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The cell wall skeleton of Mycobacterium bovis BCG has been
investigated as an immunopotentiating adjuvant for immuno-
therapy of malignant tumors via Toll-like receptor (TLR) 2 and TLR4.
However, due to its high molecular weight, highly complicated
lipoglycan structure, and complicated purification and isolation
procedure, its exact structure–activity relationship has not been well
established. We have newly isolated the cell wall skeleton from
M. bovis BCG Tokyo (SMP-105) and examined the binding of SMP-
105 with TLR. It was revealed that highly purified SMP-105 activates
the nuclear factor-kB promoter in a TLR2-dependent manner, not a
TLR4-dependent manner, using a reporter gene assay system.
Peritoneal exudated cells of TLR2 and MyD88 knockout mice severely
reduced the induction of tumor necrosis factor-a and interleukin-6
in the presence of SMP-105, whereas cells from TLR4 knockout mice
produced similar levels of cytokines to wild-type mice. Dendritic
cells and macrophages accumulated in the draining lymph nodes of
treated mice. When mice were administered both SMP-105 and
mitomycin C-inactivated Lewis lung carcinoma cells simultaneously,
interferon-g-producing cells reacting to the tumor were increased
distinctly in draining lymph nodes. When C57BL/6 mice, into which
splenocytes from OT-I transgenic mice had been transferred, were
administered with both SMP-105 and E.G7-OVA, OVA-specific
cytotoxic T lymphocytes (CTL) increased markedly. Mice treated with
SMP-105 and inactivated Lewis lung carcinoma cells suppressed the
growth of implanted tumors. These results suggest that the activation
of TLR2 by SMP-105 sufficiently enhanced immune responses, such
as the number of interferon-g-producing cells and CTL, and prevented
the growth of tumors without the contribution of TLR4. (Cancer
Sci 2008; 99: 1435–1440)

Anticancer immunotherapy is an attractive alternative for the
treatment of patients with inoperable cancer, without the

application of radiotherapy or chemotherapy, and it is expected
that the side effects experienced will be lower than with classical
antitumor chemotherapeutics. Although several immunother-
apeutic agents have been approved for some types of cancer
patients, they are not generally accepted as reliable tools that
show sufficient efficacy.(1) One reason for the insufficient results
of immunotherapy is the poor immunogenecity of most tumor
antigens,(2) and the lack of evidence and theoretical basis of
immunotherapeutic agents for regulating the antitumor immune
response. Recent progress in innate immunity, in particular
the function and role of dendritic cells and Toll-like receptors
(TLR), offers a great opportunity to overcome previous problems.
Appropriate activation of antigen presentation enhances the
immunogenecity of tumor antigens to effectively increase cellular
immune responses against tumors.

Toll-like receptors are pathogen-associated molecular pattern
recognition receptors, and play an important role in induction
of the immune response via activation of innate immunity.(3,4)

TLR agonists have been shown to enhance immune responses
against tumors in both animal models and clinical studies.
Poly I-C is a ligand for TLR3(5) and RIG-I.(6) Imiquimod is a ligand
for TLR7 and TLR8,(7) and is approved as an immunotherapeutic
drug for basal cell carcinoma. CpG DNA is a ligand for TLR9,(8)

and its antitumor activity against various types of tumors has
been investigated in several clinical trials. Although agonists for
TLR3, TLR4, TLR7, TLR8, and TLR9 have been well studied
for antitumor activity, there is little information solely on TLR2
agonists, except for MALP-2,(9–11) in cancer immunotherapy.

The cell wall skeleton (CWS) of Mycobacterium bovis
(BCG-CWS) is a unique and potent adjuvant for the innate
immune system. It is a useful tool for understanding the mech-
anism of cancer immunotherapy, as BCG immunotherapy for
superficial bladder carcinoma is used widely in the urological
field. BCG-CWS is prepared from M. bovis BCG as an insoluble
fraction of the cell wall, and consists of mycolic acids, neutral
sugars such as arabinose and galactose, and peptidoglycans.(12)

BCG-CWS not only shows strong adjuvant activity to elicit
immune responses to antigens,(13–15) but also has potent activity to
regress tumor growth in animal models and cancer patients.(12,16,17)

BCG-CWS has been proposed to activate antigen-presenting
cells through both TLR2 and TLR4.(18,19)

Although BCG-CWS has long been investigated, its clinical
use is very limited because of solubility and stability difficulties
related to drug efficacy. We have recently established a new
optimized purification procedure, producing highly purified and
non-contaminated BCG-CWS from M. bovis BCG Tokyo
172.(20) Chemical analysis of newly manufactured SMP-105
indicated that it is composed of mycolic acids, arabinogalactan
(consisting of arabinose, galactose, and rhamnose), and pepti-
doglycan (consisting of alanine, glutamic acid, diaminopimeric
acid, muramic acid, glucosamine, galactosamine, and a phos-
phate group), and the levels of potential impurities are quite
low.(20) In this paper, we have carefully examined the effects of
this SMP-105 on TLR and the induction of immune responses
against tumors. Using reporter gene assay systems and TLR
knockout mice, it was demonstrated that saline-suspended
SMP-105 selectively activates TLR2, but does not activate
TLR4 entirely. Despite a lack of activity for TLR4, SMP-105
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elicits immune responses against tumors, such as interferon
(IFN)-γ-producing cells and cytotoxic T lymphocytes, and
prevents the growth of implanted tumors.

Materials and Methods

Animals. C57BL/6J female mice were purchased from Charles
River Japan (Kanazawa, Japan). TLR2-,(21) TLR4-,(22) and
MyD88(23)-deficient mice were obtained from Oriental Bio
Service (Kyoto, Japan). C57BL/6-Tg(OT-I)-RAG1tm1Mom (OT-I
transgenic mice)(24,25) were purchased from Taconic (Hudson,
NY, USA). Mice were maintained under specific pathogen-free
conditions. All animal experiments were conducted according
to the guidelines of the Animal Care and Use Committee at
Dainippon Sumitomo Pharma.

Cell lines. Lewis lung carcinoma 3LL was obtained from the
Cancer Institute for the Japanese Foundation for Cancer
Research (Tokyo, Japan). 3LL cells were maintained in RPMI-
1640 medium supplemented with 10% fetal calf serum (FCS),
50 μg/mL streptomycin, and 50 U/mL penicillin. E.G7-OVA(26)

and HEK293 were obtained from the American Type Culture
Collection (Manassas, VA, USA) and maintained in RPMI-1640
supplemented with 10% FCS, 50 μg/mL streptomycin, 50 U/mL
penicillin, and 400 μg/mL G418, or Dulbecco’s Modified Eagle
Medium supplemented with 10% FCS, 50 μg/mL streptomycin,
and 50 U/mL penicillin. HEK-Blue-4 was purchased from
Invivogen (San Diego, CA, USA). 293 kB was established as
a stable transfectant of HEK293 expressing the pGL3 basic
vector (Promega, Madison, WI, USA), in which the nuclear
factor (NF)-κB region derived from the mouse Igκ chain was
cloned. 293 kB/hTLR2 was established as a stable transfectant
of 293 kB expressing human TLR2 (Origene, Rockville, MD,
USA). To prepare inactivated tumor cells as antigens, cells were
incubated at 37°C for 20 min at 1 × 107 cells/mL in culture
medium containing 200 μg/mL mitomycin C (Kyowa Hakko
Kogyo, Tokyo, Japan), following repeated washing with
sufficient culture medium.

Preparation of SMP-105. SMP-105 was prepared as described
previously.(20) Contaminated endotoxin was less than 0.005 endotoxin
units/mg. For in vitro experiments, SMP-105 was suspended in
saline containing 0.01% Tween80. For animal experiments, an
oil-in-water emulsion of SMP-105 was prepared with the
following formulation: 0.6 mg/mL SMP-105, 1.6% squalane,
1.0% polysorbate 80, and 5.0% mannitol. Vehicle preparation
used the same formulation, except for SMP-105.

Reagents. Pam3CSK4 was purchased from Calbiochem (Merck,
Tokyo, Japan). Escherichia coli J5 lipopoly saccharide (LPS)
was purchased from LIST Biological Laboratories (Campbell,
CA, USA). LPS was further purified using phenol extraction
methods.(27–29) Heat-killed BCG Tokyo was prepared by inactivation
at 80°C for 30 min.

Reporter gene assay. 293 kB/hTLR2 or HEK-Blue 4 was cultured
with SMP-105 for 18 h. The luciferase assay was measured
using Luclite (PerkinElmer Japan, Kanagawa, Japan). An alkaline
phosphatase assay was carried out in HEK-Blue Detection
Medium (Invivogen) as recommended by the manufacturer.
Relative induction was calculated as the ratio of experimental
groups to the control.

Macrophage stimulation. Thioglycollate-elicited peritoneal exudate
cells (TG-PEC) were prepared from mice 5 days after intra-
peritoneal injection of 3% thioglycollate medium (Difco; Becton
Dickinson Japan, Tokyo, Japan), and seeded at 5 × 105 cells/
well in a 96-well plate. After the removal of non-adherent
cells by washing, adherent macrophages were treated with
1 ng/mL recombinant mouse IFN-γ (R & D Systems, Minneapolis,
MN, USA) for 2 h. TG-PEC were incubated with SMP-105
and cultured for 18 h. The concentrations of tumor necrosis factor
(TNF)-α (R & D Systems) and interleukin (IL)-6 (BioSource,

Invitrogen Japan, Tokyo, Japan) in the supernatants were
determined by enzyme-linked immunosorbent assay.

Flow cytometry. C57BL/6J mice were injected intradermally
at the base of the tail with SMP-105 (60 μg), or Pam3CSK4
(1 μg). Inguinal lymph node cells were collected the next day
and a single cell suspension was prepared. Cells were blocked
with FcBlock (BD Pharmingen, Beckton Dickinson Japan,
Tokyo, Japan), stained with fluorescein isothiocyanate-labeled
F4/80 (Serotec, Oxford, UK) and R-phycoerythrin (PE)-labeled
anti-CD11c (BD Pharmingen), and analyzed with FACScan
(Becton Dickinson Japan).

In vivo vaccination and tumor challenge. C57BL/6J mice were
administered a mixture of inactivated 3LL cells (3 × 104 cells)
and SMP-105 (12.5 μg) or vehicle intradermally, four times at
7-day intervals. Mice were inoculated with 3LL (105 cells) in
the left flank 7 days after the final administration. The growth of
tumors was monitored by measuring the longest (l) and shortest
(s) diameter of tumor pulp, and the volume of tumor was
estimated according to the following equation:

Tumor volume (mm3) = 0.5 × l (mm) × s (mm) × s (mm).

In vitro restimulation by inactivated tumors. C57BL/6J mice were
administered a mixture of inactivated 3LL (3 × 104 cells) and
SMP-105 (12.5 μg) on days 0 and 7, intradermally in the right-
flank region. Spleen and inguinal lymph nodes were collected
on day 14. Splenocytes or lymphocytes were cultured in the
presence of inactivated 3LL cells for 48 h. The levels of IFN-γ
in the culture supernatant were measured by enzyme-linked
immunosorbent assay (BioSource).

In vivo CTL proliferation assay. Splenocytes (1.5 × 105 cells) from
OT-I transgenic mice were transferred into C57BL/6J mice. The
next day, mice were administered inactivated E.G7-OVA cells
(1 × 106 cells), a mixture of cells and SMP-105 (80 μg) or
CpG1826 ODN which is a 21-mer containing two CpGmotifs
(TTCCATGACGTTCCTGACGTT; 80 μg) into their footpads.(30)

Popliteal lymph nodes were collected 4 or 7 days after
immunization. Lymphocytes were stained with the PE-labeled
H-2Kb OVA (SIINFEKL) tetramer (MBL, Aichi, Japan) and
PerCP5.5-labeled rat antimouse CD8a (BD Pharmingen), and were
analyzed with FACScan. OVA-specific CTL were detected as
CD8+ H-2Kb OVA-tetramer+.

Statistical analysis. The absolute numbers of dendritic cells,
macrophages, and OVA-specific CTL were compared with the
control group using Dunnett’s multiple comparison. Significant
differences in tumor volumes were evaluated using Student’s
t-test. All statistical analyses were carried out using SAS
software (SAS Institute, Cary, NC, USA).

Results

Toll-like receptor 2-selective activation of mouse peritoneal
macrophages (TG-PEC) by SMP-105. Because BCG-CWS has already
been proposed to activate both TLR2 and TLR4 signaling,(18,19)

we first investigated whether SMP-105, a new preparation of
M. bovis BCG Tokyo 172 CWS, activates TLR2 and TLR4
signaling. To measure the activity of SMP-105 for both
receptors in vitro, TLR2- and TLR4-specific reporter gene
assay systems were used. After overnight culture of TLR2- or
TLR4-expressing cells with SMP-105, the expression of the
reporter gene in TLR2-introduced cells increased in a dose-
dependent manner (Fig. 1a). In contrast, induction of the
reporter gene of HEK-Blue 4 was not seen when cells were
treated with SMP-105 and heat-killed BCG Tokyo at either 10
or 100 μg/mL, whereas the previous preparation of BCG-CWS
induced the reporter gene at 100 μg/mL as reported previously
(Fig. 1b). The specific response of 293 kB/hTLR2 and HEK-
Blue4 to the ligands Pam3CSK4 and LPS, respectively, was
confirmed (Fig. 1c,d).
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To confirm that SMP-105 activates the innate immune
response in a TLR2-dependent manner, the effects of SMP-105 on
TG-PEC isolated from TLR2, TLR4, and MyD88 knock out mice
were analyzed. TG-PEC prepared from wild-type mice responded
to SMP-105 and produced large amounts of IL-6 (Fig. 2a) and
TNF-α (Fig. 2b) in the culture supernatant. TG-PEC derived
from TLR2 KO mice showed a marked decline in the production
of these cytokines, although trace amount of cytokines was
detected (IL-6, 200.6 pg/mL; TNF-α, 1196.4 pg/mL). However,

TG-PEC prepared from TLR4 KO mice produced as much
cytokine as TG-PEC from wild-type mice. TG-PEC from
MyD88 KO mice also showed poor responses to SMP-105. The
responsiveness of TG-PEC was well consitent with the results
from the reporter gene assay. These results indicate that purified
SMP-105 activated cells in the manner that was largely dependent
on TLR2 and MyD88, but not TLR4. Thus, using SMP-105 it is
possible to investigate whether antitumor activity needs either
receptor or both TLR2 and TLR4 agonistic activity.

Accumulation of dendritic cells and macrophages in the draining
lymph nodes by administration of SMP-105. To analyze the in vivo
effect of SMP-105 on dendritic cells and macrophages, the
absolute numbers of dendritic cells and macrophages in inguinal
lymph nodes were monitored after SMP-105 was administered
to mice intradermally into the base of the tail. The number of
CD11c+ F4/80– dendritic cells increased significantly in SMP-
105-treated mice compared to control mice (Table 1). Although
the vehicle of oil-in-water emulsion slightly but significantly
increased the number of CD11c– F4/80+ macrophages,
CD11c– F4/80+ macrophages also increased significantly in
SMP-105-treated mice compared with control mice (Table 1).
The synthetic TLR2 ligand Pam3CSK4 increased the numbers of
both dendritic cells and macrophages (Table 1). These results
suggest that the activation of TLR2 in vivo induced the recruitment
and accumulation of dendritic cells and macrophages in the
draining lymph nodes.

Induction of Thelper (Th) 1 type immune response to tumor cells
with CWS via stimulation of TLR2. To determine whether TLR2
stimulation induces Thelper (Th) 1 type immune responses for
tumor cells in treated animals, IFN-γ production against tumor
cells was evaluated. Mice were administered SMP-105 and
inactivated tumor cells. Splenocytes and inguinal lymph node cells
were cultured in the presence of the administered tumor cells.
Splenocytes from treated mice produced a significant level of
IFN-γ (Fig. 3). Lymph node cells at the administered side also
produced IFN-γ, whereas lymph node cells on the opposite side
to the administration site did not produce any IFN-γ (Fig. 3a).
The induction of immune responses in draining lymph nodes
(Fig. 3b) or spleens (Fig. 3c) was not seen in mice administered
vehicle emulsion and inactivated tumor cells. These data suggest

Fig. 1. Nuclear factor (NF)-κB activation after
SMP-105 stimulation. (a) 293 kB/hTLR2 (�), which
expressed human Toll-like receptor (TLR) 2 and
the NF-κB-luciferase gene, and parental 293 kB (�),
which carried only the NF-κB-luciferase gene, were
stimulated with SMP-105 for 18 h. Luciferase activity
was measured with luminescence. The mean ± SD of
two separate measurements is shown. (b) HEK-
Blue4 was stimulated with 100 μg/mL (black bar)
or 10 μg/mL (white bar) of the previous preparation
of Mycobacterium bovis cell wall skeleton (BCG-
CWS), SMP-105, or heat-killed BCG Tokyo (hkBCG)
for 18 h. Alkaline phosphatase activity was mea-
sured. Representative data from four experiments
are shown. (c) 293 kB (white bar) or 293 kB/hTLR2
(black bar) was stimulated with Pam3CSK4 (0.3 μg/
mL) or lipopolysaccharide (LPS) (0.5 μg/mL) for
18 h. Reporter gene induction was measured as
luciferase activity. The mean ± SD of two separate
measurements is shown. (d) HEK-Blue4 was stimulated
with Pam3CSK4 (10 μg/mL) or LPS (0.1 μg/mL) for
18 h. The induction of alkaline phosphatase activity
was measured.

Fig. 2. Interleukin (IL)-6 and tumor necrosis factor (TNF)-α production
by thioglycollate-elicited peritoneal exudate cells (TG-PEC) from wild-
type, Toll-like receptor (TLR) 2, TLR4, and MyD88 knockout (KO) mice.
TG-PEC were cultured in the presence of 1 ng/mL recombinant mouse
interferon-γ with medium control (white bar) or 10 μg/mL of SMP-105
(black bar) for 18 h. Culture supernatants were recovered and assayed
for the production of (a) IL-6 and (b) TNF-α by enzyme-linked
immunosorbent assay. The mean ± SD of two mice is shown.
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that treatment with SMP-105 and inactivated tumor cells
induced a systemic Th1-type immune response, which was
detected in the spleen cell culture and, in addition, induced the
local accumulation of reactive cells to lymph nodes.

In vivo proliferation of CTL by CWS via stimulation of TLR2 in
mice. Because the Th1-type immune response was induced in
SMP-105-treated mice, we tried to investigate whether SMP-105
can expand CTL in vivo. To evaluate the number of CTL, an
OVA-specific CTL transfer model was used because we could
not develop an in vivo quantitative method for CTL against
tumor-associated antigens expressed in 3LL carcinoma. After
spleen cells from OT-I transgenic mice were adoptively
transferred to C57BL/6 mice, C57BL/6 mice were administered
with SMP-105 and an inactivated OVA-expressing thymoma cell
line, E.G7-OVA. Popliteal lymph node cells were prepared 4
or 7 days after administration, and the absolute number of
OVA-specific CTL was monitored by flow cytometry using
H-2Kb OVA tetramer and anti-CD8 staining. Administration
of E.G7-OVA and SMP-105 significantly increased the number
of CTL on day 7 (P = 0.0288; Fig. 4). The number of CTL

increased on day 4 although there was no significant difference
(P = 0.3098). The number of CTL increased in CpG1826
ODN-treated mice on day 7 (P = 0.0307; Fig. 4). The
proliferation of CTL was not clearly observed in CpG1826
ODN-treated mice on day 4 (P = 0.9391). These results suggest
that SMP-105 had potent activity to proliferate and maintain
CTL, similar to other TLR ligands, such as CpG ODN, and the
activity of SMP-105 for induction of the Th1-type immune
response and CTL via stimulation of TLR2 possibly led to the
induction of antitumor immune responses.

Induction of antitumor activity by CWS via stimulation of TLR2 in
wild-type, TLR2 KO, TLR4 KO, and MyD88 KO mice. To confirm
whether induction of the immune response via TLR2 stimul-
ation by SMP-105 leads to the suppression of tumor growth,
wild-type, TLR2, TLR4, and MyD88 KO mice were treated
with SMP-105 admixed with mitomycin C-inactivated Lewis
lung carcinoma 3LL and were inoculated with live Lewis lung
carcinoma 3LL to monitor the growth of inoculated tumors.
Because some of the tumor-bearing mice developed necrotic
collapses in the center of the tumor burden 15 days after

Table 1. Absolute numbers of whole lymph node cells, dendritic cells, and macrophages in the draining lymph node of SMP-105, Pam3CSK4, or
vehicle-injected or naïve C57BL/6 mice

Experimental group
Absolute number of cells

Lymph node cells (×106) CD11c+ F4/80– (×103) CD11c– F4/80+ (×103)

Naïve 1.20 ± 0.18 34.33 ± 6.68 3.34 ± 0.70
Vehicle 1.60 ± 0.38 0.0417* 45.74 ± 17.58 0.2372* 6.24 ± 1.77 0.0093*
SMP-105 2.45 ± 0.23 0.0006** 64.89 ± 9.54 0.0255** 15.00 ± 3.99 0.0032**
Pam3CSK4 2.57 ± 0.32 0.0002** 76.06 ± 5.04 0.0010** 23.62 ± 5.32 <0.0001**

C57BL/6 mice were injected intradermally at the base of the tail with vehicle emulsion, SMP-105 (60 μg), or Pam3CSK4 (1 μg). Inguinal lymph nodes 
were collected the following day and analyzed for their composition in dendritic cells (CD11c+ F4/80–) and macrophages (CD11c– F4/80+). *P-value 
compared to naïve mice (Student’s t-test) was indicated. **P-value compared to vehicle-injected mice (Dunnett’s multiple comparison) was 
indicated.

Fig. 3. Induction of interferon (IFN)-γ-producing
cells in vaccinated mice. (a) C57BL/6 mice were
administered twice at 7-day intervals with
mitomycin C-inactivated 3LL cells and SMP-105.
Spleen cells (spleen) and lymph node cells (LN)
were collected 7 days after final administration,
and were cultured with inactivated 3LL cells for 48 h.
The amount of IFN-γ in the culture supernatant
was measured using enzyme-linked immunosorbent
assay. (b,c) C57BL/6 mice were administered into
both hind footpads with mitomycin C-inactivated
3LL cells and SMP-105 (black bar) or vehicle (white
bar). Single cell suspension was prepared from (b)
popliteal lymph nodes or (c) spleens and was
cultured in the absence or presence of mitomycin
C-inactivated 3LL cells for 24 h. The amount of
IFN-γ in the culture supernatant was measured
using enzyme-linked immunosorbent assay.
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inoculation, the antitumor activity of SMP-105 was evaluated
on day 15. 3LL grew progressively in vehicle-treated wild-type
mice (Fig. 5). In contrast, 3LL was completely rejected in
SMP-105-treated wild-type mice (P = 0.0012; Fig. 5). Although
two of five SMP-105-treated TLR2 KO mice allowed tumor
growth on day 4, one mouse rejected the tumor growth, and the
other one developed tumor growth (Fig. 5). In TLR4 KO mice,
3LL was completely rejected when mice were treated with
SMP-105 (Fig. 5). In MyD88 KO mice, the rejection of 3LL
was not observed at all (Fig. 5). Thus, it was confirmed that
induction of the immune response through the activation of
MyD88 and TLR2 by SMP-105 led to antitumor activity.

Discussion

The induction of antitumor innate immune responses essentially
requires initial TLR signaling selection. As previous papers
has been reported,(18,19) it was confirmed that a previous prepar-
ation of BCG-CWS could induce TLR4 signaling. The present
study demonstrated that SMP-105, a new preparation of CWS
from BCG Tokyo 172, selectively activated TLR2 signaling. The
selectivity of TLR2 is controversial because previous studies
with BCG-CWS from different preparations has shown activity
to both TLR2 and TLR4,(18,19) which might be explained by the
following possibilities: (i) the previous preparations of CWS
and SMP-105 in the present study were derived from different
BCG substrains; or (ii) the decomposition of CWS or contamin-
ation with another TLR4 ligand was involved. Because there are
various differences among BCG vaccine substrains, including
genetic mutation, immunogenicity, and metabolites,(31–33) it is
possible that a minor component interacts with TLR4; however,
as shown in Figure 1b, heat-killed BCG, which is the raw material
of SMP-105, did not activate TLR4 signaling. Although there
remains the possibility that mechanical disruption of BCG
cells exposes TLR4 ligands that are masked in the whole body,
the activity against TLR4 likely reflects the difference of BCG
substrains. In addition, muramyl dipeptide (MDP) derivatives,
such as aclyated MDP, are known to potentially activate TLR4.(34)

Because SMP-105 has supramolecular architecture, it is of interest
to study which part of the molecular structure contributes to TLR2
activation; however, peptidoglycans are not likely candidates
because chemically synthesized partial fragments of peptidoglycan
did not activate TLR2.(35) Chemically synthesized mycolyl esters
of arabinan showed potent activity in TNF-α production.(36)

Thus, it would be interesting to find out whether these terminal
branched arabinofuranosyl mycolyl esters of CWS activate TLR2.

Using SMP-105, which selectively activated TLR2, the role
of TLR2 in the induction of tumor immunity was investigated.
When mice were administered SMP-105, macrophages and
dendritic cells were recruited and accumulated in draining lymph
nodes (Table 1). When mice were administered SMP-105 and
inactivated tumor cells, immune responses against tumors, such
as the induction of IFN-γ-producing cells against tumors and
antigen-specific CTL, were mounted as shown in Figures 3
and 4. These mice developed a Th1-like immune response,
which was detected as IFN-γ-producing activity in the spleen
(Fig. 3), induced local accumulation of these cells in treated
lymph nodes (Fig. 3), and maintained the increased number of
CTL (Fig. 4). Interestingly, CTL in SMP-105-treated mice
tended to grow more rapidly than in CpG1826 ODN-treated
mice. The reason for the discrepant result from CpG1826 ODN
is not clearly understood at present but might be explained by
several differences, such as the distribution of cells that
express TLR2 or TLR9, incorporation into cells, kinetics inside
cells, and pharmacokinetics. Further detailed kinetic examination
is required.

The above immune responses are suggested to play an impor-
tant role in antitumor activity. Indeed, as shown in Figure 5,
SMP-105 has immunoprophylaxis activity like BCG-CWS,(37)

when mice were treated with inactivated tumor cells and
SMP-105. In addition, it was suggested that the induction of
antitumor activity in vivo was dependent on TLR2 and MyD88
but not TLR4 because the antitumor activity of SMP-105 was
partially canceled by the lack of TLR2, completely dimin-
ished in MyD88 KO mice, and remained in TLR4 KO mice.
Thus, it was suggested that TLR4 signaling is not necessary
for the antitumor activity of BCG-CWS. The reason why
neutralization of immunoprophylaxis activity by the lack of
TLR2 was weaker than MyD88 might be explained by the
following possibilities: (i) SMP-105 activated receptors other
than TLR2 and TLR4 in vivo; and (ii) IL-1R signaling, which

Fig. 4. In vivo proliferation of OVA-specific cytotoxic T lymphocytes (CTL).
C57BL/6 mice, into which were adoptively transferred spleen cells of
OT-I transgenic mice, were administered with mitomycin C-inactivated
E.G7-OVA cells alone (white bar), a mixture of cells and SMP-105 (black
bar), or CpG1826 ODN (gray bar). Popliteal lymph node cells were
collected 4 or 7 days after administration and the number of OVA-specific
CTL was determined as CD8a+ OVA tetramer+ cells using a flow cytometer.
The mean ± SD of two mice in each group on each day is shown.

Fig. 5. Induction of antitumor activity by vaccination of inactivated
tumor with SMP-105. Wild-type C57BL/6, Toll-like receptor (TLR) 2
knockout (KO), TLR4 KO, and MyD88 KO mice were administered
mitomycin C-inactivated 3LL cells and SMP-105 or vehicle four times at
7-day intervals. Mice were challenged with live 3LL cells in the left flank
7 days after final administration and the growth of tumors was
monitered using calipers. The mean ± SD of five mice is shown.
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shares the common adaptor MyD88 with TLR, was involved.
As a trace amount of cytokines remained in the culture super-
natant of TG-PEC prepared from TLR2 KO mice as shown in
Figure 2, it is possible that this effect was amplified in vivo in
the induction of immune responses. Su et al. reported that
adaptive immune responses, such as the delayed type hypersensitivity
response, occurrs in TLR2-, TLR4-, and TLR9-deficient mice,
but not in MyD88-deficient mice, and IL-1R signaling plays a
role in the adjuvant effect to induce experimental autoimmune
uveitis.(38) SMP-105 consists of a peptidoglycan structure,
which contains potent ligands for Nod1 and Nod2. It is possible
that IL-1R signaling compensates for the induction of antitumor
activity in TLR2 KO mice. Thus, it is suggested that TLR2
activation induces innate immune responses against tumors.
Although many ligands are reported to interact with TLR2, the
effect of TLR2 agonists on cancer immunotherapy has been
poorly reported, except for CWS and MALP-2.(9–11) Although
both CWS and MALP-2 were originally isolated from microor-
ganisms, they have many different features, such as molecular

structure and physicochemical properties. Because these two
different TLR2 ligands have similar antitumor activity, modulating
TLR2 signaling becomes more attractive for the development of
immunotherapeutic agents. In addition, because the expression
and distribution of TLR2 are different from those of TLR3, TLR7,
TLR8, and TLR9,(4) the combination of modulators acting on
these receptors is expected to show more compensative benefits
and tremendous potential for cancer immunotherapy.
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