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Mitoxantrone-Mediated Apoptotic B16-F1 Cells Induce Specific 
Anti-tumor Immune Response 
 
 
Chunyu Cao1, Yu Han1, Yushan Ren1 and Yanlin Wang1, 2 

 
In the process of cell apoptosis induced by specific reagents, calreticulin (CRT) in endoplasmic reticulum is 
transferred and coated onto the cell membrane. As a sort of specific ligand, the CRT on the surface of apoptotic 
cells could mediate recognition and clearance of apoptotic cells by phagocytes. In this research we discovered that 
mitoxantrone could induce apoptosis of mouse melonoma B16-F1 tumor cells, accompanied by the membrane 
translocation and coating of CRT. When mitoxantrone-treated B16-F1 cells were used as antigen to inoculate mice, 
the mice acquired an ability to suppress proliferation of homologous tumor cells. Splenocytes from these mice 
showed an increased cytolytic effect on homologous B16-F1 cells but no such effect on non-homologous H22 tumor 
cells. All these results suggested that mitoxantrone-treated apoptotic B16-F1 cells could be used as a sort of cell 
vaccine to initiate effective anti-tumor immunoresponse in mice. Cellular & Molecular Immunology. 2009;6(6):469- 
475. 
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Introduction 
 
One important factor of tumor generation is that mutated 
tumor cells escape from immunological surveillance by 
lowering the expression of membrane marker molecules 
which play essential roles in the process of cell recognition 
and phagocytosis (1-4). It has been expected to achieve an 
effective tumor prevention and treatment by restoring or 
stimulating body’s immune response against the cancers.  

Calreticulin (CRT) is a highly conservative Ca2+-binding 
protein which is ubiquitous in mammalian and mostly 
presents at the endoplasmic reticulum (ER) lumen. CRT has 
multiple biological functions which are relevant to its 
subcellular localization, including chaperone functions, lectin 
binding, activation of store-operated Ca2+ influx, regulation 
of cell adhesion and removal of apoptotic cells, etc (6-11). 
Recently, it has been proved that CRT in the membrane of 
apoptotic cells was the key molecule involved in the 
recognition and clearance of apoptotic cells (12-16). In 2006, 
Obeid M and his colleagues discovered that treating CT-26 

cells (mouse colon carcinoma cells) with anthracycline, one 
class of antitumor drugs used in the clinic, resulted in 
translocation of CRT from ER to cell surface along with the 
cell apoptosis. When these CRT-coated apoptotic CT-26 cells 
were used as antigen to immune animals, the specific 
anti-tumor immune response was elicited in tumor bearing 
mice. The possible mechanism was that, as a specific marker, 
the CRT on the surface of apoptotic cells was recognized by 
dendritic cells or other antigen presenting cells (APCs) that 
lead to the collective phagocytosis of apoptotic cells. Within 
the APCs, tumor associated antigens (TAA) or tumor special 
antigens (TSA) were subsequently processed and presented 
to CD4+ and CD8+ T lymphocytes, and finally specific 
anti-tumor immune response was elicited in the experimental 
animals (18, 19). These researches suggest a potential 
importance of CRT in tumor immunotherapy. 

In order to further prove the universal value of CRT in 
anti-tumor immunity, in this study, the effect of specific 
anti-tumor immune response mediated by mitoxantrone- 
treated B16-F1 cells was evaluated. Results demonstrated 
that mitoxantrone, a member of the anthracycline family, 
could also induce apoptosis and CRT membrane 
translocation in mouse melanoma B16-F1 cells. And when 
the mitoxantrone-treated cells were used as cell-antigen to 
immune mice, the specific immune response against 
homologous tumor cells was observed.  
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Materials and Methods 
 
Experimental animals and cell lines 
BALB/c mice (7-8 weeks old) were purchased from Hubei 
Experimental Animal Center (No. 0001839). All the animals 
were housed under specific pathogen free conditions. The 
mouse melanoma cell line B16-F1 and hepatocellular 
carcinoma cell line H22 were maintained in our laboratory. 
 
Drugs and chemicals 
Trizol total RNA purification reagent, Lipofectamine2000TM, 
RPMI-1640, penicillin, streptomycin, 3-(4,5-Dimethyl 
thiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT), 
phenazine methosulfate and nitrotetrazoliumbluechlorid were 
purchased from Sigma Co. (St. Louis, MO, USA). 
Mitoxantrone was product of Hisun Pharmaceutical Co. 
(Zhejiang, China). SYBR PrimeScript Kit was obtained from 
TaKaRa Co. (Otsu, Japan). Interferon- assay kit was 
purchased from R&D Systems Inc. (Minneapolis, MN, USA). 
PVDF membrane was obtained from Bio-Rad (Hercules, CA, 
USA). ECL detection system was product of Amersham 
Pharmacia Biotech (Uppsala, Sweden). Lymphocyte 
separation medium was from DaKewe Biotech Co. 
(Shengzhen, China). Rabbit anti-human recombinant CRT 
pAb and rabbit anti-mouse -actin mAb were obtained from 
Stressgen Co. (Ann Arbor, MI, USA). Goat anti-rabbit 
IgG-HRP and goat anti-rabbit IgG-Rhodamine123 were from 
Zhongshan Goldenbrige Biotechnology Co. (Beijing, China). 
All primers synthesis was performed by Sangon Biological 
Engineering Technology & Services Co. (Shanghai, China). 
 
Cell culture 
Cells were cultured in flasks with RPMI-1640 medium 
supplemented with 10% (v/v) calf serum, 100 g/ml 
streptomycin and 100 units/ml penicillin in a humidified 5% 
CO2 and 95% air incubator at 37°C. 
 
Cellular proliferation assay 
B16-F1 cells were seeded into 96-well culture plates (4,000 
cells/well in 50 L standard RPMI-1640 medium) in 
triplicate. Twenty four hours later, the cells were treated with 
mitoxantrone at different concentrations in 50 L medium. 
The cells treated with equal amount of normal medium 
instead of drugs were served as control. After drug exposure 
for 24 h or 48 h, the medium in each well was removed and 
200 l MTT solution (0.25 g/L in RPMI-1640 medium) was 
added. After 4 h incubation at 37°C, the medium was 
removed and 200 l dimethyl sulfoxide was added into each 
well. After 10 min incubation at room temperature, 
absorbance (A) at 570 nm was recorded. The cell survival 
rate was calculated as follows: Cell survival rate = Adrug / 
Acontrol × 100% 
 
Detection of apoptosis by DNA fragmentation analysis 
B16-F1 cells were cultured in RPMI-1640 medium 
containing mitoxantrone (1 g/ml) for 0 h, 4 h, 12 h and 24 h. 
Harvested cells were then lysed in 0.3 ml cell lysis buffer (50 

mM Tris-HCL, 20 mM EDTA, 0.5% Triton X-100, pH 8.0) 
for 20 min, on ice. Nuclei was removed from cell lysate by 
centrifuge at 12000 r/min for 10 min and then the supernatant 
was extracted with phenol/chloroform. The DNA fragments 
in extracted supernatant were precipitated with 2 volumes of 
100% ethanol and 1/10 volume of 3 mol/L sodium acetate 
(pH 5.2), and the pellets were resuspended in 0.1 × SSC 
buffer. After treatment with DNase-free RNase A (50 mg/ml) 
for 30 min at 37°C to remove RNA, NaCl was added into the 
solution for a final concentration of 1 mol/L and the solution 
was extracted again with phenol/chloroform and DNA was 
precipitated by ethanol. The pellets were suspended in 30 L 
ddH2O and loaded to a 2% (w/v) agarose gel for electro- 
phoresis. 
 
Western blot analysis 
B16-F1 cells were cultured in RPMI-1640 medium 
containing mitoxantrone (1 g/ml) for 12 h and harvested. 
Cells were then treated with cell lysis buffer (as described 
above) for 20 min on ice. Nuclei and cytoplasm were 
separated from each other by centrifuge at 1000 r/min for 5 
min. A total of 5 g of nuclei or cytoplasm proteins from 
each sample was denatured by boiling, loaded onto a 10% 
(w/v) SDS-PAGE and transferred onto PVDF membranes. 
After blocking with 5% (w/v) non-fat milk, the blots were 
probed with specific primary Abs and visualized with the 
HRP-conjugated secondary Abs and ECL detection system. 
-actin was used as a loading control in this sutdy. 
 
Quantitative real-time PCR  
The CRT mRNA levels in B16-F1 cells before and after 
mitoxantrone (1 g/ml) treatment were detected by 
quantitative realtime PCR and expressed relatively to the 
expression of-actin. The first-strand cDNA was synthesized 
from total RNA of B16-F1 cells by reverse transcription. 
Real-time PCR was performed with SYBR PrimeScriptTM 
Kit using Opticn2 Thermal Cycler (MJ Research Inc., 
Walthan, MA, USA). Primers used for amplifying CRT were 
5’-GAT GGA TGG AGA GTG GGA ACC-3’/5’-GAG ATC 
TAG GCC CAG TAC AGC-3’ and primers for -actin were 
5’-TGG CAC CCA GCA CAA TGA A-3’/5’-CTA AGT CAT 
AGT CCG CCT AGA-3’. The PCR cycling condition was as 
follows: 95°C 5 min; 94°C 30 s, 60°C 30 s, 72°C 30 s, 78°C 
1 s for plate reading, 30 cycles; 72°C 10 min. The melting 
curves and quantitative analysis of the data were performed 
using Opticon Monitor 2.02.24 software. The relative 
difference of gene expression was calculated as follows: 
ΔΔCT = (CTCRT - CTactin)treatment - (CTCRT - CTactin)control. 
The relative difference of gene expression = 2-ΔΔCT 

 
Immunofluorescence detection of calreticulin in B16-F1 
Immunofluorescence was used to determine the subcellular 
localization of CRT. B16-F1 cells were seeded into 12-well 
culture plates (2 × 104/well in 1 ml standard RPMI-1640 
medium). Twenty four hours later, the cells were treated with 
mitoxantrone (1 g/ml) in 1 ml medium for 12 h. B16-F1 
cells treated with equal amount of normal medium instead of 
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drugs were served as the control group. After 12 h, the 
medium was discarded and the cells were washed with PBS 
and treated with 4% (w/v) paraformaldehyde for fixation. 
The cells were then washed with PBS, incubated with 10% 
(v/v) goat serum for blocking background and reacted with 
anti-CRT pAbs over night at 4°C. The cells were then 
washed with PBS, incubated with Rhodamine-123 labeled 
anti-rabbit IgG for 45 min at 37°C. Finally, the cells were 
stained with 300 nmol/L DAPI for nuclei, washed with PBS, 
enclosed in 50% glycerol (diluted in 0.01 mol/L PBS, pH 8.0) 
and examined by fluorescence/phase contrast microscopy 
(TE2000S, Nikon, Japan).  
 
Animal experiments 
BALB/c mice (26 male, 27 female, n = 53) were randomly 
divided into 3 groups: 1) PBS group (blank control, n = 14), 
2) B16 group (tumor control, n = 20) and 3）B16-NVI group 
(immune-inoculated group, n = 19). Apoptotic B16-F1 cells 
induced by mitoxantrone (1 g/ml) for 12 h were 
subcutaneouly inoculated into the back of each mouse in 

B16-NVI group, PBS instead of mitoxantrone-treated 
B16-F1 cells was used to inoculate other two control groups 
of mice at the same time. The second-time animal 
immunization was performed 10 days after the first-time 
immunization. Ten days after the second immunization, 
living B16-F1 cells (5.0 × 105 cells in 100 L PBS for each) 
were subcutaneouly injected into the back of each mouse in 
B16 group and B16-NVI group. The mice in PBS group were 
subcutaneouly injected PBS as the tumor-free group. Then 
mice were monitored once every two days after injection. 
Appearance of black-blue spots in inoculated area was 
regarded as tumor begins to generate.  
 
LDH release assay  
The splenocytes were obtained from the experimental mice 
and isolated with lymphocyte separation medium and then 
used as effector cells in the LDH release assay. The 
splenocytes were seeded into 96-well culture plates (1 × 106 

cells/well) in 100 l RPMI-1640 medium without phenol- 
sulphonphthalein in triplicate. B16-F1 cells, used as target 
cells, were then seeded into the wells that contained 
splenocytes in 100 l in RPMI-1640 medium in three 
different effector/target cells ratio (1 : 25, 1 : 50, 1 : 100). In 
the natural release group, target cells were replaced by equal 
volume of medium. In the maximum release group, effector 
cells were replaced by equal volume of 0.1% NP-40. After 
incubation for 3 h, the cell culture plates were centrifugated 
at 2000 r/min for 5 min. Cell medium was then transfered to 
fresh culture plates (100 l/well) and equal volume of LDH 
substrate reaction buffer (80 g/ml phenazine methosulfate, 
320 g/ml nitrotetrazoliumbluechlorid, 800 g/ml codehy- 
drogenase I, sodium lactate 40 mmol/L) was added. After 
10-min incubation at 37°C in dark, enzyme reaction was 
stopped by citric acid (30 L/well) and then absorbance (A) 
at 450 nm was recorded at room temperature. The cell killing 
rate was calculated as follow: Rate of cytolysis = (Aeffector - 
Anatural release) / Amaximum release × 100% 
 
Detection of IFN- in mouse serum by ELISA 
Blood was collected from experimental mice and incubated 
at 37°C for 30 min to obtain serum IFN- concentration in 
mouse serum was determined by ELISA assay according the 
manufacturer’s protocol.  
 
Statistical analysis 
All data were presented as mean ± standard deviation (SD). 
Statistical analysis between groups was assessed by Student’s 
two-tailed t-test. Data for animal tumor model experiment 
were evaluated by Fisher’s exact probabilities in 2 × 2 table, 
p-values less than 0.05 were regarded as statistically 
significant.  
 
Results 
 
Mitoxantrone inhibited growth of B16-F1 cells by inducing 
apoptosis  
It has been proved that anti-tumor chemical mitoxantrone 
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Figure 1. Mitoxantrone inhibited growth of B16-F1 cells by 
inducing apoptosis. (A) Survival rates of B16-F1 cells after
treatment with 0~2 g/L mitoxantrone for 24 h and 48 h. Data 
expressed as the mean  SD (n = 3), **p < 0.01 and *p < 0.05 vs 
B16-F1 control group. (B) DNA fragmentation induced by 
mitoxantrone (1 μg/ml) for 4~24 h. Line 1, B16-F1 cells treated by
mitoxantrone for 4 h; Line 2, B16-F1 cells treated by mitoxantrone 
for 12 h; Line 3, B16-F1 cells treated by mitoxantrone for 24 h; 
Line 4, B16-F1 control cells; Line 5, DNA Marker. 
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could induce apoptosis of mouse colon carcinoma cells along 
with the translocation of CRT from ER to cell surface. In 
order to determine whether mitoxantrone was also toxic to 
B16-F1 cells, MTT cellular survival assay and DNA 
fragmentation assay were performed in this study. As shown 
in the Figure 1A, mitoxantrone exhibited significant 
inhibition on the growth of B16-F1 cells in a dose- and 
time-dependent manner. DNA fragmenttation assay showed 
that after treatment with mitoxantrone (1 g/ml) for different 
times (4 h, 12 h and 24 h), typical DNA ladders for apoptosis 
were observed in the cell cytosol and the intensity of DNA 
ladder was increased with the extension of time (Figure 1B), 
suggesting that mitoxantrone could effectively induce 
apoptosis of B16-F1 cells. 
 
Effects of mitoxantrone on CRT expression and its 
subcellular localization in B16-F1 cells  
To validate whether mitoxantrone treatment could affect 
CRT expression and its subcellular localization in B16-F1 
cells along with the apoptosis, the Western blot assay was 

used to assay CRT protein content in whole cell lysate, 
cytosol and nuclei. QT-RT-PCR was performed to determine 
CRT mRNA level, and immunofluorescence assay was used 
to observe the subcellular localization of CRT in B16-F1 
cells. Western blot assay showed that mitoxantrone treatment 
for 12 h did not change total cellular CRT level, but resulted 
in a decreased CRT content in nuclei and an increased CRT 
content in the cytoplasm (Figure 2A). This observation was 
also supported by QT-RT-PCR assay for CRT mRNA. As 
shown in Figure 2B, no significant differences on the 
mRNA levels of CRT were determined between mito- 
xantrone-treated and control B16-F1 cells. The subcellular 
localization of CRT in B16-F1 cells was also evaluated by 
immunofluorescence detection. Results showed that 
mitoxantrone treatment induced an obvious membrane 
translocation of CRT and, very importantly, the CRT coated 
on the membrane was found to crow together on the cell 
surface (Figure 2C). In B16-F1 control cells, CRT mainly 
distributed in cytoplasm as described by Ostwald and his 
colleagues (5).  
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Figure 2. Effect of mitoxantrone on CRT expression and its subcellular localization in B16-F1 cells. (A) Western blot assay was used to 
determine effect of mitoxantrone on CRT expression in protein level. Lane 1, B16-F1 cells treated with mitoxantrone (1 μg/ml) for 12 h; Lane 
2, B16-F1 control cells. (B) QT-RT-PCR was used to determine the CRT expression at mRNA levels in mitoxantrone-treated and control
B16-F1 cells. The B16-F1 cells were treated by mitoxantrone (1 g/ml) for 12 h; the mRNA level was represented relatively to the expression 
of-actin. Each bar presents the mean ± SD (n = 3). (C) Immunofluorescence assay was performed to elucidate redistribution of CRT in 
B16-F1 cells. The red color represented CRT recognized by rabbit anti-CRT antibody and Rhodamine-123 labeled anti-rabbit IgG. Blue color
indicates the nuclei stained with DAPI. (a) B16-F1 control cells. (b) B16-F1 cells treated by mitoxantrone (1 g/ml) for 12 h. (c) B16-F1 
control cells in which PBS was used in place of the rabbit anti-CRT antibody in the process of immunofluorescence detection to eliminate the 
non-specific binding of Rhodamine-123 labled anti-rabbit IgG.  
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Mitoxantrone-treated B16-F1 cells induced a specific 
antitumor immunological effect against homogeneous 
tumor cells in mice 
Since mitoxantrone treatment resulted in obvious CRT 
membrane translocation in B16-F1 cells, it is possible that 
apoptotic B16-F1 cells induced by mitoxantrone could also 
stimulate antitumor immunological effect in the experimental 
animals as mitoxantrone-treated CT-26 cells (mouse colon 
carcinoma cells). To address this issue, in this experiment, 
apoptotic B16-F1 cells induced by mitoxantrone were used as 
the cell-antigen to immunize mice. The results showed that 
the specific antitumor effect against homogeneous tumor 
cells was clearly induced in immunized animals (Figure 3). 
Ten days after rechallenge by live B16-F1 cells, a much 
lower percentage of tumor generation (15%) in the mice of 
B16-NVI group (immunized by apoptotic B16-F1) was 
observed, compared with a much higher percentage (85%) in 
the mice of B16 group (without immunization).  
 
Immunizing mice with mitoxantrone-treated B16-F1 cells 
increased cytolytic effect of splenocytes  
In order to prove the effect of immune activation stimulated 

by apoptotic B16-F1 cells, the specific cytolytic effect of the 
splenocytes on B16-F1 cells was determined by LDH release 
assay in which the splenocytes from three groups of mice 
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Figure 3. Immunizing Balb/C mice with mitoxantrone-treated 
B16-F1 cells resulted in a specific antitumor effect against the 
homogeneous tumor. BALB/c mice were divided into 3 groups: 
PBS group (blank control); B16 group (tumor control) and 
B16-NVI group (immune-inoculated group). Apoptotic B16-F1 
cells induced by mitoxantrone (1 g/ml) for 12 h were 
subcutaneouly inoculated into the back of each mouse in B16-NVI 
group and PBS was used to inoculate other two control groups of 
mice at the same time. The second immunization was performed 10
days after the first immunization. Ten days after the second 
immunization, living B16-F1 cells were subcutaneouly injected into 
the back of each mouse in B16 group and B16-NVI group. The 
mice in PBS group were injected PBS as the tumor-free group.
Then mice were monitored once every two days after injection. 
Appearance of black-blue spots in inoculated area was regarded as 
tumor begins to generation. Data was assessed by Fisher’s exact 
probabilities in a 2 × 2 table. **p < 0.01 vs B16 group.  
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Figure 4. Immune activation stimulated by apoptotic B16-F1
cells (A) Immunizing mice with mitoxantrone-treated B16-F1 cells
increased cytolytic effect of the splenocytes. B16-F1 cells were 
used as Target cells. (B) No differences in cytolytic effect of the 
splenocytes to H22 cells were observed between immunized and 
control mice. H22 cells were used as Target cells. (C) Immunizing 
mice with mitoxantrone-treated B16-F1 cells increased the serum 
level of interferon-. Blood was collected from experimental mice 
and incubated at 37°C for 30 min to obtain serum. IFN-
concentration in mouse serum was determined by ELISA assay.
Each bar presents the mean ± SD (n = 3), **p < 0.01 vs PBS group.
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were used as effectors and B16-F1 cells were used as targets. 
In a parallel assay, H22 cells, as a sort of nonhomologous 
tumor cells, were used as target cells to prove the specificity 
of cytolysis. The results showed that, comparied with the 
splenocytes from the mice in PBS group and B16 group, the 
splenocytes from immune-inoculated mice (B16-NVI group) 
exhibited a significant higher cytolytic efficiency against 
B16-F1 cells (Figure 4A). In the parallel experiment, the 
splenocytes from all three different groups of mice exhibited 
a similar cytolytic efficiency against H22 cells (Figure 4B). 
These results suggested that the immune response induced by 
mitoxantrone-treated B16-F1 cells was specifically against 
homogeneous tumor cells.   

IFN- is a cytokine that is critical for innate and adaptive 
immunity for tumor control. It is produced predominantly by 
natural killer (NK) and natural killer T (NKT) cells as part of 
the innate immune response, and by CD4 and CD8 cytotoxic 
T lymphocyte (CTL) effector T cells once antigen-specific 
immunity develops. To validate whether immunizing mice 
with mitoxantrone-treated B16-F1 cells can increase release 
of IFN- by immune cells, the interferon- level in mouse 
serum was determined by ELISA method. Data showed that 
the serum interferon- levers in the mice of B16-NVI group 
were obviously higher than in the mice of other two groups 
(Figure 4C).  

 
Discussion 
 
Mitoxantrone, as a membrane of anthracyclines family, is an 
anti-tumor drug widely used in the clinic. The studies have 
pointed out that mitoxantrone could induce apoptosis of 
CT-26 colon cancer cells along with the CRT membrane 
translocation and aggregation on the cell surface. When these 
CRT-coated apoptotic cells were used as the antigen to 
inoculate mice, a specific anti-tumor effect against 
homogeneous tumor cells were observed in the experimental 
animals (20-22), suggesting a potential importance of 
membrane CRT in mediating  anti-tumor immune response. 
In this research, we discovered that mitoxantrone was also 
toxic to mouse B16-F1 melanoma cell line. Treatment with 
mitoxantrone (1 g/ml) could induce apoptosis of B16-F1 
and, in the same time, CRT was transferred to and aggregated 
on the cell surface. Subsequently, we immunized BALB/c 
mice with mitoxantrone-treated B16-F1 cells as antigen and 
rechallenged the animals with live B16-F1 cells 20 days later. 
The results showed that the immunization by mitoxantrone- 
treated B16-F1 cells induced a protective effect against attack 
of live B16-F1 cancer cells in the mice. Ten days after 
rechallenge by live B16-F1 cells, the percent of tumor- 
bearing mice in the immune-inoculating group (15%) was 
much lower than that in non-inoculating group (85%). The 
data from LDH release assay showed that the splenocytes 
from immune-inoculated mice exhibited a more potent 
cytotoxic effect on B16-F1 cells than those from the control 
mice, but no such difference was observed when the 
non-homologous H22 cancer cells were used as the target 
cells, suggesting a specific immune activation against 

homologous cell-antigen. ELISA assay also demonstrated 
that serum concentrations of interferon- were obviously 
increased only in immune-inoculated mice. Interferon- was 
an essential immune effector released by activated immuno- 
cytes, so that the serum concentration of interferon- could 
indirectly represent the active extent of immune system in 
vivo.  

The possible mechanism underlying the CRT-mediated 
anti-tumor immunity is that CRT coating induced by 
mitoxantrone-treatment gives B16-F1 cells a stronger 
immunogenicity. When these CRT-coated cells were 
inoculated into the animals, the cells can be recognized by 
and phagocytosed into the immunocytes in which tumor- 
specific antigens are processed and presented, which finally 
resulted in a specific anti-tumor immunity against the 
homologous tumor cells.  

On the whole, all our data indicate a potential role of 
membrane CRT in mediating anti-tumor immunity. This 
study provides a new idea and approach for tumor immune 
prevention and treatment. But the tumor-antigens and 
antigen-presenting immune cells that involve in the immune 
process still need to be identified in the further experiments. 
 
Aknowledgements 
 
This study was supported by grants from the National 
Natural Science Foundation of China (No.30973445).  
 
References  
 

1. Rescigno M, Avogadri F, Curigliano G. Challenges and 
prospects of immunotherapy as cancer treatment. Biochim 
Biophys Acta. 2007;1776:108-123.  

2. Prestwich RJ, Errington F, Hatfield P, et al. The immune system, 
is it relevant to cancer development, progression and treatment? 
Clin Oncol. 2008;20:101-112. 

3. Reiman JM, Kmieciak M, Manjili MH, Knutson KL. Tumor 
immunoediting and immunosculpting pathways to cancer 
progression. Semin Cancer Biol. 2007;17:275-287. 

4. Kepp O, Tesniere A, Schlemmer F, et al. Immunogenic cell 
death modalities and their impact on cancer treatment. 
Apoptosis. 2009;14:364-375.  

5. Ostwald TJ, MacLennan DH. Isolation of a high affinity 
calcium binding protein from sarcoplasmic reticulum. J Biol 
Chem. 1974;249:974-979. 

6. Fliegel L, Burns K, MacLennan DH, Reithmeier RA, Michalak 
M. Molecular cloning of the high affinity calcium-binding 
protein (calreticulin) of skeletal muscle sarcoplasmic reticulum. 
J Biol Chem. 1989;264:21522-21528. 

7. Burns K, Duggan B, Atkinson EA, et al. Modulation of gene 
expression by calreticulin binding to the glucocorticoid receptor. 
Nature. 1994;367:476-480.  

8. Mery L, Mesaeli N, Michalak M, Opas M, Lew DP, Krause KH. 
Overexpression of calreticulin increases intracellular Ca2+ 

storage and decreases store-operated Ca2+ influx. J Biol Chem. 
1996;271:9332-9339. 

9. Lewis JW, Elliott T. Evidence for successive peptide binding 
and quality control stages during MHC class I assembly. Curr 
Biol. 1998;8:717-720.  



Cellular & Molecular Immunology                                                                                   475 

Volume 6  Number 6  December 2009 

10. Arosa FA, de Jesus O, Porto G, Carmo AM, de Sousa M. 
Calreticulin is expressed on the cell surface of activated human 
peripheral blood T lymphocytes in association with major 
histocompatibility complex I molecules. J Biol Chem. 1999;274: 
16917-16922.  

11. Fraser SA, Karimi R, Michalak M, Hudig D. Perforin lytic 
activity is controlled by calreticulin. J Immunol. 2000;164: 
4150-4155. 

12. Henson PM, Bratton DL, Fadok VA. Apoptotic cell removal. 
Curr Biol. 2001;11:795-805.  

13. Hoffmann PR, de Cathelineau AM, Ogden CA, et al. 
Phosphatidylserine (PS) induces PS receptor-mediated 
macropinocytosis and promotes clearance of apoptotic cells. J 
Cell Biol. 2001;155:649-659. 

14. Ogden CA, deCathelineau A, Hoffmann PR, et al. C1q and 
mannose binding lectin engagement of cell surface calreticulin 
and CD91 initiates macropinocytosis and uptake of apoptotic 
cells. J Exp Med. 2001;194:781-795. 

15. Gardai SJ, McPhilips KA, Frasch SC, et al. Cell-surface 
calreticulin initiates clearance of viable or apoptotic cells 
through trans-activation of LRP on the phagocyte. Cell. 2005; 
123:321-334. 

16. Kuraishi T, Manaka J, Kono M, et al. Identification of 
calreticulin as a marker for phagocytosis of apoptotic cells in 
Drosophila. Exp Cell Res. 2007;313:500-510. 

17. Obeid M, Tesniere A, Ghiringhelli F, et al. Calreticulin exposure 
dictates the immunoenicity of cancer cell death. Nat Med. 2006; 
13:54-61. 

18. Zeng G, Aldridge ME, Tian X, et al. Dendritic cell surface 
calreticulin is a receptor for NY-ESO-1: direct interactions 
between tumor-associated antigen and the innate immune 
system. J Immunol. 2006;177:3582-3589. 

19. Obeid M, Tesniere A, Panaretakis T, et al. Ecto-calreticulin in 
immunogenic chemotherapy. Immunol Rev. 2007;220:22-34. 

20. Panaretakis T, Joza N, Modjtahedi N, et al. The co-translocation 
of ERp57 and calreticulin determines the immunogenicity of 
cell death. Cell Death Differ. 2008;15:1499-1509. 

21. Brusa D, Garetto S, Chiorino G, et al. Post-apoptotic tumors are 
more palatable to dendritic cells and enhance their antigen 
cross-presentation activity. Vaccine. 2008;26:6422-6432. 

22. Tesniere A, Kepp O, Kepp O, et al. Molecular characteristics of 
immunogenic cancer cell death. Cell Death Differ. 2008;15:3- 
12. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


