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Abstract: In order to further study the antitumor mechanism of curcumol and its potential clinical application, a SYBR
Green real-time polymerase chain reaction (RT-PCR) method was used to analyze the differential expression profiles of 81
human senescence-related genes in human hepatocarcinoma HepG2 cells treated with curcumol. The results showed that the
expression of TP53 and its downstream genes p16Inkda, p21Wafl / Cipl and p27Kipl were significantly up-regulated, ac-
companied by transactivation of other senescence signaling pathway related genes or senescence response genes such as
ABL1, ALDH1A3, CHEK2, HRAS, PTEN, etc., while the expression of Cyclin A2, IGFBP3, SIRT1 and TERT, the genes

which negatively regulated cell cycle progression and senescence signaling, were significantly down-regulated. Western blot-
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ting verified that protein levels of p53 and its downstream CKls, p21WAF1 and p16INK4 increased while Cyclin A2 de-

creased, consistent with the findings in PCR results. The level of wild-type p53-induced protein phosphatase 1 (Wipl) was

also found significantly increased, suggesting that the induction of senescence in HepG2 cells by curcumol might be through

activation of p53 signaling pathway. The present study further demonstrates that curcumol is capable of inducing cellular se-

nescent phenotype in HepG2, accompanying with cell cycle GO / G1 phase arrest.
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Table 1  Gene names and primer sequences used for qRT-PCR

BE A s MERE e 530 T (5'-3)

No. Gene GenBank ID srouping Forward sequence (5'-3") Reverse sequence (5'-3")
1 ACTB NM_001101 — CTCCATCCTGGCCTCGCTGT GCTGTCACCTCCACCGTTCC
2 ABL1 NM_005157 SI/p53-pRb signaling ~ AAGCCGCTCGTTGGAACTC AGACCCGGAGCTTTTCACCT
3 AKT1 NM_001014431  SI/p53-pRb signaling ~ TCCTCCTCAAGAATGATGGCA GTGCGTTCGATGACAGTGGT
4 ALDH1A3 NM_000693 SI/p53-pRb signaling  TGAATGGCACGAATCCAAGAG CACGTCGGGCTTATCTCCT
5 ATM NM_000051 Senescence pathway ATCTGCTGCCGTCAACTAGAA GATCTCGAATCAGGCGCTTAAA
6 B2M NM_004048 Other GCTACATGTCCATGTTTGACC TCGGTAGGAAGTTGTTTCATC
7 BMI1 NM_005180 Senescence pathway CCACCTGATGTGTGTGCTTTG TTCAGTAGTGGTCTGGTCTTGT
8 CALR NM_004343 SR/p21 effectors CCTGCCGTCTACTTCAAGGAG GAACTTGCCGGAACTGAGAAC
9 Cyclin A2 NM_001237 SI/p53-pRb signaling ~ CGCTGGCGGTACTGAAGTC GAGGAACGGTGACATGCTCAT
10 Cyclin Bl NM_031966 SI/p53-pRb signaling ~ AATAAGGCGAAGATCAACATGGC  TTTGTTACCAATGTCCCCAAGAG
11 Cyclin D1 NM_053056 Senescence pathway GCTGCGAAGTGGAAACCATC CCTCCTTCTGCACACATTTGAA
12 Cyclin E1 NM_001238 Senescence pathway AAGGAGCGGGACACCATGA ACGGTCACGTTTGCCTTCC
13 CD44 NM_001001392 SR/ Cell adhesion CTGCCGCTTTGCAGGTGTA CATTGTGGGCAAGGTGCTATT
14 CDC25C NM_022809 SI/p53-pRb signaling ~ TCTACGGAACTCTTCTCATCCAC TCCAGGAGCAGGTTTAACATTTT
15 CDK2 NM_001798 Senescence pathway CCAGGAGTTACTTCTATGCCTGA TTCATCCAGGGGAGGTACAAC
16 CDK4 NM_000075 Senescence pathway ATGGCTACCTCTCGATATGAGC CATTGGGGACTCTCACACTCT

17 CDK6 NM_001145306  Senescence pathway GCTGACCAGCAGTACGAATG GCACACATCAAACAACCTGACC
18 p21,CIP1 NM_078467 Senescence pathway TGTCCGTCAGAACCCATGC AAAGTCGAAGTTCCATCGCTC
19 p27,KIP1 NM_004064 SI/INF related AACGTGCGAGTGTCTAACGG CCCTCTAGGGGTTTGTGATTCT
20 p57,KIP2 NM_001122630 SI/p53-pRb signaling ~ GCGGCGATCAAGAAGCTGT GCTTGGCGAAGAAATCGGAGA
21 pl6,INK4 NM_000077 Senescence pathway ATGGAGCCTTCGGCTGACT GTAACTATTCGGTGCGTTGGG
22 pl5,INK4b NM_004936 SI/p53-pRb signaling  CGAGGAGAAGAAGGGCAT CATCATTACCTGGATCGC

23 p18,INK4 NM_001262 SI/p53-pRb signaling ~ GGGGACCTAGAGCAACTTACT CAGCGCAGTCCTTCCAAAT

24 pl19,INK4 NM_079421 Senescence pathway AGTCCAGTCCATGACGCAG ATCAGGCACGTTGACATCAGC
25 CHEK1 NM_001274 Senescence pathway ATATGAAGCGTGCCGTAGACT TGCCTATGTCTGGCTCTATTCTG
26 CHEK2 NM_001005735 Senescence pathway TCTCGGGAGTCGGATGTTGAG CCTGAGTGGACACTGTCTCTAA
27 CITED2 NM_006079 SI/p53-pRb signaling ~ CCTAATGGGCGAGCACATACA GGGGTAGGGGTGATGGTTGA

28 COL1A1 NM_000088 SR/ Cell adhesion GAGGGCCAAGACGAAGACATC CAGATCACGTCATCGCACAAC
29 COL3A1 NM_000090 SR/ Cell adhesion GGAGCTGGCTACTTCTCGC GGGAACATCCTCCTTCAACAG
30 CREG1 NM_003851 SI/p53-pRb signaling ~ GGCGTGCCCTATTTCTACCTG CAAAGTCATGGTCAGTGTAGCAT
31 E2F1 NM_005225 Senescence pathway ACGCTATGAGACCTCACTGAA TCCTGGGTCAACCCCTCAAG

32 E2F3 NM_001949 Senescence pathway AGAAAGCGGTCATCAGTACCT TGGACTTCGTAGTGCAGCTCT
33 EGRI NM_001964 SI/INF related GGTCAGTGGCCTAGTGAGC GTGCCGCTGAGTAAATGGGA

34 ETS1 NM_001143820  Senescence pathway GATAGTTGTGATCGCCTCACC GTCCTCTGAGTCGAAGCTGTC

35 ETS2 NM_001256295  Senescence pathway CAGTCTGGTGAACGTGAATCTG CGGAGGTGAGGTGTGAATTTT
36 FN1 NM_212482 SR/ Cytoskeleton CGGTGGCTGTCAGTCAAAG AAACCTCGGCTTCCTCCATAA
37 Gadd45a NM_001924 SI/DNA damage GAGAGCAGAAGACCGAAAGGA CACAACACCACGTTATCGGG

38 GLB1 NM_000404 SR/Other TATACTGGCTGGCTAGATCACTG GGCAAAATTGGTCCCACCTATAA
39 GSK3B NM_002093 SI/p53-pRb signaling ~ GGCAGCATGAAAGTTAGCAGA GGCGACCAGTTCTCCTGAATC
40 HPRT1 NM_000194 Senescence pathway GGACTTGAATCATGTTTGTG CAGATGTTTCCAAACTCAAC

41 HRAS NM_005343 SI/MAPK signaling ATGACGGAATATAAGCTGGTGGT  GGCACGTCTCCCCATCAATG

42 ID1 NM_181353 SI/p53-pRb signaling ~ CTGCTCTACGACATGAACGG GAAGGTCCCTGATGTAGTCGAT
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43 IFNG NM_000619 SI/INF related TCGGTAACTGACTTGAATGTCCA  TCGCTTCCCTGTTTTAGCTGC

44 IGF1R NM_000875  SI/p53-pRb signaling ~ TCGACATCCGCAACGACTATC CCAGGGCGTAGTTGTAGAAGAG
45 IGFBP3 ~ NM_001013398  SI/p53-pRb signaling ~ AGAGCACAGATACCCAGAACT GGTGATTCAGTGTGTCTTCCATT
46 IGFBPT ~ NM_001253835 SI/INF related CGAGCAAGGTCCTTCCATAGT GGTGTCGGGATTCCGATGAC

47 ING1 NM_005537  SI/p53-pRb signaling ~ AACAACGAGAACCGTGAGAAC TGGTTGCACAGACAGTACGTG
48 MAP2K1 NM_002755 SI/MAPK signaling ~ CAATGGCGGTGTGGTGTTC GATTGCGGGTTTGATCTCCAG

49 MAP2K3 NM_002756 SI/MAPK signaling ~ GACTCCCGGACCTTCATCAC GGCCCAGTTCTGAGATGGT

50 MAP2K6 NM_002758  SI/p53-pRb signaling ~ GAAGCATTTGAACAACCTCAGAC  CCTGGCTATTTACTGTGGCTC

51 MAPK14 NM_139013 SI/MAPK signaling ~ CCCGAGCGTTACCAGAACC TCGCATGAATGATGGACTGAAAT
52 MDM2 NM_002392 Senescence pathway ~ GAATCATCGGACTCAGGTACATC  TCTGTCTCACTAATTGCTCTCCT
53 MORC3 NM_015358  SL/p53-pRb signaling ~TCCTGATGTGAACGCTAAACAAA  GAACCCGACTTGAAGCCATTC
54 MYC NM_002467  SL/p53-pRb signaling ~ GGCTCCTGGCAAAAGGTCA CTGCGTAGTTGTGCTGATGT

55 NBN NM_002485 SI/DNA damage GACTGGCGTTGAGTACGTTGT TGATTTCGGCTGATCGACTGA

56 NFKBI NM_003998 SI/INF related AACAGAGAGGATTTCGTTTCCG TTTGACCTGAGGGTAAGACTTCT
57 PCNA NM_002592  SI/p53-pRb signaling ~ CCTGCTGGGATATTAGCTCCA CAGCGGTAGGTGTCGAAGC

58 PIK3CA NM_006218  SI/p53-pRb signaling ~ CCACGACCATCATCAGGTGAA CCTCACGGAGGCATTCTAAAGT
59 PLAU NM_001145031  SI/p53-pRb signaling ~ GCTTGTCCAAGAGTGCATGGT CAGGGCTGGTTCTCGATGG

60 PRLP1 NM_001002 Senescence pathway ~ CTTCCCACGAAGCTAAGGCCGC AGAGGTTTAGTCAAAAAGACCA
61 PTEN NM_000314 SR/ Other TGGATTCGACTTAGACTTGACCT ~ GGTGGGTTATGGTCTTCAAAAGG
62 RBI NM_000321 Senescence pathway ~ TTGGATCACAGCGATACAAACTT  AGCGCACGCCAATAAAGACAT
63 RBL1 NM_002895  SI/p53-pRb signaling ~ CTGGACGACTTTACTGCCATC TCCAACCGTGGGAATAATGCT
64 RBI2 NM_005611 Senescence pathway CCACCCCTCAGATCCAGCA CGTGTAGCTTTCGCTCATGC

65 SERPINB2
66 SERPINE1

67 SIRT1
68 SPARC
69 TBX2
70 TBX3
71 TERF2
72 TERT
73 TGFB1
74 TGFB111
75 THBS1
76 TP53
77 TP53BP1
78 TP63
79 TP73
80 TWIST1
81 VIM
82 GAPDH

NM_001143818
NM_001165413
NM_001142498
NM_003118
NM_005994
NM_005996
NM_005652
NM_001193376
NM_000660
NM_015927
NM_003246
NM_001126118
NM_001141980
NM_001114978
NM_001204187
NM_000474
NM_003380
NM_001256799

SI/p53-pRb signaling
SI/p53-pRb signaling
SI/p53-pRb signaling
SI/p53-pRb signaling
SR/pl6 effectors
SR/pl6 effectors
SI/DNA damage
SI/DNA damage
SI/p53-pRb signaling
SR/Cell adhesion
SR/Cell adhesion
Senescence pathway
SI/DNA damage
Senescence pathway
Senescence pathway
Senescence pathway

SR/ Cytoskeleton

CAGCACCGAAGACCAGATGG
ACCGCAACGTGGTTTTCTCA
TAGCCTTGTCAGATAAGGAAGGA
TGAGGTATCTGTGGGAGCTAATC
GCTGACGATTGCCGCTATAAG
GGACCTCTGATGAGTCCTCCA
CAGTGTCTGTCGCGGATTGAA
CCGATTGTGAACATGGACTACG
GGCCAGATCCTGTCCAAGC
TACAGCACGGTATGCAAGCC
AGACTCCGCATCGCAAAGG
CAGCACATGACGGAGGTTGT
ATGGACCCTACTGGAAGTCAG
GGACCAGCAGATTCAGAACGG
GACGAGGACACGTACTACCTT
GTCCGCAGTCTTACGAGGAG
AGTCCACTGAGTACCGGAGAC
GGAGCGAGATCCCTCCAAAAT

CCTGCAAAATCGCATCAGGATAA
TTGAATCCCATAGCTGCTTGAAT
ACAGCTTCACAGTCAACTTTGT
CCTTGCCGTGTTTGCAGTG
CCCCTTCAAGGTGCGAGTC
TCGCTGGGACATAAATCTTTGAG
CATTGATAGCTGATTCCAGTGGT
CACGCTGAACAGTGCCTTC
GTGGGTTTCCACCATTAGCAC
GCAACCGATCTAGCTCACAGAG
TCACCACGTTGTTGTCAAGGG
TCATCCAAATACTCCACACGC
TTTCTTTGTGCGTCTGGAGATT
AGGACACGTCGAAACTGTGC
CTGCCGATAGGAGTCCACCA
GCTTGAGGGTCTGAATCTTGCT
CATTTCACGCATCTGGCGTTC
GGCTGTTGTCATACTTCTCATGG

. SL 551 R WT; SR, FEHEF TR,

Note; SI. Senescence initiators; SR. Senescence responses.
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Note: A. Morphology of control cells (vehicle) and curcumol-treated cells were examined following SA-B-gal staining under microscopy (x400) ;

B. Percentage of positively staining cells was represented as the ¥ + s of three independent experiments. ( * * P<0.001 vs. vehicle).
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Fig.2 Determination of cell senescence by SA-B-gal staining in curcumol-treated HepG2 cells

49 ! |
: .
> b .
& 31 [
o . | |
’ b
o0
2 5. ° e 11 e
I . : : o. N 3 °. K
g o pdecd
—————————————— - —— ————— -
o 1 '#O. ] | ® & .‘-.-
. boLs
] ‘ eje
® L2
0 L] Ll L] Ll L] L] L] L] L]
-10 -8 -6 -4 -2 0 2 4 6 8 10

Log2 fS#HZEE Log2 FC

T FARBALIE 24 h, HepG2 4l 81 A3 ZAHKIEH 2 5
FIKHEIIHT LU ATCB FERbAL 20 6 [ 2523 5IARER 20 4>
Fik LR T 2 5 H P<0.05 ML, 2 ([ 255351 H 8 4>
FIE T 2 504 1 H P<0.05 USER . FC. 8O0
Note: Analysis of 81 senescence-related gene differential expression
profile in HepG2 cells 24 h after curcumol treatment; based
normalization with ACTB gene, the red dots represent 20 genes
whose expression were up-regulated over 2-fold and P<0.05,
and the green dots are eight genes whose expression were
down-regulated more than 2-fold and P<0.05,
respectively. FC. Fold change.
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Fig. 3 Volcano plot of 81 senescence-related gene expression

in HepG2 cells (curcumol-treated versus-untreated )
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Table 2 Differentially expressed senescence-related

genes in curcumol-treated HepG2 cells

EThes B A A2 AT AR PMa %' B HAZEAEL PE
No. Gene Fold change P value No. Gene Fold change P value
1 ACTB 2.04+0.66 — 16 COL3A1 7.58+0.70 0.019 4
2 ABL1 4.51+0.38 0.012 2 17 ETS1 6.74+0.67 0.046 8
3 ALDH1A3 10.60+0.86 0.009 8 18 HRAS 5.53+0.14 0.013 4
4 ATM 6.54+0.91 0.036 0 19 IFNG 6.89+0.41 0.014 0
5 B2M 6.93+0.65 0.023 0 20 PRLPO 4.94+0.10 0.025 0
6 CALR 5.49+0.18 0.014 8 21 PTEN 3.79+0.11 0.047 2
7 Cyclin D1 8.82+0.80 0.014 8 22 Cyclin A2 -1.02+0.12 0.016 6
8 CD44 8.53+0.96 0.018 6 23 GADDASA -2.13+0.31 0.002 0
9 CDK2 5.57+0.27 0.017 6 24 HPRT1 -2.83+0.31 0.024 0
10 pl6, INK4A 5.17x0.14 0.016 4 25 IGFBP3 -1.67+0.54 0.032 2
11 pl19, INKAD 5.32x0.45 0.033 2 26 MORC3 -0.64+0.32 0.032 2
12 p21, CIP1 6.01+0.97 0.047 6 27 SIRT1 -1.04+0.53 0.044 8
13 p27,KIP1 9.97+0.80 0.010 8 28 TERT -4.50+0.29 0.005 6
14 TP53 4.07+0.24 0.016 0 29 THBS1 -1.02+0.34 0.005 6
15 CHEK2 4.07+0.24 0.046 8
N 3.5 1 fay=Fagi i
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REE & o | m25 ug-mb ; "
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H 2 25 100 ‘I% ® 2.5 A Hok
sok
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- K o 1.5 4
| ———— | WIP1 R Z
-_== = = 7 £ 1.0
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p53 p21 WIP1 plé CCNA2

e A FRBELLIE 24 h, Western ENFEAG I HepG2 4NMEH p53, p21, pl6, WIPL Fl Cyclin A2 & [H/KF-, B-actin 25 X IE; B. =yl
Western E[IEHE FU 5 A% KB AE B R ARIEZZ BT 70T, B-actin Bk, + P<0.05, »+ =+ P<0.01 (575 FIXTIRZTHLED)
Note: A. Twenty-four hours after curcumol treatment, protein levels of p53, p21, pl6, WIP1 and Cyclin A2 were determined by Western
blotting with correspondent antibodies, B-actin is shown as a loading control ; B. Quantitative data of the protein levels of interest.

Each bar represents the x + s of three independent experiments. ( * P<0.05, * * P<0.01 vs. vehicle).
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Fig. 4 Expression of p53 protein and its regulatory genes in Western blot
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