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Abstract

AIDS is a very dangerous worldwide disease and serious harm to people’s
health. So it is very significant to study on defence and therapy to
HIV/AIDS. Recently more and more drug-resistant HIV has emerged and many
defects of HAART have been found out. So gene therapy for HIV/AIDS has
been more important to develop. Lentiviral vector system combined with
RNAi has been proven a potential therapeutic technique for HIV gene
therapy. But there are still several key problems need to be solved:
lentiviral titer is hard to measure; it’s still lack of effective animal
model for therapeutic testify; it’s controversial to choose the
therapeutic target. Aiming at these problems, this study constructs
several models in vitro and in vivo based on techniques such as Tagman
Q-PCR and humanized mouse, etc. Based on these models we make a
comprehensive feasible research on HIV/AIDS gene therapy.

In order to ensure the efficiency and stability, we investigate the
measure of therapeutic lentivirus titer. We introduce several reporters,
which include GEP, Luc and newly peptide TC, and compare the feasibilities
of introducing them as titer measure on sensitivity, scope and
repeatability of detection. Results show that GFP and Luc could measure
lentiviral titer so well while TC is not good enough to put into practical
application for its sensitivity and accuracy are relatively low that needs
further expansion of TC system. But GFP and Luc would bring down the
expression of therapeutic gene, affect the cells’biological activity and
increasing the probability of unsuccessful or unsafe in therapy in that
its molecular weight while TC did not. So it’s limited to use these two
reporters to measure lentiviral titer 7n vitro. We also try to use a Tagman
Q-PCR system which targeted packaging signal W to measure lentivirus

titer. It can accurately quantify several lentiviral vectors. Combined
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with RT PCR, this method can easily calculate copies of lentiviral gene
in cell. Its accuracy, sensitivity and repeatability are good enough to
detect lentivirus titer effectively.

H2K" magnetic selection system is a new cell sorting system which can
be used to sorting cell quick and harmless. We at first time introduced
membrance protein H2K® gene into therapeutic lentiviral vector and
presorting positive cell by magnetic select. It solves the difficulty that
it’s hard to testify HIV RNAi suppression 7n vivo in existing animal models
in that the positive ratio of target cell was too low to measure the RNAi
inhibition efficiency. On optimal infection condition, positive ratio and
HIV inhibition efficency of infected cells would increase a lot after
magnetic sorting 7m vitro. With these improvements, we build RNAi
protection models H2K-SCID based on huPBL-SCID model and to evaluate the
RNAi protective efficiency when counteracting HIV toxin in vivo. For
better evaluation 7n vivo, we build a HIV Tagman Q-PCR system targeted
HIV pol gene to effectively detect HIV level in spleen and lymphnod of
model mice. By these ways, we successfully testify the HIV suppression
abilities of RNA1 sequences vif3d7 and poll102 7n vivo. The p24 level of
peripheral blood and virus level of organs in RNAi containing animal
models are significantly lower than those of without RNAi. We also proved
theae results in another humanized mouse modle SCID-MT4 which based on
MT4 cell line instead of common used PBMC.

The choice of HIV gene therapy target is also the key of therapeutic
success. For that reason, we make a series of researches in cell models
to testify the feasibility of CD4" lymphocyte target therapy project and
CD34" stem cell target therapy project. In this study we find out that
the lentiviral infected efficiency of CD4" cells would decline a lot when
it has already infected HIV. Relatively lentiviral infected efficiency

of CD34 cells is higher and will be impregnable whether infected HIV or
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not. Lentiviral infected stem cells would differentiate and proliferate
into amount of offspring cells which containing therapeutic RNAi gene.
HIV replication would be strongly suppressed in those offspring CD4" cells.
Combined with H2K" sorting system, the positive ratio and HIV inhibition
efficency of offspring cells would be improved a lot after magnetic

selection of infected CD34 cell. So we think CD34" stem cell target therapy

project would be a probably choice for HIV RNAi long—term gene therapy.

Key Words: HIV; gene therapy; lentiviral vector; titer; RNA interference;

animal modle; stem cell
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NC: nucleocapsid protein, A& Fei
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siRNA: small interfering RNA, /NT-4 RNA

shRNA: small hairpin RNA, /)N RNA

S1V: simian immunodeficiency virus, w57 BREGIEE

SU: surface glycoprotein, Z[MIFHEEH

TAK: Tat associated kinase, Tat FHI<ikNE

TAR: transactivation response element, Tat R{NV ot

TC: tetracysteine

TCIDs: 50% tissue—culture infectious dose, -HZHZRRGTFRYIEGLT =

TM: transmembrane glycoprotein, &b H

VII



A6 W& A

WPRE: post—transcription regulatory element of the woodchuck, 3&¥H5-Jit
s J5 R 1T R T

VSVG: vesicular stomatitis virus glycoprotein, [H7KJEIZIiEHEE A

VIl



H x

H3x
B B e e e e —— e e e e e et e et e aa—eaa—eaateaaraaaines |
A D ST ACT ..o e e ettt ettt e e et e e e e e e e ———aaeeeeeeeeee——————————aarereren——— [11
BB T .ot e et e et ettt e et et e et e e et VI
B TR e e e e e e r et a s i
B oo e e e ettt et et et et e et er et et et e et e e er et et er e, 1
LA IR B BT T T T R oot 1
B S TAVA: S-S Doy S 17
3 HIV/AIDS HEIETIEET oot erer e e e e er e s erer e eeeans 25
. xS S g s 2R T 31
5 AR ST IR . B BUEE N oo ee e e ee e e e e v s e erer s 55
BB S T3 oo ettt et et ererenen e, 57
I oV 57
2y -~ SRS 62
I s = e T 75
B B G T oottt e e e et et et ans 89
F—ER HIV KBERIBFEERHENES ZRIFR oo, 89
(O] D B - 453 ol L =051 AU 89
L SN R 2 DR 08 B2 IR I oo, 89
L2 B I T B R 2 oo, 90
1.3 =S FE DS B FE IR IR T BT oo 90
1.4 = FhARAE I DR AT B I PE T ST e, 93
1.5 = PP 45 FE DR 96 ' Frr S 18] A 9% Y FE AR S PRSI v, 93
1.6 R A 0 DR S B BT 5 e, 95
17 IR BRI B 0 T oo ettt 96
2. Q-PCR FE T R B B BRI oo 98



2.1 1B TSR P I T oo 99
2.2 B IE R B I T I e 99
2.3, FEAZTEEIR oo 100
EZES HIV-RNAI BIHIRBIBIEIL ..o, 100
1. Q-PCR &M HIV FSEBIEEIL oo 100
11 BB EIRE I oo 101
1.2 Q-PCR AT ZR ZEAT RENEIRAUE oo 101
2. SCID-MT4eHIV INBRAERL et 105
2.1 HIV AR BEEFEIIE oottt 105
B H2K-SCID BB ..ottt 108
3.1 18I EEEGE PBMC ISR oo, 108
3.2 A H A FE DR AN I T IE T oo 110
3.3 H2K-SCID FEFUMIHENT (oo 114
E=EBS 3 HIV BERE N TE RNAI EE TR MR
................................................................................................................. 119
1. LU B A EARAIETT ZE sttt 119
1.1 FIH MT4 QAT IRV PEREE oo 119
1.2 FIH PBMC AT HIIATTPEIRAE v 121
RN B o ): s b D= i U 123
2.1 CD34 AN BT TEIE oo 124
2.2 CD34" 4N M A M908 T S5 TR LLASE o 124
2.3 RIS E CD34 NMIIT I3 oo 126
B e 129
1 REEEENEERIBIFEIRE oo 129
2HREEREBRBHERARER BRI oo, 131
3EHIBHE Q-PCRIBEMEF ERIEEIL .cooooovveeeeeeeeeee s 131
4 HIVIRBRAEEE PCREZMATEIERIL ..o 132
5. SCID-MTAREBRIBYEEIT ... 133

il



B. H2K -SCID B HGTRIT oo eee e ee s es s es s s e s s seseen s 134
7. HIV RNAT SRR B 25 8 BB oo 136
8. BITHBREEXT HIV PHMEAAEAI REEE T o 136
9. KIF4RBEAEEERET HIV RNAI IBIE B IRTT oo 137
10. BRI R R AT I oo, 138
LN S BB R oo e ettt et 139
23" TSRO 141
B I oottt ettt r e ettt er et et et rar e 161
BB TR oo et a e 162



H x

CONTENT
ADSIFaCt IN ChINESE.......oiuiiieeeee s I
Abstract in ENGLISN ..o [l
ADDIEVIALION ... e \4
PEIFACE. ... s 1
LHIV and itStherapeUtiC rESEArCh........oceeceeie et 1
2. Genetherapy for HIV/AIDS........o ettt e 17
3. Animal Mmodel Of HIV/AIDS ... 25
4. Experimental SySteMSiN StUAY .....oooviiiieiiieieriee e 31
5. Thethinking, purpose and significance of thisresearch ..........c.cccceevvvrevrennne 55
Materialsand Methods..........ccoieiiiiiiie s 57
L IMBEEI IS ..ttt et n e n e 57
2. MLEBENOAS.......cceeee e s 62
3. EXPErimental eSIGN ......coiuiiiiiieieeie ettt 75
ReSUItS aNd @NaAlYSIS......cccueiiiiieierereere e 89
1. Research for chimeric lentiviruStiter ... 89
1.1 Lentivirus titer DY T@POTET ..cccuveeieiieeiiieeiiee ettt et esiee e s aee et e e veeesereeeeseeenes 89
1.2 Lentivirus titer by Q-PCR ...c..cooiiiiiiiiiiieeeeeeeeece e 98
2. Construction of HIV-RNAi animal model ... 100
2.1 HIV detection by Q-PCR .......cooiiiiiiiiiiiiiicieeceeeeeeeeee e 100
2.2 SCID-MT4<HIV mouse model .........cccceevuiiiniiiiiiieeiieeieeeeeeeee e 105
2.3 H2K-SCID mouse MOl ........coeiriuiiiiiiieeiieeciie ettt 108
3. Target cell selection for HIV lentiviral RNAI therapy......cccoccoveviiicnicinnenne 119
3.1 Lymphocyte-target StrateZy .......cc.eerveeriierieeiieiie ettt 119
3.2 Stem Cell-target Strate@Y......ceeruiieiiieeiiieeiee ettt et sare e aee e e enree s 123
DISCUSSION.....ciiiiieieeieie ettt n e bbb sresneeneas 129



H x

1.Chimericlentivirustiter DY repOrter ......oovceieieeese e 129
2.Chimeric lentivirus detection in Vivo by reporter .......ccccoveveeeeeveceecceseeciee 131
3.Chimericlentivirustiter by Q-PCR ... 131
4.HIV detection BY Q-PCR.......cooiieieireee s 132
5.Construction of SCID-MTA MOE .......cccevieiiriereeeeeee e 133
6.Construction of H2K-SCID MOUE ........cccoeveririieiiiiene e 134
7.Development of HIV RNAI animal Model ..........cooeiiiininenineeeeseeie i 136
8.Infected ability of therapeutic lentivirusfor HIV positive lympheyte............. 136
9.Sem cell-target HIV/AIDS genetherapy ......ccoceoeeeeneneneiiisiciieiiee s 137
10. Application of magnetic selection system in genetherapy .........ccceeveeveeenen. 138
Brief Summary and Prospect...........cccoiiiiiiiniiiii, 139
REFEINECES.....c.eiieee e e ee e 141
ACKNOWIEAGEMENT ... 161
N ] 0= [0 | USSR 162

vi



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

