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Curcumin Inhibits Cell Proliferation of Human Colorectal HCT116 Cells through
Up-Regulation of Activating Transcription Factor 3 (ATF3)
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To investigate whether phytochemicals affect cancer cell viability, human colorectal HCT116 cells were
treated with four different phytochemicals. Among these phytochemicals, curcumin is the strongest in-
hibitor of cell proliferation. In addition, it decreased cell viability in a dose-dependent manner. To un-
veil the molecular mechanisms involved in the inhibition of cell proliferation by curcumin, we carried
out oligo DNA microarray analysis. We found that 137 genes were up-regulated more than 2-fold,
and 141 genes were down-regulated more than 2-fold by 25 uM curcumin treatment. Among the
up-regulated genes, we selected 3 genes (ATF-3, GADD45A, and NR4A1) to confirm microarray data.
The results of RT-PCR strongly agreed with those of the microarray data. Among the phytochemicals
used in this study, curcumin is the strongest inducer of ATF3 expression, and increased ATF3 ex-
pression in a dose-dependent manner. Interestingly, FACS analysis showed that the inhibition of cell
growth by curcumin was recovered by ATE3-siRNA transfection. Finally, we detected the changes of
gene expression by ectopic expression of ATF3. The results indicated that many up-regulated genes
were related to apoptosis. Overall, these results suggest that ATF3 may play an important role in the
anti-proliferative activity of curcumin in human colorectal cancer cells.
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Table 1. Oligonucleotide primers used for PCR or quantitative real-time PCR

Gene name GenBank Acc. No. Sequence / gene ID

F: 5-CTGACCTGCCGTCTAGAAAA-Y
GAPDH NM_002046 R: 5-GAGCTTGACAAAGTGGTCGT-3'

F: 5-TGCGAGAACGACATCAACAT-3
GADDISA NM_001924 R: 5-TCCCGGCAAAAACAAATAAG-3

F: 5-TGGTGTTTGAGGATTTTGCT-3’
ATES NM_004024 R: 5-ATTTCTTTCTCGTCGCCTCT-3'
ATF3 NM_004024 *Primer No. 467 (Bioneer, for real-time PCR)
NR4A1 NM_002135 **Primer No. 3,164 (Bioneer, for real-time PCR)

*

, ** : These primers are purchased from Bioneer Inc. and used for only real-time PCR
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Fig. 1. Effects of phytochemicals on HCT116 cell viability. (A)
HCT116 cells were treated with VEH (DMSO), capsaicin
(CPS, 25 uM), curcumin (CUR, 25 uM), genistein (GEN,
25 uM), and resveratrol (RES, 25 uM) for 24 hr. Cell via-
bility was measured by MTS assay. (B) HCT116 cells
were incubated with various concentrations of curcumin
(5, 10, 15, 25 uM) for 24hr. And then, cell viability was
measured by MTS assay.
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Table 2. Selected up-regulated genes by 25 uM curcumin treatment

No. Gene Name GenBank Acc. No. Sequence Description Fold Change
1 NR4AT NM_ 002135 Nuclear receptor subfamily 4, groupA 769
Member 1
2 ATF3 NM_001040619 Activating transcription factor 3 3.50
3 GADD45A NM_001924 Growth arrest and DNA-damage-inducible, alpha 3.08
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Fig. 2. Confirmation of microarray analysis with real time PCR.
HCT116 cells were treated with 25 pM of curcumin or
vehicle (VEH). Total RNA was prepared from treated
cells and used for real-time PCR.
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Fig. 3. Expression of ATF3 by phytochemicals. (A) HCT116 cells
were treated with DMSO, capsaicin, curcumin, genistein,
and resveratrol for 24 hr. Total RNA was prepared from
treated cells and used for real-time PCR with ATF3 gene
specific primers. (B) HCT 116 cells were treated with
VEH or various concentrations of curcumin for 24 hr.
Total RNA was prepared from treated cells and used
for real-time PCR.
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Fig. 4. Effects of knock-down of ATE3 on curcumin treated
HCT116 cells. HCT116 cells were transfected with neg-
ative control(NC)-siRNA or ATF3-siRNA for 24 hr. After
transfection, HCT116 cells were treated with VEH
(DMSO) or curcumin 25 pM for 24 hr. Total RNA was

prepared from treated cells and used for reverse-tran-
scription PCR with ATF3 gene specific primers.
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Fig. 5. Flow cytometric analysis in curcumin treated HCT116
cells. HCT116 cells were transfected with NC-siRNA or
ATF3-siRNA before curcumin or DMSO treatment. And
treated cells were collected and analyzed with Flow
Cytometry. (A) NC-siRNA transfection and DMSO treat-
ment, (B) NC-siRNA transfection and curcumin treate-
ment, (C) ATE3-siRNA transfection and curcumin
treatment.
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Fig. 6. ATE3 overexpression by pCG-ATF3 transfection. HCT116
cells were transfected with pCDNA3.1(-) or pCG-ATF3
for 24 hr. Total RNA was prepared from treated cells
and used for RT-PCR with GAPDH or ATE3 primers.
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Table 3. Selected up-regulated genes by ectopic expression of ATF3

No.  Gene Name GenBank Acc. No. Sequence Description Fold Change
1 DFFB NM._ 004402 I(iaNS/;ai:gCrEir;::ilog I\f;;csteo)r, 40kDa, beta polypeptide 127

2 (FIAR NM_003879 CASP8 and FADD-like apoptosis regulator 12.4

3 TLR2 NM_003264 Toll-like receptor 2 57

4 TGFB1 NM_000660 Transforming growth factor, beta 1 3.7

5 AIFM3 NM_001018060 Apoptosis-inducing factor, itochondrion-associated, 3 28

6 GADD45B NM_015675 Growth arrest and DNA-damage-inducible, beta 25

7 TP53AIPT NM_022112 Tumor protein p53 regulated apoptosis inducing protein 1 25

8 P73 NM_005427 Tumor protein p73 21
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sto| EA M Zo] & A g mA = S Fd7] Aste], AT AEF HCT1169] ¥l T/ o] E
Av e 27t 25 pM9] FEE A eAh A golEAvL F Curcummol A4 BAEHA AE AR
A sFA T E3F curcumin i‘:/] R0 AX AL A9 Curcuminoﬂ o3t tAt MEE AA
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