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The purpose of this study is to enhance the cell-cell adhesion by
introducing the protein ligand via PEG-lipid to cells. Variable domain of heavy chain of heavy chain

antibody (VHH) against mCherry was used as a model protein ligand. Azide group was introduced into
VHH at the selected position as the connection of PEG-lipid through azide group does not disturb

antigen binding. VHHs were modified on the cell surface by addin% Az-VHH after cells were coated
with DBCO-PEG-DSPE. VHH modified on the cell surface could specifically bind with antigen. Adhesion

to antigen-coated plate was enhanced by VHH-modification to cells.
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Fig. 1. Time profile of velocity of moving hM SCson
hLSME.

Moving velocity of unmodified hMSCs (A), modified hMSCs
with 0.05 mM ITDGEA-EG2-DSPE, 5 mM o.CD and 5 %
DMSO (B) on hLSME monolayers on chamber (N=20).
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Fig. 2. Surface moadification of
mK O2-PEG-DSPE

Cells were incubated in DMEM containing 10% FBS, 2.5
mM a-cyclodextrin and 3 uM mKO2-PEG-DSPE or mKO2
(AzF) at 37°C under non-adherent condition for 2 h. After
cells were washed by DMEM containing 10% FBS and PBS,
fluorescence intensity was measured. Each result represents
the mean+ S.D.
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Fig. 3. Evaluation of antigen binding ability of Az-VHH
mCherry or EmGFP was bound to Ni agarose resin. After
incubating mCherry-resin with (lane 1 - 3) or without (lane 4 -
6) Az-VHH, or incubating EmGFP-resin with Az-VHH (lane 7
- 9), mixture was eluted by 500 mM imidazole from resin.
Flow through fraction (lane 1, 4, 7), wash fraction (lane 2, 5, 8)
or eluted fraction (lane 3, 6, 9) of each mixture was analyzed
by SDS gel electrophoresis.
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Fig. 4. Cdl surface modification with Az-VHH

After hMSCs were treated with either DBCO-PEG-DSPE (A) or
Az-VHH (B), or both (C), cells were incubated in DMEM
containing 30 uM of mCherry for 30 min at 37°C. As a control,
VHH-modified cells were incubated in DMEM containing
EmGFP (D). After wash with PBS, cells were stained with
Hoechst 33342 for 15 min at 37°C and fixed by 4%
paraformaldehyde for 10 min at room temperature, followed by
observation by confocal microscopy. Blue, nucleus; red,
mCherry; scale bars, 20 um.
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Fig. 5. Adheson of VHH-modified hMSCs to mCherry
coated plates

Microplates were immobilized with GST-mCherry (mCherry
coated) or none (uncoated). hMSCs were treated with neither
DBCO-PEG-DSPE  nor Az-VHH (white bars), only
DBCO-PEG-DSPE (black bars) or both (horizontal stripes
bars). After nucleus were stained with Hoechst 33342, cells
were incubated on each plate. After unbound cells were
washed with PBS, nuclear fluorescence intensity was
measured by plate reader. Each result represents the mean +
S.D. (n=3). Statistics: one-way ANOVA followed by Tukey's
test, ¥**: p <0.001, ¥11: p<0.001,n=3.
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