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icl mRNA $;5Z2 14 10-23DRz 7E/h R WG 20 BAT E BRI KB R

G REAT T T F L TR (330006 i E, #EE KR R BB IR 1400016 T, FHERK
St )

[HZE] HMM #9T icl mRNA 5Pk 10-23 Ji S ( deoxyribozyme , DRz) X 454% 53 BiAT 14 ( Mycobacterium tubercu-
losis, Mith) 7E/]N B P I 1) 200, B I Bl 5 S 4BF (isoniazidum, INH) 865 N FIIRYT /N BRES OR RO . Jiis )
S FH DZ4 INH [ INH + DZ4-S 5 INH + DZ4 X} Mtb JEA7 AL EE , FEHH _Fab 2 5d FiAb R A9 Mtb &4 BALB/c /MR, — & i ] J5
HEAT/N B2 Mith 1555 Ko BR2E R WEE . FI ] DZA-FITC %06 BALB/ ¢ /N BUEA TR S A B, RGN0 b ik 728 45 24 1R 3
o SRR SE T /N S ORAAL EATRLN B BERL A8 5 4 (n =10) , 430 45 T-AE B EE 7K \DZ4 (INH [ INH +
DZA INH + DZA-polyG 697 , FIRY7 5% 2 JEJG HEAT/IN R 2 20 Mith fr B g S U RN A4 MO AR WA . &5 Mith JBR 3L )5 2
Ji & H /N A A R T B B2 R (P >0.05) o JBRYLHEATE 4 ~ 12 JE T, INH + DZ4 Fgb #E 2 Mith g2/ Ry
i 2 £ P B B A5 2 3 3 AR (P < 0. 05) |, fili ZH 2 A g B MO B LA A5 Lt B R B, 88T S 7R 45 T DZ4-FITC
WA b5 /NEITAL KA R TG AR Bl LRI # e (50, IF E /A0 F82 48 ho SNSRI GG YT 45
YR, DZ4 BA T 2H /S BRI 20 2 TR MO SR I S RIB YT 0 T W 3 22 5 5 I A INHL YR Y7 19 25 28 /N BB 20 280 4 7
54 B K A A B R R (P <0.05) , il 2l 24U BRI d B B 43, {8 10-23DRz A1 INH BE5¥A YT 41 5 INH BANRYY
HAENG L B AR BRI R TE R 25 5. 8518 10-23DRz 5 INH B4 FAh B0 AT A5 2R AIK Mib JER %4/ B B
J15 AR LI 10-23DR2 X 454% 9 BAT VR VR FH s BA YT 1R
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10-23 deoxyribozyme targeting icl mRNA inhibits Mycobacterium tuberculosis infec-
tion in mice

Li Junmingl , Zhu Daoyin2 , Wang Na' , Luo Qingl , Wang Lagenl ('Department of Clinical Laboratory, First Affiliated Hospital ,
Nanchang University, Nanchang, Jiangxi Province, 330006; >Department of Immunology, College of Basic Medical Sciences, Chongging
Medical University, Chongqing, 400016, China)

[ Abstract ] Objective To investigate the effects of 10-23 deoxyribozyme (DRz) targeting the mRNA
of isocitrate lyase gene (icl) which play an important role in the persist of Mycobacterium tuberculosis (Mtb) in
host macrophage on the infection of the bacterium and the therapeutic effects of 10-23DRz alone or combined
with isoniazidum (INH) on mice tuberculosis. Methods According to our previous study, DZ4 ( TGAACTG-
GAAGGCTAGCTACAACGATTGAAGCCC) was identified with the highest cleavage activity among the 10-23
DRz. DZ4-S, with all base pairs of DZ4 but wrong order, DZ4-polyG and DZA4-FITC were synthesized and
served as control. Mtb were pretreated with DZ4 (5 pmol/L), or INH (10 pg /L), or INH + DZ4 or INH +
DZ4-S, and then used to infect BALB/c mice. The lungs of infected mice were harvested to make Mtb culture
at the time of 2, 4, 8 and 12 weeks after the infection. The histopathological changes of lungs were observed at
12 weeks after the infection. DZA-FITC was used to detect the effects of intranasal administration. BALB/¢
mice were injected intravenously with Mtb H37Rv strain to make the animal model of tuberculosis. Then the in-
fected mice were treated through intranasal administration with normal saline (50 wl), or INH [5 mg/ (kg * d)
for 4 weeks ], or DZ4 (20 pmol/L, total 50 wl, once per week, for 3 weeks), or INH + DZ4, or INH + DZ4-
polyG. Mice were sacrificed in 2 weeks after the end of therapy, and lungs were harvested to quantitate the via-

ble mycobacteria in the lungs and histopathological examination. Results The viable Mtb in the lungs of all
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infected mice had no significant difference at 2 weeks after the infection (P >0.05). But at 4 to 12 weeks after

the infection, the mice infected with Mtb pretreated with INH + DZ4 had significantly minor viable Mtb in their

lungs compared with the other groups (P <0.05). The pulmonary lesions of INH + DZ4 group were also obviously

slighter than other groups. At4 h after intranasal administration with DZ4-FITC, the frozen section of the lungs e-

mitted bright fluorescence and sustained for at least 48 h. Data from the therapeutic experiment showed that the

viable Mtb and histopathological change in the lungs had no obvious difference between DZ4 and normal saline

treatment group. So did the INH + DZ4, INH + DZ4-polyG and INH treatment group. Conclusion

10-23DRz

targeting icl mRNA efficiently resists the infection of Mth in mice when combined with INH. 10-23DRz has no

therapeutic effect on mice tuberculosis and fails to enhance the therapeutic effects of INH in this research.

[Key words ]  Mycobacterium tuberculosis; 10-23 deoxyribozyme; tuberculosis model; mice
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ZE K% 43 K AT B ( mycobacterium tuberculosis, Mtb)
SR 35 AT AR A I N I A, dE R — R (%
FRIHACE B 15 B8 (persist) IR, HFFERWT, Mtb (13X
b A P R B R S B O TR YT R K T RK
RMEFGEIT IR A5 Z R BB RN FER RS
T, Mtb =25 i £ R A B S %A e 7 R 3K e
Pk Re D . SRR 2L A i (isocitrate lyase, ICL)
J CTERRACHE AR B R —, 5 Mtb B9 40 i N 5
B EHAHOC , AT BB IR YT 45 A% 70 RO 1 B Wi 40 i 9 455
RO — AR EICHT RO B R, AT K
FIA icl mRNA FE 5P 1 1023 i 48 A% B ( deoxyri-
bozyme , DRz) A] 5 8¢ #u 57 4] icl mRNA | 5 540 (iso-
niazidum, INH) B¢ H AT A 250 i) Mib ICL (%3R35 , i
T Mt 75 B AN R 7Es 7 . ot — 2L
10-23DRz X Mtb 75 1 3= 4K PG 59 52w, A & 10-
23DRz FELE IR YT B Bh &5 2o Ak )y vh /R, 3R
IR/ BRAE A B G Asi ) 58 T 10-23 DRz Filih 3 %)
Mtb 75/ AR B G B 52, LA S 10-23DRz el 5
INH B G R /N BRES A ey PR o

1 HRS5HE

1.1 E&shm A4t

SPF 4% BALB/c /NEL (180 I MfEMEA21 6 ~ 8 JE , 14 i i
18 ~22 ) Wy F 5 PR E B K= 200 3 W vl s 85 8% 0 BOFF TR
H37Rv Wy T P i B 22 B ; 10-23DRz 194 1% A& S AR ic B
1§ Sangon A= ¥ TR/ B SEAL o
1.2 10-23DRz #3% 3t 5 &%,

FREE T IR GT 7 4% icl mRNA #: 57E 10-23DRz
HPBY 3 PE B 55 i DZ4 (51 : TGAACTGGAAGGCTAGCTA-
CAACGATTGAAGCCC) 1 M58 Xt %, UL DZ4-S ( ¢ %) : TAT-
GAGAGACGCGCAGTACAGATTGAAGCCACTC , Hifd 3% F 4H %,
5 D74 584 — 30, A0 L HEF T B BEVLFT AL T ) 1 o X iR
E/NRE IR B IR T I D, 75 T — MR s in Ay 10
A~ I8 1) 10-23DRz : DZ4-polyG Fl—F - R DS G R bR ic
i) DZ4 . DZA-FITC,,

1.3 Mth #9207 4 22 B Rk 4

FANR AR 45 9 Mitb T (2 x 10°/ml) JEAT4bBE .
OR4L ¥R ;D74 Ah3 A8 N DZ4 BAMBE R 5 pmol/L; B
INH ZbFZH - %5 INH AN 10 pg/L; @INH + DZ4 b3
A [RINFESIN INH (2 10 we/L) 5 DZA(ZREE 5 pmol/L) ;B
INH + DZ4-S X} BR2H . [ 780 INH (&4 & 10 pg/L) 5 DZ4-S
(LR E 5 wmol/L), 40 Mib 75 37 CHEfI 24 h F H T
BALB/c /NRUER e . BALB/c /N [RA%Z ik Mtb i 54 BE ML 53
5 AL, 55 EIR AT 100wl 2R ki SR
1.4 Aha42 Mtb 8432 5x 54t 3

ST /INRURE Mitb J5 19 2 4 .8 12 JARFARSE AR /N 6
Ho WU /INBR B 22 A Bl AT 500 46 20 S AT LA e I 12 ke
KGR ,37 CH 3 3 ~4 G T 5148
1.5 o) RBh 40 2% 84 % 22 3 AL b )

UG 12 J5 /N BB A i, 28 4% 225 WIS 8 2 S A7 A i
YR HE Yo f5 A il 2H 2 095 B4 A 2s
1.6 10-23DRz i 3} ik 1245 25 SR 69 4]

BALB/ ¢ /INGCR 1 2 Tk AR R . SE36 2 /1N UM IS T
B EWNTEAS wmol/L ) DZA-FITC %5 50 pl, % RZH /N F B
JEE PS50 wl Az BRER K . TN DZA-FITC %5 W5 1 4 .12
24 A8 h B ARAESCIR AT /N 2 L, S HE 4 /DN BT i AR AR
K12 h JFARBE . /N ERARFE S TG B B AR VK R Y R, 9k B
Tl T Mg
1.7 DREGRERGE L

BALB/ ¢ /NRZE AR ) 3 2 IR S % S0k 8 ] 3l i 2
bk S 7 2 g SRR T 2 x 10°/ml ) Mtb H37Rv 7
BB HUINEL 100 o X R /N BT R I bR O A 2R B R K
100 wl,
1.8 R EZRER ST BRIG AR
1L.8.1 SLEeshi s dinyy G /NERBENL A 5 4,
10 H Ha R gt R A E . © ARG rdl: A HANRT
E 9N 50 pl AEFRER K ;@ DZ4 JRY7 41 :20 wmol/L DZ4,50
W/ BB 425, INH VYT 4 INH 2 5 mg/ (kg - d) L
[R5 T4 H/NER 50wl AR FRER K £ ;@ INH + DZ4 3697 4
INH 3677 R 2578 H/NV R 50 pl 20 umol/L (1) DZ4 7§ ;B
INH + DZ4-polyG 647 40 : INH 34 97 [l iif 25 48 H/NEL 50 pl
20 pmol/L Yy DZA-polyG i &
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E1 ATEGEA M R 12 ARMRMARRESTL (HE)

A:4h;B: 12 h;C.24 h;D.48 h
B2 DZ4-FITC HRERRMENRIHARFEEL (5% H4 x400)

182 WIHTE LT TR 4 AR TR, INH T
Ji 4 JIR (25, DZ4 B DZA-polyG 45 50 w1/ 5Ll $4 4245, 51
S
183 SRR RITLERR 2 FIAEA AU, BT
AV R RALEUR SR U U I A28 5 50 AT
Mib 350 S /B 4% 2% 7 S 5 0 7 47
Y HE e 0 WA IS B (L L4140 24
B AL
1.9 gitgam

SR &+ 5 FR , TGO 09 HORR 8 4 32 7
AT ¢ K, PRI g Kk

2 HRE

2.1 10-23DRz FA4L 22 F Mtb £ /s RAK A B 4 04 v
2.1.1 g4 Mib Br R 455 ANERUBY 2 JAIET, 25 2/ B
i N TR BB T BB 2R (P >0.05) SRR TE 4 ~ 12
JEE, INH + DZ4 fbF2ZH Mt JEEGs 1 /)8 B Y 35 3 80 Hofth 4%
ZH P4 H A, 5 INH Bl AbEEZH Mib B /N T % 0. 8 ~
0.9 log, 227 HA B EMH 2 X (P<0.05), DZ4 INH + DZ4-S .INH
A2 5 AR AL Mib BYYNRIIVR B T E R (R D) .
£1 £AMb B NRBLTRARANBAATEHE
[x+s,n=6, HEHK]

gkl 2 4 4 8 J4 12 &
KA IR 3.80 £0.21 4.66 £0.30 5.31£0.27 5.46 £0.19
DZ4 211 3.84 +£0.33 4.69 +0.27 5.37£0.22 5.51+£0.24
INH 44 3.74 £0.30 4.61 £0.12 5.23+0.16 5.42+0.22
INH +DZ4-S 2 3.79 +0.19 4.63 +0.16 5.27£0.19 5.43£0.25
INH +DZ4 41 3.73 £0.15 3.68 £0.24°  4.34+0.11>  4.59 +0.32>

a: P<0.05, b: P<0.01,%5 INH 411k

2.1.2 FHHZURBERIL  ORACHEYL MK DZA GbERZH Mib B
12 JEJe /N UM L GO A8 P B ), LS H PR3 o 32 il

T DL RIS 1, I 43 Bl it S5 A 3 %, A R Uk L 4
K BN AN IR, 2 1 B 2N | 2 R 40 S 5 A% 451 4 AR
ARA/ DL, INH Kb FHZE Mt J8% 2 /)N Uil 26 28 f 6 1425 3 L 3
TS A Sy T 9 A8 i B AR oA Ak B R ZH R, L 4 Sl
BB, INH + DZ4 4bFHZH Mib BEG% /N R Bl 41 2V T R 4
I 3 A7 AL T 25, T2 20 7 1 B3 W9t 6 B, g 78 IX
S PR b R AN R 2 B A0 2 A 5 4 R A (T 1)
2.2 10-23DRz sF ) A& meG 67 ER

2.2.1 10-23DRz BB RAZRCRIKGT KBRS
T DZA-FITC Y51 4 h 5 /N U UK U F 7658 0 s F
AT ULBR UM #4029, 12 h 5 28 9% A UL B 3508, 24 h A
48 h J5 /NS BTk, (B4 AT DL SR e (81 2) o i
A R A B Xk B 2L/ BRI B R L5t

2.2.2 /NEUMHSRERRD  NEIZZ Mib 15545 51
R (1E 3) :DZ4 Jiya 7 2/ BB 2 20407 P 2 5 AN YR 97 %) TR
200 I 3 22 0005 I A INH S8 1925 2/ BRI 2 4 e B e 5 ORI
ST IR LA B3 T (P <0.05) ,{H 10-23DRz Al INH B
BIRYTAL(INH + DZA INH + DZ4-polyG) & INH HftyAY7 4118 TG
BENEZEF(P>0.05) , REG/ NRIIIHHLURRER FE 11 Mib,,

I I | | |
D74

TNH TNH+DZ4 TNH+DZ4-
polyG
a: P<0.05, 5KBI 74 L
B3 #imhNRERRETERENMALNRHEN T

CFU log™
R T N )
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Ak B H 4 ( x400) ;B kg7 28( x1000);C:DZ4 455 41( x1000) ;D:INH & 57 28( x 1 000) ;E;INH + DZ4 & 57 28.( x 1 000) ; F;INH + DZ4-
polyG %7728 ( x1 000) ; 1 : AR E Ao
B4 ZZFENRESERTEREHNMALRETL (RBREE)

A:DZA & 75483 B INH & 57 28;C: INH + DZ4 3% 75 48;D: INH + DZ4-S i& /5 41
BS5 #ZmMNRErtRAEETEMARKREENL (HE x100)

/NI ZH BT RR Y A 25 SR 5 Mib 353225 S AR« AR/

FRUMT 2 2R R e (oK LA BUBRAT 181 5 AN VR 7 X R ZH /N BRI B e
AR B e %, S MR B BIOAE 431 s DZ4 AR 7 241 5 AR
7% BREH /N BRI B0 R AT TR B AL 5 INHL YA 77 20 /1> BRI 47t
TR BB 5 AN TR 7 6 BRAT LE B S /b, ZE R 2 R R
i ;INH + DZ4 INH + DZ4-polyG 20 /)N BURTSEH1 1% B 4k it 5 INH
TRITLARRL(E 4) .
2.2.3 /NEMRAZURIERI  SRIBYT AN 2R AR
17, AR LIS PR AR S 3 il T D oA e bk B 440 R A% 4T
WL, it 2 4 1 S g ] B s TR, 308 4 i e 1 25 440
%o DZAJRITA /N R H 400748 586 7 A Bl INH JRY7
2 /N B 94 [ PR A P 04 T 368 X A 7 I, i 94 285 ) R AR IE
# o INH + DZ4 F1 INH + DZ4-polyG &7 41 /)N B 345 9 T i A
5 INH JR 7 AARRICE 5) o

3 Wig

McKinney %5 i i+ 214 92 B il SRR el SE 1R 1Y
Mitb 7 /)N B A EF B B BE 7 RO e, g 2 J] (Mith
TGN T 2 J8 D PRI, 2 S IR o A
edi)) Ja BB AT PR bR o 72 SE AT BT ST F AT B X

ZERG Ay BOFE B Y il mRNA 3 T4 5 M g 10-
23DRz, & BLICIE S 76 TC 4 gk 2 K J& 78 Mib P, 10-
23DRz BRI 4R AR BT ) icl mRNA , $i#] Mtb ICL
(73K, G030 B Yk A INH T 10-23DRz 645 ib 21
¥ Mtb 75 5 W2 A P AR I TR Hi T
10-23DRz TG 45 5 DRI i 15 R B 5 4 2 B il L (R 3%
i5,10-23DRz fEA A RHAR Mtb 75 3 1A P9 1) e 5
FR B BE 7 M S BB TR X R 2 10-23 DRz fi%
BTSRRI ITF 1 R R

10-23 DRz 75 /8% e 35 U A6 Mib 5 F ) 2o 2 5% i)
PR EIBZL AT AR R 25 Y S LR £ 07 T R &
LRI, T 45 1007, AT IE R G
J7 S0 2 BT, FATTAFSE T 10-23DRz FiAL BT Mib 7E /)N
B AL SRR O S, LR 7E 10-23DRz T ICL &3k
T B0, Mith 76/ B P BRI B . 45 5 Wi, 24
JEYHEATZE 4 ~ 12 JEWF, INH + DZ4 ZhFE 4] Mtb j& i
ZIN BRI DAY 4 355 TR R L 4% L 4 W O A1, 5 INHL B
A BE LA LA S 25 S AT A R 1 4
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S 10-23DRz AT AT RAIR Mitb 78 /N R P9 19 45 7 i
J1o X—2558 icl mRNA R 7214 10-23DRz 1597 4544
I B FIE B T LS LA

ICL F=ZAF Mib [ 40 il N 35 BA o B v 2 3 1E
1M H 7 AT EE 1200 25 P 0= 5% b TS BRRE T
) Mib EAER X A0 TR B RS T 9 Mib &R E
OMMEE . B RRSTIESE , 7R8Ik A R R N 1
FEAFAE R Mitb 35 B4 B8, 1 Sl 45 20 B S el S 5
SIYTEALTT 25307 A R R IR N L A &R 2 Mitb 7624
Yy ML S i 9 1 1) 43 B R Al A0 Bk
B, IE S 3 SEAE AT A 7E BCE AR 7 e B v R PR A
BA Mitb A5 45 L7 7 R R R HLAE K R K X
BBV AR TR B BEL L AR A PR 1) v IR A A AL B 4
SRRIRITIT R . icl mRNA RE594 19 10-23DRz 7]
RETEX — i R R HEVE L, 5407 2459 A& 4% i W) A A
FMER $E R AR IR YT IR . L T ok IR AT
FE/INER G5 2 0 IR YL A R B 5 T 10-23DRz B ol
INH 645 1 TR YT /N BRESAZ I R

Mtb 7E45 AR FE A4 T E REGRA P, P 10-
23DRz 5 AE A A B A S R E I fie. A B
FES , B WA 2 1 9V 18 R A2 AR T 5 2 R 1 Iy
(polyG) Hi &, 78 10-23DRz Ay fill - 10 /> RS
FRIE R 4 W E 520 10-23DR2 X ¥ RNA 19 85 6] 4%
U R, ik PR 5 10-23DRz HEA 540 i Y
BOR, AT T — 15 10 4> SR B MY 10-
23DRz( DZ4-polyG) .

ARG, FoATM %L T DZ4 INH INH 5 D74
A H JINH 5 DZA-polyG & FHAE (0 T X /7N B &5 40 1Y
IRITRCR . SR RIS RIGTT X IRAL AL, DZ4 il
VAT AL/ BRI £E 23 7oy PR i S i P AR TG e 3 22 ), 10-
23DRz Fl INH B4 9497 4 (INH + DZ4 | INH + DZ4-
polyG) 5 INH gAY 4l Mt JC i Pk 22 5% . M
ARBFFEARFEMELF] 10-23DRz ) INH 4574 B[] S
HIER .

—E 257 & X F 10-23DRz K AEAE 2 b
(5 FRATTAIHTIN g, AR S BB 4 S A D IR 2
—REE T 4R A, BEARTATHTH 10-23DRz
VR WROR B2 A8 (20 wmol/L)  fH—J5 T, B T/ B T
BRI 255 100wl B /)N BRUAR M4 Rz A
(FRATHrN 10-23DRz (¥R 50 pl) |, MR E 254
Al RES Bl B A I I P %) 43 0 R A 4R A A
AR E RS, S W ok B AR N B AE R & T
8o J3—J7 I, Mtb 7575 EAR N FZAFAE T F W40 i
M ,10-23DRz ZAe ik A B W20 ffd, 127 % Mib 4 ffg B
Afe kD Ag, X3 — LB T 23k Mib (N 10-
23DRz e, 7 9b, iR NAEAE R A% IR il , mT

10-23DRz [~ 3 AP A My B BH 38 45 46, 3t o] fig
JERZNR 10-23DRz FER Y K AE TR R R 2 —

A T icl mRNA $5530% 10-23DRz H5 S R4 R
RS T I/ & Mib iR, AT HE A B 58 35 A UL
%23 10-23DRz 7 ¥7 30 R 19 o5 — JE X ] e #E F 10-
23DRz Fir B A4 faf B 0 14 A8 A 6 0 AT INH 5946
frfEss. 2T UL B0, FATIA K50 pl 20 pumol/L
1) 10-23DRz 3314 545 45 25 %) INH IR 7 45 %90 1 3L
SN ELA 0 BIAE 5 (07 Al (s A e B Bk 5
MIRCRA Rt —2 098 .t FREEDIRE T I Mib 7875
FEHUARGEE SR B B A& TG AL v, FRATTHED icl
mRNA FE54E 10-23DRz 0] BEXE By 1k 45 0 1Y & &
AT EIE—EEH 75 F—L 0o d, AR
INH 5 10-23DRz BA36)7 45 )R — Be i (], FH A e 71
0040 B R R 2R AL H S R N R R B A TS
b, AR AT A sh Wi 2 R 1
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