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Abstract

To decipher the molecular mechanism of EGCG induced HL-60 cell apoptosis, alterations of gene expression spectra in
HL-60 cell line cells after treatment with EGCG were screened by cDNA chip, and analyzed with the GenePix 3.0 twice; and the
cDNA chip results further identified by RT-PCR. Ninety-seven genes among the total 8398 (1.15%) showed consistent significant
differential expression in the duplicated cDNA chip assessments. Thirty-nine genes (40.2%) were up-regulated and 58 genes
(59.8%) were down-regulated; and the randomly selected four performed RT-PCR results agreed with the cDNA chip data. The
results suggest that the apoptosis of HL-60 cells induced by EGCG is a progressive transformation process regulated by a variety
of genes.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction sis on human acute promyelocytic leukemia cell line

HL-60 cells[2], but their molecular mechanisms were

(—)-Epigallocatechin gallate (EGCG) is one of the notclarified. The gene chip techniqid can be used to

chief active compounds, polyphenols, from green tea, analyze the gene expression alterations within the cells
which scavenges free radicals, prevents lipid perox- with low cost, high throughput and high sensitivity,
idation and enhances physiological functida$. A and provided a useful tool in investigating the antitu-
previous study revealed that EGCG induced apopto- morigenic molecular mechanism of EGCG. The gene

expression alterations of HL-60 after EGCG treatment

was screened by the H80s gene chip, and the genes that
"+ Corresponding author. Tel.: +86 731 4498102; showed differential expression were subjected to bioin-
fax: +86 731 4498102, formatic analysis to understand their interrelationship
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oH apparatus (Cartesian) dripped the sample cDNAs that

oH were hydrated for 2 h, dried at room temperature for
0.5h, UV cross-linked at 65MJ/cm and then soaked
and washed with 0.2% SDS, distilled water, and 0.2%
boron hydride sodium solution each for 10 min succes-
sively before being dried in air for later use.

HO O, w
\‘\\‘\ OH

OH
oH I 2.4. Preparation of the fluorescent hybridization
probes
OH
(-)-EPIGALLOCATECHIN GALLATE  on The total RNA was reversely transcripted. Each
10l total RNA was added into the 54 reverse
transcription system, according the method described
2. Materials and methods by Schena et al[5] to label the mRNA through re-
verse transcription; the mRNAs of the experimental
2.1. Cell culture and ECGC treatment group were labeled by Cy5-dUTP and the mRNAs of
the control group by Cy3-dUTP. Both fluorescent la-
The HL-60 cell line was a gift from the National  beled reverse transcription products and the fluores-
Hematology Laboratory of Chinese Academy of Medi-  cent hybridization probes were mixed and dissolved in
cal Sciences. The cells were cultured in the RPMI-1640 20, hybridization solution (& SSC, 0.2% SDS and
medium containing 10% fetal bovine serum, 100 U/ml 100p.g/ml ultrasound fragmented salmon sperm DNA)

penicillin and 10Qug/ml streptomycin in a 37C incu- after precipitation in ice cold anhydrous ethanol.
bator under 5% C®and saturated humidity circum-

stance. The experimental group cultures were treated2.5. Hybridization and rinsing
with an optimized dosage of 5%M EGCG SIGMA

for 6 h during the logarithm proliferation stage of the  The fluorescent hybridization probe solutions were

HL-60 cells when the cell density reacheck110P to denatured at 95C and transfer onto slides at a dose of
3 x 10P/ml, and another cell culture groups without 2 ,l/cm2, the solution should spread evenly. The gene
EGCG treatment served as control. chips were then placed into the Araylt hybridization
cassette containingd 3x SSC solution. Hybridiza-
2.2. Total RNA extraction tion was at 42C for 18 h in an incubator, and chips

were then rinsed by solution A {LSSC, 0.2% SDS),
According to the manual, the total RNA was ex- B (0.2x SSC) and C (0.% SSC) each 5min succes-
tracted using the one step TrifoReagent GIBCO sively, and then dried in air for later use.
method from both the experimental group and con-
trol group HL-60 cultures. Total RNA content and 2.6. Assessment and evaluation of the fluorescent
the purity was verified under UV (SHIMADZU UV-  signals
2401PC); and then analyzed by 1% formaldehyde de-

natured agarose gel electrophoresis. A laser cofocusing fluorescent scanning apparatus
ScanArray4000 (General Scanning, Inc.) was used to
2.3. Preparation of the gene chip assess the hybridization data. The excitation wave-

length of Cy3 and Cy5 was 550 nm and the detec-

The cDNA gene chip H80s was purchased from tion wavelength was 580 and 650 nm, respectively.
Shanghai BioStar Ltd., which contains a total of 8398 The scanning resolving power wag.b and the laser

target gene clones. These clones were amplified by astrength and PMT was set at 85%. The scanning data

primer, with PCR fragment length of 1000-3000 bp; were evaluated by using GenePix3.0to compare the flu-

and the purified target gene cDNAs were dissolved orescent strength ratio of the Cy3 and Cy5 signals. To

in 3x SSC solution. Cartesian Pixsys7500 sampling define whether there were differential gene expression,
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Table 1

The representative primer sequences and their lengths

Gene name Forward primer Reverse primer Product length (bp)
MAP2K1 5-CAACTTGGAGGCCTTGCAGAA-3 5-CCATCGCTGTAGAACGCACCAT-3 327

BTG1 5-CGCCGTGTCCTTCATCTCCA-3 5'-CAATCCGCTGTGCTGCCTGT-3 212

KIAA0123 5-GCACGAGCATCTGGTGGACT -3 5-TGCCTGTTGAGCACGTTGAG-3 336

TREX2 5-TTACAGCCTCGGCAGCCTCT -3 5'-ATCAGGCGGCAAGTACATGG-3 184

B-Actin 5-TGGCACCACACCTTCTACAA-3 5-GGAAGGAAGGCTGGAAGAGT-3 544

either the Cy5 or Cy3 fluorescent strength from the ex- PCR amplification product was then electrophoresed
perimental or the control group should exceed 1000 and on 2% agarose gel at 80V for 60 min, ethidium bro-
be at least twofold different. The fluorescent strength mide stained and observed and evaluated under the gel
ratio of Cy5/Cy3 >2 was defined as up-regulated, and imaging system BioRad 2000, US.

Cy5/Cy3 < 0.5 as down-regulated.

2.7. The reverse transcription polymerase chain 3. Results
reaction (RT-PCR)
3.1. The extracted total RNA

2.7.1. RT-PCR reagents and the design and )
synthesis of primers Total RNAOD2600D280values of the experimen-

The RT-PCR reagents were purchased from tal and the control group were inthe range 1.869-1.990
Promega Co. The primer sequences were designed ac&nd the concentration was 75.2-9igul, and elec-
cording to the GenBank sequences and used the primerifophoresis confirmed that the RNA obtained was
design software an@-actin was used as the internal ighly purified, sed-ig. 1
standard reference. The actual primer sequences were
listed inTable 1 All the primers were synthesized by 3.2. The results of gene chip hybridization and
the Shanghai Biotech Bioengineering Services Ltd.  their differential expression

The gene chip scanning superimposition and dis-

2.7.2. Performing the RT-PCR experiments .
g P d- persed plots are shown Fig. 2

The experiments were performed strictly accor

ing to the manual provided. A 10 total RNA was Amo.ng the two parqllel gene chip hybridization
immediately placed on an ice bath after denaturation evaluations of the experimental and control group, the

at 70°C for 10 min. A 1.0ul 50 ngful Oligo-dT1s1s, first one revealed 175 differentially expressed genes,

1.0pl110 MM ANTP, 4.0u1 5x RT buffer, and 1.ul 5x
108U/l AMV reverse transcripase were added and the
reaction system volume was adjusted tp20rhe mix-

ture was remained at room temperature for 10 min, and
incubated at 37C for 30 min, kept at 95C for 5 min,

and again incubated af€ for 5 min. 8.l of the above
product was taken for PCR amplification in the follow-
ing system 4.1 10x PCR buffer 1.Qul 10 mM dNTP,
each 50 pM of the upper and downstream primergd..0
5U/ul Tag enzyme; adjust the total volume of the re-
action system to 5(l. Denatured at 94C for 2 minin

a PE9600 amplification apparatus ABI US and treated
at 94°C for 45s, 55C for 455, 72C for 455, alto- Fig. 1. The formaldehyde denatured agarose gel electrophoresis of
gether 40 cycles; and extended atTfor 5 min. The the extracted total RNA.

HL-60 Experimental group
HL-60 Experimental group

HL-60 Control group

HL-60 Control group

28s 18s Ss
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Fig. 2. The gene chip scanning superimposition (Panel A), for superimposed signals at each point. If the Cy3 signal is stronger, this indicates
that the gene is down-regulated, and it appears green; if the Cy5 signal is stronger then the gene is up-regulated, and it appears red; if both th
Cy3 and Cy5 signal have similar strength, it appears yellow. The dispersed plots are shown in Panel B.
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Fig. 3. Agarose gel electrophoresis of the PCR products after reverse transcription. PEi#eP2K1, Panel B.BTG1 Panel CKIAA0123
Panel D:TREX2 (1) Represents the control; (2) the treated and (M) the Gene Ruler 50 bp DNA ladder.

120 were down-regulated and 55 up-regulated; while four randomly selected genes. The results were consis-
the second one revealed 238 differential expressions,tent with the data obtained from the cDNA gene chip
163 down regulated and 75 up-regulated. In a compar- data, the representative gert€lA0123and TREX2
ative study of the data obtained from the two parallel were significantly expressed at lower levels in the ex-
experiments, 97 showed a consistently similar extent perimental group, while th1AP2K1andBTG1sig-

of differential expression; and 58 were up-regulated, nificantly higher, se€ig. 3.

accounting for 59.8% among the differentially ex-

pressed genes 39 were down-regulated and accounted

for 40.2%, sedable 2 4. Discussion

3.3. Validation study with RT-PCR technique It was well known that EGCG induces apoptosis of
the human leukemia cell line cells HL-62], and the
Data obtained from the gene chip screening assess-apoptosis of HL-60 cell is closely related to retardation
ment revealed genes that demonstrated differential ex-of G; stage cell growtfj4], but the molecular mech-
pression. RT-PCR technique was used to validate in anism was not clear. Our present experiment used the
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Table 2
The consistently differential expressed 97genes
Gene ID GenBank ID Gene symbol Cy5/Cy3
Ratio 1 Ratio 2 Average ratio
1 2963f03 D50913 KIAA0123 0.368 0.227 0.298
2 1374e05 NMO014939 KIAA1012 0.301 0.322 0.312
3 3812c09 NM031280 MRPS15 0.335 0.305 0.320
4 3031e12 NMO002337 LRPAP1 0.282 0.362 0.322
5 2468912 NMO007205 PSMD13 0.330 0.332 0.331
6 1571d11 NM002817 TREX2 0.349 0.322 0.335
7 2890e09 NM002829 PTPN3 0.287 0.386 0.337
8 2971cl1 NMO004461 FARSL 0.365 0.317 0.341
9 3025e03 NM019854 HRMT1L3 0.315 0.370 0.342
10 2406d11 NMO003707 RUVBL1 0.314 0.373 0.344
11 3856h05 NM018146 FLJ10581 0.378 0.319 0.349
12 2640910 NM001618 ADPRT 0.322 0.419 0.371
13 3999c04 AK025783 FLJ22130 0.410 0.340 0.375
14 1452b11 NM002388 MCM3 0.381 0.384 0.382
15 1415c06 NM003751 EIF3S9 0.360 0.413 0.386
16 3509c10 NMO006556 PMVK 0.377 0.397 0.387
17 2656a10 NM002984 SCYA4 0.404 0.370 0.387
18 0610h05 NM006875 PIM2 0.348 0.429 0.388
19 3839a08 NM000349 STAR 0.314 0.463 0.389
20 1420b06 NM006088 TUBB2 0.402 0.377 0.389
21 m23452 NM002983 SCYA3 0.390 0.391 0.390
22 2170902 NM005993 TBCD 0.392 0.394 0.393
23 1581a01 NMO07103 NDUFV1 0.487 0.301 0.394
24 2689a09 AF036613 GTF2IP1 0.365 0.422 0.394
25 1500h09 NM004875 RPA40 0.458 0.338 0.398
26 3025b01 NM001640 APEH 0.456 0.343 0.399
27 3249102 NM017620 FLJ20011 0.403 0.396 0.399
28 3507d04 NM016238 APC7 0.398 0.402 0.400
29 3914902 NMO005745 DXS1357E 0.486 0.317 0.402
30 0738b09 NM016292 TRAP1 0.475 0.340 0.408
31 0951f09 NMO003564 TAGLN2 0.418 0.399 0.409
32 0776el1l NMO05726 TSFM 0.451 0.372 0.412
33 3485903 NMO004710 SYNGR2 0.453 0.375 0.414
34 m15800 NM002371 MAL 0.416 0.416 0.416
35 3034b03 NMO002808 PSMD2 0.488 0.347 0.418
36 3108b11 D00099 NA,K-ATPase 0.497 0.339 0.418
37 3337b10 NMO005777 RBM6 0.463 0.376 0.419
38 2803b08 BC013590 MGC 0.388 0.451 0.419
39 3036910 NMO005720 ARPC1B 0.389 0.468 0.428
40 1297a02 NM002804 PSMC3 0.383 0.497 0.440
41 2423e02 NM012111 Cl4orf3 0.444 0.440 0.442
42 1303a01 NM001960 EEF1D 0.435 0.457 0.446
43 1566b10 NMO000365 TPI1 0.411 0.484 0.448
44 1631a03 AB023142 KIAA0925 0.426 0.470 0.448
45 3402b02 NMO004890 SPAG7 0.397 0.500 0.448
46 3654d12 NM020040 TUBB4Q 0.422 0.481 0.452
47 1461901 NMO006429 CCT7 0.452 0.452 0.452
48 0766b03 NM014760 KIAAQ0218 0.446 0.464 0.455
49 3904905 NMO018060 FLJ10326 0.434 0.481 0.458
50 1889908 NM001536 HRMT1L2 0.499 0.422 0.460
51 3726b02 NMO031266 HNRPAB 0.482 0.453 0.467

52 1656e05 NM002778 PSAP 0.488 0.460 0.474
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Table 2 Continued

Gene ID GenBank ID Gene symbol Cy5/Cy3
Ratio 1 Ratio 2 Average ratio

53 1096904 NM001100 ACTA1 0.491 0.459 0.475
54 3925b10 NMO031311 CPVL 0.497 0.457 0.477
55 3914c09 NM006872 ALF 0.475 0.480 0.477
56 0019e12 NM001069 TUBB 0.486 0.488 0.487
57 u23765 NM001188 BAK1 0.485 0.496 0.490
58 1237a07 NM004966 HNRPF 0.497 0.498 0.497
59 069312 AB018305 KIAAQ762 2.053 2.031 2.042
60 3613e09 NM021178 HEI10 2.100 2.051 2.075
61 4197e06 NM005794 HEP27 2.095 2.194 2.145
62 2972b05 ALO050005 DKFZp564A153 2.141 2.150 2.145
63 1555h12 NM005868 BET1 2.015 2.315 2.165
64 120109 No genebank ID 2.046 2.294 2.170
65 2491c06 NM000236 LIPC 2.074 2.297 2.185
66 1769f02 AKO057236 FLJ32674 2.369 2.062 2.216
67 0911e02 NMO00700 ANXA1 2.157 2.299 2.228
68 1484b10 NMO006472 TXNIP 2.240 2.219 2.230
69 2805902 NM014822 SEC24D 2.271 2.242 2.256
70 0282b04 NM004103 PTK2B 2.191 2.351 2271
71 1181b06 NM002394 SLC3A2 2.335 2.210 2.273
72 2598f09 AL136571 DFKZp761G2423 2.342 2.261 2.301
73 1820e05 AKO057661 FLJ33099 2.278 2.438 2.358
74 3598a07 NM003512 H2AFL 2.015 2.715 2.365
75 0973h01 NM006475 OSF-2 2.280 2.466 2.373
76 1005d09 NM017488 ADD2 2.358 2.452 2.405
77 3219908 NM007114 TMF1 2.524 2.352 2.438
78 2494h09 AV725075 AV725075 2.415 2.475 2.445
79 3748a03 BC009313 MCG 2.341 2.624 2.482
80 2869b12 NM013286 HUMAGCGB 2.516 2515 2516
81 1186¢12 NM004354 CCNG2 2.741 2.298 2.520
82 3063b08 NM003244 TGIF 2421 2.626 2.524
83 2592c06 NM018976 SLC38A2 2.604 2.509 2.556
84 2859b05 NM000311 PRNP 2.561 2.663 2.612
85 m74178 NM020998 MST1 2.839 2.598 2.719
86 1299h11 NM005746 PBEF 3.008 2.462 2.735
87 3083c11 NM005384 NFIL3 2.643 3.202 2.923
88 2839901 BC019024 IMAGE 2.999 2,915 2.957
89 4959f12 NM022476 FTS 3.327 2.612 2.969
90 1441e04 NM016947 G8 2.848 3.201 3.024
91 m60974 124498 gadd45 3.496 3.339 3.417
92 0679a09 AB033080 KIAA1254 3.850 3.656 3.753
93 0713a02 NM000020 Acvrll 4.002 3.655 3.828
94 4205e04 NM022818 MAP1A/1BLC3 4.581 3.506 4.043
95 1087d01 BC020235 MGC 4.276 3.970 4.123
96 1209d06 NM001731 BTG1 4.865 5.262 5.064
97 0693907 NMO002755 MAP2K1 5.910 5.736 5.823

cDNA chip technique to investigate the EGCG induced transcription and translation, and ultimately resulted in
HL-60 cell apoptosis. It discovered differential expres- cell apoptosis.

sion of 97 genes, which were closely associated with  Of particular importance was the discovery of up-
cell cycle regulation, DNA replication, DNA synthesis, regulated expression of the growth arrest and DNA
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damage gen&ADD45 which is an apoptosis promot-  lar significantimportancd?im-2was highly expressed
ing gene and its’ product is a negative regulatory factor indiverse tumor cells, which rendered these tumor cells
of the G/S phase check point that containing bind- resistant to most of the apoptosis inducing agéy

ing sites to p535] known to confer DNA damage and the EGCG induced down-regulation might intro-
responsiveness, a downstream activated product. Theduce it as an adjuvant remedy in chemotherapy and
GADDA45is activated when the DNA is damaged di- radiotherapy.

rectly or up-regulated via the p53 pathw&y. Activa- Chen et al. reportefd 5] that arsenic oxide (A€3)

tion, or up-regulation o6ADD45increases its expres-  was a HL-60 apoptosis inducer. A cDNA chip study in-
sion leading to retardation of (Gstage cells, waiting  dicated that the arsenic oxide exerted its effects through
for repair of the damaged DNA,; and the apoptosis pro- the cell cycle regulatory related ger@$]. However,
gram would initiate automatically when the DNA is arsenic oxide is a heavy metallic compound that pos-
unable to repair. This interpretation is in accordance sesses severe nonspecific cytotoxicity to diverse cell
with the previous report of Weireb on neuroblastoma types whether they are normal or malignantly transfor-
[7]. Other genes related to;Gtage cell growth arrest  mation.

were theACVR11andcyclinG2genes. We found that A possible mechanism of capase-3 activation during
theACVR11gene was up-regulated in expressionin our carotenoid-induced apoptosis in tumor cells in human
experiment. Its product is the TGBype | receptor, leukemia (HL-60), colon adenocarcinoma (HT-29) as

which leads to arrest of cell growth in thg Gtage and ~ well as melanoma (SK-MEL-2) cell lines was reported

in turn inhibits cell cycle and enhances cell apoptosis [17]. This activation is dose dependent and follows that

[8]. While the product ofyclinG2affects growth mod-  of caspase-8 and caspase-9 with concomitant decrease

ulation and reversely regulates cell cycle, increased ex- in the anti-apoptotic protein Bcl-2 and an increase in

pression oftyclinG2induced by EGCG might lead to  the cleaved form of BID (t-BID), and NF-kB activation

G1/S phase cell cycle arrest]. Baklgene, a member s involved.

of thebcl-2 gene family, and its product promotes cell EGCG is a natural product of green tea. Studies

apoptosig10], but the expression was down-regulated had demonstrated that it does not induce apoptosis

after EGCG treatment in our experiment. This warrants among the normal cellgl8]. This observation could

further investigation. be exploited in tumor therapy. Our present study using
Up-regulation of MAP2K1 gene expression was cDNA chips investigated the gene expression spectrum

most prominent in our present experiments, and this of EGCG induced HL-60 cell apoptosis, to reveal a

result was consistently confirmed by RT-PCR test. The number of genes were involved. However, this is only

MAP2K1gene encodes MAPK kinase, which activates a preliminary study, and the mechanism of these can-

JNK and the JNK signaling pathwgy/1]. Furthermore, didate genes in the induction of HL-60 cell apoptosis

it has already been demonstrated that EGCG enhancedvarrants further in depth investigation.

cell apoptosis via activation the JNK signaling pathway

[12]. Chen et al. found that EGCG activated MAPK

during the early phase of treatment, and induced cell References
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