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[ Abstract ] Background and objective Rap2a, a member of the small GTPase superfamily, plays a critical role in
regulating the function of integrin and cell adhesion, thereby controlling cell motility and cell/matrix interactions. However,
the function of Rap2a in carcinogenesis is still poorly understood. To clone Rap2a cDNA, which belongs to human Ras-
related small G protein superfamily, we constructed its eukaryotic expression vector and determined its expression in lung
cancer cells. The aim of this study is to explore the role of Rap2a in carcinogenesis. Methods The levels of endogenous Rap2a
protein in lung cancer cells were measured by Western blot. Total RNA of human osteosarcoma cells U20S was extracted and
reverse-transcribed into cDNA by RT-PCR. Then, Rap2a gene was amplified by PCR and inserted into pcDNA3.1(+). The re-
constructed plasmid was identified by restricted enzyme digestion and sequencing. pcDNA3.1(+)-Rap2a was transfected into
H1299 and A549 cells, the expression of Rap2a was detected by Western blot. In addition, the migratory abilities of lung cancer
cells were evaluated by Transwell assay. Matrix metalloproteinase (MMP)2 enzyme activity was evaluated by gelatin zymogra-
phy. Results Rap2a is significantly upregulated in lung cancer cells. The results of enzyme digestion and sequencing showed
that the coding sequence of pcDNA3.1(+)-Rap2a was right and was inserted into the vector correctly. The results of Western
blot showed that H1299 and A549 cells were transfected successfully. Transwell assay indicated that the ectopic expression of

Rap2a promotes lung cancer cells migration. Correspondly, enzyme activity of MMP2 also increased. Conclusion Eukaryotic
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expression plasmid pcDNA3.1(+)-Rap2a was constructed successfully. Rap2a could be expressed in lung cancer cells efficiently

and promotes lung cancer cell migration.

[ Keywords ] Rap2a; Gene cloning; Migration; A549; H1299
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HfmiE e Rap#E [ (Rapla, Raplb, Rap2a, Rap2b,
Rap2c ) JHRastf G/ NGTPRGER [ % . RapljRastiify
AR TR RO, PRl F- 45 R 3a, $ 7R Rap1 1] 5 Ras 3 4 H AL
N, NI & FEFSE P Rasi DI 6E . Rap247 HOlRRAG A= 4
SRR, O AR 7 A e S N RS, TE
L RS T B TE AL AP 3 50% , I H LA A
SERI S 390 S SR AR N RN 2R . IR, Rap2 5
Rap LI Ras7ER500 K 285 4 3014 30/ N 26 5 i 75 Rap2 7 fig
AR S BRI, PR = DT 7 A R B AR P58

Rap2a i 55 T 19884F i Pizon %5 P 7E X BurKitt sy [ )8
cDNA S BEAT 0 e I 4 % B, = 8 22 7 40 i A 1
JEZYSE, Rap2atk[N 4K 549 bp, 4ifb183NEKEEMR, &
LT 13934, HAEMIEHA B S Ras KRR FIAHL, F 2240
F555 3240 Z FE MR B L AR T2 e, 5511-148
7 2 B PR B 5 1) S HICEE 43 A1 (A% T BR 48545 Sl R CoR i 1Y)
CAAXIESP . HCui CAAXHL 7 5 e A D REA ¢, Itk
J¥ 78 5 AT 5 | i Rap2ai/F Z gL, (A8 —FRAYE,
Rap7E & 17 L CER [ 0 D RE AN ARORG R, 1 T4 o 40 i
S0 A5 L SR AR I 2R TR 5 T VR AT B
T Yk e A W T T SE R SE AL, AR AT
1 H 't AR Bl Rap Y — SRR ) BE LA K g g T i) oF
Fo IR 200 P ST R ARURS B g 42 22 5 A% Pl A i 8
YER, A HE S 5N Rap2 2K (1 AT S0 A2 2R g (93T
& IR B DA TTT 52 1 Jie 8 () A2 22 A 7% o (E OO Bt 1 ¢
AR AT RS, HAETH AR ILARE .

1 #HRFn7E

1.1 BB B R AR U20S, il 41 i Bk H 1299 F1
AS49, NJFER KN 240 ( human umbilical vein endothelial
cells, HUVEC ) , DHSa/i2Z &4 /it X pcDNA3.1(+) A A
R EARAT o BRAE P VI Hind T EcoRI, RT-PCRiR
7l £ S T4 DNAE BRI ] TakaraZA vl ;. PCRIAHI 6206

RAREACRHHA R w5 Bk DNA 8] 65 Fi BkL
/N BRG] & H Promega/y m] ;. RNAfh 210 &
JiokE 32 BOAR) &5 0 A Qiagen/A ] 5 FURLAL G415
Lipofectamine’ ™ 2000} 3 [ Invitrogen/y 7 F= il SHT A
Rap2a$it{& 4 H Abcam/y H], $HT A B-actin—Hi Il H S [H
Santa Cruz/A vl . YEGFEPL DG FER AlgGy H 3 [H
Licor/A ], £:0dysseyf {1 Hiab B
1.2 7iE
1.2.1 Western blotk il Rap2are filifs AN H Ag 15 i FHvK
T ) A 24 buffer 25 ZH A P S B L SR . R
FE il 12.5% SDS-PAGERIIE J5 = NCHE | . il 2%
F R E A1 b BT Rapahit (R 1 . 784 BRI S = IR
ZPilh, FRRBEERS B
1.2.2 cDNARYZRIC A B PR A Ak U2 0S5 22 4 i 2 i
Ragpdk, JREEN LA Ir FHPBSHt)a , #4218 Qiagen/A
RNAF$E G Ul B 7. R FORNAR S BT A5
YR B AR B Y RNAF] T [ 5%, 1R-15 cDNASLEE
1.2.3 HFEFHE ZHGenebank refseq LM
NM_021033.6/741, ¥4t %t Rap2aki [Hl 44 I s ] 324
( open reading frame, ORF ) [X5|¥), [Ji#SGAAGCTTAT
GCGCGAGTACAAAG3’, TIiESGGAATTICCTATIGTATG
TTACATG3’, AT RIS cDNASCAABRR, PCRY 1415
BRSSP
1.2.4 pcDNA3.1(+)-Rap2alfoki (U EE 454 [ Rap2akk
, ZEcoRIFIHindIIDWEEY] 5, T4 DNAE Bl % 2
B [6) K FH EcoRUA Hind TDN EEY) () pc DNA3.1(+) Ff, fa2t
pcDNA3.1(+)-Rap2a FL%FRIR T b . LR UIW) AL %08 Jm ik
AR IR FR A AU 3 iE .
1.2.5 AffL LY 1540 M 4b T 280%-90% il 5 B E 17
ey $ONLEARAETHSE, BALINA2 uglikr, H
Lipofectamine'™ 20004% YL FI EA THE YL
1.2.6 Transwel/NZ A5 520 H1299FHIAS4941 i YL Rap2a
24 hJim, FHIEREF LR A00E ,  FH G IR 15 77 2 i sk
8 43 x10*/mLAY 20 L B 150 uL,  Jill A Transwell/ Va5 1 |
%, FEMAG00 uL % 4710% FBSHY 4535 58, dkLidrE
WEEA T FR12h, 1205, BREE, daEEe, 1
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MRS /IO 2 B GRS T 40 R T B
USSR, THEOTSE T2

1.2.7 HJSHETE S0 AMEE QL AR, S5 04548 hif il mL
TCIM T R R LAk SR 7724 b R H A RIFW, ¥ B3
WA B, 2,000 rpm 0210 min, BCAJLNE #5
B TR, AR AN [ W B A 1 AR IR, DRAIE
BREE BRI BRI, Sax EARZRIR G, #
B, e E TR DEROR . MR AR, g
Jii 4 JE A AN ( matrix metalloproteinase, MMP ) 2y T 5,
o BE s, FHBEE R b 25800 B BE AR T
H, SCEEMUKEEAE, et

L3 Geit g )i [l RISPSS 16.05 i H R kAT g oA,
SRR A B e R 22 R, 2 ) K B L R T A
B53HT. P<O.0SHKZEFA G FIE L,

2 HR
2.1 Rap2aff 7R A0 B9 25K IHUVECHE

XTHE, SR HIWestern blotff AR5l Rap2ah 1 7EH1299F
ASA9 PR it a8 A L rh B P R B . A5 R R AR T

HUVEC H1299 A549

Rap2a

B-actin

AL, B4l P Rap2aZe s B30 (K1)
2.2 Rapa EUAZ IR FORANEE DL AR 40 AR U20 S Hili 2
FF I 5% SR cDNAN A, FHETT i Rap2a5 [#JPCR, 45
R 2 B W i L Uk B PCR7™“ ) #E 500 bp-600 bpZ.
[f], ‘5Rap2a%L[F {9549 bpfii B AAME—5L (E2) o Ik
Rap2aBE[H 4K ORFIX 5[ £ pcDNA3.1(+) FLAZ Rk 2k
A, HEcoRUHIHind N ) i 28 B R W B ¢ L Dk S Tk I
AN A, AR P45 R 5 Genebank ¥ 41] 58 42—
H(E3) .

2.3 pcDNA3.1(+)-Rap2aff FLZ AL IR % g il
— K Rap2ak (12 B 228 ), FATHpcDNA3.1(+)-
Rap2a/% YL H1299FIAS4941 il , $2HCEEE T, HI$iRap2a
PUAKE M Rap2afEH1299 M AS4940 I il e ik, DAL YL
pcDNA3.1(+) %5 Frhr 4 /E I xd IR . 25 5L Won A 45 (3
R4, iRk Rap2aR Ik BRI (1&14) .

2.4 Rap2a’Xl e 4HAEE AL RE 0 A SE 0 FAT 0T P g 4
MIHEA T T Transwell 4 flif #5055 . FpcDNA3.1(+)-Rap2a
FEYLH1299FIAS494H L, LU%%E YepcDNA3.1(+) %5 ik 414
okt BRSSO 2 20 M 3R AL R B B A 3
R, 1P Rap2aid F& K8 0] fiE HE il 41 R H 1299 FIAS4911

*%

*%

Rap2a protein levels (%)

HUVEC H1299 A549

Bl 1 RapaZB7ERMEMAH1299F1A549F %A, A Western blotiilIRap2aE ATE R AHAIFRIL | B: RapaZ AR E S . SHUVECALLE : **P<0.01

(n=3).

Fig 1 Rap2a protein expression in H1299 and A549 cell lines. A: Western blot was used to analyze the expression of Rap2a protein; B: Densitometric
analysis of Rap2a. The intensity of Rap2a was quantified by densitometry (software: Image J, NIH). Compared with HUVEC group: **P<0.01 (n=3).

600 bp
500 bp

2 PCR%ERap2afikE., M: 1,500 bp DNA Marker; S : Rap2a.
Fig 2 Rap2a of PCR amplification products. M: 1,500 bp DNA Marker; S: Rap2a.
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T (Ks) . AT A R AR M B AR 221 . Rap R 1 — /)
2.5 Rap2ajdf FikJm 4PN AL 4 JR R U BEMMP2[Y 3 FRGTPEE AR AR, HRas)iE s N H K Z 50751
SR RS SCOAG I T H1299 FIASAOPI I RE A I 7y RIEAED". E MRap R R B, ANTK KL WS 1%
WMMP2IEPEFiR . 25 R, Rapaid Tk G Al HP7ERaplIEE (. A WHF5T45 R B/RRap LI 54 TG (L RE (i F
TR MMP2 (R W BN KT HEMMP236 0k R 4 i i 7 R 28> H Rap 1 GAPAEAN il 40 a4
RO R, ZRA5%HFE X (P<0.01) o Pil E mE’JE*@*ﬂEﬁ«lﬂ(ﬂ%%éﬂiﬂﬁﬂ‘]iﬁﬁ]“‘”o AT HE 7 R

J¥Rap2affy[a] I AE FIAMMP2(Y) 5k (E6) o Rap2%E (5 Rap 124 fBL, L AEIR 1T 4 A K Bt . Rap1GAP
FRap2 e Je IR 7E IE# 1 IR BRUE AN . 7E1E 5 1 HR
3 itie PRAUAH JCRap1 3k, (HJERap LA H BUAEFL R FHAR AR

gk, T HFCRARE R R BT Rap2 i ik . X R
SR R Ak TR AL 5 7 AR BURS SRR Rap i PR IE 5 5 IR K 2R R OG . Rl Rap 5 11 A9
7 MR R, e 2R R MR IR 2 Rap1GAP T i f5 Rap L FIRap2 # BTG 1L . 44K

—5,000 bp

500 bp —
M, 1 2 3 M,

& 3 pcDNA3.1(+)-Rap2azf&ifiE, A AAEZAIRIKAM, 11,500 bp DNA Marker; 1: pcDNA3.1(+); 2: pcDNA3.1(+)-Rap2a; 3 : pcDNA3.1(+)-Rap2a;
M, : 10,000 bp DNA Marker ; B : Rap2ailll FF &£ SR & E,

Fig 3 Vector construct of pcDNA3.1(+)-Rap2a. A is electrophoretogram of pcDNA3.1(+)-Rap2a, from left to right: DNA Marker, pcDNA3.1,
pcDNA3.1(+)-Rap2a, pcDNA3.1(+)-Rap2a, DNA Marker; B is sequencing result of Rap2a.

vector
250 *x
H1299 A549 Rap2a

200

vector Rap2a vector Rap2a
150
Rap2a
100

*%

B-actin 50

Rap2a protein levels (%)

H1299 A549

& 4 #FRapalffijsWestern blotilIRap2aE HAIFKIL. A Western blotilIRapaid & ik 3% ; B: RapaZ HREH#T. SvectorfALbE: : **P<0.01
(n=3).

Fig 4 Western blot analyses of Rap2a after transfection with the Rap2a expressing vector. A: Western blot was used to analyze the expression of
Rap2a protein after transfection with Rap2a; B: Densitometric analysis of Rap2a. The intensity of Rap2a was quantified by densitometry (software:
Image J, NIH). Compared with vector group: **P<0.01 (n=3).
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A H1299-vector H1299-Rap2a *%
200

150
100

50

Migration cells (%)

H1299-vector H1299-Rap2a

A549-vector A549-Rap2a

*%

200
150
100

50

Migration cells (%)

A549-vector A549-Rap2a
B 5 RaplaidZikE*iifEaAH1299F0A549;:E 885 ARISNE (X100) . A: Transwell#& 4B BT 4E S, B SIS REMMH ST B, SvectorfALLE: :
**p<0.01 (n=3).
Fig 5 The impact of Rap2a overexpression on lung cancer cell migration (X100). A: Transwell were applied to test the impact of Rap2a expression

on the cell migration of H1299 and A549 after transfection; B: Statistical figure of the numbers of cell permeating septum. Compared with vector
group: ¥*P<0.01 (n=3).

A H1299 A549
vector Rap2a vector Rap2a
cleaved
MMP2
B 6 Rap2aid &ik 5 AREEEIG M A EMMP2RIIE S, A - RERLES
10,000 - - vector  TEEMABISEMMP2IER ; B: MMP2IREESHH. SvectorfAttH :
2\; 8,000 Rapza **P<0.01 (n=3).
e Fig 6 Gelatin zymography analysis of the relative enzyme
- 6000 activities of cleaved-MMP2 after overexpression of Rap2a. A:
% 4000 Gelatin zymography was used to analyze the expression of
£ MMP2 after transfection with Rap2a; B: Densitometric analysis of
% 2,000 MMP2. The intensity of MMP2 was quantified by densitometry
= 0 (software: Image J, NIH). Compared with vector group: **P<0.01
H1299 A549 (n=3). MMP: matrix metalloproteinase.

JKERaplGAPIRIT 1%, HLREJI 0] e b BHWTFLIoR B R AT 8% . PrabakaranE "7 % B M I 60 FF IR I 40 B9
Ak FRCAR TR M MUK A A TP Rap2 i #E ), RapIGAPT] (4228 AN Rap2ai ik 11 HL, A" B/ Rap2
A5 40 T A 12 22 0 RE 11, DominissiniE MR L MR AOTE I SORERE AR AT 56, Rap2 LU [ T-RPIPY
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FREERPIAHOC . T Rap2 75— T FRUN K F-MAP4K4TE £
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FERFORL, 3 FE YL H 1299 FIAS 49 3 i I 977 210 it & R
Rap2aff [ D)k FIE M . i Transwel/ N5 i 55
S kB, Rap2aid 2355 BT | Al i 40 it i B g g v
o, HAEFRCORII . MMP2JE—Fh % 4 8 & 11,
JEMMPsZ %, JLF R Ao e P & R B 11, 1
PR AR R P AR . PR S 0 25 2R B /R Rap2a
1ok 2 1 {6 40 /3 I MMP2 ()4 B 22 3, X e 4k LR R
Rap2afB 0] GRS BT ORI SE I . ARWFTORE o 5 B2t o
Rap2aXi R 4G A H & ThREST T 3Eat, 85 Wi &
PRSI T4 ' Rap 2a 5L PR 78 it 41 A 1) 2 RE AL i A
ARG SE S, R e B S W AR IR A — 2
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