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Abstract.
BACKGROUND: Breast cancer tumor microenvironment (TME) is a promising target for immunotherapy. Autophagy, and
cancer stem cells (CSCs) maintenance are essential processes involved in tumorigenesis, tumor survival, invasion, and treatment
resistance. Overexpression of angiogenic chemokine interleukin-8 (IL-8) in breast cancer TME is associated with oncogenic
signaling pathways, increased tumor growth, metastasis, and poor prognosis.
OBJECTIVE: Thus, we aimed to investigate the possible anti-tumor effect of neutralizing antibodies against IL-8 by evaluating
its efficacy on autophagic activity and breast CSC maintenance.
METHODS: IL-8 monoclonal antibody supplemented tumor tissue culture systems from 15 females undergoing mastectomy
were used to evaluate the expression of LC3B as a specific biomarker of autophagy and CD44, CD24 as cell surface markers of
breast CSCs using immunofluorescence technique.
RESULTS: Our results revealed that anti-IL-8 mAb significantly decreased the level of LC3B in the cultured tumor tissues
compared to its non-significant decrease in the normal breast tissues.
Anti-IL-8 mAb also significantly decreased the CD44 expression in either breast tumors or normal cultured tissues. While it
caused a non-significant decrease in CD24 expression in cultured breast tumor tissue and a significant decrease in its expression
in the corresponding normal ones.
CONCLUSIONS: Anti-IL-8 monoclonal antibody exhibits promising immunotherapeutic properties through targeting both
autophagy and CSCs maintenance within breast cancer TME.
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1. Introduction

Breast cancer is the most common cancer affecting
women worldwide. It remains the main cause of cancer-
related deaths in women, despite the advanced screen-
ing methods for early detection and the development of
novel treatment strategies [1].

Autophagy is a distinct type of programmed cell
death. It is a tightly regulated catabolic process that
has a major role in cell regeneration and homeosta-
sis [2]. It was reported that autophagy plays a dual
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role in the development of cancer cells, where at early
stages of tumor development, it acts as an inhibitor of
tumorigenesis, but in advanced stages, it is involved
in the preservation, growth, and proliferation of tumor
cells [3]. LC3B is a specific biomarker of autophagy,
that is associated with the formation of autophago-
somes. LC3B synthesis and activation are controlled by
autophagy-associated genes such as ATG3, and ATG7.
Its expression is reported to be upregulated in different
malignancies making it a useful indicator for autophagy
monitoring [4].

The tumor microenvironment (TME) plays an
important role in tumor progression. The vital role of
its resident cells and cytokines was reported to promote
tumor invasion and metastasis [5]. Cancer stem cells
(CSCs) are one of the most vital members within the
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TME, which have the ability of self-renewal, prolifera-
tion, and differentiation. They are known to be involved
in the pathogenesis of tumors including initiation, pro-
gression, metastasis, recurrence, and chemoresistance
[6].

Breast cancer stem cells (BCSCs) are characterized
by high expression of the transmembrane glycoprotein
CD44 and a low or no expression of the glycosylated
mucin-type protein (CD44+/CD24−). CD44 is a glyco-
protein located on the cell surface which is known to
play a vital role in cell–cell interactions, cell adhesion,
and migration. CD24 is a cell surface protein respon-
sible for signal transduction. The percentage of both
markers varies among different types of breast cancers
and breast cancer cell lines [7]. CD44+CD24−BCSCs
that exhibit enhanced invasive properties are located at
the invasive edge of breast tumors and are characterized
as mesenchymal-like BCSCs [8].

Interleukin-8 (IL-8) is a pro-inflammatory, angio-
genic chemokine that plays a fundamental role in
immune modulation within breast cancer TME [9].
Overexpression of IL-8 is associated with the onco-
genic signaling pathways, increased tumor growth,
metastasis, and poor prognosis [10]. Moreover, the
cytokine profile of tumor-associated macrophages
showed that IL-8 is the most abundant cytokine
released in advanced breast cancer patients [10]. In this
regard, utilizing neutralizing antibody against IL-8 was
revealed to decrease tumor growth, angiogenesis, and
metastasis [11].

However, the studies that investigate the link
between CSCs, autophagy and IL-8 in breast cancer
TME are limited. Therefore, we aimed in the current
study to investigate the autophagic activities and CSC
maintenance in our own designed ex vivo breast cancer
tumor tissue culture system and to evaluate the effect of
supplementing the system with anti-IL-8 monoclonal
antibodies (mAbs) on both parameters.

2. Subjects and methods

2.1. Subjects

The current study was approved by the ethical com-
mittee of the medical research institute, Alexandria
University, Egypt and confines to the provisions of
the declaration of Helsinki. It included 15 females
who were scheduled for modified radical mastec-
tomy for histologically proved breast cancer. Immune-
compromised patients and those with immunologic
mediated disorders were excluded. Full history was

taken from each patient, in addition, the tumor size and
different clinicopathological parameters was recorded
after surgery.

2.2. Methods

2.2.1. Tissue culture of tumor and normal breast tis-
sues

Fresh tissue samples of breast tumor/normal (peri-
tumoral tissue obtained from the same excised breast
from a distant area outside the safety margins) were
obtained from each patient immediately after surgery
and maintained separately in RPMI organ transporta-
tion medium until use for the tissue culture.

Under aseptic conditions, the breast tissue was sliced
and added to a 96-well culture plate according to the
following design:

• Breast tumor tissues cultured in complete MEBM
media.

• Breast tumor tissues cultured in complete MEBM
media supplemented with 1 μg/ml anti-IL8-mAb.

• Breast normal tissues (peritumoral tissue obtained
from the same excised breast from a distant area out-
side the safety margins) in complete MEBM media.

• Breast normal tissues (peritumoral tissue obtained
from the same excised breast from a distant area out-
side the safety margins) cultured in complete MEBM
media supplemented with 1 μg /ml anti IL-8 mAb.

The 96 well culture plates were then incubated at 37
°C in a constant atmosphere of 5% CO2 for 72 hours.
Afterward, they were fixed in 10% phosphate-buffered
formalin PH 7.4 for 24 hours. Then they were dehy-
drated, and preserved in paraffin-embedded blocks.

2.2.2. Tissue preparation for immunofluorescence
assay

Tissue sections were deparaffinized, rehydrated
and then immersed in retrieval sodium citrate buffer
0.01 M, pH: 6.0, heated at 100 °C, and washed with
PBS. Slides were finally incubated with 1% fetal calf
serum (Thermo Biochemicals, USA) for half an hour
to reduce the non-specific binding of the secondary
antibody [12]. Expression of LC3B was detected as a
specific biomarker of autophagy while CD44 and CD24
were detected as cell surface markers of BCSCs.

2.2.3. Immunofluorescence detection of LC3B

Immunofluorescence detection of LC3B expression
in fixed sections of cultured tumor/normal tissues was
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done by the deparaffinization of the tissue slides as
previously described, followed by the incubation of
the slides with LC3B primary monoclonal antibody
(Invitrogen Thermofisher scientific, USA) (with dilu-
tion 1:100) overnight at 4 °C. The slides were then
washed and incubated with the secondary antibody
Alexaflour 488-conjugated anti-rat IgG (minimal cross-
reaction to human, mouse, horse, bovine, and rabbit
serum proteins) (Jackson Laboratories, USA) in a dark
room for one hour, washed three times by PBS and
finally mounted by fluorescent mounting medium con-
taining DAPI (eBioscience, UK).

2.2.4. Immunofluorescence detection of CD44 and
CD24 expression

Immunofluorescence detection of CD44 and CD24
expression in fixed sections of cultured tumor/nor-
mal tissues was done by performing simultaneous
double immunofluorescence staining according to the
manufactures’ manual [13]. The two primary anti-
bodies were mixed in phosphate buffer saline (CD24
at 1:100, CD44 at 1:50) (ThermoFisher laboratories,
USA), applied on the tissues and then incubated at 4
°C overnight.

The secondary antibodies, Alexaflour 488-conju-
gated anti-mouse IgG (ThermoFisher laboratories,
USA) and Alexaflour 594-conjugated anti-rat IgG
(ThermoFisher laboratories, USA) were mixed and
diluted in PBS (1:300). The mixture was then added to
the tissue sections, incubated in the dark for 60 minutes
and then washed twice in PBS for 5 minutes. Finally the
slides were mounted by fluorescent mounting medium
containing DAPI (eBioscience, UK).

2.2.5. Visual assessment of immunofluorescence
staining

Visual assessment of the immunofluorescence stain
was done by examining the slides using correct exci-
tation and filters on a fluorescence microscope (lieca,
Italy). The slides were then photographed and the flu-
orescence intensity of the stain was calculated using
ImageJ photos analyzing software as follows [14]:

Fluorescence intensity = Pixels sum
Region of interest (ROI) .

2.2.6. Statistical analysis

Statistical analysis of the results was carried out
using IBM software package version 22.0 (Armonk,

NY: IBM Corp) [15]. Correlations were used to analyze
different parameters. Results were considered to be
significantly judged at the 5% level (p < 0.05).

Mean, median, and standard deviation tests were
used for the samples’ descriptive analysis, and the
Wilcoxon Signed Ranks test was used to test the sig-
nificance of the difference between the control and the
test groups. Statistical tests were used to evaluate the
correlation between the different assessed parameters
and the clinicopathological parameters of the patients
as follows:

• The Spearman Rho test (r): between two continuous
data sets.

• The Kendall rank correlation coefficient (𝜏): between
continuous and ordinal data sets.

• The Point-Biserial Correlation test (r): between con-
tinuous data and nominal data sets.

3. Results

3.1. Clinicopathological parameters

The patients’ clinicopathological parameters de-
scriptive analysis revealed that, the age of the patients
enrolled in the current study ranged from 41 to 71 years
old with a mean age of 56.47 ± 8.37. The majority of the
patients (93.33%) had invasive ductal carcinoma while
only one patient had invasive lobular carcinoma, all of
which were grade II. 80% of patients showed vascular
invasion of tumor cells, but on the other hand, 66% of
the patients only demonstrated tumor cell invasion for
axillary lymph nodes. The excised tumor size of the
patients ranged from 2 to 8 cm with a mean size of 4.37
± 2.09.

Regarding hormonal receptor expression, 84.33%
of patients enrolled in the current study showed posi-
tive expression for estrogen and progesterone hormonal
receptors with different intensities (Table 1).

3.2. Immunofluorescence detection of autophagy
according to detected LC3B expression level

3.2.1. Autophagy levels in anti-IL-8 mAb treated
breast tumor and normal tissues versus control
tissue cultures

A significant decrease in the level of autophagy was
detected in the tumor tissues cultured in the presence
of anti-IL-8 mAb compared to those cultured in the
absence of anti-IL-8 mAb (p = 0.002). On the other
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Table 1
The clinicopathological data of the patients enrolled in the study

Clinicopathological parameters No %

Age
<50 4 26.67
50–60 6 40.00
≥60 5 33.33
Min.–Max. 41.00–71.00
Mean ± SD 56.47 ± 8.37
Median 59

Histopathologic type
Invasive lobular carcinoma 1 6.67
Invasive ductal carcinoma 14 93.33

Histologic grade
II 15 100.0

Vascular invasion
Negative vascular invasion 3 20.00
Positive vascular invasion 12 80.00

Tumor size
≤2 cm 3 20.00
>2–5 cm 7 46.67
>5 cm 5 33.33
Min. – Max. 2.00–8.00
Mean ± SD 4.37 ± 2.09
Median 4.00

L.N invasion
Negative L.N. 5 33.33
Positive L.N. 10 66.67
Min.–Max. 0–21
Mean ± SD 4 ± 5.92
Median 2.00

Pathological stage
I 3 20.0
II 7 46.7
III 5 33.3

Hormonal status
ER

Negative 2 16.67
+ 2 16.67
++ 4 33.33
+++ 4 33.33

PR
Negative 2 16.67
+ 4 33.33
++ 4 33.33
+++ 2 16.67

L.N.: Lymph node. ER: Estrogen receptor expression. PR: Proges-
terone receptor expression.

hand, no significant difference was detected between
the level of autophagy in breast normal tissues either
cultured in the presence or absence of anti-IL-8 mAb
(p = 0.820) (Table 2 Figs 1,2,3).

Fig. 1. Graphical representation of autophagy level via LC3b expres-
sion within the tumor and normal tissue culture systems. Data pre-
sented as mean ± SD. ∗Significant from tumor tissue cultured alone
(T) (T versus T + anti-IL-8 p = 0.002) & (T versus N p = 0.05). no
significant difference observed between (N versus N + anti-IL-8 p
= 0.82) or (T + anti-IL-8 versus N + anti-IL-8 p = 0.865).

3.3. Autophagy level within the different tissue cul-
tures vs their normal counterparts

According to detected LC3B fluorescence intensity,
the study results showed a significant increase in the
autophagy levels in breast tumor tissues cultured with-
out anti-IL-8 mAb compared to the corresponding nor-
mal ones (T vs N) (p = 0.005).

In addition, no significant difference was detected
in the autophagy levels between breast tumor tissues
cultured in the presence of anti-IL-8 mAb and breast
normal tissue cultured with anti-IL-8 mab (p = 0.865)
(Figs 1,2,3).

3.4. Assessment of breast cancer stem cells mainte-
nance according to detected cell surface markers
CD44/CD24 expression level

3.4.1. CD44 fluorescence intensity in tumor and nor-
mal cultured breast tissues

The results of the immunofluorescence assessment
of CD44 expression showed a statistically significant
decrease in the level of CD44 expression in the breast
tumor tissues cultured in the presence of anti-IL-8
mAb compared to tumor tissues cultured in the absence
of anti-IL-8 mAb (p = 0.012). Similarly, a statis-
tically significant decrease in the CD44 expression
was also noticed in the corresponding normal tissue
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Table 2
LC3B fluorescence intensity in the cultured tumor and normal breast tissue

Florescence intensity
(pixel/μm2)

T
(n = 15)

T + anti-IL-8
(n = 15)

N
(n = 15)

N + anti-IL-8
(n = 15)

>2 20% 80% 73.3% 73.3%
2–<5 40% 20% 20% 20%
5–<10 26.6% 0% 6.7% 6.7%
>10 13.4% 0% 0% 0%
MIN–MAX 0.073–14.08 0.087–3.847 0.054–8.145 0.061–6.89
Mean ± SD 5.03 ± 4.01 1.56 ± 0.95 1.89 ± 1.89 1.85 ± 1.65
Z(P) −3.124∗ (0.002∗) −0.227 (0.820)

Z = Wilcoxon signed ranks test. ∗: Statistically significant at p ≤ 0.05.

Fig. 2. Representative image of the immunofluorescence analysis of LC3B expression in breast tumor tissue culture system examined and imaged
by Leica Confocal microscope (Confocal microscopy 200×). a,b,c immunofluorescence staining in Tumor tissues cultured without anti-IL8 mab. a:
DAPI nuclear staining (blue). b: LC3B staining showing fluorescence intensity >10 pixel/μm2 for Alexafluor 488 staining (Green) indicating high
LC3B expression. c: Merged image. d,e,f: immunofluorescence staining in tumor tissues cultured with anti-IL8 mab. d: DAPI nuclear staining
(blue). e: LC3B staining showing fluorescence intensity <2 pixel/μm2 for Alexafluor 488 staining (Green) indicating low LC3B expression. c:
Merged image.

cultures supplemented with anti-IL-8 mAb compared
to the un-supplemented ones (p = 0.023) (Table 3,
Figs 4,5,6).

3.4.2. CD44 fluorescence intensity in cultured tumor
tissues versus their normal counterparts

No significant difference was observed in the expres-
sion level of CD44 in tumor tissues cultured in the pres-
ence of anti-IL-8 mAb compared to corresponding nor-
mal tissues (T + anti-IL-8 versus N + anti-IL-8). Also,
no significant difference was observed in the CD44

expression in tumor cultured in the absence of anti-IL-8
mAb compared to corresponding normal ones (T versus
N) (p = 0.069 & p = 0.191 respectively) (Fig. 4).

3.4.3. CD24 fluorescence intensity in cultured breast
tumor and normal tissues

No significant difference was observed in the CD24
expression levels in the breast tumor tissues cultured
with anti-IL-8 mAb compared to those cultured with-
out anti-IL-8 mab (p = 0.394). Normal breast tissue
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Fig. 3. Representative image of the immunofluorescence analysis of LC3B expression in breast normal tissue culture system, examined and imaged
by Leica Confocal microscope (Confocal microscopy 200×). a,b,c: immunofluorescence staining in normal tissues cultured without anti-IL8 mab.
a: DAPI nuclear staining (blue). b: LC3B staining showing fluorescence intensity <2 pixel/μm2 for Alexafluor 488 staining (Green) indicating low
LC3B expression. c: Merged image. d,e,f: immunofluorescence staining in normal tissues cultured with anti-IL8 mab. d: DAPI nuclear staining
(blue). e: LC3B staining showing fluorescence intensity <2 pixel/μm2 for Alexafluor 488 staining (Green) indicating low LC3B expression. c:
Merged image.

Fig. 4. Graphical representation of CSCs maintenance level via CD44/CD24 expression within the tumor and normal tissue culture systems. Data
presented as mean ± SD. CD44: ∗significant from T, #significant from N, no significant difference observed between (T + anti-IL-8 versus N +
anti-IL-8). CD24: ∗significant from N, no significant difference observed between (T versus T + anti-IL-8) or (T + anti-IL8 versus N + anti-IL8).
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Fig. 5. Representative image of immunofluorescence analysis of CD44/CD24 expression in breast tumor tissue culture systems, examined and
imaged by Leica Confocal microscope (Confocal microscopy 200×). a,b,c,d: Immunofluorescence staining in tumor tissues cultured without
anti-IL8 mab. a: DAPI nuclear staining (blue). b: CD44 staining showing fluorescence intensity 5–10 pixel/μm2 for Alexafluor 596 staining
(red) indicating moderate CD44 expression. c: CD24 staining showing fluorescence intensity <2 pixel/μm2 for Alexafluor 488 staining (Green)
indicating low CD24 expression. d: Merged image. e,f,g,h: Immunofluorescence staining in normal tissues cultured with Anti-IL8 mab. e: DAPI
nuclear staining (blue) f: CD44 staining showing fluorescence intensity <2 pixel/μm2 for Alexafluor 596 staining (red) indicating low CD44
expression. g: CD24 staining showing fluorescence intensity 2–5 pixel/μm2 for Alexafluor 488 staining (Green) indicating mild CD24 expression.
d: Merged image.

cultures showed a significant decrease in the level
CD24 expression in cultures supplemented with anti-
IL-8 mAb compared to the un-supplemented ones (p =
0.020) (Table 2, Figs 4,5,6).

3.4.4. CD24 fluorescence intensity in the breast tumor
tissues versus their normal counterparts

No significant difference was also observed in the
expression level of CD24 between tumor and normal
tissues cultured without IL-8 mab, and as well, between
tumor and normal tissues cultured in the presence of
anti-IL-8 mab (p = 0.650 & p = 0.053 respectively)
(Fig. 4).

3.4.5. Correlation between autophagy and cancer
stem cells maintenance within the cultured
breast tumor and normal tissues

Statistical tests done to reveal the correlation
between the studied different parameters showed no
meaningful correlation between autophagy level &
CD44 expression within the breast tumor tissue cul-
ture supplemented with anti-IL-8 mAb (r = 0.04643, p
= 0.869), as well as, between autophagy level & CD24
expression within the tumor tissues cultured with anti-
IL-8 mAb (r =  −0.18929, p = 0.49926).

Similar results were observed within the breast nor-
mal tissue cultures where no correlation was observed
between autophagy level & CD44 expression (r =
0.11628, p = 0.6798) and between autophagy level
& CD24 expression within the breast normal tissues
cultured with anti-IL8 mab (r = −0.125, p = 0.65714)
(Table 4).

3.4.6. Correlations between the levels of autophagy,
cell surface markers CD44/CD24 expression,
and clinicopathological parameters among
breast cancer patients

The correlation between the levels of autophagy, cell
surface markers CD44/CD24 expression, and clinico-
pathological parameters among breast cancer patients
is summarized in Table 5.

Statistical correlations done in the untreated tumor
tissue cultures groups revealed a significant association
between LC3B expression and the patient’s age (p
= 0.027), between CD44 expression and the number
of involved lymph nodes (p = 0.003), and between
CD24 expression and PR status (p = 0.034). Moreover,
the statistical correlations done within the treated
tumor tissue culture group didn’t reveal any significant
association with any of the clinicopathological para-
meters (Table 5).
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Fig. 6. Representative image of immunofluorescence analysis of CD44/CD24 expression in breast normal tissue culture systems, examined and
imaged by Leica Confocal microscope (Confocal microscopy 200×). a,b,c,d immunofluorescence staining in normal tissues cultured without
anti-IL8 mab. a: DAPI nuclear staining (blue). b: CD44 staining showing fluorescence intensity <2 pixel/μm2 for Alexafluor 596 staining (red)
indicating low CD44 expression. c: CD24 staining showing fluorescence intensity <2 pixel/μm2 for Alexafluor 488 staining (Green) indicating low
CD24 expression. d: Merged image. e,f,g,h: immunofluorescence staining in normal tissues cultured with Anti-IL8 mab. e: DAPI nuclear staining
(blue). f:CD44 staining showing fluorescence intensity <2 pixel/μm2 for Alexafluor 596 staining (red) indicating low CD44 expression. g: CD24
staining showing fluorescence intensity <2 pixel/μm2 for Alexafluor 488 staining (Green) indicating low CD24 expression. d: Merged image.

Table 4
Statistical correlation between immunofluorescence intensity LC3B & expression level of CD44 and CD24 levels within the breast tumor and

normal culture systems supplemented with anti-IL-8 mab

LC3B expression Immunofluorescence intensity
CD44 CD24

T + anti-IL-8 N + anti-IL-8 T + anti-IL-8 N + anti-IL-8

T + anti-IL-8 r 0.04643 – −0.18929 –
p 0.869 – 0.49926 –

N + anti-IL-8 r – 0.11628 – −0.125
p – 0.6798 – 0.65714

∗p value for spearman rho test. ∗∗Statistically significant at p ≤ 0.05.

4. Discussion

The interactions between the cellular populations of
TME with each other (such as immune cells, cancer
cells and cancer stem cells) or with the TME molec-
ular components such as cytokines and cell surface
molecules, decide the fate of disease prognosis, can-
cer invasion, metastasis, recurrence and also treatment
resistance. Massive studies focused on cancer stem
cells (CSCs) maintenance and programmed cell death
including apoptosis and autophagy as main players in
the immune modulations within the TME [16].

There is a controversy regarding the role of
autophagy in cancer. Many studies have reported that

autophagy can either promote or inhibit tumorigenesis
[17], depending on many factors such as tumor type
and stage [18]. The results of the current study revealed
that the level of detected LC3B fluorescence intensity
showed a significant increase in control breast tumor
tissues compared to the corresponding normal ones.
Putting into consideration that the majority of cases
enrolled in the current study were invasive ductal car-
cinoma stage 2, our result comes in line with previous
studies reported that autophagy has tumor suppressor
properties in early tumorigenesis by different mecha-
nisms including the activation of P53 gene pathway
[19] and, Beclin-1 and Atg12 autophagy genes medi-
ated apoptosis activation [20,21], but once the tumor is
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Table 5
Statistical correlation between the expression of Lc3B, CD44, and CD24 expression and some of the clinicopathological parameters among

breast cancer patients enrolled in the current study

Clinicopathological
parameters

Untreated tumor tissues Anti-IL-8 treated tumor tissues

LC3B
(pixel/μm2)

CD44
(pixel/μm2)

CD24
(pixel/μm2)

LC3B
(pixel/μm2)

CD44
(pixel/μm2)

CD24
(pixel/μm2)

r/𝜏 p r/𝜏 p r/𝜏 p r/𝜏 p r/𝜏 p r/𝜏 p

Age (r) −0.570 0.027∗ 0.290 0.294 −0.021 0.939 −0.308 0.264 −0.295 0.285 0.084 0.766
No. of LN involved (r) −0.118 0.676 −0.100 0.722 −0.447 0.095 −0.284 0.304 −0.100 0.722 −0.341 0.214
Total no of LN (r) 0.396 0.144 −0.718 0.003* −0.379 0.164 −0.057 0.839 0.133 0.637 −0.348 0.203
Tumor size (r) −0.204 0.465 0.203 0.468 −0.129 0.647 −0.254 0.361 0.151 0.592 0.305 0.270
Pathological stage −0.087 0.758 0.309 0.263 −0.235 0.399 −0.189 0.500 0.039 0.891 0.058 0.838
Vascular invasion (r)∗∗∗ −0.07 0.786 0.051 0.855 0.2 0.455 0.463 0.082 0.015 0.955 0.174 0.532
ER status (𝜏) 0.240 0.252 0.199 0.568 0.336 0.107 −0.380 0.069 −0.314 0.132 0.119 0.560
PR status (𝜏) 0.109 0.603 0.011 0.599 0.163 0.034** −0.271 0.194 −0.358 0.086 0.314 0.132

∗p-value for spearman rho test, statistically significant at p ≤ 0.05. ∗∗p-value for Kendall rank correlation coefficient, statistically significant at p
≤ 0.05. ∗∗∗Point-Biserial correlation test (r).

established autophagy is reported to promote tumori-
genesis and tumor survival [22].

The possible mechanisms of autophagy tumor-
promoting activities include, prevention of cancer DNA
damage [22], sustaining cancer cell survival during
starvation, inhibition of inflammation, and support-
ing tumor metastasis [23]. Several studies associated
the overexpression of LC3B autophagy marker with
various cancer types metastasis including breast can-
cer [24], which emphasizes, along with the previous
findings, the importance of autophagy as a target for
immunotherapy.

In addition, the decreased LC3B expression in the
breast tumor tissues cultured in the presence of anti-IL-
8 mAb compared to control cultured tumor tissues (p
= 0.002), demonstrates that targeting autophagy within
the TME-mimicking tissue culture system in the cur-
rent study by anti-IL-8 mAb significantly decreased the
autophagic activities. Accordingly, enriching the breast
cancer TME by anti-IL-8 mAb could be considered an
effective immunotherapeutic strategy.

The vital role of IL-8 as an important chemokine in
enhancing the recruitment of suppressive immune cells
such as T regs and MDSCs to the TME has been well
established [25]. In addition, using anti-IL-8 mAb to
neutralize the tumor-supporting activities of IL-8, by
preventing the binding of IL-8 to its receptors CXCR1
and CXCR2, which in turn inhibits the downstream
activation of IL-8 mediated signaling, is suggested to
be an effective immunotherapeutic strategy [25]. More-
over, previous preclinical and clinical trials showed
that blocking IL-8 activities using anti-IL-8 mAb has

promising antitumor effects, by inhibiting metastasis
through different mechanisms, such as, modulating the
myeloid cells infiltration within the TME [26], down-
regulation of matrix metalloproteases and NF kβ [27],
and enhancing immune-mediated lysis of tumor cells
via NK cells and cytotoxic T lymphocytes [26].

Noteworthy, the current study is the first study that
investigates the effect of IL-8 blockade on autophagy
in breast cancer TME. The link between autophagy
and IL-8 in breast cancer TME is not fully studied so
far. But several studies reported the role of IL-8 in
the induction of autophagy in other physiological and
pathological conditions, such as the role of autophagy
in the induction of inflammation and inflammatory
cytokines production including IL-6 & IL-8 in hepatitis
B virus via the activation of NF kβ pathway [28], the
ability of IL-8 to enhance the autophagy of neutrophils
in the synovial fluid in rheumatoid arthritis [29], and
its ability to induce autophagy in bone marrow mes-
enchymal stem cells via Akt-STAT3 pathway [30]. In
addition, the fact that anti-IL-8 mAb is well known for
its activity to prevent metastasis [9], gives it the upper
hand on other autophagy inhibitors such as chloro-
quine, that was reported to induce tumor regression
in only non-metastatic cancers, with no efficacy in the
metastatic forms [31].

Furthermore, the insignificant difference between
the detected autophagy levels in cultured breast normal
tissues, either in the presence or absence of anti-IL-8
mAb refers to the specificity and safety of using anti-
IL-8 mAb as it does not affect the level of autophagy in
breast normal tissues.
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Regarding CD44 expression detected in our breast
tumor tissues culture system, the assessed immunoflu-
orescent intensity for CD44 showed a significant
decrease in its expression level within the breast tumor
tissues cultured in the presence of anti-IL-8 mAb com-
pared to the control tumor tissues. This decreased level
of CD44 expression indicates the effectiveness of the
anti-IL-8 mAb treatment in reducing the stemness of
the tumor cells within the breast TME.

Several studies reported the role of IL-8 in the
maintenance of stemness and induction of epithelial-
mesenchymal transition (EMT), by activating the
downstream signaling pathways such as PLC-PKC,
PI3K-AKT, Wnt/β-catenin, FAK/Src and MAPK path-
ways in different types of cancers [9,32,33].

Similarly, our results also revealed a significant
decrease in the CD44 expression in the breast normal
tissue cultures supplemented with anti-IL-8 mAb com-
pared to those detected in un-supplemented ones. This
result indicates that anti-IL-8 mAb can decrease the
level of CD44 expression and maintenance of stemness
within the TME not only in established tumors but also
in early initiating ones. Keeping in mind that the normal
breast tissues used for the breast normal tissue cultures
designed in the current study are obtained from the
same excised breast containing the primary tumor. So,
it is expected that these breast normal tissues may con-
tain CD44-expressing cancer-initiating cells. Moreover,
the treatment by anti-IL-8 monoclonal antibody acted
on the cancer-initiating cells in the breast normal tissues
in the same way as it acted on the CD44 and CD24
expression in tumor cells. this observation is beneficial
in considering anti-IL-8 monoclonal antibodies as a
promising immunotherapeutic agent to target cancer
stem cells and stemness properties within breast tumor
tissues in addition to its proven previously metastatic
blocking effect.

Previous studies reported that C44+/CD24−BCSCs
are much more abundant at the invasive edge of the
breast tumor rather than its core supporting the sugges-
tion that normal breast tissues adjacent to the primary
tumor may contain C44+/CD24− BCSCs [8].

CD24 is a glycosyl-phosphatidyl-inositol (GPI)-
anchored glycoprotein, that is reported to have vital
functions on different immune cells. In addition, it was
reported to be over-expressed on different cancer cells
and its expression is correlated with cancer progression
and poor prognosis. Moreover, expression of CD24 on
triple-negative breast cancer cell lines was observed
to inhibit cancer cell phagocytosis leading to cancer
progression and invasion [34].

The contradicted findings reported in the current
study concerning the expression of CD24 as a marker
of stemness within the breast cancer TME come in
line with previous studies’ findings. Several stud-
ies had reported that breast CSCs population express
C44+/CD24− surface markers and that their abundance
is correlated with recurrence, metastasis, and therapy
resistance [35,36]. Unlike CD44, CD24 was reported to
be more expressed on differentiated breast cancer cells
rather than progenitor cancer stem cells [37]. It was also
reported that CD24+ cells are more liable for radiation-
induced chromosomal instability than CD24− cells
[38].

On the other hand, some studies reported that CD24
contributes to breast cancer cell stemness, invasion, and
metastasis. Where its knockdown results in a decrease
in the expression of the Notch1 signaling pathway,
which in turn decreases breast cancer cell invasion,
migration, and therapy resistance [39].

Several studies investigated the role of autophagy
in CSC maintenance and the link between both and
cancer metastasis. It was demonstrated that autophagy
is upregulated in breast CSCs compared to breast cancer
cell lines and transgenic mice, which gives the breast
CSCs population its hemostatic, therapy resistance and
increased migration potential [2]. The detailed mech-
anisms of that link are not fully elucidated yet. Recent
studies suggested different signaling pathways that may
induce autophagy-related CSCs maintenance such as
PI3K/Akt/mTOR signaling pathway [40], P53/Zeb1
axis [41], and NF-kβ pathway [42].

Recently, Bie et al. (2021) reported that the inter-
leukin-17 signaling cascade promotes the maintenance
of CSCs via inducing Beclin-1 ubiquitination, result-
ing in their progression and self-renewal [43]. Taking
into consideration that IL-17 expression is positively
correlated to the expression of IL-6, IL-8, and VEGF
expression in the TME [44]. Thus, the blockade of IL-
8 within the TME in the current study, possibly targets
the IL-17 pathway resulting in the decreased autophagy
& CSCs population observed.

In addition, the TGF-β signaling pathway was re-
ported to be involved in the induction of EMT, CSCs
maintenance as well as autophagy by different mech-
anisms. It is reported to induce EMT by SMAD,
NOTCH, WNT, INTEGRIN, and STAT3 pathways
[45], and autophagy by increasing the expression of
autophagy-related genes such as BECLIN1, ATG5,
and ATG7 [46]. This pathway is also linked with
IL-8 where TGF-β was reported to induce IL-8 and
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macrophage chemo-attractant protein-1 (MCP-1) pro-
duction in inflammatory conditions [47].

According to the findings of the current study, we
can conclude that the ability of anti-IL-8 mAb to target
autophagy and CSCs within the breast cancer TME
makes it a promising immunotherapeutic agent for
breast cancer. Finally, the achievement of consequent
studies using a higher number of breast cancer patients
of different stages of the disease is recommended to
properly identify the targeted patient populations of the
proposed strategy. In addition, further studies including
the effect of anti-IL8 on the different cells within the
TME and the intracellular signaling pathways are very
recommended.
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