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WE A EAE(Lumican)) 245 FAKREGLEL, FE S AT HITR AL P FH KA, I
B EAS. BWARS RN RFEIL TR ESAR. ARG M ER T LR E Lumican L R
ty m ek, KA TranswellNE . FE50E . B R A4 RIArm A mieiz &, T4, B, A4
4m it 18] 4k T B A T A BE ), AF 0 A AR AR IR 4m ILA 54955 4% 8 ) 49 % oh; T8 3 Western blotd ]
RhoC. p-Akt. MMP-2. VEGFZ%& & #) %34, KT LT aeAuhl. 4R LI, 5 = BARLFo(3R)% BB
ArbAR, FEA 0 FOAR 42 . T4 AR 38 3%(P<0.05), B A 4n it ia) 25 A iR 55 (P<0.05). 3+ 4m fitL 1)
A5 7738 3% (P<0.05), g T R 8 7] BAR R T 9§ do g 5% & 3% An(P<0.05), RhoC. p-Akt. MMP-2.
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Effect and Mechanism of Lumican Gene Overexpression on

Metastasis of Lung Adenocarcinoma Cell A549

Zhou Kun', Wang Geng', Pan Junfeng', Ge Mingjian®*

('Department of Endocrine and Vascular Surgery, Affiliated Taihe Hospital of Hubei University of Medicine, Shiyan 442000, China;
“Department of Thoracocardiac surgery, the First Affiliated Hospital, Chongqing Medical University, Chongging 400016, China)

Abstract Lumican which widely distributed in human tissues and abnormally expressed in a va-
riety of malignant tissues played an important role in tumor migration, adhesion and metastasis formation
process. Firstly, the stable overexpression of Lumican in lung adenocarcinoma cell line A549 was estab-
lished in the study. Furthermore, transwell chambers assay, adhesion, angiogenesis and animal experiments
were used to detect the ability of invasion, migration, angiogenesis, homogeneous and heterogeneous cells
intercellular adhesion among each group, and to investigate the effect of the metastasis on A549. Finally,
Western blot was used to detect the expression of RhoC, p-Akt, MMP-2 and VEGF proteins in order to il-
lustate the possible mechanism. Compared with the control group and (or) the empty vector group, the re-

sults showed that the experimental group cells invasion and migration ability were enhanced (P<0.05) and
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homogeneous cells intercellular adhesion were decreased. Meanwhile, heterogeneous cells intercellular

adhesion was incresed (P<0.05); Angiogenesis capacity and the vascular density which was got from nude

mice subcutaneous tumor were increased (P<0.05); The expression of RhoC, p-Akt, MMP-2 and VEGF

were significantly rised (P<0.05) and there were no differences between the control group and empty vector

group (P>0.05). The study indicated that the overexpression of Lumican gene could promote the metastasis

of lung adenocarcinoma cell A549 in vitro, and its mechanism might be related to the increased expression

of the RhoC protein.
Key words

B R AR 7 H B (the small leucine-
rich proteoglyean, SLRP) 4 i #h 3 i & 1 2 BE 1)
—/NEA, & H AT S5 2 R0 a0 i (R E 3 115
9> F o Lumican®s K 5E A1 T 4% (4, 1£12q21.3-q22
X, HH3MHMEFF2 N & A%, 4216.9 Kb, H
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Lumican PR it 96 40 3% 7% 10 52 el o R LR IE .
AW I B AE SRR E i 3R IA Lumican ik PR 1) i iR Jes
ASA94H ik, WS HEE L A4k, TR DT Lumican ik Al
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L1 Hg
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Jik N Rz 4 B (HU VEC) (B 2= K B — B 44 893 2 B A
SH6 =), A N Lumican i [N 1) 5 21895 B A 54941
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Lumican; lung adenocarcinoma; metastasis; RhoC

1.1.2 EZKH Matrigel = Fi IR (BD A F); L
1 ARhoC% 72 B Pt K. % 1 Ap-Akt. MMP-2.
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i (HRP)FR1c 17N Bt Ll 2 K bt felgG(Sigma A 7).
1.2 LWFE
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296 LR 32 7HIA-HFL N, SLI0 240 B8 In N\ 268
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5. 1041, 6. 115IFTA L G 120 minfa &0, )
W2, 7, 12F0 Fr B FLN EIETG;  FHPBSWE BE2K,
100 pL/FLICIMyERE 773, BRD. EHESMEFTA FL A N
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MTT(10 uL/AL), 4 hiG 2 FIFHINDMSO(150 pL/AL), B
FE570 nm AL by TSR ) R B R =[[F (57)
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W - BT DU 1 41:200, B-actin y1:2 000), BHLT 4
AR IC I —Pu(CARWKEEL:2 500), BEE. FE .
MM IRE. B, e, il G 3 o 3
% 4t (Labworks™ Analysis Software, USA)ll i& H [
B A FB-actin 2k 7 G BEAE, —H LWERINE T
FIEIK, S T AN

1.3 ZiE9H
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AR ST 2% 2 7 (P>0.05, &1, E1FIE2).
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24 MEERKRS MEPISER

S 6 2H I T BRI LS B B 2 T
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[ G824 2 7 (P>0.05, 3. EI5HK6).
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B B P Bk A K S I 4 4N B RJR R A
100%. e 35 19 ZEL 980 1k Py L 75 0 285 25000 ) R = 3 ok
41(2.40+1.14), SEIRZH(11.20£1.92)(P<0.05, El7).
2.6 Western blot#2|RhoC. p-Akt, MMP-2
VEGFEHBRIA

Western blot4h $ g7, X PUFh 85 ([ 1A & 5L
I T H AP P<0.05), HiX VUM EE MM 2
[) 52 35 1E AH 5%(P<0.05), i HE 2H FN 25 25 A4 4 g B i
ER(P>0.05, £4. K8).

®1 ZHMARE. TBNONE

Table 1 Three groups of cell invasion and migration determination

Hil (R A (k) T L (W)

Groups The invasion test (¥£s) The migration test (¥+s)
The control group 53.67+4.51 49.33+8.33
The empty vector group 58.33+3.21° 42.67+5.86*
The experimental group 123.33+4.04° 97.67+6.51°

ap>0).05, 23 AL 5 0 BB AL TE B B 75 5 PP<0.05, Seiad 5 WAL 2 08 St 2 .

2P>(.05, there were no statistical differences between the empty vector group and the control group; °P<0.05, there were statistical

differences among the experimental group and the other two groups.
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A SEIOH; B AR C: G REA
A: the experimental group; B: the empty vector group; C: the control group.
Bl =ZA4RRRZESIEEEI(200)
Fig.1 Comparison of the invasion force in the three groups of cells (200%)

A: SEIOH; B AR C: GFREA

A: the experimental group; B: the empty vector group; C: the control group.
E2 =A4RRIEH JIEEEI(200)

Fig.2 Comparison of the migration force in the three groups of cells (200%)

R2 MRS AR E M R A LR

Table 2 Comparision of the homogeneous and heterogeneous cells intercellular adhesion

e
2H 51 Adhesion rate
Groups 30 min 60 min 90 min 120 min
Homogeneous The empty vector group 0.048 9+0.077 0.093 2+0.360 0.144 6+0.074 0.163 6+0.082
The experimental group 0.025 0+0.127* 0.046 440.088* 0.072 3+0.104* 0.090 7+0.152*
Heterogeneous ~ The empty vector group 0.345 4+0.091 0.402 3+0.150 0.431 2+0.794 0.438 4+£0.214
The experimental group 0.389 5+0.154* 0.527 7+0.126" 0.749 9+0.016" 0.854 2+0.034

1P<0.05, SR 5 WAL 2 WA Gt 5

2P>0.05, there were statistical differences between the experimental group and the empty vector group.

-
A: SEEGA; B AR

A: the experimental group; B: the empty vector group.
B3 LumicanE 3t [E]Fh4m AR I8 F5M 1 B0SZME(200%, 1 h)

Fig.3 The effect of Lumican gene on the homogeneous cells intercellular adhesion (200x, 1 h)
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*3 BAEMERRS MEMSEEER
Table 3 Comparision of the angiogenesis and vascular
mimicry among each group

ik M TE R IMAE RS
Groups Angiogenesis Vascular mimicry
The control group 4.67+1.53 7.33£1.15
The empty vector group 4.33+0.58* 7.67+1.53%

A: SERGAH; B: S EARA The experimental group 15.33+1.53° 21.67+2.52°

A: the experimental group; B: the empty vector group.

AP>0.05, 5 HARA SRR T B 22 7 PP<0.05, SEIG 2 5 H AT

El4 LumicanZ:E 3t =M ARRIEFM 1 W7 G LR,
BISZ0@(200%, 1 h) 2P>(.05, there were no statistical differences between the empty vector
Fig.4 The effect of Lumican gene on the heterogeneous group and the control group; bP<0.05, there were statistical differences

cells intercellular adhesion (200%, 1 h) among the experimental group and the other two groups.

A: SEEGA; B: T EARAL; C: XS RRAE
A: the experimental group; B: the empty vector group; C: the control group.
El5 =404 A0 10 S/ R El(100x)
Fig.5 The angiogenesis of three groups (100x%)

A: SER AL B: A EUALL C: x4,
A: the experimental group; B: the empty vector group; C: the control group.
El6 =4H4RAEMEUZSE (100%)
Fig.6 The vascular mimicry of three groups (100x)

A SEIGA; B: SR .
A: the experimental group; B: the empty vector group.
7 R K FEHERELLE(200x)

Fig.7 The HE staining of the nude mouse subcutaneous tumor (200x)
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Table 4 Comparison of the protein expression among each group
EEi X HE2H THAL SEERAH HHR R H(r)
Proteins The control group The empty vector group The experimental group Relativity index ()
RhoC 0.201 8+0.034 2 0.262 0+0.023 9* 0.717 8+0.015 9° 0.78
p-Akt 0.489 7+0.116 3 0.500 1+0.013 3? 1.144 0+0.082 3° 0.847
MMP-2 0.587 10.054 4 0.559 3+0.033 52 0.987 0+0.051 8° 0.997
VEGF 0.506 5+0.022 5 0.511 4+0.244 5° 1.035 9+0.034 3°

4P>0.05, A HARLA G0 AT W] B 2 5 PP<0.05, SKI AL 5 AP Z A it 2 R .

2P>0.05, there were no statistical differences between the empty vector group and the control group; YP<0.05, there were statistical differences among

the experimental group and the other two groups.

1 2 3 4 5 6
P-Akt
B-actin

— ————— — — ——— [}-2C1ID

—_— e — —— — .. Rh0C

—— R ——— —— e —— MMP-2

e e mge. e e e [J-aCti

B-actin
VEGF

L4: WAL 2,5: S8R 3,60 AL
1,4: the control group; 2,5: the experimental group; 3,6: the empty vec-

tor group.

[Z]8 Western blot;% &MU E B 7E S ARFRIA

Fig.8 The expression of proteins among each group by
Western blot

3 g

SLRPZ I H 41 M /25 J51 (1) % SR £ AE 4 B, B AE
H LKA S AT T BT T 4 40 40 = ot 1) AR
R4, eI A REBERIIE A% 45 07 [ A 3 B A
W, Lumican3E R AT T N125 Yo (04437 vy, & SLRP
FEH B R A 2 — P ORI 2 1) B R AT
RELEME R A KRR B EEEAY, X 53]
T HE N A /)N 20 1 it e 94 B2 2 A2 1) 93 1 4B 804 2 T
L KT o

H 7, B N A8 LumicanE R TR 580N HAE K
053 e 1 o7 Hh R 208 = T IR AR, TR At
b — P EENAREE S0 TS 5 R Z A A
VeI AR, B I e 20 B A o T R B
1K) 2 32K T 5% PR3 14D A R A B ke 7 e A 4 O,
(R R IAER 73 e b s ik, S Ak

1RZBHUEARK, HBARNIGHIIEES . Ishiwata5
RIN, JE e 20 2R v Lumicanid 265% 5 A B 23 3.
Ja W e+ AR R0 A DR 2R B A 5%, ARV T A6
N ZHZUES A 3 ARG M Lumican32 [RI7E K e B 3%
KR E TS IR AR, HHREEES K
RIEFEEERIEAR G, 5 B AR A7 2 a2 A 0% Mat-
sudaSF M E I G A A AL it s 2L 2O BT
T HR R IR, Lumican 3 RIE fififes 40 i Fh 281K T 18] i
MR RIE, H Lumican & RI7E i 40 i 3Rk 13
e 55 M A5 28 R0 MR ) /N R IEAR DG, DL B SEROR
Lumican RIFE g8 67 Hh (R4 FH W] REAFE 72 40 s
P, AEAS DR, i, FRATIAE AT R SE G ) 2 A
Bt — D 58 LumicanB: R 22560 N Jifi s 40 Pl AS49
RN AN (52, FEEAR T H AT RENLEE.

JRE AL RN i v . TR B
FANIEJTT AR I TP RS R S B, 1T fiek g of 4
AT A RAE H 0 — o () e eg T A e =, AR
IR AR (2 A% AR K R 52 3 EE A
ARSI DAY T N Lumican 2[R 1¥) 55 2H 4295 2 18 G N i
JiR 968 40 O AS4941 i, FH Puromycinii 12 v 4 37 A5 5 4]
Mk, 38 Transwel/NE . B S8, 18T A 5
WS AG M Lumicane K % ASAOLH s R (S . 45
RN, 5 HARERE)X A P, SEIGH A7
28, ILAERE IR N, TR b 20 B 1A K B oS, T A
S 1) G B 3, X B S 2H iR A4 A i) BE A
Gy FHH i ¥ H5E 5 55 S o 28 386 B T T oz A 3 #%
Kby MUE T B S AS B 038 9, R I8 I A 40
Hahn. LA oh AR R O, Lumican R BB/ 12E N
JIs i A SAOAH B 1) 4 B 5t v B 7 AR BRI RS g
SRR A M RE ), B R e e ). Ihdh
W5 IATHT AT 7T X MatsudaZ5 " I 7L 45 AR AT -

RhoCHER 72 RhoJE K X ik L 22— b, HATGTPH
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T, HSMIRRSE. T8 AR ARG &)
FHIR, BN AR M AL 1) 71T % HAE Mt 2H 24
w2 TA 7K 5 il TNMU 23 31 K% ik B2 485 e 7% 25 D) A
5%, TORIER 22 11 55 kL 2% BARhoCYE il f % A5 1 2 v
AR PEE U, p-AKUE THAEIR A R AR H,
FEPI3K/AK(E 5 18 I 1 OB 1S 5 0, TS Wt
K, (R IR A MG B S e R . AT R B, HAE
JE /N f it R RE 1L, HERA B M, VEGF
S H AR B S 2 B I R T, Ak 2 B TR A
FLAE Mo v 2k B 2 T IR 22, 5o 142
P 5T SR . MMP-252 Ji 8T 41 it 43 i
[ 35 5t 4 J& 55 F ¥ (matrix metalloproteinases, MMPs)
Hh B ATV B i S e B . A TR R LR R
(RO A T 00 1 92 9 RN 6 8 ok 1 R At 2
P AR A, HRIA S M TNM 11 K 7 2% 1)
FHSES, IR 9T 26 B, RhoCHE R 31 AT LASR 5 1
B SR (VEGF) 7K, AR 22 28508 B
HEFMAPK). BENEEEC(PLC) B IR IE AL 3- ity 2
FIEB(PI3K/Ak) 555 5 4% 3% 4%, JE T EMMP-2 1)
R A4 51 (pro-MMP-2) 6 i fliMMP-2, i B 2. b i i
T RES IIMMP-2, TTITMMP-2 1] DLAR A% i 983 1fi 5 4 24
(T A, (it iR (i BB, R, BARR R A A,
TEAR 1t i 98 1 % 4% 1 72 A VEGF 5 MMP-2. 2 [W] 477
FAHE A MHERERNER R, XL AL
rh S 56 2H ) Western blotAs il DU Ff 85 11 1) 18 338
HREIEM KIS AR HILHEN, RhoCH] #EiEiT
$ERIVEGF 2R IE 7K, dE MK SEMAPK. PLC.
PI3K/AKtZ (5 5 5 G i 12, i & AHEMMP-23%K 15 14 i,
MITMMP-2 X i) {2 FEVEGF £ IE, DU 2 5 At
NI ASAOM B 5575 o DR, LumicanZ [K it 1K 51
HCRhoC+ p-Akt. MMP-2 X VEGFE [ 1 138 in ]
RE 2 I Ji i 41 B A S49%% 2 1t B XL, {2 Lumican
R4 42 5] EERhoCEE A I it T ik —25
P INTIE

SE T #K (References)

1 Moseley R, Stewart JE, Stephens P, Waddington RJ, Thomas
DW. Extra cellular matrix metabolites as potential biomarkers of
disease activity in wound fluid lessons learned from other inflam-
matory diseases. Br J Dermatol 2004; 150(3): 401-13.

2 Nikitovic D, Katonis P, Tsatsakis A, Karamanos NK, Tzanakakis
GN. Lumican, a small leucine-rich proteoglycan. IUBMB Life
2008; 60(12): 818-23.

3 Radwanska A, Litwin M, Nowak D, Baczynska D, Wegrowski
Y, Maquart FX, et al. Overexpression of lumican affects the

10

11

14

16

17

migration of human colon cancer cells through up-regulation of
gelsolin and filamentous actin reorganization. Exp Cell Res 2012;
318(18): 2312-23.

Yoshioka N, Inoue H, Nakanishi K, Oka K, Yutsudo M, Yamashi-
ta A, et al. Isolation of transformation suppressor genes by cDNA
subtraction: Lumican suppresses transformation induced by v-src
and v-K-ras. J Virol 2000; 74(2): 1008-13.

Chakravarti S, Stallings RL, SundarRaj N, Cornuet PK, Hassell
JR. Primary structure of human lumican (keratan sulfate pro-
teoglycan) and localization of the gene (LUM) to chromosome
12921.3-g22. Genomics 1995; 27(3): 481-8.

B, M, R, RIGW, Bk 1, 2 RAM. i S
MR B T HR 8% 8 . @ (Ge Mingjian, Wang Mei, Wu
Qingchen, Qin Zhiming, Chen Li, Li Liangbin. Gene expression
signature for lymphatic metastasis of human lung adenocarci-
noma. Chinese Journal of Cancer) 2009; 28(3): 262-7.
Theocharis AD, Skandalis SS, Tzanakakis GN, Karamanos NK.
Proteoglycans in health and disease: Novel roles for proteogly-
cans in malignancy and their pharmacological targeting. FEBS J
20105 277(19): 3904-23.

Nikitovic D, Berdiaki A, Zafiropoulos A, Katonis P, Tsatsakis
A, Karamanos NK, ef al. Lumican expression is positively cor-
related with the differentiation and negatively with the growth of
human osteosarcoma cells. FEBS J 2008; 275(2): 350-61.
Ishiwata T, Cho K, Kawahara K, Yamamoto T, Fujiwara Y, Uchida
E, et al. Role of lumican in cancer cells and adjacent stromal tis-
sues in human pancreatic cancer. Oncol Rep 2007; 18(3): 537-43.
RPL, WF53C, SR, (ST, SBUE, #HEr. Lumicankk
DRIE R M o (K08 S TR 9% A% [ i £ 27 2% 35 (Song
Hongjiang, Lan Xiuwen, Wei Yuzhe, Tong Dandan, Jin Yinji,
Dong Xinshu. Lumican expression and its relationship with bio-
logical behavior and prognosis in colorectal cancer. International
Journal of Genetics) 2010; 33(5): 268-71.

Matsuda Y, Yamamoto T, Kudo M, Kawahara K, Kawamoto M,
Nakajima Y, et al. Expression and roles of lumican in lung ad-
enocarcinoma and squamous cell carcinoma. Int J Oncol 2008;
33(6): 1177-85.

Pan Q, Bao LW, Teknos TN, Merajver SD. Targeted disruption
of protein kinase Cepsilon reduces cell invasion and motility
through inactivation of RhoA and RhoC GTPases in head and neck
squamous cell carcinoma. Cancer Res 2006; 66(19): 9379-84.

Liu D, Xu Y, Guan Z, Duan H, Wang E, Han Y. Expression of
RhoC and its regulators RhoGDIbeta RhoGDIgamma and their
clinical importsnce in lung squamous cell cancer and adeno-
carcinoma. Chin J Lung Cancer 2008; 11(4): 538-41.

Lee SH, Kim HS, Park WS, Kim SY, Lee KY, Kim SH, ef al. Non-
small cell lung cancers frequently express phosphorylated AKT;
An immunohistochemical study. APMIS 2002; 110(7/8): 587-92.
AT, 5k A, i PR MMP-2FTMMP-97E /1N 2 i
MK J TE = . A E il 2% 2(Zhao zhongsheng, Zhang
Mei, Ru Guogqing, Expression of MMP-2 and MMP-9 in non-
small-cell lung cancer and their prognostic value. Chinese Jour-
nal of Lung Cancer) 2000; 3(2): 107-10.

Kong SY, Park JW, Lee JA, Park JE, Park KW, Hong EK, et al.
Association between vascular endothelial growth factor gene
polymorphisms and survival in hepatocellular cercinoma pa-
tients. Hepatology 2007; 46(2): 446-55.

Wang W, Yang LY, Huang GW, Lu WQ, Yang ZL, Yang JQ, et
al. Genomic analysis reveals RhoC as a potential marker in he-
patocellular carcinoma with poor prognosis. Br J Cancer 2004;
90(12): 2349-55.





