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The Toll-like receptor 7 agonist TMX-202 was formulated in maleimide-functionalized liposomes prepared by the 
lyophilization method. All liposomes were Rhodamine B (RhB) labeled. Anti-DCIR mAbs were thiolated using Traut’s 
reagent and conjugated to the maleimide-functionalized liposomes followed by purification by size exclusion 
chromatography (SEC). Size and zeta potential was determined by light scattering, ICP-MS and Bradford Assay were used 
to quantify lipid and Ab concentration and thus the amount of Ab per liposome. HPLC was used to quantify TMX-202 
concentration.  

Monocytes and mDCs were targeted with high specificity over lymphocytes, and we observed potent TLR7-specific 
secretion of the anti-cancer cytokines IL-12p70, IFN-α 2a, and IFN-γ. This delivery system could be a way to improve 
cancer treatment either in the form of a vaccine with co-formulated antigen or as an immunotherapeutic vector to 
boost monocyte and DC activity in combination with other treatment protocols such as chemotherapy or radiotherapy. 
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Tumor immune escape is today recognized as an important cancer hallmark and is therefore a major focus area in cancer therapy. 
Monocytes and dendritic cells (DCs) are central to creating a robust anti-tumor immune response and establishing an anti-tumorigenic 
microenvironment, but are directly targeted by the tumor escape mechanisms to develop immunosuppressive phenotypes. Providing 
activated monocytes and DCs to the tumor tissue is therefore an attractive way to break the tumor-derived immune suppression and 
reinstate cancer immune surveillance1,2. 

Our aim was to activate monocytes and DCs with high efficiency. To that end we investigated an immunotherapeutic Toll-Like Receptor (TLR) 
agonist delivery system comprising liposomes targeted to the dendritic cell immunoreceptor (DCIR) and examined the targeting properties 
of the liposomes as well as their immune activating potential in blood-derived monocytes, myeloid DCs (mDCs), and plasmacytoid DCs 
(pDCs)2. 

Peripheral Blood Mononuclear Cells (PBMCs) were purified from buffy coats by gradient centrifugation and incubated 
with anti-DCIR agonist-immunoliposomes, non-targeted agonist-liposomes, agonist alone, or buffer and the association 
of the liposomes with PBMC subsets was analyzed by flow cytometry. Following a washing step, PBMCs were cultured for 
5 days and on each day the secretion  of cytokines was analyzed using Meso Scale Discovery (MSD) sandwich ELISAs. 
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Liposomes were 150 - 180 nm of size and anionic. The conjugation procedure was optimized to provide 50-60 mAbs per 
liposome3. Flow cytometry showed that the anti-DCIR immunoliposomes showed strong preferential association to 
monocytes and myeloid dendritic cells (mDCs) over the combined population of T, B, and NK cells as well as some 
association to plasmacytoid DCs (pDCs) (fig. 2). Non-targeted liposomes showed little association to any cell subset (fig. 
3), while a the IgG-control immunoliposomes showed some uptake by unspecific mechanisms.  

Fig.  3. Association of anti-DCIR immunoliposomes, control-IgG immunoliposomes, and m-liposomes to 
PBMC subsets. A. Association to monocytes; B. Association to mDCs; C. Association to pDCs; D. Association 
to B, T, and NK cells. *** p < 0.0001, ** p < 0.0005, * p < 0.005, Mann-Whitney U test. n = 9 different 
donors. Error bars = S.E.M. 

Fig. 2. Anti-DCIR immunoliposomes associate preferentially to 
monocytes, mDCs, and pDCs (PBMCs). *** p < 0,0001, * p < 
0,005, Mann-Whitney U test. n = 9 different donors. Error bars = 
S.E.M. 

Fig. 4. Cytokine secretion into the culture supernatants on day 1-5. A. IFN-α2a, B. IL-12p70, C. IFN-γ, D. TNF-α, E. IL-10, F. IL-6. *** p < 0.0001, Kruskall-Wallis test. n = 9 
different donors. Error bars = S.E.M.  

MSD ELISAs showed that the targeted delivery greatly increased the potency of the TLR7 agonist compared to the free 
drug. Further, incubation with the anti-DCIR immunoliposomes resulted in potent secretion of key anti-cancer cytokines 
(IL-12p70, IFN-γ and IFN-α) as well as the pro-inflammatory cytokines TNF-α and IL-6. Importantly, due to gradually 
decreasing secretion of IL-10, the important IFN-γ:IL-10 ratio increased over the 5 day assay period.  

Fig. 1. Concept cartoon illustrating liposome targeting to DCIR in the 
bloodstream, leading to activation of monocytes, mDCs and pDCs. 
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