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is one of those techniques that have been 
reactivated recently thanks to the devel-
opment of nanotherapeutics. [ 1 ]  By using 
photoinduced localized hyperthermia to 
destroy the cancer cells, therapeutic effi -
cacy of photothermal ablation is theoreti-
cally unaffected by the drug resistance of 
cancer cells evolved through somatic evo-
lution, which is unlike chemotherapy. [ 2,3 ]  
The translation of photothermal ablation 
therapy from research to clinical trials 
has long been hampered by nondiscrimi-
native light absorption from both the 
healthy tissue and tumor. This issue could 
be solved by the introduction of nanosized 
photothermal agents and new optical 
devices. These innovations could provide 
precise localization and intensity control 
on photothermal heating, [ 4–6 ]  which sub-
stantially improve the outcome of photo-

thermal ablation therapy. Amongst all the photothermal agents 
that have been developed, near-infrared (NIR)-absorbing 
nanomaterials have drawn extensive interest. [ 7–9 ]  These nano-
materials could interact with deep tissue-penetrating NIR light, 
allowing for localized heat deposition in the target site and 
minimized collateral damage to adjacent healthy tissues. How-
ever, most of the photothermal agents used in the NIR range 
are inorganic nanomaterials that cannot be easily degraded 
or excreted in biological environment. [ 10 ]  Thus, it is of great 
importance to develop NIR-absorbing organic nanosystems to 
reduce the long-term risks of photothermal treatment. 

 IR825 is a cationic heptamethine indocyanine dye with high 
absorption coeffi cient in the NIR range as well as negligible 
quantum yield, meaning that most of the photon energy it 
absorbs would be released through nonradiative relaxation pro-
cess. [ 11 ]  The potent light-to-heat conversion effi ciency of IR825 
makes it a potential candidate for photothermal therapy. How-
ever, its utilization in anticancer applications has been limited 
by several inherent issues, such as poor water solubility, inef-
fi cient intrabody recirculation and negligible tissue uptake. To 
overcome these drawbacks, new strategies for IR825 modi-
fi cation and delivery have been proposed and put into prac-
tice. For example, IR825 was encapsulated within PEGylated 
micelles to signifi cantly enhance its water solubility and bio-
availability. [ 11,12 ]  These studies provide useful insights into the 
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  1.     Introduction 

 The emergence of nanotechnology has profoundly affected 
the anticancer research. Innovative nanomaterials could be 
employed to greatly enhance the effi cacy of conventional chem-
otherapy by enabling many alternative treatment strategies that 
were traditionally considered unreliable. Photothermal therapy 
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design and fabrication of photothermal therapeutic nanosys-
tems with IR825. 

 Due to the extremely hydrophobic nature of IR825, it is 
very diffi cult to be used in common nanoparticle-based drug 
delivery systems without substantial modifi cations at a molec-
ular level. [ 13 ]  As it could be readily dissolved in short-chain 
alcohols and fatty acids, it is possible to incorporate IR825 into 
nanosized delivery vehicles consisting of at least a hydrophobic 
oleic phase. Amongst the current nanocarriers that meet these 
criteria, liposomes stand out for their versatility and biosafety. 
Liposomes are usually spherical nanovesicles comprised of 
highly biocompatible lipid bilayer shells enclosing aqueous inte-
rior compartments, which can be easily degraded in physiolog-
ical conditions and cleared rapidly from the body. [ 14 ]  Liposomes 
have been used as effective and versatile delivery nanosystems 
for a variety of bioactive substance in clinical practice, due to 
their lipid/aqueous biphasic nature. [ 15 ]  Both hydrophilic and 
lipophilic compounds could be accommodated in liposomes 
depending on their solubility in liposome components. [ 16 ]  For 
instance, asymmetric hydrophobic molecules such as paclitaxel 
and camptothecin could be reliably entrapped within the lipid 
bilayer of liposomes, [ 16,17 ]  while hydrophilic molecules such 
as doxorubicin (DOX) could be contained in the aqueous inte-
rior. [ 18 ]  Thus, it is theoretically possible that liposomes could 
accommodate IR825 and DOX molecules simultaneously for 
photothermal and chemo combinational cancer therapy. 

 Ever since the fi rst discovery of liposomes in 1961, [ 19 ]  many 
liposomal formulations have emerged, offering advanced and 
versatile features aside from the basic drug encapsulation 
capability. Specifi cally, PEGylated lipid has been developed 
as a countermeasure against the fast clearance of liposomes 
in vivo, [ 20,21 ]  which could signifi cantly prolong the circulation 
time of liposomes in physiological environment while having 
negligible impact on their release behavior. [ 22 ]  In addition, 

the polyethylene glycol (PEG) corona could reduce the sus-
ceptibility of liposomes to self-aggregation and antibody 
opsonization. [ 23 ]  Another noteworthy example is thermore-
sponsive liposomal formulation. [ 24,25 ]  These liposomes are 
comprised of primarily two chemical components, namely, 
1,2-dipalmityol- sn -glycero-3-phosphocholine (DPPC) and 
1,2-distearoyl- sn -glycero-3-phosphocholine (DSPC), and have 
a phase transition temperature range of 39–42 °C, [ 26 ]  above 
which the gel-like lipid bilayer becomes more disordered, 
causing disruptions in the domain boundaries so that the 
aqueous content may escape through the lipid membrane. 
This unique temperature sensitivity could reduce the drug 
leakage during the transportation of liposomes in physiolog-
ical environment, which is preferable for successful chemo-
therapy. [ 27 ]  Overall, these technical advances could improve 
the delivery effi ciency of liposomal nanocarriers as well as 
their pharmacokinetics. 

 In this work, an NIR-absorptive stealth liposome (NSL) was 
successfully developed by entrapping IR825 within the lipo-
somal phospholipid bilayer of PEG-protected DPPC/DSPC 
thermoresponsive liposome, and its physical/chemical proper-
ties were thoroughly investigated. In addition to photothermal 
agent IR825, a widely used anticancer drug DOX was loaded 
into the aqueous interior of NSL. We hypothesized that this 
liposome structure could stably complex a large amount of 
IR825 and facilitate cellular uptake of its content primarily 
through robust endocytosis as well as liposome fusion with the 
cell membrane, [ 28 ]  which would ensure subsequent effi ciency of 
NIR photothermal therapy. Simultaneous chemotherapy could 
be achieved by the release of the second encapsulated cargo 
DOX upon intracellular degradation of the NSL ( Figure    1  ). This 
combinational therapeutic effect of DOX-loaded NSL was evalu-
ated in HeLa cells and further validated in zebrafi sh liver hyper-
plasia models. [ 29 ]    
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 Figure 1.    Schematic illustration showing the structure and action mechanism of NIR-absorptive DOX-loaded stealth liposome.
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  2.     Results and Discussion 

 As shown from dynamic light scattering (DLS) results 
(Figure S1, Supporting Information), the NSL prepared via 
the fi lm-hydration and sonication/extrusion strategy showed 
excellent morphological homogeneity with an average diam-
eter below 100 nm, which is consistent with transmission 
electron microscopy (TEM) characterizations ( Figure    2  ). These 
liposomes have a slightly negative surface charge of −3.68 mV 
(Figure S1, Supporting Information), which is common for 
liposomal formulations containing 1,2-distearoyl- sn -glycero-
3-phosphoethanolamine- N -PEG (DSPE-PEG) due to those neg-
atively charged phosphate groups. [ 30 ]   

 The incorporation of IR825 in the lipid bilayer was con-
fi rmed by UV–vis spectrum. As the IR825 dye is water insol-
uble, it was dissolved in methanol when monitoring its optical 
absorption. It could be observed from  Figure    3   that the main 
absorption peak of IR825 was located at around 825 nm. For 
blank liposomes without IR825, no signifi cant optical absorp-
tion was observed in the scanning range. However, when IR825 
was added into the formulation, one intense peak appeared 
in the vicinity of 840 nm with several other peaks at around 
400 and 600 nm. The observation of these characteristic IR825 
peaks in UV–vis spectrum demonstrated that IR825-containing 
stealth liposomes were successfully prepared. It is important to 
note that the main absorption peak of the IR825 species incor-
porated in the liposomes slightly redshifted in comparison 
with that of the free dye in methanol. This redshift could be 
explained by increased dielectric constant from methanol (32.7) 
to water (80.1). [ 11 ]  Moreover, the DOX encapsulation in the 
liposomes was confi rmed and quantifi ed by the fl uorescence 
detection after the liposome disruption. With a DOX concentra-
tion of 5 mg mL −1  in the hydration solution, the DOX encap-
sulation capacity in the NSL was found to be around 1.5 wt%.  

 Following the optical characterizations, the temperature 
rising of the liposome solution under NIR laser illumination 
was monitored to investigate its photothermal capability. It was 
found that after only 1 min of direct laser illumination, the 
temperature of the NSL solution increased drastically by almost 

20 °C. After 4 min of continuous illumination, the temperature 
of the sample solution rose up to 58 °C and remained at this 
level, while that of the dextrose solution as a control group was 
still around room temperature under the same illumination 
conditions. By comparing the temperature increments of the 
sample and control solutions, it revealed that the NSL retained 
high light-to-heat conversion effi cacy of IR825 as well as high 
photothermal capability in the fi rst biological window. 

 To evaluate the thermostability of the NSL, the critical phase 
transition temperature of its lipid bilayer was investigated 
using differential scanning calorimeter (DSC). The heat fl ow 
plot revealed that the melting of the lipid bilayer in the NSL ini-
tiated at 45 °C (Figure S3, Supporting Information), which was 
slightly higher than the phase transition temperature reported 
for conventional thermoresponsive DPPC/DSPC liposomes 
(39–42 °C). [ 25,26,31–33 ]  The elevated melting temperature ( T  m ) 
indicated that the introduction of IR825 dye into the liposomes 
augmented the stability of the lipid membrane against the 
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 Figure 2.    TEM images of IR825-containing stealth liposomes. a) Liposomes freshly prepared through ultrasonication. b) Liposomes after thermally 
extruded 21 times at 60 °C. The calculated mean diameter was 91.3 ± 7.5 nm. Scale bars are 200 nm.

 Figure 3.    UV–vis absorption spectra of IR825 in methanol (0.01 mg mL −1 ), 
bare stealth liposome (1 mg mL −1 ), NSL (1 mg mL −1 ), and DOX-loaded 
NSL (1 mg mL −1 ) solutions.
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structural disruption caused by temperature escalations. More 
importantly, with a  T  m  above physiological temperature of 
37 °C, it is highly promising that the liposomes could reduce 
the leakage of encapsulated anticancer drugs under unstimu-
lated conditions. 

 Based on the DSC results, time-dependent release profi le of 
the DOX-loaded NSL was measured to investigate its structural 
stability at physiological temperature conditions. The release 
profi le was monitored using conventional dialysis method. [ 34 ]  
The DOX-loaded NSL solution was contained inside dialysis 
membranes with a molecular weight cutoff of 3000, which 
could effectively isolate the released DOX from the NSL. It was 
observed that the DOX-loaded NSL was capable of retaining its 
DOX cargo in isotonic buffer solution (5% aqueous dextrose 
solution) at physiological temperature and that less than 10% of 
total encapsulated DOX was leaked after 30 min of incubation 
at 37 °C, similar to previously reported thermoresponsive lipo-
somal formulations. [ 27,35–37 ]  However, when the NIR laser illu-
mination was applied, a drastic increase of DOX fl uorescence 
was detected in the release medium. With an NIR illumination 
density of 0.5 W cm −2 , the DOX-loaded NSL released more than 
20% of total encapsulated DOX in the fi rst 10 min, and eventu-
ally the release percentage reached more than 80% in 30 min 
( Figure    4  ). These results demonstrated the good stability of the 
liposomes at normal body temperature as well as the capability 
of enhanced cargo release when the liposomes were stimulated 
with photothermal heating.  

 Photothermal heating curves and the DOX release profi les of 
the NSL in isotonic buffer solution indicated its potential use in 
both photothermal therapy and chemotherapy. To confi rm the 
hypothesis, in vitro experiments with the NSL were carried out 
on HeLa cancer cell line. Liposomes have excellent cellular bio-
availability due to chemical and structural similarities between 
the lipid bilayer and the cell membrane. This bioavailability 
facilitates cellular uptake of liposomes by multiple pathways 
such as direct liposome-cell fusion, lipid exchange, phagocy-
tosis, and endocytosis. [ 28 ]  The uptake of NSL in live HeLa cells 
was assessed using confocal laser fl uorescence spectroscopy. 
The anticancer drug, DOX, with its intrinsic red fl uorescence 
was used as an indicator for successful cellular internalization. 
HeLa cells were incubated with free DOX and DOX-loaded 
NSL in the culture medium respectively for comparison. As 

shown in  Figure    5  a, after 4 h of incubation with free DOX 
(3 µg mL −1 ), red fl uorescence was enriched in the cell nuclei 
and their vicinity, which was consistent with the fi ndings from 
previous studies. [ 38,39 ]  For HeLa cells that were exposed to DOX-
loaded NSL with equivalent DOX concentration, DOX fl uores-
cence was detected throughout the cell cytoplasm and nuclei. 
As compared with free DOX, the DOX intensity in the cell 
nuclei was weaker when exposed to DOX-loaded NSL. The dis-
tinctive DOX fl uorescence pattern of DOX-loaded NSL in HeLa 
cells suggested that some DOX molecules might still remain 
encapsulated within the liposomes after 4 h of incubation. The 
observations also indicated that DOX-loaded NSL was success-
fully internalized in HeLa cells through predominant endocytic 
pathway as well as direct membrane fusion.  

 In order to correlate the internalization of DOX-loaded NSL 
with its proapoptotic effect on HeLa cells, the cells treated with 
DOX-loaded NSL were stained with Annexin V-fl uorescein iso-
thiocyanate (FITC) probe to assess the extent of apoptosis using 
fl ow cytometry (Figure  5 b,c and Figure S4 in the Supporting 
Information). According to Figure  5 b, the fl ow cytometric anal-
ysis of the cells that underwent 4 h of incubation with DOX-
loaded NSL solution at 37 °C revealed a drastic increase in 
median DOX fl uorescence intensity, which was almost 13-fold 
stronger than that of the blank control, suggesting that the 
internalization of DOX-loaded NSL into HeLa cells occurred. 
Correspondingly, chemotherapeutic capability of released DOX 
was revealed in Figure  5 c, where median FITC fl uorescence 
intensity of the whole cell population in DOX-loaded NSL group 
increased signifi cantly by around 14-fold after incubation of 4 h. 
The confocal laser fl uorescence spectroscopy and fl ow cytom-
etry results collectively demonstrated that DOX-loaded NSL 
could be readily internalized by the HeLa cell line and induce 
the cell apoptosis attributed to the release of liposomal DOX. 
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) assay was subsequently carried out to quantitatively 
assess the tumoricidal effect of the NSL. Its photothermal abla-
tion capability was studied fi rst. As depicted in  Figure    6  a, no 
obvious cytotoxicity (cell viability >90%) was detected in HeLa 
cells even treated with an NSL concentration of 120 µg mL −1  in 
the absence of NIR illumination, which was a good indicator for 
the biosafety of the NSL. Contrastingly, a sharp increase in the 
cell death rate with only 14% of the cell survival was observed 
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 Figure 4.    a) Heating curves of the hydration solution (5% dextrose) and the NSL solution upon continuous NIR laser illumination at a laser power 
density of 0.5 W cm −2 . b) DOX release profi les of DOX-loaded NSL at physiological temperature and under NIR light irradiation (power density: 
0.5 W cm −2 ), respectively.
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when the NSL-treated cells were illuminated with NIR laser 
for 5 min. When the duration of laser illumination was pro-
longed to 10 min, the cell viability at the NSL concentration of 

120 µg mL −1  further dropped to 9%. It should 
also be noted that, at zero concentration of 
NSL used, the NIR laser illumination did not 
confer obvious infl uence to the cells. [ 40 ]  The 
comparative analysis of the MTT results sup-
ported the in vitro effi cacy of NIR triggered 
photothermal cancer cell ablation with inter-
nalized NSL.  

 By using the same experimental setup, 
combinational therapeutic effi cacy of the 
DOX-loaded NSL was further inspected on 
HeLa cell line. Despite of the absence of NIR 
illumination, a concentration-dependent tox-
icity was detected on HeLa cells treated with 
DOX-loaded NSL, where the cell viability 
eventually fell below 60% upon incuba-
tion with 120 µg mL −1  of DOX-loaded NSL 
(Figure  6 b), which was comparable to the 
cytotoxicity of free DOX at an equivalent con-
centration. In addition, when the NIR laser 
illumination was applied, a further drop in 
the cell viability was detected. The cell sur-
vival rate was down to 9% after 10 min of 
laser illumination at the DOX-loaded NSL 
concentration of 120 µg mL −1 . Even though 
the anticancer property of the liposomal DOX 
was less obvious as compared with the con-
current NIR-induced photothermal ablation, 
the cell viability of the cells treated with DOX-
loaded NSL was on average lower than that 
of nonloaded NSL group under similar con-
centration and illumination conditions. The 
in vitro results demonstrated that enhanced 
tumoricidal outcome could be achieved with 
combined photothermal and chemothera-
peutic properties of DOX-loaded NSL. 

 An additional proof of combinational ther-
apeutic effi cacy on solid tumors in vivo was 
obtained using transgenic zebrafi sh based 
mifepristone inducible liver tumor models 

expressing enhanced green fl uorescence protein (EGFP)-
kras v12  oncogene. [ 29,41 ]  In comparison with mouse based tumor 
models commonly used in anticancer research, the zebrafi sh 
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 Figure 5.    a) Confocal laser fl uorescence spectroscopy images of live HeLa cells incubated 
with free DOX (3 µg mL −1 ) or DOX-loaded NSL (200 µg mL −1 ) solutions. The cell nuclei were 
stained with H33258. Scale bar is 10 µm. Flow cytometric analysis on the changes of b) DOX 
and c) FITC fl uorescence intensities from HeLa cell line after incubation with DOX-loaded NSL 
solution (200 µg mL −1 ). Median DOX and FITC fl uorescence intensities of each sample group 
were also shown.

 Figure 6.    Relative viabilities of HeLa cells incubated with a) nonloaded NSL and b) DOX-loaded NSL at various concentrations without and with NIR 
laser illumination for 5 and 10 min, respectively. Equivalent concentrations of free DOX solution were used as a control group in Figure  6 b. All OD read-
ings at 570 nm were normalized to the mean OD of non-NIR-illuminated control group at zero concentration of nonloaded NSL or DOX-loaded NSL.
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embryo models provide a simplifi ed and intuitive approach to 
study structural changes of the tumors in response to various 
anticancer treatments. Specifi cally, external development and 
optical translucence of zebrafi sh larvae could facilitate the 
real-time monitoring of the tumor damage and correlating 

the extent of associated tumor progression to the anticancer 
treatments. In this study, liver tumor-bearing larvae were fi rst 
divided into six subgroups. Group 1 was untreated liver tumor-
bearing larvae as the blank control, Groups 2–4 were injected 
with nonloaded NSL, free DOX, and DOX-loaded NSL solutions 
under an equivalent concentration respectively, Group 5 was 
injected with nonloaded NSL solution and illuminated with 
5 min of NIR laser, and Group 6 was injected with DOX-loaded 
NSL solution and treated with NIR laser illumination for 5 min. 
Each tumor volume was then assessed by confocal imaging, 
where images detailing tumor depth in the  z  direction were 
compiled and the thickness of each optical slice was fi xed at 
5.5 µm. 3D fl uorescent images of liver tumors in all treatment 
groups are presented in  Figure    7  a. Liver tumor volumes of all 
larvae in each group were followed at day 0 and day 1 to detect 
the variations. Tumor progression associated with increased 
liver tumor volume was observed in Groups 1 and 2. Decreased 
tumor volume was detected in Groups 3 and 4, which sup-
ported modest tumor regression from the DOX medication. 
The most severe tumor damage on embryos was observed 
from Groups 5 and 6, where most of the tumor tissues disap-
peared after one day under NIR mediated ablation. Moreover, 
the tumor tissues in these two sample groups presented a dis-
sociated morphology after NIR photothermal treatment. The 
observations in these two groups demonstrated that the tumor 
cells suffered severe cellular damage (necrosis and pyknosis) 
as compared to the unilluminated sample groups. Specifi cally, 
the hyperthermia incurred by the NIR photothermal treatment 
could disrupt the cell membrane and degrade the proteins, 
causing irreversible damage to the cytoskeletal fi laments, all of 
which would contribute to the prompt cell death. [ 2 ]  The tumor 
ablation and growth suppression from the combinational 
therapy were further demonstrated in greater detail from the 
video fi les (Videos 1–6, Supporting Information), where the 
tomographic fl uorescence imaging of the liver tumors before 
and after various treatments (six groups) was carried out and 
the results were compared.  

 Based on 3D fl uorescent tumor mapping on live zebrafi sh 
embryos (Figure S5, Supporting Information), the relative 
tumor size change in each sample group was further quanti-
fi ed to reveal the therapeutic effi cacy of the NSL in vivo and 
the obtained results are shown in Figure  7 b. The quantitation 
of liver tumor volume was achieved by summing the volume 
of each optical slice that made up the liver tumor through the 
volume estimation plugin in Image J (Volumest). It was found 
that there was no signifi cant difference of the tumor volume 
changes between Groups 1 and 2 (signifi cance level: 5%), 
which evidently indicated that the NSL itself had no apparent 
toxicity to the living cells. It should also be noted that the 
average tumor size in Group 4 decreased signifi cantly, which 
was even more effective than that of free DOX solution (Group 
3) at an equivalent concentration. Due to high hydrophilicity 
and small molecular size, free DOX could easily diffuse out 
from the injection site and result in the abatement of bioac-
tive drug concentration in tumor, while the liposomal DOX 
released from DOX-loaded NSL could be retained in the tumor 
for an extended period of time with high local drug concen-
tration on account of ineffective lymphatic drainage. It was 
found from Group 6 that the tumor regression was the greatest 
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 Figure 7.    a) 3D fl uorescent images of six liver tumor groups before 
and after treatment for 1 d. The same liver tumor was followed at day 0 
and day 1 posttreatment. Images represent typical tumor size detected 
in each sample group. Group 1: blank control without any treatment, 
Group 2: treated with nonloaded NSL, Group 3: treated with free DOX, 
Group 4: treated with DOX-loaded NSL, Group 5: treated with nonloaded 
NSL under 5 min of NIR illumination, and Group 6: treated with DOX-
loaded NSL under 5 min of NIR illumination. Only groups 5 and 6 were 
treated with NIR laser illumination (power density: 1 W cm −2 ) for 5 min. 
b) Changes in the relative tumor volume in each sample group, measured 
after 1 d posttreatment.
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among all the sample groups, with negligible collateral damage 
observed on the living larvae, revealing the enhanced combina-
tional therapeutic effect of DOX-loaded NSL under NIR illu-
mination. All these results collectively demonstrated that the 
combination of DOX-loaded NSL and NIR laser illumination 
signifi cantly improved the eventual therapeutic outcome on 
zebrafi sh liver hyperplasia models, providing useful insights 
for combinational treatment of solid tumors on more advanced 
animal cancer models.  

  3.     Conclusions 

 In summary, NIR-absorptive stealth liposomes have been suc-
cessfully prepared as combinational therapeutic agents for 
the cancer treatment. Hydrophobic organic dye IR825 has 
been incorporated into these liposomes, through which its 
bioavailability has been signifi cantly improved. The IR825-
containing liposomes (NSL) could serve as the nanocarriers 
for intracellular delivery of anticancer drug DOX, and at the 
same time as an effective photothermal agent upon NIR laser 
illumination. It has been confi rmed both in vitro and in vivo 
that the DOX-loaded NSL along with concurrent NIR treat-
ment could lead to better tumoricidal effi cacy than either lipo-
somal DOX medication or sole photothermal ablation. The 
experimental results indicate that the NSL system developed 
in this study is a promising candidate for safe and effective 
combinational anticancer therapy, while the therapeutic effi -
ciency and safety concerns will be evaluated and optimized on 
more advanced and complex cancer models. The therapeutic 
strategy described in this study could also be extended for the 
implementation of other hydrophobic photoactive therapeutic 
agents, showing clinical interest in future phototherapeutic 
applications.  

  4.     Experimental Section 
  Materials : Cationic heptamethine indocyanine dye IR825 was prepared 

according to the literature report. [ 11 ]  All chemicals were used as received 
without further purifi cation. Phospholipids, i.e., DPPC and DSPC, were 
purchased from Nippon Oil & Fats Co. Ltd. Japan, and 1,2-distearoyl-
sn-glycero-3-phosphoethanolamine-N-PEG2000 (DSPE-PEG2000) and 
liposome mini-extruder (pore size: 100 nm) were provided by Avanti 
Polar Lipids. Chloroform and methanol were purchased from Merck. 
All other chemicals not mentioned here were purchased from Sigma-
Aldrich. Sephadex PD-10 columns were purchased from GE healthcare. 

  Preparation of the NSL : The NSL containing DPPC:DSPC:DSPE-
PEG 2000 :IR825 in a weight ratio of 55 mg:20 mg:27 mg:10 mg was 
prepared using the conventional fi lm-hydration and sonication method. 
All the lipids were predissolved in the mixture solution of chloroform 
and methanol (volume ratio 4:1) together with IR825. The mixture 
was subsequently evaporated under vacuum on a rotary evaporator 
to form a homogenous lipid fi lm. The lipid fi lm was then hydrated 
with aqueous solution (19 mL) containing dextrose (1 g) and DOX 
(95 mg) at pH 7.2 and 60 °C for 30 min. The as-prepared multilaminar 
liposomes were then sonicated using a probe tip sonicator for 30 min, 
and subsequently extruded 21 times through the polycarbonate fi lter 
of 100 nm (the barrel of the extruder was heated to 60 °C), leading to 
small unilaminar liposomes with an average diameter of less than 
100 nm. Noting that the raw product was centrifuged under 10 000 rpm 
for 10 min before extrusion in order to remove the titanium scraps 
and liposome aggregates. Nonentrapped DOX was removed from the 

liposome solution by passing through a PD-10 Sephadex column just 
before usage. Size distribution and zeta potential ( ζ ) were measured 
by dynamic light scattering using a Malvern Zetasizer Nano ZS. TEM 
images of the NIR-absorptive stealth liposomes were taken on a JEOL 
2010 analytical TEM. 

  Differential Scanning Calorimetry : The critical temperature for the 
phase transition of the lipid bilayer was measured using differential 
scanning calorimetry (DSC) with a Capillary Cell MicroCalorimeter 
(MicroCal VP-DSC). Empty aluminum hermetic sample pans of the same 
model were airtightly sealed and used as the reference. The liposome 
solution was heated from 30 to 70 °C with a heating rate of 1 °C min −1 . 

  Optical Characterization of IR825 and the NSL : UV–vis absorption 
spectra of photothermal dye IR825 and NSL were recorded on a 
Shimadzu UV-3600 UV–vis–NIR spectrophotometer in a 1 mm quartz 
cell. Specifi cally for the dye IR825 itself, it was fi rst dissolved in methanol 
(IR825 concentration: 0.01 mg mL −1 ) and then measured on the 
spectrophotometer. For nonloaded NSL and DOX-loaded NSL, they were 
diluted with the aqueous solution of dextrose (dextrose concentration: 
5% w/w) in a 1:4 volume ratio. It should be mentioned that the DOX-
loaded NSL was purifi ed through the PD-10 column passage using the 
gravity protocol before the measurement, which was to eliminate the 
optical interference of nontrapped DOX in the solution. 

  Determination of the DOX Encapsulation Amount in the NSL : The 
loading amount of DOX into the NSL was determined by the standard-
curve calibration method. Basically, purifi ed DOX-loaded NSL solution 
(10 µL) containing lipids (60 µg) was added into a detergent solution 
(990 µL, deionized water containing 2% Triton-100) and subsequently 
incubated at 55 °C under dark environment for 30 min. The DOX 
fl uorescence reading of the solution was then quantifi ed using a standard 
curve of DOX in water, which would give the actual DOX concentration 
in the liposome/detergent mixture. The NSL encapsulation effi ciency 
was then calculated as the ratio of [DOX]/[DOX-loaded NSL]. 

  Characterization for Photothermal Capability of the NSL : Original NSL 
solution (250 µL) was diluted to 1 mL using dextrose aqueous solution 
(5% w/w), and the solution was transferred to a quartz cuvette, capped 
and wrapped with parafi lm airtightly. This preparation procedure was 
used to eliminate the possible increase of liposome concentration 
caused by the solvent evaporation during the photothermal heating. 
To maximize effective absorbing area, the cuvette was positioned 
at a 45° angle. The NIR laser source was placed directly above the 
cuvette and the power density of the incoming NIR laser was fi xed 
at 0.5 W cm −2 . Equal volume of dextrose solution was used as the 
experimental control. The temperature of each sample was recorded 
using a noncontact infrared thermometer to ensure the accuracy of the 
measurements. 

  Evaluation of the Thermostability and Photothermal-Induced Drug 
Release : The release profi le measurement was achieved using the dialysis 
method. In brief, DOX-loaded NSL solution (400 µL) was fi rst passed 
through a PD-10 column and subsequently poured into a cuvette. The 
cuvette was then illuminated with NIR laser for varied durations using 
a same protocol as the above photothermal measurements. When 
the illumination was complete, the solution was again transferred 
into a dialysis bag (molecular weight cut off 10 kDa, SpetrumLabs). 
The dialysis system containing photothermal-treated liposomes was 
suspended in a release medium of dextrose solution (40 mL, weight 
fraction 5%) at 4 °C, which was gently rotated at 100 rpm in order 
to ensure that the DOX concentrations in the donor and acceptor 
compartments were at an equilibrium stage to prevent continuous DOX 
release during the dialysis. After 20 min, the release medium (1 mL) was 
collected for the fl uorescence detection. For the control group, instead 
of laser illumination, the cuvette with purifi ed DOX-loaded NSL solution 
was heated at 37 °C in equal durations, and the sample-processing 
procedure was the same to other experimental groups. 

  Investigation on Cellular Uptake of the NSL : The cellular uptake of the 
NSL was qualitatively investigated by confocal laser microscope and 
fl uorescent anticancer drug DOX was used as the tracer agent. HeLa 
cells were fi rst incubated with either DOX-loaded NSL (200 µg mL −1 ) or 
free DOX (3 µg mL −1 ) for 4 h. Subsequently, the drug-containing media 
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were decanted and the cell fi lms were washed twice with phosphate-
buffered saline (PBS) to remove the liposomes and free DOX that were 
not internalized by the cells during the incubation. The washed cells 
were then fi xed with 4% paraformaldehyde for 15 min and washed twice 
again with PBS. The nuclei of the fi xed cells were stained with H33258 
(w/v: 2 µg mL −1 ) at room temperature for 20 min and the cell samples 
were inspected by confocal laser microscope within 30 min. 

  Flow Cytometry Analysis of the NSL Internalization and DOX-Induced 
Apoptosis : The cellular uptake of the NSL and its proapoptotic effects 
were quantifi ed by fl ow cytometry. HeLa cells were seeded in a six-well 
plate with a density of 2 × 10 5  cells per well. To ensure the adequate cell 
adhesion to the plate surface, the seeded cells were fi rst incubated at 
37 °C for 24 h. Subsequently, for the experimental groups, the culture 
media were replaced with media containing DOX-loaded NSL, where the 
liposome concentration was adjusted to 200 µg mL −1 . For the control 
groups, the media were just replaced with fresh ones. Throughout the 
incubation, the total volumes of the culture media were kept at 2 mL. 
After another 4 h of incubation, the cells were washed with PBS twice 
and detached with trypsin solution. The detached cells were then stained 
by Annexin V FITC following the protocol provided in the Dead Cell 
Apoptosis Kit (Invitrogen) and had their fl uorescence intensity measured 
on a fl ow cytometer. All samples were measured within 30 min after the 
staining, and 1 × 10 4  events were recorded for each sample. 

  Cytotoxicity Assessment of the NSL In Vitro : The cytotoxicity assessment 
of the NSL was conducted on the HeLa cell line using MTT assay. HeLa 
cells were incubated with either nonloaded NSL or DOX-loaded NSL at 
different concentrations for 4 h and then washed with fresh medium. 
For the experimental groups, the cells were subsequently illuminated 
with NIR laser at 808 nm for 5 or 10 min and the power density of the 
NIR laser was fi xed at 0.5 W cm −2 . Cell samples without NIR treatment 
were used as the negative control. Both sample groups were incubated 
at 37 °C for another 24 h. The optical density (OD) of the samples at 
570 nm was recorded using a plate reader. 

  Combinational Therapy on Zebrafi sh Hyperplasia Model : Transgenic 
zebrafi sh embryos expressing EGFP-kras v12  oncogene were treated with 
mifepristone to induce the liver hyperplasia as described previously. [ 41 ]  
Induction with mifepristone (1 × 10 −6   M , from Sigma-Aldrich) was 
carried out for 4 d, where liver tumors can be observed in most treated 
larvae. Liver tumor-bearing larvae were then mounted in 1% low melting 
agarose, with the liver and heart facing upward for direct injection of 
respective samples into the liver. Confocal microscopic images of the 
liver tumors were acquired using an upright Zeiss Axiovert 200M laser 
scanning microscope (LSM Meta 510, Carl Zeiss). Detection of the 
tracing agent and EGFP was enabled with two excitation laser lines 
(30 mW argon and 1 mW HeNe) and emission band-pass fi lters of 
505 nm/530 nm and 560 nm/615 nm that visualize EGFP-kras v12  and 
internalized fl uorescence tracer, respectively. All mounted zebrafi sh were 
imaged immediately after the injection. The same larvae were imaged 
again 1 d after the injection. All images were acquired under the same 
acquisition settings. Quantifi cation of liver tumor volume was achieved 
with Volumest plugin in Image J.  
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