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Abstract

Colchicine has been shown to regulate the ex -

pression of inflammatory gene, but this compound  

possesses much weaker anti-inflammatory activity. 

In this study, we synthesized a new colchicine  

derivative CT20126 and examined its immuno-

modulatory property. CT20126 was found to have  

immunosuppressive effects by inhibiting lympho -

cyte proliferation without cytotoxicity and effectively  

inhibit the transcriptional expression of the inflam -

matory genes, iNOS, TNF-α, and IL-1β, in ma-

crophages stimulated by LPS. This effect was nearly  

comparable to that of cyclosporine A. This com -

pound also significantly suppressed the production  

of nitric oxide and Th1-related pro-inflammatory  

cytokines, IL-1β, TNF-α, and IL-2, with minimal 

suppression of Th2-related anti-inflammatory cyto -

kines IL-4 and IL-10 in the sponge matrix allograft 

model. Moreover, administration of CT20126 pro -

longed the survival of allograft skins from BALB/c  

mice (H-2
d
) to the dorsum of C57BL/6 (H-2

b
) mice. The  

in vivo immune suppressive effects of CT20126 were  

similar to that of cyclosporine A. These results  

indicate that this compound may have potential 

therapeutic value for transplantation rejection and  

other inflammatory diseases.

Keywords: colchicine; cytokines; inflammation; im-
munosuppressive agents; T-lymphocytes, helper-in-
ducer; transplantation, homologous

Introduction

The recent development of organ transplantation for 
clinical purposes is enabled by the use of immu-
nosuppressive drugs which inhibit or modulate im-
mune response to graft antigens. The most exten-
sively used immunosuppressive drugs are cyclo-
sporine A (CsA), tacrolimus, and sirolimus (Smith et 

al., 2003). All these drugs affect not only the cells of 
the immune system, but have some adverse func-
tions on other cells or tissues (Saeed et al., 2006). 
These immunosuppressants have been shown to 

inhibit the production of nitric oxide (NO), IL-1 , and 
TNF-  as cytotoxic molecules participating in graft 
rejection by graft-infiltrating macrophages (Krulova 
et al., 2002; Matsue et al., 2002). The level of NO 
produced after transplantation correlates with the 
kinetics of rejection reaction and with the fate of the 
graft using an experimental mouse model (Krulova 
et al., 2002). The suppression of NO production from 
infiltrating macrophages by the specific inhibitor of 
iNOS resulted in a significant prolongation of survival 
of skin and heart allografts (Worrall et al., 1995; 
Krulova et al., 2002).
    The polarization of immune response towards 
either Th1 or Th2 has also been described in trans-
plantation models. Acute allograft rejection is usually 
associated with the production of Th1-like or -related 

cytokines (IL-1 , TNF- , IL-2, and IFN- , although 
Th2 cytokines (IL-3, IL-4, and IL-10) can also be 
elevated in rejecting grafts. In contrast, allograft 
tolerance is characterized by decreased expression 
of Th1-like or -related cytokines and/or elevated Th2 
cytokines (Wu et al., 1992; Strom et al., 1996). Of 
Th2 cytokines, IL-4 and IL-10 showed synergistic 

Colchicine-derived compound CT20126 promotes skin allograft 

survival by regulating the balance of Th1 and Th2 cytokine 

production
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and antagonistic
 
immunoregulatory capacities, such 

as elevation of Th2 cytokine gene expression and 
suppression of NO production and macrophage 
cytotoxic

 
activity (Oswald et al., 1992; Schmidt- 

Weber et al., 1999), leading to prolongation of allo-
graft survival (Furukawa et al., 2005). In addition, 
treatment with immunosuppressants such as tacro-
limus and sirolimus decreased capacity to produce 
Th1-mediated pro-inflammatory cytokines and pro-
longed allograft survival (Matsue et al., 2002). It 
indicates that the expression levels of Th1 and Th2 
cytokines are thought to play an important role in the 
regulation of tolerance in organ transplantation.
    The microtubule-depolymerizing agent colchicine 
has been shown to regulate the expression of in-
flammatory gene such as iNOS (Gahm et al., 2005), 
but this compound possesses much weaker anti- 
inflammatory activity than that of CsA and tacroli-
mus. In this study, we synthesize a new colchicine 
derivative CT20126 with potential immunomodula-
tory properties. This new drug effectively suppressed 

inflammatory mediators including NO, IL-1 , TNF- , 
and IL-2, but minimally affected IL-4 and IL-10 in 
cultured macrophages and the sponge graft system. 
Furthermore, this compound delayed skin allograft 
rejection. These results indicate that CT20126 may 
be a useful drug for the treatment of graft rejection 
and other human inflammatory diseases.

Materials and Methods

Cell culture

RAW264.7 cells (murine macrophage cell line) were 
obtained from American Type Culture

 
Collection 

(Manassas, VA). Peritoneal macrophages were col-
lected from the peritoneal cavity of 6- to 8-week- old 
female BALB/c mice (Charles River Breeding Labor-
atory) given an i.p. injection of 1.5 ml of thiogly-
collate broth (4%) 7 days before harvest. Cells were 
cultured in DMEM (Life Technology Inc., Rockville, 
MD) containing 2 mM L-glutamine, 100 U/ml peni-

cillin, 100 g/ml streptomycin and 10% FBS in
 
a 

humidified incubator with 5% CO2/95% air at 37
o
C. 

Cells were treated with colchicine-based derivatives 
(referred as CT compounds) in the presence of LPS 

(2 g/ml).

Animals

Female C57BL/6 (H-2
b
) and BALB/c (H-2

d
) mice 

used in this study were obtained from Orients 
(Seongnam, Korea) and maintained at the specific 
pathogen-free

 
housing facility at the School of Medi-

cine, Kangwon
 

National University (Chuncheon, 
Korea). All procedures performed

 
on these animals 

were in accordance with the guidelines of the
 

University Animal Care and Use Committee. All mice 
were used between 6 and 8 weeks of age.

Assays of mixed lymphocyte response (MLR)
and cytotoxicity

Freshly harvested splenocytes from C57BL/6 and 
BALB/c mice were used as stimulator and responder 
cells, respectively. Stimulator cells were resuspend-

ed and treated with 50 g/ml mitomycin C (as a final 
concentration, Sigma) at 37

o
C for 30 min to inhibit 

their proliferation. Cells were quickly washed twice 
with RPMI 1640, combined with responder cells in 
96-well plates at a 4:1 ratio (5 × 10

5
 cells:1.25 × 10

5
 

cells; stimulator:responder) with various concen-
trations of CT compounds and cultured for 3 days. 
The proliferation of lymphocytes was measured by 
cell proliferation assay kit-8. For cytotoxicity assay, 
splenocytes from BALB/c mice were cultured in 
96-well plates with various concentrations of CT 

compound in the presence of 5 g/ml pokeweed 
mitogen (Sigma) for 3 days. Cell proliferation was 
measured by cell proliferation assay kit-8.

Measurements of NO and cytokines

The levels of nitrite in the culture media and nitrite 
plus nitrate (NOx) in sponge exudate fluid, as stable 
products of NO, were measured by Griess reagents 
(Lee et al., 2003) and nitrate reductase-based 
colorimetric assay kit (Alexis San Diego), respec-

tively. The levels of TNF- , IL-1 , IL-2, IL-4, and 
IL-10 were determined using ELISA kits purchased 
from R&D Systems (Minneapolis).

Western blot and real-time PCR analyses

Cells were harvested, washed twice with ice-cold 
PBS, suspended in 10 mM Tris-HCl (pH 7.4), and 
lysed by three cycles of freezing and thawing. Cell 
extracts were obtained by centrifugation at 12,000 g 
at 4

o
C for 20 min. Intracellular levels of inflammation- 

associated proteins were determined by Western 
blot analysis as previously described (Lee et al., 
2003). For real-time PCR analysis, total RNAs from 
macrophages and their cDNA were prepared by 
previous methods (Lee et al., 2003). Quantitative 
PCR was performed

 
by applying the real-time 

Taqman PCR technology with the
 
use of an ABI 

PRISM 7000 sequence detection system (Applied
 

Biosystems). The murine iNOS, TNF- , IL-1  and
 

GAPDH primers were purchased from Applied 
Biosystems

 
(Foster City, CA). cDNA samples were 

mixed with primers/probe cocktails of 12.5 l and 
TaqMan Universal PCR Master Mix (Applied Bio-

systems) in a total volume of 25 l
 
containing 10 l 
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of cDNA. This corresponded to 1.25 U of AmpliTaq 
Gold DNA polymerase, 0.5 U of AmpEase uracil

 

N-glycosylase (UNG), 200 M each of dATP, dCTP 
and dGTP, 400 M of dUTP, 10× TaqMan Buffer A, 
and 25 mM of MgCl2. The AmpErase UNG activity, 
in combination with dUTP, was used to prevent 
contamination by the carry-over of PCR products. 
Buffer A contains passive reference I for signal 
normalization in all TaqMan reactions. The samples 
were amplified using the following thermal cycling 
conditions: the

 
initial step of 50

o
C for 2 min and 95

o
C 

for 10 min, followed
 
by 40 cycles of amplification at 

95
o
C for 15 s, and then 60

o
C for 1 min to allow for 

denaturing and annealing-extension. The cycle at 
which this baseline level is exceeded is defined as 
threshold cycle. Quantitative real-time

 
PCR was 

performed for iNOS, TNF- , and IL-1  and normal-
ized

 
to the copies of GAPDH mRNA from the same 

sample. All PCR assays were performed in duplicate
 

and results are represented by the mean values. All 
calculations followed procedures outlined in ABI

 

PRISM 7000 sequence detective system bulletin.

Sponge matrix graft model

The sponge matrix allograft model has been used 
frequently to investigate the components of the 
allograft response in vivo (Hoffman et al., 1988). 
Sterile polyurethane sponges measuring 10 × 10 ×
5 mm (32 ± 2 mg) were soaked in minimal essential 
media supplemented with 100 U/ml of penicillin and 
streptomycin. A 20-mm skin incision was made on 
the dorsolateral thorax of recipient C57BL/6 mice, 
and then implanted subcutaneously over the shoul-
ders of anesthetized mice under aseptic conditions. 
Before skin closure with wound clips, each sponge 
was injected with 0.2 ml of syngeneic C57BL/6 and 
allogeneic BALB/c splenocyte suspension (1 × 10

7
 

cells), while a control group was injected with sple-
nocyte-free DMEM supplemented with antibiotics as 
above. Mice were i.p. injected with CT20126 (1 
mg/kg) or CsA (1 mg/kg) for 8 days. The sponges 
were excised surgically and gently squeezed into 
separate sterile tubes to collect the sponge exudate 
fluid. The sponge exudates were centrifugated at 
1,500 g for 15 min. The cell free supernatant was 
stored at -70

o
C.

Skin graft experiment

Full thickness skins from BALB/c mice were grafted 
and transplanted on the back of C57BL/6 mice. The 
donor BALB/c mice were anesthetized by an i.p. 
injection of 4% avertin, hairs on the back were 
removed, and the full-thickness dorsal skins were 
peeled off. The skins were washed with 70% ethanol 
and minimal essential medium, and cut into 1 × 1 

cm squares. The recipient BALB/c mice were 
anesthetized, and the skins were peeled off at the 
pannicular level to prepare the graft bed by 1.2 ×
1.2 cm. The donor skin was placed on the recipient 
bed and then covered with a vaseline gauze and tied 
with a band-aid for mechanical fixation. Mice were 
i.p. administrated with or without daily doses of 1 
mg/kg of CT20126, 1 mg/kg of CsA or 1 mg/kg of 
colchicine. The grafts were considered to be re-
jected when at least 70% of the graft tissue had 
disappeared or had shrunken. Graft survival on a 
specific day was expressed as the proportion of the 
non-rejected grafts out of the total number of grafts.

Statistical analysis  

Data are presented as the mean ± SD of at least 
three separate experiments. Comparisons between 
two groups were analyzed using Student’s t-test. P 

values less than 0.05 were considered to be 
statistically significant.

Results

Immune regulatory activities of colchicine and its  
derivatives

To evaluate the biological activities of 100 CT 
compounds synthesized from commercially available 
colchicine, the effects of these compounds on 
lymphocyte proliferation and cytotoxicity of spleen 
cells were measured using MLR and apoptosis 
assay and compared to the effects of colchicine and 
CsA. Of these compounds, 6 compounds effectively 
inhibited MLR in a dose-dependent manner and their 
effects were similar to that of CsA and were much 
higher than that of colchicine (Figure 1A), without 
significant cytotoxicity of splenocytes, as determined 
by crystal violet staining (data not shown). These 
results suggest that these compounds show inhi-
bitory activity against T lymphocytes by decreasing 
proliferation without cytotoxicity. NO production by 
macrophages infiltrated into inflammatory tissue has 
been proposed as an important immune mechanism 
of allograft rejection as well as the pathogenesis of 
inflammatory disease (Holan et al., 2001). To exa-
mine the immunosuppressive effects of these new 
compounds, we measured their inhibitory activities 
against NO production from macrophages. Murine 
macrophage RAW264.7 cells treated with 6 CT com-

pounds (10 M) in the presence of LPS, CT20006, 
CT20007, CT20032, and CT20087 moderately sup-
pressed NO production to about 30-40% compared 
with NO level of LPS treatment alone (Figure 1B). 
The effects of CT20015 and CT20126 on NO pro-
duction were much higher than that of colchicine and 



Skin allograft survival by CT20126 　233

were comparable to that of CsA. However, the 
inhibitory effect of CT20126 was higher than that of 
CT20015 (70% vs. 55%). These results suggest that 
CT20126 has potential anti-inflammatory or im-
munosuppressive activity. Figure 1C and 1D show 
the molecular structures of colchicine and its de-
rivative CT20126. On the basis of their chemical 
structures, the immune regulatory effect of CT20126 
may be attributed to the substitution of a methyl 
group in colchicine to a benzyl chloride moiety.

CT20126 inhibits the expression of NO, TNF-α, and  
IL-1β in RAW264.7 cells stimulated with LPS

It has been known that iNOS, TNF- , and IL-1  

expression in immune-activated macrophages are 
potential markers of inflammation (Lee et al., 2003). 
Experiments were performed to determine whether 

CT20126 influences the accumulation of NO, TNF- , 
and IL-1  in the culture media of RAW264.7 cells 
exposed to LPS. Immune-activated RAW264.7 cells 
showed a significant production of nitrite (as a stable 

Figure 1. Effects of CT compounds on mixed lymphocytes reaction and NO production. (A) Lymphocytes (5 × 10
5
) from C57BL/6 

mice were incubated with lymphocytes (1.25 × 10
5
) from BALB/c mice, which had been treated with mitomycin C (50 g/ml) for 30 

min in the presence or absence of various concentrations of CT compounds, colchicine (Col) or cyclosporine A (CsA) at 37
o
C in 5% 

CO2 for 3 days. The proliferation of lymphocytes was measured by cell proliferation assay kit-8. (B) RAW264.7 cells were treated with 

10 M of CT compounds, colchicine (Col) or cyclosporine A (CsA) in the presence of 1 g/ml LPS for 18 h. Nitrite, as a stable oxi-
dized product of NO, were determined by Griess reagents. The nitrite level in the culture media of LPS-stimulated macrophages was 

26.4 M, which is expressed as 100%. All data are the mean ± SD (n ≥ 3). *P ＜ 0.01 versus LPS alone. Molecular structures of 
colchicine (C) and CT-20126 (D).
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oxidized product of NO), TNF- , and IL-1  in the 
culture medium, and these elevations were inhibited 
in a dose-dependent manner with an IC50 value of 

~4 M by CT20126 treatment (Figure 2A-C). We 
next examined whether CT20126 inhibits the intra-

cellular protein levels of iNOS, pro-TNF-  and pro- 
IL-1 . Western blot analyses showed that CT20126 
treatment suppressed the intracellular protein levels 

of iNOS and the pro-forms of TNF-  and IL-1  in a 
dose-dependent manner and almost completely 
inhibited these protein levels at a concentration of 10 

M (Figure 2D). We further examined the effects of 
CT20126 on the mRNA levels of iNOS, TNF- , and 

IL-1 . Real time-PCR analyses showed that CT20126 
inhibited LPS-mediated increases in these mRNA 
levels in a dose-dependent manner (Figure 2E). 
These results suggest that CT20126 inhibits NO, 

TNF- , and IL-1  production through the suppres-
sion of iNOS, TNF- , and IL-1  expression at the 
transcriptional step in LPS-stimulated RAW264.7 
macrophages, respectively.

Immunosuppressive effects of CT20126 in the  
sponge matrix graft model

Sponge matrix allograft has been used as an in vivo 

Figure 2. CT20126 inhibits the expression of iNOS, TNF- , and IL-1  in LPS-stimulated RAW264.7 cells. RAW264.7 cells were stimulated with LPS 

(1 g/ml) in the presence or absence of different concentrations of CT20126 (CT-26). After 18 h, nitrite (A), TNF-  (B), and IL-1  (C) levels were 
measured in the culture medium by Griess reagents and ELISA kits. Data shown are the mean ± SD (n≥ 3). (D) After stimulation with LPS for 18 
h, cells were harvested, washed twice with ice-cold PBS, and lysed by three cycles of freezing and thawing. Cytosolic extracts were prepared by cen-

trifugation at 12,000 × g for 20 min. Cytosolic proteins (30 g) were separated on SDS-PAGE and transferred onto nitrocellulose membrane. The 

protein levels of iNOS, TNF- , and IL-1  were measured by Western blot analyses using antibodies against mouse iNOS, TNF- , and IL-1 . The 

blot was rehybridized with actin antibody to verify equal loading of protein in each lane. (E) The levels of iNOS, TNF- , and IL-1  mRNAs were de-
termined in LPS-stimulated RAW264.7 cells for 6 h by real time-PCR analysis. The mRNA levels were calculated from the mRNA ratio of cytokine 
gene/GAPDH. Data shown are the mean ± SD (n≥ 3).
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model system to study lymphocyte activity and 
graft-infiltrating cell-associated cytokine production 
(Ford et al., 1991). We examined the immuno-
suppressive effects of CT20126 on inflammatory 
mediator production in sponge matrix grafts, which 
were implanted into C57BL/6 mice and injected with 
either C57BL/6 or BALB/c splenocytes. Production 

of NO metabolites, TNF- , IL-1 , IL-4, and IL-10 was 
slightly increased in exudates obtained from sponge 
matrix syngeneic grafts compared with the spleno-
cyte-free control, and significantly elevated in allo-
geneic sponge fluids (Figure 3). Administration with 
CT20126 significantly inhibited the production of the 
pro-inflammatory mediators, nitrite plus nitrate (NOx), 

TNF- , IL-1 , and IL-2 (Figure 3A-D), but not sig-
nificantly suppress Th2-meiated anti-inflammatory 
cytokines IL-4 and IL-10 in the allogeneic sponge 
exudates (Figure 3E and 3F). These inhibitory ef-
fects of CT20126 were comparable to the effect of 
CsA. These results indicate that CT20126 can offset 
the relative balance of Th1/Th2 cytokines by 
effective suppression of pro-inflammatory mediators 
and minimal inhibition of anti-inflammatory cytokine 
production.

CT20126 promotes skin allograft survival

We next examined whether CT20126 promotes skin 

Figure 3. CT20126 inhibits the levels of nitric oxide metabolites and cytokines in the sponge matrix graft model. Sterile sponges were soaked in mini-
mal essential media supplemented with 100 U/ml of penicillin and streptomycin and subcutaneously over the shoulders of anesthetized C57BL/6 mice 
under aseptic conditions. Each sponge was injected with 0.2 ml of syngeneic C57BL/6 and allogeneic BALB/c splenocyte suspension (1 × 10

7
 cells), 

while a control group was injected with splenocyte-free medium. Mice were i.p. injected with CT20126 (CT-26, 1 mg/kg/day) or CsA (1 mg/kg/day) for 8
days. The sponges were excised surgically and squeezed gently into separate sterile tubes to collect the sponge exudate fluid. The sponge exudates 
were centrifugated at 1,500 × g for 15 min. The levels of nitric oxide metabolites and cytokines were determined in the sponge exudate fluid using ni-
trate reductase-based colorimetric assay kit and ELISA kits. Data shown are the mean ± SD (n ≥ 5). **P ＜ 0.05; *P ＜ 0.01 versus non-treated 
allograft.
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allograft survival after grafting the skins from BALB/c 
mice to C57BL/6 mice. Administration of CT20126 
prolonged the survival of allograft skins compared 
with control allograft (Figure 4). The medium survival 
time of BALB/c allografts in untreated C57BL/6 was 
6.7 ± 1.2 days, conversely graft recipients with 
CT20126 prolonged graft survival to 11.8 ± 2.1 days 
(P ＜ 0.05). Treatment with CsA at the same con-
centrations enhanced graft survival to 12.3 ± 0.8 
days (P ＜ 0.01), but colchicine did not with a graft 
survival time to 6.2 ± 1.8 days (P ＜ 0.05). No 
deleterious or harmful effects of CT20126 and CsA 
on the health (liver injury and body weight) of graft 
recipients were observed as determined by measur-
ing their body weight and plasma levels of lactate 
dehydrogenase and aspartate aminotransferase. 
These results indicate that CT20126 significantly 
promotes skin allograft survival and that this protec-
tive effect was comparable to that of CsA.

Discussion

The need to manage detrimental immunological 
reactions occurring after transplantation, in the ca-
ses of autoimmunity, allergic reactions or in different 
states of hypersensitivity still evokes the search for 
new and safe immunosuppressive drugs. We here 
synthesized 100 derivatives (CT compounds) from 
colchicine, which has been used as an anti-inflam-
matory drug (Ostermann et al., 1993), and screened 

their immunosuppressive and anti-inflammatory ef-
fects in in vitro and in vivo. Of them, CT20126 was 
found to suppress the production of Th1-like pro- 
inflammatory cytokines but inhibit in part the pro-
duction of anti-inflammatory Th2 cytokines, resulting 
in the prolongation of skin allograft survival. These 
results indicate that the new compound CT20126 
possesses immune suppressive activity and can be 
used for therapeutic drug for allogeneic transplan-
tation reaction and inflammatory diseases.
    Immune cells including lymphocytes and macro-
phages infiltrate into graft and inflammation sites and 
produce various inflammation-associated cytokines 

and mediators such as NO, TNF- , and ILs, which 
are highly correlated with the pathogenesis of many 
acute and chronic human inflammatory diseases, 
including transplantation rejection, asthma, and rh-
eumatoid arthritis (Tan et al., 2002; Schuerwegh et 

al., 2003). In this study, CT20126 effectively inhibited 

the accumulation of NO, TNF- , and IL-1  in culture 
media and the mRNA and protein levels of iNOS, 

TNF- , and IL-1  in macrophages stimulated with 
LPS, indicating that this compound blocks inflamma-
tory gene expression at the transcription step. The 
inhibitory effect of this drug was nearly comparable 
to that of the well-known immune suppressant CsA. 
These results suggest that CT20126

 
can inhibit the 

expression of inflammatory genes via transcriptional 
inhibition and prevent the pathogenesis and pro-
gression of human inflammatory diseases and trans-
plantation rejection.
    The balance of Th1/Th2 cytokines is critically 
involved in the pathogenesis of inflammatory disea-
ses and transplantation rejection (Holan et al., 
2006). The polarization of immune responses to-
wards either Th1 or Th2 direction has been de-
scribed as a critical determinant for transplantation 
rejection in animal models. Acute allograft rejection 
represents a typical Th1 response characterized by 
a predominant production of pro-inflammatory cyto-

kines, IL-2, TNF- , and IFN- , with a low production 
of Th2 cytokines, IL-4, IL-10, and TGF-  (Wu et al., 
1992; Strom et al., 1996). Previous studies have 
also shown that production of NO represents one of 
the mechanisms participating in graft rejection 
(Worrall et al., 1995). Kinetics of allograft rejection 
and the fate of skin allografts correlated with the 
level of NO or its metabolites produced in the graft 
(Krulova et al., 2002) and the inhibition of NO 
production resulted in prolonged allograft survival 
(Worrall et al., 1995). Our results showed that 
CT20126 significantly suppressed the production of 

NO, TNF- , IL-1 , and IL-2 and failed to effectively 
inhibit IL-4 and IL-10 in the sponge matrix allograft 
model (Figure 3). The immune regulatory effect of 
CT20126 was comparable or similar to that of CsA, 

Figure 4. Effects of CT20126 on survival of skin allografts. C57BL/6 
(H-2

b
) mice were grafted with full thickness skins from BALB/c (H-2

d
) 

mice and the grafted donor skin was covered with a vaseline gauze 
and tied with a band-aid for mechanical fixation. Mice were i.p. admin-
istrated with or without daily doses of 1 mg/kg of CT20126, 1 mg/kg of 
CsA or 1 mg/kg of colchicine. The grafts were considered to be re-
jected when at least 70% of the graft tissue had disappeared or had 
shrunken. Graft survival on a specific day was expressed as the pro-
portion of non-rejected grafts out of the total grafts.
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indicating that this compound can be used as an 
immune suppressant. We demonstrated that this 
compound reduced the rejection of mouse skin 
allografts by suppressing Th1 cytokine production 
and NO synthesis. Thus, this compound decreases 
the ratio of Th1/Th2 cytokines, resulting in significant 
prolongation of skin allografts.

    Th1 cell-dependent cytokines such as IL-2, IFN-  

and TNF-  activate macrophages to produce 
reactive oxygen intermediates and NO, stimulate 
their phagocytic functions, and enhance their ability 
of antigen presentation by up-regulating MHC class 
II molecules. Consequently, Th1 cells are involved in 
cell-mediated immunity (Mosmann et al., 1986; 
Abbas et al., 1996). Th1-mediated immunity is invol-
ved in the pathogenesis of several organ-specific 
inflammatory diseases including rheumatoid arthritis 
and atherosclerosis (Benagiano et al., 2003; Calca-
gni and Elenkov, 2006). Th2 cells-dependent cyto-
kines IL-4 and IL-10 provide potent help for B-cell 
activation and Ig class switching to IgE and subtypes 
of IgG. Thus, Th2 cells mediate allergic immune 
responses and have been associated with down- 
modulation of macrophage activation, which is con-
ferred largely by the anti-inflammatory effects of IL-4 
and IL-10 (Mosmann et al., 1986; Abbas et al., 
1996). We showed that CT20126 effectively inhibited 
Th1 cell-dependent cytokine production, with little 
suppressive effect on Th2 cytokine production in 

vivo, suggesting that this drug can control the patho-
genesis and development of rheumatoid arthritis and 
atherosclerosis as well as transplantation rejection, 
but not Th2-mediated allergic diseases.
    In summary, we synthesized the new immune 
suppressant CT20126, which regulates the expre-
ssion levels of Th1- and Th2-cytokines and NO pro-
duction, as well as promotes skin allograft survival. 
These immunosuppressive effects were comparable 
to the activity of those of CsA. Thus, this compound 
may have therapeutic potential for transplantation 
rejection and numerous inflammatory diseases inclu-
ding rheumatoid arthritis.
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