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Abstract

Adenoid cystic carcinoma (ACC) is one of the most common malignancies of the major and minor 

salivary glands. However, the molecular mechanism underlying the aggressive growth of human 

salivary ACC remains unclear. In the present study, we showed that survivin, which belongs to the 

family of inhibitors of apoptosis, is closely related to the high expression of CDK4 and cyclin D1 

in human ACC specimens. By employing the smallmolecule drug YM155, we found that the 

inhibition of survivin in ACC cells caused significant cell death and induced autophagy. 

Chloroquine, an autophagy inhibitor, prevented cell death induced by YM155, suggesting 

YM155-induced autophagy contributed to the cell death effects in ACC cells. More importantly, 

evidence obtained from a xenograft model using ACC-2 cells proved the occurrence of YM155-

induced autophagy and cell death in vivo was correlated with the suppression of Erk1/2 and S6 

activation as well as increased TFEB nuclear translocation. Taken together, our results indicate 

YM155 is a novel inducer of autophagy-dependent cell death and possesses therapeutic potential 

in ACC.
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Introduction

Adenoid cystic carcinoma (ACC) is a malignant epithelial glandular type neoplasia, 

characterized by neural infiltration, rich in angiogenesis, high incidence of distant metastasis 

and poor long-term survival rates [1]. To date, no systematic and effective strategy for 

improving the treatment of ACC is available. Surgery followed by postoperative 

radiotherapy and/or chemotherapy is considered as the preferred therapy for ACC, however, 

both are ineffective for its local recurrence and distant metastasis [2]. Understanding the 

molecular mechanism underlying the aggressive growth of ACC will benefit the 

personalized and molecular target therapy [3].

Apoptosis resistance is a hallmark for most cancers, by which malignant cells escape from 

cell death [4]. Among the process, inhibitors of apoptosis (IAPs) family members play an 

important role, and more importantly, they are highly proved high expressed in many 

cancers [5, 6]. Survivin, the most important member of IAP family, is reported to be highly 

expressed in ACC and it is commonly associated with poor prognosis and survival of the 
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patient [7]. Survivin has been implicated in both cell survival and cell cycle regulation in 

many types of cancers by acting with p53 and/or CDK complex. YM155, a novel 

smallmolecule drug that inhibits survivin at the mRNA level [8], is currently being used in 

phase I and phase II clinical studies in advanced solid tumors [9, 10]. Thus, it may be a 

promising choice for ACC therapy by targeting survivin via administration of YM155. 

However, the underlying mechanism by which YM155 induces cancer cell death remains 

unclear, especially in ACC cells. Recent research has proven that suppression of survivin by 

YM155 can induce autophagy-dependent apoptosis in prostate cancer [11], indicating 

autopohagy may be a novel mechanism of ACC in response to YM155.

Autophagy in cancer is believed to be involved in both survival pathways and cell death 

[12-14]. Autophagy is a conservative process of protein degradation through autophagosome 

and lysosome system [15]. Autophagy regulation involves multiple autophagy-specific 

genes (ATGs), and in which mTOR complex1 (mTORC1) and Beclin1 (ATG6) complex are 

extremely important for autophagosome induction and elongation [16, 17]. Recent research 

has also suggested that transcription factor EB (TFEB), which belongs to the MiT family, 

plays an important role in tumourigenesis [18], autophagosome [15] and lysosome 

biogenesis [19]. Moreover, limited data suggest that mTORC1 [20] and phosphorylation of 

Erk [21] are two important signaling pathways that regulate the nuclear localization of 

TFEB by promoting phosphorylation in the serine-rich motif. mTOR is a potent inhibitor of 

TFEB nuclear translocation and TFEB is a rapamycin-resistant substrate of mTORC1 [6]. In 

normal status, mTOR phosphorylated TFEB on serine 211 which results the inhibition of 

TFEB activity. When mTOR is inactive, dephosphorylation of TFEB was detected, which 

leads TFEB accumulation in the nucleus [22]. What’s more interesting, some researches also 

detected coimmunoprecipitation of Erk2–TFEB in normal but not in starved medium. And 

knockdown of Erk1/2 proteins by small interfering RNA could induce TFEB nuclear 

translocation to a similar extent as serum starvation [23]. Thus, we believe that the 

mechanism of action of YM155 in ACC is correlated with these pathways.

In this study, we aimed to answer whether the inhibition of survivin by YM155 can induce 

ACC cell death and autophagy, and to explain this phenomenon by exploring the molecular 

mechanism of YM155 in inhibiting ACC.

Materials and methods

Patients and immunohistochemistry

Thirty pathologically confirmed human ACC specimens, with ten normal salivary gland 

tissues were collected at the Hospital of Stomatology, Wuhan University. The procedures 

were performed in accordance with the guidelines of National Institutes of Health regarding 

the use of human tissues and approved by the institute review board of the Ethics Committee 

of the Hospital of Stomatology, Wuhan University. Immunohistochemistry was performed 

as previous described [24] by incubating with survivin (1:200; Cell Singling Technology, 

MA, USA), CDK4 (1:200; Abcam, MA, USA), CyclinD1 (1:500; Santa Cruz, CA, USA) or 

p-RbS780 (1:200; Abcam, MA, USA) antibody overnight at 4 °C. The antibody binding was 

detected by horseradish peroxidase-conjugated secondary antibody using a 

diaminobenzidine substrate kit (Dako, CA, USA) according to the manufacturer’s protocol 
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as previous described [24]. The negative control slides were obtained by using PBS buffer 

instead of the primary antibody. For analysis, as we previous reported [23], slices were 

scanned with background substrate for each slice using an Aperio ScanScope CS scanner, 

and quantified using Aperio Quantification software (Version 9.1) for membrane, nuclear, or 

pixel quantification. Histoscore of the staining for membrane or nuclear was calculated as 

the percentage of positive cells by the formula: (3+) × 3 + (2+) × 2 + (1+) × 1. And the 

histoscore of pixel quantification was calculated as total intensity/total cell number.

Cell culture, drugs, and reagents

Human adenoid cystic carcinoma (ACC-2 and ACC-M) cell lines were cultured in DMEM 

containing 10 % fetal bovine serum as previous described [25]. YM155 (Selleck, TX, USA) 

was dissolved in DMEM to produce a stock solution that was aliquot and stored at −20 °C. 

Chloroquine (CQ, Sigma, MO, USA) was dissolved in DMEM to produce a 10 μmol/L stock 

solution that was aliquoted and frozen at −20 °C. 3-Methyladenine (3-MA, Sigma) was also 

dissolved in DMEM to produce a 4 mmol/L stock solution and frozen at −20 °C.

Nude mice xenografts

Female BALB/c nude mice (18–20 g) with 6–8 weeks of age were housing in the 

Experimental Animal Center of Wuhan University in pressurized ventilated cages according 

to institutional regulations. All proposals were approved and supervised by the institutional 

animal care and use committee of Wuhan University. ACC-2 cells (2 × 106 in 0.2 mL of 

medium) were inoculated subcutaneously into the flank of the mice. After 7 days, tumor-

bearing mice were randomly divided into three groups, which were intraperitoneal injection 

PBS (Vehicle group, n = 5), YM155 5 mg/kg (n = 5) for 14 consecutive days or YM155 10 

mg/kg (n = 4) for 3-day continuous infusion per week for 2 weeks. Tumor volumes were 

calculated to determine the tumor growth according to the formula (width2 × length)/2 as 

previous described [26]. The mice were weighted every other day to evaluate the toxicity of 

the drug. The mice were euthanized at day 30, and the tumors were harvested, 

photographed, and then embedded in paraffin for immunohistochemical analysis or frozen at 

−80 °C for western blotting [26].

Cell proliferation assay

Cell proliferation was accessed by 3-(4,5-dimethylthiazol- 2-yl)-2,5-

diphenyltetrazoliumbromide (MTT) assay as previously described [27]. Briefly, ACC-2 cell 

lines were treated with the indicated concentrations of YM155 in DMEM for 24 h. Media 

was removed and cells were resuspended with DMEM and 10 % MTT. After 4 h incubation, 

the media was removed and DMSO was added to dissolve purple crystallization. Then read 

absorbance at 570 nm with a reference filter of 620 nm.

Cell death detection ELISA

ACC-2 cell line was incubated in a 96-well plate with the indicated concentrations of 

YM155 for 24 h [26]. After the incubation, the cells were pelleted by centrifugation and the 

supernatant was discarded. Cells were resuspended and incubated in lysis buffer. After 

centrifugation, an aliquot of the supernatant was transferred to a streptavidin-coated well of 
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a microtiter plate. Nucleosomes were bound in the supernatant with anti-histone and anti-

DNA. Then the immobilized antibody–histone complexes were washed three times and 

sample was incubated with peroxidase substrate. At last, the amount of colored product was 

determined using spectrophotometer.

Annexin V/PI staining

After YM155 treatment as previously described (0, 5, 10 and 20 nM), ACC cells were 

detached from culture dishes by trypsin–EDTA and centrifuging. Annexin V/PI (BD 

Pharmingen) staining were performed according to manufacture’s instruction and cell 

counted by flow cytometer (BD) as previous described [26].

Hoechst and MDC staining

Treated ACC-2 cells were treated as described previously [25]. Treated cells were stained 

with Hoechst 33258 (5 μg/mL) or monodansylcadaverine(MDC, 50 mmol/L) mixture 

solution at room temperature for 30 min. The staining was visualized and captured under an 

inverted fluorescent microscope (Leica).

LC3 immunofluorescence staining

ACC cells were seeded to a coverglass slide chamber (Millipore), and after the designated 

treatments, cells were washed with PBS three times. Then fixed with 4 % paraformaldehyde 

in PBS for 15 min at room temperature, and permeabilized with 0.3 % Triton X-100 for 10 

min. Cells were washed with PBS and blocked with 2.5 % BSA in PBS for 1 h. Then 

incubated with LC3 primary antibody (1:200; Cell Signaling Technology, MA, USA) 

overnight at 4 °C, followed by second antibody. The coverglass was examined and recorded 

by a fluorescent microscope and representative cells were selected and photographed [25]. 

Cells with more than 5 bright LC3 dot punctae in the cytoplasm surrounding the nuclear 

were consider as a LC3-positive cells. LC3 dot punctae were quantified according to the 

guideline in detect autophagy by counting percentage of LC3-positive cell [6].

Western blotting

ACC cell lines were treated with the indicated concentrations of YM155 pretreated with or 

without CQ for 24 h. Then the cells were lysed, and the total protein was separated using 12 

% SDS-polyacrylamide gel electrophoresis and transferred onto polyvinylidene fluoride 

membranes (Millipore Corporation, MA, USA). The blots were then blocked with 5 % non-

fat dry milk at room temperature for 1 h, and incubated overnight at 4 °C with the 

corresponding primary antibodies at dilutions recommended by the suppliers, followed by 

incubation with horseradish peroxidase-conjugated secondary antibody (Santa Cruz) for 0.5 

h. Then blots were developed by West Pico enhanced chemiluminescence detection kit 

(Thermo). GAPDH was detected on the same membrane and used as a loading control [27].

Hierarchical clustering and statistical analysis

The staining scores that resulted from immunohistochemical analyses of human tumor 

samples were converted into scaled values centered on zero in Microsoft Excel. The 

hierarchical analysis was done using Cluster 3.0 with average linkage based on Pearson’s 
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correlation coefficient as the selection variable on the unsupervised approach. The results 

were visualized using Java TreeView 1.0.5 as described previously [24]. The clustered data 

were arranged with markers on the horizontal axis and tissue samples on the vertical axis. 

Two biomarkers with a close relationship are located next to each other.

Data analyses were conducted using Graph Pad Prism version 5.00 for Windows (Graph-Pad 

Software Inc.). One-way ANOVA followed by the post-Dunnett or Bonferroni multiple 

comparison tests were used to analyze the differences in protein levels as compared with 

control group or among each group. The Mann–Whitney U test and Student t test was used 

to evaluate differences in the proteins immunohistochemistry and total tumor area of the 

mice YM155-treated and vehicle only group. Log rank statistics were used to evaluate 

survival in the YM155 and control groups. Mean values ± SEM with a difference of P < 

0.05 were considered as statistically significant.

Results

High expression of survivin/CDK4/CyclinD1/p-Rb in human salivary gland ACC

The basal expression levels and activation status of survivin, CDK4, cyclin D1 and p-

RbS780, which are the key proteins in cell cycle regulation, were determined. Our results 

revealed that survivin, CDK4, cyclin D1 and p-RbS780 were highly expressed in all three 

pathological types of ACC compared with pericancerous normal salivary gland tissues (Fig. 

1a, b). Expression of survivin was positively correlated with the high expression of CDK4 

(P < 0.0001, r = 0.7198), cyclin D1 (P = 0.0029, r = 0.4490) and p-RbS780 (P = 0.0157, r = 

0.3707). The sample included ACC tissue (n = 30) and normal salivary gland tissue (n = 10, 

Fig. 1b, Supplementary Fig. 1).

YM155-induced cell death in ACC-2 cell line

We examined whether or not YM155, a novel inhibitor of survivin, can induce ACC cell 

death. MTT assay showed that YM155 could inhibit the growth of ACC-2 (Fig. 2a, IC50 = 

10 nmol/L) and ACC-M cell lines (Supplementary Fig. 2a, IC50 = 20 nmol/L) in a dose-

dependent manner. In Fig. 2c, chromatin condensation was observed by Hoechst 33258 

staining assay in ACC-2 treated with YM155. Moreover, by assessing the DNA 

fragmentation in YM155- treated ACC cells using the Cell Death Detection ELISAPLUS kit 

(Fig. 2b) and Annexin V (+) and PI (∓) % cells using flow cytometry (Fig. 2d), we proved 

that YM155 caused the cell death in an apoptosis dependent manner. As detected in Annexin 

V (−) and PI (+) % cells, we find YM155 induces ACC-2 death by not only 

apoptosisdependent pathway but also non-apoptotic pathway. In addition, we showed the 

increase in cleaved PARP was related to low expression of survivin by YM155 inhibition in 

ACC-2 (Fig. 2e with quantification in Fig. 2f). In addition, YM155 induces ACC-2 cell 

death by not only apoptosis-dependent pathway but also by non-apoptotic pathway since 

significant Annexin V(−) PI(+) % increase especially treated with 20 nM YM155 for 24 h. 

These data suggest that YM155 can inhibit the growth of ACC by inducing cell death.
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YM155 induced autophagy in ACC-2 cell line

Since autophagy is closely related to apoptosis and survivin plays an important role in both 

apoptosis and autophagy, the role of survivin in autophagy is interesting to explore. We 

found that autophagy was increased after YM155 treatment by MDC (Fig. 3a). And 

exposure to YM155 led to an obvious punctuate pattern of LC3II immunofluorescence 

staining in ACC-2 (Fig. 3b). Based on these observations, we further used chloroquine (CQ), 

a reagent confirmed to block the fusion between autophagosomes and lysosomes, to 

determine whether or not LC3 conversion induced by YM155 proceeds to the last step of 

lysosomal degradation. The results suggest that 10 and 20 nM YM155 can significantly 

increase the conversion of LC3I to LC3II, which indicates the presence of more mature 

autophagosomes (Fig. 3c with quantification in Fig. 3d). Artificial inhibition of the fusion of 

autophagosomes and lysosomes by CQ was proven to accumulate YM155- induced LC3II in 

ACC cell lines (Fig. 3c, d).

YM155-induced autophagy enhances cell death in ACC

Based on the above observations, we determined whether the autophagy induced by YM155 

serves as a prosurvival or prodeath mechanism. Figure 3c, d show that cleaved PARP 

decreases in cells treated with CQ. We then used a putative autophagy inhibitor, 3-MA, 

which prevents the induction of autophagosomes to inhibit autophagy flux, and tested its 

effect on YM155-induced cell death. Cells treated with 3-MA reduced YM155-induced cell 

death in ACC-2 cell lines, as determined by flow cytometry (Fig. 3e). These results 

collectively demonstrate that autophagy induced by YM155 contributes to the induced cell 

death in ACC cell lines.

YM155 inhibited tumourigenesis of ACC-2 xenografts

To further authenticate the growth inhibition ability of YM155 in vivo, ACC-2 xenografts in 

nude mice were established. Figure 4a shows the different drug delivery strategies. The 

growth of ACC-2 xenograft tumors was significantly inhibited by YM155 treatment in a 

dosedependent manner relative to the vehicle only group (Fig. 4b–e); toxicity to the mice 

towards high doses of YM155 was also observed (Fig. 4f). As such, we examined only the 

low-dose YM155 and vehicle groups for subsequent Western blot and 

immunohistochemistry.

YM155-induced cell death and autophagy by inhibiting the phosphorylation of Erk and 
mTOR pathway

We found that the expression of survivin decreased in the ACC-2 xenografts treated with 

YM155 (Fig. 5a, b). We observed increase in TUNEL+ cells (Fig. 5a) as well as increase in 

cleaved PARP and caspase 3 in theYM155-treated group compared with the vehicle-only 

group (Fig. 5b), as determined by Western blot. These findings indicate that the decrease in 

tumourigenesis is caused by an increase in apoptosis. YM155 was found to induce 

autophagy by observations of increases in LC3II and SQSTM1, two markers of autophagy, 

in ACC xenografts by Western blot as well as increases in Beclin1 in immunostaining (Fig. 

5a, b). To further investigate the mechanism of YM155 in ACC, we focused on TFEB, a 

master molecule that regulates autophagy. Our data suggested that nuclear translocation of 
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TFEB afterYM155 treatment inACC xenograft increases compared with the vehicle-only 

group, as determined by immunohistochemistry (Fig. 6a). Phosphorylation of the two 

important signaling pathways of Erk and S6 also decreased (Fig. 6a, b). All of the results 

presented above are consistent with our in vitro findings, which demonstrate that YM155 

increases autophagy by inhibiting phosphorylation of Erk and mTOR, and by increasing the 

nuclear translocation of TFEB.

Discussion

YM155, a novel imidazolium-based compound, selectively suppresses survivin expression 

in most cells [8]. YM155 has been proven to induce apoptosis in prostate cancer as well as 

other cancers [11] and shown to have antitumor effects in various tumor xenograft models 

[28]. In combination with YM155, transitional anti-carcinogenic drugs, such as platinum 

compounds or docetaxel, show enhanced anticancer efficacy in various cancer cells in vitro 

and in vivo. Phase I and II clinical trials on YM155 have been performed and conducted to 

be safe during the therapeutics, showing the promising application of the compound in 

cancer clinical treatment. However, the effects ofYM155 on human ACC, a specific 

carcinoma characterized by diffused invasion of the tumor into adjacent organs and early 

distant metastasis remains unknown. In the current study, we have demonstrated that 

YM155 could halt ACC progression by inducing cell death and autophagy in vitro as well as 

in vivo.

Recent evidence indicates that apoptosis and autophagy occur almost simultaneously during 

treatment with anti-cancer drugs [29] since they share many of the same cellular regulators 

[30]. However, whether or not autophagy exerts pro-death or pro-survival effects on cancer 

cell death remains ambiguous and must be addressed. Accumulating evidence suggests has 

shown that autophagy is used as a prosurvival mechanism in some cancer cells and 

attenuates anticancer drug-induced apoptosis [31]. On the other hand, autophagic cell death 

has shown as an important cell death mechanism in response to certain anti-cancer drugs 

[32]. In the present study, we found thatYM155 can induce both cell death and autophagy in 

ACC-2 cells as wells as in xenografts established by implanting ACC-2 cells in nude mice. 

To delineate the role of autophagy induced by YM155 in ACC, 3-MA, an inhibitor of 

autophagy, was used. Results showed that suppression of autophagic flux significantly 

decreases the cell death induced by YM155 in both cell lines and xenografts, which suggests 

that an increase in autophagic flux may act as a cell death mechanism in ACC cells.

To further explore the mechanism of YM155-induced cell death and autophagy, as well as 

the role of survivin in each process, possible proteins involved were detected in xenografts 

by Western blot. The expression of Beclin1 was up-regulated in tumors treated with YM155. 

Bcl-2, which has been proven to be highly expressed in ACC tissues by high throughput 

scanning and validation [1, 33], could inhibit Beclin1-dependent autophagic activation by 

directly binding Beclin1 protein [16]. Previous data also suggest that survivin exhibits novel 

interaction with Beclin1, which plays an important role in autophagy [34]. Some researchers 

have shown that survivin can inhibit the evolution of the LC3 punctate pattern in prostate 

cancer and the same was observed in ACC cell lines and nude mice [35]. In spite of using 

bioinformatics analysis- based and prediction, we did not observe the direct binding of 
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survivin with other ATG proteins. We propose that the mechanism of YM155-induced 

autophagy may be attributable to the down-regulation survivin as well as Bcl-2, thereby 

releasing LC3 to activate autophagy. These findings indicate that survivin is a key molecule 

in the interaction between autophagy and apoptosis.

Decreases in phosphorylation of Erk and S6 by YM155 treatment were observed, consistent 

with the results of other researches demonstrating YM155 inhibit survivin via the Erk 

pathway in pancreatic cancer [36]. We believe that the down-regulation of survivin induced 

by YM155 in ACC may be partly due to inhibition of Erk pathway. Interestingly, the 

downstream molecule of mTORC1, which plays an important role in protein biosynthesis 

[37], ribosomal protein S6 kinase 1 (S6K1) was also down-regulated at the phosphorylation 

level. Therefore, it is valid to say that mTOR/S6 may act downstream of Erk as reported in 

previous studies [36]. Interestingly, TFEB, which has been demonstrated to play as a 

downstream protein of mTOR in other cancer cells, was found to increase in tumors treated 

with YM155, as determined by immunohistochemical analyses. TFEB that regulated 

lysosome trafficking, which is an important process during autophagolysosome formation, 

can lead to the dephosphorylation and translocation into the nucleus by mTOR [38, 39]. 

Recent reports also prove that knockdown of Erk proteins can also induce TFEB nuclear 

translocation [19]. Taken together, our data suggest that YM155-regulated TFEB activation 

which might be dependent on the Erk and/or S6 pathway involved in its induced autophagy, 

at least in ACC cells.

Since YM155 may be a potential drug target for ACC chemotherapy, understanding its 

toxicity in mice is important. This conducted the administration methods or drug delivery 

system application. Previous studies have proven that controlled release using osmotic pump 

or nanoparticles at the sub-nanomolar range in pre-clinical models show less toxicity than 

other delivery method [8]. In the present study, we found that the weight of mice largely 

decreased when the drug delivery strategy is 10 mg/kg, and the tumor growth was also 

significantly inhibited. This finding indicates that systemic toxicity of YM155 may be 

observed when the applied dose is greater than or equal to 10 mg/kg, and which means the 

better drug delivery strategy of YM155 is 5 mg/kg or less in 2 weeks. Our data suggest that 

continual low-dose infusion may be a good delivery method for at least ACC xenograft. 

Controlled-release methods may be a promising strategy for YM155-based chemotherapy.

In summary, the current study demonstrated that YM155, a novel inhibitor of survivin, can 

suppress tumourigenesis of ACC in vitro and in vivo by inducing cell death and autophagy 

in an Erk-and mTOR-dependent manner. YM155-induced autophagy might contribute to the 

anti-tumour effects. Our study provided a novel strategy for ACC chemotherapy using 

YM155, a survivin suppressant, and partially uncovered the underlying mechanism involved 

in the functions of the compound.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Increased expression level of survivin/CDK4/Cyclin D1/p-RbS780 in human salivary gland 

ACC. a Immunohistochemical staining of survivin/CDK4/Cyclin D1/p-RbS780 in cribriform, 

tubular, and solid ACC as compared with normal salivary gland (NSG). Scale bar 50 μm. b 
Clustering analyses of immunohistochemistry of ACC and normal salivary gland (NSG) 

tissue in which the closeness of the columns directly indicates correlation
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Fig. 2. 
YM155 induced cell death in ACC-2 cell line. a Cell growth of ACC-2 was measured using 

an MTT assay after treated with YM155 for 24 h. The viability ratio is normalized by the 

ratio of the optical density value obtained from the YM155-treated sample divided by that of 

control group. b Cell death detection ELISA analysis of cell apoptosis induced by YM155 in 

dose-dependent manner in ACC-2 was detected. *P < 0.05; **P < 0.01 as compared with the 

control group. One-way ANOVA with post-Dunnett analysis was used. c The morphologic 

changes of ACC-2 treated with YM155 were captured using fluorescence microscopy with 

Hoechst 33258 staining. Scale bar 25 μm. d ACC cells were treated with YM155 for 24 h 

and apoptosis rate was determined by Annexin V-FITC/PI dual labeling using flow 

cytometry. e Cell lysates of the four groups subjected to western blotting with antibodies 

against survivin and cleaved PARP (CL-PARP), and GAPDH served as a loading control. f 
Relative quantitative data were calculated by ImageJ. ***P < 0.001 one-way ANOVA with 
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post-Dunett analysis was used by GraphPad Prism5. The arrows indicate chromatin 

condensation in ACC-2 cells
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Fig. 3. 
YM155 induced autophagy in ACC-2. a Representative confocal microscopic images of 

monodansylcadaverine (MDC) staining. Scale bar 25 μm. b Representative images of LC3+ 

cells induced by YM155 treatment by immunofluorescence in left part. Scale bar 25 μm. 

Quantification for punctate pattern of LC3 immunostaining was showed in right part. c 
Increased ratio of LC3II/LC3I and cleaved PARP (CL-PARP) protein level in ACC-2 cells 

treated with YM155 for 24 h by western blotting. The apoptosis induced by YM155 were 

attenuated by treated with chloroquine (CQ). d Relative quantitative data were calculated by 

ImageJ. **P < 0.01; ***P < 0.001 one-way ANOVA with post-Dunett analysis was used by 

GraphPad Prism5. ###P < 0.001 One-way ANOVA with post-Tukey analysis was used by 

GraphPad Prism5. e ACC cells were treated with YM155 or (and) 3-MA for 24 h and 

apoptosis was determined by Annexin V-FITC/PI dual labeling using flow cytometry
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Fig. 4. 
YM155 suppressed tumorigenesis in ACC-2 xenograft. a A schematic showing a drug 

delivery strategy for YM155 in the chemotherapeutic tumorigenesis experiment in ACC-2 

xenograft in athymicnu/nu mice. Athymicnu/nu mice bearing ACC-2 cells were intraperitoneal 

injected (i.p.) 100 μL PBS (Vehicle group, n = 5), 5 mg/kg YM155 (n = 5) for 14 

consecutive days or 10 mg/kg YM155 for 3-day continuous infusion per week for 2 weeks. 

b Representative tumor of ACC-2 xenograft. Scale bar 1 cm. c Tumor size from ACC-2 

xenografts in both YM155- and vehicle-treated groups was assessed every other day. *P < 

0.05; ***P < 0.001 two-way ANOVA with Bonferroni posttest analysis was used by 

GraphPad Prism5. Quantification of tumor size, d and tumor weight, e after the animals 

were sacrificed, f body weight of mice was measured daily with normalized to day 1. All 

values are presented as (mean ± SEM). *P < 0.05; **P < 0.01; ***P < 0.001 one-way 

ANOVA with post-Tukey analysis was used by GraphPad Prism5
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Fig. 5. 
YM155 induced cell death and autophagy in ACC xenograft. a Immunohistochemical 

analysis of the survivin, cyclin D1, cleaved caspase 3(CL-Casp3) and Beclin1in both vehicle 

and YM155-treated ACC-2 xenograft tissues, in situ apoptosis were stained by TUNEL 

assay. b The expression of survivin, LC3II/LC3I, SQSTM1, cleaved PARP (CLPARP) and 

cleaved caspase 3(CL-Casp3) by western blot. c Relative quantitative data were calculated 

by ImageJ. *P < 0.05; **P < 0.01 as compared with the control group. Student t test was 

used
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Fig. 6. 
YM155 decreased phosphorylation of S6, Erk1/2 and increased nuclear translocation of 

TFEB. a Immunohistochemical analysis of the indicated decrease of p-S6, pErkThr202/Tyr204 

and increase nuclear translocation of TFEB in YM155-treated ACC-2 tumor tissues. b The 

expression of p-S6 and pErkThr202/Tyr204 were determined by western blot. c Relative 

quantitative data were calculated by ImageJ. **P < 0.01; ***P < 0.001 as compared with the 

control group. Student t test was used
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