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Abstract: The interleukin (IL)-23/IL-17A/IL-22 cytokine axis plays a critical role in the pathogenesis of psoriasis,
wherein IL-22 effects on epidermal alternations by inhibiting differentiation and inducing keratinocyte proliferation.
In this study, we investigated effects of curcumin on IL-22-induced proliferation in a human keratinocyte cell line
(HaCaT) in vitro experiment. The HaCaT cells growth was measured by a Cell Counting Kit-8. The cyclin D1 and cyclin
E was detected by real-time RT-PCR and weatern blot. The STAT3 and phosphorylation of STAT3 was tested by weatern blot also. Our results show that curcumin exhibited a significant anti-proliferation effect on HaCaT cells, even in
the presence of IL-22. Since STAT3 is crucial for IL-22 signal transduction, we examined the level of phosphorylation
of STAT3 in all of the experimental groups. As expected, curcumin inhibited IL-22 induced phosphorylation of STAT3;
furthermore, curcumin down regulated cyclin D1 and cyclin E. We can reach a conclusion that curcumin can suppress the proliferation of keratinocytes even with IL-22 treatment. Therefore, we have confidence in future curcumin
research about psoriasis treatment.
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Introduction
The interleukin (IL)-23/IL-17A/IL-22 cytokine
axis plays a critical role in the pathogenesis of
psoriasis. Skin lesions and the plasma of psoriasis patients show increased IL-22 production
[1, 2]. IL-22 is one of important cytokines produced by epidermal gd T cells, whose elevated
plasma levels relate to disease severity [3].
IL-22 plays a pivotal role in the epidermal alterations of psoriasis, including acanthosis, hypogranularity and hyperkeratosis [3, 4], which
ascribe to the abnormal differentiation, proliferation, and migration of keratinocytes after
the activation of the IL-22 signal transduction
pathway [3, 5, 6]. Obviously, IL-22 is a potential
target for psoriasis treatment.
Curcumin is a compound obtained from turmeric and investigated in-depth [7]. We found that
curcumin was able to inhibit the hyper-proliferation of epidermal cells in an imiquimod-induced
psoriasis mouse model [8]. The mechanism of

curcumin inhibitory keratinocyte hyper-proliferation still remains unknown. Therefore, we
designed this preliminary study to explore that
role of curcumin using a human keratinocyte
cell line (HaCaT).
Materials and methods
Chemicals
The reagents used in this study include recombinant human IL-22 (PeproTech, London, UK),
curcumin and anti-b-actin antibody (Sigma, St.
Louis, MO, USA), Cell Counting Kit-8 (CCK-8
Dojindo, Kumanoto, Japan), TRIzol Reagent
(Invitrogen, Carlsbad, CA, USA), and PrimeScript
RT Reagent Kit and SYBR® Premix Ex TaqTM II
(Takara, Dalian, China). Anti-STAT3 antibody
and anti-STAT3 phospho Y705 antibody were
purchased from Abcam (Cambridge, UK).
Antibodies against human cyclin D1 and cyclin
E were purchased from Cell Signaling Technology (Boston, MA, USA) and Novus Biological
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Table 1. Primer sequences of human genes
examined by quantitative real-time RT-PCR
Target gene
cyclinD1 (S)
cyclinD1 (AS)
cyclin E (S)
cyclin E (AS)
GAPDH (S)
GAPDH (AS)

Primer sequence
5’-GCTGGAGCCCGTGAAAAAGA-3’
5’-CTCCGCCTCTGGCATTTTG-3’
5’-ATCAGCACTTTCTTGAGCAACA-3’
5’-TTGTGCCAAGTAAAAGGTCTCC-3’
5’-CATGAGAAGTATGACAACAGCCT-3’
5’-AGTCCTTCCACGATACCAAAGT-3’

AS, antisense; S, sense.

(Littleton, CO, USA), respectively. Curcumin was
dissolved in 40% propylene glycol PBS solution,
stored at 4°C and further diluted in medium
prior to each experiment.
Cell culture
The HaCaT cell line was maintained in our laboratory [9]. The HaCaT cells were cultured and
passaged in RPMI-1640 medium (Gibco) supplemented with 10% fetal bovine serum (Gibco)
and penicillin (100 U/mL)/streptomycin (100
μg/mL). The HaCaT cells were maintained in a
humidified atmosphere of 5% CO2 and 95% air
at 37°C.
Cell growth curve assays
HaCaT cells were planted in 96-well plates (5 ×
103 per well). Before the test, the cell culture
supernatants were removed. The cells were
washed twice with PBS, and tested by Cell
Counting Kit-8 which measure the living cells.
All of the procedure was followed the introduction of Kit. The absorbance values were measured spectrophotometrically by a multi-well
scanning reader.
Western blot
To determine the levels of STAT3, p-STAT3,
cyclin D1 and cyclin E expression in HaCaT
cells, the total proteins were extracted as
described previously [10]. A total of 20-40 μg
protein was subjected to sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDSPAGE), separated by electrophoresis and transferred to a polyvinylidene difluoride (PVDF)
membrane. The membrane was incubated with
primary antibody followed by incubation with a
species-appropriate secondary antibody coupled to horseradish peroxidase. The bands

9581

were visualized using an ECL detection kit and
analyzed using Image Pro-Plus (6.0) [parameter: integrated optical density (IOD)]. The ratios
of p-STAT3 to total STAT3 were calculated and
compared in all groups.
Real-time RT-PCR
To detect the mRNA levels of cyclin D1 and
cyclin E in HaCaT cells, real-time RT-PCR was
performed as described previously [8]. The
primers used in this experiment are showed in
Table 1.
Statistics
All experiments were performed in triplicate
with a minimum of 3 replicates. The means and
standard deviations were also calculated. The
differences among treatments was determined
by ANOVA analysis; and differences between
treatments was analyzed by SNK test. A P-value
of 0.05 was considered statistically significant.
All of the data was processed with software of
SAS 9.3 (SAS Institute Inc., Cary, North Carolina,
USA).
Results
Curcumin inhibits the proliferation of IL-22treated HaCaT cells
The growth curves of the HaCaT cells were
recorded as described previously [11]. The
HaCaT cells were exposed to a combination
treatment of 7.37 μg/mL curcumin and 20 or
100 ng/mL IL-22. After 28 h, the absorbance
values of the living cells in the IL-22 treatment
(100 ng/mL) group increased remarkablly compared with the initial absorbance, but there was
no significant difference in the IL-22 (100 ng/
mL) and curcumin treatment groups, as presented in Figure 1A and 1B. However, there
was no significant difference between the
IL-22-treated group and the control group (P >
0.05). This result may due to the high rate of
HaCaT cells proliferation, which covered the
effect of IL-22. As expected, curcumin showed
a strong inhibitory effect on HaCaT cells proliferation with or without IL-22 treatment.
Moreover, the proliferation curves of HaCaT
cells showed cyclical feature roughly. All results
of statistic analysis are presented in Tables 2
and 3 of supplementary data file.
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Figure 1. Growth curve of HaCaT cells. The proliferation of HaCaT cells was examined by a CCK-8 kit described in
the Materials and Methods. The measurements were performed at the indicated time points. HaCaT cells were
incubated with 7.37 μg/mL curcumin for 2 h and then incubated with IL-22 until the test was performed. A. Growth
curve of HaCaT cells with IL-22 treatment (20 ng/mL). This test was performed at 6, 10, 14, 22, 28 and 34 h. B.
Growth curve of HaCaT cells with IL-22 treatment (100 ng/mL). This test was performed at 6, 12, 18, 24, 30 and 38
h. All of the results are showed by mean±SD with sample size of 5. CUR, curcumin.

Table 2. Results of statistic analysis from data of Figure 1A
Group

6h

10 h

F

P

F

3.56

0.0382

7.37

CUR vs Control

-

> 0.05

IL-22 vs Control

-

> 0.05

IL-22 vs IL-22+CUR

-

> 0.05

All groups

14 h
P

F

22 h

28 h

34 h

P

F

P

F

P

F

P

0.0026 50.34

< 0.01

20.42

< 0.01

85.76

< 0.01

36.30

< 0.01

-

> 0.05

-

< 0.05

-

< 0.05

-

< 0.05

-

< 0.05

-

> 0.05

-

> 0.05

-

> 0.05

-

> 0.05

-

> 0.05

-

< 0.05

-

< 0.05

-

< 0.05

-

< 0.05

-

< 0.05

F, F value; P, P value; CUR, curcumin.

Table 3. Results of statistic analysis from data of Figure 1B
Group
All groups

6h
F

12 h
P

F

33.91 < 0.01 13.18

18 h
P

< 0.01

F

24 h
P

F

20 h
P

14.42 < 0.01 18.87 < 0.01

F

38 h
P

F

68.66 < 0.01 136.96

P
< 0.01

CUR vs Control

-

< 0.05

-

< 0.05

-

< 0.05

-

< 0.05

-

< 0.05

-

< 0.05

IL-22 vs Control

-

> 0.05

-

> 0.05

-

> 0.05

-

> 0.05

-

> 0.05

-

> 0.05

IL-22 vs IL-22+CUR

-

< 0.05

-

< 0.05

-

< 0.05

-

< 0.05

-

< 0.05

-

< 0.05

F, F value; P, P value; CUR, curcumin.

Effect of curcumin on activation of STAT3, cyclin D1 and cyclin E
The levels of STAT3 and phosphorylated STAT3
(p-STAT3) protein were examined by western
blot. As results showed that IL-22 was able to
up-regulate the level of p-STAT3 protein remarkablly; and that effect of IL-22 was almost entirely inhibited by curcumin (Figure 2A). Furthermore, the p-STAT3 level in normal HaCaT
cells was down-regulated by curcumin as well.
There was no difference of STAT3 levels
observed in all groups. The levels of cyclin D1
and cyclin E in HaCaT cells were examined by
real-time RT-PCR and western blot. The results
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showed that both cyclin D1 and cyclin E levels
were suppressed by curcumin even with or
without IL-22 treatment (Figure 2B). But we
failed to find any difference of cyclin D1 and
cyclin E mRNA levels in all groups (Figure 2C
and 2D).
Discussion
Psoriasis is a chronic skin disease characterized by keratinocyte hyper-proliferation and a
massive infiltration of leukocytes [2]. The overexpression of IL-22 is a key factor in the pathogenesis of psoriasis vulgaris, which targets
keratinocytes. Therefore, the antagonism of
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Figure 2. Effects of curcumin on STAT3 and cyclins. A. Curcumin inhibits STAT3 activation. HaCaT cells were incubated with curcumin (7.37 μg/mL) for 2 h and then treated with IL-22 (100 ng/mL) for 30 min before performing
western blot assay. B. The expression of cyclin D1 and cyclin E. HaCaT cells were incubated with curcumin (7.37 μg/
mL) for 2 h and then treated with IL-22 (100 ng/mL) for 24 h before performing western blot assay. C. The mRNA
level of cyclin D1. HaCaT cells were incubated with curcumin (7.37 μg/mL) for 2 h and then treated with IL-22 (100
ng/mL) for 2 h or 6 h. D. The mRNA level of cyclin E. The experimental details are the same as those for cyclin D1.
The results shown are representative of at least 3 independent experiments. CUR, curcumin.

IL-22 is an attractive idea in psoriasis research.
Interestingly, we found that curcumin possessed this antagonism role in previous study
[8] and verified again in this study. As discussed
above, we previously found that curcumin inhibits the hyper-proliferation of keratinocytes in an
imiquimod-induced psoriasis mouse model.
The topical application of imiquimod on mouse
skin leads to activation of the IL-23/IL-17A/
IL-22 axis [12]. In this study, we found that curcumin displayed a strong inhibitory effect on
HaCaT cells proliferation with or without IL-22
treatment. As we know IL-22 signal conduction
in keratinocytes involves JAK-STAT3 pathway.
And inhibitory of STAT3 activation was able to
attenuate a psoriasis-like phenotype in a
mouse model [13]. Our study indicated that
p-STAT3 was up-regulated by IL-22-treatment,
which was suppressed significantly by curcumin. Furthermore, we found that curcumin suppressed the expression of cyclin D1 in IL-22
treated HaCaT cells. That indicated the target
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of curcumin inhibited cell proliferation by
impact on cell cycle. However, as a signal marker of cell growth, cyclin D1 was not abnormally
expressed in IL-22-treated HaCaT cells. This
result is consistent with the indication of cell
growth curves. Since cyclin E is expressed
downstream of cyclin D in the IL-22-activated
Erk/MAPK pathway, it is reasonable that the
expression of cyclin E was significantly reduced
either in curcumin-treated HaCaT cells. That
suggested curcumin may inhibit the proliferation of HaCaT cells by stoping cells in S phase.
Moreover, our results showed that both the
cyclin D1 and cyclin E protein levels, but not the
mRNA levels, were suppressed by curcumin.
This finding suggested that curcumin might
impact cyclin D1 and cyclin E protein expression on post-transcriptional modifications.
HaCaT cells are an immortalized cell line that
proliferates quickly with stimulation of serum
growth factors. The role of IL-22 in promoting
Int J Clin Exp Med 2015;8(6):9580-9584
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HaCaT cells proliferation may be covered by
their high proliferation. In spite of it is seemingly more appropriate to use primary keratinocyte cells with a slow growth speed. However,
primary keratinocyte cells must be grown in
serum-free keratinocyte medium, which induce
poor comparable results due to difference from
physical environment. In conclusion, curcumin
can suppress the proliferation of keratinocytes
with IL-22 or without IL-22 treatment. Anyway,
additional in-depth studies are necessary in
future.
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