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Diseases of the kidney contribute a significant morbidity and mortality burden on society. Localized delivery of

therapeutics directly into the kidney, via its arterial blood supply, has the potential to enhance their therapeutic

efficacy while limiting side effects associated with conventional systemic delivery. Targeted delivery in humans is

feasible given that we can access the renal arterial blood supply using minimally invasive endovascular techniques

and imaging guidance. Techniques to reproduce or mimic this approach in a small animal model  will allow for

further pre-clinical translational studies investigating therapies for the treatment of renal pathologies.

Locoregional delivery  kidney disease  microsurgery

1. Introduction

Kidney diseases contribute a significant morbidity and mortality burden on society: acute kidney injury (AKI) causes

9.5% of in-hospital mortality, and chronic kidney disease (CKD), most commonly due to hypertension and diabetes,

has a staggering 14% prevalence in the United States . Progression of both AKI and CKD can ultimately result in

end stage renal disease, for which dialysis and kidney transplantation are the only treatment options. These

treatment modalities are themselves demanding for patients and fraught with health complications, requiring

multiple long visits to the hospital or the need to be on life-long immunosuppression. In addition to AKI and CKD,

kidney cancer also contributes a significant burden on society with approximately 60,000 Americans diagnosed

with this disease each year .

Although there have been significant advances for treating these pathologies, the majority of promising

pharmacological and cellular therapies under investigation are administered by conventional intravenous (IV)

injection . Directly delivering therapeutics to organs, via their arterial blood supply, has many advantages over

IV injection, including minimizing systemic side effects, maximizing the therapeutic efficacy at the target site, and

avoidance of first pass metabolism in the liver or sequestration by the reticuloendothelial system and lungs. While

intra-arterial (IA) delivery of therapeutics is already widely clinically utilized for the treatment of stroke , heart

attacks , and liver cancer , there are comparatively few indications for IA delivery of therapeutics for pathologies

of the kidney. In part, this can be attributed to limited pre-clinical studies given that performing non-terminal IA

injection into the kidneys in small animal models is technically challenging.

The development of IA therapeutics for kidney disease relies on the availability of animal models and feasibility of

surgical techniques. Previous studies that injected MSCs directly into the renal artery have used larger animal
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models, including cats , pigs , rats , and sheep . Indeed, a meta-analysis of 21 studies applying MSC

therapy to animal models of renal failure has suggested that IA delivery of MSCs has greater therapeutic effect

compared to intravenous delivery ; it should be noted though that the studies used different animal and disease

models, and none of them did a direct comparison between delivery routes. Regardless, these larger animals are

often not readily accessible to researchers, or do not have as well-established models of kidney disease. Mice are

by far the most comprehensive species in regards to models of renal pathology, with established models of acute

kidney injury (AKI), chronic kidney disease (CKD), and kidney cancer, via nephrotoxic, genetic, autoimmune,

metabolic, and ischemic etiologies .

2. Currant status

Recently, Ullah et al. reported the first microsurgical technique to deliver therapeutics into both kidneys in mice, via

their arterial supply . Their technique involves selective ligation of (1) the distal aorta 1 cm distal to the left renal

artery, (2) the proximal aorta between the superior mesenteric artery (SMA) and celiac trunk (CT), and (3) the SMA

origin. A 34-gauge needle was then inserted into the aorta with gentle back-tension applied on the distal suture to

help keep it in a perfect line to facilitate safe cannulation. A metal clamp was applied temporarily on the left renal

artery for the first part of the injection to direct any injected solution preferentially into the right renal artery. After

50% of the solution was injected, the metal clamp was then removed and the reminder of the solution was injected

which now preferentially flowed into the left kidney.
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Figure 1. (A) Normal anatomy of the mouse abdominal aorta, showing origin of the celiac trunk (CT), superior

mesenteric artery (SMA), renal arteries, and kidneys. (B) Suture ligation sites, including the proximal aorta between

the origins of the CT and SMA, the SMA, and the distal aorta. A metal clip is placed temporarily on the left renal

artery to allow delivery of therapeutics first to the right renal artery.

The authors validated their technique by applying it to a mouse model of cisplatin-induced AKI, treated with IA

injection of mesenchymal stromal cell (MSC)-derived extracellular vesicles (EVs). Mesenchymal stromal cells

(MSCs) have shown promising results for kidney regeneration in the context of AKI and CKD . The therapeutic

effect of MSC-based therapies is thought to come from their ability to home to damaged tissue and secrete soluble

factors with regenerative properties. Due to the paracrine nature of this mechanism, the proximity of infused MSCs

to the injured site is critical for therapeutic efficacy . However, it is known that when MSCs are injected IV, the

vast majority of cells become trapped in the pulmonary microvasculature, in what is known as the pulmonary first-

past effect . To avoid this intrinsic limitation, many groups have opted to instead study stem cell-derived

extracellular vesicles (EVs), which are cell-free membrane-bound particles that carry a cargo of regenerative

molecules . EVs have been shown to avoid the pulmonary first-pass effect and have a therapeutic effect on par

with the MSCs from which they are derived . However, unlike MSCs there is little knowledge on how to further

optimize delivery of EVs to target organs . Locoregional delivery, via the arterial blood supply, is perhaps one of

the most straightforward and clinically translatable strategies for doing so.
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