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Abstract: The therapy for the advanced colon cancer (Cca) is unsatisfactory currently. To regulate the immune ef-
fector cell function has shown a positive effect on the treatment of advanced cancers. This study tests a hypothesis 
that administration with curcumin converts the Cca patient-derived regulatory T cells (Treg) to T helper (Th) 1 cells. 
In this study, a group of patients with advanced Cca was recruited into this study. The patients were treated with 
curcumin. The peripheral Tregs and Th1 cells were assessed by flow cytometry. The results showed that, after the 
curcumin therapy, the forkhead box protein (Foxp) 3 positive Treg frequency was markedly reduced, the frequency of 
Th1 cells was significantly increased in Cca patients. Treating with curcumin repressed the Foxp3 gene transcription 
in Tregs; the Tregs were then converted into Th1 cells. The results also revealed that Foxp3 bound T-bet to prevent 
IFN-γ expression in CD4+ T cells, which was abolished by treating with curcumin. In conclusion, the administration of 
curcumin can convert Tregs to Th1 cells via repressing Foxp3 expression and enhancing IFN-γ production. 
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Introduction

Colon cancer (Cca) is one of the leading diseas-
es threatening human life [1]. At the advanced 
stage, Cca often metastases to adjacent tis-
sues or remote tissues, which makes the can-
cer impossible to be radically removed [2]. 
Such a condition is indicated suitable for 
employing the chemotherapy or/and immuno-
therapy [3, 4]. 

Chemotherapy for cancer is to employ chemical 
substances, especially one or more anti-cancer 
drugs to treat cancer. In general, chemotherapy 
agents are toxic and characterized to kill those 
cells divided rapidly. Since cancer cells divide 
rapidly, these drugs kill cancer cells more likely 
than damage the irrelevant cells in the cancer-
bearing hosts [5]. However, a large number of 
cancer patients still complain plenty of side 
effects of chemotherapy [6]. Immunotherapy 
has been employed in the cancer therapy for 
many years by using immune cells, cytokines 
and antibodies [7]. Substances are also used 
to provoke the immune system to attach can-
cer cells. Curcumin is a phytochemical, with a 

chemical formula of C21H20O6 (MW: 368.37), is 
extracted from the plant Curcuma longa, is an 
antioxidant that exerts antiproliferative and 
apoptotic effects, and has been employed in 
the cancer therapy [8]. It is reported that cur-
cumin can modify the various protein expres-
sion, including inflammatory cytokines, tran-
scription factors and gene products associating 
with cell proliferation and survival [9]. Curcumin 
has been used in the studies of colon cancer 
[10]; its therapeutic mechanism is not fully 
understood yet. 

Tumor tolerance describes a state of unrespon-
siveness of the immune system to tumors that 
have the capacity to elicit an immune response 
in the body. One of the mechanisms of tumor 
tolerance is that the population of immune reg-
ulatory cells, such as the CD4+ CD25+ Foxp3+ 
regulatory T cells (Treg), increases in the body 
[11]. By releasing immune suppressive mole-
cules, such as transforming growth factor 
(TGF)-β, Tregs suppress the antitumor immune 
effector cells and thus compromise the immune 
surveillance on tumors in the body [12]. Yet, 
how to regulate the Treg population in the can-
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cer-bearing subjects has not been well 
established. 

The immune effector cells are important com-
ponents of the immune surveillance in the 
body, including CD8+ T cells, CD4+ T cells, natu-
ral killer cells and natural killer T cells. After 
activation, the antitumor immune cells release 
antitumor cytokines, such as perforin, gran-
zyme B, interferon (IFN)-γ, to induce cancer cell 
death [13-15]. The antitumor function of these 
cells may be disturbed by Tregs in patients with 
cancers under certain environment [12]. To rec-
oncile such a disturbance between regulatory 
cells and antitumor cells may contribute to the 
tumor therapy. In this study, we observed the 
effect of curcumin, an over-the-counter medi-
cine, in the regulation of the property of Tregs 
from Cca patients. Curcumin suppressed the 
expression of forkhead box protein (Foxp) 3, 
increased the expression of IFN-γ and the fre-
quency of Th1 cells in the peripheral system. 

Materials and methods

Reagents

The curcumin (C21H20O6, MW: 368.37, purity: 
≥98%) was purchased from Biomart (Beijing, 
China). The Jurket cells were purchased from 
the Shanghai Cell Line Bank (Shanghai, China). 
The antibodies of Foxp3, IFN-γ and T-bet were 
purchased from Santa Cruz Biotech (Shanghai, 
China). The fluorochrome-labeled antibodies of 
Foxp3, CD25, TGF-β and IFN-γ were purchased 
from BD Biosciences (Shanghai, China). The 
ChIP kit and luciferase kit were purchased from 
Sigma Aldrich (Shanghai, China). The reagents 
for real time RT-PCR and Western blotting were 
purchased from Invitrogen (Shanghai, China). 
The immune cell isolation kits were purchased 
from Miltenyi Biotech (Shanghai, China). 

Human subjects and curcumin therapy

Patients with (20 males and 20 females; age: 
58.5 ± 22.6) Cca and healthy subjects (15 
males and 15 females, age: 55.6 ± 15.2) were 
recruited into the present study. The diagnosis 
and surgical removal of the Cca were performed 
by their surgeons and pathologists. Immediately 
after the Cca surgery, Cca patients were treat-
ed with one month of therapy of 3 g oral cap-
sules of curcumin or an identical placebo in 2 
divided doses daily (consisting of 3 capsules 

twice a day before meals). No other specific 
Cca treatment was carried out during the peri-
od of the curcumin therapy, although the 
patients were treated with chemotherapy or 
radiotherapy afterwards (the curcumin therapy 
did not interfere with the initiation of those Cca 
therapies). The experiments were approved by 
the Human Ethic Committee at Tianjin Union 
Medical Center. All the procedures were per-
formed in accordance with the approved guide-
lines. An informed, written consent was 
obtained from each subject. 

Isolation of peripheral blood mononuclear 
cells (PBMC)

The peripheral blood samples (20 ml per sub-
ject) were obtained via the elbow vein puncture. 
PBMCs were isolated from the blood samples 
by gradient density centrifugation. 

Cell culture

The PBMCs or other immune cells were cul-
tured in RPMI1640 medium supplemented with 
10% fetal bovine serum, 100 U/ml penicillin, 
0.1 mg/ml streptomycin and 2 mM L-glutamine. 
The medium was changed in 3 days. The cell 
viability was checked with the Trypan blue 
exclusion assay. 

Immune cell isolation

The immune cells were purified by the magnetic 
cell sorting (MACS) with commercial reagent 
kits following the manufacturer’s instructions. 
The purity of the isolated cells was checked by 
flow cytometry. If the purity did not reach or 
over 95%, the MACS was performed again. 

Flow cytometry

For staining of the surface markers, the cells 
were stained with fluorochrome-labeled anti-
bodies of interest or isotype IgG for 30 min on 
ice. After washing with buffer, the cells were 
analyzed by a flow cytometer (FACSCanto II, BD 
Bioscience, Shanghai, China). For the intracel-
lular molecule staining, after staining with 
extracellular markers, cells were permeabi-
lized, and fixed, and were stained with fluoro-
chrome-labeled antibodies of interest or iso-
type IgG for 30 min on ice. After washing, the 
cells were analyzed with a flow cytometer. The 
data were analyzed with the software FlowJo 
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with the data of isotype IgG staining as a gating 
reference. 

Preparation of cytosolic and nuclear extracts

Cells were incubated with lysis buffer at 4°C for 
15 min, and centrifuged at 500×g for 10 min at 
4°C. The supernatant was collected as the 
cytosolic extract. The pellet was added with 
nuclear extract buffer and incubated for 15 min 
at 4°C, followed by centrifugation at 13,000×g 
for 10 min at 4°C. The supernatant was col-
lected as the nuclear extract. The protein con-
centrations were determined by the Bradford 
method.

Chromatin immunoprecipitation (ChIP)

ChIP assay was performed with the reagents 
and protocol from Sigma Aldrich. In Cells were 
fixed with 1% formaldehyde for 15 min to cross-
link the DNA and protein. The cells were then 
lysed and sonicated to shear the chromatin 
DNA. Cell lysate was precleared with protein 
G-agarose for 2 h at 4°C. The supernatant was 
incubated overnight at 4°C with 2 μg of specific 
antibodies or isotype IgG. The precipitated anti-
body-chromatin complex was collected by incu-
bation with protein G-agarose for 1 h at 4°C, 
and then washed and eluted in elution buffer. 
DNA was recovered from the precipitated sam-
ples by reverse crosslinking at 65°C for 4 h. The 
cross-links were reversed at 65°C for 4 h and 
digested with proteinase K for 1 h at 45°C to 
remove proteins, then the immunoprecipitated 
DNA was recovered by phenol/chloroform 
extraction and ethanol precipitation. The DNA 
or input (10%, collected before antibody pre-
cipitation) was analyzed by qPCR with the fol-
lowing primers: Foxp3 promoter (gcgaaggat-
gctttgggtag and tcttctccaggttgctgagg). The 
results were calculated and presented as the 
folds of change against the input. 

Real time quantitative RT-PCR (RT-qPCR)

The total RNA was extracted from the cells with 
the Trizol reagents. The cDNA was synthesized 
with the RNA and a reverse transcription kit. 
The qPCR was performed in a real time PCR 
device with the SYBR Green Mater Mix and the 
primers including Foxp3 (cccggatgtgagaaggtctt 
and cttgtcggatgatgccacag) and IFN-γ (gtgat-
tatcggcagctggtg and tccctttgtttctcccctgg). The 
results were calculated with the 2-ΔΔCt method 

and presented as folds of change against a 
control. 

Western blotting

The total proteins were extracted from cells, 
fractioned by SDS-PAGE and transferred onto a 
PVDF membrane. After blocking by 5% skim 
milk, the membrane was incubated with the pri-
mary antibodies or isotype IgG overnight at 
4°C, and followed by incubating with the sec-
ond antibodies (labeled with peroxidase) for 1 h 
at room temperature. Washing with Tris buff-
ered saline-Tween 20 was performed after 
each time of incubation. The immune blots on 
the membrane were developed with enhanced 
chemiluminescence. The results were photo-
graphed with an image processing system 
(KODAK, Shanghai, China). 

Reporter gene transfection

The luciferase gene-conjugated reporter genes 
of Foxp3 and T-bet were provided by Genescript 
(Nanjing, China) and transfected into Jurket 
cells or CD4+ T cells with a lipofectamine kit fol-
lowing the manufacturer’s instructions. Cells 
were lysed 24-h after the transfection in a lysis 
buffer. Luciferase assays were performed on 
an Orion II microplate luminometer (Berthold 
detection systems, Oak Ridge, TN, Germany) 
with commercial reagent kits following the 
manufacturer’s instructions. The results were 
presented as folds of change against a 
control. 

Foxp3 overexpression

The Foxp3 overexpression plasmids and con-
trol plasmids were provided by Genescript 
(Nanjing, China). The plasmids were transfect-
ed to CD4+ T cells with a lipofectamine reagent 
kit following the manufacturer’s instructions. 
The overexpression results were checked by 
Western blotting. 

Foxp3 polarization

In the RPMI-1640 medium supplemented with 
10% heat-inactivated fetal bovine serum, 2 mM 
L-glutamine, 100 IU/ml penicillin, 100 μg/ml 
streptomycin, 10 mM HEPES and 5 mM β- 
mercaptoethanol, the naive CD4+ CD25- Foxp3- 
CD62Lhi T cells were activated with plate-bound 
anti-CD3 (5 μg/ml) plus soluble anti-CD28 (2 
μg/ml), 5 ng/ml rmTGF-β1 and 10 ng/ml rmIL-



Curcumin increases Th1 cell population

1869 Am J Transl Res 2017;9(4):1866-1875

2. Six days later, the cells were checked by flow 
cytometry.

Th1 polarization

In the RPMI-1640 medium, supplemented with 
10% heat-inactivated fetal bovine serum, 2 mM 
L-glutamine, 100 IU/ml penicillin, 100 μg/ml 
streptomycin, 10 mm HEPES and 5 mm 
β-mercaptoethanol, the naive CD4+ CD25- T 
cells were cultured with plate-bound anti-CD3 
(5 μg/ml) plus soluble anti-CD28 (2 μg/ml), 10 
ng/ml rmIL-12 and 10 μg/ml anti-IL-4. 

Immunoprecipitation (IP)

The protein extracts were pre-cleared by incu-
bation with protein G agarose at 4°C for 2 h. 
After centrifugation, the supernatant was incu-
bated with specific antibodies at 4°C overnight. 
The immune complex was precipitated by incu-
bation with protein G agarose at 4°C for 2 h. 
The immune complex on the agarose beads 
were eluted with an elution buffer and subject-
ed to Western blotting. 

Statistics

The data are presented as mean ± SD. The dif-
ference between two groups was determined 
by Student t test or ANOVA if more than two 
groups. A P<0.05 was set as a significant 
criterion. 

Results

Administration of curcumin modulates the ra-
tio of CD4+ CD25+ Foxp3+ T cells/CD4+ CD25+ 
Foxp3- T cells in patients with Cca

We recruited a group of Cca patients in this 
study. The patients were randomly divided into 
two groups, the curcumin group and the place-
bo group. The patients were treated with cur-
cumin or placebo immediately after the Cca 
surgery and before receiving any additional 
treatment (such as radiotherapy or chemother-
apy). The peripheral blood samples were col-
lected from each patient before and after the 
treatment as well as from a group of healthy 
subjects. The samples were analyzed by flow 

Figure 1. Curcumin modulates the phenotypes of CD4+ T cells in Cca patients. Peripheral mononuclear cells (PBMC) 
were collected from healthy subjects (n = 10) and Cca patients [treated with curcumin (n = 10) or placebo (n = 10)]. 
The PBMCs were analyzed by flow cytometry. (A-D) The gated cells show the frequency of Tregs and Teffs. (E-G) The 
bars indicate the summarized data of Tregs (E) and Teffs (F) in the upper gates of (A-D), or the frequency of IL-4+ cells 
and IFN-γ+ cells (G) in the lower gates of (A-D). The data of bars are presented as mean ± SD. *, P<0.01, compared 
to the healthy group. Samples from individual subjects were processed and analyzed separately. 
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cytometry. The results showed that, compared 
to the healthy subjects, the frequency of CD4+ 
CD25+ Foxp3+ T cells (Tregs) was higher, and 
the frequency of CD4+ CD25+ Foxp3- T cells 
(Teffs) was lower in the Cca patients, which was 

comparable with that in the healthy subjects 
after treatment with curcumin, but not in those 
treated with placebo, for one month. The 
results indicate that treatment with curcumin 
increases the frequency of Teffs and suppress-

Figure 2. Curcumin represses Foxp3 transcription in Tregs of Cca patients. The CD4+ CD25+ CD127- Tregs were col-
lected from healthy subjects (n = 10) and Cca patients (n = 10; before and 10, 20, and 30 days after the curcumin 
therapy). The samples were analyzed by ChIP (A-D), RT-qPCR (E) and Western blotting (F). The data of bars are pre-
sented as mean ± SD. *, P<0.01, compared to the healthy group. Samples from individual subjects were processed 
and analyzed separately.

Figure 3. Curcumin represses Foxp3 gene transcription. Jurket cells were transfected with a Foxp3 reporter gene 
or a control reporter (A). The cells were cultured under a Foxp3 polarization condition for 3 days, and followed by 
stimulation with curcumin (10 μM) in the culture overnight. (B) The bars indicate the luciferase activity. The data of 
bars are presented as mean ± SD. *, P<0.01, compared to the control group (the first bar). The data are summa-
rized from 3 independent experiments. 
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es the frequency of Tregs in patients with the 
Cca removal. 

We then analyzed the phenotypes of the Teffs 
following the gating procedures. The results 
showed that the frequency of IL-4+ T cells in Cca 
patients was similar to that in healthy subjects. 
The frequency of IFN-γ+ T cell was lower in Cca 
patients than that in healthy subjects before 
the curcumin therapy, which was increased to 
the similar levels of healthy subjects after the 
one month’s curcumin therapy (Figure 1G). The 
results implicate that the curcumin therapy 
suppresses the Treg population and enhances 
Th1 population in the peripheral system of Cca 
patients. Possibly, the curcumin therapy con-
verts Tregs to Th1 cells in the Cca patients. 

Curcumin induces the chromatin remolding at 
the Foxp3 promoter locus of the Tregs in Cca 
patients

The data of Figure 1 suggest that the curcumin 
therapy suppresses Treg population in Cca 

patients. To take an insight into the mecha-
nism, we isolated the peripheral CD4+ CD25+ 
CD127- Tregs from Cca patients before the cur-
cumin therapy and analyzed by ChIP. The results 
showed that higher levels of p300, acetylated 
H3K4 and STAT3/5 were detected in the Foxp3 
promoter locus, which were gradually declined 
in the course of the curcumin therapy (Figure 
2). The results implicate that the curcumin ther-
apy induces the chromatin remolding at the 
Foxp3 promoter locus and represses the Foxp3 
gene transcription. 

Curcumin represses Foxp3 gene transcription

To enforce the results of Figure 2, we transfect-
ed a reporter gene of Foxp3 into Jurket cells, 
and treated the Jurket cells with the Foxp3 
polarization condition with or without the pres-
ence of curcumin in the culture. The results 
showed that the presence of curcumin signifi-
cantly suppressed the luciferase activity and 
the Foxp3 levels in the Jurket cells (Figure 3). 

Figure 4. Curcumin converts Cca patient-derived Tregs to Th1 cells. CD4+ CD25+ CD127- T cells were isolated from 
PBMC (from 10 Cca patients) by MACS (A, B). The cells were cultured in the presence of curcumin (10 mM) for 6 
days, and then analyzed. (C, D) The gated histograms indicate the frequency of IFN-γ+ cells. (E) The bars are the 
summarized data of (C, D). (F) The bars indicate the mRNA levels of IFN-γ. (G) The immune blots indicate the protein 
levels of IFN-γ. (H, I) The gated histograms indicate the frequency of Foxp3+ cells. (J) The bars are the summarized 
data of (H, I). (K) The bars indicate the mRNA levels of IFN-γ. (L) The immune blots indicate the protein levels of IFN-γ. 
The data of bars are presented as mean ± SD. *, P<0.01, compared to the medium group. The data are summarized 
from 3 independent experiments. 
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Curcumin converts Foxp3+ Tregs to Th1 cells

The data reported above implicate that curcum-
in might convert the Tregs to Th1 cells. To this 
end, we isolated peripheral CD4+ CD25+ CD127- 
Tregs from Cca patients (Figure 4A, 4B). The 
cells were treated with curcumin in the culture 
for 6 days, and then analyzed by flow cytome-
try. The results showed that more than 90% 
Tregs were converted to CD4+ IFN-γ+ T cells 
(Figure 4C-E). No Foxp3+ cells were detected in 
the curcumin-treated cells (Figure 4F-H). The 
results were supported by the data of RT-qPCR 
and Western blotting (Figure 4F, 4G, 4K, 4L). 

Foxp3 binds T-bet to prevent IFN-γ expression 
in CD4+ T cells

The above data implicate that the expression of 
Foxp3 may interfere with the expression of 
IFN-γ in CD4+ T cells. To test the inference, we 
overexpressed Foxp3 in CD4+ T cells (Figure 
5A). The cells were then exposed to the Th1 

polarization condition. Indeed, the expression 
of Foxp3 prevented the expression of IFN-γ in 
the CD4+ T cells (Figure 5B). Curiously, we 
checked if the above CD4+ T cells expressed 
the T-bet, the IFN-γ transcription factor, after 
treating with the Th1 polarization. The results 
showed that the T-bet was still expressed by 
the CD4+ T cells after treating with Foxp3 over-
expression and the Th1 polarization (Figure 
5C). The data implicate that although still 
expressing, the T-bet is dysfunction in the CD4+ 
T cells. One possibility may be that the Foxp3 
prevents the function of T-bet. To test this, we 
analyzed the extracts of the above CD4+ T cells 
by immunoprecipitation. The results showed 
that a complex of Foxp3 and T-bet was detect-
ed in the extracts (Figure 5D), suggesting that 
Foxp3 physically contacts T-bet to prevent the 
function of T-bet in CD4+ T cells. To support the 
reasoning, the CD4+ T cells with or without 
Foxp3 overexpression were transfected with a 
reporter gene of T-bet (Figure 5E), and then 
treated with the Th1 polarization condition. The 

Figure 5. Foxp3 binds T-bet to prevent IFN-γ expression in CD4+ T cells. (A) CD4+ CD25- T cells were collected from 
10 healthy human subjects, and transferred with a Foxp3 plasmid or control plasmid (the Control, containing no 
Foxp3 sequence). The immune blots indicate the Foxp3 overexpression in CD4+ T cells. (B, C) Naïve CD4+ T cells and 
CD4+ T cells with Foxp3 overexpression were treated with the Th1 polarization condition for 4 days. The cells were 
analyzed by RT-qPCR (B), Western blotting (C) and IP (D). (E, F) CD4+ T cells with or without Foxp3 overexpression 
were transfected with a T-bet reporter gene or a control gene, and treated with the Th1 polarization condition for 24 
h. The bars indicate the T-bet gene activity. The data of bars are presented as mean ± SD. *, P<0.01, compared to 
the naive group. The data are representatives of 3 independent experiments.
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results showed that the Foxp3 overexpression 
inhibited the T-bet activity in the CD4+ T cells 
(Figure 5F). 

Discussion

After treating a group of Cca patients with cur-
cumin, we observed that the frequency of Treg 
was markedly reduced, the Th1 cell population 
was significantly increased in the peripheral 
system. The data showed that curcumin 
repressed the expression of Foxp3 in Tregs. As 
Foxp3 bound T-bet, the IFN-γ transcription fac-
tor, to form a complex, to prevent the IFN-γ 
expression in CD4+ T cells, the inhibition of 
Foxp3 by curcumin resulted in the expression 
of IFN-γ in the CD4+ T cells. Since Th1 cells are 
one of the important antitumor effector cells 
[16], the data have expanded our knowledge in 
the understanding of the antitumor effect of 
curcumin. 

With the property of anti-proliferation and 
inducing apoptosis, curcumin has the antitu-
mor ability [17]. Curcumin can promote the 
expression of p53 to induce cancer cell apopto-
sis, in which the mechanism is to inhibit the 
expression of insulin-like growth factor-1 (IGF-1) 
and survivin, since IGF-1 and survivin suppress 
the function of p53 [18, 19]. The present data 
have revealed a novel functional aspect of cur-
cumin; after taking curcumin for one month, we 
observed a decrease in Tregs and an increase 
in Th1 cells in the peripheral system of Cca 
patients, suggesting that curcumin is capable 
of regulating the property of Tregs in Cca 
patients. Tregs are an important cell population 
in the tumor tolerance [20]. Inhibition of Tregs 
is one of the approaches to break down the 
tumor tolerance [21]. Thus, the present data 
suggest that administration with curcumin may 
contribute to regulating tumor tolerance. 

Th1 cells are one of the antitumor cell popula-
tion [22]. IFN-γ is regarded as the effective 
mediator by which the Th1 cells fulfill the antitu-
mor action [23]; such as Imani Fooladi et al 
reported that administration with Lactobacillus 
acidophilus increased the production of IFN-γ, 
which inhibited the experimental breast cancer 
cell growth [23]. On the other hand, suppress-
ing the production of IFN-γ by Th1 cells pro-
motes cancer growth [24]. Apart from the above 
published data, the present data have revealed 

another pathway in the induction of Th1 cells in 
the cancer bearing hosts. Our data indicate 
that curcumin can convert Tregs to Th1 cells in 
the Cca patients. The data are strengthened by 
the data of in vitro experiments of the present 
study. 

The plasticity of the CD4+ T cells has been 
reported. Several subtypes of CD4+ T cells have 
been defined, including Th1, Th2, Th9, Th17 
and Tregs. Apart from Tregs, other subtypes of 
CD4+ T cells have the antitumor capability [13, 
25, 26]. Published data indicate that under a 
certain environment, Tregs can be converted to 
other subtypes of CD4+ T cells, such as Singh et 
al indicate that Tregs can be converted to Th17 
cells [27]. Wang et al indicate that Tregs can be 
converted to Th2 cells [28]. Our data indicate 
that, after the curcumin therapy, the Cca 
patient-derived Tregs can be converted into 
Th1 cells. Supportive data were also reported; 
Lee et al indicated that transfer with condi-
tioned dendritic cells converted Tregs to Th1 
cells [29]. 

The present data have revealed another 
indepth mechanism by which the curcumin 
therapy suppressed the levels of Foxp3 in 
Tregs. The suppression of Foxp3 resulted in the 
increase in T-bet levels in the Tregs leading the 
Tregs to be converted to IFN-γ-producing Th1 
cells. Lee et al found that such a conversion 
was mediated by dendritic cell-derived mole-
cules, which interacted with the Toll like recep-
tors on Tregs. Our data show another aspect of 
such a conversion. We found that in the Tregs, 
Foxp3 bound T-bet, the transcription factor of 
IFN-γ, to prevent the expression of IFN-γ. Since 
curcumin suppressed the expression of Foxp3, 
the T-bet was liberated, the IFN-γ was increased 
in the cells. Zhao et al also observed similar 
phenomenon; they found that after curcumin 
stimulation, the nuclear translocation of p65 
and c-Rel were markedly decreased, which is 
critical for Foxp3 and CD25 expression [30]. 

In summary, the present study showed that the 
administration of curcumin markedly sup-
pressed the Treg population, and significantly 
increased the frequency of Th1 in the peripher-
al system of Cca patients. 
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