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1. Materials and methods 
1.1. Synthesis of p(NIPAM)-co-5%AA-co-LY microgel 

In a 1 L reaction vessel, 0.5 g of the initiator (potassium per sulphate (KPS)) was dis-
solved in 800 mL of distilled water. A three-necked lid was clamped to the reaction vessel, 
which was then heated to 70°C with continuous stirring. Monomer (4.5 g NIPAM), co-
monomers (0.25 g Acrylic acid (AA) and 0.25 g  Lucifer yellow (LY)) and cross linker (0.5g 
N,N’-methylenebisacrylamide) were stirred in distilled water (200 mL) and transferred 
into the reaction vessel containing the initiator and continuously stirred at 70°C for six 
hours under an inert atmosphere of nitrogen. When the reaction was complete, the nano-
gel dispersion was allowed to cool to room temperature. The nanogel was dialyzed in 
fresh de-ionised water for a week (changed daily), centrifuged and freeze-dried. 

1.2. Quantification of folic acid and doxorubicin conjugated to p(NIPAM)-co-5%AA 
The amounts of folic acid or doxorubicin conjugated to p(NIPAM)-co-5%AA were 

calculated by a spectrophotometric assay. Therefore, the samples [p(NIPAM)-co-5%AA-
co-FA and p(NIPAM)-co-5%AA-co-FA-co-Dox] absorbances were determined at the 
wavelengths of 340 nm for folate and 485 nm for doxorubicin by Synergy™ HT Multide-
tection microplate reader spectrophotometer (BioTek). Different standard curves were 
performed using different concentrations of folic acid (0.05; 0.1; 0.15; 0.2; 0.25; 0.3; 0.35; 
0.4; 0.45 and 0.5 mg/mL) or doxorubicin (5; 10; 20; 40; 60; 80 and 100 µM). In both cases, to 
set the machine p(NIPAM)-co-5%AA was used.  

1.3. Viability of cells treated with microgels 
Viability assay was performed on MDA-MB 231 or HB2 cells incubated with 

p(NIPAM)-co-5%AA microgels (Biocompatible assay). Cells were seeded on 96-well 
plates at the density of 1 x 104 cells/well and grown in the opportune medium at 37°C 
overnight. Therefore, cells were treated with p(NIPAM)-co-5%AA (12.5; 25; 50; 100 
µg/mL) for 24h or 48h and cell viability was detected by using Cell Counting Kit-8 (CCK-
8). WST-8 was added to each sample (1:10 dilution in complete medium) and incubated 
at 37°C for 2h. Spectrophotometric analysis at 450 nm was then performed to determine 
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the percentage of viable cells relative to the negative control (untreated cells). Cells treated 
with Doxorubicin were considered as a positive control. 

1.4. Acridine Orange assay 
Biocompatibility of p(NIPAM)-co-5%AA was tested by acridine orange assay on 

MDA-MB 231 cells. Cells were seeded into 12-well plates containing sterile coverslips at a 
density of 5 x 103 cells per well with complete D-MEM high glucose medium and grown 
for 24h at 37°C and for more 24h in presence of 12.5 or 100 µg/mL of p(NIPAM)-co-5%AA. 
Doxorubicin (5 µM) was used as an apoptotic inducer (positive control). After washing 
with PBS, cells were treated with 100 µg/mL of Acridine Orange/Ethidium Bromide solu-
tion (AO/EtBr) for 10 minutes at room temperature and analysed by fluorescence micros-
copy: Acridine orange is a dye that emits green fluorescence when bound to dsDNA and 
red fluorescence when bound to ssDNA or RNA. 

1.5. Qualitative uptake by confocal microscopy 
MDA-MB 231 cells were grown for 24 h at a density of 5X103 cells per well into 12 

well culture plates containing a sterile glass coverslip in complete medium, at 37 °C and 
5% CO2. Following, the cells were incubated with 100 µg/mL of p(NIPAM)-co-AA-co-LY 
microgel for different times (15’; 30’; 1h; 2h; 4h; 6h and 24h) and then washed with PBS to 
remove the conjugates that were not taken up by the cells. After, they were fixed with 3.7 
% formaldehyde (w/v) for 15 minutes and nuclei were labelled with DAPI (dilution of 1: 
10000 in water) for 15 minutes at room temperature. Therefore, samples were detected by 
confocal microscopy (FLUOVIEW FV10i-LIV, Olympus). Untreated cells were used to cal-
ibrate the background fluorescence. 

2. Results 
2.1. Determination of folic acid or doxorubicin conjugated to p(NIPAM)-co-5%AA 

The amount of folic acid conjugated to p(NIPAM)-co-5%AA was calculated by spec-
trophotometric analysis, reading the samples at 340 nm (folate peak). The amount of 0.462 
mg/mL of small molecules linked was evaluated on p(NIPAM)-co-5%AA-co-FA using the 
equation of the straight line (y= 6.8078x) generated by a standard calibration curve (Figure 
S1). Similarly, the amount of conjugated doxorubicin was evaluated to be 68.4 µg/mL (Fig-
ure S2). 

Figure S1. Folic acid calibration standard curve and calculation of folate conjugated to p(NIPAM)-
co-5%AA  [p(NIPAM)-co-5%AA-co-FA]. 
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Figure S2. Doxorubicin calibration standard curve and calculation of drug conjugated to p(NIPAM)-co-5%AA-co-FA  
[p(NIPAM)-co-5%AA-co-FA-co-Dox]. Diliution factor: 3. 

2.2. Size and zeta potential of the microgels (Cooling cycles) 
Figures S3 and S4 show the cooling cycles of p(NIPAM)-co-5%AA, p(NIPAM)-co-

5%AA-co-FA and p(NIPAM)-co-5%AA-co-FA-co-Dox showing reversibility of their 
swelling/deswelling behaviour in terms of size (Figure S3) and electrophoretic mobility 
(Em; Figure S4) [1,2]. The PDI in the cooling cycles are 0.107, 0.482 and 0.531 for p(NIPAM)-
co-5%AA, p(NIPAM)-co-5%AA-co-FA, and p(NIPAM)-co-5%AA-co-FA-co-Dox respec-
tively. 

 
Figure S3. Cooling cycles of p(NIPAM)-co-5%AA, p(NIPAM)-co-5%AA-co-FA and p(NIPAM)-co-5%AA-co-FA-co-Dox in 
contrast with cooling cycles shown in fig.2. 
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Figure S4. Cooling cycles of p(NIPAM)-co-5%AA, p(NIPAM)-co-5%AA-co-FA and p(NIPAM)-co-
5%AA-co-FA-co-Dox in respect to their electrophoretic mobility in contrast with their heating cycles 
shown in figure 3. 

2.3. Cell biocompatibility 
Biocompatibility of p(NIPAM)-co-5%AA was performed on healthy HB2 and tumour 

MDA-MB231 cells incubated with different microgel concentrations for 24 and 48h (Figure 
S5). 

Figure S5. Cell viability of HB 2 and MDA-MB 231 cells treated with 0; 12.5; 25; 50 and 100 µg/mL of p(NIPAM)-co-5%AA 
for 24h (a) and 48 h (b). Cells incubated with doxorubicin were used as positive control. 

The cell viability was maintained around 100% even at highest p(NIPAM)-co-5%AA 
concentration (100 µg/mL) and for longer time (48h), suggesting good biocompatibility 
that was further investigated by acridine orange assay (Figure S6).  

MDA-MB 231 cells were incubated with 12.5 and 100 mg/mL (Figure S6 c and d) of 
p(NIPAM)-co-5%AA for 24h. As shown in figure S6, cells present green fluorescence as 
the negative control (untreated cells, figure S6 a), due to the bind of acridine orange stain 
to dsDNA, typical of alive cells. On the contrary, the positive control (cells treated with 
5µM of doxorubicin, figure S6 b) showed the red fluorescence due to the bind with ssDNA 
(dead cells). 
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Figure S6. Acridine orange assay on MDA-MB 231 cells treated with 12.5 (c) or 100 µg/mL (d) of 
p(NIPAM)-co-5%AA for 24h. Untreated cells and cells incubated with doxorubicin were used as 
negative (a) and positive (b) control, respectively. 

2.4. p(NIPAM)-co-5%AA-co-LY cellular uptake  
Microgel cellular uptake was investigated by treating MDA-MB231 cells with micro-

gels conjugated to the green fluoresce probe Lucifer yellow (p(NIPAM)-co-5%AA-co-LY) 
over time. The microgels started to migrate into the cell at 15 minutes (Figure S7 a-a’’) and 
their concentration increase inside cells in a time-dependent manner. After 1 hour of in-
cubation, green fluorescence relative to p(NIPAM)-co-5%AA-co-LY appeared less dif-
fused in the cytoplasm and more localized in specific areas, probably corresponding to 
the Golgi apparatus or the endoplasmic reticulum (Figure S7 c-c’’ and S8). Specific locali-
zation was maintained for longer incubation times (2h; 4h, 6h, figure S7 d-d’’, e-e’’, f-f’’) 
and the green fluorescence appeared decreased after 8h and more after 24h of incubation.   
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Figure S7. Confocal microscopy of MDA-MB 231 cells treated with 100 µg/mL of p(NIPAM)-co-5%AA-co-LY for 15’ (a-
a’’); 30’ (b-b’’); 1h (c-c’’); 2h (d-d’’); 4h (e-e’’); 6h (f-f’’); 8h (g-g’’) and 24h (h-h’’). Red: bromide ethidium (DNA and RNA). 
Green: p(NIPAM)-co-5%AA-co-LY. Magnification 60X. 

 
Figure S8. Confocal microscopy of MDA-MB 231 cells treated for 1 h with 100 µg/mL of p(NIPAM)-co-5%AA-co-LY. Red: bromide 
ethidium (DNA and RNA). Green: p(NIPAM)-co-5%AA-co-LY. Magnification 160X. 

2.5. Qualitative uptake of Dox in co-culture experiment 
Co-culture experiment was performed as reported in the paper to follow the specific 

cell tumour uptake of  p(NIPAM)-co-5%AA-co-FA-co-Dox. As a control, the same exper-
iment was performed by incubating cells with the same amount of soluble form  doxoru-
bicin (10 µM) for the identical times (30’, 1h 2h and 4h, figure S9). Red fluorescence relative 
to doxorubicin, appear inside cells just after 30’ of incubation, suggesting that it can enter 
both in normal (HB2) and tumour (MDA-MB 231) cells. 



7 

 

 
Figure S9. Fluorescence images of co-culture of HB2 (blue) and MDA-MB231 (blue and green) cells 
incubated with Doxorubicin (10 µM) (red) for 30 minutes (a-d); 1 hour (a’-d’); 2 hours (a’’-d’’) and 4 
hours (a’’’-d’’’). Blue: nuclei (DAPI); Green: MDA-MB 231 cells (CellTrace CFSE); Red: doxorubicin. 
Magnification 40X. 

2.6. Quantitative microgel cellular uptake 
Quantitative microgel cellular uptake was evaluated by flow cytometric analysis of 

both HB2 and MDA-MB231 cells incubated with p(NIPAM)-co-5%AA-co-FA-co-Dox for 
15’, 30’, 1h, 2h, 4h, 6h, 8h and 24h as described in the paper. Cytograms are reported in 
figure S10 and show the time-dependent microgel uptake and the higher microgel inter-
nalization into cancer MDA-MB 231 cells.  
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Figure S10. Cytograms of flow cytometric analysis of HB2 and MDA-MB 231 cells incubated with 20 µM of doxorubicin conjugated 
to microgel (p(NIPAM)-co-5%AA-co-FA-co-Dox). 
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