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SBF-1 inhibits contact hypersensitivity in
mice through down-regulation of T-cell-
mediated responses
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Abstract

Background: T lymphocytes play an important role in contact hypersensitivity. This study aims to explore the
immunosuppressive activity of SBF-1, an analog of saponin OSW-1, against T lymphocytes in vitro and in vivo.

Methods: Proliferation of T lymphocytes from lymph nodes of mice was determined by MTT assay. Flow cytometry
analysis was performed to assess T cell activation and apoptosis. Levels of cytokines were determined by PCR and
ELISA. BALB/c mice were sensitized and challenged with picryl chloride and thickness of left and right ears were
measured.

Results: SBF-1 effectively inhibited T lymphocytes proliferation induced by concanavalin A (Con A) or anti-CD3 plus
anti-CD28 at a very low dose (10 nM) but exhibited little toxicity in non-activated T lymphocytes at concentrations
up to 10 μM. In addition, SBF-1 inhibited the expression of CD25 and CD69, as well as he phosphorylation of AKT in
Con A-activated T cells. SBF-1 also induced apoptosis of activated T cells. In addition, SBF-1 also downregulated the
induction of the T cell cytokines, IL-2 and IFN-γ in a dose-dependent manner. Furthermore, SBF-1 significantly
suppressed ear swelling and inflammation in a mouse model of picryl chloride-induced contact hypersensitivity.

Conclusions: Our findings suggest that SBF-1 has an unique immunosuppressive activity both in vitro and in vivo
mainly through inhibiting T cell proliferation and activation. Its mechanism appears to be related to the blockage of
AKT signaling pathway.
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Background
T cells are a key component of the adaptive immune
system and they play an important role in protecting the
host from invading pathogens [1]. Naïve T cells are acti-
vated by the interaction between T cell receptor (TCR) and
antigenic peptides presented by major histocompatibility
complex (MHC) on the antigen presenting cells, and then
trigger protective immune responses [2, 3]. However, when
activated inappropriately, T cells contribute to a wide
spectrum of disease [4, 5]. Activated T cells can be pheno-
typically recognized by the up-regulation of cell surface
markers using monoclonal antibodies and flow cytometry
[6]. CD69 is a co-stimulatory molecule and is rapidly

detectable within a few hours after ligation of the TCR/
CD3 complex [7]. CD25 is also expressed on activated T
cells, but its appearance on membrane is slower than that
of CD69 [6].
Contact hypersensitivity (CHS) is induced by topical skin

immunization with pathogens, allergens, or toxic chemical
stimulations [8] and it is recognized as a classic T cell-
mediated immune response [9]. CHS consists of two distinct
phases, an induction phase and an elicitation phase. The
induction phase is primed by the application of a hapten,
and the elicitation phase is initiated after re-exposure to the
same hapten [10, 11]. The activation and proliferation of T
lymphocytes play crucial roles in both stages.
Clinically, immunosuppressive agents such as dexa-

methasone and cyclosporine A are used to counteract
CHS. However, because of their nonselective inhib-
ition on non-activated T lymphocytes and activated T
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lymphocytes, most of these agents are reported to
cause severe side effects including immunosuppression
and the increased risk of infection [12, 13]. Thus,
there is an urgent need for effective immunosuppres-
sive agents with high selectivity and low toxicity.
SBF-1 is one of the 23-oxa-analogs of saponin OSW-1,

which inhibits the growth of human cancer cell lines more
effectively than OSW-1 [14]. Usually, anti-cancer drugs
are known to cause severe adverse effects such as immune
system damage. However, little is known about SBF-1’s
effect on immune system. Here, we found that SBF-1, ex-
hibited a strong ability to inhibit activated T lymphocytes
function in vitro and in vivo, which is possibly associated
with its suppression of AKT phosphorylation.

Methods
Mice
Specific pathogen-free, 6–8weeks old female BALB/c mice
were obtained from Model Animal Genetics Research
Center of Nanjing University (Nanjing, China). They were
maintained with free access to pellet food and water in plas-
tic cages 21 ± 2 °C and kept on a 12 h light/dark cycle.
Animal welfare and experimental procedures were carried
out strictly in accordance with the Guide for the Care and
Use of Laboratory Animals (National Institutes of Health,
the United States). All efforts were made to minimize ani-
mals’ suffering and to reduce the number of animals used.
The animal protocols in this study were approved by the
medical ethical committee of Nanjing University.

Reagents
SBF-1 was synthesized by Prof. Biao Yu, a coauthor, as pre-
viously reported [14]. SBF-1 was dissolved in DMSO and
stored at − 20 °C. For in vitro studies, the stock solution
concentration was 20mM. For in vivo studies, the stock
solution concentration was 10mg/ml. The final DMSO
concentration did not exceed 0.1% throughout the study.
Concanavalin A (Con A) was purchased from Sigma-
Aldrich (St. Louis, MO). Purified anti-mouse CD3 and anti-
mouse CD28were purchased from BD Biosciences (San Jose,
CA). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) and Annexin V/PI kit were purchased from
Sunshine Biotechnology (Nanjing, China). Fetal bovine
serum (FBS), RPMI 1640, penicillin and streptomycin were
purchased from Life Technology (Carlsbad, CA). FITC anti-
mouse CD25 antibody and FITC anti-mouse CD69 antibody
were purchased from eBioscience (San Diego, CA). IFN-γ
ELISA kit and IL-2 ELISA kit were purchased from Dakewe
Biotech (Beijing, China). Primary antibodies against
AKT (pS473) and AKT were purchased from Cell Signal
Technology (Beverly, MA). Antibody against GAPDH was
purchased from Santa Cruz Biotechnology (Santa Cruz,
CA). Picryl chloride (PCl) was purchased from Wako Pure
Chemical Industries (Osaka, Japan).

T lymphocytes culture and proliferation assay
Mouse T lymphocytes were obtained from lymph nodes
of BALB/c mice. The Pan T cell Isolation Kit (Miltenyi
Biotec, Bergisch Gladbach, Germany) was used to obtain
purified T cells. Flow cytometric analysis showed that
the purity was over 95%. T cells were then incubated in
RPMI 1640 supplemented with 100 U/ml penicillin,
100 μg/ml streptomycin and 10% FBS in a humidified
5% (v/v) CO2 atmosphere at 37 °C. Purified T lympho-
cytes were cultured in 96-well plates (3 × 105 cells/well)
and stimulated with Con A or anti-CD3/anti-CD28 for
72 h. Cell growth was then assessed by MTT assay or
[3H]-thymidine uptake assay.

MTT assay
Cell viability was assessed by MTT assay. MTT (4mg/
ml in PBS, 20 μl per well) was added to each well. After
4 h of additional incubation, the culture media was re-
moved and 200 μl DMSO was added to dissolve the
crystals. The absorption values at 570 nm were deter-
mined using a microplate reader.

[3H]-thymidine uptake assay
Cell proliferation was assayed by incorporation of
[methyl-3H] thymidine (ICN Pharmaceuticals, Costa
Mesa, CA) at 0.5 μCi/well during the last 8 h of incuba-
tion, and the uptake was measured as counts per minute
(c.p.m.) by a liquid scintillation counter.

Flow cytometry analysis
T cells (5 × 105 cells/well) were isolated from lymph node
of BALB/c mice and seeded into 6-well plates. The cells
were then incubated with SBF-1 and stimulated simultan-
eously with Con A (5 μg/ml). Twenty four hours later, the
harvested cells were washed twice with PBS and then
stained with FITC-anti-mouse CD25 or FITC-anti-mouse
CD69 for 30min at 4 °C in the dark. Finally, cells were
washed with PBS to remove excess stains and analyzed by
FACS Calibur flow cytometer (Becton Dickinson, San
Jose, CA) using CellQuest software. Apoptosis was deter-
mined by Annexin V/PI staining and analyzed by FACS
Calibur flow cytometer.

Semi-quantitative PCR
Total RNA was extracted from cells using Trizol Reagent
(Invitrogen, Carlsbad, CA). One microgram of RNA was
reversely transcribed to cDNA. PCR primer sequences were
as follows: GAPDH, forward 5′-AACGACCCCTTCAT
TGAC and reverse 5′- CCACGACATACTCAGCAC; IFN-
γ, forward 5′- TGAACGCTACACACTGCATC and reverse
5′- CCATCCTTTTGCCAGTTCCTC; IL-2, forward 5′-
CTACAGCGGAAGCACAGC and reverse 5′-TCCTCAGA
AAGTCCACCA. PCR was performed at 94 °C for 30 s,
55 °C for 45 s, and 72 °C for 45 s. The cycling number was 28
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for GAPDH. Others were 30 cycles. PCR products were elec-
trophoresed in 1.5% agarose gel and visualized by means of
ethidium bromide staining.

ELISA assay
IFN-γ and IL-2 levels in cell culture supernatant were
measured using ELISA kits according to the manufac-
turer’s instructions.

Western blot
Whole cell lysates was prepared using cell lysis buffer (Beyo-
time, Shanghai, China) containing protease and phosphatase
inhibitors. The proteins were then separated by SDS-PAGE
and electrophoretically transferred to a PVDF membrane.
After blocking with 5% milk for 1 h, the membrane was
probed overnight at 4 °C with primary antibodies. On
the next day, the membrane was incubated with HRP-
conjugated secondary antibodies for 2 h. Detection was per-
formed using the LumiGLO chemiluminescent substrate
system (Cell Signaling Technology, Massachusetts, USA).

Picryl chloride (PCl)-induced contact hypersensitivity
On day 0, mice were distributed into four groups (n = 6)
according to body weight. And then they were shaved
and sensitized by applying 0.1 ml of absolute ethanol
containing 1% PCl to the shaved skin on their abdo-
mens. On day 5, these mice were challenged by applying
30 μl of 1% PCl in olive oil to the right ear. After 18 h,
ear thickness of left and right ears of all animals were
measured using a digimatic micrometer (0.001mm,
Mitutoyo Co., Tokyo, Japan). Ear swelling of each mouse
was calculated as follows: right ear thickness – left ear
thickness. 5 μg/kg and 10 μg/kg SBF-1 and 10mg/kg
CsA were administered intraperitoneally once daily from
day 0 to day 6. Control mice were given vehicle (0.1%
DMSO in PBS) instead of SBF-1. After the end of ex-
periment, animals were sacrificed by cervical dislocation
and the ear samples were collected.

Histological analysis
Formalin-fixed, paraffin-embedded ear tissue was cut
to a thickness of 5 mm, and the sections were
stained with hematoxylin and eosin. Following pa-
rameters were assessed: 1: the level of leucocyte in-
filtration and vascular congestion; 2: the erosion and
anabrosis of epidermal cells; 3: inflammation to the
ventral side of the ear. The histological scores were
assessed from 1 to 4. Final data are the average
scores of each animal in the same group, and the
higher score means more serious inflammation.

Statistical analysis
Data are expressed as means ± SEM. Analysis of experi-
ments was performed using one-way ANOVA followed
by post-hoc (Tukey’s correction for multiple comparisons).

Results
SBF-1 inhibited the proliferation of T cells in a
concentration-dependent manner
The structure of SBF-1 was shown in Fig. 1a. First we
performed MTT assay, which is an effective method for
testing mitochondrial impairment and correlates quite
well with cell proliferation [15]. As shown in Fig. 1b,
SBF-1 significantly reduced mitochondrial metabolic ac-
tivity of Con A-activated T lymphocyte. In addition, in
the [3H]-thymidine uptake assay, SBF-1 significantly
inhibited Con A-induced T lymphocyte proliferation in
a concentration-dependent manner (Fig. 1c). Further-
more, because Con A was a non-specific stimulus, we
used a more physiological in vitro model with anti-CD3
plus anti-CD28. As shown in Fig. 1d and e, SBF-1 also
dose-dependently inhibited T cell proliferation induced
by anti-CD3 plus anti-CD28 by MTT assay and [3H]-
thymidine uptake assay. Notably, SBF-1 at only 10 nM
showed excellent anti-proliferation properties, which
was 100-fold more potent than cyclosporine A. It was
important to notice that SBF-1, at doses from 0.1 to 30
nM, did not affect the survival of non-activated T cells
in MTT assay and Annexin V/PI assay (Fig. 1f and g).
Cyclosporine A (CsA), which is widely used as an im-
munosuppressant in the clinical setting, was used as a
positive control here. Previous study showed that CsA
greatly decreased cell viability both in activated and
non-activated T cells [16]. These results suggest that, in
contrast to CsA, the immunosuppressive activity of SBF-
1 is not caused by cytotoxicity of immune cells.

SBF-1 suppressed the activation of T lymphocytes and
inhibited AKT signaling
CD25 and CD69 are markers of activated T lymphocytes
[17]. CD69 can be induced by Con A and rapidly
detected on the surface of T cells [18]. CD25 is also
expressed on activated T cells, but its appearance on
membrane is slower than CD69 [6]. Flow cytometric
analysis showed that SBF-1 markedly reduced the per-
centages of CD25+ and CD69+ T cells which were up-
regulated after incubation with Con A for 24 h (Fig. 2a).
To further explore the potential molecular mechanism
of SBF-1, western blotting assay was performed. It is
known that the AKT signaling pathway is a central regu-
lator in mammalian cells which controls cell growth and
proliferation [19]. As shown in Fig. 2b, the phosphoryl-
ation level of AKT was suppressed by SBF-1 in a dose-
dependent manner in Con A-activated T lymphocytes.
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SBF-1 induced apoptosis and reduced T cell cytokines
production in activated T cells
Next, we analyzed the effect of SBF-1 on apoptosis of acti-
vated T lymphocytes. Previously we have found that SBF-1
did not affect survival of non-activated T cells in MTT and
Annexin V/PI assay (Fig. 1f and g). However, as shown in
Fig. 3a, treatment with SBF-1 significantly induced apop-
tosis of Con A-activated T cells by Annexin V/PI assay, in-
dicating that SBF-1 only induced apoptosis of activated T
lymphocytes, not non-activated T lymphocytes. In
addition, the levels of T cell cytokines, such as IL-2 and
IFN-γ, were measured by PCR and ELISA assays. Analysis
of mRNA and culture supernatant of Con A-activated T
cells showed that the production and secretion of IL-2

and IFN-γ were considerably increased after stimulation.
As shown in Fig. 3b and c, SBF-1 concentration depend-
ently inhibited these two cytokines levels in both mRNA
and protein levels.

SBF-1 ameliorated ear swelling in mice with contact
hypersensitivity induced by picryl chloride
In order to assess the immunosuppressive property of
SBF-1 in vivo, contact dermatitis was induced in BALB/c
mice with picryl chloride (also referred to as trinitro-
chlorobenzene, TNCB). The mice were sensitized with
PCl on day 0 and challenged with PCl on day 5. SBF-1
was intraperitoneally injected once daily until scheduled
euthanasia on day 6. As shown in Fig. 4b, the ear

Fig. 1 SBF-1 markedly inhibited the proliferation of Con A-activated T cells. a The chemical structure of SBF-1. b–e T cells (3 × 105) were
isolated from lymph node of BALB/c mice and then incubated with 0.1–30 nM SBF-1 in the presence of 5 μg/ml Con A b–c or 1 μg/ml
anti-CD3/CD28 d–e for 72 h at 37 °C. Cell proliferation was measured at 540 nm by MTT uptake assay b, d or [3H]-thymidine uptake assay
(c, e). Data are mean ± SEM of three independent experiments. P values were determined by one-way ANOVA with Tukey’s correction.
*P < 0.05, **P < 0.01. f–g T cells (5 × 105) were isolated from lymph node of BALB/c mice and then incubated with SBF-1 for 24 h at
37 °C. Cell viability was measured at 540 nm by MTT uptake assay f. Cell apoptosis was analyzed by Annexin V/PI assay staining g. Data
are mean ± SEM of three independent experiments
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swelling was dose-dependently inhibited by SBF-1 at 5
and 10 μg/kg without obvious side effect. Compared with
the vehicle control, the body weights did not change
(Fig. 4a). The histopathologic analysis showed that mice
treated with SBF-1 exhibited significant reductions in in-
flammatory cell infiltration, edema, hypersensitivity and
vascular congestion in the dermis (Fig. 4f). The positive
control CsA also showed a strong therapeutic effect
(Fig. 4g).

Discussion
Excessively activated T lymphocytes have been demon-
strated to play a central role in T cell-mediated chronic
inflammatory disorders and autoimmune diseases [20].
Hence, they are a potential target for treatment. How-
ever, current immunosuppressive agents, such as CsA
and dexamethasone, have shown significant safety con-
cerns. Thus, immunosuppressive agents with negligible
or acceptable toxicity are needed. In this study, we ad-
dressed how SBF-1, which exhibits a strong antitumor

activity in various cancer types [14, 21–23], regulated
the inflammatory process leading to contact hypersensi-
tivity pathogenesis. Compared with CsA, SBF-1 select-
ively targeted activated T lymphocytes and showed more
potent immunosuppressive activity in vitro and in vivo.
It is believed that the activation and proliferation of T

lymphocytes contribute to the inflammatory processes of
autoimmune diseases. We found that SBF-1 inhibited
Con A-induced cell proliferation in a concentration-
dependent manner (Fig. 1b and c). And treatment with
10 nM SBF-1 resulted in a dramatic decrease in the 3H-
TdR uptake by 100%, showing better efficacy than
1 M CsA. Similar results were found in anti-CD3 plus
anti-CD28 induced T cell proliferation (Fig. 1d and e).
In addition, it is notable that SBF-1 did not affect sur-
vival of non-activated T cells at the doses mentioned
above, indicating that this compound had selectivity for
activated T cells to some degree (Fig. 1f and g). When
activated, the expressions of CD69 and CD25 on T cells
were increased. CD69 is recognized as an early activation

Fig. 2 SBF-1 suppressed T cell activation through inhibiting AKT signaling. T cells were isolated from lymph node of BALB/c mice and then
incubated with SBF-1 in the presence of 5 μg/ml Con A for 24 h at 37 °C. a–b Cells were collected and analyzed for CD69 and CD25 expressions
by flow cytometry. Data a shown here are one of three different experiments with similar results. Data b are mean ± SEM of three independent
experiments. P values were determined by one-way ANOVA with Tukey’s correction. *P < 0.05, **P < 0.01. c Cells were harvested and the whole
cell extracts were analyzed by western blotting for AKT and the phosphorylation of AKT. Data shown here are one of three different experiments
with similar results
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marker of stimulated T lymphocytes [24] and CD25 is also a
hallmark of activated T cells. In this study, SBF-1 decreased
CD25 and CD69 expressions in a concentration-dependent
manner (Fig. 2a). Thus, these results suggest that SBF-1
likely inhibits signaling pathways related to T cells activation.
Our published results showed that SBF-1 directly inhibited
kinase activity of PDK1 and thus down-regulated phosphor-
ylation of AKT [21]. Therefore, we examined the effect of
SBF-1 on AKT phosphorylation in Con A-activated T lym-
phocytes. In fact, we found that SBF-1 markedly reduced
phosphorylation of AKT, suggesting that inhibition of AKT

signaling events might be associated with impaired T cell
response caused by SBF-1 (Fig. 2a). Furthermore, SBF-1
induced apoptosis of activated T cells (Fig. 3a). As typical
cytokines of Th1 lineage, IL-2 and IFN-γ have been impli-
cated in the pathogenesis of multiple immune diseases [25].
The mRNA levels of IL-2 and IFN-γ were increased in acti-
vated T lymphocytes and SBF-1 dose-dependently reduced
their expression. Consistent with this, the secretions of IL-2
and IFN-γ in cell culture supernatant were also inhibited by
treatment with SBF-1 (Fig. 3c). Upon activation, T cells pro-
liferate and differentiate into effector T cells and produce

Fig. 3 SBF-1 induced apoptosis and inhibited T cell cytokines production of activated T lymphocytes. a T cells were isolated from lymph node of
BALB/c mice and then activated with 5 μg/ml Con A for 24 h at 37 °C. After being incubated with SBF-1 for 24 h, cells were collected and stained
with Annexin V/PI to analyze apoptosis by flow cytometry. Data shown here are one of three different experiments with similar results. b–c T
cells were isolated from lymph node of BALB/c mice and then incubated with SBF-1 in the presence of 5 μg/ml Con A for indicated time at
37 °C. b T cells were incubated for 24 h, and then they were collected. The mRNA expression of IL-2 and IFN-γ were determined by RT-PCR. Data
shown here are one of three different experiments with similar results. c T cells were incubated for 72 h, and then cell culture supernatants were
harvested. The levels of IL-2 and IFN-γ were measured by ELISA assay. Data are mean ± SEM of three independent experiments. P values were
determined by one-way ANOVA with Tukey’s correction. *P < 0.05, **P < 0.01
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Fig. 4 SBF-1 ameliorated ear swelling in mice with contact hypersensitivity induced by picryl chloride. Contact hypersensitivity was induced in
BALB/c mice by PCl. SBF-1 or vehicle control was administered i.p. daily from day 0. a Body weight changes. b Ear swelling. c–g Ear tissues
harvested from vehicle- or SBF-1-treated mice on day 6 were analyzed for degree of inflammation by H&E (original magnification × 200). c The
pathological score. Data are mean ± SEM of six animals per group. P values were determined by one-way ANOVA with Tukey’s correction.
*P < 0.05, **P < 0.01. d–g Representative photographs of each group: Vehicle d 5 μg/kg SBF-1 e 10 μg/kg SBF-1 f 10 mg/kg cyclosporine A g

Fig. 5 Schematic representation mechanism of SBF-1’s effects on T cells. SBF-1 suppresses T-cell-mediated immune responses in vitro and in vivo by
inhibiting T cell proliferation, activation, cytokine production and inducing apoptosis, which is closely related to its blockage of AKT signaling pathways
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cytokines. Overall, the data suggest that the major effect of
SBF-1 is on inhibition of T cell activation causing suppres-
sion of cytokine production.
Contact hypersensitivity is a T cell-mediated immune

response and typically used for the evaluation of immune
activity in vivo. We found that SBF-1, when administered
by intraperitoneal injection in the induction phase of
CHS, significantly suppressed the ear swelling and pre-
vented inflammatory cell infiltration in the edematous
sections (Fig. 4). It was important to note that SBF-1 did
not cause loss of body weight, perhaps due to its selective
effect on activated T lymphocytes.
Taken together, our experiment demonstrated that SBF-

1 inhibited the proliferation and activation of T lympho-
cytes, and induced apoptosis of activated T cells, which is
closely associated with its potent down-regulation of AKT
signaling pathway. Unlike the classic immunosuppressive
agents, SBF-1 showed high activity and low toxicity, owing
to its selectivity on activated T lymphocytes, not non-
activated T lymphocytes.

Conclusions
Our study suggested that SBF-1 suppresses T-cell-mediated
immune responses in vitro and in vivo by inhibiting T cell
proliferation, activation, cytokine production and inducing
apoptosis, which is closely related to its blockage of AKT
signaling pathways (Fig. 5).
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