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ARTICLE INFO Abstract

Background. Breast cancer is the most common type of cancer and a leading cause of
Article History: cancer-related death among women globally. Standard treatments for this disease include
Received: 27 May 2024 radiation therapy, surgery, and chemotherapy. Doxorubicin is currently the most effective
Revised: 12 Nov 2024 chemotherapy drug for breast cancer. However, the side effects of these treatments have
Accepted: 18 Nov 2024 prompted researchers to explore alternative methods such as the use of oncolytic viruses
ePublished: Apr 29 2025 or combination therapies. This study aimed to assess the anti-tumor effects of Echovirus

and Doxorubicin use in a mouse model of breast cancer.
Keywords: Methods. After inducing breast cancer, the mice were randomly divided into 4 equal
e 4T1 cell line groups. Then, the mice were treated twice with a one-week interval using Doxorubicin
e Breast cancer with and without Echovirus. The measurements included tumor volume, survival rate,
e Echovirus interferon-gamma (IFN-y), interleukin (IL)-10, IL-4, and transforming growth factor beta
o Doxorubicin (TGF-B) production rate, nitric oxide (NO) production rate, and lactate dehydrogenase
o Synergistic effects (LDH) release by splenocytes.

Results. In the present study, it was found that the tumor volume as well as the production
levels of I1L-4, IL-10, and TGF-B cytokines decreased significantly in mice treated with a
combination of Doxorubicin and Echovirus, compared to groups treated with single
agents or the control group. Additionally, the survival rate, IFN-y cytokine production, as
well as the production of NO and LDH, significantly increased in the group receiving the
combined treatment compared to the other treatment and control groups.

Conclusion. According to the findings of this study, combining Doxorubicin with
Echovirus may enhance its effectiveness, necessitating clinical trial studies.

Practical Implications. The results of this study indicate that the combination of Echovirus
with Doxorubicin could be utilized as a new therapeutic strategy in cancer treatment.
Therefore, it is recommended that researchers and physicians engage in the design and
implementation of clinical trials to evaluate the effects of this combination in cancer
patients. These trials can help identify optimal dosages, assess safety, and investigate
potential side effects, ultimately leading to the development of more effective treatment
protocols for patients.
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Extended Abstract

Background

Breast cancer is the most prevalent type of cancer
diagnosed among women worldwide and stands as a
leading cause of cancer-related mortality. Standard
treatment modalities for breast cancer typically
encompass a combination of radiation therapy,
surgical interventions, and chemotherapy. Among the
various  chemotherapeutic  agents  available,
Doxorubicin has emerged as the most effective drug
for treating breast cancer, known for its ability to
target rapidly dividing cancer cells. The adverse
effects of Doxorubicin have led researchers to seek
alternative therapeutic approaches that could enhance
treatment efficacy while minimizing toxicity. One
promising avenue of research involves the use of
oncolytic viruses that selectively infect and kill cancer
cells without harming normal tissues. This innovative
strategy could transform cancer treatment by utilizing
the immune response to better target tumors, and the
study evaluates the anti-tumor effects of Echovirus
and Doxorubicin in a mouse model of breast cancer.

Methods

After successfully inducing breast cancer in the
mice, the mice were randomly divided into 4 equal
groups to ensure unbiased treatment allocation and to
facilitate a comprehensive analysis of the therapeutic
effects. Each group was assigned a specific treatment
regimen to evaluate the efficacy of Doxorubicin, both
in isolation and in combination with Echovirus. The
treatment protocol involved administering the drugs
twice, with a one-week interval between doses,
allowing for adequate time to assess the immediate
and cumulative effects of the therapies on tumor
progression. To monitor the outcomes of the
treatments, several critical measurements were taken
throughout the study. One of these measurements was
tumor volume, which serves as a primary indicator of
tumor growth and response to therapy. Additionally,
the survival rate of the mice was closely monitored,
providing insights into the overall effectiveness of the
treatment strategies in prolonging life. Furthermore,
the study aimed to evaluate the production rates of key
cytokines, including interferon-gamma (IFN-y),

interleukin (IL)-10, IL-4, and transforming growth
factor beta (TGF-P). These cytokines play crucial
roles in modulating the immune response and tumor
microenvironment, and their levels can provide
valuable information regarding the immunological
effects of the treatments. In addition to cytokine
analysis, the production rate of nitric oxide (NO) was
measured, as it is an important signaling molecule
involved in various physiological and pathological
processes, including immune responses and tumor
progression. Lastly, the release of lactate
dehydrogenase (LDH) by splenocytes was assessed,
as elevated levels of LDH can indicate cellular
damage and cytotoxicity, offering further insight into
the impact of the treatments on immune cells. By
systematically analyzing these parameters, the study
aimed to provide a comprehensive understanding of
the anti-tumor effects of Doxorubicin and Echovirus,
contributing to the development of more effective
cancer therapies.

Results

In the present study, a comprehensive analysis was
conducted to evaluate the effects of various treatment
regimens on tumor growth and immune response in a
mouse model of breast cancer. The results revealed
that the tumor volume, which serves as a critical
indicator of cancer progression, exhibited a significant
reduction in mice that were treated with the
combination of Doxorubicin and Echovirus. This
decrease in tumor volume was particularly noteworthy
when compared to the groups that received either of
the single agents alone or the control group that did
not receive any treatment. Moreover, the production
levels of several key cytokines, especially IL-4, IL-10,
and TGF-B, were assessed in the study. These
cytokines are known to play pivotal roles in regulating
immune responses and tumor microenvironments.
The findings indicated that the levels of these
cytokines decreased significantly in the mice treated
with the combined therapy. This reduction suggests
that the combination of Doxorubicin and Echovirus
may enhance the ability of the immune system to
combat tumor growth more effectively than either
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treatment alone. In addition to the observed decreases
in tumor volume and cytokine production, the study
also highlighted a marked improvement in the
survival rate of the mice receiving the combined
treatment. This increase in survival is a critical
outcome, as it underscores the potential of this
therapeutic approach to not only inhibit tumor growth
but also to extend the lifespan of affected individuals.
Furthermore, the production of IFN-y, a cytokine that
is crucial for activating immune responses against
tumors, was significantly elevated in the group that
received the combined treatment. This increase in
IFN-y production is indicative of a more robust
immune response, which may contribute to the
observed therapeutic benefits. The study also
measured the production of NO and LDH, both of
which are important markers in assessing cellular
activity and health. The results showed a significant
increase in the production of both NO and LDH in the
group receiving the combined treatment compared to
the other treatment and control groups. Elevated levels
of NO are often associated with enhanced immune
activity, while increased LDH release can indicate
effective cytotoxic activity against tumor cells.

Overall, these findings suggest that the combination of
Doxorubicin and Echovirus not only effectively
reduces tumor volume and alters cytokine production
but also enhances survival rates and boosts immune
responses in the treated mice.

Conclusion

According to the findings of this study, the
combination of Doxorubicin with Echovirus has
shown promising potential to enhance the
effectiveness of cancer treatment. The results indicate
that this innovative approach may not only improve
tumor response but also positively influence various
immune parameters, suggesting a synergistic effect
between the two agents. Given the significant
improvements observed in tumor volume reduction,
cytokine production, and overall survival rates in the
treated mice, there is a compelling rationale for further
investigation into this combination therapy. The
encouraging outcomes from this preclinical study
highlight the need for clinical trial studies to evaluate
the safety, efficacy, and optimal dosing of
Doxorubicin combined with Echovirus in human
subjects.
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