
HUMAN HEALTH
Published: 28 July 2025

doi: 10.3389/frym.2025.1625258

NANOSPRESSO: PERSONALIZEDMEDICINES AT THE

PUSHOF A BUTTON

Mariona Estapé Senti 1 and Raymond Schi�elers 1,2*

1Central Diagnostic Laboratory, University Medical Center, Utrecht, Netherlands

2CelluTx Inc., Wayne, PA, United States

YOUNG REVIEWERS:

JASPER

AGE: 11

HUGO

AGE: 15

Imagine a tiny lab in a box that can make medicines right in

the hospitals where patients are being treated. Even better, the

medicineswould be perfectly designed to treat each person’s specific

disease! This futuristic-sounding method is the aim of a new project

called NANOSPRESSO. The medicines would consist of microscopic

“delivery trucks” called nanoparticles which, once injected into the

body, could take the medicines directly into the cells that need them.

Themedicines inside the nanoparticles would bemade of instruction

molecules called nucleic acids that tell the cells how to fix the exact

cellular problems that are causing the disease. Producing medicines

using NANOSPRESSOwould be much quicker and more flexible than

making them in factories, which could make this method especially

useful for treating rare diseases for which no medicines are currently

beingmade. NANOSPRESSO could change thewaywe treat diseases,
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making advanced and personalized treatments available to more

people around the world.

WHERE DOMEDICINES COME FROM?

Have you ever been sick and needed to take medicine for a cold
or an infection? Maybe your doctor prescribed some pills or a liquid
medicine that your parents had to pick up from the pharmacy. While
today’s pharmacists check prescriptions and make sure to hand out
the right medicines, they do not actually make the medicines we
take—most are made in giant pharmaceutical factories and shipped

PHARMACEUTICAL

Related to making or
using medicines,
especially in factories
or companies that
produce drugs for
doctors, hospitals, and
pharmacies to
treat diseases.

to pharmacies, stores, and hospitals around the world.

But things were not always this way. Did you know that, in the past,
medicines were often made right in the pharmacy itself? Not too
long ago, pharmacists mixed ingredients by hand to create the exact
medicine each individual patient needed, according to a doctor’s
prescription. This process, which creates personalized treatments,

PERSONALIZED

TREATMENTS

Medicines or therapies
designed specifically
for one person, based
on their unique genes,
disease, or body,
instead of using the
same treatment
for everyone.

is called compounding. But as medical science advanced and the

COMPOUNDING

The process of mixing
ingredients to make a
custom medicine for a
specific patient, usually
done by a pharmacist
instead of a factory.

demand for medicines grew, drug development and manufacturing
moved to big factories called pharmaceutical companies. These
companies developed ways to produce medicines in huge batches,
making those medicines cheaper and ensuring that pharmacies and
hospitals always had supplies ready for patients.

LARGE-BATCHMEDICINES ARE NOT ALWAYS BETTER

While pharmaceutical factories work well for producing common,
“one-size-fits-all” medicines like vaccines and painkillers, this method
also creates some problems. Mass-produced medicines are created
to work for as many people as possible, but not everyone responds
to a medicine the same way. A treatment that works well for one
person might not be as e�ective for someone else. This is especially
true for complex diseases like cancer, or for other conditions that
require specific treatments based on a patient’s unique characteristics.
When medicines are only produced in a few large facilities, shortages
can happen if those facilities experience production problems,
material shortages, or shipping delays. Finally, producing and shipping
medicines on such a large scale also uses a lot of energy and resources,
adding to pollution and waste.

Even more concerning are rare conditions, called orphan diseases,

ORPHAN DISEASES

Rare diseases that
a�ect only a small
number of people and
often do not have
treatments because
making medicines for
them is not very
profitable for
pharmaceutical
companies.

for which no e�ective medicines exist. Developing a new medicine
is super expensive, so pharmaceutical companies tend to focus on
common diseases that a�ect lots of patients—it is generally not
profitable for companies to spend millions of dollars to develop
treatments that only a small number of people need. That means
patients with rare conditions often have no treatment options, even
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though there are approximately 7,000 known orphan diseases that
together a�ect more than 300 million people worldwide [1, 2]!

Recently, scientists have been working on a new way to make
medicines—a method that is more like compounding. This new
approach, called NANOSPRESSO, aims to produce personalized
medicines locally, right in hospitals where patients need them, instead
of relying on large factories.

WHAT IS NANOSPRESSO?

Maybe you have seen one of those cool soda machines—the kind
where you pick your favorite soda, like Coke or Sprite, and then add
custom flavors such as cherry, vanilla, or lime to create your own
personalized drink. Or maybe your parents use a co�ee machine
where they pop in a small capsule of their choice and get a fresh cup
of co�ee, made just the way they like it. That is the basic idea behind
NANOSPRESSO, a new way to make small, personalized batches of
medicine right in the hospital. The name “NANOSPRESSO” comes
from nano, meaning tiny particles, and espresso, a type of co�ee
made quickly using a specialmachine—to describe theway this system
quickly makes tiny particles containing the exact medicines needed by
each patient, according to their specific disease.

But making medicines is much more complicated than making an
espresso at home or mixing flavors into your soda. The medicines
that NANOSPRESSO creates are made from nucleic acids—molecules

NUCLEIC ACIDS

Molecules like DNA and
RNA that carry
instructions telling cells
what to do, such as
how to make proteins
that keep the body
working properly.

of RNA or DNA that carry the instructions telling the body’s cells
how to make proteins. Proteins are the building blocks of the body,

PROTEINS

Tiny machines or
building blocks in the
body that do important
jobs, like helping
muscles move, fighting
germs, or carrying
messages
between cells.

responsible for everything from making muscles move to fighting
infections. But when cells make too much or too little of some
proteins, or when certain proteins do not work properly, diseases can
result. Nucleic acid medicines can be specially designed to provide
cells with the correct instructions to make a critical missing protein.
Also, in cases where cells are producing a malfunctioning protein
that causes a disease, nucleic acid medicines can stick to and “block”
the patient’s faulty genetic instructions before they can produce the
problem protein (Figure 1).

DELIVERING NUCLEIC ACIDS TO CELLS IS

CHALLENGING

Delivering nucleic acid medicines into cells is not easy. Nucleic
acids are usually much larger than typical medicines, and they have
a negative charge—two features that make it hard for them to
pass through a cell’s protective outer membrane. Nucleic acids are
also delicate and can break down quickly inside the body. Without
protection, these medicines would be destroyed before they could

kids.frontiersin.org July 2025 | Volume 13 | Article 1625258 | 3

https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2025.1625258
https://kids.frontiersin.org/article/10.3389/frym.2025.1625258
https://kids.frontiersin.org/article/10.3389/frym.2025.1625258


Senti and Schi�elers

Figure 1

Figure 1

The nucleic acid
medicines made using
NANOSPRESSO can be
designed to: (A) help
cells to produce an
important protein that
they normally cannot
produce; (B) help cells
to make more of a
protein they are not
making enough of; or
(C) stop cells from
making an incorrect or
malfunctioning protein
that might cause
problems. (D)
NANOSPRESSO-based
medicines could be
designed to be
delivered precisely to
the organs where they
are needed.

reach the right cells. So, for these medicines to work, scientists first
needed to find a way to package nucleic acids so they could safely
reach their target inside the body.

One way to solve this problem is to wrap nucleic acids inside
nanoparticles—extremely tiny, man-made particles that can carry and

NANOPARTICLES

Extremely tiny particles
that can carry
medicines through the
body and help them
get into the right cells,
like microscopic
delivery trucks.

protect their contents [3, 4]. These nanoparticles act like delivery
trucks, safely transporting the medicine through the body to its
target. The most common type of nanoparticles used for nucleic
acid medicines are called lipid nanoparticles (LNPs). Lipids are fat-like
molecules that can form tiny bubbles around the medicine, shielding
it from damage and helping it slip into cells (Figure 2). If the Earth
were shrunk down to the size of a football, and then that football was
shrunk down by the same amount, the result would be about the size
of a lipid nanoparticle! Nanoparticles can be designed to release their
cargo at just the right time once they have entered cells. Scientists can
also modify nanoparticles to “target” them to specifically enter certain
tissues, such as the liver or muscles.
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Figure 2

Figure 2

Lipid nanoparticles
(LNPs) can form tiny
bubbles around nucleic
acid medicines,
protecting the delicate
nucleic acids and
helping them to enter
cells. LNPs are taken up
into cells through a
process called
endocytosis, in which
the cell membrane
wraps around the LNP
and pulls it inside. Once
inside the cell, the LNPs
break open—like a
popped bubble—and
release their nucleic
acid cargo, which the
cell can then use to
make helpful proteins
(for more details on
how cells turn RNA into
proteins, see this site).

Nanoparticle technology is not new to NANOSPRESSO. In fact, it has
already played a key role in a medical breakthrough you are probably
personally familiar with—the mRNA COVID-19 vaccine [5, 6]. This
vaccine uses LNPs to safely deliver genetic instructions for making a
harmless protein from the virus. Once inside cells, these instructions
activate the body’s defense system, preparing it to fight the actual virus
if it is encountered. Scientists are nowusing similar nanoparticle-based
delivery systems for other diseases, so that the medicines they contain
safely reach the patient’s diseased cells. NANOSPRESSO takes this a
step further by making it possible to produce customized nucleic acid
medicines for specific patients, right when they are needed in hospitals
or clinics.

MAKING PERSONALIZEDMEDICINEWITH

NANOSPRESSO

To make a personalized medicine using NANOSPRESSO, the first step
is to analyze a patient’s genetic makeup to identify the faulty genes or
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proteins causing their disease, and to determinewhether a nucleic acid
therapy could help. Once doctors know which nucleic acid medicine
a patient needs, a custom cartridge is put together specifically for
them—the way a custom co�ee machine uses specific capsules to
brew di�erent kinds of co�ee depending on each person’s taste. Each
cartridge, about the size of a smartphone, has two compartments. One
compartment holds the patient’s nucleic acid medicine, and the other
holds the lipidmixture needed to form protective nanoparticles (Figure
3). The cartridge also contains thin channels where the ingredients can
mix together, called a microfluidic mixing system.

MICROFLUIDIC

MIXING

A way to mix very small
amounts of liquids
through tiny channels,
helping scientists
create things like
nanoparticles quickly
and precisely, often
inside a special
cartridge or device.

Figure 3

Figure 3

An example
NANOSPRESSO
cartridge, which is
about the size of a
smartphone. The lipid
mixture and the nucleic
acid medicine are
originally contained in
two separate
compartments. The
cartridge is inserted
into the activation
device, which mixes
the two ingredients by
pushing them out of
their compartments
into the thin
(microfluidic) channels.
This mixing creates
stable nanoparticles,
which are purified as
they are pushed
through a filter when
leaving the cartridge.
Finally, the purified
medicine is injected
into the patient. The
entire process takes
only minutes!

The cartridge is inserted into the NANOSPRESSO activation device,
which creates a carefully controlled amount of pressure to push
tiny liquid droplets from the two compartments into the microfluidic
channels, mixing them very precisely. Microfluidic mixing combines
the ingredients in just the right way to form stable nanoparticles. The
result? A fresh batch of medicine, made quickly and safely right at the
hospital, ready to be injected into the patient.

NANOSPRESSO could create treatments for many di�erent diseases,
including orphan diseases that currently have few or no treatment
options. One example is methylmalonic acidemia, a disorder where
the body cannot properly break down certain foods, leading to
a dangerous buildup of toxic substances. Another is Crigler-Najjar
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syndrome, a rare liver disease that prevents the body fromgetting rid of
waste products in the blood, which can lead to serious complications.
Both conditions are caused bymissing or faulty proteins, meaning they
could potentially be treated using nucleic acid medicines that instruct
cells to make the correct proteins.

NANOSPRESSO’s ability to make small, personalized batches of
medicine could also be useful in cancer treatment. Some cancer
therapies work by helping the body’s defense system recognize
and attack tumors. With NANOSPRESSO, hospitals could prepare
these immune-based therapies on demand, instead of waiting for
them to be produced in large pharmaceutical factories. Additionally,
this technology could help doctors respond quickly to emerging
diseases. When a new virus appears, for example, NANOSPRESSO
could be used in hospitals to create small batches of vaccines
right where the new virus is infecting the most people, helping
communities respond to outbreaks much faster than traditional
vaccine manufacturing allows.

CAN NANOSPRESSOMAKE SPECIALIZEDMEDICINES

AVAILABLE TO EVERYONE?

One big advantage of NANOSPRESSO is that it does not require
designing a brand-new treatment system for every disease. Nucleic
acids all have the same basic arrangement of molecules, so nucleic
acid medicines only need to di�er in their sequence and length.
This means the same type of cartridge and mixing system can
be used for many di�erent medicines, making it much easier and
more a�ordable to create new treatments. The technology is also
designed to be simple enough for trained hospital sta� to use, so it
does not require highly specialized manufacturing experts. Overall,
NANOSPRESSO could make it easier for patients everywhere to get
the personalized treatments they need, no matter where they live or
how rare their diseases are. In many parts of the world, access to
advanced medicines is limited because they are expensive to ship
and can require refrigeration. With NANOSPRESSO, doctors could
produce these medicines locally, making sure e�ective treatments
reach patients in remote or underserved areas.

Currently, NANOSPRESSO is still being developed, and there are
still challenges to solve before it can be widely used. The rules
governments set up to make sure medicines are safe were designed
for factory-made drugs, so new rules need to be developed to ensure
the safety of small batches of medicines made in hospitals. Another
challenge is cost. Right now, nucleic acid medicines are expensive to
produce, and hospitals would need the right equipment and would
have to train their sta� to use NANOSPRESSO e�ectively. Scientists
are working on ways to make the process more a�ordable and ensure
that every dose is safe and e�ective.
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Once these remaining challenges are solved, NANOSPRESSO could
one day be available tomillions of patients around theworld—providing
much-needed treatments for orphan diseases, personalized therapy
for certain cancers, and even new vaccines. By moving medicine
production from big pharmaceutical companies to exactly where the
treatments are needed, NANOSPRESSOo�ers a promising step toward
a future where e�ective, personalized medicines are available on
demand to more people than ever before.
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