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1. Calculation of the photothermal conversion efficiency is as follows:

The HER-DIR-SPIO-PLGA/PFP aqueous solutions (1 mg/mL) in Eppendorf tubes were irradiated
with a laser power density of 2 W/cm? for 10 min, and then the laser was turned off. The laser spot
was adjusted to cover the entire surface of the sample. Pure water was used as a negative control.
Real-time thermal imaging of samples was recorded using an IR thermal camera and quantified by
FLIR Examiner software.

Following Roper’s report [1], the total energy balance for the system can be expressed by Eq. 1:
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where m and ¢, are the mass and heat capacity of water, respectively, T is the solution
temperature, Qup is the energy from the NPs, Qp;, is the baseline energy inputted by the sample
cell, and Qg is heat conduction away from the system surface by air. The laser-induced source
term, Qyp, represents heat dissipated by electron-phonon relaxation of the plasmons on the
HER-DIR-SPIO-PLGA/PFP NPs surface under the irradiation of 808 nm laser:

Qup = 1(1 —1074808)p (2)
Where [ is incident laser power, 1 is the conversion efficiency from incident laser energy to
thermal energy, and Asps is the absorbance of the HER-DIR-SPIO-PLGA/PFP NPs at wavelength
of 808 nm. The source term, Qp;s, expresses heat dissipated from light absorbed by the quartz
sample cell itself, and it was measured independently to be 25.1 mW. Furthermore, Qs is linear
with temperature for the outgoing thermal energy, as given by Eq. 3:

Qsurr = hS(T — Tsurr) (3)
where h is heat transfer coefficient, S is the surface area of the container, and T, is the
ambient temperature of the surroundings.

Once the laser power is defined, the heat input (Qup + Qp;s) Will be finite. Since the heat

output (Qsysr) 1s increased along with the increase of the temperature according to the Eq. 3, the
system temperature will rise to a maximum when the heat input is equal to heat output:
Qnp + Qpis = Qsurr-max = hS(Tyax — Tsurr) 4
where the Qg rr—max 1S heat conduction away from the system surface by air when the sample
cell reaches the equilibrium temperature, and Ty, iS the equilibrium temperature. The 808 nm
laser heat conversion efficiency (1) can be determined by substituting Eq.2 for Qup into Eq. 4 and
rearranging to get
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where Qp;s was measured independently to be 25.1 mW, the (Tygx — Tsurr) Was 12.2 °C

according to Figure S3a, I is 2 W/cm?, A808 is the absorbance (2.054) of

HER-DIR-SPIO-PLGA/PFP at 808 nm. Thus, only the hS remains unknown for calculating 7.
In order to get the hS, a dimensionless driving force temperature, 6 is introduced using the

maximum system temperature, Tyq,

g = ——Tsurr (6)

Tmax—Tsurr
and a sample system time constant g

— Xim; Cp,i (7)
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which is substituted into Eq. 1 and rearranged to yield

a6 _ 1[ Qnp+Qpis
E - Ts [hS(TMax_TSurT) 0] (8>
At the cooling stage of the aqueous dispersion of the HER-DIR-SPIO-PLGA/PFP, the light

source was shut off, the Qup + Qp;s = 0, reducing the Eq. 9

dt = —1,% (9

and integrating, giving the expression

t =—151In6 (10
Therefore, time constant for heat transfer from the system is determined to be 73 = 215 s by

applying the linear time data from the cooling period (after 380 s) vs negative natural logarithm of

driving force temperature (Figure S3b). In addition, the mp is 0.3 g and the Cp is 4.2 J/g. Thus,

according to Eq. 7, the hS is deduced to be 5.86 mW/°C. Substituting 5.86 mW/°C of the hS

into Eq. 5, the 808 nm laser heat conversion efficiency (1) of HER-DIR-SPIO-PLGA/PFP can be

calculated to be 5.9%.

2. Supporting Figures

a Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -1.78 Peak 1: -1.78 100.0 357
Zeta Deviation (mV): 3.57 Peak 2: 0.00 0.0 0.00
Conductivity (mS/icm): 0.562 Peak 3: 0.00 0.0 0.00
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b Mean (mv) Area (%) StDev (mV)
Zeta Potential (mV): -2.61 Peak1: -261 100.0 353
Zeta Deviation (mV): 353 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0249 Peak 3: 0.00 0.0 0.00
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Figure S1. Zeta potential of a) HER-DIR-SPIO-PLGA/PFP and b) DIR-SPIO-PLGA/PFP
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Figure S2. Photothermal curves of 11.25 mg mL™! DIR-SPIO-PLGA/PFP nanoparticles irradiated
with different power densities (1 W cm?, 1.5 W cm?, 2 W cm™) for 10 min.
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Figure S3. a) Temperature elevation of aqueous solutions of HER-DIR-SPIO-PLGA/PFP exposed
to the NIR laser (808 nm, 2 W cm™). Irradiation was continued for 10 min, and then the laser was
turned off. b) Time constant for heat transfer from the system is determined to be s = 215 s by
applying the linear time data from the cooling period (after 380 s) versus negative natural
logarithm of driving force temperature, which is obtained from the cooling stage of figure S3a.
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Figure S4. Conjugation rate of Herceptin with targeted nanoparticles and non-targeted
nanoparticles analyzed by flow cytometry.

Figure S5. Confocal laser scanning microscopy images of HER2 targeted nanoparticles incubated
with FITC-labeled rabbit anti-human antibody for 2 h. a) Dil-labeled nanoparticles, b)
FITC-labeled rabbit anti-human antibody, c) merged image.
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Figure S6. The concentration-absorbance standard curve of bicinchoninic acid (BCA) protein.
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Figure S7. Average size distribution of targeted nanoparticles and non-targeted nanoparticles over
7 days.
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Figure S8. The photoacoustic signal amplitude of the DIR-SPIO-PLGA/PFP during pulsed laser

irradiation over a time period of 120 seconds.
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Figure S9. The photoacoustic signal amplitude of the nanoparticles between 680-970 nm in vitro.

The peak signal occurs at 754 nm.
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Figure S10. /n vitro a) ultrasound imaging of the nanoparticles after laser irradiation, and the
corresponding echo intensity in b) B-Mode and in c) CEUS up to 3 h post irradiation.
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Figure S11. Blood clearance of the nanoparticles measured by a fluorescent spectrophotometer up
to 24 h post-injection (mean = SD, n = 3).
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Figure S12. Time-dependent biodistribution of iron ion in the main organs and tumors (mean =+
SD, n=3).
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Figure S13. H&E stained tissue sections of major organs including the heart, liver, spleen, lung
and kidney of mice 21 days after treatment with the HER2 targeted nanoparticles and the four
controls. Magnification is 400x, scale bar is 100 pm.
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Figure S14. In vivo toxicology assessment. Blood biochemistry data including liver-function
markers: ALT, AST, and kidney-function markers: BUN, SCR (mean + SD, n = 4).
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Figure S15. The expression of a) PCNA and b) TUNEL in tumor tissue by immunohistochemical
staining. The nucleus appears brown for PCNA-positive or TUNEL-positive cells, and the blue
represents the negative cells (400x magnification). ¢) The proliferation index (PI) of PCNA and d)
apoptotic index (Al) of TUNEL in each group (*P < 0.05). These results show that the HER2
targeted nanoparticles had a significantly lower PI and higher Al than that of control groups.
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