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8 WEEB (granzyme B, GiB) B2—MWEZBENLEREABSSHREME T HEHNRE (CTL> MBS AMTAE
(NKD A SRMEAGERE. AU B EMEART FURZREREEHSHEBIET, SRS EEN S
B (GrBa) EEAHEBFEMF.OEEY (mGrBa) EEMEZFARE, LIRS ER M Hela #100, Hid
FORIEES (GFP) FFik. REREKE. @RTEH. MTTShE, WED B RHMRUTRAIEEZ
EMpEEREE, FAFAMAMMEKZAMA. Pl FBELZEMBE, WEIAHEXRERE, E8

ERAMAMEERRE. AREREATNEETEMAEFNRTRLLE, HIZ 2% BRI~ ZrRIE.

FEEER A GrBa B TREERNAT R T — k.

KR S B, BRURE, EBREHANR
FHRGHES Q255

FiBE B (granzyme B, GrB) AHHFIEFM T #E
AEL CCTL) A E S A4 M (NKD B
(granule) FRIFERGES T, BTLEREQ
BSZ . MR B AR TIBR N mafE S AR BRI
IKfE, AR EEN RN B Cactive granzyme
B. GrBay, HEMFLAE His™. Asp™H Ser'™ =
RENAEBRBET . EHENEB ARZAEN S
BENFEE M, A caspase K #UR R, K
caspase ISR B L EEAKER, AURHE
AFIRT . DUERTSUREE B ThERRY SRR T
MR EA IS B ER, 55 A
B, ORATERCE [ E bR B BREFERA
B30z Hela 40, W10 M H IR P RIAKIKIEE
BEOMREMAMESRERES. Hit—FEYH
AARILKRIEE B v SRIMAIE T A, ATH
HTRBRKEEB (Cys™ > FAMRMESE, EiHE.
SEEMIEFEFR G EAAES B A4 Fu A B a) 97
Hiats.

1 AR A

L1 8

pUC19 Jiki. peDNA3 Jfifi. E. coli DHSa T8
FEMNE 0% A5 HeLa A BT A A = RA7.
SZBEFENED (GFP) I FILEE AR pIRES2-EGFP
3 Clontech 2 & 7= &, pUCI9-GrB T f# AL (&

T44 bp MIAEKRE B EE> ALEHED.
Percoll & Pharmacia 2 &) F= . PCR 3145 & A H
DNA JFFM il b4 T Ao w e, [REMH
NUIEE. Taq 8. RPMI 1640. DMEM. ¥ 7E 7 i
& JBR A% lipofect AMINE 2000 7 B Invitrogen 2%
F). T4 DNA EEEF N TaKaRa 25 7 75 F. Ffiig
HiAAEmE bigEEA R, LERARER %
SEEALE A Santa Cruz P=Ah. DAPI Fh RIS o-
tubulin 22 72 2 3 {5 M B Molecular Probes v 7). 4
WERLRITLZE ZH. FITC 4710 L E AR 23
K SABC-Cy3 AL AR =5,

1.2 Jii

1.2.1 SE3EVKES B (mutant granzyme B, mGiB)
EEMWE: BB DL Se'™ B RN
Cys'™. WM 5180 T: mGRBR. 5’ CACACAAG-
AGGGCCCCCACAGTCCCCCT 3'; mGRBF, 5/ CTT-
CCTTTAAGGGGGACTGTGGGGGCCC 37, B pUC19-
GrB AAEAL. F GRBF'™ A1 mGRBR 5/47. mGRBF
1 GRBR'™ 514 T 40 PCR, 7F2H)% BamH [ #1

CEFEEEA 8637 HRIERINE (2001AA217101), EHEE
HEFEREESERINE (30025036 MEEEZ DEMMTE
S HESAME (01Z090).
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EcoR T WEET G, FLBEA pUCLY. HIFiL sE 5 1y
ZEHAFRLH pUCI9-mGrB.

1.2.2 B BN KB B (GiBa) M H AR
(mGrBa) HEEEZFRIERAENME: W54 GF
FGR. f$Aifs B FIZERTONEE B £k N mE5 Ik
FEE M =K. GF: 5 TTTGAATTCATGATCATCG-
GGGGACATGAGGC 3'; GR: 57 TITTCTAGAGGAT-
CCTTAGTAGCGTTTCATGGTTTIT 37, 43 Bl LA pUC19-
GrB 1 pUC19-mG:B A 4E4R, H GF A GR 31459
153 GrBa A mGrBa B &, 414 7 A pecDNA3
F pIRES2-EGEFP KA A, MIFFL.

1.2.3 WHIEFEFY: Hela AIEF DMEM (&
109% NI 370, 5% CO, WELAMF T
Fr. FRUAT 24 h o TR A KM R E R E
T AL, Fr NGRS B K R AR 80% B
AT, FEULERE LipofectAMINE 2000 7% H B
R 1E.

1.2.4 GFP EREMBZABZHENE: HRE
18 h FIFREEI4LATNE, N1 ~2 WEBFRPRI=
B b, 37C. 5% CO, &M FHEF1h, HAHR
NGEE, HMGE BRIk R IR, AR JA) S B
MEANEH, FPBS (pH7.4> ¥E2 K, 4% ZEHE
B %2 30 min. FFLLPBS #E2 K, 01 ¥E PBS &
., TRACEWMEFTHEIFEME BREKA
488 nm, RFEEA 508 nm.

1.2.5 AMMit4: AREEER TEERRESFR
th, FmERIEUR AT A B EL, Re ek D
FArEAERME R ERMEE (%) = K
Sl B AL - SIS AR 4 B D %) RRAA 4 BD AT x
100%

1.2.6 Percoll A B ARERMF LA FLE
72 h fCEGE, EET 2 ml TMEEEREP. 5B
12 h0A 2 ml 40% percoll ZELHEE, 1500 v/min
B0 15 min, 43 AR EL A E A LA E R,
MBI EE 2 ¥R, A& 10% N I i F85 55
WAk,

1.2.7 [EERESL: BERLEARNER, H
PBS (pH 7.4) ¥E2 RJa, N4% £ EWEEHE
30 min, F LA PBS ¥£2 /. £ 0.01% Triton X-100
AEFE, 0. 3% AFAKRGE A IR SRS A
SR, RIRIA 1:200 WRBER L 2EH AR
B B % s RALIREE 1: 200 #%E 10/D RILAF a-tubulin
AR, 10100 BFNED R RITLE—N
81: 50 FAFERY FITC #5id LU EHL- R =80, 1: 100

AR 40 SABC-Cy3, /G2 DAPT (300 nmol/L) =
BB S min, 206 BREIER I A,

1.2.8 MTTEMZAMAFEE: WHFERE 24 h
AN 96 fLAR . Al T AR E SEANA
20 wl FEHIA MTT (0.5 ¢/L), 37CHEMHES h
JEF MIT #. S0 150 pl DMSO YR 2], B5 36 G
A 52 &L 490 nm JERHAE, FHEFIGE.

2 & R

2.1 FEZRKEEB (mGrB) EEKHE

L pUC19-GiB #4547, H GRBF # mGRBR 7]
#. mGRBF A1 GRBR 5147435l 1t £9 630 bp &Y
SR B 160 bp B3 m A B, —HHEA
PCR P4 49 760 bp (1. FHTTE A pUCI9
AN E (E 2, FMFIELEN PO Ser183
FRINSEAR A Cys183 (Bl 3D,

Fig.1 Recombinant PCR product of mGrB gene
1: PCR marker; 2: mGiB gene: 3: 5'-terminal fragment of mGrB;

4: 3'-terminal fragment of mGrB.

Fig. 2 Restriction enzyme analysis of recombinant
pUC19-mGrB
{: DL-2000 marker; 2: pUC19-mG1B digested by BamH [ /EcoR [ .
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TEVeTSe sequencing

Fig.3 Mutation of Serl83 into Cys183
confirmed by DNA sequencing

2.2 JEMERONES B R H ST AR R AOIRER

23 AL pUCL9-GrB F1 pUCLY-mGrB 1545, H
GF i1 GR 3| #1445 2| K 29 700 bp AY GrBa X
mGrBa & F, WA pecDNA3 I pIRES2-EGFP
ERAREYSE (B4~6). WFLEEEAFRS
7555 4 (4.
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Fig.4 PCR products of GrBa and mGrBa genes
1: DL-2000 marker; 2: GrBa genes 3: mGrBa gene.
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Fig. 5 GrBa and mGrBa genes cloned into pcDNA3
vector as confirmed by EcoR | /Xba | digestion
1: DL-2000 marker; 2: peDNA3-GrBa; 3: peDNA3-mGrBa.
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Fig. 6 GrBa and mGrBa genes cloned inte pIRES2-EGFP

vector as confirmed by EcoR 1 /BamH 1 digestion
1: DL-2000 marker; 2: plRES2-EGFP-GrBa; 3: pIRESZ-EGFP-mGrBa.

2.3 GrBa [T # g4 bk & (R ET A2 EE B

JE % pIRES2-EGFP-GrBa [ Bt # 4L 40 B 10 76 &
T4, WRFIRIAGBa HeLla A PR EH T
EFESEZERARES. BRIBLMESHNR
b, {0 46 oK B9 4% 403 B2 . T %k 5 mGrBa (Y 4 B 0f 2%
AEEFHARES (B7). ARt EEREN.

GrBa

f2) (k) {c] (d) (€]

Fig. 7 Morphological change of HeLa cells transiently transfected with pIRES2-EGFP-GrBa shown by fluorescence

microscopy

(a) mGrBa: (b~eg) GrBa. (b2 2 days, () 4 days, (d) 6 days, (e 8 days. ¢ x400)
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pIRES2-EGFP-GrBa ¥ 5t 0 Fifi 1 25 < 3 B 50 848
BRANREMNELRAZE (K 8).
2.4 FREMFEIH GrBa Bt B REAMOEESHE
pIRES2-EGFP-GrBa ¥ B # 4t Hela #M M4 72 h
Ja, H40% percoll 4 8 B 4 B 53 B8 AN B4 F2 49
. MR TRERERATEZEHNRE R
EEIL 50%. SEEiFm4 RBT REME, KiE
FRAFFRE GrBa WA LB BMERRA LD, DiE
FRAR o th B I AF ALK BY GrBa [ B (K
9). EESHER, GrBa B AFHANKE
KigTHEa (E10, 11).
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Fig. 8 Growth curves of HeLa cells transfected with pIRES2-
EGFP. pIRES2-EGFP-G1Ba and pIRES2-EGFP-mGrBa
o—a: veetors a——a: mGrBa; g—m: GrBa.

7 days

Anti-GrB GFP coexpression

(a) ib) (
(€] if) (g]

Anti-GrB GFF coexpression

(d)

Fig. 9 Morphology of pIRES2-EGFP-GrBa transfectants of different volume at indicated times after separation
by 40 % percoll
GL and GS: giant and shrunk GrBa-transfected Hela cells. { x 4002 (al, Ce) Ami-GiB: (b), (f) GFP coexpressions
Ceds {gd Anti-GeB; (dd, (h) GFP coexpression.

40 -

Inhibition rate/%

96 120
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Fig. 10 Growth inhibition of giant transfected HeLa cells
isolated by percoll
[: Giant pIRES2-EGFP-mGrBa transtectants: W: Giamt pIRES2-
EGFP-GrBa transfectants.

Ay

1 2 3 4 5 6 7
t{post-separation)/d

Fig. 11 MTT assay curves of HeLa transfectants of
different volume separated by percoll
®—@: Vector: n——» and O—0O: Giant and shrunk pIRE32Z-EGEP-
mGrBa transfectants; 4——a4 and pg—m: Giant and shrunk pIRES2-
EGFP-GiBa transfectants.
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2.5 ZREAMNAREENTLSRAE
peDNA3-GrBa 3 i Hela 40/ 72 h S fT 4088

HEPE. EREY, KX GB: HEBEEARH

MPEEREHRSFTE, FH GBa P APHNTL S

(b}
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UL ROGBEERSFEIR; MFE mGB HHE
EONAREFTEFOERES, ANNEEER
FesRMNaR (& 12).

mizrBa
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Fig. 12 Cytoskeletal analysis of Hela cellks transfected with pcdDNA3-GrBa and pcDNAZ-mGrBa
Cad, (d3, (g) Anf-g-ubuling Ch), Ced, (h) And-GiB; (ed, (£), (1> DAPL ( x400D

3 i w

¥ifE B (GrBy FEh CTL A NK /s 54
FE, REESHEARAGEAREENLERE
Al FERAERE, @LKEER EAAUA
WAEAME, BEEhEBERX. 2K FHARFATCE
o7 SR A MCF-7 40 B 42 P S i Bl 4
BB (GB:) BHREBFSARAT RE", &
G GiBa ERRURETHER R GFAR
ERAT. EUGEHTA G, BAOVDSWEF
GrBs ZERELNARHEMIERE", B GBa 7
i FRIE %40 A B E AL T3 — B AL

AR R T A M R0 SR A mGrBa B FAE
HRTER, WM T GBa B FPEEE g i G
FAMEKBE T W HPFHEEAEK,
GrBa 5 GFP L3Rk f 40 R R R, HIERME
M, FADRERKZEERIS, M mGrBa

ERERARNBERERAYNER. Ri& GBa
EOMNZEEARE TS NEXENILR, B1]
BRBEALTEERS, EECRREE, BA6E
AMEAT B 1 — M RBERIL H—F M percoll
SEHERERSEANANR, KETUEZEE
40 M L U 5% B 29 50% . BE & 0 5 A JA) B RE K
RABAA T GrBa PHAE 4 A i b 47 55 /) A8 B /D,
R ZEAMA ST ER AR R NEE,
i/~ S0 A2 P2 i I AR AR K Y GrBa FRAEAA
ML, R GCB BERFATEREARIGEZH
MEEEARPBSE. AR ERM MIT Sl RE
T ZEREARNECERAESTHREE, 4
FRARAERNE A ER, W GBa EFMNNRE
SIEMEBERER, NMAGIHRER H—FH0
SEER, TREARMARERERRT, E
BT GBa VIFIMBSE T EENAREREZS
i, AMARINEESRGEGRNSHEL
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Ectopic Expression of Active Granzyme B Gene Leads to

Multinuclear Giant Cells *
ZHAO Jing"”, CHEN Lei”’, XU Yan-Ming"', ZHANG Miao-Li*’ ,

WEN Wei-Hong''» WANG Cheng-Ji'’', YANG An-Gang'’ "
(Y Department of Biochemistry and Molecular Bislogy, Fourth Military Medical University, Xi'an 710032, China;
2 Department of Biological Science and Biotechnology, Tsinghua University, Beijing 100084, China:
) Department of Human Anatomy, Fourth Miliary Medical University, Xvan 710032, China)

Abstract  Granzyme B (GrB) is an important serine protease involved in granule-mediated killing in eytotoxic T
lymphoeytes  CTL) and natural killer {NKJ cells. In order to study whether ectopic expression of GtB in tumor
cells can induce cell death, expression vectors encoding active GrB (GrBa) and mutant GrBa {mGrBa} gene in
which serine in catalytic triad was replaced with cysteine were constructed., and transiently transfected into HeLa
cells with lipofectamine. It was shown by GFP coexpression, indirect immunefluorescence, cell counting and MTT
analyses that ectopic expression of GrBa genes caused increased tumor cell size and multinucleation, and the growth
of cells that expressed GrBa proteins was inhibited. Retarded growth was further observed in these morphologically
abnormal cells isolated by 40% percoll, which directly contributed to growth inhibitory effect on GrBa-
transfectants. There was cytoskeletal breakdown and abnormal mitosis characteristic of multiple spindle poles,
largely resulting in accumulation of giant multinuclear cells. These results suggest that GrBa may serve as a good
candidate in tumor gene therapy.

Key words granzyme B, ectopic expression, multinuclear giant cells
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