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Figure S1. Characterization of AuNPs-PEG-DFO/Cy 5 (nanoparticles). a) TEM analysis with 

80k magnification, scale bar is 20 nm; b) Size distribution analysis extracted from the TEM 

data; c) Intensity-weighted and number-weighted size distributions obtained by DLS; d) 

Fluorescent image of vials filled with AuNPs-PEG-DFO/Cy5 merged with a photograph 

obtained by the IVIS Lumina III imaging system (PerkinElmer, Waltham, MA, USA), the 

concentration of AuNPs-PEG-DFO/Cy5 from left to right is 0.01, 0.5, and 0.1 mg/ml. 

Excitation peak 640 nm, emission peak 665 nm. The scale is in values of epifluorescence 

counts. Materials and Methods of the experiments can be found in Supporting Information of 

Kiseleva et al., ACS Biomater. Sci. Eng. 2022, 8, 1200-1214.
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[
89

Zr]Zr-chloride ( = 78.41 h, Cl4Zr) 

was purchased from the University of Sherbrooke (Sherbrooke, Canada). 
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AuNPs radiolabeling for the stability study in different media was performed using 

[
89

Zr]Zr-oxalate as a starting reagent. In this case, it is supplied in oxalic acid with a 

concentration of 1 mol L
−1

. Upon neutralization with sodium carbonate, sodium oxalate 

(Na2C2O4) is formed, which is a quite toxic compound (oral, mouse: LD50 = 5094 mg kg
−1

; 
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intraperitoneal, mouse: LD50 = 155 mg kg
−1

; subcutaneous, mouse: LD50 = 100 mg kg
−1

). In 

contrast, when using [
89

Zr]Zr-chloride as a starting reagent, no toxic by-products are formed. 

That is why, for the in vivo study, the radiolabeling procedure was carried out using [
89

Zr]Zr-

chloride. 

Regardless of the starting reagent used, the radiolabeling efficiency of AuNPs with 
89

Zr was 

found to be >99% (confirmed by radio-TLC, Figure S2, panel a). After 1 h of incubation at 

RT, the activity remained at the origin of the TLC plate (between 1 and 2 cm) and appeared as 

a sharp peak in the graph (solid line in Figure S2, panel a). In contrast, before the addition of 

AuNPs, “free” 
89

Zr in either [
89

Zr]Zr-oxalate or [
89

Zr]Zr-chloride form migrated with the 

solvent front and appeared as two wide peaks on the TLC plate, between 1.5 and 3.5 cm, and 

between 4 and 6.5 cm (dashed line in Figure S2, panel a). Because of the high radiochemical 

purity of the obtained [
89

Zr]Zr-AuNPs, they were used without additional purification. 

 

Figure S2. a) Distribution of the activity on the TLC plate before the addition of AuNPs 

(dashed line) and after 1 h of incubation with AuNPs at RT (solid line); b) Results of the 

stability study of [
89

Zr]Zr-AuNPs in PBS, SVF, saline, and mouse serum. The data are 

presented as mean ± SD (n = 3). 

The stability of the [
89

Zr]Zr-AuNPs complex was challenged in different media: PBS 1X, 

normal saline (154 mmol L
−1

), simulated vaginal fluid (pH 4.5), and mouse serum (Figure S2, 

panel b). As a result, [
89

Zr]Zr-AuNPs remained  >95% intact in all tested media after 72 h of 

incubation. This suggests that the radiolabeled AuNPs were highly stable in the media under 
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physiological conditions (isotonic solutions, 37 ºC), and no 
89

Zr-dechelation took place. 

Moreover, the acidic pH 4.5 of the simulated vaginal fluid did not affect the stability of the 

[
89

Zr]Zr-AuNPs. 

 

HeLa cells were maintained in DMEM supplemented with fetal bovine serum (10%) and 

antibiotic solution (penicillin-streptomycin, 1%). CRL 2616 cells were maintained in 

keratinocyte-serum-free media with human recombinant EGF (0.1 ng mL
−1

), bovine pituitary 

extract (0.05 mg mL
−1

), antibiotic solution (penicillin-streptomycin, 1%), and additional 

calcium chloride (44.1 mg L
−1

, final concentration 0.4 mmol L
−1

). BT-474 cells were 

maintained in RPMI medium supplemented with fetal bovine serum (10%), antibiotic solution 

(penicillin-streptomycin, 1%), and insulin (0.1%). All cell lines were maintained at 37 °C in a 

saturated humid atmospheric chamber containing 95% air and 5% CO2. Once confluent, the 

cells were detached from the flask with trypsin-EDTA (0.05%), centrifuged, counted, and 

then resuspended in a growth medium for further experiments. Each condition of the cell 

culture experiments was repeated six times. 

Assessment of cytocompatibility of AuNPs. AuNPs solutions at final concentrations of 6.25, 

12.5, 25, 50, and 100 μg mL
−1

 were tested. AuNPs stock solution (1000 μg mL
−1

) was 

sterilized using a 0.2 μm filter, and a serial dilution was performed to obtain other 

concentrations. 

The tested cells were trypsinized, centrifuged, and resuspended at the density of 1×10
6
 cells 

mL
−1

 in the culture medium. The cell suspension was added into each well (1×10
5
 cells/well 

in case of CRL-2616 cells, 2×10
5
 cells/well in case of HeLa cells, and 5×10

5
 cells/well in case 

of BT-474 cells) and incubated in a 5% CO2 incubator at 37 °C for 24 h. At the end of the 

incubation period, AuNPs solutions of each concentration (100 μL) were layered over the 
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cells, the complete medium (900 μL) was added, and the plates were incubated at 37 °C for 24 

h and 48 h. Control well plates containing untreated cells in complete growth media and in 

media with 2% DMSO were used as a negative and a positive control, respectively (for BT-

474 cells, only negative control was used). Cell viability was assessed by the trypan blue dye 

exclusion method. For this, the cell culture medium was removed from the samples, which 

were then washed with PBS, followed by trypsinization. The cells were then resuspended in 

culture media, and an aliquot (10 μL) of the cell suspension was taken and mixed with trypan 

blue dye (10 μL). Cell viability was measured with a Cellometer Auto T4 cell counter 

(Nexcelom). 

μg mL  to 100 μg mL

 

 

Figure S3. In vitro cytocompatibility of AuNPs of different concentrations with a) HeLa cells, 

b) CRL-2616 cells. The data were analyzed using the one-way ANOVA test followed by the 

Post Hoc Tukey HSD test and are presented as mean ± SD (n = 6), p < 0.05 (*), p < 0.005 

(**). 
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Figure S5

Figure S4

 

Figure S4. HeLa (a) and CRL-2616 (b) cell number per cm
2
 after incubation with AuNPs of 

different concentrations, seeding density for the HeLa cells was 2.1 x 10
4 

cells cm
−2

 and 1.1 x 

10
4 

cells cm
−2 

for the CRL-2616 cells. The data were analyzed using the one-way ANOVA 

test followed by the Post Hoc Tukey HSD test and are presented as mean ± SD (n = 6), p < 

0.05 (*), p < 0.005 (**). 

 
Figure S5. BT-474 viability (a) and cell number per cm2 (b) after incubation with AuNPs of 

different concentrations, the seeding density was 5.3 x 10
4 
cells cm

−2
. The data were analyzed 

using the one-way ANOVA test followed by the Post Hoc Tukey HSD test and are presented 

as mean ± SD (n = 6), p < 0.05 (*), p < 0.005 (**). 



  

8 

 

 

 

 

 

 

  

Figure S6. Representative schematic of tissue sampling for inclusion in paraffin (H&E 

staining) and inclusion in OCT (immunofluorescence staining). 

 
Figure S7. Results of nuclear and F4/80 macrophages immunostaining of the PF-A and PF-A 

+ AuNPs hydrogels with surrounding tissue at day 14 post administration (isotypic control). 
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The skin of infected mice was used as a positive control, whereas the skin from the opposite 

flank of the experimental mice was used as a negative control. Cell nuclei are stained in blue; 

macrophages are stained in green. The thickness of the slide is 20 μm. Scale bar 500 μm. 

 
Figure S8. Outliers in the results of nuclear and F4/80 macrophages immunostaining with 

isotypic controls of the PF-A and PF-A + AuNPs hydrogels with surrounding tissue at day 14 

post-administration. The skin of infected mice was used as a positive control, whereas the 

skin from the opposite flank of the experimental mice was used as a negative control. Cell 

nuclei are stained in blue; macrophages are stained in green. The thickness of the slide is 20 

μm. Scale bar 500 μm. 
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Figure S9. Expression of the cytokines at days -3, 3, 10, and 14 for the PF-A group and PF-A 

+ AuNPs group. The data are presented as mean ± SD (n = 6) for each time point. 
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Figure S10. Accumulation of the [

89
Zr]Zr-AuNPs in the bladder in the first 30 min p.i. The 

data are presented as mean ± SD (n = 3). 

 

Figure S11. a) Body weight of mice during 7-day study, with day 1 being the surgery day. 

Data are presented as mean ± standard deviation (n = 5). Histological assessment of the 

tumors, representative samples from the: b) I-125 + AuNPs group, c) I-125 group, and d) 

control group. Scale bar is 200 m.  
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Figure S10 shows the thermal behavior of the lyophilized PF127-alginate sample in the air 

atmosphere. The TG and corresponding DTG curves suggest that, under heating, the material 

underwent four degradation steps.

Figure S12. 
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Table S1. Degradation steps parameters. 

Step № Process 
Temperature 

interval, ºC 
Tmax

*
, ºC Weight loss, % 

I Dehydration 200-250 235 9 

II 
Degradation of 

alginate  
250-300 285 22 

III 
Degradation of 

PF127 
300-425 393 93 

IV 

Formation of 

NaCO3 and 

CaCO3  

425-800 462 99 
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