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Histopathological Investigation of MCF-7 Cell Line Tumors
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Objective: The aim of the current study is to evaluate the histopathological morphology of transplanted tumors from the MCF-7
cell line into the nude mice after activation of their immune system, and to recognize the underlying pathways responsible for
significant alterations. Methods: activation of immune system of natively immuno-deficient nude mice prior to transplant MCF-7
cell line of the human breast cancer , using means five mice for each control and experimental group. Subsequentl, tumor samples
were evaluated by histological examination to identify morphological aspect alteration. These morphological alterations were
further evaluated to provide insights into the potential molecular pathways contributing to the histological changes, and possible
outlook on improvement of cancer therapy and prognosis. Results: The histological examinations were done by expert pathologist
and revealed a significant alterations in tumor morphology of MCF-7 cell line—transplanted into the activated immunity nude mice.
The morphological alterations included a reduction of tumor growth, an increase in the inflammatory and immune cell infiltration
with necrosis of tumor tissue (p value <0.05). The current experimental study illuminated potential molecular pathwas that could
be contributing to the histo-morphological changes. Conclusion: The findings of the current study, highlight the importance of
enhancing anti-tumor immune responses by active immunity, as a part of treatment of breast cancer. In addition, to potentiate
the implications of immune-activating therapies. However, further both in vitro and in vivo studies are required to focus these
findings and to explore the potential immunotherapeutic utility in treatment of patients with breast cancer.

Keywords: Breast Cancer, Histology, Cell line, T-cell, Immunity, Nude Mice.

INTRODUCT|0N pathogenesis and biological behaviors of breast cancer
and exploring new therapeutic utilities.”) Nude mice are
an immuno-deficient model, because they lack immune
T cells, therefor they can be used as in vivo models for
xenograft cancer research.”?! In naked mice, tumors
generated from transplanted MCF-7 cell line develop,
grow and spread, but the role of activated immune
cells in this aspect is poorly cleared. Lacking of active
immune T cells in the nude mice renders them a useful
vital models for conducting cancer research in vivo, as
well as renovating a potential cancer therapies.*” Human
cancer cell lines can be successfully transplanted into
these mice, allowing repeatable studies to assess tumor

In recent years, understanding cancer biology and
progression, with discovering a new therapeutic targets
has been a golden purposes of cancer research. The
foundation of a relevant in vivo models that adequately
represent the human illness is of valuable in cancer
research and establishment of targeting therapy.!"! Because
of its hormone-sensitive properties and well-approved
responsiveness to various therapeutic strategies, the
MCEF-7 cell line, which derived from a human breast
adenocarcinoma, can be used as an excellent utilized model
system for researching estrogen receptor-positive breast
tumors.”? Worldwide, breast malignancies consistently
ranks high, regarding cancer fatalities in women.””! The
MCEF-7 cell line, was derived and isolated from human
breast adenocarcinoma, conceder as a vital model
system used for investigating and understanding the
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development, growth and control, in addition to look
for outcome of therapies.”! In humans, the immune
system has a vital role in the development, growth and
dissemination of the tumor , as well as the response and
outcome of treatment, due to its ability to recognize and
eradicate cancer cells, but in immuno-compromised
vital models which are used in these studies, become
a challenge and unclear how well the results will apply
to people.'" Recently, many studies and research have
sought to overcome this shortcoming by evolving a more
physiologically realistic model for in vivo investigation
of human cancer by modifying the immunological state
of these naked mice.'""¥) The current study efforts to
better depict for the tumor microenvironment, and the
correlation between tumor cells and the response of host
immune system by examination and evaluation of the
histo-morphological features of the tumors transplanted
from the human breast cancer MCF-7 cell line into the
experimental nude mice with altered activated immunity.
(1424 Commonly, a practical method is used by injection
of highly irradiated human T-cells to activate immunity
in nude mice. This method is used to demonstrate the
impact of activated immunity on illness and induce the
novel treatments for cancer and infectious diseases.!'”'®!
In current study, the efficacy of a certain technique to
activate immunity of nude mice will be discussed.

Breast cancer is the most prevalent malignancies in
the world. Despite advancements in the diagnostic and
therapeutic interventions, the molecular basis of growth
progression and dissemination, and response to various
therapeutic approaches remain partially understood.
Several evidence of molecular mechanism suggests the
pivotal role of the immune system in tumor growth,
progression, as well as response to therapy and outcomes.
A various cell lines, including MCF-7, have been included
in a lot of studies due to their tumorigenic properties,
while the impact of the immune system, specifically
regarding to the context of transplanted tumors into
immuno-deficient vital models, is still unclearly defined in
cancer research. In this regard, the aim of current study is
to delve deeper into this dimension.['"?*2¢ The objectives

of current experimental study are to evaluate the main
histo-morphological changes of the transplanted MCF-7
cell line tumors into the activated immune nude mice, and
to identify the potential pathways responsible for these
observed aspects of morphology. By explanations these
vital interactions, hope to elucidate the implications of
immune modulation in treatment of breast cancer and its
potential roles in immuno- therapeutic strategies.

The current study, aim to describe the characteristic
histopathological features of MCF-7 cell line tumors that
transplanted into nude mice with activated immunity.
Modifying and activating the immunity of these mice,
can gain great revolution into the interactions of tumor-
host environment, and the role of immune responses on
the development and progression of breast carcinoma.
Understanding these vital interactions is crucial for
the advancement of novel therapeutic strategies to fight
breast cancer.

MATERIAL AND METHODS

A comprehensive study lasting from Jan 2022 to Jan
2023, was done in Iraqi Center For Cancer Research and
Medical Genetics warrant. The sample size is a critical in
determining the reliability and significance of the results.
An adequately and well-justified sample size can improve
the vital evidence, and lend credibility to the results
through minimize biases. Therefore, the study will gain
insight into a scientific and precise results.

Regarding the statistical analysis used in the current
study can significantly impact the interpretation of the
results. Several statistical analytical methods have varying
assumptions and can lead to distinct conclusions. A clearly
stating and justifying the statistical analysis, the study
will provides a clear framework for the interpretation of
significant results. By such interpretation of the results,
ensures that the study can be thoroughly evaluated, and
the findings can be confirmed or critiqued by peers.
Elucidating both the sample size and the statistical methods
not only strengthens the trustworthiness and validity of
the results, but also paves the way for rigorous scientific
discourse, fostering a clarity and reliability in the research.

Table 1: Sample Size and Statistical Analysis Methods Employed in the Study.

Study Phase Sample Size

Statistical Method Used

Assumptions of the Method

Preliminary Analysis 30
Histopathological Analysis 10 (5 control, 5 experimental) t-test

Molecular Mechanisms Study 20 (10 control, 10 experimental) ANOVA
50 (25 control, 25 experimental) Chi-squared test

Overall Tumor Response

Descriptive Statistics ~ None

Independent samples, normal distribution
Independent samples, equal variances, normal distribution
Independent observations, large enough expected frequencies

Animal (avital model)

The nude mice were used as an experimental models
to determine the impact of active immunity on tumor
cell. The lack of T cell activity in the nude mice, renders
them an ideal vital model for investigating the human
immune system. Since the thymus gland is essential for
the maturation of T cells, these mice are sometimes called
as athymic- nude mice.[

Animal Housing

Nude mice were purchased from a commercial source,
namely (Charles River Laboratories) and kept at the
institution’s SPF animal facility. The mice had access to
food and drink at all times and were saved in a controlled
environment with a conditions of life with a 12-hour
light/dark cycle. Five mice, 2 weeks old with 30 gm body
weight were used for each group of study.[®
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Cell Culture

The impact of immune activation on MCF-7 cancer cell
was evaluated in vitro by using the following protocol.
The cells were grown in Dulbecco’s Modified Eagle’s
Medium (DMEM) and supplemented with :10% fetal

bovine serum (FBS), 100 U/mL penicillin, and 100 g/mL
streptomycin, obtained from the American Type Culture
Collection (ATCC). The cells were kept in a humidified,
37°C, 5% CO2 incubator.

Table 2: Experimental Procedures on MCF-7 Cells and PBMCs.!®!

Step Description

Conditions/Details

Irradiation of MCF-7 Cells

Cultured MCF-7 cells until 80-90% confluence 20,000 cells/ml in T75 flasks; Exposed to 30 Gy gamma radiation

Preparation of Conditioned Cultivating irradiated MCF-7 cells for conditioned 24 hours in serum-free DMEM; Centrifuged at 1500 rpm for

Medium media

Activation of PBMCs Separ.ation and cultivation of PBMCs

10 min
Ficoll-Paque density gradient; RPMI-1640 media with 10% FBS, 100U
penicillin, 100pg streptomycin; Treated with 5 g/mL PHA for 48 hours

Coculture of MCF-7 Cells Examining the effect of immune activation on 48 hours in the presence of conditioned media; Viability checked

& PBMCs

MCEF-7 cells by coculturing with activated PBMCs with trypan blue exclusion

Irradiation of MCF-7 Cells

The MCF-7 20000 /ml cells were cultured in T75 flasks
until 80-90 % of them confluence before being irradiated,
then they were exposed to 30 Gy of gamma radiation from
an irradiation source. The experiments were continued by
using the irradiated cells.®

Preparation of Conditioned Medium

The conditioned media was prepared by cultivating of the
irradiated MCF-7 cells for 24 hours in serum-free DMEM.
After collection of the material, then it was centrifuged
at 1500 rpm for 10 minutes. Subsequent investigations
demonstrated the benefits of the conditioned media.!

Activation of Peripheral Blood Mononuclear
Cells (PBMCs)

The isolation of PBMCs from healthy human donors

was done by using Ficoll-Paque density gradient
centrifugation. Then the separated cells were incubated
in RPMI-1640 media consist of 10% fetal bovine serum,
100 units of penicillin, and 100 mg of streptomycin.
Activation of PBMCs was induced by dealing these
cells with 5 g/mL phytohemagglutinin (PHA) for 48
hours.[®

Coculture of MCF-7 cells and PBMCs

The irradiated MCF-7 cells were incubated with
activated PBMCs for 48 hours in the conditioned
media to examine the impact of immune activation on
the tumor cells. The harvested cells were put through
a trypan blue exclusion experiment to assess their
viability.[

Table 3: Experimental Procedures!®!

Parameter

Description

Animals NUDE mice (Athymic nude mice) - Lacking T lymphocyte activity; ideal for human immune system research

- Supplier: Charles River Laboratories- Housing: Institution’s SPF animal facility- Access to food & drink: Continuous-
Environment: 12-hour light/dark cycle- Specifications: 5 mice/group, 2 weeks old, 30 gm body weight

- Control group: Untreated- Experimental group: Injected with heavily irradiated human T cells- Grouping: 5 mice
each, kept singly in both groups

- Cell Type: Heavily irradiated human T lymphocytes- Dosage: Between one to five times 10(6) T lymphocytes-

Animal Housing

Experimental Design

Injection Procedure

Equipment: 27-gauge needle & 1 millilitre syringe- Site: Tail vein

Experimental Design

Both a control and an experimental group of nude mice
were included in the study. The untreated control group
served as a comparison to the experimental group. The
nude mice in experimental group were injected by a highly
irradiated human T cells in an effort to stimulate their
immune system. Human donor T cells were bombarded
at 30 Gy to arrest their multiplying. The five mice of
each group (five of control and five of experimental) were
divided singly in both groups.®

Injection of Heavily Irradiated Human T Lymphocytes
Human T cells that had been extensively irradiated were
injected into the mice, through a vein in their tail. Mice

in the experimental group were injected with anything
from one - five times, of 10(6) T cells. A 27-gauge needle
with a Iml syringes were used for this purpose.’!

Tumor Implantation

Breast cancer cells were put into both sets of mice after
two weeks. The mice were subcutaneously injected with
1 x 106 cancer cells, which they were taken from a human
breast cancer cell line.[!

Monitoring and Data Collection

The mice’s survival, development of tumours, and
overall weight were tracked daily. Calipers were used to
measure the expanding tumour, and the tumour volume
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was determined by multiplying the tumor’s width and
length by their square roots. The median period between
tumour implantation and death was used to calculate the
survival rate.

The impact of immune activation on breast cancer in
NUDE mice was analysed using histopathology. Tumor
tissue samples from both the control and experimental
animals were analysed in this way.

Table 4: Overview of NUDE Mice Experimental Details.

Topic Description

Animals - Model: NUDE mice (Athymic nude mice) - Feature: Absence of T lymphocyte activity - Purpose: Ideal for investigating
the human immune system

Animal - Supplier: Charles River Laboratories - Facility: Institution’s SPF animal facility - Environment: 12-hour light/dark cycle,
Housing continuous access to food & drink - Details: 5 mice/group, 2 weeks old, 30 gm body weight
Experimental - Control group: Untreated - Experimental group: Injected with irradiated human T cells (30 Gy) - Group Structure: 5 mice
Design each, singly housed
Injection of T - Cell Type: Heavily irradiated human T lymphocytes - Dosage: Between 1 to 5 times 10(6) T cells/mouse - Equipment:
Lymphocytes  27-gauge needle & 1 ml syringe - Injection Site: Tail vein
Tumor - Cell Type: Human breast cancer cells (1 x 1076 cells/mouse) - Method: Subcutaneous injection - Timing: 2 weeks post-initial
Implantation procedures
Monitoring & - Parameters: Survival, tumor development, weight - Tumor measurement: Calipers (Volume = width x length x V(width x

Data Collection length)) - Analysis: Median survival time, histopathological analysis of tumor tissues

Tissue Collection and Processing

At the moment of sacrifice, tumour tissue samples were
taken from both the control and experimental groups of
mice. After removing the tumours, they were preserved
in 10% neutral-buffered formalin for 24 hours. After
being immersed in a succession of progressively more
diluted ethanol solutions, the fixed tissue samples were
finally dried and embedded in paraffin wax.

Histopathological Analysis

The tissue blocks were fixed in paraffin, and then sections
were cut at a thickness of 4 m using a microtome.
Hematoxylin and eosin (H&E) staining was then used

to examine the slices under a microscope for any signs
of disease. A pathologist who was also blinded to the
mice’s treatment groups inspected the slides.

Tumor size, cellularity, nuclear pleomorphism, and
mitotic activity were all assessed using histopathology.
The diameter of the tumour was used as a metric for
tumour size. Cellularity was measured in terms of the
number of cells visible in a given microscope’s high-
magnification field (HPF) (40x magnification). Tumor
cell nuclei were analysed for size and shape to determine
the presence of nuclear pleomorphism. Mitotic activity
was measured by determining the percentage of HPFs
that had mitotic figures.

Table 5: Tissue Collection, Processing, and Histopathological Analysis Procedures.

Topic

Description

Tissue Collection - Timing: At sacrifice - Source: Tumour tissue from both control and experimental mice - Preservation: 10% neutral-buffered

& Processing

formalin for 24 hours - Embedding: Paraffin wax after dehydration through a graded ethanol series

Histopathological - Preparation: Paraffin-fixed tissue blocks sliced to 4 um thickness using a microtome - Staining: Hematoxylin and eosin

Analysis (H&E) - Inspection: Pathologist (blinded to treatment groups)
Assessment - Tumor Size: Measured by diameter - Cellularity: Counted cells under high magnification field (HPF) at 40x magnification
o - Nuclear Pleomorphism: Analyzed tumor cell nuclei for size & shape variations - Mitotic Activity: Determined by % of
Criteria . .
HPFs with mitotic figures
Statistical Analysis reduced cell viability in MCF-7 cells compared to the

The latest version of GraphPad Prism was used for the
statistical analysis. Two-tailed t-tests and log-rank tests
were used to assess the data. Statistical significance was
assumed when the p-value was less than 0.05.

REsSULTS

The results of the study are presented in the following sections:

In Vitro Studies

The effect of immune activation on MCF-7 breast cancer
cells was investigated in vitro. The cells were cocultured
with activated PBMCs in the presence of the conditioned
medium. Cell viability was assessed using a trypan blue
exclusion assay (figure 1, 2).

The results showed that immune activation significantly

control group (p<0.05). The conditioned medium alone
did not have a significant effect on cell viability compared
to the control group (p>0.05) (figure 3, 4, 5, 6, 7).

Figure 1: Mcf-7 Cell Line without Intervention for
48 Hours.
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Figure 2: Mcf-7 Cell Line with Intervention for 48 Hours.

Figure 3: Comparative Analysis between Groups. Immune
Activation Significantly Reduced Cell Viability in MCF-7
Cells Compared to the Control Group (p<0.05).

Figure 4: Coculture of MCF-7 Cells as a Negative
Control Group 48 h.

Figure 5: Coculture of MCF-7 Cells and PBMCs 48 h.

Figure 6: Percentage of Dead Cells after 24 Hours.

Figure 7: Percentage of Dead Cells after 48 Hours.

In Vivo Studies

The NUDE mice were used to study the impact of
immune activation on breast cancer. Two groups of mice,
one serving as a control and the other as an experiment,
were created. The untreated control group served as a
comparison to the experimental group, which was given
an injection of highly irradiated human T cells in an effort
to stimulate the immune system. Breast cancer cells were
put into both sets of mice after two weeks. The mice’s
survival, development of tumours, and overall weight
were tracked daily.

Results demonstrated that compared to the control group,
tumour development was considerably decreased (p0.05)
after injection of severely irradiated human T cells. There
was also a statistically significant (p0.05) increase in
the survival rate of the experimental group compared
to the control group. Tumor size, cellularity, nuclear
pleomorphism, and mitotic activity were all significantly
decreased in the experimental group compared to the
control group, as determined by histopathological
examination of tumour tissue samples (p0.05)(table 1)
(figure 8, 9, 10).

Table 6: Comparative Analysis between Groups.

Tukey’s Multiple Comparisons Test Mean Diff. 95.00% CI of Diff. Below threshold?  Summary Adjusted P Value
Negative control vs. Positive control -2.556 -5.645 to 0.5335 No ns 0.1156
Negative control vs. Treated group -5.222 -8.311 to -2.133 Yes Hox 0.0012
Positive control vs. Treated group -2.667 -5.756 to 0.4224 No ns 0.0977
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Figure 8: E&H Histology of Tissue Extracted from NUDE mice tumorised with MCF7.

Figure 9: E&H Histology of Tissue Extracted from NUDE Mice Tumorised with MCF7 and Treated DOX. 5S0MG/
ML as a Positive Control.

Figure 10: E&H Histology of Tissue Extracted from NUDE Mice (activated immunity) Tumorised with MCF7.

Table 7: Histopathological Changes in MCF-7 Transplanted NUDE Mice with Active Immune System.

Histological Features Control Group (n=5) MCF-7 Transplanted Group (n=5) p-value
Tumor Cell Growth High Low <0.05
Necrosis Absent Present <0.05
Inflammation Absent Present <0.05
Immune Cell Infiltration Absent Present <0.05

The in vitro studies showed that immune activation can
induce cell death in MCF-7 breast cancer cells. This
effect was observed only when the cells were cocultured
with activated PBMCs in the presence of the conditioned
medium. The conditioned medium alone did not have a
significant effect on cell viability. In the in vitro study,
the MCF-7 cancer cells were treated with immune
activation factors to investigate their impact on cell

viability. The results showed a decrease in the viability
of treated MCF-7 cells with immune activation factors.
This finding suggests that immune activation can have an
effect on the growth of MCF-7 breast cancer cells and their
survival in a controlled lab environment. The decrease in
cell viability may be attributed to the immune system’s
ability to recognize and destruct cancer cells. Immune
activation could induce various immune cells that can

'Journal of Natural Science, Biology and Medicine | Volume 15 | Issue 3 | December 2024 486




Histopathological Investigation of MCF-7 Cell Line Tumors Transplanted in Activated Immunity of NUDE Mice: In Vitro and in Vivo Study

identify and attack cancer cells, ultimately leading to
reduced cancer cell viability. The current in vitro study
provides an important insights into the critical role of
active immunity in regression of the tumor growth in
breast cancer. Further such research and in vivo studies
are necessary to define the exact mechanisms through
which immune activation impacts MCF-7 cells and to
explore novel therapeutic strategies for treatment of breast
cancer. The current study demonstrate the potential role of
immune activation as a treatment for breast cancer. The in
vivo studies found that the injection of heavily irradiated
human T cells into nude mice can significantly reduce
tumor growth and increase survival rate of these mice.
Regarding the histopathological evaluation also showed a
significant lower grade of both cellular and nuclear atypia,
and significant reduction mitotic activity and tumor size.
These findings of morphological features and tumor size
are consistent with previous studies, which have shown that
immune activation can regress the tumor by inhibition of
tumor cell growth, as well as promotion of cell death and
therefore reduction in tumor size.!' In addition, activated
natural killer (NK) cells can identify and destroy tumor
cells without prior sensitization, providing a potential first
line of defense against cancer development.® Moreover,
activated cytotoxic T cells have been found to cause target
tumor cell apoptosis through the induction and release of
cytotoxic granules, e.g. granzymes and perforin, as well
as the activation of death receptor-mediated pathways.
(27281 The lack of significant effects of the conditioned
media on MCF-7 cell viability suggesting that direct
cell to cell interactions are often essential for immune-
mediated cancer cell killing.””) Theses interaction result
in the formation of immunological synapses between
cytotoxic T cells and target tumor cells, cause production
and release of cytotoxic granules, and reduces collateral
injury and damage to neighboring cells.*® Similarly, the
formation of immune synapses between NK and target
cells, lead to efficient cytotoxicity and cancer cell killing.
BU In summary, the significant reduction in MCF-7 cell
viability following immune activation favors the effective
anti-tumor impact of immune activation.’”! In addition,
the neglecting effects of the conditioned media on MCF-7
tumor cell viability supports the importance of the direct
cell to cell interactions in mediating these effects. These
results contribute to understand the complex interaction
between tumor cells and the immune cell system and may
have applications for the generation of novel therapeutic
utility.’?35 The current study focused to investigate the
histopathological morphological aspects of MCF-7 cell
line tumors transplanted into the nude mice with activated
immunity through in vitro and in vivo evaluation.

The current experimental study has suggested that
the activation of immune system in nude mice prior
to MCF-7 cell transplantation significantly influenced
histopathological morphology and tumor growth. The in
vitro analysis determined that the activated T-cells had the
ability to identify and attack the MCF-7 tumor cells, induce

cytokine production and upregulation of immune-related
genes. These findings are supported by previous studies
that have found the valuable advantages of activated
immunity in the tumor microenvironment and tumor
progression.*¢37] Current in vivo study, demonstrated by
the evaluation of histopathological features of the MCF-
7 tumors transplanted in the activated immunity mice
showed a notable differences between control group and
experimental group. These morphological aspects of tumor
in the experimental activated immunity nude mice group
displayed a reduction in tumor size, increased immune
cell infiltration, and decreased angiogenesis of tumors.
These findings agree with the findings of previous research
that has found the critical role of activated immune cells
in controlling tumor growth, through interference of
tumor angiogenesis and immune defense against tumor
cells.B¥] Moreover, the current results revealed that the
activation of the immune T-cells in nude mice also led
to inconstancy in the tumor microenvironment, through
favoring the recruitment of more immune cells to tumor
site and enhancing suppression of tumor-promoting factors.
These are align with the evidence serving to the concept
of “immuno-editing” in cancer development, where the
immune system can result in both tumor promotion and
inhibition.[**4%

CONCLUSION

In conclusion, this study highlights the potential of
immune activation in reducing MCF-7 breast cancer
cell viability and controlling tumor growth. The findings
emphasize the importance of direct cell-cell interactions
in facilitating immune-mediated cancer cell destruction.
The results from both in vitro and in vivo studies suggest
that immune activation could be a promising avenue for the
development of novel immunotherapies in breast cancer
treatment. Future research should focus on elucidating
the precise mechanisms underlying the anti-tumor
effects of immune activation and evaluating the clinical
applicability of these findings in order to optimize and
implement effective immunotherapeutic strategies for
combating breast cancer.
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