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Abstract. Background/Aim: The purpose of the present
study was to establish an effective immunotherapy by
skewing the cosignal balance to be on the positive side by
using the combination of monoclonal antibody (mAb) against
4-1BB also known as Cluster of Differentiation (CD) 137 as
a co-stimulatory effector and to programmed death-1 (PD1) to blockade the immune checkpoint. Materials and
Methods: Mice implanted with 1×105 CT26 cells were
treated with anti 4-1BB mAb alone, anti PD-1 mAb alone, or
both anti 4-1BB mAb and anti PD-1 mAb. Immune cell
populations were analyzed by flow cytometry. Tumorinfiltrating T-cells were evaluated by immunohistochemistry.
Results: Mice treated with the combination therapy had the
best antitumor response that resulted in complete tumor
rejection. The numbers of CD4+ interferon (IFN)-γ+ and
CD8+ IFN-γ+ T-cells were significantly higher in the
combination group. The number of tumor-infiltrating T-cells
was significantly increased in the combination therapy.
Conclusion: The therapeutic strategy of targeting co-signal
molecules has promising clinical applications in the future.
T-Cell activation regularly requires two signals. Signal 1 is
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the interaction between antigenic peptide on major
histocompatibility complex (MHC) and the T-cell receptor
(TCR). Signal 2 called cosignal, presented by the interaction
between antigen-presenting cells (APCs) and T-cells is also
necessary to activate T-cells properly (1). Cosignal is
composed by the immune system to control the balance
between co-stimulatory and co-inhibitory factors. Currently,
co-inhibitory factors are known as immune checkpoints (2).
The programmed death-1 (PD-1) and cytotoxic T-lymphocyte
antigen-4 (CTLA4) pathways are two examples of immune
checkpoint pathways with the potential for therapeutic
anticancer targeting (3). Knockout of these genes in mouse
models leads to two distinct phenotypes: Ctla4-deficient
mice die within a few weeks because of autoimmune disease,
while PD-1-deficient mice develop organ-specific immune
reactions over the course of several months (4, 5).
PD-1 is expressed on activated T-cells, B-cells, dendritic
cells (DCs) and macrophages (3, 6). PD-1 ligand 1 (PD-L1) is
expressed on DCs and tumor cells in various types of cancers,
and its expression on tumors is thought to contribute to tumor
immune evasion (7). Anti-PD-1 monoclonal antibodies
(mAbs) have been developed for use in human trials, in which
they mediated the regression of several tumor types (8).
To enhance immune responses in immunocompromised
hosts with malignancies, use of agonistic mAbs specific to
co-stimulatory receptors is a promising approach (9). The
protein 4-1BB also known as cluster of differentiation (CD)
137 is transiently up-regulated on both CD4+ and CD8+ Tcells following activation (10). 4-1BB signaling can induce
cytokine production, expansion, and functional maturation of
T-cells, DCs and monocytes (11, 12). Several studies have
reported that agonistic antibodies against 4-1BB can enhance
tumor rejection and increase tumor-specific cytotoxicity (13,
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14). Although antibodies against 4-1BB have been developed
for use in human trials, concerns about toxicity have led to
their termination or withdrawal (15).
Based on the two theories underlying the role of 4-1BB
and PD-1 as described above, antibodies activating 4-1BB or
blocking PD-1 are expected to comprise the next generation
of immunotherapy against human cancer. However, their
efficacies as a single agent are insufficient to cause the
rejection of established tumors in mice or humans.
The purpose of the present study was to establish an
effective antitumor immunotherapy by using the combination
of anti-4-1BB mAb and anti-PD-1 mAb.

Materials and Methods
Animal and tumor cell line. BALB/c mice (7-8 weeks old, female)
were purchased from Japan SLC, Inc. (Shizuoka, Japan). All mice
were maintained under specific pathogen-free conditions in the
animal facility at Yamaguchi University. All animal procedures were
approved by the Institutional Animal Care and Use Committee of
Yamaguchi University. Colon tumor 26 cells (CT26) are murine
colon adenocarcinoma cells derived from BALB/c mice (16). 4T1
cells are murine breast carcinoma derived from BALB/c mice (17).
Both cell lines were purchased from the American Type Culture
Collection (Manassas, VA , USA). Cells were grown in RPMI-1640
(Gibco BRL, Grand Island, NY, USA) supplemented with 10% heatinactivated fetal calf serum as previously described (18).
Antibodies. Agonistic anti-mouse 4-1BB mAb (3H3) and antagonistic
anti-mouse PD-1 mAb (RMP1-14) were produced by Dr. Yagita
(Juntendo University School of Medicine, Tokyo, Japan) as previously
described (13, 19). Rat immunoglobulin (Ig) G used for a control
antibody was purchased from Sigma-Aldrich (St. Louis, MO, USA).
Protocol of antibody treatment. BALB/c mice were inoculated
subcutaneously in the right flank with 1×105 CT26 cells. When the
tumors reached 5-8 mm in diameter, approximately 10 days after
tumor inoculation, treatment was started. Tumor-bearing mice were
treated with rat IgG, agonistic anti-4-1BB and rat IgG, anti-PD-1
and rat IgG, or agonistic anti-4-1BB and anti-PD-1. The dose per
injection was 150 μg for rat IgG, 50 μg for anti-4-1BB and 150 μg
for anti-PD-1. mAbs were given intraperitoneally on days 10, 14,
17 and 21. Mice were monitored and scored for the formation of
palpable tumors twice weekly and sacrificed if tumors became
necrotic or exceeded the predetermined size of 2,000 mm3. Tumor
volumes were measured in cubic millimeters with calipers and
calculated with the following formula: A×B2 ×0.5, where A is the
largest diameter, and B is the smallest diameter.
Tumor re-challenge. One hundred days after tumor inoculation, the
surviving mice (n=8) treated with anti-4-1BB mAb and anti-PD-1
mAb (referred to as the immunized mice) were injected again with
1×105 CT26 cells (n=4) or 1×105 4T1 cells (n=4) respectively as an
independent experiment. Each 4 (total of 8) nonimmunized (naïve)
mice were injected in the same manner as a control, respectively. A
total of 1×105 4T1 cells was also injected into both naïve (n=4) and
immunized (n=4) mice. All mice were observed until the tumor
volume reached 2,000 mm3 and were then euthanized.
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Flow cytometric analysis. Lymphocytes from the draining lymph
node (LN) and spleens were isolated and processed on day 25 as
previously described (20). For intracellular staining, cells were
stained according to the manufacturer’s instructions (eBiosciece,
San Diego, CA, USA).
Cells were stained with the following antibodies: Fluorescein
isothiocyanate (FITC)-conjugated anti-mouse CD3e (clone 1452C11) (Biolegend, San Diego, CA, USA), Gr1 (clone RB6-8C5),
and IL4 (clone BVD6-24G2) (both from eBioscience);
Phycoerythrin (PE)-conjugated anti-mouse CD11b (clone M1/70)
and CD8a (clone 53-6.7) (both from Biolegend); PE-conjugated Gr1
(clone RB6-8C5), interferon (IFN)-γ (clone XMG1.2), FOXP3
(clone NRRF-30), and CD4 (clone GK1.5) (all from eBioscience).
AH1 is tumor-associated immunodominant MHC class I–restricted
antigen for CT26 (21). AH1 tumor-specific CD8+ T-cells were
analyzed by using Ld-AH1 tetramer loaded with AH1
(SPSYVYHQF) purchased from MBL (Nagoya, Japan). All flow
cytometric data were acquired on a MACSQuant flow cytometer
(Miltenyi Biotec, Bergisch Gladbach, Germany) and analyzed using
the MACSQuantify software.
Immunohistochemistry. On days 17 and 24 after inoculation, tumors
were dissected. Scar-like tissues were dissected in the mice treated
with the combination of anti-4-1BBand anti-PD-1 because the mice
rejected tumors. Zinc-fixed, paraffin-embedded tissues of primary
tumors were processed and stained as previously described (22).
Purified rabbit anti-CD3 (ab5690; Abcam, Tokyo, Japan) was used
for staining.
Evaluation of CD3+ cells. Evaluation of CD3+ cells in the tumorinfiltrating lymphocytes was performed as previously described
(23). The number of CD3+ cells was counted by using a
computerized image analysis system composed of a DP70 chargecoupled device camera (Olympus, Tokyo, Japan) mounted on an
Olympus AX70 light microscope. Under ×400 magnification, three
independent and intact computerized microscopic fields in
duplicates of each tissue sample were used for counting of the
number of CD3+ cells. The evaluation of CD3+ cells was performed
by two independent observers in a blinded manner.
Statistical analysis. Results are expressed as the means±standard
error. All data were analyzed with GraphPad Prism V5.0 (GraphPad
Software, Inc., San Diego, CA). One- and two-way analyses of
variances (ANOVA) were used for data analysis of more than two
groups and a Bonferroni post-hoc test was utilized to determine
significant differences between treatment groups. p-Values of less
than 0.05 were considered statistically significant.

Results
Antitumor effects of a combination of 4-1BB activation and
PD-1 blockade. Anti-4-1BB significantly inhibited tumor
growth (p<0.05). Anti-PD-1 slightly inhibited tumor growth,
but the inhibition was not significant. Furthermore, mice
treated with the combination of anti-4-1BB and anti-PD-1
had the best antitumor response, which resulted in complete
tumor rejection in all mice injected with CT26 cells (p<0.01)
(Figure 1A). There were no overt toxicities in treated mice.
Tumor re-challenge. In all re-challenged immunized mice,
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Figure 1. Augmented therapeutic effect and tumor rechallenge. A: Mice
treated with the combination of monoclonal antibody to 4-1BB and to
PD-1 had the best antitumor response, which resulted in complete tumor
rejection in all mice injected with CT26 cells. Tumor volumes are shown
as the mean±SE of five mice per group (*p<0.05, **p<0.01). Arrows,
start of treatment. B: One hundred days after initial tumor inoculation,
the surviving mice treated with anti-4-1BB and anti-PD-1 (referred to as
immunized mice) were injected for a second time with 1×105 parental
CT26 cells in the lower abdominal flank. Four nonimmunized (naïve)
mice were injected in the same manner as a control group. Tumor
volumes are the mean±SE. C: 4T1 cells were injected into both naïve
(n=4) and immunized (n=4) mice. Mice from both groups developed
tumors equivalently. Tumor volumes are the mean±SE.

CT26 tumors were rejected, whereas tumors in naïve mice
grew progressively (Figure 1B). There was no significant
difference in the growth of implanted 4T1 cells between
naïve mice and immunized mice (Figure 1C).
Analysis of CD4+ T-cells in the spleen. A significant increase
in the number of CD4+ T-cells was observed in mice treated
with any mAb compared to naïve mice (Figure 2A). The
number of CD4+ IFN-γ+ T-cells was significantly higher in
the mice treated with combination immunotherapy
(p<0.0001) (Figure 2B). The number of CD4+ IL4+ T cells
was significantly increased in the mice treated with control
mAb and anti-PD-1 (p<0.01) (Figure 2C).

Analysis of CD8+ T-cells in the spleen. The number of CD8+
T-cells was also significantly increased in mice treated with
anti-4-1BB and those with combination therapy (Figure 3A).
The mice treated with combination therapy had the most
CD8+ IFN-γ+ T-cells, and the activation of these cells was
antigen-specific (p<0.0001) (Figure 3B). The mice treated
with combination therapy also had an increased number of
AH1-specific CD8+ T-cells (Figure 3C).
Regulatory T-cells (Tregs) and myeloid-derived suppressor
cells (MDSCs) in the LN and spleen. We next assessed
negative factors of immune effector cells focusing on CD4+
FOXP3+ T-cells as Tregs and CD11b+ Gr-1+ cells as MDSCs.
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Figure 2. CD4+ T-cells in the spleen after treatment. A: A significant
increase in the number of CD4+ T-cells was observed in mice treated
with any monoclonal antibody compared to naïve mice. B: A significant
increase in the number of CD4+ IFN-γ+ T-cells was observed in the
combination-therapy group. C: A significant increase in the number of
CD4+ IL4+ T-cells was observed in the control and anti-PD-1-treated
groups. Statistical significance was calculated by using one-way ANOVA
with the Bonferroni post-hoc test (*p<0.05, **p<0.01, ***p<0.001,
****p<0.0001).
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Figure 3. CD8+ T-cells in the spleen after treatment. A: A significant
increase in the number of CD8+ T-cells was observed in mice treated with
monoclonal antibody to 4-1BB alone and those treated with combination
therapy. B: The mice treated with the combination therapy had most
CD8+ IFN-γ+ T-cells. C: The mice treated with the combination therapy
had an increased number of AH1-specific CD8+ T-cells. Statistical
significance was calculated by using one-way ANOVA with the Bonferroni
post-hoc test (*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001).
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Figure 4. Tregs and MDSCs in the LNs and spleen. The number of Tregs (A) and MDSCs (C) in the spleen was increased in mice treated with
monoclonal antibody to 4-1BB mAb and combination therapy as compared with the other groups. The number of Tregs (B) and MDSCs (D) in the
LN was the most increased in mice treated with anti-4-1BB. The number of Tregs and MDSCs are the average (±SE) number of cells derived from
three mice. Statistical significance was calculated by using one-way ANOVA with the Bonferroni post-hoc test (*p<0.05, **p<0.01, ***p<0.001).

The number of Tregs in the spleen was increased in mice
treated with anti-4-1BB and combination therapy compared to
the other groups (Figure 4A). Anti-4-1BB resulted in the most
pronounced increase in the number of Tregs in LNs (Figure
4B). The number of MDSCs in the spleen was increased in
mice treated with anti-4-1BB and those treated with the
combination therapy as compared to the other groups (Figure
4C). Anti-4-1BB resulted in the most pronounced increase in
the number of MDSCs in LNs (Figure 4D).
Tumor-infiltrating T-cells. Figure 5A and B show tissue
stained for tumor-infiltrating CD3+ cells in each group on

days 17 and day 24, respectively. The presence of tumorinfiltrating CD3+ cells was significantly increased on day 17
(Figure 5C) and day 24 (Figure 5D) in the group treated with
combination therapy.

Discussion
In the present study, we focused on 4-1BB, which is a
promising target for an immunostimulatory molecule.
Furthermore, we combined anti-4-1BB treatment with that
against PD-1, a well-investigated immune checkpoint
molecule in cancer immunotherapy. Anti-4-1BB inhibited
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Figure 5. Pathological analysis of immune infiltration after therapy. Tumor-infiltrating T-cells were identified by immunohistochemical analysis on
day 17 (A) and day 24 (B) after tumor inoculation. The presence of tumor-infiltrating T-cells was significantly increased on day 17 (C) and day 24
(D) after inoculation in mice treated with combination therapy. Tumor-infiltrating T-cells were counted at ×400 magnification. Photographs
representative of three mice in each group are shown. Data are the mean±SE (*p<0.05; **p<0.01). Scale bar, 50 μm.

tumor growth more significantly than did anti-PD-1. The
anti-tumor effect of anti-4-1BB might depend on increased
tumor-specific cytotoxic T-lymphocyte activity and IFN-γ
production by CD4+ and CD8+ T-cells. Moreover, the
combination therapy led to increased numbers of CD4+ IFNγ+ T-cells (type 1 helper T-cells: Th1 cells) and CD8+ IFNγ+ cells, resulting in complete tumor rejection in all mice.
The presence of high numbers of tumor-infiltrating T-cells
are consistent with a role for adaptive antitumor immunity in
the prevention of tumor progression (24). We found that high
numbers of T-cells were infiltrated at the sites of tumor
rejection in the mice treated with combination therapy.
Immunomodulatory mAbs can provoke immune rejection
of the tumor without identification of tumor antigens that may
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be unique to an individual tumor. This approach is
advantageous because it has the potential for developing
immunological memory to the tumor, preventing its recurrence
(25). Based on this theory, we also attempted to establish the
circumstances developing immunological memory to the
tumor after immunotherapy. In fact, the mice treated with the
combination therapy that survived more than 100 days after
tumor inoculation rapidly rejected tumors when rechallenged
by the same tumor. To demonstrate the specificity of the
protective immunity, 4T1 cells were injected into both naïve
and immunized mice. There was no significant difference in
the growth of implanted 4T1 cells between naïve mice and
immunized mice. These results suggest that long-lasting tumor
antigen-specific memory had been established.
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PD-1 is an inhibitory receptor expressed by T-cells with
long-term exposure to antigens (26). PD-1 is preferentially
expressed on Tregs and directly promotes Treg-mediated
suppression of immune responses (27). PD-1 negatively
regulates the effector phase of T-cell response after ligation
of PD-L1 expressed within the tumor. Thus, this immune
checkpoint receptor plays multiple roles in distinct cell
types to quantitatively regulate immunity (28). In this study,
although anti-PD-1 therapy alone did not improve antitumor
efficacy, anti-PD-1 reduced the number of Tregs and
MDSCs in the LNs and the spleen (not significantly). Our
results also demonstrate the interesting fact that anti-4-1BB
induced Tregs and MDSCs in the LNs and the spleen,
suggesting that overstimulation of the immune system
resulted in the induction of immune inhibitors. These results
support our strategy that the blockade of immune-inhibitory
factor, such as PD-1, under stimulation by 4-1BB induces
strong immunity in the cancer microenvironment. In fact,
the combination therapy reduced the number of Tregs and
MDSCs in the LNs as compared with use of anti-4-1BB
alone. These data support the theory that combination
therapy with anti-4-1BB and anti-PD-1 shifted an
immunosuppressive
tumor
environment
to
an
immunostimulatory state, which favorably contributes to a
durable antitumor effect.
In conclusion, this combination therapy systemically and
effectively enriched the number of activated CD4+ and CD8+
T-cells. In addition, this therapy strongly recruited CD3+ Tcells around the tumor. As a result, in mice treated with the
combination therapy, inoculated tumors were eradicated,
indicating that the therapeutic strategy of targeting cosignal
has promising clinical applications.
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