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Curcumin and 6-Shogaol Increase Hemoglobin F Levels by
Inhibiting Expression of STAT3 mRNA Gene in K562 Line Cell
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Abstract

One of the approaches for beta-thalassemia therapy is the induction of the Haemoglobin F (Hb F). Curcumin
and 6-Shogaol are empirically known to induce HbF, but the signalling cascade has not been widely
explained. This study aims to uncover the potential of Curcumin and 6-shogaol in inhibiting the expression of
STAT3 mRNA gene. This study uses the K562 erythroleukemic line cell model with an experimental design
post-test only with a control group. There are 5 groups, each group has 3 replications, named the control
group without treatment, the positive control group with Hydroxyurea treatment (75 pM), the combination
treatment group of Curcumin (2 pM) and 6-Shogaol (10 uM), the single curcumin (2 pM) treatment group
and a single 6-Shogaol (10 uM) treatment group. Test samples were taken in 72-h and 96-h time series, then
RNA extraction from the cell line was continued by cDNA synthesis. The expression of STAT3 mRNA gene
was measured using the qRT-PCR technique; then, the Hb F level was measured by the ELISA method.
Statistical analysis using ANOVA test with significance level p <0.05. In the 72-h time series, there was
a significant decrease in STAT3 Gena mRNA expression (p <0.05). The lowest single curcumin group (p
<0.01) followed by a single 6-Shogaol group (p <0.05) compared to the untreated control group, while the
positive control group with hydroxyurea treatment and the Curcumin and 6-shogaol combination treatment
groups are not significant. Hb F levels, there was an increase in 96-h time series (p <0.05) respectively from
highest to lowest in the curcumin group (p <0.05), 6-shogaol (p> 0.05) compared to the control group, but in
the positive control group (p> 0.05) and the combination group (p> 0.05) it is lower than the control group
without any treatment.Curcumin and 6-shogaol increase Hb F levels through inhibition expression of STAT3
mRNA Gene on K562 cells. The results of this study could be the basis for further research in vivo to reveal
the signalling pathway in Hb Finduction therapy.
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Introduction

B-Thalassemia is a group of heterogeneous recessive
autosomal hereditary genetic diseases associated with
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point mutation or small deletion resulting in the absence
or reduction of B-globin chain protein synthesis, resulting
in haemoglobin deficiency. There are alternative
therapies that can be developed to overcome the
severity of this disease by inducing Fetal Haemoglobin
(Hb F). The globin-Y" chain, which is similar to the
globin-f chain, is produced during pregnancy when it
joins with globin-a chain, is to form Fetal Hemoglobin
(0, Y,). Hence, one of the potential current therapeutic
approaches to haematological disorders, including
B-thalassemia, is the stimulation of induction of fetal
haemoglobin production !4,
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One of the transcription factors that play a role in the
productionof Hemoglobin Fisthe phosphorylated STAT3
protein. This protein, which is the dominant-negative
regulator, which acts in the 5’-untranslated globin-Y
promoter region bound to AYSTATS3, thus inhibiting
the expression of globin-Y-dependent concentrations .
Therefore, it is necessary to have a potential inhibitor
to STAT3 in the framework of globin-Y' induction.
Curcumin is a STAT3 inhibitor in the SH2 domain.
Inhibition of the SH2 domain, not only disrupts activation
but also dimerization of transcription factors (® Other
active compounds of herbal ingredients that have
molecular targets related to the regulation of Hemoglobin
F are Shogaol. 6-shogaol is the most potent inhibitor of
STAT3 activation when compared to analogues such as
6-gingerol, 8-gingerol and 10-gingerol (V). The purpose
of this study was to uncover the potential of Curcumin
and 6-shogaol on the expression of STAT3 mRNA as
one of the induction signals for Hemoglobin F.

Material and Method

1. Provision of Curcumin and 6-shogaol and
Hydroxyurea: Curcumin (BioBasic, Canada)
with > 95% of purity, 6-shogaol (Fortopchem,
China) with >98% purity and Hydroxyurea (HU)
(Sigma-Aldrich, USA) with approx >98% of purity.
Curcumin, HU and 6-shogaol are dissolved in 100%
dimethyl sulfoxide (DMSQO) to reaches the final
concentration of curcumin 271,000 pM, 6-Shogaol
361,000 uM, and HU 1,315,000 uM as a stock
solution, then stored at -20°C.

2. K562 Cell Culture: Erythroleukemia K562 cells
obtained from CANCER CHEMOPREVENTION
RESEARCHCENTER (CCRC)Faculty of Pharmacy
in the University of Gadjah Mada was cultured with
RPMI 1640 supplementary media (without phenol
red) with 10% Fetal Bovine Serum (FBS) and 50 U/
ml - 50 pg/ml penicillin-streptomycin (pen-strep).
Culture was maintained under atmospheric humidity
with 95% air/5% CO, at 37°C with cell densities
between 2 x 104 to 1 x 105 cells/ml.

3. Cytotoxic test with MTT method assay 24
hours, 48 hours and 72 hours: Cytotoxic tests
were performed to obtain ICy, values following
the protocol of CCRC Faculty of Pharmacy in the
University of Gadjah Mada. The results of the ICs,
values of each sample were taken from 24 hours,
48 hours and 72 hours incubation. The IC3° values

obtained were 60 uM curcumin, 40 uM 6-shogaol
and 300 uM HU, respectively.

Combination Test: K562 cells were distributed
into 96 wells as much as 100 pL. and incubated
for 24 hours. Enter the Curcumin and 6-shogaol
concentration series into the wells of 50 pL with
five series of concentrations each consisting of
Y2 1Csq, Ya 1Cs, 1/8 1Csq, 1/16 1Cs, and 1/32 1Cs,.
Incubation for 24 hours. Cells were counted by
using a haemocytometer so that the number of
living and dead cells in each well was obtained.
The highest number of living cells is an indicator of
the best combination dose, named Curcumin 2 pM,
6-shogaol 10 uM, and for HU it is determined by
treatment of 75 uM (%4 1Cs).

ELISA test to measure Hb F levels: K562 cells
that have been given the appropriate treatment in
their groups are then carried out protein extraction
by the procedure of the M-PER Kit (Thermo
Scientific, USA). The lysate obtained was used for
examination of Hb F levels measured by the Human
HBF Cat ELISA kit. No: EH3213 (Fine Test, China)
according to the manufacturer’s instructions.

Analysis of STAT3 Gena mRNA expression:
Total K562 RNA cells were extracted at different
times depending on the treatment, using # RB100
(Geneaid, Taiwan), 1 pg of total RNA from each
sample was carried out reverse transcripts to cDNA
using the cDNA Synthesis Kit (Toyobo, Japan).
Real-time PCR is done by machine (ABs) using the
SensiFAST SYBR Lo-ROX Kit (Bioline, Germany).
The relative mRNA levels of the target gene are
normalized to the mean of the internal control gene,
B-Actin.

Primary mRNA with STAT3, forward: 5’-ATC
ACG CCT TCT ACA GAC TGC-3 ¢, reverse:
5’-CAT CCT GGA TCT CTA CCA CT-3 “.
B-ACTIN forward: 5 ‘-ACG GCC AGG TCA
TCA CCA TTG-3’, reverse: 5 ‘-GGC GTA CAG
GTC TTT GCG GAT-3 TT’. The STAT3 gene
expression between treated and untreated samples
was calculated as 224 relatively to the reference
gene, B-actin.

Statistic analysis: Data is displayed in mean + SD
and statistical analysis using one way ANOVA
test followed by post hoc LSD. The test results are
considered significant if p <0.05 and 95% confidence
intervals.
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Findings: In this study, the impact of Curcumin,
6-shogaol and their combination on the interpretation
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of STAT3 mRNA expression were measured by the
qRT-PCR method, and the results can be seen in Figure 1.

i Cur Sh

Cur-Sh

Group

B72h @9 h

Figure 1: Differences in fold changes of STAT3 mRNA between groups after incubation of Curcumin (Cur),
6-Shogaol (Sh) and Hydroxyurea (Hu) on serial K562 cells for 72 and 96 h. Curcumin showed the strongest
expression followed by 6-Shogaol compared with the control group without treatment
(* p <0.05, ** p <0.01).

The results showed a decrease in STAT3 mRNA
expression in all treatment groups in both the 72-h and
96-h time series compared to the untreated group. In the
72-h time series, the results are significantly different
p <0.05. Then followed by post hoc LSD test, in the
Curcumin treatment group, the lowest expression of
STAT3 mRNA gene was 0.48 = 0.1 (p = 0.008) which
was significant compared to the control group without
treatment. Next, in the 6-Shogaol treatment group, the
expression of STAT3 mRNA gene (0.64 + 0.07, p =
0.045) was significant compared to the control group
without treatment. In the combination group of Curcumin
with 6-shogaol, the expression of STAT3 mRNA gene
(0.72 £ 0.14) was lower than the positive control group
but higher than the curcumin and 6-shogaol group. In the
96-h time series, the results did not have significantly
different (p = 0.098) between the treatment group and
the control group without treatment. So, in the 96-h
time series, there was a decrease in STAT3 mRNA
expression, which was not significantly different.

The effect of Curcumin and 6- shogaol on
haemoglobin F levels measured by the ELISA method
can be seen from Figure 2. The results show that in a
96-h time series, Hb F levels were the highest in the
curcumin group (1.6 = 0.15; p = 0.015), then followed
by the 6-shogaol group (1.11 £ 0.29). In the positive
control group hydroxyurea and the combination of
Curcumin + 6-shogaol, Hb F levels were consecutively
(0.85 £ 0.16), (0.41 £ 0.01) lower than those in the
untreated control group. The combination group of
Curcumin with 6-shogaol was the group with the lowest
Hb F level compared with the treatment group and the
control group without treatment (p <0.05). In the 72-h
time series, the Hb F level of all treatment groups was
lower than the control group without treatment. Based
on the one way ANOVA test, the 72-h treatment did not
differ significantly (p> 0.05), but in the 96-h treatment,
there was a significant difference (p <0.05). So, in the
96-h time series, the highest Hb F level occurred in the
curcumin group, and the lowest Hb F level occurred in
the combination group of Curcumin with 6-shogaol.



1194

-

Level of Hb F (Fold Change)

Indian Journal of Public Health Research & Development, January 2020, Vol. 11, No. 01

Cur-Sh Cur $h

Group

Figure 2: Differences in fold changes of HbF levels between groups after incubation of Curcumin (Cur),
6-Shogaol (Sh) and Hydroxyurea (Hu) on 72 and 96 h serial K562 cells. In the 96-h time series, Curcumin
showed the highest effect on changes in HbF levels followed by 6-Shogaol compared to the control group
without treatment (* p <0.0).

Reduced  hexahydro-bisdemethoxy  curcumin
(HHBDMC) reduced curcuminoids were most effective
in inducing gamma-globin mRNA (3.6 + 0.4 fold) and
Hb F (2.0 £ 0.4 fold) in erythroid primary precursor
cells for seven days®. Curcumin works to reduce the
expression of STAT3 genes so, the decrease in STAT3
gene expression will increase the production of Hb
F. The role of 6-shogaol in Hb F induction through
the activation of the p-p38 MAPK signal® whereas
p38 MAPK is reduced by two weeks of curcumin
activation!?,

Discussion and Conclusion

In beta-thalassemia patients there is an imbalance in
the number of globin-o/globin-f chains, due to the lack or
absence of globin-B synthesis, resulting in precipitation
of free globin-a chains in erythroid precursors which
results in the maturation and damage of erythrocyte cells,
causing prolonged anaemia (!, Therefore the best choice
for the treatment of thalassemia patients is reactivation/
induction of globin-Y, so that replaces globin-§ to join
globin-a to form fetal haemoglobin and ultimately there
is no excess free globin-a chains . Individuals with
elevated Hb F levels (> 8.6%) show a reduction in
symptoms and increase patient life expectancy; hence,
the induction of Hb F has the potential as a therapy in
beta-thalassemia patients. Of the current therapeutic
options, Hb F induction through pharmacological agents

is the most feasible therapeutic choice ®.

Other transcription factors that play a role in the
production of haemoglobin F are the phosphorylated
STAT3 protein. Therefore, it is necessary to have
a potential inhibitor to STAT3 in the framework of
gamma-globin induction. Pharmacological inhibitors
targeting STAT3 can be done in 5 ways, namely
inhibition of STAT3 DNA-binding domain, abrogation
of the STAT3 N-terminal domain, suppression of the
STAT3 SH2 domain, inhibition of the STAT3-importin

interaction, and/or blockage of upstream kinase activity
(13)

The active compounds of the following herb,
Curcumin, have broad molecular targets related to
various molecular and biochemical cascades interacting
directly on the target protein and epigenetic modulation
of the target genes. Curcumin, as an epigenetic
agent, functionally in modulating multiple biological
processes, occurs at low concentrations.
plays a role in the expression of genes through direct
interaction with transcription factors such as nuclear
factor kappa-light-chain-enhancer of activated B cells
(NF-kB), epigenetic modulation through inhibition
of DNA methyltransferase I (DNMT1), histone
acetyltransferase (HAT), histone deacetylase complex
(HDAC) . Various molecular targets of Curcumin
include inflammation, kinase activity (MAPK, PKA,

Curcumin
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JAK), transcription factors (CREB, STAT3, PPARY),
enzyme activity (COX- 2, INOS, MMP), and others
(VEGF, adiponectin, ROS) (1319 The 6-Shogaol are
other active compounds of herbal ingredients that have
molecular targets related to the regulation of Hemoglobin
F. The 6-shogaol suppresses the expression of the
products governed by STAT3. It was also reported that
6-shogaol caused the activation of JNK, p38 and ERK,
as well as downregulating the expression of p38 MAPK,
NF-kB and COX-2 !, Therefore, 6-shogaol can play a
role in the induction of Hemoglobin F.

Hydroxyurea (100 pM) has a link between the
regulator of globin-Y" expression (MYB, BCL11A and
KLF-1) with specific miRNA, and reveals the mechanism
of Hb F production through inhibition of HU-induced
miRNA (¥ Treatment with HU combined with HDAC2
knockdown increases gamma-globin expression. It was
also reported that CD34 + cells treated with HU and
MS-275 (HDAC inhibitors 1,2 and 3) had a relative
induction of gamma-globin expression (1),

Curcumin is a decreasing expression of STAT3
mRNA gene and increases Hb F levels compared to
6-shogaol on K562 cells. While the combination of the
two substances was not significant either in inhibiting
STAT3 expression or HbF levels. The results of this
study could be the basis for further research in vivo to
reveal the signalling pathway in Hb F induction therapy

(0, Y).
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