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complexes are taken up by antigen-presenting cells through interaction with its receptor CD91 on the cell surface, and
cross-present antigenic peptides to MHC class | molecules by a peptide relay line in the endoplasmic reticulum for specific T-cell
activation. Meanwhile, gp96 has been shown to initiate innate immune responses through interaction with toll-like receptor 2 and
toll-like receptor 4. Recent studies have shown a gp96-mediated immune balance between CTL and Tregs. With the further
understanding of counteracting immunosuppressive mechanisms in gp96-induced cellular immune responses, and establishment
of high level production of recombinant gp96 by the yeast, gp96 appears to be a promising candidate for designing effective

therapeutic vaccines against tumor and infectious diseases.

Keywords:

PR (Heat shock protein, HSP) | 2 f#
fETREMEZAEY T, BASBERE. 40
TERGL . BRARC . e BRI S RO T P A
FIkWET S . HSP AR [REAR B M or 11K
/N, ATLASY R HSP110, HSP9O, HSP70., HSP6O0 .,
HSP40. /NVrF HSP Sz REZ MWK . il
[ gp96 s HSPOO KA AL b1, TEIEH AEFA%
N EA T A A BRI, 5405 HSPI0
JEFE . PO APE R AR, S 58 A Ik
ERATE AR S35, FERIR Ge R i v A
P g 2 A W,

1 gp% 55 K& HNEMKR

gp96 TEHEfb it FE b BELRSE, A gp96
EHH 3SR N sz HIR, &F ATP/
LA X R B PUR KA X8 Rl 244 35
C im&S sk & AKX, A N EMEN(ES
KDEL #ifA,

gp96 [ N siia —A~5 ATP 454 HH M 25
Bk, BPTEIREBA, H N1, N4 Al N5 41A%. 24 ATP
55 gp96 Z5 AR, N1 URGESA 15 B M et ik,
{1 SR Xl SR AR A N K PRSP S 40
F T gp96 ST AEA ATP I P ) A7 AE 3L
2007 4F Frey Z3F I gp96 HLA7 ATP B 1R, [l

http://journals.im.ac.cn/cjbcn

gp96, T cell, regulatory T cell (Treg), tumor, infectious diseases

i, NEmid i &Aa 524545 1X, Vogen 55T
% P gp96 N i A Bt N355 A £ Ik il 45 &
A AR S FTE SR, AR BT B
P96 AR/ NE KA A o7 5 A HE C 3 R 14
F I — AT TESE
gp96 1Y C iy AKX S, WUIRE C6 5 —
AR Jg — AN W2 1 oF oy 245 4 AH B F 9T 3L
??5{:.\, FE T ZRIKMZER, FEIERAENT 24
TRE PO R VT FREE ., 5

% C i Met-Met A R 7K 5% HE A 1 1 1A i 2R
EEETAY =L

2 gp%HEHEMI S EHUKT 4
A

gp96 HI THAZEZ KRS, I 7Ed A
I S b AR AR RSO MRS
JE BB A AR AR, i TAP 4rrit
WM, #EifTS MHC (E%éﬁﬂ*ﬁ@‘@ﬁ%%)
I el 2507454, ik CD8" T i CD4™ T 4/l
Pl A REWFFERVIN BT Y gp96 i FI7E

— i R R AR A I, gp96 eSS & it AN B

W TR IR 25 G PR 236 45 MHC T 2%
e 12650 U8, 3l ik 5 22 A PR 5 R0
PrIFIKZ B gp96 LB 4 A5 M 1T, P4 H MHC



RIEE FMHERD gp96 BRZFNREREEMNBEISTT IBFIE RS AR AH

[ 280 FHE5, L CD8™ T 4uMuiR i, G CTL
(ANMEEYE T 40) Ss™, AT HBV (Z K%
) BRI RSy s alidk gp9o6 HE 1, E
1T MALDI Jitii% K C18 S AH i A A ik o b
55 gp96 L5 A Z RRPLE, & gp96 45 AR IR T
HBV #0211 AP IR 22 MY, b 2 ik ok
HLA-A11 (A4, BIAZE MHC 43F)
BRAVE T i Rfi™, Jy gp96 & SR iR
BT EHBRIEE

gp96 I £ 5 il g rh 7 AR i JL T BT A B
KD, K dni b ) gpoe 2 FIERIBUR Sy /N,
25 G PUR IR gp96 AT S HL R AN (4 DC 41
Jit . B WEAN ) i AZ (& CDI1 454 T4 HAE
JHTY Sl it D 3 2 P9 A AR, TR
LEARIPUREN EBS MHC T X Fe T2k
SF, I REERE T AR

3 gp9 5 TLR (Toll #%4K) A EERA
BERRAFRIE

Kz SR e b, Randow ZEAF 5T HER
gp96 7> T A B X T Toll BEZAARAY IS4 T 1F
TRIIREN®L, BhJE Li 25 RIS R gpo6 1E K
TLR FZ M FAER , 15 RIR G th R 5 A
Mo AT EREE T gp96 mibRi/NR, &
IAE B R A SR A AN S TLR py3Rik, {HA]
DI mRNA, Jf &8 TLR 8 A 7E N
FE R AERT gpo6 7E NI R TLR () 1E
AT St R 1 28 e g 8 5 g
AINERAAEL, FWEZRM gp96 mkbR Y /N R 2
FETE Listeria AL, JiiA/MRGER TLR 5
I RIR G RETNRE. gp96 7+ F N %Al TLR2,

TLR4 ZEAHE AR, #4005 B Wi g f DC 40 g
FIBLAIE T i, B3R TLR A-Sa KRR %
P 5 AR e 920

4 gp96 F.7% 3h #k H9 1L 1

FI it 2g 90 4R 36 I R 25 1:0KF gp96 1
RGBT B TR NG, 240
BEXTE AR . 25 B . ROER . TR
28 B T 9R 5 22 B MR T JRE e BETRYT L AHARE S
LR . AR A T R 2 O I RIS, &
B gp96 SPEIRIT E MR R, MR EEH ™ E
MEERIVE . R, gpo6 G vl A Rk o i
AR SEE T A0 SeRe 25, G it v 0 g 2R
FHEAENE HET gpoe A EEED
229 FDA LR T RERE . B R A R
FAICILZE, TERRYHE EMEA HEiE AT B9 M
MBI RAILZS, T 2008 AF7EHE ik
HE_E TR YT R

IR gp96 A1k Hu e I 1k 43 T A 0K
I T M i 20, AELIN RIS hous Fifgg (4369 7
HORHFINTA R, $27 Iohe G se it 52 L 7T RE &
AR, 5T gp96 e IR R AR TR
F T AMA9E , FRATXHE M gpo6 7& 1k T 4t
MR RAT T RGMIE, KB TE T 41
(Treg) X gp96 /- FHUHFE 1 T 4G LA i 2
AIHIVE R, 387 gp96 4% CTL 55 Treg Z [l
A, AR SR EIRATRHT CD25 HiAis bR
Treg, A L) 542 25 gp96 4 S0 g Sk iy T
2N G IV 25 e B RE e e v, DL R
Wi AL ) Treg 454y 42 D 3R A s8di /&
gp96 M HRE2ETRE, X MBI A RN gp96 HE

cjb@im.ac.cn



ISSN 1000-3061 CN 11-1998/Q Chin J Biotech March 25,2012 Vol.28 No.3

PRI RE IR SR B SRR I TR

5 gp96 FERIT & Fe i gk e A LA

KB W5 R, gp96 5 & ¥ )5 4n
Her-2125) s #7050 HPV (HBV (HIV %2621
PRI Y gp96-PLE AW, A RBOHIE bR
S5PE CDATRI CD8™ T 4, FE i fifL ye
Py h R I B A A . SR, HETH
TARYT IR Y gp96 i i 44 S DA RE e 2H 41
PRI, R RAT A ZRIE M gp96 & 145 5 U i
SRR, FLN T R ARMEZ BP0 4 it
PE—E W5 gp96 G FINRE M & gp96 Pifk
YL 5 (0I5 T I P AT T L A S AR AN R
gp96 & 1M . FRATTE A DL EE B 3R ik
2K gp96 1, RIKMELE S RIRFRIUY
gp96 FE [17E S HU R 4 A Rt B R 25K U T
JERAHRL, WA, TAEAEA S RARE M
RIS D RE , Al A ROHGE HBV iS5 T 40
IO 1PN 72 S R RSP ik S LIRSy & SER 7]
A EE T it RATHE— 28 2 BB
(HBsAg il HBcAg) 5 gp96 1AShH il % £ T
BITPERERT, R HBV 5 3 RN BB LT 50
gp96 A4 FIYE T S £ R Sk T 4 S i AT
PREERA . /DRI R, gpo6 e K
TRREAR Treg MO, WA ST B RIERT 2, B
I HBV Rtk T 4iifd, /B ey 5~8 J& 5 il i
Hi HBV S B JEREAR 50% LA 1, Jki#i DNA #
DUECT B 1000 %A L, SR 40 i o 8 3 B R
iKF] 90%~95% , FKH gp96 IR PERE T I fE
ARE R R X OB E BT 2R T
FE AL TR

http://journals.im.ac.cn/cjbcn

6 EZ

I gp96 11 A B G e v o1 R
TESEVEARFR , 0] [ I JR R AR o e PR A S e
W, HAEZHPUREA L, 2 HEmE— T
I RIG ST BRI R IR R 07, S T2 MG
7, ABRBEEERAE, ZAanliE, xR
BEITHEE . RN, HT gp96 R HHE SR
FAMEGUF A R84 MHC | 285 7 3E S
CD8" T 4y, MULrEfEdettinyy i HARKM
I AT o BEFEXTEER gp96 F g IfiE Y S e
AL/ PR 2R B BE— 2L IR AWTFERN T i, USO8
RSN RGN 5E , 9p96 K AEIA)T I KAl
etk rh A 45 SRR

REFERENCES

[1] Meng SD, Gao F, Tien P. Role of heat shock
protein-peptide complexes on tumor and infectious
diseases immunity. Chin J Biotech, 2000, 16(4):
425-428.

TR, mAE, B MRS EA- 2 RE AT
i geR AL eVl S e P RIVE T AR W) TR
1i%, 2000, 16(4): 425-428.

[2] Dollins DE, Warren JJ, Immormino RM, et al.
Structures of GRP94-nucleotide complexes reveal
mechanistic  differences between the hsp90
chaperones. Mol Cell, 2007, 28(1): 41-56.

[3] Frey S, Leskovar A, Reinstein J, et al. The ATPase
cycle of the endoplasmic chaperone Grp94. J Biol
Chem, 2007, 282(49): 35612—-35620.

[4] Vogen S, Gidalevitz T, Biswas C, et al.
Radicicol-sensitive  peptide binding to the
N-terminal portion of GRP94. J Biol Chem, 2002,
277(43): 40742-40750.

[5] Gidalevitz T, Biswas C, Ding H, et al. Identification
of the N-terminal peptide binding site of
glucose-regulated protein 94. J Biol Chem, 2004,



RIEE FMHERD gp96 BRZFNREREEMNBEISTT IBFIE RS AR AH

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

279(16): 16543-16552.

Linderoth NA, Popowicz A, Sastry S. Identification
of the peptide-binding site in the heat shock
chaperone/tumor rejection antigen gp96 (Grp94). J
Biol Chem, 2000, 275(8): 5472—-5477.

Srivastava PK, Udono H, Blachere NE, et al. Heat
shock proteins transfer peptides during antigen
processing and CTL priming. Immunogenetics,
1994, 39(2): 93-98.

Ishii T, Udono H, Yamano T, et al. Isolation of
MHC class I-restricted tumor antigen peptide and
its precursors associated with heat shock proteins
hsp70, hsp90, and gp96. J Immunol, 1999, 162(3):
1303-1309.

Kropp LE, Garg M, Binder RJ. Ovalbumin-derived
precursor peptides are transferred sequentially from
gp96 and calreticulin to MHC class | in the
endoplasmic reticulum. J Immunol, 2010, 184(10):
5619-5627.

Meng SD, Gao T, Gao GF, et al. HBV-specific
peptide associated with heat-shock protein gp96.
Lancet, 2001, 357(9255): 528-529.

Meng SD, Song J, Rao ZH, et al. Three-step
purification of gp96 from human liver tumor tissues
suitable for isolation of gp96-bound peptides. J
Immunol Methods, 2002, 264(1/2): 29-35.

Demine R, Walden P. Testing the role of gp96 as
peptide chaperone in antigen processing. J Biol
Chem, 2005, 280(18): 17573-17578.

Binder RJ, Srivastava PK. Essential role of CD91 in
re-presentation of gp96-chaperoned peptides. Proc
Natl Acad Sci USA, 2004, 101(16): 6128-6133.
Robert J, Ramanayake T, Maniero GD, et al.
Phylogenetic conservation of glycoprotein 96
ability to interact with CD91 and facilitate antigen

cross-presentation. J Immunol, 2008, 180(5):
3176-3182.
Pawaria S, Binder RJ. CD91-dependent

programming of T-helper cell responses following
heat shock protein immunization. Nat Commun,
2011, doi: 10.1038/ncomms1524.

Randow F, Seed B. Endoplasmic reticulum

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

chaperone gp96 is required for innate immunity but
not cell viability. Nat Cell Biol, 2001, 3(10):
891-896.

Yang Y, Liu B, Dai J, et al. Heat shock protein gp96
is a master chaperone for toll-like receptors and is
important in the innate function of macrophages.
Immunity, 2007, 26(2): 215-226.

Liu B, Yang Y, Qiu ZJ, et al. Folding of Toll-like
receptors by the HSP90 paralogue gp96 requires a
substrate-specific cochaperone. Nat Commun,
2010, doi: 10.1038/ncomms1070.

Akutsu Y, Matsubara H, Urashima T, et al
Combination of direct intratumoral administration
of dendritic cells and irradiation induces strong
systemic antitumor effect mediated by GRP94/gp96
against squamous cell carcinoma in mice. Int J
Oncol, 2007, 31(3): 509-515.

Warger T, Hilf N, Rechtsteiner G, et al. Interaction
of TLR2 and TLR4 ligands with the N-terminal
domain of gp96 amplifies innate and adaptive
immune responses. J Biol Chem, 2006, 281(32):
22545-22553.

Wood CG, Mulders P. Vitespen: a preclinical and
clinical review. Future Oncol, 2009, 5(6): 763—774.
Randazzo M, Terness P, Opelz G, et al. Active
specific immunotherapy of human cancers with the
heat shock protein gp96 - revisited. Int J Cancer,
2011, doi: 10.1002/ijc.27332.

Liu Z, Li X, Qiu L, et al. Treg suppress CTL
responses upon immunization with HSP gp96. Eur J
Immunol, 2009, 39(11): 3110-3120.

Yan X, Zhang X, Wang Y, et al. Regulatory T-cell
depletion synergizes with gp96-mediated cellular
responses and antitumor activity. Cancer Immunol
Immunother, 2011, 60(12): 1763-1774.

Pakravan N, Soleimanjahi H, Hassan ZM. gp96
C-terminal improves Her2/neu DNA vaccine. J
Gene Med, 2010, 12(4): 345-353.

Bolhassani A, Zahedifard F, Taghikhani M, et al.
Enhanced immunogenicity of HPV16E7
accompanied by gp96 as an adjuvant in two
vaccination strategies. Vaccine, 2008, 26(26):

cjb@im.ac.cn



ISSN 1000-3061 CN 11-1998/Q Chin J Biotech March 25,2012 Vol.28 No.3

[27]

[28]

[29]

3362-3370.

Li HT, Zhou MH, Han JL, et al. Generation of
murine CTL by a hepatitis B virus-specific peptide
and evaluation of the adjuvant effect of heat shock
protein glycoprotein 96 and its terminal fragments.
J Immunol, 2005, 174(1): 195-204.

SenGupta D, Norris PJ, Suscovich TJ, et al. Heat
shock protein-mediated cross-presentation  of
exogenous HIV antigen on HLA class | and class II.
J Immunol, 2004, 173(3): 1987-1993.

Gong XY, Gai WW, Xu JQ, et al. Glycoprotein
96-mediated presentation of human
immunodeficiency virus type 1 (HIV-1)-specific
human leukocyte antigen class I-restricted peptide
and humoral immune responses to HIV-1 p24. Clin
Vaccine Immunol, 2009, 16(11): 1595-1600.

[30]

[31]

[32]

Li Y, Song HL, Li J, et al. Hansenula polymorpha
expressed heat shock protein gp96 exerts potent T
cell activation activity as an adjuvant. J Biotechnol,
2011, 151(4): 343-349.

Wang SF, Qiu LP, Liu GZ, et al. Heat shock protein
gp96 enhances humoral and T cell responses,
decreases Treg frequency and potentiates the
anti-HBV activity in BALB/c and transgenic mice.
Vaccine, 2011, 29(37): 6342—6351.

Wang YZ, Wang SF, Zhang XJ, et al. Enhancement
of cellular and humoral immune responses of HBV
DNA vaccine by HSP70 and gp96. Chin J Biotech,
2011, 27(5): 790-798.

EE, ERE, kPR, F. PRIRER
HSP70 1 gp96 13 £ T DNA JE i 1 40 i FA 7
TaPE N %, ) T AR, 2011, 27(5): 790-798.

REOMREDOMREOMREODMREODREDR LR EDREDIREDIREDREDIREDIREDIREDIREDIREDREDREODREDR DR EODMR DR EDREIR

Wi T2 & R A8 SCE M T BT (http://journals.im.ac.cn/cjben)

(4 IR 5IR) BITFILAR D BRI IEEAE LN

BRI TR R BE i Dy S SO R B RAP R AT, S O RPN B SRS B TS, (A
Yy TREZ ) F 1985 AR TR B 4 iRie SCHEAT 1T RCT AR, S nl T [T SO 4 SCBGlE 2 o AR N

i AR MR AR B, UGN

http://journals.im.ac.cn/cjbcn

“HTRR” HEA, ATLHRREH O



