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Can biomaterial engineering improve 
immunotherapies?

To deliver drug
INTACT
In the 

RIGHT AMOUNT
At the

RIGHT PLACE
And at the 

RIGHT TIME

The key is drug 
delivery!

https://www.aiche.org/chenected/2014/02/evolution-drug-delivery
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Early attempts: Using immune regulatory signals as 
immunotherapies

http://www.fightcancerwithimmunotherapy.com/ImmunotherapyAndCancer/StateOfCancerImmunotherapy



IL-2 and interferon-α: two critical signals for anti-
tumor immunity; the first cytokine drugs

Boyman, O., & Sprent, J. (2012) Nature 
Reviews Immunology, 12(3), 180–190. 
http://doi.org/10.1038/nri3156

N ature Review s | Im m unology
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Figure 1 | IL-2 hom eostasis in steady-state conditions and during an im m une 
response. Under steady-state resting conditions, interleukin-2 (IL-2) is m ainly 
produced by C D 4+ T cells that are activated by foreign‑ and self‑peptide–M H C  class II 
com plexes on dendritic cells (D C s; not show n) in secondary lym phoid organs, such as 
the lym ph nodes. The secreted IL‑2 is then consum ed at the sam e site by C D 25+ cells, 
notably regulatory T (T

Reg
) cells, and also by adjacent activated C D 4+ and C D 8+ T cells. 

D uring an im m une response, activated D C s hom e to the draining lym ph nodes, w here 
activated C D 4+ and C D 8+ T cells produce large am ounts of IL‑2. IL‑2 is then consum ed 
by C D 25+ effector T cells and T

Reg
 cells. Activated D C s express C D 25 on their cell 

surface; such C D 25 m olecules m ight bind to either T cell‑ or D C ‑derived IL‑2 for 
trans‑presentation to neighbouring C D 25low effector C D 4+ T cells (and perhaps also 
C D 8+ T cells) early during T cell activation, before the T cells express high levels of 
C D 25. γ

c
, com m on cytokine receptor γ-chain.

Activation-induced cell death

A  process by w hich activated 

T cells undergo cell death 

through the engagem ent of 

death receptors (such as FA S 

or the TN F receptor) or the 

production of reactive oxygen 

species.

this receptor is present at low  but significant levels on 
naive C D 8+ T  cells and m em ory C D 4+ T  cells and at 
high levels on m em ory C D 8+ T  cells and N K  cells. C ells 
expressing high levels of the dim eric IL-2R are sensitive 
to exogenously adm inistered IL-2, but these cells are pre-
sum ably unresponsive to the low  physiological levels of 
IL-2 found in vivo14.

C D 25 (also know n as IL-2Rα) is the third chain of the 
trim eric IL-2R; it does not appear to participate in signal-
ling but, instead, functions to increase the affinity of the 
IL-2R for its ligand by 10–100-fold (K

d
 ≈ 10–11 M )13. H igh 

levels of the trim eric IL-2R are transiently expressed by 
C D 4+ and C D 8+ T  cells follow ing TC R activation. U nlike 
other T  cell subsets, T

Reg
 cells constitutively express 

high levels of C D 25, w ith interm ediate levels of C D 122  
and γ

c
. The expression of C D 25 by T  cells is regulated 

by TC R stim ulation and also by contact w ith IL-2,  
the latter providing a positive feedback loop that 
involves the binding of signal transducer and activa-
tor of transcription 5 (STAT5) to the Cd25 gene locus3. 
Interestingly, recent data on the structure of hum an 
IL-2 com plexed w ith the trim eric IL-2R suggested  
that IL-2 initially binds to C D 25 (K

d
 ≈ 10–8 M ), resulting 

in a structural change in IL-2, w hich is follow ed by the 
recruitm ent of C D 122 and finally γ

c
15. H ow ever, even in 

the absence of C D 25, IL-2 can bind w ith low  but signifi-
cant affinity to the dim eric IL-2R and lead to signal trans-
duction, provided that the responding cell expresses high 
levels of the dim eric IL-2R 14. Follow ing receptor binding, 
the quaternary IL-2–IL-2R com plex is rapidly internal-
ized, and IL-2, C D 122 and γ

c
 are subsequently degraded; 

by contrast, C D 25 can be recycled to the cell surface3.

C D 122 and γ
c
 are the signalling com ponents of the 

IL-2R , and both of these subunits contain signalling 
m otifs in their cytoplasm ic tails. Signal transduction 
occurs via several intracellular pathw ays, including the 
Janus kinase (JA K )–STAT pathw ay, the phospho inositide 
3-kinase (PI3K )–A K T pathw ay and the m itogen- 
activated protein kinase (M A PK ) pathw ay3,13,16 (FIG . 2).  
γ
c
 confers responsiveness not only to IL-2, but also to IL-4, 

IL-7, IL-9, IL-15 and IL-21. Sim ilarly to IL-2-m ediated 
responses, responses to IL-15 are controlled by hetero-
dim ers of CD 122 and γ

c
. H ow ever, unlike m ost cytokines 

that signal through γ
c
, IL-15 is norm ally presented in 

trans in cell-associated form  by IL-15Rα expressed by 
D Cs16,17. The trans-presentation of IL-2 is discussed below.

IL-2 optim izes C D 8+ T cell responses
N um erous studies have show n that IL-2 signals affect CD 8+ 
T  cells during all stages of an im m une response, including 
prim ary expansion, contraction, m em ory generation and 
secondary expansion18 (FIG . 3). Follow ing acute viral infec-
tion, the prim ary expansion of the CD 8+ T cell population is 
about threefold lower in Il2–/– m ice than in IL-2-com petent 
controls, and this results in less-efficient viral clearance by 
virus-specific cytotoxic T  lym phocytes19,20. Sim ilar results 
were obtained using TCR-transgenic Cd25–/– CD 8+ T  cells 
activated by antigens encoded by recom binant bacteria or 
viruses21,22. The reduced response of Cd25–/– C D 8+ T  cells 
is presum ably a reflection of these cells receiving sub-
optim al IL-2 signals ow ing to their failure to express the 
trim eric IL-2R during prim ary expansion. C om parable 
findings w ere derived from  bone m arrow  chim eric m ice 
that contained a m ixture of Cd25–/– and w ild-type C D 8+ 
T  cells; follow ing an acute viral infection, the expansion 
of the antigen-specific C D 8+ T  cell population in the 
chim eric m ice w as tw ofold to fivefold low er for cells of 
Cd25–/– origin than for their w ild-type counterparts23,24. 
U sing the sam e chim eric system , the secondary expan-
sion of the antigen-specific Cd25–/– C D 8+ T  cell popula-
tion w as even m ore com prom ised, leading to about a 
15-fold reduction in cell counts com pared w ith w ild-type 
cells. N otably, this profound defect in the expansion of the 
antigen-specific Cd25–/– C D 8+ T  cell population follow -
ing secondary antigen challenge w as show n to reflect the  
lack of optim al IL-2 signals during the prim ary expansion23.

These studies raise the question of w hether IL-2 has to 
be secreted by antigen-specific C D 8+ T  cells or by other 
leukocytes. A lthough it is w idely assum ed that CD 8+ T  cell 
responses are controlled by help from  CD 4+ T  cells, a recent 
study show ed that antigen-specific CD 8+ T  cells relied on 
autocrine IL-2 production rather than being dependent 
on paracrine IL-2 signals from  C D 4+ T  cells or D C s25. 
Thus, the IL-2-com petent (but not Il2–/–) antigen-specific 
CD 8+ T  cell population underw ent efficient prim ary and 
secondary expansion follow ing activation by antigen- 
presenting D Cs that had been ‘licensed’ by antigen-specific  
C D 4+ T  cells via C D 40–C D 40 ligand interactions, even  
if the D C s or antigen-specific C D 4+ T  cells w ere IL-2  
deficient25. N evertheless, these findings do not rule 
out a role for paracrine IL-2 produced by C D 4+ T  cells 
under certain conditions, for exam ple w hen CD 8+ T  cell 
responses are too w eak to elicit autocrine IL-2 production.
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CD 8α+  dendritic cells

(CD 8α+  D Cs). A  D C subset 

phenotypically characterized 

by the expression of Cd8a (in 

m ice) and particularly efficient 

at cross-presentation: that is, 

at presenting extracellular 

antigens on M H C class I 

m olecules to CD 8 +  cytotoxic 

T cells, rather than on 

M H C class II m olecules to 

CD 4 +  T helper cells.

Cross-prim ing

The initiation of a CD 8 +  T cell 

response against an antigen 

that is not expressed by 

antigen-presenting cells (A PCs). 

Cross-prim ing relies on the 

ability of som e A PCs to 

redirect internalized antigens 

to the M H C class I presentation 

pathw ay (cross-presentation).

Stim ulator of IFN  genes 

protein

(STIN G ). A protein of the 

endoplasm ic reticulum  

m em brane (encoded by 

TM EM 173 ) that prom otes the 

production of type I interferons 

(IFN s) in response to cyclic 

di-G M P and w orks as an 

adaptor in the signal 

transduction cascades induced 

by other cytosolic sensors of 

nucleic acids.

Plasm acytoid D Cs

(pD Cs). A  dendritic cell (D C) 

subset that is phenotypically 

characterized by reduced 

expression levels of CD 11c and 

CD 14 and that is particularly 

efficient at type I interferon 

production in response to 

several stim uli.

form ally addressed. Irrespective of the source of type I 
IFN s, robust tum our infiltration by C TLs and N K  cells 
correlates w ith spontaneous type I IFN  production and 
a favourable prognosis in patients w ith m elanom a26,28–30.

The pD C s that infiltrate hum an breast carcinom as 
w ere show n to be defective at producing type I IFN s in 
response to Toll-like receptor 9 (TLR9) agonists com -
pared w ith circulating pD C s31. Such a defect in type I 
IFN  production m ay reflect the physical colocalization 
w ithin the tum our bed and the num erical correlation of 
pD Cs and im m unosuppressive CD 4+CD 25+FO XP3+ reg-
ulatory T (T

Reg
) cells. The selective suppression of type I 

IFN  production in tum our-infiltrating pD C s endow s 
them  w ith the ability to support the proliferation of 
T
Reg
 cells in vitro, and this can be blocked by the adm in-

istration of type I IFN 31. These data support the existence 
of a m utually reinforcing im m unosuppressive circuit 
that involves tum our-infiltrating pD C s and T

Reg 
cells; 

how ever, the m olecular m echanism s that underlie such 
a circuit have yet to be elucidated. Irrespective of this, 
it seem s that a type I IFN -related genetic signature 
identified by RN A  sequencing predicts m etastasis-free 

survival in patients w ith breast cancer32. This corrobo-
rates the idea that intratum oural type I IFN  signalling 
stim ulates anticancer im m unosurveillance and hence 
m ay im prove disease outcom e in patients w ith cancer.

O f note, innate im m une cells m ay not be the only 
source of type I IFN s in the tum our m icro environm ent. 
Indeed, copy num ber loss of the IFN  gene cluster on 
chrom osom e 9p21.3 — w hich includes IFN B1 and 
the IFN -unrelated tum our suppressor genes cyclin- 
dependent kinase inhibitor 2A  (CD KN 2A ) and CD KN 2B 
— in m elanom a cells is associated w ith poor disease out-
com e33. This indicates that m alignant cells them selves 
can produce type I IFN s, w hich m ay support cancer 
im m unosurveillance.

Thus, type I IFN s are involved in the innate im m une 
response to developing m alignancies by actively partici-
pating in cancer im m unosurveillance. It rem ains to be 
determ ined w hich tum our-derived products and w hich 
signal transduction pathw ays underlie such an effect. 
Presum ably, this process involves the death of a subset of 
tum our cells as the neoplastic lesion grow s and evolves 
in vivo, w hich results in the production of type I IFN s.

Box 2 | Signals elicited by type I IFN s

Upon ligation, the IFNα/β receptor 1 (IFN AR1)–IFN AR2 heterodim er activates tyrosine kinase 2 (TYK2) and Janus kinase 1 
(JAK1), w hich results in the recruitm ent of signal transducer and activator of transcription 1 (STAT1) and STAT2 to the 
cytoplasm ic tail of the receptor and in the form ation of STAT1–STAT2 heterodim ers that can m igrate to the nucleus. 
Therein, STAT1–STAT2 heterodim ers associate w ith interferon (IFN )-regulatory factor 9 (IRF9) to form  the heterotrim eric 
transcriptional com plex know n as IFN -stim ulated gene factor 3 (ISG F3). Upon binding to specific D N A response 
elem ents, ISG F3 transactivates IFN -inducible genes2. Type I IFN s can also cause the stabilization of other transcriptionally 
active STAT hom odim ers and heterodim ers, the C RK-like protein (CRKL)–STAT5 heterodim er and nuclear factor-κB 
(N F-κB). M oreover, type I IFN  signalling can trigger the phosphoinositide 3-kinase (PI3K) signal transduction cascade113. 
Finally, type I IFN s can prom ote the activation of the guanine nucleotide-exchange factor VAV1, thereby initiating a 
broad response that involves m ultiple transcription factors, including (but not lim ited to) the STAT1–STAT2 heterodim er, 
ELK1, M YC  and tum our protein p53 (TP53)5. IFNβ (but not IFNα) m ay also bind to IFN AR1 hom odim ers, hence inducing 
a distinct set of signals independently of IFN AR2, JAK1 and STAT1 (REF. 6). This m ay be an explanation for biological 
differences betw een IFNα and IFNβ that have not yet been extensively studied in vivo.
Type I IFN s support cytotoxic T lym phocytes (C TLs) by various m echanism s: first, they prom ote cross-prim ing by 

stim ulating the m aturation of dendritic cells (D C s), by enhancing their capacity to process and present dead cell- 
associated antigens, and by prom oting their m igration tow ards lym ph nodes114; second, they boost im m une effector 
functions by increasing the expression of perforin 1 and granzym e B115; and third, they prom ote the survival of m em ory 
CTLs66. M oreover, type I IFN s can prevent the elim ination of antigen-activated C D 8+ CTLs by natural killer (N K) cells, as 
they reduce the ratio of activatory versus inhibitory N K cell receptor ligands expressed by C TLs116,117 and they stim ulate 
the release of pro-inflam m atory cytokines (such as interleukin-1β (IL-1β) and IL-18) by m acrophages118. Finally, type I IFN s 
can inactivate the suppressive function of regulatory T (T

Reg
) cells through a pathw ay that involves the activation of 

phosphodiesterase 4 (PD E4) and the consequent depletion of cyclic AM P (cAM P)119 (see the figure).

IL-18
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IFN-α

Zitvogel, L., Galluzzi, L., Kepp, O., Smyth, M. 
J., & Kroemer, G. (2015) Nature Reviews 
Immunology, 15(7), 405–414. 
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The good and bad of systemic cytokine 
administration

http://doi.org/10.1016/j.cbpa.2014.09.006 Baluna, R., & Vitetta, E. S. (1997). Immunopharmacology, 37(2-3), 117–132.

• “high dose” IL-2 promotes long term complete 
responses in 5-10% of melanoma and renal cell 
carcinoma patients
• Accompanied by serious toxicities
• Known to expand regulatory T-cells

vascular leak syndrome (VLS)

Tissue edema 
caused by 
vascular leak 
results in weight 
gain, peripheral 
edema, anasarca 
or pulmonary 
edema

5



Tzeng, A., Kwan, B. H., Opel, C. F., Navaratna, T., & Wittrup, K. D. (2015). 
Proceedings of the National Academy of Sciences, 112(11), 3320–3325. 

(anti-tumor Ab) IL-2-Ab fusion
% positive cells

How about using tumor-targeted antibody?

6

• Anti-TA99 Ab targets 
tumor well as expected
• However, IL-2-Ab fusion 
protein behaved very different 
from the Ab alone
• Likely, the fusion IL-2 still 
target IL-2 receptors 
(dominates!)
• Systemic cytokines find 
systemic leukocytes
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Does intra-tumoral injection help?

local injections ≠ 
local retention

In humans with head and neck cancer: 

PK parameters for intratumoral IL-12:

van Herpen, Huijbens, R., Looman, M., & de 
Vries, J. (2003). Clin. Cancer Res.

https://theodora.com/rodent_laboratory/injections.html



A possible solution: Nanoparticle (NP) immune agonists

T-cell
Anti-CD137 (4-1BB) 

liposomes

~150 nm

liposomal 

immunostimulators

CD137 (41BB) = costimulatory 

receptor

IL-2R = proliferation, 

effector function

IL-2

human Fc IL-2

IL-2 liposomes

Kwong, B., Gai, S. A., Elkhader, J., Wittrup, K. D., & 
Irvine, D. J. (2013). Cancer Research, 73(5), 1547–
1558. 8



Intratumoral NP injection confines immunostimulators to the 
tumor and draining lymph nodes 

tumor

liposomes

25% of animals 
treated with 
soluble IL-2-Fc + 
anti-CD137 died 
of treatment 
toxicity

%
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T
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Cancer Res. 73, 1547-1558 (2013)  

9

Anti-CD137 and IL-2Fc
immunoliposomes are 
locally confined 
following intratumoral
administration, 
minimizing systemic
exposure.

Immunoliposomes also 
bound to 5% to 15% of 
CD8 T cells in the 
proximal tumor draining 
LNs but were not 
detectable in spleens or 
distal lymph nodes 
following intratumoral 
injections, confirming 
that lymphatic 
drainage of liposomes 
was confined to the 
treatment-proximal LN.



Primary B16F10 tumor 

inoculation

Day: 0 9 1612

Intra-tumoral injections (x 3)

Control

α-CD137 liposomes (100 ug) + 

IL-2 liposomes (20 ug)

Secondary inoculation, distal flank

27

systemic memory established in 

protected animals

Anti-CD137 

liposomes
IL-2 liposomes

+

Cancer Res. 73, 1547-1558 (2013)  

10

Intratumoral NP 
injection showed 
enhanced efficacy 
against cancer
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Tumor-localized immune agonists can be 
effective and safe.  How do we then target 
immune agonists to metastatic tumors?

• Passive targeting

➢ Enhanced permeation and retention 

(EPR) effect in tumors

• Active targeting

➢ Antibody-based targeting



EPR effect is driven by size and circulation time
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Strategy 1: long half-life antibody-sized 
agonists for EPR-based accumulation
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Nature Communications, volume 9, Article number: 6(2018)
doi:10.1038/s41467-017-02251-3

IL-2-Fc 

fusion

13

Anti-CD137 and IL-2-Fc 
combination immunotherapy 
effectively arrests tumor 
growth, but elicits lethal in 
vivo toxicity.
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Hypothesis: toxicity of cytokines is caused by stimulation of 
circulating immune cells (and possibly endothelial cells)
How to test this hypothesis?
    

B16F10 tumor-bearing mice 
received i.v. injections of 
αCD137 + IL-2-Fc. One and 2 days 
later, sera from peripheral blood 
were collected, and inflammatory 
cytokine and chemokine levels in 
sera were measured by luminex 
cytokine assays. **p < 0.005, 
***p < 0.0005.



Hypothesis: toxicity of cytokines is caused by stimulation of 
circulating immune cells (and possibly endothelial cells)
How to test this hypothesis?
    

FTY720 to deplete 
circulating lymphocytes

FTY720, a sphingosine-1-
phosphate analog that depletes 
both T-cells and NK cells from 
the peripheral blood by blocking 
their egress from lymph node 15

This part is not required.



16

Strategy 2: nanoparticle-agonists for EPR-
based accumulation (systemic delivery)
IL-2-Fc liposomes

Tumor tissue

Pharmacokinetics of 
the labeled proteins 
were followed over 
time in the blood

Liposome-anchored anti-CD137 and IL-
2-Fc rapidly accumulate in 
tumors. a, b Groups of C57Bl/6 mice 
(n = 3/group) were inoculated with 
5 × 105 B16F10 tumor cells on day 0, and 
received i.v. injections of Alexa-568-
labeled αCD137 and IL-2-Fc, Lipo-
αCD137 + Lipo-IL2-Fc, IL-2-Fc alone, or 
Lipo-IL-2-Fc alone on day 10. One hour 
later, tumors were collected, and frozen 
sections were stained for CD31 and DAPI 
and imaged by confocal microscopy.



Strategy 2: nanoparticle-agonists for EPR-based 
accumulation (systemic delivery)
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Nature Communicationsvolume 9, Article number: 6(2018)
doi:10.1038/s41467-017-02251-3
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Immunoliposome IL-2-
Fc/αCD137 therapy inhibits 
melanoma tumor growth and 
prolongs survival without 
toxicity.

On days 9, 10, and 13, sera 
were collected from peripheral 
blood and analyzed for levels 
of cytokines and chemokines 
by luminex assays.
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Science 23 Mar 2018:
Vol. 359, Issue 6382, pp. 1350-1355
DOI: 10.1126/science.aar4060

Checkpoint Inhibitors
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Science 23 Mar 2018:
Vol. 359, Issue 6382, pp. 1350-1355
DOI: 10.1126/science.aar4060



Not without toxicities…

Di Giacomo, A. M., Biagioli, M., & Maio, M. (2010). 
Seminars in Oncology, 37(5), 499–507. 
http://doi.org/10.1053/j.seminoncol.2010.09.007 20

This part is not required.
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A looming challenge in cancer immunotherapy: 
balancing immunity and toxicity

Nat. Med. 19, 1100-1101 (2013)

Grade 3-4:  53%

Grade 3-4:  23%

OR: ~50% 

OR: 19% 
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How to better deliver checkpoint blockade 
antibodies tumors?

• Local delivery

• Systemic delivery
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Hydrogel for deliverer of checkpoint blockade 
antibodies 

A hydrogel is a network of polymer chains that are hydrophilic, 
sometimes found as a colloidal gel in which water is the 
dispersion medium. Hydrogels are highly absorbent (they can 
contain over 90% water) natural or synthetic polymeric networks.

ONCOIMMUNOLOGY
2016, VOL. 5, NO. 2, e1074374 (12 pages)
http://dx.doi.org/10.1080/2162402X.2015.1074374
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• Triglycerol monostearate (TGMS) is an 
amphiphile.

• TGMS can be degraded by esterases 
and matrix metalloproteinases (MMPs) 
that are highly expressed at the wound 
sites for developmental tissue 
remodeling.

Cargo:  anti-PD1 antibody (aPD1)
Carrier: DNC

Adv Mater. 2016 Oct; 28(40): 8912–8920.

An enzyme that can degrade the carrier 
(DNC) to release aPD1 

esterases 
and matrix 
metalloprote
inases 
(MMPs) Degradation of the carrier (DNC) 

and  release of aPD1 

How to better control the drug release? 

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=27558441
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Drug release in response to inflammation conditions   

A) TEM imaging of HhaI‐TGMS‐DNCs‐aPD1 nanocomposites 
(Scale bar: 500 nm). Inset: zoom‐in image (Scale bar: 200 
nm). 
B) Dynamic light scattering characterization of 
HhaI‐TGMS‐DNCs‐aPD1 nanocomposites.

• CpG oligodeoxynucleotides (CpG ODNs) trigger cells that express 
Toll‐like receptor 9, including human plasmacytoid dendritic cells 
(pDCs), have potent immunostimulatory effects and can enhance 
the anti‐cancer activity of a variety of cancer treatments.

• Through an enzymatic rolling circle amplification method specifically 
based on a template encoded with the CpG sequence, the carrier 
(designated as DNA “nano‐cocoons,” DNCs) is assembled by a 
long‐chain single‐stranded DNA (ssDNA).
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In vivo tumor therapy to reduce postsurgical tumor relapse via CpG DNC delivery system. 
A) In vivo bioluminescence imaging of the B16F10 tumors of the different groups after removal of primary tumor. 
B) B) Quantified tumor signals and C) mean tumor growth of different groups of mice after various treatments indicated. 

Pie chart shows percent complete response rate (orange) (n = 10). The black arrow indicates the surgery time.

G1, PBS control; G2, HhaI‐TGMS‐DNCs; G3, HhaI‐TGMS‐cDNCs‐aPD1; G4, 
free aPD1/free CpG nucleotides; G5, HhaI‐TGMS‐DNCs‐aPD1 Efficacy 

against 
B16F10 
mouse 
melanoma
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G1, PBS control; G2, HhaI‐TGMS‐DNCs; G3, HhaI‐TGMS‐cDNCs‐aPD1; G4, 
free aPD1/free CpG nucleotides; G5, HhaI‐TGMS‐DNCs‐aPD1 

Systemic antitumor efficacy could be 
obtained by the local injection of DNC 
delivery system at the surgical site. 
A) In vivo bioluminescence imaging of 

the B16F10 metastasis of different 
groups after removing of primary 
tumors at different time points.

B) Quantified tumor signals according to 
A. Every line represents one animal 
and each dot shows the whole animal 
photon count (n = 3). 

C) Kaplan Meier survival curves for 
treated and control mice.

D) E) Quantified IFN‐γCD8 cytotoxic T 
lymphocyte (CTL) T‐cell in 
splenocytes

Systemic Efficacy?
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Any other technologies?

http://www.sciencemag.org/news/2015/12/top-10-images-2015

Prof. Zhen Gu
(UCLA/Zhejiang Univ)

These spikes may look fearsome, but they 
are shorter than the thickness of a credit 
card, causing no more pain than a 
mosquito bite when applied to the skin, 
according to researchers. Once there, the 
needles deliver insulin in response to 
changes in blood sugar levels. Some day, 
such needles—which are attached to a 
patch the size of a penny—may spare 
diabetic patients from having to inject 
themselves with insulin. 
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Microneedles enhance checkpoint 
blockade antibody therapy

glucose oxidase (GOx) converts
blood glucose to gluconic acid

Nano Lett. 2016, 16, 2334−2340

• Each MN is composed of biocompatible 
hyaluronic acid (HA) 

• MN is integrated with pH-sensitive dextran 
nanoparticles (NPs)

• NP encapsulate aPD1 and glucose oxidase 
(GOx). 

• GOx is applied to convert blood glucose to 
gluconic acid in the presence of oxygen (O2). 

• Catalase (CAT) assists glucose oxidation by 
generation of O2 and helps consume 
undesired hydrogen peroxide (H2O2)

pH-sensitive dextran NPs
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Nano Lett. 2016, 16, 2334−2340

Characterization of aPD1 loaded 
microneedles. 
(a) SEM image of NPs (scale bar: 100 nm). 
(b) The average hydrodynamic sizes 

determined by DLS. (c) SEM image of 
MN patch (scale bar: 200 μm). 

(d) Higher magnification of SEM imaging of 
MN apex confirmed that the MN was 
loaded with NPs (scale bar: 5 μm). 
(e) Fluorescence imaging of a 
representative MN patch that contained 
FITC-antibody loaded NPs (scale bar: 200 
μm). 
(f) Mechanical property of the MN. The 
failure force for desired MN was 
quantitatively measured as 0.38 N/needle.

Microneedles enhance checkpoint 
blockade antibody therapy



Nano Lett. 2016, 16, 2334−2340

1 mm 200 μm 200 μm
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In vivo anti skin cancer treatment of aPD1 delivered by MNs. 
(a) Mouse dorsum and relevant skin (the area within the red dashed line) was transcutaneously treated with a MN patch (left), with 
the image of the trypan blue staining showing the penetration of MN patch into the mouse skin (right) (scale bar: 1 mm). 
(b) H&E-stained section of cross-sectional mouse skin area penetrated by one MN (scale bar: 200 μm). 
(c) Merged fluorescence and bright field image of the mouse skin penetrated by FITC-antibody loaded MNs (green: aPD1) (scale bar: 
200 μm).

In vitro accumulated aPD1 release from the MN 
patches incubated in 100 mg/dL glucose solution at 
37 °C over time. The error bars are based on the 
standard deviation (SD) of the samples (n = 3).



Nano Lett. 2016, 16, 2334−2340
Green: released anti-PD-1 in tumor tissues 32

In vivo anti skin cancer treatment of aPD1 delivered by MNs. 
(d) In vivo bioluminescence imaging of the B16F10 tumors of 
different groups indicated (1, untreated; 2, MN-GOx; 3, free aPD1; 
4, MN-aPD1; 5, MN-GOx-aPD1). The error bars are based on the 
standard deviation (SD) of three mice. 
(e) Quantified tumor signals according to d. 
(f) Kaplan–Meier survival curves for the treated and the control 
mice. Shown are eight mice per treatment group. 
(g) Immunofluorescence staining of tumors treated with MN-
GOx-aPD1 or free aPD1 at different time points (green: aPD1, 
blue: nucleus) (scale bar: 100 μm). 

Efficacy against B16F10 
mouse melanoma
16F10-luc cancer cells were subcutaneously implanted in the rear 
dorsal area of female C57BL/6 mice. After the tumor sizes reached 
about 50–60 mm3, MN patch were administered by a single local 
administration onto the tumor site (the area of patch was larger 
than tumor site).
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Synergistic Transcutaneous Immunotherapy

Co-delivery of anti-PD-1 with 
1-methyl-DL-tryptophan (1-
MT), an inhibitor of 
immunosuppressive enzyme
indoleamine 2,3-dioxygenase 
(IDO)

ACS Nano 10, 8956-8963 (2016).

Hyaluronic acid (HA; conjugate base 
hyaluronate), also called hyaluronan, is an 
anionic, nonsulfated glycosaminoglycan 
distributed widely throughout connective, 
epithelial, and neural tissues.
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How do we target checkpoint inhibitors to tumors 
systemically?

Platelets

Br J Exp Pathol. 1972 Apr; 53(2): 206–215.

https://www.allaboutcircuits.com/news/engineering-inspired-
by-nature-janus-particles-and-self-healing-circuitry/

FIG. 1.-The morphology of the multivesicular 
membranous sac and the stage after vesicle release in 
human platelets attached to coronary arterial wall. 
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Hijacking platelets for checkpoint inhibitor 
delivery for post surgery

Nature Biomedical Engineering 1, Article number: 0011 (2017), 

doi:10.1038/s41551-016-0011

Platelet

Chemically 
conjugate anti-
PD-1 to Platelet
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Platelet 
were 
activated by 
thrombin in 
vitro

blue and red represent nucleus and aPDL1 

aPDL1 released from platelets in tumors

37
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Nature Biomedical Engineering  Article number: 0011 (2017), doi:10.1038/s41551-016-0011

bioluminescence signal from tumors

PBS                           Platelet                           anti-PDL1                  Platelet-anti-PDL1



‘Smart’ antibodies?

Parental antibody

Substrate linker

proteases

Masking peptide

http://cytomx.com/probody-therapeutics/
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The concept of 
“probody (PB)”



40Sci. Transl. Med. 5, 207ra144 (2013).

(A) Cartoon model of a Probody showing the 
masking peptide (red), substrate linker (green), 
flexible peptide linkers (gray lines), and IgG 
(gray ellipses). The left Fab arm represents the 
intact Probody form with the masking peptide 
tethered and bound in the antigen-combining 
site, whereas the right Fab arm represents an 
activated Probody from which the masking 
peptide has dissociated. 

(C) Intact PB1 shows decreased binding to 
immobilized EGFR by ELISA, whereas digestion 
of PB1 with uPA protease (Activated PB1) 
restores binding comparable to cetuximab. 

The concept of “probody (PB)”
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The efficacy of “probody (PB)”

Optical imaging of H292 xenograft tumor–bearing mice 48 
hours after intraperitoneal administration of Alexa750-
conjugated PB1, cetuximab, and noncleavable Probody 
(PB-NSUB). n = 3 mice per group were injected with 
fluorescent conjugate. A high-intensity fluorescent signal 
was detected only in the tumors of mice dosed with PB1 or 
cetuximab, suggesting that PB1 was activated and 
accumulated in the tumor through EGFR binding.

PB1 inhibits tumor growth in xenograft models.

This slide is not required.



Indocyanine green (ICG), a photothermal agent, 

imiquimod (R837), a Toll-like-receptor-7 agonist

co-encapsulated by poly(lactic-co-glycolic) acid 
(PLGA) to form the nanoparticle

Immunotherapy in combination with photothermal 
therapy (PTT)

42Nature Communications volume7, Article number: 13193 (2016)



Indocyanine green (ICG), a 
photothermal agent, 

imiquimod (R837), a Toll-
like-receptor-7 agonist

co-encapsulated by 
poly(lactic-co-glycolic) acid 
(PLGA) to form the 
nanoparticle

43

Immunotherapy in combination with photothermal 
therapy (PTT)

Nature Communications volume7, Article number: 13193 (2016)

This slide is not required.
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