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SPECIAL ISSUE: Biomaterial Foundations of Therapeutic Delivery

Albumin nanoreactor-templated synthesis of
Gd2O3/CuS hybrid nanodots for cancer theranostics
Ru Wen1†, Xiaoyan Lv2†, Tao Yang2, Yu Li1, Yong’an Tang3, Xin Bai2, Hengte Ke2*, Junkang Shen1*
and Huabing Chen2,3*

ABSTRACT  It remains a great challenge to explore the
facile way to fabricate multi-component nanoparticles in
theranostic nanomedicine. Herein, an albumin nanoreactor
templated synthesis of theranostic Gd2O3/CuS hybrid nan-
odots (NDs) has been developed for multimodal imaging
guided photothermal tumor ablation. Gd2O3/CuS NDs are
found to possess particle size of 4.4 ± 1.1   nm, enhanced
longitudinal relaxivity, effective photothermal conversion
of 45.5%, as well as remarkable near-infrared fluorescence
(NIRF) from Cy7.5-conjugated on albumin corona. The
Gd2O3/CuS NDs further exhibited good photostability, en-
hanced cellular uptake, and preferable tumor accumulation.
Thus, the Gd2O3/CuS NDs generate remarkable NIRF imag-
ing and T1-weighted magnetic resonance (MR) imaging, and
simultaneously result in effective photothermal tumor ab-
lation upon irradiation. The albumin nanoreactor provides
a facile and general strategy to synthesize multifunctional
nanoparticles for cancer theranostics.

Keywords:  albumin nanoreactor, nanodot, theranostics, pho-
tothermal therapy, magnetic resonance imaging

INTRODUCTION
Nanomedicine provides extraordinary capabilities for can-
cer diagnostics and therapeutics [1–5]. The integration of
diagnostic imaging and therapy has led to the emergence of
theranostic nanoparticles for personalized nanomedicine
[6–14]. A variety of theranostic nanoparticles have been
recently developed to provide multifunctional properties
for achieving effective cancer imaging and simultaneous
therapy through the combination of diagnostic and ther-
apeutic components via co-loading or chemical conjuga-

tion [15–17]. Generally, these nanoparticles frequently suf-
fer from several concerns such as complex compositions
and construction, pharmacokinetic inconsistence between
imaging and therapeutic agents, as well as the use of clin-
ically unaccepted ingredients. Consequently, it is still a
major challenge to develop a facile and rational approach
to synthesize high-performance nanoparticles for efficient
cancer theranostics.
Recently, some proteins such as albumin, ferritin and

aminopeptidase have been extensively explored as biocom-
patible protein nanoreactors that facilitate the synthesis
of metal or metal chalcogenide nanoparticles such as
CuS and Ag2S nanodots (NDs) within their intrinsic
cavities through the isotropic or anisotropic growth of
nanocrystals [18–21]. The protein nanoreactors possess
a satisfactory capacity to achieve a facile construction of
ultrasmall nanocrystals with well-defined nanostructures
in a mild condition [22]. However, a few efforts have been
made to generate multi-component nanoparticles through
simultaneous multiple reactions within protein nanoreac-
tor for cancer theranostics. Herein, we developed a facile
approach to synthesize Gd2O3/CuS hybrid NDs through
two precipitation reactions within albumin nanoreactor,
leading to multimodal imaging-guided photothermal tu-
mor ablation (Fig. 1).

EXPERIMENTAL SECTION

Preparation of nanodots
Typically,  2.0 mL  of  20.0 mmol L−1  copper(II)  acetate
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Figure 1   Schematic illustration of (a) albumin nanoreactor-templated
construction of Gd2O3/CuS NDs and (b) their use for cancer theranostics.

(Cu(AC)2) and 2.0 mL of 20.0 mmol L−1 gadolin-
ium(III) chloride (GdCl3) were added into 10.0 mL of
50.0 mg mL−1 bovine serum albumin (BSA) under vigor-
ous stirring. Next, NaOH was used to adjust the pH of
the solution to 12. Then, 0.8 mL of 100 mmol L−1 Na2S
was added into the mixture. The mixture was further
stirred at 55°C for another 4 h, followed by the formation
of Gd2O3/CuS NDs. The obtained suspension was cen-
trifuged through the ultrafiltration (100 kDa, Millipore)
and purified through the dialysis against distilled water for
24 h. To conjugate Cy7.5 with Gd2O3/CuS NDs, 1.0 mL of
Cy7.5-NHS (0.5 mg mL−1) was mixed with 4.0 mL suspen-
sion under stirring in dark overnight to allow the amide
reaction between activated carboxyl of Cy7.5 and amine of
albumin, followed by the dialysis against distilled water to
obtain Cy7.5 conjugated NDs. Different Gd/Cu feed molar
ratios at 0.05:1, 0.1:1, 0.25:1, 0.5:1, 1:1 and 2:1 were used in
the preparation procedures to obtain hybrid NDs of varied
Gd/Cu ratios.

Characterization
Transmission electron microscopy (TEM, Hitachi H-600)
was used to observe the morphology of the nanoparticles.
The hydrodynamic diameter was measured using dynamic
light scattering (DLS, Zetasizer NanoZS90). The absorp-
tion spectra of Gd2O3/CuS NDs were measured using a

UV-vis spectrophotometer (Shimadzu UV2600). Induc-
tively coupled plasma optical emission spectrometer (ICP-
OES, VARIAN 710-ES) was applied to quantify the concen-
trations of Cu and Gd.

Photothermal effect
All light irradiation was conducted using a laser at
785 nm (1.5 W cm−2). To study the photothermal effects
of Gd2O3/CuS NDs, 0.5 mL Gd2O3/CuS NDs at various
Cu concentrations ranging from 0.1 to 2.0 mmol L−1 were
irradiated for 5 min. The temperature of the solutions was
monitored using a digital temperature sensor at an interval
of 30 s. The temperature elevation (ΔT) was used to evalu-
ate the photothermal effects. To evaluate the photothermal
conversion efficiency, Gd2O3/CuS NDs at the concentra-
tion of 2.0 mmol L−1 Cu were irradiated for 12 min, and
then the laser was removed for cooling the sample to room
temperature. During this process, the temperature of the
solution was recorded using a thermometer at an interval
of 30 s. To evaluate the photostability, the absorbance
at 785 nm was measured under irradiation for different
time. To evaluate the ability to maintain the temperature
elevations, 0.5 mL Gd2O3/CuS NDs at the concentration of
0.5 mmol L−1 Cu are subjected to 5 min irradiation (light
ON), and then was cooled to room temperature in the
absence of irradiation (light OFF), followed by another 4
light ON/OFF cycles.

Cellular uptake
Gd2O3/CuS NDs at the concentration of 0.1 mmol L−1 Cu
were incubated with 4T1 tumor cells (1.0 × 105 cells per
well) for 6 h and 24 h, respectively. Then, the cells were
treated with trypsin for 3 min at 37°C, followed by cell
counting. Afterwards, the cells were digested by nitric
acid, and the concentrations of Cu and Gd were measured
using ICP-OES, respectively.

Cytotoxicity
The cytotoxicity of Gd2O3/CuS NDs under irradiation or
not was investigated using MTT assay. 100 μL Gd2O3/CuS
NDs at various concentrations were incubated with 4T1 tu-
mor cells (5000 cells per well) for 24 h. Then, the cells were
rinsed and supplied with 100 μL fresh media, followed by
1.5 W cm−2 irradiation at 785 nm for 3 min or not. After an-
other 24 h incubation, the cell viability was evaluated using
MTT assay.

Near-infrared fluorescence (NIRF) imaging
All animal operations were in accordance with the in-
stitutional animal use and care regulations, College
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Reviewer Committees of Soochow University for Ani-
mal Use and Welfare. Cy7.5-labelled Gd2O3/CuS NDs
(Cy7.5-Gd2O3/CuS NDs) were intravenously injected
into the 4T1 tumor-bearing nude mice at the dose of
75.0 μmol kg−1 (n=3) Cu. Then, the in vivo fluorescence
imaging was performed at 0, 1, 2, 4, 6, 24, 48, and
168 h post-injection using IVIS Lumina II imaging system,
respectively. Finally, the average fluorescent intensity at
tumor region was calculated.

Magnetic resonance (MR) imaging
For in vivo MR imaging, Gd2O3/CuS NDs
(75.0 μmol kg−1 Gd) were intravenously injected into the
4T1 tumor-bearing BALB/c mice. Then, T1-weight images
were obtained at different time using a 1.5 T MR imaging
system (Philips, Achieva) with a fat-saturated 3D gradient
echo imaging sequence (TR/TE = 400/10 ms, 256×256
matrices, slices = 3, thickness = 2 mm, averages = 4, FOV
= 60×60).

Photothermal antitumor efficacy
Gd2O3/CuS NDs at the doses of 25.0, 50.0, and 75.0
μmol kg−1 Cu were intravenously injected into the tu-
mor-bearing BALB/c mice, respectively. The tumors were
exposed to 5 min irradiation at 1.5 W cm−2. Then, the

tumor volumes were monitored during subsequent 30 days
according to the equation of V = L×W2/2, where W and
L are the tumor measurements at the widest and longest
dimensions, respectively. The relative tumor volume was
applied to evaluate the antitumor efficacy.

RESULTS AND DISCUSSION
Gd2O3/CuS NDs were constructed using albumin as a
nanoreactor under a mild condition in water. Gadolin-
ium(III) and copper(II) ions were firstly added to the
aqueous solution of BSA for binding with abundant amino
acid residues. Then, the pH of the solution was further ad-
justed to 12, leading to the formation of unfolded BSA with
hollow nanocages [23,24]. Afterwards, Gd3+ bound with
albumin reacted with OH¯ to generate Gd2O3 nanocrystals,
and Na2S was also added to react with copper ions for
generating CuS nanocrystals in the nanoreactor. Thus, the
Gd2O3/CuS NDs were synthesized in albumin nanoreactor.
Cy7.5 was conjugated with amino groups on albumin as an
NIRF agent to achieve the fabrication of Cy7.5-Gd2O3/CuS
NDs (Fig. 1a).
The morphology of the obtained Gd2O3/CuS NDs was

characterized using TEM, indicating 4.4 ± 1.1 nm in diam-
eter with a uniform distribution  (Fig. 2a).  DLS  measure-

Figure 2    (a) TEM image, (b) size distribution and (c) UV-vis absorbance spectrum of Gd2O3/CuS NDs; (d) relaxivity of Gd2O3/CuS NDs from
T1-weighted maps in MR phantoms; (e) temperature elevations of Gd2O3/CuS NDs in 5 min at various Cu concentrations under 785 nm irradiation
(1.5 W cm−2); (f) temperature elevations of Gd2O3/CuS NDs and Au NRs under five laser ON/OFF cycles (785 nm,1.5 W cm−2).
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ment indicates that the Gd2O3/CuS NDs have a hydrody-
namic diameter of 18.2 ± 2.2 nm owing to the presence
of protein corona, implying a potential passive targeting
capability through enhanced permeation and retention
(EPR) effect (Fig. 2b). The UV-vis absorption spectrum
of the Gd2O3/CuS NDs in water displayed a strong and
board absorbance in the near infrared (NIR) region from
700 to 1300 nm, possibly resulting from the presence of
CuS (Fig. 2c). A thin film of Gd2O3/CuS NDs on the
glass silde was prepared to avoid the strong absorbance of
water, and the absorption spectrum was obtained at the
range of 400–2400 nm (Fig. S1). The results suggested the
strong localized surface plasmon resonance (LSPR) peak
at ~1460 nm from CuS nanocrystals, confirming the NIR
light triggered potent photothermal effect. Several small
peaks from 1800 to 2400 nm could be attributed to the
absorbance of BSA, demonstrating the presence of albu-
min in the nanocomposites. The X-ray diffraction (XRD)
pattern of NDs showed the peaks of [101] and [110] from
hexagonal CuS, and peaks of [222] and [400] from cubic
Gd2O3, confirming the successful fabrication of hybrid
NDs of both Gd2O3 and CuS nanocrystals (Fig. S2).
Given that Gd2O3 is a component with longitudinal relax-

ivity [25–29], the longitudinal proton relaxation time (T1)
of Gd2O3/CuS NDs was measured using T1-weighted map-
ping at the magnetic field of 1.5 T for calculating their re-
laxivities (Fig. S3). The Gd/Cu molar ratios of the resulted
Gd2O3/CuS NDs were measured to be 0.04:1, 0.06:1, 0.15:1,
0.30:1, 0.60:1 and 1.20:1 at various Gd/Cu feed molar ra-
tios, respectively. Remarkably, Gd/Cu molar ratio had dis-
tinct influence on their relaxivity, indicating a gradual de-
crease from 50.3 to 27.2 L mmol−1 s−1 alongwith the increase
of Gd/Cu ratio in the NDs (Fig. 2d and Fig. S4), probably
due to geometrical confinement of gadolinium in the re-
stricted space of albumin cavity, which influences the para-
magnetic behavior of the Gd3+ ions [25,30]. Nevertheless,
the Gd2O3/CuS NDs exhibited relaxivity of about 9–17-fold
as compared to Gd-DTPA (3.2 L mmol−1 s−1), indicating a
superior relaxivity for potentialMRI. To balance the dosing
concentration of Gd2O3 and CuS, the Gd/Cu molar ratio of
1.20:1 was selected for subsequent studies.
To evaluate the photothermal effect, temperature eleva-

tion of the Gd2O3/CuS NDs at various Cu concentrations
was evaluated under 1.5 W cm−2 irradiation at 785 nm (Fig.
2e). The Gd2O3/CuS NDs exhibited a fast temperature
elevation of 9.9°C at a relatively low concentration of
0.1 mmol L−1, displaying a distinct photothermal effect.
Remarkably, the Gd2O3/CuS NDs displayed a concentra-
tion-dependent temperature elevation, which is highly

important for causing potent photo-induced hyperthermia
(>45°C) [31]. Subsequently, the Gd2O3/CuS NDs were fur-
ther found to have a photothermal conversion efficiency
of ~45.5% (Fig. S5), which is much higher than that of
the extensively studied photothermal agents such as Au
nanorods (Au NRs, ~ 13%) [32].
The stability of Gd2O3/CuS NDs under NIR light irra-

diation was evaluated using temperature monitoring. The
Gd2O3/CuS NDs were subjected to 785 nm irradiation at
1.5 W cm−2 for 5 min (light ON). Then, the irradiation was
removed and the Gd2O3/CuS NDs were cooled to room
temperature in the absence of irradiation (light OFF).
This procedure was further repeated for another four light
ON/OFF cycles. The Gd2O3/CuS NDs exhibited tremen-
dous temperature increase of 35.0°C after first irradiation,
and no significant change of temperature elevation was
observed during the subsequent four cycles (Fig. 2f).
In contrast, Au NRs displayed a significant temperature
decrease after laser ON/OFF cycles, as well as obvious de-
crease of NIR absorbance compared with the Gd2O3/CuS
NDs (Fig. S6). Moreover, the Gd2O3/CuS NDs also showed
no remarkable change in the absorbance at 785 nm under
continuous 15 min irradiation, further confirming that
these NDs have ideal photostability (Fig. S7). It indicates
that the Gd2O3/CuS NDs have good photostability to
maintain effective light treatment for theranostics.
To evaluate the cellular uptake, the Gd2O3/CuS NDs were

incubated with 4T1 tumor cells for 6 and 24 h, respectively.
The Gd2O3/CuS NDs exhibited time-dependent cellular
uptakes of Cu and Gd (Fig. 3a and Fig. S8a). Additionally,
the endocytic pathway of the Gd2O3/CuS NDs was also
evaluated using different pathway inhibitors (Fig. 3b and
Fig. S8b), indicating that they have a clathrin-mediated
endocytic pathway that is also energy-dependent. To inves-
tigate the intracellular distribution, the Cy7.5-Gd2O3/CuS
NDs were incubated with 4T1 cells stained with Lyso-
tracker GreenDND-26 andHoechst 33342 for 2 h, followed
by observation using confocal laser scanning microscopy
(CLSM). The Cy7.5-Gd2O3/CuS NDs in red fluorescence
exhibited a co-localization percentage of 98% with the
lysosomes in green fluorescence, indicating a preferable
distribution into lysosomes through clathrin-mediated
endocytosis (Fig. 3c). Afterwards, the photo-induced
cytotoxicity of Gd2O3/CuS NDs was further carried out
against 4T1 tumor cells for 24 h, followed by 3 min irradi-
ation (785 nm, 1.5 W cm−2). the Gd2O3/CuS NDs showed
negligible cell damage (IC50, 318 μmol L−1) with the absence
of irradiation, implying the desirable biocompatibility of
Gd2O3/CuS NDs in dark. Conversely, the Gd2O3/CuS NDs
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Figure 3    (a) Total amount of Cu internalized by 4T1 cells after 6 and 24 h incubation with Gd2O3/CuS NDs, respectively; (b) endocytic pathway of
Gd2O3/CuS NDs into 4T1 cells; (c) intracellular distribution of Cy7.5-labelled Gd2O3/CuS NDs in 4T1 cells stained by Lysotracker and Hoechst 33342;
(d) cytotoxicity of Gd2O3/CuS NDs upon NIR irradiation or not (785 nm,1.5 W cm−2).

exhibited severe cell injury (IC50, 111 μmol L−1) with con-
centration-dependent behavior under irradiation (Fig.
3d), probably owing to the concentration-dependent
photothermal effects and effective cellular uptake. Re-
markably, the Gd2O3/CuS NDs exhibit an ideal ability to
produce photothermal damage against tumor cells with
great potential for in vivo photothermal therapy (PTT).
The pharmacokinetic behavior of the Gd2O3/CuS NDs

was investigated on healthy Balb/c mice by monitoring of
Gd concentration in the blood plasma. The results exhib-
ited an elimination half-life time (t1/2β) of 1.58 h (Fig. S9,
Table S1). The biodistribution behavior of the Gd2O3/CuS
NDswas further evaluated at 24 h post-injection (Fig. S10).
Gd2O3/CuS NDs exhibited a primary distribution at tumor
during 24 h, probably owing to their significant EPR ef-
fect. To demonstrate the multimodal imaging capacity of
Cy7.5-Gd2O3/CuS NDs, the in vivo NIRF imaging was car-
ried out on the mice bearing 4T1 tumors. The release pro-
file study of Cy7.5 from the Cy7.5-Gd2O3/CuS NDs showed
only a slight release during 24 h in the physiological condi-
tions, indicating the preferable stability of conjugatedCy7.5
in the NDs (Fig. S11). Interestingly, the Cy7.5-Gd2O3/CuS

NDs exhibited obviousNIRF signals at tumor during 7 days
(Fig. 4a, b), suggesting that these NDs have an effective
NIRF imaging capacity with good sensitivity. In addition,
it also shows that the Cy7.5-Gd2O3/CuS NDs resulted in
a long-time retention of NIRF signals at tumor, implying
their good retention behavior at tumor for flexible PTT
treatment. Moreover, MR imaging of the Gd2O3/CuS NDs
was further studied on the mice bearing 4T1 tumor. As
shown in Fig. 4c, d, theMR intensity at tumor sites injected
with hybrid NDs showed significant enhancement at 2, 12
and 24 h post-injection, while Gd-DTPA as a control had
no obvious influence on the MR intensity at tumor sites,
suggesting a remarkable contrast-enhanced MRI capacity
of Gd2O3/CuS NDs to provide an imaging modality with
high spatial resolution.
To demonstrate the in vivo hyperthermia of Gd2O3/CuS

NDs, the mice bearing 4T1 tumor were treated with NDs at
different doses through a single-dose injection, followed by
5 min irradiation (785 nm, 1.5 W cm−2), and then their in-
frared thermographs were captured using a thermal imag-
ing camera (Fig. 5a). The calculated temperature profiles
show  that  Gd2O3/CuS  at  the  dose  of  25.0 μmol kg−1 Cu
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Figure 4    (a) In vivo NIRF imaging and (b) calculated intensity of the mice injected with Cy7.5-Gd2O3/CuS NDs during 168 h post-injection; (c) in
vivo MR imaging and (d) calculated MR intensity of the tumor areas (highlighted in yellow circles) from the mice injected with Gd2O3/CuS NDs and
Gd-DTPA at 0, 2, 12 and 24 h post-injection, respectively (*p<0.05, **p<0.01).

Figure 5    (a) Infrared thermography and (b) corresponding temperature elevation at tumor region of the mice injected with Gd2O3/CuS NDs at var-
ious doses under 1.5 W cm−2 irradiation (785 nm,5 min); (c) tumor growth profiles of the mice treated with Gd2O3/CuS NDs at different doses under
785 nm irradiation or not, (d) photographs of the tumors extracted from the mice at the end of experiment.
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resulted in the temperature elevation of 11.1°C at the tumor
under irradiation (Fig. 5b), suggesting a remarkable hyper-
thermia even at a relatively low dosage. Importantly, higher
temperature elevations of 14.1°C and 19.9°C at the tumors
were achieved at the doses of 50.0 and 75.0 μmol kg−1 Cu
under irradiation, respectively, suggesting a dose-depen-
dent hyperthermia. Possibly, both high photothermal con-
version efficiency and enhanced tumor accumulation con-
tribute to superior hyperthermia at tumor, which is able to
facilitate in vivo PTT treatment.
The in vivo photothermal anticancer efficacy of the

Gd2O3/CuS NDs was evaluated using 4T1 tumor-bearing
mice at various doses through a single-dose intravenous ad-
ministration, followed by 785 nm irradiation for 5 min (Fig.
5c, d). Phosphate buffered saline (PBS) caused ~23-fold
increase of tumor volume as compared to their original
volumes with or without irradiation, confirming that the
growth of tumor is not significantly affected by the light
irradiation itself. A similar tumor growth behavior was
observed for the Gd2O3/CuS NDs at the highest dose of
75.0 μmol kg−1 without irradiation, indicating that they
had no influence on the tumor growth in the absence of
irradiation. Interestingly, the Gd2O3/CuS NDs at the doses
of 25.0 and 50.0 μmol kg−1 Cu resulted in rapid tumor
ablation upon irradiation, but displayed remarkable tumor
regrowth after ~10 day post-irradiation. Most importantly,
the Gd2O3/CuS NDs at 75 μmol kg−1 Cu exhibited complete
tumor ablation without any regrowth, implying that the tu-
mor temperature elevation of ~19.9°C effectively results in
the total tumor ablation without any regrowth. Distinctly,
the good photostability, high photothermal conversion ef-
ficiency, and preferable tumor accumulation of Gd2O3/CuS
NDs synergistically contribute to the desirable anticancer
efficacy.
Hematoxylin & eosin (H&E) staining of tumor sections

from mice with various treatments was carried out to val-
idate the photothermal damage (Fig. S12). Severe hemor-
rhagic inflammation and destructive cell necrosis could be
found at the tumor of mice treated with Gd2O3/CuS NDs at
6 h post-irradiation. In contrast, PBS and Gd2O3/CuS NDs
without irradiation exhibited no remarkable cell damage.
Additionally, no noticeable influence onmajor tissues such
as heart, liver, spleen, lung and kidney was observed (Fig.
S12).

CONCLUSIONS
In summary, we demonstrated a facile synthesis of
Gd2O3/CuS hybrid NDs through the albumin nanoreactor
for NIRF/MR imaging and simultaneous photothermal

tumor ablation. The Gd/Cu ratios can be tuned in the
NDs for favorable longitudinal relaxivity, resulting in
significant enhanced MR imaging with spatial resolu-
tion. The Gd2O3/CuS NDs can be easily conjugated with
Cy7.5 for further NIRF imaging with good sensitivity,
facilitating their complementary NIRF/MR imaging. The
Gd2O3/CuS NDs also possessed good photostability, high
photothermal conversion efficiency, as well as enhanced
cellular uptake and tumor accumulation, thereby facilitat-
ing precise tumor ablation upon irradiation. Our albumin
nanoreactor boosts a facile and universal approach to
develop versatile nanomaterials for cancer theranostics.
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Gd2O3/CuS复合白蛋白纳米粒的合成及其在肿瘤诊疗一体化中的应用
温茹1†,吕小燕2†,杨涛2,李誉1,唐永安3,柏欣2,柯亨特2*,沈钧康1*,陈华兵2,3*

摘要   本文采用白蛋白纳米反应器合成了Gd2O3/CuS双组分复合纳米粒,并将其成功应用于肿瘤的诊断与治疗. 研究发现复合纳米粒中
Gd/Cu比例可有效调控其纵向弛豫系数,其磁共振造影性能数倍于Gd-DTPA.同时,可通过化学偶联在蛋白表面修饰近红外荧光探针Cy7.5,
得到Cy7.5-Gd2O3/CuS纳米粒,实现近红外荧光成像与磁共振成像的多模态成像. 该复合纳米粒具有良好的光稳定性、较高的光热转换系
数、较强的细胞摄取和肿瘤靶向效应,实现了精确的肿瘤光热消融治疗. 该方法提供了一种快速、简便、通用的多组分纳米粒构建平台,
为肿瘤诊疗一体化纳米材料的发展提供了新的契机.
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