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Abstract:  19 

The tumor microenvironment of 20 

breast cancer is considered a vibrant, 21 

multifactorial milieu that contains 22 

different cell subsets that shape the 23 
tumor fate. In addition, cytokines play 24 

a vital role within the tumor 25 
microenvironment where different 26 
cytokines can promote inflammation, 27 

angiogenesis, and immune 28 

suppression. Interleukin-8 (IL-8) and 29 
Interleukin-6 (IL-6) are two of the 30 
most important cytokines that aid 31 
tumor progression and metastasis. Thus, this study aimed to compare the anti-angiogenic actions 32 
of neutralizing antibodies against IL-8 and IL-6. Tumor tissues from 30 patients having 33 

mastectomy supplemented with either monoclonal neutralizing antibodies against IL-8 or IL-6 34 
were used to evaluate their antiangiogenic effect by evaluating (Vascular endothelial growth 35 

Factor) VEGF expression and microvessels count. It was demonstrated that Anti-IL-8 mAb 36 
declined significantly the number of microvessels in the tumor tissues compared to Anti-IL-6 and 37 
the control tissue cultures p<0.0001. In addition, the decrease in the microvessels count was 38 
insignificant within the untreated normal tissues (p=0.46). Therefore, the antiangiogenic activity 39 
of Anti-IL-8 monoclonal antibody is more potent than Anti-IL-6 according to the study conditions. 40 
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1. Introduction 43 
Breast cancer is the most common 44 

malignancy worldwide in women (1). 45 
Although it possesses a good prognosis in 46 
most cases, once it acquires metastatic 47 
properties the prognosis decreases 48 
significantly (2). The breast cancer tumor 49 

microenvironment is a heterogenous 50 
environment that consists of different 51 
nonmalignant cells in addition to the cancer 52 
cells including fibroblasts, endothelial cells, 53 
and different immune cells, in addition to 54 

cytokines including interleukin-8 (IL-8), 55 
interleukin-6 (IL-6), interleukin-10 (IL-10), 56 
and tumor growth factor- β (TGF-β) that 57 

affect tumor immune surveillance, tumor 58 

invasion, metastasis, and therapy resistance 59 
(3).  60 
Angiogenesis is a fundamental process in 61 

cancer progression, consisting of the 62 
formation of neovasculature from existing 63 

blood vessels (4). Angiogenesis is a key step 64 
for tumor survival and metastasis. The 65 
development of the angiogenic blood micro-66 

vessels supplies cancer cells with the 67 

required nutrients and metabolites for 68 
extensive tumor proliferation, progression, 69 
and expansion (5).  Different angiogenic 70 

stimuli including hypoxia, presence of 71 
reactive oxygen species (ROS), low pH, and 72 

nutrient deprivation initiate an angiogenic 73 
signaling cascade by inducing the secretion 74 
of proteases, heparinase, and other 75 

metalloproteinases such as matrix 76 
metalloproteinase 9 (mmp9) resulting in the 77 
dissolution of the extracellular matrix, 78 

proangiogenic factors release and the 79 

formation of new blood vessels (6). 80 

Interlukin-8 (IL-8) is one of the most 81 
common proangiogenic factors studied. It is 82 
a pleiotropic cytokine that has a vital role in 83 
chemotaxis during the immune response, in 84 
addition, it was demonstrated that it has a 85 

tumor-promoting effect as it recruits 86 
myeloid-derived suppressor cells to the 87 
tumor microenvironment in addition to its 88 

pro-angiogenic properties (6). IL-8 was 89 
demonstrated to promote the effect of 90 

vascular endothelial growth factor (VEGF) 91 
within the tumor microenvironment thus 92 
promoting angiogenesis and 93 
neovascularization. (7). 94 
Interleukin-6 is a multifunctional cytokine 95 

that is vital in many processes such as 96 
inflammation, hematopoiesis, and immune 97 
response to infections. In addition, high 98 
serum levels of IL-6 have been associated 99 
with various cancer types such as lymphoma 100 
(8), prostate cancer (9), ovarian cancer (10), and 101 
breast cancer (11). Moreover, elevated levels 102 
of IL-6 in breast cancer patients were 103 

reported to be associated with metastasis, 104 

invasion, and poor prognosis (11).  The 105 
angiogenic activity of IL-6 is thought to be 106 
due to its ability to induce the expression of 107 

the pro-angiogenic VEGF in many cell types 108 
including tumor cells (12). Moreover, VEGF 109 

and its receptor are found to be highly 110 
expressed in the human epidermal growth 111 
factor-2 (HER-2) positive subtype compared 112 

to other breast cancer subtypes, highlighting 113 

the role of angiogenesis in the invasiveness 114 
of the HER-2 positive breast cancer and the 115 
potential efficacy of the antiangiogenic 116 

therapies (13).  117 
Although angiogenesis inhibitors, including 118 

VEGF- monoclonal antibodies, tyrosine 119 
kinase inhibitors, and other types of VEGF 120 
pathway inhibitors, showed promising results 121 

in different types of cancer, they were 122 
insufficient for increasing the overall survival 123 
of breast cancer patients thus (14).  124 

Bevacizumab is the first humanized anti-125 

VEGF-F monoclonal antibody approved by 126 

the FDA.  It was demonstrated to inhibit 127 
angiogenesis and limit tumor invasion and 128 
metastasis successfully.  It was approved for 129 
the management of advanced colorectal 130 
cancer and lung cancer as an adjuvant therapy 131 
(15). Moreover, it was studied for its 132 
angiogenic effect for use in metastatic breast 133 
cancer. However, its efficacy as a 134 
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neoadjuvant therapy is still controversial. 135 
Different studies failed to provide a 136 

significant effect of bevacizumab on the 137 
overall survival of breast cancer patients (16), 138 
shedding light on the importance of 139 
evaluating other non-VEGF antiangiogenic 140 
therapies. Thus, this work aimed to assess the 141 

anti-angiogenic properties of anti-IL-8 and 142 
anti-IL6 in breast cancer tumor 143 
microenvironment. Hopefully, it could be 144 
considered a promising anti-tumor strategy 145 
against breast cancer. 146 

2. Subjects & methods 147 
2.1.Subjects 148 

Thirty Egyptian women scheduled for 149 

modified radical mastectomy for 150 

histologically proven breast cancer were 151 
recruited from the Department of Surgery, 152 
Medical Research Institute, Alexandria 153 

University. The current protocol was 154 
approved by the medical research institute 155 

ethical committee (5/2011) and confines the 156 
provisions of the declaration of Helsinki. 157 
Each patient signed an approval consent for 158 

their enrollment in the current study.    159 

Patients underwent comprehensive clinical 160 
examination and a complete history taking, 161 
with particular attention to the disease's stage 162 

and lymph node involvement.  163 
Tissue culture strategy   164 

Following surgical excision, each patient's 165 
breast tumor was collected to get fresh tissue. 166 
Every tumor sample was split into two 167 

sections: one section was used for 168 
immunohistochemical examination for ER 169 
and PR, H&E staining, and the other portion 170 

was used for tissue slicing and culture. 0.2 cm 171 

thick tissue slices were prepared from each 172 

sample and then cultured in a 96-well culture 173 
plate with complete RMPI media alone or 174 
with either  1µg /ml anti-IL-8 neutralizing 175 
mab  (Invitrogen USA Catalog #MA5-176 
23697) or  1µg /ml anti-IL-6 neutralizing mab 177 

(eBioscience™.USA Catalog #16-7069-81) 178 
Breast normal tissues were collected from the 179 
same excised breast and cultured as well with 180 

complete RMPI media alone or with either  181 
1µg/ml anti-IL-8 neutralizing mab  182 

(Invitrogen USA Catalog # MA5-23697) or  183 
1µg/ml anti-IL-6 neutralizing mab 184 
(eBioscience™.USA Catalog # 16-7069-81) 185 
Afterward, the culture plate was incubated 186 
for 24 hours at 37 degrees Celsius in a 187 

continuous environment of 5% CO2. 188 
Following the time of incubation, the tumor 189 
and normal tissues were preserved for 12 to 190 
24 hours in 10% phosphate-buffered formalin 191 
(PH 7.4) and then processed to create 192 

microscopic slides (17). According to the 193 
manufacturer's instructions, the Hematoxylin 194 
and Eosin stain (H&E) were applied to one 195 

slide (18).  196 

2.2.Assessment of angiogenesis 197 
Immunohistochemical staining of VEGF was 198 
performed using a rabbit polyclonal IgG 199 

ProSci-INCORPORATED using a labeled 200 
streptavidin-biotin immunoenzymatic 201 

antigen detection system, (UltraVision 202 
Detection System, Anti-Polyvalent, 203 
HRP/DAB) according to the manufacturer’s 204 

manual.  205 

After deparaffinizing and rehydrating the 206 
tissues, they were incubated in a 3% 207 
hydrogen peroxide block for fifteen minutes 208 

to minimize any non-specific background 209 
staining. Afterward, slides were placed in 210 

sodium citrate buffer 0.01M, PH: 6.0 for 211 
antigen retrieval, and heated for three 212 
minutes at 100°C. Followed by washing with 213 

phosphate buffer saline (PBS). After that, 214 
slides were incubated for 30 minutes in PBS 215 
diluted at 1:15 with normal goat serum. 216 

Diluted Rabbit Polyclonal Antibody VEGFA 217 

(5µg/ml) was then applied to the sections, 218 

and they were left to incubate for a whole 219 
night at 4°C in a humid environment. After 220 
that, biotinylated goat anti-polyvalent 221 
antibodies were added and incubated at room 222 
temperature for 10 minutes. Next, 223 

streptavidin peroxidase was added and 224 
incubated at room temperature for 10 225 
minutes. 226 
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Forty µl DAB Plus Chromogen was added to 227 
2 ml of DAB Plus Substrate. Then 15 µl of 228 

the mixture was applied to tissues and 229 
incubated for 10 minutes. After 230 
counterstaining the tissue slices with Mayer's 231 
hematoxylin, they were covered with a 232 
permanent mounting medium (19). 233 

Examination of the slides was done using low 234 
power magnification to detect (the hot spots); 235 
then counting microvessel count in 10 high 236 
power fields, and assessing the average 237 
count. The field area was equal to 0.74 mm2 238 

so calculating the average count/mm2 was 239 
done using Weinder et al equation (20).  240 
 241 

MVC in mm 2  =
average  count of microvessels x 100

74
  242 

 243 
2.3.Statistical analysis 244 

Statistical analysis was done using the 245 

GraphPad Prism 8.0.2 Package. The 246 
descriptive analysis of samples included the 247 

assessment of Mean, median, and standard 248 
deviation. ANOVA test was used to test the 249 
significance of variance between sample 250 

means in the different tested groups. Tukey’s 251 

post hoc test was used to compare the means 252 
of the different groups. The findings were 253 
deemed statistically significant at the 5% 254 
level (p ≤ 0.05). 255 
3. Results 256 
3.1.Clinicopathological parameters 257 

Patients' clinicopathological parameters are 258 
summarized in Table 1. 259 

3.2.  Histopathological examination 260 

(H&E) 261 
Normal breast tissue H&E slides microscopic 262 

examination revealed the presence of 263 
different areas of fibrosis, apocrine 264 
metaplasia, and epithelioid regions with 265 
diffused adenosis associated with 266 
lymphocytic infiltration.  267 

Anti-IL-8 treated normal tissue cultures 268 
investigation showed focal areas of 269 
aggregated acini and ductules compressed by 270 
the surrounding collagenic stroma with a 271 
minimal observation of visible blood vessels. 272 

Table 1: Patients’ clinicopathological data  273 
Clinicopathological 

Parameter 
No=30 % 

Age   

<50 10 33.3 

≥50 20 66.7 

Min. - Max. 32.0 – 77.0  

Mean ± SD 52.53 ± 10.73  

Median 53.50  

Histopathologic type   

Invasive Ductal 

Carcinoma 
28 93.3 

Mucinious carcinoma 1 3.3 

Invasive lobular 

carcinoma 
1 3.3 

Histologic grade   

IDC   

Grade I 1 3.3 

Grade II 23 76.7 

Grade III 5 16.7 

ILC low grade 1 3.3 

Pathological stage   

Stage I 1 3.3 

Stage II 15 50.0 

Stage III 14 46.7 

Vascular invasion   

Positive vascular invasion 25 75 

negative vascular invasion 5 25 

Lymph node involvement   

NX Lymph node cannot be 

assessed 
1 3.33 

N0 Negative 7 23.33 

N1 Positive 10 33.33 

N2 8 26.67 

N3 4 13.33 

Tumor size   

T1 1 3.3 

T2 22 73.3 

T3 6 20.0 

T4 1 3.3 

Hormonal status   

ER   

-ve 3 10.0 

+ 12 40.0 

++ 7 23.3 

+++ 8 26.7 

PR   

-ve 2 6.7 

+ 15 50.0 

++ 9 30.0 

+++ 4 13.3 

Whereas in the anti-IL-6 treated normal 274 
tissue cultures, areas of fibrocystic disease 275 
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are observed, associated with increased 276 
manifestations of adenosis, and minor 277 

lymphocytic infiltration. (Fig. 1). 278 
On the other hand, examination of the 279 
untreated cultured tumor tissues showed the 280 
infiltration of malignant cells within the 281 
collagenic stroma in the form of ducts and 282 

nests, evidently infiltrated by lymphocytes 283 
with the abundance of several blood vessels 284 
in the stroma. Moreover, tumor tissues 285 
cultured with anti-IL-8 showed attenuation & 286 

compression of several carcinoma cells by 287 
the surrounding extensively hyalinized 288 

stroma with the presence of tiny thick-walled 289 
occluded blood vessels. Nevertheless, tumor 290 
tissues cultured with anti-IL-6 showed 291 
clusters of malignant ductal cells within the 292 
desmoplastic stroma, accompanied by 293 

lymphocytic infiltration around the ducts and 294 
blood vessels with obvious malignant cells’ 295 
apoptosis and degeneration. (Fig. 1). 296 

Fig. 1: H&E staining of the different designed normal and tumor tissue culture systems. 297 

a: Untreated cultured tumor tissue (invasive ductal carcinoma) showing streaks and cords of 298 

hyperchromatic cells (white arrow) in a collagenic stroma. Four blood vessels can be identified in 299 

the stroma (black arrow) (H&E X100). b: Anti-IL-8 treated cultured tumor tissue (invasive ductal 300 

carcinoma) showing near vanishing of the tumor cells except for few residual cords of compressed 301 

ductal carcinoma cells (white arrow) among predominantly sclerosed and hyalinized stroma. Only 302 

one blood vessel can be identified in the field (black arrow) (H&E x100). c: Tumor tissue of 303 

invasive ductal carcinoma cultures with anti-IL-6 with obvious necrotic and apoptotic areas (H&E 304 

X100). d: Untreated cultured normal breast tissue section showing a lobule of compact acini with 305 

adjoining dilated duct. Two blood vessels are seen in the field (black arrow) (H&E X100). e: Anti-306 

IL-8 treated cultured normal breast tissue section showing a branching terminal duct connected to 307 

acinar structures lying in collagenic stroma (H&Ex400). f: Anti IL-6 treated cultured normal breast 308 

tissue showing adenosis with almost normal breast lining and lymphocytic filtration (H&E X 400) 309 

 310 
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3.3. Assessment of angiogenesis (assessing 311 
microvessel count) 312 

Assessment of angiogenesis was done 313 
immunohistochemically by the detection of 314 
vascular endothelial growth factor (VEGF) in 315 
30 breast cancer patients, after cultivating 316 
tumor and normal tissues with either anti-IL-317 

6 or anti-IL-8 monoclonal antibodies. 318 
Immunohistochemical staining using VEGF 319 
highlights vascular spaces. It stains vascular 320 
endothelial cells in brown color (the hot 321 
spots) then the microvessels were counted to 322 

assess the average count.  323 
A significant difference was noticed between 324 
the number of microvessels observed in the 325 

untreated tumor tissues compared to the 326 

untreated normal ones (p≤0.0001).  327 

Moreover, treating the tumor tissues with 328 
Anti-IL-8 mab decreased the expression of 329 

VEGF and the number of microvessels 330 
significantly (p≤0.0001). On the other hand, 331 
although a high percentage of the 332 
microvessels in the anti-IL-6 treated tissues 333 
were closed or sclerosed, yet there is no 334 

significant difference between the mean of 335 
the microvessels count in untreated and 336 
treated breast tumor tissues (p= 0.3421).  337 
Finally, no significant difference was noticed 338 
between the number of microvessels counted 339 

on the untreated normal tissues with normal 340 
tissues cultured with Anti-IL-8 and Anti-IL-341 
6 (p=0.9705, p= >0.9999 respectively)     342 

(Fig. 2, 3) 343 

 344 
 345 

 346 
 347 

 348 
 349 
 350 

 351 

 352 
 353 
 354 

 355 
 356 

 357 
 358 
 359 

 360 
 361 
 362 

Fig. 2: Schematic presentation of the average microvessels count, detected by 363 
immunohistochemical staining of VEG-F in the different cultured tissue culture systems. 364 

Data presented as mean ± SD.                                         365 
* Significant from control tumor tissue cultures (T) (T vs T + anti-IL8 p≤0.0001) & (T vs N 366 
p≤0.0001).               367 
 # Significant from tumor tissue cultured with anti-IL8 (T + anti IL8 vs T + anti IL6, p= 0.001) No 368 
significant difference was observed between the MCV count in (T vs T + anti-IL6, p= 0.3421), (T 369 

+ anti-IL8 vs N + anti IL8, p= 0.843), (N vs N + anti-IL8 p=0.9705), (N vs N + anti-IL6,  p>0.9999) 370 
and (N+ anti-IL8 vs N + anti-IL6,  p=0.9212).  371 
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 372 

Fig.3: Microvessel count estimated by Immunohistochemical analysis of VEG-F a: Untreated 373 
cultured tumor breast tissue section showing 3 moderately stained opened microvessels (black 374 

arrow) (IHC X100). B: Anti-IL8 treated cultured tumor breast tissue section showing extensive 375 
stromal fibrosis including very few weakly stained collapsed vessels (black arrow) (IHC X100).c:  376 
Angiogenesis of anti-IL6 treated tumor tissue showing 10-12 closed vessels (IHC-VEGF X400)   377 

d: Normal breast tissue section cultured without either Anti-IL-8 or Anti-IL-6 showing 378 

undetectable blood vessels being encroached upon by the sclerotic stroma (IHC X100). e: Normal 379 
breast tissue cultured with Anti-IL8 showing a branching duct in a fibrofatty stroma including 3 380 
microvessels with negative staining (arrow) (IHC X100). f: Angiogenesis of cultured normal breast 381 

tissue with anti-IL6. Average count 5-8 (IHC- VEGF x400). 382 
 383 

4. Discussion  384 
Targeting the tumor microenvironment 385 
(TME)  for effective cancer therapy has 386 

gained increasing attention in the past 387 
decade, as the dynamic and heterogenous 388 
TME plays a vital role in tumor progression, 389 

invasion, and therapy resistance (21). In cancer 390 

treatment, anti-angiogenic therapeutics are 391 

thought to be among the most effective 392 
immunotherapeutic approaches, as previous 393 
studies showed that angiogenesis contributes 394 
to other factors that support tumor 395 
progression other than increasing blood 396 

supply, which aids the tumor's need for 397 
oxygen and nutrition (22).  398 

Angiogenic factors such as VEGF were 399 
reported to decrease lymphocyte infiltration 400 
within the TME and inhibit the activation and 401 

proliferation of different immune cells within 402 
the TME such as cytotoxic T cells. Moreover, 403 
VEGF was reported to increase the number 404 

and activity of intertumoral 405 

immunosuppressive lymphocytes such as 406 

myeloid-derived suppressor cells and 407 
regulatory T-cells thus promoting the 408 
immunosuppressive nature of the TME 409 
aiding the tumor immune escape (23). 410 
Anti-IL8 mab is well known for its effective 411 

antiangiogenic properties and different 412 
studies assessed the efficacy of Anti-IL-8 413 
antibodies for the treatment of different types 414 
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of cancer, where several researches 415 
demonstrated the role of IL-8 in tumor 416 

angiogenesis, tumor promotion, and 417 
induction of cancer stem cell survival 418 
signaling thus making it a promising therapy 419 
target (24).  In addition, a recent study of our 420 
previous work demonstrated the effective use 421 

of Anti-IL-8 for cancer stem cells and 422 
autophagy inhibition in breast cancer (25).  423 
Anti-IL6 is an anti-inflammatory monoclonal 424 
antibody that has been studied extensively 425 
and approved for use in different infectious, 426 

inflammatory, and autoimmune disorders (26). 427 
In addition, many studies demonstrated the 428 
possible antitumor effects of Anti-IL-6. It has 429 

been reported that Anti-IL-6 can induce 430 

apoptosis in different types of cancer, inhibit 431 
tumor progression, reprogram the tumor 432 
microenvironment to assess immune 433 

surveillance and decrease chemotherapeutics 434 
resistance (27-30). 435 

Moreover, multiple pieces of evidence 436 
demonstrated the proangiogenic effects of 437 
IL-6 in different types of cancer via the 438 

promotion of VEGF/NFΚβ signaling and 439 

JAK/STAT3 pathway (31,32). In addition, it 440 
was demonstrated that cancer-associated 441 
fibroblasts have a vital role in the promotion 442 

of tumorigenesis, angiogenesis, and 443 
trastuzumab resistance in HER2+ breast 444 

cancer, by the activation of IL-445 
6/VEGF/STAT3 pathway as well where 446 
STAT3 acts as a transcriptional activator of 447 

the VEGF promoter (33).  448 
The inhibitory effect of Anti-IL-6 on VEGF 449 
signaling had been demonstrated previously 450 

in rheumatoid arthritis (34). Regarding the 451 

insignificant difference in MVC between the 452 

treated and untreated tumor tissue cultures 453 
reported in the current study, it could be due 454 
to the short incubation period (24 hrs.) that 455 
seems to be insufficient for the complete 456 
inhibition of microvessels formation 457 

compared to the potent effect of Anti-IL-8. In 458 
addition, the immunohistochemical 459 
examination of the tumor tissue cultured with 460 

Anti-IL-6 showed that the microvessels are 461 
most of them closed or sclerosed, thus it is 462 

suggested for future studies to assess the 463 
effect of IL-6 inhibition within the breast 464 
cancer TME for a longer incubation period. 465 
Supporting this suggestion recent findings 466 
reported that Tocilizumab (Anti-IL-6 mab) 467 

inhibits angiogenesis in triple-negative breast 468 
cancer cell lines via inhibiting IL-8 469 
production (35). Thus, it is proposed that Anti-470 
IL-6 treatment could need more time to 471 
inhibit angiogenesis compared to the well-472 

established anti-angiogenic Anti-IL-8 473 
immunotherapy. To overcome the limitations 474 
of the current study, suggestions for future 475 

work include extending the culture period for 476 

72 hours, adding a positive control group for 477 
anti-VEGF antiangiogenic therapies, and 478 
adjusting the inclusion criteria for patients 479 

undergoing the study to include only 1 480 
subtype of breast cancer.     481 

5. Conclusion 482 
Anti-IL-8 and anti-IL-6 monoclonal 483 
antibodies are considered promising 484 

immunotherapeutic strategies for targeting 485 

angiogenesis in breast cancer tumor 486 
microenvironments. Anti-IL-8 demonstrated 487 
a superior anti-angiogenic activity compared 488 

to Anti-IL-6 within the 24-hour incubation 489 
period, suggesting assessing the Anti-IL-6 490 

angiogenic activities in longer incubation 491 
periods in future studies. 492 
Highlights  493 

• Breast cancer tumor microenvironment 494 

is a promising target for cancer 495 
immunotherapy. 496 

• IL-6 and IL-8 have a vital role in 497 

angiogenesis promotion in breast cancer. 498 

• Anti-IL-8 monoclonal antibody has a 499 
superior effect in angiogenesis 500 

inhibition compared to Anti-IL-6. 501 
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