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room temperature for 20 min. After 3 washes with D-PBS, cells
were observed under FV1000D.

In 100 pL of D-PBS, 1 M NHS-conjugated lipid derivatives
were mixed with 2 gM CF488A amine (fluorescent dye;
Biotium, Inc,, Hayward, CA) and incubated at room temper-
ature for 1 h. The mixture was added to HyLDH-YK-1 cell
pellet (about 1.0 X 10° cells) and incubated at 37 °C for
10 min. After 3 washes with D-PBS, cells were mixed with 4%
paraformaldehyde in D-PBS at room temperature for 20 min,
After 2 washes with D-PBS, cells were analyzed by the FACS
Canto II machine (Becton, Dickinson and Company, Franklin
Lakes, NJ).

Cell Surface-Fluorescence Immunosorbent Assay.
HyLDH-YK-1 cells (about 3.0 X 10° cells) grown in 100 puL
of serum-free RPMI1640 were incubated at 37 °C for 10 min
with oleyl-PEG4000-labeled antimouse IgG Fc antibodies
(capture molecule; final concentration, 100 nM). After washes
with serum-free RPMI1640, cells were incubated at 37 °C for
30 min with 500 pL of fluorescein isothiocyanate (FITC)-
labeled goat-derived antimouse IgG F(ab’), F(ab’), antibody
(detection molecule; 1 mg/mL; 1:250; Rockland Immuno-
chemicals, Inc., Gilbertsville, PA). Following 3 washes with
phenol red- and serum-free RPMI1640, the cells were subjected
to FACS Aria II machine (Becton, Dickinson and Company)
for isolating single cells and obtaining fluorescent intensity of
each cell. Isolated single cells were propagated to about 1.0 X
10° cells in 50% (v/v) conditioned medium (about 2 weeks).

ELISA for Secreted Antibodies. HyLDH-YK-1 cells
(about 1.0 X 10° cells) were cultured for 24 h in a 6 cm dish
containing 3 mL of RPMI-1640 supplemented with 10% FBS,
100 pM nonessential amino acids, and 50 pM 2-mercaptoe-
thanol. Media were collected and diluted (1:500) with 20% (v/¥)
D-PBS, and the amounts of secreted antibodies were determined
by ELISA as follows. Each well of MaxiSorp flat-bottom 96-well
plates (Nunc, Thermo) was loaded with 30 yL of antimouse IgG
Fc antibodies (2.4 mg/mL; 1:200), and plates were incubated at
4 °C overnight. After § washes with PBS containing 0.5% (v/v)
Tween 20 (PBST), samples (100 yL of diluted media) were
loaded into each well and incubated at room temperature for 1 h,
followed by 5 washes with PBST. Each well was subsequently
incubated with 200 pL of horseradish peroxidase (HRP)-
conjugated sheep-derived polyclonal antimouse IgG antibodies
(1.0 mg/mL; 1:1000; GE Healthcare, Piscataway, NJ) at 4 °C
for 1 h in the dark and washed 5 times with PBST. HRP
activities were then detected by incubating with 100 gL of
3,3,5,5 -tetramethylbenzidine substrate solution (Thermo) at
room temperature for 3 min, and the color development was
terminated by adding 100 yL of 2 M H,SO,. Absorbance of
each well at 450 nm was determined by Varioskan.

B RESULTS

Preparation of Lipid-Labeled Antibodies. It has been
demonstrated that antibodies labeled with an oleyl chain could
be spontaneously anchored to the plasma membrane of mam-
malian cells.'® We herein examined the ability of various lipid
derivatives (DSPE, DSPE-PEG2000, DSPE-PEG3400, oleyl-
PEG2000, oleyl-PEG4000, and DOPE-PEG2000) to display
antibodies on hybridoma cell surface. First, we incubated 1 mol
of antibodies (antimouse IgG goat polyclonal antibody) with
1.5—1500 mol of NHS-conjugated DSPE-PEG2000 at room tem-
perature for 10 min to obtain lipid-labeled antibody (Figure 1ab).
‘When HyLDH-YK-1 cells were incubated with these lipid-labeled
antibodies at 37 °C for 10 min (see Cell Surface Display Assay
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Figure 1. Lipid-labeled antibodies as capture molecules. (a) Pre-
paration of lipid-labeled antibodies. (b) Western blot analysis using
HRP-labeled antigoat IgG antibody of lipid-labeled antibodies pre-
pared with various amounts of NHS-conjugated DSPE-PEG2000. (c)
Cell surface display assay of lipid-labeled antibodies prepared with 10
and 40 mol of NHS-conjugated DSPE-PEG2000. Bar, 100 pm. (d)
Coomassie Brilliant Blue (CBB) staining of lipid-labeled antibodies.
(e) The WST-8 assay of lipid-labeled antibodies. HC and LC, IgG
heavy and light chain, respectively. ‘

in Experimental Section), not all cells were found to be labeled
with the lipid-labeled antibody prepared with 1.5 mol of NHS-
conjugated DSPE-PEG2000. Meanwhile, labeling with more
than 150 mol of NHS-conjugated DSPE-PEG2000 was con-
sidered to impair the function of antibody. Thus, we compared
10 mol with 40 mol of NHS-conjugated DSPE-PEG2000 similarly
(Figure 1c). Finally, the lipid-labeled antibody prepared with
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40 mol of NHS-conjugated DSPE-PEG2000 was enough for
labeling cells thoroughly, which agreed well with the results by
Kato et al.'” The QCM analysis demonstrated that about 38.1
and 38.9 ng of mouse IgG on the solid phase interacted with
about 51.9 ng of antimouse IgG antibodies and 65.3 ng of oleyl-
PEG4000-labeled antimouse IgG antibodies, respectively,
indicating that 1 mol of antimouse IgG antibodies was labeled
with 6.95 mol of oleyl-PEG4000 (n = 3). Under the same con-
ditions, antibodies were allowed to react with various NHS-
conjugated lipid derivatives, subjected to SDS-PAGE, and
stained with CBB R-250 (Figure 1d). The presence of higher
molecular weight bands of antibody heavy and light chains
confirmed that nearly all antibodies were successfully labeled
with each lipid derivative.

Cytotoxicity of Lipid-Labeled Antibodies. HyLDH-YK-1
cells secreting antirabbit lactate dehydrogenase IgG1 were cultured
in the presence of various lipid-labeled antibodies (1.5, 15, or
150 nM). After 24 h, the cell viability was determined by the
WST-8 assay (Figure le). Our results show that none of the
lipid-labeled antibodies were toxic to hybridomas at any of the
concentrations examined.

Cell Adhesion Activity of Lipid Derivatives. BSA-coated
glass bottom chambers treated with individual lipid derivatives
(100 uM) at room temperature for 20 min were allowed to
contact with HyLDH-YK-1 cells (about 2.5 X 10° cells/cm?) at
37 °C for § min. After washes with D-PBS, the remaining cells
were examined by microscopy (Figure 2a). The average num-
ber of adhered cells was calculated from the cell numbers in
4 independent visual fields (Figure 2b). All lipid derivatives
showed cell adhesion activity that was at least 2-fold higher than
that of BSA; oleyl-PEG2000 and oleyl-PEG4000, especially, showed
about 150- and 250-fold increases, respectively. According to a
previous report,'’ the higher activity of oleyl chains might be
attributed to the affinity of unsaturated lipid chains to the lipid
rafts of cell membrane, and the addition of amphiphilic PEG
chains to oleyl chains is also expected to increase both water
solubility and membrane retention time of lipid-labeled anti-
bodies. However, DOPE-PEG2000 possessing 2 oleyl chains
did not show strong cell adhesion activity or long retention
time in our system, which may be due to a longer period of
time required for the double oleyl chains to label cells than a
single oleyl chain. On the basis of these data, oleyl-PEG4000
was selected for rapid and efficient antibody display on the
hybridoma surface in our subsequent experiments. It is note-
worthy that since the lipid composition of cell membranes
varies depending on cell types, other lipid derivatives could be
useful for displaying antibodies on other cells.

Cell Surface Antibody Display with Oleyl-PEG4000.
NHS-conjugated oleyl-PEG4000 was labeled with the CF488A
fluorescent dye and added to HyLDH-YK-1 cell suspension.
The cells were washed, fixed, and then subjected to the FACS
analysis (Figure 3a). Oleyl-PEG4000 was found to efficiently
and uniformly label the cells at a level comparable to PKH26, a
membrane dye used as a positive control (Sigma-Aldrich)."" In
contrast, other lipid derivatives showed lower cell surface-labeling
efficiency than oleyl-PEG4000 and PKH26 (Figure 2). After capture
antibodies (goat-derived polyclonal antimouse IgG antibodies) were
conjugated with oleyl-PEG4000-NHS, the oleyl-PEG4000-capture
antibodies were incubated with HyLDH-YK-1 cell suspension
at 37 °C for 10 min. The cells were allowed to react with Alexa
488-labeled donkey-derived antigoat IgG at room temperature
for 20 min, washed, fixed, and then examined by confocal laser
scanning microscopy (Figure 3b). All cells were found to
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Figure 2. Cell adhesion activity of lipid derivatives. (a) Microscopic
observation. Bar, 200 ym. (b) The number of cells adhered to lipid
derivative-coated plates. Data represent mean + SD (n = 4).

exhibit fluorescent dots on their plasma membrane, strongly
suggesting that capture antibodies were successfully displayed
on the hybridoma cell membrane (presumably via lipid rafts).

Cell Surface-Fluorescence Immunosorbent Assay.
CHO cells (approximately 2 X 10° cells), which secrete no
antibodies, were incubated with the oleyl-PEG4000-capture
antibodies {antimouse IgG Fc antibodies) at 37 °C for 10 min
and then washed with serum-free medium. The cells were
subsequently incubated with FITC-labeled detection antibodies
(antimouse IgG F(ab’), F(ab’),) and various amounts of
mouse IgG (9.8 X 107 fg/cell to 6.4 pg/cell) at 37 °C for
30 min to allow the formation of tripartite complexes on the
cell surface (Figure 4a). After washes with D-PBS, the cells
were subjected to the FACS analysis to obtain the geometric
mean of fluorescence intensity (Figure 4b). The fluorescence
derived from each sample was found to correlate well with the
amount of mouse IgG (correlation coefficient, R = 0.998). This
method, hereafter designated as a cell surface-fluorescence
immunosorbent assay (CS-FIA), exhibited extraordinarily high
sensitivity within a wide dynamic range from 6.25 fg/cell to
6.40 pg/cell. Moreover, the limit of detection (LOD; 0 + 3 SD)
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Figure 3. Cell surface antibody display with oleyl-PEG4000. (a) The
FACS analysis of hybridomas labeled with oleyl-PEG4000-CF488A.
PKH26, PKH26-labeled cells (positive control); CF488, cells mived
with CF4884; Control, cells only (negative control). (b) The fluo-
rescent images of hybridomas labeled with oleyl-PEG4000-labeled
antibodies. The displayed antibodies were visualized with Alexa488-
conjugated secondary antibodies. FL, fluorescent images; DIC,
differential interference contrast images; bars, 200 gm (X1) and
20 pm (X10).

and limit of quantitation (LOQ; 0 & 10 SD) were calculated as
11.7 and 192 fg/cell, respectively, further corroborating that
CS-FIA is a reliable system for determining the amount of IgG
in the vicinity of cells.

Screening of Hybridomas that Secrete Antibodies
Most Efficiently. We next applied the CS-FIA system to deter-
mine the amount of nascent antibodies secreted from hy-
bridomas in the vicinity of cells. HyLDH-YK-1 cells secreting
antirabbit lactate dehydrogenase IgG1l were incubated with the
oleyl-PEG4000-capture antibodies (antimouse IgG Fc antibod-
ies) at 37 °C for 10 min, washed, and then mixed with FITC-
labeled detection antibodies (antimouse IgG F(ab’), F(ab’),).
The cells were allowed to secrete antibodies at 37 °C for 30 min,
enabling the formation of tripartite complexes on the cell surface
(Figure 4a). After 3 washes with phenol red- and serum-free
medium, the cells were subjected to single-cell isolation by
FACS. From about 4 X 10° cells (secretion rate, 2.9 + 0.6 pg/
cell/day; n = 24), a total of 28 single cells showing the highest
fluorescence intensity were isolated in a day. After propagat-
ing these individual cells to about 10° cells, which usually took
about 2 weeks from single-cell isolation, the media were
subjected to conventional sandwich ELISA (see Experimental
Section) to determine the amount of secreted antibodies. After
these processes, 20 hybridoma cells were found to secrete
higher amounts of antibodies (up to 7-fold) than parental
hybridomas (Figure Sa). Moreover, the colonies derived from
the 28 single cells were treated with a protein transport inhib-
itor, brefeldin A'? (GolgiPlug; Becton, Dickinson and Company),
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Figure 4. Cell surface-fluorescence immunosorbent assay (CS-FIA).
(a) The molecules involved in CS-FIA. (b) The calibration curve of
CS-FIA. Data represent mean = SD (n = 6).

at 37 °C for 5 h, permeabilized with 0.015% (v/v) Triton X-100,
and then subjected to the fluorescence immunocytochemical
analysis using FITC-labeled antimouse IgG F(ab’), F(ab’), for
visualizing the intracellular nascent IgGs. Only 9 hybridomas
were found to synthesize both intracellular and extracellular
antibodies more efficiently than parental hybridomas, whereas
11 hybridomas synthesized lower amounts of intracellular
antibodies but higher amounts of extracellular antibodies than
parental hybridomas (Figure 5b). These results suggest that
CS-FIA is more reliable and rapid than the immunocytochem-
ical method using GolgiPlug for screening hybridomas that
secrete antibodies most efficiently. In addition, unlike GolgiPlug,
CS-FIA facilitates the screening of promising single cells under
culture conditions without impairing the cell viability.

DISCUSSION

Using the combination of lipid-labeled antibodies (as capture
molecule) and fluorescence-labeled antibodies (as the detection
molecule), we established CS-FIA for rapid identification of
hybridomas that efficiently secrete antibodies at the single-cell
level. All lipid-labeled antibodies examined were nontoxic, con-
firming that our CS-FIA assay is essentially nondestructive to
the cells. Interestingly, among these lipid derivatives, oleyl-
PEG4000 was revealed to possess the highest activities of cell
adhesion and membrane anchoring. Therefore, we conjugated
antimouse IgG Fc antibodies with oleyl-PEG4000, both of
which were displayed uniformly on the hybridoma surface and
allowed to capture secreted nascent antibodies. Next, fluorescence-
labeled antimouse IgG F(ab’), F(ab’), antibodies were added
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Figure $. Screening of hybridomas that secrete antibodies most
efficiently by CS-FIA. (a) Comparison of CS-FIA with conventional
ELISA using 28 hybridomas isolated by CS-FIA. (b) Comparison of
conventional ELISA with the FACS analysis (using GolgiPlug
staining) using 28 hybridomas isolated by CS-FIA. Dashed lines
indicate the secretion level of parental hybridomas. Black triangles,
hybridomas synthesizing both extracellular and intracellular antibodies
more than parental hybridomas; black diamonds, hybridomas
synthesizing extracellular but not intracellular antibodies more than
parental hybridomas; and gray diamonds, hybridomas synthesizing
both extracellular and intracellular antibodies less than parental
hybridomas.

to detect the immunocomplexes on the hybridoma surface.
To reduce the background derived from the cross-reactivity
between capture molecules (recognizing the Fc region) and
detection molecules, we used the F(ab’), region, recognizing
F(ab’), as a part of the detection molecules. To maximize the
sensitivity, capture and detection molecules were designed to
recognize distinct regions of secreted antibodies (the Fc region
and F(ab’), region, respectively). Because of these improve-
ments described above, CS-FIA could rapidly determine the
IgG concentrations in the vicinity of hybridomas with high
sensitivity and high specificity. The detection range for mouse
IgG was between 6.25 fg/cell and 6.40 pg/cell, which cor-
respond to 300 fg/cell/day and 300 pg/cell/day, respectively.
Since established hybridomas secrete antibodies generally about
40 pg/cell/day"® and maximally about 80 pg/cell/day,"* our
CS-FIA system could capture nearly all antibodies secreted
from most preexisting hybridomas within 30 min. Moreover, it
has been reported that the diffusion coefficient of monomeric
IgG is about 4 X 1077 cm®/s, implying that 1 IgG molecule can
undergo Brownian motion at 240 nm/min."* Since the distance
between capture molecules and the cell membrane (approximately

38 nm; equal to the length of PEG4000) is so close, secreted
nascent antibodies would be promptly captured onto the
hybridoma surface.

Unlike conventional methods (see introduction), CS-FIA
allows the identification of single cells secreting higher amounts
of antibodies by FACS in a real-time manner (within a day),
which cannot be accomplished by limiting dilution and con-
ventional ELISA methods (usually 1—2 months). Namely, long-
term cultures of a large number of cells become unnecessary for
evaluating the secretion rate of each cell. Moreover, since CS-
FIA is performed using nontoxic lipid derivatives and con-
ventional culture medium, the cells suffer less from chemical
and physical stresses than those in the gel microdrop
technology and matrix-based secretion assay. Most importantly,
CS-FIA could be applied to cells secreting various biomolecules
(e.g, cytokines, antigens, and metabolites) by replacing the
antibody moieties of capture and detection molecules with the
probe molecules possessing higher affinity to materials of
interest. Comparing with ELISPOT assay, which utilizes solid
phase-immobilized primary antibody and enzyme-labeled
secondary antibody to detect biomolecules secreted from single
cells, CS-FIA could directly tag each cell with the productivity
of biomolecules as fluorescent intensity in a nondestructive
manner, facilitating the single-cell-based establishment of cells
that secrete biomolecules most efficiently. Moreover, high
sensitivity of CS-FIA (LOD, 11.7 fg/cell) could shorten the
incubation time, allowing cells to secrete biomolecules.

In this current study, we isolated 28 mouse hybridomas,
showing higher fluorescence intensity from about 4 X 10° cells
by CS-FIA within 1 day. After cell propagation by 2 weeks of
culture, 20 hybridomas were found to exhibit higher secre-
tion rates than parental hybridomas by conventional ELISA,
whereas the rates of the other 8 were unexpectedly decreased.
Although they were derived from same hybridoma clone
(parental hybridoma), they consequently showed cell-to-cell
phenotypic diversity. Similar spontaneous divergence in cell
functions were sometimes observed in the antibody-secreting
cells during long-term culture.'®'” These phenomena have
recently been considered to result from perturbations of the
gene expression by stochastic fluctuation,''® of which the
underlying mechanism is unsettled but presumably involves
large chromosomal changes (e.g., chromosomal instability, gene
copy number, and epigenetic change). Interestingly, the cells
used for the commercial production of biomolecules are
typically established from those showing higher productivity,
which appears abiogenetically during the screening process.
This fact strongly suggests that some parts of single cells could
maintain their favorable phenotypes after long-term culture,
regardless of any stochastic fluctuation. Therefore, it is
important to establish the most promising cells by single-cell-
based screening to minimize the effect of stochastic fluctua-
tion on apparent expression instability. In addition, the genetic
analyses of 20 hybridomas showing higher secretion rates
(Figure Sa) may forther shed light on the molecular basis of
expression instability. Nevertheless, the CS-FIA system de-
scribed herein would be a powerful tool for developing solu-
tions for stochastic fluctuation-related issues and thereby contribute
to the progress of biomolecule-producing systems via the single-
cell-based screening,

CONCLUSIONS

In this study, we report a CS-FIA for determining the secretion
rate of hybridomas at the single-cell level. Our assay utilizes
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lipid-labeled antibodies to display capture molecules on the
cell surface, as well as fluorescence-labeled antibodies (detec-
tion molecules). We show that this CS-FIA assay exhibits
extremely high sensitivity within a wide dynamic range. We
also succeeded in rapid isolation of hybridomas that secrete
antibodies most efficiently in a high-throughput and non-
destructive manner. This CS-FIA system would be applicable
for establishing various biomolecule-secreting cells by changing
the capture/detection molecules from antibodies to other bio-
recognition molecules.
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IF L7y a—n (PEG) 268 LCKIHE
Bl s, 7Y = vLeER S ¥ PEGILY
FHY—ABEHERTWS (R0 DOXIL %
PEGALY RV —A5TH5bB), Lo L, PEGALY H
Vo 53 HER 5 250 PEG IgM PidbAs g A
nTLEv, UROBYELESKICEN,LR
FICHEH BB ARC (accelerated blood clearance)
HEY pHEShTEY, PEGIORBEOH
BEIFIN TS,
TROEERELEE L2 R Y — AHRICH
£ PR, £ BRI CEN S
HT20THREL 22, #EDYEY—LRE,
& LTEROESNBRL P FEEEEET
2HMTHEENTEY, Z2hIBROFHFIITF+
BRI EWBEholz, 2%y, Y FHA =¥
Al X hfiRRcZENICRYATh, BERE
DBy FI—ABITF4 VY —AIZBfTL
T, VRV —ADBRE_BEEFAFT TV
MAEBELTy FY—2BLBELT, EHE
ARBERICHH L Twize LdsL, MER~OR
DAKPZENT, MREANOBIT L BERE
Tehiizn, ERHO®RSEICHTSHBEN~
DBITHEZED o 2 £2°C, B CIIELM
R BEEIICB AT 2T F F, BLU
FRENICERNICBAT 2 BREEE~TFF
FRELZVEV—-LBERIhTWEY, ¥7-,
BEFRERICIVBEDRLELIBEFERCE
Wik, RROBEEETAZUEY—AKE, flk
BB THRICERTERETEIRBOMNES
BETH 5,

&

Pk, BEEHODDSHT  &x V7 ThHb
DRV —-AZHLTHBETREZICOonTHRRT
B INOOMERE, YRV —LORELT
ZLDALTODDS B/ Fx Y 7ic@LTy
Bo —FT, bhibhPnIFReicmRcaT
WhRWEKRROBEEL - L2 LY, Enol
R~ ERETRLRROF / Fvy YT &L
T, U4 VADBEET S,

2. JANAEBHMLEFY U7,
NA FFJ BT EVER

TRTCDIA VAPEKT LT TRZVH,
ELDTAL VAR, BEREREZPVLLY (R
FARE), BEMRACEBYICEALT
FaRBARE), TOREERTEFMR cCHERE
ORGP EIE 5L, T2, —HOvA4 VA
BHEEE - EeR oL BRET 5N
(B L UHIIBERYE Po¥YAa) 2FLT
3%, ThonHEER, T4 NVAREVWELD
BREBWUERLHEERETACLICLD, &
N=DDSHTF/  Fx ) T7ELTORELZESL
TkZEzZbhb, BT, YA NVAEZEMNT
hEBEFLDDSHF /¥ UV THRECELW
BB, L LRSS, 74 VAPEEER
TELDIITIA VAT I LDHTHY, BB
DEFORZBLEIRNETHE. B, 779
AWA, Liaw4wA, TFIREYAL VAL
EDOI A NAE, VRV -G EDIET 4 VA
Fy ) 7T ERBRLUTEAREEVEEFEATSE
ERT LD, BEARETFERAAALTHER
BHELENTWAEDY, YA VAT AL EEE
BEFEILC L 2EEVLZERESERSATE
D, BEHISHESNTWE, DLwb, bhb
NI A VRS ORA T VAR, HEAEARE,
ML L UHRFREECESBELYEEAR
BEPLDD, 94 NVAF ) MCEET 5 EEN
EREEFHRLT, YEY—ADLI BRIV
AR YT ORENEET S DDSHTF /v
VT ORBRPEETHLLEER T,

FIThhbhid, v MEARTHIER DR

TrA 2 Eh
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Ly “i"ff'g

SR INHE

HBsAgz

1 HBsAgz, HBV, BNCOEE
HBsAg WIR=EEOMNE S v o8 (S, M, L) 8T S, HRV B&EE» FHEICER

LT a8,

BNCHLDAZERL TS, WH L HBEERZF §5H 50 nm D#EE

ETHBA, HBV AEICIEY 4 M ABBICLE R HBcAg, DNA XY X F—¥, HBV ¥/

LAHEFEL, BNC AEEHZETH 5,

5 B BEFFLT 4 VA (hepatitis B virus ;
HBV) IZ&H L/zs HBV L, CHRBAHES 3
B OBV EHPE (HBsAg) S, M, L&~

NRIE (BE1AE) 2 BEZEELCRRER
FeryRa—FEY A WATHY (F1H58),
B THL & vy ED N KEES (pre-SLH
) e PR ORENRRICHETD
2%, ZOL ¥ vy B AT N
BCBERBREEL L, 14 VADNBREEERY
WRILHEE2EH T A HEES0-100 nm ©F J RF
PELNZZOT, HBV LML Rt A+
ZeEtEsn: (1A —F, FRFHEH
BHECHYVIANAT I 22EET, 94 NVA
DESCEEMBANTHETAZ LB 2L, TT
CHEBHE TS BRIF£Y 75 v BHE

PRBLEERELTVWADT, RELEILR

720 ZIT, BREABEICL Y BERYERY V7
EFEHEZETFEANTRECHEAL, HBVOE
HTHSL e MBI s L, & mbf
EMRCBEELEY v BOREREDR
728, Cov bR RR &ﬁfx%éﬂé’%@,
v MR REE TR L~ Py
ABEHRNGER LEBAETOBRSh, &1
FHAHBV HROBWERE L BETEAREEZ D
DDDSHF/Fy YT THBEI LRI NI,
T, BTN T HBY L EHRICER
L - ARS8 T4 <, HBY kgl

20134 BE Vold2 Nod

FfEOBAERTe MEMRICEY A 2
LA LRI oY FXThhvbii,
FE 54 FF 7 e (BNC ; Bio-nanocapsules)
tmal, EHKDDSHF / F¥xUTELTO
FUH W RBEE B U 7o ‘

9, EFe MRS E ERE TICBELL
SCID = w7 A 2B W CHEERE BNC 2 BE IR
WS LA, BNCHABE LA TR
OREREL, HoMB~OEFIBEES L)
o722 &5, BNCIZiE RES KR & §ic
BRHBICERT 5 T80 A F VAP o T
W5 EPRIEE NIz, BEObhb OBz
EY, BNCOLZ Y7 BERRBBLIUM ¥ v
ZENERICHETS pre-S2EBICETNAE
ET7NT I YT ¥ — (polymerized albumin
receptor ; PAR) 1 (B 2) I, Bwvilk
MezRd 773y (E{ o7V 7IViE
EAE) AL T, ®ER BIZRES) KX
ARHMEBBL WA EEH LR o TS
EAL, B, CHESBODDSHT /¥
¥ 7HBICBWT, Abraxane 12 & Y ERIBH
ENTWBET VT I VBHIZMA T, PAR HE
RV PEGILORBEL LTHETHL L E
ALTw5,

351,

(AN &

INGED

BNC @@ s Z2 Ik 501,
A REOSER T, 3, LY
DY b R SR R BT TN

7
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s pre-52 pre-Si
! ;
| :
i N f ) E T
- g ?Aﬁjéﬁig ey 4%%&%;}95
{L protein) TR IR TN 7 "
E R .
EERERACY

ﬁf&f&:}/’éﬁﬁ{ﬁ

)

{ -

iz 3
DDS

2 BNC & ZZ-BNC OS5k
BNCOLS ¥ 2 BEI7-BNC D Z7-L ¥ ¥y BEEEEB VAL 5 HTH SERTEH
L, NEBSSEHTERLIERL CwS, BNC I, v FRIEWRENEM (pre-S1 8RN, &
FEHAFVAELESELTWEEEZ O35 PARR (pre-S2 8RR 2ALTEY, v MNFEE
RDDSHEF ) F v )7 ELTHEEET A, —F, ZZ-BNC iZ pre-S1 + pre-S2 SR A HL 555 &80 47
KEEShCEY, - EREREMNHL (328N HAL DDSEF / F v U T Th 5,

KRESYE, REOWAEFERCEZISK
Protein A I IgG Fe#HEHBZ FAL Y %2R
RERTZZZ-LE 52 BB IR S 22-
BNC (H2) #4817, ZZ-BNCIzk b, £
BOYAEDBERICEE LIS L UHRER
% BNC 2545 2 LT BICk o 7o F 72,
BATIREEREOBVEEICRRNICHAL Ty
ZHEH (B1-6GlcNAc) 2FB#dTaL2F Y 14~
PHA %, P¥Iy - ¥FF U EEEENLTZZ
-BNC £BICRA L, HERTHATEZESE
JEEEMEBNC ORI B Lz, BEok
J2, BNCR3 &3 2E40887T A
FEGH, V2TV, UHVE, XTFFRE) OB
R RRICZ Y, EEOMED L OREERED
MEFEBHIETERCEZo TS, L L2
5, BNC Lo BA L PRSI B {bE
e EEHAT 2 EREILER, HAHEIE LS
BNC Ato@éabBEL20T, BRELER
B HABROHENLETH >

3. NAFF I HhTEI-JFE) — L
HEEO DDS ADQIGH

Bivhilld, BNCEDFEY — Ak EHESES
FHEWIIBAeTE LR RWIELY, BHLm

&

WEfTolkblh, HBV DAY Y2 BiCik
o { oy A VA LRI, BEMRBICEA
TERCVERREERE AT EE (BR
W) PEELTY. TC12, hobigEs
S I N KRR B X U pre-S2 HI PR IZEEHE
PRTHEBIAEST A LR BELTCWSE, b
b iid pre-S1 i N KB S Hd Ty
ERAESIEET A D LR B WL RILH
b, &) (M2). F7, pre-SlEBOEF
BT eificl T2 L, SEBRBIT
pre~S2 IR ORI R AR - TW»wTd BNC &
JRY - ADBERHAR Sz Ld s, HBY
DB LA R E ofle (BABIC
B, =Y FY—-ARRAROL Y FV—AERE
X R E~DOBRE) 121 pre-S1 RO
HEE RSP LHERHEHS T B LML
Feo =05, BUES v BEFEIEOOTEN
L A RAREYREY — A& 28 TCDDS B
FIFYTELTSHTHHEAABINITID
fTonT&i, LT, BB TRELLLEE
YEALTANA (HV]) EUHEY =A% HV] O
BESRE2ETAF Z 32 BOER TEANER
bsdr “virgsome” 1, HoHLHITHRY —
APIZEE LI E T 2 IR IZ Y A

DR EAN
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K1 BEDDSBF/ v UTOUE

o BNC-U R y— i
DA vhog 4R BNC Bt :
gl O X O O
© O
=Lt « y v R R R A ,
2Z-BNC iifsic k pmmm | DG SRS
qRAEAR | 28w P~ P~ P
- O %
AT VAR PEG 15485 2% vivo COMEEFTE © ; O
S r AT RWE AR R — b
WREL mmracsn| (UETOR HABEP LAY

FELIEEHEILTYWEY, Lal, #Eo
virosome 2B L OISR E L RT Y4V
ABRFERLEFARHREER T RW:ED, Bbh
7z virosome bMEE B & CHBRBEBRIIRE 2 d
olze Fiz, EBENTOREE AFVARLE
) bEECHolz. SH, BNC2YHEY—A
CEEIH BT, WHTIFRY —AIKBNC
OB ELEES X OHESREYE, MpE Ak,
BILUAFNVARENESTHIEATE, R
7\ virosome R RIBITCE 2, EBIZ, FEVM
Vi rvae#E ALY Ry —4% BNC EBEAEL
SELBRIIY T ARBRIOESTSE, UKY
— LB LU TRERPORHIRENICL R
b, ZOMBRPECGHRVRY —ALAETHo
729, B oz, b MHBEHEICEOEEEET
BHELELX—Fe921BWT, BNCICHET
HEMEBIZL s TBNC-Y RBY —~a-FF Vi
Y UEARE, b VTR REEEEEYN
IZ, FERYNMEY VEERE LD ODLVERE
TEEY A A2 EE, FEYLYEY vlke
BIER QBRI DRI L7Y, Lidso T, U=
V—2u% BNC LEABRLEEL L, RER
PHETERFNVABERET LR,
PR e R R A 2 b aE B & OB B AR
EHETELI LN ERo T,

BIETld, BNC OBEREHEEI BELET T
REERBIEZRWELTEY, BERERT

2013 4 BE Vold2 Nod

BNC & YRV —L L 2BELEGTCRETS L,
FETH—% BNC-U #Y — s e ErBol L
FHEEIC R o Twd, 7, BEEETCHREL
7z BNC-Y vV — AEEEIE, ko hisic
8L 7z BNC-1 ¥V — 2B A&k oBHE~#T
BOEBETEAZEERLL (KILHL, W
H)o WIT, BEMESHTTRELZBNC-URY
— LWEEEICIE, VRV A LEROFETCEE
HH L EETFIHATET, oy Ry —al
FEHCHBETFEHALTSHS BNC LEIEEES
BHELEBELT, L0l wEAZEBLT
BIETEAREEZRLE (4 - 885, £EBRF
—%)o COBSEHRETBICE, FELEN S
VETHBY, BZH{ BNCE2BRTHRES
HFEE R Y -2 BOBAFEBELECRER
h, BE-HELvSALTEL, Bl FY
— ANOBHEGET Oy FY—AE L ORE
BT BNC 298 X { kB L, BNC-U ®VY
— LNEERONAFHRENC R iz D
EEZTWh,

RERE YRV L, BIETHRETRLEESR
TWwal brv4 VA, BNC, #LTBNC-UF
V— A EEhOERE BT 5 & (1), BNC-
YRy — LA, BNCICHEET 5L R
B (YR BNC 2 H T hide bR
b EFEMETRE), MRRBARE ATV AME
&, URY—LICHETIMEH AT EREL

g
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72, B TR TEEY virosome TH B &
ZEZTW5h,

4. HFHJiC

PLE, BNCHYRY—LEBEAERILTAZE
&Y, DA NVARBEOEEFLELERETAEY
— LI ETELZ LR L, AR TIIRE
WizdEr A WA DDSHF /v U T TH5EY
RV — A2 TORFER LA, TOMOIEY
ANVAEDDSHF/%x U7 (B 573k,
A=) bURY—LALRRBLMHESREEZT
BY, BNC Lo &R THETE 20 BHES
hbh, Balt, bhbhBR)—O—ETHSEF
NxgF L r4 3wk BNCOBEESHELICESL,
HEEW LA e MFRSREZ MRRB AR
HETAZLICHEIILTEBDY, BNC LoBE
LB AEERFAHCEL w8 8T R
A WA DDSHF /4 ) 7T OERLLHE
HETAZEPNTELDPS LW,

B kBRI, BUMEE - AP RIS EREWEIS
TR Y — o 4 I g R R TR
B (Hlr v — ABRE - — B, DFREHRES
PEpI R e (0% A, 21240052), E4%
HHEMARTNE BHEFAASER LSS
) OB LIERETHY, ZIHEETELE
o

10
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BE LS ue

INAAF /DTN ERVE
H£EAE RS b DDS BifTORFE™

1. ELsic

20 AR AD R F ORI LY, AL
WA bAA Y EBEIEET, SIRNA SoEh
ﬁ%%??%ﬁﬁﬁﬁ%ﬁf%ﬁ,w@L%ﬂ%
D%, BREFEHSNAHICEHER 2R
%3&@m§§&%n4ﬁ?ﬁfﬂavw»~f%
PR RE) Moz e & EIHbicE A
FTICEB LT E R v A R
ATWADNMHKTCHSE, £IT, INLOME
LT ST Ty bdR—ARE LT, @ 100
nm BEOERMBERE (T /200 T) EHVL
Fowy #0810 ~% A% A (DDS; Drug
Delivery System) #%EH 41T 5, DDS &1,
TLEBOEMZ, LELKME, LERERC
ok 2T AHEMTH Y, BHICHET ZH
R 2 LoD, BHERARICEHSE LT
Tk LT S (OWESF 2 ESNTW A, FIZ,

# Development of In Vive Pinpoint Drog Delivery Svsiom
using ‘Bio-nanocapsules’
¥ Hidenort MATSUO. Nobuo YOSIHIMOTO and Shun'ichi
HURODA ZlBAE KPR EhRstiras ok
WEE R ERE aﬂ?&‘%ﬂ%?ﬁ%ﬂ%
Laboratory of Indusirial Blosciences. Depariment of
Biloengincering Sciences, Graduate School of
Bioagricultural Sclences. Nagova University
(F464-3601 M4 R THEFEIT
Key words : Big-nanocapsules, Hepatitis B virus, Drug
detivery system, Gene delivery system,
Liposomes
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SO EMTEELCE LTI T/ OY—0
ﬁ@ﬁ}&???%ﬁﬁi@'%fz#” VE®H
P RE S B L Y, SRLAT @&@%@m
i o e “i"}é?sfw?j‘i*%*f Far] TR LT
ShTBh, Br0EHLES %wé%“ iy
BB DDS RERT LT/ AT VUL
LTSI TWwA, ZhEenF 27331 T,
FETANIEF 2 E ) TE IV 4 M ABS
FoUTIRNT LI EHT MT@%%%%
RIEATNA T v FF /25 U7 bHET
T AN AT I FY T, THEY -~ &{iﬁ
CEBEBELE LRSI BT, 30 (W
BER Y = =0l s, BUREO D7 235K
HABE AR DBV AR, Bw—, &
T IR EPBET O, FORTANA~ENE
B 5 TR o LHIECER
AT 4x/?&%y~§@%wx%%1#%
U7, AW AAREOWE (51 - 1AL e
ISR A5 5 Ml GEE. 4 "fz:%z%j\ﬁ‘éa
AR TVARES) 2R LTEY, BE
EF %ﬁ%&:k%v%mx@%&@%%%
3 %%}%ﬁﬁ:%fﬁv‘ 43 vEL L. TRBIIHL
TNAT Ny P 2% )7 il 555y
AWAMF 2 F e YT EIANINF 75407
DHGORFZ T 6D L%i} W DA
EHBMAL T /R ) TE LTRSS &
BT, /% U T7EHV5 DDS 1T LT
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BABELLI, EEOPBERELENAAT I F
FIERUTTHBINAF T I TN ]iD
WTRIAT B, N4 AF 2 TR, B BIER
74 WA (HBV: Hepatitis B Virus) DR FEE%
Bl L e Zed /B FTH A5 HBY REHER
Gy BOBETORERTBHEREIZE
NIRBEEAINE MO HBY HRGTIi%
SEHRE SR, HBY ko MR R
RUMBABARBZELLZSEORW T/
FxUYTELTHESNA, T4 BAW G
B (DNA, RNA) IZBELT, ¥ 287 B2
GAAE T bR x e R F BT B T
FENTEY, EELHECHISTREL RS
Bwr/F v U7 Thhe 77 BNC IKidk bIF
WA DA & F, Bl A5 k URIgE
FE e R ERHSRR S, 2HHO
e BB eHBE BN T2 LA THRTS

%o & BNC HifiaEL s g, MR
b oMi R R EREEZE T 5 DDS HF/
FyUTELBOT A0S EOEL
{WBTZEATE, AEHORRPER DA
WEEL OB WE S BFOEH Y —X
DR L2 ERT 5245 CE %,

2. F /%4 )T ERNEERREHRE
EHA (In vivo DDS)

21 F/Ex4 T ERGEBENERRE
Ei 21

2 %517 &M DDS Tk, #5194

T hF Ry THRRHBE SRR

LTk E—kENL & BN AT ST

/% ) T BRI AR T A

E OSSR PEETHE (E 1. Bh LY

‘\V %;%
Systemic
aoministration

2nd Targeting

sell

Mon-dargais

Morsviral
nansoamier

yiral
nanocarrier

B r/Fx T EHOLEERY 2 HA 2 DDS OBE

20

Vol. 50 No.6 (2012)
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Hivsb At Tvvd DDS Biftr & LT EPR (Enhanced
Permeability and Retention) £p012 460 (2l
#4594k DDS Hl7 (Passive Targeting DDS) 7°%
5. FPR BRE, MoZE L WiEiigicbyw il
SANLFEMEHFERNFLELY, W
FARIBEZE 100 nm PLEREF 2 Tna I 26,
HE 100 mm HIROT /22 ) 7THEZOMBREE
RGBT AL HTE, BEMICHRNE
CF I TUERLT e T &
B, 20 EPR BRIBFEBLIZBVTLERS
NEZENDHY, EREBEHOBFNCY
GHTES, S50, F /7% v U7 O kMER
AR EREBRFIMELT, T/ 5 T EE
R gL 2 a— b (PEG; Polyethylene
glveol) THMiT A2 BN THB Y. +/ %%
Y70 PEG B, FOREICANEERR S
&, RN RHERICES T A T RT
B, B, SR OB B LUAEAEANRTE L 0#%
R PIT AT, F ) T ORI
ZEEEET EPR IR RET S ThHHE
DR PUEREH ALY ~L0 1L
oo LEE 100 nm FIEOR T %, SHAER
%R s 45 DDS ICHIILTwa, Bl
PEG B LUy —allhigRI s

&

> (Dox; doxorubicin) ## A L7 Doxil i3, EPR

FRIHSLF I AT 2T, Dox HikiE
BT TR AL B4 B X O G L)
DEE S 8 Twh, UL, EPR # o
I REMEEL DDS BTk, HARIEY L
DEA MR EZ R T 508 5H Y, 4 ED
#HEEFEBENTYWS Dox ZEIZEBWTIE,
—~RBOMRELSLETH B, 7, BEBRY
RAEBULUSN~OBHESTE L VLV K
ALHLTED, HAEDE Y DDS Hiff k2 s
ALV BT, SBRDENE TS F 2 UTE
b DDS BE. AENI B DB
O KEN LB L UHBIRIC BT AN
OB TYRENAL T BENICITA A I YT

L4, REBEYBEAL DDS Hl (Active Targeting
DDS) R BT AT /524 U TORBSERDE
TS fildzuEd 5 /v 7R

FEIEERIL DDS BT ot BgE AT o

<. BRI ME DDS BEAE L Tl AT
REL—HEETS)

22 FIANAEF /X )T ERVIEE
Bh Ay LSRN

BRI (L DDS HW O LR 1%
DDS 2T ALDIEMIRTHL. ZhE
T BRSNS LU LR kg
LTwhwiEr 4 VAKT /3207 (U Ry -
Lo 3kl Fw— €RF N FH IIHLT
BELRE R BT BT (B, Bulh, U v B3
FHMALT, EMSRNCEET LT I —%
DAy FhrofiER ST EMEEHCED
CHEBRRMREN S EEA LT VA, TOH
B IRSOTF /) T IR0
ML ERREPHHEEARBICE L7078 B
Bl UHRIcEE L BRI OB 2R AE
BT A7, RAEE L ndh bk
WO DMBEND L, P2 BIRAICES L
fod 2% TEELE, WPt EET et Ty
SV EHEN S BRI L S sk
SO LAFREANEE L, HE. W BB L LT
FE 4 A & £ M I B (RES; Reticuloendothelial
System; MIAMER) TR - PR Sh 5, Al
TR LA F o EY ) TEEO PEG 155
LD Tz T OWEZET A LT el
THHH, PEG B/ 1) 7T OB ELE
B340 PEG-IgM PUikZFE L, 20BES s
7z PEG #filiT 7 % % ) 7 O35 8 585 ABC
{Accelerated Blood Clearance) #1342k E 1L ¢
EF455, #2CHETE, PEG BHiLS 0%
HHAT N ABHEN SO O HR SRS E
LhsTwd, SoBENMBICEELLF /S
DT MBO Yy P4 b= 2 (BEH) ICX
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hry Fy—h IR AMlRAANSEICI)

RENAH. Lo L, BHI L TIHE MRE.
BiNS~0 %5k b, MR AR ©
v Fy— AT SRR SoREt, -
2EFRVTEERTILENS LD, CNLDH

LT T/ £ 7T OBUNERICHE T
L ISR T AOIRE#TH S

23 HAILAMF /S Fo YT ERVEES

RYBERNRIE R

RO, FROLSRIEVANAR T Xy
%?@&%%&@%ﬁﬁﬁ&-%%@%2$%ﬁ
TCHHTANATER LT b B4RIIZ
AN A AP SEE m @&f}*&%ﬁﬁéﬁi%
Hoh, BVt R tHEELMAEERLT
RN DDS 2R T S0 EL U T OR
BOETH LB PR HELTVwALERLS
1%, (1) RES SOEAKARYHHERD 5 OBHE
B Q) RO OB, () THE Mk
Ml T 2 E 2R RS, () SRR s
DMEEERICE T RAEARR (= Ty —
LEOHMB/ISELSOBRIBERLEL) . 5
TEEMBIC BT LEIETREEE. ZB 77/
AN, BT ATLIAZEDY LN AT 7
Fal 70 DDS ~OIEHEIREACTDRT
BY. ERLDDSHF 7/ Fx ) TELTOdER %
CBFTWA, LL, 94 LARERELTVS
W R, RN REES) 2. (RET
BRI R E S EREOREAL D 2
A TARAY S ADORAESEEREFOR
Ak, ReWclT 5 Ry BERERSZHMT
ETWhnt 200 L0REMICENEE
BEDDS /3 x 7B TALDICE v
AN ADBENTREOREZIA N AES 2
FUTEBHELAAA TNy FF I 207D
HMEFLENL,
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3 B BFSYMNAOBEEESE T
BNNAT U RF I UT USLF
F I h TN ORE

31 A FF BT RIOBR

B DDS BF /&4 TOMBEE B
LHHE LT, 24 NVABEORRPAE AR
B HE% - RO ZREESBREESTOA
FERLEAA TNy FT2Fsu7mares

MIFETHLERRTEL: 20—HlELT
A N AGBRBEROPLEEEZHE LS
R OARETML, URY -2 EOERE L
L7 Virosome PRE SR TWAE Y, —
RS A W R DIV Y s r B R E R
Mﬁag}sm R RIB IR A & v o T I R
PSS T EFHONTBY., Virosome (27431
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