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Abstract

dsRNA adjuvants include PIC, PICLC, PIC;;U (Trade name Ampligen) and PICKCa® (PIC-kanamycin-
Caclz). They are ligands of varied pattern recognition receptors TLR3, NOD, MAD-5 and RID-1. The
melt points are 57°C for PIC, 80°C for PICKCa, 91°C for PICLC respectively. Because of the degrada-
tion of double stranded RNA in the serum of primates and above, The first two kinds of adjuvants
have poor effects or severe side effect to the monkey and human. PIC12U was also denied by US
FDA in 2012, while PICKCa overcomes shortcomings of PIC, PICLC and PIC42U and it is safe and ef-
fective for monkey and human.
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FAIRID-1) WA, AL HIEPIC57°C, PICKCa80°C, PICLC91°C. BT RK H U L3h¥ i i ik
XEREERNAF MR, BTPIFERITEM A E R EREBIEA X, HXEFDATE20124EMIEPIC,,U
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1. 518

RUEE RNA V712 2 P 2 A (PRRs) UL A4, 185 e S e S8 Y, A n] R A oLy 14 92 ¥ i R T
PETE , IR PP O B ORI B I SE K. H AT ELFE PIC (polyriboinosinic-polyribocytoidylic acid)-
PICLC (PIC with poly-L-lysine and carboxymethylcellulose). PIC,U (PIC with uridylic acid in specific interval,
74 Ampligen). PICKCa (PIC-kanamycin-Cacl2, [ -R®)JUk. [Ebr Fxf i = g, s —Fh ik
RO T REEMA A PUR R, BATLCAE 35 MEFKIKGSLH],  F P4 FAT IR 42 1 AR X b
Ao HT RKH UL ESiiE IR K ER, A PIC AR RURIE 2 PICLC AR A RUH |
YEF K PIC,U 23 KW 78 Ml AR 1 2 7E 2012 44 5 [F FDA 54k 7. BRIk E B E 24 R 19 dsRNA
M) —J7 T B ARG 201, — 7 X0 2 AR ZE I . AT 2 81 AR IS 18 UE S FRA TR B 53— ML
B RNA P 75— RO9R A 1 /T = Fh dsSRNA A, N %4 2. K K@ 7 FF R AR dsRNA
et BN &Gy BuoR e T M T eI AT M . AR DL -RAEH) S B W AMRAT AR R RGBT
L T DA R ] ST 1 e e A R AN P RS, 0 R I AR AT HARAT ) SARS. MERS %5, ARSUK LR
&R dSRNA AU B <4770 5 H e dsSRNA P77 e [, R 0l B2 R A SRR AT N AR ¥y 22 4L A Rk
A 5 26 [H 4 RGO B FE AT (AERAS) UM EIT 78 Bz -~ 45 8% T B 2 Hi IR 4 i S e 008 R5OR - BAIkk
gt A EATA.
2.PIC, PICLC, PIC,U #5HER

PIC & b itted 60 FFAX 56 [FBR 0 A m] W1 . ZE/NE BT, PIC 2 IFN-o B52E77], A HUREEIETE[L]
[2]o MDA-5 (R /- A AHRHE R 5, 2 MUk W AZIR 3244, RJ) ds RNA, 0% NF-«B, {2df IFN1 ™74 )
XF PIC 54 IFN [ B2 EZ[3] [4]. ERUEGREE RIS, @it/ 3 R EEHA PIC MR (HA)PUR
REIS R BRZLN IgA RIS 19G, MAA PIC 1) HA FLE J LT3 [ B, PIC AT BALRAFV/IN F1 B S i R fili 3B 55
HEAEHIRGL[5] o PIC I A2 b RSS2 77 T 5 A A TR A B G 2 [5]-[ 7] PIC IR REFE /I (1 B4 PO T g 105
St T U eE (8] [9]. AR H T R KRS ML % BB PIC HIRR AR, IR PIC S5 HFa e 1,
WP AR IFN-a [10], A BAFUMEIETE[10] [11]. w7l PIC 78 1. 11 SRR S8 I AT 9 v 2
TEE AR, AFER G B A IR [12] o

PICLC f2& Levy HB % |- {tt22 70 EARAFHI ), B PIC 5 i B (PolyL-lysine, A%} i & 27,000)
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R H LT 4E 2K (CMC, AHX 4> T i & 700,000) 45 &40, A FRE K T2, # PIC fE 5~10
REHGUR K H S IIZIR B K R, FAEMRAR A 7= A S T3 [13]. 75/ A R AR 4 28 R G iR 5 5 P B
iR, (R 2~4 5 CTL OB, #7247 [14]. (e G N FL 3508 5 25 (HP V) iff
FiH, PICLC-HPV i 5 Hall HPV £ 1 AH LU 3G i 7334 IFN-r 40/ 2 fi5, %F HPV %¢5 1) CD4" T 4Hfl /%
MRS 5 £, fEMNGRGE T, SREEEERR R A HPV BUATFE 1000 f5[15]. PICLC fEMRAFISESE N
BAEGAFEREFEIE[L16] [17], FETEIRIA A B A HHIE RIS GAE I [18] . X b 1o 6 28 FRE B 2 5T
JEA (2 AR S 28 MV FFIVE FI[19] [20]. PICLC 125 KN ACAIF 78 3 B VA YT 77 5| A b B 5 B N, R
(100%), HLJE(500%), ARI0E(500), 40 B & T FEE[21].

PIC,U & Ltthad 70 AEAR R IATE 6 B 208 8 3 S 0 Kl 1, R AE PIC BE— & A B 4h N R EIE
TR, #) ZH W, ZH1250L PIC, HEHEED[22]. PIC,U 76/ A R AP RES L) IZ FIPTs 85 I B[ 23]
[24], TENARNAREEERN[25], ERKATHEFH, PICLU AT LUE A DC 40M s, 43 IL-12 [26],
AL DC P EAS 710 CTL N, #5040 CD4 T gifflita ) Thl M[27]. 7E HENL B 3 i e
AR, S PICLU B&)a S MR, nleft 3 5 1IgA bifk, EEFFRILT-H. PIC,U XfEhE B
=11 359I PR AT 5 2 WA A6 5047 R AT 32 14 [ 28], 1% W T 55 PICLC LA nis 1 A% 1% Bl xof UE RN 7K fige A
TG 2 T HA[28] [29]. FBRAE APURGLIG ST AU T HIV FIPUE 55 22 A AEEN T -1 BAIRRAFF 7T, 2012
4 8 H Hemispherx A= #12 fit A w536 T 3k — 0 AR A IR RAIE 78 Rk, (HIE & L 22 A PR UM LA 2
26 £ 24 5 B R (FDA) 75 R 173016

3. B£° (PICKCa)EFI R EEHEBRMAGENEME L 1EMMR

J% R (P1C-Kanamycin-Cacly,) & XU 5 WL H R 5 M B R S T2 RN & R A &S 2 A9 PIC & K5
THERAE T, FRERLEZIRELEY, WwIEHEA, 5PICEAB TS, FBE T PIC XL,
AILATE— B DK IR B I B . 7E PIC wR N SUA0 S mT 386 imoxt 400 B (0 38 3 MR Rt it 4545 70, 38
A TR E[31]. 1979 4, H_RERTHESUVOARE, EE H. Lery ¥4 FK E 1) PICKCa
L AT 141 4% () PIC A1 PICLC #EAT 7 4% A5 FEII 5, 455 PIC Jy 57°C, PICKCa 24 80°C, PICLC y91°C.,
Ut B IR I8 2R A AL ES 1) PICKCa JE Ak 14X PIC AHX 70 F L E S KIZE-E), IRYT PIC XUESh
A RKK L ESh IR R oK f#, WA B (AR 1, 3 L RR 08 48 NA AR FH[31]

O R NERICAR, FATCAERE NI RS T R IEFIE o ik, AR [32]-
[35] LJFBEHI[36] WKL HI[37]-[39] SARS HUJE[40155, Hrb KMo A&/ B, AR H 1 ulie 45
TR B TR ST AT EGER 1 B R A AR AR A AR AL R 8 1 R AR, 4 SR a7 92 1 5 B Al s
T LA EAR IR AR T DU (BB T A=k, X 8 R 5/ A REBBEME RIS g 5 AW IR EH,
MR RAEFIE R 1 SRR . S alie iy L =R Ry iR R s B R ER R /NG
B 95% K F AL (1B J LT 58 A ml DALRE o DR, FRATTERASCHE 2 B o ] 5 R e S R 2 1 v e b
F[41], JERFTI T . HT RKEIYMIEZBREFRAL dSRNA g5k iz e i, BRI sH IR % i vr oy
dsRNA Ve F A R R 22 4 M NAZTE R KRB IEE 2 AR R AT o DR D Bz AR 42 700 B L 92 B AE A AN N A
HH ) 2 A VR AP B LR A

31 BFEFZRERBHARNBEHE R

B R (PICKCa) R BT TR 254, i b 44 D SR WUMIE S, 2 JRIEDA 1 B A [ b e N 5 245
an[42]. B SEAUE SO T OB IHE WA, 2 3FERWENE, a8, M riE. HE
RSN pH (BB E[31] o SRNUBEESHB Tt r s e M s . Az . JATVERSAR S . TR P
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TE G, T I 2 A BETT o SEIVUB Y 56 B S e I PR A e 9 BRIk 1~2 mg, B H 13k, LRSS .
I R _E AN [R) 998 Ry SR BT UROR 58 4 — 30, Ry 7 184 Z 9% AL 0.02~0.04 mg/kg 1A EE, A5 F 2 IRWLA: B
kS, J7RE 3~6 N HNE . KETH RIS bR R A RRR 2 504 ml (% 2 504 mg)/Et, FEH 1K,
WU S o [ SR UME S 25 AR 3 1y 23 0, WL/ B °H- PICK Ca i 5% 0.1 mi/ A, i 5
SYBRED ARSI BB, FREREIRKTIE 48 /NI, A 144 /NIFFEF<5%; WERS T 30 3 BhSUR A E A
Vg, AT LN IR 3 N A 2R A 2P, 2~5 /NI R R, 26 /NI TR BE R R UEAE 1K 60%, & 144 /N
BEAE<17%, SAESS DL B BT Gems, LN, O LT Bs 2525 1 /N bR A BRI g A6 ) 210 A0 ok
8 /NITHEH 26%, 100 /NEHEH VRS S 44.5%. @I IEEHEE R, 100 AN HEH RS SR 2.44%.
BEHIWLEE *H- PICKCa JE ST AR B, 5 43-h B Al A U B0, 10 /NIHA B, 144 /N R 3EACHE
i, BRAR G I il i b B, HEMLSR AR DVE AN T MBS —FP 258, TER N ORFRE— B ] 5 R4 P4 fid
s, DA B ) e VE[31]. S5, IRt RN, N ERNUME N AN e A AE 1 /N, (EH]
THMAE 2 Rk e A R A — RBVARAL, 7oA U R AR R [43], IX LUKy S8 PICKCa A2 %
4=, A% PICLC —REEH B

1981 4, A HLHE PICKCa H TR, 1RZ] KN4, Wik, dbat. il 7S, &
BFFETLT I AL B2 A BR AR H 1984 FEFF 8 85 MU S0, 1 PR A A AR R B0 ™ EE 1)
ARRMN. %A 1999 F454 1432.02 537, 2000 4454 1764.47 J352, 2001 4444 1320.88 /137,

3.2. B FIERBEEEIETREANZ MBI (ZF3F, KiF, MEHFFRIFIRKMRE

o))

NH R ARFERG B B A PICKCa 1 mg/ml/gt, 2F&f5 0. 3. 7. 14, 28 K& 1 5. HEEIE
N E R, HEBERERVIOERTI R R, RIE TR g s N R A Tl e R R R ]
Ptk B R RIOIRESA 1 mg, DUARR AT 100%~130%9 75 4%« A BE R AR RIFRE A G DI 3
T 3o [ 5% SR B e YA DU o v [ 4 2] 0 6] 8N L R0 28 VA I AR A [44] DA B A b AR HE (MRS, 3BT 2%,
XI5 S5 F e PRATE 78 2R o

B ARAE R v 1 AR AR PR RS e [ SR 254 22 A B VPR RO dE AT . 32 FUETRIAGE LA 5 B R AE R
W, EAEA: 2ml/0 K. 2mli2 K. 1mli7 K. 1ml/28 K. 1 ml/42 K; fXIE4: 1m0 K. 1 ml/2
K. 0.5ml/7 K. 0.5ml/28 K. 0.5 ml/42 K. FEF NAAE 20 F5 )& T R A= 17 770 A0 B -RAE R 92 T 2 07
WaERN: 1) LT, BRIERALE. RZaRE . Puzbuk. T REARE LAY . 2) X
R TCRESAE o 3) SR OB MR MEA . R IRES B R M. 4) X & Eas R 5
AREAE, AR, TR, HURIR A HURSSIR . AR AR, BAR. O BRSO B B LR,
B, S, MR, ATAUAR. OPELRITE . BEE. 5) M. (KGR i T e AR A 10~15 R R M R R
(0.5 U/ml). LB I3 T I R 52

33. K FZREHERFEFNNREEMERMEEFEIE, HF, WEHFHBRATRIR)

TP T AR AR A ) K S 2 1 v [ R 20 % A MR PPN TRt AT, ERAERR N 2~3 B . i 2
WP PR AR TR AR 40 FUETREE, @it UAES AT & QBT RN, wifEdl: 1000
ng B +40 g PR, (KA 500 pg & +20 ug PR FsgitE: 0. 14, 28, 56. 84 KIt 5K,
LRy ARG HAMIIS A . RE L I O AR AR R LB R . IR AR gL,
i, MR AR MIEEA T R F b 38 o WA SR 7R G 1 B M . B A
Mt SRR, WIS TR R LR 5% 2 GRS B P O BURT RO B 0Pk . AE2% )
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R AP B 25 R0 2 25 B 235 6 A e I3 5992 1 i BB P 46 0] B B AR N B B N s, MRE A R
L) S Gk E VAN AC R 2, 20 2 A A, XnA A RS . R TR
AR A S I R R

ZERN: 1) RO LR AR S 21, 40 RIMTE ELISA Buik i+ 2 P i i ik
FIPE LI 50~60 fi5. 2) iR AR S AR 20 f577&E T R ENRES, BRI ZE. 24
PERLUF. CAEBINBEEAT IR PRI

3.4. FFIERRES | IAFISKRM RO ZSMEMBRE@IEH, EXXR, XRmEFRIFIRK

R

MR A 2R (96) il FRA S 19 S I PRI FU A T~ 1998 4 5 A 7E N 5 o L BRARE AT T AN F R
R i )92 P EAT | AL EE, A F PRI A9 P EC 7 22 < 1) 2 mg/2ml < (PICKCa) 2 ml 5 2 ml Jgifil] ¥ (R
PRATFIIE RGN E S . 2) 2 mg/2ml 2K (PICKCa) 2 ml Fie % B 4 /R AT R R T . IX WA
5 PR AEAE R AT T bt R RF AL A AL m AR SRR T TR A I S5 1R

1) NH R RIERIFE T AL A1) A& 2 41 .

2) NFH B ARAE R RE B 72 A B AR AR LT [ P2 IR AR RO i, 5 e R g i A

3) N B ARTE R o 5 A R AR A K A R 5 T TR ISOD LA 7 A6 1) 100 3 3 5 v T TR A R 9
FE E G R A RAEE T s N R RIERI W P AR IR I & T B R YR = AR TR

4) N F B ARAERIGE VA IRAF N NAR T P2 A B 00 S s S B, A5 S B S FH i 55

5) FARA NERBE R I e aifE /2 — AT i N7

gr LRTR, R AREE R SRR R B A i E A EAE | AN 2 G, AU T
WA 7AiM s, oR ARG I FIER

VLA R R T AT 30 AR AR SR RIE I HEAE, A SR BT B A U 25 SRS BATRI 47 anix
YR PRAE 8 22 BT FH (1 2 R 22 A (R HE o3 Jar th) I B Rl s, 5 eSO AN T PR 7 B o) T R At v 4k 2R 11
PREFE, BB 5 H) 2006 4 5 H R R HE R 0 FF-0a Bl 5K 24 s SR e R I R 72, SR IX — U 4R
AR TG ISR GRS TR T, A NGB R R ER R, LT T HEIE AT O 6 T
(1 S AR o

3.5. BFEFIERmREEREAGREICIZHRSTE IFN-y (M54, FT2FE, SAESFHEH
=)

X2 4 EREE R 5 A R RAERR T 2.5 5, IAMNE ML, AR R B R A S0
B, DLELISPOT Jiktaill, R 1 g 5] I 25 S 0 Ja i s AN A IFN-y 5 A3 S R 0% 1 1
N AR BT RIS IFN-y 22380

BT 1 AY IFN-y /& B NK 0BRSS 19 T ke 4= A2, NK ™ A2 (1) IFN-y s& 75 e B, i B
e dERE R, g% 2.5 AR IFN-y R AER HBUE I T %eidiZmk g =4, T HRRRIER, £
HH B ARE R P T 0 N TR AT IR 4l B S 1e A2 RN, 3 S B AR A2 7510928 Vi A A0 B B 1) G e R 1k

3.6. R FIERFEEERARERHRE REERAEEN A

E K2R 2 HBIAT I A AT 208 K 5 NE Rz A mlE AT IR 5T . v [ 24 i A= ) e
FTTE 12103 1) R FTJRAS I A TR R I 75 B& PICKCa #5f. FARIRIEEE L AR, &EEA
TERIFBE Al o 228 [ AN RIS H o M A2 i P T A AR i T RO 9] S TEAS R R B A2
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A blood sample was taken from patients 2.5 years after the original administration of a full course of the PIKA rabies
vaccine. The peripheral blood mononuclear cells (PBMC’s) were prepared from the blood samples and then cultured with
different IPR stimulation (see above). An ELISPOT assay was used to count number of PBMC’s producing IFN-gamma

Figure 1. No. of IFN-y SPF in PBMCs of volunteers immunized with rabies vaccine using PICKCa
adjuvant
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—ANARGIFRE, WEIIRAG JE R TR AT R R AR SR, B AR B AR
o, ERAERE AR E AOWAETI[45]. ARG, X P R Y 10%~20% [46] [47]. ] PG
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Figure 2. The ratio of T to CD*" T cells of the corresponding cytokines which were produced with different enhanced im-

mune cells detected by flow cytometry
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Figure 3. Comparison produced IFN-y concentration in PBMC (peripheral blood monoclear) stimulated by PICKCa or
TLR-9 adjuvants with different BCG antigenss
El 3. R TLR-9 5| 5 R ELEZEGURRIHINE M2 MR~ 4% IFN-y BILEER
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4) Bz AR AR R RIK W 77 25 REAR R IR AR

5) QL LA & GMP B IJZE ™ i, B, PR .

H T B AR P70 b e v 2 R R A AR B RCR A 22 &l A ERATT MW TE 30 4B 1, AE AL
TS IR SO B BOR AT R R 21 VAT B A I Bk . AT — K RVE A AR M AR R IX
FEECRIIMES, BAVEEITREFEEKME, 5RTEHBNAR, EEE L FRBAT N TR,

SEW#Ek (References)

[1] Richmond, J.Y., Hamilton, L.D. (1969) Foot-and-Mouth Disease Virus Inhibition Induced in Mice by Synthetic
Double-Stranded RNA (Polyriboinosinic and Polyribocytidylic Acids). Proceedings of the National Academy of
Sciences of the United States of America, 64, 81-86. http://dx.doi.org/10.1073/pnas.64.1.81

[2] Thomson, A.W. (1977) The Influence of Poly I: Poly C on Kinetics of the Primary Immune Response to Sheep Eryt-
hrocytes in the Mouse Spleen. Biomedicine, 26, 319-326.

[3] Gitlin, L., Barchet, W., Gilfillan, S., Cella, M., Beutler, B., Flavell, R.A., et al. (2006) Essential Role of MDA-5 in



http://dx.doi.org/10.1073/pnas.64.1.81

Hompre 2

(4]
(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]
[20]

[21]
[22]

[23]

Type | IFN Responses to Polyriboinosinic: Polyribocytidylic Acid and Encephalomyocarditis Picornavirus. Proceed-
ings of the National Academy of Sciences of the United States of America, 103, 8459-8464.
http://dx.doi.org/10.1073/pnas.0603082103

Kato, H., Takeuchi, O., Sato, S., Yoneyama, M., Yamamoto, M., et al. (2006) Differential Roles of MDAS5 and RIG-I
Helicases in the Recognition of RNA Viruses. Nature, 441, 101-105. http://dx.doi.org/10.1038/nature04734

Ichinohe, T., Watanabe, 1., Ito, S., Fujii, H., Moriyama, M., Tamura, S., et al. (2005) Synthetic Double-Stranded RNA
Poly(l:C) Combined with Mucosal Vaccine Protects against Influenza Virus Infection. Journal of Virology, 79, 2910-
2919.

Partidos, C.D., Hoebeke, J., Moreau, E., Chaloin, O., Tunis, M., Belliard, G., et al. (2005) The Binding Affinity of
Double-Stranded RNA Motifs to HIV-1 Tat Protein Affects Transactivation and the Neutralizing Capacity of Anti-Tat
Antibodies Elicited after Intranasal Immunization. European Journal of Immunology, 35, 1521-1529.

Sloat, B.R. and Cui, Z.R. (2006) Nasal Immunization with a Dual Antigen Anthrax Vaccine Induced Strong Mucosal
and Systemic Immune Responses against Toxins and Bacilli. Vaccine, 24, 6405-6413.
http://dx.doi.org/10.1016/j.vaccine.2006.06.002

Pulko, V., Liu, X., Krco, C.J., Harris, K.J., Frigola, X., Kwon, E.D. and Dong, H.D. (2009) TLR3-Stimulated Dendritic

Cells Up-Regulate B7-H1 Expression and Influence the Magnitude of CD8 T Cell Responses to Tumor Vaccination.
The Journal of Immunology, 183, 3634-3641. http://dx.doi.org/10.4049/jimmunol.0900974

Carrie, A.J., van der Most, R.G., Broomfield, S.A., Prosser, A.C., Tovey, M.G. andRobinson, B.W.S. (2008) Targeting
the Effector Site with IFN-af-Inducing TLR Ligands Reactivates Tumor-Resident CD8 T Cell Responses to Eradicate
Established Solid Tumors. The Journal of Immunology, 180, 1535-1544.
http://dx.doi.org/10.4049/jimmunol.180.3.1535

Nordlund, J.J., Wolff, S.M. and Levy, H.B. (1970) Inhibition of Biologic Activity of Poly I: Poly C by Human Plasma.
Proceedings of the Society for Experimental Biology and Medicine, 133, 439-444.
http://dx.doi.org/10.3181/00379727-133-34492

McFarling, D.E., Bever, C.T., Salazar, A.M., et al. (1985) A Preliminary Trial of Poly(IC)-LC in Multiple Sclerosis.
Journal of Biological Response Modifiers, 4, 544-548.

Robinson, R.A., De Vita, V.T., Levy, H.B., et al. (1976) A Phase I-1l Trial of Multiple-Dose Poliriboinosic Acid-Po-
lyribocytidylic Acid in Patients with Leukemia or Solid Tumors. Journal of the National Cancer Institute, 57, 599-
602.

Levy, H.B., Baer, G., Baron, S., Buckler, C.E., Gibbs, C.J., et al. (1975) A Modified Polyriboinosinic-Polyribocyti-
dylic Acid Complex that Induces Interferon Inprimates. Journal of Infectious Diseases, 132, 434-439.

Sammons, M.L., Stephen, E.L., Levy, H.B., Baron, S. and Hilmas, D.E. (1977) Interferon induction in cynomolgus and
rhesus monkey after repeated doses of a modified polyriboinosinic-polyribocytidylic acid complex. Antimicrobial
Agents and Chemotherapy, 11, 80-83. http://dx.doi.org/10.1128/AAC.11.1.80

Sahl-Hennig, C., Eisenblatter, M., Jasny, E., et al. (2009) Synthetic Double-Stranded RNAs Are Adjuvant for the In-
duction of T Helper 1 and Humoral Immune Responses to Human Papillomavirus in Rhesus Macaques. PLoS Patho-
gens, 5, €1000373. http://dx.doi.org/10.1371/journal.ppat.1000373

Levy, H.B., London, W., Fuccillo, D.A., Baron, S. and Rice, J. (1976) Prophylactic Control of Simian Hemorrhagic
Fever in Monkeys by an Interferon Inducer, Polyriboinosinic-Polyribocytidylic Acid-Poly-L-Lysine. Journal of Infec-
tious Diseases, 133, A256-A259. http://dx.doi.org/10.1093/infdis/133.Supplement 2.A256

Stephen, E.L., Sammons, M.L., Pannier, W.L., Baron, S., Spertzel, R.O., et al. (1977) Effect of a Nuclease-Resistant
Derivative of Polyriboinosinic-Polyribocytidylic Acid Complex on Yellow Fever in Rhesus Monkeys (Macaca mulat-
ta). Journal of Infectious Diseases, 136, 122-126.

Puri, S.K., Dutta, G.P., Levy, H.B. and Maheshwari, R.K. (1996) Poly ICLC Inhibits Plasmodium cynomolgi B Mala-
ria Infection in Rhesus Monkeys. Journal of Interferon & Cytokine Research, 16, 49-52.
http://dx.doi.org/10.1089/jir.1996.16.49

Houston, W.E., Crabbs, C.L., Stephen, E.L. and Levy, H.B. (1976) Modified Polyriboinosinic-Polyribocytidylic Acid,
an Immunological Adjuvant. Infection and Immunity, 14, 318-319.

Stephen, E.L., Hilmas, D.E., Mangiafico, J.A. and Levy, H.B. (1977) Swine Influenza Virus Vaccine: Potentiation of
Antibody Responses in Rhesus Monkeys. Science, 197, 1289-1290.

B, BWAE, . TIERM]. Jba: AR RS, 1981: 108-111.

Carter, W.A., Pitha, P.M., Marsall, L. W., et al. (1972) Structural Requirements of the rl,-rC, Complex for Induction of
Human Interferon. Journal of Molecular Biology, 70, 567-587. http://dx.doi.org/10.1016/0022-2836(72)90560-8

Ichinohe, T., Tamura, S., Kawaguchi, A., Ninomiya, A., Imai, M., et al. (2007) Cross Protection against H5N1 In-
fluenza Virus Infection Is Afforded by Intranasal Inoculation with Seasonal Trivalent Inactivated Influenza Vaccine.
Journal of Infectious Diseases, 196, 1313-1320.

)



http://dx.doi.org/10.1073/pnas.0603082103
http://dx.doi.org/10.1038/nature04734
http://dx.doi.org/10.1016/j.vaccine.2006.06.002
http://dx.doi.org/10.4049/jimmunol.0900974
http://dx.doi.org/10.4049/jimmunol.180.3.1535
http://dx.doi.org/10.3181/00379727-133-34492
http://dx.doi.org/10.1128/AAC.11.1.80
http://dx.doi.org/10.1371/journal.ppat.1000373
http://dx.doi.org/10.1093/infdis/133.Supplement_2.A256
http://dx.doi.org/10.1089/jir.1996.16.49
http://dx.doi.org/10.1016/0022-2836(72)90560-8

Hompre 2

[24]

[25]

[26]

[27]

[28]
[29]

[30]
[31]
(32]

[33]
[34]

[35]
[36]

[37]

[38]

[39]

[40]

[41]
[42]
[43]
[44]
[45]
[46]

[47]

(48]

Ichinohe, T., Kawaguchi, A., Tamura, S., Takahashi, H., Sawa, H., et al. (2007) Intranasal Immunization with H5N1
Vaccine plus Poly I: Poly C12U, a Toll-Like Receptor Agonist, Protects Mice against Homologous and Heterologous
Virus Challenge. Microbes and Infection, 9, 1333-1340.

Thompson, K.A., Strayer, D.R., Salvato, P.D., Thompson, C.E., Klimas, N., et al. (1996) Results of a Double-Blind
Placebo-Controlled Study of the Double-Stranded RNA Drug Poly I: Poly C12U in the Treatment of HIV Infection.
European Journal of Clinical Microbiology & Infectious Diseases, 15, 580-587.

Adans, M., Navabi, H., Jasani, B., et al. (2003) Dendritic Cell (DC) Based Therapy for Cervical Cancer: Use of DC
Pulsed with Tumour Lysate and Matured with a Novel Synthetic Clinically Non-Toxic Double Strainded RNA Analo-
gue Poly I: Poly C12U (Ampligen R). Vaccine, 21, 787-790. http://dx.doi.org/10.1016/S0264-410X(02)00599-6

Navabi, H., Jasani, B., Reece, A., et al. (2009) A Clinical Grade Poly I: C-Analogue (Ampligen) Promotes Optimal DC
Maturation and Th1-Type T Cell Responses of Healthy Donors and Cancer Patients in Vitro. Vaccine, 27, 107-115.
http://dx.doi.org/10.1016/j.vaccine.2008.10.024

Brodsky, I., Strayer, D.R., Krueger, L.J., et al. (1985) Clinical Studies with Ampligen (Mismatched Double-Stranded
RNA). Journal of Biological Response Modifiers, 4, 669-675.

Carter, W.A., Strayer, D.R., Hubbell, H.R., et al. (1985) Preclical Studies with Ampligen (Mismatched Double-
Stranded RNA). Journal of Biological Response Modifiers, 4, 495-502.

US FDA Response Letter Regarding Approval of Ampligen for ME/CFS, 2012.
SR, RUUEEIC)UHERIBCH hEMAEY Y=, EEB LR TR RSV, 1%, 1985: 23-28.

Lin, H.X., Gontier, C., Saron, M.-F., et al. (1993) A New Immunostimulatory Complex (PICKCa) in Experimental
Rabies: Antiviral and Adjuvant Effects. Archives of Virology, 131, 307. http://dx.doi.org/10.1007/BF01378634

MIEERE, BTACHT. B RAERIERIFZE W A RO, E AE P i 5 4% 35, 2010(9): 1028-1031.

2P, ATAHT, 250, %, Poly IC AEFIIE R R 175 T/ BRI B LA [9]. I AR W] 2 44 78, 2010(8): 852-
856.

MHERE, BTACGH. BREFIERFIER I 2 4[], P E DS 24 &, 2010(1): 98-100.

Shen, E.X. and Wu, C.Y. (2007) PIKA as an Adjuvant Enhances Specific Humoral and Cellular Immune Responses
Following the Vaccination of Micee with HBsAg plus PIKA. Cellular & Molecular Immunology, 4, 11.

Lau, Y.F., Tang, L.-H., Ooi, E.E. and Subbarao, K. (2010) Activation of the Innate Immune System Provides Broad-
Spectrum Protection against Influenza A Viruses with Pandemic Potential in Mice. Virology, 406, 80-87.
http://dx.doi.org/10.1016/j.virol.2010.07.008

Lau, Y.-F., Tang, L.-H. and Ooi, E.-E. (2009) A TLR3 Ligand that Exhibits Potent Inhibition of Influenza Virus Rep-
lication and Has Strong Adjuvant Activity Has the Potential for Dual Applications in an Influenza Pandemic. Vaccine,
27, 1354-1364. http://dx.doi.org/10.1016/j.vaccine.2008.12.048

Tang, L.-H., Lim, J.H., Kuah, L.F., et al. (2014) Compete Protection against Lethal Challenge of Novel H7N9 Virus
with Heterologous Inactevated H7 Vaccine in Mice. Vaccine, 32, 5375-5378.
http://dx.doi.org/10.1016/j.vaccine.2014.07.087

Gai, W.-W., Zhang, Y., Zhou, D.-H., et al. (2011) PIKA Provides an Adjuvant Effect to Induce Strong and Systemic
Humoral Immunity against SARS-CoV. Virologica Sinica, 26, 81-94. http://dx.doi.org/10.1007/s12250-011-3183-7

MRAFEE, Perrin, P. M % LU0 HE R FE T (M F2 M [J]. AR s8I R 75 2 4 &, 1999(2): 133-135.
SR LR S A0 1R 2K 24 b A . WIS 1-X G-050-2000.

FEoF, mRAL BURPURERIFIIRRN HIM]. 1 RigREAR AR A, 1992: 203.

HRAE N RN [ 24 8 2010 Bie =38 N FAE R 9992 1 (M B 4l ), 115-118.

Mrbl, WZ4r, SOKE, & TR R IEI KT T[], | PETREE R 2% 4R &, 2005(3): 143-146.

TRk, M AR, PNEME, S5 FE 1984-2002 SEFERIE AT IR DUANBE X SR [J]. A AETATIR A&, 2003(10):
883-886.

RRA, o, RE, 55 TLI5E 1990-2000 AL RIRHLAT 5 HUAIR il i [3]. RTINS a% &, 2001(2):
14-16.

TR, — RO R B B AR IR T P (PIKA) TR R 2 B ——He BB Ar UG PE R B [0 BRI R 2%, 2010(1):
1-4.



http://dx.doi.org/10.1016/S0264-410X(02)00599-6
http://dx.doi.org/10.1016/j.vaccine.2008.10.024
http://dx.doi.org/10.1007/BF01378634
http://dx.doi.org/10.1016/j.virol.2010.07.008
http://dx.doi.org/10.1016/j.vaccine.2008.12.048
http://dx.doi.org/10.1016/j.vaccine.2014.07.087
http://dx.doi.org/10.1007/s12250-011-3183-z

	Comparison of dsRNA Adjuvants—PIC, PICLC, PIC12U and PICKCa®
	Abstract
	Keywords
	双链RNA(dsRNA)佐剂的比较——PIC、PICLC、PIC12U、PICKCa®
	摘  要
	关键词
	1. 引言
	2. PIC、PICLC、PIC12U研究概况
	3. 皮卡® (PICKCa)佐剂及其疫苗在猴和人体有效性和安全性的研究
	3.1. 皮卡佐剂是我国独有的人用抗病毒针剂药品
	3.2. 皮卡狂犬病疫苗在恒河猴体内的安全性和有效性(李烈涛，张译，林海祥等申请临床研究资料)
	3.3. 皮卡乙肝疫苗在猴体内的安全性和有效性(李烈涛，张译，林海祥等申请临床研究资料)
	3.4. 皮卡狂犬病疫苗1期人体临床研究的安全性和有效性(林海祥，迮文远，刘瑜睻等申请临床研究资料)
	3.5. 皮卡佐剂狂犬病疫苗促进人体免疫记忆细胞产生IFN-γ (林海祥，李烈涛，郭可謇等内部材料)
	3.6. 皮卡狂犬病疫苗作为未批准特殊商品疫苗的非法应用

	4. 与美国全球结核病研究所(AERAS)合作对皮卡结核菌重组蛋白疫苗的研究(李烈涛，张译，林海祥等内部材料)
	5. 皮卡佐剂特点
	参考文献 (References)

