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Background: Breast cancer remains a leading cause of cancer-related death in women, and resistance to
standard treatments highlights the need for new therapeutic strategies. \[FINO2y7a potent inducer of
ferroptosis, and pirfenidone, an antifibrotic agent, have shown promising potential in targeting tumor
survival and growth pathways.

Objectives: This study aimed to investigate the antitumor effeécts‘of FINO2 and pirfenidone, both alone
and in combination, in a mouse model of breast cancer, focusing on the induction of ferroptosis, oxidative
stress markers, and changes in the tumor microenvironmeft,

Methods: The model was established using the 4T 1'cell line in Balb/C mice. Cells were gently mixed with
Phosphate-buffered saline (PBS), and 100 ul of this'suspension (containing 1x1075 4T1 cells) was injected
either subcutaneously or into the mammary fat,pad of the right flank of the mice, using a G28 insulin
syringe. After injection, a 14-day delay was allowed to ensure tumor development. Tumor formation was
confirmed after 7 to 10 days, when the tumo6r reached 0.5 cm x0.5 cm. Mice with mammary tumors were
then divided into treatment groups:AEINO2, pirfenidone, doxorubicin, the combination of FINO2 and
pirfenidone, and a control diseasefgroup:, Tumor volume was measured, and quantitative real-time PCR
(qRT-PCR) was used to assess Iron Regulatory Protein 2 (IRP2) gene expression related to ferroptosis.
Histopathological analysis with trichréme staining was conducted to examine fibrosis, and oxidative stress
levels were measured using the total oxidative stress (TOS) assay.

Results: FINO2 significantly induced ferroptosis, demonstrated by changes in IRP2 and related genes,
while pirfenidoné teduced tumor-associated fibrosis. The combined treatment of FINO2 and pirfenidone
produceddthe most notable effects, including the most significant reduction in tumor volume, increased
oxidative stress, and-decreased fibrosis compared to individual treatments and controls.

Conclusions:/The combination of FINO2 and pirfenidone effectively triggers ferroptosis and alters the
tumor microenvironment, leading to reduced tumor growth and the potential to overcome drug resistance
in breast cancer. These findings emphasize the clinical potential of this combined approach.
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Figure 1. Effects of treatment with doxorubicin (DOX), FINO 2 and pirfenidone (Pirf), and 2 FINO

+ pirfenidone (Pirf) in mice with breast cancer.

Figure 2. Effects of treatment with doxorubicin (DOX), FINO 2 and pirfenidone (Pirf) and 2 FINO
+ pirfenidone (Pirf) on the mRNA expression of tumor tissue IRP2 gene in mice with breast cancer.
Data are shown as mean =+ standard deviation. One-way analysis of variance followed by*Tukey's

multiple comparison test was used for comparison between groups. Asterisks indicate significant

differences with * for P<0.05, ** for P<0.01, *** for P<0.001 and **** for P<0.0001%

Figure 3. Effects of treatment with doxorubicin, FINO 2, pirfenidone, and FINOR2, +pirfenidone

on histopathological changes in tumor tissue sections (x400) stained with Masson's trichrome.

Figure 4. Grading based on the extent of stained collagen in thedmodel group was reported as 4+,
3+, and 5+, in the doxorubicin group as 2+, 3+, and 3+, in the pirfenidone group as 0, 0, and 1+,
in the 2 FINO group as 2+, 2+, and 3+, and in the FINO,2+ pirfenidone group as 0, 1+, and 0,

respectively.

Figure 5. Effects of treatment with doxorubicin (ROX)yEINO 2, and pirfenidone (Pirf) and 2 FINO
+ pirfenidone (Pirf) on TOS concentration (fiM) inmice with breast cancer. Data are shown as
mean =+ standard deviation. One-waymanalysis of variance followed by Tukey's multiple

comparison test was used for cemparison between groups. Asterisks indicate significant

differences with * for P<0.05, *# fornP<0.01, *** for P<0.001 and **** for P<0.0001.
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