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Effects of Methotrexate Enantiomers on Human Lung Cancer A549 Cells Inhibition and Its Apoptosis
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ABSTRACT: OBJECTIVE To investigate the effect of methotrexate enantiomers [included (+)MTX, (—)MTX] on the
proliferation and apoptosis of A549 cells. METHODS AS549 cells were cultured. The cell proliferation was determined by
MTT. The morphological changes were inspected by inverted microscope and fluorescence microscope. Cell cycle phases were
assayed by propidium iodide staining flow cytometry. DNA ladder were used to detect the apoptosis. RESULTS A549 cells
were treated with (+)MTX and (-)MTX at 1-150 pmol-Lfl for 24, 48, 72 h. The results showed that the proliferations of A549
cells were significantly inhibited under the different conditions. The order of the inhibited efficacy was (+)MTX>(—)MTX. The
morphological of A549 cells were found changes by (+)MTX and (-)MTX treatment. After administration of 10 pmol-L™" of
(+)MTX and (-)MTX for 48 h, respectively, the cell cycle phases were assayed by propidium iodide staining flow cytometry.
DNA ladder was the most recognized marker of apoptosis, and there was obvious DNA ladder in (+)MTX treated group. The
result showed DNA replication was interfered by (+)MTX and (-)MTX treatment. CONCLUSION The proliferation of A549
cells have the chiral selective effects by (+)MTX and (—)MTX treatment, and the inhibition on A549 cells proliferation of
(+)MTX was significantly stronger than (—)MTX.
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Fig1l The inhibitory ratio (IR) of MTX enantiomers 24 h(A), 48 h(B), 72 h(C) on A549 by MTT
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Tab 1 The ICsy of MTX enantiomers on A549 by MTT
colorimetry
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Fig 2 Morphological changes on A549 for 48 h (x200)
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A—control group; B-10 pmol-L™" (+)MTX group; C—10 pmol-L™" (-)MTX group
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Fig 3 Fluorescentm micrographs of A549 induced for 48 h indicated by DAPI(x400)
A—control group; B—10 pmol-L™ (+)MTX group; C—10 pmol-L™" (-)MTX group
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Fig4 Cell cycle analysis of A549 cells treated for 48 h by flow cytometry
A—control group; B—10 pmol-L™' (t)MTX group; C—10 pmol-L™" (-)MTX group
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Fig 5 The effect of MTX on DNA structure of A549 cells
for 48 h determined by agarose gel electrophoresis

1-10 pmol-L™' (HMTX;  2-10 pmol- L™ (-)MTX;
M-DNA mark

3—control group;

rf E AR F 2452 2010 4F 8 H A5 27 4555 8 A



4 g

MTX T8 € 10T e 4 i i) 0l 4 ) 5 294
21 f H oA 5 1OV 3 I (3 A O, MTX
0 T 9o 40 P A0 89 e S A LR U,
AN R RIAE T 32 AR A S 40 B g T )
LR iR RO TR A RN, MTX e
AL G IR 5 N5 2 U0 20 M /ST O e 47 4
ZE5t e MTX THBEFRI) 2 AR AS49 41 i 1
BA ST TAE R 5 A 22 7 3O ARS8 JG i 1 2 2
] . A AT 45 R R B (HMTX F(—-)MTX X}
AS5A49 Z0 10 1) 403G B A FH 2 3 T ARG A R JBE A4
Witk (HMTX [ ICso WJE A 40.52 pmol-L™';
(MTX [f155/N ICso WA 77.07 pmol- L™, HiHp
B A F W A2 59 T IR BE ) (HMTX . (HMTX Fil
(-)MTX $T A549 20 Jfa BG5E A1 11 2 3 A IR 43 21 [F] A
fRI45 8. 10 pmol-L™" MTX W Wetkst: [l A549 41 iy
48 h Ji, 75 WA 90 RS TR (+HMTX fi
Gy RN R AR A TR N P ke S e Sl
S0 R Y - SO R L3778 N SN TS 2
(4 R B, WSR2 T (-MTX. H 10 pmol-L™
(HMTX. (-)MTX 7 5lfEH A549 40ji 48 h )5,
T A BT R B (-OMTX A A549 41 G, 3 T
B, SIH BT, Go/M I IAS [ RE B2 R B,
AE TR I TR R B R (0)MTX AR FH B4 40 1 o 30 B 2 1)
AP Vg, T (—)MTX 7 H . DNA Byt b %E e Ha Uk
25 BRI 10 pmol L™ [RI(HMTX. (—-MTX 1EH T
AS49 4B 48 h J5, T 41l DNA KABFfE, A
7 WiZd i 180~200 bp S ILAFEL M) v B, HLVKJG 1k
G REEE I B REBE &7, 5 OMTX 4 i
(HMTX A& R, Fik, & NAEHMTX
(—-)MTX Xf A549 4 Bt o sl /8 H B 1 2= 45 4
(RISEARIEFENE, (HMTX Pt AS549 41 Ao 38 5 4
MBS (OMTX, HE, (HMTX, MTX 1
A549 20 LS I e 4 L 1K) Gy 3L S A GoyM
W, mASIRAMIET . 4585 CIR171HGE )
MTX 71 B R4 N s 40 i 4 SR AHARL, 31X —
SR NITF R AR RN EH SR ELT
(HMTX AR AP — e 1 BB AR

REFERENCES

[1T WU W Q, HE C, QI X F. The development of research and
application of chiral drugs [J]. Chin J Mol Appl Pharm(" [E B{,
AR I 252), 2009, 26(6): 452-455.

[21 HUIJ P, ZHANG J L, SHENG X, et al. Pharmacokinetics of

P BLACR I 2557 2010 4F 8 H 57 27 4545 8 MU

B3]

(4]

(3]

(6]

(7]

[8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

S(+)-ketamine in rats [J]. Chin Pharm I (" [H252:4%7%), 2009,
44(7): 532-537.
WANG R, JIA Z P, CHEN L R, et al. Determination of
methotrexate enantiomers in human blood samples with
capillary electrophoresis [J]. J Instrum Anal(43HTIliR2%R),
2005, 24(2): 19-23.
TREON S P, CHABNER B A. Concepts in use of high-dose
methotrexate therapy [J]. Clin Chem, 1996, 42(8 Pt 2):
1322-1329.
TAO S N, HE X D, DONG L, et al. Establishment of
methotrexate enantiomers resistant A549 cell lines of human
NSCCL and its biological characteristics [J]. Cancer Res Prev
Treat(JJ5 M7 160 97), 2009, 36(4): 273-277.
DONG L, HE X D, TAO S N, et al. Differential expressions of
VEGF and its receptor in methotrexate enantiomer-resistant
lung cancer A549 cells [J]. Tumor( fif 5% ), 2009, 5(29):
404-408.
HE X D, HU S H, SHEN Z J, et al. Chiral selectivity in
differentiation of lung cancer AS549 cells to vascular
endothelial cells after drug resistance induced by D-or
L-methotrexate enantiomers [J]. Natl Med J China(1 P 2%
7Rk ), 2009, 89(10): 690-694.
ROTS M G, PIETERS R, PETERS G J, et al. Role of
folylpolyglutamate  synthetase and folylpoly- glutamate
hydrolase in methotrexate accumulation and polyglutamylation
in childhood leukemia [J]. Blood, 1999, 9(3): 1677-1683.
BELKOV V' M, KRYNETSKI E Y, SCHUETZ J D, et al.
Reduced folate carrier expression in acute lymphoblastic
leukemia: a mechanism for ploidy but not lineage differences
in methotrexate accumulation [J]. Blood, 1999, 93(5):
1643-1650.
MATHERLY L H, TAUB J] W, WONG S C, et al. Increased
frequency of expression of elevated dihydrofolate reductase in
T-cell versus B-precursor acute lymphoblastic leukemia in
children [J]. Blood, 1997, 90(2): 578-589.
WALKER T M, RHODES P C, WESTMORELAND C. The
differential cytotoxicity of methotrexate in rat hepatocyte
monolayers and spheroid cultures [J] Toxicol In Vitro, 2000,
14(5): 475-485.
BOKHARI M, CARNACHAN R J, CAMERON N R, et al.
Culture of HepG; liver cells on three dimensional polystyrene
scaffolds enhances cell structure and function during
toxicological challenge [J]. J Anat, 2007, 211(4): 567-576.
KIM Y J, SONG M, RYU J C. Inflammation in
methotrexate-induced pulmonary toxicity occurs via the p38
MAPK pathway [J]. Toxicology, 2009, 256(3): 83—190.
CHEN Y X, LU W G, CHEN H Z, et al. Methotrexate induces
apoptosis of human choriocarcinoma cell line JAR via a
mitochondrial pathway [J]. Eur J Obstet Gynecol Reprod Biol,
2009, 143(2): 107-111.
ITOH T, ONO K, KOIDO K 1, et al. Stereoselectivity of the
folate transporter in rabbit small intestine: studies with
amethopterin enantiomers [J]. Chirality, 2001, 13(3): 164-169.
NARAWA T, SHIMIZU R, TAKANO S. et al
Stereoselectivity of the reduced folate carrier in Caco-2 cells
[J]. Chirality, 2005, 17(8): 444—449.
DABROWSKA M, MOSIENIAK G, SKIERSKI J, et al.
Methotrexate-induced senescence in human adenocarcinoma
cells is accompanied by induction of p2l(wafl/cipl)
expression and lack of polyploidy [J]. Cancer Lett, 2009,
284(1): 95-101.

ek H 4 2009-11-30

Chin JMAP, 2010 August, Vol.27 No.8 - 669 -



