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Statement of Purpose: Combination cancer therapy has 
attracted considerable attentions due to its advantages of 
enhancing therapeutic efficacy, decreasing possibility of 
drug resistance and reducing side effects over 
monotherapy.[1] Co-delivery systems incorporating 
therapeutic protein/peptides with small-molecule drugs or 
macromolecular nuclear acids has been validated as a 
promising strategy for enhancement of cancer treatment. 
However, a co-delivery system capable of differentiating 
the extracellular and intracellular targets still remains 
elusive.[2,3,4]  
Methods: We have developed a new graphene-based co-
delivery nanosystem of a cell-membrane-targeted 
anticancer protein and a chemotherapeutic agent for 
combination cancer treatment (Figure 1). This designed 
nanocarrier is composed of graphene oxide (GO), 
polyethylene glycol (PEG) linker and a furin-cleavable 
peptide. The GO nanosheet is applied to bear DOX due to 
a strong supramolecular π-π stacking. A linker NH2-PEG-
N3was utilized for connecting the GO-COOH nanosheet 
and the furin-degradable peptide. The alkynylated peptide 
is linked to the PEG chain, which can be specifically 
recognized and cleaved by furin, an enzyme expressed on 
the cell membrane and Golgi complex of many cancer 
cells. Finally, tumor necrosis factor (TNF)-related 
apoptosis-inducing ligand (TRAIL), is conjugated to the 
sulfhydryl (cysteine) groups of the peptide using an 
amine-to-sulfhydryl crosslinker.  
Results: The human lung adenocarcinoma epithelial 
(A549) cells that express sufficient furin were applied as a 
cell model to investigate the site-specific delivery of 
TRAIL and DOX by TRAIL/DOX-fGO. IC50 of 
TRAIL/DOX-fGO was determined to be 14 ng/mL 
(TRAIL concentration) and 140 ng/mL (DOX 
concentration), which increased cytotoxicities of TRAIL-
fGO, DOX-fGO and TRAIL/DOX-fGO to 8.5-, 3.6- and 
2.4-fold, respectively. The in vivo biodistribution of 
Cy5.5-labeled TRAIL-conjugated fGO (Cy5.5-TRAIL-
fGO) after intravenous administration into the A549 
tumor-bearing nude mice was monitored using a non-
invasive optical imaging technique. After administration 
for 4 h, a strong fluorescence signal of Cy5.5-TRAIL-
fGO was obviously detected at the tumor site. As time 
extended, Cy5.5-TRAIL-fGO showed a higher Cy5.5 
signal in the tumor than in the normal tissues after 
administration for 24 h. Additionally, the histologic 
images of other organs, such as heart, liver, spleen, lung, 
kidney, collected from the mice treated with 
TRAIL/DOX-fGO exhibited no obvious pathological 
abnormalities in all the studied normal organs compared 
to those treated with PBS. 
 

 
Figure 1. Schematic design of the cellular protease-mediated graphene-
based co-delivery system. a) Main components of TRAIL/DOX-fGO, 
consisting of DOX-loaded GO, PEG linker and TRAIL-conjugated 
furin-cleavable peptide. b) Site-specific delivery of TRAIL to cell 
membrance and DOX to nuclei for enhanced synergistic cancer 
treatment. i: intravenous administration of GO; ii: accumulation of GO 
at the tumor site through passive and active targeting effects; iii: TRAIL 
binding on the death receptor and degradation of peptide linker by furin 
on the cell membrane; iv: activation of caspase-mediated apoptosis; v: 
induction of cell death; vi: endocytosis of GO by the tumor cells; vii: 
acid-promoted DOX release in endosome; viii: accumulation of released 
DOX into nucleus; ix: induction of DNA damage-mediated apoptosis 
and cytotoxicity. 

 
Conclusions: In summary, we have developed a 
sequentially-functionalized GO nanostructure as a new 
cellular protease-mediated programmed co-delivery 
system. Such GO nanocarrier was able to efficiently 
release its cargoes, TRAIL and DOX to their distinct sites 
of action separately, in a site-specific manner. We believe 
that it will start a new generation of 2D nanomaterials 
with programmed-release therapeutics capability for 
combination cancer treatment with enhanced efficacy. 
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