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Abstract: Osteosarcoma is a malignant tumor originating from bone tissue that progresses rapidly and has a poor patient

prognosis. Immunotherapy has shown great potential in the treatment of osteosarcoma. However, the

immunosuppressive microenvironment severely limits the efficacy of osteosarcoma treatment. The dual pH-sensitive

nanocarrier has emerged as an effective antitumor drug delivery system that can selectively release drugs into the

acidic tumor microenvironment. Here, we prepared a dual pH-sensitive nanocarrier, loaded with the photosensitizer

Chlorin e6 (Ce6) and CD47 monoclonal antibodies (aCD47), to deliver synergistic photodynamic and

immunotherapy of osteosarcoma. On laser irradiation, Ce6 can generate reactive oxygen species (ROS) to kill cancer

cells directly and induces immunogenic tumor cell death (ICD), which further facilitates the dendritic cell maturation

induced by blockade of CD47 by aCD47. Moreover, both calreticulin released during ICD and CD47 blockade can

accelerate phagocytosis of tumor cells by macrophages, promote antigen presentation, and eventually induce T

lymphocyte-mediated antitumor immunity. Overall, the dual pH-sensitive nanodrug loaded with Ce6 and aCD47

showed excellent immune-activating and anti-tumor effects in osteosarcoma, which may lay the theoretical

foundation for a novel combination model of osteosarcoma treatment.

Introduction

Osteosarcoma is a primary malignant tumor that originates
from mesenchymal tissue, which is well developed in the
metaphysis of long bones, is one of the most common
cancers in children and adolescents [1,2]. Currently,
osteosarcoma accounts for approximately 2.4% of
malignancies in children and adolescents worldwide [3].
Osteosarcoma is characterized by the presence of spindle-
shaped stromal cells and osteoid [4]. And the typical
symptoms of patients are local swelling, pain and functional
limitation. The overall prognosis for patients with
osteosarcoma is poor, with approximately 10%–20% of
patients with osteosarcoma having metastases (mainly lung
metastases) at the time of diagnosis [5]. The 5-year survival

rate for patients with chemotherapy-resistant or pulmonary
metastases is less than 20% [6]. Current standard treatment
for osteosarcoma includes primary tumor resection,
combined with adjuvant or neoadjuvant chemotherapy [7].
Unfortunately, patient survival rates remain dismal, and the
long-term use of intravenous chemotherapy always leads to
severe side effects, which can include death [8]. Therefore,
more effective therapy options with fewer side effects are
urgently needed.

Immune checkpoints are protein molecules that are
expressed on the surface of immune cells and regulate the
degree of immune activation, and their abnormal expression
is a key mechanism for tumor development [9,10]. Immune
checkpoint blockade therapy is a systemic approach to
enhance the efficacy of systemic anti-tumor therapy by
using immune checkpoint inhibitors to target and bind to
these receptors, thereby blocking the signaling pathways that
inhibit the anti-tumor immune response and enhancing the
effective recognition of cancer cells by the immune system
[11,12]. Blocking immune checkpoints has been applied in
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various clinical treatments, including for lung cancer and
urothelial carcinoma [13–15]. CD47, a small molecule
expressed on the surface of tumor cells, functions as a
“don’t eat me” mark by binding to signal-regulatory protein
alpha (SIRPα), an inhibitory receptor, on tumor-associated
macrophages (TAMs) and dendritic cells (DCs) [16–19].
CD47 monoclonal antibody (aCD47) can prevent the
binding of CD47 and SIRPα, thereby promoting tumor cell
phagocytosis by TAMs and DCs [20,21]; however, many
challenges remain to be overcome in application of aCD47
in osteosarcoma, including low immune response rates and
systemic side effects.

As an emerging approach for cancer treatment,
photodynamic therapy (PDT) has characteristics of high
spatiotemporal selectivity and noninvasiveness [22,23]. In
PDT, a photosensitizer exposed to light transfers energy to
oxygen, which generates reactive oxygen species (ROS) that
can directly induce tumor cell apoptosis and necrosis
[24,25]. Further, many studies have demonstrated that PDT
also causes immunogenic cell death (ICD) of cancer cells
[26]. During ICD, calreticulin (CRT) is translocated to the
cell membrane and ATP and high-mobility group box
protein 1 (HMGB1) are released, which facilitates DC
maturation to stimulate T cell-mediated ICD [27–30].
Furthermore, CRT evokes cancer cell phagocytosis by TAMs
and DCs [31,32].

It is established that polymeric nanocarriers can
accumulate in tumors via elevated permeability and
retention (EPR) or active targeting effects, which can
enhance their efficacy and reduce systemic side effects
[33,34]. Moreover, nanocarriers can be designed to carry
certain drugs and release them in specific sites [35–37].

In this research, we introduced a dual pH-sensitive
polymeric nanocarrier to co-deliver aCD47 and the
photosensitizer, chlorin e6 (Ce6), which has not been
explicitly reported, to achieve combined PDT and
immunotherapy. Due to the pH sensitivity of the system,
aCD47 can be freed in the acidic tumor microenvironment
(TME) to interfere with cancer cells via CD47. The surface
charge of the nanocarrier changed to positive in the TME,
which accelerated its cellular uptake. Further, when exposed
to light, Ce6 both generated ROS to kill tumor cells and
triggered tumor ICD, thereby converting a “cold tumor”
into a “hot tumor”, and eventually activating anti-tumor
immune responses. We also investigated whether the effect
of Ce6 and aCD47 in cancer treatment was synergistic.

Materials and Methods

Preparation of an aCD47-decorated nanodrug, Ce6@PPC-
aCD47
First, aCD47 was fused to the surface of Ce6@PPC micelles.
Briefly, 5 ml of Ce6@PPC micelles (1 mg/ml) and 1 ml
aCD47 (0.5 mg/ml) were mixed at 4°C for 24 h in dark.
Then, free CD47 was eliminated by ultrafiltration. After
concentrating the solution, free Ce6 was measured by
ultraviolet-visible absorbance, and aCD47 was detected by
enzyme-linked immunosorbent assay (ELISA). Ce6 and
aCD47 loading content in micelles was calculated based on
calibration curves.

In vitro drug release study
The in vitro release of Ce6 and aCD47 from Ce6@PPC-aCD47
was measured by dialysis diffusion. Briefly, a dialysis bag
(MWCO, 100 kDa) containing 2 ml Ce6@PPC-aCD47 was
soaked in 8 ml release medium at different pH values and
then incubated at 37°C with horizontal shaking. Dialysis
buffer was removed and replaced with fresh buffer at pre-set
intervals, and aCD47 and Ce6 detected. To further
investigate CD47 antibody release, Ce6@PPC-aCD47 was
incubated with Alexa fluor-488-conjugated IgG at pH 7.4,
and free secondary antibody removed by ultrafiltration.
Then, the pH value of samples was adjusted to 6.5 for 0, 6,
12, 24, or 48 h, and fluorescence intensity examined at
525 nm.

Serum stability assay
To explore the stability of Ce6@PPC-aCD47, a 10% solution
was generated by adding 0.1 ml Ce6@PPC-aCD47 into
0.9 ml PBS at 37°C. Then the diameters of the nanodrug
were determined by dynamic lighting scattering (DLS).

In vitro cytotoxicity experiments
Murine osteosarcoma cell line (K7M2) was cultured in
Dulbecco’s modified eagle medium (DMEM, Gibco, Cat.
No. 1859228) with 10% fetal bovine serum (FBS, Gibco) and
the Cell Counting Kit 8 (CCK-8) assay used to measure the
cytotoxicity of blank micelles, and the nanodrug with or
without light irradiation. K7M2 cells were cultured for 24 h,
treated with 100 μl fresh medium containing various
concentrations of blank micelle and Ce6@PPC-aCD47. After
incubation for 4 h and washing with PBS, cells were
irradiated with or without 660 nm laser (1 W/cm2) for
1 min [38]. Then, cells were incubated for another 24 h,
followed by addition of CCK-8 reagent (Beyotime, China),
and incubation for 1 h before measurement of cell viability.

Cell uptake of nanodrug in vitro
K7M2 cells were cultured in 35 mm confocal dishes for 24 h,
then incubated with NR@PPC-aCD47 at pH 7.4 or 6.5 for 4 h,
washed with PBS, and fixed in 4% paraformaldehyde (PFA)
for 15 min. Nuclei were stained with DAPI. A confocal
microscope was used for observation. For flow cytometric
analysis, K7M2 cells were cultured for 24 h, then incubated
with NR@PPC-aCD47 pretreated for 4 h at pH 7.4 or 6.5
for different periods of time. Finally, cells were collected for
flow cytometry analysis.

Cell apoptosis analysis in vitro
K7M2 cells were cultured for 24 h and treated with PBS, free
Ce6, or Ce6@PPC-aCD47 at pH 7.4 or 6.5, containing
identical concentrations of Ce6. Four hours later, after
washing and irradiation (660 nm laser for 1 min (1 W/cm2)),
cells were stained with Annexin V-FITC/propidium iodide
(Sigma-Aldrich; Merck KGgA).

ROS generation in vitro
K7M2 cells were treated with PBS, free Ce6, or Ce6@PPC-
aCD47 at pH 7.4 or 6.5 containing an identical
concentration of Ce6. After 4 h incubation, cells were
stained with 2′,7′-dichlorofluorescein diacetate (DCFH-DA;
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Beyotime, China) for 1 h and then irradiated using a 680 nm
laser for 1 min (1 W/cm2). Cells were harvested for flow
cytometry. For confocal observation, K7M2 cells were
cultured in 35 mm confocal dishes and treated with PBS,
free Ce6, or Ce6@PPC-aCD47 at pH 7.4 or 6.5 containing
identical concentrations of Ce6. After 4 h incubation, cells
were stained with DCFH-DA and Hoechst 33342, and then
exposed to a laser (660 nm, 1 W/cm2) for 1 min.

Detection of ICD in vitro
To detect CRT expression by flow cytometry, K7M2 cells were
first treated with PBS, free Ce6, or Ce6@PPC-aCD47 at pH 7.4
or 6.5 containing the same concentration of Ce6. After 4 h,
cells were irradiated using a 660 nm laser for 1 min at 37°C,
stained with anti-CRT antibody (Cell Signaling Technology,
USA) and analyzed by flow cytometry. For imaging, cells
treated with PBS, free Ce6, or Ce6@PPC-aCD47 at pH 7.4
or 6.5 containing the same concentration of Ce6 were added
into different dishes. After 4 h, cells were stained with
DCFH-DA and Hoechst 33342 for 30 min at 37°C in
darkness, then exposed to a 660 nm laser for 1 min
(1 W/cm2). After fixing, cells were stained with anti-mouse
CRT antibody, secondary antibody, and DAPI, then
observed under a confocal microscope. To detect HMGB1
and ATP, cells were treated by PBS, free Ce6, or Ce6@PPC-
aCD47 at pH 7.4 or 6.5 containing the same concentration
of Ce6. After 4 h, cells were treated with a 660 nm laser for
1 min (1 W/cm2) and cultured overnight. HMGB1 and ATP
were measured in culture supernatants by ELISA.

In vitro bone marrow-derived dendritic cell (BMDC)
maturation assay
BMDCs were generated from 8-week-old BALB/c mice. K7M2
cells were pretreated with PBS, Ce6@PPC, PPC-aCD47, and
Ce6@PPC-aCD47 at pH 6.5, to mimic the acidic tumor
microenvironment, and exposed to a 660 nm laser for 1 min
(1 W/cm2). Subsequently, 106 BMDCs were co-cultured
with 2 × 105 pretreated K7M2 cells for 24 h. After staining
with anti-CD11c-FITC, anti-CD80-PE, and anti-CD86-APC
antibodies (eBioscience, Invitrogen, USA), the percentage of
mature BMDCs was measured by flow cytometry (BD
Biosciences, USA), and the data were analyzed using FlowJo
software (TreeStar Inc., USA).

Animal model
Male BALB/c mice (4–5 weeks old) were from Guangdong
Medical Lab Animal Center, China. This study was
approved by the Research Ethics Committee of the Fifth
Affiliated Hospital of Sun Yat-Sen University (00045). All
care of, and experiments on, animals were carried out under
international animal experiment guidelines. Procedures were
approved by our university. K7M2 xenografts were
established by subcutaneous injection of 4T1 cells. Once
tumors were 100 mm3, mice were injected intravenously
(i.v.) with PBS, Ce6@PPC, PPC-aCD47, or Ce6@PPC-
aCD47 every other day (aCD47, Ce6: 1.0, 0.75 mg kg−1).
Then, 24 h after injection, tumors were irradiated using a
660 nm laser for 1 min (1 W/cm2). Tumor volume was
calculated 0.5 × length × width 2. When tumor volumes
reached approximately 2000 mm3, mice were euthanized

and tumors collected for subsequent experiments. There
were eight mice in each group.

Hematoxylin and eosin (H&E) staining
The tumor tissues of each group were fixed by 4% PFA,
dehydrated by gradient alcohol, and transparent by xylene.
After paraffin embedding, the tissues were made into
paraffin sections. The sections were dewaxed with xylene,
hydrated with gradient alcohol, washed with distilled water,
stained with hematoxylin (Solarbio, China; Cat. No. H8070),
fractionated with 1% hydrochloric acid alcohol, returned to
blue with 0.6% ammonia and stained with eosin.
Subsequently, the sections were dehydrated by gradient
alcohol, transparent, and sealed with neutral gum.
Histopathological patterns were observed and photographed
under the microscope (Nikon, Tokyo, Japan).

TdT-mediated dUTP-biotin nick end labeling (TUNEL)
staining
The paraffin sections were dewaxed with xylene, hydrated
with gradient alcohol, and processed with proteinase K
(Sigma) for 30 min at 37°C. After PBS washing, the sections
were added with TdT enzyme and fluorescent labeling
solution at 37°C for 1 h. After PBS washing, the sections
were incubated with DAPI for 30 min. After sealing with
anti-fluorescence quenching solution, the results were
observed and photographed by a fluorescence microscopy
(Olympus, Tokyo, Japan).

In vivo fluorescence imaging
Ce6@PPC-aCD47 labeled with 1,1′-dioctadecyl-3,3,3′,3′-
tetramethylindotricarbocyanine iodide (DiR) were i.v.
injected into tumor-bearing mice (DiR, 1 mg/kg).
Fluorescence images were obtained using a Carestream IS
4000 instrument and major organs and tumors were
harvested 48 h post-administration for ex vivo imaging.

Toxicity assessment
To assess nanodrug side effects, liver and renal function were
evaluated using serum markers (total bilirubin (TBIL),
aspartate transaminase (AST), and creatinine (Cr)). Heart,
lung, liver, spleen, and kidney were collected for H&E staining.

Immune response in vivo
To examine DC maturation in vivo, tumors were
homogenized to obtain single-cell suspensions. After
staining with anti-CD11c-FITC (eBioscience, Invitrogen,
USA; Cat No. 11-0114-85), anti-CD80-PE (Bioscience, Cat
No. 12-0801-85), and anti-CD86-APC (eBioscience, Cat No.
17-0862), proportions of mature DCs were detected by flow
cytometry. Anti-CD3-PerCP-Cy5.5, anti-CD4-FITC, and
anti-CD8-PE antibodies were used to analyze T cell
subpopulations. Anti-CD11b-FITC (BD Pharmingen), anti-
F4/80-APC (eBioscience), anti-CD206-PE (eBioscience), and
anti-CD80-Cy5.5 (eBioscience) were used to analyze TAMs.
Single-cell suspensions were also generated from spleens.
Anti-CD3-PerP-Cy5.5 (eBioscience, Cat No. 45-0031), anti-
CD8-PE (eBioscience, Cat No. 12-0081), anti-CD44-AF700,
and anti-CD62L-FITC antibodies were used for CD8+ T cell
analysis.
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Immunofluorescence and immunohistochemical (IHC)
analysis
For immunofluorescence staining, tumor sections were
incubated with primary and secondary antibodies,
counterstained with DAPI (Sigma-Aldrich, Cat No. D8417),
and observed. For IHC, sections were deparaffinized,
incubated in 3% H2O2, soaked in citrate buffer at 95°C,
blocked, incubated with primary antibodies, rinsed, stained
using diaminobenzidine (DAB; Sigma, Cat No. D7304-
1SET), and scanned with an optical microscope (Olympus
CK30). Staining degree: no staining (0), light yellow (1),
brown yellow (2), brown (3); The percentage of positive
cells: <5% (0), 5%–25% (1), 26%–50% (2), >51% (3). The
expression score (0–9) was obtained by multiplication of the
two markers. 0–2 indicated low expression; 3–9 indicated
high expression.

ELISA
For cells, we collected cell supernatants from each group; for
tissues, the tumor tissue was ground, and the ground fluid
was collected. Levels of IFN-γ and TNF-α were detected by
ELISA (Westang, Shanghai, China).

Statistical analysis
All experiments were repeated three times independently.
And the data are presented as mean ± standard deviation
(SD). Statistical differences among two or more groups were
analyzed by SPSS version 20.0 (SPSS, Chicago, IL, USA)
with Student’s t-test or ANOVA (*p < 0.05, **p < 0.01,
***p < 0.001).

Results

Nanodrug preparation and characterization
CDM-PEG-PDPA, CDM-PEG, and PDPA were synthesized
through multistep reactions (Suppl. Fig. S1) [39] and 1H
NMR analysis demonstrated successful syntheses of diblock

copolymers (Fig. 1A). The Ce6-capped diblock copolymer
was self-assembled to generate Ce6@PDPA-PEG-CDM
nanomicelles (Ce6@PPC) with a PDPA core encapsulating
Ce6. Finally, micelles were surface decorated with aCD47
via ammonolysis of the primary amino groups of the
antibody with CDM, leading to successful synthesis of
Ce6@PPC-aCD47. Ce6 and aCD47 loading content in the
nanodrug were 4.3% and 2.6%, respectively. No obvious
change in particle sized was detected in 10% FBS-containing
PBS (Suppl. Fig. S2), suggesting good stability under normal
physiological conditions. As shown in Fig. 1B, the nanodrug
exhibited uniform spherical morphology at pH 7.4, with a
core-shell structure under transmission electron microscope
(TEM) observation. The nanodrug shell was less obvious at
pH 6.5, owing to CDM cleavage-induced antibody
detachment. In contrast, the nanodrug completely
disintegrated at pH 5.5, with only a few fragments detected.
The hydrodynamic diameter of Ce6@PPC-aCD47 decreased
slightly at lower pH (33 vs. 40 nm), as a result of antibody
release (Fig. 1C). In addition, owing to the negatively
charged antibody, the zeta potential of Ce6@PPC-aCD47
was −3.67 ± 0.11 mV at pH 7.4 (Fig. 1D), which suggests
that the particles will be stable in the blood circulation and
accumulate in tumor tissue [37,40,41]. At pH 6.5, the
surface charge of the nanodrug was reversed to 2.61 ± 0.83,
as a result of antibody release. Notably, a positive surface of
the nanodrug will promote its cellular uptake. The aCD47 of
the nanodrug was labeled with Alexa Fluor 488 and,
when the pH was reduced, the fluorescence of the nanodrug
solution at 520 nm gradually increased over time,
apparently due to CDM cleavage-induced antibody release
(Fig. 1E). Next, to mimic the tumor extracellular matrix and
intracellular lysosomal environment, we explored in vitro
drug release at pH 6.5 and 5.5. As shown in Fig. 1F, aCD47
was rarely released at pH 7.4, due to the high stability of the
CDM linkage; however, on CDM cleavage, aCD47 release
rapidly increased at pH 7.4, with over 70% released at 12 h.
Ce6 was also released very slowly at pH 7.4, with less than

FIGURE 1. Characterization of Ce6@PPC-aCD47. (A) 1H NMR of CDM-PEG-PDPA in CDCl3. (B) TEM observation of Ce6@PPC-aCD47,
scale bar = 50 nm. (C) Particle sizes of Ce6@PPC-aCD47 determined by dynamic light scattering. (D) Zata potential of Ce6@PPC-aCD47.
(E) Fluorescence spectra of Alexa Fluor 488-labeled nanodrug in PBS at pH 6.5. (F) In vitro Ce6 release from Ce6@PPC-aCD47 at pH 6.5
and pH 7.4. (G) In vitro aCD47 release from Ce6@PPC-aCD47 at pH 6.5 and pH 7.4.
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20% release at 24 h, and its release was only slightly increased
at pH 6.5. In contrast, Ce6 release increased at pH 6.5 due to
micelle disassembly (Fig. 1G). These in vitro drug release
results demonstrate the dual pH sensitivity of Ce6@PPC-
aCD47, to achieve the spatiotemporal release of aCD47 and
Ce6 inside the tumor.

Cell uptake, cytotoxicity, and PDT-induced ICD in vitro
CD47 can facilitate avoidance of ICD. CT26 cells with high
CD47 expression were chosen to detect CD47 expression on
K7M2 cells (Suppl. Fig. S3). To explore nanodrug uptake by
the K7M2 osteosarcoma cell line, we used Nile Red, instead
of Ce6, in the NR@PPC-aCD47 preparation, and conducted
confocal microscopy and flow cytometry experiments. As
shown in Fig. 2A, K7M2 cells were incubated with
NR@PDPA-aCD47 at pH values of 7.4 and 6.5. Almost no
NR@PPC-aCD47 was taken up by K7M2 cells at pH 7.4;
however, internalization of the nanodrug into K7M2 cells
increased significantly at pH 6.5, likely due to surface charge
reversal [42]. Quantitative flow cytometry analysis also
generated consistent results (Fig. 2B); K7M2 cells only
displayed 10.1% particle uptake at pH 7.4, while uptake was

44.4% at pH 6.5. Nanodrug cytotoxicity was next
determined by CCK-8 assay (Suppl. Fig. S4). Cells incubated
with drug-free micelles showed no influence on K7M2 cell
viability. In the absence of irradiation, the viability of K7M2
cells incubated with even 100 µg mL−1 of Ce6@PPC-aCD47
was >80%, indicating that the nanodrug exhibits low
cytotoxicity; however, on irradiation, Ce6@PPC-aCD47
displayed significant concentration-dependent cytotoxic
effects on K7M2 cells. The IC50 of Ce6 was 1 × 10−6 μM,
likely due to ROS generation. Then flow cytometry assay
was also used to detect the in vitro antitumor effects of the
nanodrug. As shown in Fig. 2C, on irradiation, K7M2 cells
incubated with Ce6@PPC-aCD47 at pH 6.5 displayed
maximum cell apoptosis or necrosis, compared with same
concentration of free Ce6 and Ce6@PPC-aCD47 at pH 7.4.
These results suggest that Ce6@PPC-aCD47 can be
effectively endocytosed by K7M2 cells under an acidic
tumor microenvironment and enhance ROS generation,
leading to higher levels of tumor cell apoptosis. Study also
indicated ROS produced by PDT can trigger ICD and
release damage-associated molecular patterns, such as CRT,
HMGB1, and ATP [28]. Confocal laser scanning microscopy

FIGURE 2. Nanodrug uptake and in vitro killing effects. Uptake of NR@PPC-aCD47 by K7M2 cells analyzed by confocal laser scanning
microscopy (CLSM) (A) and flow cytometry, scale bar ¼ 25 μm. (B). ROS in K7M2 cells treated with PBS, free Ce6, and Ce6@PPC-aCD47
analyzed by CLSM, scale bar ¼ 25 μm. (C) and flow cytometry (D and E). (F) Apoptosis of K7M2 cells was tested by flow cytometer. *p <
0.05; **p < 0.01; ***p < 0.001.
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(CLSM) and flow cytometry assays were used to verify ROS
generation by PDT. As shown in Fig. 2D, K7M2 cells
incubated with Ce6@PPCaCD47 at pH 6.5 under laser
exposure had significantly higher levels of ROS compared
with cells incubated with Ce6@PDPA-aCD47 at pH 7.4 or
Ce6. Consistent with these findings, K7M2 cells treated with
Ce6@PPC-aCD47 at pH 6.5 with irradiation had higher
mean fluorescence intensity than those subjected to any
other treatments (Figs. 2E and 2F). During ICD, CRT
translocates from the endoplasmic reticulum to the
cytomembrane, which can facilitate DCs maturation and
enhance macrophage phagocytosis. Therefore, we next
investigated CRT levels via both CLSM observation and flow
cytometry.

PDT-mediated immunogenic cell death in K7M2 cells
Furthermore, our data also manifested that under irradiation,
a strong CRT signal was observed in the Ce6@PPC-aCD47
(pH 6.5) group, and the CRT signal was much stronger in
this group than those observed under other conditions
(Fig. 3A). Similar results were revealed by flow cytometry,
where cells incubated with Ce6@PPC-aCD47 at pH 6.5 had
the highest CRT levels (Figs. 3B and 3C). HMGB1 and ATP
release are also known as danger signals that can stimulate
phagocytosis of dying tumor cells by DCs and macrophages.
Therefore, ELISA analysis was used to measure HMGB1
and ATP secretion levels. Under irradiation, cells incubated
with Ce6@PPC-aCD47 at pH 6.5 secreted more HMGB1

and ATP (Figs. 3D and 3E), similar to the findings for CRT.
Immunofluorescence imaging to detect HMGB1 generated
similar results (Suppl. Fig. S5). Next, we further investigated
PDT- and aCD47-induced and antitumor immunity by
detecting DC maturation. DCs from BALB/c mice were
incubated with pretreated K7M2 cells and subsequent flow
cytometry assay indicated that the percentage of mature
DCs was reduced 24 h after incubation with K7M2 cells
(Fig. 3F). The frequency of mature DCs increased when
DCs were incubated with Ce6@PPC+L- or PPC-aCD47+L-
pretreated K7M2 cells, while the Ce6@PPC-aCD47+L group
showed an even higher level of DC maturation than that
detected in the other groups.

Tumor accumulation and biodistribution of Ce6@PPC-aCD47
in vivo
Nanodrugs can accumulate in solid tumors due to tumor EPR
effects [43,44]; therefore, we next investigated the
accumulation and distribution of Ce6@PPC-aCD47 In vivo.
As shown in Figs. 4A and 4B, DiR-labeled Ce6@PPC-
aCD47 were i.v. injected to K7M2 tumor-bearing BALB/c
mice. DiR intensity increased with time and peaked at 24 h,
suggesting that this would be a good time point to achieve a
better effect of PDT. Moreover, DiR intensity in the tumor
site decreased slightly and remained strong at 48 h post-
injection, indicating that Ce6@PPC-aCD47 can effectively
and persistently accumulate in K7M2 tumors. At 48 h after
injection, DiR-labeled Ce6@PPC-aCD47 had much higher

FIGURE 3. PDT-mediated immunogenic cell death in K7M2 cells. (A) Confocal imaging of CRT expression (green) on K7M2 cells, scale bar =
25 μm. (B) Flow cytometry analysis of CRT expression. (C) Statistical analysis of CRT expression. (D) The release of HMGB1. (E) ATP
secretion. (F) Bone marrow dendritic cell maturation detected by flow cytometer. Ns, no statistical significance, *p < 0.05, **p < 0.01,
***p < 0.001.
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fluorescence in tumors than in the heart, liver, spleen, lung, or
kidney of experimental animals (Fig. 4C), indicating
accumulation of the nanodrug in tumors, which is essential
for targeted PDT treatment and activation of anti-tumor
immune responses.

Nanodrug antitumor efficacy in vivo
Some studies have demonstrated that aCD47 can inhibit the
interaction of CD47 and SIRPα to facilitate DC maturation
and tumor cell phagocytosis by TAMs [45,46]. Ce6-induced
ICD of tumor cells can also release immunogenic signals to
accelerate DC maturation for anti-tumor immunotherapy.
To explore the synergistic potential of CE6@PPC-aCD47, a
therapeutic schedule was carried out in model mice, as
illustrated in Fig. 4D. Ce6-PPC+L or PPC-aCD47+L slightly
suppressed tumor growth relative to PBS+L (Fig. 4E), while
a much stronger inhibitory effect tumor growth was
detected in mice receiving Ce6@PPC-aCD47+L, indicating a
combined antitumor effect of exerted by codelivery of Ce6
and aCD47. Moreover, mice in the Ce6-PPC-aCD47+L
group had the longest survival time (Fig. 4F). The inhibitory
effect of the nanodrug on tumor growth was further
investigated by H&E, Ki67, and TUNEL staining. Compared
with PBS+L treatment, Ce6-PPC+L and PPC-aCD47+L
resulted in remarkable cellular apoptosis and necrosis,
suggesting the antitumor efficacy of both PDT and
immunotherapy. Treatment with Ce6@PPC-aCD47+L
further enhanced efficacy, indicating a synergistic effect of
combined Ce6 and aCD47 (Fig. 4G). Ki67
immunohistochemistry was also used to evaluate cell
proliferation, and Ce6@PPC-aCD47+L treatment again
showed the highest efficacy in inhibiting tumor growth

(Fig. 4G and Suppl. Fig. S6). To study the side effects of the
nanodrug, we next conducted histological analyses of the
major organs of the model mice and detected their
hematological indices at the end of treatment. No obvious
histological damage was observed in major organs (Suppl.
Fig. S7). Furthermore, no differences in ALT, TBIL, or BUN
were detected among mice subjected to different treatments
(Suppl. Fig. S8). These findings indicate that the combined
therapy strategy exhibited good biosafety and low side effects.

Nanodrug-induced in vivo immune response
To better understand the reasons for the much stronger effects
of treatment with Ce6@PPC-aCD47+L than those of separate
Ce6-PPC+L and PPC-aCD47+L treatments, tumor tissues
from each group were collected at the end of treatment and
related immune signals analyzed using histological and flow
cytometry assays. Immunofluorescence staining of CRT was
used to assess the level of ICD. Increased CRT was found in
the Ce6-PPC+L and Ce6@PPC-aCD47+L treatment groups,
indicating significant ICD induction by PDT of Ce6
(Fig. 5A). DC maturation is key for antigen presentation
and further activation of effector T lymphocytes [47]. The
percentage of mature DCs in tumors was examined by flow
cytometry using mature DC biomarkers, CD80 and CD86.
As shown in Figs. 5B and 5C, similar to CRT, the
percentages of mature DCs in the Ce6-PPC+L and
Ce6@PPC-aCD47+L-treated groups were much higher than
those in the PBS+L treatment group. Intratumoral
infiltration of effector T cells was also examined. Very little
CD8+ T cell tumor infiltration was detected in the PBS+L
group, while mice receiving other treatments displayed more
CD8+ T cell infiltration of tumors (Figs. 5B and 5D).

FIGURE 4. In vivo fluorescence imaging and synergistic antitumor effects of nanodrugs. (A) In vivo DiR fluorescence and ex vivo fluorescence
48 h after injection. (B) Quantitative analysis of fluorescence intensity values in tumors. (C) Fluorescence intensity values of main organs and
tumors 48 h after injection. (D) Schematic illustration of therapeutic strategy. Tumor growth (E) and cumulative survival (F). (G) The
pathological structure, apoptosis and Ki67 of the tissues were detected by H&E, TUNEL, and Ki67 staining, scale bar = 100 μm. ***p < 0.001.

CODELIVERY OF ANTI-CD47 ANTIBODY AND CHLORIN E6 USING A DUAL PH-SENSITIVE NANODRUG 697



Specifically, the Ce6@PPC-aCD47+L group exhibited the
most robust infiltration. CD4+ T cells can recognize tumor
cells and interact with CD8+ T cells to suppress tumor
growth. Flow cytometry analysis of CD4+ T cells showed
similar results (Figs. 5B and 5E). Immunofluorescence
staining of tumor sections also led to consistent results,
demonstrating that Ce6@PPC-aCD47+L treatment led to
the most remarkable infiltration of CD8+ T and CD4+ T
cells (Fig. 5F). These findings suggest that blocking Ce6 and
CD47 can effectively stimulate an adaptive immune response.

Nanodrugs increased antitumor immune responses in mice
receiving different treatments
Both surface CRT expression during ICD and CD47 blockage
can also promote the activation of TAMs leading to antitumor
effects [48,49]. The IHC and immunofluorescent staining
demonstrated decreased M2-like TAMs and increased M1-
like TAMs in the three nanodrug treatment groups (Fig. 6A
and Suppl. Fig. S6). Then we assessed the ratio of pro-
tumoral M2-like phenotype and antitumoral M1-like
phenotype TAMs. M1-like TAM infiltration in tumor
tissues from the Ce6@PPC-aCD47+L treatment group was
higher than that than in the other groups (Suppl. Fig. S9
and Fig. 6B). In contrast, significantly fewer M2-like TAMs
were detected in tumors from the Ce6-PPC+L and PPC-
aCD47+L treatment groups, relative to controls, while
Ce6@PPC-aCD47+L treatment further reduced M2-like
TAM infiltration (Suppl. Fig. S10 and Fig. 6C). Moreover,
IHC staining generated consistent results (Fig. 6D and
Suppl. Fig. S6). Further, we detected IFN-γ and TNF-α, to
evaluate the immunotherapeutic effect of the nanodrug.

Compared to the PBS+L group, the Ce6-PPC+L, and PPC-
aCD47+L treatment groups showed increased IFN-γ and
TNF-α secretion, and the Ce6@PPC-aCD47+L group had
even higher secretion levels (Figs. 6E and 6F). The enhanced
antitumor immune response was clearly due to the
synergistic effect of Ce6 and aCD47. To study the effect of
the nanodrug on immune memory, effector memory T cells
(TEM) in the spleens of model mice were evaluated by flow
cytometry. The TEM percentage was significantly elevated
in Ce6@PPC-aCD47+L-treated mice relative to those in the
other treatment groups (Suppl. Fig. S11). These results
suggest that Ce6 and aCD47 may function together to
prevent osteosarcoma recurrence and metastasis.

Discussion

Convincing evidence from both basic experimental
studies and clinical research supports a bright future for
inhibition of immune checkpoints in treating cancer [50].
Determining how to improve the immunosuppressive
environment will be key to improving immunotherapy
efficacy. Many studies have demonstrated that PDT can
both generate ROS, to directly kill cancer cells, and induce
ICD. Molecules, such as CRT, ATP, and HMGBP, released
from dying tumor cells, promote DC maturation to
stimulate T cell-mediated cancer cell killing and promote
phagocytosis by TAMs [17,31].

Nanocarrier-encapsulated drugs can improve the
biodistribution of drugs in vivo and target them to tumors
through the EPR effect, thus reducing toxicity and achieving
cancer therapeutic effects. Currently, nanodrug carriers

FIGURE 5. In vivo antitumor immune response. (A) CRT (red) in K7M2 cells. (B) Mature DCs in tumor tissues were analyzed by flow
cytometer. CD8+ and CD4+ T cell ratios in tumor tissues. Statistical analysis of the ratio of mature DCs (C), CD4+ T cells (D), and CD4+
T cells (E). (F) CD4 and CD8 expressions, scale bar = 50 μm. *p < 0.05, **p < 0.01, ***p < 0.001.
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mainly include polymer micelles [51], polymer vesicles [52],
nanogels [53], and liposomes [54]. It has been demonstrated
that stimuli-responsive release of drugs at the tumor site
facilitates the tumor suppression effect. Among them, pH-
responsive drug release is one of the proven strategies. The
pH in human tumor tissue environment is lower than that
of neutral normal tissue, while the pH of lysosomes and
endosomes in tumor cells is even lower, 4.5–5.0 and 5.0–6.5,
respectively. The design of nano-drug carriers with pH-
responsive drug release function using the above pH
variation is a hot research topic in the field of
chemotherapeutic drug delivery in recent years [55,56].
Several studies have indicated that there are high levels of
CD47 in osteosarcoma cells and that osteosarcomas can be
inhibited by aCD47 [20]. Combination therapy using PDT
and aCD47 has achieved success in other cancers [31], but
its effectiveness in osteosarcoma is unclear and its influence
on macrophages has not been evaluated. Here, we designed
a core-shell nanodrug with dual pH sensitivity to carry
aCD47 on its surface and encapsulate Ce6 in its core, and
increase drug accumulation via a tumor EPR effect. In
tumors, the nanodrug may release aCD47 due to the acidic
microenvironment (pH approximately 6.5). The nanodrug
also released CUR in lysosomes (pH approximately 5.5).
Under irradiation, Ce6 taken up by tumor cells could induce
ROS to kill the tumor cells, and promote immune response
activation to enhance the therapeutic effect of aCD47. These
findings demonstrate a strong synergistic effect of PDT and
aCD47 in osteosarcomas, which significantly suppressed
tumor growth and prolonged survival time in model mice.
To our knowledge, this is the first study to assess the effects
of combination PDT and immunotherapy using

nanomicelles to strengthen the therapeutic effect and reduce
side effects.

PDT refers to the use of appropriate wavelength light
irradiation and activation of photosensitizer molecules
located in the tumor tissue or cells [57]. The activation of
photosensitizer molecules can produce a variety of ROS in
the local tumor tissues. ROS can oxidize cells and kill tumor
cells through necrosis, apoptosis, autophagy, tumor-specific
immunity and other mechanisms [58,59]. PDT has emerged
as a new alternative intervention for anti-cancer therapy.
CD47 is an extracellular ligand of SIRPα, and the
combination of SIRPα and CD47 reduces the phagocytic
activity of macrophages by producing inhibitory signals,
resulting in tumor immune escape [60]. CD47 is highly
expressed in multiple malignant tumors [61–63].
Application of aCD47 can specifically act on tumor cells to
promote the phagocytosis of macrophages [64,65]. Previous
investigators also demonstrated that the ICD induced by
PDT and other therapeutic methods can significantly
improve the effects of immunotherapy [37,47]. However, a
combination of doxorubicin and PD-L1 inhibitors was only
slightly more effective than PD-L1 alone for osteosarcoma
treatment [66]. In our study, the ICD caused by PDT plus
aCD47 enhanced DC maturation and macrophage
activation, and local irradiation of tumors could reduce
systemic side effects caused by other therapies, such as
chemotherapy.

However, this study also has some limitations. For
instance, more osteosarcoma cell lines should be applied to
verify the immune-activating and anti-tumor effects of
nanodrug of codelivery of aCD47 and Ce6 using a dual pH-
sensitive nanodrug in vitro.

FIGURE 6. Nanodrugs enhanced antitumor immune responses in mice receiving different treatments. (A) Immunohistochemical and
immunofluorescent staining of macrophage biomarkers (M1, CD80, INOS; M2, CD206, Arg-I), scale bar = 100 μm. (B) M1 phenotype
macrophage (CD11b+F4/80+CD80+) ratios in tumor tissue. (C) M2 phenotype macrophage (CD11b+F4/80+CD206+) ratios in tumor
tissue. (D) IFN-γ and TNF-α expressions were confirmed by IHC assay, scale bar = 100 μm. Levels of TNF-α (E) and IFN-γ (F)
determined by ELISA. **p < 0.01, ***p < 0.001.
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Conclusions

We describe preparation of a dual-pH sensitive micelle
incorporating the photosensitizer, Ce6, in its core and
conjugated with aCD47 for application in synergistic PDT
and immunotherapy of osteosarcoma. The prepared
nanodrug showed excellent biocompatibility and could
regulate Ce6 and aCD47 release in response to an acidic
tumor microenvironment and lysosomal acidity in cancer
cells. Ce6 delivered to tumors could exert PDT under
irradiation, thereby promoting the generation of tumor-
associated antigens. Further, aCD47 could stimulate
phagocytosis by TAMs and DCs, as well as T cell activation.
In vivo experiments demonstrated that Ce6@PPC-aCD47
treatment under irradiation induced the most significant
inhibition of K7M2 tumor growth. Therefore, combination
therapy with Ce6-mediated PDT and CD47 blockage may
serve as a novel strategy for osteosarcoma treatment.

Acknowledgement: Not applicable.

Funding Statement: This research was supported by the
National Natural Science Foundation of China (No.
82172053).

Author Contributions: Jijie Xiao and Hong Xiao contributed
to conceptualization, data curation, and writing of the original
draft. Yujun Cai contributed nanodrug synthesis. Jianwei Liao,
Zecong Xiao, and Jue Liu contributed writing of the original
draft and formal analysis. Lin Yao contributed to data
analysis. Xintao Shuai and Shaolin Li contributed to
supervision and editing. All authors reviewed the results and
approved the final version of the manuscript.

Availability of Data and Materials: The datasets used and/or
analyzed during the current study are available from the
corresponding author on reasonable request.

Ethics Approval: This study was approved by the Research
Ethics Committee of the Fifth Affiliated Hospital of Sun
Yat-Sen University (00045). All care of, and experiments on,
animals were carried out under international animal
experiment guidelines.

Conflicts of Interest: The authors declare that the research
was conducted in the absence of any commercial or
financial relationships that could be construed as a potential
conflict of interest.

Supplementary Materials: The supplementary material is
available online at https://doi.org/10.32604/or.2023.030767.

References

1. Isakoff, M. S., Bielack, S. S., Meltzer, P., Gorlick, R. (2015).
Osteosarcoma: Current treatment and a collaborative pathway
to success. Journal of Clinical Oncology, 33(27), 3029–3035.
https://doi.org/10.1200/JCO.2014.59.4895

2. Ward, E., DeSantis, C., Robbins, A., Kohler, B., Jemal, A. (2014).
Childhood and adolescent cancer statistics. CA: A Cancer Journal
for Clinicians, 64(2), 83–103. https://doi.org/10.3322/caac.21219

3. Sadykova, L. R., Ntekim, A. I., Muyangwa-Semenova, M.,
Rutland, C. S., Jeyapalan, J. N. et al. (2020). Epidemiology and
risk factors of osteosarcoma. Cancer Investigation, 38(5), 259–
269. https://doi.org/10.1080/07357907.2020.1768401

4. Lu, Y., Song, T., Xue, X., Cao, G., Huang, P. (2021). Kinesin
superfamily proteins: Roles in osteosarcoma. Frontiers in
Bioscience-Landmark, 26(8), 370–378. https://doi.org/10.52586/
4950

5. Zhao, X., Wu, Q., Gong, X., Liu, J., Ma, Y. (2021). Osteosarcoma:
A review of current and future therapeutic approaches.
BioMedical Engineering OnLine, 20(1), 24. https://doi.org/10.
1186/s12938-021-00860-0

6. Luetke, A., Meyers, P. A., Lewis, I., Juergens, H. (2014).
Osteosarcoma treatment—Where do we stand? A state of the
art review. Cancer Treatment Reviews, 40(4), 523–532. https://
doi.org/10.1016/j.ctrv.2013.11.006

7. Crompton, J. G., Ogura, K., Bernthal, N. M., Kawai, A., Eilber, F.
C. (2018). Local control of soft tissue and bone sarcomas. Journal
of Clinical Oncology, 36(2), 111–117. https://doi.org/10.1200/
JCO.2017.75.2717

8. Marina, N. M., Smeland, S., Bielack, S. S., Bernstein, M., Jovic, G.
et al. (2016). Comparison of MAPIE versus MAP in patients with
a poor response to preoperative chemotherapy for newly
diagnosed high-grade osteosarcoma (EURAMOS-1): An open-
label, international, randomised controlled trial. The Lancet
Oncology, 17(10), 1396–1408. https://doi.org/10.1016/
S1470-2045(16)30214-5

9. Topalian, S. L., Taube, J. M., Anders, R. A., Pardoll, D. M. (2016).
Mechanism-driven biomarkers to guide immune checkpoint
blockade in cancer therapy. Nature Reviews Cancer, 16(5),
275–287. https://doi.org/10.1038/nrc.2016.36

10. Golubovskaya, V. (2022). CAR-T cells targeting immune
checkpoint pathway players. Frontiers in Bioscience-Landmark,
27(4), 121. https://doi.org/10.31083/j.fbl2704121

11. Morad, G., Helmink, B. A., Sharma, P., Wargo, J. A. (2021).
Hallmarks of response, resistance, and toxicity to immune
checkpoint blockade. Cell, 184(21), 5309–5337. https://doi.org/
10.1016/j.cell.2021.09.020

12. Kubli, S. P., Berger, T., Araujo, D. V., Siu, L. L., Mak, T. W.
(2021). Beyond immune checkpoint blockade: Emerging
immunological strategies. Nature Reviews Drug Discovery,
20(12), 899–919. https://doi.org/10.1038/s41573-021-00155-y

13. Ribas A.Wolchok, J. D. (2018). Cancer immunotherapy using
checkpoint blockade. Science, 359(6382), 1350–1355. https://
doi.org/10.1126/science.aar4060

14. Sanmamed, M. F., Chen, L. P. (2018). A paradigm shift in cancer
immunotherapy: From enhancement to normalization. Cell,
175(2), 313–326. https://doi.org/10.1016/j.cell.2018.09.035

15. Yuan, M., Huang, L. L., Chen, J. H., Wu, J., Xu, Q. (2019). The
emerging treatment landscape of targeted therapy in non-
small-cell lung cancer. Signal Transduction and Targeted
Therapy, 17(4), 61. https://doi.org/10.1038/s41392-019-0099-9

16. Sockolosky, J. T., Dougan, M., Ingram, J. R., Ho, C. C., Kauke, M.
J. et al. (2016). Durable antitumor responses to CD47 blockade
require adaptive immune stimulation. Proceedings of the
National Academy of Sciences of the United States of America,
113(19), E2646–E2654. https://doi.org/10.1073/pnas.1604268113

17. Xu, J. F., Pan, X. H., Zhang, S. J., Zhao, C., Qiu, B. S. et al. (2015).
CD47 blockade inhibits tumor progression human osteosarcoma
in xenograft models.Oncotarget, 6(27), 23662–23670. https://doi.
org/10.18632/oncotarget.4282

700 JIJIE XIAO et al.

https://doi.org/10.32604/or.2023.030767
https://doi.org/10.1200/JCO.2014.59.4895
https://doi.org/10.3322/caac.21219
https://doi.org/10.1080/07357907.2020.1768401
https://doi.org/10.52586/4950
https://doi.org/10.52586/4950
https://doi.org/10.1186/s12938-021-00860-0
https://doi.org/10.1186/s12938-021-00860-0
https://doi.org/10.1016/j.ctrv.2013.11.006
https://doi.org/10.1016/j.ctrv.2013.11.006
https://doi.org/10.1200/JCO.2017.75.2717
https://doi.org/10.1200/JCO.2017.75.2717
https://doi.org/10.1016/S1470-2045(16)30214-5
https://doi.org/10.1016/S1470-2045(16)30214-5
https://doi.org/10.1038/nrc.2016.36
https://doi.org/10.31083/j.fbl2704121
https://doi.org/10.1016/j.cell.2021.09.020
https://doi.org/10.1016/j.cell.2021.09.020
https://doi.org/10.1038/s41573-021-00155-y
https://doi.org/10.1126/science.aar4060
https://doi.org/10.1126/science.aar4060
https://doi.org/10.1016/j.cell.2018.09.035
https://doi.org/10.1038/s41392-019-0099-9
https://doi.org/10.1073/pnas.1604268113
https://doi.org/10.18632/oncotarget.4282
https://doi.org/10.18632/oncotarget.4282


18. Chao, M. P., Alizadeh, A. A., Tang, C., Myklebust, J. H.,
Varghese, B. et al. (2010). Anti-CD47 antibody synergizes with
rituximab to promote phagocytosis and eradicate non-Hodgkin
lymphoma. Cell, 142(5), 699–713. https://doi.org/10.1016/j.cell.
2010.07.044

19. Vonderheide, R. H. (2015). CD47 blockade as another immune
checkpoint therapy for cancer. Nature Medicine, 21(10), 1122–
1123. https://doi.org/10.1038/nm.3965

20. Mohanty, S., Aghighi, M., Yerneni, K., Theruvath, J. L., Daldrup-
Link, H. E. (2019). Improving the efficacy of osteosarcoma
therapy: Combining drugs that turn cancer cell ‘don’t eat me’
signals off and ‘eat me’ signals on. Molecular Oncology, 13(10),
2049–2061. https://doi.org/10.1002/1878-0261.12556

21. Mohanty, S., Yerneni, K., Theruvath, J. L., Graef, C. M.,
Nejadnik, H. et al. (2019). Nanoparticle enhanced MRI can
monitor macrophage response to CD47 mAb immunotherapy
in osteosarcoma. Cell Death & Disease, 10(2), 36. https://doi.
org/10.1038/s41419-018-1285-3

22. Dolmans, D. E., Fukumura, D., Jain, R. K. (2003). Photodynamic
therapy for cancer. Nature Reviews Cancer, 3(5), 380–387.
https://doi.org/10.1038/nrc1071

23. Agostinis, P., Berg, K., Cengel, K. A., Foster, T. H., Girotti, A. W.
et al. (2011). Photodynamic therapy of cancer: An update. CA: A
Cancer Journal for Clinicians, 61(4), 250–281. https://doi.org/10.
3322/caac.20114

24. Yu, Z., Xiao, Z., Shuai, X. (2020). Local delivery of sunitinib and
Ce6 via redox-responsive zwitterionic hydrogels effectively
prevents osteosarcoma recurrence. Journal of Materials
Chemistry B, 8(30), 6418–6428. https://doi.org/10.1039/
D0TB00970A

25. Castano, A. P., Mroz, P., Hamblin, M. R. (2006). Photodynamic
therapy and anti-tumour immunity. Nature Reviews Cancer,
6(7), 535–545. https://doi.org/10.1038/nrc1894

26. Chen, Q., He, Y., Wang, Y., Li, C., Zhang, Y. et al. (2020).
Penetrable nanoplatform for “Cold” tumor immune
microenvironment reeducation. Advanced Science, 7(17),
2000411. https://doi.org/10.1002/advs.202000411

27. Pfirschke, C., Engblom, C., Rickelt, S., Cortez-Retamozo, V.,
Garris, C. et al. (2016). Immunogenic chemotherapy sensitizes
tumors to checkpoint blockade therapy. Immunity, 44(2), 343–
354. https://doi.org/10.1016/j.immuni.2015.11.024

28. Galluzzi, L., Buqué, A., Kepp, O., Zitvogel, L., Kroemer, G.
(2017). Immunogenic cell death in cancer and infectious
disease. Nature Reviews Immunology, 17(2), 97–111. https://
doi.org/10.1038/nri.2016.107

29. Kroemer, G., Galluzzi, L., Kepp, O., Zitvogel, L. (2013).
Immunogenic cell death in cancer therapy. Annual Review of
Immunology, 31(1), 51–72. https://doi.org/10.1146/
annurev-immunol-032712-100008

30. Golden, E. B., Frances, D., Pellicciotta, I., Demaria, S., Helen
Barcellos-Hoff, M. et al. (2014). Radiation fosters dose-
dependent and chemotherapy-induced immunogenic cell
death. Oncoimmunology, 3, e28518. https://doi.org/10.4161/
onci.28518

31. Zhou, F., Feng, B., Yu, H., Wang, D., Wang, T. et al. (2019).
Tumor microenvironment-activatable prodrug vesicles for
nanoenabled cancer chemoimmunotherapy combining
immunogenic cell death induction and CD47 blockade.
Advanced Materials, 31(14), e1805888. https://doi.org/10.1002/
adma.201805888

32. Obeid, M., Tesniere, A., Ghiringhelli, F., Fimia, G. M., Apetoh, L.
et al. (2007). Calreticulin exposure dictates the immunogenicity

of cancer cell death. Nature Medicine, 13(1), 54–61. https://doi.
org/10.1038/nm1523

33. Matsumura, Y., Maeda, H. (1986). A new concept for
macromolecular therapeutics in cancer chemotherapy:
Mechanism of tumoritropic accumulation of proteins and the
antitumor agent smancs. Cancer Research, 46(12), 6387–6392.

34. Maeda,H.,Wu, J., Sawa, T.,Matsumura, Y.,Hori, K. (2000). Tumor
vascular permeability and the EPR effect in macromolecular
therapeutics: A review. Journal of Controlled Release, 65(1–2),
271–284. https://doi.org/10.1016/S0168-3659(99)00248-5

35. Zhu, L., Wang, T., Perche, F., Taigind, A., Torchilin, V. P. (2013).
Enhanced anticancer activity of nanopreparation containing an
MMP2-sensitive PEG-drug conjugate and cell-penetrating
moiety. Proceedings of the National Academy of Sciences of the
United States, 110(42), 17047–17052. https://doi.org/10.1073/
pnas.1304987110

36. Nie, W., Wei, W. (2019). Magnetic nanoclusters armed with
responsive PD-1 antibody synergistically improved adoptive T-
cell therapy for solid tumors. ACS Nano, 13(2), 1469–1478.
https://doi.org/10.1021/acsnano.8b07141

37. Su, Z., Xiao, Z., Wang, Y., Huang, J., An, Y. et al. (2020).
Codelivery of anti-PD-1 antibody and paclitaxel with matrix
metalloproteinase and pH dual-sensitive micelles for enhanced
tumor chemoimmunotherapy. Small, 16(7), e1906832. https://
doi.org/10.1002/smll.201906832

38. Ran, J., Liu, T., Song, C., Wei, Z., Tang, C. et al. (2023). Rhythm
mild-temperature photothermal therapy enhancing
immunogenic cell death response in oral squamous cell
carcinoma. Advanced Healthcare Materials, 12(6), e2202360.
https://doi.org/10.1002/adhm.202202360

39. Xiao, Z., Su, Z. (2020). Dual pH-sensitive nanodrug blocks PD-1
immune checkpoint and uses T cells to deliver NF-κB inhibitor
for antitumor immunotherapy. Science Advances, 6(6),
eaay7785. https://doi.org/10.1126/sciadv.aay7785

40. Du, J. Z., Du, X. J., Mao, C. Q., Wang, J. (2011). Tailor-made dual
pH-sensitive polymer-doxorubicin nanoparticles for efficient
anticancer drug delivery. Journal of the American Chemical
Society, 133(44), 17560–17563. https://doi.org/10.1021/ja207150n

41. Fang, J., Nakamura, H., Maeda, H. (2011). The EPR effect:
Unique features of tumor blood vessels for drug delivery,
factors involved, and limitations and augmentation of the
effect. Advanced Drug Delivery Reviews, 63(3), 136–151.
https://doi.org/10.1016/j.addr.2010.04.009

42. Huang, J., Xu, Y., Xiao, H., Xiao, Z., Guo, Y. (2019). Core-shell
distinct nanodrug showing on-demand sequential drug release
to act on multiple cell types for synergistic anticancer therapy.
ACS Nano, 13(6), 7036–7049. https://doi.org/10.1021/acsnano.
9b02149

43. Suk, J. S., Xu, Q., Kim, N., Hanes, J., Ensign, L. M. (2016).
PEGylation as a strategy for improving nanoparticle-based
drug and gene delivery. Advanced Drug Delivery Reviews, 99,
28–51. https://doi.org/10.1016/j.addr.2015.09.012

44. Sindhwani, S., Syed, A. M. (2020). The entry of nanoparticles into
solid tumours. Nature Materials, 19(5), 566–575. https://doi.org/
10.1038/s41563-019-0566-2

45. Shi, Y., Lammers, T. (2019). Combining Nanomedicine and
Immunotherapy. Account of Chemical Research, 52(6), 1543–
1554. https://doi.org/10.1021/acs.accounts.9b00148

46. Chen, Q., Chen, G., Chen, J., Shen, J., Zhang, X. et al. (2019).
Bioresponsive Protein Complex of aPD1 and aCD47
Antibodies for Enhanced Immunotherapy. Nano Letters, 19(8),
4879–4889. https://doi.org/10.1021/acs.nanolett.9b00584

CODELIVERY OF ANTI-CD47 ANTIBODY AND CHLORIN E6 USING A DUAL PH-SENSITIVE NANODRUG 701

https://doi.org/10.1016/j.cell.2010.07.044
https://doi.org/10.1016/j.cell.2010.07.044
https://doi.org/10.1038/nm.3965
https://doi.org/10.1002/1878-0261.12556
https://doi.org/10.1038/s41419-018-1285-3
https://doi.org/10.1038/s41419-018-1285-3
https://doi.org/10.1038/nrc1071
https://doi.org/10.3322/caac.20114
https://doi.org/10.3322/caac.20114
https://doi.org/10.1039/D0TB00970A
https://doi.org/10.1039/D0TB00970A
https://doi.org/10.1038/nrc1894
https://doi.org/10.1002/advs.202000411
https://doi.org/10.1016/j.immuni.2015.11.024
https://doi.org/10.1038/nri.2016.107
https://doi.org/10.1038/nri.2016.107
https://doi.org/10.1146/annurev-immunol-032712-100008
https://doi.org/10.1146/annurev-immunol-032712-100008
https://doi.org/10.4161/onci.28518
https://doi.org/10.4161/onci.28518
https://doi.org/10.1002/adma.201805888
https://doi.org/10.1002/adma.201805888
https://doi.org/10.1038/nm1523
https://doi.org/10.1038/nm1523
https://doi.org/10.1016/S0168-3659(99)00248-5
https://doi.org/10.1073/pnas.1304987110
https://doi.org/10.1073/pnas.1304987110
https://doi.org/10.1021/acsnano.8b07141
https://doi.org/10.1002/smll.201906832
https://doi.org/10.1002/smll.201906832
https://doi.org/10.1002/adhm.202202360
https://doi.org/10.1126/sciadv.aay7785
https://doi.org/10.1021/ja207150n
https://doi.org/10.1016/j.addr.2010.04.009
https://doi.org/10.1021/acsnano.9b02149
https://doi.org/10.1021/acsnano.9b02149
https://doi.org/10.1016/j.addr.2015.09.012
https://doi.org/10.1038/s41563-019-0566-2
https://doi.org/10.1038/s41563-019-0566-2
https://doi.org/10.1021/acs.accounts.9b00148
https://doi.org/10.1021/acs.nanolett.9b00584


47. Ding, D., Zhong, H., Liang, R., Lan, T., Zhu, X. et al. (2021).
Multifunctional nanodrug mediates synergistic photodynamic
therapy and MDSCs-targeting immunotherapy of colon cancer.
Advanced Science, 8(14), e2100712. https://doi.org/10.1002/
advs.202100712

48. Yang, G., Ni, J. S., Li, Y., Zha, M., Tu, Y. et al. (2021). Acceptor
engineering for optimized ROS generation facilitates
reprogramming macrophages to M1 phenotype in
photodynamic immunotherapy. Angewandte Chemie-
International Edition, 60(10), 5386–5393. https://doi.org/10.
1002/anie.202013228

49. Chen, M., Miao, Y., Qian, K., Zhou, X., Guo, L. et al. (2021).
Detachable liposomes combined immunochemotherapy for
enhanced triple-negative breast cancer treatment through
reprogramming of tumor-associated macrophages. Nano
Letters, 21(14), 6031–6041. https://doi.org/10.1021/acs.nanolett.
1c01210

50. Boutros, C., Tarhini, A., Routier, E., Lambotte, O., Ladurie, F. L.
et al. (2016). Safety profiles of anti-CTLA-4 and anti-PD-1
antibodies alone and in combination. Nature Reviews Clinical
Oncology, 13(8), 473–486. https://doi.org/10.1038/nrclinonc.
2016.58

51. Duan, X., Xiao, J., Yin, Q., Zhang, Z., Yu, H. et al. (2013). Smart
pH-sensitive and temporal-controlled polymeric micelles for
effective combination therapy of doxorubicin and disulfiram.
ACS Nano, 7(7), 5858–5869. https://doi.org/10.1021/nn4010796

52. Gao, M., Zhu, X., Wu, L., Qiu, L. (2016). Cationic
polyphosphazene vesicles for cancer immunotherapy by
efficient in vivo cytokine IL-12 plasmid delivery.
Biomacromolecules, 17(6), 2199–2209. https://doi.org/10.1021/
acs.biomac.6b00433

53. Ding, F., Mou, Q., Ma, Y., Pan, G., Guo, Y. et al. (2018). A
crosslinked nucleic acid nanogel for effective siRNA delivery
and antitumor therapy. Angewandte Chemie-International
Edition, 57(12), 3064–3068. https://doi.org/10.1002/anie.
201711242

54. Pattni, B. S., Chupin, V. V., Torchilin, V. P. (2015). New
developments in liposomal drug delivery. Chemical Reviews,
115(19), 10938–10966. https://doi.org/10.1021/acs.chemrev.
5b00046

55. Li, Z., Huang, J., Wu, J. (2021). pH-Sensitive nanogels for drug
delivery in cancer therapy. Biomaterials Science, 9(3), 574–589.
https://doi.org/10.1039/D0BM01729A

56. Yoshida, T., Lai, T. C., Kwon, G. S., Sako, K. (2013). pH- and ion-
sensitive polymers for drug delivery. Expert Opinion on Drug

Delivery, 10(11), 1497–1513. https://doi.org/10.1517/17425247.
2013.821978

57. Donohoe, C., Senge, M. O., Arnaut, L. G., Gomes-da-Silva, L. C.
(2019). Cell death in photodynamic therapy: From oxidative
stress to anti-tumor immunity. Biochimica et Biophysica Acta-
Reviews on Cancer, 1872(2), 188308. https://doi.org/10.1016/j.
bbcan.2019.07.003

58. Dobson, J., de Queiroz, G. F., Golding, J. P. (2018).
Photodynamic therapy and diagnosis: Principles and
comparative aspects. Veterinary Journal, 233, 8–18. https://doi.
org/10.1016/j.tvjl.2017.11.012

59. Kwiatkowski, S., Knap, B., Przystupski, D., Saczko, J., Kędzierska, E.
et al. (2018). Photodynamic therapy–mechanisms, photosensitizers
and combinations. Biomedicine & Pharmacotherapy, 106, 1098–
1107. https://doi.org/10.1016/j.biopha.2018.07.049

60. Logtenberg, M. E. W., Scheeren, F. A., Schumacher, T. N. (2020).
The CD47-SIRPα immune checkpoint. Immunity, 52(5), 742–
752. https://doi.org/10.1016/j.immuni.2020.04.011

61. Jiang, Z., Sun, H., Yu, J., Tian,W., Song, Y. (2021). Targeting CD47
for cancer immunotherapy. Journal of Hematology & Oncology,
14(1), 180. https://doi.org/10.1186/s13045-021-01197-w

62. Hayat, S.M.G., Bianconi, V., Pirro,M., Jaafari,M. R., Hatamipour,
M. et al. (2020). CD47: Role in the immune system and application
to cancer therapy. Cellular Oncology, 43(1), 19–30. https://doi.org/
10.1007/s13402-019-00469-5

63. Shi, M., Gu, Y., Jin, K., Fang, H., Chen, Y. et al. (2021). CD47
expression in gastric cancer clinical correlates and association with
macrophage infiltration. Cancer Immunology, Immunotherapy,
70(7), 1831–1840. https://doi.org/10.1007/s00262-020-02806-2

64. Yang, H., Shao, R., Huang, H., Wang, X., Rong, Z. et al. (2019).
Engineering macrophages to phagocytose cancer cells by
blocking the CD47/SIRPα axis. Cancer Medicine, 8(9), 4245–
4253. https://doi.org/10.1002/cam4.2332

65. Feng, R., Zhao, H., Xu, J., Shen, C. (2020). CD47: The next
checkpoint target for cancer immunotherapy. Critical Reviews
in Oncology/Hematology, 152, 103014. https://doi.org/10.1016/j.
critrevonc.2020.103014

66. Lussier, D. M., Johnson, J. L., Hingorani, P., Blattman, J. N.
(2015). Combination immunotherapy with α-CTLA-4 and α-
PD-L1 antibody blockade prevents immune escape and leads
to complete control of metastatic osteosarcoma. Journal for
Immunotherapy of Cancer, 3, 21. https://doi.org/10.1186/
s40425-015-0067-z

702 JIJIE XIAO et al.

https://doi.org/10.1002/advs.202100712
https://doi.org/10.1002/advs.202100712
https://doi.org/10.1002/anie.202013228
https://doi.org/10.1002/anie.202013228
https://doi.org/10.1021/acs.nanolett.1c01210
https://doi.org/10.1021/acs.nanolett.1c01210
https://doi.org/10.1038/nrclinonc.2016.58
https://doi.org/10.1038/nrclinonc.2016.58
https://doi.org/10.1021/nn4010796
https://doi.org/10.1021/acs.biomac.6b00433
https://doi.org/10.1021/acs.biomac.6b00433
https://doi.org/10.1002/anie.201711242
https://doi.org/10.1002/anie.201711242
https://doi.org/10.1021/acs.chemrev.5b00046
https://doi.org/10.1021/acs.chemrev.5b00046
https://doi.org/10.1039/D0BM01729A
https://doi.org/10.1517/17425247.2013.821978
https://doi.org/10.1517/17425247.2013.821978
https://doi.org/10.1016/j.bbcan.2019.07.003
https://doi.org/10.1016/j.bbcan.2019.07.003
https://doi.org/10.1016/j.tvjl.2017.11.012
https://doi.org/10.1016/j.tvjl.2017.11.012
https://doi.org/10.1016/j.biopha.2018.07.049
https://doi.org/10.1016/j.immuni.2020.04.011
https://doi.org/10.1186/s13045-021-01197-w
https://doi.org/10.1007/s13402-019-00469-5
https://doi.org/10.1007/s13402-019-00469-5
https://doi.org/10.1007/s00262-020-02806-2
https://doi.org/10.1002/cam4.2332
https://doi.org/10.1016/j.critrevonc.2020.103014
https://doi.org/10.1016/j.critrevonc.2020.103014
https://doi.org/10.1186/s40425-015-0067-z
https://doi.org/10.1186/s40425-015-0067-z

	Codelivery of anti-CD47 antibody and chlorin e6 using a dual pH-sensitive nanodrug for photodynamic immunotherapy of osteosarcoma ...
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


