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In vivo fluorescence image analysis system in assessing efficacies of pVAXI-
Ag85A and pVAX1-Ag85B DNA vaccines in treatment of bladder cancer cell-
implanted tumors in mice

FU Kui', YANG Xiao-feng', WANG Hai-long', YANG Bin', WANG Wei’, WANG Ye’, LIU Jing’( 1. Department of
Urology , First Affiliated Hospital of Shanxi Medical University, Taiyuan 030001, Shanxi, China; 2. Institute of California
International Nanotechnology, Zhejiang University, Hangzhou 31000, Zhejiang, China; 3. Department of Urology,
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[ Abstract ] Objective:To use in vivo fluorescence image analysis system for evaluating the efficacies of pVAX1-Ag85A
and pVAX1-Ag85B DNA vaccines in treatment of bladder cancer cell-implanted tumors in mice. Methods: Discosomasp
red fluorescent protein ( DsRed ) stably transfected bladder cancer BTT cell line ( BTT-DsRed ) was established and BTT-
DsRed cell-implanted mouse model was constructed. Six days later, 24 BTT-DsRed-bearing mice were randomly divided
into pVAX1-Ag85A DNA vaccine group, pVAX1-Ag85B DNA vaccine group, and saline group through injecting the
pVAXI1-Ag85A, pVAX1-Ag85B, and saline into the right hind limbs of mice, respectively. The growth and metastasis of
implanted BTT-DsRed tumors were examined by in vivo fluorescence image analysis system. Results: BTT cell line stably
transfected with DsRed ( BTT-DsRed ) was successfully established. Fluorescence visible mouse model was successfully es-
tablished by inoculating BTT-DsRed cells into hind limbs of mice. After treatment with pVAX1-Ag85A or pVAX1-Ag85B
for 2 weeks, the in vivo tumor fluorescence intensity in pVAX1-Ag85B group was significantly lower than that in the saline

group ( P <0.05). After 3 weeks, tumor fluorescence intensities in both pVAX1-Ag85A and pVAX1-Ag85B groups were
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significantly lower than that in the saline group ( P <0.01 ). But the efficacies of pVAX1-Ag85A and pVAXI-Ag85B
groups were similar ( P >0.05 ). The distant lymphatic metastasis rate in pVAX1-Ag85B group was significantly lower
than those in the saline ( 25.0% vs 87.5% ) and pVAX1-Ag85A groups ( 25.0% vs 62.5% ) ( P <0.05 ). Conclusion:

In vivo fluorescence image analysis system can dynamically, sensitively and visually evaluate the anti-tumor effects of DNA

vaccines against bladder cancer cell-implanted tumors. Both pVAX1-Ag85A and pVAX1-Ag85B DNA vaccines have anti-

tumor effects for bladder cancers.
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Fig.1 Identification of pVAX1-Ag85A and pVAX1-Ag85B
plasmids by restriction enzyme digestion
M: Marker; 1: pVAX1-Ag85A digested by
Bam H1 /Hind 15 2: pVAX1-Ag85B;

3: pVAX1-Ag85B digested by Nhe [ /Hind Il
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Fig. 2 Morphology of BTT cells and BTT-DsRed cells
A: BTT cells; B: BTT-DsRed cells; 1: The first passage;

2: The second passage; 3: The sixth passage
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Fig. 3 Growth curves of BTT cells and BTT-DsRed cells
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Fig. 4 BTT-DsRed cells-implanted mice expressing
red fluorescence under ir vivo fluorescence image
( Left: 3 d; Right: 6 d)

A: Under naked eye; B: Under in vivo fluorescence image system
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Tab.1 Fluorescence intensites( FI ) of implanted tumors after treatment with DNA vaccines

Time post Left hind ( FI, x 10*) Right hind ( FI, x10* )

treatment

(/week ) PVAXI-Ag8SA  pVAXI-Ag85B NS pVAX1-Ag85A  pVAXI-Ag85B NS
0 16.9 +4.6 16.9 +4.0 17.0 4.3 28.3+4.6 28.6+7.7 31.0+7.6
1 127.6 +34.3  153.3+67.6 133.8 +37.5 148.9+68.3  158.1+67.0 171.6 +74.8
2 72.1£30.0 60.8 +35.4 88.8 +39.8 59.1+19.26  36.5+24.34 76.3 £36.5

3 1460.9 +433.6" 1 114.3 £651.9" "4 161.1 £1650.5

1598.8 £498.2"1 063.1 +454.9" "3 957.9 +1 286.7

4P <0.05 vs NS or pVAX1-Ag85A; *P <0.05, **P<0.01 vs NS

E5 DNAZERTENMNREREBEBNREEY
Fig.5 Fluorescence images of implanted tumors in left
hind of mice after treatment with different DNA vaccines
A: 0 week; B: 1 week; C: 2 weeks; D: 3 weeks

A'VA N |- A aESA pWAN - AnRSH b ]

| --
“ .-
| ---
’ .--

El6 DNAEZ&EiaTEINREAERRBEBHELER

Fig. 6 Fluorescence intensities of implanted tumors in right

hind of mice after treatment with different DNA vaccines
A: 0 week; B: 1 week; C: 2 weeks; D: 3 weeks
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Tab.2 Total fluorescence intensities of tumors on both hinds

of mice treated with different DNA vaccines for 3 weeks

Total fluorescence intensity

Group n .
( Counts/s, x 10*)

pVAX1-Ag85A 8 3059.60 £705.21" "

pVAX1-Ag85B 8 2 177.44 £976.77"

NS 8 4 452.02 £3 003.98

**P<0.01 vs NS

pYAK | =AgEIA

pYAX1-AgRSH ek

7 DNA ZB#iATT 3 AR/MRINERMERNREES
Fig.7 Fluorescence images of tumors on both hinds of

mice treated with different DNA vaccines for 3 weeks
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Fig. 8 Intra-abdominal lymph nodes exhibited red

fluorescence under fluorescence microscope 3 weeks
after treatment with DNA vaccine( x 100 )

A Light microscope; B: Fluorescence microscope

3 i

PN AR Ry — P i L, B g It R
A BT ANNL DNA 5, 4 Bl 25 Firbes 40 i 1) 43 24
T4 FAR K i PR A A ZET I T, R e
A5 S R AR B IE HE AR X e A
TE K2 6 1R TP 259 B O
HAEM, 28 e A s N R EAROREEA
( GFP )FIZL 5 G/ (4 DsRed )W, o, 21
PR BT A R (1)L AT L E
PSP, W] SR GFP AR ZE (2 )& i 41k
YA MRE ST (3 )pH SB[ 4.5 ~ 12, AN G TRt
FAFTHEK ;(4)DsRed KKK, D22 541
FAIETHE, RS S (FM LI GFP &5(5) 41
AR T H S FCHTER, 75 S TN, TR
BHCH A K, JRHN T GFP l—2E R 25 (6)
SEOTOCERB BN . AEPO0 BB NS &
L, DsRed [t GFP BT A 52, X5 ' i YA K50 ) 5
SR K P AR Ay 0 I, BRI T
DsRed 1£ N5 FE A .

BCG B3 IMETE 13 8 28 1A 1655 IO e 92 i B3 97 1Y)
— P EE TR, (A — 2 n) i H— | R T
LIRS BCG BEMEHE T IRYT AT A 10% ~20% 1Y &
H X BCG e = G5 i 25 8 52 WA T T 5 20 g
%o HT R BCG MR RN R >, (R, [
WA EAEANKIITSE BCG 167 B s B9 /e ML
[l BCG A RSy, i HREE A BCG 1Y fu i
PN, A s RN BB ). Ag85A J
Ag85B J& Ag85 & A AR MY Z N 4, A I IR J& BCG
B SRR WA AR ) BN T ARk, A
Ag85A DNA JE7 K Ag85B DNA £ AT G e it 72



B 2. TEHSORBIZIPAT A85A F Ag8SB DNA 2R/ NEUB L A s 1072 593 -

ORI AZBICTE . HETPEM I8 I7 25 9T 8K,
R — 2 G A DG AR ( AN : CD4 T 46 i 45 it
CD4 */CD8 * B IL-2 IFN 25 )[4 FHRE I i b , i3
T T B & UL RS e R R A
— 7 RE FLSE B VR T 2 RO

FEARSZ I, BB LT (0 56 B 1 S R A e )
/NEUBE eSS BTT 40 i b, 50 58 B2 B , 4 A 2E
RAGE AR P 38 X E A K, 360 DsRed-BTT 4
L3S 0 R o /0N BUEE I 40 i b 2 T O O 58 3
KR HIEARDE G UG A A WL 31 A2 J5 R ) i
S, T UGBS PR R o AN BE AR 2], BB G H AR
A RPE R AR BB BN A IR . TR
Jiyes 20 M AP ARG (055 6 RIT IR DNA SEHRYT . IRYT
J& 1 JA AIRYT A I A M Y B Y 25 S TSIt
T S AR 2 IR 5 B (E B0 R T FE IR B B
AR R, PR I B, P8 200 it 1 43 24, ke T 5k
A TIRITIEHE 2 J A g 5 i B AE
pVAX1-Ag85B IGY72H eIk, 5 A4 B ER K 4H [ %,
HENAGH 247 s pVAXT-Ag85A 45 4= B L /K
HZMTGI2EE L. RN B IR, pVAXI -
Ag85B DNA & i Xif /)N BRUIBS I 9 % A 98 I 1y & # H
B0 IRIT R, B & 5 1E H I (R 4% pVAX -
Ag85A DNA FEM . [HILBY B, 45 4/ RZC 5 B i
JeR DGR B (L 250 TCGe 243 S, HLJR A P g
PE B I B B Thl B4R S, 51 CD8*
T 20O FE AN TL-2 K IFN-y ZR40 0 R T3k % 15
PEFDY, HLI A A B A K i s 18] A i 2% #2000
7 I I P I A5 A s B Jeb e A R R Tl e 3 L, 8
TRV AT 28 1 A T 380 928 ¥ R8O 1) ) (] [
fli. TIBIFIE4 3 A, pVAX1-Ag85A .pVAX1-Ag85B
DNA J P #i g i 25 B (RS AR 1 0 i B, R
TS AU . JRIT 5 3 JE A AU B
Jo8 ¢ O o B AL R, pVAXT-Ag85A DNA ¥ 1 .
pVAXI1-Ag85B DNA J Hi AHXS T~ A Bk 7K 20 24 12 3]
LI S () SV T RRONE , E T 3 AR IR T RN 1Y) 22
SIS X S LA A SRR s R
NREE P IRE e Ab e B, e PR N RS AR e A R L
WRELZEEE RSl 3, pVAX1-Ag85B DNA ¥ 11 ELA W
01 A ] e e G Ak B RS 0 MR R B R T
pVAX1-Ag85A DNA £ .

25 LTk AR 5T A8 I AR5 AR B AR AR
IR D IERAR , oA (B R B T A b DA
T Ag85A DNA JE15 Ag85B DNA % 1 %if /I U B bt
FE RS AETRE PO S5O s WP AR T —F LA
S5 MERA R B IE DNA BT . R

— e ST N BB % D e JpE A A, g — 25 DA
Ag85A DNA JET A1 Ag85B DNA J£ 1 % /N BB ke i
TR SRPETRTTRICR .

(£ % X Wk ]

[1] Lamm DL. Prophylaxis for recurrent transitional cell carcinoma
[ J]. Urology, 1991, 37(15): 21-23.

[2] Katz MH, Bouvet M, Takimoto S, et al. Selective anti-metastasis
activity of cytosine analog CS2682 in a red fluorescent protein
orthotropic model of pancreatic cancer [ J ]. Cancer Res, 2003,
63( 17 ):5521-5525.

[3] Helber N, Requena N. Expression of the fluorescence markers
DsRed and GFP fused to a nuclear localization signal in the arbus-
cular mycorrhizal fungus Glomus intraradices. [ J ]. New Phytol,
2008, 177(2): 537-548.

[4] Sumner JP, Westerberg NM, Stoddard AK, et al. DsRed as a
highly sensitive, selective and reversible fluorescence-based bio-
sensor for both Cu( + ) and Cu( 2 + ) ions [ J ]. Biosens Bioelec-
tron, 2006, 21( 7 ): 1302-1308.

[5] Yarbrough D, Wachter RM, Kallio K, et al. Refined crystal
structure of DsRed, a red fluorescent protein from coral, at 2.0-A
resolution [ J ]. Proc Natl Acad Sci U S A, 2001, 98(2 ): 462-
467.

[6] Davor L, Situmm A, Eterovic D, et al. Immunoprophylatic intra-
resical application of bacillus Calmette-Gurin after transurethral re-
section of superficial bladder cancer [ J ]. Croat Med J, 2003, 44
(2):187-192.

[7] Romano M, D’ Souza S, Adnet PY, et al. Priming but not boos-
ting with plasmid DNA encoding mycolyl-transferase Ag85A from
Mycobacterium tuberculosis increases the survival time of Mycobac-
tertum bovis BCG vaccinated mice against low dose inravenous
challenge with M. tuberculosis H37Rv [ ] ]. Vaccine, 2006, 24
(16 ): 353-364.

[8] Parida SK, Huygen K, Ryffel B, et al. Novel bacterial delivery
system with aattenuated salmonella typhimurium carrying plasmid
encoding Mtb antigen 85A for mucosal immunization: establish-
ment of proof of principle in TB mouse model [J]. Ann NY Acad
Sci, 2005, 1056: 366-378.

[9] Demissie A, Wassie L, Abebe M, et al. The 62 kilodalton early
secreted antigenic target-responsive, asymptomatic contacts of tu-
berculosis patients express elevated levels of interleukin and re-
duced levels of gamma interferon [ J ]. Infect Immun, 2006, 74
(5): 2817-2822.

[ 10 ] Dubnau E, Fontant P, Manganelli R, et al. Mycobacterium tuber-
culosis genes induced during infection of human macrophages [ J ].
Infect Immun, 2002, 70( 6 ): 2787-2795.

[ 11 ] Lozes EK, Huygen J, Content O, et al. Immunogenicity and effi-
cacy of a tuberculosis DNA encoding the components of secreted
antigen 85 complex [ J ]. Vaccine, 1997, 15( 8 ): 830-833.

[ 12 ] Tollefsen S, Tjelle T, Schneider J, et al. Improve cellular and hu-
moral immune responses against Mycobacterium tuberculosis antigens

after intramuscular DNA immunization combined with muscle elec-



+ 594 -

Fp R A= MR YT 24,2009 4E 12 H L 16( 6)

troporation [ J ]. Vaccine, 2002, 20( 27-28 ): 3370-3378.

[13 ] D’ souza S, Rosseels V, Deltis O, et al. Improved tuberculosis
DNA vaccines by formulation in cationic lipids [ J ]. Infect Immun,
2002, 70( 7 ): 3681-3688.

[ 14 ] REARES. TR = A 24 AR A 000 7 pA i e 9 2 1<
[J]. WObA%4R, 2003, 12(4): 382-386.

[ 15 ] Hoffman RM. Orthotropic metastasis mouse models for anticancer
drug discovery and evaluation: a bridge to the clinic [ J ]. Invest
New Drugs, 1999, 1( 7 ): 343-359.

[ 16 ] Rehemtulla A. Molecular imaging of gene expression and efficacy
following adenoviral mediated brain tumor gene therapy [ J 1. Mol
Imaging, 2002, 1(1): 43-55.

[ 17 ] Chaudhuri TR, Mountz JM, Rogers BE, et al. Light based imaging
of green fluorescent protein positive ovarian cancer xenografts dur-
ing therapy [ J ]. Gynecol Oncol, 2001, 8(2 ): 581-589.

[18] B, B SEFOLE PR ER B A BN U R
IRERIE [ 1] M5 5 7 S Jkak, 2005, 21 (3): 390-
391.

(1912 ¥, d3CE, th M, % —F s 538 I bt i sh s
s (1] I eScsRRGR, 2005, 19(1): 78-79.

[ 20 ] Dmitrienko DV, Vrzheshch EP, Drutsa VL, et al. Red fluorescent
protein DsRed: parameterization of its chromospheres as an amino
acid residue for computer modeling in the OPLSAA force field [ J ].
Biochemistry ( Mosc ), 2006, 71( 10 ): 1133-1152.

[ 21 ] Swanson CI, Hinrichs T, Johnson LA, et al. A directional recom-

bination cloning system for restriction and ligation-free construction

of GFP, DsRed and lacZ transgenic drosophila reporters [ J .
Gene, 2008, 408( 1-2): 180-186.

[ 22 ] Janus D, Hoff B, Hofmann E, et al. An efficient fungal RNA-
silencing system using the DsRed reporter gene [ J 1. Appl Environ
Microbiol , 2007, 73( 3 ): 962-970.

[23 ] 5K3e%, MR 20 @29 6ARIE 8K pBacA4DsRed 48 2
HAm P iy B 23k [ ] R AEYHOR 4R, 2007, 1
(2):346-347.

(2410, SHEIZE, MhEE, 45 Ag85A Fl Ag85B DNA BEHINTK
R MR S 2 107 M RCR [0 ] v I A= W0 iR 97 2R 8
2008, 15(2): 144-149.

[25 ] Wi, Sk, £ M9, 5. AgB5A 5 Ag85B DNA MBS
G XI RS AR BB I e 88 1) SR B R T 00 [0 ] BRI IR Ak
Rhasi, 2009, 14(1): 8-11.

[ 26 ] D'Souza S, Romano M, Korf J, et al. Partial reconstitution of the
CD4* T cell compartment in CD4 gene knockout mice restores re-
sponses to tuberculosis DNA vaccines [ J]. Infect Immun, 2006,
74( 5 ):2751-2759.

[ 27 ] Rosseels V, Marche S, Roupie V, et al. Members of the 30- to 32-
kilodalton mycolyl transferase family ( Ag85 ) from culture filtrate of
Mycobacterium avium subsp. paratuberculosis are immunodominant
Thl-type antigens recognized early upon infection in mice and cat-
tle. [ J]. Infect Immun, 2006, 74( 1 ):20-22.

[ YR E#] 2009 -10 -08 [fEEIB#] 2009 -11 -12

[ AXHmE] Rty

- FHGEIE -

MR EF IL-21 7EfS M RRFN T A= hriER

HBV HCV F1 HIV 8805585 118 M B K IR P2 824 5 . s 4 5ot CTL 40 cytotoxic T lymphocytes ) 0B IA Ky
SENUVAARREA RO BRI 25 M EZEHLH, B) CTL 40 M) REFES , b T — B0 A SR IR S AN BRI B, S BE 2 I 40 i A 1 ( 1L-2.
IFN-y . TNF-o 25 )FIA VR i . 7E e Feeh, B2 T CD4 ™ T 2 K-S B8 ™ 5 (4 CTL 4 A 56 3% , SR T = B HIL 1
AR . WSCEH S Z I, FE 18 YRR, CD4 ™ T AIHA W 9 TL-21 RERSAE T CD8 ™ T 4 e, f fk HLbE 7 | A i 24 4 K
WA RO B S

FFE L LCMV JERe A] | oy e e 7 B A AN T2 R /N R e 18 PR e i b CD8 Y T 4T A B Bl A28 k. &5
S IUAEIEG (0 2Pk 0, W BB AR R A AP 8 CTL 40 = Az (R AE M 2 05 , CTL 41 i 76 57 A4 /N R RE IS Fr 8 17
FE, TAE IL21R7/INERBCE AN /b | FLFf B 10038 025 JUE25 oo 25 10 32 (0 AR 186 i 308 3o ) 2 B0 2E BRI T2 1R ik 5 A/ 1N
U AEH TR T I21R7 AR EE AR CD8 ™ T AR By St 22 J5 38 /0 ;s R H BrdU 48 A 5256 M B 13X R g
AR/ S 3K 2 CTL U AN B — AL 38458 A S RO PR T390, PD-1 76 CTL 40 A 3% 11 Y 2% 25 AL 4 240t PR 7 T
10 MTFHE B 5 CD8 * T U AR 2 YIAR G (R AE TL21R7 /N ROF B WA #] PD-1 3 IL-10 F3k 1 n, % 121
Je—FRHT A RERS D T 41 A3 o8 AN 18 VR YL (I B BAS 5 0 T ) SGE AN YL @40 B, B T 400 TL-21 9 3222
J& CD4 ™ T 4, I FLH A s ik il 2 S 1 HEFR SIS N, IR 475 1021 F2 2 F Tt e i J5 A &

B SCE IR T e PR CD4 T 4HfUAH D CD8 * T 4R oA kcdss thil IR g ity ELAHL A, 330Bs ot IR P G A7 A B 8
TR R B8 S VAT SR AT RO HE A AR, X FR AR IL-21 Y CD4 ™ T 40145 Thi7 4 Mg A1 Tfh 40 8( follicular helper T
cell VZIRIFFTEA ARER 3 R IEA 15 T — L 015% .

% Mk 4935, A5 SR, Frohlich A, Kisielow J, Schmitz I,et al. Science,2009,324:1576-1580. |



