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Abstract

AIM: To investigate the anti-inflammatory effects of
cinnamon extract and elucidate its mechanisms for tar-
geting the function of antigen presenting cells.

METHODS: Cinnamon extract was used to treat mu-
rine macrophage cell line (Raw 264.7), mouse primary
antigen-presenting cells (APCs, MHCII") and CD11c*
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dendritic cells to analyze the effects of cinnamon extract
on APC function. The mechanisms of action of cinna-
mon extract on APCs were investigated by analyzing
cytokine production, and expression of MHC antigens
and co-stimulatory molecules by quantitative real-time
PCR and flow cytometry. In addition, the effect of cin-
namon extract on antigen presentation capacity and
APC-dependent T-cell differentiation were analyzed by
[H’]-thymidine incorporation and cytokine analysis, re-
spectively. To confirm the anti-inflammatory effects of
cinnamon extract /n vivo, cinnamon or PBS was orally
administered to mice for 20 d followed by induction of
experimental colitis with 2,4,6 trinitrobenzenesulfonic
acid. The protective effects of cinnamon extract against
experimental colitis were measured by checking clinical
symptoms, histological analysis and cytokine expression
profiles in inflamed tissue.

RESULTS: Treatment with cinnamon extract inhibited
maturation of MHCII™ APCs or CD11c" dendritic cells
(DCs) by suppressing expression of co-stimulatory
molecules (B7.1, B7.2, ICOS-L), MHCII and cyclooxy-
genase (COX)-2. Cinnamon extract induced regulatory
DCs (rDCs) that produce low levels of pro-inflammatory
cytokines [interleukin (IL)-1B, IL-6, IL-12, interferon
(IFN)-y and tumor necrosis factor (TNF)-a] while ex-
pressing high levels of immunoregulatory cytokines
(IL-10 and transforming growth factor-p). In addition,
rDCs generated by cinnamon extract inhibited APC-de-
pendent T-cell proliferation, and converted CD4" T cells
into IL-10"" CD4" T cells. Furthermore, oral adminis-
tration of cinnamon extract inhibited development and
progression of intestinal colitis by inhibiting expression
of COX-2 and pro-inflammatory cytokines (IL-1B, IFN-y
and TNF-a), while enhancing IL-10 levels.

CONCLUSION: Our study suggests the potential of cin-
namon extract as an anti-inflammatory agent by target-
ing the generation of regulatory APCs and IL-10" regula-
tory T cells.
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INTRODUCTION

Oriental herbal medicines have been used for the treatment
of various types of diseases for thousands of years'”.
Herbal medicines have immunomodulatory effects
through diverse mechanisms of action. They can enhance
immunity and induce tolerance in specific disease condi-
tions™ . For example, curcumin derived from Curcuma
longa has potent anti-inflammatory activities by inhibit-
ing nuclear factor-kB activation and blocking intetleukin
(I1)-12 signaling””. Andrographolide from Andrographis
panicnlata and herbkines have potent immunostimulatory
activities. They increase lymphocyte proliferation, pro-
duction of pro-inflammatory cytokines, and the humoral
response[g'm].

Among many herbal medicines, Cinnamomum cassia
bark is the outer skin of an evergreen tall tree belonging
to the family Lanraceae. Cinnamon contains various active
components including cinnamic aldehyde, cinnamyl alde-
hyde, tannin, mucus and catbohydrates. Previous studies
have shown diverse biological functions of cinnamon
extract such as antioxidant, antimicrobial and antidiabetic
effects" %, Tt also has potent anti-inflammatory propet-
ties by inhibiting the production of NO, cyclooxygenase
(COX)-2 and prostaglandin (PG)E2 in macrophage cell
lines""™"". However, it is still unclear how cinnamon modu-
lates the function of immune cells, especially 7 vivo.

Antigen-presenting cells (APCs) process and present
antigens on MHC molecules, and play pivotal roles in
regulation of diverse immune responses. They can poten-
tiate active immunity against pathogens while inducing im-
munotolerance to unharmful or self-antigens'"”. Recently,
many studies have suggested the important role of APCs
for induction of immunotolerance by inducing regula-
tory T cells and desensitization of effector T cells™ .
Regulatory APCs have potent therapeutic possibility to
suppress various types of inflammatory immune disor-
ders®"**. Among the APCs, regulatory dendritic cells
(¢DCs) have potent anti-inflammatory activities through
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diverse mechanisms of action. These include production
of anti-inflammatory cytokines, induction of active cell
death of effector T cells, inhibition of T-cell proliferation,
and high level expression of indoleamine 2,3-dioxygenase
(DO)*". These immunomodulatory properties of rDCs
induce regulatory T cells through cell to cell contact™
The potent anti-inflammatory properties of rDCs have
been employed to treat several types of immune disor-
ders including graft rejection, graft-versus-host disease and
autoimmune disorders”™. Hence, development of immu-
nomodulators to enhance generation of rDCs could be a
good strategy for the treatment of diverse inflammatory
immune disordets.

In the present study, we evaluated the effects of cin-
namon extract on modulation of effector function of
APCs n vitro and in vive. Treatment with cinnamon extract
enhanced generation of rDCs that inhibited APC-depen-
dent T-cell proliferation, and converted CDA4" T cells into
IL-10"" CD4" T cells. Moreover, oral administration of
cinnamon extract significantly suppressed experimental
colitis by inhibiting expression of pro-inflammatory cyto-
kines while enhancing IL.-10 levels.

MATERIALS AND METHODS

Animals

Male C57BL/6 mice (6-8 wk old) and Do11.10 mice were
purchased from SLC (Japan) or Jackson Laboratory (Bar
Harbor, ME, USA), respectively. They were maintained
under specific pathogen-free conditions in an animal facil-
ity at the Gwangju Institute of Science and Technology
(GIST). All of the animal experiments were approved by
the GIST Animal Care and Use Committee.

Preparation of cinnamon extract

Dried Cinnamomum cassia bark (Hwajin Distribution Co.,
Seoul, Korea) was pulverized and extracted in hot water
for 3 h in a hot water extractor. The extract was filtered
and the supernatant was concentrated with a rotary
evaporator. The extract was then freeze-dried, resulting in
a powder extract. The powder extract was suspended in
sterilized distilled water at the appropriate concentrations.
As we reported in our previous work”, HPLC analysis
was performed by comparing the levels of trans-cinnamic
acid (Sigma, St Louis, MO, USA) and cinnamic aldehyde
(kindly provided by Dr. Ehren, Germany) as known stan-
dard markers for the quality control of composition of
cinnamon extract in each experiment[ZS]. Chromatography
was carried out using 1% acetic acid (H20)/methanol
(50:50 v/v) at room temperature on a Phenomenex Luna
5u Cis, 10-nm pore size, 250 X 4.60 mm 1.D. column.
The flow rate of the mobile phase was 2 mL/min. The
amount of #rans-cinnamic acid and cinnamic aldehyde
was about 2.9 mg/g and 7.9 mg/g in each extract, respec-

tively™.

Cell lines
Raw 264.7 cells were obtained from the Korean Cell Line
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Bank (Seoul National University, Korea) and maintained in
Dulbecco’s Modified Eagle’s Medium supplemented with
10% fetal bovine serum (Hyclone Laboratories, Logan,
UT, USA), 100 U/mL penicillin (Sigma) and 100 U/mL
streptomycin (Sigma). Cells were cultured with 0.2 mg/mL
cinnamon extract for 24 h and harvested for further analy-
sis.

RNA isolation, cDNA synthesis, quantitative RT-PCR
Total RNA was prepared using TRI Reagent (Molecular
Research Center) according to the manufacturer’s proto-
col. For reverse transcription, cDNA was generated using
1 pg total RNA, oligo(dT) primer (Promega, Madison, W1,
USA) and Improm-1I Reverse Transcriptase (Promega) in a
total volume of 20 pL. One microliter of cDNA was am-
plified using the following RT-PCR primer sets: IL-1f3 (For-
watd 5-GCAACTGTTCCTGAACTCAACT-3', Reverse
5“ATCTTTTGGGGTCCGTCAACT-3"), IL-2 (Forward
5-"CCTGAGCAGGATGGAGAATTACA-3' and Reverse
5'"TCCAGAACATGCCGCAGAG-3"), IL-4 (Forward
5'"ACAGGAGAAGGGACGCCAT-3"' and Reverse
5"GAAGCCCTACAGACGAGCTCA-3"), IL-6 (Forward
5'-GAGGATACCACTCCCAACAGACC-3' and Reverse
5'"AAGTGCATCATCATCGTTGTTCA-3"), IL-10
(Forward 5-ATAACTGCACCCACTTCCCA-3" and Re-
verse 5" TCATTTCCGATAAGGCTTGG-3"), IL-12 p40
(Forward 5-GGAAGCACGGCAGCAGAATA-3" and
Reverse 5"AACTTGAGGGAGAAGTAGGAATGG-3),
IL-17A (Forward 5-TTCATCTGTGTCTCTGATGCT-3'
and Reverse 5'-TTGACCTTCACATTCTGGAG-3"),
interferon (IFN)-y (Forward 5-"TCAAGTGGCATAGAT-
GTGGAAGAA-3" and Reverse 5-"TGGCTCTGCAG-
GATTTTCATG-3'), tumor necrosis factor (TNF)-o (For-
ward 5'-CATCTTCTCAAAATTCGAGTGACAA-3" and
Reverse 5" TGGGAGTAGACAAGGTACAACCC-3"),
transforming growth factor (TGF)-B (Forward 5'-G
AAGGCAGAGTTCAGGGTCTT-3' and Reverse
5"GGTTCCTGTCTTTGTGGTGAA-3"), HPRT (Fot-
ward 5'"TTATGGACAGGACTGAAAGAC-3' and Re-
verse 5-GCTTTAATGTAATCCAGCAGGT-3"), B7.1
(Forward 5'-ACCCCCAACATAACTGAGTCT-3' and
Reverse 5-TTCCAACCAAGAGAAGCGAGG-3'), B7.2
(Forward 5-TGTTTCCGTGGAGACGCAAG-3' and
Reverse 5'-CAGCTCACTCAGGCTTATGTTTT-3"), B7-
DC (Forward 5'-GTGCGATTTTGACCGCAGAG-3',
Reverse 5-CTAGGGATGTGGAACAAAGCC-3'), MH-
CII (Forwatd 5-CACTCTCGTCTGTTCGGTGAC-3" and
Reverse 5'-CCTCTCCCTGATGAGGGGTC-3"), ICOSL
(Forward 5-GACTGAAGTCGGTGCAATGGT-3" and
Reverse 5" TGGGTTTTCGATTTGCCAATAGA-3") and
PD1L (Forward 5-ATGCTGCCCTTCAGATCACAG-3'
and Reverse 5" TGGTTGATTTTGCGGTATGGG-3)).

Immunoblotting

Proteins were resolved by 10% SDS-PAGE, transferred
onto PVDF membranes (Bio-Rad) and subjected to West-
ern blotting analysis using anti-Cox-2 (Cayman) and perox-
idase-conjugated secondary antibodies (DAKO). Proteins
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wete visualized with a chemiluminescence kit (Amersham
Bioscience). B-tubulin antibody (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) was used as a loading control.

TNBS-induced colitis model

Induction of experimental inflammatory bowel disease
(IBD) was carried out as described previously with minor
modification™. To induce colitis, 1 mg TNBS in 50%
ethanol was injected to slightly anesthetized mice through
a catheter inserted into the rectum; 100 ul. TNBS-ethanol
mixture was carefully poured into the colon. The subse-
quent course of colitis was evaluated by assessing mortal-
ity, body weight decrease, and macroscopic and micro-
scopic observations.

Macroscopic and histological evaluation of colitis

The intestines were removed from mice and evaluated as
previously described (Marceau et a/, 2004). For histological
scoring, intestines were fixed with 4% paraformaldehyde
in PBS and embedded in paraffin. Paraffin sections were
stained with hematoxylin and eosin (HE) and scored
as previously described”. To check the immunological
changes, 5 d after IBD induction, mesenteric lymph nodes
were obtained, suspended as single cells, and the expres-
sion level of cytokines and COX-2 were measure by quan-
titative real-time PCR or immunoblotting.

Isolation and activation of APCs and CD4" T cells

For isolation of APCs (MHCII" or CD11c" DCs), spleens
and lymph nodes isolated from C57BL/6 mice were
ground with 30-um pore meshes at the single cell level.
Then, APCs purified with MHCII" Isolation Kit (Miltenyi)
or CD11c¢" DC Tsolation Kit (Miltenyi) were washed three
times with ice-cold PBS and harvested for further analysis.
CD4" T cells from Do11.10 mice (Jackson Laboratory)
were purified with CD4" T cells Isolation Kit (Miltenyi).

Cell stimulation and treatment with cinnamon extract
Raw 264.7 cells were stimulated with lipopolysaccharide
(LPS) (10 ng/mL) alone ot in combination with cinnamon
extract (0.2 mg/mL) for 24 h, and then washed three times
with PBS. MHCII" APCs or CD11c" DCs were stimulated
with LPS (10 pg/mL) alone ot in combination with cinna-
mon extract (0.1, 0.3 and 0.5 mg/mL) for 24 h. After three
washes, cells were hatvested for further analysis.

Co-culture experiment

APCs (MHCII" or CD11c¢" DCs) were stimulated with
LPS (10 pg/mL) alone ot in combination with several dos-
es of cinnamon extract (0.1, 0.3 and 0.5 mg/mL) for 24 h.
The cells were incubated in mitomycin C (20 ug/mL)
containing medium for 30 min at 37°C, and washed five
times with ice-cold PBS. After 24 h stimulation, cells were
co-cultured with CD4" T cells obtained from Do11.10
mice in the absence or presence of ovalbumin peptide
(Ova; 5, 20, 50 pug/mL) in 96-well plates for 56-72 h. Af-
ter that, 0.5 pCi [H’]-thymidine (NEN) was added to each

well and the cells were incubated for an additional 6 h.
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Figure 1 Treatment of cinnamon extract inhibits maturation of macrophage cell line. Murine Raw 264.7 macrophages were stimulated with PMA/ionomycin in
the absence or presence of 0.2 mg/mL cinnamon extract. Expression levels of cytokines (A) and co-stimulatory molecules (B) were measured by quantitative real-time
PCR. To mimic in vivo stimulation, cells were treated with lipopolysaccharide alone or in combination with 0.2 mg/mL cinnamon extract. Expression level of cytokines (C),
co-stimulatory molecules (D) and cyclooxygenase (COX)-2 (E) was measured by quantitative real-time PCR. Error bars indicated SD. °P < 0.05, °P < 0.005, °P < 0.001.

Data are representative of three individual experiments.

Cells were harvested and [HB]—thymidine uptake was mea-
sured by liquid scintillation counting, For checking func-
tional change of co-cultured CD4" T cells, CD4™ T cells
were re-isolated from co-cultured population and mRNAs
were obtained to analyze the levels of cytokine expression
by quantitative RT-PCR.

Intracellular cytokine staining

To detect intracellular TNF-o and 11.-10 positive popula-
tions, cells were stimulated with LLPS alone or in com-
bination with cinnamon extract for 24 h, fixed with 2%
paraformaldehyde (Sigma) for 10 min, permeabilized
with permeabilization buffer (0.5% saponin, 1% BSA in
PBS) for 30 min, and stained with anti-TNF-o-PE (BD
Pharmingen) or anti-IL.-10-PE (BD Pharmingen) for 20 min
at 4°C. IgG isotypes were used as a control for all flow cy-
tometry analysis. The IgG-positive population was shown
to be < 0.2% (data not shown).

Statistical analysis
A two-tailed Student’s 7 test was used, and P < 0.05 was
considered to be statistically significant.

RESULTS

Treatment with cinnamon extract inhibits activation and
maturation of APCs
Previous reports have shown that cinnamon components
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have a potent anti-inflammatory role by inhibiting NO
synthesism’18J without providing any immunological evi-
dence. In this study, we tested the anti-inflammatory
efficacy of cinnamon extract and elucidated its working
mechanisms by targeting APCs. To test the effect of cin-
namon extract on activation and maturation of macro-
phages we used Raw 264.7 cells (Figure 1). Raw cells were
stimulated with phorbol 12-myristate 13-acetate (PMA)
and ionomycin for 24 h in the presence or absence of cin-
namon extract at a concentration of 0.2 mg/ml., which
did not induce any cell death or morphological change
(data not shown). The expression levels of pro-inflam-
matory cytokines, co-stimulatory molecules and COX-2
were measured by real-time PCR. Raw cells upon activa-
tion produced a significant amount of IFN-y and TNF-q.
However, treatment with cinnamon extract significantly
decreased expression levels of pro-inflammatory cytokine
such as IL-1B and TNF-a (Figure 1A). Expression level
of COX-2, a key inflammatory mediator”””, was also inhib-
ited by cinnamon extract (Figure 1C). Next, to check the
effect of cinnamon extract on maturation of Raw 264.7
cells, we analyzed the expression levels of activation mark-
ers for APCs such as MHCII and co-stimulatory mol-
ecules [B7.1, B7.2, ICOS ligand ICOS-L) and PD1 ligand
(PD-1L)] (Figure 1B). Consistent with inhibitory effects
on pro-inflammatory cytokine expression, all the tested
molecules were significantly reduced by treatment with
cinnamon extract, except for PD-1L (Figure 1B). Since
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Figure 2 Treatment with cinnamon extract inhibits maturation of MHCII* APCs. MHCII* APCs were stimulated with lipopolysaccharide (LPS) alone or in combi-
nation with cinnamon extract (0.1, 0.3 and 0.5 mg/mL). Expression levels of cytokines (A) and co-stimulatory molecules (C) were measured by quantitative real-time
PCR. B: Intracellular expression levels of interleukin (IL)-10 and tumor necrosis factor (TNF)-a. proteins were analyzed by flow cytometry. Effect of cinnamon extract
treatment on cyclooxygenase (COX)-2 expression at the mRNA (D) and protein (E) level was measured by quantitative real-time PCR and immunoblotting, respec-
tively. Error bars indicated SD. °P < 0.05, °P < 0.005, °P < 0.001. Data are representative of three individual experiments. IFN: Interferon.

APCs can be activated by pathogen-associated molecular
patternsm], to mimic the 7z vivo situation, we stimulated
Raw 264.7 cells with LPS, a TLR4 ligand (Figure 1C-E).
Cinnamon extract was added during LPS stimulation and
its effect on APC maturation and expression of pro-inflam-
matory molecules was analyzed. LPS treatment significantly
increased expression levels of inflammatory cytokines, cell
surface molecules and COX-2 compared to non-stimu-
lated cells. However, cinnamon extract strongly inhibited
expression of pro-inflammatory cytokines (IL-1f and
TNF-ao) (Figure 1C), co-stimulatory molecules (B7.1, B7.2,
ICOS-L and MHCII) (Figure 1D) and COX-2 (Figure 1E).
These results suggest that cinnamon extract has potent anti-
inflammatory properties by inhibiting activation and matu-
ration of APCs i vitro.

To test further the effect of cinnamon extract treat-
ment on primary APCs, first, we titrated the dose of
cinnamon extract in primary MHCIT" APCs that did not
induce cytotoxic characteristics such as growth inhibition
and apoptosis. Up to 0.7 mg/mL cinnamon extract did
not show any cytotoxicity (data not shown). Next, primary
MHCIIT" APCs were stimulated with I.PS alone or in com-
bination with cinnamon extract (0.1, 0.3 and 0.5 mg/ml.)
for 24 h, and then the expression levels of cytokines, co-
stimulatory molecules and COX-2 were measured by
quantitative real-time PCR (Figure 2A-C). Treatment of
cinnamon extract significantly decreased LPS-induced
expression of pro-inflaimmatory cytokines (IL-1f, IL-6,
1L-12, IFN-y and TNF-q in a dose-dependent manner
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(Figure 2A). Cinnamon extract significantly upregulated
the expression level of IL-10, an immunomodulatory
cytokine, in a dose-dependent manner (Figure 2A). To
confirm whether cinnamon extract also modulates protein
level, we compared 1L.-10 and TNF-q., as a representa-
tive anti- or pro-inflaimmatory cytokine, respectively, by
flow cytometry (Figure 2B). Consistent with mRNA data,
treatment with cinnamon extract significantly decreased
the TNF-o" while increasing the 11.-10" population. LPS-
stimulated cells produced high levels of TNF-o." (81.8%),
whereas treatment with 0.5 mg/mL cinnamon and LPS
significantly reduced its production (40.9%) in a dose-
dependent manner (Figure 2B). However, treatment
with cinnamon extract significantly increased the 11.-10"
population from 1.3% (LPS alone) to 8.36% (LPS with
0.5 mg/mL cinnamon extract) in a dose-dependent man-
ner (Figure 2B). In addition, treatment with cinnamon
extract significantly decreased COX-2 mRNA (Figure 2D)
and protein (Figure 2E) levels in a dose-dependent manner.
Next, we tested whether cinnamon treatment also modu-
lated activation stage of primary MHCIT™ APCs. MHCIT®
APCs were stimulated with LPS alone or in combination
with cinnamon extract, and then expression levels of co-
stimulatory molecules were analyzed (Figure 2C). Cinna-
mon treatment significantly decreased MHCII molecules
that play critical roles in T-cell activation. However, cin-
namon treatment did not induce significant alteration in
expression patterns of co-stimulatory molecules including
B7.1, B7.2, ICOS-L and PD-1L (Figure 2D). Cinnamon

February 28, 2011 | Volume 17 | Issue 8 |
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Figure 3 Treatment of cinnamon extract inhibits maturation of CD11" dendritic cells. CD11" dendritic cells (DCs) were stimulated in the absence or presence of
cinnamon extract (CE) and expression levels of cytokines [interleukin (IL)-1p, IL-4, IL-6, IL-10, IL-12, interferon (IFN)-y, tumor necrosis factor (TNF)-a and transform-
ing growth factor (TGF)-B] (A) and co-stimulatory molecules (B7.1, B7.2, ICOS ligand, B7-DC and MHCII) (B) were measured by quantitative real-time PCR. Effect of
cinnamon extract (CE) treatment on cyclooxygenase (COX)-2 expression at the RNA (C) and protein (D) level was measured by quantitative real-time PCR and im-
munoblotting, respectively. Error bars indicated SD. °P < 0.05, °P < 0.005, °P < 0.001. Data are representative of three independent experiments.

treatment significantly increased expression levels of B7
DCs that have regulatory roles in inflammatory immune
responsesm’m. Hence, these data indicate that primary
MHCII" APCs upon treatment with cinnamon extract

may gain immunoregulatory properties.

Cinnamon extract treatment inhibits maturation of DCs

Based on the finding that cinnamon extract inhibits activa-
tion and maturation of MHCIT" APCs, we further tested
whether treatment with cinnamon extract exerted a similar
effect on DCs. CD11¢” DCs wete isolated and stimulated
with LPS alone or in combination with cinnamon extract
for 24 h. Expression levels of cytokines, co-stimulatory
molecules and COX-2 were measured by quantitative real-
time PCR (Figure 3). CD11c" DCs stimulated with LPS
significantly increased expression levels of pro-inflam-
matory cytokines such as IL-1f, IL-6, IL-12, IFN-y and
TNF-o.. However, expression levels of pro-inflammatory
cytokines were markedly reduced in a dose-dependent
manner upon cinnamon extract treatment (Figure 3A).
Cinnamon extract treatment significantly upregulated the
expression levels of immunomodulatory cytokines such
as I.-10 and TGF—BDL}Z} in a dose-dependent manner
(Figure 3A). Moreover, treatment with cinnamon extract
significantly downregulated COX-2 mRNA (Figure 3C)
and protein (Figure 3D) levels in a dose-dependent man-
ner. Cinnamon extract treatment also downregulated the
expression levels of B7.1, B7.2 and MHCII (Figure 3B).
These data indicate that cinnamon extract inhibited matu-
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ration of CD11¢” DCs while inducing tolerogenic proper-
ties by increasing immunomodulatory cytokines.

Cinnamon extract treatment inhibits APC-dependent
T-cell proliferation

One of the major roles of APCs is to process and pres-
ent antigens in the context of MHCII to T cells, which is
a key event for induction of adaptive immune responses.
We tested whether cinnamon extract treatment affected
APC-dependent T-cell proliferation. Two types of prima-
ry APCs were isolated: MHCIT" APCs and CD11¢” DCs.
They were pre-stimulated with LPS alone or in combina-
tion with cinnamon extract for 24 h, and then co-cultured
with naive T cells obtained from Do 11.10 mice that
specifically expressed Ova-specific T-cell receptors. In the
presence of Ova peptide, co-culture was continued for
72 h. T-cell proliferation was mainly dependent on antigen
presenting and co-stimulatory capacity of APCs (MHCIT
or CD11c"). APCs (MHCII" (Figure 4A) and CD11c"
DCs (Figure 4B) pre-treated with cinnamon extract sig-
nificantly lowered APC-dependent T-cell proliferation
in a dose-dependent manner (Figure 4A). These results
suggest that treatment with cinnamon extract negatively
modulated antigen presenting capacity of MHCII™ APCs
or CD11c¢" DCs to stimulate T-cell proliferation.

DCs treated with cinnamon extract inhibit Th1

polarization while inducing IL-10"" CD4 T cells
DCs play important roles in regulating the activity and dif-
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Figure 4 Treatment with cinnamon extract inhibits APC-dependent T-cell proliferation. APC-dependent T-cell proliferation was measured. MHCII* APCs (A) and
CD11¢" dendritic cells (DCs) (B) were pre-pulsed in the absence or presence of cinnamon extract for 24 h. Then, they were co-cultured with CD4" T cells isolated from
Do11.10 mice in the presence of Ova peptide. After 72 h co-culture, T-cell proliferation was measured by [H*]-thymidine incorporation assay. Error bars indicated SD.
*P<0.05,°P < 0.005, °P < 0.001. Data are representative of three independent experiments.
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Figure 5 Cinnamon-extract-treated dendritic cells inhibit Th1 polarization. CD11¢" dendritic cells (DCs) were pre-pulsed with lipopolysaccharide (LPS) alone or
in combination with cinnamon extract (CE) (0.2 mg/mL) for 24 h. Then, they were co-cultured with CD4" T cells isolated from Do11.10 mice. A: After 72 h co-culture,
CD4" T cells were re-isolated from each treatment group and relative expression levels of cytokine mRNA were measured by quantitative real-time PCR; B: Intracel-
lular protein levels of interleukin (IL)-10 and interferon (IFN)-y in CD4" T cells in each treatment group was analyzed by flow cytometry. Error bars indicated SD. °P < 0.05,
®P < 0.005, °P < 0.001. Data are representative of three independent experiments.

ferentiation of naive T cells into diverse T cell lineages such
as Th1, Th2 and Th17 typesp“ﬂ. Since treatment with cinna-
mon loweted DC-dependent T-cell proliferation (Figure 4),
we further tested the effects of cinnamon extract on DC-
dependent T-cell polarization. T cells were co-cultured for
72 h with CD11¢" DCs pre-pulsed with LPS alone or in
combination with 0.3 mg/mL cinnamon extract. Then, T
cells were re-isolated and expression levels of T cell lineage-
related cytokines were measured (Figure 5). T' cells co-cul-
tured with cinnamon-treated CD11¢” DCs produced much
higher levels of IL-10 expression, while the levels of pro-
inflammatory cytokines such as IL-6, I1-12, IL-17, IFN-y
and TNF-o were significantly decreased compared with
control DCs (Figure 5A and B). No significant difference
was observed in the levels of I1.-2 and I1.-4 between the
treatment groups. These data indicate that CD11c¢" DCs,
upon treatment with cinnamon extract, could induce IL-

10"" CD4 T cells while inhibiting Th1 polatization.

Oral administration of cinnamon extract ameliorates
experimental colitis
To confirm the anti-inflammatory efficacy of cinnamon
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extract iz vivo, we tested whether oral administration of
cinnamon extract could prevent progression of TNBS-
induced experimental colitis, a typical Thl type IBD".
Mice were fed orally with PBS alone or in combination
with cinnamon extract (50 pg/g body weight) for 20 d,
and experimental colitis was induced by intrarectal injec-
tion of TNBS. Clinical symptoms, weight loss and sutvival
rate were monitored for 5 d. Both groups showed signifi-
cant loss of body weight after 2 d of colitis induction.
However, cinnamon-extract-treated mice began to recover
weight loss starting from day 3, and almost restored their
body weight at day 5, while PBS-treated mice continu-
ously lost body weight during that period (Figure 6A). We
also monitored survival rate. Cinnamon-extract-treated
mice showed about 95% sutvival rate, while PBS-treated
mice showed 50% survival on day 5 after colitis induction
(data not shown). In accordance with weight loss and sut-
vival rate, colonic inflammation was significantly reduced
in cinnamon-extract-treated mice compared with PBS-
treated mice (Figure 6B). Tissue destruction and infiltra-
tion of mononuclear cells into the intestine, as shown by
HE staining, were also significantly reduced by cinnamon

February 28, 2011 | Volume 17 | Issue 8 |



Kwon HK et a/. Cinnamon extract suppresses experimental colitis

A | B CE
= x 40
Q
2
z
S
[}
=
x 100
D 12 mees E 251 g X F _ PB8s
E 1.0 O CE i
I = ~ 2.0 | |
z 0.8 g @ 5.5%
Z 06 T
€ 2% 451
~ 0.4 <5
0.2
() GEJ -§ 1.0 F
0.0 2 =
® 2 b b
COX-2 W £ o5
C
Tubulin /S — i
0.0 | | | | ———
PBS CE IL-1B I-4 IL-6 IL-10 IFN-y  TNF-a TNF-a

Figure 6 Oral administration of cinnamon extract ameliorates experimental colitis. Mice were orally fed with PBS or cinnamon extract (CE) (50 ng/g per day) for
20 d, and intestinal colitis was induced by intrarectal injection of TNBS (50 pg/g in 50% ethanol). A: A change in body weight was monitored for 5 d; B: Gross intestinal
changes were analyzed with a magnifying glass 3 d after colitis induction; C: After HE staining, histological analysis was performed by comparing colon sections of
treatment groups; D: After induction of inflammatory bowel disease, cyclooxygenase (COX)-2 expression in mesenteric lymph nodes was compared by quantitative
real-time PCR and immunoblotting; E: Expression levels of cytokines in mesenteric lymphocytes were measured by quantitative real-time PCR; F: Intracellular protein
levels of interleukin (IL)-10 and tumor necrosis factor (TNF)-c. were measured by flow cytometry. Error bars indicated SD. °P < 0.005, °P < 0.001. Data are representa-
tive of three independent experiments. IFN: Interferon.

extract (Figure 6C). To investigate further the undetlying 2.3%). These data suggest that the prophylactic effect of
mechanism of cinnamon-extract-mediated IBD protec- cinnamon extract against colitis pathogenesis is mediated
tion, we measured the levels of pro- or anti-inflammatory by its anti-inflammatory propetties.

mediators between the treatment groups. First, we mea-
sured the mRNA and protein levels of COX-2, an in-

flammatory mediator that is highly expressed in inflamed DISCUSSION

tissues and activated immune cells. In accordance with Treatment with cinnamon extract endowed APCs with
in vitro results (Figure 2D and E), oral administration of tolerogenic characteristics resulting in inhibition of T-cell
cinnamon extract significantly reduced the expression lev- proliferation, T-cell polarization into Th1 type, while lead-
els of COX-2 in mesenteric lymph nodes at both mRNA ing to IL-10™" CD4 T cells. Furthermore, oral adminis-
and protein levels (Figure 6D). We also compared expres- tration of cinnamon extract significantly suppressed the
sion level of various pathogenic or protective cytokines progression of experimental colitis by increasing 1L.-10
such as 1L-1f, IL-4, IL-6, IL-10, IFN-y and TNF-q, in production while suppressing the levels of pro-inflamma-
cells isolated from mesenteric lymph nodes of cinnamon- tory cytokines.

extract-treated or non-treated mice. In agreement with APCs express high levels of MHC molecules on their
clinical data, cells isolated from mesenteric lymph nodes surface to present antigen to adaptive immune cells, es-
of cinnamon-extract-treated mice expressed much lower pecially T cells"”. APCs are a heterogeneous population

levels of pathological cytokines such as IL-1f3, IFN-y constituting Various types of cells including DCs, B cells
and TNF-¢, (Figure 6E). No significant difference in the and macrophages!”. APCs play important roles in the

expression levels of I1.-4 and I1.-6 was observed between initiation and enhancement of immune responses, and for
the treatment groups. Oral administration of cinnamon induction of immunotolerance as well” . DCs are key
extract significantly upregulated 1L-10 expression levels APCs that determine T-cell response and polatization into
(Figure OE). To confirm these data at the protein level, Th1 or Th2 cells™. APCs also play pivotal roles in main-
IL-10" or TNF-a" populations among total mesenteric tenance of immunological homeostasis through vatious
lymph node cells were compared by flow cytometry. In ac- action mechanisms”"***), B cells have regulatory proper-
cordance with mRNA level, oral administration of cinna- ties in modulating diverse inflammatory immune disorders
mon extract significantly increased the I1.-10" population such as IBD, collagen-induced arthritis, and autoimmune

(PBS, 5.5% »s cinnamon extract, 14.7%) but decreased encephalomyelitis[24’41‘45]. The regulatory properties of B
the TNF-o," population (PBS, 7.3% s cinnamon extract, cells are mainly mediated by production of anti-inflam-
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matory cytokines such as IL-10 and TGF-f3, which are
important to generate regulatory T cells.

rDCs promote immunotolerance rather than immune
activation” ™, tDCs usually express low levels of MHC
molecules™ co-stimulatory molecules and pro-inflamma-
tory cytokines (IL-1p, I.-12 and TNF-q), while expressing
high levels of 11-10, TGF-f and iDO. rDCs are resistant
to maturation and help generation of regulatory T cells””
Their potent anti-inflammatory functions have been suc-
cessfully demonstrated in various types of inflammatory
immune disorders™’.

In this study, treatment with cinnamon extract signifi-
cantly downregulated expression levels of MHCII and co-
stimulatory molecules (B7.1 and B7.2) in macrophage cell
lines (Figure 1D); primarily MCHIT" APCs (Figure 2C)
and CD11c” DCs (Figure 3B). Primary MCHIT™ APCs
significantly increased expression levels of B7-DC (PD-L2)
upon cinnamon extract treatment in a dose-dependent
manner (Figure 2C). B7-DC (PD-L2) is a ligand of PD1
which has potent anti-inflammatory properties to inhibit
T-cell activation*”. Hence, an increase of B7-DC expres-
sion by cinnamon extract may mediate its anti-inflamma-
tory properties.

One of the properties of tolerogenic APCs is to ex-
press high levels of immune regulatory cytokines (IL-10
and TGF-B) and iDO, while expressing low levels of pro-
inflammatory cytokines™. 11-10 and TGF-f are highly
expressed in MCHII™ APCs, including B cells, macro-
phages and DCs, to suppress immune responses’’ . MH-
CIT" APCs upon cinnamon extract treatment produced
significantly reduced levels of pro-inflammatory cytokines,
including IL-1f, IL-6, IL-12, IFN-y and TNF-q, while
enhancing 1L-10 levels (Figure 2A and B). Treatment with
cinnamon extract also reduced NO production, a potent
mediator of pro-inflammatory response in cinnamon-
pulsed MCHII" APCs (data not shown). In addition,
cinnamon-pulsed DCs significantly decreased expression
of pro-inflammatory cytokines, while upregulating 1L.-10
and TGF-f levels (Figure 3A). These results suggest that
upregulated 1L-10 and TGF-f levels in APCs by cinna-
mon extract may mediate downregulation of MHCII and
co-stimulatory molecules'™*.

Tolerogenic APCs inhibit effector T-cell function by
suppressing T-cell proliferation and cytokine expression’”
Upon LPS treatment, MHCIT" APCs and CD11¢" DCs
strongly induced antigen-specific T-cell proliferation
(Figure 4). However, cinnamon-pulsed MHCII™ APCs
and CD11c¢" DCs significantly reduced T-cell prolifera-
tion in response to antigen stimulation (Figure 4). Upon
cinnamon extract treatment, how do APCs reduce their
antigen-presenting capacity? An increased production of
immunoregulatory cytokines (IL-10 and TGF-f) by cin-
namon extract may reduce antigen-presenting capacity
because increased levels of 1L-10 and TGF- suppress
the expression of MHCII and co-stimulatory molecules
on APC surfaces™™. Another possibility is that cinnamon
extract may modulate DC properties. Tolerogenic APCs
could generate IL-10™" (Tr1) or Foxp3” regulatory T
cells™, These latter cells have pivotal roles to suppress ex-

(49

_gu;ﬁfm,@ WJG | www.wjgnet.com

984

aggerated immune responses in autoimmune, allergic and
infectious diseases™". Here, we found that T cells cul-
tured with cinnamon-pulsed DCs significantly decreased
expression levels of pro-inflammatory cytokines such as
IL-6, 1L-12, I11-17, IFN-y and TNF-q,, while increasing
IL-10 levels (Figure 5), which indicates that cinnamon-
pulsed DCs inhibit Thl polarization of naive T cells
rather than generate IL-10"" regulatory T' cells. Does
cinnamon extract treatment increase Foxp3+ regulatory
T cells? However, cinnamon extract treatment failed to
increase Foxp3 expression within CD4" T cells (data not
shown).

COX-2 is a key mediator for PG synthesis. It promotes
inflammatory immune response to exaggerate pathogen-
esis in rheumatoid arthritis, multiple sclerosis and cancer”".
In the normal state, expression of COX-2 is almost unde-
tectable. However, many cell types including chondrocytes,
macrophages, DCs and epithelial cells express high levels
of COX-2 by various stimuli such as 1L-13, TNF-a., phor-
bol esters, hypoxia, and LPS"*. COX-2 plays a pivotal
role in inflammation and tumor progression[53j. In our pre-
vious study, we have shown that cinnamon treatment ef-
fectively inhibits COX-2 expression in melanoma cell lines
and in melanoma models™. In this study, we found that
treatment with cinnamon extract also significantly inhib-
ited COX-2 expression in Raw macrophage cells (Figure 1),
primary MHCIT™ APCs (Figure 2), CD11c¢” DCs (Figure 3),
and in cells isolated from mesenteric lymph nodes in exper-
imental colitis (Figure 6). IL-10 and TGF-3 downregulate
COX-2 expression in the immune System[54’55], therefore,
decreased expression of COX-2 levels (Figures 3, 4 and 0)
may contribute to increased expression of IL-10 and
TGF-B. However, we still do not know whether COX-2
inhibition by cinnamon is accomplished by intrinsic
mechanisms such as active compounds of cinnamon, or
extrinsic mechanisms mediated by immunomodulation.
Currently, we are trying to identify active compounds
from the cinnamon extract that have potent anti-COX-2
activities.

In summary, our study suggests a potent anti-inflam-
matory function of cinnamon extract that modulates ef-
fector function of APCs 7 vitro and in vive. Cinnamon ex-
tract strongly inhibits maturation of APCs rather endows
them with tolerogenic capacities that produce high levels
of anti-inflammatory cytokines. Moreover, oral adminis-
tration of cinnamon extract strongly ameliorated TNBS-
induced experimental IBD by increasing II.-10 levels while
downregulating pro-inflammatory cytokines. Further iden-
tification of the active components of cinnamon extract
could lead to development of potent anti-inflammatory
agents that target diverse inflammatory immune disorders.

COMMENTS

Background

Recently, the incidence of inflammatory immune disorders including inflamma-
tory bowel disease, rheumatoid arthritis and allergic diseases has been growing
fast. However, any conclusive medication for the treatment of these diseases
is not available. Hence, oriental herbal medicines, which have been shown to
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have various bioactive components, are regarded as a potent source of medi-
cation for the development of immunomodulators.

Research frontiers

Cinnamomum cassia bark contains various bioactive molecules, and has been
shown to have diverse biological functions such as antioxidant, antimicrobial
and antidiabetic effects. However, although little evidence suggests its immu-
nomodulatory properties such as inhibiting the production of NO, cyclooxygen-
ase-2 and prostaglandin E2 in macrophage cell lines, it is still unclear how cin-
namon modulates the function of immune cells, especially in vivo. In this study,
the authors demonstrated potent anti-inflammatory properties of cinnamon
through modulating the properties of antigen-presenting cells (APCs) in vitro
and in vivo.

Innovations and breakthroughs

The work has demonstrated the potent anti-inflammatory properties of cin-
namon extract. It modulates the properties of APCs to endow them with im-
munoregulatory phenotypes. In particular, cinnamon extract treatment of APCs
affected their maturation, to have tolerogenic immune function by upregulating
expression patterns of tolerogenic marker molecules such as B7-DC and cyto-
kines including interleukin (IL)-10 and transforming growth factor-p. Moreover,
cinnamon-extract-treated APCs affected effector functions of T cells by inhibit-
ing their proliferation, while increasing IL-10 production, resulting in potent
therapeutic effects in an animal model of intestinal colitis. The data strongly
suggest that cinnamon extract is a potent anti-inflammatory herbal medicine
that can be used to treat inflammatory bowel disease.

Applications

The authors have provided scientific evidence that cinnamon extract has potent
anti-inflammatory properties. Further identification of its active components
could lead to development of potent anti-inflammatory agents that target di-
verse inflammatory immune disorders.

Terminology

Cinnamon is from Cinnamomum cassia bark, which is a small evergreen tree
belonging to the family Lauraceae. APCs are cells that display foreign antigen
complexes with the MHC on their surface, for the recognition of this complex by
T-cells, using the T-cell receptors.

Peer review

This is an interesting study that showed the anti-inflammatory effects of cin-
namon extract. The authors demonstrated that cinnamon extract acts on APCs
and IL-10" regulatory cells. Cinnamon administration ameliorated experimental
colitis by inhibiting inflammatory cytokines.
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