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A bstract
C D 137, w hich is  expressed on activated T  cells , 
p lays a critical ro le in  in flam m atory responses. 
H ow ever, the exact ro le that C D 137 p lays in  
m onocytes is not fu lly know n. H ere w e stud ied  
the expression  and function of C D 137 in  hum an  
m onocytic TH P-1 cells, w hich w e found constitu -
tively expresses C D 137 at the m R N A  and protein  
level. C ross-linking  of C D 137 increased the se -
cretion o f IL -8  and TN F-α, prom oted the expres-
sion of CD54 and CD11b, and increased adhesion  
to  extracellu lar m atrix  (EC M ) proteins. In  parti-
cular CD137-induced adhesion of THP-1 cells w as 

inhib ited  by an inhib itor of m itogen-activated  
protein  k inase kinase (M EK ), but not by a  p38  
k inase inhib itor. Taken together, these results  
show  that the adhesion and cytokine production  
o f TH P-1 cells  induced by C D 137 occur via  acti-
vation of M EK , w hich results in  the activation of 
ER K-1/2 signaling pathw ays. Therefore, this study 
suggests that C D 137 induces an  activating  and  
m igrating signal during inflam m atory processes.

K eyw ords: 4-1BB receptor; cell adhesion; kinases; 
inflammation; mitogen-activated protein; monocytes

In troduction
Inflammatory responses are initiated by the innate 
immunity of macrophages to counteract invading pa-
thogens. Cytokines and chemokines are released by 
activated macrophages, and then the more expressed 
adhesion molecules promote the binding of circulating 
neutrophils and monocytes. Monocytes, which cir-
culate in the blood, differentiate continuously into 
macrophages upon migration to the inflammation site. 
This innate immune response plays a crucial role in 
the T lymphocyte mediated adaptive immune re-
sponse (Janeway et al., 2001).
  Monocytes have multiple physiological and mor-
phological states, and mature macrophages have en-
hanced phagocytic activity. Deregulated monocyte ac-
tivation has been implicated in rheumatoid arthritis and 
systemic lupus erythematosus (Traycoff et al., 1976; 
Gottlieb et al., 1979). Although monocytes may play 
an essential role in immune surveillance, the process 
of monocyte activation and especially the regulation 
of its diverse functions are only partially understood.
  CD137 is present in immune cells such as acti-
vated T cells, monocytes, neutrophils, eosinophils, 
and a number of other cell lineages (Schwarz et al., 
1995). CD137 is known to have a potent effect on 
monocytes which are key regulators of the immune 
response (Pollok et al., 1993). In particular, CD137- 
activated monocytes induce the expression of proin-
flammatory cytokines and activation markers, and 
promote adhesion (Schwarz et al., 1993). CD137 also 
prolongs monocytic survival in vitro (Langstein and 
Schwarz, 1999). Recently, Kienzle et al. reported that 
cross-linking of CD137 on monocytes results in in-
creased B lymphocyte apoptosis mediated by direct 
cell-cell contact (Kienzle and von Kempis, 2000). 
These data strongly suggest that the function of 
CD137 is not limited to a costimulatory one on T 
cells. Instead, CD137 might work as a general ac-
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tivator on inflammatory cells, including monocytes and 
neutrophils. Therefore, it seems worthwhile to develop 
in vitro cellular models to further study the possible 
roles of CD137 in innate immunity and inflammation. 
In this study we tested the effect of CD137 on the 
process of monocyte activation in the human mono-
cyte cell line, THP-1.

M ateria ls and M ethods
Preparation and stim ulation of cells
The THP-1 cells were cultured in RPMI 1640 medium 
(RPMI, Gibco BRL) supplemented with 10% fetal calf 
serum (FCS, Hyclone, Logan, UT), 50 U/ml penicillin/ 
streptomycin (Sigma, St. Louis, MO), 50 µM 2-mer-
captoethanol (Sigma), and 2 mM glutamine (GIBCO 
BRL). The cells were seeded in 6-well culture plates 
(Costar, NY) at a density of 1.2 × 105 cells/ml and 
treated with immobilized anti-CD137 monoclonal Ab 
(mAb, 10 µg/ml) for 3 days. For antibody immo-
bilization on the culture plates, antibody diluted in 1 
ml PBS (pH 7.2) was added to the 6-well culture 
plates, and the plates were incubated overnight at 
4oC. Unbound Abs were removed by washing with 
cold PBS. 

A ntibodies and reagents
The anti-CD137 mAb was purchased from the Im-
munomodulation Research Center, University of Ul-
san, and produced as described (Garni-Wagner et al., 
1996). The anti-CD137 mAb was conjugated with 
FITC for flow cytometry as reported previously (Hol-
mes et al., 1996). An isotype control, mouse IgG1 κ 
(MOPC-21), was purchased from Sigma. Anti-CD11b- 
phycoerythrin (PE), anti-CD54-FITC, anti-CD106-FITC, 
and mouse IgG1 κ-PE (or -FITC) antibodies were 
purchased from PharMingen (San Diego, CA). The 
anti-human CD137 mAb and isotype control Ab were 
tested for the presence of the endotoxin LPS using 
the Limulus amoebocyte lysate (LAL) test (Sigma), 
and the endotoxin contents in the working solution 
were found to be negligible. LY294002, SB203580, 
U0126, U0124, NPPB and PD98059 were purchased 
from Calbiochem-Novabiochem (La Jolla, CA). All 
reagents used were endotoxin-tested and all plastic 
wares were endotoxin-free.

Flow  cytom etric analysis
Cells (5 × 105 cells/50 µL) were incubated for 30 min 
with PE- and FITC-conjugated Abs on ice in the dark. 
The cells were washed 3 times with HBSS (Gibco 
BRL) containing 2.5% FCS and 0.1% sodium azide 
(HBSS/FCS/AZ). Cells were further incubated for 30 
min with FITC- or PE-conjugated streptavidin on ice 
if necessary. The cells were washed 3 times, re-
suspended in 0.5 mL of HBSS/FCS/AZ, and analyzed 
by flow cytometry using a FACSCalibur (Becton Dicki-
nson, San Jose, CA).

R everse transcrip tion-polym erase chain reaction  
(R T-PC R )
Total RNA was extracted from the THP-1 cells using 
the RNeasy mini kit (Qiagen, Maryland). PCR was 
performed as described previously. The following pri-
mers were used; human CD137-FF (5'-GTGACAT-
ATGCAGGCAGTGTAAAG-3'), human CD137-RF (5'- 
G ACTTCCATTTCACAG TTCACATC-3 '), hum an β- 
actin-FF (5'-GTGGGGCGCCCCAGGCACCA-3'), and 
human β-actin-RF (5'-CTCCTTAATGTCACGCACGA-
TTC-3'). PCR products were separated on 1.2% 
agarose gels, and the gels were stained with ethidium 
bromide.

A dhesion assay
THP-1 cells were activated by biotin-conjugated anti- 
CD137 mAb and avidin. To rule out adhesion bet-
ween CD137 on THP-1 cells and anti-CD137 on cul-
ture plates, THP-1 cells were incubated with biotin- 
conjugated anti-CD137 mAb (1 µg/ml) for 30 min on 
ice, and then cross-linked with 1 mg/ml avidin (Sigma) 
at 37oC. The cells were seeded into 96-well flat- 
bottom culture plates precoated with an ECM protein 
at a density of 5 × 105 cells/ml. After 3 days, unbound 
cells were removed by washing 4 times with washing 
solution (FCS-free RPMI). A biotin-conjugated mouse 
IgG1 κ was used as an isotype control. For attach-
ment to extracellular matrix (ECM) proteins, activated 
cells were treated with immobilized fibronectin, la-
minin, and collagen at a concentration of 6 µg/ml in 
endotoxin-free PBS. After 30 min, unbound cells were 
removed by washing 4 times with washing solution. 
A redox indicator, Alamar Blue (Serotec), diluted in 
culture media (10% v/v) was added to the culture, 
followed by incubation for 4 h. The plates were read 
on a Victor2 multilabel counter (Wallac, Turku, Finland) 
at 570 nm (measurement) and 600 nm (reference). 
The specific absorbance values were calculated from 
the following equation: the specific OD (570-600) =
sample OD (570-600) - media OD (570-600).

C ytokine ELISA
The production of cytokines was determined by a 
cytokine-specific ELISA of the culture supernatants. 
For IL-8, TNF-α, IL-2, IL-4, IL-6, IL-12, IL-18, IFN-γ, 
G-CSF, and GM-CSF, a matched Ab pair from Phar-
Mingen (Hamburg, Germany) was used according to 
the manufacturer's instructions.

W estern b lotting
THP-1 cells were stimulated as described above and 
proteins were extracted with lysis buffer (10 mM 
Tris-HCl [pH 7.4], 50 mM NaCl, 5 mM EDTA, 30 mM 
NaF, 0.1 mM Na3VO4, 1% Triton X-100, 0.5% NP-40, 
1 mM PMSF, and protease inhibitor cocktail). Equal 
amounts of protein from each sample were diluted 
with 4 × SDS sample buffer, applied to SDS-PAGE 
gels, separated, and transferred to nitrocellulose mem-
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branes (Millipore, Bedford, MA). Phosphorylated ex-
tracellular signal-regulated kinase (ERK)1/2 was de-
tected by Western blotting using an anti-phospho- 
ERK1/2 antibody as the primary Ab. After the mem-
brane was stripped, ERK1/2 was detected by re- 
probing with an anti-ERK1/2 Ab. Bound Abs were de-
tected by enhanced chemiluminescence (ECL; Amer-
sham Pharmacia Biotech, Little Chalfont, UK).

Statistical analyses
Statistical analyses were done using a Student's t 
test. Data were considered statistically significant when 
P was less than 0.05.

R esu lts
Expression of C D 137 on hum an m onocytic TH P-1  
cells
The expression of CD137 protein on THP-1 cells was 
determined by flow cytometry analysis. THP-1 cells 
expressed detectable amounts of CD137 protein (Fig-
ure 1A). However, other human monocytic cell lines, 
HL-60, U937, and K562, did not express CD137 
protein (data not shown). To examine whether the ex-
pression of CD137 protein correlates with the amount 
of CD137 mRNA, total RNA was extracted from cells 
and expression of CD137 mRNA was evaluated using 

RT-PCR. In accordance with the results obtained by 
flow cytometry analysis, CD137 mRNA was detected 
in THP-1 cells as the expected 594-bp product (Fig-
ure 1B). In addition, to confirm the nonspecific binding 
expression of CD137 protein on THP-1 cells, we 
looked to see if THP-1 cells pretreated by isotype 
control or purified anti-CD137 mAb could be stained 
again with FITC conjugated anti-CD137 mAb. Flow 
cytometry showed that the expression of CD137 pro-
tein was blocked by this mAb (Figure 1C). These 
results suggest that human monocytic THP-1 cells 
constitutively express both CD137 protein and mRNA. 

Effect of C D 137 on the expression of cytokines  
and chem okines in  TH P-1 cells
To address the role of CD137 in monocyte function, 
THP-1 cells were cultured in plates coated with anti- 
CD137 mAb and analyzed for the production of cyto-
kines and chemokines. The concentrations of cyto-

F ig ure  1 . Expression of CD137 in human monocytic THP-1 cells. (A) 
THP-1 cells were stained with anti-CD137-FITC or isotype control- 
FITC and analyzed by flow cytometry. THP-1 cells expressed detect-
able amounts of CD137 surface protein. (B) Total mRNA was ex-
tracted from THP-1 cells and analyzed by RT-PCR. Amplification of
β -actin served as an internal control to ensure the use of equal 
amounts of extracted mRNA. (C) THP-1 cells were pre-stained with
isotype control or anti-CD137 mAb for 30 min and incubated with FITC
conjugated anti-CD137 mAb. Data are representative of at least two
independent experiments.
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F ig u re  2 . Effect of CD137 on the expression of cytokines and 
chemokines in THP-1 cells. Culture plates were coated with an isotype
control or anti-CD137 mAb at 4oC overnight. Unbound Abs were 
washed off. THP-1 cells were added to the plates and cultured for
3 days. Cytokines in the culture supernatants were measured by 
ELISA. IL-8 (A) and TNF-α  (B) secretion increased significantly when
THP-1 cells were treated with anti-CD137 mAb. Data (n = 3) are 
presented as mean ± SD (P ＜ 0.001).
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kines and chemokines in the culture supernatant of 
THP-1 cells activated with an anti-CD137 mAb for 3 
days were measured by ELISA. As shown in Figure 
2, the amounts of IL-8 (Figure 2A) and TNF-α (Figure 
2B) were significantly higher in THP-1 cells treated 
with the anti-CD137 mAb than in cells treated with 
the isotype control. However, IL-2, IL-4, IL-6, IL-12, 
IL-18, IFN-γ, G-CSF, and GM-CSF were not detected 
in the culture supernatants (data not shown).

Effect of C D 137 on the expression of adhesion  
m olecules in  TH P-1 cells  
We monitored THP-1 cell adhesion after cross-linking 
CD137. Most of the initially round, free-floating THP-1 
cells were attached to the plate 12-24 h after treat-
ment with the anti-CD137 mAb and then became flat 
in shape (data not shown). To evaluate which adhe-
sion molecules contributed to the cell adhesion of 
activated THP-1 cells, we used flow cytometry to 
study the expression of the integrins CD11b, CD54, 
and CD106 in THP-1 cells. The levels of CD11b and 
CD54 expression were up-regulated by cross-linking 
of CD137 with an anti-CD137 mAb, but the expres-
sion of CD106 remained unchanged (Figure 3). CD54 
protein was up-regulated the most after CD137 cross- 

linking.

Effect o f C D 137 on TH P-1 cell b inding to  EC M
proteins
To investigate the involvement of CD137 in THP-1 
cell adhesion to ECM proteins, we used an adhesion 
assay to examine the binding of THP-1 cells to fi-
bronectin, laminin, and collagen. THP-1 cells activated 
by biotin-conjugated anti-CD137 mAb and avidin were 
cultured at 37oC in culture plates coated with the 
ECM proteins. Cells that adhered to the ECM-coated 
plates were separated from those that had not ad-
hered, and adherent cell numbers were compared 
among the different experimental groups. Compared 
to the isotype control Ab treated cells, a greater 
proportion of anti-CD137 mAb treated THP-1 cells 
adhered to the three ECM proteins (Figure 4). 

Effect o f cell s ignaling inhibitors on
C D 137-induced adhesion of TH P-1 cells
We next examined the role of specific signaling path-
ways in the increased expression of IL-8, TNF-α, and 
adhesion molecules in THP-1 cells treated with the 

F ig u re  3 . Effect of CD137 on the ex-
pression of adhesion molecules in THP-
1 cells. THP-1 cells were cultured with 
an immobilized isotype control or anti-
CD137 mAb for 3 days, and stained 
with antibodies against CD11b, CD54, 
or CD108, whose expression was then
analyzed by flow cytometry. Represen-
tative data are shown from three ex-
periments.Isotype control Anti-CD137 Ab

200

100 101 102 103 104
0

40
80

120
160

C
ou

nt
s

PE

50

100 101 102 103 104
0

10
20
30
40

C
ou

nt
s

PE

150

100 101 102 103 104
0

30
60
90

120

C
ou

nt
s

FITC

50

100 101 102 103 104
0

10
20
30
40

C
ou

nt
s

FITC

100

100 101 102 103 104
0

20
40
60
80

C
ou

nt
s

FITC

50

100 101 102 103 104
0

10
20
30
40

C
ou

nt
s

FITC

CD11b

CD54

CD106



82  Exp. Mol. Med. Vol. 37(2), 78-85, 2005

anti-CD137 mAb, using pharmacologic inhibitors spe-
cific for kinases in different signaling pathways. As 
shown in Figure 5A, pretreatment of THP-1 cells with 
PD98059 (30 µM) and U0126 (5 mM), specific inhi-
bitors of mitogen-activated protein kinase kinase (MEK), 
attenuated CD137-induced THP-1 binding to culture 
plates, whereas U0124, an inactive derivative of 
U0126, had no effect. SB203580 (20 µM), a selective 
p38 MAP kinase inhibitor, LY294002 (20 µM), a phos-
phatidylinositol-3 (PI3)-kinase inhibitor, and NPPB (10 
µM), a cyclooxygenase inhibitor, also did not signifi-
cantly affect CD137-induced binding of THP-1 cells to 
the culture plates. To investigate the specific signaling 
pathways activated by anti-CD137 mAb treatment of 
THP-1 cells, we studied the effect of cell signaling 
inhibitors on the expression of CD11b and CD54 by 
flow cytometry. CD137-mediated up-regulation of 
CD11b and CD54 expression was inhibited at the 
protein level by pretreatment with PD98059 or U0126 
(data not shown).

CD137-induced activation of ERK1/2 in THP-1 cells
We next determined whether cross-linking of CD137 
would activate ERK1/2, a downstream component of 
the MEK signaling pathway. As shown in Figure 5B, 
treatment of THP-1 cells with anti-CD137 mAb (10 
µg/mL) increased ERK1 and ERK2 phosphorylation. 
Peak phosphorylation of ERK1/2 was observed at 60 
min and declined thereafter. Taken together, these 
results indicate that cross-linking of CD137 increases 
the phosphorylation of ERK1/2, apparently via MEK 
activation.

D iscussion
We found in this study that THP-1 cells express 
CD137 constitutively. More importantly, the binding of 
THP-1 cell-associated CD137 by an agonistic mAb 
delivers a stimulatory signal to THP-1 cells, leading 
to the secretion of inflammatory cytokines, expression 
of adhesion molecules, and attachment of the cells 
to ECM through the ERK1/2 pathway. 
  Since CD137 is expressed at sites of inflammation 
(Schwarz et al., 1993), and can be expressed by 
endothelial cells (Broll et al., 2001), CD137 could act 

F ig u re  4 . Effect of CD137 on THP-1 cell binding to ECM proteins
THP-1 cells activated by immobilized anti-CD137 mAb for 3 days were
cultured in a 96-well flat-bottom plate precoated with the ECM 
proteins, fibronectin, lam inin, and collagen at a concentration of 6 
µg/ml for 30 min. After the removal of nonadherent cells by washing
4 times with washing solution, Alamar Blue was added to the cultures
and the plates were incubated for 4 h. The absorbance of the culture
media was measured using a Victor2 multilabel counter. Data (n = 5) 
are presented as mean ± SEM.

F ig ure  5 . Activation of THP-1 cells with anti-CD137 mAb induces the
MEK-ERK1/2 pathway. (A) 96-well plates were coated with isotype 
control or anti-CD137 mAb at 4oC overnight. Unbound antibodies were
washed off. THP-1 cells were cultured in the presence of the indicated
inhibitors and isotype control or immobilized anti-CD137 mAb for 3
days. After unbound cells were removed by washing 4 times with 
washing solution, Alamar Blue was added to the cultures, which were
then incubated for 4 h. The plates were read on a Victor2 multilabel
counter. Data (n = 3) are presented as mean ± SEM. (B) THP-1 cells
were incubated and then treated with an immobilized anti-CD137 mAb 
(10 µg/ml) for the indicated time periods. Equal amounts of protein 
were separated by SDS-PAGE and transferred onto nitrocellulose 
membranes. Phosphorylated ERK1/2 was detected by Western blotting
using anti-phospho ERK1/2 Abs (upper panel). Blots were stripped 
and reprobed with Abs specific for unphosphorylated ERK1/2 (lower 
panel). Representative data are shown from two experiments.
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to enhance inflammatory reactions. Many reports have 
suggested that CD137 plays an important role in the 
costimulation of T cells, which is related to acquired 
immunity (Crowe et al., 1993; Kim et al., 1993; 
Hurtado et al., 1995; Shuford et al., 1997). However, 
some researchers have been interested in monocytes 
as key regulators of the immune response. Recently 
several reports have indicated that CD137 expression 
correlates with dysregulated monocyte activation, such 
as found in several autoimmune diseases and im-
mune deficiencies (Foell et al., 2004; Jung et al., 
2004). 
  To functionally characterize CD137 in monocytes, 
we used a well-characterized human monocytic leu-
kemic cell line, THP-1. THP-1 cells provide a rela-
tively uniform population of monocytic cells that can 
be differentiated into mature macrophage-like cells; 
THP-1 cells have therefore been used extensively to 
study gene expression during monocytic differentiation 
(Tsuchiya et al., 1980; Auwerx, 1991). Although CD137 
is expressed on lymphocytes, macrophages, carci-
noma cells, and other cell lines of lymphoid and 
myeloid origin (Schwarz et al., 1993; Salih et al., 
2000; Imai et al., 2004), we found that CD137 was 
constitutively expressed on THP-1 cells isolated from 
a patient with acute myelocytic leukemia (AML)-M5. 
Our findings are consistent with the known immuno-
modulatory properties of CD137, which induce the 
activation of human peripheral blood monocytes 
(Kienzle and von Kempis, 2000). We demonstrated 
that CD137 mRNA and protein were constitutively 
expressed on THP-1 cells using RT-PCR and flow 
cytometry.
  After cross-linking of CD137 on THP-1 cells, we 
functionally demonstrated that CD137 increases the 
concentrations of cytokines and chemokines as mea-
sured by ELISA. These results are consistent with the 
studies of Kienzle et al., who observed increased 
protein expression of both IL-8 and TNF-α in primary 
monocytes after cross-linking CD137 (Kienzle and von 
Kempis, 2000). IL-8 and TNF-α, whose main sources 
are monocytes and macrophages, act as mediators 
of inflammation and are cytotoxic for many trans-
formed cells (Strieter et al., 1989; Bonta and Ben- 
Efraim, 1993). Thus, IL-8 and TNF-α, whose expres-
sion was up-regulated by the binding of anti-CD137 
mAb to CD137 cell-associated THP-1, may have 
profound effects on the recruitment of macrophages 
to sites of inflammation and on the development of 
a proper immune response. 
  T cells and monocytes utilize adhesion molecules 
for attachment to ECM proteins and migration through 
endothelial cells to inflammation sites (Langstein et 
al., 1998; Kim et al., 1999). In this study, we studied 
THP-1 cells which have a variety of adhesion mol-
ecules on their surfaces that mediate interactions with 
ECM molecules and other cells. We found that an 
increase in CD11b and CD54 but not CD108 as 
measured by flow cytometry. CD54 is an adhesion 
molecule that promotes cell-cell adhesion and leu-
kocyte migration and that binds to CD11a/CD18 and 
CD11b/CD18 receptors on leukocytes (van de Stolpe 

and van der Saag, 1996). CD108 primarily mediates 
monocyte and lymphocyte adhesion, which are spec-
ifically found in atherosclerotic lesions (Ludwig et al., 
2004). Cybulsky reported that CD108, but not CD54, 
plays a critical role in the initiation of atherosclerosis 
(Cybulsky and Gimbrone, 1992). Hence, we suggest 
that CD137 may modulate adhesion molecule expres-
sion in THP-1 cells through other specific signaling 
pathways. We also demonstrated that CD137 in-
creases cell adhesion to ECM protein-coated plates. 
Taken together, these data strongly suggest that 
THP-1 cells are a good model system for studying 
the functional role of CD137 in monocytes in vitro.
  We evaluated the signaling pathways involved in 
CD137-mediated induction of adhesion molecules by 
various pharmacologic inhibitors known to specifically 
block the activity of certain signaling molecules. Our 
results showed that a specific inhibitor of MEK, 
PD98059, reduced the binding of THP-1 cells to the 
culture plate. A PI3-kinase inhibitor; LY294002, a p38 
MAPK inhibitor; SB203580, and a cyclooxygenase in-
hibitor; NPPB, had no effect on CD137-induced bind-
ing of THP-1 cells to the plates. In contrast, Cannons 
et al reported that CD137-induced p38 MAPK acti-
vation is inhibited by the p38-specific inhibitor 
SB203580 in both a T cell hybridoma and in murine 
T cells (Cannons et al., 2000). These data suggest 
that cross-linking of CD137 in THP-1 cells induces 
various inflammatory responses through a specific 
signaling pathway. We next determined if cross-linking 
of CD137 would activate ERK1/2, a kinase that acts 
downstream of MEK. As shown in Figure 5B, CD137 
ligation increased the phosphorylation of ERK1/2, 
indicating that CD137-induced signaling in THP-1 cells 
involves activation of MEK kinase, which would lead 
to the phosphorylation of ERK1/2. In addition, we 
demonstrated that CD137-mediated up-regulation of 
CD54 expression was inhibited at the protein level by 
pretreatment with PD98059 but not SB203580 (data 
not shown). In both peripheral blood monocytes and 
THP-1 cells, the expression of TNF-α induced by 
placenta growth factor (PlGF) is not inhibited by a 
selective p38 kinase inhibitor (Chalupny et al., 1992). 
PlGF causes a time-dependent increase in the phos-
phorylation of ERK1/2 in THP-1 cells (Selvaraj et al., 
2003). In the present study, CD137-mediated activa-
tion of THP-1 cells showed effects similar to those 
of PlGF, including expression of proinflammatory 
cytokines in monocytes. 
  In summary, we have demonstrated that THP-1 
cells express CD137 constitutively. CD137 causes 
activation of THP-1 cells, resulting in the generation 
of proinflammatory cytokines, expression of adhesion 
molecules, and attachment to ECM proteins through 
the ERK1/2 pathway. Therefore, we suggest that 
CD137 may significantly contribute to the induction 
and maintenance of inflammatory responses in mono-
cytes. Additionally, CD137-mediated changes might 
be useful for controlling monocyte- or macrophage- 
related human disease. 
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