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Downregulation of CIAPIN1 
regulates the proliferation, 
migration and glycolysis of breast 
cancer cells via inhibition of STAT3 
pathway
Hao Yuan 1, Ming Zhong 1, Jie Liu 1, Shuya Tang 1, Hongbo Zhu 2, Qingping Wei 1, 
Bingbing Pu 3 & Yongping Li 1*

Cytokine-induced apoptosis inhibitor 1 (CIAPIN1) is a protein that regulates apoptosis and 
programmed cell death. This research aims to evaluate its potential role in inhibiting breast cancer cell 
proliferation, migration, and glycolysis and uncover its underlying molecular mechanism. We collected 
breast cancer tissue samples from eight patients between January 2019 and June 2023 in our Hospital 
to analyse CIAPIN1 expression. We transfected human breast cancer cell lines (MCF7, MDA-MB-231, 
MDA-MB-453, and MDA-MB-468) with siRNA of CIAPIN1. Finally, we determined protein expression 
using RT-qPCR and Western blotting. CIAPIN1 expression was elevated in both breast cancer 
tissue and serum. Overexpression of CIAPIN1 detected in the breast cancer cell lines MCF7 and 
MDA-MB-468. In addition, CIAPIN1 overexpression increased cell proliferation and migration rate. 
CIAPIN1 downregulation suppressed cell proliferation while elevated cellular apoptosis, reactive 
oxygen species (ROS) production and oxidative stress in breast cancer cells. Moreover, CIAPIN1 
inhibition remarkably suppressed pyruvate, lactate and adenosine triphosphate (ATP) production and 
reduced the pyruvate kinase M2 (PKM2) protein expression and phosphorylation of signal transducer 
and activator of transcription 3 (STAT3) in breast cancer cells. Downregulation of CIAPIN1 suppresses 
cell proliferation, migration and glycolysis capacity in breast cancer cells by inhibiting the STAT3/
PKM2 pathway.

Keywords Cytokine-induced apoptosis inhibitor 1, Breast cancer, Apoptosis, Reactive oxygen species, Signal 
transducer and activator of transcription 3

Breast cancer is the leading cause of cancer-related death in women worldwide, accounting for 260,000 cases in 
the past two  years1. In China, over three million women are diagnosed with breast cancer annually. While early 
non-metastatic breast cancer patients have a cure rate of approximately 70–80%, late-stage breast cancer patients 
with distant organ metastasis are currently considered untreatable by available  therapies2. Various studies have 
shown significant differences in the mortality rates of breast cancer between different countries. Developed coun-
tries have lower rates of breast cancer mortality compared to underdeveloped regions. This could be primarily 
attributed to early detection strategies, timely diagnosis, and improved access to effective  treatments1,3. Breast 
cancer is currently detected through a combination of blood tumor marker screening, X-ray, and ultrasound 
imaging, which results in an accuracy rate of over 80%4,5. However, early diagnosis of breast cancer is still a 
significant issue in underdeveloped regions that lack access to advanced diagnostic and therapeutic methods. 
Therefore, identifying potential biomarkers that indicate the presence of breast cancer is crucial in reducing its 
incidence and improving treatment efficacy.

STAT3 is an oncogenic transcription factor active in various human malignancies and controls many cellular 
processes, including cell proliferation, apoptosis, survival, immune response, angiogenesis, and chemotherapy 

OPEN

1Department of Breast and Thyroid Surgery, Shanghai Pudong Hospital, Fudan University Pudong Medical Center, 
2800 Gongwei Road, Pudong New Area, Shanghai 201399, China. 2Department of Pathology, Shanghai Pudong 
Hospital, Fudan University Pudong Medical Center, Shanghai, China. 3Department of Rehabilitation, Shanghai 
Pudong Hospital, Fudan University Pudong Medical Center, Shanghai, China. *email: liyongpingdt@sina.com

http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-024-71405-3&domain=pdf


2

Vol:.(1234567890)

Scientific Reports |        (2024) 14:20794  | https://doi.org/10.1038/s41598-024-71405-3

www.nature.com/scientificreports/

 resistance6. A previous study has shown that the pathways associated with STAT3 are a crucial downstream 
mechanism of the VEGFR2  receptor7. An early study has reported promising anti-cancer properties of apatinib 
by inhibiting the VEGFR2/STAT3 signaling  pathway8. In addition, STAT3 has been found to promote aerobic 
glycolysis and stimulate the growth of glioblastoma, bladder carcinoma, and breast  cancer9–11. Prior investigations 
have indicated that STAT3 can enhance the glycolytic metabolism of multiple cancerous growths by controlling 
the expression of key glycolytic enzymes and regulators of  glycolysis12. However, there is a need to explore natu-
ral compounds that can inhibit STAT3 phosphorylation to target cancer progression with minimal side effects.

Malignant tumor cells behave differently than normal cells by upregulating aerobic glycolysis and producing 
large amounts of lactate and macromolecular precursors regardless of their oxygen status, known as the “Warburg 
effect”13. Studies have shown that glycolysis plays a significant role in regulating tumorigenesis and therapeutic 
sensitivity in  melanoma14. For instance, glycerol 3-phosphate dehydrogenase facilitates glycolysis, thereby regu-
lating melanoma cells’  tumorigenesis15. Additionally, the transcription factor 4 was found to sensitize melanoma 
cells to vemurafenib by inhibiting glucose transporter 3-mediated glycolysis. Glucose transporter 1 (GLUT 1), a 
rate limiting factor of glucose transport, is frequently upregulated in multiple solid tumors and associated with 
aggressive phenotypes and poor  survival16,17. The cytokine-induced apoptosis inhibitor 1 (CIAPIN1), also known 
as anamorsin, is a protein that prevents apoptosis or programmed cell death. It is naturally present in various 
organs, particularly those that can regenerate or  proliferate18. CIAPIN1 has shown potential as a diagnostic and 
therapeutic target in several human  malignancies19. Its expression has been linked to oncogenes or tumor sup-
pressors in different types of solid  tumors19. However, expression, biological roles, and mechanism of CIAPIN1 
in breast cancer remain unexplored. Additionally, its involvement in breast cancer is unknown. Therefore, the 
research aimed to investigate the potential impact of CIAPIN1 in breast cancer and its underlying molecular 
mechanism on breast cancer.

Materials and methods
Clinical specimens
We collected eight (8) cases of breast cancer tissues and the adjacent tissues, which were from surgically resected 
samples of breast cancer patients from January 2019 to June 2023 in our Hospital. We also obtained serum 
samples from 15 breast cancer patients and 15 healthy controls. The patients had not previously received either 
radiation or chemotherapy. The samples were collected and preserved in liquid nitrogen. The experimental pro-
tocols were approved by Shanghai Pudong Hospital; the Fudan University Pudong Medical Centre Institutional 
Review Board (IRB) granted this study a waiver from full IRB review. All methods were performed in accordance 
with the relevant guidelines and regulations.

Histology and IHC analysis
Breast cancer and adjacent tissues were stained with hematoxylin and eosin (HE). Primary antibodies against 
CIAPIN1 (1:100; ab154904, Abcam) have been applied to the sections and incubated overnight at 4 ℃. The slides 
were treated with a secondary goat anti-rabbit antibody for 1 h at room temperature before being stained with 
3,3′-Diaminobenzidine (DAB). Expression of CIAPIN1 was evaluated as the percentage of positive cells and 
staining intensity. The percentage of positive cells was evaluated as follows: staining percentage ≤ 1% of total cells: 
0 score; staining percentage 2 ~ 25%: 1 score, staining score 26 ~ 50%: 2 score; staining percentage 51 ~ 75%: 3 
score; and staining percentage > 75%: 4 score. Intensity was graded as follows: no signal: 0 score; weak staining: 
1 score; moderate staining: 2 score; and strong staining: 3 score. The total score was 0 ~ 12 which was calculated 
from multiplying scores of percentage of positive cells and staining intensity: negative (score 0 ~ 1), weak (score 
2 ~ 4), moderate (score 5 ~ 8), or strong (score 9 ~ 12)20.

Enzyme-linked immunosorbent assay (ELISA)
Serum was collected from 15 breast cancer patients and 15 healthy controls. The concentrations of CIAPIN1 
(P9446, FineTest, Wuhan, China) were measured in serum using ELISA. The concentrations were represented 
in µg/mL.

Cell culture
Several human breast cancer cell lines, including MCF7, MDA-MB-231, MDA-MB-453, and MDA-MB-468, 
were acquired from the American Type Tissue Culture Collection (ATCC) in Rockville, MD, USA. These cell 
lines were cultured in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum 
(FBS), 100 µg/mL of streptomycin, and 100 U/mL of penicillin.

Plasmid construct, siRNA, and transfection
To overexpress the CIAPIN1 gene in breast cancer cells, human CIAPIN1-cDNA sequences were cloned into 
lentiviral vector pCDH-CMV (LM-8070, LMAI Bio) and packaged in 293 T cells. To silence the CIAPIN1 
gene, three siRNAs toward the human CIAPIN1 gene were also purchased from Genepharma: CIAPIN1-87, 
CIAPIN1-299 and CIAPIN1-505 (Table 1). The lentiviral vector pCDH-CMV was transfected into MCF7 and 
MDA-MB-468 cells, and the siRNA sequence was transfected into MDA-MB-231 and MDA-MB-453 cells by 
using Lipo2000 according to the manufacturer’s instructions. The effectiveness of transfection was assessed 48 h 
after transfection using RT-qPCR and Western blot.
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MTT assay
Breast cancer cells were placed in 96-well plates at an amount of 1 ×  104 cells/well. MTT solution (1 mg/mL, 
M1020, Solarbio, Beijing, China) was applied to the cells and incubated for 4 h at 37 degrees Celsius. The 
formazan crystal was dissolved with 100 μL of DMSO in each well. Finally, the amount of absorption at 570 nm 
wavelength was determined with a microplate reader.

5-ethynyl-20-deoxyuridine (EdU) assay
Breast cancer cells were placed in 96-well plates at an amount of 5 ×  104 cells/well for the 5-ethynyl-20-deoxyu-
ridine (EdU) assay. The cells were then incubated with EdU solution at a concentration of 50 μM and fixed with 
4% paraformaldehyde. After that, the nuclei were stained with DAPI dye. Images of the cells were captured using 
an Olympus microscope (plate_number_1) and processed using ImageJ software from NIH Image, Bethesda, 
MD, USA.

Cell migration assay
The Transwell test was used to investigate the migratory capabilities of breast cancer cells. Transwell chambers 
(8 μm, 1 ×  105 cells/mL) were filled with cells in 100-L DMEM medium (no FBS added). The bottom container 
held 600 μL of 10% FBS DMEM medium. Following 72 h of incubation, the cells in the upper container were 
cleaned using a cotton swab. 0.1% crystal violet was used to identify the moving cells. To compute the aver-
age number of moved cells, the labelled moving cells were counted from five fields under a light microscope 
(magnification, × 200).

Cell apoptosis
The apoptotic cells were measured using the Annexin V-FITC assay kit (CA1020, Solarbio, Beijing, China). Breast 
cancer cells were grown in a 24-well plate (5 ×  104 cells per well) and treated for 48 h. Trypsin was then used to 
digest the cells, and they were treated for 15 min at room temperature with Annexin FITC and propidium iodide 
(PI). The rate of cell apoptosis was measured using flow cytometry.

Intracellular ROS level evaluation
The cellular ROS production was detected by dihydroethidium (DHE; Beyotime; cat. no. S0063) staining. When 
superoxide anions enter live cells, they dehydrogenate DHE to generate ethidium, which bonds to RNA or DNA 
and produces red fluorescence. The higher the degree of intracellular superoxide generation, the more intense 
the red glow. Breast cancer cells were seeded onto 24-well plates at a density of 1 ×  105 cells per well. DHE (10 M) 
was then applied to the cells, which were incubated at 37 ℃ for 30 min before being treated with 100 nM Se and 
200 mM HCY for 24 h. After washing with PBS, the fluorescence of the cells was evaluated using a fluorescent 
microscope at × 200 magnification.

Measurement of oxidative stress indicators
The breast cancer cells were homogenized (10%, w/v) for measuring oxidative stress biomarkers. The cell lysate 
was then frozen at −80 ℃ in the refrigerator. A commercial kit was used to assess MDA (S0131S, Beyotime, 
Shanghai, China), SOD (S0109, Beyotime), and CAT (S0051, Beyotime) activities, and a previously described 
procedure was utilized to determine the degree of oxidative  stress21.

RNA isolation from breast cancer cell and tissue samples
Total RNA was extracted from 90 to 120 mg of individual breast cancer cell samples utilizing the RNeasy Lipid 
Mini Kit (QIAGEN, Valencia, CA) following the guidelines provided by the manufacturer. RNA extraction from 
each breast cancer and normal tissue sample involved 5–10 Sects. (20 μm thickness) with a combined weight of 
around 400 mg. Subsequently, the tissue sections were placed in five micro centrifuge tubes for RNA isolation 
using the RNeasy Lipid Tissue Mini Kit (QIAGEN, Valencia, CA) following the manufacturer’s specified proce-
dures. Evaluation of RNA concentration (ng/μL) and purity (A260/280) was conducted for every RNA sample 
through the employment of the Nanodrop 1000 (ThermoFisher Scientific, Wilmington, DE). After assessment, 
all RNA samples were preserved at −80 ℃ until subjected to qRT-PCR analysis.

Real-time quantitative PCR (RT-qPCR)
To conduct the synthesis of cDNA, a quantity of 1 μg of total RNA was subjected to reverse transcription with 
the utilization of the High Capacity cDNA Reverse Transcriptase (RT) Kit following the guidelines provided 
by the manufacturer (ThermoFisher Scientific, Foster City, CA), within a final reaction volume of 20 μL. The 
ultimate volume of the qRT-PCR reaction amounted to 50 μL, comprising 2 μL of the cDNA sample, 1 μL of 

Table 1.  Sequences of siRNA

Genes Forward (5′-3′) Reverse (5′-3′)

Human-CIAPIN1-87 GGA UAA GCU UCA AGC GUU AACTT GUU AAC GCU UGA AGC UUA UCCTT 

Human-CIAPIN1-299 AGA CAG CUG UAG AUA ACA AUATT UAU UGU UAU CUA CAG CUG UCUTT 

Human-CIAPIN1-505 GGU UCU UCU AGG CAG CUU AAGTT CUU AAG CUG CCU AGA AGA ACCTT 
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each primer mix, 25 μL of iQ SYBR Green Supermix, and 22 μL of nuclease-free water. The internal reference 
utilized was GAPDH. Table 2 shows the list of PCR primer sequences used in this study. The RT-qPCR settings 
included 7 min of denaturation at 95 ℃, 40 cycles of 15 s at 95 ℃ and 1 min at 60 ℃. The 2−ΔΔCt approach was 
used to assess the relative mRNA  levels22.

Western blotting
The complete protein was obtained through the utilization of RIPA lysis buffer, while the nuclear protein was 
derived using Extraction Reagents from Pierce Biotechnology, Inc., located in Rockford, IL, USA. Protein levels 
were quantified utilizing a BCA protein assay kit manufactured by Beyotime Biotechnology, located in China. 
Protein specimens (50 μg) were separated using 10% SDS-PAGE and transferred onto PVDF membranes. The 
membranes were obstructed using a solution containing 5% low-fat milk and subsequently exposed to primary 
antibodies targeting CIAPIN1 (1:500, ab154904, rabbit polyclonal, Abcam), PKM2 (1:500, ab85555, rabbit poly-
clonal, Abcam), p-STAT3 (Y705) (1:500, ab267373, rabbit monoclonal, Abcam), STAT3 (1:500, ab68153, rabbit 
monoclonal, Abcam). The membranes underwent treatment using secondary antibodies linked with HRP. The 
internal control utilized in this study was GAPDH (1:2000, ab8245, mouse monoclonal, Abcam). Subsequently, 
the bands were detected using ECL (Thermo, Waltham, MA, USA) and processed through ImageJ software 
analysis.

Statistical analysis
The data were provided as mean ± SD for quantitative variables or number (percentage) for category variables. 
The SPSS Software 20.0 was used for all statistical analyses. Quantitative information underwent Student t-test 
analysis, while categorical data were subjected to χ2 test analysis. Pearson correlation was performed to ana-
lyse the correlations of CIAPIN1 with clinical indicators. In cellular studies, the one-way analysis of variance 
(ANOVA) was used to investigate the variation among three or more groups, followed by the Bonferroni post 
hoc test. P < 0.05 was considered the criteria for a statistically significant difference.

Results
CIAPIN1 expression was elevated in breast cancer tissues and serum
To determine the levels of CIAPIN1 in breast cancer tissues, the study carried out multiple tests, including HE 
staining and immunohistochemistry. The results showed that CIAPIN1 showed strong (#03) and moderate 
(#01, #02, #04) expression in four cancer tissues, while all the four non-cancer tissues showed weak CIAPIN1 
expression. This indicates CIAPIN1 expression is higher in breast cancer than in non-cancer tissues (Fig. 1A). 
The mRNA levels of CIAPIN1 in breast cancer tissues and adjacent normal tissues were analysed through RT-
qPCR, and increased mRNA levels of CIAPIN1 in breast cancer tissues were observed (Fig. 1B). Western blot 
analysis indicated higher protein levels of CIAPIN1 in breast cancer tissues than in adjacent normal breast tissues 
(Fig. 1C). In addition, ELISA measurement demonstrated that the serum concentrations of CIAPIN1 from breast 
cancer patients were elevated compared to the healthy controls (P < 0.001) (Fig. 1D).

Moreover, CIAPIN1 accelerates the development of breast cancer and could serve as a predictive biomarker. 
However, the Kaplan–Meier Plotter was used to calculate the impact of low and high CIAPIN1 expression on 
the Overall survival (OS) and recurrence-free survival (RFS) curves (Fig. 1E,F). Therefore, our data showed that 
the expression of CIAPIN1 was upregulated in breast cancer tissues and serum.

Expression of CIAPIN1 in breast cancer cells
The study aimed to explore the expression of CIAPIN1 in different breast cancer cell lines, namely MCF7, MDA-
MB-231, MDA-MB-453, and MDA-MB-468, using RT-qPCR and western blot analysis. The findings revealed 
that CIAPIN1 was more highly expressed in MDA-MB-231 and MDA-MB-453 cell lines compared to MCF7 
and MDA-MB-468 cell lines, as shown in Fig. 2A,B. We then transfected MCF7 and MDA-MB-468 cells with 
pcDNA3.1-CIAPIN1 or vector, and after 48 h, we examined the expression levels of CIAPIN1 using RT-qPCR 
and western blot analysis. The results demonstrated that high levels of CIAPIN1-OE were detected in MCF7 and 
MDA-MB-468 cells, as shown in Fig. 2C,D.

Overexpression of CIAPIN1 in breast cancer cells promotes cell proliferation and migration 
rate
We transfected MCF7 and MDA-MB-468 cells with pcDNA3.1-CIAPIN1 or vector and were cultured for 12, 24, 
48 and 72 h. The cell viability was assessed by MTT assay in MCF7 and MDA-MB-468 cells, respectively, and an 
improved cell viability rate was observed with increasing transfected time (Fig. 3A,B). The EdU assay was used to 
investigate cell proliferation of MCF7 and MDA-MB-468 cells at 24 h after transfection. The results showed that 
overexpression of CIAPIN1 increased cell proliferation for the MCF7 and MDA-MB-468 cells (Fig. 3C). After 

Table 2.  Primer sequences used in this study

Genes Forward primer (5′-3′) Reverse primer (5′-3′)

Human CIAPIN1 CAC CAA GAA GTC TTC TCC TTC AGT G GCT GAG AGG GTC CAC AGC T

Human GAPDH CAT GTT GCA ACC GGG AAG GA CGC CCA ATA CGA CCA AAT CAG 
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quantification of EdU-positive cells relative to DAPI-positive cells, we observed a consistent cell proliferation 
rate of MCF7 and MDA-MB-468 cells (both, P < 0.001) (Fig. 3D).

The overexpression of CIAPIN1 on cell migration ability was investigated by Transwell assay in MCF7 and 
MDA-MB-468 cells. The study results demonstrated that CIAPIN1 overexpression enhanced cell migration 
ability for the MCF7 and MDA-MB-468 cells (Fig. 4A). The same trends were found after quantification of the 
relative migrated cells (both, P < 0.001) (Fig. 4B).

CIAPIN1 downregulation via siRNA suppresses cell proliferation in breast cancer cells
Three siRNAs (siRNA-87, siRNA-299 and siRNA-505) targeting CIAPIN1 mRNA were introduced into MDA-
MB-231 and MDA-MB-453 cells for transient knockdown of CIAPIN1. The levels of CIAPIN1 mRNA were 
detected by RT-qPCR in MDA-MB-231 and MDA-MB-453 cells at 48 h after transfection. The results showed 
that siRNA-299 markedly suppressed the CIAPIN1 mRNA expression compared to siRNA-87 and siRNA-505 
in MDA-MB-231 and MDA-MB-453 cells (P < 0.001) (Fig. 5A,B). In addition, the western blot analysis was 
performed to determine the levels of CIAPIN1 protein in MDA-MB-231 and MDA-MB-453 cells, and the 
same suppression patterns were observed in MDA-MB-231 and MDA-MB-453 cells (Fig. 5C,D). Moreover, Cell 
viability was suppressed by CIAPIN1 knockdown in MDA-MB-231 and MDA-MB-453 cells detected by MTT 
assay 72 h after transfection (Fig. 5E).

Suppression of CIAPIN1 enhances breast cancer cell apoptosis
MDA-MB-231 and MDA-MB-453 cells were transfected with siRNA (siRNA-299) targeting CIAPIN1 mRNA 
for a further 24 h culture. Cell apoptosis was assessed by Annexin V-FITC double staining and analysed by flow 
cytometry. The results demonstrated that inhibiting CIAPIN1 expression increased the apoptosis rate in MDA-
MB-231 and MDA-MB-453 cells (Fig. 6A). In addition, a consistently increased apoptosis rate was observed 
after calculating the apoptotic rate using the sum of the early and late apoptotic cells (both, P < 0.001) (Fig. 6B).

Fig. 1.  CIAPIN1 expression was upregulated in breast cancer tissues and serum. (A) Representative image of 
morphological structure by HE staining and CIAPIN1 expression by immunohistochemistry in breast cancer 
tissues and adjacent tissue (Magnification 200 ×). (B) RT-qPCR was performed to determine the mRNA levels of 
CIAPIN1 in breast cancer tissues and adjacent tissue. (C) The protein levels of CIAPIN1 in breast cancer tissues 
(n = 4) and adjacent normal breast tissues (n = 4) were determined by Western blot. (D) ELISA was carried out 
to measure the serum concentrations of CIAPIN1 from breast cancer (n = 15) and healthy controls (n = 15). 
The impact of the low (black line) and high (red line) CIAPIN1 expression on (E) Overall survival (OS) and 
(F) recurrence-free survival (RFS) curves were calculated from the Kaplan-Meier Plotter. Data are presented 
as mean ± SD and Dot plots and analyzed using the Student t-test. ***P < 0. 001 vs. control group. N, adjacent 
normal breast tissues; T, breast cancer tissues.
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Fig. 2.  Expression of CIAPIN1 in breast cancer cells. (A) The mRNA expression of CIAPIN1 in four 
breast cancer cell lines (MCF7, MDA-MB-231, MDA-MB-453, and MDA-MB-468) by RT-qPCR. (B) The 
representative bands of CIAPIN1 protein in these four breast cancer cell lines. MCF7 and MDA-MB-468 
cells were transfected with pcDNA3.1-CIAPIN1 or vector. (C) The levels of CIAPIN1 mRNA were detected 
by RT-qPCR in MCF7 and MDA-MB-468 at 48 h after transfection. (D) The levels of CIAPIN1 protein were 
detected by Western blot, and representative gel blots of CIAPIN1 are shown. Data are presented as mean ± SD 
and analyzed using the T-test. ***P < 0.01 vs. control group.

Fig. 3.  Overexpression of CIAPIN1 in breast cancer cells promotes cell proliferation. MCF7 and MDA-MB-468 
cells were transfected with pcDNA3.1-CIAPIN1 or vector, and were cultured for 12, 24 48 and 72 h. (A, B) The 
cell viability was determined by MTT assay in MCF7 and MDA-MB-468 cells, respectively. (C) 5-ethynyl-20-
deoxyuridine (EdU) assay was used to assess cell proliferation of MCF7 and MDA-MB-468 cells at 24 h after 
transfection. (D) Quantification of EdU-positive cells relative to DAPI-positive cells. Data are presented as 
mean ± SD in triplicates and analyzed using the Student t-test. ***P < 0.01 vs. control group.
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Inhibition of CIAPIN1 enhances cellular ROS production and oxidative stress in breast cancer 
cells
To investigate the effect of CIAPIN1 inhibition on cellular ROS production and oxidative stress in breast cancer 
cells, we used dihydroethidium (DHE) stained MDA-MB-231 and MDA-MB-453 cells. The study results showed 
that CIAPIN1 inhibition enhanced cellular ROS production in MDA-MB-231 and MDA-MB-453 cells (Fig. 7A). 
After quantification of DHE-positive cells relative to DAPI-positive cells, the same trends of cellular ROS produc-
tion were observed (both, P < 0.001) (Fig. 7B). Three oxidative stress indicators were measured in lysate of MDA-
MB-231 and MDA-MB-453 cells using the colorimetric method, including malondialdehyde (MDA), superoxide 
dismutase (SOD) and catalase (CAT). Our data demonstrated that CIAPIN1 inhibition increased MDA levels 
and decreased SOD and CAT levels in MDA-MB-231 and MDA-MB-453 cells (all, P < 0.001) (Fig. 7C–E).

Inhibition of CIAPIN1 suppresses glycolysis in breast cancer cells through STAT3/PKM2 
pathway
To evaluate the effect of CIAPIN1 inhibition on glycolysis in breast cancer cells through the STAT3/PKM2 
pathway, we measured the energy metabolism by inhibition of CIAPIN1 in the lysate of MDA-MB-231 and 
MDA-MB-453 cells on pyruvate, lactate and adenosine triphosphate (ATP). The study data showed that CIAPIN1 
inhibition remarkably suppressed pyruvate, lactate and ATP production in MDA-MB-231 and MDA-MB-453 
cells (all, P < 0.001) (Fig. 8A–C). Next, we performed the western blot analysis to investigate the possible involve-
ment of CIAPIN1 inhibition suppresses glycolysis through the STAT3/PKM2 pathway. Our results demonstrated 
that CIAPIN1 inhibition potentially suppressed the expression of PKM2 and p-STAT3 in MDA-MB-231 and 
MDA-MB-453 cells (Fig. 8D). Quantification analysis showed that inhibiting CIAPIN1 reduced the PKM2 
protein expression and phosphoryl ation of STAT3 (all, P < 0.001) (Fig. 8E,F).

Overexpression of CIAPIN1 promotes glycolysis in breast cancer cells through STAT3/PKM2 
pathway
We conducted an experiment using MCF7 and MDA-MB-468 cells to investigate the impact of CIAPIN1 over-
expression on breast cancer cells through the STAT3/PKM2 pathway. The MCF7 and MDA-MB-468 cells were 
overexpressed with CIAPIN1 and then co-incubated with a STAT3 inhibitor STAT3-IN-3 (1 μM; HY-128588, 
MedChemExpress) for an additional 24 h. The results indicated that CIAPIN1 overexpression notably increased 
the expression of PKM2 and p-STAT3 in MCF7 and MDA-MB-468 cells. Conversely, the STAT3 inhibitor STAT3-
IN-3 effectively decreased the levels of PKM2 and p-STAT3 (all, P < 0.001) (Fig. 9A). Further quantification 
analysis demonstrated that inhibiting CIAPIN1 reduced the levels of PKM2 protein and the phosphorylation 
of STAT3 (Fig. 9B,C).

We also measured the energy metabolism in the lysate of MCF7 and MDA-MB-468 cells. Our findings 
revealed that overexpression of CIAPIN1 enhanced the expression of pyruvate, lactate, and ATP. At the same 
time, the STAT3 inhibitor STAT3-IN-3 significantly reduced the levels of pyruvate, lactate, and ATP in MCF7 
and MDA-MB-468 cells (all, P < 0.001) (Fig. 9D–F).

Fig. 4.  Overexpression of CIAPIN1 promotes the migration of breast cancer cells. (A) The overexpression of 
CIAPIN1 on cell migration ability was investigated by Transwell assay in MCF7 and MDA-MB-468 cells. (B) 
The relative migrated cells were quantified. Data are presented as mean ± SD in triplicates and analyzed using the 
Student t-test. ***P < 0.01 vs. control group.
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Discussion
We conducted a study to examine the impact of CIAPIN1 on breast cancer. Our findings revealed that CIAPIN1 
was elevated in breast cancer tissues, cells, and serum. Overexpression of CIAPIN1 was observed to accelerate cell 
proliferation and migration rate in breast cancer cells. On the other hand, when CIAPIN1 was downregulated, 
it suppressed cell proliferation and promoted apoptosis in breast cancer cells. In addition, CIAPIN1 inhibition 
increased cellular ROS production and oxidative stress in breast cancer cells. Moreover, CIAPIN1 attenuation 
suppressed glycolysis by inhibiting the STAT3/PKM2 pathway, whereas CIAPIN1 overexpression promotes 
glycolysis in breast cancer cells. Therefore, our research data demonstrated that CIAPIN1 could be a potential 
therapeutic target to identify breast cancer and improve treatment efficacy.

CIAPIN1 is a regulatory molecule located on the long arm of chromosome 16q21. Shibayama et al.18 discov-
ered that it plays a role in the rat sarcoma signal transduction pathway, distinct from apoptotic B cell lymphoma 
2 or the cysteine-dependent aspartate-directed protease family. CIAPIN1 is present in various healthy fetal 
and adult tissues and is expressed in differentiated and metabolically active  tissues23. However, its expression is 
inhibited in specific malignant tissues, such as gastric cancer and clear cell renal cell  carcinoma24,25. The current 
research found that CIAPIN1 was upregulated in breast cancer tissues and patient’s serum. In addition, high 
levels of CIAPIN1 were observed in the breast cancer cell lines, such as MCF7 and MDA-MB-468 cells.

Fig. 5.  Inhibition of CIAPIN1 in breast cancer cells by siRNA suppresses cell proliferation. (A) Three siRNAs 
targeting CIAPIN1 mRNA (siRNA-87, siRNA-299 and siRNA-505) were introduced into MDA-MB-231 and 
MDA-MB-453 cells for transient knockdown of CIAPIN1. (A, B) The levels of CIAPIN1 mRNA were detected 
by RT-qPCR in MDA-MB-231 and MDA-MB-453 cells at 48 h after transfection. (C, D) Western blotting 
was performed to determine the levels of CIAPIN1 protein in MDA-MB-231 and MDA-MB-453 cells. The 
expression of CIAPIN1 was normalized against endogenous GAPDH levels. (E) Cell viability was suppressed by 
CIAPIN1 knockdown in MDA-MB-231 and MDA-MB-453 cells detected by MTT assay 72 h after transfection. 
Data represent the average of three independent experiments (mean ± SD), and analyzed using ANOVA, 
followed by the Bonferroni post hoc test for multiple-group comparison. *P < 0.05, **P < 0.01, ***P < 0.001 vs. 
Control group or si-NC group.
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Fig. 6.  Inhibition of CIAPIN1 enhances breast cancer cell apoptosis. MDA-MB-231 and MDA-MB-453 cells 
were transfected with siRNA targeting CIAPIN1 mRNA (siRNA-299) for a further 24 h culture. (A) Cell 
apoptosis was assessed by Annexin V-FITC double staining and analyzed by flow cytometry. The representative 
images of flow cytometry are shown. (B) The apoptotic rate was calculated by the sum of the early apoptotic cells 
(lower right quadrant ) and the late apoptotic cells (upper right quadrant). Data represent the average of three 
independent experiments (mean ± SD), and analyzed using Student t test.. ***P < 0.001 vs. si-NC group.

Fig. 7.  Inhibition of CIAPIN1 enhances cellular ROS production and oxidative stress in breast cancer cells. 
(A) Representative images of DHE staining of MDA-MB-231 and MDA-MB-453 cells. (B) Quantification of 
DHE-positive cells relative to DAPI-positive cells. Three oxidative stress indicators were measured in the lysate 
of MDA-MB-231 and MDA-MB-453 cells using the colourimetric method, including (C) MDA, (D) SOD and 
(E) CAT. Data represent the average of three independent experiments (mean ± SD), and analyzed using Student 
t test.. ***P < 0.001 vs. si-NC group.
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Fig. 8.  Inhibition of CIAPIN1 suppresses glycolysis in breast cancer cells through STAT3/PKM2 pathway. The 
energy metabolism by inhibition of CIAPIN1 was measured in the lysate of MDA-MB-231 and MDA-MB-453 
cells on (A) pyruvate, (B) lactate and (C) ATP. (D) Representative gel blots depicting levels of PKM2 
(normalized to GAPDH) and phosphorylated STAT3 (p-STAT3, normalized to total STAT3). Quantification 
analysis shows that Inhibition of CIAPIN1 reduced the PKM2 protein expression and phosphorylation of STAT3 
(E, F). Data represent the average of three independent experiments (mean ± SD). ***P < 0.001 vs. si-NC group.

Fig. 9.  Overexpression of CIAPIN1 promotes glycolysis in breast cancer cells through STAT3/PKM2 pathway. 
The MCF7 and MDA-MB-468 cells were overexpressed with CIAPIN1 and co-incubated with a STAT3 inhibitor 
STAT3-IN-3 (1 μM; HY-128588, MedChemExpress) for further 24 h. (A) Representative gel blots depicting 
levels of PKM2 (normalized to GAPDH) and phosphorylated STAT3 (p-STAT3, normalized to total STAT3). 
(B, C) Quantification analysis shows that inhibition of CIAPIN1 reduced the PKM2 protein expression and 
phosphorylation of STAT3. The energy metabolism by overexpression of CIAPIN1 was measured in the lysate 
of MCF7 and MDA-MB-468 cells on (D) pyruvate, (E) lactate and (F) ATP. Data represent the average of three 
independent experiments (mean ± SD). ***P < 0.001 vs. Vector group; ###P < 0.001 vs. CIAPIN1-OE group.
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The growth of tumors is influenced by various factors such as cell migration, invasion, cell cycle, and pro-
liferation. In clear-cell renal cell carcinoma, DLGAP5 is up regulated, and its knockdown has been shown to 
suppress cell viability, proliferation, migration, and  invasion26. In ovarian cancer cells, microRNA-409-5p has 
been found to inhibit cell proliferation and induce G2/M phase arrest and apoptosis by targeting  DLGAP527. 
Furthermore, a study has reported that the knockdown of DLGAP5 inhibited breast cancer cell  proliferation28. 
In the current study, we conducted an experiment where we transfected MCF7 and MDA-MB-468 cells with 
pcDNA3.1-CIAPIN1 or vector. We used a EdU assay to investigate the cell proliferation of MCF7 and MDA-
MB-468 cells 24 h after transfection. We observed that overexpression of CIAPIN1 increased cell proliferation 
for both cell types, as shown in Fig. 3C. After quantifying EdU-positive cells relative to DAPI-positive cells, we 
observed a consistent cell proliferation rate for both cell types (Fig. 3D). Further, we investigated the effect of 
CIAPIN1 overexpression on cell migration ability by using Transwell assay in MCF7 and MDA-MB-468 cells. Our 
study showed that CIAPIN1 overexpression enhanced cell migration ability in both cell types (Fig. 4A). We found 
the same trends after quantifying the relative migrated cells (Fig. 4B). On the other hand, the downregulation of 
CIAPIN1 suppressed cell proliferation (Fig. 5) while enhancing cellular apoptosis (Fig. 6), ROS production and 
oxidative stress in breast cancer cells (Fig. 7).

STAT3 is an essential protein that promotes the growth and survival of cancer cells. When STAT3 is sup-
pressed, cancer cell growth is inhibited, the cells undergo programmed cell death, and they become less invasive 
and more sensitive to  treatment29. Our research shows that CIAPIN1, a protein inhibiting breast cancer growth, 
can also impede STAT3 activity by reducing phosphorylation. A recent study by Yao et al. found that STAT3 
interacts with the promoter region of hnRNPA1, a protein involved in the production of PKM2. This protein 
promotes glycolysis and enhances its production. This finding provides new insights into how cancer cells 
promote their survival and growth through metabolic  pathways30–32. However, the study results showed that 
CIAPIN1 inhibition reduces the PKM2 expression levels via downregulation of p-STAT3 in MDA-MB-231 and 
MDA-MB-453 cells. Moreover, CIAPIN1 overexpression notably increased the expression of PKM2, p-STAT3, 
pyruvate, lactate, and ATP. At the same time, the STAT3 inhibitor STAT3-IN-3 significantly reduced the levels 
of PKM2, p-STAT3, pyruvate, lactate, and ATP in MCF7 and MDA-MB-468 cells. There are some limitations 
in this study. Firstly, we used only four cell lines (MCF7, MDA-MB-231, MDA-MB-453, and MDA-MB-468) to 
evaluate the role of CIAPIN1 in breast cancer. Secondly, further in vivo validation of the function of CIAPIN 
and its relationship with the STAT3/PKM2 pathway is necessary.

Conclusion
The current research shows that CIAPIN1 can impede breast cancer cells’ proliferation, migration and glycolysis 
capacity by suppressing the STAT3/PKM2 pathway. This could potentially be used as a therapeutic approach for 
treating breast cancer. Further research will be conducted in the future to validate these findings, using more 
breast cancer cell lines and in vivo settings.

Data availability
The data from this study is available upon a reasonable request from Dr. Yongping Li at liyongpingdt@sina.com.
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