
 

New drug delivery method harnesses clotting
to target tumors
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Characterization of the thrombosis-mediated navigation system. (A) Schematic
of the thrombosis-mediated navigation system for P-aPD-1. Truncated tissue
factor–Arg-Gly-Asp (RGD) (tTF-RGD), administered either by intravenous
(i.v.) or p.t. routes, targets tumor neovasculature endothelial cells and initiates
coagulation cascade to recruit anti–programmed cell death 1 (PD-1)
antibody–conjugated platelets (P-aPD-1). P-aPD-1 is activated during the
coagulation process to release aPD-1 in the form of PMP-aPD-1. (B)
SDS–polyacrylamide gel electrophoresis (SDS-PAGE) analysis of tTF and tTF-
RGD. (C) Ability of tTF and tTF-RGD to promote the proteolytic activation of
factor X (FX) byFVIIa. Data are presented as means ± SEM. n = 3. (D) Ex vivo
photographs of tumor tissues at 24 hours after intratumoral injection of bovine
serum albumin (BSA), tTF, and tTF-RGD (dose: 1.25 mg/kg). Scale bar, 5 mm.
(E) Hematoxylin and eosin (H&E) staining of tumor tissues at 24 hours after
three doses of intravenous injection of BSA, tTF, and tTF-RGD (dose: 1.25
mg/kg). Arrow indicates coagulation. Credit: Science Advances (2023). DOI:
10.1126/sciadv.adf6854

University of Wisconsin-Madison researchers have developed a new
method for targeting tumors with cancer drugs by exploiting the clotting
propensity of blood platelets.

The new approach, first described March 29 in the journal Science
Advances, adds to a growing set of innovative drug delivery techniques
under development in the lab of Quanyin Hu, a professor in the UW-
Madison School of Pharmacy.

One of Hu's research goals is to improve the effectiveness and safety of
cancer immunotherapies. Such treatments have shown promise by
bolstering the ability of the immune system to combat cancer cells, but
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they come with their own set of challenges. One significant obstacle is
that the drugs can target normal cells in addition to tumors. This can
make the treatments less effective and sometimes lead to serious side
effects.

To better target the therapeutics at tumors, Hu and his colleagues
considered a mechanism that results in a very specific biological chain
reaction—the cellular signals that trigger blood to clot.

"This whole study is purely inspired by nature and the natural features of
platelets to participate in clot formation," says Hu.

First, the researchers used an engineered protein designed to locate and
bind to tumor blood vessels and then initiate thrombosis, or clotting,
within tumors. They found that in mice that received the engineered
proteins via intravenous injections, the proteins led to clot formation
almost exclusively within tumors, with only very limited thrombosis
occurring elsewhere.

The clot formation is not the therapy itself, but rather creates conditions
for efficient, targeted drug delivery to the clot-filled tumor, which Hu
describes as a "cellular hive."

"Once we have this clot formation at the tumor site, we have this so-
called cellular hive that can attract these therapeutic drones," Hu says.

In this case, the drones are blood platelets engineered with
immunotherapeutics on their surfaces which the researchers inject once
clotting has begun.

In their studies using mice, Hu and his colleagues found that the
engineered platelets efficiently delivered a common immunotherapy
drug known as an immune checkpoint inhibitor to the tumor sites. The
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checkpoint inhibitors encourage immune cells known as T cells to
eradicate cancer cells.

Mouse models with colorectal tumors that received the treatment saw
their tumors shrink and lived longer than mice that received a traditional
immunotherapy treatment. Notably, one-third of the mice that received
the treatment became completely tumor-free.

The researchers then tested the delivery method with blood platelet
derivatives—nanoparticles coated with a platelet membrane and loaded
with a chemotherapy drug—on mouse models with human breast cancer
tumors. Similarly, they found that the chemotherapy drugs were
efficiently delivered to tumor sites while avoiding normal cells. The
findings open the possibility to more effective and versatile cancer
treatments with multiple types of drugs and fewer unintended side
effects.

Before the delivery system can go to clinical trials, more testing is
required to ensure its safety, especially with respect to clot formation.
While their studies in mice have thus far shown that the system creates
clots only in tumor sites, a more comprehensive safety evaluation is the
next step, Hu says. That process will likely take a couple years.

  More information: Yixin Wang et al, Active recruitment of anti-
PD-1-conjugated platelets through tumor-selective thrombosis for
enhanced anti-cancer immunotherapy, Science Advances (2023). DOI:
10.1126/sciadv.adf6854. www.science.org/doi/10.1126/sciadv.adf6854
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