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Construction and biocompatibility evaluation of fluorescent traceable gene vector

CS-Qdots nanoparticles
Yuan Chenyan®, Wang Ling, An Yanli
(Clinical Laboratory ,Zhongda Hospital, Southeast University, Nanjing 210009, China)

[Abstract] Objective: To prepare fluorescent nano gene vectors for traceable gene delivery and evaluate the biocompatibility of the
nanoparticles. Methods: The fluorescent nanopaticles were constructed by quantum dots (Qdots) encapsulated by chitosan, then char-
acterized by transmission electron microscopy (TEM), fluorospectrophotometer, zeta potential and Fourier transform infrared spectrome-
try (FTIR). The imaging of tumor-injected xenograft nude mouse was taken to evaluate the in vivo fluorescent signal of CS-Qdots
nanoparticles. Gel retardation assays were used to test the DNA binding affinity of CS-Qdots. The expression of green {luorescent pro-
tein  (GFP) gene delivered in cells by CS-Qdots was observed by confocal laser microscope. The biocompatibility of CS-Qdots was e-
valuated by cells relative grow rate (RGR) of MTT test, hemolysis rate and acute toxicity tests in mice. Results: The mean particle size
of the CS-Qdots nanoparticles was 20-30 nm in the TEM image and the surface charge of them was (28.02 + 1.15) mV. The charac-
teristic peaks of chitosan were observed on the CS-Qdots FTIR spectra. The light emission peak of CS-Qdots was at 630 nm. Complete
retardation was observed for particle-DNA weight ratios over 10:1, for which the DNA was well packed in the gene-CS-Qdots com-
plexes with a positive surface charge. High level expression of GFP genes delivered into HepG2 cells by CS-Qdots was detected by a
confocal laser microscopy. The strong fluorescence signal of CS-Qdots in vivo was observed in xenograft nude mouse imaging. The
MTT results indicated that RGRs of cells co-incubated with CS-Qdots at concentrations of 50, 100, 200 and 400 pg/mL were 1.000,
1.000, 0.917, and 0.875, respectively. The RGRs of cells co-incubated with Qdots at the corresponding concentrations were 1.000,
0.850, 0.621 and 0.326. The hemolysis rates of Qdots over the concentration of 100 pg/mL were all above 5%. Oppositely, the hemol-
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ysis rates of CS-Qdots were all below 5% at all the concentrations tested. The results of acute toxicity tests in mice at 72 h post injec-

tion indicated that compared to the saline-controlled mice, no symptoms of main organ lesions were observed, no abnormality was seen

in the blood cells test, and the functions of liver and kidney were normal in the mice. Conclusion: The CS-Qdots fluorescent nanopar-

ticles with high biocompatibility were constructed successfully, which delivered genes into cells efficiently. The nano gene vectors

could be traced by fluorescent imaging in vivo and in vitro.

[Key words | quantum dots; fluorescent nanoparticles ; traceable gene delivery ; biocompatibility
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A HLHRE Rt 8 FESE 100~1 000 75175 % 15
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75 9 L7 W BB (transmission electron micro-
scope, TEM)H-600 (Hitachi 2~ 7], H A% ; 55 70 HE R 15
%1 L % (high resolution transmission electron mi-
croscopy , HRTEM)JEM-2010 UHR (JEOL 7~ w] , H
AK);ZETA Plus #7428 43 11 (Brookhaven Instruments
), ) o A BB 0T 21 A8 G (Fourier trans-
form infrared spectrometry,FTIR) 43 #7{{ NEXUS87
(NICOLET 2x ], EH); #etirtitEit 1SS0B Y
(Perkin-Elmer A &] , 5[ ) OCHR A BHES FluoView
FV1000(Olympus A #] , H A< ) ; CRT /N8l 9 3% 14 i 1%
58 (CRI Maestro A 7, 2 [H)

1.2 7%
1.2.1 ZF.% Qdots #9 ] &

NaHTe /i £ . Lk NaHB 1 Te BE/R H 2:1 (1) 1
H1°Ks NaHB FlI Te A3 A G v T 2 O BB, 38 N,
10 min J5 B ZE 8 1, TSR TEA 5 mL 40K )5,
T UKW 5 b, b 2R 5 0 37 B WA B Sy s
M8 (NaHTe)

CdTe (il % : 76 = FUBEHLA A 100 mL ZE7K,
JIA 0.52 mL MPA fE29 835, #A8HE T, A
CdCl, 0.045 6 g, 38 A N, 30 min, FFFHH R 1 mol/L
) NaOH ¥ 808 5 AR 2 19 pH {E 1 2 9.00.1, 7F
SR AR A v T I ACHT i ) % 1) NaHTe #9100
L, fEAZ ) ROV & NaHTe: Cd* : MPA 5
IRIEA 0.5:1:2.4, FHEZE 100 °C, 75V EE i &
T TE SN A A ik AR R AR 2l A N, IR PR RE R )
SR, A5 B LA KB PE CdTe BEAARTSE . TN ERTTTE
CdTe, 2.0 73 B UUUE Ji 38 2% B 1F | BRI 46K i i,
NI 27 B0 A B A 5 ) 2T ARV, TR R A
B CdTe fiyHOm A 4 1, RV 7 50U0RE Qdots
1.2.2  CS-Qdots % K 4z 64 4] &

FREL 0.5 ¢ chitosan ¥ T 0.1 mol/L ) PR WK
10 mL #, il £ chitosan WIAE 25 TA IR . 2li/KFa B 100
5 J5  AERE I BEHE TS B AR BE A 0.1 mg/mL 1Y
Qdots AR, Bk N B I AWKEE N 0.5% (W/V)
7 (EDC-HCD) 7KW 0.5 mL, i A N, % J3 55+ 5 i
1%, 13 3] chitosan 2 1 Qdots (CS-Qdots ) i 74 %
& o 1x10° v/min &8 3 250 UITE CS-Qdots , 4li7K H BT
SRV RE S S/

1.2.3  Qdots F= CS-Qdots #h & Bz 49 R AE
1231 &45HEFhEN

B D 4 1 Qdots 21K @A FI CS-Qdots 4

KRIUKL, INJEoK LT R 7315 15 min, A7 B4R 9, il

FELBERE S, 20 W HRTEM #l TEM W4
1.2.3.2 zeta WAL 57

51 5 Qdots 44K d A 1 4l K %W (pH7.4) FiI
CS-Qdots 44 K i ki () HEPES % ¥ BRIV A 52 56 B FH )
20 M 5% g 2% v (pH6.8)2 mL, B T H o LA | i ]
ZETA Plus F42 5 Hr AL AE zeta AL, N SO
BB R AT B A B i SR 2 TR LAV
1.233 k5 iaisn

S35 2 mIL Qdots 24K & A FI CS-Qdots 44K
WORLE T H ML rp ) R 2643 6 B T e Wi ik
T A G
1.2.3.4 FTIR & #7

fii 1] NEXUS870 BDEHEAUXF Qdots 4K i A& Fl
CS-Qdots 49K BORLHEST FTIR 4387
1.2.4  CS-Qdots % & 45 69 5 ik v, ok PR3 3K, 38

14 CS-Qdots 44>k Jik: Al pEGFP-C1 #/& DNA
R R HE R 0:1 201 401,601 .8:1.10:1 . 12:1 A1 14:1
1 e BITE & A HEPES 220k (pH6.8) Wil ik
B, LERL50 wL, B S A DNA BRI 10
pg, iR FREBEE 30 min, B IR AW 0.8% 1) B

RAREEIE ik 1 h, SRJG 210 & 58 Y (0 )5 7E B
JBESARACT WS FL KA 0 o AR 24855 1 BURE DNA Hf
TEHL e B AR K 3l , 45 BURE DNA 58 24 CS-Qdots
YR PR AL LSS G WIS B ) BHAR Uk 31
1.2.5 CS-Qdots %5 4= Ji 45 ¥ N 4 e,

JH CS-Qdots 44 K AURLAE g e R 2 A | 5 ¢ €8
JeE S L K AR pEGFP-C1 5 Y 2 i1 8 41 i
HepG2 , 2 Al il 4 Fl 76 35 3% 1 1 o ¥ CS-Qdots 44K
WORLZ: 100 CEZ TR W E 5 pEGFP-C1 43 %
F 500 L /) HEPES 2% #fi % (pH6.8 ) 7 ¢ , 2R )5
TRy 12:1 WA - EHERREAR, =
T 9 E 30 min, M%) HepG2 4l I, 555% 6 h
G, 3 R E A, A 5E 4 RPMIL640 K 37
ROk SRR 48 h e, B R WOR oL E Bk R
ETER YR b, AEEOE I R WU T W%
CS-Qdots 44 KUK AE 20 H N 19 28 6 i 4 6 08 St
(OESSUN TR/

1.2.6  CS-Qdots 4% KA HLJG M 3% R

FH HepG2 4t i 75 B BB B B2 B @ 7 R A
CS-Qdots BUAZ /N BRAEIE K TE A 100 pl. CS-Qdots
YOKIBRL (400 pg/ml) , %) JE/N AR JRE AR 9 A 100
wL Qdots KA (400 pg/mL) . S 30 min J5 7
NS AR T £1 A9 ARAN | WS 40 K R 7 R
A PN 1) R ORI AR 10
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1.2.7  CS-Qdots %4 K #i 4 49 £ Hy A8 B 57
1.2.7.1 fafe X

B $0A: K 00 /0 1-929 4, 40 M ik B 6x10°
AL, LA 100 wl/ALIERD 96 FLIGFRM,24 h J5 57 2%
JER, A3 3 50,100,200 ,400 pg/mL B Qdots 44
K fb AR CS-Qdots 44 K FIURL I W, B4 % Bk RP-
MI1640 5329, FHAEXT B R 0.7% 10 5 75 45 19k i B
R, BAHBEE L 84, K 9% 72 h )5, BfL A
20 pl MTT, 48228535 4 h, 35 22 &L N Wik, &L
A DMSO 150 pL, ¥ 10 min Ji , BAR 1L 2 492
nm &b (¥ 5% & (optical density, OD){H , SZ % 4 OD
{EL/BH P X BR 41 OD (B > 40 g AH X 3 51 % (relative
growth rate,RGR) ,
1.2.7.2 % fiX3

FHEGHT P4 22 S 1l 10 mL, A 20 o/L HEEREP 0.5
mL, ¥4 8 mL A 10 mL A= 3 ER 7K 75 3] 5 B 19
e e BE S I 5 FF 0.2 mL AR AR BRI A 10 mL 2818
K, ARG &, B 540 nm, 0D {6 Wy
0.685 , 75 A 5 Z 2R, Qdots 44K fb A FT CS-Qdots 44
oK BURL FH A= B ER K S i L 12.5,25.0.,50.0,100.0
200.0.,400.0 we/ml; A= ER K AE by BT BE 2818 7K
PR BRI ARl 5 300 . R fR AR A
PRER K e 78187k £ 10 mL WY BT A R4S A 37 Ck
7,30 min J5 B A NFS BEBUEE Ll 0.2 mL, $5
5),37 CKIE R ARSI 60 min, 45 B %R E T
TR O O (2 500 t/min, S min), H &8
B RS W, 7R3 6T 14 B 545 nm 4b )
OD fi , # T ZUTH 30 L2375 102K (% )= (18 DA &b
OD ¥J{E-FAPEXT B OD 1A )/ (BRE X #E OD 4 {f -
FA X} R OD {5 )x100% .,
1.2.7.3  CS-Qdots £ ) R Ak 1 89 5 A B &bk Ak

EBI/NEL 20 HBEHL ST S % B ZH F1 CS-Qdots
41, E:4 10 2, CS-Qdots A R EHIKEA 100 WL 1)
CS-Qdots (¥ £ 4 400 pg/mL), XF FR 21 28 i bk 1 A
FHFRFR 0.9%4 #EEK . 72 h JGALEsh ¥ B &
BN SE (O O M) #EAT IR LD A SO AR JF
QN W (7 i e o L1 2t 0y S R e N A =
REATI . o0 JHE L il A A R AL HE e
AT B S UER
1.3 “%itsFF%

g3t T/ F I SPSS17.0 43t %k 1k 5¢ 1, it
i BERN DL B bR 25 (wxs )RR, IR T
22 4y M E A7 4l 1A He#, P<0.05 S EA ST

RUNETTEN
FE X,

2 & R

2.1 Qdots #= CS-Qdots & AE
211 EARBIR

P38 15 LB T, Qdots 44K i 1A 2 v 4 R 1)
TIURLIR R0 AR BN 7 BIOPE R4 (18 TA) 78 & 2 B
375 SR LR T AT LAV AU 381 A K i A R T AL 1Y it A
LR A SRR TE 5 nm 245 (] 1B) . &0t
chitosan R &M 5 , CS-Qdots £ 25 5 L 5E T ki 42
RN 25~30 nm, 44K ORL 2 BRE | 20 WOt R 47 L
BEEI(E1C),

AT 35 S LB T B Qdots 2K A B L 2 R T R B
NHY Qdots A ERIAR B SRR EORLAS KA AE 5 nm A7 CE ST
B CS-Qdots , 44 K ks BRI , 20800k R Rife 94,
1 Qdots 1 CS-Qdots AYiE 51 B 55 =

Figure 1 TEM images of Qdots and CS-Qdots nanoparticles
2.1.2  zeta AL AT

2 zeta HLOL 0T, 76 KB W (pH7.0)Qdots 11
L AL N (<1631 = 0.91)mV, £ pH6.8 ) HEPES
ZZ vl CS-Qdots 19 ZR H HLAZ M (28.02 + 1.15)mV

(E2),
A
-16.31 28.02
1.0 1.0
s ik
205 25
-150.0 0 150.0 -150.0 0 150.0

zetaHL v (mV) zetaHL v (mV)
A1 Qdots 4K i 4 B . CS-Qdots 44 KA,

& 2 Qdots #1 CS-Qdots A zeta FE {i 5 #7
Figure 2 The zeta potential of Qdots and CS-Qdots

2.1.3 FTIR A% & 42

7£ FTIR b (# 3),Qdots T 4 5¢ B & 1
JETE 2 931.1 em™ F1 2 873.0 em™ HY JH (04 (AR 2 ik
VR I 2 UG 1 647.8 e H B A I (AR e Tk
AR P e 207 WIS 34 5R 5 SROBE B RRAE S AT, R 5T
RWEC 2 IME AR 1 S 3R T
2.1.4 RigEHRAE

T AL Qdots & T A 25 110 X e KR S
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W #2305 630 nm, &5 BB LUG , CS-Qdots 44
KBRSz S8 T (0 R HE WA AR B (1B 4)

CS-Qdots

5 (%)

4000 35003000 2500 2000 1500 1000 500
B (em™)
3 Qdots EF £ #0 CS-Qdots 41k FHi iy FTIR EliL
Figure 3 FTIR spectra of Qdots and CS-Qdots nanopar-

ticles

Qdots
—— CS-Qdots

AHXTFEBOR LR E (au.)
- Nt
e

50_—=/f.

540 I56IO ISSIO I6(;0 I62I0 I64IO I66IO I68IO I70IO 72IO 74IO
K (nm)
4 Qdots 1 CS-Qdots 24>k B i % &F F 1%
Figure 4 The emission spectrum of Qdots and CS-Qdots

nanoparticles

22 5 CS-Qdots 445 Fi 4 pEGFP-C1 &4 % ik M
Uk

WE S s, FE40 K FURE FER 21 200 1Y) L A1) R
T 10:1 LA ,DNA AN F ] iE K3, 3R DNA |
B B0 HEL ] ) 22 4% PRI, CS-Qdots 45 K 547 1SR B9
BEMA B BT, fFEX A Z  DNA &
258425 CS-Qdots G0 K PRI 454
2.3 CS-Qdots % # pEGFP-C1 £ HepG2 % ftL s %
&R IE G EA

FH CS-Qdots 15 by 3 PR 3844 B 5 A s 56 9 1)
# A& pEGFP-C1 % Yx % JIF i 4 il HepG2,48 h J5 7
WO AR B T MR SR A U R 1 1Y R R
B, WK 6 Ui, CS-Qdots 45y 5E A #E A 41 jg 9 LA
J& SO AR AN N 2R K (B 6A) , 2k o 9t
WO LA SEOE (K 6B) , [R] I 925 5l il L) 5¢ 42
& (#6C),

2.4 CS-Qdots 4% A A AHLIE M 89 R

43 0 TEAS TR R LY HepG2 41 it B A5 988 P9 142 5
100 wL Qdots #1 CS-Qdots ZHK Wik (¥ B34 400
pg/mL)30 min Ji5 , /N3 1 1A 3 21 40 98 S g AL
XHRR BUSR , CS-Qdots 4K RURLAESE 1A A 43 1 KL 4
HAGAF 5 WG W (B 7B), 5 Qdots LA AT BRI B ([
TD)AH HE AR Y BRI MR AR ZE A

DNA(pg 10 10 10 10 10 10 10 10 10

CS-Qdots(pg 0 10 20 40 60 80 100 120 140

B 5 CS-Qdots 43K B #i 70 4% & & E # 4& pEGFP-C1 & &

5] iR £ bb 45 & J5 R B BEL 7 BB ik
Figure 5 Agarose gel electrophoresis tests for DNA reten-
tion in pEGFP-C1 loaded CS-Qdots prepared at

various ratios

A PR R A0 PN R A EGFP SR B . 8 0m 3 & 30F A 40 i Y
Y CS-Qdots 44 KUk 5 C . /7 34 I RlG T (x400) .
6 HepG2 # % CS-Qdots 4k fi # 3 pEGFP-C1 J5 1)
HAHBRERMERR
Figure 6 Confocal laser microscopic views of HepG2 cells
transfected with pEGFP-C1 genes by CS-Qdots

Tumor
Tumor

A S CS-Qdots 19 7 983 BR BRR WUR B R 5 B2 TE S CS-Qdots 11
i 98 BR B9 6 IUAR ; € TE A Qdots 1Y i 87 B SR UK 181 R 5 D T A
Qdots 14 i 8 #R B OO AR

B 7 CS-Qdots 1 Qdots £ # R # 1 8 I B 2% 5¢ B &
Figure 7 The fluorescence images of CS-Qdots and Qdots

in xenograft nude mouse
2.5 Qdots 2 @m iz e CS-Qdots 3§ 78 49 % v@
& 8 Fr s, Qdots & ¥ AUV EAE 50,100,200

A1 400 we/mlL B 40 A9 RGR ~F3{E 4 514 1.000
0.850.,0.621 1 0.326; i AL #< % CS-Qdots 1EHI A
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4 it RGR ~F ¥ {8 43 51 & 1.000.1.000.0.917 A & T [ =

0.875, Z5H NN, Bt BB S, Qdots 511
ML FEYEA TR AR R

L2r 2 0O Qdots
10k ,i| ,i| B CS-Qdots
0.8
&=
Z 06
04|
0.2
oL []
50 100 200 400 FHMEXT IR
WP (neg/ml)
P<0.05; n=8.,
B 8 1.-929 #Af5 Qdots 5 CS-Qdots 40K B iF & 5 HI 18
Xt 1 5E &

Figure 8 RGR of L-929 cells co-incubated with Qdots or
CS-Qdots nanoparticles

X g 2k R

WK 9 R, WEETE 100 wg/mL LA ) Qdots
TR MR KT 5%, 1 CS-Qdots 419 K AL
AV I 26 AE T 00 v B Y T 44 /N T 5%

2.6

257§ Qdots

204 I CS-Qdots
S
s
= 15
&
= 104
z

54

0 3

12.5 25.0 50.0 100.0 200.0 400.0
R (pg/ml)
9 A[EREN Qdots EF A1 CS-Qdots 44>k FHL 19 F
I 2 2

Figure 9 The curve of hemolysis rate of Qdots and CS-
Qdots nanoparticles at various concentrations

2.7 CS-Qdots 24 KB A f2 ) RAR W 49 5 Fn

I LT A BUR W] L 32 O AR 5 A TP AR
JUE VR A I O MR T S B 26 A 5 AR 5
(E110) 45 F 7R CS-Qdots 28 bk 7 A/ EUA
Ji EEE R NNE

A T BRSBTS 5 B EBNE G POER
10 CS-Qdots #K Wik 2 B MKENNRER 72h FE
ERER (0 Bl BF BRI ) B AR

Figure 10 The fluorescence imaging of the main organs (the

heart, lung, liver, spllen and kidney) of the mouse

at 72 h after CS-Qdots injection via tail vein

2.8 DR EFHHREH CS-Qdots 24 K B Az AT K
8 B oo 2| e o M7

BRI TE ST CS-Qdots ZH AT BERZH /N, AL TR
I, AT 4 0 240 B B R L T T AN 4 it 40
Ji 43 BT 4 45 E1 40 M0 (WBC) 21 2 g (RBC) . 1fiL /) #i
(Plt) 7145 218 H (Hb)E ik, FFERER A I3 N 242
GG RE ALY K TR PPA B D) RE R FH I35 FR 2 A&
(Bun)ZKFR DA T 55 20 45 Z00 i 200 e --250R1 1l 375 JH
ReAs I 55 % REZH e W 3 v 25 v (P>0.05, 3K 1), 4@
7N 2 R DK T B 400 we/mL CS-Qdots 44 K kL 300
WL, J B B P (72 ho) /0N BRI ot 48 if 20 2 F0RT
(CS-Qdots ZHKAFURL T ZERAENERS ) DI REICHA K52,
2.9 REHIRIESH CS-Qdots th Kk Bk )6 £ B 0E
BRI A

Az 3R ZKOGT HE ZH R i KR 9 CS-Qdots 44 2K it
BEALAY /NG, FEST 72 b S ARSE B BE I R
WL R, 2 HE Y0 7000 Wi P sk, 54
PRER KT B AR L, R 0 e S 4 1) 32 B R L
WA B () RE IR BESE S8 02E (1 1), $ /R &2 R bk
55 400 we/mL CS-Qdots 44 K ik 100 wL., %A
(B P (72 h) /0N B 32 20 245 TG BH I 1 9 BR 405
RIS .

SRR T B9 B R AR AT R AR e SR N B iz
AR, TOALGA K A B R e 9 7 T S 7S 58 K Y

F1 CS-Qdots FK BH £ EFHKENRBR A KN 72 h J5 1028 B F0 M0 75 BT 5 Th 48 46

Table 1 Blood cells test, liver and renal function tests of mice 72 h post CS-Qdots injection

285 WBC(x10° /L) RBC(x10™ 4~/L) Hhb(g/L) Pli(x10° /1) Al((U/L) Bun(umol/L)
41 4.030.58 9.65+0.60 166.80+15.58  842.00+99.84 40.20+4.76 5.20+0.71
CS-Qdots 41 5.190.67 9.06+0.40 160.40+19.03  829.60+61.01 49.00+8.51 5.61£0.91
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Figure 11 Major organ histological images of the mice injected with CS-Qdots and normal saline via tail vein (HE, x40)

PeFA, TCHL G K TR AR — OIS R AR Ry 40 K 1 2
(1~100 nm) ) TCHLIECRE , bl 2 28 Ak 42 () 37N, L
ZETH B K, 1A BE AR TVE B 0 B 2 AR I
PRSI TR K AR Z) e 4wl il #& Y A7 7
il 25 2 K, BB o 4 4 R] B e A0 i i, el o
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At A Rk 2 T 5 TR AR, O 52 4 Kb R4 AL
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5 e M AT AT PO LB B AR
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A RE YR T £ v R S AR R B SRR TN R, A
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