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Research identifies new potential hurdle for
nano-based therapies

September 18 2023
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Age disparities in the effectiveness of cancer nanomedicine. a—c, Growth curves
of EQ771 breast tumor cells implanted in young or old C57BL6 mice treated
with saline (control) (a), nab-paclitaxel (b) or liposomal doxorubicin (c¢). Tumor
volumes at day 18 were compared. d, IVIS images of heart, liver, spleen, lung,
kidney and tumor at 2 h after liposomal doxorubicin administration. e,
Quantification of relative tumor/liver doxorubicin concentrations. The ratio of
relative concentration was calculated by total emission normalized by organ
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weight. n = 4 mice in each group. f, Quantification of doxorubicin® percentages
in the CD11b" and CD11b- liver cell populations. n = 8 mice. g, Percentage of
liver CD11b" cells from young or old mice with positive doxorubicin signal
detected by flow cytometry. n = 4 mice in each age group. h, Summarized result
of the percentage of CD11b" and CD11b- liver cells with liposome uptake. n = 6
mice. i, Phagocytosis of nanoparticles by old and young liver CD11b" cells. n = 3
mice in each group. Two-sided unpaired t-tests were used in a—c and e—i. Error
bars are means * s.e.m. in a—c. Error bars are means * s.d. in e—i. Some n values
are noted in the figure, where n indicates numbers of biologically independent
mice. Credit: Nature Nanotechnology (2023). DOI:
10.1038/s41565-023-01502-3.
https://www.nature.com/articles/s41565-023-01502-3

Researchers at The University of Texas MD Anderson Cancer Center
have discovered that certain nano-based cancer therapies may be less
effective in younger patients, highlighting the need for further
investigation into the impact of aging on the body's ability to respond to
treatment.

The researchers found age-related differences are due to how effectively
the liver filters the bloodstream. Younger livers are more efficient at this
process, which helps limit toxins in the blood but also filters out
beneficial treatments, potentially rendering them ineffective.

The study, published Sept. 18 in Nature Nanotechnology, was led by Wen
Jiang, M.D., Ph.D., associate professor of Radiation Oncology, and
Betty Kim, M.D., Ph.D., professor of Neurosurgery.

"Put simply, our liver is designed to protect us, but for young people it
might also be protecting them in a way that limits the effectiveness of
nanotherapies," Jiang said.
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"There's so much interest right now in nano-scale delivery systems and
designs, but nobody has really considered how age plays a role in the
effectiveness of these systems. In preclinical models, younger livers
actually work so well that they filter out a significant amount of the
nanomedicine. That means, in some cases, these drugs may be less
effective in younger patients than in older ones."

Unlike traditional cancer therapies, in which medicine is directly
introduced to the body, nanomedicines use nano-scale carriers to deliver
treatments. Some of the advantages of nanomedicine formulations can
include reduced toxicity, increased target specificity and increased
dosage, depending on the goal of the treatment.

To date, more than 50 nano-based therapies have been approved by the
Food and Drug Administration, including 19 currently listed by the
National Cancer Institute for use in cancer. The study treatment was
nanoparticle-albumin-bound paclitaxel, which has been used since 2005
for certain refractory or relapsed cancers.

Scientists do not fully understand all the mechanisms for how, exactly,
the liver filters the bloodstream, but previous studies have indicated a
correlation between the rate of clearance and the expression of the
scavenger receptor MARCO. This protein is expressed more in younger
Kupfer cells, the immune cells that reside in the liver.

After confirming the disparity in results between young and old models,
the team investigated therapeutic blockade of MARCO as a possible
strategy to avoid drug clearance. Blocking MARCO reduced the uptake
of the nanomedicine and improved the drug's antitumor effects from the
cancer therapeutics, but only in the younger models.

"This is just one example, but these results show that there may not
always be a one-size-fits-all drug delivery strategy that is effective across
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diverse patient populations, and that personalized design is warranted in
future nanomedicines," Jiang said. "Hopefully, this study also opens the
door for more thorough investigation of the clearance process and how

to overcome it."

Jiang emphasized that while this study focuses on cancer, it examines a
potential hurdle for any nanodrug delivery system. There are different
proteins, antibodies and viruses with unique clearance mechanisms, but
it all comes down to the liver, he explained.

More information: Wen Jiang et al, Age-associated disparity in
phagocytic clearance affects the efficacy of cancer nanotherapeutics,
Nature Nanotechnology (2023). DOI: 10.1038/s41565-023-01502-3.
www.nature.com/articles/s41565-023-01502-3
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