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A B S T R A C T   

Melanomas exhibit the highest rate of heterogeneity among cancer cell types. In this study, we tested the two 
types of B16 melanoma cells (B16-S0-1 and B16-S1-1) showing resistance to antitumor immunity. These cells 
expressed Trp2 protein. Contrary to B16 and B16-S0-1 cells, B16-S1-1 cells failed to stimulate IFN-γ responses in 
Trp2-specific CD8+ T cells, suggesting that B16-S1-1 cells may have lost the ability to present antigen to Ag- 
specific CTLs in the context of MHC class I molecules. However, B16-S0-1 cells exhibited active Stat3 and 
decreased Bcl-2 expression, which were found to be not associated with immune escape. B16-S0-1 cells were 
more resistant to granzyme B-mediated caspase activation and apoptosis than B16 cells. Thus, these data show 
that B16 cells escape antitumor immune responses through the loss of epitope presentation to CTLs and the 
acquisition of tumor cell resistance to granzyme B-mediated caspase activation.   

1. Introduction 

Melanoma is a malignant skin cancer of melanocytes. The incidence 
of this malignancy has been increasing yearly, and the prognosis for 
metastatic melanoma remains poor. In addition, therapy for this disease 
is complicated by its higher rates of metastasis and resistance to many 
chemotherapeutic drugs [1,2]. It has been reported that melanomas 
exhibit the highest somatic mutation frequencies among cancer cell 
types [3], suggesting that melanoma cells may easily generate drug- 
resistant cancer clones while simultaneously inducing T cells that can 
recognize newly generated antigens. Depending on the clinical stages of 
melanoma at the time of diagnosis, five-year survival rates range from 
15% to 60% [4]. Presently, immune checkpoint blockade using anti- 
CTLA-4, anti-PD-1, and anti-PD-L1 Abs has been somewhat effectively 
used to treat patients with melanoma. This therapy has been approved 
for treating metastatic melanoma. It is known that approximately 30% 
of melanoma patients respond to the therapy [5]. The reason for this 
difference between patients is still unknown. However, it is possible that 

melanoma cells might have mutated and become immune-resistant 
under immune selective conditions, leading to difficulty in controlling 
melanomas. 

Tumor cells have been known to employ numerous immune escape 
mechanisms. For example, tumor cells secrete IL-10 and TGF-β, which 
inhibit Th1 immune responses and CTL functions [6,7]. Tumor cells also 
express indoleamine 2,3-dioxygenase, which exploits the tryptophan 
pool and induces tryptophan deficiency to prevent T cell proliferation 
[8,9]. Moreover, tumor cells express PD-L1 on the cell surface, such that 
they can inhibit the functions of Ag-specific T cells [10]. CD73 expres-
sion on tumor cells inhibits antitumor T cell responses [11]. CD73 
(known as an ecto-5′-nucleotidase) mainly catalyzes the dephosphory-
lation of adenosine monophosphate and nucleoside monophosphate to 
adenosine and other nucleosides [12]. Extracellular adenosines are 
known to inhibit T and NK cell functions by signaling through A2a and 
A3 adenosine receptors expressed on T and NK cells [13]. Fas-L 
expression on tumor cells may affect the apoptotic function of immune 
cells [14]. Others, including us, also reported that tumor cells can escape 
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antitumor immunity by losing their antigen presentation to Ag-specific 
CTLs in the context of MHC class I antigens [15,16]. Tumor cells can 
also escape Ag-specific CTL recognition by losing antigen expression 
[17–19]. The downregulation of MHC class I molecules is also a well- 
known immune escape mechanism employed by tumor cells [20]. Syn-
aptonemal complex protein 3 and NANOG are also known to promote 
immune resistance and stem-like phenotypes [21]. In view of this in-
formation, we hypothesized that B16 melanomas utilize some of these 
mechanisms or yet-unknown strategies to generate immune-refractory 
tumor cells when they are placed under immune-selective conditions. 
For clarification of this issue, we utilized our well-established B16 model 
system [22,23]. 

In this study, we evaluated the two types of B16 melanoma cells 
(B16-S0-1 and B16-S1-1) with resistance to antitumor immunity. B16- 
S1-1 cells escaped immune surveillance through the loss of epitope 
presentation to CTLs, whereas B16-S0-1 cells evaded antitumor immu-
nity through the acquisition of their resistance to granzyme B-mediated 
caspase activation and apoptosis. The latter represents a new mecha-
nism for tumor cell immune evasion. These studies show that B16 
melanoma cells employ the two different strategies to escape antitumor 
immunity. 

2. Materials and Methods 

2.1. Mice and tumors 

Female 6 week old C57BL/6 mice were purchased from Daehan 
Biolink Co., Chungbuk, Korea. Female 6 week old BALB/c-nude mice 
were purchased from Orient Bio, Inc. (Sungnam, Korea). The mice 
were cared for under the guidelines of the Institutional Animal Care 
and Use Committee-approved protocols. B16BL6 cells (C57BL/6 
background) were purchased from the Korean Cell Line Bank (Seoul, 
Korea), and grown in complete DMEM medium (10% FBS, 1% L- 
glutamine, 1% penicillin/streptomycin). The tumor cells were washed 
2 times with phosphate-buffered saline (PBS) and injected into the 
mice. 

2.2. Reagents and delivery of peptides and DNA 

For peptide vaccination, the animals were immunized subcutane-
ously (s.c.) at 0 and 2 weeks. The parameters of these immunizations 
were as follows: 20 μg of Trp2180–188 plus 20 μg of CpG- 
oligodeoxynucleotide (ODN) per mouse; final volume of 100 μl in 
PBS; 31-gauge needle (BD Biosciences, San Jose, CA). Trp2180–188 
(SVYDFFVWL), Human papillomavirus (HPV) 16 E7 peptides (RAHY-
NIVTF) and carcinoembryonic antigen (CEA) class I peptides 
(CGIQNSVSA) were purchased from Peptron (Taejon, Korea). The CpG- 
ODN [unmethylated form] designated as 1826 (5′-TCCAT-
GACGTTCCTGACGTT-3′) was purchased from GenoTech, Taejon, 
Korea. It was synthesized with a nuclease-resistant phosphorothioate 
backbone, dissolved in water and then confirmed to have an unde-
tectable endotoxin level. In some cases, anti-4-1BB antibodies (100 μg/ 
mouse) were used as previously described [23]. For intratumoral (IT)- 
electroporation (EP), 50 μg of plasmid DNAs expressing si-control and 
si-Stat3 (a kind gift from L Zhang, Jilin University, China) in a final 
volume of 50 μl of water were intratumorally injected using a 31-gauge 
needle (BD Biosciences) and then the tumor site was electroporated 
using Cellectra® containing 3 needle probes of GeneOne Biosciences 
(Seoul, Korea) at 0.2A for 4 sec (3 pulses, pulse duration; 52 ms/pulse, 
interval separating pulses; 1 sec) in accordance with the manufac-
turer’s guidelines. Also, mice were injected with 50 μg of E7 DNA 
vaccines [24] by intramuscular-EP at 0.2A for 4 sec. Plasmid DNA was 
produced in bacteria and purified by endotoxin-free Qiagen kits ac-
cording to the manufacturer’s protocol (Qiagen, Valencia, CA). For 
Stat3 inhibition study, JSI-124 (cucurbitacin I) was purchased from 
Sigma-Aldrich (St. Louis, MO). 

2.3. In vitro CTL assay 

Splenocytes were cultured with 1 μg/ml of Trp2180-188 peptides and 
25 units/ml of rIL-2 (BD Biosciences). The CTL assay was performed in 
96-well round bottom plates. Cytolysis was determined by quantita-
tively measuring lactate dehydrogenase (LDH) activity in accordance 
with the manufacturer’s protocol (Promega, Madison, WI). Splenocytes 
served as an effector cell and B16, B16-S0-1, B16-S1-1 and irrelevant 
control MC32 cells [16] were used as target cells. CTL assay was per-
formed with effector and target cells (1.3 × 104/well) mixed at varying 
effector cell:target cell ratios in a final volume of 200 μl. After 5 h in-
cubation at 37 ◦C, 50 μl of cell supernatant was collected to test the 
amount of LDH in the cultured medium according to the manufacturer’s 
protocol (Promega). After background subtraction, the percent lysis was 
calculated by 100 × [(experimental release-effector spontaneous 
release-target spontaneous release)/(target maximum release-target 
spontaneous release)]. 

2.4. Anti-IL-6 IgG treatment 

When the tumors reached approximately 5 mm in mean diameter, 
the animals were injected intraperitoneally (i.p.) with 300 μg of anti-IL-6 
Abs (clone MP5-20F3, BioXCell, West Lebanon, NH). Control rat IgG was 
purchased from Sigma-Aldrich. 

2.5. Protein delivery to cells 

Cells (0.5 × 105 per well in 96 well plates, 5 × 105 cells/well in 6 well 
plates) were seeded. Next day, the cells were transported with granzyme 
B (Sigma-Aldrich) using BioPORTER QuikEase protein delivery kit in 
accordance with the manufacturer’s protocols (Sigma-Aldrich). The 
cells were subsequently analyzed by flow cytometry and Western blot 
assay. 

2.6. IFN-γ and IL-6 assays 

For IFN-γ assay, a 1 ml aliquot containing 6 × 106 splenocytes was 
added to each well of 24-well plates containing 1 or 5 μg of B16 mela-
noma MHC class I peptides or HPV 16 E7 peptides as a control. After 2 
days of incubation at 37 ◦C in 5% CO2, the cell supernatants were iso-
lated and used to analyze IFN-γ levels using commercial cytokine kits 
(BD Biosciences) by adding the extracellular fluids to IFN-γ-specific 
ELISA plates. For IL-6 assay, tumor cell supernatants were added to IL-6- 
specific plates using commercial IL-6 detection kits in accordance with 
the manufacturer’s protocol (BioLegend, San Diego, CA). 

2.7. Reverse transcription-polymerase chain reaction (RT-PCR) 

Total RNA was isolated from tumor cells using Trizol (Sigma-Aldrich) 
and then used for cDNA synthesis using Prime RT Premix according to the 
manufacturer’s protocol (Genet Bio, Chungnam, Korea). The cDNA was 
then used as a template for PCR amplification of granulocyte-colony 
stimulating factor (G-CSF), IL-6, IL-10, epidermal growth factor (EGF), 
platelet-derived growth factor (PDGF), vascular endothelial growth factor 
(VEGF) and as a control GAPDH using their specific primers. The forward 
and reverse primers for G-CSF were designed as GGAGCTCTAAGCTTC-
TAGATC and TAGGGACTTCGTTCCTGTGAG as previously described 
[25]. The forward and reverse primers for IL-6 were designed as 
ATGAAGTTCCTCTCTGCAAGAGACT and CACTAGGTTTGCCGAGTA-
GATCTC as previously described [26]. The forward and reverse primers 
for IL-10 were designed as ATGCAGGACTTTAAGGGTTACTTG and 
TAGACACCTTGGTCTTGGAGCTTA as previously described [27]. The 
forward and reverse primers for epidermal growth factor (EGF) 
were designed as AAACACTGCTGGAGACAGGGG and AGGAAA-
CAAGTTCGTGACATT as previously described [28]. The forward and 
reverse primers for PDGF were designed as ATCGCCGAGTGCAAGACGCG 
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and AAGCACCATTGGCCGTCCGA as previously described [29]. The for-
ward and reverse primers for VEGF were designed as GGACCCTGGCTT-
TACTGC and CGGGCTTGGCGATTTAG as previously described [30]. The 
forward and reverse primers for glyceraldehyde phosphate dehydro 
genase (GAPDH) were designed as AATGTGTCCGTCGTGGATCT and 
CCCTGTTGCTGTAGCCGTAT (NM_008084; 255 bp of the nucleotides 
from 949 to 1204, Tm, 57 ◦C). Reactive products were run on a 1% agarose 
gel and stained with ethidium bromide. 

2.8. Sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis 
(PAGE) and Western blot assay 

B16 and B16-S0-1 cells were lysed with RIPA lysis buffer containing 
protease inhibitor cocktails (Calbiochem, Darmstadt, Germany) and 
phosphatase inhibitors (Sigma-Aldrich). Thirty μg of cell lysates were 
run on 12% SDS-PAGE. Resulting protein bands were trans-blotted onto 
the nitrocellulose membranes. The membranes were reacted with pri-
mary antibodies. Anti-Trp2 antibodies were purchased from Santa Cruz 
Biotechnology, Inc. (Dallas, TX). Anti-phospho-AKT (Thr308), anti- 
phospho-p44/42 ERK1/2 (Thr202/Tyr204), anti-phospho-Stat3 
(Tyr705), Anti-BclXL, anti-Bcl-2, anti-cyclin D1, anti-survivin, anti- 
caspase-3, anti-caspase-8, anti-caspase-9, anti-caspase-10, anti-cFLIP, 
and anti-GAPDH Abs were purchased from Cell Signaling, Inc. (Dan-
vers, MA). Anti-Bid and anti-Bax were purchased from BioLegend. Anti- 
Bak (Enzo Biochem, New York, NY), anti-ICAD (Santa Cruz Biotech, 
Dallas, TX) and anti-SPI-6 (Hycult Biotech, Uden, Netherlands) Abs 
were also tested as primary antibodies. Anti-tBid Abs were purchased 
from R&D. The primary antibody-reacted membrane was subsequently 
reacted with horseradish peroxidase (HRP)-conjugated secondary an-
tibodies. HRP-conjugated anti-mouse IgG, anti-rat, and anti-rabbit an-
tibodies were purchased from Komabiotech, Inc. (Seoul, Korea) and 
used as secondary Abs in this study. In each step, the membranes were 
washed 3 times with TBST (Tris-buffered saline + 0.1% Tween 20) 
buffer. Finally, the membranes were reacted with the enhanced 
chemiluminescence substrate solution and then exposed to a film. 
Relative density was calculated by [the density of samples/the density 
of GAPDH]. 

2.9. Cell counting and MTT assay 

Tumor cells (1.2 × 104 cells/well) were added in triplicate to each 
well of a 96 well plate. The cells were treated for 3 days with cisplatin 
(Ildong Pharmaceuticals, Seoul Korea) at a final concentration ranging 
from 4 to 0.031 μg/ml and with gemcitabine (Gemzar®, Lilly) at a final 
concentration ranging from 2 to 0.0039 μg/ml. After 3 days incubation 
at 37 ◦C, the cells were trypsinized. Live cells were counted by the trypan 
blue dye exclusion method. Cell viability (%) was calculated as [the cell 
count of drug treatment/the cell count of non-treatment × 100]. 
Inhibitory dose 50 (ID50) was calculated as a drug dose corresponding to 
50% cell viability. Alternatively, the cells were added for 4 h with 40 μl 
of MTT (2 mg/ml) per well. Then, cell supernatants were removed and 
then added with 150 μl of dimethyl sulfoxide. The optical density (OD) 
values were read at 490 nm. 

2.10. Flow cytometry 

Tumor cells were trypsin-treated and washed 2 times with FACS 
buffer (PBS + 1% FBS). Five × 105 tumor cells were reacted for 30 min 
with the antibodies [PE (picoerythrin)-labeled anti-Fas-L, PE-labeled 
isotype control, PE-labeled anti-CD73, PE-labeled isotype control, PE- 
labeled PD-L1, FITC (fluorescein isothiocyanate)-labeled anti-H-2 Kb 

(class I), FITC-labeled anti-I-A (class II) and FITC-labeled isotype control 
Abs]. After washing the cells 2 times with FACS buffer, the cells were 
analyzed to determine the levels of Fas-L, CD73, PD-L1, and MHC class I 
expression using a flow cytometer (BD Biosciences). For measurement of 
MHC class I expression, the cells were also reacted for 24 h with IFN-γ (4 

ng/ml). PE-labeled anti-Fas-L, anti-CD73, anti-PD-L1 Abs and control 
Abs were purchased from BioLegend. FITC-labeled anti-H-2 Kb (MHC 
class I) and control Abs were purchased from BD Biosciences. The cells 
were also labelled with PE-labelled active caspase-3 (BD Biosciences) 
and PE-labelled cleaved caspase-8 (Cell signaling, Inc.). For apoptotic 
cell detection, cells were trypsin-treated and washed with 1 ml of 
Annexin V binding buffer (AVBB). The cells were added with 100 μl of 
AVBB containing Annexin V-FITC and propidium iodide, in accordance 
with manufacturer’s protocols (BioLegend). The cells were reacted for 
15 min at room temperature. The cells were added with 400 μl of AVBB, 
and then analyzed by flow cytometry. 

2.11. Tumor cell challenge 

For the antitumor therapeutic studies, 5 × 105 B16 cells were 
injected s.c. into the right flank of C57BL/6 mice. When the mean tumor 
size was 7 mm, the animals were injected s.c. with Trp2180-188 peptides 
plus CpG-ODN. For tumor re-challenge studies, 1 × 106 B16 cells per 
mouse were injected s.c. into the flank of C57BL/6 mice. For selection of 
B16 cells with resistance to Trp2 peptide vaccination, mice were chal-
lenged s.c. on 4 different flank parts with 5 × 105 of B16, B16-S0, B16-S1 
and B16-S2 cells per flank. For IT-EP of cDNA encoding siStat3, 5 × 105 

B16 cells were injected s.c. into the right and left flanks of C57BL/6 mice 
in a manner similar to B16-S0-1 cells. When the tumor sizes reached 
approximately 5 mm, mice were injected with 50 μg of pcDNA3-siStat3 
at the right tumor and pcDNA3-si-control at the left tumor. This was 
followed by EP. The mice were monitored twice per week for tumor 
growth. The tumor size was measured in mm using a caliper, and was 
recorded as the mean diameter [longest surface length (a) and width (b), 
(a + b)/2]. The mice were euthanized when the mean diameter of the 
tumor exceeded 20 mm. 

2.12. Statistical analysis 

Statistical analysis was performed by the independent samples t test 
or one-way ANOVA using the SPSS 17.0 software program. The values of 
the experimental groups were compared with the values of the control 
group. Any p values < 0.05 were considered to be significant. 

3. Results 

3.1. Selection of B16-S0-1 and B16-S1-1 cells exhibiting resistance to 
Trp2-specific antitumor immunity 

For selection of immune-resistant B16 melanoma cells, mice were 
challenged with B16 tumor cells. When the tumor sizes became 
approximately 7 mm, the mice were treated with Trp2 peptide vaccines 
plus anti-4-1BB Abs. This therapy protocol was previously reported 
[23]. As shown in Fig. 1A, 5 of the 6 mice displayed complete tumor 
eradication at 60 days post-treatment. In another set of experiment, 4 of 
the 6 mice displayed complete tumor eradication. The 5 and 4 tumor- 
removed mice were re-challenged with parenteral B16 tumor cells, 
respectively. Finally, 1 of the 5 mice developed tumors after B16 mel-
anoma rechallenge, while 2 of the 4 mice developed tumors (Fig. 1B). 
Next, we surgically removed tumor tissues from the three mice. After 
several rounds of tumor cell culture in vitro, we designated the cells as 
B16-S0, B16-S1 and B16-S2. These 3 cell types as well as wild type B16 
cells were injected into 4 different parts of the flank of mice that had 
been previously immunized with Trp2 peptide vaccines. As shown in 
Fig. 1C and D, B16-S0 and B16-S1 cells formed tumors in the immu-
nized mice, whereas wild type B16 and B16-S2 cells failed to form tu-
mors. However, all tumor cell types (B16, B16-S0, B16-S1, and B16-S2 
cells) formed tumors in control mice (Fig. 1E and F). Moreover, we 
confirmed that all these tumor cell types grow at a similar rate in vitro 
and in nude mice (Supplementary Fig. 1A and B). We then surgically 
removed the tumor tissues of B16-S0 and B16-S1 cells. After several 
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rounds of tumor cell culture in vitro, we designated the cells as B16-S0-1 
and B16-S1-1 and tested their CTL sensitivity in vitro. As seen in Fig. 2A, 
wild type B16 cells displayed sensitivity to Ag-specific CTL-mediated 
killing, whereas the two types of tumor cells, B16-S0-1 and B16-S1-1 
cells, exhibited resistance to Ag-specific CTL-mediated killing. In 
contrast, irrelevant MC32 colon cancer cells were resistant to Ag- 
specific CTL-mediated killing. These animals and in vitro results 
demonstrate that B16-S0-1 and B16-S1-1 cells acquired resistance to 
Trp2-specific CTL-mediated tumor cell killing. 

3.2. B16-S1-1 cells resisted Trp2-specific CTL-mediated killing through a 
loss of their antigen presentation to Ag-specific CTLs 

As B16-S0-1 and B16-S1-1 cells were resistant to Trp2-specific CTL- 
mediated killing, we first evaluated the expression status of Trp2 anti-
gens in these two types of cells by Western blot assay. As shown in 
Fig. 2B, B16-S0-1 and B16-S1-1 cells expressed Trp2 antigens at levels 
similar to B16 cells. This result indicates that the loss of Trp2 tumor 
antigens might not be associated with antitumor resistance in this case. 
To further assess whether B16-S0-1 and B16-S1-1 cells still possess the 

capacity to activate Trp2-specific CD8 + T cells in vitro, an IFN-γ release 
assay was performed (Fig. 2C). When UV-inactivated B16-S0-1 cells 
were used as stimulating agents for Trp2-specific CD8 + T cells, they 
significantly induced IFN-γ production from Trp2-specific CD8 + T cells 
in a manner similar to that of UV-inactivated wild type B16 cells. 
However, when UV-inactivated B16-S1-1 cells were tested as stimu-
lating agents, Trp2-specific CD8 + T cells failed to induce IFN-γ pro-
duction in a manner similar to that of UV-inactivated irrelevant control 
MC32 cells. This result suggests that B16-S1-1 cells might have lost the 
capacity to process and/or present antigen to CD8 + T cells. We next 
tested using the E7 DNA vaccine model whether B16-S1-1 cells might 
possess the ability to present other antigens to CD8 + T cells. In this 
model, animals were injected with anti-4-1BB Abs to augment Ag- 
specific CD8 + T cell response. As seen in Fig. 2D, both E7 peptide- 
primed B16 and B16-S0-1 cells induced IFN-γ production from the im-
mune cells of mice that had been immunized with E7 DNA vaccines 
significantly more than control CEA peptide-primed tumor cell types. 
However, E7 peptide-primed B16-S1-1 cells displayed the opposite, 
indicating that B16-S1-1 cells may not recognize MHC class I epitopes on 
the cell surface. Thus, these in vitro data suggest that B16-S1-1 cells alone 

Fig. 1. Selection of immune-resistant tumor cells (B16-S0-1 and B16-S1-1 cells). (A) Each group (n = 5–6) of mice was challenged s.c. with 5 × 105 B16 cells per 
mouse. When the tumor sizes became approximately 7 mm, the animals were injected s.c. with 20 μg of Trp2 peptide vaccines + 20 μg of CpG-ODN per mouse in a 
final volume of 100 μl at 0,1 and 2 weeks. The animals were also injected i.p. with 100 μg of anti-4-1BB at 0, 1 and 2 weeks. Percentages of mice with complete tumor 
eradication at 60 days post-treatment are shown. The values in (/) represent #mice with complete tumor eradication/#mice tested. (B) The 5 (Experiment 1) and 4 
(Experiment 2) tumor-eradicated mice were rechallenged s.c. with 1 × 106 B16 cells per mouse. Among these, the three mice formed tumors from which tumor tissue 
were obtained. Open dotted circle indicates no tumor formation while closed circle indicates tumor formation. (C,D,E,F) Five naïve mice were immunized s.c. with 
20 μg of Trp2 peptide vaccines + 20 μg of CpG-ODN per mouse in a final volume of 100 μl at 0, 1 and 2 weeks. At 3 weeks, each of the immunized mouse was 
challenged s.c. on 4 different flank parts with 5 × 105 of B16 [upper left], B16-S0 [upper right], B16-S1 [lower right] and B16-S2 cells [lower left] (C,D), in parallel 
with control unimmunized mice (E,F). Tumor sizes were measured over the time points, and mean tumor sizes were recorded. Values and bars represent mean tumor 
sizes and the SD, respectively. Open dotted circle indicates no tumor formation while closed circle indicates tumor formation (D,F). 
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potentially lost the ability to present antigen to Ag-specific CTLs, 
thereby resisting antitumor immunity. We next hypothesized that B16- 
S1-1 cells might have lost MHC class I expression on the cell surface, 
such that the cells might not be recognized by Ag-specific CTLs. We 
previously reported that B16 cells expressed very low surface MHC class 
I molecules but increased their expression in an IFN-γ dose (0.4, 4 and 
40 ng/ml)-dependent manner [22]. In this context, we tested the levels 
of MHC class I expression on the surface of B16, B16-S0-1 and B16-S1-1 
cells. As shown in Fig. 2E, B16-S0-1 and B16-S1-1 cells also exhibited 
minimal MHC class I expression in a manner similar to that of B16 cells. 
When these cells were treated with IFN-γ (4 ng/ml), the expression of 
MHC class I molecules increased to a dramatic level. These data suggest 
that B16-S0-1 and B16-S1-1 cells have MHC class I molecules on the cell 
surface as shown in B16 cells, but that B16-S1-1 cells might have a defect 

in MHC class I molecules in terms of antigen recognition. In this case, it 
is still possible that the expression of immune inhibitory molecules, such 
as Fas-L, CD73 and PD-L1, might be induced on the cell surface of B16- 
S1-1 cells, thereby inhibiting immune cell activation (in terms of IFN-γ 
production). To test this possibility, we measured the expression levels 
of Fas-L, CD73 and PD-L1 using flow cytometry. As shown in Fig. 2E, 
minimal differences in the expression levels of Fas-L, CD73, and PD-L1 
between B16 and B16-S1-1 cells were noted. This result suggests that 
these immune inhibitory molecules are not associated with the immune 
escape of B16-S1-1 cells. Taken together, these data support that B16-S1- 
1 cells potentially lost their ability to present a Trp2 antigen to Ag- 
specific CTLs in the context of MHC class I molecules. This property 
likely allows B16-S1-1 cells to escape the recognition and destruction of 
Ag-specific CTLs. 

Fig. 2. Evaluation of immune-resistant tumor cells (B16-S0-1 and B16-S1-1 cells) for their biological properties in terms of Ag-specific CTL sensitivity (A), antigen 
expression levels (B), Ag-specific IFN-γ induction levels (C), and expression levels of MHC class I and intercellular inhibitory molecules (D). (A) Naïve mice were 
immunized s.c. with 20 μg Trp2 peptide + 20 μg CpG-ODN at 0, 1 and 2 weeks. The mice were sacrificed at 2 weeks, and the spleens were removed for immune cell 
isolation. The immune cells were stimulated for 6 days with Trp2 peptides and IL-2, and then used as effector cells. B16, B16-S0-1, B16-S1-1 and irrelevant MC32 
control cells were incubated overnight with IFN-γ (4 ng/ml). Next day, the cells were used as target cells. The effector and target cells were tested for in vitro CTL 
assay. *p < 0.05 compared to MC32. (B) B16, B16-S0-1 and B16-S1-1 cells were lysed in RIPA buffer. Thirty μg of cell lysates were run for SDS-PAGE and Western blot 
assay. The values and bars indicate mean relative density (Trp2/GAPDH) and the SD. (C) Naïve mice were immunized s.c. by 20 μg Trp2 peptide + 20 μg CpG-ODN at 
0 and 1 weeks. The mice were sacrificed at 2 weeks, and the spleens were removed for immune cell isolation. The immune cells were stimulated for 2 days with 2 ×
106 of B16, B16-S0-1, B16-S1-1 and control MC32 cells, which had been exposed to UV light for 2 h prior to immune cell stimulation. Cell supernatants were used for 
sandwich ELISA to measure IFN-γ. *p < 0.05 compared to MC32. (D) Naïve mice were immunized by IM-EP with 50 μg E7 DNA vaccines at 0 and 2 weeks. The mice 
were also injected i.p. with 100 μg anti-4-1BB Abs per mouse. The mice were sacrificed at 4 weeks, and the spleens were removed for immune cell isolation. For tumor 
cell treatment, 2 × 106 of B16, B16-S0-1 and B16-S1-1 cells were added with E7 and CEA peptides (5 μg/ml), and exposed to UV light for 2 h prior to immune cell 
stimulation. The tumor cells were washed 2 times with PBS, and then reacted for 2 days with immune cells. Cell supernatants were used for sandwich ELISA to 
measure IFN-γ. *p < 0.05 compared to CEA peptides. (E) The expression status of MHC class I and immune inhibitory molecules on the surface of B16 vs. B16-S1-1 
cells. For evaluation of class I expression, 1 × 106 of B16, B16-S0-1 and B16-S1-1 cells were treated for 24 h with IFN-γ (4 ng/ml), and then reacted with anti-H-2 Kb- 
FITC to analyze the expression level by flow cytometry. Dot line, B16, B16-S0-1 and B16-S1-1 cells reacted with control Abs (mean fluorescence intensity [MFI] in the 
upper box); thin line, B16, B16-S0-1 and B16-S1-1 cells reacted with anti-H-2 Kb (MFI in the middle box); thick line, IFN-γ -treated B16, B16-S0-1 and B16-S1-1 cells 
reacted with anti-H-2 Kb (MFI in the lower box). For evaluation of immune inhibitory molecule expression, 5 × 105 of B16, B16-S0-1 and B16-S1-1 cells were reacted 
with PE-conjugated anti-Fas-L, anti-CD73, and anti-PD-L1 Abs. The expression levels of the inhibitory molecules were analyzed using flow cytometry. Dot line, B16 
cells (MFI in the upper box); thin line, B16-S0-1 cells (MFI in the middle box); thick line, B16-S1-1 cells (MFI in the lower box). 
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3.3. B16-S0-1 cells secreted IL-6, which activated Stat3 in an autocrine 
manner 

As we observed that B16-S0-1 cells were able to stimulate Ag-specific 
immune cells but remained resistant to Ag-specific CTL-mediated 
killing, we thought that this cell might have some defect in the intra-
cellular signaling pathways. The AKT, ERK, and signal transducers and 
activators of transcription (Stat) 3 pathways are associated with tumor 
progression, poor prognosis, tumor invasion and drug resistance 
[31–34]. In this context, we tested the activation levels of AKT, ERK and 
Stat3. Fig. 3A shows the Western blot assay data. B16-S0-1 cells 
expressed activated Stat3 proteins at significantly higher levels than B16 
cells. However, no significant differences in the levels of the active forms 
of AKT and ERK were noted between B16 and B16-S0-1 cells. The Stat3 
pathway is activated by molecules, such as cytokines and growth factors 
[35,36]. We then measured the expression levels of these molecules 
using RT-PCR (Fig. 3B). B16-S0-1 cells expressed increased levels of IL-6 
mRNA compared with B16 cells with little expression of IL-6 mRNA. 
However, molecules other than IL-6 were not significantly detectable in 
B16 and B16-S0-1 cells. Consistent with this, soluble IL-6 was expressed 
significantly more in B16-S0-1 cells than in B16 cells, as determined by 
ELISA (Fig. 3C). We next tested whether blocking IL-6 expression by the 
addition of anti-IL-6 Abs inhibits Stat3 activation in B16-S0-1 cells. 
When B16-S0-1 cells were treated with anti-IL-6 Abs (greater than 
10,000-fold increase compared with IL-6), a dramatic inhibition of 
activated Stat3 levels was noted, as measured by Western blot assay 
(Fig. 3D). In contrast, when B16-S0-1 cells were treated with control 

Abs, they still showed the same activated Stat3 protein levels as we 
previously observed. These data suggest that B16-S0-1 cells secrete IL-6, 
which subsequently activates Stat3 in an autocrine manner. 

3.4. Stat3 activation was not associated with antitumor immune evasion 
by B16-S0-1 cells 

Next, we tested whether the local delivery of cDNA coding for siStat3 
to B16-S0-1 tumor cells might inhibit Stat3 activation, thus making the 
tumor cells more sensitive to antitumor responses induced by Trp2 
peptide vaccines. As shown in Fig. 4A and B, IT-EP of mice bearing B16 
tumors (A) and B16-S0-1 tumors (B) with expression plasmids coding for 
control siRNA (left tumor) vs. siStat3 (right tumor) displayed no sig-
nificant difference in tumor growth in mice receiving Trp2 peptide 
vaccines. We further tested whether treatment of B16 and B16-S0-1 
tumor-bearing mice with anti-IL-6 Abs might make these tumors more 
susceptible to antitumor responses induced by Trp2 peptide vaccines. As 
shown in Fig. 4C and D, systemic administration of anti-IL-6 Abs into 
B16 tumor-bearing mice (C) and B16-S0-1 tumor-bearing mice (D) failed 
to make these tumors more susceptible to antitumor responses induced 
by Trp2 peptide vaccines compared with control Abs. It has been re-
ported that Stat3 inhibitors (WP1066 and JSI-124) affect tumor growth 
in the B16/F10 model [37,38]. As the drug JSI-124 (1 mg/kg/day in 
20% dimethyl sulfoxide in water) was i.p. delivered, we chose JSI-124 
and followed the therapy protocol as reported [38]. In our study, how-
ever, most animal became lethargic and died after the drug treatment. At 
the half dose (0.5 mg/kg/day in 20% dimethyl sulfoxide in water), the 

Fig. 3. IL-6 is responsible for activation of Stat3 in B16-S0-1 cells. (A) B16 and B16-S0-1 cells were lysed in RIPA buffer. Thirty μg of cell lysates were run for SDS- 
PAGE and Western blot assay. The values and bars indicate mean relative density and the SD. (B) B16 and B16-S0-1 cells were analyzed for the mRNA expression 
levels of G-CSF, IL-6, IL-10, EGF, PDGF and VEGF by RT-PCR. (C) Two × 106 of B16 and B16-S0-1 cells per 3 ml were incubated for 2 days and then cell supernatants 
were collected for measuring IL-6 levels, as described in Material and Methods. (D) Two × 106 of B16 and B16-S0-1 cells per 3 ml were added with 1 μg of anti-IL-6 
Ab vs. control Abs and then incubated for 2 days. The cells were collected and lysed in RIPA buffer. Thirty μg of cell lysates were run on SDS-PAGE and Western blot 
assay, as described in Material and Methods. *p < 0.05 compared to B16. 
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Fig. 4. Stat3 activation was not associated with the resistance of B16-S0-1 cells to Trp2-specific antitumor immunity. (A,B) Five × 105 B16 (A) and B16-S0-1 (B) cells 
per mouse were injected s.c. into the right and left flanks of mice (n = 5/group). When the tumor sizes reached approximately 5 mm in mean diameter, the animals 
were treated s.c. with Trp2 peptides plus CpG-ODN 3 times at 1 week intervals. The animals were also injected by intratumoral-EP with 50 μg cDNA encoding si- 
control on the right flank and 50 μg of cDNA encoding si-Stat3 on the left flank at 2 and 17 days post-treatment. Tumor sizes were measured over time. The values and 
bars represent the mean tumor size and SD, respectively. (C,D) Each group of mice was injected s.c. with 5 × 105 of B16 (C) and B16-S0-1 (D) cells per mouse. When 
the tumor sizes reached approximately 5 mm in mean diameter, the animals were treated s.c. with Trp2 peptides plus CpG-ODN 3 times at 1 week intervals. One 
group of mice were injected i.p. with 300 μg of anti-IL-6 Abs three times at 1 week intervals from 4 days post-peptide treatment (at 4, 11 and 18 days post-treatment), 
while another group was injected with control Abs. Tumor sizes were measured over time. The values and bars represent the mean tumor size and SD, respectively. 

Fig. 5. Decreased expression levels of Bcl-2 were not attributed to IL-6 but were correlated with increased sensitivity to chemotherapeutic drugs in B16-S0-1 cells. 
(A) B16 and B16-S0-1 cells were lysed in RIPA buffer. Thirty μg of cell lysates were run for SDS-PAGE and Western blot assay using Abs recognizing numerous cell 
regulatory molecules. The values and bars indicate mean relative density and the SD. (B) Two × 106 of B16 and B16-S0-1 cells per 3 ml were added with 1 μg of anti- 
IL-6 Abs vs. control Abs and then incubated for 2 days. The cells were tested for Bcl-2 expression levels using Western blot assay. (C,D) B16 and B16-S0-1 cells were 
treated for 3 days with decreasing doses of cisplatin from 4 μg/ml and gemcitabine from 2 μg/ml, and the cell viability was measured using the trypan blue dye 
exclusion method. Red-colored arrows indicate ID50. (E,F) B16 and B16-S0-1 cells were treated for 2 days with cisplatin (D, 0.5 μg/ml) and gemcitabine (F, 0.5 μg/ 
ml). The frequency of active caspase-3-positive cells was measured using flow cytometry. *p < 0.05 compared to B16. 
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mice still looked sick, halting our further study. These animal studies 
demonstrated that even under treatment with si-Stat3 DNAs and anti-IL- 
6 Abs, B16-S0-1 cells were still resistant to Trp2-specific antitumor im-
munity and that the Stat3 pathway might not be associated with this 
resistance. 

3.5. A lack of Bcl-2 was likely associated with chemosensitivity in B16- 
S0-1 cells 

The Stat3 signaling pathway leads to the activation of certain 
downstream apoptosis- and cell proliferation-associated molecules, such 
as BclXL, cyclin D1, Bcl-2, and survivin [39–41]. When these molecules 
were measured by SDS-PAGE and Western blot assay, B16-S0-1 cells 
expressed BclXL, Bid, Bax, cyclin D1 and survivin at levels similar to B16 
cells (Fig. 5A). These findings demonstrate that Stat3 activation does not 
influence the expression of these Stat3 downstream molecules in B16- 
S0-1 cells. However, B16-S0-1 cells expressed significantly lower Bcl-2 
levels than B16 cells. Moreover, B16-S0-1 cells expressed significantly 
higher Bak levels than B16 cells. We next tested whether blocking IL-6 
might result in recovery of Bcl-2 levels in B16-S0-1 cells to levels 
noted in control B16 cells. As shown in Fig. 5B, the addition of anti-IL-6 
Abs (greater than 10,000-fold increase compared with IL-6) to B16-S0-1 
cells failed to recover the expression level of Bcl-2 to that of B16 cells, 
suggesting that the decreased level of Bcl-2 in B16-S0-1 cells is not 
coupled with Stat3 activation by IL-6. In view of this finding, we eval-
uated the growth sensitivity of B16-S0-1 cells to the chemotherapeutic 
drugs cisplatin and gemcitabine compared to B16 cells. As shown in 

Fig. 5C, B16-S0-1 cells were dramatically more sensitive to cisplatin 
than B16 cells, as measured by direct cell counting. In particular, ID50 
values of B16-S0-1 cells were 0.2 μg/ml, whereas those of B16 cells were 
0.5 μg/ml, which is a greater than 2-fold increase in drug sensitivity in 
B16-S0-1 cells compared with B16 cells. A similar finding was obtained 
when B16-S0-1 cells were tested against gemcitabine at different con-
centrations compared with B16 cells (Fig. 5D). In this case, the ID50 
values of B16-S0-1 cells were 0.02 μg/ml, whereas those of B16 cells 
were 0.15 μg/ml. These data were consistent with those of MTT assay 
(data not included). In parallel, B16-S0-1 cells also exhibited signifi-
cantly higher sensitivity to cisplatin and gemcitabine than B16 cells, as 
determined by active caspase-3 levels using flow cytometry (Fig. 5E and 
F). However, drug-untreated B16 and B16-S0-1 cells showed no differ-
ence in active caspase-3 levels (data not shown). Thus, these data show 
that B16-S0-1 cells potentially acquired some alterations in their intra-
cellular events, such as Bcl-2 and Bak, and subsequently became more 
sensitive to chemotherapeutic drugs. 

3.6. B16-S0-1 cells were less sensitive to granzyme B-mediated caspase 
activation than B16 cells 

The perforin/granzyme B-mediated pathway is mainly responsible 
for tumor cell killing by CTLs [42,43]. In this process, ICAD (inhibitor of 
caspase-3-activated DNase) is cleaved by granzyme B to generate an 
active factor that induces apoptosis [44]. Serine protease inhibitor (SPI)- 
6 is an endogenous inhibitor of granzyme B [45,46]. Tumor apoptosis is 
mediated by a cascade of the caspase signaling pathway. When the 

Fig. 6. B16-S0-1 cells were more resistant to granzyme B-mediated caspase activation than B16 cells. (A) B16 and B16-S0-1 cells were lysed in RIPA buffer. Thirty μg 
of cell lysates were run for SDS-PAGE and Western blot assay using Abs recognizing numerous caspase and granzyme B-associated molecules. The values and bars 
indicate mean relative density and the SD. (B,C) B16, B16-S0-1 and B16-S1-1 cells were seeded. The next day, the cells were treated with granzyme B, in accordance 
with the BioPORTER assay protocol. After 1 day incubation, the cells were collected to measure the frequency of active caspase-3-positive cells (B) cleaved caspase-8- 
positive cells (C) using flow cytometry. *p < 0.05 compared to B16. 
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molecules (caspase-3, − 8, − 9, − 10, SPI-6, ICAD) were tested by Western 
blot assay, no significant difference in their expression was noted be-
tween B16 vs. B16-S0-1 cells (Fig. 6A). We next tested the status of 
active caspase-3 and cleaved caspase-8 levels following treatment with 
granzyme B. It is known that among the caspases, only caspase-3 and 
caspase-8 are cleaved by granzyme B in intact cells [42,47]. When active 
caspase-3 and cleaved caspase-8 levels in B16, B16-S0-1 and B16-S1-1 
cells without granzyme B treatment were measured by flow cytom-
etry, a background level was found. However, when these three types of 
cells were treated with granzyme B, B16-S0-1 cells induced significantly 
lower active caspase-3 levels than B16 and B16-S1-1 cells (Fig. 6B). A 
similar finding was obtained when cleaved caspase-8 levels were tested 
(Fig. 6C). These data indicate that B16-S0-1 cells are less sensitive to 
granzyme B-mediated caspase activation (in terms of caspase-3 and 
caspase-8 activation) than B16 and B16-S1-1 cells. Thus, these data 
show that B16-S0-1 cells potentially acquired resistance to granzyme B- 
mediated caspase activation for CTL escape in this setting. 

3.7. B16-S0-1 cells were less sensitive to granzyme B-mediated tumor cell 
apoptosis than B16 cells 

In death receptor-mediated apoptosis, cFLIP acts as an anti-apoptotic 
regulator [48]. Specifically, apoptosis is inhibited when cFLIP levels are 
high, whereas apoptosis is enhanced when cFLIP levels are low. During 

apoptosis, Bid is cleaved by granzyme B to tBid, which migrates to 
mitochondria to induce the permeabilization of the outer mitochondrial 
membranes in the context of the pro-apoptotic proteins Bax and Bak 
[49]. Also, ICAD is cleaved by granzyme B to induce apoptosis [44]. We 
assessed if there were differences in cFLIP, Bid, and ICAD levels in B16 
vs. B16-S0-1 cells receiving granzyme B treatment. As shown in Fig. 7A, 
there were no significant changes in the expression levels of these 
molecules in B16 and B16-S0-1 cells by granzyme B treatment. Addi-
tionally, tBid was not detectable in the tested samples. When B16, B16- 
S0-1 and B16-S1-1 cells were treated with granzyme B, B16-S0-1 cells 
displayed lower levels of apoptosis than B16 and B16-S1-1 cells 
(Fig. 7B). However, untreated control cells did not exhibit significant 
differences in the levels of apoptotic cells. This result suggests that B16- 
S0-1 cells potentially acquired apoptotic resistance by becoming more 
insensitive to caspase activation than B16 and B16-S1-1 cells. Fig. 7C 
shows the protein transport efficiency data between B16, B16-S0-1 and 
B16-S1-1 cells. As shown here, these three cell types exhibited similar 
transport efficiency. Taken together, these data demonstrate that B16- 
S0-1 cells were more resistant to granzyme B–mediated tumor cell 
apoptosis than B16 cells as a method to evade antitumor immune sur-
veillance. In particular, B16-S1-1 cells with a defect in antigen presen-
tation to Ag-specific CTLs were still sensitive to granzyme B–mediated 
tumor cell apoptosis. 

Fig. 7. B16-S0-1 cells were more resistant to granzyme B-mediated apoptosis than B16 cells. (A) B16 and B16-S0-1 cells were treated with granzyme B, in accordance 
with the BioPORTER assay protocol. Thirty μg of cell lysates were run for SDS-PAGE and Western blot assay using Abs recognizing granzyme B-associated intra-
cellular molecules. The values and bars indicate mean relative density and the SD. (B) B16, B16-S0-1 and B16-S1-1 cells were treated with granzyme B as above. The 
next day, the cells were reacted with Annexin V-FITC and PI for evaluation of apoptosis using flow cytometry. %Apoptotic cells were calculated by counting early 
(lower right) plus late (upper right) apoptotic cells among total cells. *p < 0.05 compared to each of granzyme B-untreated cells. (C) B16, B16-S0-1 and B16-S1-1 cells 
were treated with FITC control molecules, in accordance with the BioPORTER assay protocol. The next day, the cells were tested for fluorescence levels by flow 
cytometry. *p < 0.05 compared to neg. control (cells without FITC transfection). 
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4. Discussion 

In this study, we selected 2 types of B16 tumor cells (B16-S0-1 and 
B16-S1-1) with the ability to resist Trp2-specific CTL responses using 
continuous tumor cell rechallenge techniques. Both B16-S0-1 and B16- 
S1-1 cells exhibited the expression of Trp2 proteins but were still resis-
tant to lysis of Ag-specific CTLs in vitro. However, B16-S1-1 cells failed to 
stimulate Ag-specific immune cells for the induction of IFN-γ in vitro, 
whereas wild-type B16 and B16-S0-1 cells were able to stimulate Ag- 
specific immune cells at similar levels for the production of IFN-γ. 
Moreover, B16-S1-1 cells failed to bind to other exogenous antigens in 
the context of class I molecules. These data suggest that B16-S1-1 cells 
may not bind to Trp2 antigens and others on the cell surface in the 
context of MHC class I molecules, resulting in a failure of their recogni-
tion by Ag-specific CTLs. This finding is supported by our subsequent 
findings that B16-S1-1 cells express intact MHC class I expression at levels 
similar to wild type B16 cells. Moreover, no significant differences in the 
expression levels of well-known immune inhibitory molecules (Fas-L, 
CD73, and PD-L1) were noted between B16-S1-1 and B16 cells. These 
data support the notion that B16-S1-1 cells may acquire Ag-specific CTL 
resistance through a loss of antigen presentation in the context of MHC 
class I molecules, thus evading Ag-specific CTL-mediated immunity. This 
finding is consistent with a previous report [16,50]. Thus, this study 
shows that under immune-selective conditions, B16 cells tend to become 
a CTL-resistant cell type by altering their antigen presentation to CD8 + T 
cells in the context of class I molecules, which may be responsible for 
tumor growth in animals with antitumor immunity. 

Stat3 activation in tumor cells suppresses the tumor expression of 
proinflammatory mediators that can activate innate immunity and DC 
functions but that generate negative mediators that can inhibit DC 
maturation [51]. Stat3 activation is also associated with tumor progres-
sion, tumor invasion and drug resistance by promoting inflammation and 
forming immune suppressive tumor microenvironment [52]. Moreover, 
Stat3 inhibitors (JSI-124 and WP1066) are known to decrease tumor 
growth in the B16/F10 tumor model [37,38]. In this study, we observed 
that B16-S0-1 cells displayed an active state of Stat3 proteins. Among the 
tested cytokines and cell growth factors, the cytokine IL-6 alone was 
secreted from B16-S0-1 cells and reacted to IL-6 receptors on the tumor 
cell surface, resulting in activation of Stat3 in an autocrine manner. Our 
data are consistent with the findings of previous reports [35,36]. In our 
animal studies, however, the blockade of active Stat3 by the use of 
siStat3-DNAs and anti-IL-6 Abs failed to render B16-S0-1 tumors sus-
ceptible to Trp2-specific CTL responses. In our tumor model, moreover, 
tumor-bearing mice were lethargic and died during the JSI-124 regimen 
therapy. Presently, it is still unclear why our model doesn’t work with the 
Stat3 inhibitor, JSI-124. Thus, these data suggest that an active Stat3 
status and IL-6 production might not be directly associated with the 
resistance of B16-S0-1 cells to Ag-specific CTLs but that their resistance 
might be mediated by some other cellular alterations. 

Stat3 activation promotes cell survival and growth by inducing the 
expression of Bcl-2, survivin, BclXL, and cyclin D1 [39–41]. In our study, 
however, there was no significant difference in the expression levels of 
the molecules (BclXL, Bcl-2, Bid, Bax, cyclin D1, survivin) between B16- 
S0-1 cells expressing an active Stat3 protein and wild type B16 cells. It is 
likely that Stat3 activation is not always coupled with regulation of the 
downstream molecules of the Stat3 pathway. Among the tested mole-
cules, Bcl-2 was detected at a significantly lower level in B16-S0-1 cells 
than in wild type B16 cells. The Bak expression showed the opposite. 
Moreover, B16-S0-1 cells were found to be dramatically more suscep-
tible to cisplatin and gamcitabine than wild type B16 cells. Similarly, 
B16-S0-1 cells had significantly more active caspase-3 than B16 cells in 
response to cisplatin and gemcitabine. These results imply that a 
decreased level of Bcl-2 (an anti-apoptotic molecule) and an increased 
level of Bak (a pro-apoptotic molecule) might be attributed to the 
increased sensitivity of B16-S0-1 cells to chemotherapeutic drugs 
through increasing active caspase-3 levels. In this case, however, it 

remains unclear how B16-S0-1 cells that display increased sensitivity to 
chemotherapeutic drugs are resistant to Ag-specific CTL-mediated 
killing. This finding is in sharp contrast to a previous finding [53]. Thus, 
this result indicates that B16-S0-1 cells might exhibit other defects in 
their intracellular events along with Bcl-2 to promote their immune 
escape. 

Tumor-infiltrating lymphocytes (mainly CD8 + T cells) are critical 
for the response to the PD-1/PD-L1 blockade therapy [54,55]. CD8 +
CTLs kill target tumor cells through apoposis induction, and apoptosis is 
initiated by releasing perforin and granzyme B but also via death re-
ceptor ligation, i.e., FasL and TRAIL [42,47]. In addition, cFLIP, Bid, SPI- 
6, ICAD, and caspase proteins are associated with apoptosis regulation 
[44,46,48,49]. In our Western blot assay, large differences in the 
expression levels of caspase-3, caspase-8, caspase − 9, caspase-10, SPI-6, 
and ICAD were not noted between B16 and B16-S0-1 cells. On the other 
hand, upon treatment with granzyme B, B16-S0-1 cells expressed 
dramatically lower amounts of active caspase-3 and caspase-8 than wild 
type B16 cells, as determined by flow cytometry. Here, it is worth noting 
that this change in caspase activation was not detectable by Western blot 
assay and that flow cytometry might be a more sensitive method to 
measure caspase activation. This result suggests that B16-S0-1 cells are 
less sensitive to granzyme B-mediated caspase activation, possibly 
leading to their resistance to Trp2-specific CTL-mediated killing. 
Consistent with this finding, B16-S0-1 cells were less sensitive to gran-
zyme B-mediated apoptosis than wild type B16 cells. To clarify any 
relevance of this finding to clinical cases, patients with melanomas 
showing no response to the PD-L1/PD-1 therapy remain to be tested for 
their cell status. Thus, these results indicate that B16-S0-1 cells may be 
able to escape antitumor immunity through a lack of sensitivity to 
granzyme B from Ag-specific CTLs as a new immune escape mechanism. 

5. Conclusion 

B16 melanoma cells behaved differently for resistance to Ag-specific 
CTL immunity. They acquired their immune resistance through two 
different escape mechanism(s). Specifically, B16-S1-1 cells escaped im-
mune surveillance through the loss of epitope presentation to CTLs, 
whereas B16-S0-1 cells evaded antitumor immunity through the acqui-
sition of their resistance to granzyme B-mediated caspase activation and 
apoptosis. In particular, B16-S0-1 cells were able to escape antitumor 
immunity while exhibiting dramatically increased sensitivity to chemo-
therapeutic drugs. 
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