate the mild or moderated IL-18 expression in tumor
cells and arrowheads shows the marked IL-18 expression in stromal
cells. Representative photomicrographs, increase of 400x. [Colour fig-
ure can be viewed at wileyonlinelibrary.com]

observed a 3.3-year survival for IBC patients. The study of Low et al.1?
reported similar findings (a 3.8-year survival for IBC and 5.8 years for
LABC). Despite the differences in time of survival, the outcome is quite
identical whatever the population.

Taking into account the aforementioned information, the underly-
ing pathology of IBC is likely different of LABC, which is probably unre-
lated to expression of ER, PR and C-erbB2. Therefore, the search for
new biomarkers opens the perspective for potential therapeutic tar-
gets for breast cancer subtypes. Then, we evaluated the expression of
NF-xB and IL-18 in tumors of IBC and LABC.

However, in spite of the broad description of the important role
of NF-xB in the initiation and progression of breast cancer?® and
the positive association of this transcription factor with C-erbB2,

21 we did not identify any associa-

but negative with ER expression,
tion between these variables and prognostic factors (ER, PR and C-
erbB2), whatever the type of breast cancer investigated. However,
we observed a high IL-18-positivity in stromal cells in both IBC and

LABC. The literature reported that IL-18 is expressed in tumor and
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TABLE 2 Association of IL-18 expression with the clinical neoadjuvant chemotherapy response
Clinical response to neoadjuvant chemotherapy IL-18 OR (95% Cl) P value
Negative (0-1) Positive (2-3)
Complete response 3(11.1%) 6 (30%) 0.5(0.05-5.51) 0.0612
Partial response 16 (59.3%) 12 (60%) 1.33(0.16-10.87)
Stable disease 2(7.4%) 2 (10%) 1.00
Disease progression 6(22.2%) 0(0%) 13(0.4-377.8)

Cl, confidence interval; OR, odds ratio.
aFisher’s exact test, invasive ductal.

tumor microenvironment.13 In our opinion, the presence of IL-18
in the stroma might have an important role in the activation of an
inflammatory antitumor response. Despite the lack of improved sur-
vival, other factors together with IL-18 seem to be necessary to over-
come tumor immunosurveillance escape. The use of chemotherapeu-
tic agents is known to activate antitumor immune response.?2 As
reviewed by Zitvogel et al. chemotherapy can mediate a multipronged
immunostimulatory effect, thereby reinstating anticancer immuno-
surveillance, increasing the antigenicity of malignant cells, improving
their immunogenicity, and augmenting their susceptibility to immune
attacks.?2 Interestingly, we found a likely enhanced complete neoadju-
vant response (P = 0.061) in association with IL-18. Then, the precise
contribution of IL-18 to improvement of chemotherapy effectiveness
merits further investigation.

Apparently, the aggressiveness of the IBC seem also involve other
immune system mechanisms, such as, IL-10, TGF-g (Transforming
Growth Factor Beta), regulatory T cells and M2 macrophages. These
cells and mediators are responsible to regulate immune response
tumor escape, leading to disease progression and metastasis.® There-
fore, understanding the role of these mediators could help to identify
specific markers for the IBC, what could explain the faster tumor pro-
gression and the shorter disease-free interval.

Immunity is now a major target for treating cancer. This study
attempted to show IL-18 and NF-xB as potential prognostic markers
of neoadjuvant chemotherapy response in patients with IBC and LABC.
The lack of positive correlation might be related to small sample size or
the population of study. Despite no statistical significance for the mark-
ers studied, the present research might be an important step for effec-
tive clinical management of breast cancer, because the role of other
inflammatory markers that regulate immune function must be investi-
gated. Additional studies are highly encouraged also with other ethnic

groups.

5 | CONCLUSION

In conclusion, the chemotherapy neoadjuvant complete response
seems to be partially associated with IL-18 expression in stroma of IBC
and LABC.
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