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ABSTRACT: Small molecule immuno-modulators such as agonists of Toll like receptors are attractive compounds to 
stimulate innate immune cells towards potent anti-viral and anti-tumor responses. However, small molecules rapidly 
enter systemic circulation and cause ‘wasted inflammation’. Hence, synthetic strategies to confine their radius of action to 
lymphoid tissue are of great relevance, to both enhance their efficacy and concomitantly limit toxicity. Here we demon-
strate that covalent conjugation of a small molecule TLR7/8 agonist immunomodulatory to a micelle-forming amphiphilic 
block copolymer greatly alters the pharmacokinetic profile, resulting in highly efficient lymphatic delivery. Moreover, we 
designed amphiphilic block copolymers in such way to form thermodynamically stable micelles through pi-pi stacking 
between aromatic moieties, and engineer the block copolymers to undergo an irreversible amphiphilic to hydrophilic 
transition in response to the acidic endosomal pH. 

INTRODUCTION 

Potent activation of dendritic cells is crucial in the con-
text of vaccination and anti-cancer immunotherapy.1,2 
Hereto, small molecule immuno-modulators such as 
agonists of Toll like receptors 7 and 8 (TLR 7/8) are an 
attractive class of molecules as they can trigger broad 
activation of innate immune cells. Thereby inducing po-
tent cytokine responses that skew Th1 and cytotoxic T 
cells activation that are key effector cells in combating 
intracellular infections and cancer.3,4 However, small 
molecule immune modulators typically suffer from an 
unfavorable pharmacokinetic profile and are prone to 
rapid systemic dissemination and hence lead to ‘wasted 
inflammation’ and systemic toxicity. It is known that 
conjugation of small molecule TLR7/8 agonists to poly-
mer nanoparticles alters the pharmacokinetic profile, and 
thus, enhancing safety by restricting immune-activation 
to secondary lymphoid tissue. 5–10 Whereas this has been 
demonstrated for stable colloids, obtained either by 
chemical crosslinking or through coil-to globule for-
mation by heating a thermoresponsive polymer above its 
phase transition temperature, the use of block copolymer 
amphiphiles to target lymphoid tissue, despite their ap-
pealing inherent simplicty. Indeed, block copolymers 
have the advantage over the aforementioned systems as 

they are easy to manufacture, allow for controlled assem-
bly into micellar nanoparticles and can be engineered to 
be responsive to environmental triggers. In particular, 
compared to core-crosslinked nanogel structures earlier 
reported by us,5 amphiphilic block copolymer micelles 
excel in simplicity as the crosslinking step itself, with its 
inherent variability and residual non-crosslinked repeat-
ing moieties, is omitted and compatibility issues between 
crosslinking chemistry and the biologically active mole-
cule of interest are avoided. An often employed trigger is 
the endosomal pH, by introduction of acid-degradable 
bonds polymer solubilization van be achieved leading to 
hydrophilic polymer degradation products that can be 
secreted through the body. 11–15 

As soluble polymers exhibit poor lymphatic drainage,16,17 
we envisioned that block copolymer amphiphiles with 
high thermodynamic and kinetic stability would favor 
lymphatic transportation. In this regard, benzyl groups as 
repeating units along the hydrophobic polymer block are 
attractive as they are able to tightly associate through pi-
pi stacking.18 Here we report on novel highly stable, but 
acid-degradable block copolymer amphiphiles that can 
modulate the pharmacokinetic profile of a small molecule 
immunomodulator.  
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RESULTS AND DISCUSSION 

Benzyl alcohol is a non-toxic aromate that is commonly 
used in commodity products, hence we opted for this 
compound as building block for a novel monomer 2-((2-
(benzyloxy)propan-2-yl)oxy)ethyl acrylate (BzKEA, 2) that 
combines a polymerizable acrylate moiety with a benzyl 
moiety through an acid-degradable ketal linker. As de-
picted in Scheme 1 and Scheme S1, in a first step, the 
symmetrical benzylalcohol based ketal, 2,2-
dibenzyloxypropane (1) is obtained by transacetalization 
of benzylalcohol and 2,2-dimethoxypropane catalyzed by 
camphorsulfonic acid (CSA). In a second transacetaliza-
tion step, replacement of one benzyloxy with 2-
hydroxyethyl acrylate (HEA) yielded the monomer (2, 
further denoted as BzKEA) as confirmed by NMR and MS 
(Figure S1).  

Reversible addition-fragmentation chain transfer 
(RAFT) polymerization (Scheme 2) was used to synthe-
size well-defined block copolymer amphiphiles using 
poly(N,N-dimethylacrylamide) (pDMA) as macro chain 
transfer agent (macroCTA, 3). Note that pDMA was cho-
sen for its hydrophilic and biocompatible properties.19 To 
allow for further conjugation of a fluorescent tracer 

and/or TLR7/8 agonist immunomodulator, chain exten-
sion of the macroCTA was achieved by copolymerizing 15 
mol% of pentafluorophenylacrylate (PFPA) with BzKEA, 
targeting an overall DP of 40. An overview of polymeriza-
tion conditions as well as NMR and SEC analysis is pro-
vided in Table S1 and Figure S2-4, respectively. No de-
tailed investigation was done on the copolymerization 
kinetics. However, the similar monomer conversion ob-
tained in reactions stopped at different time points prove 
strong evidence for random copolymer formation (cfr. 
Table S2). After polymerization the trithiocarbonate 
RAFT end-group was removed by reacting the polymer 
with an excess of the low-temperature azo-initiator V-70, 
to avoid later on uncontrolled side reaction by polymer 
end-group thiol/disulfide formation. 

Scheme 1. Synthesis scheme of benzyl modified 2-
hydroxyethylacrylate (BzKEA).  

 

 

Scheme 2. Synthesis of pDMA-block-(BzKEA-PFPA) by RAFT polymerization, trithiocarbonate end-group re-
moval and substitution of activated PFP-esters with functional amines. Acid triggered hydrolysis of the ketal 
bond affords the hydrophilic block copolymer. 
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The obtained block polymer amphiphile scaffold 5 was 
used for conjugation by amide bond formation with the 
imidazoquinoline TLR7/8 agonist IMDQ and/or the 
fluorophores Cy3 and Cy5 (Scheme 1). A control polymer 
was synthesized by converting the PFP-ester moieties 
with benzylamine. To obtain hydrophilic block polymers 
without amphiphilic properties, the benzyl side chains 
were removed by acidic hydrolysis of the ketal bonds that 
connect the benzyl groups to the polymer backbone. 1H-
NMR spectroscopy confirms the disappearance of the 
benzylic and ketal group (Figure S3) upon exposure to 
acidic conditions. Dynamic light scattering (DLS, Figure 1 
and Figure S5) in aqueous medium of the block copoly-
mer amphiphiles indicated the formation of 50 nm sized 
micellar nanoparticles. When dispersed in buffer at pH 5 
unimers with sizes below 10 nm were found over time 
(Figure 1) due to ketal hydrolysis and formation of hy-
drophilic block copolymers. Table 1 lists all obtained 
polymers with their molecular and physicochemical prop-
erties. For the sake of simplicity, we will use amph as 
abbreviation to refer to amphiphillic block copolymers 
and hydro to refer to their hydrolyzed hydrophilic coun-
terpart.  

Amph labeled with either Cy3 or Cy5 were used to pre-
pare micelles that exhibit Förster Resonance Energy 

Transfer (FRET) (Figure 2A).20 In aqueous solution, fluo-
rescence  

spectroscopy (Figure 2B and Figure S6) showed strong 
FRET coupling between Cy3 and Cy5 (emission at 675 nm 

( λmax of Cy5), excitation at 550 nm ( λmax of Cy3)) in case 
of amphiphilic block copolymer micelles (amphCy3/Cy5). 
The complete absence of FRET coupling upon ketal hy-
drolysis (i.e. hydroCy3/Cy5) provides proof that the FRET 
signal is due to micellar self-assembly and not merely due 
to presence of both dyes. FRET and DLS analysis were 
used to investigate pH dependent micelle dissociation at 
pH values of 7.4 (i.e. physiological pH) and 5 (endosomal 
pH). DLS (Figure 1) indicated rapid disassembly at pH 5, 
characterized by a decrease in scattering intensity and a 
decrease in size over time, whereas at the neutral pH of 
7.4, much slower kinetics were observed. A similar trend 
was observed when monitoring the FRET ratio (calculated 
as the ratio between emission of the acceptor Cy5 dye (i.e. 
675 nm) and the emission of the donor Cy3 dye (i.e. 580 
nm) (upon excitation of Cy3 (i.e. 550 nm)) over time 
(Figure 2B). Micelle disassembly at pH 5 is witnessed by 
an increase in Cy3 emission intensity resulting in a de-
crease in FRET coupling. Again, this behavior was strong-
ly pH dependent with much faster kinetics at lower pH. 
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Table 1. Characterization of block copolymer amphiphiles (amph) and hydrophilic (hydro) block copolymers. 

block copolymer Modification 
Mn

sec 

(kDa) 

Mn

theor
 

(kDa) 
ᴆ 

Hydrodynamic Z-
average  

(nm) 

Volume 
mean  

(nm) 

PdI 

pDMA46(BenKEA32PFPA5) / 8.7 14.4 1.26    

amphBz benzylamine 9.0 14.0 1.26 53 ± 0.3 44 ± 0.5 0.11 ± 0.01 

hydroBz benzylamine  

+ HCl 
8.4 9.3 1.33 82 ± 18 4.5 ± 0.2 

0.94 ± 
0.11 

amphCy3 Cy3-amine 9.6 14.5 1.25 34 ± 0.6 35 ± 3 
0.37 ± 
0.01 

hydroCy3 
Cy3-amine  

+ HCl 
   130 ± 53 4.9 ± 1 

0.75 ± 
0.29 

amphCy5 Cy5-amine    * * * 

hydroCy5 
Cy5-amine  

+ HCl 
   * * * 

amphIMDQ IMDQ    69 ± 0.9 53 ± 1.7 
0.16 ± 
0.02 

hydroIMDQ 
IMDQ  

+ HCl 
   52 ± 32 4.3 ± 0.4 

0.81 ± 
0.39 

*: Due to experimental set up with a wavelength operating at 633 nm, Cy5 labeled polymers/ micelles could not be character-
ized by DLS.
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Figure 1. DLS analysis of the evolution over time for amph
Bz

 in buffers at pH 5 and pH 7.4. Light scattering intensity (A1) and 
size (A2) in response to neutral and acidic pH. (B) Corresponding size distribution at selected time points. 
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Figure 2. (A) Principle of FRET illustrated for assembly of amph into micelles that promote FRET coupling, and hydrolysis-
induced disassembly of micelles into hydro with concomitant loss of FRET. (B) Evolution over time of the emission spectrum 
upon excitation at 550 nm at pH 5 (B1a) and pH 7.4 (B1b) and corresponding evolution of the FRET ratio. (C) FRET ratio and 
unimer fraction (only for amph) at increasing (C1) polymer and (C2) BSA concentration. 

Subsequently, we used the FRET mechanism to study 
the behavior of the micellar nanoparticles in complex 
physiological media.21,22 The emission spectrum upon 
excitation at 550 nm of amphCy3/Cy5 was analyzed in pres-
ence of bovine serum albumin (BSA) and fetal bovine 
serum (FBS). The FRET ratio was then used to calculate 
the extent of micelle assembly. The emission spectra of 
amphCy3/Cy5, both in phosphate buffered saline (PBS) 
supplemented with 10 mg/mL BSA or with 10 % (v/v) FBS, 
show a small increase in Cy3 emission intensity (Figure 
S7). This resulted in a sharp decrease in FRET coupling as 
shown in Figure 2C. However, translated to the amount 
of polymer in solution, calculated with the method de-
scribed in supplementary information (Figure S10). Only 
a very limited fraction (< 10 wt %) of amphCy3+Cy5 was 
found to be in unimer state, indicating high stability of 
the micellar assembly. An explanation for this trend in 
the FRET value could be linked to fluorescence quenching 

in the micelle core (Figure S6-8). Indeed, block copoly-
mers in unimer state exhibit much higher fluorescence 
emission intensity compared to equal amount of block 
copolymer in micelle state. Micelle-to-unimer disassem-
bly alleviates this quenching, hence resulting in higher 
emission intensity and in a quick decrease in FRET cou-
pling. Notably, the presence of serum proteins did not 
alter the pH dependent degradation of the polymers 
(Figure S8), as micelles remained stable at physiological 
pH for multiple days in presence of serum, whereas they 
rapidly disassemble in response to a pH value of 5. Fur-
ther evidence of the high stability in presence of serum 
proteins was obtained by analyzing the FRET ratio at 
decreasing block copolymer concentration (Figure 2C1) 
or at increasing concentration of BSA (Figure 2C2). Down 
to block copolymer concentration as low as 0.4 µg/mL, 
still 60 % of the block copolymer is in micelle-assembled 
state, hinting at a very low CMC of the block copolymer 
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in serum. When measuring the FRET ratio in presence of 
increasing BSA concentration up to 40 mg/mL (approxi-
mate albumin concentration in serum), the FRET ratio 
decreased from 6 to 1.6. However, the corresponding 
fraction of block copolymer unimers remained below 20 
%. These findings provide strong evidence for the inabil-
ity of albumin or other serum proteins to promote micelle 
disassembly, a feature which has widely been reported for 
block copolymer micelles based on aliphatic hydrophobic 
repeating units.23  

In a next step, we investigated the behavior of amph in 
an in vitro cell culture setting, focusing on micelle stabil-
ity, intracellular disassembly and immune-activation by 
the conjugated TRL7/8 agonist. Cellular uptake of am-

phCy5 by dendritic cells (DCs) was visualized by confocal 

microscopy. As shown in Figure 3A, counter-staining of 
endosomes with LysoTracker revealed strong co-
localization with the Cy5 signal of the micelles, indicating 
uptake by endocytosis and accumulation in acidic intra-
cellular vesicles.24 This finding is advantageous due to the 
endosomal localization of TLR7/8.4 Flow cytometry indi-
cated a slightly higher degree of cellular uptake of am-
phCy5 compare to hydroCy5 (Figure 3B). The decrease in 
mean fluorescence value over time is due to cell prolifera-
tion and division of the fluorescence over the daughter 
cells. Also note that owing to fluorescence quenching of 
the dye in the micelle core the extent of cellular uptake of 
amphCy5 might be underestimated.  

 

 

 

Figure 3. (A) Confocal microscopy image of dendritic cells (DC2.4) pulsed with amph
Cy5 (red color). Counterstaining was done 

with LysoTracker (green color). (B) Intracellular (B1) Cy5 fluorescence and (B2) FRET ratio measured by FACS at multiple time 
points of dendritic cells (DC2.4) pulsed with amph

Cy3+Cy5 (red) or hydro
Cy3+Cy5

 (blue). (C) TLR agonistic activity measured as NF-
kB activation in RAW-Blue cells and analyzed by Quanti-Blue reporter assay. (n =6, mean + SD). 

 

 

To investigate whether the micelles remain intact or 
disassemble over time inside cells, we performed flow 
cytometry (FACS) experiments by pulsing DCs with am-

phCy3+Cy5 for 4h to allow for endocytosis to occur, followed 
by washing to remove non-cell associated micelles. Sub-
sequently, cells were analyzed by FACS at different time 
points post-incubation and the FRET coupling inside cells 
was calculated. As a control, acid-hydrolyzed hydroCy3+Cy5 
unimers were used. As depicted in Figure 3B2, at 4 h 
post-incubation, a strong FRET coupling could be ob-
served for amphCy3+Cy5, whereas barely a signal could be 
observed for hydroCy3+Cy5. These findings gave a first indi-
cation that the block copolymer amphiphiles were mainly 
taken up in intact micellar state, while only a slight differ-
ence in uptake between amphiphilic and hydrophilic 
block copolymers was observed (Figure 3B1). Monitoring 

the FRET ratio as function of time, showed a rapid de-
crease towards values equal to those of the soluble 
unimers (Figure 3B2). This further supports the hypothe-
sis that the block copolymer amphiphiles are endocytosed 
in micellar state and subsequently disassemble, mediated 
by ketal-hydrolysis due to the acidic endosomal pH. En-
dosomal hydrolysis of a similar acetone derived ketal was 
recently shown by us.15  

Being confirmed that the micelles efficiently reach the 
endosomal compartment of DCs, we were interested if 
the TLR7/8 agonist IMDQ that is covalently linked to the 
hydrophobic polymer block is able to trigger TLR signally. 
Hereto, we used a RAW-Blue macrophage reporter cell 
line, engineered to produce secreted embryonic alkaline 
phosphatase (SEAP) in response to TLR triggering and 
downstream signalling via the NF-kB pathway. Interest-
ingly, amphIMDQ was one log more potent than hydroIMDQ 
(Figure 3C), which could be attributed to the higher cel-
lular uptake of the micelles, relative to unimers (cfr. 48h 
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time point in Figure 3B1). In line with previous reports by 
us and others, a decrease in potency upon conjugation to 
a carrier, was observed compared to soluble IMDQ.5,16 
Note that control amphBz and hydroBz, which did not 

contain IMDQ, were totally quiescent. In parallel, the 
cytotoxicity of the samples was evaluated and none of 
them was found toxic within the tested experimental 
window (Figure S16). 

 

Figure 4. (A) FACS analysis of the draining popliteal lymph nodes at 4 h, 24 h and 96 h post injection. (n=3, mean + SD). (A1) 
percentage of Cy5-positive cells; (B2) Cy5 mean fluorescence intensity (MFI) and (B3) quantification of FRET coupling. (B) Con-
focal microscopy of the draining popliteal lymph nodes 4h and 24h post injection. Donor (excitation at 550 nm and detection at 
575 nm), acceptor (excitation at 550 nm and detection at 670 nm) and FRET ratio (acceptor channel divided by donor channel) 
are shown for amph

Cy3+Cy5
 and hydro

Cy3+Cy5
.

Next, we aimed at investigating the lymphatic transpor-
tation and immune-activation behavior of the micelles in 

vivo in mice. AmphCy3+Cy5 and their hydrolyzed counter-
parts hydroCy3+Cy5 were injected into the footpad of mice 
and the draining popliteal lymph nodes were dissected at 
4 h, 24 h and 96 h post-injection and analyzed by confocal 
microscopy on histology sections and by FACS on single 
cell suspensions (Figure 4). Confocal microscopy (Figure 
4B) revealed a dramatic difference in lymphatic transpor-
tation between AmphCy3+Cy5 and hydroCy3+Cy5, showing 
massive translocation to the draining lymph nodes of the 
micelles, as early as 4 h post injection. At 4h post injec-
tion, most of the fluorescence signal was observed in the 
subcapsular sinus and underlying B cell follicles of the 
draining lymph nodes, an intranodal biodistribution gen-
erally observed for small sized particles  that reach the 

lymph nodes via passive transport through the afferent 
lymphatics.6,8 A similar intranodal distribution was ap-
parent at 24 hours post injection, with an increased fluo-
rescence intensity confirming the flow cytometry data. 

Strikingly, also on tissue sections strong FRET coupling 
could be observed in case of AmphCy3+Cy5 (Figure 4B), 
which gradually vanished over time and which was absent 
in case of hydroCy3+Cy5, suggesting that the block copoly-
mer amphiphiles largely remain in micelle-assembled 
state during transportation from the site of injection to 
the lymph nodes. We hypothesize that upon arrival in 
lymph nodes at the subscapular sinuses, the micelles 
become endocytosed by immune cells and gradually dis-
assembly into unimers through endosomal pH induced 
hydrolysis of the ketal bonds that connect the benzyl 
moieties to the polymer backbone. Our present findings 
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are intriguing in view of earlier reports by the Irvine 
group who found that oligonucleotide-lipid amphiphiles 
(in particular based on dialkyl lipids conjugated to the 
oligonucleotide TLR9 agonist CpG) composed of a hydro-
phobic aliphatic tail with strong tendency to disassemble 
in physiological medium thereby rapidly binding to al-
bumin (referred to as ‘albumin hitch hiking’), exhibited 
superior lymphatic transportation compared to more 
stabilized structures.25 The case we present in this paper 
strongly differs from the Irvine structures as it comprises 
highly stable block copolymer micelles that remain – 
based on our FRET data – largely intact upon dilution and 
with high resilience to albumin-induced disassembly, are 
also great performers in terms of lymphatic transporta-
tion. Measuring binding affinity between albumin and 
respectively amph and hydro by bio-layer interferometry 
(Figure S12) revealed that amph had a lower affinity than 
hydro towards adsorption onto albumin-functionalized 
sensors. These findings further support the hypothesis 
that interaction with albumin is likely not the driving 
force for lymphatic accumulation of the amphiphilic 
block copolymer structures reported in this paper. Our 
current observations provide further insights on how to 
engineer synthetic macromolecular carriers to modulate 
the pharmacokinetic profile of biologically active mole-
cules, in particular in the context of targeting lymphoid 
tissue. Of note, improved lymphatic transportation of 
nanoparticles over soluble hydrophilic polymers is a re-
ported phenomenon.6,16 

FACS analysis provided further quantitative proof of in-
tact micelle lymphatic transportation followed by endocy-
tosis by immune cells and gradual intracellular micelle 
disassembly. Indeed, a striking difference in both the 
percentage of Cy5 positive cells and the mean fluores-
cence intensity (MFI) is observed between amphCy3+Cy5 
and hydroCy3+Cy5 (Figure 4A), which is much higher than 
the observed difference in endocytosis in vitro. The per-
centage of Cy5 micelle positive lymphocytes further in-
creases over time with the MFI values remaining con-
stant, hence, suggesting a continuous flow of micelles 
from the site of injection to the lymph nodes.  

To assess whether enhanced lymphatic translocation of 
amph is also translated in lymph node focused immune 
activation, we first assessed the spatial distribution of the 

type I interferon response induced by TLR triggering of 
conjugated IMDQ TLR7/8 agonist. Hereto we used 
IFNβ+/Δβ-luc luciferase reporter mice,26 with a reporter 
gene linked to the expression of the type I interferon, 
IFNβ. IMDQ in soluble form, in amphIMDQ and hydroIMDQ 
conjugated form were injected into the footpad of mice 
followed by non-invasive full body luminescence imaging 
after 4 and 24 h. As control, non-IMDQ containing mi-
celles, amphBZ, were used. 4 h post-injection a strong 
systemic inflammatory response was observed, in re-
sponse to injection of IMDQ in soluble form, which is in 
line with earlier reports on the fast biodistribution of 
small molecules TLR agonists. 5–7 This type 1 IFN response 
remained after 24 h with strong signal resulting from 
major organs and the neck, with a low fraction of local 
activation in the draining popliteal lymph node compared 
to the full body luminescence (Figure 5A and Figure 
S17). In contrast, amphIMDQ provoked a strong lymph 
node localized response. In good agreement with the 
microscopy and FACS data, amphIMDQ largely outper-
forms hydroIMDQ in terms of immune activation in the 
lymph nodes in terms of the differential luminescence 
intensity at the draining lymph node relative to the sys-
temic response. Interestingly, hydroIMDQ does not effi-
ciently accumulate in the lymph node (cfr. FACS and 
microscopy data) and mainly provokes immune activation 
at the site of injection, but neither provokes localized nor 
systemic immune activation. The question whether hy-

droIMDQ itself shows a higher tendency to distribute sys-
temically remain elusive. However, the slightly lower 
extent of endocytosis of hydro in vitro, might also ac-
count for its reduced activity in vivo.  

To assess whether the IFN response results in potent 
activation of antigen presenting cells in the lymph nodes, 
mice were injected with IMDQ in soluble, amphIMDQ and 
hydroIMDQ conjugated form. Subsequently, the relative 
number of lymphocytes in the draining popliteal lymph 
node was counted as well as the extent of maturation 
(characterized by expression of the maturation markers 
CD40 and CD86) in the DC population. As shown in Fig-
ure 5B, amphIMDQ outperforms IMDQ both as hydroIMDQ 
and in soluble form. Increased influx and presence of 
activated DCs in the lymph nodes temporarily shuts down  
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Figure 5. (A) Representative luminescence images of luciferase reporter mice (IFNβ+/Δβ-luc), images taken 4h and 24 h after 
footpad injection of soluble IMDQ, amph

IMDQ
 or hydro

IMDQ
. (B) FACS analysis of the draining popliteal lymph nodes after 

footpad injection of the soluble IMDQ, amph
IMDQ

 or hydro
IMDQ

, amph
Bz

 or PBS (n=4, mean + SD). (B1) Analysis on total lym-
phocyte count and (B2) activated dendritic cells (CD11c+, MHCII+, CD40+, CD86+ cells). (n=4, mean + SD).

lymphocyte expression from the lymph nodes to maxim-
ize chances of productive DC-T cell encounters and are 
likely the cause of the increased lymphocyte numbers 
observe in Figure 5B1. These findings highlight once 
more the tremendous potential of delivery strategies to 
alter the pharmacokinetic and pharmacodynamics profile 
of small molecule immune-modulators to shift their activ-
ity from systemic to local action. 

SUMMARY AND CONCLUSIONS 

In conclusion, we have presented a novel type of block 
copolymer amphiphiles with high stability in complex 
physiological media, owing to aromatic repeating units. 
Rapid micelle-to-unimer transition takes place in re-
sponse to endosomal pH conditions, due to hydrolysis of 
the ketal bonds between the aromates in the side chain 
and the polymer backbone. In vivo, upon subcutaneous 
injection, we found that this type of block copolymer 
amphiphile translocates in intact micellar form via the 
interstitial flow to the draining lymph nodes, where it is 
internalized by immune cells. This is in stark contrast 
with earlier reports on lipid based amphiphiles than 
whose lymphatic drainage properties strongly depend on 
micelle disassembly and albumin binding.25 Covalent 
conjugation of a potent small molecule TLR7/8 agonist to 
the hydrophobic polymer block allowed for efficient 
lymph mode restricted immune activation and avoids the 
systemic inflammatory response induced by the same 
TLR7/8 agonist in soluble form. The low immune-
activation potential of this type of TLR7/8 agonist carrier 
system in unimer form is attractive in view of avoiding 
long term inflammatory responses, as once the am-
phiphilic polymer is degraded into soluble unimers their 

inflammatory activity is reduced and the soluble nature of 
the polymer should favor renal secretion and hence avoid 
accumulation in the body. Our findings provide novel 
insights with regard to macromolecular and supramolecu-
lar design of biomaterials for immune-engineering. 
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