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Preparation of anti EGFR scFv::FTH1/FTH1 nanoparticles
for asthma treatment

Hui Chen, Zonglin Gao, and Xuni Cao

School of Biotechnology, East China University of Science and Technology, Shanghai 200237, China

Abstract:  Asthma is a common respiratory disease that affects 300 million of people worldwide, posing a serious health risk
and medical burden. Development of new anti-asthmatic drugs and alternative treatment regimens is therefore encouraged.
Recent studies have shown that Epidermal Growth Factor Receptor (EGFR) is involved in asthma development. In order to
construct nanoparticles targeting EGFR for asthma treatment, a single chain antibody fragment (scFv) against EGFR was
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genetically engineered and modified at the N-terminal end of the human ferritin H-chain (FTH1) to construct Anti EGFR
scFv::FTH1/FTH1 nanoparticles. Transmission electron microscopy showed that the nanoparticles were self-assembled into
hollow cage-like structures with the particle size of about 12 nm. Semi-quantitative analysis of the purified nanoparticles by
SDS-PAGE revealed the mass ratio of FTH1 to Anti EGFR scFv::FTH1 was 7:3. In House Dust Mite (HDM) driven models,
Anti EGFR scFv::FTH1/FTH1 nanoparticles efficiently attenuated several key features of asthma, including goblet cell
hyperplasia, mucous metaplasia and subepithelial fibrosis, showing the potential of using ferritin based nanoparticle for

asthma treatment.
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SR E AT AL T anti EGFR scFvi:FTHL/
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NaCl, 1 mmol/L EDTA, 1% TritonX-100, pH 7.9,
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sCFv::FTHL f i A
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Wi 4lifk J5 i FTHL Al anti EGFR scFv::FTHL Pifh
WIEFEF AR, RR435)/A Buffer C (8 mol/L Urea,
50 mmol/L Tris-OH, 10 mmol/L DTT, 1 mmol/L
EDTA, pH 7.9, 0.22 um JEMEILIE), FoiriEfiz
J5, T 28 CHIKP G K .
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FRIRZR VR BE , SR T KR TPk . PRR B 1
J5 ) anti EGFR scFv::FTHL VA AE #uph 42 #: F
A BRI LS, S5 T SCRTiR, R As 1k
JE ) FTHL 5 anti EGFR scFv::FTHL iV 3 L FE /R
b6 4iRG, RARGEALTERN 5 mg, M
A Buffer CJ5 &Rl 50 mL, ¥ =#FRs, %
AP B BN R E T L LE T, T4 °C
UKFESENYE, K%y 6-8 h Bt —IRE VW . B
B W LLF Frs

A% 150 mmol/L Tris-OH, 50 mmol/L NaCl,
0.5 mmol/L EDTA, 0.1% PEG, 10% Glycerol,
6 mol/L Urea, 0.5 mmol/L CuSQy,, pH 7.9; %% 2.
50 mmol/L Tris-OH, 50 mmol/L NaCl, 0.5 mmol/L
EDTA, 0.1% PEG, 10% Glycerol, 4 mol/L Urea,
0.5 mmol/L CuSO,, pH 7.9; 43§ 3. 50 mmol/L
Tris-OH, 50 mmol/L NaCl, 0.5 mmol/L EDTA, 0.1%
PEG, 10% Glycerol, 3 mol/L Urea, 0.5 mmol/L
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CuSQy4, pH 7.9; 2% 4. 50 mmol/L Tris-OH,
50 mmol/L NaCl, 0.5 mmol/L EDTA, 0.1% PEG,
10% Glycerol, 2 mol/L Urea, 0.5 mmol/L CuSQy,
pH 7.9; B 5. 50 mmol/L Tris-OH, 50 mmol/L
NaCl, 0.5 mmol/L EDTA, 0.1% PEG, 10%
Glycerol, 1 mol/L Urea, 0.5 mmol/L CuSQO,, pH
7.9; A% 6:50 mmol/L Tris-OH, 50 mmol/L NaCl,
10% Glycerol, pH 7.9,

S Z JE R E AT R W,
0.22 pm VB8, R 20T REAFTE I R AT R Y .
i 50 kDa M & X152/ H 198 Kb 1 W
PRI E M4 = 1 mg/mL.
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1 h; BfJE TR S . B UL 65 ClEE
FEN AL G A 0 S R SRR 1 0 1
PR GHEWR, AL ETHS, Bii2 h )5, H
W2V A 65 CEIRAE N YA B iRE 3 h,
WHFER 2 K, BESHE, K428 Ta
&b, IR R G RIS i a sy, s
DA 9 T R [ SR K LT 4 C UK R i g R
JEYI A -
1.7.3 RS AEY R PAS B

A D) B BT B L KA T AR
iR b 7R YR B it 2 20 B0 % o e LR S 7 T
BRSNS, Y@ 10 min, KUEWT; TE
TN JE RN IR B e AL, meYe 10~
20 min, JKPEWIT 5 WINFRARZE YW N 1 min,
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2.1 Anti EGFR scFv::FTHL/FTH1 44K % F
BH . G SEHS SR

AT IE o B AR RR A R i,
#4533 7 anti EGFR scFv::FTH1/FTHL 44Kk 1,

b P IK) anti EGFR scFv::FTH1/FTH1
YKl 55 B g 28 48 )= 477 (DEAE-Sepharose
Fast Flow) iFfralifk, BesF 24z Bl ik an &l
1A 7R, B e R 2k o 541 U280 nm i K25 I
WfE, FIRARE S . M ERE AT AL, EE
FEAN[F) NaCl e FE T v i, e AR R B 43 o
3 M EEFEAN R NaCl 4 B VeI 1 8 R 2R
i1, 2%, 35 EMHER MR, i T

K NATIVE-PAGE X ¥k 45 J5 9 & (4740
Br, WK 1B Frn, M AR AR L gk ik
F1 (Apoferritin, APO), 1,2, 3 ki N 15,
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25 3 SRR AWM. H, "R EH 15
Fa A IR H BRI S, IF HHEER
LA RY, W 1 SFE AR e, Rl
HWEM; 2 5/ 3 SHEAFLWEERE, K
ST RVRELGRHT, IR HEE AL N AT AR Y, Ui
HE AR BRI RS

BN )5, RH SDS-PAGE
X HO e 20 B A7 o & A B o Bl 2 TR, 1-7
VKB AR BE R ) FTHL &, HEE/R R
H# K X & 0.0116 nmol/L . 0.0175 nmol/L .
0.0233 nmol/L. 0.0291 nmol/L. 0.0347 nmol/L.
0.0403 nmol/L F1 0.0465 nmol/L, 8-9 Jkif A EE/K
BORE ) 4lifk )5 i) anti EGFR scFv::FTH1/FTH1
2P/ ARSI

A B M 1 2 3

[100 mAU

N 17
_______,.—i—"""\_____ . ’
—_— — ‘_”'"

60 80 mL

1 SABEFRBLEMLL anti EGFR scFvi:FTHL/
FTH1 89 &i&E (A) 1 NATIVE-PAGE B (B)

Fig. 1 Chromatography (A) and the NATIVE-PAGE (B)
image of purified anti EGFR scFv::FTH1/FTH1 by anion
exchange chromatography. M: APO; 1-3: flow-through.

kDa .M. 1. 2 3 4& @& 6 & B
116.0 —
66.2 —
45.0 —
35.0—

250 — e — - -G

18.4 —
14.4—

2 SDS-PAGE Sk E KK FLE S

Fig. 2  Analysis of the composition of purified
nanoparticles by SDS-PAGE. M: marker; 1-7: gradually
increased molar of FTH1; 8-9: different molar of
FTH1/anti EGFR scFv::FTH1 nanoparticles.
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FTHL 1B IR B S5 245 31 R I 356 19 B8 R B2
Jy FTH1 : anti EGFR scFv::FTH1=7 : 3, 5 &I
ekl 6 0 4 ML, anti EGFR scFv::FTHL W31 L
BItEr &M R A i, AR S A e &
4 2ok 7 T A [ A OG
2.2 Anti EGFR scFv::FTHL/FTH1 44K %I F
B9 FAiE

K TEM H %5 590K0 T IS5 F 1 3 41
TG OL, 5 R 3 s, A S FTHL Al anti EGFR
sCFVi:FTHL IRAE LN TEM 458 &, LI E
b L% B 2R 1 45 A BEA Sy th s EIR S R, HORE
#2950 12 nm, 5 3CHER[13]4R & AT S B R
F 49 KK T 25404 ; B A anti EGFR scFv::FTH1
ARG SMET R A, EEAR IR, B
anti EGFR scFv::FTH1 WA B F AN REIEHAH A
2% H I ZE )

2.3 Anti EGFR scFv::FTH1/FTH1 4K %I F
XF B /N R A T R BTITE M
231 MR PAS L EH AR T TS iR
REVB 53085 AR 40 B 38 2 A1 50

PAS Ye o B I Bk - o BULER 15 41 A P 1) 2 B
L PERAEA R R, S R TS L4
A, o aE S M b BRI il 2 21 A AR
SR A L R 430 FAPR W A RS D, TR L AT LA

B 3 Anti EGFR scFv::FTHL/FTHL 44K H F B F4E

Fig. 3 Characterization of anti EGFR
sCFv::FTH1/FTH1 nanoparticles. (A) Anti EGFR
scFv::FTH1/FTH1. (B) Self-assembled anti EGFR

scFv::FTH1.
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Wi PAS Yt URER i 2 2 bR 4 i 34 A HE K K
B A BRI ) - W Ol . e g BN 4 s .

Wt BTN BRZH (PBS AbFHZH) 5 HABA
SEOGLH , n SR ) BH A T S A BH S AR VR
TIING: , FWSEIG AR HDM By /| AR Y
SR S A3 AT 4 KXo 18 s /N U B2 2 A 43
Br2ase 1Ll Al HRe A5 X W i /N BRIV 53
BP0 g B, S K 45 R £ B anti EGFR

SCRVIFTHL/FTHL 44K K ZE KA AT 4L 5 FH
PR 2R R, H-H OB 2%, FTHL 45
PRI 22557, iR Anti EGFR scFv::FTHL/FTH1
YKL BEAT RS ] 22 P S B SCE AR AT B A=

LB, FEAS P ERR I SCHE(E T anti EGFR scFv.
A B C

30 ug HDM+F

Negative

F
g 020
8 0.15

0.10

0.05 T

0.00

ns
*3% %

PAS staining ai

B 4 TRIMKKFI HDM 1REL/) R Afi4H L FR AR 40
B8 A AR 53 i BY 2 M

Fig. 4 Effects of different nanoparticles on the goblet
cell hyperplasia and mucous metaplasia. (A) Positive
control group. (B) Anti EGFR scFv:FTH1/FTH1
nanoparticles intervention group. (C) Dexamethasone
intervention control group. (D) FTH1 intervention group.
(E) Negative control group. (F) Positive area rate in PAS
of each group. Data represent X s, n=6; ***P<0.001.
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Fig. 5 Effects of different nanoparticles on the
subepithelial fibrosis. (A) Positive control group. (B)
Anti EGFR scFv::FTH1/FTH1 nanoparticles intervention
group. (C) Dexamethasone intervention control group. (D)
FTH1 intervention group. (E) Negative control group. (F)
Positive area rate in Masson of each group. Data
represent X £S, n=6; ***P<0.001.
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i /N BV TE ) PR D 27 4 AR i 5 oL, mT & 31
b ZEKFAFN anti EGFR scFv::FTH1/FTH1 4 5 FH
PR 2 RHE, HFZRICME 2%, FTHL
HE5HMEA T 2%, B anti EGFR
SCFVI:FTHL/FTHL & 4K ALFXF HDM s
1% M/ BRI T it £ 4 T AR 2T 4R AL ARG AR 4T i 4
WIVER, HIAYT NG ) CEE 7 T anti EGFR scFv.

3 Wik

AWFFAERRE AR SERE E, RSN TRE
5 4T EGFR SUBE BB /E FTHL N %, anti
EGFR scFvi:FTH1 fE KAt it & Rk )q,
FE AT TE S AEAE DR R A e A A
RS 7 LU S LA 3% . R anti EGFR
scFViFTHL WA T B 5B E G —EN
MHEAER, FEAITHRERME, B AN R
RAE AR 5 1Y anti EGFR scFv::FTH1
WA FTHL Dh—&E tLBR A G T 20, ol
P& ET anti EGFR scFv::FTH1/ FTH1 4K i
Fo ATH-LRENKREFOEE, RA
DEAE-Sepharose Fast Flow 55 [ 85 1383 2 M Y
T RSN KA T A T4l AL I8 12 SDS-PAGE /K
FEAE 43 AT 5 1 5o B R I 3 11 EE B 067 T 1 2 R R4y
B, R S RO R T SR T A R Ty
o Wit TEM X H B 9KR T B S5 F 31 73R AE
2E WL anti EGFR scFv::FTH1 B B Afig [ 413t
AR B S8R 454, T anti EGFR scFv::FTH1 Fl
FTHL PiRNE AR G5 BEIE A F 43 8 — %
AREER , FE—7E HDM B2/ N BB R b 7% 13
7% anti EGFR scFv::FTHL/FTHL 44Kk Ak
R GEFR AR JCREIR . PAS YL (a5 W B R iZ a8 K%
7 R S 2 T 1 02 ) BT 2E 2 rp AR 40 i 1 A
FORE A5, Masson = €8 e 6, & Bt 6 2 i /1N Bl
iy 2L 28 e DR TR AT S Akt A R SR . X st
WF 58 Ry A BT (AAE 1 R 3] 3RS T O e R OR
WS, SRR R VAT R T —FlBT A RE,
TE TR T LA = 24 77 TH R A o
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