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The effect of pH and ligand density on the endocytosis and exocytosis
process of FcBP decorated PEG-PCL micelles on Caco-2 cells
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Abstract: The difference in pH between apical and basolateral side of intestinal epithelial and pH dependence
character of the combination of FcRn (neonatal Fc receptor) and ligand might improve the delivery of hydrophobic
drugs by facilitating the transcytosis of nanocarriers. Here we designed FcBP (IgG Fc domain-binding peptides)
decorated coumarin 6 (C6) loaded poly(ethyl ethylene phosphate)-co-poly( e-caprolactone) (PEG-PCL) micelles
with different ligand densities to study the effect of pH and ligand density on the endocytosis and exocytosis
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process of micelles on human colon adenanocaricinoma cell lines (Caco-2). Active micelles with different ligand
densities and passive micelles were prepared using the thin-film hydration method. The size of the micelles was
characterized by dynamic light scattering analysis and the morphology was observed by transmission electron
microscope. The endocytosis and exocytosis of the micelles at pH 7.4 and pH 6.0, as well as the effect of FCRn
on the endocytosis, were investigated by flow cytometry. The results showed that the size of micelles was about
30 nm, which was not affected by FCBP decoration. We found that pH and ligand density could both influence
the endocytosis.  The uptake of active micelles was higher at pH 6.0 than at pH 7.4, and an optimal ligand density
of endocytosis was appeared in both pH environment. Then we proved that FCBP decorated micelles could be
endocytosed at pH 6.0 and exocytosed at pH 7.4, and the exocytosis process was also related to ligand density.
Micelles with 10% ligand density had the largest exocytosis, showing the potentiality to deliver drugs through
the intestinal epithelial. In addition, the competitive inhibition experiments illustrated that the interaction
between FcRn and FcBP were essential to endocytosis. The results will enhance the understanding on the FcBP
decorated PEG-PCL micelles for transmemberane drug delivery.
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5 FeRn W45 & H¥0N 31 nmol-L™, 5 1gG K Fc
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Sigma-aldrich A #]); FcBP (J#%1) RF-Pen-TGHFG-
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B2 F); N-FR LDk (35 [H Fluka 2 ®); Tk 206 (3
Thermo Fisher Scientific A #]); &M (MWCO
3500, CigHEEGAY TRAIRAR); B4 MG (feta
bovine serum, FBS, % E Gibco A #); Minimum
essential medium (MEM, pH 7.4) JC I35 5% 5% W« 401 e
R 12 fLanf i 7=tk (32 Corning A H]). B2
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0.1 mol-L ' A B4 . 0.25% fif & 1 #/0.02% EDTA
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).

FEME  Nano ZS BOLR B 2 (FE
Malvern Instruments 2 #); JaN4ifi{ (32E BD &
F); F-7000 % 40t 6T (H 4 Hitachi A F]); JEM-
200CX B3 Gt M7 st (H AR FrRath).
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2 mL, RIZUBEE 5 min, {8558 4Kk, FEE R4
BV TSRS . 12000 r-mint B0 5min, BBE R
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29%-M. 2.5%-M. 5%-M. 10%-M 1 15%-M .
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WA, T 37 CEREIK T IRHE, 7£ 05, 1. 2f14h
BRI HPLC IR BN TR & SR & &, iF
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pH ST E$EL 2 EAS IR ES SRIBEN RIS
Caco-2 Aliffd 4 Fl T~ 12 FLAR, Fraf il & BEik 80%
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100 ng-mL ™), 37 CHEH 1 h. SR 5 FUKkA PBS BT
IEFEN, S M A S 0 e 25 2 PR AR 4B R R
FH 8 X2 e (SRS I 4 i PN P8 C6 IR R .
B3R A AN IR . 76 pH 6.0 41, THSE HCl ¥
Fh R e SR TE MLY% MEM 175 pH % 6.0, C6 & i &
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BRERBIINEE Wt AMHEH AT IR .
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FeAr, WORBEFEWE, A PBS ¥t 3 k. AL

Tablel Theamount of PEG-PCL and FcBP-PEG-PCL in micelles with different FcBP content. FcBP: 1gG Fc domain-binding peptide

Micelle 0%-M 0.5%-M 1%-M 1.5%-M 2%-M 2.5%-M 5%-M 10%-M 15%-M
PEG-PCL/mg 4 3.97 3.94 3.89 3.86 371 343 3.14
FcBP-PEG-PCL/uL 0 30 60 110 140 290 570 860
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(PH 7.4, C6 L R Tk FE 5 100 ng-mL™Y), F-37 °C
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0.25, ki3 Aitsl, B FeBP HIMBHA S kA% 70 A,
TR RIS s A R R 4o & #E 0%-M Al
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o OH
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S5
Scheme1l Synthetic route for FcBP-PEG-PCL.  One-letter code
is used for the amino acids except for Pen (L-penicillamine),
NmeL eu (L-N-methylleucine), Sar (sarcosing). Pen and Cys are
connected by a disulfide bridge
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Figure 1 Particle size distribution of micelles measured by
dynamic light scattering (DLS)

Figure 2 Transmission electron microscopy (TEM) image of
0%-M (A) and 10%-M (B) stained with 1% uranyl acetate and
examined by el ectron microscopy
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Figure 3 Cumulative leakage of 0%-M and 15%-M in pH 7.4
andpH 6.0. n=3, X<s
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Figure 4 Flow cytometry result of micelles uptaken by Caco-2
cellsat pH 7.4 (A) and pH 6.0 (B). n=3, x+s P<005 "P<
0.01, ""P<0.001 vs 0%-M group

JEHRAE pH 6.0 FR5E H I F 25 R K] 4B B o
5 pH 7.4 %M TFERME, &FIHNBNESS
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Figure 5 Relative intensity of remain (A) and excretion (B) in
excretion experiment. n=3, X+s.  P<0.001 vs0%-M group
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HZ B AL pH 6.0 T 1R 2 I HE K % % 10%,
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A 25, T LA [ Sk B RE A 40 1 1R R 2 1) i) AR HE
WA —E M2 5 Hdh 10%-M ISR R RO, &%
AR T s %
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IR SE B EL A F W] Caco-2 4 iR 32 3h I A 5
BUZ pH KA, 754 FcRn A5 IR HF 54,
IR IO FE R FoRn KV . 33— 25 R 3%
PRI SLIGI0AE FCBP 5324k 1 1E Fl 2 75 /2 FcBP
B (e SR AR IR AR T BRI . 45 R 6 fios, &
FcBP Tl & 1) 10%-M 5 B RCR A & HFEIK T
23.4%. BAF T FcBP & 1Hi i) 3 S #E 1 IR R 7E Caco-2
YA B4 T 32 B SRR FeRn B4R H A R
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Figure 6  Competition experiment conducted using flow

cytometry. Prior to uptake experiment, the competitive group

(green line) was incubated with FcBPfor 0.5 h.  Then cells were

incubated with 0%-M (red line) or 10%-M (green line and blue

line) for 1 h

g

KA TR T FeBPAE M 1) PEG-PCL IR, idid
VIR E C6, LA M AR T T pH FNEE Sk 2% FE )
B R BB S A R . 45 SRR B FeBP &1 )
PEG-PCL i H 4 U 5 pH FIEE Sk % #fH 5% 4%
H o B80S 5 )08 RS I N JS el b, e P Sk
5 pH A 5%, [FIH AT DA R H#E pH 6.0 #E 1T 4
HIRETE pH 7.4 BRI hHE, RIS 5 I s 31k 1)
T 7o 554 PR HIARE 7203 B FeBP &1 ) PEG-PCL
FSE R (1 B 55 e S AN 52 A P 485 A O o AR T 9 R B
FcBP 21fiff] PEG-PCL JIR W BEAT I %12 2547 T
T MR, RS A BB E 75 2 — it 9T
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