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Abstract:
Recently, photothermal-immuno synergistic therapy under mild temperature (~ 45 °C)

has  got  broad  interest  in  cancer  treatment.  Inhibition  the  intratumorally  HSPs

production is the key to accomplish highly efficient and mild photothermal therapy. In

this work,  we developed biomimetic nanoterminators with mature DCs functions by

coating the mature dendritic cell membrane on photothermal nanoagents. As-prepared

nanoterminators could automatically locate on T cell in the complex tumor-immune

microenvironment  and  promote  the  T  cells  proliferation,  activation  and  cytokine

secretion,  which  could  not  only  inhibit  the  expression  of  heat  shock  proteins  to

cooperate on highly efficient mild photothermal therapy (~42°C), but also promote

tumor apoptosis  during the treatment.  More importantly,  this nanoterminator  could

serve as vaccine to trigger anti-tumor immune response of the whole body,  which

would be promising to long-life tumor inhibition and termination. 
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Cancer has become the leading cause of death with the morbidity and mortality still

rising and posed a serious threat to public health. [1] Photothermal therapy (PTT) has

emerged  as  a  promising  light-based  therapeutic  paradigm  toward  precise  cancer

therapy due to its advantages of localized treatment, noninvasiveness, and controllable

irradiation. [2] In this therapy, photothermal agents with near-infrared absorbing ability

in the target tissue under irradiation can cause local temperature elevation because

they  can  convert  the  incident  light  into  heat. [3] Typically,  rigorous  photothermal

heating  to  high  temperature  over  50  °C  is  required  to  achieve  a  relatively  harsh

environment  for  efficient  ablation  of  tumors.  However,  the  high  temperature  will

transfer heat to surrounding normal tissues, killing them along with the tumor cells. In

this situation, mild photothermal therapy with a relatively low temperature at ~ 45 °C

has been proposed for tumor treatment.  [4] Unfortunately,  such a small elevation in

temperature can stimulating the self-protection and self-repairing activity of tumor

cells with the help of heat shock proteins (HSPs). HSPs were molecular chaperone for

repairing  the  heat-denatured  proteins,  which  overexpress  in  multiple  tumors  and

played a key role in tumor thermoresistance. As a result, inhibition the intratumorally

HSPs production is  the key to  accomplish  highly efficient  and mild  photothermal

therapy. [4b,5]

Cancer  immunotherapy  exploits  the  body’s  own  immune  system  to  fight  against

cancer [6]. When galvanized, the immune system is an extremely potent force that can

mediate not only robust killing of cancer cells but also life-long autoimmunity.  [6b, 7] T

cells  in  the  immune  system,  which  protect  the  human  body  from  infection  by
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pathogens  and clear  mutant  cells  through specific  recognition  by T cell  receptors

(TCRs) have been shown to have a crucial  role in immunotherapy.  Unfortunately,

tumors  are poorly immunogenic,  and T-cell  proliferation  to self-antigens  is  tightly

controlled,  with self-reactive T cells  being relatively non-responsive or completely

absent [6c, 9]. As a result, T cells fail to proliferate and persist in response to tumors. It

is highly desired to develop alternative approach to increase the antitumor potential of

T cells in situ. [10]

Dendritic cells (DC) are “professional” antigen-presenting cells (APC) that can prime

T cells. [11] Many studies suggest that mature DCs could induce potent antitumor T cell

immunity [11b,12].  The  priming  of  T cells  by  mature  DCs  was  mainly  through cell

membrane surface components (such as MHC-antigen peptide complex, CD80/B7-1,

CD86/B7-2, CD40, etc.), which may be important for highly functional therapeutic T

cells  generation.  [13] The  dendritic  cells  promote  T cells  to  directly  kill  tumors  or

secrete cytokines (TNF-α, IL-2, and IFN-γ) to remove the tumor.  [13b,14] Tumor necrosis

factor alpha (TNF-α), an inflammation-induced cytokine, is involved cell proliferation

and differentiation, inflammation and apoptosis. [15] Fantastically, it has been reported

that TNF-α can enhance the susceptibility of tumor cells to heat-induced apoptosis by

inhibiting heat shock transcription factor-1 (HSF 1) activation, HSP 70 [16] or HSP 27

[17]  synthesis.  Of great  interest  are  cellular  membranes  of mature  DCs, which play

essential roles in priming T cells.

Recently,  natural  cell  membrane-coated  nanoparticles  have  arisen  as  biomimetic

theranostic platform for cancer therapeutic applications. [18] These nanoparticles were
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inspired from natural cell membranes structure, which inherit the membrane protein

profile of the source cells, enabling them to act as seemingly source cells that can

deliver the cargos to the targeting site, meanwhile activate immune-associated cells.

The  natural  cell  membrane-coated  nanoparticles  strike  a  chord  with  the  concept

“Terminators”, the killing machines with living tissue over robotic endoskeleton with

organic  marital,  which  inspired  us  to  develop  nanoscale  “Terminator”  for  cancer

termination.  In  this  work,  we  developed  biomimetic  nanoterminator  with  mature

dendritic cell activities (mDC@NIRdots) by coating mature DC membrane on organic

dye/polymer  nanoparticles  (NPs)  with  near  infrared  (NIR)-absorbing  ability  for

immuno-priming  mild  photothermal  cancer  therapy.  Due  to  the  inherent  unique

property of mature DC membrane, as-prepared nanoterminator could promote T cells

to secrete cytokines, overcome heat shock protein-induced thermoresistance for mild

photothermal therapy (~42°C) and persist immune system in response to tumors for

life-long autoimmunity. 

As shown in Scheme 1,  the mDC@NIRdots was fabricated according to previous

reports with slight modifications. Firstly, the dendritic cells were isolated from female

BALB/c  mice  tibias  and  femurs  and  cultured  with  GM-CSF  and  IL-4 [19].  The

maturated  DC cells  were generated  by incubation  of  immature  DC cells  with  the

mixture  of  tumor  antigens  and polycytidylic  acid  (usually  abbreviated  Poly (I:C))

(Figure S1). As one of the most potent clinical immunostimulants, Poly (I:C) could

interact with toll-like receptor 3, which is expressed at the endosomal membrane of

dendritic cells. The combination treatment of tumor antigens with Poly (I:C) could
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enhance  the  sensitization  ability  of  tumor  antigens  and  activate  dendritic  cells

maturation [20]. Besides, the tumor antigens could further sensitize DCs for priming of

both CD4+ and CD8+ T lymphocytes in vivo [21]. Secondly, the mature DC membranes

were  undressed  from  the  cells  and  coated  onto  NIRdots  by  extrusion  method.

iDC@NIRdots  (NIRdots  coated  with  un-maturated  dendritic  cell  membrane)  were

also prepared according to the similar procedure and used as control for the further

experiments. As shown in Figure 1, the morphology of as prepared mDC@NIRdots

was investigated using transmission electron microscopy (TEM). The results indicated

that the mDC@NIRdots were in spherical shape with an average size of 92.1±3.8 nm.

The cell membranes coating on mDC@NIRdots could also be easily observed with

the  thickness  of 6.9  nm,  which  was  consistent  with  previous  reports  (5~10  nm)

(Figure 1A and Figure S2) [18]. As shown in Figure 1A, the hydrodynamic diameter

of mDC@NIRdots was measured to be 103.2±4.5 nm using dynamic light scattering

(DLS) method, which was ~14.1nm more than that of NIRdots (89.1±3.9 nm, Figure

S3). The slight increase of hydration diameter was attributed to the cell membrane

wrapped on the surface of nanodots, which was consistent with the result of TEM.

The membrane protein composition on the mDC@NIRdots surface was analyzed with

SDS-PAGE  electrophoresis  and  compared  with  the  original  membrane  protein

composition  on  the  mature  DC.  As  shown  in  Figure  1B,  the  membrane  protein

composition of mature DC was successfully implanted on nanoparticles through this

biomimetic  approach  and  the  mature  DC  membrane  characteristics  were  well

retained.  In  comparison  to  NIRdots  group,  the  leakage  of  IR-797  from
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mDC@NIRdots  was  obviously  reduced  (Figure  1C).  To  evaluate  the  stability  of

mDC@NIRdots, the nanoparticles were dissolved in water, PBS, DMEM and FBS,

respectively. After 2 weeks store under room temperature, there were no precipitation

occurred in mDC@NIRdots samples (Figure S4A). To assess its hemocompatibility,

the different concentration of nanoparticles dissolved in PBS containing red cells. As

shown in  Figure  S4B,  there  was  no  hemolysis  in  mDC@NIRdots.  These  results

indicated  that  mature  DC  membrane  coating  improved  the  stability  and

biocompatibility of NIRdots. The absorption and the emission spectra of the NIRdots

with and without mDC membrane coating were recorded in PBS buffer respectively

and compared with the IR-797 molecules measured in water solution (Figure 1D and

1E). The mDC@NIRdots solution exhibited an absorption peak at 797 nm which was

consistent  with  the  absorbance  peak  of  IR-797.  The  broaden  and  red-shifted

absorbance of NIRdots and mDC@NIRdots was possibly due to the IR-797 received

stronger  intermolecular  π−π  interactions  inside  the  nanoparticles.  The  emission

maximum of mDC@NIRdots and dots appeared at 820 nm with QY ~0.04%, much

lower  compared  with  that  of  free  IR-797  (0.25%),  which  may  be  due  to  the

aggregation  caused  quenching  (ACQ) effect.  We  next  evaluated  the  photothermal

effect  of mDC@NIRdots.  Free IR-797 was used as a control.  The temperature  of

mDC@NIRdots solution (5 μg/ml) reached a maximum at ~ 42 °C after 808 nm laser

irradiation (0.2 W/cm2) for 450 seconds, while the temperature of NIRdots and free

IR-797 solution (5 μg/ml) reached to ~40 °C and ~31 °C (Figure 1F, Figure S5). The

photothermal conversion efficiency of mDC@NIRdots (23.72%) was comparable to
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that of NIRdots (21.19%) but ~2 times higher than that of free IR-797(10.97%). These

results  confirmed  that  ACQ  effect  of  IR-797 could  be  beneficial  for  fabrication

NIRdots with more highly efficient photo-thermal transition.[22] 

To demonstrate the T cell targeting capability of mDC@NIRdots, T cell were

incubated  with  mDC@NIRdots  or  iDC@NIRdots  (NIRdots  coated  with un-

maturated  dendritic  cell  membrane)  respectively  and recorded  by  using

confocal laser scanning microscopy (CLSM) and flow cytometry. As shown in

Figure 2A, the T cell treated with mDC@NIRdots for 3 h showed highly red

fluorescent  signal  when  compared  to  those  cells  treated  with  the

iDC@NIRdots, which indicated that mDC@NIRdots could effectively bounded

on the T cell membrane surface. In contrast, there were little signal on T cell

incubated with iDC@NIRdots.  In  addition,  the  fluorescence intensity of the

treated cells was further analyzed by flow cytometry (Figure S6 and Figure

S7). The flow cytometric analysis results were consistent with the CLSM data,

which further confirmed that the mDC@NIRdots could target the T cell with

high efficiency. It was proposed that the inherited membrane proteins on the

mDC@NIRdots was expected to help the nanoparticles to specifically bind and

activate T cells. As shown in Figure 2B, the high expression of CD80, CD86,

MHCI and MHCII on mDC membranes of mDC@NIRdots were confirmed by

western blotting, which were same as the original ones on natural mature. The

GAPDH and Na+/K+-ATPase α1 were used as internal references (Figure 2B).

Furthermore,  the  CD80,  CD86,  MHCI,  and  MHCII  proteins  were  added to
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block  the  receptors  on  the  T  cells.  Compared  with  the  control  group,  the

fluorescence intensity  was significantly reduced when CD80,  CD86, MHCI,

and MHCII proteins were added (Figure 2C), and the fluorescence intensity

were lowest in the mixed group. These results indicated that mDC@NIRdots

bound with T cells through the specific binding between receptors (CD28, T

cell receptor, etc) expressed on T cells and ligands-phased on mature DC cell-

membranes (such as CD80, CD86, MHCI, MHCII proteins, etc). [12b,13,23]

To further demonstrate whether as prepared mDC@NIRdots could prime T cell

in  vitro,  the  T  cells  were  incubated  with  mDC@NIRdots  for  72h.  The

proliferation  of  CD3+ T  cells  were  evaluated  using  the  carboxyfluorescein

diacetate succinimidyl ester (CFSE)-based assay. [10a] Compared with the control

group, the fluorescence intensity of CD3+ T cells in the mDC@NIRdots group

was significantly decreased, which suggested that mDC@NIRdots was able to

stimulate T cell proliferation (Figure S8). In our study, we used CD3/CD28/IL2

as positive control, which were commercially used for in vitro expansion of T

cells[10b].  Natural  maturate  DCs  had  the  function  to  promote  secretin  of

cytokines from T cell to participate in the anti-tumor process. [12a] We wonder

whether as prepared mDC@NIRdots could also activated the T cell to secret

cytokines.  Three  kinds  of  cytokines,  Interleukin  2  (IL-2)  [24]  (an  important

cytokine to promote T cell proliferation), tumor necrosis factor a (TNF-α)  [25]

(an important cytokine to activate cellular immunity), and interferon-γ (IFN-γ)

[26] (an  important  marker  to  activate  innate  immunity)  in  the  medium
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supernatant were analysed by ELISA after different treatment of T cells. It was

found that the amount of TNF-α, IL-2, and IFN-γ were dramatically increased

after treating T cells with mDC@NIRdots, which was positively correlated with

concentration  of  nanoparticles  and  higher  than  that  of  NIRdots  and

iDC@NIRdots group (Figure 2D, 2E, and S9).  These results  indicated that

mDC@NIRdots maintained the T cell priming function of natural mature DC

cells, which could stimulate the T cells proliferation and promote the T cells to

secrete cytokines. We further evaluated the effect of temperature effect on the T

cells proliferation (Figure S10). The results demonstrated that under the mild

temperature (~42°C), the proliferation of T cells was not affected. 

It has been reported that cytokines secreted by T cell could further inhibit the

expression of heat shock proteins family (HSPs family, such as Hsp27, Hsp70,

Hsp90,  Hsp105  and  HSF1,  etc). [16,17] Considering  the  inhibiting  ability  of

cytokines  to  HSPs  family,  we wondered whether the  mDC@NIRdots  could

inhibit the expression of HSPs family of cancer cell by promoting secretin of

cytokines  from  T  cell  around  cancer  cells.  As  shown  in  Figure  3A, the

transwell chamber was used to  simulate the tumor-immune microenvironment

(TIME) in vitro by placing the breast cancer cell line 4T1 in an upper chamber

(the pore size ~ 3 μm) of transwell, and CD3+ T cells in the lower chamber.

During the incubation, the whole transwell chamber were exposed to 808 nm

laser (0.2 W cm−2) and the temperature were maintained at ~42 °C for 15 min

after the two cells were co-incubated with nanoparticles for 48h. After further
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incubation at 37 °C for 24 h, 4T1 cells and the supernatant were collected for

following assay. As shown in Figure 3B, the cytokines in the supernatant with

different treatments were analysed by using ELISA method. the results showed

that the amount of TNF-α, IL-2, and IFN-γ were dramatically increased after

treating with mDC@NIRdots, which was not affect by the laser irradiation (0.2

W cm−2) and the mild temperature heating (~42°C). As shown in Figure 3C, the

HSPs family protein expression of 4T1 cancer cells  after different treatment

was  further  studied  by  western  blot,  in  which  glyceraldehyde  3-phosphate

dehydrogenase (GAPDH) served as control reference. The results showed that

the expressions of HSPs family (Hsp27, Hsp70, HspP0, Hsp105 and HSF1) in

the 4T1 cancer cells treated with mDC@NIRdots were dramatically reduced.

However, NIRdots almost had no effect on those proteins production, which

indicated  the  cell  membrane protein  components  on mDC@NIRdots  played

important role on the inhibiting the expression of HSPs. Compared with TNF-α

group (the positive control), mDC@NIRdots showed superior inhibiting ability

to the  expression of  HSPs.  Immunofluorescence  stain  imaging  (Figure 3D)

further also confirmed that mDC@NIRdots could significantly decreased the

expression of HSPs. 

The  mild  photothermal-immuno  synergistic  antitumor  effects  of  as-prepared

mDC@NIRdots in vitro were further studied. As shown in Figure 3E and S11,

the expression of pro-apoptotic proteins (Bax, caspase-3 and caspase-8) was

clearly enhanced in mDC@NIRdots in comparison with NIRdots group upon
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irradiation  with  808  nm  laser.  Moreover,  the  expression  of  pro-apoptotic

proteins in the mDC@NIRdots group was even higher than that of positive

group (TNF-α). In contrast, the expression of anti-apoptotic proteins (Bcl-2 and

Bcl-xL)  in  the  mDC@NIRdots  group  was  much  lower  than  that  of  other

groups.  These  results  suggested  the  synergistic  antitumor  effects  of

mDC@NIRdots,  which could  dramatically  promote  cancer  cell  apoptosis  in

tumor-immune microenvironment under NIR light irradiation. Furthermore, the

viabilities of treated 4T1 cell were determined using the standard CCK-8 assay

(Figure S12). The cell viabilities of 4T1 cells incubated with mDC@NIRdots

were significantly decreased after the mild hyperthermia treatment (~42 °C).

However, the cancer cells incubated with only NIRdots or PBS buffer remained

alive  and health  under  the  equal  condition.  These  results  demonstrated  that

mDC@NIRdots  could  dramatically  reduce  the  resistances  of  cells  to  heat

stresses.  The  cells  apoptosis  was  further  studied  using  flow  cytometry

approach.  As  shown  in  Figure  3F, the  4T1  cancer  cells  incubated  with

mDC@NIRdots  in  the  stimulated  tumor-immune  microenvironment  in  vitro

showed remarkably apoptosis under mild photothermal treatment (~42 °C). The

cell  apoptosis  was  also  evaluated  using  living/dead  cell  staining  imaging

approach (Figure S13). The results showed that the cells in control or NIRdots

group  were  displayed  green  fluorescence  while  red  fluorescence  was  only

observed  in  cells  treated  with  mDC@NIRdots  group  with  808  nm  laser

irradiation. It has been reported that the Interleukin 2 (IL-2), [27] tumor necrosis
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factor a (TNF-α), [28] and interferon-γ (IFN-γ), [29] three main cytokines produced

by T cell after activation could enhance apoptotic positive regulatory protein

expression  (Caspase 3,  Caspase8  and  Bax),  reduce  apoptotic  negative

regulatory  protein  expression  (Bcl-2,  Bcl-xL),  and  further  promoted  tumor

apoptosis.  As  results,  the  cytokines  produced  by  T  cell  activated  by

mDC@NIRdots in tumor-immune microenvironment could not only inhibit the

expression of heat  shock proteins,  but  also promote tumor apoptosis,  which

synergistically  amplified  antitumor  effect  of  antitumor  efficacy  of  mild

hyperthermia treatment (~42°C). 

To further investigate the mild photothermal-immuno synergistic therapy effect

of  as  prepared  nanoterminator  in  vivo,  mDC@NIRdots  and  NIRdots  were

administered intratumorally into different groups of 4T1-tumor-bearing mice,

respectively. The in vivo animal experiment was designed as shown in Figure

4A. Firstly, 4T1 tumor cells were inoculated on the right leg of each mouse as

primary tumor. 3 days later, a second tumor was inoculated on the left leg of the

same mouse as an artificial mimic of metastasis distant tumor. the mice were

treated  with  NIRdots  or  mDC@NIRdots  (20  mg  per  kg,  based  on  IR-797

weight) through intratumoral injection on the primary tumor. After two days,

the primary tumor was irradiated by 808 nm laser (0.2 W.cm−2) and maintained

with mild temperature (~42°C) for 30 min. 

As shown in  Figure 4B  and 4C,  tumour growth process  was monitored by

measurement of the tumour size every day. Notably, the growth of primary and
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distant  tumours  in  mice  was  significantly  delayed  after  injection  of

mDC@NIRdots  following  mild  photothermal treatment (~42°C),  which

indicated  the  life-long  tumor  inhibition  potential  of  mild  photothermal

treatment based on mDC@NIRdots. The mice body weight was also monitored

during the treatment every two days to analyse the treatment-induced toxicity.

There were no obvious differences in the body weight of mice after treating

with  mDC@NIRdots  and  mild  photothermal treatment  (~42°C)  for  several

days (Figure 4D). In vivo toxicity of nanomaterials is always a considerable

concern  problem,  which  determine  the  applications  in  drug  delivery  and

imaging. [30] To  further  study  whether  mDC@NIRdots  cause  in  vivo  side

toxicity,  several  major  organs  of  mice  in  each  treatment  group  were  also

excised  and  sectioned  for  H&E staining  at  the  time  point  of  3  days  after

injection  of  nanoparticles.  As  shown  in  Figure  S14,  no  noticeable  tissue

damage and inflammatory lesion could be found in the  organs from all  the

treatment groups of mice. To further investigate the potential toxicology, The

liver  function  indicators  including  ALT  (alanine  aminotransferase),  AST

(aspartate  aminotransferase),  ALP  (alkaline  phosphatase)[31],  renal  function

indictors  including  BUN (blood urea  nitrogen)  and CRE(creatinine)  [32] and

blood  index  values  including  red  blood  cell  count,  platelet  count  [33] were

analysed and  there  were  no  significant  differences  for  all  treatment  groups

(Figure S15). All these results further confirmed the excellent in vivo safety

and biocompatibility of as prepared mDC@NIRdots.
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As shown in  Figure 4E,  the mice treated with mDC@NIRdots + mild PTT

(~42°C) lived more than 60 days. However, the mice treated with NIRdots +

mild PTT (~42°C) could only survive for no more than 36 days. Interestingly,

the mice treated with mDC@NIRdots could even survive for nearly 40 days.

This phenomenon was possible due to the inherent mature DC characteristics of

the mDC@NIRdots, which stimulate the whole immune system of the mice.

However, only the combination of laser irradiation and mDC@NIRdots could

greatly improve and prolong the survival of the mice. 

The  mechanism  of  photothermal-immune  synergistic  therapy  using

mDC@NIRdots was further studied. The infiltration of CD8+ and CD4+ T cells

in  the  primary  tumor,  which  regulated  or  assisted  in  immune  response  by

secreting  cytokines,  were  analysed  by  flow  cytometry  at  7  days  after

mDC@NIRdots  treatment.  The  mDC@NIRdots  groups  could  significantly

increase the  percentage and number of  activated CD8+ and CD4+  T cells  in

tumor  collected  from mice  compared  to  other  groups  (Figure  5A and  B).

Similarly,  higher  percentage  and  number  of  CD8+ and  CD4+ T  cells  were

detected in distant tumor after the mDC@NIRdots treatment (Figure 5C and

D).  As  shown  in  Figure  5E,  the  immunofluorescence  stain  results  were

consistent with flow cytometry data, which further confirm the T cell activating

ability of mDC@NIRdots.

Cytokines secretion in TIME also played an important role in the process of

immune anti-tumour responses. [34] The serum of 4T1 tumors-bearing mice were
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collected at 24 h, 72 h, 120 h and 168h respectively to detect the variation of

several  cytokines including TNF-α,  IFN-γ,  IL-2 and IL-12p70. As shown in

Figure 5F, 5G, S16,  and  S17, intratumoral injection of mDC@NIRdots was

able to increase the pro-inflammatory cytokines (TNF-α, IFN-γ, IL-2 and IL-

12p70) secretion,  which obviously higher  and persistently  longer  than  other

groups,  which  was beneficial  to  trigger  anti-tumor immune response of  the

whole body. These results demonstrated that the mDC@NIRdots could act as

artificial mature dendritic cell in combination with mild hypothermia therapy

for potentially tumor termination.

In  summary,  we  developed  a  mature  dendritic  cell-like  biomimetic

nanoterminator  mDC@NIRdots  for  tumor  termination  under  safe  and  mild

temperature  conditions  (~42°C).  This  nanoterminator  could  automatically

located on T cell in the TIME and prime T cell for Cytokines secretion, which

could  not  only  inhibit  the  expression  of  heat  shock  proteins  to  accomplish

highly efficient mild  photothermal therapy (~42°C), but also promote tumour

apoptosis  during the  treatment.  More  importantly,  this  nanoterminator could

serve as vaccine to  trigger  anti-tumor immune response of the whole  body,

which would be promising to long-life tumour inhibition and termination. 

Supporting Information
Methods and materials, Supplementary Figures S1-S17. Supporting Information is 
available from the Wiley Online Library or from the author.
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Scheme  1.  Schematic  illustration  of  preparation  of  biomimetic  nanoterminators
(mDC@NIRdots)  for  mild  photothermal-immuno  synergistic  therapy.  The
mDC@NIRdots with mature DCs functions was produced by coating natural mature
DC membrane on organic dye/polymer nanoparticles (NPs) with near infrared (NIR)-
absorbing  ability.  When  the  nanoterminators  were  injected  into  tumor-immune
microenvironment, they could automatically locate on T cell and promote the T cells
enrichment, proliferation, activation and cytokine secretion. The produced cytokines
could not only inhibit the expression of heat shock proteins to cooperate on highly
efficient mild photothermal therapy (~42°C), but also promote tumor apoptosis during
the treatment. mDC@NIRdots could further trigger anti-tumor immune response of
the whole body for longlife tumor inhibition and termination. 
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Figure  1. Characterization  of  mDC@NIRdots.  (A)  The  dynamic  light  scattering
(DLS)  measurement  results  of  mDC@NIRdots.  Inset:  TEM  image  of
mDC@NIRdots. (B) Cell membrane protein on mDC@NIRdots evaluated by SDS-
PAGE. DC cell  membrane vesicles were used as control.  (C) The stability test  of
mDC@NIRdots. NIRdots were used as control. Data were presented as mean ± s.d. (n
=  5).  (D)  The  absorbance  spectrum  of  IR-797,  NIRdots  and  mDC@NIRdots,
respectively.  (E) The fluorescence spectra of IR-797, NIRdots and mDC@NIRdots.
(g) The temperature change of IR-797, NIRdots and mDC@NIRdots under the 808nm
laser (0.2 Wcm2) irradiation for 8 min, respectively. PBS buffer was used as control.
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Figure 2. In vitro investigate the ability of mDC@NIRdots specifically bind to T cells
and activation of T cells. (A) mDC@NIRdots bound on the cell membrane of CD3+T
cells.  mDC@NIRdots  (10μg/ml,  IR-797  weight)  or  NIRdots  (10μg/ml,  IR-797
weight) or iDC@NIRdots (10μg/ml, IR-797 weight) were incubated with CD3+T cells
for 3 h. IR-797 (red color) were used to detect the NPs on CD3+ T cells membrane.
DAPI (blue color) were used to detect the nucleus of CD3+ T cells (Scar bar: 25 μm).
(B)  Western  blot  was  used  to  examine  the  T cell  activation  associated  protein  of
mDC@NIRdots.  The protein signals of GAPDH and Na+/K+-ATPase α1 served as
control. CD80, CD86, MHC I and MHC II were the key protein for T cell activation.
(C)  Flow cytometry  analysis  of  mDC@NIRdots  binding  with  CD3+ T cells  after
indication with the CD80, CD86, MHC I and MHC II proteins for 3 h. (D) and (E)
ELISA  was  used  to  analysis  the  cytokines.  CD3+ T  cells  were  treated  with
mDC@NIRdots  or  NIRdots  or  iDC@NIRdots  with  varied concentrations,  and the
secreted cytokines concentrations of TNF-α (D) and IFN-γ (E) in culture media were
measured after incubation 72 h (n = 3). Error bar, mean ± s.d. P value: *P < 0.05, **P
< 0.01.
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Figure 3. In vitro anti-tumor effect of mDC@NIRdots (A)Schematic illustration of
mDC@NIRdots and NIRdots treatment processing. (B) The cytokines analysis after
different  treatments.  CD3+T cells  were  treated  with  mDC@NIRdots(10μg/ml)  or
NIRdots (10μg/ml)  or PBS for 48h, and irradiation for 30 min at  42 °C and then
cultured at 37 °C for  24 h, the concentrations of TNF-α, IFN-γ and IL-2 in culture
media were measured (n = 3). Error bar, mean ± s.d. P value: *P < 0.05, **P < 0.01.
(C) After different treatment, the HSPs protein expression were detected by Western
blot with GADPH as an internal reference. (D) Confocal fluorescence images showed
the Hsp90 and Hsp27 expression.(E) Western blot images  were used to detect  the
apoptosis protein maker with GADPH as an internal reference, for cell lysates of 4T1
cells  after  various  treatments.  (F)  Flow  cytometry  analysis  of  mDC@NIRdots
(10μg/ml) or NIRdots (10μg/ml) or PBS with and without laser irradiation treatment
(42°C) induced apoptosis with Annexin V-FITC and PI. 
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Figure  4.  In  vivo  anti-tumour  effect  of  mDC@NIRdots  based  PTT  and  the
mechanism study. (A) Schematic illustration of mDC@NIRdots based PTT to inhibit
tumour  growth at  primary  and  distant  sites.  (B),  (C)  Primary  and distant  tumour
growth curves of the treated mice in different groups (10 mice per group) Error bar,
mean ± s.d. P value: *P < 0.05, **P < 0.01. (D) Body weights of mice received the
different treatment. Error bar, mean ± s.d.  (E) Survival curves for the mice received
the treatment of mDC@NIRdots, NIRdots, and PBS with or without laser irradiation
(n = 10).
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Figure  5.  In  vivo  anti-tumour  mechanism  study  of  mDC@NIRdots.  (A),  (B)
Representative flow cytometry plots and quantitative analysis showing the T cells of
primary tumours in different groups. After various treatments for 7 days, tumor cell
suspensions  were  collected  and analyzed  by flow cytometry  for  T-cell  infiltration
(gated on CD3+ T cells) (n = 3) Error bar, mean ± s.d. (C), (D) Representative flow
cytometry plots and quantitative analysis showing the T cells of disatnt tumours in
different  groups.  After various treatments  for 7 days,  tumor cell  suspensions were
collected and analyzed by flow cytometry for T-cell  infiltration (gated on CD3+ T
cells).  (E) Representative  immunofluorescence  imaging in  the primary and distant
tumor sections showing infiltrated CD4+ T cells and CD8+ T cells. The tumour were
collected after different treatments for 7 days. Scar bar: 50 μm. Murine TNF-α(F) and
IFN-γ (G)levels detected at day 0, 3, 7, 14 after indicated treatments (n = 3). Error bar,
mean ± s.d. P value: *P < 0.05, **P < 0.01.
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The NIR nanoterminators with mature Dendritic Cell functions were developed to 
locating on T cell in the complex tumor-immune microenvironment automatically and
promote the T cells proliferation, activation and cytokine secretion, inhibiting the 
expression of heat shock proteins to cooperate on highly efficient mild photothermal 
therapy (~42°C) and promoting tumor apoptosis and long-life inhibition.

Keyword NIR, mild photothermal therapy, mature dendritic cells, tumor-immune 
microenvironment, biomimetic theranostics
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