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Development of Separation Resin for Human Induced Pluripotent Stem Cells and
its Application.
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In regenerative medicine using human iPS cells (hiPSCs), tumor formation caused by undifferentiated
cells remaining in hiPSC-derived cell therapy products is an important issue, and to ensure safety, remaining
undifferentiated cells must be removed in the manufacturing process of cell therapy products. It is also important
to maintain the quality of hiPSCs in order to stably produce cell therapy products derived from hiPSCs. It is known
that some hiPSCs spontaneously change their morphology and lose their pluripotency during culture. Such cells are
referred to as cells deviated from the undifferentiated state (deviated cells), and their expression of undifferentiated
markers is lower than that of hiPSCs. However, a method to selectively remove deviated cells and purify high-quality
hiPSCs has not yet been established.

To solve these problems, we focused on BC2LCN lectin, which binds to carbohydrate chains on the surface
of hiPSCs, and developed a BC2LCN lectin column in which BC2LCN lectin is immobilized on a carrier. Using a
mixture of human mesenchymal stem cells (hMSCs) and hiPSCs as a model for hiPSC-derived cell therapy products,
we treated these cell mixtures with BC2LCN lectin columns and found that almost all hiPSCs were removed within
15 minutes, suggesting that the column is very effective for removing hiPSCs in a short time by a simple operation.
Furthermore, the results showed that treatment of model cells that deviated from the undifferentiated state with
BC2LCN lectin columns, followed by washing with L-fucose-containing buffer and desorption of adsorbed cells on
the columns, resulted in higher undifferentiated hiPSCs than those before column treatment, suggesting that this
method is also very effective in obtaining high-quality hiPSCs.

Our BC2LCN lectin column is expected to be a useful technology for the production of hiPSCs-derived cell therapy
products and high-quality hiPSCs.
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Fig.1 Image of BC2LCN lectin column
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HLTOAVARERA L CHED) TREL -, INE
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(2) EERMEE hiPSC DFER

BC2LCN L & F ¥ 7 5 & % Y-27632 &4 MACS #%
TR L2 b . R RNEE 7L % 721%
(4] D (1) D FEEIC K @ FREH L 72 hiPSC % 1.0 X
10° cells /ML 7=. [l A 9 &1 Y-27632 & A MACS
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HO, RS TRILTZZ LIk, KFE TOEREN
PR3 ER LTI ENHE kST, 2, K5
TRILBC2LCN V7 F Y D H & 4 7 3 RIS -
BAEABAME (EEER CKD) 3 11aM Th D, K
RAIBC2LCN v o F v OffiiE R (11 nM) &R T
BB L EMRLI,

[2] REIL BC2LCN L 7 F > OES & BT
K% ¥R BC2LCN L 7 F ¥ % 32— F§ 385
EEFAIE LTI v 4 LBIATARBAZITO, 560
72 BC2LCN L 7 F v O IELEE % D PC-9 Mifa~ D
WAMAREL L222) —= v 72X et
] b L7 BC2LCN L 27 5 v 3 Bikk &2 IS L 7=, HUS
L2zL o FVRBRO 7 I BRECHIITIC & O &8
PEf BIZHES T 52 207 3 2 BER (K T8
{LBC2LCN L7 F > D7 I/ BEIEA 39 TFHD 7 )L &
IVEROO A Y UBREAOBER, H72FHO Y X
TA VIO )V VBERIEAOER) EFEL. Zh
52,07 I/ BEREMASDESZ LT, &
SAZEME M | U 724k BC2LCN L 27 F » % 4E
8L 72, miRC[1] & RIRRD A kI & 0 R3 L 7= et
BC2LCN L 7 7 ¥ DN B (3 480 mg / L-H5 32K
TH ., K75 7FE{LBC2LCN L & F v L IZIFFRIS% T
HBHTLEMRLZ, £, WENBCILCN L 7 F
YO H & AT 3RIPES T B MEEEE F0E 3.9 nM T
0., K5 T R{EBCLCN L 27 F ¥ X 0 &G A T
MWZ L EMERL ., X512, LE{t BC2LCN L &
F VOB EERE (Tm) 2944°CTHO, KRA
BC2LCN Vv 7 F v I K OS5 &1L BC2LCN v 7 F
vEO EEMEPSRE N 10CLL B ELTnwb Z
EHER L 72 (Table 1),

¥, RIRMBC2LON L 7 F v O X Hhs b 3 i
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Fig.2 Chromatogram of stable BC2LCN lectin purification using TOYOPEARL Giga-Cap® CM-650M
(Arrow : Collected area of BC2LCN lectin)

Table 1 Properties of each BC2LCN lectin

Productivity Kp*' | Tm

BC2LCN lectin [mg/ L-medium] | [nM] | [C]
Native 162 11 82.3
Low M.W. 475 11 81.9
Stable 480 3.9 94.4

*1 Dissociation constant for H-type 3 glycan

FIEHOICH 2K+ DOKRFERAEH LT, 3 &Ik
BC2LCN L 27 F v & &EN L T e D Ll Eh
%, 39FHDOZ L4 I VRN T 4 ¥ VI E R
XNt BC2LCN L 7 F ¥ Tk, ZOKSY 1%
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o VK E QBRI AR 2858 & AR mn
BUREWN S 25 EhTwa Ll hiz,

P EDKERA? 6, RIAA BC2LCN v 27 F ¥ Oy
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[3] REILBC2LCN L 7 F > D4E

BRIk & & & o bl LR D B 3.2 L
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NPT T4 —FTo T, AT VRIS N ST
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Fig.3 SDS-PAGE of purified stable BC2LCN lectin



o — g% - Bl

(4] iPS IR BEFIH LU BC2LCN L Y F > H T L
DR

(1) A5 LzFAL -k B

5 72 5 412 K 0 JERERTIC K oD hiPSC 4 ALPE 5
%78, BC2LCN L 7 F V[ b ik & I L 7= 4 5
Lk Ol EEE A B R L 72, BIRIICIE, KT
PRAE RO RIS il 4l X 8 5 Z &2 k| k%
iz [k L7z BC2LCN L o ¥ LA 3 e %
FHIRIZIEEE X4, BC2LCN L & F LA L Wil
AFED ¥ HETH S (Fig. 4), %ibd 25 K512,
AP K 0 R TR EOMIa B T BETd 5 Z
&2 5, BC2LCN L 27 F v UKo fiiaksarE ) #1 v §
AHVE Z L2k, B4 a0 KRy TATRE T
»H5,

(2) iPS a5 BER DIER

Z5E b BC2LCN L & F ¥ D45 1- #1349 14,000 T &
525, LiE{b BC2LCN L 27 F » Z ik & 12
EELT % 72, KRk e U THEBRIRA 53 7 = 8
10,000 T & %5 TOYOPEARL"HW -40EC % 3#R L 7=,
KD BB OMMaD Hak x 0 #ifl L . ¥— 2 fila sy
HEA BT 5 728, HW-40EC % Kif¥ 150 ~ 250 xm
2L 7=05, BEtHERERke LT 4 I
FEAL, PHEEMHTRENBCICN L 2 F v &K
RSB Z LT, iPS Mila sy Al A fER L 72,

[5] BC2LCN L' 7 F> £ 5 L O1EH & EARF MM
(1) BC2LCN L 7 F > h 5 LOEH

INZ o — LT OB E A A UL SR e
Wk JOVEA AR ER A2 RMT 2 ) ¥ — " —&H L,
M=y 2 5 A 7209 %2R L, 72,

[ hiPSC  Differentiated cell |

o o

Washing buffer

3566 % (2022)

T Lh 5 L 2z MO 2 BEFI O TR A I 5
72, 7LD MEBICHRAZ 40 ym DT 4 L X — %
e L. iPS My iR A 7 L T BC2LCN L o F v
#T LaERIL 72 (Fig. 1),

(2) BC2LCN L' 7 F > 55 LOEFRFF T

2.0 X 10° cells ® hiPSC (201B7 #k. 253G1 #k.
1231A3 %K) % 1 7 HIZTMIL 72354 @ hiPSC O i
RKiZ, TN 2% FTHD ., 98%LL LD hiPSC
HTLICMETDE I LEMR Lz, 510, R sl
%D hiPSC % # 5 AN L, # 5 A\ hiPSC
DAL &2 MR, 1.0 X 107 cells / mL-%3
HERICH 5 Z L AR L 72, ZHud. hiPSC &l IZfF
£3 2% H 4 4 7 3 BBEHICREA 3 % %t BC2LCN
Lo F v, miRcRICEEfL S =% H4 4 73
AURESHIC T L CHSAREA H 5 2 L AR L T 5,
hiPSC Hisk O flgia R OBE Tk, B A%
D 10 ~ 20 f&MF (1.0 ~ 2.0 X 10° cells) DHfas 2%
LB I T0B N Y| A BT L 72 iPS HMilia sy
il & oAU, 10 & (1.0 X 107 cells) @ hiPSC %
100 mL D5y EEAIFCHE A 5 4 THUUE§ 5 Z &R TE 5,
% 7=, iPS HELIAt O M & L T K562 #ilfle (& b 12
PR RENE MR HRAE) . RD Al (v AR AR
ISR AIE) . hbMSC % 7 5 A IR L CIRINEE %
FANRZAER, ZhoOMifaiZr 7 £121F L A EREY
L AERLL 72 7 T 413 0PS MIRBEIMEA B 2 & % 0
BTz, E612, BT LOWEHRENEETND 720,
HT Lk 80%T A ) — LKA e %, il
Wrh DR L 51T 20 hiPSC W5 BE % F X 72 45 R
R I A R SRR & S, iPS MO BE & 2
LW & AR L 72,

- Separation resin

k. BC2LCN lectin

o Differentiated cell

Fig.4 Image of hiPSC separation using BC2LCN lectin column
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Fig.5 Recovery rate of unbound hiPSC and hbMSC to
BC2LCN lectin column
(Unbound cells : cells passed through from
column by MACS buffer washing)
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NANOG copy number | Number of hiPSCs | Unbound hiPSC
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Fig. 6 Positive rate of undifferntiated markers of cells before and after column treatment
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Fig.13 Recovery rate of unbound cells and desorbed cells from BC2LCN lectin column
(Unbound cells : cells passed through from column by MACS buffer washing)
(Desorbed cells : cells desorbed from column by 0.2 M L-fucose containing MACS buffer washing)
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