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efficiency circulating tumor cell capture

SUN Wenjing'*®, ZHANG Zhiyuan'>®, ZHAO Xinmiao>*,

CHEN Jinghua, QING Guangyan®
(1. School of Life Science and Health Engineering, Jiangnan University, Wuxi 214122, China; 2. Dalian Institute of
Chemical Physics, Chinese Academy of Sciences, Dalian 116023, China; 3. School of Chemical and Material
Engineering, Jiangnan University, Wuxi 214122, China; 4. School of Chemistry and Chemical Engineering,
Liaoning Normal University, Dalian 116029, China)

Abstract: Circulating tumor cells (CTC) have emerged as crucial mediators in the metastatic
cascade, offering invaluable insights as real-time liquid biomarkers for cancer progression, prog-

nosis, and treatment response. Their exceptionally low concentration in peripheral blood, which
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typically ranges from a handful to a few dozen cells per milliliter amidst billions of background blood
cells, poses formidable challenges for isolation and molecular characterization. Despite this, the
efficient and specific capture of CTC holds tremendous potential for revolutionizing early cancer
detection, dynamic monitoring of therapeutic efficacy, and guiding personalized treatment strategies.
Currently, the primary technologies for CTC enrichment fall into two categories: immunoaffinity-
based methods that employ antibodies targeting epithelial surface markers such as epithelial cell
adhesion molecule (EpCAM ), and label-free approaches that leverage physical properties including
cell size, deformability, and density, exemplified by membrane filtration and centrifugal techniques.
However, these conventional methods are hampered by several inherent limitations, including high
operational costs, dependence on highly variable surface antigen expression, insufficient capture
specificity leading to low purity, and significant interference from heterogeneous blood components
such as leukocytes and platelets. Consequently, there is an urgent and growing need to develop novel
functional materials and platforms that offer enhanced selectivity, robust stability in physiological
conditions, excellent biocompatibility, and improved clinical applicability for the effective isolation
and analysis of CTC. In this study, we innovatively integrate cell imprinting technology with a rational
amino acid-based affinity strategy to develop a tryptophan-histidine-arginine (WHR) tripeptide-
functionalized cell-imprinted hydrogel for highly efficient and selective capture of CTC. The design
leverages the unique properties of mesoporous silica nanoparticles (MSN) as carriers, which are
first synthesized and then surface-modified with epoxy groups via silane coupling agents. The WHR
tripeptide is subsequently grafted onto the MSN surface through a ring-opening reaction, yielding
the WHR@SiO, composite material. This material demonstrates strong and specific binding affinity
toward sialic acid (Neu5Ac) and sialylated glycopeptides (SGP), which are overexpressed on the
surface of many cancer cells. Building on this molecular recognition capability, a three-dimensional
cell-imprinted hydrogel is fabricated using poly ( ethylene glycol) dimethacrylate (PEGDMA) as the
cross-linking backbone via free radical polymerization. The hydrogel is molded against SMMC-7721
template cells to create cavities that complement the target cells in size, shape, and surface to-
pology, thereby enhancing capture efficiency through both physical and biochemical matching.
Experimental results demonstrate that the WHR-modified hydrogel achieves a remarkable capture
efficiency of up to 94% for SMMC-7721 cells, significantly outperforming hydrogels modified with
individual amino acids such as tryptophan, histidine, or arginine alone. The system also exhibits
excellent hemocompatibility, with minimal adsorption of human serum albumin (HSA), below 5%,
indicating superior anti-fouling properties in biological environments. In vitro cytotoxicity assessments
confirm high biocompatibility, with cell viability exceeding 90% after 48 h of co-culture. Further
characterization through scanning electron microscopy (SEM) and atomic force microscopy (AFM)
reveals well-defined surface imprints that mirror the morphology of template cells, confirming the
successful integration of topographical cues. The synergy between the physical structure of the
imprinted cavities and the biochemical affinity of the WHR tripeptide is identified as the key factor
contributing to the high capture performance, even at low cell concentrations (as few as 100

cells/mL). In conclusion, this work presents a robust and efficient platform for CTC capture that
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combines cell imprinting for morphological recognition with WHR-mediated affinity for sialylated

glycoproteins. The hydrogel demonstrates high selectivity, stability, and biocompatibility, offering

a promising tool for clinical applications in liquid biopsy and early cancer detection. The modular

design of the system also allows for adaptation to other cancer types by altering the peptide sequence

or template cells, highlighting its broad potential in cancer research and diagnostics.
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it - 41 % B2 (histidine-histidine, HH) ik (#£ 10 fi%
A IMLE AR TR T &4 16 4 SGP)™. IbAk, 2k
YR T 9256 8o, WHR = Ik 5 #0458 2 1 19 f# 25
i U (dissociation constant, K,) & 26 wmol/L, B
BALT HH k(0.8 mmol/L) ' DL Jz 8 — 4 L1k (5
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LTQ-Orbitrap Elite i % X ( 3% [E Thermo 2\ ] ) ;
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2100 %35 & B F B 6 85 ( H A& JEOL /A 7] ) ; Avance
T B 3L IR Ik 3% 4% (400 MHz, 7% [/ Bruker A 7)) ;
UV-2550 B 55k af UL 73 5656 ) 31 ( H & Shimadzu
N #l ) 3 Multiskan GO AU i #5 1% ( 28 [ Thermo
UNESIDI

oS ke = WA S Ak ¥ (CTAC) | = & % ik
(TEA) . IE B 2 U £ i (TEOS) | (3-45 /K T 3l 79 4
) = WA S RERE (GPTMS) (BEME 5 (MTT) i i iR
H (KPS) Bk iR & & (NH,HCO,) Fl )k % (4l 95%)
Wb v AR A AR A R A W) . WHR (46 B
95%) W H /e s AN IR A DB A IR A\ o W RN UG
Mt M5 (ACN) (T2 \MEVE B2 (NeuSAc) \N-& 3
SN -(3- T F R RN ) Bk T i N- R S 3R A
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Cell removal

=

(Z7R)

R=Try, His, Arg, Try-His-Arg PEGDMA

B 1 4R EN i S & 5 B 55 0t 15 ok i B B9 ) & R EL X SMMC-7721 48 B B9 3 3%

Fig.1 Fabrication of the hydrogel with the synergistic effect of cell imprinting and amino acid affinity for the capture of

SMMC-7721 cells

SMMC-7721: human hepatocellular carcinoma cell line; WBC: white blood cell; RBC: red blood cells; Try: tryptophan; His: histi-

dine; Arg: arginine; PEGDMA : poly(ethylene glycol) dimethacrylate.
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Jliz \Try His #l Arg (£l 95%) W [ L 4 T k2
WA A RA A . BERE A (fetuin) A L7 H & F
(BSA) . ALY A A (HSA) \ B 7B B2 (DTT) |
AR 2 T B g 2 11 il R SR 20 e FE RV 0 R T
(PEGDMA) (4 & 95%) 4 { 3£ [# Sigma-Aldrich.
HoAth 500 W B v 2 4 Al e R A R A A
AP 286 FH 7K 4 26 [E Millipore 23 7] Milli-Q #8 4fi 7k
G0 A5 0B Sl K o BB I R B BT 2 A 4R
HE M Bl P A8 PR A U R N VT RS K 24 3 s 4R 15
(fE 5 . JN.No0530b0480915 [ 132]) .

C18 f#if ¥k #4 #} (Fresh Bioscience, SU2-096-

025) £ [# #H % B /N 4 (Thermo Scientific, Eppen-

dorf™ GELoader™ Tips, 10411193) J T 4 ik & 4
SCH, AR2G A W) 1% J& 4% (Sartorius, 18-5092) ] F
e A - 37 AR 5 0 T B IE

1.2 BER-AfR-BRERBNFIL-SEHLEKRD
Hl &

AL AL REER A I % BRI 1 g CTAC &
0.03 g TEA, & T = HEMN,MA 20 mL £5 ¥
K, F 95 CF 500 r/min JI#4 1 he B J5 K 458 11 4
#1500 r/min Jf-F2E 15 min, [0 A 1 mL 35
#3HL 0.8 mL TEOS. fE 1500 r/min | # TEOS %
P I IR = CUREIE T N o e S R 4k 2k 95 T
JNF 2.5 o SR S5 JE OGP I ERES | FF SN VR I
B 28 S 0 R AR S A AR A RE K DL 8 000 r/min 5
O 15 min, I 78 8 4l 7K A 2B e v 3 U BORTTL
TE LA X B Bk BR A A T AT 95 CEAE T 12 h
314 CTAC@MSN., P J5 4 CTAC@MSN 438 T
100 mL & 45 5% e £ g 1 H B i b, 7 70 Clal i
24 h J5 8000 r/min & .0> 15 min, £ &K /K ¥k 15 3]
MSN .,

GPTMS@SiO, i & A% : % 500 mg MSN Jil A &
5mL %A GPTMS(0.5 mL) B Tk 3w . %
IR G WIAE 90 CF i Pt 24 ho #4345 19 — %4k
ik f Bk (32 GPTMS@Si0,) LA 7 000 r/min &5 .0> 5
min, 78 2R O B PR 3 R4 BURN T IE DL &
Bx 5% ¥ M GPTMS, Jf #F 17 ¥ % T & 3k 4
GPTMS@SiO,.

WHR@SIO, [ & 1l : i T4 NeuSAc 45 & .7t
WHR [ & 78 = %0 Ak fE i 3k 2% 1, 4% 50 mg 1)
GPTMS@Si0,.20 mg ) WHR Fl 15 wL () = 2 I
A Z 5 mL@aiKe, HIREGWIE 65 TF i+
24 h, 15 3] WHR@SiO,, i i 8 000 r/min & .{» 10

min WCHEDLTE , I8 2 [ 2 43 BRI 0E A PR
R 4l K I 2B U LA 2 B R B Ak T, O #EAT R
U T W AR AT 8 B R - 41 20 1R R R A L — A ik Bk
(WHR@SiO,) .
13 BER-ASR-BRERBENIL-_SELEKRN
RIE

WHR@SIO, I JE #i £5 fE FH #2200 kV (1)
TEM W%, BAREAE T : 1 el & WHR@SIO,
(1 mg/mL) /K¥EW , Z J5 10 pL B AR K Ho ik 78
T T o S S (RTS8 @ i i R 07 T 7R
g, HR TS L E AT U 2R JF 40 R
WHR@SIO, (1 mg/mL) 7E 7K #H H #4742 2 A 1 L F)
FARLARANAE 25 CHRMAE T E , HFHLREE 31K,
O 35948 55 4h#E N, S0 T LL 10 C/min 1 i #4 5K
Rk AT CE 4 M1 (TGA) PLE B WHR@SIO, A% Iy
B .
1.4 EQBHEMERE

B ER 2 1 (1 mg) A1 BSA(1 mg) 43 % % it T
JR Z W (6 molL, 100 wL) . DL ER & H Bl
I E A B AL . DTT(5 wL, 200 mmol/L) %5 fi
FIR Z WA 76 56 CFWEE 45 min B35 6 BR &
L B s . SRS A B 2 R (20 pL, 200
mmol/L) , ¥ % W 75 % I T OG- AF 30 min, Ff /5
hnA NH,HCO, ¥ # (50 mmol/L, 845 L) Fljik & 4
fifi (30 pwg) , 7€ 37 CF Wi 16 h 784311 4k F1 24 fif 2
F 5t 38 3 A8 B R (10 wL) 28 1k S v, If4di ] C18
Tk BR A Rl 70 [ AR A U X B A AT R . IR
DTT 1t 2, & ¥ W /9 B &1 ¥ A 50 mmol/L i
NH,HCO, ¥ % I fit . BSA % F M A 19 7 3% v 47
1

FREC 1 mg 4 C18 &EBR A4 KL, Il A ACN (20
pRL)IRS) 5 2R A SE4 #2 3M 1) C18 i
FI A A BCINRE o P39 SPE /N RE B S
0.1% H R 1 50% & & /K % W (20 wL) #E 47 16 16, 7
HA 0.1% HI PR /K %5 W (20 wL) HEAT 47, 9% )5 6 I
IRl WO A 2 SPE /IME b B S 0.1% B R 7K
VW (40 L) P e £ A ER 2R W) 5T, 0.1% H R (1 50%
ACN KW (20 pL) B R A FE o SRR VR T
R o T FE S OT 6f A7 7E 80 T UK A Hh % R
WHR@SiO, & % .
1.5 ERBFEMERE

N-# Bk (N-linked glycopeptides, N-GP) & %£
SR FH I AR A€ BB 28 (SPE) i 47, i 4R it AR AL L
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A B LS 2 mg B WHR@SIO, 7% T ACN A W
(20 wL) . BfiJ5 , F 0.1% H R 7K I (20 L) 47
W12 Uk, B 0.5% H R 1) 80% ACN /K ¥ W
(20 pL) A7 P . Z )5 HEE P B (S T 10
wg 9 iR BR A 1R AR TS A TR A R D) FE
0.5% H 2 ) 80% ACN 7K & i (20 pL) H I £ 5
WHR@SIO, #1 £t I . P& 0.5% H R 1Y 75% ACN
KW (20 wWL) FTHT 0.5% H AR A 70% ACN 7K 1%
(20 W) v ¥k . B¢ Jm . 5 mmol/L NH,HCO,
50% ACN 7K W (20 wL) P8 Wz BR300 o Ui R e 1
Ve T LC-MS/MS 43 #7 o
1.6 SWETH

FREU N-2 3 -N"-(3- B & BT 3 ) b — 0 %
(30 mg) Fl N-F2 FE 35 B E W e (18 mg) , i i T 400
pL 4K 5 R & 96 fLAR H , AEFL A 200 pL
W . ¥ 2 A AR2G A= W 1% S48 43 B e 5 Ikt
FUETNETEEMABERMLT 20 57 L%
W, F 1 mg ) WHR % f# T 1 mL &2tk b, i A
L f 2 4~ AR2G AR WL AR 3 i B T &% WHR
VW B AL, 7E 2 IR S N R E RN 24 he
FH WHR 43 F 1% 2 3% 3% A1, 3 ok 1k e 1k =2 1 4
WHR 3 42 8 31 #2319 AR2G R BiJE ,
FH M 4l 7K 784338 Ve AR2G ST, LA 22 B3 R S I (R B
fi o [ B ] £ NeuSAc % Wi (3.2 mmoV/L) , I #i B
45 3 A [] e B ¥ (0.03.,0.07.0.15.0.3.,0.6.1 1 3
mmol/L) iy I 7% W . FF 5250 20 (1 > AR2G) 43 %)
T 8 TN [ Ve B 0 B 1 3 W L AE 20 THRAETR
BEAT S5 6 A B ORAR EAE ] 43 B o TRl B, 8 X B2
(55 14 AR2G) 2 5% T8 4li K, 76 M IRl 4 1F T i

TR RS . 5255 %095 R H ForteBio Data Analy-

sis 11.0 FAF 24753 #7 -
1.7 ZEEE

K ¥ w3 4R A% (C'H NMR) i & 52 56 0F 58
WHR 5 NeuS5Ac 14>+ [ 41 B AE X 456 6 s .
e WHR Fl NeuSAc 43 51 & fft T4 AC —H 2L
M (DMSO-d,) 1,20 T F 4 A B 'HNMR
R BEJE IR 11 Y R R 2 WHR
(16 mmol) ZZ & /il A NeuSAc(16 mmol)IZHW WP, =
BAMTFIREWAHFEE 120,25 20 CHRAE T
& H'H NMR % & . i@ o %F e 43 #r WHR Al
NeuSAc 454 1 Ja 1 ik &0 Ak 2= 60 8 28 4k, o —
O EAE A AR ZE A A

1.8 BEER

¥ Try(2.04 g) His(1.55 g) .WHR(100 mg) 4%
SE TN B R, 23 50 A NaOH %5 (2.0,
4.0.2.0 mmoV/L) , VK¥ 2514 F i #E 30 min. B J5 fif
FH A G 25 2% 1% i n P36 D0 19k 4 (1.94 mL. 1.94
mL.240 pL), 30 min J5 ¥ 2 N AR R B 2 %= gk 22
PEFE 24 h, DL PR 0N 58 4 . NS5 RS, DARE £
PR 45 B 1 T pH & 2.0, I I A 1 RS Ak B i
Frabdr. 1 UE R ZAEHEERIS , L SR LR (15
mL) XK AHHEAT 3 WA B, A A3 HLAH I 268 98 1
A5, AR HEL = W ) R R R DA S BRULTE . AT
oV 45 T VR T A5 20 (008 ROIR B BE TR I 1 b
& R (2.6 g) , 77 K R 95.6%, I XF 4 F it | K
273.12; AR AR L NG L 4l &R (2.1 g) L 7
K 93.2%, AH XS 43 F iR 224.10; %) WHR ¥ ¥
TR A 48 2 v O 8 0 — 2B B I Al gk, iR
TR 43 1 ¥ VR T R A5 210K B €0 8 K R F 3K DY 44 Ik 1k
0 5 TR - 20 E R - &R (84.0 mg) , 7= Ny 74.3%, 4
X453l h 566.29,

TE BB A 2.1 g Arg, il A 20 mL 4l
NaHCO, & W , T oK T Hi+E 30 min, B 1 mL
T S O T R 3 P 0 BE 40 (1.94 mL, 20 mmol) , 30
min J5 1A 5OV R S R BE RS2 0P 24 h DL (R
JE A o NSRS AR Eh IR A S N pH {H
PR L0, I A AL B AN AT AR AT . o
ERE BB ERE IR R OB 3
WL BUK AR 121 B R s - SN BEIR A
VSR, AR BUOK AR E 25 A HLAE e 28 45 Tl R R,
NG RN B, 5 G K MgSO, T4 1% W, 1 Ik
Bk & MgSO,, /K 7% e 75 25 26 89 , P-4 FH I 98 e 7% L I
ZAT 3 (R AR B LTI AR AS =R (1.9 g) , 77
O 64.8%, A% 43 B iE Ol 243.15,

1.9 7Kg B 40 Bl &5 14 5K

¥ SMMC-7721 418 Lk 5 000 4~/FL Y % i $& Fl
T 96 fLARH, T 37 T .5% CO, BB F2 46 h i & 24
h,Z 5N A Try.His . Arg 1 WHR 7K %1% (20 mg) ,
REAWE R E 6 N FA74L, 55 5% 48 h, b5 77 25 8%
FEREFBE N, FALIMA 100 wL £ MTT(0.5 mg/mL)
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2.1 WHR@SiO, M # B & K
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I 3% ¥R 85 b B & iR %) NeuSAc., 2% fi , His 5
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Fig. 2 Characterization of WHR@SiO,

Temperature (°C)

a. the synthetic route; b. transmission electron microscope (TEM); c. size; d. thermogravimetry analysis (TGA).

M B8 % W AYTR A 0 o AR T T WHR@SIO, B
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'ﬂi‘;ﬂlﬂ HRERR T R A T4, & P
JE 40T BN, R 4 WHR@SIO M B 5 4E 1 i6 Bk &
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Table 1 Enrichment of N-glycopeptides (N-GP) using WHR@SiO, material
Code name Peptide sequence Peptide M Glycan m/z (charge state)

Pl LCPDCPLLAPLN(156)DSR(Cys_CM: 1740.8407 [Hex]5[HexNAc]4[NueACJ]2  2224.1798, 1316.3402(3+)

146,149) [Hex]6[ HexNAc]5[NueAC]3  2880.8197, 1151.6651(4+)

[Hex]6[HexNAc]5[NueAC]3  2879.0101, 1160.9563(4+)

[Hex]6[ HexNAc]5[NueAC]3  2879.0101, 1547.6060(3+)

P2 KLCPDCPLLAPLN(156)DSR 1868.9357 [Hex 5[ HexNAcJ4[ NueAC]1 1932.9099, 1261.9485(3+)

[Hex]5[HexNAc]4[NueAC]2  2224.1798, 1359.0385(3+)

[Hex]6[ HexNAc|5[NueAC]1  2298.2799, 1383.7385(3+)

[Hex]6[HexNAc]S[NueACl2  2589.5498, 1480.8285(3+)

[Hex ]6[ HexNAc 5[ NueAC]3 2880.8197, 1183.6889(4+)

[Hex]6[HexNAc]5[NueACJ4  3172.0896, 1256.5063(4+)

P3 RPTGEVYDIEIDTLETTCHVLDPTPLAN(99) 3557.7250 [Hex 6[ HexNAc]5[NueAc]3  2880.8197, 1605.8862(4+)
CSVR

P4 RPTGEVYDIEIDTLETTCHVLDPTPLAN(99) 3671.7679 [Hex]5[HexNAc]4[NueACJ]2  2224.1798, 1470.2369(4+),

CSVR(Cys_CM:89,100)

[Hex]6[ HexNAc]5[ NueAC]2
[Hex |6[ HexNAc]5[NueAC]3

[Hex]6[ HexNAc 5[ NueAC ]4

1176.3895(5+)
2589.5498, 1561.5794(4+)

2880.8197, 1634.3969(4+),
1307.7175(5+)

3172.0896, 1707.2144(4+)
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*x1 (%)
Table 1 (Continued)

Code name Peptide sequence Peptide M| Glycan m/z (charge state)
P5 VVHAVEVALATFNAESN(176) 3016.5738 [Hex]6[HexNAc]5[NueACJ4  3172.0896, 1543.4159(4+)
GSYLQLVEISR
P6 VWPRRPTGEVYDIEIDTLETTCHVLDPTPL  4096.0266 [Hex]5[HexNAc]4[NueAC]3 2513.878, 1319.3861(5+)
ANCSVR
P7 KLCPDCPLLAPLNDSR(Cys_CAM:146,149) 1868.9357 [Hex]5[HexNAc]4[NueAC]2  2222.7826, 1366.2372(3+)

[Hex]6[ HexNAc]5[NueAC]3 2879.0101, 1577.6524(3+)

P: glycopeptide; Hex: hexoses; HexNAc: hexosamines; NueAC: sialic acid.
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Fig.3 N-GP enrichment strategy based on a WHR@SiO,-
packed micro-SPE column

a and b. high resolution mass spectrometry comparison (a) be-
fore and (b) after enrichment using WHR@SiO , material, with
the sample being a tryptic digest mixture of fetuin/bovine serum
albumin (1:500) ,
star or their corresponding glycan structures. ll : GlcNAc; @ :
GalNAc (yellow); @ : Gal (green); ¢ : NeuSAc.

2.4 WHR M7 BR 9 3= #0 /1 1 1

J Tt — 0 UE WHR 5 NeuSAc Ay 454 2% M
01, FATR AW I+ 35 R (biolayer interferom -
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18 B 1 5 % ) Bk 3kt B A S0 4008 S B I 43 T A S A
AR T 7= A B4 AR B T A0, DT 9 A b 0 2 K,

where glycopeptides are marked with a red
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[ B, 76 WHR Pk I ek A8 b UL £ 21 55 IR A i 2 o %
WK,y o AF 2 LA Bdls (B 4b) 11 5515 2
WHR 5 NeuSAc # B AEH# K, 8 (K /K,,) N 26
pmol/L. A2 F,Try His fil Arg ¥./& 5 NeuSAc
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W S AR I L 1 C-H T 7F 4.8~4.2 3 Bl N Y
B LW AT R R R IR S A . X e qk
2 ARk WHR 5 Neu5Ac B9 48] A0 & 4E A
PEAE TSI R
2.5 JKEEE B & A0 A W0 M AR TR M

JF WHR X} NeuSAc K& SGP £ 19 = 3%
FEE G RV, JT 25 13 b 9o 48 A 3% 1h0 5 3k A7 AE S
ARGk SGPY, IR AT BE M R W M A M R IR
PEGDMA 1E b 7K &8 i #4288 1 X} Try . His, Arg
3 P LR M H = Ik WHR 9E 47 4 3640 18 i, i 2
il & 1T 4 Fp & 3R 1) BE 1k /K BE I (Tryg (Hisg . Argg
1 WHRg) . W&l 5a firzw, Biffi 78 PBS =il 48 h
Jei AR IR B B ATh Al R FE 2 1 T, R B R
Mk 4, R Z M R LA R S T S R e &
FABAEE T A 2N .

SR T VA K B S A W A A L IR AR N T
fiI%F SMMC-7721 4 fd iy 52w (& Sb) o IR ShKE 37
SEES oR 40t 48 h 3L FE I, Tryg  Hisg  Argg Al
WHRg & i 7K & e 41 1) 4l A7 35 % 3 4k 55 7E 90%
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Fig. 4 Determination of the affinity between WHR and sialic acid (Neu5Ac)
a. binding and dissociation kinetics of Neu5Ac on WHR-modified sensor surfaces recorded by biolayer interferometry (BLI) assays at
20 °C; b. BLI fitting curves for the interactions of WHR, Try (W), His (H), and Arg (R) with the Neu5Ac; c and d. amplified '"H NMR
spectra of the WHR (top) , Neu5Ac (middle), and Neu5Ac-WHR (bottom) complex in DMSO-d, at 20 C. The concentrations of WHR,

Neu5Ac, and Neu5Ac-WHR are all 16 mmol/L.
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Fig. 5 Biological evaluation of Wg, Hg, Rg, and WHRg hydrogels

a. photos of Tryg (Wg), Hisg (Hg), Argg (Rg), and WHRg hydrogels after being immersed in phosphate buffered saline (PBS, pH
7.4) for 48 h; b. cell viability of SMMC-7721 cells after 48 h of incubation on the surface of Wg, Hg, Rg, and WHRg; c. adsorption
amounts of human serum albumin (HSA) on Wg, Hg, Rg, and WHRg at different time points; d. hemolysis ratios of RBC after incubat-
ing with hydrogels for 2.5 h. (+) : positive control; ( - ): negative control. e. UV full-band scanning of the supernatant after each compo-
nent was incubated with RBC and centrifuged; f. hemolysis rate of Wg, Hg, Rg, and WHRg hydrogels. Data are presented as mean+SD
(n=3 independent samples). One-way analysis of variance (ANOVA) followed by Tukey post hoc test for (b), (¢), and (f). * P<0.05;
# P<0.01; *** P<0.001; **#* P<0.000 1.
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Fig. 6 Effect of Wg, Hg, Rg, and WHRg hydrogels on RBC
a and b. scanning electron microscope (SEM) images of RBC dilution solution in the (a) positive and (b) negative groups; c-f. SEM
images of (¢) Wg, (d) Hg, (e) Rg , and (f) WHRg hydrogels fixed with 2.5% glutaraldehyde solution to fix the RBC morphology.
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Fig.7 Characterization and capture performance evaluation of WHRg+ hydrogel
a-d. (a, ¢) SEM images and (b, d) atomic force microscopy topographic images of the WHRg+ hydrogel surface constructed using
(a, b) 10° cells and (c, d) 10° cells as cellular templates; e-i. capture efficiency of (e) WHRg+, (f) Wg+, (g) Hg+, (h) Rg+, and (i)
WHRg hydrogels for SMMC-7721 cells (10°, 10*, 10°, and 10?). +: cell imprinting. Data are presented as mean+SD (n=3 independent
samples). One-way analysis of variance (ANOVA) followed by Tukey post hoc test for (e)—(i).
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