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Abstract 

A rational approach towards the development of strong 

CTL-inducing adjuvant formulation is to combine vaccine delivery 

system and immune-stimulating reagents.  PELC is an emulsion-type 

vaccine delivery system which contains a bioresorbable polymer 

PEG-b-PLACL, Span®85 and squalene. Our previous report has been 

shown that PELC formulated with TLR9 ligand (CpG) (PELC/CpG) in 

H5N1 vaccine could enhance humoral immunity to against H5N1 virus. 

In order to determine whether PELC/CpG can also enhance cellular 

immunity to treat cervical cancer, both protein and CTL epitope-based 

immunotherapies were used in this study.  

Peptide RAHYNIVTF (RAH) is an H-2Db-restricted CTL epitope 

that derived from HPV16 E7 (amino acid 49-57). We formulated this 

peptide with PELC/CpG to induce CTL for developing therapeutic 

cervical cancer vaccine. The RAH formulated with PELC/CpG, 

immunization with C57BL/6 mice could induce higher number of 

IFN-γ-secreting cells and CD107a+CD8+ cytotoxic T cells than RAH 

formulated with PELC or CpG only. RAH formulated with PELC/CpG 

could also induce higher number of RAH-specific CD8+ T cells that 

determined using PE conjugated RAH/H-2Kb tetramer. Furthermore, 

RAH formulated with PELC/CpG to immunize TC-1 tumor-bearing mice 

once could induce strong inhibition of tumor growth compare to 

formulate with PELC or CpG only. In order to test whether this 



formulation could be used for protein antigen, recombinant mutant E7 

protein (rE7m) was formulated with PELC/CpG. We found that rE7m 

formulated with PELC/CpG could induce a Th1-bias immunity against 

tumor.   

Our results demonstrate that antigen formulated with both delivery 

system and immune-stimulating reagent (TLR9 ligand) could induce 

strong CTL responses against cancer. 
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ELISA: Enzyme-linked immunosorbent assay 

ELISPOT: Enzyme-linked immunosorbent spot 

HPLC: high performance liquid chromatography 

IFN-γ:Interferon gamma 

LC/MS : Liquid Chromatograph/Mass Spectrometer 

LCM: Lymphocyte culture medium 

ml: milliliter 

mM: millimolar 

PBS: Phosphate-buffered saline 

μg: microgram 

μl: microliter 

μl: micrometer 

 

 
 



  

  1.1  

       510,000

288,000 [1-3]

: …

(Human 

Papillomavirus HPV)

93%

[4] 

 Papovavirus

DNA DNA (early 

gene)E1 E2 E4-E8 (late gene)L1-L2[1]

40 40 10-15

(low-risk human papillomavirus)

15-20 (high-risk human 

papillomavirus)



DNA

75%

[1]

[ ]

  

 

1.2  

    

(Merck) (Gardasil®) 6

11 16 18 (GlaxoSmithKline)

(Cervarix) 16 18

99%[5]

: 31 45

80% [2]

L1 (VLPs)



 

    

90%[5]

 

 

1.3  

 

 

L1



L1

L1

E6 E7

E6 E7

[1] T

 

   

 

 HPV

 

Xenova/ Cantab Recombinant 
Vaccinia 
virus(TA-HPV) 

PhaseI
/II 

E6andE7 HPV-16
HPV-18 
[6] 

NCI,Cytel 
Coporation, 
Dutch Cancer 
Society 

Peptide& 
Montanide ISA 
51 adjuvant 

PhaseI
/II 

E7epitopes(aa11

-22 aa 86-93)

PADRE 

HPV-16 
[7-8] 

GlaxoSmithKline Fusion protein 
(PD-E7)&AS0
2B adjuvant 

PhaseI
/II 

E7 linked to first 
108aa of 
Haemophilus 
influenza protein 

HPV-16 
[9]   



D 
National Taiwan 
University 
Hospital 

DC PhaseI E7 HPV-16 
[1] 

Inovio 
Biomedical 
Corporation/ 
VGX 
Pharmaceuticals 

DNA( VGX- 
3100) 

PhaseI E6 and E7 HPV-16 
HPV-18 
[1] 

 

1.4  

    HPV E7 E7 T

H-2Db

T HPV16E7 16

E7 49-57 (RAHYNIVTF)

T

P ELC

CpG (CpG 



Oligodeoxynucleotides)

 

    E7m( rE7m) HPV16E7

 

 
(A)PELC 

    PELC PEG-b-PLACL Span®85

(Squalene)

- (W/O/W)

Span®85 PEG-b-PLACL

FDA

(Cori cycle)

PELC

PELC [10]

( )

 



    PELC H5N1

PELC

PELC [10]

PELC  

 

(B) CpG  

    CpG (CpG oligodeoxynucleotide

CpG ODN CpG ) C-G

DNA

(PAMP Pathogen-associated molecular patterns )

9(TLR 9 Toll like receptor 9)

(Costimulatory molecule) CD80 CD86

(Major Histocompatibility Complex, 

MHC II) T

[11] CpG

CpG

CpG

( ) [12-13]

CpG



T ( signal 2) T

 

 

1.5  

    PELC CpG H5N1

[14]

T

CpG Th1

T [12-13]

PELC CpG

?

 



  

2.1  

2.1.1  

    C57BL/6

 

 

2.1.2  

(A)  

    RAHYNIVTF( RAH)

16 E7 49-57

RAH H-2Db T

    

    RAH Fmoc

(Fmoc-SPPS) HBTU PTI

Prelude (Wang 

Resin) 90% TFA 5% thioanisole 3% EDT 

 2% anisole 2.5



(ether precipitation)

HPLC( ) LC-MS( )

PBS RAH 10μ g/μ l  

(B)  

    E7m (rE7m)

16 E7

rE7m BL21Star(DE3) (Invitrogen) 

LB 37

0.4 IPTG(Isopropyl β-D-1-thiogalactopyranoside)  4 

( 1 mM) (5000 g 20 )

bug master mix buffer (Novagen) (

1ml: 160ml ) (80000

g 40 ) 40ml E7m (binding buffer)

(80000 g

40 )   

    (Column Volume)5 ml Chelating 

Sepharose(GE Healthcare) (0.2 M CuSO4)

E7m (2 M Urea / 



50 mM Tris  pH 8.0) 4

E7m (2 M Urea / 50 mM Tris pH 8.0)  20

100mM E7m (100 mM imidazole / 2 M 

Urea / 50 mM Tris pH 8.0) 10

( Amicon Ultra-30 Centrifugal Filter Unit)

30KD ( Amicon Ultra-10 

Centrifugal Filter Unit) E7m ( 11 KD)

(cut off 3.5 KD Cellu Sep) (sample PBS  = 

1 : 200)  (detoxi-gel PIERCE)

(Endotoxin) ( 1% 

deoxycholic acid sodium salt)  3 (5ml 3 )

 3 1X PBS 3

1 ml

BCA protein assay reagent (PIERCE) 

gel-clot Limulus Amebocyte Lysate ( Pyrotell Cape Cod)

 



 

2.1.3 CpG  

CpG ( CpG 

oligodeoxynucleotides CpG ODN CpG)

TCCATGACGTTCCTGACGTT typeB CpG Gene DireX

CpG 9  

 

2.1.4 PEG-b-PLACL  

    PEG-b-PLACL PELC PEG-b-PLACL

PEG-b-PLACL

(lactide, Mn=144g/mol) (ε -caprolactone, 

Mn=114 g/mol) (polyethylene 

glycol monomethyl ether, mPEG, Mn=5000g/mol) 20

50ml 20μ l ( stannous octoate, SnOct2)

140

PEG-b-PLACL (1H-NMR)



-

( hydrophilic-1ipophilic balance value, HLB)

( gel permeation chromatography,GPC)

( polydispersity)  

 

2.1.5  

    TC-1 T-C-Wu (John Hopkins Hospital)

C57BL/6 K-Ras

HPV16E6E7

TC-1 37 5%CO2  

 

2.1.6  

(A) LCM-1000ml 

RPMI1640(Thermo)                                     866ml 

10%Fetal Bovine Serum (Thermo)                  100ml 

HEPES Buffer(Biological industries)                         25ml 

PEN-STREP Solution (Biological industries)       10ml 

0.05M 2-mercaptoethanol(2-ME)                             1ml 

 



(B) TC-1 500ml 

RPMI1640(Thermo)                                     430ml 

10%Fetal Bovine Serum (Hyclone)                   50ml 

25mM Hepes Buffer(Biological industries)                    10ml 

100nM Sodium Pyruvate(Biological industries)                  5ml 

PEN-STREP Solution (Biological industries)        5ml 

0.5M 2-mercaptoethanol (2-ME)                             50μl 

 

(C)TC-1  

  NunclonTMSurface(NUNC) 

 

(D) Staining Buffer(Flow ) 

  2%FBS 0.05% Sodi-Azide 1000ml PBS  

 

(E) LB  

  25 Novagen® LB Broth,Miller 1000ml  

  

2.1.7 PE RAH tetramer( )  

      H-2Db DNA 3’

(Biotin ligase) (LHHILDAQKMVWNHR) β2-

DNA (pET15 and 



pET 28 vector)

(MHC complex)

 (Heavy and light chain)

90%

 

    (monomer)

(RAHYNIVTF) 4°C

48 (Refolding reaction)

(monomer) 1/20

(Biotinylation reaction)

(Superdex G-75) (size exclusion)

(monomer)

T

4 1 PE-Streptavidin

PE RAH tetramer  



2.2  

2.2.1PELC  

: PEG-b-PLACL PBS Span®85  

 

:PELC 120mg PEG-b-PLACL

800μ l PBS 4

PEG-b-PLACL 1100μ l Span®85/ (

v/v 15/85) (Polytron PT3100 homogenizer , 

Kinematica AG, Swiss) (6000rpm, 5min)

PELC PELC

 

 

2.2.2  

: ( ) 1ml (29G, 

Terumo) 
 

: RAH C57BL/6 2-3

0 ( RAH

RAH 10μ g/dose 7



rE7m (

30ug/dose) 14  

 

2.2.3  

: LCM ACK buffer(RBC Lysis Buffer10X

Biolegend) 70μ m 3ml ( ) 

 

: LCM 70μ m

50ml

RPMI1640 50ml

5 1200rpm

1ml ACK buffer 1

1 10ml RPMI1640 ACK

5 1200rpm 10ml RPMI1640

10μ l

LCM 5x106 /ml(

CD107a 2 x106 /ml)

(5x106 /ml) 1ml

24 1ml (rE7m 10μ g/ml)



-20

 

(ELISPOT) (ELISA) CD107a RAH (RAH 

tetramer)  

 

(A) ELISPOT 

: Mouse IFN gamma ELISPOT Ready-SET-Go!®  

Filter Plate( Multi Screen) 

anti-mouse IFN-γCapture Antibody 

anti-mouse IFN-γDetection Antibody 

Avidin-HRP  

ELISA/ELISPOT Coating Buffer Powder 

Assay Diluent  

AEC Staining kit(Sigma) 
 

: 

IFN-γ  

 

: 

ELISPOT 96 (Filter Plate, Multi Screen) 20μ l 35%

200μ l /well PBS



100μ l /well (capture antibody)

4

PBS

200μ l /well LCM LCM

PBS

(RAH1μ g /ml rE7m10μ g/ml)100μ l /well

100μ l 100μ l

96 37 5%CO2 2 (

) PBST

100μ l /well (detection antibody)

PBST 100μ l /well AvHRP

45 200μ l /well PBST 3 200μ l /well

PBS 100μ l /well AEC

ELISPOT96 96

5-7 96

ELISPOT  

 

(B) ELISA 

: 

(a)R&D(INF-γ) 



Anti-mouse INF-γ Capture Antibody 

Anti-mouse INF-γ Detection Antibody 

mouse I NF-γ Standard 

BD : Streptavidin-HRP 

(b)Mouse IL-10 ELISA Ready-SET-Go!®( eBioscience) 

Anti-mouse IL-10 Capture Antibody 

Anti-mouse IL-10 Detection Antibody 

mouse IL-10 Standard  

ELISA/ELISPOT Coating Buffer Powder 

Assay Diluent 

Detection enzyme  

Substrate Solution(TMB, eBioscience) 

2N H2SO4 

EIA/RIA Plate 96 well(COSTAR) 
 

: 

 

: 

ELISA96 (COSTAR) 100μ l /well

(capture antibody) 4

200μ l /well PBST 200μ l /well

(Assay Diluent) PBST

100μ l /well 2X



PBST 100

μ l /well (detection antibody)

PBST 100μ l /well

(Streptavidin) 20 PBST

100μ l /well TMB

(Tetramethylbenzidine substrate solution)

100μ l /well 2N 96

OD  

 

(C)CD107a  

: 

BD Golgi StopTM Protein Transport Inhibitor (Containing Monensin)(BD): 

1mg/ml 

1000X Brefeldin A(eBioscience) 

Anti-mouse CD16/CD32(Fc Block)(BD) 

PE anti-mouse CD107a(eBioscience): 0.2mg/ml 

FITC anti-mouse CD8(Biolegand):0.5mg/ml 

LCM 

Staining Buffer 
 

:  



CD8T T

CD107a CD107a T  

 

: 

2x106 /100μ l 96 U

1μ l CD107a ( )

100μ l (RAH10μ g/ml 37 5%CO2

2hr 2hr 1.33μ l Monensin 2μ l Brefeldin A

6hr

4 18hr

1200rpm 5

(Staining Buffer)1ml

(Fc Block)2μ l 5 CD8 30

1ml 1200rpm 5

100μ l

 

 

(D)RAH Tetramer  

: 

Anti-mouse CD16/CD32(Fc Block)(BD) 



FITC anit-mouse CD4(BD):0.5mg/ml 

PerCP anti-mouse CD8(Biolegand):0.2mg/ml 

APC anti-mouse CD19(BD):0.2mg/ml 

PE RAH-tetramer 

Staining Buffer 
 

:  

RAH T RAH T

CD8T  

 

: 

    1x107 1200rpm

5 (Fc block)2μ l 5

2μ l RAH tetramer CD8 CD19 CD4

30 CD19 CD4

1ml

100μ l  

 

2.2.4 TC-1  

    TC-1 (

) TC-1  2x105 



TC-1 /100μ l 7 (

: RAH10μ g /ml rE7m1μ g /ml) 7

(mm3) 2-3 [ (mm)x

(mm)x (mm)]/2 >2500mm3  

 
 



  

3.1 (RAH)  

    RAH

RAH 1μg 10μg

30μg RAH RAH PELC

RAH PELC

RAH(1μg) 24-48

T IFN-γ

10μg RAH PELC T

(RAH) IFN-γ 30μg RAH

RAH 10μg/ PELC

IFN-γ T RAH 10μg

PELC  

 



3.2 PELC  

    RAH RAH PELC

RAH  PELC 10μl

PELC

1-10nm  

 

3.3 RAH RAH/PELC CD8+

 

    PELC IFN-γ T

T RAH CD8T

RAH CD8 RAH CD8+T

RAH PELC

RAH (A) RAH/PELC

RAH +/CD8+ T (0.09%v.s.0.05%)

RAH PELC RAH +/CD8+ T

(0.07%v.s.0.05%)

(B) RAH/PELC RAH

CD8+T  



 

3.4 TC-1 PELC  

    RAH/PELC TC-1

2x105 TC-1 /100μ l

PBS RAH RAH PELC

38 RAH/PELC 455.5094mm3

1113.526mm3 RAH 1214.55mm3  

    RAH/PELC

CpG

 

 

3.5 RAH CpG PELC T

IFN-γ 

    RAH PELC

PELC

T (Signal 1)



T CpG CpG

T  

    RAH PELC CpG PBS

RAH(1μ g/ml) 24-48

RAH /PELC/CpG

T IFN-γ (346 )

RAH/PELC IFN-γ T  

103 RAH/CpG 92  

 

3.6 RAH CpG PELC RAH  T

 

   RAH PELC CpG

T RAH CD8T RAH

CD8 RAH CD8+T RAH

PELC/CpG PBS

RAH (A) RAH/PELC/CpG

RAH +/CD8+ T

(0.32%v.s.0.03%) RAH PELC CpG



RAH +/CD8+ T (0.09%v.s.0.03%

0.10%v.s.0.03%) RAH

(B) RAH/PELC/CpG

RAH CD8+T  

 

3.7 RAH CpG PELC T  

    RAH PELC/CpG

T CD107a

CD8T T CD107a

CD107a CD8T T

RAH PELC CpG PBS

RAH(1μ g)

CD107a CD107a

RAH/PELC/CpG CD8 T

(0.07%) T

CD107a RAH/PELC RAH/CpG

CD107a+/CD8+ 0% 0.003%  

 



3.8 TC-1 RAH CpG PELC

 

    RAH

T

RAH/PELC/CpG

2x105 TC-1 /100μ l

42 RAH/PELC/CpG

(0mm3) RAH PELC(522.8205mm3) CpG (339.8597mm3)

(1656.578 mm3) RAH (1900.539 

mm3)

RAH/PELC/CpG T

 

 

3.9 rE7m CpG PELC

T IFN-γ 

    RAH PELC CpG

T



PELC CpG

?

(RAH) E7m(rE7m) RAH

10μ g RAH 30μ g rE7m

10μ g/ml rE7m 24-48

rE7m rE7m/PELC/CpG

IFN-γ (246 T ) rE7m PELC CpG

IFN-γ -T 164 (rE7m/ 

PELC) 189 (rE7m/CpG)  

 

3.10 rE7m CpG PELC IFN-γ

 

    rE7m CpG PELC rE7m

30μ g rE7m PELC CpG PBS

10μ g/ml rE7m 37 5%CO2

-20 IFN-

γ rE7m 



/PELC/CpG rE7m /CpG IFN-γ

2280.662pg/ml 1399.816pg/ml  

 

3.11 rE7m CpG PELC IL-10

 

    rE7m CpG PELC rE7m

30μ g rE7m PELC CpG PBS

10μ g/ml rE7m 37 5%CO2

-20 IL-10

rE7m/PELC

IL-10 3391.813 

pg/ml IL-10 T  

 

3.12 TC-1 30μ rE7m CpG PELC

 

    rE7m PELC CpG

(10μ g/ml



rE7m) IFN-γ

TC-1 2x105 TC-1

/100μ l 30μ g rE7m

rE7m CpG

CpG rE7m  

 

3.13 TC-1 1μ g rE7m CpG PELC

 

    rE7m(30μ g CpG TC-1

PELC CpG

1μ g 2x105 TC-1

/100μ l 1μ g rE7m PELC CpG

rE7m/PELC/CpG

PELC CpG PELC

CpG  



  

    RAH10μ g( ) PELC RAH

( - ) RAH

PELC PELC T

CpG

RAH HPV16 E7 T

( - ) ( )

PELC CpG

? ! 

    rE7m

 1μ g rE7m CpG PELC

( ) rE7m CpG

RAH ( ) CpG

PELC

T  



    

( )

DNA (DC-based)… [1]

DNA

 

    Daftarian et al. CpG

VacciMax®

RAH T (helper T cell)

—PADRE ( FP) [15]

T C3 ( HPV16 )

C3

 



    

RAH

CpG PELC (RAH)

T

? T

?  

 



  

    PELC CpG

( )

IFN-γ

CD8 T PELC/CpG
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 (RAH)  

1μ g 10μ g 30μ g RAH(RAHYNIVTF, E7 49-57)

PELC C57BL/6 1μ g

RAH 24-48 (ELISPOT)

IFN-γ PBS 10

μ g RAH PELC RAH

IFN-γ 10μ g RAH

n=4 mean+ SEM T test * P<0.05  

 

P=0.057 



 

RAH/PELC  

PELC 10μ g RAH 10μ l

(400X) 1-10μ m  

 



(A)  

(B)  

 RAH/PELC RAH T  

RAH/PELC T RAH

PELC

PerCP anti-mouse CD8(2μ l) PE-RAH tetramer

(2μ l) RAH PELC PBS

RAH RAH CD8T

(B) RAH T

(* P<0.05) 

 

P=0.1174 



 
 RAH/PELC  

PELC TC-1(

HPV16 E6E7) 2X105 TC-1

PBS RAH(10μ g) RAH(10μ

g)/PELC

: [ (mm)x (mm)x (mm)]/2 >2500mm3

RAH PELC

PBS RAH n=6( PBS n=5)  

Day7 
Injection 



 

 

 RAH CpG PELC IFN-γ T  

    10μ g RAH PELC CpG(10μ g) PBS

1μ g/ml

RAH 24-48 IFN-γ

RAH/PELC/CpG

RAH IFN-γ n=4 mean+ SEM

T test ** P<0.01 * P<0.05  

 

 
 



(A) 

 

(B)  

 RAH CpG PELC RAH T

 

RAH CpG PELC RAH CpG PELC

PBS

PE- RAH (2μ l) anti-CD8-PerCP(2μ l)

RAH /PELC/CpG

RAH CD8 T (A) (B)

T +SEM n=4  

 



 

 

 RAH CpG PELC T  

RAH CpG PELC T

RAH CpG PELC

2x106/100μ l

anti-CD107a-PE(1μ l) 10μ g RAH 1.33

μ l Monensin 2μ l Brefeldin A 6

anti-CD8-FITC(1μ l) CD8CD107a

RAH CD8

CD107a CD8T

T

RAH/PELC/CpG CD8T

T n=4 mean+ SEM  

 



 TC-1 RAH CpG PELC  

RAH CpG PELC

2X105 TC-1

RAH/PELC/CpG RAH

CpG PELC PBS RAH

n=12( RAH/CpG  n=6) mean+ 

SEM T test * P<0.05  

 

Day7 
Injection 



 

 rE7m CpG PELC T

IFN-γ  

RAH CpG PELC

30μ g rE7m

10μ g CpG PELC

10μ g rE7m 24-48

IFN-γ rE7m

rE7m PELC CpG rE7m

IFN-γ n=4 mean+ SEM  



 

 rE7m CpG PELC IFN-γ

 

rE7m CpG PELC 30μ g rE7m

CpG PELC

10μ g rE7m 37 5%CO2

-20 IFN-γ

rE7m/CpG rE7m/PELC/CpG

IFN-γ n=2 mean+ SEM  



 

 rE7m CpG PELC IL-10

 

rE7m CpG PELC 30μ g rE7m

CpG PELC

10μ g rE7m 37 5%CO2

-20 IL-10

 rE7m/PELC IL-10 n=2

mean+ SEM  



 

 TC-1 rE7m CpG PELC

 

E7m CpG PELC

2X105 TC-1

30μ g rE7m CpG PELC

rE7m/PELC/CpG rE7m/CpG

30μ g rE7m CpG

n=6 mean+ SEM  

 
 
 

Day7 
Injection 



 1μ g rE7m CpG PELC

 

rE7m CpG PELC

1μ g rE7m PELC CpG PELC/CpG

2X105 TC-1 1

μ g rE7m CpG PELC

rE7m/PELC/CpG PBS

n=6 mean+ SEM  

Day7 
Injection 
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