
Leveraging Nature's Carrier: Albumin-Binding Dendritic siRNA for Enhanced 

Tumor Targeting 

 

Small interfering RNA (siRNA) therapeutics are rapidly reshaping the landscape of precision medicine, 

offering the ability to silence disease-driving genes with exceptional specificity and durability. However, 

due to delivery barriers, the promise of siRNA therapy has largely been confined to the liver. Recent 

advances and mounting efforts are being poured into expanding siRNAs extrahepatically, to enable 

therapies for diseases in the heart, muscle, central nervous system, and even cancer. A recent study has 

demonstrated that extrahepatic delivery can be achieved by using an albumin-binding, Dendrimer-

conjugated siRNA (D-siRNA) as the carrier, the chemistry originally developed in Hanadi Sleiman lab at 

McGill. 

Published in Molecular Therapy Nucleic Acids, the study by Fakih et al. leverages the body’s most 

abundant protein, albumin, as a natural transport vehicle. By conjugating siRNA with an amphiphilic 

dendritic structure (D-siRNA) that exhibits high-affinity albumin binding, the researchers developed a 

platform that not only prolongs time in circulation but also enables siRNA delivery to tumors (1, 2). 

 

D-siRNA: a promising strategy to broaden the potential of siRNA delivery 

 

The oligonucleotide therapeutic field has long been focused on expanding delivery to tissues beyond the 

liver. Various techniques, such as lipid nanoparticle based delivery and ligand conjugation strategies, are 

being explored to address the challenge of delivering siRNAs to extrahepatic sites (1, 3). 



Additionally, despite holding immense potential for the oncology field due to their potency, durability, 

and selective targeting, which may help to limit chemotherapy side effects, siRNAs delivery to tumors 

have been challenging due in part to limited tissue penetration into tumor microenvironments and 

optimizing molecule stability and dosing (1, 4). Motivated by these challenges and the fact that albumin-

binding is a clinically proven strategy for improving drug delivery to solid tumors, Fakih and his team 

began to explore how they could optimize siRNA delivery by harnessing albumin binding. 

Dendritic siRNA (D-siRNA) is a modified siRNA molecule designed for improved delivery and efficacy in 

therapeutic applications, particularly in oncology. When siRNA is conjugated to the unique dendrimer-

like conjugate made from various lipids, the highly branched tree-like structure bind albumin selectively 

and strongly (5, 6), protects the siRNA from degradation, boosts its stability, and enhances cellular 

uptake (5). Most importantly, when the dendritic moiety is attached to siRNA, it still enables selective 

binding to albumin in vivo and does not hinder therapeutic activity in various organs (2). This method 

aims to address the challenges of siRNA delivery, such as degradation in the bloodstream and inefficient 

cellular uptake.  

The most unique property of D-siRNA molecules is their selective binding to albumin, the most abundant 

protein in the blood. This binding further enhances stability and reduces clearance by the kidneys, 

resulting in improved circulation and delivery to multiple tissues. Additionally, by leveraging albumin 

binding, D-siRNA can be directed to specific tissues, including tumors, where albumin is known to 

accumulate. These benefits arise from albumin’s natural properties, like its long half-life, ability to avoid 

renal filtration, and its natural accumulation in sites of inflammation or high vascular permeability, such 

as tumors or arthritic joints (5, 7). Such properties have been observed with D-siRNAs as well as other 

albumin-binding conjugates (7).  

Another benefit is that D-siRNA exhibits a favorable safety profile compared to other conjugates. At high 

doses, it causes no alterations in blood chemistry, complete blood counts, or histology, unlike other 

more hydrophobic conjugates which can alter readouts at high doses (2). Additionally, the reduced 

uptake of D-siRNA by immune cells minimizes cytokine responses and inflammation (2). 

 

D-siRNA in a melanoma tumor model 

Building on their previous work that showed dendritic conjugated D-siRNA exhibits exclusive binding to 

albumin upon intravenous or subcutaneous administration compared to other lipophilic conjugates, 

Fakih and his team hypothesized D-siRNA would show a prolonged plasma circulation due to albumin’s 

extended circulation half-life. The results confirmed this, demonstrating that albumin-bound D-siRNA 

achieves extended circulation regardless of the administration method, potentially improving the drug’s 

extrahepatic tumor distribution (1). 

To assess tumor delivery, the researchers used a melanoma tumor model injected with D-siRNA 

(exclusive albumin binding) or DCA-siRNA (a lipid-conjugated siRNA that is not selective to albumin 

binding). One day after injection, fluorescence imaging showed increased D-siRNA distribution within 

tumors. Delivery of D-siRNA to tumor parenchyma cells (the actual cancer cells inside a solid tumor) was 



elevated by 4.2 times, and overall delivery to antigen-presenting cells, including macrophages and 

dendritic cells, doubled (1). Conversely, DCA-siRNA resulted in greater liver uptake. These results 

indicate that D-siRNA significantly enhances delivery to both tumor parenchyma and resident immune 

cells, leading to a higher tumor-to-liver ratio compared to DCA-siRNA, the authors state. Moreover, the 

ability to deliver beyond the tumor microenvironment and reach the parenchyma cells is noteworthy, 

emphasizes Fakih. 

  

“It allows for gene modulation in both the TME cells and the cancerous cells themselves, significantly 

widening the potential reach of the therapy,” he says. However, the fact that the amount of siRNA 

delivered to the tumor was still orders of magnitude less than what is typically delivered to the liver or 

other organs was a surprise, Fakih explains.  

  

“From a ‘glass half-empty’ perspective, this shows our technology, despite being functional, is far from 

optimized and can certainly be improved,” Fakih says. “Looking at it with a ‘glass half-full’ lens, this 

result also showed us that sometimes you only need a few potent siRNA molecules to have a 

measurable impact. This shifted our perspective, highlighting the potential for high efficacy even with 

limited delivery.” 

  

To determine if the improved tumor delivery translated to functional gene silencing, the researchers 

evaluated Htt knockdown in tumor-bearing mice, as a control target. The mice received two doses of 

either D-siRNA, DCA-siRNA, or non-targeting D-siRNA. The tumors treated with D-siRNA showed robust 

Htt silencing at over 40%, whereas those treated with DCA-siRNA revealed a minimal silencing effect. 

These results highlight that D-siRNA is capable of both efficient delivery and significantly higher gene 

silencing in solid tumors (4). 

  

The study also explored the therapeutic potential of D-siRNAs in combination with the immune 

checkpoint inhibitor PD-1 within a melanoma tumor model. Tumors often exploit PD-1, which stands for 

programmed cell death protein 1, and which acts as a type of off-switch on immune cells. PD-1 inhibitors 

are drugs that block this off-switch, allowing immune cells to stay active and kill cancer cells. 

Additionally, the inhibition of JAK (a protein that plays a critical role in cell signaling) has recently been 

found to have a crucial role in supporting immunotherapy treatments in cancers such as Hodgkin 

lymphoma and non-small cell lung cancer (1). Fakih and his team recently developed a potent JAK1-

selective siRNA capable of robust JAK1 silencing in both mouse and human tissues (8). To determine if 

this creation could augment PD-1 inhibition, melanoma-bearing mice were treated with either D-siRNA 

that specifically targeted JAK1, DCA-siRNA that also targeted JAK1, or non-targeting D-siRNA control. The 

results showed that mice receiving only the D-siRNA targeting JAK1 had a significantly improved 

response to PD-1 treatment, resulting in slower tumor growth compared to those receiving the non-

targeting D-siRNA (1).  

  

Opening the door: next steps in D-siRNA technology 

  



The findings show a new path for applying siRNA technology beyond the liver, particularly in solid 

tumors. According to the authors, “The binding of D-siRNA to albumin presents a promising strategy for 

overcoming systemic tumor delivery challenges that have historically limited the therapeutic potential of 

siRNA” (4). Fakih says this could open the door to new therapeutic strategies in cancer treatment that 

could have fewer side effects and be more potent, durable, and selective than what’s currently 

available. 

  

“It provides a proof-of-concept that this technology is viable and ready for further development, which 

could attract more research and industry investment into this area,” he says. 

  

Fakih says the study is merely a demonstration that the technology works and has a functional 

therapeutic outcome, but many questions remain unanswered. The team is currently focused on 

validating the technology by expanding the range of targets it can go after in tumors and assessing its 

universality by testing its delivery to other types of tumors and cancers. This has been most recently 

reported in a preprint where D-siRNA targeting IRS2 for breast cancer has been developed (9). 

  

“We hope our work inspires further chemical innovation to improve the delivery of siRNAs to solid 

tumors. We also hope others will utilize the current technology to assess interesting cancer targets that 

were previously untestable due to delivery limitations,” he says.  

 

Other preclinical studies highlighting the power of albumin binding for delivery include work examining 

improved delivery and efficacy of siRNAs in arthritis treatment. Mice injected with another  albumin-

binding conjugate showed a reduction in the cartilage-degrading enzyme MMP13 by over 60% (10). In 

post-traumatic osteoarthritis (PTOA) mouse models, this decreases pain, preserves cartilage, and lowers 

inflammatory markers (10). Similar efficacy is observed in rheumatoid arthritis (RA) models, which 

reduce joint swelling and bone erosion, as well as in guinea pig models of PTOA, highlighting the 

translatability of these findings (10). Some studies have also reported that albumin binding enhanced 

productive tumor delivery of siRNA to multiple breast cancer models (9, 11). 

 

Collaboration: the perfect ingredient for innovation and helping patients 

  

The research was a highly collaborative effort among the Sleiman Lab, the Khvorova Lab, and the Harris 

Lab. Fakih says that coordinating the efforts of the three labs was a pleasant and exciting experience, 

and his co-authors were extremely motivated, experienced, and supportive, making the process 

enjoyable and the outcome impactful. 

  

“Getting input from researchers who are experts in different fields is not only extremely helpful but also 

eye-opening. It allowed us to advance the research more efficiently and create a more well-rounded 

study,” Fakih says. “This collaboration encouraged us to think about different aspects of the technology 

and scientific questions at play. Perspectives from chemists, biologists, and clinicians are the perfect 

ingredients for scientific innovation that can ultimately improve healthcare and help patients.” 



  

siRNA and the future of cancer care 

 

The development of albumin-binding dendritic siRNA (D-siRNA) may represent a significant 

advancement in the field of oligonucleotide therapeutics, enabling effective systemic delivery and gene 

silencing in solid tumors beyond the liver. By using albumin as a natural carrier, D-siRNA achieves 

improved tumor targeting, enhanced cellular uptake, and reduced toxicity compared to traditional 

approaches. While validation across a range of targets and assessing its universality are needed, the 

technology lays important groundwork for future research, offering hope for more potent, selective, and 

safer cancer treatments. 

“The key takeaway *from the study+ is that siRNAs can, and will, be applied to improve cancer care. It is 

only a matter of time until the field figures it out,” Fakih says. 
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