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Theanine suppresses angiogenesis of endothelial cells in vitro and in vivo

Mo Guiyan, Li Min, Hu Chengping, Lei Mingsheng, Hu Zan ( Department of Respiratory Diseases, Xiangya Hospital, Central
South University, Changsha, Hunan Province, 410008, China)

[ Abstract |
formation of human umbilical vein endothelial cells (HUVECs) , and on tumor angiogenesis of lung cancer het-

erotopic xenograft. Methods

Objective To determine the effects of theanine on the proliferation, apoptosis, and tubule

HUVECs were treated with theanine at 6 different concentrations (0, 25, 50,
100, 200 and 400 mmol/L). MTT assay was used to measure cell viability. Flow cytometry was applied to ana-
lyze cell apoptosis. In vitro three-dimensional (3-D) model was employed for analyzing tube formation in vitro.
Heterotopic lung adenocarcinoma xenograft of A549 cells was established in nude mice, and then these mice
were divided into 2 groups (n =6). In theanine group, theanine was given at 100 mg/ (kg + d) vie intraperito-
neal injection for 14 d, while the control group was given the same volume of normal saline. All mice were sac-
rificed at the end of treatment, and tumor masses were resected for the size. The expression of VEGF in the
tumor and tumor microvessel density ( MVD) were measured with immunohistochemical assays. Results
Theanine treatment resulted in a decrease of cell proliferation, an increase in cell apoptosis and tubule formation
of HUVECs in a dose-dependent manner ( P <0.01). Theanine also made a decrease in VEGF expression and
MVD in the xenograft (P <0.05). Conclusion Theanine suppresses the proliferation, induces cell apoptosis
and reduces tube formation in a 3-D in vitro model in a dose-dependent fashion, and also, inhibits the angiogen-
esis in lung adenocarcinoma xenograft in nude mice.

[ Key words | theanine; angiogenesis; human umbilical vein endothelial cells; lung cancer; microves-
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1.1 ##

JEAC A kP9 2 4 i ( human umbilical vein endothelial
cells, HUVECs) Ji§ 4= ML - PN B2 40 8 A= K 32 357 97 ( endothelial
cell growth supplement, ECGS) Il |4 ScienCell /A 7], HUVECs Jif
JH 5% BG4 M5 KB T 1% ECGS il N Bz 40 i 52 42 55 35 i ik
TTHEFR 5 AS49 A ARk I Hh R A I 12 B 0 W BIF 5% 28 VR A7 5
AR AR FR WA K B AE ) D Be 1843 A DR ER ARG
it 4 04 B 1A N R AR K B P (vascular endothelial
growth factor, VEGF) It | Peprotech /23 ] ; CD34 i) H Santa Cruz
2] AT VEGE 1 Biosciences 2y 1l 5 93 20 AL 177 &2 1
A P2 a i 12 FUMEPE BALB/c #E,4 ~ 6 i, IR i 15 ~
17 ¢,y 5 R RS2 80 s oL, SPE TR
1.2 7
12,1 MTT 525 BeBCERKORES RAF 00 400, 0 N B 2
Jfa5E 4 4 9% W % HUVECs % & &y 10°/ml, 96 LA AL A
200 pl, EAEIR CO, IR R IR , 25 40 M LR 2 29 60% B ¢
FLarhy 6 26, B A3 B ACK [R) M BE 28 2R [0 (X BR2H) |
25.50.100,200 400 mmol/L] , 401535 & AH R, BHE 5 4>
FATFL. fEAEFRAL B 24 .48 h 5, il MTT i . DMSO Ji5 7€ i
IR B A AL (R B 4 570 nm, 225 4K 630 nm ) 4% FL 1Y
AL D(570) ] HA A KA, TREH 3 Ik, it
HMH,

i = [1 - 2594 D(570) /% HE4H D(570) ] x100%
1.2.2 i M=% W HUVECs L AUERD
£ 50 em® BEFMATEL T 37 °C 5% CO, (9 41 o 55 F2 4, 100 1
FERREFR . RRANMR =4 80% Wit K B 4 6 41, B
B IR S A O (X B 2H) 25,50 ,100,200,400 mmol/L
6 ANV BERR BE RS IR , 430 T 24 48 h S ISR IH AL 2 ML, 4% 350
W3 Annexin V/P1JR T4 5 1 378 2K 20 M AR 0 240 B
JHTAEIL ., S E A 3 R, IR IE,

1.2.3  {RIM/INETE WL S 5 1 BRRE R 10 x
PBS LI ZE18/K JCH 1 nmol/L NaOH & T-vk MRS & i
VR 3.5 mg/ml A1 JE AR AR 2 96 FLAR , &FL 60 pl,
H 96 FLBA 37 CHEFRAE 153729 40 min J5 ] 1 x PBS #hij
ek I Ak W82 HUVECGs, AT I T R[] ik B2 2% 24 R Al
40 ng/ml VEGF P Jiz 41 s 5¢ 4 1% 37 W T B 40 il % FE %8 10°/mil,
Vo A R ER A B B AA L, AL 100w, B4 R I SR A 4 AR
B AR 22 A T TR/ NE . 5557 48 h J5 RS 2 , 51
B WM T RGO AT R NE I EE .

1.2.4  FoREJE S

1.2.4.1  FES7 AS49 # R AL A A5 A IERAAE SR GRS
Wi A549 4iiifs, 512k 1 000 r/min E§.0> 6 min 5, FIAS S LI Y
RPMI1640 ¥5 5% 3L 2 40, AN 25 2 2.5 x 10"/ml, T4
RABHEME FHEA0.2 ml 402, M1 WG, &b
BRI Z 25 mm’ B, K #E BRIRBEHLECFE R0 2 41
(B 6 ) Za MR MR . FI2H T LA E B I8 I 1 5

100 me/ (ke = d) | % AL T AL 5 MR 3088k
W Bt O S R0 K ) SR (),
SRR, AR 14 d JFERR R, T T, T
P Tkt HHSEID%

L = J-ab?

IR = (R IRZHIR i — SCUR AR i ) /% AR o
100%
1.2.4.2  IFEAE IR LS 25 & ( microvessel density, MVD)
oM T LA 4% 2 R P REE 2, A A, U1 4 pm 3 H,
CD34 e 20 A Y (42 B Ui B B #24 . MVD 3+ $0d% Weidner
2, AR ( x 100) TWREES Fr, FR 3 185 e de e Ak, FRAE S
BT ( x400) 4088, ok 40 5 AL, THECEES LR 9 i
R S AT AU AE U T X bR A MVD {E,
1.2.4.3 e bl VEGE () 3Rik T A Ab 1 R B 92 2H
AN LR 5 CD34 AR, #U0R & T8I B A 2E WA 40
BN TPP 6. 0 RIS AL B4 Ao T 4% 26 i g 32 38 VEGF FR
MG EEE (10D)

1.3 “%it$F5%

FEERLL x x5 Ron o BRI SPSS 17. 0 Geitdr itk
PGt 5T, [ — I ] 225 2 m) AR A R PR T3 /NVEHH
PR R R R Ty 25 8 Wi AT Ge Tt , B RRUA T I AR FR g o
i MVD 10D {E4H [A] HLBE R A ¢ Ao

2 #R

2.1 RRBEAT A K 4a B3 5h 6 F e

MTT S 36 K6 25 52 5 7, 25 ~ 400 mmol/L 4545 /R 7 B &
OV A g 200 LB, B R B A DB B A, A R 4 o 2 AT o SR
ZHN, BRI AR, TR — I, A P A, 2 51
FHISFEL(P<0.01) , BEFE VBRI GE, Py 2 40 A=
KAl gm. e 1,

o1 24 h abed
90 abe abed

80f W48 h ab.
70
60 ab
50+ ab

40 a
’;I
50 100 200 400

30F
20
101
0
HREFR IR (mmol/L.)
a:P<0.01,%5 25 mmol/L ¥t3x;b: P <0.01,5 50 mmol/L ybix;

25
¢:P<0.01,%5 100 mmol/L 4k ;d: P <0. 01,5 200 mmol/L rbx
1 MTT ;E&NA E R B2 S ERXT A BL 40 i 1 58 A9 54 1

2.2 FRBRATA K e T8 R

2 A0 ARG I 4% S B R, HUVECs £ 55 R R IE R , e
FEFE 25 ~400 mmol/L A543 it , 41 8 v 3% 4 -, [
— B [A] S A A LA R T 3 22 R A G2 B L (P <0.01) , 24 h
B ,25 mmol/L S5XF IR A2 F G2 L (P >0.05) , H
A5 IR L2 I E ST #3E L (P <0.01) , 48 h i,

ARG (%)
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A:0 mmol/L( 2} 8 )28;B; 25 mmol/L 28;C; 50 mmol/L 28 ;D: 100 mmol/L 48 ;E: 200 mmol/L £ ;F; 400 mmol/L 48
2 BEIEHEBRRENREEMS h FAEREEK ( x100)

LG X IR e 22 e A e i B L (P <0.05,P <0.01)
W 2% R A BN ) A S, P T . WA 1

*x1 FAEREZEEY HUVECs BATHIZE (% ,n=3, x+s)

2.4 FRBARBL T BAREE K"
FRETRALTE 2 oI5 , 2 R 2 MR A R 98 Jo ik 459 o0
IR (P <0.05) AR H 36.4% . WK 3.

SRV E (mmol /L) 24 h 48 h %3 %ﬁ@ﬂﬂﬁﬁﬁﬁﬁﬁ*f@ﬁﬂxﬁim’xwﬂ (n:6, iis)
O(XFHR) 0.06 £0.01 0.05 +0.07 20 5 ISR AR ( mm®) T (g)
25 3.30 £0.72 4.57 £0.92¢ X 2 272.73 +84.30 0.280 +0.071
b b

30 20.07 £2.95 24.70 £2.89° P il 119.81 £22.31° 0. 178 +0.0292
100 27.00 +2.21° 34.61 £2.72b
200 36.17 £3.27" 46.73 £3.53 a:P <0.05, 5 % A4
400 72.57 £3.19> 80.77 +1.33P

a:P<0.05, b:P<0.01,5 0 mmol/L rtix

2.3 ZRRBEX N ARSI E T R 8 e

5 96 FLAR B T3 A 25 W e T WA AT UL, Xof HR 41 R AR
P A% R 21 A0 M s TR 25 4 1 T 22 AR L 2 IR i 3T LR
ZRW AR ZE R o B 2% R vk () B8 85, TR Il A8 s IR 54 1
W 2L, 400 mmol/ L 45 521 4 40 i [ 45 18 500 , oK 0 Y 4 4
MR LA RGN WL 20 MRS X s A ot A
T ST A 8 R R B A5 s BVl B 3 &, A IR B H
Wik A ] L 2E A G2 L (P <0.05,P <0.01), U
£2,

R2 ZHEFPEEBRARREALMMNMNERBELLER (=9, 2x5)

ZRHE R E (mmol /L) INEECE
0(X$A) 25.60 £2.70
% 22.80 +2.04°
30 18.00 = 1. 58b
100 13.00 1. 87bd
200 8.20 = 1.92bede
400 0.40 0. 54bedef

a:P<0.05, b:P<0.01,5 0 mmol/L }b%;¢c: P<0.01,%5
25 mmol/Lit# ;d: P <0.01, %5 50 mmol/L b ;e: P <0.01,
5 100 mmol/L rb&;f: P <0.01,%5 200 mmol/L bz

2.5 RRBEATARRAS M B Mot B % VEGE &34 6
¥

B

Jieg e pE gl b 45 R o, XA R 4H CD34 FRicd i) MVD

VEGF Fk B A (P <0.05), W4, K3 .4,
F4 FEERGBHE3HE MVD VEGF 10D EHHM (n=6, x +5)

N

215 MVD 10D &
pogicEd| 20.10 +4.25 0.126 +0.012
ZRAERU 14.80 +3.992 0.074 £0.008*

a:P<0.05,5 2 Bk

e e TOATATI = RF e ] D
- '."Qr- )" ‘-‘«.\:{-‘ B

A P A5k & b AR el e
A3t RR20 B R AR
B3 REALET2 AMEMVD T (S-P x400)
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AT RRZE B R BR A
E4 REALKLT 2 AME VEGF Rk (S-P x200)

3 itig

SEEAAR b 2 0 AR AR MR R, IR i AR AR
TEREE RS S T IR A A A > Rk, 4 ol g
A O R A KR S L E AR . SR
SR 2R M I A B0 e gRg i A A VR T
WA AN LGy 2 — , HAPUMEER A
X P Rz A A K R it A AR s i R AR
IFFE ARG MIF 5T A% Z T PN Rz A I A A S 8 T B 5% T
AT il ad = 4R SRR UL T Py Bz 20 e A b N
TE RGBS 33E— 25 7E A4 PN L 28 25 2 1 %o R L it i 9
FEREIRE 145 A 5

A AR A S AR o AR 2« DA 1M 48 A B IH 5 1
A A PR A, i A A R R AR s )N B AN
53 VAR 7K A T | I P B i G S R A 5 DD PN iz 4
Jf 1] 2 2[RI BR R AL B 3 B 5 (DD B2 AN AE s T A 49 3¢
PRIV RIS 0 5 B FE R B R S o TR, PN B2 40 g
T L5 A ol A 2 A H T A A T 4 I PN R 4l
ik WA Bvie 3B 1= e e A N S O T A D7 1 /B
J3E 8 T R A A B, EL AT i AR A . PR
BRVFZ2 145 A= B0 590 A9 35 EEHTIMAT A= B AL 2 —
JEE SN A T AR R B, SR R R
TE 25 ~400 mmol/L B, 52 Vi B AR 4 Hb A1 1) P 12 240
G A S N AN T, R R, 2 R A SRR
(P <0.01) ; H 7 =435 57 v ke IS 2R vk B A4 i
PEHBAD AR SR N Bz A/ INETE o 7R 28 2 R X T 1l
A B EA I HIVE R, 25 &R VT Be o 4 FH T i A A
ST AR R A o FRATTIEA T 1 R BRI i 98 RS AR
SEHGEE RNGIESE T 232 R RE 0 il A2 A A K, L&
A TR B A MVD  VEGF ik Bl i FRE (P <
0.05) . MVD Sz Wt 7 fifJag 3 i 45 A6 i e R 2, 2 7% 0
BB 2AFE R, 2 H BT A 1k, MVD 4752 SR A ik 1 45
A S SRR E

VEGF 2124 Bt & BLAY | fi 75 22 A0 412 1 45 A= A 1A
F,VEGF 5 HZ KL 5 J5 , vl JIS N Bz 40 i A7 1% 44
5 TR, {2 HE bR O A A Y . 4R R, T
VEGF {535 W] i 2 4% 20410 1l FifrJed 1 48 26 B i) 1L

Z—0
FATREARIE 5T K B, 25 R A8 L H4M h] A549 4
oA AERE AS49 A E T T S0 AS49 B2 AR A=
K ARSI A R, 2% A R A A 0 R P R 2
Jasa e AR IR T 0 P R A NE R R RE T
A5 BRI ) e 1007 A i, DT R A AR A R
WAL FF TE— 2058, T VEGF A nl fE 2 H
Bl Z—o B2, RNE RN GE i B2 T il 8
AS49 2 A, i L3 3= 0 o e ot A A D T 2k 4 o)
it i e A R A B H Y
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