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Purpose: Vaccines play important roles in antitumor biotherapy. Autophagy in tumor cells plays 

a critical role in depredating proteins, including tumor-specific antigens and tumor-associated 

antigens. We aimed to induce and collect tumor-derived autophagosomes (DRibbles) from tumor 

cells as a novel antitumor vaccine by inhibiting the functions of proteasomes and lysosomes.

Materials and methods: DRibbles were prepared and their morphological and autophagic 

properties characterized. Dendritic cells (DCs) generated from the bone marrow monocytes of 

mice were cocultured with DRibbles, then surface molecules of DCs and B cells, as well as 

apoptosis of DCs, were determined by flow cytometry. Meanwhile, functional properties of the 

DRibble-DCs were examined by mixed lymphocyte reactions and animal experiments.

Results: The diameter of autophagic nanoparticles with spherical and double-membrane struc-

ture was between 200 nm and 500 nm. DRibbles resulted in the upregulation of costimulatory 

molecules CD40 and CD86 as well as major histocompatibility complex (MHC)-I molecules 

on DCs, but not MHC-II. The expressions of CD40, CD80, and CD86 and that of MHC-II 

molecules on B cells were also upregulated. Moreover, suppression of tumor growth and lifetime 

prolongation was observed in DRibble-DC-vaccinated tumor-bearing mice.

Conclusion: Our results demonstrate that naïve T cells can be activated effectively by DC 

cross-presenting antigens on upregulated MHC-I, suggesting that DRibbles be deployed as an 

effective antitumor vaccine for head and neck cancer immunotherapy in clinical trials.

Keywords: autophagy, nanoparticles, dendritic cells, antitumor immunity, head and neck 

cancer

Introduction
Cross-presentation is the ability of host professional antigen-presenting cells (APCs) to 

capture, process, and present exogenous antigens to T cells.1 Antigen cross-presentation 

is pivotal for the initiation of T-cell immune responses, and is necessary for the elimi-

nation of many pathogens.2,3 Evidence in the literature suggests that cross-presentation 

of melanoma antigens during vaccination was essential for an effective anti-tumor 

therapy. These data indicate that targeting cross-presentation may be a unique approach 

for immunotherapy for cancer.4 Therefore, the first critical component of successful 

therapeutic cancer vaccines is to maximize the efficiency of cross-presentation.5

Autophagy is a basic cellular process in which unnecessary or dysfunctional cel-

lular components are sequestered by autophagosomes and delivered to lysosomes for 

degradation.6,7 As we know, autophagy in tumor-targeted therapy is thought to be a 

“double-edged sword”, which plays a prodeath or prosurvival role.8–10 On the other 

hand, it has been reported that autophagy can be induced by metabolic stress and antitu-

mor therapies.11,12 Although the role of autophagy in tumor therapy is complicated and 
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not yet fully understood, it has been considered an attractive 

approach for anticancer therapy.

Accumulating evidences suggest that autophagy plays 

an important role in both innate and adaptive immunity.13,14 

Moreover, it has been shown that autophagy in tumor cells is 

essential for cross-presentation of tumor antigens and subse-

quent induction of tumor immunity.15 As we know, proteins 

in tumor cells are degraded either by the autophagy–lysosome 

pathway or the ubiquitin–proteasome system. Though little 

about the transition between the two pathways is known, 

it is believed that short-lived proteins, including defective 

ribosomal products (DRiPs) are ubiquitinated and degraded 

by proteasomes and long-lived proteins are separated into 

autophagosomes for lysosomal degradation. Autophago-

somes have been identified as critical tumor-antigen carriers 

for cross-presentation.16 Recently, some results showed the 

enhanced antigen presentation was related to autophagy.17,18 

In this study, autophagosomes from SCC7, a murine head and 

neck cancer cell line, were induced by rapamycin (autophagy 

revulsive), bortezomib (proteasome inhibitor), and ammo-

nium chloride (lysosomotropic agent), by which the fusion 

of lysosomes and phagosomes would be prevented according 

to previous reports.16,19

Autophagosomes of tumor cells were isolated from both 

the cells and the culture medium, and these DRiPs contain-

ing autophagosome-rich blebs were termed “DRibbles”. 

Recently, it has been reported that DRibbles act as a potent 

antigen source and induce enhanced immune responses 

in vaccine studies.19 Our present study was to induce and 

characterize DRibbles from the SCC7 cell line, and further 

to elucidate its possible therapeutic antitumor efficacy on 

mice bearing head and neck cancer.

Materials and methods
Mice
Specific pathogen-free, 8-week-old female mice were pur-

chased from the Model Animal Research Center of Nanjing 

University. Animal welfare and experimental procedures 

were carried out strictly in accordance with the protocols 

approved by the Animal Care and Use Committee of the 

Medical School, Nanjing University.

DC culture and tumor-cell line
Dendritic cells (DCs) were generated in accordance with 

our previous work.20 Briefly, bone marrow mononuclear 

cells were obtained from bone marrow cells after removal 

of the femurs and tibias of female C3H/HeJ mice. Bone 

marrow mononuclear cells (1×106/well) were cultured in 

complete Roswell Park Memorial Institute 1640 medium 

with 10% fetal bovine serum (Life Technologies, Breda, 

Netherlands), 10 ng/mL murine granulocyte-macrophage 

colony-stimulating factor (GM-CSF; eBioscience, San Diego, 

CA, USA), and 1 ng/mL murine IL-4 (eBioscience) for  

5 days. Half the medium with GM-CSF and IL-4 was gently 

replaced on days 2 and day 4. SCC7, a murine head and neck 

carcinoma cell line, was cultured in Dulbecco’s Modified 

Eagle’s Medium supplemented with 10% fetal bovine serum, 

2 mM l-glutamine, 100 units/mL penicillin, and 100 mg/mL 

streptomycin (Invitrogen, Grand Island, NY, USA).

Preparation of DRibbles and tumor-cell 
lysate
DRibbles were prepared as described previously.21 Briefly, 

tumor cells were treated with rapamycin (100 nM; Enzo Life 

Sciences, Farmingdale, NY, USA), bortezomib (100 nM; 

Millennium Pharmaceuticals, Cambridge, MA, USA), and 

ammonium chloride (10 mM, Sigma-Aldrich, St Louis, MO, 

USA) in complete medium for 24 hours in a 5% CO
2
 incubator 

at 37°C. Cells and large-cell debris were removed by centrifu-

gation at 300 g for 5 minutes. Thereafter, the supernatant was 

centrifuged for 15 minutes at 12,000 g, and DRibbles secreted 

by tumor cells were collected and stored in phosphate-buffered 

saline (PBS) at -80°C for further study.

SCC7 cells (1×107 cells in 500 μL PBS) were lysed by 

three cycles of repetitive rapid freezing in liquid nitrogen 

and thawing in a 37°C water bath. Cellular debris was spun 

down at a speed of 300 g for 5 minutes, and the supernatants 

were used to pulse the DCs.

Transmission electron microscopy
As mentioned earlier, SCC7 cells were treated for 24 hours 

to collect DRibbles. The autophagosome-enriched DRibble 

suspension was collected in 1.5 mL Eppendorf tubes and 

centrifuged at 12,000 g for 15 minutes. The supernatant 

was removed carefully, and 2.5% cold glutaraldehyde was 

added to fix samples at 4°C overnight. The next day, the 

samples were fixed in 1% osmium tetroxide for 1 hour 

after being rinsed, dehydrated in gradient acetone, replaced 

with 1:1 acetone:Epon 812 resin overnight, infiltrated with 

100% Epon 812 resin (SPI Supplies, West Chester, PA, 

USA) for 1 hour, and embedded in Epon 812 resin. After 

polymerization for 24 hours at 60°C, ultrathin sections 

(70 nm) were cut with an LKB-V ultramicrotome (LKB, 

Bromma, Sweden) and stained with uranyl acetate and lead 

citrate. Then, the sections were observed with a JEM-1011 

transmission electron microscope (JEOL, Tokyo, Japan), and 
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images were acquired with a charge-coupled-device CCD 

camera (SIS, Münster, Germany).

Scanning electron microscopy
The prepared DRibbles suspension was centrifuged at 12,000 g  

for 15 minutes, and then 4% paraformaldehyde was added to 

fix the sample at 4°C overnight after removing the supernatant. 

Thereafter, the sample was dripped on a small piece of alumi-

num foil, which was used as the counterelectrode, and dried 

in air. The surface morphology of the sample was observed 

with an Ultra Plus Field Emission scanning electron micro-

scope (Zeiss, Oberkochen, Germany) operating at 1.00 kV, 

and images were acquired with a CCD camera (Evolution MP 

5.0; Media Cybernetics, Rockville, MD, USA).

Western blot
SCC7 cells were treated with 100 nM rapamycin, 100 nM 

bortezomib, and 10 mM ammonium chloride in complete 

medium for 12, 24, and 36 hours, respectively. Meanwhile, 

the untreated SCC7 cells served as control. Proteins were 

extracted in lysis buffer (30 mM Tris, pH 7.5, 150 mM 

sodium chloride, 1 mM phenylmethylsulfonyl fluoride,  

1 mM sodium orthovanadate, 1% Nonidet P-40, 10% glycerol, 

1 mM phosphatase inhibitors, and 1 mM protease inhibitors). 

The extracted proteins were separated by 4%–12% sodium 

dodecyl sulfate polyacrylamide gel electrophoresis and then 

electrophoretically transferred onto polyvinylidene fluoride 

membranes. The membrane was blocked with buffer contain-

ing 5% skim milk and probed with LC3 antibodies (Santa Cruz 

Biotechnology, Dallas, TX, USA) overnight at 4°C, and then 

incubated with horseradish peroxidase-coupled secondary 

antibody (Thermo Fisher Scientific, Waltham, MA, USA).  

The protein bands were detected by enhanced chemilumines-

cence plus Western blotting-detection reagents (Millipore, 

Bedford, MA, USA) and analyzed by Gel-Pro32 software.

Flow cytometry
For analysis of surface markers, DCs were incubated with 

DRibbles (0, 5, 25, and 50 µg/mL) for 24 hours. Then, cells 

were harvested, thoroughly washed, and incubated with 

fluorochrome-conjugated specific antibodies for CD11c, 

CD40, CD86, major histocompatibility complex (MHC)-II, 

and MHC-I (eBioscience) at recommended dilutions for  

30 minutes at 4°C. Meanwhile, mononuclear cells obtained 

from lymph nodes and spleens were loaded with DRibbles 

(25 µg/mL) for 72 hours and incubated with fluorochrome-

conjugated specific antibodies for B220, CD40, CD80, 

CD86, and MHC-II (eBioscience) at the same condition. 

Furthermore, DCs loaded with DRibbles (25 µg/mL) or lysate  

(25 µg/mL) were collected and stained with annexin V-FITC 

and propidium iodide for determination of apoptosis rate. The 

surface-marker and apoptotic cell analysis was performed 

by BD FACSCalibur (BD Biosciences, San Jose, CA, USA) 

and results were analyzed using FlowJo software (Tree Star, 

Ashland, OR, USA).

Mixed lymphocyte reaction
Magnetic bead separation was used to purify the lymph nodes 

and spleen-derived T cells needed in mixed lymphocyte 

reaction (MLR). Briefly, inguinal lymph nodes, mesenteric 

lymph nodes, and spleen were separated from C3H/HeJ mice 

after the mice were killed. Thereafter, single-cell suspensions 

were prepared from the lymph nodes and spleen and T cells 

were obtained by using a mouse Pan T Cell Isolation Kit II 

(Miltenyi Biotec, Bergisch Gladbach, Germany) according 

to the supplier’s protocol.

DCs (2×104/well) were loaded with either DRibbles  

(25 µg/mL) or lysate (25 µg/mL) for 12 hours with or without 

cytokine cocktails, which were TNFα (10 ng/mL), IL-1β 

(10 ng/mL), IL-6 (10 ng/mL) (Peprotech, Rocky Hills, NJ, 

USA), and prostaglandin E
2
 (1 µg/mL, Sigma-Aldrich). 

Then, DCs were cocultured with T cells (2×105/well). After 

being incubated for 72 hours, the activation and proliferation 

of T cells were assayed using a Cell Counting Kit (CCK)-8 

(Sigma-Aldrich), and absorbances were read at 450 nm using 

a microplate reader (Synergy HT; BioTek, Winooski, VT, 

USA) according to the manufacturer’s instructions.

Animal experiments
C3H/HeJ mice were used to establish a murine carcinoma 

model. These mice were divided into three groups: eight 

mice each group. For therapeutic experiments, C3H/HeJ mice 

received subcutaneous injections of 2×106 SCC7 cells in the 

right flank on day 0. Tumor size was measured with a digital 

caliper, and the tumor volumes were calculated according 

to the following formula: tumor volume V (mm3) =1/2× 
a×b2, where a is the largest diameter (length) and b is the 

smallest diameter (width) of the tumor. Seven days later, 

when the average volume of tumors had reached about  

80 mm3, tumor-bearing mice were divided randomly into three 

groups with eight mice each and vaccinated with DCs (1×106) 

loaded with either DRibbles (25 µg/mL) or tumor lysate  

(25 µg/mL) in a total volume of 40 μL PBS by subcutaneous 

injection in both footpads. Meanwhile, those treated with PBS 

served as controls. On day 14, both sides of inguinal lymph 

nodes were injected with the same vaccines. During the whole 
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observation, the tumor volume of tumor-bearing mice was 

monitored every 3 days.

Statistics
Data are expressed as means ± standard error of the mean. 

Statistical analyses were performed using one-way analysis 

of variance or Student’s two-tailed t-test. Values of P,0.05 

were considered statistically significant. All statistical 

analysis was performed by GraphPad Prism 5.0 (GraphPad 

Software, San Diego, CA, USA).

Results
Ultrastructure and surface morphology 
of DRibbles
The surface morphology of DRibbles deriving from SCC7 

cells by scanning electron microscopy is shown in Figure 1A.  

The diameters of these particles, with a relatively smooth sur-

face and spherical structure, were in the range of 200–500 nm.  

The ultrastructure of these particles under transmission elec-

tron microscopy is shown in Figure 1B. Numerous vesicles 

with a double-membrane structure huddled together, and their 

dimensions also ranged between 200 nm and 500 nm.

Western blot of LC3-II
To further demonstrate the induced DRibbles, expression of 

LC3, a general autophagosomal marker of autophagosomes,22 

was examined by Western blot. The results showed that  

LC3-I to LC3-II conversion of SCC7 cells markedly increased  

after treatment with rapamycin, bortezomib, and ammonium 

chloride in a time-dependent manner (Figure 1C).

DRibbles induced the expression 
of surface molecules on DCs
To investigate the role of DRibbles in modulating DC 

function, we evaluated the effects of DRibbles on the 

expressions of CD40, CD86, MHC-II, and MHC-I on 

DCs. As shown in Figure 2A and B, DRibbles signifi-

cantly induced the expression of CD40 and CD86 on DCs 

in a dose-dependent manner. Moreover, the expression of 

MHC-I was also increased by DRibbles (Figure 2D), but 

there were no obvious changes in the expression of MHC-II 

(Figure 2C).

DRibbles induced the expression 
of surface molecules on B cells
To investigate the effects of DRibbles on B-cell responses, 

we evaluated the expressions of CD40, CD80, CD86, and 

MHC-II on the surface of B cells. As shown in Figure 3, 

DRibbles significantly induced the expression of CD40 on 

B cells derived from lymph nodes or spleen. Interestingly, 

the expressions of CD80, CD86, and MHC-II were increased 

by DRibbles as well (Figure 3).

Figure 1 Ultrastructure and surface morphology of DRibbles.
Notes: DRibbles were induced from the SCC7 cell line by rapamycin (100 nM), bortezomib (100 nM), and ammonium chloride (10 mM) for 24 hours. (A) A scanning electron 
micrograph of DRibbles harvested from SCC7 cells. The diameters of these particles with a relatively smooth surface and spherical structure were in the ranges of 200–500 nm.  
(B) A transmission electron micrograph of DRibbles. Numerous vesicles with double-membrane structure huddled together, and their dimensions also ranged between 
200 nm and 500 nm. The arrow shows autophagosome with the typical double-membrane structure containing undegraded cellular materials. (C) Autophagosomal marker 
LC3 detected by Western blot analysis. SCC7 cells were treated with 100 nM rapamycin, 100 nM bortezomib, and 10 mM ammonium chloride in complete medium for 12, 
24, and 36 hours, respectively. Meanwhile, the untreated SCC7 cells served as control. Cell lysates were prepared from each group. Total proteins were loaded on 4%–12% 
SDS-PAGE gels and stained with rabbit anti-LC3 antibody for Western blot analysis. LC3-I to LC3-II conversion of SCC7 cells markedly increased after the treatment of 
rapamycin, bortezomib, and ammonium chloride in a time-dependent manner.
Abbreviations: DRibbles, tumor-derived autophagosomes; SDS-PAGE, sodium dodecyl sulfate polyacrylamide gel electrophoresis.
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Figure 2 Surface molecules of DCs loaded with DRibbles.
Notes: DCs were incubated with DRibbles (5, 25, and 50 μg/mL) for 12 h. MHC-I, MHC-II, the costimulatory molecules of CD40, CD86 were analyzed by flow cytometry. 
CD11c was used as the maker to gate DCs. (A) CD40 expression on DCs loaded with different concentrations of DRibbles; (B) CD86 expression on DCs loaded with 
different concentrations of DRibbles; (C) MHC-II expression on DCs loaded with different concentrations of DRibbles; (D) MHC-I expression on DCs loaded with different 
concentrations of DRibbles.
Abbreviations: DCs, dendritic cells; DRibbles, tumor-derived autophagosomes; MHC, major histocompatibility complex.

DCs treated with DRibbles facilitated 
proliferative responses of T cells
Before measurement of DC function, we first determined 

whether DRibbles or lysate could induce apoptosis of DCs 

after DCs had been incubated with either lysate or DRibbles 

from SCC7 cells for 24 hours. DRibbles did not influence 

the apoptosis rate when compared to the untreated group 

(Figure 4A) (P.0.05).

Functional activity of DCs was determined by the pri-

mary MLR assay. DCs treated with DRibbles or lysate were 

subsequently cocultured with T cells from lymph nodes or 

spleen of C3H/HeJ mice for 72 hours. As shown in Figure 4B,  

there was a difference between the proliferation of T cells 

stimulated by DRibble-loaded DCs and those stimulated by 

lysate-loaded DCs without cytokine cocktails (P,0.05). DCs 

in the DRibble-treatment group induced significantly the 

proliferation of T cells after being stimulated with cytokine 

cocktails compared to lysate-loaded DCs (P,0.01).

DRibbles improved survival rate 
and inhibited tumor growth in mice
To investigate the efficacy of DRibbles in vivo, we subcu-

taneously injected 2×106 SCC7 cells into mice on day 0. 

Seven days later, we distributed the mice into three groups 

(n=8). Vaccines of DCs loaded with either DRibbles or 

tumor lysates were administered into the mice footpads 

subcutaneously on day 7 and the lymph nodes on day 

14 (Figure 5A). At the same time, we measured tumor 

volumes until day 24. DRibbles significantly improved 

survival rate (Figure 5C) and markedly inhibited the 

growth of tumors (Figure 5C) compared with tumor lysates 

and PBS.

Discussion
Squamous cell carcinoma (SCC) is a highly malignant tumor 

of squamous epithelial cells.23 The incidence of SCC has been 

increasing faster and faster.24 In the US, there were 53,640 new 
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Figure 3 Surface molecules of B cells loaded with DRibbles.
Notes: Monocytes from lymph nodes or spleens were incubated with DRibbles (25 μg/mL), tumor lysate (25 μg/mL), or PBS for 72 hours. Cells were stained with the 
indicated antibodies or isotype-matched control antibodies (gray lines). B220-positive cells were gated as B cells. MHC-II, the costimulatory molecules of CD40, CD80, and 
CD86 of B cells, were analyzed by flow cytometry.
Abbreviations: DRibbles, tumor-derived autophagosomes; PBS, phosphate-buffered saline; MHC, major histocompatibility complex.

cases and 11,520 deaths due to SCC of the head and neck in 

2013.25 Moreover, 139,000 new cases of SCC of the head and 

neck are reported yearly in Europe.26 Although many kinds of 

antitumor strategies have been developed, SCC is still treated 

traditionally with surgery, radiotherapy, and chemotherapy.27 

The limitations in treatment efficacy of current therapeutic 

modalities point to the urgent need for new efficient thera-

peutic strategies to decrease the incidence and mortality of 

SCC. In this case, immunotherapy becomes a fourth treatment 

option for SCC. In past years, a variety of cancer vaccines 

have been used in immunotherapy trials.21,28 These vaccines 

highlight new therapeutic approaches to enhance the patients’ 

own immunity. Therefore, tumor-antigen inclusion and effi-

cient cross-presentation are important elements for successful 

treatment of cancer vaccines.21 In this study, we demonstrated 

that DRibbles deriving from the SCC7 cell line could enhance 

costimulatory molecule expression on DCs and B cells and 

strengthen the immunostimulatory function of DCs, and we 

explored, for the first time, the efficacy of DRibbles in an 

in vivo model for head and neck SCC.
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Figure 4 Apoptosis and function of DCs loaded with DRibbles.
Notes: (A) Apoptosis rate of DCs (1×106) loaded with either DRibbles (25 µg/mL) or tumor lysate (25 µg/mL) for 12 hours were performed by flow cytometry. DCs 
were stained with annexin V-FITC and PI; (B) DCs (2×104) loaded with either DRibbles (25 µg/mL) or lysate (25 µg/mL) for 12 hours with or without cytokine cocktails, 
such as TNFα (10 ng/mL), IL-1β (10 ng/mL), IL-6 (10 ng/mL), and PGE2 (1 µg/mL) were incubated with T cells (2×105) obtained from either lymph nodes or spleen. T cells 
were purified by magnetic bead separation. After being incubated for 72 hours, the activation and proliferation of T cells were assayed using Cell Counting Kit 8, and the 
absorbances were read at 450 nm. *P,0.05; **P,0.01; ***P,0.001.
Abbreviations: DCs, dendritic cells; DRibbles, tumor-derived autophagosomes; FITC, fluorescein isothiocyanate; PI, propidium iodide; PG, prostaglandin; LN-MLR, mixed 
lymphocyte reaction and T cells derived from lymph nodes in the reaction; P-MLR, mixed lymphocyte reaction and T cells derived from spleen in the reaction.

Figure 5 Booster vaccination with DRibble-loaded DCs delayed the tumor.
Notes: C3H/HeJ mice (n=24, 8 mice each group) carcinoma models were established by receiving subcutaneous (SC) injection of 2×106 SCC7 cells in the right flank on day 0.  
These carcinoma models were given 1×106 DCs loaded with either DRibbles (25 µg/mL) or tumor lysate (25 µg/mL) via SC injection in footpads on day 7 and intranodal (IN) 
injection on day 14. Meanwhile, those treated with PBS served as controls. During the whole observation, the tumor volume of tumor-bearing mice was monitored every  
3 days. (A) Vaccine scheme in an established murine carcinoma model; (B) percentage of survival; (C) tumor volume.
Abbreviations: DRibble, tumor-derived autophagosome; DCs, dendritic cells; PBS, phosphate-buffered saline.
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The efficacy of antitumor vaccine was based on whether 

APCs could cross-present tumor-associated antigens to tumor 

antigen-specific T cells and prime naïve T cells to develop to 

effector T cells.29 The normal function of APCs and methods 

of tumor antigens loading are two principal variables for 

vaccines.30,31 DCs, the most important APC for innate immunity 

and adaptive immunity, have impaired function in most head 

and neck SCC (HNSCC) patients.32,33 To make matters worse, 

a suitable tumor-associated antigen of HNSCC for a vaccine 

has not been found. This less optimistic fact might lead to little 

progress made in vaccines for HNSCC. In recent years, the 

relationships between autophagy and tumors have been widely 

explored. Many studies demonstrated that cross-presentation 

of tumor antigens could be enhanced dramatically by induc-

ing autophagy on tumors.15,18 Combining these findings with 

the DRiP hypothesis proposed previously,34 tumor antigens 

that might be cross-presented to induce antitumor immune 

responses were regarded as encapsulated into autophagosomes 

instead of being degraded in some conditions.16 These autopha-

gosomes were collected and used as effective vaccines for 

lung cancer and melanoma.21 Therefore, we aimed to induce 

autophagosome-based DRibbles from HNSCC cells and use 

them as vaccines to explore their efficacy.

First, SCC7 cells were treated with rapamycin, bort-

ezomib, and ammonium chloride for 12, 24, and 36 hours. 

The expression of LC3 was detected. The amount of LC3-II 

was correlated with the number of autophagosomes.35 The 

expression of LC3-II at the 24-hour time point was higher 

than that at other points (Figure 1C). As a result, we inferred 

the most appropriate point of autophagosomes from SCC7 

cells was 24 hours. In our experiment, ammonium chloride 

acted as a lysosomal lumen alkalizer to inhibit the fusion of 

lysosomes and autophagosomes, leading to the accumulation 

of autophagic cargo and LC3-II. Therefore, the LC3 level 

was greatly affected by lysosomal activity. The mechanism of 

ammonium chloride inhibiting lysosomal activity was similar 

to that of chloroquine. As we know, acidic extracellular pH 

can result in a remarkably reduced cellular uptake of chloro-

quine. Chloroquine can affect lysosomal activity and induce 

accumulation of LC3-II only at the physiological pH 7.4, 

but not at acidic pH conditions.36 Therefore, we speculated 

that culture medium was at acidic pH when cells had been 

cultured for more than 36 hours. Ammonium chloride did 

not inhibit lysosomal activity under acidic extracellular pH. 

This led to the degradation of LC3-II. Therefore, the expres-

sion of LC3-II decreased in SCC7 cells treated for 36 hours  

(Figure 1C). Then, we developed autophagosome-based 

DRibbles induced from SCC7 cells with rapamycin, 

bortezomib, and ammonium chloride for 24 hours.  

The unique characteristics of DRibbles were determined 

by transmission electron microscopy and scanning electron 

microscopy (Figure 1A and B). The features and dimen-

sions of the double-membrane particles shown in Figure 1A 

and B were in accordance with autophagosomes in previ-

ous research.21 Western blot analysis showed that LC3-II, 

the typical autophagosome marker, was presented in these 

DRibbles as expected (Figure 1C). These findings indicated 

that DRibbles might be able to activate immune responses.

Next, we focused on DRibble modulation on APCs, espe-

cially on DCs and B cells. Our study showed that DRibbles 

could induce expression of CD40, CD86, and MHC-I on 

DCs, but not MHC-II (Figure 2), which meant DRibbles 

could induce the upregulation of costimulatory molecules 

on the surface of DCs and antigen cross-presentation by 

DCs. Similarly, the expressions of CD40, CD80, CD86, and 

MHC-II on B cells derived from lymph nodes or spleens were 

also enhanced by DRibbles (Figure 3). These costimulatory 

molecules were upregulated to engage in the APC–T cell 

interaction, which were key factors for the activity of APCs 

and subsequent immune responses. Therefore, APCs loaded 

with DRibbles might be able to activate naïve T cells through 

the increased expressions of costimulatory molecules.

To determine whether DRibble DCs could be efficient 

in stimulating naïve T cells, we cocultured T cells with 

DRibble-loaded DCs. Subsequently, we examined the pro-

liferation of T cells by CCK-8 analysis. DCs loaded with 

DRibbles were highly efficient in driving T-cell proliferation 

(Figure 4B). These results indicated that tumor cell-derived 

DRibbles serving as a source of tumor antigens were superior 

in activating antigen-specific T cells when loaded onto DCs.  

To determine the antitumor effect of DRibbles, we subcuta-

neously injected SCC7 cells into mice, and vaccinated these 

tumor-bearing mice with DRibble-loaded DCs. Vaccination 

with DCs loaded with DRibbles significantly improved the 

survival rate and inhibited the growth of tumors compared 

with tumor lysate-loaded DCs (Figure 5).

Compared with tumor lysate-pulsed DCs, autophagic 

nanoparticle-pulsed DCs increased the expressions of 

costimulatory molecules significantly, and were more effec-

tive in activating naïve T cells. Autophagic nanoparticles 

might contain tumor antigens that could be directly presented 

by tumor cells. DRibble-pulsed DCs might cross-present 

tumor antigens to naïve T cells and induce specific immune 

responses against SCC7 cells. These might lead to suppres-

sion of tumor growth and lifetime prolongation in tumor-

bearing mice. There are also many different variables in 

preparing and administering DC vaccines.37 Our preliminary 

study proved DRibble-loaded DCs were more effective in 
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improving survival rate and delaying tumor progression in 

tumor-bearing mice than lysate-loaded DCs. However, much 

remains to be done. We will optimize the protocol of DC 

vaccine preparation and administration to improve survival 

benefit in mice in our further studies.

In summary, we identified the unique characteristics 

and potential antitumor efficacy of autophagic nanoparticles 

(DRibbles) on the basis of these findings. We provided insights 

into the mechanism of DRibbles that could be responsible for 

their efficacy as a novel cancer immunotherapy. The efficacy 

of DRibbles should be further determined in clinical trials.
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