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Synthesis and in vitro antitumor activity evaluation of chlorogenic acid derivatives
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Abstract: Objective To designe and synthesize the natural chlorogenic acid amide derivatives and evaluate the in vitro antitumor
activities of these compounds. Methods Using chlorogenic acid as starting material, the target compounds were prepared through
three steps of protection, condensation, and deprotection reactions. Their antitumor activities of the synthesized target compounds were
evaluated for HelLa, HepG2 and HCT-8 cells by MTT assay. Results Ten chlorogenic acid-substituted benzamide and
phenylacetamide derivatives B1—B5, C1—C5 were designed and synthesized. Their structures were determined by 'H-NMR,
BC-NMR and HR-ESI-MS. MTT assay showed that ten chlorogenic acid derivatives exhibited antitumor activities. Derivative B2
showed good activity against HeLa tumor cells and was superior to the positive control drug cisplatin. All derivatives showed inhibitory
effects against HCT-8 tumor cells, and were all better than cisplatin. Conclusion Ten chlorogenic acid derivatives were new
compounds. Some derivatives have good antitumor activity and were deserved further research.
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Fig. 1 Plant Pandanus tectorius and chlorogenic acid
Kk, Horb, Bl BURAGURT SR DR
O ZNHTES BA. R TSI,
VTR TR I, S JERRIE W] LAd ik FEL i 48 i A
JARA A0 R A Mg e . 5 5 R 2 R T A
FHATLA A BELLE b 0 5 A 5 el 141, JL0f il « - i
e LI AilpE S RAA RIFITE R . Xf
2R SR TR RIS TR 7T DA O I —

7= Y085 Pandanus tectorius (L.) Parkins., 15
2 SOPRAE B 9 28 B L g 20 . DR ABAH AE R SR 5 o
RI, CAER 588 TN 2 — RIS IR NS S,
B AR 4% SRR AR T EEBE I RAT A de XA
J# HepG2 4iffi A MisIfE R, HA5 R KRR e i
FRIGPEAR . BT H TSR R A W B RGE SOR L1
W& AT HED TR AT AR RS , PRI A SRR R
THE LT — R R TR A H B 2R MR I RAT
A4 B1~BS Fl C1~C5, HEMILE H-NMR.
3C-NMR Fl HR-ESI-MS #ilF. FFilid ks iiig
TEPERLAY, WK T AE YN HepG2 4L, N E
Jir HeLa 2 AT N 5 W e HCT-8 20 M 44 41 i 3
PATENE . WIBRDI M ROR R, e 8 PR
R B EARAM M ER SRR ED
B8 B o
1 UB5EHF

¥4 (IKA®) RCT basic BUEEHEHESE (LR
7D AR ESA AR ]; Mettler Toledo AL104
MR )-8 2 i 7 RF DR -16 0 2 (b0
A A PR /A w] 15 Bruker Avance 111 600 A%
HARBEA (A& (bn) BHEARAR 1 283K
K itt/R (Thermofisher) LTQ-Obitrap XL )5 B H
5 GEBR RIRBISA R AR 37 Ty 5% CO,
THIRIEFRA (HA Sanoy AF]).

SRFER . NN-—RNHCH (DIEA). REF4H
#7 (BOP). KOk 4-FKE0 M. 3,4- A

ARG AR 4-FR R . — HEAK (DMSO)
)T (Energy Chemical A W]); MEMLEE (MTT,
Amresco 2 F]); R T E - Hrali fifb 2z al; il
T FHRE AR SRR (Rl TH
FR/A®]); HeLa. HepG2. HCT-8 #Hjig (w24
FpE Bt FEAM 2= 22 B 70 B S A R S A L 0
2 FAEEHR
2.1 ERERSY
2.1.1 R A BIERE AEFRFREL 21.0 g (60.0
mmol) ZFJRER, MAZ| 500 mL EEESH T . =R
ZAFE RN 150 mL 4B 120 mL DMP,
SSRCRTRECIRZS, I 150 mg X B 2SR R EAT
AL, SR TFHEE 1 he TLC MM, EITHIN
BEER 2. B6-HR- L FR-/K (100 15051 13). JeMigh
WG, IMNUUFIRREREN, H AN 4 (R0 F R AR
HUE, PEMOIRAR VISR B AL B A, FROETR & 19.8
g, FEN 85.1%.
2.1.2 HirL&EY B1~B5 &K ¥ 395.0 mg
(1.0 mmoD) tL&%) A, 443.0 mg (1.1 mmol) BOP
BT 50 mL BkEF, Ea, AR A
LNE-THF R0, HEHESZERENZ (B1:
KON, B2: 4-F3HKE, B3: 34-ZHIEHIRH
i, B4: WZEN G, BS: 4-FRFENHD, iR 3
h. TLC BN A Fke-FEE (B1: 15: 1, B2:
10:1, B3: 13:1, B4: 5:1, B5: 6: 1), il
SN TEAS, WRZET, FRARVIIEE R AT (i alifh,
A E-HEE (B1: 3001, B2: 2001, B3: 25
1, B4: 10:1, B5: 10: 1) PR xE2] Hixk
%) B1~BS5.
2.1.3 Hisb &Y C1~C5 & 7 HITERFREL
B1~B5 % 1.0 mmol (B1: 520.0 mg, B2: 537.0 mg,
B3: 566.0 mg, B4: 580.0 mg, B5: 522.0 mg), M
AN =8 ABR-—F F fe-K (91101 H,
FR/RM 1 h, TLC &ML, J@ 7o — S -
HEE (10 1) ZERRIET, SRt i or: a4l
b, &S W kE-FEE (C1: 15:1, C2: 10: 1, C3:
13:1, C4: 9:1, C5: 10 : 1) BEBARIKASH) H b5
EY C1~C5. SRIRFRATAE) B S5 K J A BLvg 2%
LK 2.
2.2 RIMABRESEMR

K MTT & H 4546 &4 B1~BS F1 C1~
C5 X N\ B 3 HeLa 40 N\ &5 B 79 HCT-8 4,
N HepG2 40 M4k S pi i v v, DU
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Fig. 2 Synthetic route of chlorogenic acid derivatives

(Cisplatin) A BHHEXT R Ao B EAE K HeLa.
HCT-8 Al HepG2 #Hif#fh T 96 FLANMRMR, 3L 7X
10> MR 100 uL, 7 CO, 857746 (37 C, 5% CO»,
AAXTEE 90%) HREEFE 24 ho WE S EA ORIyl
JfL, RngE 40 M 7R DMSO). AR (A
NG, HUngn R S B R4 R 7R DMSO) Al
FH X BEZH CIBER R B2 4 R 40, 20 1 10
umol/L), 96 FLAR N EFFLINAKE EEMRERT B1~B5
A C1~C5 25 CGREERRIZ 437108 40, 20 F1 10
umol/L) 200 uL, % 3 &1L, 7£ CO ¥4 (37 C,
5% CO,, AAXHESE 90%) H1159% 48 ho FEFLIIAN 5
mg/L 1) MTT 7K 20 uL, FR4k8%38 4h, 5L
B, BFLIIN 150 uL DMSO, E% 10 min, Bbs
CE 492 nm WKAEBOGEE (4) 1H, iHHE Bl~
BS I C1~C5 5 Jiyeg 240 A A 0 i 2.

FH = (4 wm—A 2)/(A um—A 1)
3 #R57R
3.1 LEYEENT

&Y Bl: HEkH K. WEAN 632%.
HR-ESI-MS m/z: 520.194 1 (iF5{E 520.194 7,
C27H3:NOsNa [M + Na]*) . 'H-NMR (600 MHz,
DMSO-ds) 6: 9.63 (1H, s, Ph-OH), 9.17 (I1H, s,
Ph'-OH), 7.84 (1H, t, J = 5.9 Hz, CONH), 7.48 (1H, d,
J = 15.7 Hz, H-7"), 7.28~7.17 (5H, m, Ph"-H), 7.05
(1H, d, J = 1.7 Hz, H-2), 7.02 (1H, dd, J = 8.2, 1.7
Hz, H-6'), 6.76 (1H, d, J = 8.1 Hz, H-5), 6.26 (1H, d,
J=15.9 Hz, H-8"), 5.48 (1H, s, H-1), 5.34~5.30 (1H,
m, H-3), 4.41~4.38 (1H, m, H-4), 4.12~4.10 (1H, m,

H-5), 3.34~3.25 (2H, m, NH-CH,), 2.73~2.70 (2H,
m, CH,-Ph"), 2.22~2.18 (1H, m, H-2), 1.95~1.92
(1H, m, H-2), 1.72~1.70 (2H, m, H-6), 1.41 (3H, s,
CH;CO), 1.26 (3H, s, CH;CO); '*C-NMR (150 MHz,
DMSO-ds) 6: 175.1, 165.9, 148.5, 145.6, 145.4, 139.4,
128.7, 128.3, 126.1, 125.5, 121.4, 115.8, 114.9, 114.0,
108.0, 76.8, 74.0, 73.5, 70.8, 40.1, 37.0, 34.3, 28.0,
25.9,

&Y B2: WEEMAK. WEAH 73.3%.
HR-ESI-MS m/z: 536.189 5 C(itH.{H 536.189 7,
Co7H3:NO9Na [M + Na]* ). 'H-NMR (600 MHz,
DMSO-ds) 6: 9.64 (1H, s, Ph-OH), 9.18 (2H, s,
Ph'-OH, Ph"-OH), 7.76 (1H, t, J = 5.9 Hz, CONH),
7.47 (1H, d, J = 15.9 Hz, H-7"), 7.05 (1H, d, J = 2.0
Hz, H-2"), 7.01 (1H, dd, J = 8.3, 2.0 Hz, H-6"), 6.98~
6.96 (2H, m, Ph"-H), 6.76 (1H, d, J = 8.3 Hz, H-5),
6.66~6.64 (2H, m, Ph"-H), 6.25 (1H, d, J = 15.9 Hz,
H-8'), 5.47 (1H, s, H-1), 5.34~5.30 (1H, m, H-3),
4.41~439 (1H, m, H-4), 4.12~4.10 (1H, m, H-5),
3.27~3.16 (2H, m, NH-CH>), 2.59~2.57 (2H, m,
CH,-Ph"), 2.22~2.18 (1H, m, H-2), 1.95~1.92 (1H,
m, H-2), 1.73~1.72 (2H, m, H-6), 1.41 (3H, s,
CH3-C-0), 125 (3H, s, CH3-C-0); *C-NMR (150
MHz, DMSO-de) 6: 175.0, 165.9, 155.6, 148.5, 145.6,
145.4, 129.6, 129.4, 125.5, 121.5, 115.8, 115.0, 114.9,
114.1, 108.0, 76.7, 74.1, 73.5, 70.8, 40.5, 37.0, 34.3,
28.1,25.9.

&Y B3: At K. ILEN 68.7%-
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HR-ESI-MS m/z: 566.200 1 (it%5{H 566.200 2,
CasH33sNOjoNa [M +Na]*). 'H-NMR (600 MHz,
DMSO-ds) 6: 9.66 (1H, s, Ph-OH), 9.22 (s, 1H,
Ph'-OH), 7.78 (1H, t, J= 5.9 Hz, CONH), 7.50 (1H, d,
J=15.8 Hz, H-7"), 7.08 (1H, d, J= 1.9 Hz, H-2'), 7.03
(1H, dd, J = 8.3, 1.9 Hz, H-6'), 6.83 (1H, d, J = 8.2
Hz, Ph"-H-5"), 6.80~6.78 (2H, m, H-5', Ph"-H-2"),
6.70 (1H, d, J = 8.2 Hz, Ph"-H-6"), 6.27 (1H, d, J =
15.8 Hz, H-8), 5.49 (1H, s, H-1), 5.36~5.32 (1H, m,
H-3), 4.43~4.40 (1H, m, H-4), 4.14~4.12 (1H, m,
H-5), 3.73 (3H, s, Ph"-CH;-0), 3.70 (3H, s,
Ph"-CH3-0), 3.37~3.23 (2H, m, NH-CH,), 2.67~
2.65 (2H, m, CH,-Ph"), 2.26~2.23 (1H, m, H-2),
1.99~1.95 (1H, m, H-2), 1.74~1.73 (2H, m, H-6),
1.43 (s, 3H, CHs-C-0), 1.27 (s, 3H, CH3-C-O);
BC-NMR (150 MHz, DMSO-ds) d: 175.1, 166.0,
148.6, 148.5, 147.3, 145.7, 145.5, 131.8, 125.6, 121.5,
120.6, 115.9, 114.9, 114.1, 112.5, 111.8, 108.1, 76.9,
742, 73.6, 70.9, 55.5, 55.4, 40.3, 37.1, 34.7, 343,
28.1,26.0.

&Y B4: BEHAK. WEHN 71.6%.
HR-ESI-MS m/z: 580.216 0 (il%{H 580.215 9,
CaH3sNOjoNa [M +Na]*). H-NMR (600 MHz,
DMSO-ds) 6: 9.64 (1H, s, Ph-OH), 9.27 (1H, s,
Ph”-OH), 9.19 (2H, s, Ph-OH), 8.16 (1H, t, J = 6.2
Hz, CONH), 7.48 (1H, d, J = 15.8 Hz, H-7'), 7.05~
7.03 (3H, m, Ph"-H, H-2"), 7.01 (1H, dd, J = 8.3, 2.0
Hz, H-6'), 6.76 (1H, d, J = 8.3 Hz, H-5'), 6.68~6.67
(2H, m, Ph"-H), 6.25 (1H, d, J = 15.8 Hz, H-8'), 5.53
(1H, s, H-1), 5.37~5.33 (1H, m, H-3), 4.43~4.41
(1H, m, H-4), 4.19~4.12 (3H, m, H-5, NH-CH)),
2.27~2.24 (1H, m, H-2), 2.01~1.98 (1H, m, H-2),
1.78~1.77 (2H, m, H-6), 1.41 (3H, s, CH3-C-0), 1.26
(3H, s, CH3-C-0); 3C-NMR (150 MHz, DMSO-ds) d:
175.1, 166.0, 156.2, 148.5, 145.6, 145.4, 129.7, 128 4,
125.6, 121.5, 115.8, 115.0, 114.9, 114.1, 108.1, 76.9,
74.2,73.6,70.8,41.6,37.1,34.4,28.1, 26.0,

&Y BS: HEkh K. KWEAN 722%.
HR-ESI-MS m/z: 522.174 1 (itEA{E 522.174 0,
C26H2oNONa [M+Na]*). 'H-NMR (600 MHz,
DMSO-ds) 6: 9.64 (s, 1H, Ph-OH), 9.20 (1H, s,
Ph'-OH), 8.27 (1H, t, J= 5.9 Hz, CONH), 7.47 (1H, d,
J=15.9 Hz, H-7"), 7.05 (1H, d, J= 1.7 Hz, H-2'), 7.01

(1H, dd, J = 8.0, 1.7 Hz, H-6'), 6.87~6.85 (2H, m,
Ph"-H-5", 2"), 6.77~6.74 (2H, m, H-5', Ph"-H-6"),
6.25 (1H, d, J = 15.9 Hz, H-8), 5.58 (1H, s, H-1),
5.37~5.35 (1H, m, H-3), 4.44~4.42 (1H, m, H-4),
423~420 (3H, m, NH-CH,), 4.13~4.12 (1H, m,
H-5), 3.71 (3H, s, Ph"-CH;-0), 3.70 (3H, s,
Ph"-CH3-0), 2.29~2.26 (1H, m, H-2), 2.03~2.01
(1H, m, H-2), 1.79~1.75 (2H, m, H-6), 1.42 (3H, s,
CH3-C-0), 1.26 (3H, s, CH;-C-0); *C-NMR (150
MHz, DMSO-de) 6: 175.3, 166.0, 148.6, 148.5, 147.6,
145.6, 145.4, 132.0, 131.6, 128.7, 125.6, 121.5, 119.0,
115.8, 114.9, 114.1, 111.6, 110.9, 108.1, 76.9, 74.2,
73.6,70.9, 55.6, 55.4,41.8,37.1, 34.3, 28.1, 25.9.

&Y C1: Ak R. WEHN 68.6%-
HR-ESI-MS m/z: 480.163 2 (it5{h 480.163 4,
CH2NOgNa [M + Na]*). 'H-NMR (600 MHz,
MeOD) d: 7.58 (1H, d, J = 15.8 Hz, H-7"), 7.27~7.16
(5H, m, Ph"-H), 7.05 (1H, d, J = 2.1 Hz, H-2"), 6.95
(1H, dd, J = 8.3, 2.1 Hz, H-6'), 6.78 (1H, d, J = 8.3
Hz, H-5"), 6.30 (1H, d, J = 15.9 Hz, H-8"), 5.40~5.36
(1H, m, H-3), 422~4.21 (1H, m, H-4), 3.70~3.68
(1H, m, H-5), 3.44~3.41 (2H, m, NH-CH,), 2.81~
2.78 (2H, m, CHy-Ph"), 2.08~2.02 (2H, m, H-2),
1.99~1.95 (1H, m, H-6), 1.89~1.85 (1H, m, H-6);
13C-NMR (150 MHz, MeOD) d: 176.7, 169.0, 149.6,
147.0, 146.8, 140.3, 129.9, 129.5, 127.7, 127.4, 123.0,
116.5, 115.3, 115.1, 77.7, 74.3, 72.6, 71.9, 41.7, 39.9,
38.7,36.5.

&Y C2: WHEH K, WEHN 71.5%.
HR-ESI-MS m/z: 496.157 8 (it%5{H 496.158 4,
CH7NOgNa [M + Na]*). 'H-NMR (600 MHz,
MeOD) d: 7.58 (1H, d, J = 15.8 Hz, H-7"), 7.05 (1H, d,
J = 2.0 Hz, H-2'), 7.04~7.02 (2H, m, Ph"-H), 6.95
(1H, dd, J = 8.2, 2.0 Hz, H-6'), 6.78 (1H, d, J = 8.2
Hz, H-5'), 6.71~6.69 (2H, m, Ph"-H), 6.30 (1H, d,
J =159 Hz, H-8"), 5.40~5.36 (1H, m, H-3), 4.22~
421 (1H, m, H-4), 3.70~3.68 (1H, m, H-5), 3.41~
3.34 (2H, m, NH-CH>), 2.71~2.68 (2H, m, CH,-Ph"),
2.09~2.02 (2H, m, H-2), 2.00~1.96 (1H, m, H-6),
1.90~1.86 (1H, m, H-6); '3C-NMR (150 MHz,
MeOD) 6: 176.6, 169.0, 156.9, 149.6, 147.0, 146.8,
131.0, 130.8, 127.8, 123.0, 116.5, 116.2, 115.3, 115.1,
77.7,74.3,72.6,71.9,42.0,39.9, 38.7, 36.7.



22

Chinese Traditional and Herbal Drugs 25 51 4% 35 4 #§ 202042 A

941+

&Y C3: A K. WEHN 67.7%-
HR-ESI-MS m/z: 526.169 1 Cit%.{H 526.168 9,
C2sH2oNOjoNa [M +Na]*). 'H-NMR (600 MHz,
MeOD) ¢: 7.58 (1H, d, J = 15.9 Hz, H-7"), 7.05 (1H, d,
J =2.0 Hz, H-2), 6.95 (1H, dd, J = 8.2 Hz, 2.0 Hz,
H-6'), 6.85~6.82 (2H, m, Ph"-H-5", 2"), 6.78 (1H, d,
J = 82 Hz, H-5'), 6.75 (I1H, dd, J = 8.1, 1.7 Hz,
Ph"-H-6"), 6.29 (1H, d, J = 15.9 Hz, H-8'), 5.39~5.35
(1H, m, H-3), 422~4.21 (1H, m, H-4), 3.81 (3H, s,
Ph"-CH;-0), 3.87 (3H, s, Ph"-CH;-O), 3.70~3.68
(1H, m, H-5), 3.46~3.36 (2H, m, NH-CH,), 2.75~
2.72 (2H, m, CH,-Ph"), 2.07~2.03 (2H, m, H-2),
1.97~1.93 (1H, m, H-6), 1.88~1.85 (1H, m, H-6);
BC-NMR (150 MHz, DMSO) §: 176.6, 169.0, 150.3,
149.6, 149.0, 147.0, 146.8, 133.2, 132.4, 129.9, 127.8,
123.0, 122.3, 116.5, 115.4, 115.1, 113.8, 113.0, 77.7,
74.3,72.6,71.9, 56.5, 56.4, 41.7, 40.1, 38.6, 36.1.

&Y Ca: HHEEKM K. WEKH 69.2%.
HR-ESI-MS m/z: 540.184 6 C(it%.{H 540.184 6,
Ca6H31NOjoNa [M +Na]*). 'H-NMR (600 MHz,
MeOD) d: 7.58 (1H, d, J = 15.9 Hz, H-7"), 7.10~7.09
(2H, m, Ph"-H), 7.05 (1H, d, J = 2.0 Hz, H-2"), 6.95
(1H, dd, J = 8.2, 2.0 Hz, H-6'), 6.78 (1H, d, J = 8.2
Hz, H-5"), 6.74~6.72 (2H, m, Ph"-H), 6.30 (1H, d,
J =159 Hz, H-8"), 5.43~5.38 (1H, m, H-3), 4.28
(2H, s, NH-CH,), 4.24~4.23 (1H, m, H-4), 3.72~
3.70 (1H, m, H-5), 2.15~2.09 (2H, m, H-2), 2.06~
1.94 (2H, m, H-6); '*C-NMR (150 MHz, MeOD) §:
176.6, 169.1, 157.7, 149.6, 147.0, 146.8, 130.7, 129.7,
127.8, 123.0, 116.5, 116.2, 115.3, 115.1, 77.8, 74.4,
72.6,71.9, 43.4, 40.0, 38.7.

e C5: BB R. WHEHN 663%-
HR-ESI-MS m/z: 482.142 9 (it-H{4 482.142 7,
C23H2sNOgNa [M + Na]*). 'H-NMR (600 MHz,
MeOD) d: 7.57 (1H, d, J = 15.8 Hz, H-7"), 7.05 (1H, d,
J=2.0 Hz, H-2'), 6.94 (1H, dd, J = 8.0, 1.7 Hz, H-6"),
6.88~6.87 (2H, m, Ph"-H-5", 2"), 6.83~6.81 (2H, m,
H-5"), 6.78 (1H, d, J = 8.2 Hz, Ph"-H-6"), 6.29 (1H, d,
J = 15.8 Hz, H-8"), 5.43~5.39 (1H, m, H-3), 4.32
(3H, m, NH-CH,), 4.25~4.23 (1H, m, H-4), 3.80 (3H,
s, Ph"-CH3-0), 3.79 (3H, s, Ph"-CH3-0), 3.73~3.71
(1H, m, H-5), 2.16~2.10 (2H, m, H-2), 2.07~1.95
(2H, m, H-6); '3C-NMR (150 MHz, MeOD) ¢: 176.7,

169.0, 150.4, 149.6, 149.6, 147.0, 146.8, 132.8, 127.7,
123.0, 120.8, 116.5, 115.3, 115.1, 112.9, 112.3, 77.8,
74.3,72.6,71.9, 56.5, 56.3, 43.5, 40.0, 38.8.
3.2 RIMAMIE KIS R

KA MTT ZENAEY) B1~BS 1 C1~C5
%} HeLa. HCT-8. HepG2 ZH il (144 S0 b gg 3G 14 ,
CUGVE A BT FE 24, 72 40, 20, 10 pumol/L HIR
FET, BRI 000 5 5 1 R IR R TR L 2R AT
A4 B1~BS Fl C1~C5 Xt 3 Fh i 88 40 B AR (1) 44 oh
B FH o B SRR FEBC R T 40,204 10 pmol/L
3ANREERRIE , S2U6 45 BB RAE 40 umol/L 254k
FE N E A &Y R I B A RIAE R, 204 10
umol/L ¥R B A ZA mE, Weh T RES (RTAEY)
FIBHEZ9)TE 40 pmol/L i [ S2 56 B . 45 R L2 1,
#1 ZFEEEHTEY B1~B5 F1 C1~C5 BURIMNIEE S
Table 1 In vitro antitumor effect of target compounds
B1—B5 and C1—C5

e /%

HeLa HepG2 HCT-8
B1 23.65 41.15 76.45
B2 97.12 62.69 83.27
B3 <10 32.61 92.42
B4 <10 42.87 75.83
B5 24.64 51.45 58.28
C1 <10 52.82 89.98
C2 <10 <10 69.87
C3 <10 50.64 80.19
Cc4 21.49 50.47 92.51
Cs 21.98 55.04 54.63
JITEH 48.52 81.37 23.12

33 VLMY KRRRLE

RSN UIR S 25 SRR B, 7E 40 pmol/L
WIKE T, 10 MEIRRETAEY) B1~BS il C1~C5,
XT3 BRI R 40 B AR R I AN R R FE AR R, X
HCT-8 #1 HepG2 4t ik (4745 FH AL T HeLa 2l
PR, RO —EMEFME. H, 8 HeLa 4ffitk
L, WEY) B2 R SAFAIHIER, it
FRHMEXT IR ZG)40; 7 HepG2 4tk , L&
B2 [FRER I AL T HARRT A dIE s 18
HCT-8 Zifutk, tb&4 B2. B3. Cl. C3. C4
BRI B s e, A eaY c4 s
B, ELFTA AT AR iE 28 I A T B e HE 24 i
o WEPIRIBOC R AEH: (1) RS BEARXS
SEIRFRAATAEYIIEAT 3 NNAR R AR SNE P i
bodk, (HSRIR = Aram iR, SR IR TE AR A1 40 i
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EsS1% F4H 20202 A

PR _E AR U R A A ORI AR
RIFRAT A LIS RARE, KRR IR oG
ONIENE, TTRENE DU AR, DR R R R

BEANREELFEL . () GRRIRESHZ

e ol AR IR R IR R e & Ja, X 3 A

Pk A F IR . Herb S Az RS

IR WG4 E )5, X HeLa. HepG2 4 A ik ft) #ii il

VERI Rt anfiT A4 B2 B, Bk AR ER

HHSEIE A, BLROR B A BCA e, X HCT-8

AR A E B AN, anfiTAEY) B2, B3,

C1. C3. C4. (3) {L&¥) B3, C1. C3. C4 %I 3

ARG SR, L&) B2 X 3 MR

PRIRIL B (s, BA RN FERIOME .
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