
Cancer Hallmark



An increasing body of research suggests that two additional hallmarks of cancer are involved in the 

pathogenesis of some and perhaps all cancers. One involves the capability to modify, or reprogram, cellular 

metabolism in order to most effectively support neoplastic proliferation. The second allows cancer cells to 

evade immunological destruction, in particular by T and B lymphocytes, macrophages, and natural killer cells. 

Because neither capability is yet generalized and fully validated, they are labeled as emerging hallmarks. 

Additionally, two consequential characteristics of neoplasia facilitate acquisition of both core and emerging 

hallmarks. Genomic instability and thus mutability endow cancer cells with genetic alterations that drive tumor 

progression. Inflammation by innate immune cells designed to fight infections and heal wounds can instead 

result in their inadvertent support of multiple hallmark capabilities, thereby manifesting the now widely 

appreciated tumor-promoting consequences of inflammatory responses.
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Less than one percent! 

Nat. Rev. Mater. 2016, 1, 16014

How Many Nanoparticle-based 
Drugs Reach Tumor?



8Nature Nanotechnology 2013, 8, 137-143.

Desired situations
Actual situations



NP Biological Fate
1. Mononuclear phagocyte system (MPS)

2. Renal clearance (Dh < 5.5 nm)

3. Biliary tract

4. EPR effect
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Obstacles Hindering Efficacious, 
Site-specific Delivery to Tumor

Nat Biotechnol 2015, 33, 941-951.
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Theranostics 2014, 4, 81-89.

EPR Effect
(Enhanced Permeability and Retention )

https://goo.gl/hCNlJp

Normal

Tumor



Mesoporous Silica
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 High surface area    
 Tunable pore size 
 Thermal & chemical stability       
 Non/Low toxicity                    

 Large pore volume 
 Easy functionalization
 Controllable degradation rate
 Biocompatibility

What can a Porous Silica Platform 
Do in BioMed?
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State of the Art in Silica Nanoparticle Synthesis
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Synthesis and Selective 
Functionalization of MSNs


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How Much Does the Surface/Size of NP 
Matter in Their Own Biological Fate?
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R-MSN@PEG-

TA
R-MSN@PEG-PEI

Length: > >

Surface Functionalization of MSNs

VS.
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Characterization of MSNs

Solvent
R-MSN@

PEG-PEI

(50 nm)

R-MSN@

PEG-TA

(50 nm)

R-MSN@

PEG-PEI

(200 nm)

R-MSN@

PEG-TA

(200 nm)

Zeta (mV) H2O +41 +35.9 +34.7 +37.6

Hydrodynam

ic Diameter 

(nm)

H2O 

(Z-average)
53.7 60.2 202.5 202.4

10% 

FBS+DMEM

(Peak)

79.1 61.1 239.3 220.3

R-MSN@PEG-PEI 
50 nm 200 nm 50 nm 200 nm

R-MSN@PEG-TA 

Data not published 
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
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Blood Circulation of NP in Mice 
(Intravital two-photon imaging) 

R-MSN@PEG-PEI (50 nm)
10 min 20 min 30 min 60 min 120 min

10 min 20 min 30 min 60 min 120 min

R-MSN@PEG-PEI (200 nm)

Dose: 200mg NP/kg BW

Data not published 
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Blood Circulation of NP 
(Intravital two-photon imaging) 

R-MSN@PEG-TA (50 nm)
10 min 20 min 30 min 60 min 120 min

R-MSN@PEG-TA (200 nm)
10 min 20 min 30 min 60 min 120 min



R-MSN@PEG-TA 

(50 nm)

R-MSN@PEG-TA 

(200 nm)

Blood Urine Heart  Liver  Spleen  Lung  Kidney

Control

R-MSN@PEG-PEI 

(50 nm)

R-MSN@PEG-PEI 

(200 nm)

Ex vivo IVIS Images (4h)
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What if we inject these NPs 
into tumor-bearing mice?
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4h24h

R-MSN@

PEG-PEI

R-MSN@

PEG-TA

50 nm 200 nm 
R-MSN@

PEG-PEI

R-MSN@

PEG-TA

In vivo IVIS Images (4h and 24h) 
(NOD/SCID mice)
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In vivo real-time distribution of NP 
in tumours (4h)

Scale bar: 50um

Dextran-FITC MergeNP 

50 nm
R-

MSN@

PEG-TA

50 nm
R-

MSN@

PEG-

PEI
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In vivo real-time distribution of NP 
in tumours (4h)

Scale bar: 50um

Dextran-FITC MergeNP 

50 nm
R-

MSN@

PEG-TA



Ex vivo IVIS Images (24h)
Heart  Liver  Spleen  Lung  Kidney

R-MSN@PEG-TA 

(50 nm)

R-MSN@PEG-TA 

(200 nm)

R-MSN@PEG-PEI 

(50 nm)

R-MSN@PEG-PEI 

(200 nm)

Tumor
Blood Urine 

30



31

However, the targeting efficiency is 
dependent on mouse models

(NOD/SCID vs. BALB/c Nude )

 Making much smaller NP (25 nm) can overcome this problem!
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R-MSN@PEG500-TA  (25 nm, BALB/c Nude mice, 4T1 tumor)

10 mins 20 mins 30 mins 60 mins 120 mins

Heart  Liver  Spleen  Lung  Kidney

Tumor

B

A

Data not published 
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In vivo real-time distribution of NP 
in tumours (4h)

Scale bar: 50um

Dextran-FITC MergeNP 

25 nm
R-

MSN@

PEG-TA
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In vivo real-time distribution of NP 
in tumours (24h)

Scale bar: 50um

Dextran-FITC MergeNP 

25 nm
R-

MSN@

PEG-TA
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In vivo real-time distribution of NP 
in tumours (24h)

Scale bar: 50um











Carbon Nanotubes
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Dendrimer



Liposome



Cationic Lipids



DNA Origami



























Immune Cells



APC





Immune Checkpoint Blockade





Overall Survival



Long Term Survival



Circulating Tumor Cells



Liquid Biopsy





Digital PCR




