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[Abstract] Transsynaptic tracing is a very important tool for exploring functional properties and
information exchange in neural networks and individual neurons. Neurotropic pseudorabies virus
(PRV) is characterized as transsynaptic transmission, efficient expression and unique infection
pattern, which performed key roles in exploring neural connections. Genetic recombination for PRV
made it less neurotoxicity, but maintained original features and expressed fluorescence labeled
protein, which made the labeling and demonstration of neural circuits more simple and direct. This

paper reviewed and prospected the applications of PRV in tracing for visual system, non-image visual
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system, retinal transplantation, optic nerve injury repair.

[Key words] Pseudorabies virus; Neural tracing; Visual pathway; Synaptic transmission

XoF Pt 22 240 i 22 (19 o8 ) I 4 BB 3R aBE AT S B O il 22 ) 2
WS 1 T RIOE 2 B XTI 5 B ST AL R T RE M 4 Al il
ZIA 5 B AU M W A A M RGO R
HRMI R EERAEEME, FI, R R T K
WIERZR , DT R 47 ph 28 et 28 v 3] Golgi PR, K
2 20 2 70 A A2 i R Bl 48 i T O 1) A0 4 R
M2t & fk W B (horseradish peroxidase, HRP) . 2% ot 4=
(fluorogold ) . [ #% (fast blue) . #% ¥ (nuclear yellow ) %5 5% Y 4L
LY R o SR T K B 3 5 R A K Y Jeg R AT BE 5 58 il
183, R0t 7 1 S B i A0 i 5 e 22 A 408 4 L 2 (]
B IR FR TN B 75 1 28 00 286 1) £ U, o BVl S s % B ) 22
JU B B R — AR i AL Y B (WGA-HRP) 7T L85 %% fili % 3 (H

DOI:10.3760/cma.j.issn.1674-845X.2014.06.016

S I [R5 H ARk 4 (61378084) 5 1AL 44 TLA: )T 75 4F A
AL TUH (QJX2012-23)

FE AL 1430070 )7 P 22 DX R DU B g 4 ZE IR A g

W AEMEH K|, Email : songyanping@medmail.com.cn

PRI 280N e AR, 78 B 55 5 fid A% 5 22 5 81 ok R 0 L 1 e
ARA X LA 0B 25 . PR, 54 B0 76 4 2% 10 T B 5 5% fil A%
AR | R A R R A SR SO0 TR T A0 i 2
AN 3R ES

9 B 1 VB P 28 L R BB 5 O Atk e Oy i 2 O B R AR T
S T H . Strack 645 PAFE R W8 (pseudorabies virus,
PRV) HI T ik #h 28 RGN WEIT , R A (U] I e A2 S bl 28 3%
gy, HLHA 1 1 28 0 B A 3R ST RE ) B R RN B S
RE M LR R R R Y] PRV AT LUAE s F A b2
FG8 HLES O Ml L b | B ity T A RER B R i ph 28 oo TR
L b A T PR 28 0 £ 2, O ELY B 09 VR B R AR R AS S, B
TEABZH U R 08 I TR T 35 Z RERE AL TN i 2 5y — IR
MR RS PRV KRR T BR800 20 5 , & WA A 4 0 bl 22
TG AR T TS 23 9k IN i JBT 40 i B2 0 e S5 40 i i A L
IR it 22 1 245 119 I 9 SRS HER-CL, ] B, FE B2 o0 PRV Y
FIK T MR SR 3 3 BALA R IRT, A PRV X A
2R G CH W 0 EE T SON EE RILVE DA DR IE AR P Y 22



<382 - FARIR ML= SRl 28 & 2014 4F 6 H 25 16 555 6 ] Chin J Optom Ophthalmol Vis Sci,June 2014, Vol.16,No.6

AR T AR B M 28 R SR T 1R L AT ST 9 W O
A 22 PR AR B R 1 A W 0 e B A A
TE AW PR N 2R K 9L R B 09 O T5 A i 22 B0 0% 1 B S
i A FI EOULAL . 2B BEIE N AN PRV T 908 15 5 R Al
HA B E A R BRI R — £k

1 PRV X & 541 52 1% 518 B B9 4R12

T S % 32 5 At it 2 32 O 40 B 5 0 U B 5 5
25 v [A] B 28 T8 BN 2 A A S S JE AL AR A A S
L) VR B A 9 T8 20K 0 38 15 8 28 ol o8 — i ph 2 4 =
Fr R AR AR Bif i 228 W0 I8 ST 45 S5 380 B B8 4R g Ji R 14 A
W R B (RS8R ), ORI AR 2 A RS e 5
WX I, d5c 28I Sl A 58 (A5 1 A 3 i, FE P A — 3R 5 1Y i
AR R B L S BE A . D R AT S A S i
A IR Y 5 il i HOR S G E T 5 R VE M MR 10 X —
T B A B 5 Y R A

Card ¥ 55 7E B FDE 85 19 PRV 17 K BUBE 588 0 b 3 4
A T R 4% IR PN R ) BB S XS T A R 28 0T T O
PRV g 2% 4L [0 JI52 bl 228 745 400 Jf, oADK 50 59 8 62 748 43 By g ol 28
20 O 3E— 25 43 AT % B RPV 4 T B RSB 7R 1 ) B R e
T PVR X 2 50 1 2 A B B4 O, e K ik
s MR L 20T, W] S 2R LIRS Moore TE/)
BRI PR B2 S22 A G /0 i 19 98 B PRV-Bartha, IR 84 & T —
A B2 LM R 2 6 A R B, &id 2~4 d BRI, K
W PRV #i§ 77 A8 4% 00 17 5 #lt 48 o0 J& e A0 M R AR 14 (lateral
geniculate body,LGN) . F fili M K # (thalamic reticular
nucleus, TRN) FIRL W B | I H PRV 78 1L 99 B i J2 3 400 4 22 7
o3 A B9 IRVRE  FE AR )2 9 VI X PRV Z8asd A [R] 7
RIAJE, XRG40 LGN 1 TRN ' PRV #5ic i #f £ o 47
v T B (GABA) XU , 47 9 TRN #2200 #6 /2 GABA®,
HA A LON #4062 GABA*, R 1E4BIT LGN # PRV
FRICHI X R TRN #5043 8% PRV #Ric , th4h, #45 GABA*
i) LGN rf[a]#fi 28 e 2 % PRV #5121, Banfield % 2
PRV FEAJGEY 12 d BOASHR Py, WE2 2] PRV 76 X9 N & 7 i B
TR A 2 43 A FGE 1), DT 53 400 190 A 228 S 11 o X 45 S5
B R WA 22 T 1 K F RHAE o 5 40 22 e i g e 07 30 R e e ik
T P R 2 AR FR IR R 5 AE A PRV Oy A6 300 40 6 308 65 1) — ol
AT B,

2 PRVEFEGUAREZESEZFTHEA

e MR, PR BT AN (retinal ganglion cell,
RCG) Myl € ] A T2 24000 28 1 B R AN R AR e 244 32 1) L
B2 SR AR 18 WF 5 3K WA A0 A8 3 i 28 2T 2 5% 4 25 A8
I # (suprachiasmatic nucleus,SCN) , 25 A4 9y i 1 55 it £L ok
SY R 4 RE AT 2 & B SCN P I A 0% A Uk 928 I i
PRI 2 02 o B L ISR 220 A I R i Bl A [RIRE
[ P 25 2 sk AR AR I RCG il 28 [m] e A, 5 /0 o (0 kG 201 1.
K K (Arginine Vasopressin, AVP) ¥ £ JC IE 1 28 il B &
TE T4 3¢ 3 1 JE Vel T s 780 4 PRV -Bartha J5 | fie ¢ BETE %)
A AR g /5 4 P90 5 22 9 S 6L B A 3 PRV . 285 TR AT

S, 31X 8 B AR L1 57 A TSS9 RPV 28 [l O iy 2 ol 22
KR A8 AN 28 B3k KR 28 R GG, R ok R S A
A T A2 38 281 o 0] R K F O 0 BBl 224 00 D 5 3 4 B Y
PRV 3 1o 1 228 51 15 00 9 REE B8 5 X, A 96 M 58 S _E A% (SCN)
JEARAA 8] /NI (intergeniculate leaflet, IGL) | i Tl 3 (pretectum,
PT) AU 2 4% 55 9K Ji5 38 ik % 0 (4 SCN 386 47 % i 22 40 )
TR L o 5 3 Pl 2 T AN, K — 3 B BF O A xR 1A
A Z GE MIAIR DL A W15 A 8O0 R i L' S 5 3 i
BT 0T,

3 RMERMEBETRE

LT B2 — B R G I 1) o 25 I 4% A 20 48 A Rt O B
H (enhanced green fluorescent, EGFP) () PRV Jgk 4L 1 %] JI5 J5
CINERUR R A CE 2 N 00| 7SS S N DN 1 s = 1
S0 AT VLA 28 0 1Y) 5 LE B I FEE P ) AR )R U, DA R R A
M 55 RGCs %% A4 B JC K 28 41 i A1 Miller 40 g 550,
TEWOE S A W RUEE N ] R R Miller 20 MY 28 kS 7 56 A9 AL
PO IS DX Js TG A 2 4 i 4 B 5 80P 3T Sl Maaller 20 B i 119
EGFP JUKL , DX 2 P 25 A B[] 71 25 6] - 35 10 0 SRR, 4R
M, 3 X 0 R BR P9 3 5 PRV A ic 89 RGC A 5 XU 41 i
IR R Y, 7R 3K — % T % T AN I 30 2 1% 42 1 XU —
25715 200 i 3 2

PO JE A e 2 9 i i 7 T 1 B R IR, 2 4 1 TR A )
ABMIRITF IR . CA RE 5 2R AT 00 9 TR 20 R4
o HL RS AR S SR Ik R R 19 2 R A R S e
PN, T AR R, A E SR X — R YT B
B, X SR B AR YT R A O Y T AR A, O R B g AR
T A 20 i Bl 20 2 5 A7 IR R G B bR TR D VA B OC E 1 g
PRV 7% 55 8 WL £ 40 00 5B AT 201 280 1 ol 28 400 Jif 58 5B 01 |, DA J
oM A0 M AE 2 AR AU ¥ A3 A, OF T DA GE R i 5 2 ik 2
[ )2 5 B W 28 i 2 . Seiler P20 R 4 19 d 19K B
o 52 28 23 B b 2 A0 TR S 3R A M & L Bl BT RCS KR
FRITP S AL Y JEE AR M S334ter-line-3 R BRI I i, B M 4L A
(22~99 M H)Ja , AT A - i 5 SIS0 SO0  PRV-EGFP
5 PRV-BaBlu V£ F I A3 #5852 09 X3, 1~5 d RIEAT
g N I A e oS B A a1 e 7 N e A i o
FRic ¥y, a0 [ C(PKC, XU 4 i) & & 2 1 (recoverin,
EOGE L) 5/ 8 2 AR vk 2 e 1T (CaMK I, #2275
it R JC K SE A R ), DL B Ay BT T T (GS |, Miller 2
ML) o S 1~5 d 5 AT I B R AL R R P 4 2 rp B
VLA B 1Y 35, $2 7R B A 10 0 I 28 SR A 0 I P A T
F 10 58 fh A

4 ERIEAMEBGEKEETHN AR

SE TR AR ST A IR R O L 2 A
TR RG5O SE T RE 1) PR A £ 5, S B0™ R P REAT
PRI, W 450 0 18 52 0 0 B 2 IR B 2, o J2 it 28 ) 2 T I 174
— RMER BB AE: 27 2 AT 3 2 A S, AL 45 B il ) 52 5T T 4
JiE s ALY L 4R i R AL AT O T 440 N R AP A LR A
HERIR T 452 IR A AR A 25, B0 R0 o 2 40 D 1 Al 5 2 15



HHARIRPDL = S SE R #2038 2014 4F 6 A% 16 &4

6 #] Chin J Optom Ophthalmol Vis Sci,June 2014,Vol.16,No.6 - 383 -

T BE 2 M 451493 3B A7, B 3 v Al S A 20 3K — [ R 1Y G
o UEAH ZUWE Y R 45 FIRYTY 5 ik T A RIS T fg
ﬁmﬁi’xwmﬁﬁﬁamfrwnﬂ& EE ! D R RE o N
FIBRIC , A 2 o T WL de BL3E AR 3R . B4R A % 4 28 28 1k WL
G L6707 40 L 1) P AR AR A A 0 B, HOR R RN BE B
TEM] RGCs /215 5 i Bl & T B S Ik & A E KB
éﬂiﬂ’ﬂ%ﬁﬁﬁﬁ‘ﬁﬁﬁm L3R (1 5 AR R 75 X A0 B A B 1 T g

AR 1 AR T T, LA R G ¥R IE 52 T RE 1 28 00 B 455 0 R 5 e

5 G B 2 1P A O 5 8 SR FE R TR S e P 2 R A
? WGA/HAR i3 A LB HRP, DA K 2 Bl # 2 (cholera toxin B)
3% A N A0 B 2 A A A PN 3 T e A AT A B AT
G RE ALY, PRV-EGFP HAT 5 58 fil £% 336 LA B % S T 4 b
I XCE T g, PR AT DA A AR R 28, L R At o A A

ZEP A TR R v AT B RN TR
5 EBEMNSZEERRRE

PRV J& T-9 9% 9 5 B (Herpesviridae ) A 9 92 95 7 W B
¥ BE 1 # (Porcine herpesvirus 1), Zf K & & B 4= 5))

YT B PRV & — o B e M BE, IR R T 8
YA TR BT Y Al 2 e R, LA A AR R IGE RE AR | D

Lo B SR B R S S T R JE PRV R B
W LR UL S R 2 A i B R AFTE R TE I P 2 R G Bt
) AF IS, A T S A S M M R AN B R A O

Az GEMRIC B B A R — B IRAT S
6 MNEMRERE

PEAF SR 1 9 DO AT RO B oy K 1T 8 8 Al % i G
i 2 A L DA AR S e (R R T R R A ) A

AP SR ER =R VRl M | B SRR U s IS | AN =l
%CTTEP ZARLE AR BV IZ ML . W E TR A

SR FH 3K — i 2R B LS AR i A Tl I BF SR TR T
Il 1) ST B R A BRI A3 R A R LA JC L AE i 28 T
B2 A M T T A 2 Ml B | 2 B R I A O T A T
RABEGE , WA B AETEVE 22 ) BE AR F AT i — 25 IR AR,
U PRV &7 L BT A7 BRI 28 T8, LSO 30 200 B f e e
LT ? A 2830 v (0 % 3B S A B B , BREIT Y 2 i
i A B X — 13 i F? 5 PRV {36 (14 8 2 47 482 PRV
FE T BE M P 28 T8 3% 45 2 1) (A% 38 15 AT 4 B A F AL,
W L 135 530 B 2 5 L vy SRS TR R A PR A RO 1 R
J 97 fdcﬁi LJTHHXJW%/VJE%%E’JW ZE (R Eb)
U4 G BT HE— A, DL OEEE S A PRV AR5 4 b
H‘J%?&ﬁﬂ‘ﬂ?ﬁ’«h‘if’ PRV #5ic i) #8 1l 28 7T Hi, 2E B0 T)) R 1% 4 4n
o] LA G o] SR A X R fRL A BT B 7 3 ) A R AT
fift e B2 (i f5 PRV ERLSE ZR G0 ML B IR AR 2 .

SEN

[1]  Strack AM, Sawyer WB, Platt KB, et al. CNS cell groups
regulating the sympathetic outflow to adrenal gland as revealed
by transneuronal cell body labeling with pseudorabies virus|J].
Brain Res,1989,491:274-296.

[2] Prasad JA,

Chudasama Y. Viral tracing identifies parallel

[5]

9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

disynaptic pathways to the hippocampus[J]. J Neurosci,2013,
33.:8494-8503.

Lee KZ, Lane MA, Dougherty BJ, et al. Intraspinal transplantation
and modulation of donor neuron electrophysiological activity[J].
Exp Neurol,2014,251:47-57.

Koyuncu OO, Perlman DH, Enquist LW. Efficient retrograde
transport of pseudorabies virus within neurons requires local
protein synthesis in axons[J]. Cell Host Microbe,2013,13:54-
66.

Tillakaratne NJ, Guu JJ, de Leon RD, et al. Functional recovery
of stepping in rats after a complete neonatal spinal cord
transection is not due to regrowth across the lesion site []].
Neuroscience ,2010,166:23-33.

Xu L, Ryugo DK, Pongstaporn T, et al. Human neural stem
of SODI1
integration into the
motor circuitry[J]. J Comp Neurol,2009,514:297-309.
van den Pol AN, Ozduman K, Wollmann G,

strategies

cell grafts in the spinal cord transgenic rats:

differentiation and structural segmental

Viral

replication-

et al.

for studying the brain, including a
restricted self-amplifying delta-G vesicular stomatis virus that
in brain and can generate a

J Comp Neurol,2009,516:

rapidly expresses transgenes
multicolor golgi-like expression[J].
456-481.

Klingbeil K, Lange E, Teiftke JP, et al. Immunization of pigs
with an attenuated pseudorabies virus recombinant expressing
the hemagglutinin of pandemic swine origin HINI influenza A
virus[J]. J Gen Virol,2014,95:948-959.

Wei F, Zhai Y, Jin H, et al. Development and immunogenicity
of a recombinant pseudorabies virus expressing Sj26GST and
SjFABP from Schistosoma japonicum[J]. Vaccine,2010,28:5161-
5166.

Card JP, Whealy ME, Robbins AK,
herpesvirus strains are transported differentially in the rodent
visual system[]J]. Neuron,1991,6:957-969.

Enquist LW, Dubin J, Whealy ME, et al. Complementation
analysis of pseudorabies virus gE and gl mutants in retinal
ganglion cell neurotropism[J]. J Virol,1994,68:5275-5279.
Moore RJ, Vinsant S, McCauley AK, et al.
retrograde transport of attenuated pseudorabies viruses within
central visual pathways[J]. Vis Neurosci, 2001, 18:633-640.
Banfield BW, Yap GS, Knapp AC, et al. A chicken embryo
eye model for the analysis of alphaherpesvirus neuronal spread
and virulence[J]. J Virol,1998,72.4580-4588.

Hattar S, Liao HW, Takao M,
retinal ganglion cells:
photosensitivity[J]. Science 2002,295:1065-1070.

SRZE BRATRE, 52 RLJ7 A5 0 I TS 20D £ S B A2 ) B AVP
?EFQTJLE‘Jﬁﬁﬁﬂ&ﬁkﬁﬁkﬁ"ﬂﬂiﬁémiﬁﬁ%%ﬁﬁﬁiﬁﬁa?@%%ﬁ
W ARIC ], Bl A 0 2% 245, 1999 ,15.243-246.

Smith BN, Banfield BW, Smeraski CA, et al. Pseudorabies
A tool for

in vitro electrophysiological analysis of transsynaptically labeled

et al.

Two alpha-

Transneuronal

et al. Melanopsin-containing

architecture, projections, and intrinsic

virus expressing enhanced green fluorescent protein :
neurons in identified central nervous system circuits[J]. Proc
Natl Acad Sci,2000,97:9264-9269.

Baver SB, Pickard GE, Sollars PJ,

melanopsin retinal ganglion cell

et al. Two types of
differentially innervate the
hypothalamic suprachiasmatic nucleus and the olivary pretectal
nucleus[J]. Eur J Neurosci,2008,27:1763-1770.

Sollars PJ, Smeraski CA, Kaufman JD,

non-melanopsin expressing retinal ganglion cells innervate the

et al. Melanopsin and

hypothalamic suprachiasmatic nucleus[J]. Vis Neurosci, 2003,



384 - AR IR 2 5 0

BlaEdeik 2014 4F 6 H5 16 555 6 #1 Chin J Optom Ophthalmol Vis Sci,June 2014,Vol.16,No.6

20:601-610.

[19] Viney TJ, Balint K, Hillier D, et al. Local retinal circuits of
melanopsin-containing ganglion cells identified by transsynaptic
viral tracing[J]. Curr Biol,2007,17:981-988.

[20] Seiler MJ, Sagdullaev BT, Woch G, et al. Transsynaptic virus
tracing from host brain to subretinal transplants[J]. Eur ]
Neurosci,2005,21:161-172.

[21] Seiler MJ, Thomas BB, Chen Z, et al. Retinal transplants

restore visual responses: trans-synaptic tracing from visually
responsive sites labels transplant neurons[J]. Eur J Neurosci,
2008,28:208-220.

[22] Zaverucha-do-Valle C, Gubert F, Bargas-Rega M, et al. Bone
marrow mononuclear cells increase retinal ganglion cell survival
and axon regeneration in the adult rat[J]. Cell Transplant,2011,
20:391-406.

[23] Plant GW, Harvey AR, Leaver SG, et al. Olfactory ensheathing

glia: repairing injury to the mammalian visual system[]].

Neurol ,2011,229:99-108.

Zwart 1, Hill AJ, Al-Allaf F, Umbilical cord blood

mesenchymal stromal cells are neuroprotective and promote

Exp
et al.

[24]

regeneration in a rat optic tract model[J]. Exp Neurol,2009,

[25] Harvey AR, Hellstrom M, Rodger J.
transplantation in the retinofugal pathway[J]. Prog Brain Res,
2009,175:151-161.

[26] Wu MM, Fan DG, Tadmori I, et al. Death of axotomized

delayed

transplantation of olfactory ensheathing cells in adult rats[J].

Cell Transplant,2010,19:159-166.

Li Y, Sauve Y, Li D, et al. Transplanted olfactory ensheathing

Gene therapy and

retinal  ganglion  cells after  intraoptic  nerve

27]
cells promote regeneration of cut adult rat optic nerve axons|J].
J Neurosci,2003,23.7783-7788.

Faurez I, Grasland B, Beven V, et al. The protective immune
by DNA

vaccination is impaired if the plasmid harbors a functional

(28]

response  against Pseudorabies virus  induced
Porcine circovirus type 2 rep and origin of replication []J].
Antiviral Res,2012,96.:271-279.
Kim SB, Kim SJ, Lee BM,

Salmonella serovar

[29] et al. Oral administration of

enterica Typhimurium expressing swine
interleukin-18 induces Thl-biased protective immunity against
inactivated vaccine of pseudorabies virus[J]. Vet Microbiol, 2012,

155:172-182
(e H 9 .2014-03-12)

216:439-448. (KRS 2=BLL)
FEREAZEN R FERETE—RBREZRSHAZEL

i} B, WAEZ M OF HIE s RER OR#$r FH OB o %

BHE B #

BI2EE (UHRIGESENT).
EoRA x4EE & MW AR EZTA F O B MEY

HKEZER (DERIUEPENT).
b sk REA KRR BARS MKE Basx E #% R & EF5w Feek el LA
BAE BN FRE SRR MERA T B TRE MTFE FmE Fa FRT RS
RET wTmm F WM F ¥ FAFE FRRE FHHL BARF dmH NELE MaB p X
5 M LEYF LEv B o# Bk ok B OmE AL HhE R N AT K
ek o ok BEYA BEAN% E ¥ X KR X R Emie ETH EHE EIEAE FoP
wALA  AREE ARIGR ABRak W AAE MR ORI B R hiks hBEX F &R ;| &
R HE BHEE BHEFL Ot & vt W OMEY MR REF R#EALE KIEZE EHKRX
KOR O KRFH KIA KEE KRIME KLIT KEW O KREW RAW KPR RIEBL KIHK
AmX RATH K H RER

EEMXRBMNEE (DRI CFRRT).
Jack Holladay(% B ) John Marshall(38®) Frank Schaeffel(£E® ) Frank Thorn(% B) Mark Tso(% &)
George O. Waring( % B ) George Woo(# # ) Maurice Yap(#F#) Terri L. Young(£H) AT#3(£H)
Wi T(£E) #e(EE) ZAEER)

RERE (UHERDUESS NF).
ALk A F AR FHAK A AL W B BY9F FHE FEE OFTRORER
RN 2 2 ERE OEXF ETPH OhRA KRET R4ak

BEBHEE  (UERIOESST NF).

Rk gk BRI



	14,YK6目录清样.pdf
	14,YK6,3J+清样.pdf



