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Research Purpose: To investigate how dexmedetomidine (DEX) controls the proliferation and death of breast cancer cells.
Methods: Human breast cancer cells were cultured in vitro with DEX at different concentrations (25, 50, 100 ng/mL) or 30 μM 
LY294002. Cancer cell viability, proliferation, apoptosis and the expression of Microtubule-associated protein light chain 3 (LC3)-II 
/LC3-I protein were separately analyzed using cell counting kit 8 (CCK-8), colony formation, flow cytometry and Western blot assays 
after DEX treatment. The effect of DEX on mitochondrial membrane potential (MMP) level in cancer cells was determined using 
immunofluorescence. The expressions of B cell lymphoma-2 (Bcl-2), Bcl-2 associated X (Bax), phosphatidylinositol 3-kinase (PI3K), 
phosphorylated (p)-PI3K, protein kinase B (AKT) and p-AKT in DEX-treated cancer cells were measured by Western blot.
Results: DEX promoted cell growth activity and proliferation, inhibited cell autophagy and apoptosis and down-regulated the ratio of 
LC3-II/LC3-I to reverse the effect of LY294002 on breast cancer cells. DEX also abrogated LY294002-induced down-regulation of 
MMP, p-PI3K/PI3K, p-AKT/AKT and Bcl-2 and up-regulation of Bax in breast cancer cells.
Conclusion: DEX may promote the development of breast cancer cells while preventing cancer cell autophagy and apoptosis in vitro 
via PI3K/AKT signaling.
Keywords: dexmedetomidine, breast cancer, mitochondrial autophagy, apoptosis, PI3K/AKT signaling

Introduction
Breast cancer is one of the most common cancers in women, with local recurrence and a tendency to metastasize as primary 
contributors for its high mortality.1 According to the Global Cancer Statistics Report, an estimated 2.3 million new breast 
cancer cases were diagnosed worldwide in 2022, accounting for 11.6% of all malignancies in women.2 Breast cancer imposes 
substantial physical, emotional and socio-economic burdens on patients, their families, and society.3 Nowadays, the treatment 
methods include surgery, hormone therapy, immunotherapy, chemotherapy and radiotherapy, but there are still major 
challenges such as high mortality, poor prognosis after metastasis and chemotherapy resistance.4 Triple-negative breast 
cancer (TNBC), the most malignant subtype, is a highly heterogeneous cancer characterized by specific mutations and 
abnormal activation of signaling pathways, and has a poor prognosis. Current treatment options are limited to surgery, 
adjuvant chemotherapy, and radiotherapy; however, targeted therapy is a promising avenue for TNBC.1

Dexmedetomidine (DEX) is a kind of α2-adrenergic receptor agonist, which has strong specificity, good sedative and 
analgesic effects, and high safety.5 DEX is commonly used as a sedative and perioperative anesthetic adjuvant, 
particularly in patients undergoing surgery for breast cancer.6 Apoptosis, proliferation, and autophagy are involved in 
local anesthetic-induced cytotoxicity of human breast cancer cells.7 However, emerging preclinical evidence has revealed 
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a concerning paradox: despite its beneficial anesthetic profile, DEX may exhibit tumor-promoting effects. A previous 
study showed that DEX can increase the proliferation, migration or invasion of breast cancer cells.8,9 These findings raise 
critical questions regarding the drug’s potential impact on long-term oncological outcomes and pose a pressing dilemma 
for the anesthesiologist: how to balance optimal perioperative care with potential oncological safety. This highlights an 
urgent need to investigate DEX’s potential impact on cancer progression and the underlying mechanisms.

One key factor for the development of drug resistance is cellular plasticity. The plasticity of cancer cells arises from 
the interaction between genetic factors and programs, leading to tumor progression and metastasis to distant organs, and 
conferring therapy resistance in breast cancer cells.10 The phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) 
pathway is one of the important intracellular signaling pathways that regulate basic cellular functions such as cell 
proliferation, metabolism, autophagy, motility, and apoptosis.11 PI3K/Akt pathway plays important roles in breast 
tumorigenesis and is related to worse prognosis in patients.12 Moreover, PI3K/AKT pathway promotes tumor growth 
by suppressing apoptosis and modulating autophagy.13 The major intrinsic cellular signaling pathways such as MAPK, 
PI3K/AKT/mammalian target of rapamycin (mTOR) have been found to be dysregulated in cancer and have the potential 
to induce cancer cell plasticity.10 Therefore, plasticity may modulate the feedback loop in our study, enabling cells to 
evade pathway inhibition via alternative transcriptional programs.

Further, it has been discovered that mitochondrial autophagy is connected to the survival of breast cancer cells.14 As 
the main energy supplier of cells, mitochondria mediate basic biological functions such as cell survival or energy 
metabolism.15 According to recent research, mitochondrial autophagy contributes to the development of breast cancer in 
two ways. On one hand, proper mitochondrial autophagy helps clear damaged or excess mitochondria, maintain the 
homeostasis and function of tumor cells, and is conducive to their survival and adaptation to the invasion environment. 
On the other hand, excessive mitochondrial autophagy can destroy normal mitochondria, while insufficient autophagy 
can lead to accumulation of damaged mitochondria, triggering cell death or apoptosis.16,17 Maintaining this balance is 
crucial for the growth or apoptosis of breast cancer cells.

Reportedly, DEX can alleviate mitochondrial dysfunction in diabetic peripheral neuropathy.18 Furthermore, evidence 
suggests that DEX’s effects in other contexts (cerebral ischemia-reperfusion injury) are mediated through the activation 
of the PI3K/AKT pathway.19 Given that (1) DEX promotes breast cancer cell behaviors, (2) DEX activates PI3K/AKT 
signaling, and (3) the PI3K/AKT pathway regulates mitophagy and apoptosis, we hypothesized a novel mechanistic link: 
DEX promotes breast cancer cell survival and growth by activating the PI3K/AKT pathway, which subsequently inhibits 
mitophagy and apoptosis.

However, few studies have elucidated the role of DEX in breast cancer. Whether DEX affects the occurrence and 
development of breast cancer through mitochondrial regulation, and what mechanisms underlie the development of 
cancerous breast cells, remain important questions. Given its widespread use as an anesthetic adjuvant in breast cancer 
surgery, we sought to determine how DEX affects mitochondrial autophagy and apoptosis in cancer cells. To this end, we 
carried out a series of experiments designed to elucidate the underlying mechanisms, with the ultimate goal of applying 
these findings to mitigate any adverse effects of DEX on patient prognosis.

Materials and Methods
Cell Experimental Grouping
Human breast cancer cells (MDA-MB-231) were obtained from the Wuhan Pricella Biotechnology Co., Ltd. Cells were 
identified by short tandem repeat (STR). 10% fetal bovine serum (A5256701, Thermofisher, USA) and RPMI 1640 
medium (11875093, Thermofisher, USA) were used to cultivate the cells at 37°C under 5% CO2. The culture medium 
was changed 24 h later, and refreshed every two days.

The experiment was divided into two parts. In the first part, the cells were divided into DEX intervention and control 
groups. In the DEX intervention groups, 25, 50, or 100 ng/mL of DEX was added during cell culture for 24, 48, and 72 h, 
respectively. After drug treatment, follow-up cell tests such as cell counting kit 8 (CCK8), colony formation, Western 
blot, flow cytometry and immunofluorescence were performed.
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In the second part, cells were assigned into four groups: control group, LY294002 group (cells were treated with 
30 μM LY294002 for 48 h),20 DEX group (cells were treated with 100 ng/mL DEX for 48 h), and LY294002+DEX 
group (cells were treated with 30 μM LY294002 and 100 ng/mL DEX for 48 h). After drug treatment, CCK8, colony 
formation, Western blot, flow cytometry and immunofluorescence assays were carried out.

CCK8 Assay
Using the CCK8 kit (HY-K0301, MCE, USA), cell activity in each group was tested. Cells (5×103 cells/well) were 
inoculated in 96-well plates, and received treatment according to the grouping. The cells were cultivated for 24, 48, and 
72h at 37°C with 5% CO2, and later cultured with 10 μL of CCK8 solution (HY-K0301, MCE, USA) in the incubator 
(Forma Steri-Cult, Thermofisher, USA) at 37°C for 2 h. Using an enzyme-labeled device (Varioskan LUX, Thermofisher, 
USA), the absorbance at 450 nm was monitored, and the cell viability was examined.

Colony Formation Experiment
The suspended cells were precipitated, counted, and diluted to 1×103 cells/mL. 6-well plates were used with a gradient 
density of 200 cells/well, and cell culture was conducted in the incubator. After cell adhesion the next day, drug treatment 
was performed according to the experimental group. 2–3 weeks later, when clones were visible in the petri dish, the 
culture medium was discarded, cells were carefully washed with PBS (ST477, Beyotime, China) 2–3 times. Next, cells 
were fixed with 1 mL methanol (C06901102, Nanjing Reagent, China) for 15 min, and then stained with 1 mL Giemsa 
dyeing solution (C0133, Beyotime, China) for 10–30 min. The dyeing solution was slowly washed away with running 
water. Ultimately, clones with more than 50 cells were counted using a microscope (THUNDER Imager Tissue, Leica, 
Germany) and photographed.

Western Blot Test
To accurately evaluate the expression levels of key proteins in the ACE2/Ang(1–7)/Mas axis and autophagy-related 
proteins (LC3, p62), Western blotting assay was carried out. Western blotting is currently the “gold standard” method for 
quantitative analysis of specific protein expressions in the field of life sciences, which has been widely used to verify the 
targets of bioactive molecules and downstream signaling pathways.21,22 Total protein was extracted from cells using RI- 
PA lysate (R0010, Solarbio, China). After quantification, electrophoresis separation, membrane transfer and blockage, 
primary antibodies were added for incubation at 4°C overnight. The film was washed three times with Tris-HCI buffered 
salt solution (including Tween) (T9039, Sigma-Aldrich, Germany). Secondary antibodies (ab6721, Abcam, UK, 1:2000) 
were later added for 2-h culture at room temperature. Gel imaging equipment was used to expose these bands, and Image 
J software was applied to calculate grayscale values. The primary antibodies used in Western blot were shown in Table 1.

Table 1 The Primary Antibodies Used in Western Blot

Antibody Molecular Weight (kDa) Dilution Catalog No. Brand

GAPDH 37 1:1000 5174 CST, USA

LC3-I 18 1:1000 L8918 Sigma-Aldrich, Germany

LC3-II 16 1:1000 L8918 Sigma-Aldrich, Germany

PI3K 85 1:1000 4257 CST, USA

p-P13K 85 1:1000 17366 CST, USA

AKT 56 1:10000 ab179463 Abcam, UK

p-AKT 60 1:1000 #9271 CST, USA

(Continued)
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Flow Cytometry
The digested cells were centrifuged with EDTA-free pancreatic enzyme (HY-Y0682, MedChemExpress, USA) for 5 min 
at 1000 rpm, and then washed twice with pre-cooled PBS (ST477, Beyotime, China). The Annexin V-FITC/PI Apoptosis 
detection Kit (E-CK-A211, Elabscience, China) was utilized for the detection of cell apoptosis. Using a flow cytometer 
(CytoFLEX, Beckmancoulter, USA), apoptosis was observed. Three wells were provided for each sample, and the 
experiment was carried out three times or more.

Mitochondrial Membrane Potential (MMP) Measurement
A total of 6×105 cells were re-suspended in 1 mL cell culture solution. The measurement was carried out in accordance 
with the MMP detection kit’s instructions (JC-1) (C2006, Beyotime, China). Cells were incubated with 1 mL JC-1 dyeing 
solution, inverted and mixed, followed by 20-min incubation at 37°C and 3-min centrifugation at 4°C for 2000 rpm. 
After two washes with 1 mL of JC-1 staining buffer (1×), the cells were centrifuged at 4°C for 3 min and the supernatant 
was discarded. This wash cycle was repeated once. 2 mL of cell culture medium was added, and the fluorescence 
microscope was utilized for observation and photography. JC-1 polymer emitted red fluorescence, which represents the 
increase of MMP. JC-1 monomer emitted green fluorescence, indicating a low MMP.

Caspase 3/7 Activity Assay
Caspase 3/7 Activity Assay Kit (E-CK-A383, Elabscience, Wuhan, China) was used to detect Caspase 3/7 activity. After the cells 
were lysed and centrifuged, the supernatant was collected for protein quantification using Bradford method (P0006, Beyotime, 
Shanghai, China). Subsequently, 45 µL Reaction buffer, 50 µL samples, and 5 µL Ac-DEVD-pNA were sequentially mixed. The 
absorbance was recorded at 405 nm after incubation at 37°C for 1–2 h. The percentage of Caspase3/7 activity = [(OD sample − 
OD blank control) /Cpr sample] ÷ [(OD negative − OD blank control) /Cpr negative]×100%.

Statistical Analysis
GraphPad Prism 8.0 was used for statistical analysis. Mean ± standard deviation was used to express the measurement data. One- 
or two-way analysis of variance (ANOVA) and Tukey’s test were used for multi-group comparison. Normality was tested using 
the Shapiro–Wilk test, and homogeneity of variance was tested using the Levene test. The data met both normality and 
homogeneity of variance. The power analysis uses the effect size in the F-test. P<0.05 was regarded to be statistically significant.

Results
To Explore the Effect of DEX on Mitochondrial Autophagy and Apoptosis of Breast 
Cancer Cells
The Viability of Cancer Cells Treated with Various Concentrations of DEX Was Measured by CCK-8
CCK-8 was used to test the viability of cancer cells treated with DEX at varying concentrations for 24, 48, and 72 h. The 
results demonstrated a progressive rise of cell vitality in a time-dependent manner. At 24/48/72 h, cell viability was 
considerably higher in DEX groups than control group in a dose-dependent way, suggesting that the higher the drug 
concentration, the higher the cell viability (P<0.05, Figure 1A). Overall, 100 ng/mL DEX yielded the optimal effect on 
enhancing the viability of breast cancer cells.

Table 1 (Continued). 

Antibody Molecular Weight (kDa) Dilution Catalog No. Brand

Bcl-2 26 1:1000 #3498 CST, USA

Bax 20 1:1000 #2772 CST, USA

Cytochrome c 14 1:1000 #4272 CST, USA

Abbreviations: LC3, Microtubule-associated protein light chain 3; PI3K, phosphatidylinositol 3-kinase; p-P13K, phos
phorylated-P13K; AKT, protein kinase B; Bcl-2, B cell lymphoma-2; Bax, Bcl-2 associated X.
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Figure 1 Effects of dexmedetomidine (DEX) at different concentrations (25, 50, 100 ng/mL) on proliferation, viability, autophagy and apoptosis of breast cancer cells. (A) 
CCK-8 was performed to detect the viability of breast cancer cells treated with different concentrations of DEX for 24, 48, 72 h. (B and C) Colony formation assay was 
used to detect the proliferation ability of cancer cells treated with DEX at different concentrations. (40×) (D and H) The expression of LC3-II/LC3-I and PINK1/Parkin 
protein in breast cancer cells treated with DEX at different concentrations was measured by Western blot. (I and J) The apoptosis of breast cancer cells treated with DEX at 
different concentrations was determined by flow cytometry. *P<0.05, **P<0.01, ***P<0.001 vs Control. n=3 biological replicates.
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The Proliferation of Cancer Cells Treated with Different Concentrations of DEX Was Detected by Colony 
Formation Assay
Compared to control group, DEX groups exhibited stronger cell proliferation in a concentration-dependent manner. The 
number of cell colonies in the DEX groups presented the most significant changes after treatment with DEX at 100 ng/ 
mL (P<0.01, Figure 1B and C).

The Expression of the LC3-II/LC3-I Protein in Cancer Cells Treated with DEX at Various Concentrations Was 
Examined by Western Blot
Relative to control group, LC3-II/LC3-I and PINK1/Parkin protein expression was decreased in DEX groups, and the 
decreasing trend was more apparent in the presence of 50/100 ng/mL DEX treatment (P<0.05, Figure 1D-H). These data 
suggested that DEX can prevent breast cancer cells from autophagy, with the strongest impact at 100 ng/mL.

The Apoptosis of Cancer Cells Treated with Various Concentrations of DEX Was Identified by Flow Cytometry
The apoptosis rate of breast cancer cells was significantly lower in DEX groups than in control group and showed 
a DEX-concentration-dependent decrease (P<0.01, Figure 1Iand J). The outcomes demonstrated that DEX might prevent 
breast cancer cells from apoptosis, with 100 ng/mL DEX having the strongest impact.

The MMP Levels of Cancer Cells Treated with Various Concentrations of DEX Was Tested by 
Immunofluorescence
Following DEX therapy, the MMP level in breast cancer cells was elevated in a dose-dependent manner, and 50/100 ng/ 
mL DEX produced the most pronounced effects. (P<0.05, Figure 2A and B). These results revealed that DEX can raise 
the MMP level in breast cancer cells, reaching a peak effect at a concentration of 100 ng/mL.

The Protein Expression of Cancer Cells Treated with Various Concentrations of DEX Was Quantified by 
Western Blot
The levels of p-PI3K/PI3K, p-AKT/AKT, and Bcl-2 were significantly greater, whereas Bax level was lower in the DEX 
(20, 50, and 100 ng/mL) groups than those in the control group. As the concentration of DEX was increased, the 
expression levels of p-PI3K/PI3K, p-AKT/AKT, and Bcl-2 protein in breast cancer cells were steadily augmented, while 
the level of Bax showed a downward trend (P<0.001, Figure 2C-G). Specifically, 50/100 ng/mL DEX significantly 
increased the levels of Bcl-2 and p-AKT/AKT in cancer cells (P<0.05, Figure 2C-G), while 20, 50, or 100 ng/mL DEX 
reduced Bax protein (P<0.05, Figure 2C-G). These findings showed that DEX can down-regulate the Bax protein and up- 
regulate p-PI3K/PI3K, p-AKT/AKT, and Bcl-2 proteins levels in breast cancer cells, with DEX at 100 ng/mL exhibiting 
the greatest effects.

Further, effect of different treatment time of DEX (100 ng/mL) on p-PI3K, PI3K, p-AKT and AKT protein expression 
was detected by western blot. The result showed that DEX treatment has no significant effect on the phosphorylation of 
the PI3K/AKT signaling pathway within a short period (5 min/12 h), but it can significantly activate this pathway after a 
longer period (24 h) (P<0.001, Figure 3A-C), which is manifested by the continuous upregulation of the expression 
levels of p-PI3K and p-AKT proteins (P<0.001, Figure 3A-C).

Moreover, compared with the Control group, as the DEX concentration increased (25, 50, 100 ng/mL), the protein 
expression level of Cytochrome c in the cytoplasm showed a significant concentration-dependent decrease (P<0.05, 
Figure 3D-E), the activity of Caspase-3/7 decreased (P<0.05, Figure 3F).

Mitochondrial Autophagy and Apoptosis of Breast Cancer Cells Were Regulated via 
PI3K/AKT
Cancer Cell Viability Was Detected by CCK-8
CCK-8 was applied to measure the viability of cancer cells, and the results demonstrated that, at 24/48/72 h, following 
LY294002 treatment, the cancer cell viability was lowered compared to the control group, but was signally augmented 
after treatment with DEX (P<0.001, Figure 4A). LY294002 and DEX in combination resulted in enhanced cancer cell 
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Figure 2 Effects of DEX at different concentrations (25, 50, 100 ng/mL) on mitochondrial membrane potential (MMP) level and expression levels of Bcl-2, Bax, p-PI3K, PI3K, 
p-AKT and AKT proteins in breast cancer cells. (A, B) The MMP levels of cancer cells treated with DEX at different concentrations were detected by immunofluorescence. 
(200×) (C-G) The expression levels of Bcl-2, Bax, p-PI3K, PI3K, p-AKT and AKT in breast cancer cells treated with DEX at different concentrations were measured by 
western blot. *P<0.05, **P<0.01, ***P<0.001 vs. Control. n=3 biological replicates.
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viability as compared to LY294002 monotherapy (P<0.001, Figure 4A). This suggested that LY294002 repressed cancer 
cell viability, while DEX reversed the effect of LY294002 and enhanced cell viability.

The Proliferative Ability Was Measured by Colony Formation Assay
When compared to the control group, there was a substantial increase in the number of cancer cell colonies in DEX 
groups (P<0.001, Figure 4B and C), yet a statistically insignificant decrease in the number of cell colonies in LY294002 
group. The cancer cell colony number in the LY294002+DEX group was considerably higher than that in the LY294002 
group (P<0.01, Figure 4B and C), but signally lower than that in the DEX group (P<0.05, Figure 4B and C). These data 
implied that LY294002 dampened breast cancer cell proliferation, which was reversed by DEX.

The Expression of LC3-II/LC3-I Protein Was Detected by Western Blot
As compared to control group, LY294002 therapy elevated but DEX diminished LC3-II/LC3-I ratio and PINK1/Parkin in 
cancer cells (P<0.05, Figure 4D-H). Moreover, the LC3-II/LC3-I ratio and PINK1/Parkin in LY294002+DEX group was 
lower than that in LY294002 group (P<0.01, Figure 4D-H), while being higher than that in DEX group (P<0.05, Figure 
4D-H). These findings demonstrated that LY294002 raised the LC3-II/LC3-I ratio and PINK1/Parkin and boosted 
autophagy in breast cancer cells, which was offset by DEX intervention.

The Apoptosis of Cancer Cells Was Examined by Flow Cytometry
Breast cancer cells treated with LY294002 had a much higher apoptosis rate than the control cells. Conversely, DEX 
significantly lowered apoptosis rate when compared to the control cells (P<0.001, Figure 4I-J). The LY294002+DEX 
therapy caused lower apoptosis rate relative to the LY294002 monotherapy (P<0.001, Figure 4I-J), but higher apoptosis 
rate compared to the DEX monotherapy (P<0.001, Figure 4I-J). These data proved that LY294002 stimulated breast 
cancer cell apoptosis, which was counteracted by DEX.

Figure 3 Effects of different drug treatments on PI3K, PI3K, p-AKT and AKT proteins, Cytochrome c and Caspase-3/7 activity in btreast cancer cells. (A-C) The expression 
of p-PI3K, PI3K, p-AKT, AKT in breast cancer treated with DEX at different time were measured by western blot. (D-E) The expresison level of Cytochrome c in breast 
cancer cells treated with DEX at different time were measured by western blot. (F) The acitivity of Caspase-3/7 was detected by Caspase -3/7 Activity Assay Kit. ###P<0.001 
vs. 0h; *P<0.05, **P<0.01, ***P<0.001 vs Control. n=3 biological replicates.
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Figure 4 Effects of different drug treatments on proliferation, cell viability, autophagy and apoptosis of breast cancer cells. (A) CCK-8 was used to detect breast cancer cell 
viability after treatment with different drugs. (B, C) Colony formation assays were conducted to examine the proliferative ability of breast cancer cells. (40×) (D-H) The 
expression of LC3-II/LC3-I and PINK1/Parkin protein in breast cancer cells was detected by western blot. (I, J) The apoptosis of breast cancer cells was tested by flow 
cytometry. *P<0.05, **P<0.01, ***P<0.001 vs. Control; ^P<0.05, ^^^P<0.001 vs. DEX. ++P<0.01, +++P<0.001 vs. LY294002. n=3 biological replicates.
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The MMP Levels of Cancer Cells Were Quantitated by Immunofluorescence
In contrast with the control group, the LY294002 group exhibited a modest, albeit statistically insignificant, reduction in 
MMP level, whereas the DEX group presented remarkably elevated MMP level (P<0.05, Figure 5A and B). Further, the 
MMP level in the LY294002+DEX group was higher than that in the LY294002 group (P<0.05, Figure 5A and B), but 
lower than that in the DEX group (P<0.05, Figure 5A and B). These findings suggested that LY294002 can lower the 
MMP level of breast cancer cells, which was neutralized by DEX.

Cancer Cell-Associated Proteins Were Quantified by Western Blot
The cancer cells in the LY294002 group had markedly lower p-PI3K/PI3K, p-AKT/AKT, and Bcl-2 protein levels, but 
significantly higher Bax and Cytochrome c protein levels and Caspase-3/7 activity (P<0.05, Figure 5C-J). The DEX 
group showed a significant rise in p-PI3K/PI3K, p-AKT/AKT, and Bcl-2 protein levels and a drop in Bax and 
Cytochrome c protein levels and Caspase-3/7 (P<0.01, Figure 5C-J). When comparison was made with LY294002 
treatment, the up-regulation of p-PI3K/PI3K, p-AKT/AKT and Bcl-2 protein levels, as well as a down-regulation of Bax 
and Cytochrome c protein level and Caspase-3/7 was detected following LY294002+DEX treatment (P<0.01, Figure 5C- 
J). Relative to DEX group, LY294002+DEX group displayed down-regulation of p-PI3K/PI3K, p-AKT/AKT and Bcl-2 
protein levels, but up-regulation of Bax and Cytochrome c protein level and Caspase-3/7 activity (P<0.05, Figure 5C-J). 
This implied that in breast cancer cells, LY294002 can up-regulate Bax, Cytochrome c, Caspase-3/7 activity and down- 
regulate p-PI3K/PI3K, p-AKT/AKT, and Bcl-2 protein levels, while DEX can counteract the effects of LY2940

Discussion
Breast cancer, one of the most frequent malignancies in women, is characterized by a high incidence, a dismal prognosis, 
and a high death rate.23 Molecular-level interventions for breast cancer have aroused considerable attention, such as the 
search for potential biomarkers and gene therapy, which may be novel strategies to enhance therapy efficacy.23 DEX is 
widely used for perioperative analgesia and sedation of breast cancer.24 Reports indicated that DEX activates hepatic 
stellate cells to stimulate IL-6 secretion and accelerates progression of hepatocellular carcinoma via STAT3 activation.25 

DEX can also promote hypoxia-induced lung and colorectal cancer cell growth and metastasis.26 These observations 
underscore a close relation between DEX and tumourigenesis. Notably, in vitro studies revealed that DEX can also promote 
breast cancer cell migration and regulate its malignant behaviours.8 A clinical study also provided corresponding evidence 
that postoperative serum of DEX-treated patients is associated with breast cancer cell proliferation, invasion, and migration, 
which indirectly suggests that perioperative DEX may adversely affect the prognosis of breast cancer patients.27

Elucidating the mechanisms by which DEX fosters breast cancer cell growth is therefore essential for mitigating its 
adverse effects. Mitochondria, the principal ATP-generating organelles in both plant and animal cells, also play a crucial 
role in cell death and energy conversion.28 Maintaining normal MMP is necessary for adenosine triphosphate production 
and mitochondrial oxidative phosphorylation, and MMP stability supports the preservation of regular cellular physiolo
gical processes.29,30 In addition, mitochondria are a key part of apoptosis. When the cell receives the death signal, 
apoptotic proteins will undergo conformational changes on the mitochondrial membrane and oligomerize, forming 
perforating proteins that allow apoptotic molecules to enter the cytoplasm, and triggering a series of apoptosis 
procedures.31 Bax is a proapoptotic protein mainly located in the outer membrane of mitochondria,32 and is a single- 
stranded membrane protein involved in the regulation of apoptosis.33 Activation and aggregation of Bax can mediate the 
permeability of the mitochondrial membrane and the release of chemicals linked to apoptosis, like cytochrome c.33 Our 
study found that DEX not only up-regulated MMP in breast cancer cells, but also inhibited the apoptosis of cancer cells 
by up-regulating Bax protein. The content of autophagy-related molecular markers, LC3-I and LC3-II, varies with the 
degree of autophagy, and the ratio of LC3-II to LC3-I can be used to determine autophagy.34 This study found that DEX 
intervention inhibited autophagy by down-regulating LC3-II/LC3-I ratio in breast cancer cells.

The PI3K/AKT pathway is considered one of the key signaling pathways most closely associated with breast cancer, 
and is involved in glucose metabolism, differentiation, proliferation, DNA repair, apoptosis and migration.12 The 
activated PI3K/AKT signaling promotes breast cancer cell growth, survival, and metastasis.12 PI3K, a phospholipase 
family member composed of the catalytic subunit P110 and the regulatory subunit P85, functions as a proto-oncogene. 

https://doi.org/10.2147/BCTT.S543090                                                                                                                                                                                                                                                                                                                                                                                                                                                 Breast Cancer: Targets and Therapy 2025:17 1274

Gu et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Figure 5 Effects of different drug treatments on MMP level and expression levels of Bcl-2, Bax, p-PI3K, PI3K, p-AKT and AKT proteins in breast cancer cells. (A, B) The 
MMP levels of cancer cells were assessed by immunofluorescence. (200×) (C-I) The expression levels of Bcl-2, Bax, p-PI3K, PI3K, p-AKT and AKT and Cytochrome c in 
breast cancer cells were detected by western blot. (J) The acitivity of Caspase-3/7 was detected by Caspase -3/7 Activity Assay Kit. *P<0.05, **P<0.01, ***P<0.001 vs. 
Control; ^P<0.05 vs. DEX. +P<0.05, ++P<0.01, +++P<0.001 vs. LY294002. n=3 biological replicates.
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Under the influence of cytokines, physical radiation, chemical stimulation and other adverse factors, PI3K is phosphory
lated and activates the downstream effector molecule AKT. Activated AKT triggers downstream targeted molecules, 
leading to the spread and motility of cancer cells.35,36 To investigate the potential role of DEX in breast cancer 
development, we used the PI3K inhibitor LY294002 to treat cancer cells in vitro.37 Comparison with DEX intervention 
revealed that DEX could reverse the influence of LY294002 and promote breast cancer cell growth by up-regulate 
p-PI3K/PI3K and p-AKT/AKT proteins. However, whether the relationship between DEX and PI3K is direct or indirect 
remains unknown. A previous study showed that DEX activates the PI3K pathway through glucocorticoid receptor.38 

Besides, the combination of a pan PI3K p110 inhibitor and DEX strengthens the DEX-induced up- or down-regulation of 
several genes involved in apoptosis.39 Therefore, more experiments are needed for further verification.

There are some limitations in this study. First, receptor blockade (involving α2-AR) or functional rescue assays have 
not been conducted. While our in vitro findings reveal a potent oncogenic signaling pathway activated by DEX, it is 
important to note that the concentrations used are supra-clinical (Perioperative DEX infusions achieve ≤1 ng/mL plasma 
levels40). Translating these results to the clinical context requires further investigation in models that employ clinically 
relevant dosing, such as patient-derived cells in vitro studies, long-term low-dose exposure studies or in vivo xenograft 
studies with controlled drug delivery to mimic surgical conditions.41 Despite these limitations, our study provides 
a foundational mechanistic insight. To build upon this work, future research should pursue several promising directions. 
Firstly, exploring combination strategies, such as co-administering DEX with PI3K/AKT pathway inhibitors, could 
assess whether the potential pro-tumor effects of DEX can be mitigated, thereby enhancing its safety profile. Secondly, 
given the complexity of cancer signaling networks, it is plausible that DEX engages additional pathways beyond PI3K/ 
AKT. Investigating crosstalk with other oncogenic cascades or its influence on the tumor immune microenvironment 
would provide a more holistic understanding of its biological impact.

Conclusion
In conclusion, we demonstrate in vitro that DEX may promote the growth of breast cancer cells, while inhibiting 
mitochondrial autophagy and apoptosis by stimulating PI3K/AKT pathway. In subsequent studies, it is crucial to explore 
how to mitigate the promoting effect of DEX on the malignant biological behavior of breast cancer cells, and this will be 
a key direction for ongoing investigation in this study, which will provide new methods for the diagnosis and treatment of 
breast cancer.
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