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ABSTRACT 

 

 

Ginsenoside F2, a microbial enzymatic product of ginsenoside Rb1, was assessed for its 

antiproliferative activity against breast cancer stem cells (CSCs). In this study, we revealed 

that F2 induced cell death with the mitochondrial dysfunction and the activation of caspase 9, 

PARP, Bax, Puma, p53. Concomitantly, F2 induced formation of acidic vesicular organelles 

(AVOs), recruitment of GFP-LC3-II to the autophagosomes, and elevation of Atg-7, 

suggesting that F2 initiated the autophagy in breast CSCs. Treatment of autophagy inhibitor 

enhanced the F2-induced cell death whereas blocking of p53 prevented both the autophagic 

and apoptotic activities, thus restored the cell viability. Together, our studies provided new 

insights regarding the anti-proliferative activity of F2 against breast cancer, and may 

contribute to rational utility and pharmacological study of F2 in future anti-cancer research. 

 

Key words: breast cancer stem cells, ginsenoside, F2, apoptosis, autophagy. 
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ABSTRACT IN KOREAN 

 

 

진 노사 드 Rb1  미생물 산물  진 노사 드 F2  암 포에 

한 식 억제 효능  탐색하 다.  연 에 는 F2를 처리한 암 

포에  미 콘드리아 능 애  함께 intrinsic apoptosis 경 를 통한 

포사  효과가 드러지게 나타남  확 하 다. 그리고 F2에 한 AVO 

(acidic vesicular organelles)  형 과 GFP-LCII형  점 과 Atg7  현 가를 

확 할 수 었  는 F2가 암 포에  autophagy도 한다는 

것  제시하고 다. Autophagy 억제제를 처리하   F2  도  포죽  

욱 향상 었지만, p53 억제제를 처리하  경우에는 autophagy  apoptosis 

현상  감  해 포 죽  보호 었다. 라  러한 연  결과들  

암 포에 한 F2  항암 활 에 해 새 운 견해를 제시하고 , 

라  F2  약리학적  연  합리적  실 에 여할 것 다. 
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1. Introduction 

Ginseng is the most widely recognized medicinal herb. It has been 

extensively used for centuries in the Far East and has gained great popularity in the 

West during the last two decades [25, 37]. The beneficial effects of ginseng can be 

attributed to its chemical components, mainly dammarene-type triterpene saponins, 

which are commonly known as ginsenosides [1, 6, 45]. Ginsenosides have various 

pharmacological effects, including inhibitory effects on the migration of tumor cells 

and significant antiproliferative effects on various cancer cell lines [30, 65, 68, 71]. 

Recent studies have further shown that the pharmacological activities of ginsenoside 

metabolites are superior to those of the parent ginsenosides [6, 36, 37]. However, the 

structures of ginsenoside metabolites and their activities have not been systematically 

elucidated. Interestingly, human intestinal bacterial enzymes are able to convert 

ginsenoside Rb1 to ginsenoside F2 (F2) after oral ingestion [58]. Since there is a 

dearth of information on the anti-cancer properties of F2, we evaluated its activity in 

breast cancer cells to facilitate the development of chemical and pharmacological 

approaches for enhancing the chemopreventive applications of ginseng. 

As metastatic breast cancer is the leading cause of cancer-related death 

among women in many countries [39], establishing and applying new treatments for 

breast cancer patients are important goals worldwide. Accumulating evidence 

indicates that cancer stem cells (CSCs) are at the root of oncogenesis, cancer relapse, 

and metastasis, since they are resistant to most conventional therapies, even 

advanced targeted ones [44, 52, 57, 61, 63]. During the past several years, CSCs 

have been confirmed to exist in solid tumors of the brain, prostate, pancreas, liver, 

colon, head, neck, lung, and skin [3, 23, 24, 42], and they have been under increasing 
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scrutiny as a potential cause of drug resistance [20, 38, 43, 54]. Breast CSCs were 

identified as a cell population with a cluster of differentiation (CD) 44+/CD24-/dim 

phenotype. As few as 100 cells with this phenotype were shown to efficiently 

generate new tumors, while 20,000 cells without such marker expression did not 

form detectable tumors [11], demonstrating that this cell population is suitable both 

as an in vitro model for studying breast CSCs and as a target for improved cancer 

therapy. Based on reports describing inherent and microenvironment-dependent 

apoptosis resistance in CSCs, we postulate that new therapeutic strategies are needed 

to effectively eradicate breast CSCs.  

For years, apoptosis was believed to be the principal mechanism by which 

chemotherapeutic agents kill cells. It is a highly conserved form of programmed cell 

death that regulates tissue homeostasis and/or eliminates damaged and infected cells. 

Two major apoptotic pathways exist: the extrinsic pathway mediated by death 

receptors and the intrinsic pathway mediated by mitochondria [29]. These apoptotic 

signaling pathways lead to the activation of caspases, cysteine proteases that cleave 

different substrates, eventually leading to cell dismantling. The intrinsic pathway of 

apoptosis is activated by various conditions, including DNA damage, oncogenic 

activation, oxidative stress, hypoxia, and other forms of stress that activate the tumor 

suppressor p53. Growing evidence now shows that anti-cancer agents also elicit 

autophagy (i.e., type II programmed cell death), a form of non-apoptotic cell death, 

or survival response to cell stress [2, 4, 18, 55, 62, 69]. Autophagy occurs when de 

novo membrane-enclosed vesicles engulf and consume cellular components. 

Crosstalk occurs between the mediators of autophagy and apoptosis [2]. Whether 

autophagy enhances or inhibits cell death in response to cellular stress is 
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controversial. On the one hand, autophagy provides energy for cell functioning 

through the degradation of molecules and organelles and reduces cell injury by 

facilitating the removal of pathogens, toxic molecules, damaged organelles, and mis-

folded proteins. On the other hand, too much autophagy can lead to type II 

programmed cell death due to the excessive degradation of mitochondria and 

molecules critical for cell survival [17, 18, 69]. Understanding the complexity of the 

relationship between apoptotic cell death and autophagy in cancer is required for 

better management and to tip the balance from cell survival to death [41]. 

In our continuing search for new and efficient anti-cancer agents, this study 

was conducted to explore the anti-cancer effects of F2 in cultured breast CSCs. Our 

findings indicate for the first time that F2 suppresses the proliferation of breast CSCs 

by modulating apoptotic and autophagic fluxes via the phosphorylation of p53, and 

may lead to the beneficial use of F2 in breast cancer therapies. 
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2. Materials and Methods 

2.1. Reagents 

Ginsenosides F2 (Fig. 1) and RE were isolated and characterized previously [73]. 

RPMI 1640 medium, DMEM, bovine serum albumin (BSA), trypsin/EDTA, fetal 

bovine serum (FBS), insulin, bFGF, EGF, Antibiotic-Antimycotic 100X, and Gibco® 

B-27® supplement were purchased from Invitrogen. Tamoxifen, 4-hydroxytamoxifen, 

doxorubicin, quercetin, baicalein, tangeretin, nobiletin, Hoechst 33342, chloroquine 

(CQ), pifithrin-α (PFT), dimethyl sulfoxide (DMSO), 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium bromide (MTT), propidium iodide (PI), and RNase A were 

purchased from Sigma Chemical Co. (St. Louis, MO). An Annexin V-FITC 

Apoptosis Detection Kit I and BD™ MitoScreen (JC-1) Kit were purchased from BD 

Biosciences (Franklin Lakes, NJ). Anti-Beclin-1, -Atg7, -LC3B, -cleaved PARP, -

Bax, -Bcl-2, -p53-upregulated modulator of apoptosis (PUMA), -p53, -p-p53, -

cleaved caspase 9, and -β-actin antibodies were purchased from Cell Signaling 

(Danvers, MA). Polyvinylidene fluoride (PVDF) membranes for Western blotting 

were purchased from Bio-Rad (Hercules, CA). CQ was prepared as a 200 mM stock 

solution in PBS. All other chemicals were dissolved in DMSO. 
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Figure 1. Structure and molecular weight of ginsenoside F2. 

2.2. Cell culture 

The isolation, enrichment, and characterization of breast CSCs were 

performed previously [48, 50]. Isolated breast CSCs were plated in serum-free 

DMEM supplemented with 1% BSA, 1 μM insulin, 10 ng/mL bFGF, 20 ng/mL EGF, 

and B-27 supplement in a low cell-binding dish. After mammospheres (tight round 

spheres floating in the medium) formed, they were trypsinized and evaluated for 

stem cell markers by flow cytometry and then cultured in DMEM containing 10% 

FBS for 24 h before treatment with F2 or other reagents. The cells were maintained 

at 37°C in a humidified incubator in an atmosphere containing 5% CO2. 

Exponentially growing cells were treated with various concentrations of F2, CQ, or 

PFT. MCF-7 and CCD-25Lu human lung fibroblasts (KTCC) were maintained in 

RPMI 1640 medium or DMEM supplemented with 10% heat-inactivated FBS, 

respectively. 
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2.3. Cell viability assay 

Breast CSCs (5×104 cells/mL) were plated in 96-well plates in 200 μL of 

medium containing 10% heat-inactivated FBS. After 24 h, the cells were treated with 

different concentrations of F2, CQ, or PFT and incubated for an additional 24 or 48 h. 

At the indicated time points, 20 μL of MTT solution (5 mg/mL) were added to each 

well and the cells were maintained in a humidified environment for 3-4 h. The 

supernatant was then removed, and 150 μL of DMSO was added to each well. All 

experiments were conducted in quadruplicate. Cell viability was determined from the 

absorbance at 570 nm, measured using a Sunrise microplate reader (Tecan, Salzburg, 

Austria). Cell viability is shown as the percentage of control viability (mean ± SD). 

The blank contained 200 μL of RPMI 1640 or DMEM with 10% FBS and equivalent 

reagent concentrations. 

2.4. Morphological study 

Breast CSCs (5×104 cells/mL) were transferred to 6-well plates and treated 

with reagents 24 h after seeding. After 24 h, the cells were stained with 10 μM 

Hoechst 33342 or acridine orange (AO) then observed under a fluorescence 

microscope (Olympus, Essex, UK). 

2.5. Flow cytometric analysis 

To analyze the cell cycle distribution, apoptosis, autophagy, and 

mitochondrial membrane potential, cells (5×104 cells/mL) were plated in 6-well 

plates and treated with F2 (0-120 μM) for 24 h. For cell cycle analysis, cells were 

harvested, washed with PBS, fixed in 70% ethanol, rehydrated in 2 mM EDTA-PBS, 

treated with RNase A (25 ng/mL), and stained with PI (40 µg/mL). An Annexin V-
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FITC Apoptosis Detection Kit I was used to detect the translocation of 

phosphatidylserine from the inner side of the plasma membrane to the outer side 

according to the manufacturer’s protocol. Briefly, cells were washed with PBS, 

diluted in annexin V binding buffer containing annexin V and PI, and incubated for 

15 min at room temperature (RT). The cells were processed within 1 h. For the 

detection of autophagy, cells were stained with 10 μM AO, harvested, and kept in 2 

mM EDTA-PBS containing 10% FBS. For JC-1 mitochondrial membrane detection, 

we followed the manufacturer’s protocol. Briefly, treated cells were trypsinized and 

washed with 1X assay buffer, stained with JC-1 for 10-15 min at 37°C in a CO2 

incubator, and washed twice with 1X assay buffer at RT. All analyses were 

performed using a FACSCaliber flow cytometer (BD Biosciences). Data from 10,000 

cells per sample were analyzed with CellQuest Software (BD Biosciences). Each 

experiment was repeated at least three times. 

2.6. LC3-GFP transfection 

The pEGFP-LC3B vector was a kind gift from Dr. Tamotsu Yoshimori 

(Hayama, Japan) and Junsoo Park (Yonsei University, Wonju, Republic of Korea). 

Transfection was performed using Lipofectamine (Invitrogen) according to the 

manufacturer’s protocol. After incubation with the plasmid-Lipofectamine complex 

for 24 h, cells were treated with the indicated doses of F2 for an additional 24 h. The 

presence of LC3-II in autophagosomes was assessed using a fluorescence 

microscope (Olympus). 

2.7. Western blot analysis 

Treated cells were collected, washed with PBS, and lysed in TNN lysis 
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buffer (100 mM Tris-HCl [pH 8], 250 mM NaCl, 0.5% Nonidet P-40, and 1X 

protease inhibitor cocktail) and kept on ice for 30 min with sonication every 10 min. 

The lysates were then centrifuged at 13,000 x g for 30 min at 4°C. The resulting 

supernatants were stored at -70°C until use. Protein concentrations were determined 

by BCA™ Protein Assay (Pierce, Rockford, IL). Aliquots of the lysates (containing 

30-50 μg of protein) were separated by 12-15% SDS-PAGE and transferred to PVDF 

membranes using a glycine transfer buffer (192 mM glycine, 25 mM Tris-HCl [pH 

8.8], and 20% [v/v] methanol). After blocking with 5% non-fat dried milk, the 

membrane was incubated for 2 h with primary antibodies, and then for 30 min with 

secondary antibodies in milk containing Tris-buffered saline (TBS) and 0.5% Tween 

20. Primary antibodies (with the exception of the anti-β-actin antibody) were used at 

a dilution of 1:1,000. The anti-β-actin primary and secondary antibodies (horseradish 

peroxidase-conjugated goat anti-rabbit IgG) (Vector Laboratories, Burlingame, CA) 

were used at a dilution of 1:10,000. Protein bands were detected using the WEST-

ZOL® plus Western Blot Detection System (iNtRON, Gyeonggi-do, Korea). 

2.8. Statistical analysis 

Group comparisons were performed using Student’s t-test and one-way 

analysis of variance (ANOVA) with SPSS v. 12.0 software. p < 0.05 was considered 

statistically significant. All experiments were performed in triplicate. 
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3. Results 

3.1. Characteristics of breast CSCs following treatment with ginsenoside F2 

We cultured breast CSCs under conditions in which non-adherent spherical 

clusters of cells form, as described previously [48, 49, 50]. These spherical 

mammospheres, when maintained in serum-free medium, retained CSC markers in 

up to 96.27% of cells. Their disaggregation with trypsin and seeding under adherent 

conditions before the application of reagents gave a uniform morphology compared 

with the dome shape of MCF-7 breast cancer cells (Fig. 2). 

 

Figure 2. Breast cancer stem cells and MCF-7 cells. 

In this research, tamoxifen, 4-hydroxytamoxifen, and doxorubicin were used 

to test the resistance of two cell populations. As shown in table 1 all three anti-cancer 

drugs showed higher IC50 in breast CSCs than in MCF-7 breast cancer cell line 

indicating that the breast CSCs has extreme resistance to anti-cancer drugs. Next we 

examined the effects of various phytochemicals on breast CSCs and MCF-7 breast 
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cancer cell line searching for efficient anticancer agents which can induce death of 

breast CSCs as much as the death of MCF-7 cells. Treatment with the 

phytochemicals including quercetin, baicalein, tangeretin, nobiletin, well-known for 

cell death-inducing in human breast cancer [15, 20, 26] had much less suppressive 

effects on proliferation of breast CSCs compared with MCF-7 cell line (Table 1). 

 

Table 1. IC50 values in MCF-7 and breast CSCs  

IC50 values (μM)  
Phytochemicals 

MCF-7  bCSCs  

Tamoxifen  11.25 ± 1.42  17.58 ± 2.03*  

4-Hydroxytamoxifen  4.72  ± 1.25  20.14 ± 5.31*  

Doxorubicin  3.73  ± 0.66  12.33 ± 2.26*  

Quercetin  100.01 ± 14.40  189.56 ± 13.59*  

Baicalein  89.61  ± 11.58  146.22 ± 7.81**  

Tangeretin  72.73 ± 6.25  130.42 ± 4.14**  

Nobiletin  78.63 ± 6.23  129.10 ± 8.90**  

Ginsenoside F2  85.24 ± 8.27  97.48 ± 4.66  

Ginsenoside RE  145.70 ± 21.75  212.63 ± 21.88  

* or ** = significantly different from MCF-7, p < 0.05 or 0.01, respectively  
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In this study, tamoxifen, 4-hydroxytamoxifen, and doxorubicin were used to 

test the resistance of two cell populations. All three anti-cancer drugs had higher IC50 

values in breast CSCs than in MCF-7 cells, indicating that breast CSCs have extreme 

resistance to anti-cancer drugs (Table 1). We next examined the effects of various 

phytochemicals on breast CSCs and MCF-7 cells to identify efficient anti-cancer 

agents that can induce cell death in breast CSCs as efficiently as in MCF-7 cells. 

Treatment with phytochemicals such as quercetin, baicalein, tangeretin, and nobiletin, 

which are known to induce cell death in human breast cancer [19, 26, 32], had much 

weaker suppressive effects on the proliferation of breast CSCs compared with MCF-

7 cells (Table 1). However, F2 exhibited similar cell death-inducing activity in MCF-

7 cells and breast CSCs. 

We next examined the mechanism of F2-induced cell death in breast CSCs. 

When administered for 24 h, F2 caused a dose-dependent decrease in cell viability in 

breast CSCs, but no obvious toxicity in normal human CCD-25Lu fibroblasts (Fig. 

3B). As shown in Fig. 3B, treatment with F2 for 1-12 h caused no toxicity, and there 

was little difference between the effects at 24 and 48 h. We therefore examined the 

effects of incubation with F2 for 24 h on CSCs. 
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(A) 

 

(B) 

 

Figure 3. The cytotoxicity of F2 in CSCs. (A) Adherent breast CSCs and CCD-

25Lu cells were treated with different doses of F2 (0-120 μM). (C) Effects of 

treatment with F2 for different periods of time (1-48 h). The data correspond to the 

mean ± SD of three independent experiments. 
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3.2. Ginsenoside F2 induced apoptotic cell death in CSCs 

To determine whether the reduced viability of cells treated with F2 was 

attributable to apoptosis, we performed Hoechst nuclear staining, annexin V/PI 

staining, and cell cycle distribution analysis. Nuclear staining showed that F2 

induced the fragmentation and condensation of nuclei in breast CSCs in a 

concentration-dependent manner (Fig. 4A). Flow cytometric analysis through 

annexin V/PI double-staining showed that F2 increased the percentage of annexin V-

positive/PI-negative breast CSCs that were apoptotic rather than necrotic in a 

concentration-dependent fashion (Fig. 4B and C). 
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 (A) 

 

(B) 

 

(C) 

 

Figure 4. Apoptotic morphology in breast CSCs upon F2 treatent. (A, B, and C) 

Cells were seeded in 12- (A) or 6-well plates (B and C) and incubated for 24 h. Next, 

the indicated concentrations of F2 were applied and the cells were incubated for an 

additional 24 h. (A) Nuclear condensation, as indicated by Hoechst staining. Treated 

cells were stained with 10 μM Hoechst 33342 and observed under a fluorescence 
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microscope. (B) Apoptotic cells were detected by annexin V/PI staining. Treated 

cells were harvested and stained with PI and/or annexin V according to the 

instructions of the company that supplied the kit. The results shown are 

representative of three independent cytometric analyses. (C) The histogram for 

illustrating the annexin V/PI results. Data are means ± SD of three dependent 

experiments about percentage of AVO positive cells; *P < 0.05, **P < 0.01. 

Table 2. F2 induced sub-G1 cell cycle arrest in a dose-dependent manner  

 F2 (μM) 

 0 40 80 100 120 

Sub-
G1 (%) 

4.0 ± 1.8  13.8 ± 1.2*  19.9 ± 2.1*  35.2 ± 3.2**  60.5 ± 1.3**  

* or ** = significantly different from the control, p < 0.05 or 0.01, respectively  

 

In addition, there was a significant increase in the sub-G1 fraction from 4.04% 

(DMSO only; 0 μM F2) to 60.45% (120 mM F2), possibly due to DNA fragmentation 

(Table 2). It has been suggested that chemically induced apoptosis is often, but not 

always, associated with a loss of the mitochondrial membrane potential (ΔΨm) as a 

result of the leakiness of the inner mitochondrial membrane [59, 67]. The non-toxic 

fluorescent probe JC-1 is concentrated in mitochondria as red fluorescent aggregates 

(FL2) when the membrane potential is high, and is converted to green monomers 

(FL1) when the ΔΨm is lost. Therefore, either a decrease in FL2 or an increase in 

FL1 can result from a loss of the ΔΨm [40]. As shown in Fig. 3C and E, F2 dose-

dependently increased the number of mitochondria with disrupted membrane 

potentials. These results indicate that F2 induced apoptotic cell death through DNA 

damage and mitochondrial membrane dysfunction. Western blotting of apoptosis-
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related proteins suggested that F2 induced apoptosis in breast CSCs by shifting the 

Bax/Bcl-2 ratio in favor of apoptosis (Fig. 6). Moreover, the levels of two markers of 

apoptosis, cleaved caspase 9 and cleaved PARP, were increased. In addition, the 

level of PUMA increased, suggesting the involvement of the pivotal tumor 

suppressing protein p53 in this milieu. F2 increased the levels of p53 phosphorylated 

at Ser15 and unphosphorylated p53 in a dose-dependent manner at concentrations up 

to 100 and 120 μM, respectively, indicating that F2 partly induces apoptosis through 

the activation of p53. 
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(B) 

 

Figure 5. JC-1 staining is for examining the collapse of mitochondrial 

membrane. (A) Treated cells were trypsinized, stained, washed, and analyzed with 

flow cytometry. (B) The histograms illustrated the increase of mitochondrial 

dysfunction cells for JC-1 flow cytometric analysis. Data are means ± SD of three 

dependent experiments about percentage of AVO positive cells; *P < 0.05, **P < 

0.01. 
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Figure 6. F2 activated intrinsic apoptotic cell death through activation of p53 in 

breast CSCs cells. Effects of treating breast CSCs with different doses of F2 (0-120 

μM) for 24 h. Western blot analysis of Bcl-2, Bax, cleaved PARP, cleaved caspase 9, 

PUMA (α, β), p-p53, p-53, and the housekeeping protein β-actin, performed as 

described in the Materials and Methods, showed the activation of apoptotic proteins. 

The results shown are representative of three experiments. 

 

 

 

 

 

 

3.3. Ginsenoside F2 induced autophagy in breast CSCs 
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As numerous microscopic vacuoles were observed in breast CSCs treated 

with F2 (in contrast to breast CSCs treated with DMSO alone) (Fig. 7), we examined 

the effects of F2 on other cellular responses associated with cell death to better 

understand its anti-cancer effect. AO staining was used to analyze the formation of 

acidic vesicular organelles (AVOs) or autophagolysosome vacuoles, which occurs as 

the result of fusion between autophagosomes and lysosomes and is a key feature of 

autophagy [62]. 

 

 

Figure 7. The changing in morphology of CSCs after treating F2. The experiment 

was carried out at indicated concentrations of F2 in 24 h. F2 increased cell rounding, 

membrane blebbing, and the levels of floating cell debris in a dose-dependent 

manner. Large numbers of vacuoles (black arrows) were also formed in the F2-

treated cells. The results shown are representative of three independent experiments. 

Results shown are representative of three dependent experiments. 

Large numbers of AVOs were detected in breast CSCs treated with F2 (Fig. 
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8A). The quantification of AVO formation by flow cytometry showed that AVOs 

formed in 16.47% of breast CSCs treated with 40 μM F2 and in 35.8% of breast 

CSCs treated with 100 μM F2, but in only 5.27% breast CSCs treated with 120 μM 

F2 (Fig. 8B).  

(A) 

 

(B) 

 

Figure 8. Acidic vesicular organelles significantly increased upon F2 treatment. 

(A) Representative images showing the dose-dependent increase in AVO-positive 

cells. Cells were seeded in 12-well plates and incubated for 24 h. They were then 

treated with different concentrations of F2 for an additional 24 h. AVOs were 

examined by incubating the cells with 10 μM AO for 5-10 min, and observing and 

imaging them using a fluorescence microscope. (B) Quantification of AVO-positive 
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cells by flow cytometry. Cells were seeded in 60-mm dishes and treated with the 

indicated concentrations of F2. After 24 h, the cells were stained with 10 μM AO, 

trypsinized, and analyzed. The graph shows the percentages of cells that were 

positive for AVOs. The data correspond to the mean ± SD of three independent 

experiments. *p < 0.05, **p < 0.01. 

 

Figure 9. F2 accumulated LC3-II, Atg-7 and Beclin-1 in breast CSCs treated 

with F2. Cells were treated with F2 for 24 h, lysed, and subjected to Western 

blotting using antibodies specific for Atg-7, Beclin-1, LC3B and β-actin. The results 

shown are representative of three independent experiments. 

Conversion of the lipidated form of LC3 (LC3-I) to LC3-II is considered to 

be an autophagosomal marker due to the localization and aggregation of LC3-II in 

autophagosomes [70]. To confirm that F2 induced autophagy, we transiently 

transfected breast CSCs with pEGFP-LC3. As shown in Fig. 10, control cells showed 

diffuse and weakly fluorescent GFP-LC3 puncta, whereas the F2-treated cells 

exhibited an abundance of green punctate LC3 signals in the cytoplasm. F2 increased 

both the percentages of cells with GFP-LC3-positive dots and the average number of 
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GFP-LC3 dots per cell in a dose-dependent manner up to 100 μM (data not shown). 

These data are consistent with the results of our Western blot analysis of autophagy 

marker proteins, including Atg-7, Beclin-1, and LC3B. F2 increased the expression 

of Beclin-1 and Atg-7, which are required for autophagosome formation, in a dose-

dependent manner up to 100 μM. Neither Beclin-1 nor Atg-7 was detected in cells 

treated with 120 μM F2 (Fig. 9). F2 induced the processing of full-length LC3B-I (18 

kDa) to LC3B-II (16 kDa). F2 also increased the accumulation of LC3B-II breast 

CSCs dose-dependently at concentrations up to 100 μM (Fig. 9 and 10). These 

results indicate that in breast CSCs treated with a high concentration of F2, apoptosis, 

rather than autophagy, was predominant. 

 

 

Figure 10. The LC3-GFP expression and accumulation in to autophagosome in 

F2-treated cells. LC3-GFP expression and accumulation in autophagosomes. At 24 

h after the transient transfection of pEGFP-LC3B, breast CSCs were treated with 

different concentrations of F2 for an additional 24 h and then analyzed for 
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fluorescence. Images were captured using a fluorescence microscope. The results 

shown are representative of at least three replicates. 

3.4. CQ and PFT altered the apoptotic and autophagic signaling pathway in 

F2-treated CSCs 

Accumulating evidences suggested paradoxical roles of p53 and autophagy 

in control of cell death and survival under various stimulus conditions [4, 17, 18, 21, 

33, 51, 60, 69, 72]. To determine the biological role of p53 and autophagy in F2-

mediated apoptotic cell death, the autophagic inhibitor chloroquine (CQ) was utilized 

to disrupt lysosomal function and prevent completion of autophagy, whilst p53 

inhibitor (pifithrin-α, PFT) was applied for blocking p53 activities. As shown in 

figure 11A and B, the proportion of apoptotic cells were up-regulated with the co-

treatment of F2-CQ (52.92%) and down-regulated with the combination of F2-PFT 

(20.07%) compared to that with F2 alone treatment (33.46%). 
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(A) 

 

(B) 

 

Figure 11. CQ and PFT altered the apoptotic pathway in F2-treated cells. (A) 

Apoptotic cells by Annexin V/PI staining. After 24 h of treatment, cells were 

harvested, stained and analyzed by flow cytometry. Data are means ± SD of three 
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dependent experiments about percentage of AVO positive cells; *P < 0.05, **P < 

0.01. (B) Microscopic images for Hoechst staining. The white dots are considered as 

the apoptotic body. 

 

Figure 12. CQ and PFT altered the collapse of mitochondria in F2-treated cells. 

Mitochondrial membrane potential by JC-1 staining with the calculated-FL2/FL1 

ratio. Cells were trypsinized and stained with JC-1 to quantify the FL2/FL1 ratio. 

FL2/FL1 reduction means the decrease of ΔΨm. Data are means ± SD of three 

dependent experiments; *P < 0.05, **P < 0.01. 

In addition, mitochondrial membrane potential was changed in a similar 

fashion with the proportion of apoptotic cells; the treatment of F2-CQ significantly 

enhanced the destruction in mitochondria whereas that of F2-PFT did not (Fig. 12). It 

is well-known that the lysosomotropic CQ blocks the autophagosome-lysosome 

fusion thus prevents autophagic activities [27, 64]. The histogram of the flow 

cytometric data of AO staining and the representative images showed that AVO 
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formation was significantly down-regulated by CQ but partly reduced by PFT (Fig. 

13A, B). The LC3-II conversion or the autophagosomal formation was also in the 

consistent way with AVOs level (Fig. 13C). In order to see the difference in cell 

viability, we screened the combination of F2, F2-CQ, or F2-PFT in MTT assay. 

Figure 14 exhibited that co-treating F2-CQ caused more cell death, while applying 

F2-PFT restored the cell viability, 24.07%, 49.48%, and 65.98% for F2-CQ, F2 alone, 

and F2-PFT, respectively. In combination of 100 μM F2 and PFT at 25 μM, 50 μM 

or 75 μM concentrations of PFT, the cell viability was stable at around 60 - 65% 

compare to the control (data not shown), while F2 alone induced cell death in the 

region of 50% and F2-CQ was about 20%. Therefore, we decided to use 25 μM 

concentration of PFT. Furthermore, sub-G1 cell cycle was considerably arrested in 

F2-CQ treatment, with the value 35.22%, 55.75%, and 22.26% for F2, F2-CQ, and 

F2-PFT, respectively (Table 3). All these data strongly indicated that inhibition of 

autophagy enhanced cell death, whereas preventing of p53 recovered cell viability in 

breast CSCs. 
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(C)  

 

Figure 13. CQ and PFT altered the autophagic activities in F2-treated cells. (A) 

AVO-positive cells by AO staining and analyzing with flow cytometric system. Data 

are means ± SD of three dependent experiments; *P < 0.05, **P < 0.01. (B) 

Representative images for AO staining; cells with the orange dots were considered as 

the positive-AO cells. (C) Representative images of GFP-LC3 in CSCs which were 

transiently transfected for 24 h and applied the reagents for more 24 h. The 

concentrations were: DMSO, F2, F2-CQ, and F2-PFT. All data were repeated at least 

3 times. 
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Figure 14. CQ and PFT changed the cell viability in F2-treated cells. Cell 

viability was done by conventional MTT assay. Data are means ± SD of three 

dependent experiments; *P < 0.05, **P < 0.01. 

 

 

Table 3. Sub-G1 cell cycle arrest in co-treatment of F2 with either CQ or PFT  

F2 (μM)  CQ (μM)  PFT (μM)  Sub-G1 (%) 

0  0  0  4.04 ± 1.75 

0  40  0  13.38 ± 0.65** 

0  0  25  9.86 ± 0.82** 

100  0  0  35.22 ± 3.20** 

100  40  0  55.75 ± 3.14** 

100  0  25  22.26 ± 4.50* 

* or ** = significantly different from the control, p < 0.05 or 0.01, respectively  
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3.5. Ginsenoside F2 induced protective autophagy through modulation of p53 

To understand the molecular mechanism of F2-induced protective autophagy, 

we examined and compared the expression of apoptosis- and autophagy-related 

proteins. Interestingly, pretreatment with CQ increased the level of p-p53 and 

thereby significantly induced apoptotic cascades, as shown by increases in the levels 

of Bax, cleaved Bax [13], cleaved PARP, and cleaved caspase 3 and a decrease in the 

level of Bcl-2 in breast CSCs treated with F2 alone. Notably, in breast CSCs treated 

with F2 plus PFT, the levels of Bax, cleaved Bax, PUMA, cleaved PARP, and 

cleaved caspase 9 were down-regulated while the level of Bcl-2 increased, although 

there was no detectable change in the level of p53 or p-p53. We therefore conclude 

that the co-treatment of breast CSCs with F2 and PFT inhibited apoptosis more 

strongly than autophagy. In other words, the inhibition of apoptosis by PFT governed 

the fate of breast CSCs in response to treatment with F2.  
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Figure 15: Inhibitors CQ and PFT altered the autophagic and apoptotic 

proteins in F2 treated-CSCs. The following treatments were applied for 24 h: 

DMSO, CQ, PFT, 100 μM F2, F2 + CQ, and F2 + PFT. Cell lysates were analyzed 

by Western blotting using antibodies specific for p53, p-p53, Bax, cleaved Bax, Bcl-

2, cleaved PARP, caspase-3, cleaved caspase 3, LC3B, and the housekeeping protein 

β-actin. Western blotting was performed as described in the Materials and Methods. 

The results shown are representative of at least three replicates. 
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3.6. Suggested mechanism for F2-treated-breast CSCs 

We suggest that F2-induced cell death in breast CSCs is associated with 

intrinsic apoptosis and protective autophagy via the activation of p53. p53 is a well-

known tumor suppressor that induces cell cycle arrest and apoptosis [2, 29]. 

However, it has been reported that p53 can up-regulate autophagy to maintain cell 

survival under conditions of stress or starvation. This suggests that p53 is neither a 

positive nor a negative regulator of autophagy; instead, it may function as an adaptor 

to modulate the rate of autophagy in the face of changing circumstances. In other 

words, p53-regulated autophagy is preferred for cellular survival [7, 17, 51]. In our 

study, the activation of p53, autophagic flux, mitochondrial dysfunction, apoptosis, 

and sub-G1 cell cycle arrest occurred almost simultaneously in F2-treated breast 

CSCs. The autophagy inhibitor CQ enhanced the phosphorylation of p53, thereby 

increasing apoptosis in F2-treated CSCs. In addition, the blockade of p53 activation 

with PFT strongly inhibited apoptotic activity, but only slightly inhibited autophagy 

(Fig. 5B and C). Thus, we propose a possible mechanism for ginsenoside F2-induced 

cell death in human breast CSCs (Fig. 7). F2 causes DNA damage or nuclear 

condensation and then activates p53 and downstream proteins such as Bax and 

PUMA. Caspase activation accompanies mitochondrial dysfunction and protective 

autophagy. The inhibition of autophagy with CQ increases apoptotic cell death. 

Treatment with CQ alone induced apoptosis (Figs. 5B and 6). We found that p53, on 

the one hand, mediated a cell cycle arrest due to cellular stress and triggered 

apoptotic cell death by regulating the intrinsic pathway, while on the other hand 

modulating the autophagic flux, which may be useful in clearing damaged 

mitochondria and disordered proteins, thereby prolonging cell survival after F2 
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treatment. Those activities were abolished by treatment with PFT. The incomplete 

prevention of AVO formation and activation of autophagy-related proteins by PFT 

implies the existence of other pathways mediating the induction of autophagy in F2-

treated cells. This requires further study. 

 

 

 

Figure 16. Suggested mechanism for F2-induced cell death in breast CSCs. 

Ginsenoside F2 causes DNA damage, thereby triggering the activation of p53 and 

downstream proteins, which induce intrinsic apoptosis. The activation of 

mitochondrial apoptosis is concomitant with the induction of protective autophagy. 

CQ increased F2-induced cytotoxicity in CSCs, whilst PFT prevented apoptosis and 

partially inhibited autophagy, suggesting that p53 is not the only pathway mediating 

F2-induced autophagy. 
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4. Discussion 

There is growing evidence of the importance of CSCs in the growth, survival, 

and resistance to therapy of cancers. Numerous types of drugs and phytochemicals 

have been introduced to CSC research, but they have either caused many unexpected 

effects or have not translated well in vivo. As a result, novel therapeutic agents are 

still required for improved cancer management [28, 50, 56]. CD44+/CD24-/dim breast 

cancer cells are known for their putative tumor-initiating ability and multidrug 

resistance [14, 38, 43, 48, 49, 50]. Here, we showed that treatment with 100 μM F2 

eliminated 50% of breast CSCs and induced similar rates of cell death in breast CSCs 

as in MCF-7 cells. Although additional studies of CSC markers, invasion, and 

migratory ability are required, we have demonstrated for the first time that 

ginsenoside F2 induces protective autophagy and apoptotic cell death in breast CSCs 

through the up-regulation of p53. 

Apoptosis and autophagy have many common regulators, and crosstalk 

between them regulates cell fate in response to cellular stress. The complex 

interaction of apoptotic and autophagic pathways necessitates the careful 

consideration of both of them to understand cell death phenomena [2, 17]. In our 

study, we revealed that intrinsic apoptotic death played a critical role in F2-treated 

cells, with a marked increase in condensed apoptotic nuclei, a sub-G1 phase arrest, 

mitochondrial membrane degradation, and increased levels of Bax, PUMA, and 

cleaved caspase 9. While apoptosis always results in cell death, seeing autophagy in 

a dying cell does not necessarily indicate autophagic cell death. Autophagy can act as 

a partner, an antagonist, or a promoter of apoptosis. As an antagonist, it retards 

apoptotic cell death. The role of autophagy in cancer has been increasingly discussed, 
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and explorations of its role in the biology of CSCs have just begun. A novel theory of 

autophagy-maintained CD44+/CD24-/dim stem cells was recently proposed [53]. We 

observed increased numbers of AVOs in the cytoplasm in comparison with MCF-7 

cells and AGS gastric cancer cells (data not shown). In this study, we demonstrated 

that F2 induced autophagy with the notable induction of autophagic markers such as 

AVO formation, conversion of LC3-I to LC3-II, accumulation of Atg-7 and Beclin-1, 

and incorporation of GFP-LC3-II into autophagosomal membranes. 

Further functional analysis showed that the inhibition of autophagy by co-

treatment with CQ markedly increased F2-induced apoptotic cell death, suggesting 

that F2-induced autophagy plays a protective role in breast CSCs. In addition, the 

application of both F2 and CQ increased the LC3-II level compared to that in cells 

treated with F2 alone, suggesting that F2 induced a complete autophagic flux that 

completely degraded the internal components of autophagosomes [34, 46]. Upon F2 

treatment, CQ inhibited F2-triggered autophagy in breast CSCs at a very late stage, 

preventing the fusion of autophagosomes and lysosomes. This in turn increased the 

turnover of LC3-II and accelerated F2-induced apoptotic cell death. Autophagic 

activity somehow restrains p53 function and downstream mitochondria-dependent 

apoptosis, but is not powerful enough to alter cell viability [69]. Accordingly, our 

results indicate that the co-treatment of DMSO- and F2-treated CSCs with F2 and 

CQ enhanced the phosphorylation of p53 and apoptotic activity, but blocked the 

autophagic flux. This implies that although it only acts at a late stage of autophagy, 

CQ strongly facilitates F2-induced breast CSC death and may be an efficient tool in 

the treatment of breast CSCs. Filippi-Chiela et al. [16] recently obtained similar 

results using glioblastoma CSCs. We found that CQ increased the level of p-p53 in 
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breast CSCs when administered alone or in combination with F2. The increased 

activation of p53 led to further apoptosis and autophagy. However, autophagy was 

inhibited by CQ, meaning that apoptosis was the main factor controlling cell fate. 

Ma et al. [56] reported that multi-agent resistance in hepatic CSCs required 

the preferential expression of survival proteins involved in the Akt/PKB and Bcl-2 

pathways. Interestingly, ginsenoside F2 altered Bcl-2 expression and function, 

thereby inducing intrinsic apoptotic cell death. Treatment with PFT significantly 

increased the Bcl-2 level in F2- and DMSO-treated breast CSCs, and consequently 

blocked intrinsic apoptotic cell death. The window of p53-mediated autophagy 

induction has been newly opened, and the idea that p53 has a dual function as a 

regulator of autophagy has recently become popular [2, 51, 66, 69, 72]. Many 

scientists agree that the down-regulation of p53 in the cytosol by the ubiquitin system 

is required to trigger autophagy [7, 31, 66]. Starvation or ER stress leads to the 

proteasomal degradation of p53, which later also causes the induction of autophagy 

[5, 7, 18, 21, 31, 66]. However, oncogenic or genotoxic stress promotes the 

stabilization/activation of p53, activates 5’ adenosine monophosphate-activated 

protein kinase (AMPK) in a transcription-independent fashion, and finally inhibits 

mammalian target of rapamycin (mTOR) to positively regulate autophagy. Herein, 

we showed that F2 induced the accumulation of p-p53, which is believed to stimulate 

autophagy through AMPK-TSC/1/TSC2-mTOR and PTEN, TSC1, or the 

transcriptional up-regulation of DRAM [2, 5, 7, 12, 18, 21]. 

The paradoxical role of p53 in inducing both autophagy and apoptosis was 

confirmed by co-treatment with F2 and PFT. PFT selectively inhibits p53 

transcriptional activity and prevents DNA damage-induced apoptosis [8, 9, 15]. PFT 
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does not down-regulate p53 synthesis; rather, it inhibits the translocation of p53 to 

the nucleus and prevents it from binding to target DNA sites [8, 9, 15]. We showed 

that, without p53 transcriptional activity, autophagosome AO staining was markedly 

reduced concomitant with reductions in the levels of Bax, cleaved Bax, PUMA, 

cleaved PARP, and cleaved caspase 9 and the induction of Bcl-2. As a result, cell 

viability was improved compared to cells treated with F2 alone. In this study, the 

ability of PFT to inhibit apoptosis was the main factor behind the recovery of cell 

viability. 

In conclusion, we found that F2 induces apoptotic cell death accompanied by 

protective autophagy in breast CSCs. In addition, we found that the autophagy 

inhibitor CQ plays a substantial role in facilitating F2-induced cell death. The 

information provided in this report will be valuable for future studies and the 

discerning use of F2 in the treatment of breast cancer. Greater knowledge of the 

interactions between autophagy and apoptosis and about the biology of CSCs is 

required to understand the factors that distinguish F2 from other compounds in terms 

of the induction of CSC self-destruction. 
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