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Abstract: Blocking the HER2 signaling pathway has been an effective strategy in the clinical treatment of HER2-positive breast cancer. 

Currently, it mainly relies on the use of monoclonal antibodies and tyrosine kinase inhibitors, which target HER2 through binding one of its 

domains or sub-domains. Herein we present a new strategy, nano molecularly imprinted polymer (nanoMIP). The nanoMIP was prepared by a 

state-of-the-art imprinting approach using all the N-glycans of HER2 as the template. The glycan-imprinted nanoMIP could bind almost all HER2 

glycans and permit suppressing the dimerization of HER2 with other HER family members, resulting in blocking of the downstream signaling 

pathways and thereby inhibition of HER2+ breast cancer growth. In vitro experiments demonstrate that the nanoMIP specifically targeted HER2+ 

cells and inhibited cell proliferation at a 30% decrease. In vivo test indicates that the mean tumor volume of nanoMIP-treated group was only 

about a half of that of non-treated groups. This study provides not only a new possibility to the treatment of HER2+ breast cancer but also new 

evidence to boost further development of nanoMIPs for cancer therapy. 
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Experimental Section 

Reagents and materials. 

3-Aminopropyltriethoxysilane (APTES, 98%), fluorescein isothiocyanate isomer I (FITC), N-glycosidase F 

(PNGase F), horseradish peroxidase (HRP), and NIR797 isothiocyanate were purchased from Sigma Aldrich 

(St. Louis, MO, USA). Sodium cyanoborohydride, tetraethyl orthosilicate (TEOS), paraformaldehyde and 4-

formylphenylboronic acid (FPBA) were purchased from J&K scientific (Shanghai, China). Alizarin Red S 

(ARS) was purchased from Aladdin Reagent (Shanghai, China). Glutaraldehyde (GA, 25% v/v) was 

purchased from Sinopharm Chemical Reagent (Shanghai, China). Female SPF mice (4 weeks, 20-25 g), 

breast cancer cell SKBR-3 (overexpression of HER2) and MCF-7 (low expression of HER2), normal mammary 

epithelial cell MCF-10A, macrophage RAW264.7, phosphate buffer solution for cell culture (1× PBS), 

parenzyme cell digestion solution (containing 0.25% trypase and 0.02% EDTA), Dulbecco Modified Eagle 

Medium (DMEM, containing 4.5 mg/mL glucose, 80 U/mL penicillin and 0.08 mg/Ml streptomycin), Roswell 

Park Memorial Institute 1640 medium (RPMI-1640, containing 2.0 mg/mL D-glucose, 0.3 mg/mL glutamine, 

2.0 mg/mL NaHCO3, 80 U/mL penicillin, and 0.08 mg/mL streptomycin), dimethyl sulfoxide (DMSO, 99%), 3-

(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltertrazolium bromide (MTT), 4',6-diamidino-2-phenylindole 

(DAPI),Triton X-100, tissue or cell total protein extraction kit , BCA protein assay kit, SDS-PAGE gel 

preparation kit, 96-well plates， 24-well plates and 24-well cell slides were purchased from Keygen Biotech 

(Nanjing, China). Fetal bovine serum (FBS) and calf serum were purchased from Gibco (Life Technologies, 

Australia). Culture cells for cell culture and confocal imaging were purchased from NEST Biotech Corp (Wuxi, 

China). Recombinant human HER2 protein obtained from HEK 293 human cells was purchased from Sino 

Biological (Beijing, China). Recombinant human epidermal growth factor receptor (EGFR), recobinant 

erythropoietin (EPO) and native carcinoembryonic antigen (CEA) were purchased from Abcam (Shanghai, 

China). Amicon Ultra-0.5 (MWCO 10,000 Da) cartridges were purchased from Millipore (Billerica, MA, USA). 

Anti p-HER2 rabbit antibody, anti β-actin mouse monoclonal antibody, HRP–conjugated secondary antibodies, 

molecular weight standard and ECL chemiluminescence kit were purchased from Beyotime Biotechnology 

(Shanghai, China). All other chemical reagents were of analytical grade unless otherwise stated. Water used 

in all experiments was purified by a Milli-Q Advantage A10 ultrapure water purification system (Millipore, 

Milford, MA, USA).  

 

Instruments. 

Transmission electron microscopic (TEM) characterization was performed on a JEOL JEM-1011 TEM 

instrument (Tokyo, Japan). UV-vis absorption , fluorescence properties characterization and evaluation of 

boronic acid functionalization as well as molecular imprinting were performed on a Varioskan Flash from 

ThermoFisher Scientific (Waltham, MA, USA). Cell imaging was performed on a Leica TCS SP5 confocal 
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laser scanning microscope (Leica Microsystems CMS GmbH, Mannheim, Germany). Flow cytometric analysis 

was performed on a Beckman FC500 flow cytometer (California, USA). Western blot was performed on a Bio-

Rad GelDoc-XRTM gel imaging device (California, USA). In vivo imaging experiment was performed on a 

PerkinElmer Caliper IVIS Lumina XR III in vivo imaging system (Waltham, Massachusetts, USA).  

 

Synthesis of FITC-doped SiO2 NPs. 

The preparation of FITC-doped SiO2 NPs includes two steps: 1) the synthesis of FITC-derivatized APTES, 

and 2) the polycondensation of FITC-derivatized APTES with TEOS. FITC-derivatized APTES was prepared 

according to a literature method[1] with slight modifications. The amino groups of APTES can easily react with 

the isothiocyanate moieties of FITC molecules to yield thiourea groups. A volume of 50 μL APTES was first 

mixed with 10 mL ethanol and then added with 10 mg FITC. After reaction in darkness for 10 hours, FITC-

derivatized APTES was formed in the solution. For the polycondensation of FITC-derivatized APTES with 

TEOS, 6.25 mL FITC-derivatized APTES solution was mixed with 1.5 mL TEOS and 20 mL ethanol, the 

resulting solution was used as precursor. Then, 200 mL ethanol was mixed with 12.125 mL water and 9.0 mL 

ammonium water. The mixture was slowly heated to 55 °C with vigorous stirring and then rapidly added with 

the precursor solution. After airtight reaction for 50 min, FITC-doped SiO2 NPs were formed, which were 

collected via centrifuging. The obtained nanoparticles were washed with ethanol and water twice each. Finally, 

the prepared FITC-doped SiO2 NPs was dispersed into water and stored at room temperature. 

 

Glycan templates and protein digested from HER2.  

The principle of the preparation of glycan templates and glycans-removed HER2 protein is illustrated in Figure 

S2a. Recombinant human HER2 protein with concentration of 0.25 mg/mL was prepared with 0.01 M 

phosphate buffer (pH 7.4). A volume of 400 μL of the protein solution was boiled for 15 min, cooled to room 

temperature, added with 10 U of PNGase F and then incubated with PNGase F at 37 °C for 24 h. Finally, the 

glycans in the mixture were isolated by the Amicon Ultra-0.5 ultrafiltration cartridge at 14,000 rpm/min for 30 

min. Then the filtrate fraction in the microcentrifuge tube was collected by pipette. To collect the retentate 

fraction remaining on the ultrafiltration cartridge, place the ultrafiltration cartridge in a new microcentrifuge 

tube and centrifuge it at 1,000 rpm/min for 2 min. The retentate fraction was collected and transferred to a 

microcentrifuge tube by pipette. 

 

Preparation of HER2 glycan-imprinted FITC-doped SiO2 NPs.  

The synthesis route of HER2 glycan-imprinted FITC-doped SiO2 NPs is shown in Figure S2b, which was 

composed of four steps: 1) preparation of FPBA-functionalized FITC-doped SiO2 NPs, 2) immobilization of 

glycan templates onto FPBA-functionalized FITC-doped SiO2 NPs, 3) oriented imprinting, and 4) template 

removal. To prepare FPBA-functionalized FITC-doped SiO2 NPs, 5 mg/mL FPBA and 1 mg/mL sodium 
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cyanoborohydride were added into a methanol solution containing 10 mg/mL FITC-doped SiO2 NPs. After 

reaction for 24 hours, the resulting FPBA-functionalized FITC-doped SiO2 NPs were collected via centrifuging, 

and then washed with methanol and water for three times each. The obtained nanoparticles were re-dispersed 

into water and stored at room temperature. To immobilize the template onto FPBA-functionalized FITC-doped 

SiO2 NPs, 20 μg glycan templates were added into 4 mL phosphate buffer (0.01 M, pH 7.4) containing 1 

mg/mL FPBA-functionalized FITC-doped SiO2 NPs. After incubation for 30 min, glycan-bound SiO2 NPs were 

collected via centrifuging and then washed with 0.01 M phosphate buffer (pH 7.4) three times. HER2 glycan-

imprinted FITC-doped SiO2 NPs were prepared according to the boronate affinity oriented surface imprinting 

approach reported previously[2] with modifications. The glycan-bound FITC-doped SiO2 NPs were re-

dispersed into 4 mL ethanol, then added with 0.07 mL ammonium water and 1 mL prepolymer solution which 

was consisted of 22.4 μL TEOS and 10 mL ethanol. After reaction for an appropriate duration, the reacting 

mixture was centrifuged and the precipitates were collected. Finally, to remove the template from the imprinted 

nanoparticles, the collected precipitates were washed with 0.1 M HAc for 3 hours, followed with 0.01 M 

phosphate buffer (pH 7.4) for 30 min and centrifugation again. The obtained glycan-imprinted FITC-doped 

SiO2 NPs were collected and stored in 0.01 M phosphate buffer (pH 7.4).  

 

To prepare non-imprinted FITC-doped SiO2 NPs for comparison, the processing procedure was the same 

except that no template was immobilized onto FPBA-functionalized FITC-doped SiO2 NPs. 

 

Glycan templates digested from EPO. 

The procedure was the same as glycan templates digested from HER2 mentioned above except that the 

digested protein was replaced by EPO. 

 

Preparation of EPO glycans-imprinted FITC-doped SiO2 NPs. 

The synthesis route was the same as HER2 glycans-imprinted FITC-doped SiO2 NPs mentioned above 

excepte that the templates used were the N-glycans of EPO. 

Boronate affinity sandwich assay. 

In order to evaluate the boronic acid-functionalization of FITC-doped SiO2 NPs and relevant properties of the 

HER2 (or EPO) glycan-imprinted FITC-doped SiO2 NPs, such as imprinting factor (IF) and the selectivity, the 

boronate affinity sandwich assay[3] was used. Briefly, a boronic acid (or glutaraldehyde)-modified 96-well 

microplate was used as a substrate, and the template molecules or glycoprotein were used as bridge 

molecules to bind with the substrate and the imprinted or non-imprinted FITC-doped SiO2 NPs. After 

excessive nanoparticles were removed through washing with 0.01 M phosphate buffer (pH 7.4), the 

fluorescence signal of the formed microplate-glycan (or glycoprotein)-FITC-doped NPs sandwiches were 

detected by the Varioskan Flash. 
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The boronic acid-modified 96-well microplate was prepared according to the method by our group.[3] Briefly, 

the wells were filled with a 3:1 (v/v) H2SO4 (98%)/HNO3 (63%) mixture (250 μL/well) and kept at room 

temperature for 30 min. After being washed with water to achieve a neutral pH and dried by air, the wells 

were filled with 5% aqueous APTES solution, pH 6.9 (250 μL/well), and slightly shaken at room temperature 

for 2 h and then dried by air at 62 °C for another 2 h. Then, the microplate was washed with anhydrous 

methanol and dried by air. After the wells were filled with 5 mg/mL 4-formylphenylboronic acid and 5 mg/mL 

sodium cyanoborohydride dissolved in anhydrous methanol (250 μL/well), the microplate was sealed and 

slightly shaken at room temperature for 12 h. Finally, the solutions in the wells were disposed, and the wells 

were washed with anhydrous methanol for 5−10 times. The boronic acid modified microplate was dried by air 

and then kept at 4 °C for later experiments. 

 

The glutaraldehyde-modified 96-well microplate was prapared with similar steps as above. The difference 

appearance after the wells was modified with APTES. Then wells then filled with 0.5% glutaraldehyde solution 

(250 μL/well), and slightly shaken at room temperature for 2 h. Finally, the solutions in the wells were disposed, 

and the wells were washed with water for 5−10 times. The glutaraldehyde modified microplate was dried by 

air and then kept at 4 °C for later experiments. 

 

Characterization of boronic acid-modified 96-well microplate.  

ARS was used to characterize the modification of boronic acid onto the 96-well microplate for its switchable 

fluorescence signal by virtue of the binding with boronic acid. Briefly, three random boronic acid-modified 

wells and three unmodified wells were added with 0.1 mg/mL ARS dissolved in phosphate buffer (250 μL/well). 

Another three unmodified wells filled with equal volume phosphate buffer without ARS were used as control. 

After incubation for 30 min, the array was washed with phosphate buffer three times. The fluorescence of 

each well was read on the Varioskan Flash and the measurment for each condition was control-subtracted 

and averaged. 

 

Characterization of glutaraldehyde-modified 96-well microplate.  

HRP was used to characterize the modification of glutaraldehyde onto the 96-well microplate. Three random 

glutaraldehyde-modified wells and three unmodified wells were added with 0.5 mg/mL HRP dissolved in 

phosphate buffer (250 μL/well). Another three unmodified wells filled with equal volume phosphate buffer 

without HRP were used as control. After incubation for 2h, the array was washed with phosphate buffer three 

times. The UV absorbance of each well was read on the Varioskan Flash and the measurment for each 

condition was control-subtracted and averaged. 
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Evaluation of boronic acid-functionalization of FITC-doped SiO2 NPs.  

A 3 × 4 array of boronic acid-functionalized 96-well microplate was incubated with 1 mg/mL HRP solution 

dissolved in 0.01 M phosphate buffer (pH 7.4) for 30 min. The HRP-bound array was washed with 0.01 M 

phosphate buffer (pH 7.4) three times and supplemented with three different solutions: (A1−D1) 0.01 M 

phosphate buffer (pH 7.4) containing 1 mg/mL boronic acid-functionalized FITC-doped SiO2 NPs; (A2−D2) 

0.01 M phosphate buffer (pH 7.4) containing 1 mg/mL non-functionalized FITC-doped SiO2 NPs; and (A3−D3) 

0.01 M phosphate buffer (pH 7.4) without any additives (used as control). After incubated for another 30 min, 

the array was washed with 0.01 M phosphate buffer (pH 7.4) three times. Finally, fluorescence of the array 

was read on the Varioskan Flash. Control signals were subtracted and the obtained fluorescence intensity of 

boronic acid-functionalized FITC-doped SiO2 NPs and non-functionalized FITC-doped SiO2 NPs were 

averaged. 

Optimization of the imprinting time. 

A volume of 1 mL of HER2 glycan-imprinted or non-imprinted FITC-doped SiO2 NPs solution (1 mg/mL for 

each) was added with template molecules (final concentration, 5 μg/mL) and the pH was adjusted to 7.4. After 

incubation for 30 min, the solution was centrifuged at 8,000 rpm for 3 min and rinsed with 0.01 M phosphate 

buffer (pH 7.4) for twice, and then re-dispersed into 1 mL of 0.01 M phosphate buffer (pH 7.4). After that, the 

template-bound imprinted SiO2 NPs solution and non-imprinted SiO2 NPs solution were, respectively, added 

into a 3 × 4 array of boronic acid-functionalized 96-well microplate (250 μL for each well), and an equal volume 

of 0.01 M phosphate buffer (pH 7.4) without any FITC-doped SiO2 NPs and templates was added into the 

array as control. After incubation for 30 min, the array was washed with 0.01 M phosphate buffer (pH 7.4) 

three times. Finally, the fluorescence of the resultant array was read on the Varioskan Flash and the 

fluorescence intensity of captured imprinted FITC-doped SiO2 NPs and non-imprinted FITC-doped SiO2 NPs 

was control-subtracted and averaged over column. The IF values were calculated by dividing the fluorescence 

intensity of captured imprinted FITC-doped SiO2 NPs by that of non-imprinted FITC-doped SiO2 NPs. 

 

Selectivity test.  

A 6 × 4 array of a glutaraldehyde functionalized 96-well microplate was used for the experiments. The array 

was added with equivalent volumes of six different solutions and incubated for 2h: (A1−D1) 0.01 M phosphate 

buffer (pH 7.4) containing 5μg/mL HER2; (A2−D2) 0.01 M phosphate buffer (pH 7.4) containing 5μg/mL 

HER2(-) (glycans-removed HER2); (A3−D3) 0.01 M phosphate buffer (pH 7.4) containing 5μg/mL EGFR; 

(A4−D4) 0.01 M phosphate buffer (pH 7.4) containing 5 μg/mL EPO; (A5−D5) 0.01 M phosphate buffer (pH 

7.4) containing 5 μg/mL CEA; and (A6−D6) 0.01 M phosphate buffer (pH 7.4) without any additives (used as 

control). After incubation for 2 h, the array was washed with 0.01 M phosphate buffer (pH 7.4) three times 

and then added with equivalent volume of 0.1 M phosphate buffer (pH 7.4) containing 1 mg/mL HER2 glycans-

imprinted FITC-doped SiO2 NPs and incubated for another 30 min. Thereafter, the array was washed with 
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0.01 M phosphate buffer (pH 7.4) three times. Finally, the fluorescence of the array was read on the Varioskan 

Flash and the fluorescence intensity was control-subtracted and averaged over each column. 

 

Selectivity of EPO glycans-imprinted FITC-doped SiO2 NPs toward EPO and HER2. 

A 3 × 4 array of a glutaraldehyde functionalized 96-well microplate was used for the experiments. The array 

was added with equivalent volumes of three different solutions and incubated for 2h: (A1−D1) 0.01 M 

phosphate buffer (pH 7.4) containing 5 μg/mL EPO; (A2−D2) 0.01 M phosphate buffer (pH 7.4) containing 5 

μg/mL HER2 and (A3−D3) 0.01 M phosphate buffer (pH 7.4) without any additives (used as control). After 

incubation for 2 h, the array was washed with 0.01 M phosphate buffer (pH 7.4) three times and then added 

with equivalent volume of 0.1 M phosphate buffer (pH 7.4) containing 1 mg/mL EPO glycans-imprinted FITC-

doped SiO2 NPs and incubated for another 30 min. Thereafter, the array was washed with 0.01 M phosphate 

buffer (pH 7.4) three times. Finally, the fluorescence of the array was read on the Varioskan Flash and the 

fluorescence intensity was control-subtracted and averaged over each column. 

 

In vitro cytotoxicity of HER2 glycan-imprinted FITC-doped SiO2 NPs.  

Cell viability was determined by the MTT assay. Briefly, MCF-10A cells were seeded on 96-well microplates 

with a density around 10,000 cells per well and allowed to adhere for 24 h prior to the assay. The cells were 

incubated with different concentrations of glycan-imprinted FITC-doped SiO2 NPs at 37 °C for 24 h. The 0 

concentration group was used as control and others were used as test group. And wells without cells were 

used as background group. Then 50 μL of MTT indicator dye (1 mg/mL in PBS, pH 7.4) was added. After 

incubating for another 4 h at 37°C in the dark, the supernatant was discarded, and 150 μL of DMSO was 

added to each well. After shaking for ten minutes on the shaking table, the optical density of the solution was 

monitored on the Varioskan Flash.  

 

Absorbance was measured at a wavelength of 550 nm. The cell viability was expressed as a percentage of 

the absorbance of test cells (added with glycan-imprinted NPs) over that of control experiment (without the 

addition of glycan-imprinted NPs) (both were deducted by the background absorbance), which can be  

calculated by the following equation: 

Cell viability (%) =
Abs (test) − Abs (background)

Abs (control) − Abs (background)
× 100% 

 

Cell culture and imaging.  

SKBR-3 cells were cultured in DMEM medium with 10% fetal bovine serum for 2 to 3 days (37 °C, 5% CO2), 

MCF-7 cells were cultured in RPMI-1640 medium with 10% fetal bovine serum for 2 to 3 days (37 °C, 5% 

CO2). The cell culture medium was removed and the cells remained on the cell culture dishes were washed 
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with 1×PBS twice. Then the cells were respectively incubated with 200μL HER2 glycan-imprinted, non-

imprinted FITC-doped SiO2 NPs, FPBA-functionalized FITC-doped SiO2 NPs and EPO glycans-imprinted 

FITC-doped SiO2 NPs dissolved in 1× PBS (200 μg/mL each) for 30 min. Then the PBS buffer and free 

nanoparticles were removed and the remaining cells were rinsed with 1×PBS for three times and then stained 

with 100 μL 4',6-diamidino-2-phenylindole for another 10 min. After rinsed with 1×PBS, 1 mL 1×PBS was 

supplemented. The obtained cells were imaged under the confocal laser-scanning microscope. 

 

Flow cytometry.  

For flow cytometry assay, the SKBR-3 and MCF-7 cells were respectively stained with 200μL HER2 glycan-

imprinted FITC-doped SiO2 NPs and non-imprinted FITC-doped SiO2 NPs dissolved in 1× PBS (200 μg/mL 

for each)  for 30 min. Then the cells were digested with parenzyme cell digestion solution (containing 0.25% 

tryptase and 0.02% EDTA) for 2-3 min. The obtained cells were centrifuged at 1,000 rpm for 3 min. After 

removing the supernatant, the cells were washed with 1×PBS twice and filtrated with 200 mesh sieves. The 

obtained cell suspensions were injected into cytoanalyzer and the count of cells was set to 10,000. 

 

Proliferation inhibition test in vitro.  

SKBR-3 cells were cultured in DMEM medium with 10% fetal bovine serum (37 °C, 5% CO2) and MCF-7 cells 

were cultured with RPMI-1640 medium with 10% fetal bovine serum before use. 

 

Exponentially growing SKBR-3 cells and MCF-7 cells were harvested and plated in 96-well plates at a 

concentration of 5,000 cells/well. After incubation at 37 °C for 24 h, the cells were respectively treated with 

HER2 glycan-imprinted FITC-doped SiO2 NPs and non-imprinted FITC-doped SiO2 NPs dissolved in cell 

culture medium at different concentrations for an additional 24, 48 or 72 h. The group without any 

nanoparticles was used as control. The wells without any cells and nanoparticles but with equal volume of 

cell culture medium were use as background. Then 50 μL of MTT (1 mg/mL) was added to each well and the 

plates were incubated at 37 °C for another 4 h at 37°C in the dark. The supernatant was discarded, and 150 

μL of DMSO was added to each well. After shaking for ten minutes on the shaking table, the absorption of 

the solution was monitored on a Varioskan Flash. 

 

Absorbance was measured at a wavelength of 550 nm. Inhibition of cell growth was given by the following 

equation. 

Inhibition (%) =
(ODcontrol − ODtreatment)

(ODcontrol − ODbackground)
× 100% 

Data are reported as the mean of four independent experiments. 
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Western blot. 

SKBR-3 cells were cultured in DMEM medium with 10% fetal bovine serum (37 °C, 5% CO2) for 24 h and 

then HER2 glycan-imprinted FITC-doped SiO2 NPs and non-imprinted FITC-doped SiO2 NPs dissolved in 

1×PBS were added (100 μg/mL for each) respectively. SKBR-3 cells added with equal volume 1×PBS without 

any nanoparticles were used as control. The cells were cultured for another 48 h and then washed with pre-

cooled 0.01 M phosphate buffer (pH 7.4) three times to remove unbound nanoparticles. After that, cell lysis 

buffer containing protease inhibitor and phosphatase inhibitor was added on the cells and the cells were lysed 

on ice for 30 min. Cells were scraped with clean cell scrapes and transferred into centrifugal tubes with a 

pipette. The lysate mixture was centrifuged in -4 °C at 12,000 rpm for 5 min and the supernatant was cellected 

for further use. Protein concentration was quantified using BCA protein quantitation assay, and 50 μg of 

protein from cell lysate was loaded on sodiumdodecyl sulphate-polyacrylamide gel electrophoresis (SDS-

PAGE). Polyvinylidene fluoride (PVDF) membrane was used to transfer the gels. After blocking with 2% BSA 

in TBST (Tris-buffered saline with 0.1% Tween 20), the membrane was incubated with primary at 4 °C 

overnight and then secondary antibodies at room temperature for 1h. Primary antibodies against 

phosphorylated HER2 (pHER2) and secondary antibodies were used at 1:1,000 dilution. Unbound antibodies 

were washed away with wash buffer, then the membrane was incubated with ECL chemiluminescence 

solution. A Bio-Rad GelDoc-XRTM gel imaging system was employed to expose the membrane and obtain 

images. β-actin was used to ensure equal loading. 

 

Macrophage uptake.  

To study cellular uptake of HER2 glycans-imprinted FITC-doped SiO2 NPs towards macrophage cell line 

RAW264.7 cells via confocal microscopy, the nanoparticles were added to the cell culture media at a particle 

concentration of 200 μg/mL. After incubation at 37 °C for 5h, the cells were washed three times with 1× PBS 

and then stained with 100 μL 4',6-diamidino-2-phenylindole for another 10 min. After rinsed with 1×PBS, 1 

mL 1×PBS was supplemented. The obtained cells were imaged under the confocal laser-scanning 

microscope. 

 

To further quantify the macrophage uptake towards the nanoparticles, we cultured RAW264.7 cells in a 24-

well plate with a density of 2x105 cells every well and allowed to adhere for 24 h. Then the cell culture media 

was diacarded and washed once with PBS. After that, equivalent 1mL of 200 μg/mL HER2 glycan-imprinted 

FITC-doped SiO2 NPs dissovled in cell culture media was added to the wells, respectively. The fluorescence 

intensity of supernatant incubated after different times was monitored on the Varioskan Flash. Uptake was 

expressed as the percentage of decreased fluorescence after incubated versua the intensity of fluorescence 

before incubated.  
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HER2 glycan-imprinted NIR797-doped SiO2 NPs and in vivo biodistribution of the mice.  

HER2 glycan-imprinted NIR797-doped SiO2 NPs were prepared in the similar way as previously described. 

Briefly, the NIR797 dye was react with APTES, and then the solution of TEOS/NIR797-APTES/ethanol 

replace the TEOS/FITC-APTES/ethanol reagent for silica coating. Other procedures were as same as the 

above labeling processes. 

 

All the animal experiments were approved by the Animal Care and Use Committee of Nanjing University. A 

total of 6 female SKBR-3 tumor-bearing mice with tumor volume of approximately 50 mm3 were at random 

divided into two groups: 1) intravenously injected with HER2 glycan-imprinted NIR797-doped SiO2 NPs; 2) 

injection with non-imprinted NIR797-doped SiO2 NPs. The distribution of nanoparticles in mice was imaged 

using the PerkinElmer in vivo imaging system. The mice were anesthetized with isoflurane and the scans 

were carried out at desired time after the injection. 

 

In vivo antitumor activity.  

A total of 15 female SKBR-3 tumor-bearing mice with tumor volume of approximately 50 mm3 were at random 

divided into three groups: 1) treatment with PBS (as control); 2) treatment with HER2 glycan-imprinted 

NIR797-doped SiO2 NPs at a dose of 10 mg/kg; 3) treatment with non-imprinted NIR797-doped SiO2 NPs at 

a dose of 10 mg/kg. A caliper was applied to measure the volume of the tumor each day after injection. The 

tumor volume V was calculated based on the formula,V = Dd2

2⁄ , where D and d refer to the length and width 

of the tumor. The body weights of mice were measured by an electronic balance every two days. On the 21st 

day, the mice were dissected and the tumor were collected for further analysis.  
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Supplementary Data 

 

 

Figure S1. The structures of the N-glycans of HER2.[4] (Glycans G1 and G16 represent the shortest and 

longest glycan with a length of 2.4 and 3.8 nm, respectively. Considering the length of the FPBA ligand used 

for the imprinting is 0.6 nm, the total length of the glycans ranges from 3.0 to 4.4 nm. The molecular length 

was estimated by BioChem 3D.) 
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Figure S2. a) Schematic of the preparation of glycan templates. b) Schematic of the synthesis route of HER2 

glycan-imprinted FITC-doped SiO2 NPs. 

 

 

 

 

Figure S3. a) TEM image of FITC-doped SiO2 NPs. b) FL intensity of free FITC (black), FITC-doped SiO2 NPs 

(red) and HER2 glycan-imprinted FITC-doped SiO2 NPs (blue). 
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Figure S4. Characterization of boronic acid-modified 96-well microplate by ARS replacement. 

 

 

Figure S5. Evaluation the boronic acid-functionalization of FITC-doped SiO2 NPs via boronate affinity 

sandwich assay using HRP as bridge molecules. 
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Figure S6. Characterization of glutaraldehyde-modified 96-well microplate by HRP capture. 

 

 

 

 

Figure S7. Selectivity of EPO glycans-imprinted FITC-doped SiO2 towards EPO and HER2. 
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Figure S8. In vitro cytotoxicity of HER2 glycan-imprinted FITC-doped SiO2 NPs toward MCF-10A cells. 

 

 

 

 

Figure S9. FCM characterization of SKBR-3 cells a) and MCF-7 cells b) after staining with different materials. 

Black: without staining (control); megenta: staining with non-imprinted FITC-doped SiO2 NPs; cyan: staining 

with HER2 glycan-imprinted FITC-doped SiO2 NPs. 
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Figure S10. Confocal fluorescence imaging of SKBR-3 cells and MCF-7 cells after staining with FPBA-

functionalized FITC-doped SiO2 NPs. The concentration of the NPs was 200 μg/mL. 

 

 

Figure S11. Confocal fluorescence imaging of SKBR-3 cells and MCF-7 cells after staining with EPO glycans-

imprinted FITC-doped SiO2 NPs. The concentration of the NPs was 200 μg/mL. 
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Figure S12. Confocal fluorescence imaging of macrophage uptake of HER2 glycan-imprinted FITC-doped 

SiO2 NPs. The concentration of the NPs was 200 μg/mL. Green: HER2 glycan-imprinted FITC-doped SiO2 

NPs. Blue: DAPI. 

 

Figure S13. Cell uptake percentage of HER2 glycans-imprinted FITC-doped SiO2 NPs by macrophage. 




