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[ Abstract] The comorbidity of drug abuse and human immunodeficiency virus (HIV) infection has attracted much
attention. Drug abuse is a promoter of HIV transmission. It also aggravates the viral load in the central nervous system and
accelerates the progression of HIV-associated neurocognitive disorders. This article focuses on the commonly used animal
models related to HIV infection, such as non-human primates, rodents, and felines, analyzes their limitations and
advantages, and summarizes the latest research progress of animal models related to HIV infection in drug abuse.
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1401k REREYA 38 TT NG N G e e s
W B (human immunodeficiency virus, HIV) , JIFHX
#5399 (acquired immunodeficiency syndrome, AIDS) A%
N EBRAIE T AR HIV 7RG A
FRAX R 22 22 4t ( central nervous system , CNS) |, HiAS By
Ao BB LM ZIT, M2k HIV AHOCE E,
Tat ,Gp120 Nef I Vpr 2 145 | sl i 2 0454 Fi1 2
RE, & HIV AR OC #it 28 A J1 B % ( HIV-associated
neurocognitive disorders, HAND) 2 HE JPUii G o
S BEYT 7% (anti-retroviral therapies, ART) VG YT (1115
HIV &Y% # (people with HIV, PWH) f4 4 77 i [7] 4E
KA AF a2 58 1 ART 76 K 92 3% %
FAXTEAR , 23 PWH {34K 1 88 HAND™ | 55 4h 4R
P A E SO R B e TG R N R
G HIV A AT REVESEANTE ST 8 i O BLRY 35 4%, 3
SEAENFTE K B, A £ O 2 i A PWH
SERFNTBE B A T3 45 0, OF HORT R B HIV 7
PWH R 185 2 28 F 7K P RIS AE PR - i B A
TN PWH #9 HAND Sk it (H g
J& , BRI T3 il 5 I HIV G BB AL )
R BT Hik = A R0y T B, L, HIV AHE
SR T A A B T 20 TR HIV &G 5T
B A AR R AL 4T, AR SCEE X HIV
YA LR L DL R AR BE A T A Y
WA T T FRERIR LIS HIV B Ue 5 1 25 il i ]
TS 2%

1 HIV sh&E B R 57

1.1 HIV #HxIEANRKEZWER N E T

1983 4F, fEE e B T 5 PWH AH LAY
PULEPERRYS . W 5% & AT AR 30 75 356 IH A R P 91
K IAEINEE N R A 2 Bl Wy 485 77 110 4 A 25 9 928 R
5 B ('simian immunodeficiency virus, SIV) 5 HIV #%
TRGER HAT — 2 B9 R PR, [l HIV-1 Y5 1 S 2R 2
PR SIVepz FEFAE TR SIVgor, 1Ml HIV-2 J&
H ARV 5B B B SIVsmm, FHIGA K, AR HIV
EIFEA FAEEAE AR KRRy STV [0 A2 25
PIFEIR S BE B AT, AR KIS Yt bl Fx N
“SIV RKERME 17 AR SIV mdE-FE AR K2k
T 3= sh W in I 28 Ak w3 a3 38 e K B g I g D
il 4= By GG, (L HLAS IR Y STV (HARH BE ATDS
FHSCLEATERRE i, (B BE 28 STV 95 B A%k &) B e W
Bt ——re e A s R AR, R TE B IR

e B MR EE O ShE CD4T T AL
o B ILAE i IO 1 B 2 AR [ A7 8 S T LA S
T B R B AR SR (R T Ene BRI
ANFILA K SIV = HIV 1 Vpu £, R 5k SIV 1
2250k, LA SIVmac239 fig g N A 28, i B N TR T
Beft HIV-1 HCBe2 B9 Rev Tat Env VA X Vpu F:H 5
SIV HEATHENE L # i L CCRS Al CXCR4 D3t
Z AR N HE B % R B A % B ( simian-human
immunodeficiency virus, SHIV) 8 SHIV %5 B 18 1o
FRIVKTE ST | 5 B T 3 A I e R, e 4
BB IR 5 HLV BB R

SIV SHIV i 1o 1 A 7l e it L2 240 A 5 A%
20 %5 15 11 i 5% B2 ( blood-brain barrier, BBB) , — H.
HEATR , 9023 78 /)N J5¢ 5 240 Jf v i A7 52 o] 3k 2 4
ML IR FE A I . o3 A, a2 B0 /NI T 4
23 A S B L, DT 5 BOR 28 T AR M, T
150 d Pt 3 A i DAy Ak S 2 Bk B3 9 25 Ml 2R ( simian
immunodeficiency virus encephalitis, SIVE) '*) | — T
FEXF A SIVE B i 0F 7% 6 BT, B 1 i
IR/ 200 L A LA B s o B R, T R AR
BT IR S Ah, TR R B B, B
HH R T 295 A LA ™ Y AR ) R B A LA
Fe ey Ry RER O

BTAEANR KK WIA 5 KA R st 1%
WyJot o LA AR DA R I AR 4 A (R i B 5
JE& HIV RIS AR HIV BT A 5 A ]
BARHYVERT, LA st B BIF 5 Bl 7T L S 30 AR
WS = B RIS T 1 ek, SR, A 2 5y
Yy HAT ARG R BE 7, 3 (515 3l ) 18 31 o A T
R T SR IR AR B ARk i g =
MELLIR B i 78 LR, OF HEh W MR 2 7 A
Jote LS DL 55 R 3R 45 B s W e 4 2R
WA, LAE N RAS S i W 5% 5, A7 1 52 56 J) 39
KBz AT EHE M A & ARG
1.2 HIV 8RB ey & 5L

Wi S B FE IR B (feline immunodeficiency virus,
FIV) J&—Fhidi i st 2 RHE i 25 , H 32215 T80
FHahi, FIV i aEBUR AL & BER A7 Sz, Horh
A 3 NI EHE (open reading frame , ORF) 5%
BEAY R S s A RS AL B EAH G 43 Bk
Gag ,Pol 1 Env, 104G 3 4B ORFs 595 75 2L A (1)
Rk EHIARK, 5330 ViF,Orf-A Fl Rev' ™, FIV 5
CD4" T 4k UL 46 g 2 0 ) CD134 2 2R I 57t 1k 46
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o XA EAE S SU B A4 s, 4k
J& Env FHY V3 A 2R 1 53521k CXCR4 B
WAL, BT FIV 515 T40M R & 2R Bl
A HE A TG T 40 M A7 e ek, FIV YA
3L BB S — B BN S BRI RE LR ]
254 ~ 8 JA, 7E UL W R B i R kA R
CD4" T kL 40 M 2 w3 i, A£ A FIV 58 RNA
FBE 1 2 2838 5 28 B B oy Jo e R R 0, R4
IR SR B CD4*/CD8* T bk I 41 it [t
HEE, R B 235 FIV BUAR , e il 38 Ho 7 52 31
T, PCR AN S AR B 5 55 = [y BOOh 4k K P 2k
W1, SR BRI PE O s R HL S PR R & 1 B
SR W 3 B0 45 — 2R 51 1) Ho S48 R g A L 2 1
JERGe

2GS B - B AR IR T FIV G5 2 k4 A
() BBB L/l ifi ik 6 5 B itk A CNS, 5| ke KM 45
FARITBE AT 2 e, 40 ifi A5 ] P61 7K £ &40 10 1 e
£ 60 118 9 RS AL /D 5 S5 4 R O I 44 i )
TP LA B Aot ARYE T3 A1, 28 20 it A4 32 i RN G
PES O 2 B CNS TIRE R, s i LR 1
ZIMz shAT R BCE T RS I 5 & LA ) T AR
WISEAC Sy 1F T L B S SIE AR | A 28 A 5 i E AT
RSN IZ sh D) BE B SR

SO FIV/ ZAG S s L 2 e — SR & AR 551
A PE BB LE A I AR R X8 e d sh i AL, |
PN AR AE B BN i 22 | i BB AP R 2 4
FTWR5E HIV-1 R AL B30 5% S50 2 25 W i o
BRI, BRI Z A6, FIV/ F A sh A b v ] Jy T
PRE A T BRI K1 77, X6 T b FIV /9 &2 1l
MU A S ieie HIV 858 10 FIV Z A6 sh a5 5 A
HEEE S, LR, FIV/ZA sh BRI A [ &R
FRYE.CD134 J& FIV F 8 E5G 320K NN FIV A8
S RGY T 20 AT E MR A, R, FIV 5 HIV (SIV
(R 7 AR AN TR 4, R e HTV AR S0 R 3 i 0 e
HIV IR A F P AT B8 22 BBl
1.3 HIV B REREE YRR EL
1.3. 1 HIV 258 3 PR i 35 PR K R () a7

HIV 495 57 3 PR 35 PR R RSBk HIV-1 7%
FERIR B, 3222 eH AT 2 0RL ( pNLS-3) b B R i
ik, BIHIER Gag T Pol KEDH | itk HIV-1 5L
KA E A AL Yotk (A2 FLAR N5 SR BB 5 Eno
Tat Rev  Vif Vpr Nef Fl Vpu KK g 4h, HIV-1
e R R R BRUANA 2 H B0™ B 1  E dep  ANis Wk

FINE A | R TR0 A | e R 3 o 0 55 O 45 R AR
w2 B E 2 R GRS FE RN
RS AT I RE R AT R S RE AR
1.3.2  HIV a8 RN R ST

HIV Tat %505 /N RS AL (% 1 57 5 vk 222K
T DU 2R R 4 R TR SRR R Gk A ] Tar FERI R
K, B, M TRE-Tar86 3L /NI GFAP-riTA
EEILR/INEL, PR P AP G L RN BB AT 43 )5, 1T
A A TRE-Tar 86 Fl GFAP-riTA FER /ML, X
Tt TR /)N R 3 A PN O 7 A 7 DU B 2R R e S
PGP Tat AR R RE"  HURZES
1) HIV Tat F RPN PSR TR WK,
R LTI I A LA SO RN AR SR AT O B
A TR AR AR R A m 0 S P A G S 4 e 4
Az M TOIM S B pa D A T AR T LA B i T 4
LT 25 BA AR S5 e 2 LA AR A

HIV gp120 %63 H/N AR AL JE7E GFAP J5 3+
B RS A HIV Eno 3£, JETTE B HIV gpl120 5%
FEPRUNEL . gp120 85 AR 3% HE /N B T e )23 | i
BR A T0EE KR 0 1 BR DL A S R IR
RN S i X e ik e 0, AR gpl20 B
FR/NFUN IS gp120 A, HIRN S HAND A&
AR M 2 BREF AR, 3 ) I A AR A0 BRI iz )2
T2 H IR S i e 2R RIS 58 5 BE AR | /0N I Joit 4 i 3k
B A R M B S 40 i 4G A= DA R b 4 T A
TP FESR SR T T, 6 I AR R R B
VKL ARG, 25 ()2 o) 2 4 | f IR AEAT i g ik
FASEAT AR | I L E A B S 6 G 00 28] A 7R R
Ty CAS DX 8 A Asf 7 34 5 250 07 1) 0 3 s
REAL

SRINT, H TR WA B HIV IR 3 A4
SRIEMG VI ZEBIY)  Z RBh IR RN B 5 T 3 | B
J1  H AR WE LT 5 R R TR
ARFE VAR A G AR FL A, G R T 4 0 25 DR 7R 90 i
JE& LI B 55 R BT VR 24 0 I i S RS FH i
LN S R R R 2 HIV Z0R LT 25903677 .
P 917 47 AL 1) R0 92 1 0T K S O T R T LA LA
BB TAE B B T a4 28 30 5 AN Fh s A1k
ZIRFTER R e 2E 25 5, S BOR B AL 0k 58 42
S HIV gk Y B2 26 4 Z i bR dn b e AR DG 212
HAND 4§, [A]i, 2 55— B8 21 (A 1 Sh A
RITFAEDUR I 22 AR AR AL, H H BB 2 AT E 1Y &
R RREIR B2 35 8 IS 1 5 1R i s 2
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RORL, A 3 T A R R 2H 2 A P A e
T 2 FAY D] DAL 5 28 50 M) i AR S Rk 1Y B
FEFEIN/INRL, Pl i 2% 52 | [l 52 25 07 5S04 RE AR A B
it B ZZHEIE DN /IN R [ s Tt A0 TR R 2 7 EEAE 9 K
RN W W AT R SR AR, ARGE A
SCHR AR SCESS 1T HIV AR OC 3l 5808 B A8 8 07 7%
DLt s LS FEE L AEAR (WL 1) .

2 HIVHYERNESHREAHRF

By N A
2.1 HIVHEXEAZKEDYERESHYEAN
REPHIA A

XFT PWH SR, 2 il AT e <338 im PWH figi
N HIV R ED, Inb HIV B985 178 R DL K S8 250
FHOCFET- S5 KU, T H R UL B & 32238 ol R
OV L R E N e L

FENDME S 25 1) STV SR sl AR 73 vh 0025 51 5k
WA T R .CD4™ 1 CD8™ T 2§ iy /b FET- %
e TR) A a5 R0 B A P A I B STV e T 2k
RGN AR R kLG 25 1 STV BRI R A A
N, Acharya 251> % BURRIGE M B2 25 9 STV 6 75 2% &
S R R [ s WS 2 CNS Hh/IN e I3 4 i 50 14 &2
DL SIV 8 28 W 54 = o F ] DL RS ERT L) b
I SIV e 52 L sh ) Rl b s B 8, i oh, g
MEFT SIV A8 Y [A] L 98 Bk SCHR A v 28 fi /N 14 1)
HSPAS [ A K, 8 fil/MA T BE B %, i
1M HAND SBALE B — A 520, 5 ik
AL BRZE B SIV 4L L, 18 MR E£G 24 1 STV
YL AR B BhH BT 45 W R, i B
AT A B iR, 3 2K 9 % ( methamphetamine
METH) [FIRES B8 i STV I 4 5 A A ik v S 247 95
B K, (HR 2 078 3R Hp T 349 2 2R K
-, Najera 257 JF— 2 & Bl METH 45 25 )5 2% 1 3%
BB H CCRS 32 1A iy 3k & 5, X nl fEJ2
ToRAG By v s B 2 AT R IR N Be Ak, 7E SIV
YL SN METH AT 3470 B 2 B BT 240 i 19 1115 3%
RAKSF, FEE T T 40 sk B 49 i, 1 i o 2 AR 11
P g e HuHE METH A, o] R KR £
PO M A R, I 2% R STV B 1 28 K R
Weed %528 1L % BUAH RO B 58 45 51, vl - R AL B
FEAIG N STV B 5 B i b 5 A P 72638 7K -
BB B R T ) RE - I AT AR AAT 5% 1, 3 3¢ BH 1]
RIS STV I T BN HIBEAT IR

2.2 HIVHEXEMNMRBAESRIERARTY
R FA

FUHAREFE Hh e B G A i Ak B AT L iE % R
FIV &G A0 B RE E J |, O FLYE FIV RGO
I 5 G T ) 5 2 A AT [ R 22 3R 9k L 485 e
K BRG], 2003 4F, Barr 262 DUSYL FIV 1)
T XS G, e ke S e i J & 3 il LA 4
PU FIV 755 50 i 1 W7 5 15 2 H o7 1 O 0 4 K 1) 1
FH X R BIAE FIV/ Z s i il vl BA O 40 4
. SHEAE, METH 28 vl 31 CNS *H 9 FIV
WA R, BRI, METH 425 )5, K0
BUIRIR N Z B ( dopamine, DA ) F122 B i f% 32 3
( dopamine transporter, DAT) [ & & I 3 9 /) | [] i
5-HIAA/5-HT LEoR 52380, itk mT U, METH 45 JF
FIV AN % 200725 et 22 358 i v 38 Rt 2 3288 I e S 1k
W, IR 2 i B S 0 i T 56375 & fR
PREERTY R LRI T METH i A% K i
# T FIV 5% CNS YJReRafE iR B [Rli FIV n] 3
Y METH (22 PEAE A
2.3 HIV XS EFERNYEBES MK
R AR A

B 2 IR HITV B X 1 28 2R g4 A
F 0T ST N REA B A LA e A2 Z 4, i
HAND 1155 1% 2F & | S 2 il HIV 2L /8 35 1 3t
T-, HIV AHCHE IR S5 L R S & 7z B H T HIV
AP ZIN T RE S AT AARGT . TE B4R HEYE ¢p120
EEFED/NELE g S METH 25 25 )5 /1N BURY ik
PR A R R Gk R M A BB VB K R TR B
S ECE B ANE B 0RO 1 H i T AR FE, B
A BRBEY  BFSER W, HIV Tat 5535 /0 U
I CAT DX HE R 28 50 W 9 it ek /0 HL o AR
GETETE B ol TN 22 45 S A AR 40, B R ok o )
R TSR E] HIV Tat %3 KN RE 25 A2 %7
P, [ s A il el gk R Y BFSE R, T
PR % @R 1t BT HIV Tat %% 5 KN BRI A DAT, #F
Mi5F DA FREIBERS , inse DA H At &5
PEAER, SEUNR U BUR BC A s

Btz 41, & E TR EME METH , 1] R R 45 24,
HIV AH G 15 257 36 TR 3 W 2 7 A= R 82 AT R 350
YER, AR BN @ 06 sh3 i, B2 AT R
Aplin1634-35] Al | Soontornniyomkij 250 JE S5 T
R4 METH J& , HIV gp120 %53 RN BUK P9 < 228
SN B A B S 3 A e MR A 2 4 2 K T ST
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R HIV SR AR T ik DBk R R L i ARE AR

Table 1 Construction method, advantages, limitations and clinical symptoms of HIV animal models

Ry HE T ik PEBrE JriFRTE I ARAEAR 22 3k
Species of infection Construction method Advantages Limitations Clinical symptoms References
AR L
B WA AR e
SIV infects Por i ok SEH B R > A
Non- - Isolated from PR 25 S BB A
AR human no'n-human iﬁg@ﬁ%;&%ﬁ% TR —_—
o e primates e K L 2 S
Kok primates ?ﬁiﬂ}\f Rz The number of AE MG BEBRFEIG RN 42
SILy) ) PL SIVmac239 & 5 4 I?iIi% experimental animals is ~ Lymphadenopathy,  high (8]
Non- SHIV }E‘Z%EIF A, A A HIV-L Close lu. the small, the individual viremia, simian
human {\ PR S S Rev Tat \Env LA Vpu  Pathophysiology variation is large, the immunodeficiency
primates Y A of humans experimental cost is  virus encephalitis
SHIV  infects - SIVmac239 virus was high, and the ethical
Non- used as skeleton to review  of  animals
human insert Rev, Tat, Env is strict
primates and Vpu genes of
HIV-1
e 18 5k
i HIV B4
ORI K7/ - )
g A AV R o AR EL S
oy = e ppe EREARNICE N N
HZ ZARAE , ABESE 4 S PR M 2 R
st WE s e oy BELAKAIDS o gt
Y N _ 3k naturally The target receptors of Fover peripheral (14
Felines Isolated from Felines oceurring cross- - FIV-infected cells are lymph;ldennpathy chronic
species  HIV  different, which . ’ -
infection in  cannot completely slom.atllls o dermatitis,
animals, the  simulate human AIDS respiratory dlseas'e, central
number of nervous system disease
experimental
animals is large
JUE M4 R LD RE I
ik G B BB | AN 35 B
PP T 3 B R
HIV-1 3% MBE Gag Fi Pol 3 Tofle ettt Jouk MLl PIBEIR A
EEpN i pNLS-3 saffk gy fam 5 HIV 9 73 42 1l Severe neurological
HIV-1 - pNLS-3  clones with T ¥ % R Non-infectious, it is  dysfunction, L16]
transgenic deletion of Gag and 5 R B unable to simulate immunodeficiency, opaque
rats Pol genes Wi, R T HIV replication cataracts, wasting, skin
2 AR B le‘smrm , respiratory
SE R AL disorders
Wige and nephropathy
TR ZFERS  Stong e ep REIRZE Y R It
— g s TRE-Tor 86 1 fecundity, easy  SURHRR, BRI i s i iz
S HIV Tat  GFAP-nTA 3 [H fy  feeding, clear RS S O A i AR T
o TSN | tiology and VRIS, ) 3y
odent /NER Mice containing TRE- (slymploms . 0}{ fe(:iftance ilseasi: Developmental retardation , [18]
HIV Tat Tat 86 and GFAP-rtTA 1sease, whic e . ” hunchback, tremor,
HIV f5HFE&EA transgenic  genes were constructed i; condu:}ive to :Zta}i)ol E) gtz.a?plalsztehj ataxia, slow cognition and
FEFEIR/INE, mice based on the the mechanism ) K movement , seizures ,
Transgenic tetracycline research of cfiused b.y multiple premature  death,  and
mice with regulatory system specific  genes viral proteins cognitive impairment
HIV viral iy 40120 in
PrOlins g L[ CRAP B TIOT oo
PN e A HIV Eno 50 progression
HIV The HIV Env gene was (21]
epl120 inserted downstream of
transgenic  the GFAP promoter
mice

HIV-1 %5 38 R KBB4 0L B 2% |, Vigorito 2511
UERH T M MEAE HIV-1 5% 3L KK Bl CPP 256 v Y 4

SR, FLGE TR EAR SC 1 T0 12 28 /0 AT RF4E 344 d
Zhu 23 5E 3 HIV Tat 55 525 /NERUAT R R 45 25
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HUFIEAT BOBEAL I 5T, & B0 ] R ] g 25 155 HIV
#hﬁ%ﬁfﬂiw%%Dmﬁ@

Tat ¥4 LK /N 2&
BT AR A 5]

B2 i I 2 . Rl B A SCik, A S
YR RE S FE I P A R AN TR) e DA R AR
B (W 2) .

F 2 HIV BRI R 5 I 58 i R

JSE AN [ L AT

BZET HIV

Table 2 Application, differences, advantages and disadvantages of HIV animal models in drug abuse research
plk7LeEd IO HH NG NI 275 3CHk
Animal models Application Differences Advantages and disadvantages References
s BB N HIV L5 1 5¢
. R . e YRR I ELRAE
W e DT GCRIARBRIE T RR st sty g S BRI
Sk b A QT I S BRI B9 BRI B 28 Ak K LA T e
K2zl . 7 Advantages: It is  the closest
. D Researches of learning,  FfiF, - i [11,23,28]
HIV-associated - . . . . pathological characterization of human 23
memory, and cognitive disorders Cocaine does not increase viral . . .
nonhuman Lo R . HIV infection with drug abuse.
. (@Researches of viral infection and  load  levels  or  cognitive . - . .
primate models L . L . C e Disadvantages: The experimental period
replication mechanism impairment after SIV infection. . R Lo
is long and the individual variation is
large.
s WLy HIV RS A J-85 il
~ LRSS
e = M HEX e FIV 1 54 F o Ny = :
HIV A % 3 2) e I Y g R L
PRl Pz LT e e ° . Advantages: It can provide theoretical [11,29-30]
. . Morphine has a neuroprotective . . . . T
HIV-associated Researches of nerve injury Co . . support for HIV infection combined with
. effect in domestic cats infected
feline models ith FIV drug abuse.
b ’ Disadvantages: The target receptors of
FIV infected cells are different.
Pori 75 HIV IG5 3725 il DFE
O GEICAN RIS L B 2 DA BB R A B
QTS iR
(OHIV HIEA 8 H AR B e Al R R RN HIV A SRa . O T Sl 4 9F HIV i
HIV A0 SC G 15 28 PLIIBEST KM RELTE N B2 ) G0 e RE R KA R HLHIIESE
FEFE B AR @ Researches  of learning,, & NG Advantages: The most widely used and
HIV-associated memory, and cognitive disorder s Morphine and cocaine can  mature animal model has been used in ~ [32733.36]
rodent transgenic ~ (@Researches of drug addiction aggravate learning, memory and  the study of HIV infection combined

animal models

® Researches of the
specific pathological
HIV -associated

mechanisms  of

viral proteins

cognitive impairment in HIV-
related transgenic rodents.

with drug abuse.
Disadvantages: It cannot be used to
study the mechanism of HIV infection
and replication in drug abuse patients

with HIV infection.

3 NG
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et al. New

[2]

BEH OB ZZ 1Y HIV AHSC S WAL A4 ) B, R

TR TR TAE X HIV G 9 2% i 09 80%

[3]

ML B AR | (0 B /Y sh i B AU RE R B HIV
JRYL AR R BRI, X R X e A AT HIV 20

MU AR RR 2 —
TR HIV R
A SIS e 3 Sl R 5 TR & B, It

R, A I K 4k SR 98 I 2 3

[4]

SRS AR HIV B

[5]

P ERAE Y HIV ShBRL | 2R S RE SCRF HIV ik
A B BAG MBI K AR A% 1% 5

2, NS [7) 4 240 i A A0 6%

o AN, B

[6]
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