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[bookmark: _Toc468725416]Synthesis of Au decorated PEGMA nanogel

TEM images in Figure S1 confirm the need for a two-step growth method, to produce Au decorated nanogels. The addition of sodium bromide in the second growth step is required for uniform growth of the initial gold seeds. The absence of sodium bromide in the second growth step leads to uneven growth and clustering of the nanogel.
The final size of AuNP within the gel can be controlled by simply changing the volume of seed-containing nanogels (Figure S2). 
[image: ]
Figure S1. a) TEM images of particles grown without initial seed growth step. b) Particles grown without NaBr in the second growth step. 
[image: ]
Figure S2. Evolution of nanogels synthesized with different amounts of nanogels containing small gold seeds (AuSeedsNG). Lower AuSeedsNG concentration leads to bigger nanoparticles inside the gel (250-500 µL AuSeedsNG). At very low concentration secondary nucleation occurs and gold forms a shell around the nanogel (50-10 µL AuSeedsNG). In all cases the gold salt concentration in the growth solution was constant at 0.5 mM. Insets share all the same scale bar of 100 nm.



[bookmark: _Toc468725417]Growth of Au nanostars
Nanogels decorated with gold nanostars were grown adapting the synthesis developed by Kumar et al. (Figure S3).1 Briefly 10 mL DMF was mixed with 54.6 L of 0.5 M HAuCl4. After 20 minutes different amounts of nanogels (acting as seeds) were added. At a constant gold salt concentration in the growth solution, the length of the tips was controlled by the amount of nanogels containing gold seeds (AuSeedsNG) added.
[image: ]
Figure S3. Growth of nanostars inside nanogels. Higher HAuCl4:AuSeedsNG ratio leads to better defined tips. The concentration of HAuCl4 was kept constant at 2.75 mmol/L for all samples. Scale bar is 200 nm for all insets.
The synthesis of nanostars instead of spherical nanoparticles is of interest to exhibit better absorbance in the near-IR range (biological window).2 However, the growth of nanostars within the nanogel has several drawbacks which need to be overcome prior to applying such nanogels for photothermal applications and drug delivery. The first drawback is the use of polyvinylpyrrolidone (PVP) as surfactant during the synthesis, which makes the gold surface less accessible to adsorb molecules such as amino terminated drugs. Another drawback is the low thermal stability of the Au nanostars. Figure S4 shows the UV-Vis spectra of star-containing nanogels at different temperatures, evidencing no reversibility and blueshift, as indication of reshaping. 

[image: ]
Figure S4. Au Nanostar decorated PEGMA nanogels and evolution of their UV-Vis spectra under heating and cooling cycles. The change of the spectra is irreversible due to reshaping.



[bookmark: _Toc468725418]XPS measurements
XPS experiments were performed in a SPECS Sage HR 100 spectrometer with a non‑monochromatic X‑ray source (Mg Kα line of 1253.6 eV energy and 250 W). The samples were placed perpendicular to the analyzer axis and calibrated using the 3d5/2 line of Ag with a full width at half maximum (FWHM) of 1.1 eV. An electron flood gun was used to compensate for charging during XPS data acquisition.
The selected resolution for the survey and high resolution spectra were 30 and 15 eV of Pass Energy and 0.5 and 0.15 eV/step, respectively. All measurements were made in an ultra high vacuum (UHV) chamber at a pressure below 5·10‑8 mbar.
In the fittings, Gaussian‑Lorentzian functions were used (after a Shirley background correction), where the FWHM of all peaks were constrained while the peak positions and areas were set free.
Survey spectra


Figure S5. General survey spectra. The photoelectron and Auger peaks from sodium, carbon, oxygen, tin, nitrogen, silicon and gold were detected.


C 1s spectra

Figure S6. Shown in the spectra are the expected positions of the C‑C bonds at 285.0 eV, C‑N bonds at around 286.0 eV, and C-O, C=O and O-C=O bonds at around 286.5, 288.6 and 290.5 eV, respectively.7



N 1s spectra


Figure S7. XPS spectra at the region where the N 1s signal is expected. Only the sample with poly-L-arginine showed nitrogen signal, with the N 1s peak position at around 399.7 eV, which is attributed to N-H, C-N bonds.7



O 1s spectra

Figure S8. Shown in the spectra are the expected positions of the C=O bonds at around 531.2 eV and the C O bonds at around 532.5 eV.7
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The colloidal stability was studied by measuring the LSPR of Au-decorated PEGMA nanogels in different media. Briefly, nanogels were incubated for 10 minutes with slow stirring in different media, as reported by Fleischer et al.3 The spectra of the different PEGMA nanogels in water, water containing 10% fetal bovine serum (FBS), DMEM cell culture media, and in 10% FBS supplemented DMEM cell culture media were measured. AuNG1 and AuNG2 clearly aggregated in DMEM cell culture media as the broadening of their plasmon band indicates in Figure S9. AuNG3 were in contrast more stable. No broadening of the plasmon band was noted upon incubation of the nanogels in FBS containing water or DMEM as the presence of protein adsorbed onto the surface stabilized the nanogels. Typically, incubation of AuNPs in FBS-containing media results in a red shift on the LSPR.4 However, in our case the presence of the protein produced blue shifts that corresponded to 11, 5 and 7 nm for AuNG1, AuNG2 and AuNG3, respectively. Since nanogels are flexible nanostructures with AuNPs evenly distributed in their whole volume, the adsorption of FBS could affect the inter-particle distance affecting the LSPR and producing a blue shift. 
[image: ]
Figure S9. UV-VIS spectra of PEGMA nanogels in different media.
During protein adsorption, the zeta potential of AuNPs is known to approach the zeta potential of the adsorbed protein.4 Indeed, the zeta potential of all PEGMA nanogels was observed to reach approximately -20 mV after incubation in FBS containing media, similar to previously reported zeta potential values of FBS coated AuNPs.5 The values are included in Table S1. 


Table S1. Zeta potential values for AuNG1, AuNG2 and AuNG after incubation in different media. The samples of AuNGs used for these measurements were different than the used for the calculation of VTTP and Q.

	Sample
	Solvent
	      ζ(mV)

	AuNG1
	H2O
	-36.6 ± 0.7

	AuNG1
	FBS in H2O
	-18.3 ± 0.4

	AuNG1
	DMEM
	-18.0 ± 0.3

	AuNG1
	DMEM + FBS
	-14.4 ± 0.2

	AuNG2
	H2O
	+46.3 ± 0.6

	AuNG2
	FBS in H2O
	-18.4 ± 0.4

	AuNG2
	DMEM
	-8.1± 1.9

	AuNG2
	DMEM + FBS
	-18.4 ± 0.4

	AuNG3
	H2O
	-32.7 ± 1.2

	AuNG3
	FBS in H2O
	-17.1 ± 0.7

	AuNG3
	DMEM
	-19.8± 0.7

	AuNG3
	DMEM + FBS
	-17.5± 0.9




[bookmark: _Toc468101511][bookmark: _Toc468182113][bookmark: _Toc468191704][bookmark: _Toc468191758][bookmark: _Toc468725420]Thermoresponsive behavior
Nanogels show reversible swelling behavior up to 70 ºC. Figure S10 shows the spectra at 20 ºC, 50 ºC, 70 ºC and again 20 ºC. The LSPR peak shifts completely back to the initial wavelength at 20 ºC but slight aggregation is indicated by a shoulder in the peak. We also analyzed the thermoresponsive behavior of nanogels without AuNPs (Figure S11), with and without doxorubicin (Doxo). As expected, AuNPs did not affect the swelling ratios of the nanogels (with or without polyelectrolyte coatings), nor did the inclusion of Doxo within the gel.  
[image: ]
Figure S10. UV-Vis spectra of nanogels at 20 ºC, 50 ºC, 70 ºC and back to 20 ºC, for all three nanogel formulations. 

[bookmark: _Toc468725421]Non-AuNP containing Nanogels 
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Figure S11. Thermoresponsive behavior of nanogels (no Au NPs growth) with (a) and without (b) Doxo loading. 


[bookmark: _Toc468725422]Determination of loading and release
To quantify the maximum loading, supernatants were collected and the amount of drugs quantified with fluorescence (Doxo) or absorbance (Poma) measurements. Typically 70 L of the supernatant was analyzed using a 96 well plate and a Varioskan flash (Thermo scientific) plate reader with an individual calibration curve for each plate (Figure S12). On the basis of the calibration curve, the exact amounts of drug in the supernatants were calculated. The loading was then determined by subtraction of the amounts in the supernatants from the initial amount added to the particles. 
Release was measured in a similar way: the particles were incubated under the desired conditions, then centrifuged at 12000 rpm for 10 minutes and the concentration of the drug in the supernatant was measured with a plate reader as described above.
[image: ]
Figure S12. Typical calibration curves for doxorubicin (a) and pomalidomide (b).

[bookmark: _Toc468725423]Pomalidomide
Pomalidomide (Poma) shows slightly different release properties, as compared to doxorubicin. Figure S13a shows the release of pomalidomide over a time span of 24 hours at room temperature and at 50 °C. The release of pomalidomide from AuNG3 (polyalginate coating) shows a trend similar to Doxo (main text), with higher temperature causing more release. In contrast, pomalidomide release from AuNG2 (poly-L-arginine coating) is not significantly influenced by temperature. In Figure S13 we show pomalidomide release after 1 hour incubation under conditions mimicking the extracellular (b) and intracellular (c) environments, respectively, by taking into consideration pH and glutathione concentrations. A slow release of pomalidomide is noted at low pH with high glutathione concentrations (intracellular environment), whereas under extracellular conditions little to no pomalidomide release is observed. For both nanogel systems the release is lower as compared to Doxo.



[image: ]
Figure S13. Release of pomalidomide over time at room temperature and 50 °C, monitored over 24 h (a), and in conditions mimicking the extracellular (b) and intracellular (c) environments
Stimuli responsive release.
The following graphs summarize the specificity of the stimuli responsive release of the nanogels by comparing the release of Doxo (a) and Poma (b) between the intracellular and the extracellular environment as described in the main paper.
[image: ]
Figure S14. Enhanced release of doxorubicin (a) and pomalidomide (b) between conditions mimicking the extracellular and intracellular environments. 

[bookmark: _Toc468725425]Calculation of release exponent
Peppas and co-workers developed a simple model6 to determine the mechanism of release and to distinguish between diffusion controlled release and a mixture of diffusion and other release mechanisms:

Mt and M∞ are the amount of released drug at time t and after infinite time, respectively; k is a structural factor and n is the release exponent. According to the model, the value of n gives information of the mechanism behind the release. For a spherical system, a value of n < 0.43 means pure diffusion-controlled release according Fick’s second law of diffusion. A value between 0.43 < n < 0.85 means anomalous diffusion. This is a result of a superstition of diffusion-controlled release and other mechanisms. At values of n > 0.85, the zero order regime is entered (case-II transport).
In our case, all nanogels show n values within the regime of anomaly and sometimes slightly below that. The model is just a simple law which has to be viewed with caution. However, the law shows for our particles that a temperature change for both drugs does not change the mechanism significantly. If so, the diffusion regime is entered. Besides the temperature change we were interested if there is a difference between Poma and Doxo, as they show different polarities. Both drugs stay more or less inside the regime of anomaly indicating a superposition of different mechanisms. Based on these results (Figure S15), no difference in the mechanism of release can be found.
[image: ]
Figure S15. Relative release of doxorubicin (a) and pomalidomide (b) over time at room temperature and at 50 °C. The lines are the corresponding fitting curves according to Peppas model. Table (c) shows the values extracted from the fit for the release exponent (n). 

[bookmark: _Toc468725426]Degradation
We used TEM to analyze the effects of glutathione on the nanogels, at concentrations similar to those found in the intracellular environment. Glutathione at high concentrations (10 mM) partially degraded the nanogels (Figure S16), yet this was seen to depend on the polyelectrolyte coating. Nanogels without coating and with polyalginate coating show both detachment of gold nanoparticles and deformation of the polymeric structure. AuNG2 (poly-L-arginine coating) in contrast stayed stable over a week and showed no sign of degradation. 
Similar behavior can be observed inside cells (Figure S17), with AuNG2 remaining relatively unaffected even after 1 week of incubation in cells, whilst AuNG3 shows a high degree of degradation and AuNP detachment (Figure S18). In both cases, aggregated AuNPs without polymer can occasionally be found.

[image: ]
Figure S16. AuNP loaded nanogels without coating (a) and with poly-L-arginine (b) and polyalginate coating (c) in water, cell media with 10% FBS-serum and glutathione (10 mM), after 1 week.
[image: ]
Figure S17. TEM images showing partial AuNG2 nanogel degradation inside HeLa cells after one week incubation time.




[image: ]
Figure S18. TEM pictures showing AuNG3 nanogel degradation inside cells after one week incubation time.









[bookmark: _Toc468725427]Cellular uptake and co-delivery in vitro
We investigated the ability of MCF-7 breast cancer cells to uptake AuNG2 and AuNG3 (Figure S19). Like the results noted for HeLa cells, both AuNG2 and AuNG3 are taken up by cells but do not display overt toxicity, unlike free Doxo (Figure S19c), due to the slow release by this system. 
In order to avoid hyperthermia after NIR-laser induced heating of HeLa cells containing AuNG3 nanogels, we repeated the experiments described in the main text (Figure 6) but using a lower laser density power (12W/cm2 instead of 16W/cm2). The results, shown in Figure S20, indicate that applying NIR laser treatment at 12W/cm2  to HeLa cells which have endocytosed Doxo-containing AuNG3 nanogels can result in a reduction in cell viability due to local heating-induced release of Doxo, and not from hyperthermia effects. Whilst the power densities used are higher than those often cited, by including a control in which cells, without nanogels, were irradiated, we were able to ensure that the laser per se does not cause cytotoxicity.
In addition to the effects of Doxo, the drug pomalidomide was also analyzed in various experiments. Figure S21 shows the ability of drug-containing AuNG3 to inhibit IL-6 production from LPS-stimulated J774 macrophages. 
Finally, for all cellular experiments we included non-drug containing AuNGs as controls (Figure S22). NP uptake was noted (Figure S22a,b,c) but no effects on cell viability (Figure S22d), HUVEC cell tube-formation (Figure S22e) or cell morphology (Figure  S22f) were seen. 


Figure S19. MCF-7 breast cancer cells showing uptake of AuNG2 (A) and AuNG3 (B). Doxo (shown in red) is not released at this time, and therefore little to no cytotoxicity is observed. Free doxorubicin (C) causes high levels of cell death. Untreated control cells are shown in (D). Cells are Dapi stained. Scale bar is 50 m. 

[image: ]
Figure S20. Cell viability of HeLa cells after incubation with different Poma concentrations. Cells were incubated with free Poma, free Doxo (same concentrations as the corresponding Doxo loaded AuNGs contained) and AuNG loaded with Poma alone and Doxo plus Poma. Cell viability was measured ca. 24 h later using the MTT assay.

[image: ]
Figure S21. Cell viability of HeLa cells after NIR-laser irradiation. Cells were incubated with free Doxo, Doxo-containing AuNG2, Doxo containing AuNG3 or AuNG nanogels without drug, for ca. 18h, followed by laser irradiation. Cell viability was measured ca. 24 h later using the MTT assay (mean of triplicate wells +- SD). Laser illumination was carried out with an 808 nm diode Laser with 0.4 cm spot size, therefore illuminating the whole well of the 96-well plate (t=20min, p=12W/cm2).


[image: ]
Figure S22. Pomalidomide mediated inhibition of LPS-induced IL-6 from J774 murine macrophages. DMSO was also included as a solvent control, at the same final concentration as present in free Poma. 


[image: ]
Figure S23. Results showing the nontoxic and inert effects of the nanogel formulations without doxorubicin and pomalidomide drugs, with or without poly-L-arginine or polyalginate coatings, on various cells. A: HeLa and HDF (stained blue) co-culture exposed to non-coated nanogels for 2 h; B: MCF-7 cells exposed to poly-L-arginine nanogels (AuNG2, without drugs) for approximately 18 h, and stained with DAPI; C: MCF-7 cells exposed to polyalginate nanogels (AuNG3, without drugs) for approximately 18 h, and stained with DAPI; D: Live/Dead staining of a HeLa and HDF cell co-culture exposed to non-coated nanogels for 2 h and then left for 4 days, with live cells imaged in the green fluorescence channel and dead cells using red fluorescence; E: tube-formation assay using HUVEC cells pre-exposed to non-coated nanogels overnight and then plated on pro-angiogenesis forming matrix gel (image diameter is 4 mm showing the whole well); F: HUVEC cells exposed to non-coated nanogels for 4 h followed by actin (green) and nuclear Dapi (blue) staining. 
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