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Abstract: This study aims to synthesize fluorinated hyperbranched poly(amido amine)s for the delivery of
influenza DNA vaccine. Hyperbranched poly(amido amine)s (HP) were synthesized by using Michael-type polyad-
dition and then fluorinated to obtain fluorinated polymers (F-HP). The target gene was amplified by designing
specific primers to construct the eukaryotic expression plasmid of influenza viral PR8 nucleoprotein (NP) gene as
DNA vaccines. Then the polyplexes (F-HP/NP) were prepared by the electrostatic interactions between polymers
and plasmid. The results suggested that the molecular weight of HP was 59.7 kDa and polydispersity index (PDI)
was 2.67. The fluorine content in F-HP was found to be 20% (w/w). Transmission electron microscopy (TEM)
revealed that the polyplexes had spherical shapes with sizes around 100 nm (w/w 5-10) and decreased with increasing
w/w ratios. F-HP polyplexes showed improved cell uptake, lysosomal escape and elevated expression levels of NP
in vitro than polyplexes based on HP. Finally, the in-vivo immunization by F-HP/NP polyplexes triggered improved
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CD8" T cell responses. This study suggests that fluorinated hyperbranched poly (amido amine)s represent one of
the effective carriers for DNA vaccine delivery. The animal experiments were approved by the Experimental

Animal Ethics Committee of Yangzhou University.
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R, DNA % H LA LE T O 20 DNA % i 7] LA
TR LAZR () 200 B G 2 S, 6o 48 R A0 g D A (e Je
TR EE) HTEBRSEINA &G @ i % 1 {5 : DNA B ) il
2 WUFE 0 G R 1) BRI B AT Bt M e B, AN R AE AR
FIEMAE AT, HAHKEAR O LR AR, 3 12
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2 P A 22 s 3k R B o ik [R] 34 3k 28 1Y) B A AT
PO, Hoh BHES 8 SR -G B A R85
TE, A ki, vl — P E — R A RN
FRAR0, HoKW I, 7 8, v] DAFE AR B T
T AR E IR AW . LA, 8 SO TR B -2 v
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I M P I S v B R kR BE ), e AT AR A TR S
VB B R DR G ROR T R AR L F R A, AR
ST R AR TSR F T 58 6 W) eSO S 2H 35 5 T o e
TREW I LAERM, gt — 2 i R m A S 1 B B
REWAEREHERIE R N, BitA R T SR A R
BT R B - % [fluorinated hyperbranched poly(amido

amine)s, F-HP], A T DNA % 11 1) 3% 3%, X 2% &4 9)/DNA
YR A B ER AL R A N AT 9 I B B (nucleo-
protein, NP) 1A K 4 N 40 f o % e b AT T % %%, 5
A GAN I S TR B - % (HP) X Lk, BF 58 AL A8 1
7F: DNA P& i i 3% 178 )

MR5REE
MR EEE /T IR0 I I % [N, N~hexa-
methylene-bis (acrylamide), HMBA]. 3-+ — %t % & 4
% (N,N-dimethyldipropylene-triamine, DMDPTA) X +
S T FR BT (heptafluorobutyric anhydride, HFBA) (3£ [
Sigma 2 #)); LysoTracker Red.YOYO-1.MTT (3 = &
FEMIBARAT IR A H]); APC-CD8 it fA (35 Invitrogen
2y #l); FITC-CD3 ¥t X 4t f& (35 [ eBioscience 2 #);
P AR R 5 T R A (I AR5 S IR B A IR A AD);
U B 0 FL (35 [® Thermo Scientific 24 #]); PE 2400
SERIES-11 7t % 43 4% (3% [ PerkinElmer 2 ®]); EPS-
200 LK AX 5 HE-90 7K 1 HL Jk Al (- R Re BB A BR
2 #]); BI-200SM [ ff1 3 i 7 WO Ot B AL (32
Brookhaven Instruments 23 &]); ¥t 3 5 £ B8 (3
MREHA PR A R; w0 i (32 EBD A A).
MBS Y DC2.4 [z 293T 40 M 45 A A s 06 ==
{#47; C57/BL6 MEtE /N, 1A (20 £ 2) g, SPF 4% (371
R AR 22 w0, s & K IE 5 4 201930788, )
WIYF AT IE 5 9 SCXK (F7) 2017-0007, Zh#) 5256 3k 154%
NS ik L (8 L AR i 8
BUBZCREBRE-FRIE R Wi 5 RNk
S SE 3R A S A 5% T e - i, K DMDPTA (0.318 g,
2.0 mmoL) 5 HMBA (0.448 g, 2.0 mmolL) ¥ fi# 7
3.5 mL FEEK (812, viv), 7£ 50 °C2 A FHiidE 3K,
] [ AR £ i 0.1 mmoL. DMDPTA 4k £ 7£ 50 °C %%
PR R 12 h, 5 FE SR AR 10 TR A4 T i ik (4] DL 2% 1B 2R
GNP EENENTEE (MWCO 3.5 kDa) H1,
FE pH 3B TR BN 2 K, &Il A T3R5
S ARG % (HP), HP £5 ki *H NMRIEATRAE .
X HP JEAT A &4, #5 HP 0.1 g ¥& AR/ 2 mL
H, RN HFBA0.120 g, Ul il A = 2./ 0.030 g, = i fi
P48 he RIEEH G, ISP NiE i (MWCO
3.5 kDa) H, 7 pH 312 B F /K B #r 2 K, i &l it
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A UR SR AT AAS 1 1 48 52 A6 R Bk - % (F-HP).
F-HP 1 58 c 2 14 2 Sl I S e 36 20 W 7 v 00 e el
REFEPREWNPEREHRNME R
Gene Bank iz & 1) NP FE A /5 51|, F| FH Primer 5.0 #X 4%
THRESEPES I, 38 NP LR . DI R B (125 1R, oAk
IR L Axygen #1i [FISCR R & SRR 1 . KRR 1 H
()35 R Fr Bcddi N 31 PCDNA3.1(+) H, 8 & H br It K]
A A RIE AR BTV 4L TOPL0 B 52 A5 41
i, A T AR E SRR BB E R R 12~16 h.
PREUFR TR 7% 2 LB WA R 72 56, 37 °C. 220 r-mint 4
BRI 4~6 h g, PEHCE A TR TEE V) %, JRiE
AR T A IEAT DRSS IE
REMERKDNAWKESMHERRIE H
HEPES (10 mmol-L, pH 7.4) 2% B 1 20 pg-mL?
DNA B, TN [RR BE 1) 5 M W (R BE & =
R 4h), W 30 s, 75 = I T ACE 30 min, & RERE
Y5 DNAARFE &L (0.1.2.3.4 F15, wiw) 45k &
EYVER, 4399 HPINP AT F-HP/NP. VM TG 58 &
VI DNA LA BE 7, ¥ R AN [H) o & L wiw 9Kk B &
DV AT B RE R F VK S 56 . %5 AT JelRed 119
1% 35 IR HE i, 75 90 V HL R T FEL K 30 min, HE K4S R
J&, BEAT BRI A% 3 s DNA Sl 2 ) . Fin S AN [A) o &
b wiw (5.7.5 J 10) HI44°K 55 & ki it J FL AT R B kL
BRI . 9K E S VIR T A B S sl
MEpEM @ MTT SRR RSN DC2.4
M A B T . A RESL 1104 A T 96 FLAR, %
Fr12~18 hJa, A R E I R AR, W8 24 h
Je, BN 5 mg-mL MTT V7% 10 pL, 4 h 5 FE &
HMTT R34, AL DMSO 100 uL, ARSI .
AR ASELE  DNA TR 5 R 4% (0 0 ot Ykl
YOYO-1 (5 ug DNA il A 0.1 pmoL YOYO-1) 7£ = i
FYR A 10 min, 3£ 5 HP A F-HP L 4k 244, i\
FIR 754 DC.AAN I 24 FLAR R, 4 h 5 5 10 I 5 B4
it 1A = AR AT ARG
IRES AR SIIE  DC2.4 40 B Rl T 24 LR
K EE LR 50% 5, I YOYO-1 brid 44
KEEY (B E L wiw 7.5) i F 2 h, LysoTracker Red
et J5 A OGS BB A .
RERALENPEANRIE HISKIKREEY
(Jfi & kb wiw 7.5), 5 4k 293T 4 il 48 h J, W 3¢ 8% 37
Bk, BERR Eh o2 ril (PBS) e 31K, H 4% £ 5 W i = I
7€ 30 min, PBS ¥t 3 ¥k, f H 0.2% TritonX-100 ¥
TR FEE 10 min, PBS ¥k 3 7, 5% 4+ IfiL i 18 1 (bovine
serum albumin, BSA) $F [ 7 55 4 f L [ T 37 °C
FI1h, B 50 (306 293T 40 i B 51), 37 °CH 1 2 h,

TN 9t (FITCHRIC I 19G), 37 °CREEIEF 1 h, £ A,
PR TSI .

INRBRE KR CD3'CD8* TS S8 4 Wi
B R KA JHPINP & F-HPINP gk B &4, T4
0.7 F114 KX, C57/BL6 /N R BB & e Pk W oKk &
W) (JRE L wiw 7.5). 5521 K, BUB I, i 4% 5 50 40 i
B, W8 200 A A 1.5 mL B0 R, 1600 r-mint
S5 min, 8BS G H 1 mLPBS &9k 2k, &b H
PBS 100 pL =&, 43l [f A [F] B9 i 8 o in N CD3* &
CD8* T4t :0Piik, 4 °C N 8L A 30 min. Bl 5 2
L, FIPBSHE3 IR, B0 2 LiE S5, I 2% 2 R HEE 1 mL,
& 5 20 min. 20 ff BB AE 1 mL PBS H, £ _EHLAS I

4 B A p-F 3£ = (interferon-p, IFN-y) 2 240
L/ 7 T S A R = i W I N T TR G DL
T 48 fw I 0 20 o [ s f 38 3% 46 5, 383 BD Cytofix/
Cytoperm ™77l SR I 21 B 9 IFN-y .

Gt F oM K SPSS17.0 Gt 1 B 44 %o #i 4 i3k
1Tt 25 o0 M, 2 I SR F B R 2 5 2 0 i, A
A1) G2 K FH tAG 36, P<0.05 % os Bl B3 EZ 5.

HZR
1 BXURMER-EASETFREYNEH. . SHER
R ARAE

AHIE 5T () 32 AL S &4 HP 1 DMDPTA #1 HMBA
IS RN R SR AR (B 1) AR Z WA KW
FH & 7 SRS 0 S A R T 5 i B R e R0, A
VR T I AL T R A RO A, DURIIETE % R
7 B A8 TR B T 3 A S AT AR 2 M 1) 5 A oSt
TE1Z RN, DMDPTATRAE TAA b Vi = Fh 2R B
BOHFTIRES RS S DNA K &R 1y, 1 3 5L K
YL, 'H NMR S HE— B I0AE T FT 3 R A Y1 /0 AR
45 ¥y, CH,=CH-15 5 (0 5~6.5) 71 2 iiF B 74 475 Ik e 5
CaW e aTH AR . BERIEE A1 (gel permeation
chromatography, GPC) 4 #7145 .7, HP 19 Flli &R
59.7 kDa, £ /Bl R B PDI N 2.67. Nilt— 45 &5k
AR 5T T DNAJE 131K 1) 52, K HFBA 5 HP 1)
e B RS, R e S E Y SR 5 F-HP (B11).
I TCE TR F-HP R T R 18 &N 20%.

2 REESPRSAINP EEEHFRRME

FEH L R, 34T BamHI Al EcoRI WU, B
JUE A e PR K &5 R P 2 o, XU ) i BT A 4k S
TR BOR /N . [FIN, DNA DI 545 5 2o 5 H
FE DR 51— B, B IR T NP [ B R IA TR
3 BREYRADNAGKE EYIRIHIF K ERIE

T I ER A &R S TR DNA g0k B &
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Figure 1  Synthesis of fluorinated hyperbranched poly (amido amine)s (F-HP). DMDPTA: N,N-Dimethyldipropylene-triamine; HMBA:

N,N’-Hexamethylene-bis (acrylamide)

Figure 2 Double restriction endonuclease digestion analysis of

recombinant plasmid

W, B HEBE R KR R S B R S A Re . TE
AR FE R, R F AN R BH T84 5 DNA 1 B A, 36
REE & EHEBRTE S WE 3 TR, HP 5 F-HP ¥ fE 5¢
4484 R DNA, P I DNA S & RE i — 2 2 5.
FHoH, HP [¥) DNA 254 68 /) 0& 58 T F-HP, 3R W A8 1
XTER AV DNA 484 58 147 BTz, {H 5047 18 R
1 A FH

Figure 3 DNA complexation assessed by agarose gel electropho-
resis of polyplexes prepared at different weight/weight (w/w) ratios

BN A 6 HIUR V2 € A [7) 5 & H wiw (5.7.5 /¢ 10)
gk AR K AL . BB AAFTR, fEA
WF 5 1 5 2 Ll wiw 8 LN, 449K 56 IR KL A b6 o =
EE wiw 3 TR/ o HPINP 44K 2 & W kL4223 530

125.7 + 15.3 nm (Jii & b w/w 5).95.7 + 9.7 nm (i & kb
w/w 7.5) % 89.0 £ 12.9 nm (Jii & Lt w/w 10), Ifi F-HP/
NP 24 2K 5 & P 1 ki 42 1% K T HPINP, £ 22 4 100~
150 nm (i &= b wiw 5.7.5 & 10). 48K E W1 CHL
WA T3 B, B 5 Eb wilw (R 389 0 v T o, 46 S B
HOIE M (E14B). 75 AH A (1)5 & b wiw 2644 R, F-HP/
NP 99K & A P01 ¢ H A7 B A% F HP/NP, L] g Ji [H 75
T ALk BV B T 4 3K R D, R ECF-HP S
DNA 45 & 1) 5% 12 B PR Ak, AT ffRE 1 R A2 i L
HP/NP & & Wm% K (K 4A), I HFRBEELZ I REY A
RE 52 45 K 45 Ji B DNA (81 3). HP/NP 5 F-HP/NP 44>k
HEAE RS NS N RERE (B 4C), HELE
100 nm 72 A7, 5 2 A 6 U 2 i 1R KN L.
[FI BT, 12485 S 1 B AL B 1 AN 2 52 0 48 KR B T B

Figure 4 Particle size of HP and F-HP complexed with NP

plasmid at different w/w ratios (A). ¢ Potential of the polyplexes at
different w/w ratios (B). TEM images (C). NP: Nucleoprotein

4 YHERESM

FH 8 7 SR 00 (0 40 e 25 e PR ) 7 4k B2 FE, D
i 2 R AL R P R R R . EARM
i, F I DC2.4 41 M iF 8 S AL AB 1B B T R A5 &
ZHEAEIR I B R AW AN &k (K 5). 7EHP
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Figure 5 Cytotoxicity of HP and F-HP at different concentrations

JF B E /N 5 pg-mLt F-HP /N T 10 pg-mLt i (48
T & R A1), DC2.4 4 fu i 717E 90% LA |, H1Cs, 77
) 41.23 F151.44 ug-mL*t. Ak, F-HP L HP )41 i
BVERSN, (BT RE M ZE T g R it — 20 40 sk
BRI EE R EE S,
5 MIRENS IREGAKIE

VKT i 1 A i 53 A1 30 4 o o, of T A
Rk 2 CEE, HAF M YOYOHsid 1 DNA 5%
BT I 9K A YR 7 S g R BT .
6A AT 71~ 41 At 45 B Bt 5 = Lk wilwe 384 i 388, 8 By U
ARG N, SR ERE THKREEYN
I M A AR B (P<0.01). B 40 M £8 B4, 4t B i i 3%
Pt A 3 6 % T R A o A R IR gk L R B
I, #E— 25 FI A LysoTracker Red X 48 it Py i) v il 4 3F
T, MEYPIKRE GV 5 ERAAR RN IOl W
Kl 6B JlT, HP 9K 55 W] WL 42 2 K& YOYO (4%)
Lj LysoTracker Red (£1) 58 3% (15 ', 3 B LA K
KR E EVAAAE TR . MHPYIKE S
A DOWL S 3 B B ) s (050, RHPILKEEWE LK
AT IR R o R, A S AT DA RO K
S AN M S g R k%, TS F T DNA
FR) 4 i P 38
6 HERAELEENPEBMRIL

¥ HPINP 55 F-HP 902K 52 4 W) 53 73 % 4% 293 T 4l ifd
Ja, I e O s H I E A M RE . W7 AR,

Figure 6 Cell uptake determined by flow cytometry (A). Lyso-
somal escape of complexes in DC2.4 cells 2 h after incubation (B).
Lysosomes were stained with LysoTracker Red. n = 3, x + s, "P<
0.01 vs HP

HP/NP 40K 52 & W% G e, T DA %2 B4 55 117 4 .7
I, UL NP & A A BT RIE, 1M F-HPINP 4K & & ¥ %
Y J AT DLV R 3 K 2 1 gt o, R TE T AL
1611 e ik 25 12 30 49 oK 526 10 D 400 ik B S5 T A 3
W (E6), M s T Pl 2 E 40 8 R IA 7K o

Figure 7 Analysis of NP expression in 293T by immunofluores-
cence staining

7 KRR CD8* T i B MAR IR R

CD8* T ik E= £ B 110 3800 T 77 o 400 i P 27 A4 110
g J A 28 O EE BNl SRR T, B ekl 7 CD8Y T
MEGR S E. WESAFTR, SAH EE/KAMEL, HP/
NP % F-HP/NP 4K 5 & Y13 g i G CD8* T itk L 41 i
I, 1 F-HP/NP 41 (%) CD8* T itk I 41 iy 7 & &
HP/NP 21 1.6 fi5 (P<0.001), 45 & K 7 45 B iR, L
B A0K E 69 B T S R Rk K, AT A
FI T 1 5 % CD8* T bk B 41 A 1 470 i 3o 2 1 1 gk I 3
F. NVEAY CD8 T itk R4 B g 16 o, it — b i@ i
0 AR X CD8* T 41l 4 IFN-p & S AT A . &
8B il 7~, HP/NP #1358 Ji5, CD8* T bk E 4 fitg IFN-y f1 [ 4
RN (3.7 +0.9) %, F-HP/NP 414 (4.9 + 0.6) %, #
AR M2 7 (P<0.01). PR, S80AK 15 1 Al 18 o
gk B A% CD8* T bk EX 4 ff 4 92 S 3 1) 5 5 fig
N T A ) T 37 e 240 L 9 75

Figure 8 The proportion of CD3*CD8*T cells in splenocytes
was determined by flow cytometry (A). The proportion of IFN-y
producing CD8*T cells was determined by flow cytometry (B).
n=6,Xx+s. “P<0.01, "*P<0.001 vs HP/NP

g

DNA 1 52 I 4 R BR R i I AT —, i 2
1o HL A G RO SR e B B ) 5 R Al R LA R
E R, T B 3 A [A] ) 2 R T B
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VAL Y B R S AR B R AL, M E i gy
RN AR, 20 0 B B — i AR, B R
PR . o BESREAA T ORBE 10 B PR R G B 1 A7 AE
Z A IR RO, 5 T S AU A 1 P B IR B AR B
FH B 2 S0 F DNA B3 g oK 5 & Wi A7 s
BH B9 - I oAk ) A v e e PR 22, TEAR N B AR R B R
ToIEARUE#E Yo 2200, AT &, S TR EWET
R AE G, A6 T3 i ik R e 20, i Ak 18 1 ]
AR 32 55 0 40 2K 114 200 P 55 B 7 Tl R b i

FEAR T, LA A SO SR i - e A D it
B DNA B ik 8k, BEMmedd #aiER S
DNA 5 11 245 & T BRI (R gl KobE o 38 ok Bt I R vt
FHL YK S 06 AT HTHP 5 F-HP 33 B R 45 1) 5 ki DNA 4%
R 77, HP X DNA 4% & e JJ g 58 T F-HP, & B 54k
1BHXT 5 A P01 DNA 284 66 1 FTie i, (BAS 237K
A 32 1 28 (B 2B . HP/NP 5 F-HP/NP 9Kk & & W75 HL
i T IITEAS B R /NAEAL, B Fi S T A 2 52 e 44 K
B R MhAh, BRI BB E FRAEM S RE
FABIR P TR AWM L, 72D R IR Q%L
B RS TR E SR AN A, i A RUR
BEANOK S5 Wy e N A0 O S I VA g AR ko, AR T 3
R 5 PR Rk, @B ALY SR A K & & P05t
CD8* T bk L 41 Jfd 788 S B2 (115 5 e 0, B R Tl 3 41
6 988 7, 3 T ST B PR I R B I B . AR AT
4 DNA P B (s iR St 1 —Fhoss RO 8008, a1z
MRETRH S 7 SR A W8 ¥ T R .

25 LR, AW T A BT S AR 1 R R S A R T
i — ¥z I i Jk DNA 98 1 136325, F-HP BAF R 4514 )5
K DNAZS & REJ), Be B R 1 IE L I ERE K B &
Y. FIE. BALBMRE R IR M9k =AY 4 i
R s g A 1 3 BB 70, AT (R BE 0 JER P 4 it A 38, IF:
HE— D WeE CD8* T bk B 40 i FH 7 B L 12 25 o
I, FRACAS G [ FH B T SR A W & — P s 200 DNA % 1
IR AR, FE— B A R E T WK E SV Bk
WA U A 5 22 A, JRIR L HAR NP B 1E
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