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Purpose: The aim of this study was to find the dose of agonistic 4-1BB monoclonal antibody (mAb) that results 
in optimal T cell activation.
Methods: Cancer was induced in mice by an intrahepatic parenchymal injection of 1×105 cells of CT26 cells. 
Cancer-carrying mice (n=84) were divided into seven groups and treated with either rat IgG or agonistic 4-1BB 
monoclonal antibody (mAb) (5μg, 10μg, 20μg, 100μg, 200μg, or 300μg). All treatments were administered 
intraperitoneally on days 7, 9, and 11. Mice from each group were sacrificed on days 14, 28, and 42. Harvested 
livers were weighed and the numbers of T cells in the splenocytes were analyzed with a FACS Vantage flow 
cytometer. 
Results: Liver weights increased when 5μg of agonistic 4-1BB mAb was administered, but showed no additional 
weight increase for doses greater than 10μg. The absolute numbers of CD4＋ and CD8＋ T cells increased 
in groups treated with low doses of agonistic 4-1BB mAb (5μg, 10μg, or 20μg), but did not increase in the 
groups treated with high doses of mAb (100μg, 200μg, or 300μg). The levels of CD4/annexin V and 
CD8/annexin V increased as the dose increased, and the absolute cell numbers of CD4/annexin V were greater 
than those of CD8/annexin V.
Conclusion: Liver weight, including the cancer mass, failed to increase at agonistic 4-1BB mAb doses greater 
than 10μg. A high dose (≥100μg) of agonistic 4-1BB mAb resulted in lower counts of absolute T cells. This 
study suggests that a low dose (20μg) of agonistic 4-1BB mAb can be used for optimal T cell activation in 
combination with other anti-cancer treatments. (J Korean Surg Soc 2010;78:7-16)
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INTRODUCTION

  The importance of T cell mediated responses for 

anti-tumor immunity is well known. Optimal activation of 

T cells for clonal expansion requires at least two distinct 

biological signals: the interaction of the T cell antigen 

receptor (TCR) with peptides bound to major histo-

compatibility complex (MHC) molecules and a functionally 

defined event called the co-stimulatory pathway.(1) The 

molecules involved in co-stimulation mostly belong to 

either the CD28:B7 superfamily or the tumor necrosis 

factor (TNF) superfamily.(2,3)

  CD28:B7 molecules are one of the best studied 

co-stimulatory pathways, and are thought to comprise the 

main mechanism underlying primary T cell stimulation. 

However, a number of other molecules have been iden-

tified that amplify and diversify the T cell response 
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following initial T cell activation. These include the more 

recently described 4-1BB:4-1BB ligand (4-1BBL) mole-

cules.(4)

  4-1BB (also called CD137) was first identified in mice 

in a modified differential screening procedure and is a 

member of the TNF receptor superfamily of type I 

membrane protein.(5) It is an inducible protein that is 

expressed on the surfaces of activated CD4＋ and CD8＋ 

T cells,(1,6) activated NK cells,(7) and dendritic cells.(8) 

The 4-1BB ligand (4-1BBL) is a type II surface glycoprotein 

of the TNF superfamily. Expression of 4-1BBL is restricted 

to antigen-presenting cells (APCs) such as dendritic cells, 

macrophages, and activated B cells.(9)

  In vitro, signaling via 4-1BB by agonistic monoclonal 

antibodies (mAbs) or soluble 4-1BBL or cell lines ex-

pressing 4-1BBL in the presence of anti-TCR Abs has been 

shown to cause T cell expansion, cytokine induction, 

up-regulation of anti-apoptotic genes, and prevention of 

activation-induced cell death.(3,10) The in vivo effects of 

agonistic 4-1BB mAbs are much more dramatic: they 

promote rejection of cardiac and skin allografts, eradicate 

established tumors, broaden primary antiviral CD8＋ T cell 

responses, and increase T cell cytolytic potentials.(11-13)

  Immunotherapy is an approach to treat intractable 

diseases such as cancer, autoimmune diseases, transplan-

tation rejection, and chronic infection by enhancing, 

suppressing, or modifying the immune system.(14) Cancer 

is thought to have escaped immune surveillance.(4) Cancer 

immunotherapy aims to generate long-lasting functionally 

active CD8＋ T-cells specific for the tumor cells, and the 

strategy of cancer immunotherapy has been to inject 

antibodies that stimulate T cells at target cancer. Admi-

nistration of agonistic 4-1BB mAbs is an attractive strategy 

for cancer immunotherapy because 4-1BB signaling pro-

motes T cell and NK cell proliferations and interferon- 

gamma (IFN-γ) secretion, and prolongs the survival of 

CD8＋ T cells.(15) However, agonistic 4-1BB mAbs also 

have some effects that are not related to cancer treatment. 

They accelerate the activation-induced cell death of 

antigen-specific CD4＋ T cells and reduce the incidence 

and severity of autoimmune disease.

  A co-stimulatory signal provided by agonistic 4-1BB 

mAbs might reinforce the anti-tumor actions of effector 

cells in vivo. Some investigators reported the anti-tumor 

effects of agonistic 4-1BB mAbs at low doses (5μg to 100

μg), while others reported anti-inflammatory effects at 

doses greater than 200μg.(16-21)

  We analyzed the effects of agonistic 4-1BB mAbs in a 

murine colon cancer metastasis model. Our aim was to 

find the dose of agonistic 4-1BB mAb that resulted in 

optimal T cell activation.

METHODS

1) Induction of cancer and treatments

  Male eight-week-old Balb/c mice (weight range, 20∼25 

g) were purchased from the Jackson Laboratory (Bar 

Harbor, USA). All mice (n=84) were housed under specific 

pathogen-free conditions and in accordance with insti-

tutional guidelines. Cancer was induced by an intrahepatic 

parenchymal injection of CT26 cells (100 ml, 1×105 cells) 

(Manassas, ATCC, USA) through a midline skin incision. 

CT26 cells had initially been induced in a Balb/c mouse 

by chemical carcinogens, and stable cell lines had been 

established.(22) Cancer-carrying mice were divided into 

seven groups of 12 rats each and were treated with rat IgG 

as a control or with agonistic 4-1BB mAb (Immunomics, 

Ulsan, Korea) at a dose of 5μg, 10μg, 20μg, 100μg, 

200μg, or 300μg. Treatments were administered intra-

peritoneally on days 7, 9, and 11.

2) Assessment of response

  Subsets of four mice from each dosage group were 

sacrificed on days 14, 28, and 42 after the administration 

of CT26 cells. Livers and spleens were harvested from the 

sacrificed mice. Because it was not possible to obtain the 

weights of the cancer masses alone, liver weights included 

the cancer masses.

3) Flow cytometry analysis

  Splenocytes were obtained from the mice through the 

mechanical dissociation of the spleen followed by lysis of 
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Fig. 1. Change in liver size with dose of agonistic 4-1BB
monoclonal antibodies and over time.

the red blood cells. The surface molecules of T cells were 

observed in spleens by the use of mAb directed to CD4, 

CD8, CD11b, CD11c, CD25, CD62, NK cells, and a 

control isotope conjugated with fluorochromes (FITC, PE). 

All antibodies were purchased from BD Pharmingen (San 

Diego, CA, USA), and sample analyses were carried out 

on a FACS Vantage flow cytometer (BD Bioscience, San 

Jose, CA, USA). Absolute cell numbers were calculated by 

multiplying the flow cytometry percentages by the total 

numbers of viable cells.

4) Apoptosis detection assay

  Annexin V was used to quantitate the percentage of cells 

within a population that were actively undergoing apop-
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Fig. 2. Liver weights and doses of agonistic 4-1BB monoclonal 
antibodies. Weight increased for the control and with 5μg
of agonistic 4-1BB mAb, but showed no increase at doses
≥10μg. The absolute cell numbers of the control and the
5μg dose group significantly increased over time (*P＜
0.05). 

tosis. 7-Amino-actinomycin (7-AAD) is a standard flow 

cytometric viability probe and was used in this study to 

distinguish viable cells from non-viable cells. Cells that 

stained positive for annexin V and negative for 7-AAD 

were undergoing apoptosis. Briefly, cells were washed twice 

with cold phosphate buffered saline (PBS) and resuspended 

in binding buffer (annexin V-PE kit; BD Biosciences, 

USA). One hundred microliters of the binding buffer was 

transferred to a 5 ml culture tube followed by the addition 

of 5μl of annexin V-PE and 5μl of 7-AAD. After a 15 

min incubation period at room temperature in the dark, 

400μl of binding buffer was added. In CD4＋ and CD8＋ 

T cells, apoptosis was observed through the use of mAbs 

directed against CD4＋, CD8＋, and the fluorochromes 

(FITC)-conjugated control isotype.

5) Statistical analyses

  Groups of data were compared using two-way ANOVA, 

a post hoc test, and the Kruskal-Wallis test (SPSS 17.0). 

A P-value of less than 0.05 was considered statistically 

significant.

RESULTS

1) Liver weights

  To investigate the role of 4-1BB the therapeutic effect 

of agonistic 4-1BB mAb in an experimental cancer model, 

cancer was induced in Balb/c mice. Liver size changed with 

an increasing dose of agonistic 4-1BB mAb and over time 

(Fig. 1). Gross examination of the liver size revealed no 

increase when more than 20μg of agonistic 4-1BB mAb 

was used. However, an increase in liver size was seen for 

the control and at dose of 5μg and 10μg of agonistic 

4-1BB mAb. The liver weight increased when 5μg of 

agonistic 4-1BB mAb was given, but did not increase at 

doses larger than 10μg (P＜0.05). In other words, 5μg 

of agonistic 4-1BB mAb failed to show significant tumor 

suppression, whereas higher doses of agonistic 4-1BB mAb 

(10μg to 300μg) suppressed tumor growth and increase 

in liver weight to similar degree (Fig. 2).

2) CD4 and CD8

  Absolute cell numbers of CD4＋ and CD8＋ T cells 

increased over time in the low dose agonistic 4-1BB mAbs 

treatment groups (5μg, 10μg, 20μg, P＜0.05), but not 

in the high dose groups (100μg, 200μg, 300μg) (Fig. 3, 

4). These numbers were higher at 42 days than at 28 days 

in the low dose groups (10μg and 20μg; P＜0.05). The 

absolute numbers of CD4＋ T cells peaked at 28 days in 

the high dose groups (100μg and 200μg). This peak level 

was lower than that of the low dose group at 42 days (P

＜0.05). The absolute numbers of CD8＋ T cells peaked 

at day 14 days for the 100μg dose group, whereas they 

peaked at day 28 and then decreased for the high dose 

groups (200μg and 300μg). Similar patterns of change in 

CD4＋ and CD8＋ T cells were observed for CD62L-low 

T cells, CD4/CD25 T cells, and IFN-γ producing cells 

(Fig. 3, 4).

3) Apoptotic cell proportion

  CD4/annexin V and CD8/annexin V peaked at 28 days 

in the high dose groups (100μg, 200μg, or 300μg of 

agonistic 4-1BB mAb) (Fig. 5). The absolute cell number 

for a dose of 300μg agonistic 4-1BB mAb was higher than 

that for the 100μg dose treatment (P＜0.05). The absolute 
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Fig. 3. (A) CD4, (B) CD4/CD62L low cell population, and (C) 
CD4/CD25 cell population. The absolute cell numbers 
increased in the low dose (≤20μg) groups, but not in the
high dose groups (≥100μg). Absolute cell numbers peaked
on day 28 in the high dose groups and decreased by day
42. In contrast, the absolute cell numbers on day 42 were 
significantly higher than those at day 14 for doses of 
agonistic 4-1BB mAb (≤20μg; *P＜0.05).

number of CD4/annexin V cells was greater than that of 

CD8/annexin V cells (P＜0.05). The absolute cell number 

for each dose decreased at 42 days (Fig. 5).

4) Innate immunity

  Patterns of change in CD11c and natural killer (NK) 

cells were comparable to those of the T cells (Fig. 6). The 

absolute cell numbers increased for the low dose agonistic 

4-1BB mAb groups (5μg, 10μg, 20μg), but not for the 

high dose groups (100μg, 200μg, 300μg). However, for 

CD11b cells, the absolute cell numbers for the low dose 

groups (5μg, 10μg, 20μg) peaked at 28 days and 

decreased at 42 days (Fig. 6A). The absolute cell numbers 

for the high dose group (100μg, 200μg, 300μg) were all 

lower than those for the low dose group (Fig. 6).

DISCUSSION

  The physiology and geography of T cell activation 

require the capture of tumor antigens by antigen-presenting 

cells (APCs) at the tumor site. After processing, tumor 

antigens are expressed on the surfaces of antigen-presenting 

cells in the form of MHC class I or II peptide complexes. 

Antigen-presenting cells migrate to secondary lymphoid 

organs where tumor antigens are specifically recognized by 

naïve T cells. T cell receptor (TCR) engagement delivers 

the first activation signal that induces the cell-surface 

expression of co-stimulatory molecules. These molecules 

then deliver the second activation signal that leads to the 

full activation of T cells. Most T cells are activated in 

secondary lymphoid organs.

  The sequence of events accounting for the mechanism 

of action of agonistic 4-1BB mAbs in anti-tumor therapy 

was originally postulated as follows: tumor antigens bind 

to TCRs and stimulate T cells to up-regulate 4-1BB.(12) 

Systemic administration of agonistic 4-1BB mAb co-sti-

mulates the T cells that have up-regulated 4-1BB, and 

4-1BB then delivers signals that both prevent apoptosis and 
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Fig. 5. Apoptotic cell proportion. (A) CD4/annexcin V, (B) CD8/annexin V. CD4/annexin V and CD8/annexin V levels in the high
dose groups (100μg, 200μg, 300μg of agonistic 4-1BB mAb) peaked on day 28. The absolute cell number for 300μg mAb was
higher than that for 100μg (P＜0.05). The absolute number of CD4/annexin V cells was greater than that of CD8/annexin V
cells (P＜0.05).

promote effector functions of anti-tumor cytotoxic T 

lymphocytes.(1)

  Shuford et al.(11) demonstrated that signaling through 

4-1BB preferentially induces proliferation of CD8＋ T 

cells. Agonistic 4-1BB mAb also prevents superantigen- 

induced cell death in CD8＋ T cells and significantly 

increases the survival of CD8＋ T cells in vivo.(23)

  The anti-tumor effect of agonistic 4-1BB mAbs mainly 

Fig. 4. (A) CD8, (B) CD8/CD62L low cells population, and (C) 
interferon-gamma (IFN-γ) producing CD8 cell population.
The absolute cell numbers of CD8 T cells increased with
5μg of agonistic 4-1BB mAb, but did not increase with 10
μg or 20μg treatments. The absolute cell number of CD8
T cell for 100μg of mAb peaked on day 14, decreased on
day 28 and decreased further on day 42 (P＜0.05). However, 
absolute cell numbers of T cells peaked at day 28 for 200μg
and 300μg mAb. The absolute cell numbers of IFN-γ

producing CD8 T cells gradually decreased over time at high 
doses of agonistic 4-1BB mAb (≥100μg; P＜0.05).
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Fig. 6. Innate immunity. (A) CD11b, (B) CD11c, (C) natural killer 
(NK) cells. The absolute cell numbers increased in the low
dose groups (5μg, 10μg, or 20μg of agonistic 4-1BB 
mAb), but not in the high dose groups (100μg, 200μg,
300μg).

depends on increased tumor-specific cytolytic T lymphocyte 

activity and IFN-γ production by CD8＋ T cells, as well 

as an anti-apoptosis effect in CD8＋ cytolytic T lymp-

hocytes.(15) This anti-apoptotic effect extends the operative 

life of CD8＋ T cells and reverses the cytotoxic T 

lymphocyte established anergy in vivo.(24)

  We studied T cells in mice that were of the same age 

(eight weeks), gender (male) and genetic background 

(Balb/c from Jackson laboratory) and were thus considered 

equivalent prior to treatment.

  The absolute numbers of CD8＋ T cells were influenced 

by agonistic 4-1BB mAbs over time. These numbers 

increased in the low dose (≤20μg) groups, but decreased 

in the high dose (≥100μg) groups. Other studies have 

shown that 5μg of agonistic 4-1BB mAb promotes survival 

of CD8＋ T cells and enhances CD8＋ T cell expan-

sion.(25,26) We found that the absolute cell number of 

IFN-γ producing CD8 T cells peaked on day 42 when 

5μg agonistic 4-1BB mAb was used. However, the similar 

patterns of absolute cell numbers in the control and 5μg 

treatment groups may be attributed to the cancer itself. The 

absolute numbers of CD8＋ T cells decreased after a peak 

at 14 days of treatment with 100μg of agonistic 4-1BB 

mAbs, whereas for groups receiving 200μg and 300μg of 

mAb, these numbers peaked at 28 days. At 14 days, the 

absolute cell numbers of the high dose (≥100μg) groups 

were higher than those of the low dose (≤20μg) groups. 

Therefore, the abrupt increase in T cells numbers caused 

by a dose of agonistic 4-1BB mAb greater than 100μg 

caused activation-induced cell death, resulting in a sudden 

decrease in absolute cell numbers by days 28 and 42. The 

peak level of CD8/annexin V became higher with increases 

in the dose of agonistic 4-1BB mAb, meaning there was 

less apoptotic activity associated with low doses of agonistic 

4-1BB mAb.

  Signaling through 4-1BB appears to promote cell proli-

feration and survival in vitro,(27) but the mechanism of 

4-1BB co-stimulation in CD4＋ T cells differs from that 
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in CD8＋ T cells.(20) 4-1BB-mediated signals were asso-

ciated with CD4＋ T cell responses in vivo, including 

induction of T helper cell anergy, an alloimmune response, 

acute inflammation, an autoimmune disease and a type 1 

T helper (Th1) cell response to tumor cells.(20,28)

  This study showed that the absolute count of CD4＋ T 

cells increased with low mAb doses (≤20μg) at 42 days, 

but was maintained or decreased with a high doses (≥100

μg). The absolute cell numbers of the high dose treatment 

groups (100μg, 200μg, and 300μg) peaked at 28 days 

and decreased by day 42. The decrease in the number of 

CD4＋ T cells may have been more pronounced due to 

activation-induced cell death.

  We used rat IgG as the negative control in this study. 

Unlike the specific effects of agonistic 4-1BB mAb, IgG 

does not affect the immune system. IgG alone cannot 

induce an increase in T cells; however, the increases in 

absolute cell number of CD4 and CD8 T cells may be a 

side effect of the cancer or of the high dose of agonistic 

4-1BB mAb, which could result in splenomegaly in mice. 

In addition, despite the use of mice that were as similar 

as possible, cell numbers may vary due to the natural 

variation encountered in in vivo studies.

  Although co-stimulatory signaling via 4-1BB induces 

clonal expression of CD4＋ T cells shortly after immuni-

zation, the activated CD4＋ T cells are rapidly cleared by 

activation-induced cell death.(20) Therefore, the admini-

stration of agonistic 4-1BB mAb may provide a new 

immunotherapeutic approach in treating CD4＋ T cell- 

mediated disease. A high dose (≥100μg) of agonistic 

4-1BB mAb may be particularly useful in treating 

Th2-mediated autoimmune diseases such as systemic lupus 

erythematosus, rheumatoid arthritis, and ulcerative colitis.

  The patterns of change of the absolute cell numbers of 

CD11c and NK cells were similar to those of CD4＋ and 

CD8＋ T cells. Innate immune cells such as CD11c and 

NK cells were increased the administration of a low dose 

of agonistic 4-1BB mAb and were inhibited by a high dose 

of mAb. However, the absolute cell number of CD11b first 

increased and then decreased by day 42. These patterns 

may be due to activation-induced cell death as absolute cell 

numbers of T cells decreased in the high dose treatment 

group (≥100μg).

  The administration of agonistic 4-1BB mAbs leads to 

regressions of established B10.2 fibrosarcoma,(17) mye-

loma,(18) and CD 26 colon carcinoma.(21) These anti- 

tumor effects were achieved with an agonistic 4-1BB mAb 

dose of 100μg. Our study suggests that a low dose (20μg) 

could have even better results.

  A high dose of agonistic 4-1BB mAb (200μg) results 

in amelioration of autoimmune encephalomyelitis, rheuma-

toid arthritis, and inhibition of chronic graft versus host 

disease.(16,19,20) Similarly, our study suggests that better 

results may be obtained with the use of an even higher 

dose of agonistic 4-1BB mAb (300μg).

  In addition to mono-therapy, most recent studies have 

involved the administration of agonistic 4-1BB mAb as 

adjuvant treatment in combination with other therapeutic 

approaches. For example, agonistic 4-1BB mAb was 

administered as a component in combined treatment of 

cancer with chemotherapy,(29) IL-12 therapy,(30) or with 

other immunomodulatory antibodies.(31) Agonistic 4-1BB 

mAb has also been used in conjunction with different 

monoclonal antibodies against other co-stimulatory mole-

cules.

CONCLUSION

  The objective of this study was to find a dose of agonistic 

4-1BB mAb that results in optimal T cell activation in a 

mouse cancer model. The weight of the liver, including the 

cancer mass, increased with either control treatment or 5μg 

of agonistic 4-1BB mAb, but it showed no increase at doses 

larger than 10μg. The absolute numbers of CD4＋ and 

CD8＋ T cells increased with time for the low dose (20μg) 

treatment with agonistic 4-1BB mAb, but did not increase 

at high doses (≥100μg). More apoptotic activity occurred 

when a high dose (≥100μg) of agonistic 4-1BB mono-

clonal antibodies was used. This study suggests that a low 

dose (20μg) of agonistic 4-1BB mAb can be used for 

optimal T cell activation in combination with other 

anti-cancer treatments.
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