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It has been established that suppression of apoptosis during carcinogenesis is the main cause of 
development and progression of breast cancer. Breast cancer patients have higher circulating levels of IL-6 
protecting cancer cells from apoptosis and positively correlated with poor prognosis of the disease. The 
current work is carried out to fulfill one of our in vivo preclinical studies' for approaching a novel breast 
cancer immunotherapy through induction of tumor cell apoptosis. The study aims at investigating the 
potential of anti-IL-6 monoclonal antibodies (mAbs) to suppress IL-6 anti-apoptotic activities in tumor 
microenvironment of malignant mammary tumor implanted-mice. To achieve this goal, 4 groups of mice were 
used, group I: served as control, group II: mice implanted with Ehrlich ascites carcinoma cell lines (EAC), 
through intramuscular injection till tumor inoculation, group III: injected intratumorally with10 µl saline for 3 
successive days, and group IV: mice were injected intratumorally one day after tumor inoculation with a dose 
of 1.5 mg / kg of recombinent anti-IL-6 monoclonal antibodies in10 µl saline for 3 successive days. Apoptosis 
was evaluated in tumor samples from anti-IL-6 treated tumor implanted mice and compared with controls.
Levels of apoptosis in tumor tissue samples of tumor implanted mice treated with anti-IL-6 were significantly 
(P=0.009) higher than untreated ones. In conclusion, anti-IL-6 monoclonal antibodies have the potential to 
suppress the anti-apoptotic effect of interleukin-6 (IL-6) within the tumor microenvironment of tumor 
implanted in mice. 

reast cancer is the most common 
female malignancy in the world
(Levaggi et al., 2014; Agbo, 2014) 

and the most common cause of cancer related 
deaths among all women worldwide (Alwan 
et al., 2010). Apoptosis has been recognized 
and accepted as a distinctive and important 
mode of “programmed” cell death, which 
involves the genetically determined 
elimination of cells (Kerr, 2002). Apoptosis 
involves a complex cascade of events that link 
the initiating stimuli to the final demise of the 
cell (Zeiss, 2003). There are two main 
apoptotic pathways, the extrinsic or death 
receptor pathway and the intrinsic or 
mitochondrial pathway. 

Cancer is an example where the normal 
mechanisms of cell cycle regulation are 
dysfunctional, with either an over-

proliferation of cells and/or decreased 
removal of cells. In fact, suppression of 
apoptosis during carcinogenesis is thought to 
play a central role in the development and 
progression of some cancers (Ghavami et al.,
2009).

The body's immune system may be the 
tipping point toward or away from cancer. As 
any dysfunction in the immune system can be 
a cause of cancer development, modulation of 
immune system can be a cure. Over time, our 
understanding of the immune system and 
tumor immunology has increased enabling 
scientists to develop immunotherapies 
designed to enhance the patient immune 
response against cancer (Sasco et al., 2003) 

Interleukin-6 (IL-6) is a pleiotropic 
cytokine that plays a major role in the 
immune response, inflammation, and 
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hematopoiesis (Hong et al., 2007). High levels 
of IL-6 are associated with metastatic disease 
that is in turn correlated with poor survival in 
multivariate analysis (Salgado et al., 2003;
Benoy et al., 2002).

It has been proven that the level of IL-6 has 
a positive correlation with TNM staging 
system of breast cancer, thus indirectly 
correlating with the prognosis of the patient
(Ravishankaran & Karunanithi, 2011).

Preclinical and translational findings 
support a role for IL-6 in diverse malignancies 
and provide a biologic rationale for targeted 
therapeutic investigations. Various 
compounds antagonize IL-6 production, 
including corticosteroids, non-steroidal anti-
inflammatory drugs (NSAIDs), estrogens, and 
cytokines. Targeted biologic therapies include 
IL-6-conjugated toxins and Monoclonal 
Antibodies (MoAbs) directed against IL-6 and 
IL-6R (Hong et al., 2007).

The anti-apoptotic signaling pathways 
transduced by IL-6 are likely to converge to 
Bcl-2 family members, which could act 
upstream of Caspase3. IL-6 also blocks the 
TGF-β induced activation of Caspase 3
(Narimatsu et al., 2001).Regarding the well-
established anti- apoptotic and angiogenic role 
of IL-6 in tumor cells; it would be of a 
considerable value to investigate the possible 
apoptotic effect of anti IL-6 antibody that 
hopefully could be developed as a novel anti-
tumor treatment strategy against breast 
cancer.

Material and Methods

Material

Ehrlich ascites carcinoma cell lines (EAC) obtained 
from Laboratory Animal Unit, Medical Research 
Institute, Alexandria University, recombinent anti-IL-6 
monoclonal antibodies obtained from New Test co.

Experimental Animals 

Sixty female Swiss albino mice weighing 25-30 gm, 
aged from eight to ten weeks obtained from Laboratory 
Animal Unit, Medical Research Institute, Alexandria 

University, were housed in a number of five mice per 
cage with food and water ad libitum under the same 
laboratory conditions of 20-25°C and 12 hour light-
dark cycle. Mice were divided into four groups:

-Normal group (group 1): 15 mice were served as a 
normal group (un-implanted with tumor cells).

-Group II (control 1): 15 mice implanted with Ehrlich 
ascites carcinoma cell lines (EAC), through 
intramuscular injection left thigh (IM) with a dose
1x106 cells/0.1 ml till tumor inoculation (Justo et al.,
2000). This tumor implanted group didn't receive any r-
mAb treatment.

-Group III (vehicle control/control 2): 15 mice were tumor 
implanted as in group II and injected intratumorally 
with10 µl saline instead of the r-mAb. 

-Group IV (anti-IL-6 treated group): 15 mice were injected 
intratumorally one day after tumor inoculation with a 
dose of 1.5 mg / kg of recombinent anti-IL-6 
monoclonal antibodies in10 µl saline for 3 successive 
days. This selected dose is a trial dose in the protocol of
our grant project study.

All animals of the four groups were sacrificed 5 
days after last injection.

Tumors and muscular tissues were excised and 
processed for Histopathological and Immuno-
histochemical investigations.

Methods

Histopathological investigations

Samples from muscular and tumor implanted tissues 
were fixed in 10% neutral buffered formalin, processed 
and embedded in paraffin wax, sectioned, prepared and 
stained with hematoxylin and eosin (H&E) for 
histopathological examination (Bancroft & Stevens,
2001)

Paraffin sections (5 µm) were dried at 37 °C for 1 h 
and at 60 °C for 15–20 min. Deparaffinization and 
antigen retrieval were performed in 1× Retrieval 
solution. Endogenous peroxidase activity was blocked 
by a 10–15 min incubation with PeroxiDazed non 
specific staining blocking reagent 1 (Biocare Medical). 
For activated caspase-3 immuno-histochemistry, slides 
were then incubated for 1 h at room temperature with a 
polyclonal antibody (1:100 dilution; Cell Signaling, 
Beverly, MA, USA). After washes, slides were 
successively incubated with prediluted biotinylated 
goat anti-rabbit IgGs (Biocare Medical) for 30 min and 
streptavidin horseradish-peroxidase (Vector, 
Burlingame, CA, USA). Sections were then incubated 
with streptavidin horseradish-peroxidase. For both 
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immunohistochemical stains, immunoreactive cells 
were visualized with DAB chromogen (DAKO) 
followed by a haematoxylin counterstain.

Evaluation of Apoptosis: Levels of apoptosis were 
measured Immunohistochemically in the excised tumor 
samples of the tumor implanted mice groups as well as 
muscular tissue of the normal mice. Paraffin sections of 
the tumor samples were caught on charged glass slides 
and indirect immune-stained for detection of caspase-3 
(Duan et al., 2003) as indication of apoptosis levels. 

Image Analysis

Five digital images of sample sections from each 
studied group were analyzed with a semi-quantitative 
scoring system (Aperio-image scope software, for 
analyzing images). The colored stained area was 
examined. 

Data which obtained from the image analysis was 
expressed in (Mean±SD) and compared using Kruskal 
Wallis test.

Significant between groups was done using Post 
Hoc test (LSD) and the significant level was defined at 
P ≤ 0.05 (Kotz et al., 2006).

Results

I-Histopathological Investigations 

-Normal group (group 1): The microscopical 
examinations of this group of mice show 
muscular tissue represented in two types of 
muscles arranged in normal pattern. The first 
was the longitudinal character while the other 
was the circular type (Fig. 1). 

-Group II (control 1): Implanted tumor 
samples of these experimental mice show 
sheets or nodules that condensed with 
malignant cells and surrounded by proper 
connective tissue represented and illustrated 
the mass of the tumor. These malignant cells 
were hyperchromatic, irregular in shape and 
had different sizes. In addition, these cells 
invade through the surroundings either the 
muscular or adipose tissues forming different 
sizes of sheets with their increased small or 
large blood vessels. Moreover, mega-
karyotype was well representative (Fig. 2).

-Group III (vehicle control/control 2): It is 
worth mentioning that this group did not 
revealed any significant or notable changes as 
compared with the previous tumor group 
alone (Fig. 3).

-Group IV (anti-IL-6 treated group): 
Comparing with tumor samples of group II 
and III, mice of this anti-IL-6 treated group 
show obvious decrease in tumor sheet size 
(Fig. 4). There are a lot of apoptotic figures in 
various stages including pyknosis, 
karyorrhexis and karyolysis (Fig. 5). Necrosis 
is also noticed (Fig. 6) and no invasiveness to 
the surroundings are seen (Figs. 7 & 8).

II-Evaluation of Apoptosis

Levels of apoptosis were measured 
immunohistochemically as brown colour 
intensity of caspase 3 stained tumor samples 
from tumor implanted-mice groups and 
compared with those from muscular tissue of 
the normal mice. The intensity of staining was 
analyzed using image analysis. Statistical 
analysis of the results was illustrated in table 
1 and figures 9-13. 

The changes in the expressions of 
immunoreactions of caspase-3 in the four 
studied groups were summarized in table 1 
and figure (13). Levels of apoptosis in tumor 
tissue samples of tumor implanted mice 
treated with anti-IL-6 were significantly 
(P=0.009) higher (162.2 ± 3.65) than
untreated ones. (156.8 ± 4.43), (132.52 ± 
10.10) and (124.86 ± 10.64).

-Normal group (group 1): The muscular tissue 
either in circular or longitudinal features 
revealed weak caspase positivity. The reaction 
was observed in the cytosol and occasionally 
in the nucleus (Figure 9). 

-Group II (control 1): A low positivity of 
caspase reaction was noted. This low 
positivity was illustrated in all tumor cells 
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either in sheets or in the invasive cells in the 
surroundings (Figure 10).

-Group III (vehicle control/control 2): It is 
worth mentioning that this group did not 
reveal any significant or notable caspase 

changes as compared with the previous tumor 
group alone (Figure 11).

-Group IV (the anti-IL-6 treated group:
Positivity of caspase reaction was elevated to 
a level more than that observed in the other 
two tumor groups (Figure 12).

Figure 1. Normal muscular tissue of mouse thigh. Note the circular (C) and longitudinal (L) types. H & E, Bar= 
500µm. Figure 2. Invaded tumor cells (T) through muscular tissues (M). Note the nodule of tumor (N). H & E, Bar 
=500 µm. Figure 3. Nodules of tumor cells (N). Note the invaded tumor cells (T) through the adipose tissue (A). H &
E, Bar =500 µm. Figure 4. Small nodules of tumor cells (N) enclosed in sheets of proper connective tissues (P). Note 
megakaryotype (M) and the different shape and size of nodules. H&E, Bar =200 µm. Figure 5. Different types of 
apoptosis. Pyknosis (→), karyorrhexis (↓) and karyolysis (↑). H & E, Bar =200 µm. Figure 6. Necrosis (R) inside and 
outside the nodule of tumor cells (N). Note the hypochromasia of the nodule and decreased cells inside. H&E, Bar 
=500 µm. Figure 7. Less invaded tumor cells (T) through adipose tissues (A). Note the different size of blood vessels 
(B). H&E, Bar =500 µm. Figure 8. Less invaded tumor cells (T) through adipose tissues (A). Note the appearance of 
sebaceous glands (S). H & E, Bar =500 µm. 
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Table 1. Comparison of Caspaces-3 levels between four mice groups 

Group I (n = 5) Group II (n = 5) Group III (n = 5) Group IV (n = 5) *P value

Min. – Max. 152.1 – 162.5 122.23 – 145.60 116.75 – 143.11 157.8 – 165.9

0.002Mean ± SD. 156.8 ± 4.43 132.52 ± 10.10 124.86 ± 10.64 162.2 ± 3.65

Median 154.6 132.14 123.27 162.4

P1 0.009 0.009 0.117

P 2 NS 0.009

P 3 0.009

*Chi square for Kruskal Wallis test, Statistically significant at P ≤ 0.05; NS= not significant.
P 1: P value for comparing between Group I with each other groups 
P 2: P value for comparing between Group II with each other groups
P 3: P value for comparing between Group III and Group IV.
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Figure 13. Comparison of caspase-3 levels between the different studied mice groups.

Discussion

It is well established that the immune system
plays crucial roles in the anti-tumor response, 
and the interaction between host immune 
system and tumor cells has been the subject of 
intense research over the past decades (Jemal 
et al., 2011). There is strong evidence that 
tumor growth is not just a result of 
uncontrolled proliferation but also of reduced 
apoptosis (Becker et al., 2010). 

IL-6 is a multifunctional cytokine that is 
considered to be an important anti-apoptotic 
and angiogenic factor in some types of 
cancers (Sullivan, 2011). Over-expression of 
IL-6 has been found to be associated with 
tumor progression and metastasis (Leu et al.,
2003; Kozlowski et al., 2003). Transfection of 
tumor cells with anti IL-6 as an apoptotic 
factor may decrease growth of the tumor
(Bozcuk et al., 2004).

So, for approaching a novel breast cancer 
immunotherapy targeted the defected tumor 
cell apoptosis, we aimed in this in vivo
preclinical study to investigate the anti-tumor 
effect of anti IL-6 monoclonal antibodies in 
breast cancer experemental models.To 
achieve this aim, recombinent anti-IL-6 
monoclonal antibodies were intratumorally 

administrated to malignant mammary tumor 
implanted-mice where the anti-tumor effect of 
anti-IL-6 were evaluated through assessment 
of apoptosis levels within the tumor tissues 
and compare the datae obtained from the anti-
IL-6 treated tumor implanted-mice with that 
obtained from corresponding untreated ones.

Our results revealed that the levels of 
apoptosis detected in tumor tissue samples of 
both tumor implanted mice; groups II (control 
1) and group III (vehicle control/control 2) 
were lower than those detected in muscular 
tissue of the normal mice tissue samples of 
normal mice (group I). This result denotes to 
the defective apoptotic pathway within the 
tumor tissues which leading to uncontrolled 
cell division and consequently to tumor mass 
formation.

Regarding the well defined anti-apoptotic 
role of IL-6, this low level of apoptosis 
detected in tumor tissue samples of our study 
seemed to be due to the high level of IL-6 and 
its receptors produced in the tumor stroma of 
the tumor implanted-mice groups. This 
finding is in agreement with that of Garcia 
and his co-workers (2005) who characterized 
the expression pattern of IL-6 and its 
receptors and related this pattern to bcl-2 and 
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bax expression (which are related to anti-
apoptosis) and elucidated the effects of the 
proliferation/apoptosis equilibrium in benign 
conditions, in situ and infiltrating breast 
cancer. Consequently, breast tumor cells not 
only produce more IL-6 than normal breast 
epithelial cells, but also the response of the 
tumor cells to this interleukin is greater. They 
suggested that high expression of IL-6 and its 
receptors in breast tumors might be related to 
the enhanced cell proliferation occurring in 
breast cancer.

In addition, Leu et al., (2003) and Brocke-
Heidrich and colleagues (2004) reported that 
IL-6 seems to play an important role in 
resistance toward apoptosis. IL-6 was shown 
to exerts a powerful pro-survival function, in 
esophageal carcinoma and multiple myeloma 
cells, which occurs through induction of one 
or more proteins (e.g., Bcl-2, Bcl Xl, and 
MCL-1) that inhibit apoptosis.

They also, showed that serum IL-6 levels 
in progressive recurrent breast cancer patients, 
who did not respond to the therapy, were 
significantly higher than the levels in 
recurrent breast cancer patients, who were 
responding to therapy. IL-6 also may be 
involved in inducing migration and 
metastases, and it may confer multidrug 
resistance in breast cancer cells (Conze et al.,
2001).

Within the three groups of tumor 
implanted-mice in our study, the induced 
apoptosis level detected in the tumor samples 
of group IV mice (the anti-IL-6 treated group) 
has been found to be significantly higher than 
that of both group II (control 1) and group III 
(vehicle control/control 2) of mice (P= 0.009, 
0.009 respectively) and insignificantly higher 
than that of group I (normals) (P=0.117).

The mean value of apoptosis level detected 
in this anti-IL-6 treated mice (162.2±3.65) not 
only is greater than those of both control 1 
and 2 groups (132.52±10.10 & 124.86±10.64 

respectivly) but also is greater than that of 
normal mice group (156.8±4.43).

These findings indicate that anti-IL-6 
monoclonal antibodies have the potential to 
suppress the anti-apoptotic effect of IL-6
within the tumor microenvironment of these 
samples and induce considerable levels of 
apoptosis into the tumor mass closely 
matching those of normal mascular tissues of 
group I mice. Accordingly, we can suggest 
that targeting IL-6 activation pathway within
tumor microenvironment by proper dose of 
anti-IL-6 could represent a promissing 
immunotherapeutic treatment strategy for 
breast cancer. These findings are supported by 
those of Berishaj et al. (2007) proposed that 
the IL-6/gp130/Jak signaling pathway plays a 
critical role in Stat3 activation in human 
breast cancer and that blockade of this 
pathway may be an important therapeutic 
modality in breast cancer.

In accordance with our results, clinical 
investigations of monoclonal antibodies 
(mAb) against IL-6 in the treatment of cancers 
and related lymphoproliferative disorders 
have been conducted. Initial investigations 
conducted with murine mAbs to IL-6 (BE-4 
and BE-8), showed the potential of anti–IL-6 
mAb therapy(Nishimoto et al., 2000,
Kurzrock et al., 2006; Van Rhee et al., 2010 ). 
Subsequently, these mAbs were evaluated in 
different types of cancer providing early 
evidence of preliminary clinical benefit. 

The safety and efficacy of siltuximab (Anti-
IL-6 chimeric monoclonal antibody) has been 
demonstrated in preclinical studies and phase 
I/II clinical trials of diverse human pathologies 
and malignancies including Castleman’s 
disease ( Van Rhee et al., 2010), multiple 
myeloma (Voorhees et al., 2007; Hunsucker et 
al., 2011), prostate cancer (Cavarretta et al.,
2007, Cavarretta et al., 2008; Dorff et al.,
2010), renal cell carcinoma (Rossi et al., 2010;
Puchalski et al., 2010), non-small cell lung 
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cancer (Song et al., 2010) and ovarian cancer 
(Guo et al., 2010).

In addition to its anti-apoptotic activities in 
tumor tissues, our findings could be 
emphasized in the light of recent studies 
suggested that IL-6 regulates CSC self 
renewal (Korkaya et al., 2011; Marotta et al.,
2011) and that the maintenance of a stable 
equilibrium between CSCs and non-stem 
cancer cells is balanced partialy by the 
amount of IL-6 secreted by the CSCs and the 
level of IL-6 receptors (Knupfer & Preiss,
2007; Fuksiewics et al., 2010). According to 
these studies, the anti-apoptotic effect of IL-6 
on different stromal cells expressing IL-6 
receptors may result in disturbance in balance 
between all these cells which in turne 
influance the IL-6 regulated equilibrium 
between CSCs and non-stem cancer 
cells.Consequently, monoclonal anti-IL-6 
antibodies used in our study may acting as 
neutralizing agents for the hyper-activities of 
IL-6 within the tumor microenvironment. 
Further studies are srongly needed focusing 
on the overall activities of IL-6 in the tumor 
mass to investigate the complicated cell-cell 
interactions mediated by IL-6 in order to 
identify the desired IL-6 activities to be 
maintened and undesired ones to be inhibited 
or suppressed through targeting IL-6 
activation pathway by anti-IL6.

In conclusion, anti-IL-6 monoclonal 
antibodies have the potential to suppress the 
anti-apoptotic effect of IL-6 within the tumor 
microenvironment of tumor implanted-mice. 
The induced level of apoptosis in anti-IL-6 
treated tumor tissue is closely matching the 
normal level. Accordingly, anti-IL-6 
monoclonal antibodies could represent a 
promissing immunotherapeutic treatment 
strategy for breast cancer.

Acknowledgment
This work was supported by the Alexandria Research 
Enhancement program (Alex REP), being a part of the 

project titled: A new approach to breast cancer 
immunotherapy: induction of immune mediated tumor 
cell apoptosis and anti – angiogenesis. Grant number: 
HLTH -09 (PI: Professor Seham A. Abou Shousha). 
The funders had no role in study design, data collection 
and analysis, decision to publish, or preparation of the 
manuscript.

We thank the project implementation team for 
performing the tumor implanting of the experimental 
mice and proceeding tumor/normal tissue samples for 
H&E and IHC investigations.

References 
1. Agbo PS, Khalid A, Oboirien M. (2014). Clinical 

Presentation, Prevalence and Management of Breast 
Cancer in Sokoto, Nigeria. J Women’s Health Care; 
3(2): 3-149.

2. Alwan A, MacLean R, Riley M d'Espaignet T, 
Mathers Colin D, Stevens G (2010). Monitoring 
and surveillance of chronic noncommunicable 
diseases: progress and capacity in high-burden 
countries. The Lancet, 376:1861–8.

3. Bancroft JD, Stevens A (2001). Theory and Practice 
of Histological Techniques; 5th edition. New York: 
Churchill Livingstone; 116-117

4. Becker S, Strieth S, Canis M, Preissler G, Eichhorn 
ME. (2010). Automated assessment of tumour 
microvascular architecture in vivo. Anticancer Res. 
30: 2597-602.

5. Benoy I, Salgado R, Colpaert C, Weytjens R, 
Vermeulen PB, Dirix LY. (2002). Serum interleukin 
6, plasma VEGF, serum VEGF, and VEGF platelet 
load in breast cancer patients. Clin Breast Cancer. 
2: 311–5.

6. Berishaj M, Gao SP, Ahmed S Leslie K, Al-
Ahmadie H, Gerald WL. (2007). Stat3 is tyrosine-
phosphorylated through the interleukin-
6/glycoprotein 130/Janus kinase pathway in breast 
cancer. Breast Cancer Res. 9: 32.

7. Bozcuk H, Uslu G, Samur M Yildiz M, Ozben T, 
Ozdogan M. (2004). Tumour necrosis factor-alpha, 
interleukin-6, and fasting serum insulin correlate 
with clinical outcome in metastatic breast cancer 
patients treated with chemotherapy. Cytokine; 
27:58–65.

8. Brocke-Heidrich K, Kretzschmar AK, Pfeifer G, 
Henze C, Loffler D, Koczan D, Thiesen HJ, Burger 
R, Gramatzki M, Horn F. (2004). Interleukin-6-
dependent gene expression profiles in multiple 
myeloma INA-6 cells reveal a Bcl-2 family-



THE EGYPTIAN JOURNAL OF IMMUNOLOGY 65

independent survival pathway closely associated
with Stat3 activation. Blood J; 103: 242–51

9. Cavarretta IT, Neuwirt H, Untergasser G Moser PL, 
Zaki MH, Steiner H (2007). The antiapoptotic effect 
of IL-6 autocrine loop in a cellular model of 
advanced prostate cancer is mediated by Mcl-1. 
Oncogene; 26: 2822-32.

10. Cavarretta IT, Neuwirt H, Zaki MH Steiner H, 
Hobisch A, Nemeth JA. (2008). Mcl-1 is regulated 
by IL-6 and mediates the survival activity of the 
cytokine in a model of late stage prostate 
carcinoma. Adv Exp Med Biol; 617:547-55. 

11. Conze D, Weiss L, Regen PS. (2001). Autocrine 
production of interleukin 6 causes multidrug 
resistance in breast cancer cells. Cancer Res; 61: 
8851–8.

12. Dorff TB, Goldman B, Pinski JK, Mack PC, Lara 
PN, Jr., Van Veldhuizen PJ, Jr. (2010). Clinical and 
correlative results of SWOG S0354: a phase II trial 
of CNTO328 (siltuximab), a monoclonal antibody 
against interleukin-6, in chemotherapy pretreated 
patients with castration-resistant prostate cancer. 
Clin Cancer Res 16: 3028-34.

13. Duan WR, Garner Ds, Williams SD Funckes-
Shippy CL, Spath IS, Blomme EA. (2003). 
Comparison of immunohistochemistry for activated 
caspase-3 and cleaved cytokeratin 18 with the 
TUNEL method for quantification of apoptosis in 
histological sections of PC-3 subcutaneous 
xenografts. J Path;199 (2):221–8.

14. Fuksiewics M, Kowalska M, Kotowics B, Rubach 
M, Chechlinska M, Pienkowski T, Kaminska J.
(2010). Serum soluble tumour necrosis factor 
receptor type 1 concentrations independently 
predict prognosis in patients with breast cancer.Clin 
Chem Lab Med; 48:1481–6

15. Garcia-Tunon I, Ricote M, Ruiz A, Fraile B, 
Paniagua R, Royuela M. (2005). IL-6, its receptors 
and its relationship with bcl-2 and bax proteins in 
infiltrating and in situ human breast carcinoma. 
Histopathology; 47: 82–9.

16. Ghavami S, Hashemi M, Ande SR Yeganeh B, Xiao 
W, Eshraghi M. (2009). Apoptosis and cancer: 
mutations within caspase genes. J Med Gen. 46: 
497-510.

17. Guo Y, Nemeth J, O'Brien C Susa M, Liu X, Zhang 
Z. (2010). Effects of siltuximab on the IL-6-induced 
signaling pathway in ovarian cancer. Clin Cancer 
Res; 16: 5759-69.

18. Hong DS, Angelo LS, Kurzrock R. (2007). 
Interleukin-6 and its receptor in cancer: 
implications for translational therapeutics. Cancer. 
110: 1911-28.

19. Hunsucker SA, Magarotto V, Kuhn DJ Kornblau 
SM, Wang M, Weber DM. (2011). Blockade of 
interleukin-6 signalling with siltuximab enhances 
melphalan cytotoxicity in preclinical models of 
multiple myeloma. Br J Haematol; 152: 579-92.

20. Jemal A, Bray F, Center MM, Ferlay J, Ward E, 
Forman D. (2011). Global cancer statistics. CA 
Cancer J Clin; 61: 69-90. 

21. Justo GZ, Duran N, Queiroz M L S. (2000). 
Myelopoietic response in tumor-bearing mice by an 
aggregated polymer isolated from Aspergillus 
oryzae. Eur. J. Pharmacol. 388: 219–226.

22. Kerr JF. (2002). History of the events leading to the 
formulation of the apoptosis concept. Toxicology; 
181: 471–4.

23. Knupfer H, Preiss R (2007). Significance of 
interleukin-6 (IL-6) in breast cancer (review). 
Breast Cancer Res Treat;102:129–35

24. Korkaya H, Liu S, Wicha MS (2011). Breast cancer 
stem cells, cytokine networks, and the tumor 
microenvironment. J Clin Invest; 121:3804–09

25. Kotz S, Balakrishnan N, Read CB, Vidakovic B. 
(2006). Encyclopedia of statistical sciences. 2nd ed. 
Hoboken, N.J. Wiley-Interscience

26. Kozlowski L, Zakrzewska I, Tokajuk P, 
Wojtukiewicz MZ. (2003). Concentration of 
interleukin-6 (IL-6), interleukin-8 (IL-8) and 
interleukin-10 (IL-10) in blood serum of breast 
cancer patients. Rocz Akad Med Bialymst; 48: 82–
4.

27. Kurzrock R, Voorhees P, Fayad L Orlowski R, Van 
Rhee F, Furman R. (2006). Phase I, multicenter trial 
of CNTO 328, an anti-interleukin (IL)-6 
monoclonal antibody (mAb) in patients with 
selected hematologic malignancies. J Clin Oncol. 
24.

28. Leu CM, Wong FH, Chang C, Huang SF, Hu CP. 
(2003). Interleukin-6 acts as an anti-apoptotic factor 
in human esophageal carcinoma cells through the 
activation of both STAT3 and mitogen-activated 
protein kinase pathways. Oncogene; 22: 7809–18.

29. Levaggi A, Poggio F, Lambertini M. (2014). The 
burden of breast cancer from China to Italy. J 
Thorac; 6(6):591-4.



The Anti-Tumor Effect of Anti-IL-6 in Malignant Mammary Tumor Implanted-Mice66

30. Marotta LL, Almendro V, Marusyk A Shipitsin M, 
Schemme J,Walker SR, Bloushtain-Qimron N, Kim 
JJ, Choudhury SA, Maruyama R, Wu Z, Gonen M, 
Mulvey LA, Bessarabova MO, Huh SJ,Silver SJ, 
Kim SY, Park SY, Lee HE, Anderson KS, 
Richardson AL, Nikolskaya T, Nikolsky Y, Liu XS, 
Root DE, Hahn WC, Frank DA, Polyak K. (2011). 
The JAK2/STAT3 signaling pathway is required for 
growth of CD44+ CD24- stem cell-like breast cancer 
cells in human tumors. J Clin Invest; 121:2723–35

31. Narimatsu M, Maeda H, Itoh S Atsumi T, Ohtani T, 
Nishida K. (2001). Tissue-specific autoregulation of 
the stat3 gene and its role in interleukin-6-induced 
survival signals in T cells. Mol Cell Biol. 21: 6615-
25. 

32. Nishimoto N, Sasai M, Shima Y Nakagawa M, 
Matsumoto T, Shirai T. (2000). Improvement in 
Castleman's disease by humanized anti-interleukin-
6 receptor antibody therapy. Blood. 95: 56-61.

33. Puchalski T, Prabhakar U, Jiao Q, Berns B, Davis 
HM. (2010). Pharmacokinetic and pharmaco-
dynamic modeling of an anti-interleukin-6 chimeric 
monoclonal antibody (siltuximab) in patients with 
metastatic renal cell carcinoma. Clin Cancer Res; 
16: 1652-61.

34. Ravishankaran P, Karunanithi R. (2011). Clinical 
significance of preoperative serum interleukin-6 and 
C-reactive protein level in breast cancer patients. 
World J Surg Oncol. 9: 18.

35. Rossi JF, Negrier S, James ND Kocak I, Hawkins 
R, Davis H. (2010). A phase I/II study of siltuximab 
(CNTO 328), an anti-interleukin-6 monoclonal 

antibody, in metastatic renal cell cancer. Br J 
Cancer; 103: 1154-62. 7

36. Salgado R, Junius S, Benoy I Van Dam P, 
Vermeulen P, Van Marck E. (2006). Circulating 
interleukin-6 predicts survival in patients with 
metastatic breast cancer. Int J Cancer; 103: 642-6.

37. Sasco AJ, Kaaks R, Little RE. (2003). Breast 
cancer: occurrence, risk factors and hormone 
metabolism. Expert Review Anticancer Therapy; 3: 
546-62.;

38. Song L, Rawal B, Nemeth JA, Haura EB. (2010). 
JAK1 Activates STAT3 Activity in Non-Small-Cell 
Lung Cancer Cells and IL-6 Neutralizing 
Antibodies Can Suppress JAK1-STAT3 Signaling. 
Mol Cancer Ther; 10:481-94.

39. Sullivan NJ. (2011). Interleukin-6 in the Breast 
Tumor Microenvironment, Breast Cancer -
Focusing Tumor Microenvironment, Stem cells and 
Metastasis: InTech;.584

40. Van Rhee F, Fayad L, Voorhees P Furman R, 
Lonial S, Borghaei H. (2010). Siltuximab, a novel 
anti-interleukin-6 monoclonal antibody, for 
Castleman's disease. J Clin Oncol.; 28: 3701-8. 

41. Voorhees PM, Chen Q, Kuhn DJ Small GW, 
Hunsucker SA, Strader JS. (2007). Inhibition of 
interleukin-6 signaling with CNTO 328 enhances 
the activity of bortezomib in preclinical models of 
multiple myeloma. Clin Cancer Res; 13: 6469-78.

42. Zeiss CJ. (2003). The apoptosis-necrosis 
continuum: insights from genetically altered mice. 
Vet Pathol; 40: 481–95.



THE EGYPTIAN JOURNAL OF IMMUNOLOGY

Vol. 23 (1), 2016


Page: 57-66


58

The Anti-Tumor Effect of Anti-IL-6 in Malignant Mammary Tumor Implanted-Mice

65

THE EGYPTIAN JOURNAL OF IMMUNOLOGY




Immunotherapeutic Approach to Breast Cancer: The Anti-Tumor Effect of Anti-IL-6 Monoclonal Antibodies in Malignant Mammary Tumor Implanted-Mice
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It has been established that suppression of apoptosis during carcinogenesis is the main cause of development and progression of breast cancer. Breast cancer patients have higher circulating levels of IL-6 protecting cancer cells from apoptosis and positively correlated with poor prognosis of the disease. The current work is carried out to fulfill one of our in vivo preclinical studies' for approaching a novel breast cancer immunotherapy through induction of tumor cell apoptosis. The study aims at investigating the potential of anti-IL-6 monoclonal antibodies (mAbs) to suppress IL-6 anti-apoptotic activities in tumor microenvironment of malignant mammary tumor implanted-mice. To achieve this goal, 4 groups of mice were used, group I: served as control, group II: mice implanted with Ehrlich ascites carcinoma cell lines (EAC), through intramuscular injection till tumor inoculation, group III: injected intratumorally with10 µl saline for 3 successive days, and group IV: mice were injected intratumorally one day after tumor inoculation with a dose of 1.5 mg / kg of recombinent anti-IL-6 monoclonal antibodies in10 µl saline for 3 successive days. Apoptosis was evaluated in tumor samples from anti-IL-6 treated tumor implanted mice and compared with controls. Levels of apoptosis in tumor tissue samples of tumor implanted mice treated with anti-IL-6 were significantly (P=0.009) higher than untreated ones. In conclusion, anti-IL-6 monoclonal antibodies have the potential to suppress the anti-apoptotic effect of interleukin-6 (IL-6) within the tumor microenvironment of tumor implanted in mice. 

B


reast cancer is the most common female malignancy in the world (Levaggi et al., 2014; Agbo, 2014) and the most common cause of cancer related deaths among all women worldwide (Alwan et al., 2010). Apoptosis has been recognized and accepted as a distinctive and important mode of “programmed” cell death, which involves the genetically determined elimination of cells (Kerr, 2002). Apoptosis involves a complex cascade of events that link the initiating stimuli to the final demise of the cell (Zeiss, 2003). There are two main apoptotic pathways, the extrinsic or death receptor pathway and the intrinsic or mitochondrial pathway. 


Cancer is an example where the normal mechanisms of cell cycle regulation are dysfunctional, with either an over-proliferation of cells and/or decreased removal of cells. In fact, suppression of apoptosis during carcinogenesis is thought to play a central role in the development and progression of some cancers (Ghavami et al., 2009).

The body's immune system may be the tipping point toward or away from cancer. As any dysfunction in the immune system can be a cause of cancer development, modulation of immune system can be a cure. Over time, our understanding of the immune system and tumor immunology has increased enabling scientists to develop immunotherapies designed to enhance the patient immune response against cancer (Sasco et al., 2003) 

Interleukin-6 (IL-6) is a pleiotropic cytokine that plays a major role in the immune response, inflammation, and hematopoiesis (Hong et al., 2007). High levels of IL-6 are associated with metastatic disease that is in turn correlated with poor survival in multivariate analysis (Salgado et al., 2003; Benoy et al., 2002).

It has been proven that the level of IL-6 has a positive correlation with TNM staging system of breast cancer, thus indirectly correlating with the prognosis of the patient (Ravishankaran & Karunanithi, 2011).

Preclinical and translational findings support a role for IL-6 in diverse malignancies and provide a biologic rationale for targeted therapeutic investigations. Various compounds antagonize IL-6 production, including corticosteroids, non-steroidal anti-inflammatory drugs (NSAIDs), estrogens, and cytokines. Targeted biologic therapies include IL-6-conjugated toxins and Monoclonal Antibodies (MoAbs) directed against IL-6 and IL-6R (Hong et al., 2007).

The anti-apoptotic signaling pathways transduced by IL-6 are likely to converge to Bcl-2 family members, which could act upstream of Caspase3. IL-6 also blocks the TGF-β induced activation of Caspase 3 (Narimatsu et al., 2001).Regarding the well-established anti- apoptotic and angiogenic role of IL-6 in tumor cells; it would be of a considerable value to investigate the possible apoptotic effect of anti IL-6 antibody that hopefully could be developed as a novel anti-tumor treatment strategy against breast cancer.


Material and Methods

Material


Ehrlich ascites carcinoma cell lines (EAC) obtained from Laboratory Animal Unit, Medical Research Institute, Alexandria University, recombinent anti-IL-6 monoclonal antibodies obtained from New Test co.

Experimental Animals 


Sixty female Swiss albino mice weighing 25-30 gm, aged from eight to ten weeks obtained from Laboratory Animal Unit, Medical Research Institute, Alexandria University, were housed in a number of five mice per cage with food and water ad libitum under the same laboratory conditions of 20-25°C and 12 hour light-dark cycle. Mice were divided into four groups:

-Normal group (group 1): 15 mice were served as a normal group (un-implanted with tumor cells). 

-Group II (control 1): 15 mice implanted with Ehrlich ascites carcinoma cell lines (EAC), through intramuscular injection left thigh (IM) with a dose 1x106 cells/0.1 ml till tumor inoculation (Justo et al., 2000). This tumor implanted group didn't receive any r-mAb treatment.


-Group III (vehicle control/control 2): 15 mice were tumor implanted as in group II and injected intratumorally with10 µl saline instead of the r-mAb. 

-Group IV (anti-IL-6 treated group): 15 mice were injected intratumorally one day after tumor inoculation with a dose of 1.5 mg / kg of recombinent anti-IL-6 monoclonal antibodies in10 µl saline for 3 successive days. This selected dose is a trial dose in the protocol of our grant project study.

All animals of the four groups were sacrificed 5 days after last injection. 

Tumors and muscular tissues were excised and processed for Histopathological and Immuno-histochemical investigations.

Methods

Histopathological investigations

Samples from muscular and tumor implanted tissues were fixed in 10% neutral buffered formalin, processed and embedded in paraffin wax, sectioned, prepared and stained with hematoxylin and eosin (H&E) for histopathological examination (Bancroft & Stevens, 2001)

Paraffin sections (5 µm) were dried at 37 °C for 1 h and at 60 °C for 15–20 min. Deparaffinization and antigen retrieval were performed in 1× Retrieval solution. Endogenous peroxidase activity was blocked by a 10–15 min incubation with PeroxiDazed non specific staining blocking reagent 1 (Biocare Medical). For activated caspase-3 immuno-histochemistry, slides were then incubated for 1 h at room temperature with a polyclonal antibody (1:100 dilution; Cell Signaling, Beverly, MA, USA). After washes, slides were successively incubated with prediluted biotinylated goat anti-rabbit IgGs (Biocare Medical) for 30 min and streptavidin horseradish-peroxidase (Vector, Burlingame, CA, USA). Sections were then incubated with streptavidin horseradish-peroxidase. For both immunohistochemical stains, immunoreactive cells were visualized with DAB chromogen (DAKO) followed by a haematoxylin counterstain. 


Evaluation of Apoptosis: Levels of apoptosis were measured Immunohistochemically in the excised tumor samples of the tumor implanted mice groups as well as muscular tissue of the normal mice. Paraffin sections of the tumor samples were caught on charged glass slides and indirect immune-stained for detection of caspase-3 (Duan et al., 2003) as indication of apoptosis levels. 

Image Analysis


Five digital images of sample sections from each studied group were analyzed with a semi-quantitative scoring system (Aperio-image scope software, for analyzing images). The colored stained area was examined. 

Data which obtained from the image analysis was expressed in (Mean±SD) and compared using Kruskal Wallis test.


Significant between groups was done using Post Hoc test (LSD) and the significant level was defined at P ≤ 0.05 (Kotz et al., 2006).

Results


I-Histopathological Investigations 

-Normal group (group 1): The microscopical examinations of this group of mice show muscular tissue represented in two types of muscles arranged in normal pattern. The first was the longitudinal character while the other was the circular type (Fig. 1). 

-Group II (control 1): Implanted tumor samples of these experimental mice show sheets or nodules that condensed with malignant cells and surrounded by proper connective tissue represented and illustrated the mass of the tumor. These malignant cells were hyperchromatic, irregular in shape and had different sizes. In addition, these cells invade through the surroundings either the muscular or adipose tissues forming different sizes of sheets with their increased small or large blood vessels. Moreover, mega-karyotype was well representative (Fig. 2).


-Group III (vehicle control/control 2): It is worth mentioning that this group did not revealed any significant or notable changes as compared with the previous tumor group alone (Fig. 3).


-Group IV (anti-IL-6 treated group): Comparing with tumor samples of group II and III, mice of this anti-IL-6 treated group show obvious decrease in tumor sheet size (Fig. 4). There are a lot of apoptotic figures in various stages including pyknosis, karyorrhexis and karyolysis (Fig. 5). Necrosis is also noticed (Fig. 6) and no invasiveness to the surroundings are seen (Figs. 7 & 8).

II-Evaluation of Apoptosis

Levels of apoptosis were measured immunohistochemically as brown colour intensity of caspase 3 stained tumor samples from tumor implanted-mice groups and compared with those from muscular tissue of the normal mice. The intensity of staining was analyzed using image analysis. Statistical analysis of the results was illustrated in table 1 and figures 9-13. 

The changes in the expressions of immunoreactions of caspase-3 in the four studied groups were summarized in table 1 and figure (13). Levels of apoptosis in tumor tissue samples of tumor implanted mice treated with anti-IL-6 were significantly (P=0.009) higher (162.2 ± 3.65) than untreated ones. (156.8 ± 4.43), (132.52 ± 10.10) and (124.86 ± 10.64). 

-Normal group (group 1): The muscular tissue either in circular or longitudinal features revealed weak caspase positivity. The reaction was observed in the cytosol and occasionally in the nucleus (Figure 9). 

-Group II (control 1): A low positivity of caspase reaction was noted. This low positivity was illustrated in all tumor cells either in sheets or in the invasive cells in the surroundings (Figure 10).


-Group III (vehicle control/control 2): It is worth mentioning that this group did not reveal any significant or notable caspase changes as compared with the previous tumor group alone (Figure 11).


-Group IV (the anti-IL-6 treated group: Positivity of caspase reaction was elevated to a level more than that observed in the other two tumor groups (Figure 12).



Figure 1. Normal muscular tissue of mouse thigh. Note the circular (C) and longitudinal (L) types. H & E, Bar= 500µm. Figure 2. Invaded tumor cells (T) through muscular tissues (M). Note the nodule of tumor (N). H & E, Bar =500 µm. Figure 3. Nodules of tumor cells (N). Note the invaded tumor cells (T) through the adipose tissue (A). H & E, Bar =500 µm. Figure 4. Small nodules of tumor cells (N) enclosed in sheets of proper connective tissues (P). Note megakaryotype (M) and the different shape and size of nodules. H&E, Bar =200 µm. Figure 5. Different types of apoptosis. Pyknosis (→), karyorrhexis (↓) and karyolysis (↑). H & E, Bar =200 µm. Figure 6. Necrosis (R) inside and outside the nodule of tumor cells (N). Note the hypochromasia of the nodule and decreased cells inside. H&E, Bar =500 µm. Figure 7. Less invaded tumor cells (T) through adipose tissues (A). Note the different size of blood vessels (B). H&E, Bar =500 µm. Figure 8. Less invaded tumor cells (T) through adipose tissues (A). Note the appearance of sebaceous glands (S). H & E, Bar =500 µm. 




Table 1. Comparison of Caspaces-3 levels between four mice groups 


		

		Group I (n = 5)

		Group II (n = 5)

		Group III (n = 5)

		Group IV (n = 5)

		*P value



		Min. – Max.

		152.1 – 162.5

		122.23 – 145.60

		116.75 – 143.11

		157.8 – 165.9

		0.002



		Mean ± SD.

		156.8 ± 4.43

		132.52 ± 10.10

		124.86 ± 10.64

		162.2 ± 3.65

		



		Median 

		154.6

		132.14

		123.27

		162.4

		



		P1

		

		0.009

		0.009

		0.117

		



		P 2

		

		

		NS

		0.009

		



		P 3

		

		

		

		0.009

		



		*Chi square for Kruskal Wallis test, Statistically significant at P ≤ 0.05; NS= not significant.
P 1: P value for comparing between Group I with each other groups 
P 2: P value for comparing between Group II with each other groups
P 3: P value for comparing between Group III and Group IV. 







Figure 13. Comparison of caspase-3 levels between the different studied mice groups.

Discussion

It is well established that the immune system plays crucial roles in the anti-tumor response, and the interaction between host immune system and tumor cells has been the subject of intense research over the past decades (Jemal et al., 2011). There is strong evidence that tumor growth is not just a result of uncontrolled proliferation but also of reduced apoptosis (Becker et al., 2010). 

IL-6 is a multifunctional cytokine that is considered to be an important anti-apoptotic and angiogenic factor in some types of cancers (Sullivan, 2011). Over-expression of IL-6 has been found to be associated with tumor progression and metastasis (Leu et al., 2003; Kozlowski et al., 2003). Transfection of tumor cells with anti IL-6 as an apoptotic factor may decrease growth of the tumor (Bozcuk et al., 2004).


So, for approaching a novel breast cancer immunotherapy targeted the defected tumor cell apoptosis, we aimed in this in vivo preclinical study to investigate the anti-tumor effect of anti IL-6 monoclonal antibodies in breast cancer experemental models.To achieve this aim, recombinent anti-IL-6 monoclonal antibodies were intratumorally administrated to malignant mammary tumor implanted-mice where the anti-tumor effect of anti-IL-6 were evaluated through assessment of apoptosis levels within the tumor tissues and compare the datae obtained from the anti-IL-6 treated tumor implanted-mice with that obtained from corresponding untreated ones.

Our results revealed that the levels of apoptosis detected in tumor tissue samples of both tumor implanted mice; groups II (control 1) and group III (vehicle control/control 2) were lower than those detected in muscular tissue of the normal mice tissue samples of normal mice (group I). This result denotes to the defective apoptotic pathway within the tumor tissues which leading to uncontrolled cell division and consequently to tumor mass formation.


Regarding the well defined anti-apoptotic role of IL-6, this low level of apoptosis detected in tumor tissue samples of our study seemed to be due to the high level of IL-6 and its receptors produced in the tumor stroma of the tumor implanted-mice groups. This finding is in agreement with that of Garcia and his co-workers (2005) who characterized the expression pattern of IL-6 and its receptors and related this pattern to bcl-2 and bax expression (which are related to anti-apoptosis) and elucidated the effects of the proliferation/apoptosis equilibrium in benign conditions, in situ and infiltrating breast cancer. Consequently, breast tumor cells not only produce more IL-6 than normal breast epithelial cells, but also the response of the tumor cells to this interleukin is greater. They suggested that high expression of IL-6 and its receptors in breast tumors might be related to the enhanced cell proliferation occurring in breast cancer.

In addition, Leu et al., (2003) and Brocke-Heidrich and colleagues (2004) reported that IL-6 seems to play an important role in resistance toward apoptosis. IL-6 was shown to exerts a powerful pro-survival function, in esophageal carcinoma and multiple myeloma cells, which occurs through induction of one or more proteins (e.g., Bcl-2, Bcl Xl, and MCL-1) that inhibit apoptosis.


They also, showed that serum IL-6 levels in progressive recurrent breast cancer patients, who did not respond to the therapy, were significantly higher than the levels in recurrent breast cancer patients, who were responding to therapy. IL-6 also may be involved in inducing migration and metastases, and it may confer multidrug resistance in breast cancer cells (Conze et al., 2001).

Within the three groups of tumor implanted-mice in our study, the induced apoptosis level detected in the tumor samples of group IV mice (the anti-IL-6 treated group) has been found to be significantly higher than that of both group II (control 1) and group III (vehicle control/control 2) of mice (P= 0.009, 0.009 respectively) and insignificantly higher than that of group I (normals) (P=0.117). 


The mean value of apoptosis level detected in this anti-IL-6 treated mice (162.2±3.65) not only is greater than those of both control 1 and 2 groups (132.52±10.10 & 124.86±10.64 respectivly) but also is greater than that of normal mice group (156.8±4.43).


These findings indicate that anti-IL-6 monoclonal antibodies have the potential to suppress the anti-apoptotic effect of IL-6 within the tumor microenvironment of these samples and induce considerable levels of apoptosis into the tumor mass closely matching those of normal mascular tissues of group I mice. Accordingly, we can suggest that targeting IL-6 activation pathway within tumor microenvironment by proper dose of anti-IL-6 could represent a promissing immunotherapeutic treatment strategy for breast cancer. These findings are supported by those of Berishaj et al. (2007) proposed that the IL-6/gp130/Jak signaling pathway plays a critical role in Stat3 activation in human breast cancer and that blockade of this pathway may be an important therapeutic modality in breast cancer.


In accordance with our results, clinical investigations of monoclonal antibodies (mAb) against IL-6 in the treatment of cancers and related lymphoproliferative disorders have been conducted. Initial investigations conducted with murine mAbs to IL-6 (BE-4 and BE-8), showed the potential of anti–IL-6 mAb therapy(Nishimoto et al., 2000, Kurzrock et al., 2006; Van Rhee et al., 2010 ). Subsequently, these mAbs were evaluated in different types of cancer providing early evidence of preliminary clinical benefit. 


The safety and efficacy of siltuximab (Anti-IL-6 chimeric monoclonal antibody) has been demonstrated in preclinical studies and phase I/II clinical trials of diverse human pathologies and malignancies including Castleman’s disease ( Van Rhee et al., 2010), multiple myeloma (Voorhees et al., 2007; Hunsucker et al., 2011), prostate cancer (Cavarretta et al., 2007, Cavarretta et al., 2008; Dorff et al., 2010), renal cell carcinoma (Rossi et al., 2010; Puchalski et al., 2010), non-small cell lung cancer (Song et al., 2010) and ovarian cancer (Guo et al., 2010). 

In addition to its anti-apoptotic activities in tumor tissues, our findings could be emphasized in the light of recent studies suggested that IL-6 regulates CSC self renewal (Korkaya et al., 2011; Marotta et al., 2011) and that the maintenance of a stable equilibrium between CSCs and non-stem cancer cells is balanced partialy by the amount of IL-6 secreted by the CSCs and the level of IL-6 receptors (Knupfer & Preiss, 2007; Fuksiewics et al., 2010). According to these studies, the anti-apoptotic effect of IL-6 on different stromal cells expressing IL-6 receptors may result in disturbance in balance between all these cells which in turne influance the IL-6 regulated equilibrium between CSCs and non-stem cancer cells.Consequently, monoclonal anti-IL-6 antibodies used in our study may acting as neutralizing agents for the hyper-activities of IL-6 within the tumor microenvironment. Further studies are srongly needed focusing on the overall activities of IL-6 in the tumor mass to investigate the complicated cell-cell interactions mediated by IL-6 in order to identify the desired IL-6 activities to be maintened and undesired ones to be inhibited or suppressed through targeting IL-6 activation pathway by anti-IL6.

In conclusion, anti-IL-6 monoclonal antibodies have the potential to suppress the anti-apoptotic effect of IL-6 within the tumor microenvironment of tumor implanted-mice. The induced level of apoptosis in anti-IL-6 treated tumor tissue is closely matching the normal level. Accordingly, anti-IL-6 monoclonal antibodies could represent a promissing immunotherapeutic treatment strategy for breast cancer.
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