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Supplementary Note 1: Characterization of liposome nanocomposites

Supplementary Fig.1la illustrates typical TEM images of liposomes containing gold
nanoparticles and VP. Gold nanoparticle clusters were easily observed due to the higher
electron density of metal gold compared with the pure liposomes (Supplementary Fig.1b).
The average size of liposomes was about 165 nm determined by dynamic light scattering and
the zeta potential was 37.3 =4 mV (Supplementary Fig.1c). Supplementary Fig.1d shows the
absorption spectra of different liposome samples, where characteristic absorption peaks from
both gold nanoparticles and VP were observed. We also estimated the encapsulation
efficiency of oligonucleotide, Dox and epotoside loaded inside of liposomes, found to be

approximately 37.5%, 44% and 77%, respectively.
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Supplementary Figure 1 Characterisation of liposomes incorporating VP and gold
nanoparticles. a and b TEM images of liposomes incorporating gold nanoparticles and pure



liposomes. Black arrows indicated gold nanoparticles loaded inside liposomes. ¢ Size
distribution determined by dynamic light scattering. d Absorption spectra of liposomes, pure
VP and pure gold nanoparticles. The inset shows an enlargement of absorption spectrum of

liposomes incorporating VP and gold between 350-600 nm.



Supplementary Note 2: Determination of Singlet oxygen quantum yield from liposomes
loaded with VP and gold nanoparticles after illumination at 365 nm wavelength

The singlet oxygen quantum vyield (¢) is the ratio of the number of photons absorbed by a
photosensitizer (PS) molecule to the number of singlet oxygen generated. The reference
method is the most commonly used approach for calculating ¢ *. The singlet oxygen
quantum vyield of a PS (¢ps) can be calculated based on a reference PS with a known

quantum yield (@zr) Using the equation 2:

Tps

®Pps = QREF (1T_RTEPFS ) 1

(1-TREF)

where rpg and rzpr are the reaction rates of the fluorescent detection probe with singlet
oxygen generated from PS and reference PS respectively. Tps and Trgp represent the
transmittance of the PS and the reference PS at the illumination wavelength.

In this case, we determine the singlet oxygen quantum yield ¢ of liposomes loaded with VP
and gold nanoparticles at 365 nm by taking ¢ of VP alone as the reference PS (0.5320.06) 2.
Supplementary Figure 2a shows the variation of SOSG intensity at 525nm as a function of
UV illumination time for liposomes loaded VP alone and liposomes loaded with VP and gold
nanoparticles. Their absorption spectra of these nanocomposites are shown in Supplementary
Figure 2b. The transmittance value at 365 nm is calculated from absorbance of VP alone and
liposomes loaded with VP and gold nanoparticles based on their absorption spectra. Using the
equation 1 with the reaction rate and absorbance value obtained from Supplementary Fig.2,
the singlet oxygen quantum vyield ¢ of liposomes loaded with VP and gold nanoparticles
obtained in this work was estimated as 0.75#0.18. This result shows that there is an
enhancement in the quantum yield value of liposomes loaded with VP and gold nanoparticles

by a factor of 1.42 compared with liposomes loaded with VP alone. This enhancement is



tentatively attributed to the electric field enhancement around the gold nanoparticles present

in gold-loaded liposomes.
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Supplementary Figure 2 Quantification of 'O, generation under UV illumination for
liposomes loaded with VP and gold nanoparticles and liposomes loaded with VP alone. a
SOSG intensity as a function of UV illumination time. b Absorption spectra of these samples.



Supplementary Note 3: Quantification of singlet oxygen from liposomes loaded with VP
and gold nanoparticles under X-ray radiation

To quantify the number of singlet oxygen generated from liposomes loaded with VP and gold
nanopaticles under X-ray radiation for a particular dose, we established a relation between the
number of singlet oxygen molecules generated by X-ray radiation and the intensity of SOSG
fluorescence, in a way similar to our previous publication *.

We first calculated the number of UV photons absorbed (N,,,(t)) by liposomes loaded with

V/P alone as a function of time using the equation:

Nu(t) =2+ F xt 2

where P is the optical power detected on the surface of the sample, E is the energy of 365 nm
photons and t is the time of illumination. F is the absorption factor and is calculated from the
absorption spectra of the sample. This N,,(t) is plotted against time as shown in
Supplementary Fig. 3a. From the known singlet oxygen quantum yield ¢ of VP mentioned
above and N,,,,(t) from Supplementary Fig. 3a, we calculated the number of singlet oxygen
generated corresponding to each UV photons absorbed. If we compare this number with the
SOSG intensity in Supplementary Fig. 2a, we will obtain a conversion factor which gives the

calibration of the SOSG signal with respect to the number of singlet oxygen generated.
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Supplementary Figure 3 Quantification of singlet oxygen from liposomes under light
illumination. a Number of UV photons absorbed by liposomes loaded with VP alone as a
function of time. b Number of singlet oxygen generated versus number of UV photons
absorbed.

Supplementary Fig. 4a shows the SOSG intensity as a function of X-ray dose applied to
liposomes loaded with VP and gold nanoparticles. By using the conversion factor estimated
above, we now calculate the number of singlet oxygen generated corresponding to each X-ray
dose. In this case, the number of singlet oxygen generated from liposomes loaded with VP
and gold nanoparticles for 4 Gy is ~ 2.9 x 10", By dividing the number of liposomes in this
sample, we estimate the number of singlet oxygen generated from each liposome, which is
about 7250. In this case, we took into account of the fact that SOSG shows some background

fluorescence due to the presence of endoperoxides generated before the exposure to X-ray

radiation.
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Supplementary Figure 4 Quantification of singlet oxygen from liposomes under X-ray
radiation. a SOSG intensity as a function of X-ray Dose for liposomes loaded with VP and
gold nanoparticles. b Number of singlet oxygen generated corresponding to each X-ray
dosage.



Supplementary Note 4: Calculation of the number of liposomes per cell and the number
of gold nanoparticles per liposome

We first calculate the number of lipid molecules in each liposome as per the equation *:

where d is the diameter of a liposome, h indicates the thickness of a liposomal bilayer that
was calculated as 4.7 nm for our lipid formulation °, and a represents the average lipid head
group area, whose value is calculated according to a = a; N; + a, N, + a3 N3 + -+, where
N is the molar fraction of each lipid component and a is 70A for DOTAP ° and 72.4 A for
DOPC " in our study.

The number of liposome for a known concentration of lipids is estimated by using the

equation:

[lipid]x N4

N, = pidixNa
lipo ™ N,.¢x 1000

where [lipid] is the lipid concentration, N,is the Avogadro number (6.023>10?* mol L™) and
N¢o¢ 1S the total number of lipids per liposome.

The cell number is counted before incubation with liposomes. The total number of liposome
is calculated based on Equation 3 and 4 after cell lysis and average number of liposomes
taken up by each cell is obtained by dividing the total number of liposomes with the cell

number.

For the number of gold nanoparticles per liposome, we first calculate the total number of gold

atom (Ng¢om) in our liposome sample based on ICP-MS analysis and equation 5:

Ngtom = I; X Ny 5



where [Au3*] is the concentration of Au (lI1), V stands for the sample volume, M indicates
the atomic weight of gold and N,is the Avogadro number (6.023x10% mol L™).
The average number of gold atoms per gold nanoparticle (U) is also calculated by using the

following equation ®:
_2 Dy3
U= S XX (a) 6

Where D refers to the diameter of gold nanoparticle and « is the edge of a unit cell whose
value was 4.0786 A. Therefore the number of gold nanoparticles (Ngota) In a liposome

sample is calculated based on the equation:

_ Natom
Ngold T 7

Finally the number of gold nanoparticles per liposome (N) is estimated as per the equation:

Ngoid
N = 2= 8
Nlipo



Supplementary Note 5: Serum and pH stability studies of PEGylated liposomes

For serum stability studies, the cumulative percentage of Dox released from liposomes with
and without PEG maodification is shown in Supplementary Fig.5a and 5b. Different amounts
of Dox were released from conventional liposomes during 48 hr incubation, with the total
amount being more than 30% and 50% at 48 hr when incubated in PBS with 10% and 50%
FBS (Supplementary Fig.5a). However, the Dox release profile shown in Supplementary
Fig.5b indicated that the release rates were reduced in the PEGylated liposomes, compared
with liposomes without PEGylation. Liposomes still retained more than 90% and 80% of
their initial drug content at 48 hr incubated in PBS with 10% and 50% FBS, indicating that
PEG chains on the liposome surface would contribute to improved its stability in the blood
circulation. Considering that decreased pH is a major feature of tumour tissue and, in
principle, it may affect liposome stability and drug release from the liposomes. We also
assessed Dox release triggered by different values of pH (Supplementary Fig.5c). These
PEGylated liposomes showed a similar Dox release profile at different buffer pH values (7.4,
6.0 and 5.0). The overall amount of released Dox was less than 10% for 48 hr incubation
even at pH 5.0. These findings suggested that the liposome formulation prepared in this study
was largely unaffected by the decreased pH value. This indicates no stability change of
liposomes in the tumour microenvironment before the application of light or X-ray to the

tumour site.
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Supplementary Figure 5 Serum and pH stability studies of PEGylated liposomes. a-b The
percentage of released Dox from (a) conventional liposomes and (b) PEGylated liposomes
after O hr, 2 hr, 4 hr, 18 hr, 24 hr and 48 hr incubation in PBS (pH 7.4) containing FBS with
various concentrations. ¢ The percentage of released Dox from PEGylated liposome samples
incubated in PBS (pH 7.4, 6.0 and 5.0) containing 10% FBS. Error bars show standard
deviation from three measurements.



Supplementary Figure
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Supplementary Figure 6 Orthogonal views (XY, XZ and YZ) of cellular uptake of liposomes
loaded with verteporfin after 4-h incubation with PC12 cells. The X-Y plane image was
obtained at the centre of the Z-stack.

Nuclei stained with FITC-labelled
Hoechst 33342 oligonucleotides

Supplementary Figure 7 Confocal laser scanning microscopy images of PC12 cells incubated
with liposome nanoparticles (25 M) loaded with fluorescent oligonucleotides for 4 hr. Scale
bar is 75 pm.
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Supplementary Figure 8 X-ray triggered in vitro chemotherapy. a-b Cell-killing effect of
LipoDox on HCT 116 (a) with and (b) without X-ray radiation of 4 Gy at various time points
(0 hr, 2 hr, 4 hr and 24 hr). The concentration of Dox was 6, 20, 60 and 180 ng per well. ¢
Cell-killing effect of LipoETP on HCT 116 at 24 hours after X-ray radiation of 4 Gy. The
concentration of ETP was 33, 100, 300 and 900 ng per well. The box is bounded by the first
and third quartile with a horizontal line at the median and whiskers extend to 1.5 times
the interquartile range.
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Supplementary Figure 9 In vitro toxicity assessment of liposome samples and X-ray radiation
on cells and oligonucleotide. a Cell viability of PC12 cells at 24 hr and 48 hr after treatment
with liposomes incorporating VP (Lipo-VP) and gold nanoparticles (Lipo-VP-gold). b
Viability of CCD 841 CoN cells at 24 hr after treatment with liposome-formulated Dox. ¢
Toxicity of X-ray of 4 Gy on PC12, HCT 116 and CCD 841 CoN cells at 24 hr and 48 hr
after treatment. The box is bounded by the first and third quartile with a horizontal line at the
median and whiskers extend to 1.5 times theinterquartile range. d Agarose gel
electrophoreses of antisense oligonucleotide (10 pg mL™) and mixture of oligonucleotide and
VP (10 g mL™oligonucleotide and 32 g mL™verteporfin) after X-ray exposure with
different dosage. From left to right lane: control sample without treatment, 1 Gy, 2 Gy and 4
Gy.



Supplementary Note 6: Histological analysis of tumour tissues after each treatment

Supplementary Fig.10a demonstrates the histological images of tumour tissue under different
treatment conditions. In the PBS-treated group, the internal region of the tumours mainly
consisted of non-viable tumour residuals (about 1/3 of the whole volume of the lesion), while
the outer part was formed by viable tumour cells. In the LipoDox-treated group, the viable
tumour tissue formed a thinner outer rim (up to 0.5 mm below the capsule), but, in contrast to
the PBS-treated group, it protruded towards the inner region as elongated cords and alternated
with the necrotic and paranecrotic sites. The volume of non-viable tumour tissue in LipoDox
group was about 60-70%. In the X-ray treated group, the difference between the outer and
inner regions was less pronounced compared with other groups, and bigger fragments of
viable tumour tissue of solid structure were surrounded by non-viable tumour tissue residuals.
Finally, in the group treated by X-ray triggered LipoDox, the structure of the tumour
resembles that observed in the LipoDox group, but with a significant reduction of the relative
volume of viable tumour tissue. In particular, the outer rim of viable tumour tissue is much
thinner (only 100-300 pm in thickness), and the amount of the viable tumour tissue spreading
into the internal part of the tumour is significantly less than in any other experimental groups.
In contrast to all other groups, the necrotic tumour tissue was visible even in the subcapsular

zone. The average volume of necrotic tissue in the tumours was about more than 80%.
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Supplementary Figure 10 In vivo antitumour effect by X-ray triggered LipoDox. a
Representative histological images of tumour tissues after various treatments. H & E staining.
The scale bar is 100 pm. b Photographs of tumours isolated at the endpoint.
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