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Abstract

Targeted drug delivery using antibody-drug conjugates (ADCs) have attracted great attention 

due to the enhanced therapeutic efficacy compared to traditional chemotherapy. However, the 

development has been limited due to low drug-to-antibody ratio and laborious linker-payload 

optimization. Herein, we present a simple and efficient strategy to combine favorable features 

of polymeric nanocarriers with antibodies to generate an antibody-nanogel conjugate (ANC) 

platform for targeted delivery of cytotoxic agents. Our nanogels stably encapsulate several 

chemotherapeutic agents ranging in mechanism of actions and solubility. We showcase the 

targetability of ANCs and their selective killing of cancer cells over-expressing disease relevant 

antigens such as HER2, EGFR, and tMuc1, which cover a broad range of breast cancer cell 

types, while maintaining low to no toxicity to non-targeted cells. Overall, our system represents 

a versatile approach that could impact next generation nanomedicine in antibody-targeted 

therapeutics.
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INTRODUCTION

Targeted drug delivery using antibody-drug conjugates (ADCs) offers the means to 

specifically kill cancer cells where the damage to other tissues is greatly reduced compared 

to traditional chemotherapy.1–5 The ADC approach couples the specificity of monoclonal 

antibodies with the cytotoxicity of chemotherapeutic drugs, which is leading the new era of 

targeted cancer therapy with fourteen approved ADCs and more than 100 ADC candidates 

under clinical evaluation to date.6–9 For example, trastuzumab (Herceptin) antibody has been 

exploited for its specificity to bind to human epidermal growth factor receptor 2 (HER2) 

to generate the ADC, Kadcyla (trastuzumab-SMCC-DM1), by conjugating it with the drug 

emtansine (DM1). This ADC formulation has significantly improved the invasive disease-

free survival of HER2-positive breast cancer patients by 50%, compared to trastuzumab 

alone.10,11 While Kadcyla has been only used for HER2+ breast cancer,12,13 recent approval 

of sacituzumab govitecan, based on an anti-trophoblast cell-surface antigen 2 (Trop-2) ADC, 

has broadened the scope of ADCs for pretreated metastatic triple-negative breast cancer 

(TNBC).14,15 Despite these successes, the clinical potential of ADCs has not been fully 

realized because: (i) the low drug-to-antibody ratio (DAR) in the current ADC format 

requires the use of highly toxic drugs, making off-target toxicity a significant limitation; 

and (ii) the antibody-drug linker stability and degradability requirements make their design 

laborious and limits the drugs that are amenable to be an ADC component.1,16,17 Efforts 

to overcome such drawbacks includes utilizing peptide, aptamer or folate receptor as the 

targeting moieties.18 Specifically, folate receptors a (FRa) is unique in its high expression 

in tumor cells. A folate-maytasinoid conjugate had been shown to show high efficacy in 

oral squamous carcinomas.19 Similarly, peptide and aptamer-drug conjugates with easy 

synthesis and higher tumor penetration have also attracted interest in targeted therapies. 

In contrast to ADCs, these conjugates are easier to manufacture, they offer well-defined 

structures, higher drug loading, good stability, and better tumor penetration. However, they 

are typically associated with faster clearance and have abridged affinity and specificity 

to cancer cells.20,21 Next generation targeted nanomedicine highlighted the importance 

of polymer-drug conjugates which can minimize these limitations. Depending on the 

nature of the polymer and drug content, polymer-drug conjugates might form different 
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nanostructures such as micelles, nanogels or nanocomplexes. All offer high stability, high 

drug loading and ease of synthesis. Furthermore, conjugation with antibody offers great 

affinity towards specific cancer cells and enhanced pharmacokinetics of the system. A few 

antibody-nanogel/polymersome conjugates have been developed and showed efficacy in 

many tumor models including multiple myeloma, glioma, triple-negative breast cancer and 

pancreatic cancer.22–25 Herein, we present a simple and efficient antibody-nanogel conjugate 

(ANC) platform that overcomes these shortcomings by combining the favorable features of 

polymeric nanocarriers with antibodies.26–29

The ANCs are based on polymeric nanogels that stably and non-covalently encapsulate 

many chemotherapeutic agents ranging in the mechanism of actions and solubility. Here, the 

targeting antibodies are conjugated to the surface of the nanogel through the polymer chain. 

This latter feature, combined with the non-covalent drug encapsulation mode, obviates the 

complex linker requirements, and consequently, expands the scope of drugs that can be used 

in this format. Similarly, while the DAR of ADCs are typically between 4 and 8, the DAR of 

ANCs can conveniently be 102–106 times higher, depending on the size of the nanogel and 

the drug loading capacity.30–32 Overall, our ANC system is a versatile nanocarrier platform 

that features: (i) easily functionalized surface for antibody decoration, (ii) simple preparation 

protocols; (iii) high drug loading capacity for a broad range of drugs; (iv) low vehicle 

toxicity; and (v) triggerable on-demand release of cargo at targeted sites. In this report, we 

demonstrate the versatility of the ANC platform with three disease-relevant antibodies and 

four chemotherapeutic drugs, highlighting the broad applicability of the ANCs in cancer 

therapy.

MATERIALS AND METHODS

Materials.

PEG5000 RAFT, NHS RAFT, methacryloyl chloride, AIBN, and DiI were purchased from 

Sigma-Aldrich. Boc-NH-PEG5000-NH2 was purchased from Laysan Bio. DBCO-PEG5-NHS 

ester was purchased from BroadPharm. trifluoroacetic acid (TFA), triethylamine (TEA) were 

purchased through Fisher Scientific. Trastuzumab was purchased from Selleck Chemicals. 

TAB 004 anti-tMuc1 antibody was purchased from Creative Biolab. Anti-EGFR antibody 

was purchased from BioXCell. All the drugs were purchased from MedChemExpress. All 

molecules without characterization data mentioned below were synthesized through well-

established synthesis procedures previously reported by our group and are appropriately 

referenced.

Polymer synthesis.

PEG-PDS block copolymer (PEG-PDS-BCP) was synthesized by a reversible addition 

fragmentation chain transfer (RAFT) polymerization of either methoxy terminated or Boc 

terminated PEG5000RAFT monomer and pyridyl disulfide ethyl methacrylate (PDSMA). 

The Boc terminated polymer was then deprotected and the amine functional group was 

reacted with an N3-PEG3-NHS linker to yield the azide terminated PEG-PDS-BCP. 

After purification of the polymer, the monomer composition was calculated to contain 
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10 repeating unit of PDS per PEG block. Detailed procedures for the preparation of the 

methoxy and azide terminated polymers are available in Supporting Information.

Nanogel preparations.

Methoxy terminated PEG-PDS-BCP (P1) and azide terminated PEG-PDS-BCP (P4) were 

freshly prepared at 50 mg/mL in DMSO. All the drugs and DiI were freshly prepared at a 

concentration of 10 mg/mL in DMSO. 20 μL of P1 and 20 μL of P4 were mixed with a 

30 μL (15 wt%) drug or 20 μL (10 wt%) DiI stock solution. To this mixture of polymer 

and drugs or DiI, 1 mL of HPLC grade water was added with immediate sonication in a 

sonication bath for 5–10 mins until the nanogel solution is clear. DMSO was purified by 

dialysis against DI water using a mini dialysis kit (1 kDa cutoff) from Cytiva for 6 hrs. After 

that, the nanogels were crosslinked using 7.7 μL of DTT (stock solution in water, 5 mg/mL) 

to target a 20% crosslinking density. After 3 hrs of crosslinking, nanogels were dialyzed 

against water for 24hrs using a mini dialysis kit (8 kDa cutoff) to remove byproducts and 

unencapsulated drugs. The final polymer concentration of nanogels was calibrated to 2 

mg/mL.

Antibody Modification.

Antibodies were buffer exchanged into a conjugation buffer (PBS pH 7.5, 50 mM K2HPO4, 

100 mM NaCl) and concentrated to > 5 mg/mL using Amicon ultra centrifugal kit (30 kDa 

cutoff). The concentration of antibodies was calibrated using UV absorbance at 280 nm. 

DBCO-PEG5-NHS ester was freshly prepared in DMSO at a concentration of 10 mM. To a 

solution of 20 μL antibody at 5 mg/mL (100 μg) in the conjugation buffer, 1 μL of 10 mM 

DBCO-PEG5-NHS ester linker in DMSO (15 eq) was added. The mixture was incubated at 

4 °C for 16 hrs. The excess DBCO linker was purified by Amicon ultra centrifugal kit (30 

kDa cutoff) for 6 times. The final concentration of antibodies was calibrated by Nanodrop.

Antibody nanogel conjugation.

The antibody nanogel conjugation was carried out by incubating a mixture of 300 μL 

nanogel solution (0.6 mg polymer) and 0.2 mg DBCO modified antibody for 48 hrs at 4 

°C. Free antibodies were purified by dialysis against deionized water for 48 hrs at 4 °C 

using a 300 kDa Float-A-Lyzer™ from Spectrum™. The final concentration of drug and dye 

was calibrated by HPLC or UV. Antibody concentration was calculated using Pierce™ BCA 

Protein Assay from ThermoFisher. Detailed drug and antibody quantification procedures are 

available in Supporting Information.

Cell culture.

Tumor cell lines (Breast carcinoma SKBR3, BT474, MD-MB-468, ovarian carcinoma 

SKOV3) and normal breast epithelial cells MCF10A were purchased from the American 

Type Culture Collection (ATCC). BT474 and MDA-MB-468 were maintained in Ham’s 

F-12: high glucose DMEM (50:50) supplemented with 10% FBS, 100 units/mL of 

penicillin, and grown in 5% CO2 incubator. SKBR3 cells were grown in McCoy’s 5A media 

supplemented with 10% FBS, 100 units/mL of penicillin, and grown in 5% CO2 incubator. 

MCF10A cells were grown in DMEM:F12 media (Gibco, Fisher cat. No.: 11-320- 082) 
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supplemented with 1% 1M HEPES, 1% of L-glutamine (Gibco, Fisher cat. No.: 25-030- 

081), 750 uL of 10 mg/mL gentamicin (Fisher BioReagents; Fisher cat. No. BP918–1), 5% 

FBS, 500uL of 10 mg/mL insulin, 1 mL of 10 μg/mL EGF (human), 100 uL of 500 μg/mL 

cholera enterotoxin and 5mL of 50 μg/mL hydrocortisone grown in 5% CO2 incubator.

Flow cytometry.

0.4 million of SKOV3, SKBR3, and MCF10A cells were treated with DiI encapsulated 

nanogel, with and without anti-HER2 conjugations, namely anti-HER2-ANC and NG, 

respectively. The amount of anti-HER2-ANC and NG were added according to the DiI 

concentration, which was calibrated using UV-vis. Cells were incubated at different time 

points (10 mins, 30 mins and 1h). Then, the media was removed, and cells were washed 

twice with PBS. Cells were then trypsinized, quenched with media, transferred to centrifuge 

tubes and spun at 2000 rpm for 5 minutes. Subsequent washing and analysis with 

flow cytometry were performed similarly as described in the receptor expression section 

(Supporting Information). All studies were performed in triplicate.

Confocal Imaging.

1 × 104 cells were first plated onto a 4-chamber, 35 mm glass-bottom dishes and incubated 

at 37 °C in 5% CO2 overnight. Then, cells were washed once with PBS before treated 

with new media containing 30 μg/mL DiI-NC or anti-HER2-DiI-ANC at the same DiI 

concentration (normalized by UV-vis). After incubating at 37 °C for 30 mins (10 mins for 

anti-EGFR-DiI-ANC and DiI-NG), cells were washed twice with PBS and fresh media were 

added and continued incubating for 4 h. To prepare for visualization, the cells were washed 

with PBS and then stained with Hoechst 33342 (Invitrogen). Assessment of ANC and NG 

intracellular uptake was recorded using a 560 nm laser, and the nuclear stain was detected 

using a 405 nm wavelength laser. Imaging was performed on a Nikon Ti2 stand with a 

spinning disk confocal and 2 camera TIRF system. Co-localization of blue (Hoechst) and 

red (Cy5) channels were studied to evaluate the location of the dye-encapsulated particles.

Cell viability assay.

Cells were seeded on opaque flat-bottom 384-well tissue culture plates at a density of 1250 

cells/well and rested for 24 h at 37 °C in 5% CO2. After incubation, the culture medium 

was removed, and cells were treated with fresh media containing ANC and NG samples at 

different concentrations for 10 mins. Then, media was removed, cells were washed twice 

with PBS, and fresh media was added and incubated for 48h. After treatments, cells were 

treated with Cell Titer-Glo reagent for 10 min at room temperature and the luminescent 

signal was measured using a SpectraMax iD5 multi-mode microplate reader.

RESULTS AND DISCUSSION

Nanogels were prepared by the assembly of amphiphilic block copolymers that were 

synthesized through RAFT polymerization, which contains polyethylene glycol (MW 5000) 

as the hydrophilic block and pyridyl disulfide (PDS) ethyl methacrylate as the hydrophobic 

block (Scheme 1). Crosslinked nanogels fabricated from PEG-PDS block copolymers 

exhibit high drug loading capacity, stable encapsulation, and tunable release kinetics 
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compared to our previously reported random copolymers.32,33 To provide an accessible 

handle for antibody conjugation, we synthesized these polymers with an azide functional 

group at the terminus of the hydrophilic PEG chain (Scheme S1). By co-assembling 

the azide terminated polymer and the corresponding methoxy-terminated polymer31,34, 

we prepared nanogels with controlled presentation of azide functionality handles on 

their surface. This offers a simple and efficient approach for post-assembly modification 

of the nanogels with targeting antibodies via the efficient strain-promoted alkyneazide 

cycloadditions (SPAAC).35,36 For the initial proof-of-concept, we chose trastuzumab as 

the antibody to generate anti-HER2-ANC. The antibody was first modified with a DBCO-

PEG5-NHS ester linker, followed by conjugation with azide functionalized nanogel at pH 

7.4 (Scheme 1). The resultant anti-HER2-ANC was purified by dialysis. The size of the 

anti-HER2-ANC is ~100 nm, as measured by both dynamic light scattering (DLS) and 

transmission electron microscopy (TEM) (Figure S10).

Next, we are interested in evaluating the targeting capability of anti-HER2-ANC in 

cancer cell lines expressing different levels of HER2 receptors. SKBR3 and SKOV3 are 

both cancer cell lines that overexpress HER2, while the normal breast cell MCF10A 

expresses low levels of HER2. To independently confirm the HER2 expression levels, 

we examined the expression levels of HER2 on the surface of these cells by flow 

cytometry. SKBR3 was found to express the highest levels of HER2 receptors while 

MCF10A has minimal expression (Figure 1a). Then to evaluate the targeting specificity 

of anti-HER2-ANC, we encapsulated a hydrophobic fluorophore, 1,1’-dioctadecyl-3,3,3’,3’-

tetramethylindocarbocyanine perchlorate (DiI) into the anti-HER2-ANC. The uptake of 

ANCs into cancer cell lines expressing different levels of HER2 receptors was then 

monitored using flow cytometry. To evaluate the relative efficacy of targeted cellular 

uptake of ANCs, we optimized the incubation time. DiI-encapsulated nanogel and ANC 

were incubated in MCF10A and SKBR3 cells for 10 mins, 30 mins, and 1h in a flow 

cytometry study. First, the difference in fluorescence intensity between the nanogel and 

the ANC in SKBR3 cells is more significant than that in SKOV3 cells with incubation at 

10 mins (Figure 1b), which is consistent with the differences in HER2 expression levels. 

The fluorescence difference between the nanogel and the ANC decreased with increasing 

incubation time (Figure S14), suggesting that the antibody-directed cell-specific recognition 

and uptake is very fast. Following this study, 10 mins incubation time was chosen for further 

experiments to better reveal the cell-specific recognition process of ANCs.

We also evaluated the cellular uptake of DiI loaded-ANC and the nanogel by confocal laser 

scanning microscopy (CLSM). A significant fluorescence signal was observed in SKBR3 

cells treated with HER2-ANC, but a limited fluorescence signal was found with nanogel 

treated cells, suggesting the anti-HER2 antibody plays important role in promoting cellular 

uptake. Moreover, enhanced uptake was also observed in SKBR3 cells with antiHER2-ANC 

compared to the nanogel, but not in MCF10A cells (Figure 1c), which further indicates that 

the surface decorated trastuzumab aided in cell-specific recognition and uptake of nanogels 

in HER2-overexpressed breast cancer cell lines.

Next, we utilized the ANC platform to deliver chemotherapeutic drugs to cancer cells. 

Different classes of chemotherapeutic drugs can inhibit tumor growth and induce apoptosis 
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via various mechanisms. To accommodate a specific anticancer drug for a certain 

cancer type, traditional polymer-based drug delivery systems require extensive structural 

optimization of the backbone or the cargos for efficient encapsulation and stability. Here, 

we aimed to demonstrate that our nanogel system can provide a modular platform that 

can stably encapsulate cargos with different physiochemical properties. This versatility 

of the ANCs was first exemplified by non-covalent encapsulation of drugs with varied 

hydrophobicity, viz., doxorubicin (DOX; logP: 0.57), 7-ethyl-10-hydroxy-camptothecin 

(SN38; logP: 2.67), and paclitaxel (PTX; logP: 4.95). Then we also successfully loaded 

mertansine (DM1) to the nanogel, which can covalently conjugate to the hydrophobic block 

of the polymer chains through thiol-disulfide exchange reaction. Encapsulation stability and 

tunable release properties of these nanogels have been investigated previously.31,32 After the 

conjugation of antibodies to the nanogels, we observed a 5 nm increase in size for ANCs 

(Figure S10). The success of antibody modification was also confirmed by the change in 

the zeta potential of the nanogels before and after antibody conjugation. We observed an 

increase in zeta potential after antibody conjugation at pH 7 due to the positively charged 

trastuzumab36 (Figure S10). We then evaluated the stability of these ANCs in PBS buffer 7.4 

for 5 days, where negligible changes in sizes were observed in all four ANCs (Figure S11).

Then we focused on determining the DAR values for the developed ANC. Increasing 

the drug-to-antibody ratio (DAR) for ADC to be more than 4:1 has been a longstanding 

challenge, which significantly impeded the further development of ADCs.37–40 Our ANC 

platform uniquely positioned us to address this challenge by increasing the DAR without 

compromising the stability and targeting capability of antibodies. We performed theoretical 

calculations of DAR values based on reasonable assumptions in the physical properties 

such as density and volume of our nanogel. We found that with either non-covalent or 

covalent encapsulation, the DAR values can range between 102 – 105 (Figure S13). This 

enormous tunability in DAR could expand the repertoire of drugs for cancer therapy. Here, 

we formulate the ANCs using 15% wt. drug feed and a 1:5 (antibody /NG wt.) antibody 

dosage. We then calculated the DAR of ANCs by quantifying the antibody concentration 

in the ANC using BCA assay and drug concentration using HPLC. The DAR values of all 

ANCs were calculated by the ratios of drug concentration over the antibody concentration, 

which are reported in Table 1. Note that we can further fine tune the DAR, if necessary, 

by simply varying the amount of drug feeding and degree of antibody conjugation on the 

nanogel surface.

We then evaluated the cytotoxicity of these ANCs towards cancer cells with varied 

HER2 expression levels. Higher potency of ANCs compared to NGs was observed in 

HER2-positive SKOV3 and SKBR3 cell lines compared to MCF10A cells (Figure 2, 

Table 2), suggesting the efficient uptake of anti-HER2 conjugated ANCs due to receptor-

mediated uptake. DM1-ANC showed a significant increase in cytotoxicity in both SKOV3 

and SKBR3 cell lines while cytotoxicity of DOX-ANC is notably higher than DOX-NG 

in SKOV3 cell line. However, the gain in cytotoxicity of PTX-ANC and SN38-ANC 

comparing to NG is less significant which is attributed to the inherently lower drug 

sensitivity to the cells (Figure S16). This observation highlights the importance of choosing 

the right cytotoxic drug cargo for the ANCs. Most importantly, ANC showed similar or less 
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toxicity in HER2-negative MCF10A cells which stressed the importance of the antibody-

antigen recognition process that holds great potential to minimize off-target effects.

Inspired by the results from Trastuzumab-ANCs towards HER2-expressing cancer cells, 

we tested the applicability of ANCs to target cells with different overexpressed receptors, 

especially in HER2-negative breast cancer subtypes. Specifically, tumor-specific mucin 1 

(tMuc1) and epidermal growth factor receptor (EGFR) show great potential in different 

breast cancer subtypes.41,42 In contrast to tumor tissue where the tMuc1 epitope is exposed, 

the Muc1 epitope in healthy tissue is highly glycosylated masking the epitope.43,44 The 

unique glycosylation status and common appearance in breast cancers (>90%) of mucin 

1 proteins are quite appealing for the development of ADCs that specifically target 

tMuc1.43,45,46 In this work, we conjugated anti-tMuc1 antibody, TAB004, to the nanogels 

to target tMuc1-positive breast cancer cells. The choice of cargo was established from 

an IC50 screening of four commonly used drugs including DOX, PTX, DM1, and SN38, 

where SN38 showed the highest sensitivity to both tMuc1 and EGFR expressing cell lines 

(Figure S17). We prepared anti-tMuc1-ANC that is loaded with either DiI or SN38 to check 

the cellular uptake and anti-cancer efficacy in both tMuc1-positive (T47D) and -negative 

(BT474) cell lines. The expression levels of tMuc1 receptors in both cell lines were shown 

in Figure 3b. A positive trend was observed where tMuc1-ANC could specifically attach to 

the surface of T47D cells and cause enhanced receptor-mediated cellular uptake shown in 

both confocal imaging (Figure 3a, Figure S15b) and flow cytometry (Figure 3c). Similarly, 

cytotoxicity evaluation of anti-tMuc1-SN38-ANC and SN38-nanogel showed higher toxicity 

in T47D cells (Figure 3e) but not in BT474 cells for the ANCs (Figure 3d). This highlighted 

the significance of the ANC in minimizing toxicity towards non-targeted tissues.

To further demonstrate the broader applicability of the ANC platform, we developed 

anti-EGFR-conjugated nanogels because EGFR is overexpressed in about half of the triple-

negative breast cancer patients.42,47 Briefly, surface receptor expression level and cellular 

uptake of nanogels in comparison to ANC towards MDA-MB-468 (EGFR-positive) and 

MCF10A (EGFR-low) cells were evaluated (Figure 4b). Here, anti-EGFR-ANC consistently 

showed higher specificity toward EGFR-positive cells in both flow cytometry and confocal 

imaging experiments (Figure 4a and 4c). The superior efficacy of ANC was also confirmed 

from toxicity studies where anti-EGFR-SN38-ANC acquires more than 5-fold lower IC50 

values compared to the nanogel (Figure 4e). Expectedly, the toxicity of ANC is comparable 

to that of NG in the EGFR-low MCF10A cell line (Figure 4d).

CONCLUSIONS

In summary, we demonstrate here a polymer-based Antibody Nanogel Conjugate (ANC) 

platform that can successfully deliver chemotherapy drugs to specific cancer cells. This 

platform holds great potential as a next-generation nanomedicine for targeted delivery, 

because i) the polymeric nanogel itself is non-toxic and easy to prepare;31–34 ii) this 

platform can accommodate a variety of chemotherapy drugs through covalent or non-

covalent encapsulation; iii) by a simple “plug-and-play” strategy, various antibodies could 

be utilized to achieve cell-specific delivery of drugs; iv) the drug to antibody ratio of ANC 

can be increased by orders of magnitude; and v) the stably-encapsulated cargo can be 
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released by the intracellular redox environment. In addition to these exciting features, we 

have also developed a well-established protocol for ANC preparation and characterization to 

ensure stability and efficacy. Overall, the ANC platform offers a new avenue to substantially 

enhance the scope of antibody-based targeting of chemotherapeutic delivery to cancer cells.
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ADC antibody drug conjugate

ANC antibody nanogel conjugate

NG nanogel

DAR drug-to-antibody ration

RAFT reversible addition fragmentation chain transfer

HER2 human epidermal growth factor receptor 2

ER estrogen receptor

MFI mean fluorescence intensity

DLS dynamic light scattering

TEM transmission electron microscope
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Figure 1. 
HER2 expression and uptake specificity of antiHER2-ANC. a) Relative expression of 

HER2 in MCF10A, SKOV3 and SKBR3 measured by flow cytometry. b) Uptake of DiI 

encapsulated nanogels with and without antiHER2 conjugation (DiI-NG and AntiHer2-DiI-

ANC, respectively) in MCF10A (HER2−), SKOV3 (HER2+) and SKBR3 (HER2+++) cells 

with 10 mins incubation. c) Cellular uptake of antiHER2-DiI-ANC and DiI-NG in SKBR3 

and MCF10A cells analyzed by confocal imaging at 30 mins incubation.
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Figure 2. 
Cytotoxicity of ANCs in comparison to NGs towards HER2+ (SKOV3 and SKBR3) and 

HER2- (MCF10A) cell lines with 10 mins incubation. Data represents means ± SD from 

three independent experiments. t-test analysis; *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 3. 
Uptake specificity and cytotoxicity of tMuc1-ANCs in vitro. a) Cellular uptake of tMuc1-

DiI-ANC and DiI-NG in T47D (tMuc1+) cells by confocal imaging. b) Relative expression 

of tMuc1 receptors in BT474 (tMuc1-) and T47D (tMuc1+) cells measured by flow 

cytometry. c) cellular uptake of tMuc1-DiI-ANC and DiI-NG in BT474 and T47D cells 

analyzed by flow cytometry. d) cytotoxicity of tMuc1-SN38-ANC in comparison to SN38-

NG in BT474 and T47D cells. Data represents means ± SD from three independent 

experiments. t-test analysis; *p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 4. 
Uptake specificity and cytotoxicity of EGFR-ANCs in vitro. a) Cellular uptake of EGFR-

DiI-ANC and DiI-NG in TMDA-MB-468 (EGFR+) cells by confocal imaging after 10 

mins incubation. b) Relative expression of EGFR receptors in MCF10A (EGFR-) and 

MDA-MD-468 (tMuc1+) cells measured by flow cytometry. c) cellular uptake of tMuc1-

DiI-ANC and DiI-NG in MCF10A and MDA-MD-468 cells analyzed by flow cytometry. 

d) and e) cytotoxicity of EGFR-SN38-ANC in comparison to SN38-NG in MCF10A and 

MDA-MD-468 cells. Data represents means ± SD from three independent experiments. t-test 

analysis; *p < 0.05, **p < 0.01, ***p < 0.001.
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Scheme 1. 
Construction of antibody nanogel conjugates (ANC) using amphiphilic block copolymer. 

The cargos are encapsulated in the hydrophobic pocket of the nanogel. The terminal N3- 

moiety was utilized as the click handle for conjugating DBCO-modified antibody.
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Table 1.

Drug to antibody ratio (DAR), encapsulation efficiency (EE) and encapsulation capacity of antiHER2 

conjugated nanogels encapsulating different types of drugs.

Drug encapsulated antiHER2-ANC DAR EE (%) EC (%)

PTX 2374 48 7

DOX 152 21 3

DM1 5581 24 4

SN38 2832 60 9
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Table 2.

EC50 of NG and ANCs in HER2 expressing cell lines.

Vehicle
EC50 values (μM) 95% CI (range, μM)

SKBR3 SKOV3 MCF10A SKBR3 SKOV3 MCF10A

DM1-NG 0.058 N.A. 0.576 0.038–0.089 N.A. 0.370–0.009

antiHER2-DM1-ANC 0.001 0.008 N.A. 0.001–0.002 0.005–0.012 N.A.

PTX-NG 1.460 1.468 N.A. 1.003–2.109 0.898–2.467 N.A.

antiHER2-PTX-ANC 0.528 0.761 N.A. 0.296–0.899 0.321–1.575 N.A.

DOX-NG 0.524 N.A. N.A. 0.065–4.908 N.A. N.A.

antiHER2-DOX-ANC 0.014 0.019 N.A. 0.002–0.085 0.010–0.042 N.A.

SN38-NG 0.835 22.140 6.804 0.574–1.205 9.227–61.250 0.003–0.015

antiHER2-SN38-ANC 0.844 6.473 22.050 0.602–1.176 4.178–9.876 N.A.
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