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Histological and Apoptotic Evaluation of Transplanted Human Breast
Adenocarcinoma (MCF-7) Treated with Bacterial Lipopolysaccharides:
An In Vivo Xenograft Study
MSC. Rusul Faris Kadhim Marhoon
Department of Pathological Analyses, College of Science, University of
Wasit, Wasit, Irag.
rusul.faris@uowasit.edu.iq

ABSTRACT
Background & Aim: Breast cancer (BC) remains the most prevalent
malignancy and the primary cause of cancer-related mortality among
females worldwide and across Irag. Overcoming chemotherapeutic

resistance necessitates the investigation of targeted immunogenic
endotoxins. The aim of this study was to evaluate the histopathological
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efficacy and quantify the apoptotic induction triggered by direct intratumoral
administration of bacterial lipopolysaccharides (LPS) derived from
Escherichia coli compared to conventional doxorubicin chemotherapy in an
in vivo human breast adenocarcinoma (MCF-7) athymic nude mouse
xenograft model.

Materials and Methods: Female athymic BALB/c nude mice (6—8 weeks old,
weighing 20 + 2 g) were transplanted subcutaneously in the right flank with
1x10° MCF-7 cells. Upon establishment of palpable solid tumors (14 days
post-inoculation), mice were assigned to three experimental groups (n = 3
mice per group): an untreated negative vehicle control group (receiving
sterile phosphate-buffered saline, PBS), an LPS-treated group (100 pg/mL,
administered in 50 pL intratumorally),-and a positive control group treated
with doxorubicin (10 mg/mL, administered in 50 pL intratumorally). The
treatment regimen was sustained for 14 days, administered every 3 days for
5 intratumoral injections. Harvested tumor specimens were processed for
histopathological examination using hematoxylin and eosin (H&E) staining,
alongside quantitative evaluation of programmed cell death rates using the
Annexin V / Propidium lodide (PI) fluorescence apoptosis assay.

Results:  Histopathological analysis demonstrated profound tumor
architecture disruption, massive cellular depletion indicative of marked
tumor proliferation arrest, confluent coagulative necrosis, pyknosis, and
karyorrhexis within the LPS-treated cohort. In contrast, doxorubicin induced
moderate, localized degenerative changes, while untreated control sections
displayed dense sheets of pleomorphic, hyperchromatic malignant cells with
high mitotic activity. Quantitative Annexin V/Pl apoptotic assessment
revealed a statistically significant increase in total apoptotic rates in the LPS
group (65.00 £ 0.13%) compared to the doxorubicin cohort (33.10 + 0.34%)
and the untreated vehicle control (3.40 = 0.22%) (P < 0.0001.(

Conclusion: Direct intratumoral administration of bacterial LPS at 100
ug/mL exhibited potent oncolytic and pro-apoptotic efficacy against solid
MCF-7 xenografts, demonstrating superior tumor destruction and apoptotic
induction over conventional doxorubicin under the investigated conditions.
These findings support the potential application of bacterial endotoxin
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derivatives as promising immunotherapeutic agents against solid refractory
breast carcinomas.

Keywords: Breast Cancer; MCF-7; Lipopolysaccharides (LPS);
Doxorubicin; Apoptosis; Histopathology; Nude Mice Xenograft; In Vivo
Study.

1. INTRODUCTION

Breast cancer (BC) represents the most frequently diagnosed
oncological disease and the leading cause of cancer mortality in women
globally. In Irag, breast cancer constitutes the foremost female malignancy,
accounting for approximately 34% of all registered female cancer cases and
remaining the leading contributor to female cancer deaths according to
official records from the Iragi Cancer Board and the World Health
Organization (lragi Cancer Board, 2019; Alwan & Afshari, 2022). While
conventional therapeutic approaches, including surgical intervention,
endocrine therapy, external beam radiotherapy (RT), and systemic
chemotherapy (CT), have extended overall survival, long-term clinical
efficacy is often undermined by intrinsic or acquired chemoresistance, drug-
induced organ toxicity, and secondary metastatic dissemination (Garcia et
al., 2016).

Evasion of programmed cell death (apoptosis) is an established
hallmark of aggressive malignant neoplasms. Intrinsic resistance to classic
chemotherapeutic agents—such as the anthracycline doxorubicin—is
predominantly orchestrated by the disruption of balanced pro- and anti-
apoptotic signaling cascades within the mitochondrial pathway (Askari et al.,
2020). Pro-apoptotic mediators such as Bax and Bak promote mitochondrial
outer membrane permeabilization, facilitating cytochrome c release and
subsequent activation of initiator caspase-9 and downstream executioner
caspases-3 and -7 (Yang et al., 2014; Prathyusha et al., 2022). However,
aberrant upregulation of anti-apoptotic factors and multidrug efflux
transporters regularly restricts the efficacy of standard chemotherapy (SCT),
emphasizing the clinical imperative for novel bioactive formulations capable
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of reactivating apoptotic pathways through alternative molecular
mechanisms.

To circumvent chemoresistance, therapeutic interest has increasingly
centered on microbial-derived immunostimulatory molecules. Inspired by
early clinical observations from Coley’s toxins, the antitumor utility of
bacterial components exploits localized host immune activation coupled with
direct cytotoxicity (Chen et al., 2015). Lipopolysaccharides (LPS), the
predominant macromolecular glycolipid residing on the outer membrane of
Gram-negative bacteria, act as potent pathogen-associated molecular patterns
(PAMPs) specifically recognized by Toll-like receptor 4 (TLR4) (Hong et
al., 2015). Although systemic dissemination of LPS triggers dangerous
inflammatory endotoxemia, controlled-and localized intratumoral delivery
has been shown to induce vascular disruption, recruit localized tumoricidal
effector cells, and stimulate endogenous production of tumor necrosis factor-
alpha (TNF-a) and reactive oxygen species (ROS), thereby selectively
precipitating tumor cell death (Huang et al., 2013; Nokhandani et al., 2020).

Despite these known properties, precise comparative in Vivo
investigations evaluating detailed histopathological transformations
alongside quantitative apoptotic indices induced by localized intratumoral
LPS delivery versus standard doxorubicin in established human breast
adenocarcinoma xenografts remain scarce. Therefore, this study was
designed to evaluate histopathological tumor response and quantitatively
determine the apoptotic induction achieved by intratumoral administration of
LPS (100 pg/mL) compared with doxorubicin (10 mg/mL) in an in vivo
MCF-7 xenograft nude mouse model.

2. METHODOLOGY
2.1. Ethics Statement and Experimental Animals

Female athymic nude mice (BALB/c nude, aged 6-8 weeks, weighing
20 + 2 g) were obtained from the Kut Technical Institute (Wasit, Iraq). The
experimental study was conducted at the College of Science, University of
Wasit. Animals were housed in pathogen-free, individually ventilated
microisolator cages under controlled environmental conditions (temperature:
22 £ 2 °C; relative humidity: 55 + 5%; 12-hour light/dark cycle) with
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unrestricted access to autoclaved commercial rodent diet and sterilized
water.
2.2. Reagents and Chemicals

Purified lipopolysaccharides (LPS) derived from Escherichia coli
(serotype O111:B4) and analytical-grade doxorubicin hydrochloride were
purchased from Sigma-Aldrich (St. Louis, MO, USA). Reconstitution of
working solutions was conducted under sterile conditions using pyrogen-free
phosphate-buffered saline (PBS, pH 7.4). The Annexin V-FITC / Propidium
lodide (P1) Apoptosis Detection Kit was obtained from standard commercial
diagnostic suppliers (BD Biosciences / Sigma-Aldrich).
2.3. Cell Culture and Tumor Inoculation

The human breast adenocarcinoma cell line MCF-7 (ER-positive, PR-
positive, HER2-negative) was obtained from the Cell Bank of the Pasteur
Institute (Tehran, Iran). Cells were cultured in RPMI-1640 medium
supplemented with 10% heat-inactivated fetal bovine serum (FBS; Gibco,
Thermo Fisher Scientific), 100 U/mL penicillin, and 100 pg/mL
streptomycin. Cultures were maintained in a humidified incubator at 37 °C
with 5% CO.. Confluent monolayers (80—90%) were harvested using 0.25%
trypsin-0.02% EDTA solution. Cellular viability and enumeration were
established using the 0.4% trypan blue exclusion assay counted via a
standard Neubauer hemocytometer, confirming viability exceeding 95%
(Freshney, 2015).

To establish xenograft models, recipient nude mice received a
subcutaneous inoculation of 1 x 10° viable MCF-7 cells resuspended in 100
UL of sterile physiological saline into the right lateral dorsal flank. Tumor
progression was monitored daily. Solid, palpable subcutaneous tumor
nodules developed uniformly within 14 days post-inoculation. Tumor
dimensions were measured using digital vernier calipers, and tumor volume
was verified using the standard formula: Volume = (Length x Width?) / 2,
confirming established tumors with volumes of 100-150 mm?3 prior to
treatment allocation.
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2.4. In Vivo Experimental Treatment Design
Following tumor confirmation on day 14, tumor-bearing mice were
randomly assigned to three experimental cohorts (n = 3 mice per group):
e Group 1 (LPS Treatment Group): Received direct intratumoral injections
of purified LPS at a concentration of 100 pg/mL (administered in a volume
of 50 uL per mouse).
e Group 2 (Positive Control - Doxorubicin): Received direct intratumoral
injections of doxorubicin hydrochloride at a concentration of 10 mg/mL
(administered in a volume of 50 pL per mouse).
eGroup 3 (Negative Vehicle Control): Received volume-matched
intratumoral injections of sterile vehicle (50 puL pyrogen-free PBS, pH 7.4).
The therapeutic protocol was conducted over 14 days, with intratumoral
injections administered every 3 days (5 doses on days 1, 4, 7, 10, and 13).
Administration was executed using fine 30-gauge micro-needles inserted
into multiple planes across the tumor mass to assure homogenous intramural
delivery.
2.5. Histopathological Processing

Twenty-four hours following the final - treatment administration,
animals were humanely euthanized via carbon dioxide inhalation in
conformity with standard ethical guidelines. The intact tumor masses were
surgically excised, rinsed in ice-cold PBS, and fixed immediately in 10%
neutral buffered formalin (NBF) for 48 hours. Tissues were dehydrated
through an ascending graded series of ethanol (70%, 80%, 95%, and 100%),
cleared in xylene, and embedded in paraffin wax. Serial sections were cut at
4-5 um using a rotary microtome (Leica Biosystems), mounted on silane-
coated glass slides, deparaffinized, rehydrated, and stained with
Hematoxylin and Eosin (H&E) following standardized histology protocols
(Bancroft & Layton, 2018). Morphological alterations—including
architectural organization, cellular density, nuclear pleomorphism, pyknosis,
karyorrhexis, and areas of necrotic degeneration—were evaluated under an
Olympus BX53 high-resolution brightfield light microscope fitted with a
digital imaging camera.
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2.6. Quantitative Apoptosis Determination (Annexin V / Pl Fluorescence
Assay)

Quantitative detection of apoptotic versus necrotic populations was
executed using the Annexin V-FITC / Pl dual staining assay (Vermes et al.,
1995). Freshly excised tumor specimens were enzymatically disaggregated
with collagenase type IV (1 mg/mL) in serum-free RPMI medium at 37 °C
for 30 minutes, followed by gentle mechanical dissociation. Cell suspensions
were passed through a 70 um nylon mesh strainer and centrifuged at 1200
rpm for 5 minutes. Pelleted cells were washed twice with cold PBS and
resuspended in 1x Binding Buffer at a density of 1 x 10° cells/mL. Tumor
cells were co-incubated with 5 pL Annexin V-FITC and 5 pL Propidium
lodide (PI) in the dark for 15 minutes at room temperature (25 °C).
Quantitative fluorescence was evaluated immediately using fluorescence
microscopy and spectrometry to determine the percentage of total apoptotic
cells (Annexin V-positive cells, encompassing both early apoptotic Annexin
V+/PI- and late apoptotic Annexin V+/Pl+ subsets).

2.7. Statistical Analysis

Quantitative data are presented as Mean + Standard Deviation (SD).
Statistical significance among the three experimental cohorts was calculated
by One-Way Analysis of Variance (ANOVA) followed by Tukey’s post-hoc
multiple comparison test using GraphPad Prism software (version 9.0). A P-
value of < 0.05 was considered statistically significant.

3. RESULTS

3.1. HISTOPATHOLOGICAL FINDINGS

Histological evaluation of primary MCF-7 tumor sections stained with
H&E demonstrated marked morphological variations between the untreated
control and the respective therapeutic groups (Figure 1):
eGroup 3 (Untreated Negative Control Group): Tumor sections
displayed characteristic, aggressive malignant architecture of untreated
MCF-7 breast adenocarcinoma. The tissue exhibited densely packed,
hypercellular sheets and clusters of atypical epithelial cells embedded within
sparse fibrovascular stroma. Nuclei were significantly enlarged,
hyperchromatic, and pleomorphic, exhibiting prominent nucleoli and
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frequent abnormal mitotic figures. Cytoplasmic boundaries were intact with
moderate basophilia, displaying negligible spontaneous tissue necrosis or
apoptotic body formation [Figure 1c].

e Group 2 (Positive Control - Doxorubicin, 10 mg/mL): Tumor
sections showed moderate degenerative changes characterized by
localized areas of cellular shrinkage, loss of intercellular cohesion, and
modest necrotic regions. Malignant nuclei exhibited early pyknosis
(nuclear condensation), alongside surviving tumor cell islands that
maintained viable architecture, indicating partial antineoplastic response
[Figure 1b].

e Group 1 (LPS Treatment Group, 100 pg/mL): Histological sections
exhibited extensive architectural disruption, widespread cellular
depletion, and prominent confluent zones of  coagulative necrosis.
Neoplastic cells in this cohort displayed classic hallmarks of advanced
apoptosis and cell death, including profound nuclear pyknosis,
karyorrhexis (nuclear fragmentation), ~cell rounding, and marked
cytoplasmic eosinophilia. The viable tumor cell density was considerably
lower than that observed in either the doxorubicin- or vehicle-treated
cohorts, demonstrating robust oncolytic and antiproliferative efficacy
[Figure 1a].

(a) (b) (c)

Figure 1: Representative photomicrographs of H&E-stained MCF-7 breast
adenocarcinoma xenograft sections: (a) Group 1 (LPS-treated group, 100
png/mL): displaying extensive coagulative necrosis, profound cellular loss,
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pyknotic nuclei, and marked karyorrhectic fragments; (b) Group 2 (Positive
control - Doxorubicin, 10 mg/mL): exhibiting moderate cell shrinkage, focal
necrotic areas, and partial nuclear condensation alongside surviving
malignant tumor clusters; (c) Group 3 (Untreated negative control group):
showing dense hypercellular malignant morphology, atypical pleomorphic
hyperchromatic nuclei, high mitotic rate, and intact cellular organization.
(H&E stain; original magnification: 400x; scale bar = 50 um).

3.2. QUANTITATIVE APOPTOSIS ASSESSMENT (ANNEXIN V / Pl FLUORESCENCE
ASSAY)

Quantitative evaluation of apoptotic cell death using Annexin V/PI
dual fluorescence staining demonstrated that local intratumoral LPS
administration induced a pronounced cytotoxic and pro-apoptotic response
that significantly exceeded both the positive control and untreated cohorts
(Table 1 and Figure 2).

In the LPS-treated group (100 pug/mL), the total apoptotic rate reached
65.00 + 0.13%, approximately double the apoptotic efficacy of the standard
chemotherapeutic doxorubicin group (33.10 % 0.34%). Conversely, the
untreated vehicle control cohort exhibited only baseline spontaneous
apoptosis (3.40 + 0.22%). Fluorescence microscopic analysis confirmed that
the LPS-treated cells exhibited intense green surface fluorescence
corresponding to Annexin V binding to translocated phosphatidylserine, with
a high proportion demonstrating dual orange-red nuclear Pl staining,
characteristic of advanced apoptosis and secondary cellular breakdown.
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Table 1: Comparative quantitative evaluation of apoptotic index (Annexin
V/P1) across experimental groups in MCF-7 xenograft-bearing nude mice.

Experimenta
| Cohort

Group 1

Group 2

Group 3

Treatment
Regimen

Lipopolysac
charide
(LPS)

Doxorubicin
(Positive
Control)

Untreated
Vehicle
(Negative
Control)

Intratumoral
Concentratio
n

100 pg/mL

10 mg/mL

0 pg/mL
(PBS
Vehicle)

VY

Apoptotic

[Mean + SD]

65.00 £ 0.13

33.10+0.34

3.40+0.22

Statistical
Significance
(P-value)

vs. Group 2:

P =0.0003

vs. Group 3:

P <0.00001

vs. Group 3:

P <0.001

Baseline
Reference

One-way ANOVA with Tukey’s post-hoc pairwise comparisons showed that
apoptosis induction in the LPS group was statistically higher than in the
doxorubicin cohort (P = 0.0003). Both active treatment regimens induced
statistically significant increases in programmed cell death relative to the
untreated vehicle control group (P < 0.001 and P < 0.00001, respectively.(
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Figure 2: Comparative bar chart depicting the apoptotic rate (%) measured
via Annexin V/PI fluorescence across experimental cohorts: Group 1 (LPS
100 pg/mL, blue bar), Group 2 (Doxorubicin 10 mg/mL, red bar), and Group
3 (Untreated vehicle control, green bar). The Y-axis quantitatively reflects
the percentage of total apoptotic cells (%). Data are plotted as Mean + SD
(***P < 0.001, ****P < 0.0001.(

4 DISCUSSION

Chemotherapeutic resistance in invasive breast adenocarcinoma remains a
profound clinical challenge, primarily attributable to cellular survival
adaptations, restricted vascular drug delivery within dense tumor
microenvironments, and acquired resistance against anthracyclines such as
doxorubicin (Askari et al., 2020; Garcia et al., 2016). In this investigation,
we evaluated the therapeutic potential of direct intratumoral administration
of purified bacterial lipopolysaccharide (LPS, 100 pg/mL) against
established MCF-7 xenografts in athymic nude mice, focusing on
histopathological restructuring and quantitative apoptosis rates compared
with standard doxorubicin chemotherapy.

Our histopathological findings demonstrated that direct localized delivery of
100 pg/mL LPS provoked profound oncolytic destruction, characterized by
extensive architectural breakdown, marked depletion of viable tumor
parenchyma, confluent coagulative necrosis, pyknosis, and karyorrhexis. In
contrast, tumors treated with doxorubicin at 10 mg/mL exhibited moderate
degenerative changes and localized apoptotic foci, with significant islands of
intact malignant epithelium surviving. These microscopic observations
correlated directly with our quantitative Annexin V/PI fluorescence
measurements, in which LPS induced an apoptotic rate of 65.00 £ 0.13%,
surpassing the 33.10 £ 0.34% achieved by doxorubicin (P = 0.0003). This
marked reduction in cell density and widespread nuclear destruction
confirms that LPS effectively arrests tumor cellular proliferation and triggers
mass execution of programmed cell death.

The pronounced antitumor activity mediated by LPS in this in vivo system
operates through dual complementary mechanisms. Firstly, direct exposure
of MCF-7 cells to high localized concentrations of LPS induces
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hyperactivation of Toll-like receptor 4 (TLR4). While baseline, chronic
systemic exposure to endotoxins has been associated in some settings with
inflammatory cell migration and epithelial-to-mesenchymal transition (EMT)
via NF-kB signaling (Huang et al., 2013; Hong et al., 2015), acute and high
localized intratumoral delivery shifts cellular balance toward massive
mitochondrial membrane destabilization, excessive reactive oxygen species
(ROS) production, and cytochrome c leakage (Prathyusha et al., 2022). This
intense oxidative stress triggers initiator caspase-9 and executioner caspase
cascades, overcoming the anti-apoptotic thresholds conferred by endogenous
Inhibitor of Apoptosis Proteins (IAPS) such as survivin and XIAP (Im et al.,
2015; Askari et al., 2020.(

Secondly, in vivo-intratumoral delivery leverages the localized host innate
immune microenvironment. Although athymic nude mice lack mature T-
lymphocytes, they possess fully functional innate immune effectors,
including macrophages, dendritic cells, and natural killer (NK) cells. Local
engagement of TLR4 by LPS stimulates tumor-associated macrophages to
undergo M1 polarization, triggering localized bursts of tumor necrosis
factor-alpha (TNF-a) and nitric oxide (NO) directly inside the tumor core
(Won et al., 2005; Lin & Lin, 2020). Binding of endogenous TNF-a to its
receptor complex activates the extrinsic apoptotic pathway via caspase-8,
which subsequently truncates Bid (tBid), converging onto the intrinsic
mitochondrial death pathway and markedly amplifying apoptotic signaling
(Liu et al., 2017; Nokhandani et al., 2020). Importantly, this receptor-
mediated, oxidative Killing cascade bypasses classical drug efflux pumps
(e.g., P-glycoprotein/MDR1) that commonly reduce the intracellular
concentration and therapeutic efficacy of doxorubicin (Askari et al., 2020.(
Our observations are in strong agreement with Nokhandani et al. (2020),
who demonstrated that combining bacterial lipopolysaccharide with
chemotherapeutic agents synergistically potentiates cytotoxicity and
apoptotic index in MCF-7 cells via enhanced cell cycle arrest and caspase
activation. Furthermore, our findings corroborate the fundamental
immunological concepts established by Coley’s toxins and current
attenuated  bacterial immunotherapies (e.g., intravesical BCGQG),
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demonstrating that targeted bacterial products can elicit potent oncolytic and
apoptotic responses within localized tumor microenvironments (Chen et al.,
2015). By using the direct intratumoral route, therapeutic concentrations
concentrate within the neoplastic lesion while circumventing systemic
endotoxemic toxicity, providing a compelling rationale for localized
endotoxin-based therapy in refractory solid malignancies.
.°CONCLUSIONS

The present study demonstrates that direct intratumoral administration of
bacterial lipopolysaccharides (LPS) at 100 pg/mL exhibits superior
antineoplastic and pro-apoptotic efficacy in an in vivo human breast
adenocarcinoma (MCF-7) athymic nude mouse xenograft model compared
to standard doxorubicin chemotherapy. LPS treatment induced profound
histopathological disintegration, extensive coagulative necrosis, marked
cellular depletion, and nuclear karyorrhexis, alongside a significantly higher
quantitative apoptotic index (65.00% vs. 33.10%, P = 0.0003). These
findings highlight the promising therapeutic potential of locally administered
bacterial endotoxins as targeted cytotoxic and apoptotic-inducing agents
against solid refractory breast carcinomas.

CONFLICT OF INTEREST

The author declares that there is no conflict of interest regarding the
publication of this paper.

REFERENCES

1. eAhmed, A. M., & Jalil, A. T. (2022). Investigating the protective role of
rhodanese enzyme against cyanide, the cytotoxic by-product of amygdalin.
HDF and L929 cell lines. Letters in Drug Design & Discovery, 19(1), 19-27.
https://doi.org/10.2174/1570180819666220610101055

2. o Al-Tarifi, B. Y., Mahmood, A., Sheikh, H. I., Amir, W., Ahmad, N. W.,
& Assaw, S. (2022). Inhibitory effects of astaxanthin on LPS-induced RAW
264.7 inflammation and breast cancer MCF-7 cell lines proliferation. Journal
of  Sustainability = Science and Management, 17(2), 55-66.
https://doi.org/10.46754/jssm.2022.02.006

3. eAlwan, A. M., & Afshari, J. T. (2022). In vivo growth inhibition of
human Caucasian prostate adenocarcinoma in nude mice induced by

VY.



g ,
- £ - Print -ISSN 2306-5249
J O B E ; ). Al ?JM‘ Alae Online-ISSN 2791-3279
~ Journal of BasiCc Sclence — ases gul sl

\

\

_/

amygdalin with metabolic enzyme combinations. BioMed Research
International, 2022, Article ID 4767621.

https://doi.org/10.1155/2022/4767621

4. eAlwan, A. M., Afzaljavan, F., Tavakol Afshari, J., Homaei Shandiz, F.,
Barati Bagherabad, M., Vahednia, E., Kheradmand, N., & Pasdar, A. (2021).
The impact of CYP19A1 variants and haplotypes on breast cancer risk,
clinicopathological features and prognosis. Molecular Genetics & Genomic
Medicine, 9(7), e1705. https://doi.org/10.1002/mgg3.1705

5. eAskari, A., Tajvar, S., Nikkhah, M., Mohammadi, S., & Hosseinkhani, S.
(2020). Synthesis, characterization and in vitro toxicity evaluation of
doxorubicin-loaded magnetoliposomes on MCF-7 breast cancer cell line.
Journal of Drug Delivery Science and Technology, 55, 101447.
https://doi.org/10.1016/j.jddst.2019.101447

6. eBancroft, J. D., & Layton, C. (2018). The hematoxylin and eosin,
connective and muscular tissues. In: S. K. Suvarna, C. Layton, & J. D.
Bancroft (Eds.), Bancroft’s Theory and Practice of Histological Techniques
(8th ed., pp. 126-138). Elsevier.

7. eChen, J.-H., Chen, W.-L., & Liu, Y.-C. (2015). Amentoflavone induces
anti-angiogenic and anti-metastatic effects through suppression of NF-«B
activation in MCF-7 cells. Anticancer Research, 35(12), 6685-6693.

8. eFreshney, R. I. (2015). Culture of Animal Cells: A Manual of Basic
Technique and Specialized Applications (7th ed.). John Wiley & Sons.

9. eGarcia, E. P., Tiscornia, I., Libisch, G., Trajtenberg, F., Bollati-Fogolin,
M., Rodriguez, E., Noya, V., Chiale, C., Brossard, N., & Robello, C. (2016).
MUCSB silencing reduces chemo-resistance of MCF-7 breast tumor cells
and impairs maturation of dendritic cells. International Journal of Oncology,
48(5), 2113-2123. https://doi.org/10.3892/ij0.2016.3434

10.eGhate, N. B., Das, A., Chaudhuri, D., Panja, S., & Mandal, N. (2016).
Sundew plant, a potential source of anti-inflammatory agents, selectively
induces G2/M arrest and apoptosis in MCF-7 cells through upregulation of
p53 and Bax/Bcl-2 ratio. Cell Death Discovery, 2(1), 1-10.
https://doi.org/10.1038/cddiscovery.2015.62

AR



g ,
- £ - Print -ISSN 2306-5249
J O B E ; ). Al ?JM‘ Alae Online-ISSN 2791-3279
- Journal of Basic Science  asdls guti sul

LAYV EEA/ AT YN

\

B

@ )

\

_/

11.eGiines, H., Alper, M., & Celikoglu, N. (2019). Anticancer effect of the
fruit and seed extracts of Momordica charantia L. (Cucurbitaceae) on human
cancer cell lines. Tropical Journal of Pharmaceutical Research, 18(10),
2057-2065. https://doi.org/10.4314/tjpr.v18i10.12

12.eHong, D., Jang, S. Y., Jang, E. H., Jung, B., Cho, I.-H., Park, M.-J.,
Jeong, S. Y., & Kim, J.-H. (2015). Shikonin as an inhibitor of the LPS-
induced epithelial-to-mesenchymal transition in human breast cancer cells.
International Journal of Molecular Medicine, 36(6), 1601-1606.
https://doi.org/10.3892/ijmm.2015.2373

13.eHuang, T., Chen, Z., & Fang, L. (2013). Curcumin inhibits LPS-
induced EMT through downregulation of NF-kB-Snail signaling in breast
cancer cells. Oncology Reports, 29(2), 117-124.
https://doi.org/10.3892/0r.2012.2080

14.e Im, K.-J., Jang, S.-B., & Yoo, D.-Y. (2015). Anti-cancer effects of
Dendropanax morbifera extract in MCF-7 and MDA-MB-231 cells. The

Journal of Korean Obstetrics and Gynecology, 28(2), 26-39.

https://doi.org/10.15204/jkobgy.2015.28.2.026

15. e Iragi Cancer Board. (2019). Results of the Iragi Cancer

Registry 2019. Iragi Ministry of Health, Baghdad, Iraqg.

16. @ Jaiswal, S., & Mishra, P. (2018). Co-delivery of curcumin

and serratiopeptidase in HelLa and MCF-7 cells through

nanoparticles show improved anti-cancer activity. Materials

Science and Engineering: C, 92, 673-684.

https://doi.org/10.1016/j.msec.2018.07.025

17.e Lin, H.-C., & Lin, J.-Y. (2020). M1 polarization but anti-

LPS-induced inflammation and anti-MCF-7 breast cancer cell

growth effects of five selected polysaccharides. Evidence-Based

Complementary and Alternative Medicine, 2020, Article 1D

9450246. https://doi.org/10.1155/2020/9450246

18.e Liu, X., Zhao, W., Wang, W., Lin, S., & Yang, L. (2017).

Puerarin suppresses LPS-induced breast cancer cell migration,
YYY



g ,
- £ - Print -ISSN 2306-5249
J O B E ; ). Al ?JM‘ Alae Online-ISSN 2791-3279
~ Journal of BasiCc Sclence — ases gul sl

LAYV EEA/ AT YN

\

. 4

@ )

\

_/

invasion and adhesion by blockage NF-xB and Erk pathway.
Biomedicine & Pharmacotherapy, 92, 429-436.
https://doi.org/10.1016/j.biopha.2017.05.102

19. e Loibl, S., Bratengeier, J., Farines, V., von Minckwitz, G.,
Spankuch, B., Schini-Kerth, V., Nepveu, F., Strebhardt, K., &
Kaufmann, M. (2006). Investigations on the inducible and
endothelial nitric oxide synthases in human breast cancer cell line
MCF-7—estrogen has an influence on e-NOS, but not on i-NOS.
Pathology - Research and  Practice, — 202(1), 1-7.
https://doi.org/10.1016/j.prp.2005.10.005

20. e Luo, B., Luo, J., Hu, Y., Yao, X., & Wu, F. (2018). Cyclin
D1b splice variant promotes avp3-mediated EMT induced by LPS
in breast cancer cells. Current Medical Science, 38(3), 467-472.
https://doi.org/10.1007/s11596-018-1899-7

21. ¢ Mohammed Alwan, A., Tavakol Afshari, J., & Afzaljavan, F,
(2022). Significance of the estrogen hormone and single nucleotide
polymorphisms in the progression of breast cancer among female.
Archives of Razi Institute, 77(3), 943-958.
https://doi.org/10.22092/ari.2022.357629.2077

22. e Nokhandani, N., Alhosseini, M. N., Memarian, A., &
Davoodi, H. (2020). Combination of 5-fluorouracil and
lipopolysaccharide synergistically induces cytotoxicity and
apoptosis in MCF-7 human breast cancer cells. Iranian Journal of
Allergy, Asthma and Immunology, 19(4), 426-436.
https://doi.org/10.18502/ijaai.v19i4.4117

23. @ Prathyusha, E., Prabakaran, A., Ahmed, H., Dethe, M. R,
Agrawal, M., Gangipangi, V., Sudhagar, S., Krishna, K. V.,
Dubey, S. K., & Pemmaraju, D. B. (2022). Investigation of ROS
generating capacity of curcumin-loaded liposomes and its in vitro

YYY



g ,
- £ - Print -ISSN 2306-5249
J O B E ; ). Al ?JM‘ Alae Online-ISSN 2791-3279
~ Journal of BasiCc Sclence — ases gul sl

LAYV EEA/ AT YN

\

. 4

@ )

\

_/

cytotoxicity on MCF-7 cell lines using photodynamic therapy.
Photodiagnosis and Photodynamic Therapy, 40, 103091,
https://doi.org/10.1016/j.pdpdt.2022.103091

24. e Sathishkumar, P., Vennila, K., Jayakumar, R., Yusoff, A. R.
M., Hadibarata, T., & Palvannan, T. (2016). Phyto-synthesis of
silver nanoparticles using Alternanthera tenella leaf extract: An
effective inhibitor for the migration of human breast
adenocarcinoma (MCF-7) cells. Bioprocess and Biosystems
Engineering, 39(4), 651-659. https://doi.org/10.1007/s00449-016-
1546-4

25.e Vermes, |, Haanen, C., Steffens-Nakken, H., &
Reutelingsperger, C. (1995). A novel assay for apoptosis. Flow
cytometric detection of phosphatidylserine expression on early
apoptotic cells using fluorescein labelled Annexin V. Journal of
Immunological Methods, 184(1), 39-51.
https://doi.org/10.1016/0022-1759(95)00072-1

26. e Won, S.-J., Liu, C.-T., Tsao, L.-T., Weng, J.-R., Ko, H.-H.,
Wang, J.-P., & Lin, C.-N. (2005). Synthetic chalcones as potential
anti-inflammatory and cancer chemopreventive agents. European
Journal  of  Medicinal ~ Chemistry,  40(1),  103-112.
https://doi.org/10.1016/j.ejmech.2004.09.006

27.e Yang, H., Wang, B., Wang, T., Xu, L., He, C., Wen, H., Yan,
J., Su, H., & Zhu, X. (2014). Toll-like receptor 4 prompts human
breast cancer cells invasiveness via lipopolysaccharide stimulation
and is overexpressed in patients with lymph node metastasis. PL0oS
One, 9(10), e109980. https://doi.org/10.1371/journal.pone.0109980

\ARA



