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Introduction: Sentinel lymph node (SLN) is the first regional lymph node where tumor cells metastasize, and its identification and 
treatment are of great significance for the prevention of tumor metastasis. However, the current clinical modalities for identification 
and treatment of SLN are still far from satisfactory owing to their high cost, invasiveness and low accuracy. We aim to design a novel 
nanomedicine system for SLN imaging and treatment with high efficacy.
Methods: We designed and prepared hollow mesoporous carbon spheres (HMCS) and loaded with the chemotherapeutic drug 
doxorubicin (DOX), which is then modified with polyvinyl pyrrolidone (PVP) to obtain nanomedicine: HMCS-PVP-DOX.
Results: HMCS-PVP with a size of about 150 nm could retain in the lymph nodes for a long time and stain the lymph nodes, which 
could be easily observed by the naked eye. At the same time, HMCS-PVP exhibited excellent photoacoustic and photothermal imaging 
capabilities, realizing multimodal imaging to locate lymph nodes precisely. Due to its high specific surface area, HMCS could be 
largely loaded with the chemotherapeutic drug doxorubicin (DOX). HMCS-PVP-DOX displayed highly efficient synergistic che-
motherapy-photothermal therapy for lymphatic metastases in both cellular and animal experiments due to its significant photothermal 
effect under 1064 nm laser irradiation. HMCS-PVP-DOX also displayed great stability and biosafety.
Discussion: Multifunctional nanomedicine HMCS-PVP-DOX is expected to provide a novel paradigm for designing nanomedicine to 
the diagnosis and treatment of lymphatic metastases because of its good stability and safety.
Keywords: tumor lymphatic metastasis theranostics, hollow mesoporous carbon nanospheres, sentinel lymph node, tri-modal 
imaging, chemo-photothermal therapy

Introduction
Cancer has one of the highest worldwide mortality indices of any disease.1 Approximately 90% of cancer mortalities are 
due to tumor metastasis rather than primary tumor growth.2,3 Tumor metastasis comprises four consecutive steps: (1) 
Cancer cells detach from the original tumor mass and become aggressive; (2) Enter the circulation via blood or lymphatic 
vessels; (3) Extravasate and spread to distant organs to form the micrometastasis; (4) Finally outgrow into macroscopic 
metastasis.4 The lymphatic system plays a pivotal role in tumor metastasis.5,6 Sentinel lymph node (SLN) – the first 
lymph node that receives lymphatic drainage from a tumor – is also theoretically the first to receive metastatic seeding.7 
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If the SLN is negative for metastasis, the chance of metastases in other lymph nodes is very slim, then no further surgery 
will be performed.8,9 Sentinel lymph node biopsy (SLNB) is a standard approach for axillary lymph node status 
evaluation in clinically node-negative breast cancer patients.10 The accuracy of SLNB is 95% for extremely proficient 
clinicians, which is extensively dependent on the experience of surgeons.11 X-ray computed tomography (CT),12 

magnetic resonance imaging (MRI),13 positron emission tomography (PET),14 single-photon emission computed tomo-
graphy (SPECT)15 and fluorescence imaging (FL)16 are current medical imaging techniques, which yield images with 
high spatial resolution. Unfortunately, exposure to radiation and high costs of equipment and reagents hamper their 
widespread applications in clinical practice.17,18 As an alternative to optical methods, photoacoustic (PA) imaging is 
emerging as one of the most efficient diagnostic strategies for real-time noninvasive monitoring of SLN.19 Compared 
with invasive diagnostic tools, which augment the jeopardy of nerve damage, hematoma and lymphedema formation, 
nanomaterial-based exogenous contrast agents and PA imaging propose a novel strategy for non-invasive, non-radiative 
and high-resolution SLN mapping.20–22

Carbon nanomaterials, for instance, carbon nanodot, carbon nanotube and bioink are effortlessly distinguished from 
living organisms by the naked eye in virtue of their black color.23–26 Carbon nanoparticles suspension injection is 
a clinically utilized lymphatic contrast agent. However, the preparation of these carbon materials for clinical lymphatic 
tracer is cumbersome and costly. It is exceedingly momentous to scheme an economical and efficacious lymphatic tracer 
for clinical implementation.27 Moreover, the matching of the surgical window and the migration and distribution of 
nanoparticles are crucial to clinical manipulation. The size of the nanoparticles is the pivotal facet in governing the 
interstitium diffusion rate, lymphatic drainage and uptake of lymph nodes. The diameter of the capillaries is nigh 30–50 
nm, and the lymphatic capillary endothelial cells are aligned in shingles with a gap of 120–500 nm. If the diameter of the 
nanoparticles is greater than 100 nm, they can merely enter the lymphatic vessels instead of capillaries. Regional lymph 
node dissection guided by staining visible to the naked eye remains the sole clinical treatment for lymphatic metastases.28 

Photothermal therapy (PTT) proves to be one of the most paramount treatment modalities for tumor models attributable 
to its less invasiveness and higher biosafety.29,30 At this juncture, there retain few studies on PTT for lymph node 
metastasis models.31 Imaging-guided PTT can be exploited to eradicate lymph nodes with latent metastases, which has 
implications for the clinical transformation.

Inspired by the relationship between the size of nanoparticles and the targeting ability of lymphatic vessels, we 
designed and prepared a tri-modal imaging (naked-eye recognition/PA imaging/photothermal imaging) platform, hollow 
mesoporous carbon nanospheres-polyvinyl pyrrolidone-doxorubicin (HMCS-PVP-DOX), to medicate lymph node 
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metastasis models. The size of HMCS-PVP-DOX was apposite to selectively accumulate in the SLN, and DOX exhibit 
chemotherapeutic effectuality against lymphatic metastases. HMCS-PVP-DOX showed splendid fluorescence detection, 
marvelous visual and PA observation idiosyncrasies in both normal and metastatic SLN, which was germane for the 
location and treatment of SLN metastases with satisfactory biological safety.

Materials and Methods
Preparation of Hollow Mesoporous Carbon Nanospheres-Polyvinyl Pyrrolidone 
(HMCS-PVP)
A 3 mL of ammonia solution (NH3·H2O, 25%wt), 20 mg of DI water and 47 mg of ethanol were mixed and stirred under 
magnetic stirring at 30 °C for 15 min. Subsequently, 2 mL of TPOS, 0.4 g of resorcinol and 0.56 mL of formaldehyde 
were added to the reaction solution and the reaction was continued for 12 h. The crude product SiO2@SiO2/RF was 
purified by centrifugation (10,000 rpm, 5 min) using ethanol and water alternately three times and the crude product was 
dried in an oven at 80 °C overnight. Then, SiO2@SiO2/RF was synthesized as the intermediate product SiO2@SiO2/C by 
increasing the temperature to 800 °C in a nitrogen stream at a ramp rate of 5 °C and maintaining it for 3 h. Finally, the 
silica was removed from SiO2@SiO2/C with aqueous NaOH (2 M) under magnetic stirring in an oil bath at 90 ° 

C. Hollow mesoporous carbon nanoparticles were obtained after washing with water and ethanol alternately for three 
times, after which HMCS was obtained by drying.

HMCS and PVP were mixed by shaking in PBS at a mass ratio of 1:1 and sonicated for 30 min to prepare an 
equivalent concentration of 50 mg mL−1 of HMCS. Then, centrifugation was performed at 15,000 rpm for 20 min to 
remove the free PVP. After modification, the injectability of HMCS-PVP was tested by taking a 1 mL syringe and 
aspirating the injected sample.

Lymphatic Imaging Capability of Hollow Mesoporous Carbon Nanospheres-Polyvinyl 
Pyrrolidone (HMCS-PVP)
A 50 μL of HMCS-PVP suspension (50 mg mL−1) was injected into the foot pads of BALB/c female mice, and the mice 
were executed at 30 min, 60 min, 120 min and 24 h. The skin at the popliteal region of the leg was cut open and the 
staining of the anterior lymph nodes was observed visually and photographed with a digital camera.

The Photothermal Effect of Hollow Mesoporous Carbon Nanospheres-Polyvinyl 
Pyrrolidone (HMCS-PVP)
A 100 μL of HMCS-PVP at different concentrations (25, 50, 100 μg mL−1) was irradiated with NIR laser (1064 nm, 1 
W cm−2, 5 min), and the temperature of the solution was recorded every 10 seconds with a thermal infrared imager. 
Afterwards, the laser was turned off and the temperature of the samples was recorded with the thermal infrared imager as 
they cooled down under natural conditions until the temperature dropped to room temperature. In addition, the 
absorbance at 700–1300 nm of HMCS-PVP suspensions at different concentrations was tested with UV spectrophot-
ometer and the photothermal conversion efficiency of HMCS-PVP was calculated.

Loading and Release of Doxorubicin
DOX was mixed with HMCS-PVP at a mass ratio of 1:9 and sonicated for 15 min in PBS to obtain HMCS-PVP-DOX. 
After that, HMCS-PVP-DOX was dialyzed in different pH buffers (pH=5.5 or 7.4), and 5 mL of the solution was 
removed to test UV absorbance per minute. To explore the influence of NIR irradiation on drug release, the solution 
(pH=5.5 or 7.4) was exposed to 1064 nm laser (1 W cm−2) for 5 min and UV absorbance was tested per minute. The 
loading and release efficiency of HMCS-PVP-DOX was calculated.

In vitro Experiments
Mouse breast cancer cells (4T1) and human embryonic kidney cells (HEK-293) were purchased from Wuhan Procell Life 
Science & Technology Co., Ltd. (Wuhan, China). To investigate the biosafety of HMCS-PVP and HMCS-PVP-DOX, 
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CCK-8 test was performed. First, 4T1 cells and HEK-293 cells were inoculated into 96-well plates at a density of 10,000 
cells per well, and then incubated for 24 h until the cells were plastered, after which the medium was aspirated and 
incubated for 24 h with a medium solution of HMCS-PVP, HMCS-PVP-DOX or DOX, after which the medium was 
aspirated and a medium solution of CCK-8 was added, and the cell viabilities were measured by CCK-8 kit.

To explore the effect of HMCS-PVP-DOX on cell viabilities, cells were inoculated into 96-well plates at a density of 
10, 000 cells per well, and then incubated for 24 h until the cells were plastered, after which the medium was aspirated 
and incubated for 4 h with a medium solution of HMCS-PVP or HMCS-PVP-DOX, followed by NIR laser (1064 nm, 1 
W cm−2) irradiation for 5 min and incubation for 24 h. Cell viabilities of 4T1 cells were determined with CCK-8 kit.

In vivo Experiments
Establishment of Mouse Model of Lymphatic Metastasis Tumor
The BALB/c female mice (6–8 weeks) were purchased from Shanghai Slac Laboratory Animal Co. Ltd. (Shanghai, 
China) and housed in clean room. All animal experiments were approved by the Animal Experiment Ethics Committee of 
Fudan University (2014–03-YJ-PZQ-01) and were complied with the Animal Management Rules issued by the Ministry 
of Health of the People’s Republic of China (Document No. 55, 2001). The mice were injected with 4T1 cells (100 μL, 
about 3×106 cells in PBS dispersion) into the left foot pad at 5 weeks, and the lymph nodes metastases were successfully 
established after 1 week, followed by tumor treatment and imaging experiments.32

Photoacoustic (PA)/Photothermal Imaging Studies
For in vitro PA imaging, a high-resolution PA imaging system was used to test the PA signal of various concentrations of 
HMCS-PVP-DOX. For in vivo PA imaging, the leg hair on the seed tumor side was removed from the mice using hair 
removal cream, and then the foot pads of 4T1 tumor-bearing mice were injected with HMCS-PVP-DOX to test the PA 
signal at the lymphatic metastasis site.

The optimal time for HMCS-PVP-DOX enrichment was identified by PA imaging, and then mice were anesthetized 
and irradiated with a NIR laser (1064 nm, 0.75 W cm−2) for 5 min. The temperature at lymphatic metastases tumors 
per minute was recorded with a thermal infrared imager.

In vivo Cancer Therapy
Lymphatic metastases mice were randomly divided into 6 groups (n=5): PBS group (control group), DOX group, HMCS- 
PVP group, HMCS-PVP-DOX group, HMCS-PVP+Laser group and HMCS-PVP-DOX+Laser group. A 50 μL solution 
(HMCS=50 mg mL−1 or free DOX=5 mg mL−1) was injected into each mouse foot pads. One hour later, the tumor site 
was irradiated with 1064 nm NIR laser (0.75 W cm−2) for 5 min, and the temperature was recorded by thermal infrared 
imager. The body weight of the mice was recorded every two days. On day 16, all mice were dissected and their lymph 
node metastases tumors were collected and weighed, and the tumors and major organ tissues were stained with 
hematoxylin-eosin for histological analysis. To further evaluate the biosafety of HMCS-PVP and HMCS-PVP-DOX 
in vivo, 9 ICR mice were randomly divided into 3 groups, and the experimental group was injected HMCS-PVP or 
HMCS-PVP-DOX (50 μL in PBS, HMCS=50 mg mL−1) via foot pads. Blood (2 mL) was collected 48 h after injection 
and was tested for blood routine and blood biochemical parameters with kits.

Statistical Analysis
All results were expressed as mean ± standard deviation (SD). Differences between individual experimental groups were 
analyzed using t-test. p < 0.05 was considered to be statistically significantly different. *Represents p < 0.05, 
**Represents p < 0.01, and ***Represents p < 0.001.

Results and Discussion
Preparation and Characterization of HMCS-PVP-DOX
The migration of lymphatic tracer in the lymphatic vessels demanded appropriate hydrodynamic diameters, as small size 
contrast agents (<10 nm) were rapidly transported and diffused throughout the lymphatic vessels and lymph nodes;33,34 
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medium-sized contrast agents (50–200 nm) could be retained in the lymph nodes due to their slow rate of transport 
through the lymphatic vessels;35,36 large size contrast agents (>500 nm) usually migrated through macrophages and 
dendritic cells in the lymphatic vessels, so the migration rate was very slow and might not even reach the lymph nodes.37 

The ideal tracer was one with right size not only to enter the lymphatic vessels without entering the capillaries, but to 
reach the SLN and remained there for a long time without reaching the distant lymph nodes prematurely, making it 
possible to directly determine the location of the SLN.

Based on the previously developed method,38 we prepared HMCS with high photothermal conversion efficiency. In 
this experiment, we controlled the size of nanoparticles to about 150 nm by reducing the amount of silica precursor 
feeding. The results of TEM and FESEM (Figure 1) showed that the nanoparticles were relatively uniform in size with 
a hollow structure, and the shell layer had radial mesoporous pores. The size of the nanoparticles did not change 
significantly after modification and loading of drugs, providing an exploitable premise for their application in lymphatic 
imaging.

After that, nitrogen adsorption-desorption isotherm experiments (Figure 2a and b) were performed to examine the 
changes of specific surface area of carbon nanoparticles after modification with PVP and loading with DOX. The specific 
surface area of HMCS nanoparticles decreased from 605.0 cm² g−1 to 286.2 cm² g−1 after modification with PVP, and 
further decreased to 202.2 cm² g−1 after loading with DOX. Both surface PVP and DOX had been successfully loaded. 
Raman spectroscopy (Figure 2d) showed that the surface modification of HMCS with PVP and DOX had no significant 
effect on its own graphite-like structure, which still has G-band (1598 cm−1) and D-band (1340 cm−1).

Loading and Release of DOX
The loading of DOX was driven by the π–π interaction between the two components, and it could be seen from the 
infrared results (Figure 2c) that DOX had been successfully loaded by HMCS-PVP. The appearance of 1575 cm−1 and 
1211 cm−1 on the infrared spectrum were the absorption peaks of primary amine N-H bending vibration and hydroxyl 
O-H bending vibration, respectively, proving that DOX had been loaded onto the HMCS-PVP nanoparticles. By using 
the standard curve of Figure 3a, the encapsulation and loading rates of DOX could be calculated as 99.2% and 9.9%, 
respectively.

Figure 3b shows the drug release profile. The results showed that DOX was protonated in the acidic condition and 
became more soluble in the solution due to its hydrophilic nature, so it was facile to release from the carbon nanocarriers. 

Figure 1 FESEM images of (a) HMCS, (b) HMCS-PVP, (c) HMCS-PVP-DOX and TEM images of (d) HMCS, (e) HMCS-PVP, (f) HMCS-PVP-DOX. The scale bars in FESEM 
were 200nm, and the scale bars in TEM were 100 nm.
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Figure 2 (a) Nitrogen adsorption-desorption isotherms. (b) Pore volume distribution curves. (c) FT-IR spectra and (d) Raman spectra of HMCS, HMCS-PVP and HMCS- 
PVP-DOX.

Figure 3 (a) Standard curve of concentration-absorbance of DOX. (b) Controlled DOX release from HMCS-PVP-DOX after exposure to (1064 nm, 1 W cm−2) laser 
irradiation for 5 min in specific time period under different pH conditions.
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The release of DOX could reach 71% under NIR laser irradiation and acidic condition, which was higher than 38% under 
the same acidic condition without laser irradiation, indicating that laser irradiation accelerated the thermal movement of 
drug molecules, which was conducive to the rapid release of DOX. The release of DOX was only 26% in the absence of 
laser irradiation at pH=7.4. Therefore, an additional laser could be used in the lymph nodes to promote the slow release 
of the drug to kill the tumor cells in the lymph nodes.

Photothermal Effect of HMCS-PVP
According to the formula of photothermal conversion efficiency and ultraviolet (UV) absorbance (Figure 4), the 
photothermal conversion efficiency of HMCS-PVP under 1064 nm laser irradiation was 50.5%. HMCS could rise to 
54.8 °C at a concentration of 25 μg mL−1, which was the temperature at which PTT was used to kill tumor cells. The 
photothermal effect of HMCS was correlated with the concentration of nanoparticles, the higher the concentrations of the 
nanoparticles, the higher the temperature rose, and this feature of nanoparticles could be used to adjust the photothermal 
effect by adjusting the enrichment of nanoparticles. It was known that the photothermal stability of carbon nanoparticles 
was very good, and the photothermal stability could be maintained even if repeated laser radiation was performed.

Lymphatic Imaging
To examine the enrichment of HMCS-PVP at the lymph nodes and its effect as a naked-eye lymphatic tracer. Four 
BALB/c female mice were injected with HMCS-PVP suspension in the foot pad of each mouse, and then the mice were 
executed at different intervals and the skin of the leg curvature on the injection side was cut open (Figure 5). After 24 
hours, the black stained lymph nodes could still be observed, indicating that the black staining effect of HMCS-PVP was 
obvious and could last up to 1 day with no attenuation of the obvious contrast.

To further test its ability to be located in lymph node imaging, the in vitro PA signal of HMCS-PVP nanoparticles was 
first examined. From Figure S1, HMCS-PVP showed a concentration-dependent linear relationship in vitro, indicating 
that HMCS-PVP was a potentially good contrast agent for PA imaging of lymph nodes. The maximum absorption 
wavelength of HMCS-PVP nanoparticles was 715 nm.

HMCS-PVP-DOX dispersion was injected into the foot pads of 4T1 lymphatic metastasis mice, and the anterior 
lymphatic metastasis sites of these mice were photographed with PA imaging at predetermined time points (0, 1, 2, 6, 12, 
24, 48 h). The PA signal of the tumor was observed at different times using ultrasound (UA) imaging of the tumor tissue 
as a PA imaging background (Figure 6a). The results of the quantitative analysis of PA at the tumor site showed that the 
maximum enrichment of nanoparticles at the lymphatic tumor was 1 h after administration, and the intensity was 
maintained throughout (Figure 6b). The PA intensity of nanoparticles also remained high 48 h after injection. From the 
results, it was clear that after 1 h from the injection of the mouse footpad it could be used for photothermal therapy or 

Figure 4 (a) Photothermal performance of HMCS-PVP dispersion irradiated 1064 nm laser with different concentrations. (b) UV absorption of HMCS-PVP with different 
concentrations.
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naked eye/PA observation, and the time of observation could be chosen over a long period of time, providing a less 
invasive and non-invasive way of observation for lymphography.

To investigate the feasibility of photothermal ablation of metastatic lymph nodes to replace the traditional surgical 
lymph node dissection approach, we performed laser treatment (1064 nm, 0.75 W cm−2, 5 min) on lymphatic metastases 
injected with HMCS-PVP in the footpad, and the lymph nodes of mice in the HMCS-PVP and HMCS-PVP-DOX groups 
could be elevated by 1 min of NIR irradiation to 63.9 °C and 61.5 °C within 1 min of NIR irradiation (Figure 6c and d), 
which was much higher than that of the control and DOX groups (40.3 °C and 41.3 °C), and the temperature reached the 
maximum within 1 min of irradiation and could be maintained until the end of laser irradiation, showing that HMCS-PVP 
had satisfactory photothermal properties, and HMCS-PVP nanoparticles loaded with DOX did not decay significantly 
due to the addition of the drug.

Figure 5 Photos of sentinel lymph nodes at different times ((a) 30 min, (b) 60 min, (c) 120 min, (d) 24 h) after injection of HMCS-PVP in mouse footpad.

Figure 6 (a) Ultrasonic imaging (UA)/photoacoustic (PA) images of lymph node metastasis. (b) PA signal intensity in lymph node metastasis varies with time post i.v. 
injection of HMCS-PVP-DOX. (c) Thermal images of 4T1 Lymph node metastasis mice exposed to laser (1064 nm, 0.75W cm−2) irradiation for 5 min at 24h of footpad 
injection with different dispersions (PBS, DOX, HMCS-PVP and HMCS-PVP-DOX). (d) Temperature variation of 4T1 lymph node metastasis mice of different groups 
exposed to laser (1064 nm, 0.75W cm−2).
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Lymphatic Metastasis Tumor Treatment
Inspired by the PA imaging ability of HMCS-PVP-DOX nanoparticles under laser irradiation and the effect of in vitro 
tumor suppression assay, we further evaluated their anti-tumor ability on mice with 4T1 sentinel lymphatic metastatic 
tumors. The 4T1 tumor cells were first injected into the foot pads of mice to induce metastasis to the sentinel lymph 
nodes and caused lymph node enlargement, and when the lymph nodes became hard masses like green beans, these 
induced lymphatic metastatic tumor mice were divided into 6 groups (n=5), and the groups were as follows: PBS group 
(control group), DOX group, HMCS-PVP group, HMCS-PVP-DOX group, the HMCS-PVP+Laser group and HMCS- 
PVP-DOX+Laser group. All groups were administered by footpad injection, followed by laser (1064 nm, 0.75 W cm−2, 5 
min) irradiation of the sentinel lymph node site 1 h after injection. After irradiation, the mice were housed for 16 days 
and were weighed every 2 days to observe their physiological functions. At the end of the treatment, the mice were 
executed, and the sentinel lymph nodes were removed from the leg fossa of the mice.

In terms of the weight of the final sentinel lymph nodes in the mice (Figure 7), the HMCS-PVP group and the HMCS- 
PVP-DOX group showed a good lymphatic enrichment effect on the lymphatic metastases in the mice, which were 
stained black and remained visible at the lymph nodes after up to 16 days of physiological activity, in contrast to the 
surrounding tissues or organs. The control group had the most severe lymph node enlargement, compared with the DOX 
and HMCS-PVP groups, which had almost no anti-tumor ability and tumor weight of 45.7 and 37.7 mg, respectively. 
This was due to the inability of small molecule chemotherapeutic agents to reach the lymphatic metastases through the 
lymphatic vessels and the inability of HMCS-PVP to ablate the tumor without NIR laser irradiation.

The tumors in the HMCS-PVP-DOX group were larger than those in the HMCS-PVP+Laser group. This was because 
the slow release of the drug in HMCS-PVP-DOX. While photothermal could quickly warm up to >60 °C, indicating that 
the temperature was high enough to kill the tumor cells in the lymph nodes effectively. For the HMCS-PVP-DOX+Laser 
group, the growth of lymphatic tumors was significantly inhibited, and only 6.8 mg of tumors remained. The metastatic 
tumor enlargement almost disappeared, which indicated that the synergistic treatment was effective in inhibiting the 
growth of metastatic tumors in lymph nodes. The above results indicated that HMCS-PVP-DOX could effectively act on 
tumors under laser irradiation (HMCS-PVP-DOX+Laser group) resulting in significant inhibition of tumor growth in 
lymph nodes, showing good potential for reducing the risk of cancer metastasis as well as long-lasting lymphatic tracing.

Biosafety Evaluation
The biocompatibility of the nanoparticles in vitro was explored. As shown in Figures S2 and S3, the cellular toxicity of 
the chemotherapeutic drug DOX was obvious, and the survival rate was only 26.8% at a concentration of 10 μg mL−1. 
Both HMCS-PVP and HMCS-PVP-DOX showed good biocompatibility, and the cell survival rate was still above 80% 
even at a concentration of 200 μg mL−1. HMCS- PVP, as a carrier for chemotherapeutic drugs, had good biocompatibility 
after wrapping the apparently toxic DOX, demonstrating its ability to transport chemotherapeutic drugs for subsequent 
in vivo experiments. On this basis, we further investigated the effect of the addition of photothermal on cytotoxicity by 
incubating HMCS-PVP and HMCS-PVP-DOX groups for 4 h after addition to cell culture plates, and then irradiating 

Figure 7 (a) Photographs and (b) weights of lymph nodes dissected from each group at 16th day after phototherapy treatment (data are means ± SD. N=5); **p < 0.01.
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them with NIR laser (1064 nm, 1 W cm−2, 5 min). PVP-DOX+Laser group had a more obvious effect of tumor cell death 
than both single HMCS-PVP+Laser group and single DOX group, which laid the foundation for the subsequent in vivo 
treatment experiments.

To further explore the biosafety of HMCS-PVP-DOX in vivo, mice were randomly divided into 3 groups (n=3) and 
injected with PBS, HMCS-PVP and HMCS-PVP-DOX (50 μL in PBS, HMCS=50 mg mL−1). The results were shown in 
Figures S4 and S5 and Table S1. From the results, it could be seen that the body indexes did not change significantly after 
administration, indicating that HMCS-PVP-DOX had superior biosafety.

One mouse at the end of the treatment was randomly sacrificed, and heart, liver, spleen, lung, kidney and tumor tissue 
were removed by dissection and sectioned using hematoxylin–eosin (H&E) staining for histological analysis. From the 
staining results of H&E (Figure S6), no inflammation or damage to organs and tissues was found in other mice compared 
with the control group, demonstrating that HMCS-PVP-DOX was non-toxic and could be used as an efficient and long- 
lasting lymphatic tracer for clinical applications and treatment of lymphatic metastases.

Conclusions
In summary, we prepared nanocarbon lymphatic contrast tracers HMCS-PVP-DOX with awesome biocompatibility and 
exemplary clinical applications. The size of HMCS could be adjusted as necessitated and be fabricated to materialize 
miscellaneous functions. HMCS-PVP-DOX substantiated an estimable lymphatic targeting capability and salient visual 
recognition effect. Even more, the PA imaging competency of HMCS-PVP was tremendously vigorous, providing an 
apparatus for non-invasive detection of lymph node locations and tumor cell metastasis status. Due to the porosity and 
cavities, HMCS-PVP featured a marvelous drug loading potential. DOX-loaded HMCS-PVP could be used not only for 
the detection of lymph node metastases, but also for the inhibition of tumor cell growth in lymph nodes in synergy with 
light and heat, thus reducing the risk of lymphatic metastasis of tumor cells. In vitro and in vivo experiments signified 
that the HMCS-PVP-DOX with laser irradiation group had a superb ability to stifle the growth of tumor cells. Guided by 
PA/photothermal imaging signals, HMCS-PVP-DOX enabled precise diagnosis and PTT of lymph node tumors. The 
experimental results unveiled that HMCS-PVP-DOX could release drugs and consummate synergistic chemotherapy- 
PTT on metastatic lymph nodes under the stimulation of photothermal heat. On top of that, HMCS-PVP-DOX exhibited 
terrific stability, biocompatibility and innocuousness, which was conducive to further clinical applications in tumor 
lymphatic metastasis imaging and treatment.
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