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Frontiers in Nanotechnology publishes new
research on nanobiosensors, gene editing, and
nano-vaccines.

Redox-responsive theranostic nanoplatforms
integrate cancer diagnosis and therapy by
targeting tumor microenvironment.

Bioengineering nanomedicine delivery for
myocardial infarction overcomes targeting and
biocompatibility challenges.

Virus-inspired nanoparticles revolutionize
drug/gene delivery by overcoming barriers and
enhancing cell-specific targeting.

Cambridge develops 16,933 PPI cadmium-free
QD manufacturing for ultra-realistic AR/VR
displays.

Nanomedicine revolutionizes epilepsy treatment
by enhancing BBB permeation, targeting
neuroinflammation, and using theranostics.

Multimodal nanomaterials for prostate cancer
theranostics advance, integrating diagnosis and
therapy with PSMA-targeted platforms.

LNPs are cutting-edge for mRNA/siRNA delivery,
proven by COVID-19 vaccines, essential for
nucleic acid therapies.

LNPs overcome mucosal delivery barriers for
nucleic acids, opening new avenues for
respiratory and GI disease treatment.

Nanomaterials electrochemistry requires complex
multi-scale characterization for advances in
energy storage, catalysis, sensing.

India extends "Nano Mission" to drive nanotech
R&D; with comprehensive funding for research
projects.

EU-Japan Centre announces business mission for
European companies to enter Japanese market
via nano tech 2026.

UK team achieves 73% capacity retention in Li-S
batteries after 500 cycles using LiCl-modified
MXene nanosheets.

Canada's Nova Graphene and Premier Graphene
partner to enter North American ballistic
protection market with graphene composites.

NIST scientists identify and correct 'dimming
effect' error in nanomaterial measurements,
improving precision.

German journal Small reviews advances of
layered TisC2TO MXene for electrochemical
energy storage applications.

Novel CuAu alloy electrocatalyst achieves biomass
upgrading and green hydrogen production at
ultralow 0.45V.

Nanotechnology advances in cancer
immunotherapy use smart nanoparticles and
combination strategies to enhance efficacy.

MGU Innovation Foundation offers grants and
incubation support for nanotechnology startups in
India.
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Canadian government designates nanotechnology
as R&D; priority, offering over 1500 grant and
loan programs.

US NSF invests $150M in 12 Regional Innovation
Engines for quantum, biomanufacturing, and grid
modernization.

MXene-coated germanium nanoparticles enable
high-performance binder-free Li-ion battery
anodes, improving capacity.

Chinese research boosts CO:z electroreduction
efficiency by 120% with 2D POM@MOF
composites, achieving 94.2% FE.

EU invests €2.5M in 'VitaliTE' to achieve scalable
3D bioprinting of clinically sized tissues using
nanomaterials.

Solidion Technology secures US grants, unveils
high-performance battery systems for AI data
centers and space using CNT/graphene.

Drexel symposium highlights injectable
self-healing hydrogels for Treg induction and
strategies to mitigate LNP-induced inflammation.

Compliance.ai reports over 11,000 new
regulatory documents in 7 days, with 50 final
rules taking effect soon.

Novel siRNA drug SRNOO1 (SAMIRNA platform)
shows favorable safety in Phase 1 trial, targeting
amphiregulin.

Low | Yellow highlight = featured article
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I Three Questions That Demand Your Decision This Week

@ Is your AR/VR display strategy ready for 16,000 PPI?

The University of Cambridge's breakthrough (Article #17) in cadmium-free QD manufacturing at 16,933 PPI
could make current AR/VR display roadmaps obsolete. Are your R&D; and product teams evaluating this new
standard?

® How exposed is your battery portfolio to Li-S disruption?

UK research (Article #25) shows significant progress in Li-S battery cycle life (73% retention after 500 cycles
with MXene). With other MXene advances (Article #34), is your current Li-ion investment diversified enough to
compete with this next-gen tech?

© Does your nanomedicine pipeline over-rely on the EPR effect?

A critical review (Article #12) highlights that the EPR effect, a cornerstone of hanomedicine design, often fails in
human trials. Are your R&D; teams pivoting to new delivery strategies (e.g., microbiome-modulated,
ML-optimized, virus-inspired, OoC) to avoid clinical translation failures?

I Opportunities vs. Threats for US/European Companies

Opportunity vs. Threat Matrix for US/European Companies

Opp. > Threat Both High
3D BioPrint Li-S Batt QD AR/VR

NanoMed Del Green H2/CO2
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® QD AR/VR Critical New display markets Obsolete tech
® Li-S Batt Critical Next-gen batteries Li-ion displacement
® Green H2/C0O2 Critical Sustainable chemicals Asian tech lead
® NanoMed Del Critical Efficient drug dev R&D; lag
® 3D BioPrint Opp. Regenerative med —
® Solidion Opp. High-perf batteries =
® EPR Crit Threat — R&D; paradigm shift
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® NIST Met Ref. Reliable R&D; —
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I Deep Dive @ — Ultra-High Resolution QD Displays for AR/VR

#17 | 2026/08/07 | University of Cambridge | Tech Novelty® ® ® ® ® Proximity ® ® OOO Market Impact® ® ® ® ® Data
Reliability® ® ® ® ® US/EU Relevancco @ @ ® ®

University of Cambridge researchers developed a cadmium-free quantum dot (QD) manufacturing technique
achieving 16,933 pixels per inch (PPI), a record for electroluminescent QD pixel arrays. This breakthrough
enables ultra-small pixels (600x900 nm), overcoming fundamental barriers in high-density display
production.

This innovation paves the way for hyper-realistic displays in augmented reality (AR) and virtual reality (VR)
applications, eliminating the 'screen-door effect' and providing immersive visual experiences. The use of

cadmium-free QDs also addresses environmental and safety concerns for consumer products.

» Strategic Analyst's Perspective

Strategic Analyst's Perspective: This is a game-changer for AR/VR. The published 16,933 PPI is
a realistic, peer-reviewed breakthrough, but scaling manufacturing remains a significant
technical barrier. [Opportunity] for US/EU display manufacturers and AR/VR platform
developers to lead the next generation of immersive experiences. [Threat] for companies
relying on incremental improvements to existing display tech, as this could rapidly make their
offerings obsolete. Next actions: [R&D;] Immediately assess the scalability of this
manufacturing technique and explore licensing or partnership opportunities by Q4 2026.
[Strategy] Develop a contingency plan for AR/VR display roadmaps, considering a rapid shift to
ultra-high resolution QD technology by Q1 2027.

I Deep Dive @ — MXene Nanosheets Boost Li-S Battery Life

#25 | 2026/08/04 | The Royal Society of Chemistry | Tech Novelty® ® ® ® ® Proximity ® ® OOO Market Impactoe ® ® ® ®
Data Reliability® ® ® ® ® US/EU Relevanccoe @ @ ® ®

A UK team achieved superior performance in lithium-sulfur (Li-S) batteries, demonstrating 73% capacity
retention after 500 cycles at 1C, with an initial capacity of 1076.9 mAh g-1. This was accomplished using
LiCl-modified MXene nanosheets as separators, which significantly enhance catalytic activity and polysulfide
trapping efficiency.

This breakthrough addresses the critical 'shuttle effect' and improves rate performance, overcoming major
hurdles for Li-S battery commercialization. MXene's high conductivity and porous structure are key to
maintaining stability and efficiency, promising higher energy density for EVs and energy storage.
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» Strategic Analyst's Perspective

Strategic Analyst's Perspective: The 73% capacity retention after 500 cycles is a significant,
quantitatively robust result, pushing Li-S closer to viability. However, scaling MXene nanosheet
production and ensuring long-term stability under real-world conditions remain technical
barriers. [Opportunity] for US/EU materials suppliers and battery manufacturers to invest in
MXene synthesis and integration for next-generation Li-S batteries, potentially disrupting the
Li-ion market. [Threat] for current Li-ion incumbents who fail to diversify their R&D; into these
high-energy-density alternatives. Next actions: [R&D;] Initiate internal projects or external
collaborations on MXene-based battery components, focusing on scalability and
cost-effectiveness by Q4 2026. [Procurement] Begin scouting for MXene material suppliers and
evaluate their production capabilities by Q1 2027.
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I Deep Dive ® — Microbiome Boosts Nanoparticle Drug Delivery

#07 | 2026/07/31 | MD Anderson | Tech Novelty® ® ® ® ® Proximity ® OO OO Market Impact® ® ® ® ® Data

Reliability® ® ® ® ® US/EU Relevancco @ @ ® ®

MD Anderson Cancer Center researchers discovered that temporarily reshaping the gut microbiome with
short-term antibiotics can significantly enhance nanoparticle-based chemotherapy delivery to tumors. This
method approximately doubled the circulation time of nanoparticles in mice, leading to increased drug

accumulation in tumors and improved survival rates.

This groundbreaking finding offers a novel strategy to boost the efficacy of existing nano-drugs by
modulating the host's biological environment, rather than solely redesigning the nanoparticle. It highlights
the critical, often overlooked, interaction between the microbiome and drug pharmacokinetics, opening new

avenues for cancer treatment.

» Strategic Analyst's Perspective

Strategic Analyst's Perspective: Doubling tumor delivery in mouse models is a highly
significant, realistic finding from a reputable institution. The technical barrier is translating this
to humans, requiring precise identification of microbiome alterations and safe modulation
strategies. [Opportunity] for US/EU pharmaceutical companies to integrate microbiome
research into their nanomedicine pipelines, potentially unlocking greater efficacy for existing
and pipeline drugs. [Threat] for companies that ignore the host-nanoparticle interaction,
missing a crucial lever for therapeutic improvement. Next actions: [R&D;/Pharma] Establish a
dedicated task force to investigate microbiome-nanoparticle interactions and potential
therapeutic modulation strategies by Q4 2026. [Clinical Development] Begin planning
preclinical studies to identify human-relevant microbiome modulators for enhanced drug
delivery by Q1 2027.

I Other Notable Articles

Novel CuAu Alloy Electrocatalyst (EurekAlert!)
Tech Novelty® ® @ ® ® Proximity® OOOO Market Impacte ® @ ® ®

US research achieves ultralow voltage green H2 production and biomass upgrading with 94.5% HMFCA yield.

High potential for sustainable chemicals.

European Union Invests €2.5 Million in Horizon Europe Project 'VitaliTE' (CORDIS (European Commission))
Tech Novelty® ® ® ® ® Proximity® @ OOO Market Impactoe @ ® ® ®

EU funds scalable 3D bioprinting of clinically sized tissues, integrating nanotechnology for regenerative

medicine. High-risk, high-reward investment.

Anticancer Nanomedicine Design Paradigm Questioned (ACS Publications)
Tech Novelty® @ ® OO Proximity® @ OOO Market Impacte @ @ @ O

Review critically analyzes overreliance on EPR effect in nanomedicine, urging new strategies to overcome

clinical translation failures.

Solidion Technology Accelerates High-Performance Battery System Development with US Government Grants (Cision / Solidion Technology Inc.)
Tech Novelty® @ ® OO Proximity® @ @ ® O Market Impactoe @ ®@ ® ®

US company Solidion unveils high-performance CNT/graphene batteries for Al data centers and space,
backed by US government grants.

Machine Learning Accelerates Lipid Nanoparticle (LNP) Design (Pharmatica)
Tech Novelty® ® ® ® O Proximity® @ OOO Market Impacte @ @ @ O
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ML integration significantly accelerates LNP formulation, improving delivery performance and reducing R&D;
burden for nucleic acid therapeutics.
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I Recommended Actions This Week

Action recommendations based on article evaluation matrix and opportunity/threat analysis.

I Immediate (this week)

e [R&D;] Initiate competitive analysis of AR/VR display technologies, focusing on ultra-high resolution
QD advancements (Article #17).

e [Strategy] Assess current nanomedicine R&D; pipelines for over-reliance on the EPR effect and identify
alternative delivery mechanisms (Article #12).

e [Procurement] Begin scouting for advanced battery material suppliers, particularly those with MXene
or silicon-carbon anode expertise (Article #25, #37).

| Short-term (1 month)

¢ [R&D;] Formulate a strategy for integrating AI/ML into LNP design and optimization processes to
accelerate drug development (Article #06).

e [Business Dev] Explore potential partnerships or investments in green hydrogen and CO2
electroreduction catalyst development, especially for ultralow voltage systems (Article #29, #35).

¢ [R&D;/Pharma] Investigate the feasibility of microbiome modulation to enhance nanoparticle drug
delivery, starting with preclinical models (Article #07).

¢ [Legal/IP] Conduct an IP landscape review for advanced QD manufacturing techniques and
MXene-based battery materials to identify licensing opportunities or threats (Article #17, #25).

I Medium-long term (quarter+)

e [Strategy] Develop a long-term investment roadmap for 3D bioprinting and engineered living matter,
considering the EU's 'VitaliTE' project (Article #36).

¢ [Executive] Monitor global government funding initiatives in nanotechnology (e.g., US NSF, India's
Nano Mission, Canada's R&D; priority) to identify strategic collaboration or market entry opportunities
(Article #23, #32, #33).

e [R&D;/Quality] Implement NIST's corrected measurement protocols for nanomaterials to enhance
data reliability and reproducibility across all relevant R&D; projects (Article #08, #27).

troy-technical.jp/en | Original curation. Article copyrights belong to respective authors. | Gemini API + Claude | 2026-08-09

Nanotechnology Weekly Intelligence Report | 2026-08-09 | Page 10



Nanotechnology — Selected
Articles

Date: 2026-08-09

Articles: 40



I Table of Contents

#01 Unique Nanomaterial Properties Drive Innovation Across Electronics, Medicine, and

Energy Sectors

#02 Nanotechnology Reshapes Industries from Electronics and Medicine to Food and
Automotive with Diverse Applications

#03 AVS to Host International Conference on Atomic Layer Deposition (ALD) and Etching
(ALE) in Tampa, Florida, Focusing on Semiconductor Applications

#04 Nanotechnology Expands Industrial Applications Through Sub-Micron Molecular Control
#05 Nanotechnology Reduces Side Effects of Existing Nano-Drugs Like Doxil and Abraxane in
Cancer Treatment, Enhancing Efficacy

#06 Machine Learning Accelerates Lipid Nanoparticle (LNP) Design, Dramatically Boosting
Efficiency and Speed in Therapeutic Molecule Delivery

#07 MD Anderson Cancer Center Doubles Tumor Delivery of Nanoparticle Chemotherapy by
Reshaping Gut Microbiome

#08 NIST Researchers Correct Common Error Confounding Nanotech Measurements,
Improving Precision for Drug Delivery Optimization

#09 Quantum Dot Displays Redefine Market Value with QD-OLED Image Quality and
Microfluidics/3D Printing Manufacturing Advances

#10 Cell Membrane-Coated Nanoparticles Revolutionize Diabetic Wound Healing with
Controlled Release and Extended Circulation for Chronic Wounds

#11 Organ-on-Chip Platforms Accelerate Nanoparticle Drug Development, Validating Toxicity
Reduction and Targeting with Human Physiologically Relevant Models

#12 Anticancer Nanomedicine Design Paradigm Questioned: EPR Effect Overreliance Leading
to Clinical Translation Failures Analyzed, New Strategies Proposed

#13 Frontiers in Nanotechnology Publishes Latest Open Access Research on Nanobiosensors,
Gene Editing, and Nano-Vaccines

#14 Redox-Responsive Theranostic Nanoplatforms Targeting Tumor Microenvironment
Revolutionize Cancer Diagnosis and Treatment

#15 Bioengineering Approaches in Nanomedicine Delivery for Myocardial Infarction
Overcome Challenges in Targeting and Biocompatibility

#16 Virus-Inspired Nanoparticles Revolutionize Drug and Gene Delivery, Overcoming

Biological Barriers and Enhancing Cell-Specific Targeting for New Therapies



#17 University of Cambridge Develops 16,933 PPI Cadmium-Free Quantum Dot
Manufacturing Tech for Ultra-Realistic AR/VR Displays

#18 Nanomedicine Revolutionizes Epilepsy Treatment by Enhancing Blood-Brain Barrier
Permeation, Targeting Neuroinflammation and Gut-Brain Axis, and Innovating Seizure
Prediction and Suppression with Theranostics

#19 Multimodal Nanomaterials for Prostate Cancer Theranostics Advance, Integrating
Precision Diagnosis and Therapy with PSMA-Targeted Platforms

#20 Lipid Nanoparticles (LNP) Establish Success in COVID-19 Vaccines as Cutting-Edge
Technology Essential for mRNA, siRNA Delivery

#21 Lipid Nanoparticles (LNP) Overcome Nucleic Acid Respiratory and Gastrointestinal
Mucosal Delivery Barriers, Opening New Avenues for Disease Treatment

#22 Nanomaterials Electrochemistry: Complex Characterization from Atomic to Interface
Scales Essential for Advances in Materials Science and Electrochemistry

#23 India's Department of Science & Technology Extends "Nano Mission" to Drive Nanotech
R&D

#24 EU-Japan Centre for Industrial Cooperation Announces Business Mission for European
Companies to Enter Japanese Market via nano tech 2026 Exhibition

#25 UK Team Achieves 73% Capacity Retention in Lithium-Sulfur Batteries After 500 Cycles
with LiCl-Modified MXene Nanosheets

#26 Canada's Nova Graphene and Premier Graphene Affiliate Partner to Enter North
American Ballistic Protection Market with Graphene Composites

#27 NIST Scientists Identify and Correct Pervasive 'Dimming Effect' Error in Nanomaterial
Measurements

#28 German Journal Small Publishes Review Summarizing Recent Advances of Layered
TisC2Tx MXene for Electrochemical Energy Storage

#29 Novel CuAu Alloy Electrocatalyst Achieves Biomass Upgrading and Green Hydrogen
Production at Ultralow Voltage of 0.45V

#30 Advances in Nanotechnology for Cancer Immunotherapy: Smart Nanoparticles and
Synergistic Combination Strategies Enhance Therapeutic Efficacy

#31 MGU Innovation Foundation Offers Grants and Incubation Support for Nanotechnology
Startups

#32 Canadian Government Designates Nanotechnology as R&D Priority, Offers Over 1500
Grant and Loan Programs

#33 US National Science Foundation Invests $150 Million in 12 Regional Innovation Engines

to Accelerate Quantum, Biomanufacturing, and Grid Modernization



#34 MDPI Research Demonstrates MXene-Coated Germanium Nanoparticles Enable High-
Performance Binder-Free Lithium-Ion Battery Anodes

#35 Chinese Research Boosts CO2 Electrocatalytic Reduction Efficiency by 120% with 2D
POM@MOF Composites Featuring Asymmetric Sites, Achieving 94.2% FE

#36 European Union Invests €2.5 Million in Horizon Europe Project 'VitaliTE' to Achieve
Scalable 3D Bioprinting of Clinically Sized Tissues

#37 Solidion Technology Accelerates High-Performance Battery System Development with US

Government Grants, Unveils Products for Al Data Centers and Space Applications

#38 Drexel Symposium Highlights Injectable Self-Healing Hydrogels for Therapeutic Treg
Induction and Strategies to Mitigate LNP-Induced Inflammation

#39 Compliance.ai Reports Over 11,000 New Regulatory Documents Added in Last 7 Days,
With 50 Final Rules Taking Effect Soon

#40 Novel siRNA Drug SRNOO1 Targeting Amphiregulin via SAMIRNA Platform Demonstrates

Favorable Safety in Phase 1 Trial



#01 Unique Nanomaterial Properties Drive Innovation
Across Electronics, Medicine, and Energy Sectors

Published July 31, 2026  Biology LibreTexts International

| overview

Nanomaterials, engineered at the nanoscale, exhibit distinct physical, chemical, and
biological properties unmatched by their bulk counterparts, promising revolutionary
applications in electronics, medicine, energy storage, and environmental protection.
Available in diverse forms such as zero-dimensional quantum dots, one-dimensional
nanowires, and two-dimensional graphene, their characteristics are profoundly
influenced by size and surface area. Precise design and control are paramount to

harness these unique attributes effectively.



| N DEPTH

Key Findings

Nanomaterials, precisely engineered at the nanometer scale, exhibit unique physical,
chemical, and biological properties that diverge significantly from their bulk
counterparts. This scale-dependent behavior is driving accelerated innovation across a
multitude of sectors, including electronics, medicine, energy storage, and environmental
protection, by enabling the development of high-performance and novel products and

solutions.

Technical and Material Details

¢ Impact of Size and Surface Area: The properties of nanomaterials are governed by
their extraordinarily high surface-area-to-volume ratio and quantum mechanical
effects at the nanoscale. These factors lead to distinct reactivity, optical properties,
electrical conductivity, and mechanical strength compared to macro-scale materials.
For instance, a substance might change color or exhibit superior catalytic activity

when reduced to nanoparticles.

¢ Diverse Morphologies: Nanomaterials are categorized into various forms based on

their dimensions at the nanoscale:

o Zero-dimensional nanomaterials: Quantum dots and nanoparticles, where all
dimensions are confined to the nanoscale. Quantum dots are known for their size-

tunable light emission, making them ideal for displays and bioimaging.

o One-dimensional nanomaterials: Nanowires and nanotubes, where two
dimensions are nanoscale and one is larger. Carbon nanotubes, with their
exceptional strength and electrical conductivity, find applications in composites

and next-generation electronics.

o Two-dimensional nanomaterials: Such as graphene, where one dimension is
nanoscale, and the other two are larger. Graphene's outstanding electrical
conductivity and mechanical properties make it promising for sensors, energy

storage, and advanced composites.



¢ Broad Applications: These materials are foundational to a wide array of innovative
technologies, including highly efficient solar cells, ultra-miniature and high-speed
semiconductor devices, sensitive biosensors, targeted drug delivery systems, high-

strength lightweight composites, and advanced water purification filters.

Background and Industry Context

Historically, material properties were primarily defined by composition and
macrostructure. However, the advent of nanotechnology has enabled the manipulation
of matter at the atomic and molecular levels, revealing that altering size and shape can
unlock entirely new functionalities. This field is seen as a crucial driver for overcoming
the limitations of conventional industries and providing novel solutions for sustainable
societal development, garnering significant attention from governments, academia, and

industry worldwide.

Future Outlook

Research and development in nanomaterials are expected to continue their rapid
progression. Particular emphasis will be on developing hybrid materials combining
different nanomaterials and smart nanomaterials responsive to external stimuli. While
challenges such as reducing manufacturing costs, establishing scalable production
techniques, and ensuring long-term safety assessments remain, overcoming these
hurdles will solidify nanomaterials' indispensable role across diverse industrial sectors,

consistently generating innovations that enhance our daily lives.

Source:
https://ftp.richmondbizsense.com/Download_PDFS/mL3430/601500/Understanding%20Nanomaterials.pdf

Collected: August 07, 2026 | Automated Research System (Gemini API)
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#02 Nanotechnology Reshapes Industries from
Electronics and Medicine to Food and Automotive with
Diverse Applications

Published August 01, 2026  Vajiram & Ravi  India

| overview

Nanotechnology, the study and manipulation of matter at the 1-100 nanometer scale,
is integrating into diverse industries by enabling lighter, stronger, and more
functional materials. Specifically, nanoelectronics delivers faster, smaller computing,
while nanomedicine advances early diagnostics, smart drug delivery, and regenerative
medicine. This technology extends its innovative reach to food packaging, cosmetics,
textiles, automotive, aerospace, and agriculture, impacting almost every aspect of

society.



| N DEPTH

Key Findings

Nanotechnology, a field focused on studying and manipulating matter within the 1-100
nanometer range, holds the potential to fundamentally transform existing industrial
structures. This technology enables the creation of unprecedentedly lightweight, strong,
and highly functional materials, forming the foundation for new products and processes
across diverse sectors such as electronics, medicine, energy, environmental protection,

and manufacturing.

Technical and Application Details

e Materials Science: Nanomaterials exhibit dramatically improved mechanical and
physical properties, including tensile strength, hardness, elastic modulus, thermal
stability, and electrical conductivity, compared to bulk materials. For instance, carbon
nanotubes and graphene are applied in ultra-lightweight and exceptionally strong

composites, contributing to fuel efficiency in the aerospace industry.

¢ Nanoelectronics: Nanoscale semiconductor devices enable the production of
smaller, faster, and lower-power processors and memory. This accelerates the
evolution of smart devices, Al chips, and high-performance computing, becoming an
indispensable element for the development of 10T (Internet of Things) and 5G/6G

communication technologies.

¢ Nanomedicine: Nanomedicine is bringing innovation to early diagnostics, precise
drug delivery, and regenerative medicine. Nanoparticles can specifically target cancer
cells, reducing chemotherapy side effects while enhancing therapeutic efficacy.
Furthermore, highly sensitive nanobiosensors allow for ultra-early detection of

diseases.



¢ Integration into Other Industries:

o Food Industry: Smart packaging extends food freshness, and nanosensors detect

pathogens.

o Cosmetics and Textile Industry: UV-protective cosmetics, antibacterial and stain-

resistant functional fabrics.

o Automotive and Aerospace Industry: Lightweight, high-strength structural

materials, high-efficiency batteries.

o Agriculture: Efficient delivery of pesticides and fertilizers in precision agriculture,

soil sensors.

Background and Industry Context

The concept of nanotechnology was introduced in Richard Feynman's 1959 lecture, and
serious research and development gained momentum since the 1980s with the
advancement of tools like the Scanning Tunneling Microscope (STM) and Atomic Force
Microscope (AFM) for manipulating and observing at the nanoscale. In the 21st century,
its applications have moved beyond basic research, with practical products and services
entering the market. Governments worldwide are investing heavily in research funding,
and multinational corporations are strategically positioning nanotechnology as a key

investment area.Future Outlook

Nanotechnology is expected to continue its deep integration and innovation across
various industrial sectors. Particularly, its fusion with quantum computing, artificial
intelligence (Al), and biotechnology could lead to unforeseen breakthroughs. However,
crucial considerations include the long-term safety assessment of nanomaterials,
challenges in manufacturing costs, and ethical and social implications. By addressing
these challenges, nanotechnology is poised to play a central role in realizing a more

sustainable and prosperous society.

Source: https://vajiramandravi.com/upsc-exam/nanotechnology/
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#03 AVS to Host International Conference on Atomic
Layer Deposition (ALD) and Etching (ALE) in Tampa,
Florida, Focusing on Semiconductor Applications

Published August 01, 2026 AVS  USA

| overview

AVS will co-locate the 26th International Conference on Atomic Layer Deposition (ALD
2026) and the 13th International Atomic Layer Etching Workshop (ALE 2026) in
Tampa, Florida. This conference will specialize in the science and technology of atomic
layer control of thin film deposition and etching. It will delve into new functionalities
and applications of particular interest to the semiconductor device community,
focusing on precision control and functional enhancement of nanoscale materials in

the semiconductor industry.
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Key Findings

AVS is set to host the 26th International Conference on Atomic Layer Deposition (ALD
2026) concurrently with the 13th International Atomic Layer Etching Workshop (ALE
2026) in Tampa, Florida, from August 3-6, 2026. This pivotal international conference will
focus on the cutting-edge science and technology of atomic layer control in thin film
deposition and etching—techniques critical for determining semiconductor device
performance. It serves as a vital forum for researchers and engineers interested in new

functionalities and applications within the semiconductor industry.

Technical and Event Details

e Atomic Layer Deposition (ALD): ALD is a thin-film deposition technique based on
the sequential introduction of gaseous precursors, allowing for the formation of films
with atomic layer precision. This method enables highly uniform and conformal film
growth even on complex three-dimensional structures. In semiconductor devices, ALD
is indispensable for creating gate dielectrics, high-k dielectric films, and passivation

layers, thereby contributing to device miniaturization and performance improvement.

e Atomic Layer Etching (ALE): ALE is the reverse process of ALD, involving the precise
removal of material in atomic layers. It is crucial for enhancing the accuracy and
control of nanomanufacturing in next-generation semiconductor fabrication, where
selective etching and damage-free processes are paramount. ALE facilitates the

realization of semiconductor devices with extremely fine structures.

¢ Co-located Workshops: The co-location of ALD 2026 and ALE 2026 promotes a
holistic discussion of atomic layer control technologies from both deposition and
etching perspectives, fostering synergistic advancements. The event will feature
presentations of the latest research findings, technical demonstrations, and

networking opportunities with experts.



Background and Industry Context

The semiconductor industry has consistently pursued device miniaturization and
performance enhancement, epitomized by Moore's Law. Nanoscale material control is
indispensable for sustaining this progress, and ALD and ALE are at the forefront of these
technologies. Manufacturing devices with complex structures, such as 3D NAND flash
memories and FinFETs, demands atomic-level control over film thickness and geometry.
This conference is designed to provide the latest insights and solutions to meet these

advanced requirements.

Future Outlook

ALD and ALE technologies are expected to find applications beyond semiconductors,
extending to MEMS (Micro-Electro-Mechanical Systems), optical devices, catalysts, and
biosensors. Particularly in emerging technologies like quantum computing and
neuromorphic computing, atomic-level material control will be essential. Thus, the
innovative technologies discussed at these conferences will form the bedrock of future
technological development. The Tampa conference is set to play a significant role in

shaping the future of these critical fields by bringing together leading experts.

Source: https://avs.org/about-avs/events-calendar/?event=5093

Collected: August 07, 2026 | Automated Research System (Gemini API)


https://avs.org/about-avs/events-calendar/?event=5093

#04 Nanotechnology Expands Industrial Applications
Through Sub-Micron Molecular Control

Published August 04, 2026  ScienceDaily USA

I OVERVIEW

Nanotechnology, an applied science focusing on controlling and manufacturing
devices at the sub-micron molecular level, is gaining widespread adoption across
modern industries. Its advancement has been significantly accelerated by
sophisticated analytical tools like Scanning Tunneling Microscopes (STM) and Atomic
Force Microscopes (AFM). Utilizing both bottom-up and top-down approaches,
nanotechnology is already integrated into various existing technologies, from
polymer manufacturing to computer chip design, offering new functionalities and

efficiencies.
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Key Findings

Nanotechnology is an applied scientific and technological field that involves controlling,
designing, manufacturing, and applying matter at the molecular level, specifically below
one micrometer (1,000 nanometers). The development of this field, driven by its ability to
fundamentally alter the basic properties of materials, is having a revolutionary impact
across diverse industries. The evolution of advanced analytical tools and two primary
manufacturing approaches has particularly accelerated the practical application and

widespread adoption of this technology.

Technical Methods and Details

e Bottom-Up Approach: This method involves precisely assembling individual
components, such as atoms and molecules, to construct larger nanostructures and
devices. Representative techniques include self-assembly and molecular beam
epitaxy. This approach is well-suited for generating defect-free nanomaterials with

extremely high precision and control.

e Top-Down Approach: In contrast, the top-down approach involves miniaturizing
larger materials through fabrication processes to create nanoscale structures.
Examples include photolithography and electron beam lithography, commonly used
in semiconductor manufacturing. This method offers advantages in mass production

and compatibility with existing manufacturing infrastructures.

e Advancements in Analytical Tools: The progress of nanotechnology heavily relies on
the ability to visualize and manipulate matter at the nanoscale. The Scanning
Tunneling Microscope (STM) revolutionized the field by enabling the observation of
atomic-level surface structures and the manipulation of individual atoms. The Atomic
Force Microscope (AFM) further expanded capabilities by providing high-resolution
imaging of non-conductive material surfaces, making it invaluable across diverse
fields like biology and materials science. The advent of these tools laid the

groundwork for modern nanotechnology research.



Background and Industry Context

The concept of nanotechnology was first introduced by Richard Feynman in his 1959
lecture, "There's Plenty of Room at the Bottom," where he suggested the possibility of
manipulating matter at the molecular level. Following the invention of the STM in the
1980s, atomic-scale observation and manipulation of matter became a reality, rapidly
establishing nanotechnology as a major area of academic research. Today, nanoscale
elements are integrated into various existing technologies, including polymer
manufacturing, computer chip design, medical diagnostics, energy storage, and
environmental remediation, contributing to improved product performance and the

addition of new functionalities.Future Outlook

Nanotechnology is expected to continue expanding the frontiers of science and
technology. In particular, its fusion with artificial intelligence (Al) and machine learning is
projected to further accelerate the design and optimization of nanomaterials.
Nanotechnology will establish itself as an indispensable foundational technology for the
development of next-generation medical, energy, and information and communication
technologies. However, careful consideration of the potential safety assessment of
nanomaterials and ethical implications will remain crucial challenges in future research

and development.

Source: https://www.sciencedaily.com/terms/nanotechnology.htm
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#05 Nanotechnology Reduces Side Effects of Existing
Nano-Drugs Like Doxil and Abraxane in Cancer
Treatment, Enhancing Efficacy

Published July 30, 2026 HCG Oncology India

| overview

Nanotechnology significantly improves cancer treatment efficacy by resolving long-
standing drug delivery challenges, enhancing both efficiency and safety.
Nanoparticles, 1-100 nanometers in size, leverage the Enhanced Permeability and
Retention (EPR) effect to selectively accumulate in tumor tissues, thereby reducing
side effects on healthy cells. Liposomes, polymeric micelles, and albumin-bound
nanoparticles are key clinical carrier platforms, with existing nano-drugs like Doxil and
Abraxane demonstrating maintained anti-tumor activity while reducing cardiotoxicity

and neurotoxicity, improving patient quality of life.
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Key Findings

Nanotechnology is offering innovative solutions to fundamental drug delivery challenges
in cancer treatment, simultaneously improving therapeutic efficacy and patient safety.
Specifically, nanoparticles ranging from 1 to 100 nanometers in size can leverage their
physical properties to selectively accumulate therapeutic agents in tumor tissues. This
approach significantly mitigates the severe side effects typically associated with
conventional chemotherapy, while maintaining or even enhancing anti-tumor activity.

Nano-drugs such as Doxil and Abraxane have already achieved clinical success.

Technical and Clinical Details

e Exploiting the EPR Effect: Cancerous tumor tissues are characterized by
underdeveloped vasculature, enhanced vascular permeability, and compromised
lymphatic drainage compared to healthy tissues. This phenomenon, known as the
"Enhanced Permeability and Retention (EPR) effect," allows nanoparticles around 100
nanometers to extravasate from tumor blood vessels, efficiently accumulate within
the tumor tissue, and be retained for prolonged periods. This enables selective drug

delivery to tumors and achieves high drug concentrations at the target site.
¢ Key Carrier Platforms:

o Liposomes: Spherical vesicles composed of lipid bilayers, capable of encapsulating
both hydrophilic and hydrophobic drugs. A prime example is Doxil, which
encapsulates doxorubicin and demonstrates anti-tumor effects while reducing

cardiotoxicity.

o Polymeric Micelles: Nanostructures formed by the self-assembly of amphiphilic
polymers in an aqueous environment. Drugs are encapsulated within the
hydrophobic core of the micelle, enhancing circulation stability and targeting
capabilities.

o Albumin-Bound Nanoparticles: Albumin is highly biocompatible and can be
taken up by tumor cells via receptors like SPARC, which are often overexpressed in
tumors. Abraxane, an albumin-bound paclitaxel formulation, is a notable example

that shows high anti-tumor efficacy while reducing neurotoxicity.



¢ Side Effect Reduction: By concentrating drugs in tumors, nano-drugs can
significantly reduce systemic side effects such as myelosuppression, cardiotoxicity,

neurotoxicity, and alopecia, thereby improving patient compliance and quality of life.

Background and Industry Context

Traditional cancer chemotherapy, while possessing potent anti-tumor effects, faces the
dilemma of widespread drug distribution throughout the body, causing significant
damage to healthy cells. This leads to severe side effects for many patients, often forcing
treatment interruption. Nanotechnology emerged as a promising approach to address
this challenge and has been actively researched since the 1990s. Products like Doxil
(doxorubicin liposomal formulation, FDA approved in 1995) and Abraxane (paclitaxel
albumin-bound nanoparticle formulation, FDA approved in 2005) are now widely used in

clinical practice.

Future Outlook

Advancements in nanotechnology for cancer treatment are expected to accelerate. Next-
generation nano-drugs will likely evolve towards more complex targeting mechanisms
(e.g., multi-targeting multiple receptors simultaneously), smart nanoparticles that control
drug release through external stimuli (e.g., pH, temperature, light), and theranostic
nanoplatforms that integrate diagnostic and therapeutic functions. These innovations will
bring personalized medicine closer to reality, promising significant improvements in
treatment outcomes for intractable cancers. Overcoming challenges related to safety and

manufacturing costs will be key to their broader adoption.

Source: https://www.hcgoncology.com/blog/nano-medicine-smart-delivery-systems-cancer-treatment/
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#06 Machine Learning Accelerates Lipid Nanoparticle
(LNP) Design, Dramatically Boosting Efficiency and
Speed in Therapeutic Molecule Delivery

Published August 03, 2026  Pharmatica International
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| overview

While lipid nanoparticles (LNPs) are crucial for protecting and safely transporting
therapeutic molecules like mRNA and siRNA to target cells, their design is inherently
complex. Researchers have successfully integrated machine learning (ML) into LNP
design, significantly accelerating formulation development, improving delivery
performance, and reducing experimental burden. ML identifies complex relationships
between lipid composition and biological performance, thereby predicting promising

formulations and optimizing particle characteristics.
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Key Findings

Lipid nanoparticles (LNPs) play a critical role in the intracellular delivery of nucleic acid
therapeutics such as mRNA and siRNA; however, optimizing their design has been a
challenge due to multifactorial complexity. The integration of machine learning (ML) has
provided a revolutionary breakthrough, significantly accelerating LNP formulation
development, enhancing delivery performance, and drastically reducing the experimental
burden in R&D. ML models are proving highly effective at efficiently identifying optimal

compositions from a vast array of lipid candidates and combinations.

Technical and Development Details

¢ Importance of LNPs: LNPs are indispensable carriers that protect nucleic acid drugs
from degradation in the body and facilitate their efficient passage across cell
membranes into the cytoplasm. The success of LNPs in COVID-19 mRNA vaccines
unequivocally demonstrated their clinical utility. However, LNP performance critically
depends on the precise ratios and types of multiple components, including ionizable
lipids, helper lipids, cholesterol, and PEGylated lipids, making finding the optimal

balance an experimentally intensive process.



e ML-Driven Design Optimization: ML enables efficient exploration of this complex,

multidimensional parameter space.

o Data-Driven Approach: ML models are trained on historical LNP formulation
data, synthesis conditions, and in vitro/in vivo biological evaluation data (e.g.,

encapsulation efficiency, cellular uptake, gene expression levels, toxicity).

o Predictive Modeling: ML models learn the non-linear relationships between lipid
composition, LNP physicochemical properties (size, surface charge, stability), and
ultimate biological performance. This allows for accurate prediction of

performance even for untried formulations.

o Accelerated Formulation Screening: While traditional trial-and-error approaches
required synthesizing and evaluating hundreds of LNP formulations, ML
significantly reduces the number of experiments by narrowing down to the most

promising candidates, saving development time and costs.

o Identification of Key Biomarkers: ML aids in identifying the primary lipid
components and design parameters contributing to LNP performance, providing

new insights into LNP design principles.

Background and Industry Context

The field of nucleic acid therapeutics holds immense promise for gene therapy and
vaccine development, but the safe and efficient delivery of unstable nucleic acid
molecules into cells has long been a bottleneck. LNPs have emerged as a leading
solution, yet their development has been accompanied by high technical barriers. The
introduction of machine learning is part of a broader digital transformation in
biopharmaceutical development, where streamlining and accelerating the drug discovery

pipeline are urgent industry-wide priorities.Future Outlook

The application of machine learning in LNP design is still in its early stages, but its
potential is enormous. In the future, more sophisticated reinforcement learning models
and hybrid models incorporating physical laws may emerge, potentially leading to
autonomous LNP design and synthesis. This could accelerate the rapid development of
custom LNPs for rare diseases or ultra-selective LNPs capable of systemic delivery to
specific organs or cells. LNPs are indispensable for bringing next-generation nucleic acid
drugs to market, and their fusion with ML will further enhance their competitive

advantage.



Source: https://pharmatica.io/insights/machine-learning-lipid-nanoparticles
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#07 MD Anderson Cancer Center Doubles Tumor
Delivery of Nanoparticle Chemotherapy by Reshaping
Gut Microbiome

Published July 31, 2026  MD Anderson  USA
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| overview

Researchers at MD Anderson Cancer Center discovered a groundbreaking method to
significantly enhance tumor delivery of nanoparticle-based chemotherapy by
temporarily reshaping the gut microbiome. Short-term antibiotic administration
altered gut bacteria, approximately doubling the circulation time of nanoparticles in
mice. This led to increased drug accumulation in tumors and improved survival rates
across multiple cancer types in mouse models, offering a new strategy to boost the

efficacy of existing nano-drugs.
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Key Findings

A research team at MD Anderson Cancer Center has established a novel approach that
dramatically boosts the efficiency of nanoparticle-based chemotherapy delivery to
tumors by temporarily reshaping the gut microbiome. This innovative method,
demonstrated in mouse models, showed that short-term antibiotic administration
altered the gut microbiota, approximately doubling the circulation time of nanoparticles
in the bloodstream. This extended circulation led to increased drug accumulation within
tumor tissues and resulted in significant therapeutic improvements, including enhanced

survival rates, across multiple cancer types.

Technical and Clinical Details

¢ Microbiome Manipulation: The study involved administering specific antibiotics to
mice for a short period to transiently alter the composition of their gut microbiome.
While the exact mechanisms by which these changes influence pharmacokinetics are
not fully elucidated, it is hypothesized that alterations in gut bacteria-metabolized

molecules or immune responses play a role.

¢ Nanoparticle-Based Chemotherapy: The experiments utilized nanoparticles
encapsulating existing chemotherapy drugs. These nanoparticles typically accumulate
in tumors via the Enhanced Permeability and Retention (EPR) effect but often face
challenges due to rapid systemic clearance. Microbiome manipulation effectively
delayed this clearance, widening the "window" for nanoparticles to reach and

accumulate in tumors.

¢ Improved Delivery Efficiency and Therapeutic Outcomes: Mice treated with
antibiotics exhibited an extended blood half-life of nanoparticles, resulting in a
substantial increase in drug delivery to tumors compared to untreated groups. This
improved delivery efficiency translated into significant suppression of tumor growth
and improved overall survival rates in mouse models of various cancers, including
colon cancer, breast cancer, and melanoma. This approach suggests a potential to

broaden the therapeutic window of chemotherapy.



Background and Industry Context

Nanomedicine in cancer treatment is a promising field aiming to reduce side effects and
enhance therapeutic efficacy through targeted drug delivery. However, many nano-drugs
that show excellent results in vitro and preclinical studies often fail to demonstrate
comparable efficacy in human clinical trials, hitting a "translation barrier." Contributing
factors include complex in vivo pharmacokinetics, interactions with the immune system,
and, increasingly, the gut microbiome. This research highlights the critical impact of the
gut microbiome on drug pharmacokinetics and demonstrates that its modulation can

profoundly influence therapeutic outcomes.

Future Outlook

This discovery opens new avenues for cancer treatment strategies. By adjusting the
composition of the gut microbiome to a state favorable for drug pharmacokinetics, the
efficacy of existing nanoparticle-based anti-cancer drugs could be significantly amplified.
Future work will focus on validating safety and efficacy in humans, identifying the most
effective changes in gut microbiota, and further elucidating the underlying mechanisms.
If clinically implemented, this approach could allow for equivalent or superior therapeutic
effects with lower drug doses, reducing patient side effects and improving prognosis for
patients with refractory cancers. Personalized medicine may evolve to include treatment

plans that consider a patient's microbiome status.

Source: https://www.mdanderson.org/newsroom/research-newsroom/reshaping-the-gut-microbiome-
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#08 NIST Researchers Correct Common Error
Confounding Nanotech Measurements, Improving
Precision for Drug Delivery Optimization

Published August 06, 2026  NIST  USA

| overview

A team of scientists at the U.S. National Institute of Standards and Technology (NIST)
identified and resolved a common data analysis error in nanoscience and
nanotechnology through a mathematical correction. This error previously risked
misinterpreting the size-dependency of nanomaterial properties, critically impacting
performance evaluation of nanoparticles, particularly in optimizing drug delivery
systems. NIST's breakthrough significantly enhances the reliability and reproducibility
of nanomaterial research, accelerating its translation from scientific discovery to

practical application.
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Key Findings

A team of scientists at the U.S. National Institute of Standards and Technology (NIST) has
identified a widespread, previously overlooked error in data analysis within nanoscience
and nanotechnology, and subsequently developed a mathematical correction to resolve
it. This discovery is crucial for accurately understanding how the physical, chemical, and
biological properties of nanomaterials depend on their size, substantially improving the
precision of performance evaluation, especially in the development of novel drug

delivery systems and the optimization of existing nanoparticles.

Technical and Measurement Details

¢ Error Identification: Researchers uncovered a systematic error inherent in statistical
methods commonly used to analyze the relationship between nanomaterial size
distribution and their properties. This error could lead to inaccurate interpretations of
how nanomaterial behavior changes with size, potentially resulting in erroneous

conclusions, such as falsely attributing specific functions to certain nanoparticle sizes.

e Proposed Mathematical Correction: The NIST team proposed a robust
mathematical correction algorithm to rectify this systematic error. This correction
appropriately accounts for the influence of measurement errors and statistical biases
on size-dependency analyses of nanomaterials, leading to more reliable data.
Consequently, researchers can now accurately grasp the true behavior of

nanomaterials and more appropriately assess their application potential.

¢ Impact on Drug Delivery: In nanoparticle-based drug delivery systems, the size of
nanoparticles critically influences their circulation time in the body, accumulation
efficiency in tumors, cellular uptake, and ultimately, therapeutic efficacy. The NIST
correction method allows for a more accurate mapping of these size-performance
relationships, thereby accelerating the development of more effective and safer nano-

drugs.



Background and Industry Context

Nanotechnology is driving innovation across diverse fields including medicine,
electronics, energy, and the environment, but its progress heavily relies on precise
measurements and characterization at the nanoscale. Reliable measurement results are
fundamental for ensuring the reproducibility of basic research and facilitating the
smooth "translation" of research findings into industrial applications. NIST, as the
national metrology institute of the U.S., is mandated to provide measurement standards
and technical infrastructure that support scientific and technological advancement,
making this discovery a significant contribution to standardization and quality assurance

in the nanotechnology sector.

Future Outlook

The correction method proposed by NIST is likely to be widely adopted as a standard
practice in data analysis for nanomaterial research. This will enable researchers
worldwide to obtain more accurate information, accelerating the design and
optimization of nanomaterials and the development of new functional materials.
Particularly in the nanomedicine field, where safety evaluation is paramount, this
improved measurement precision has the potential to support regulatory approval
processes and shorten the time it takes for innovative nano-drugs to reach patients. This
fundamental advancement represents a crucial step towards further expanding the

reliability and application scope of nanotechnology.

Source: https://www.nist.gov/news-events/news/2026/08/nist-researchers-correct-common-error-
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#09 Quantum Dot Displays Redefine Market Value with
QD-OLED Image Quality and Microfluidics/3D Printing
Manufacturing Advances

Published August 05, 2026 ReHack International

| overview

Quantum dot (QD) display technology is fundamentally redefining the value
proposition of the screen technology market through superior color reproduction and
energy efficiency. QD-OLED, in particular, achieves more saturated colors and better
image quality than traditional white OLED, enhancing the visual experience. QDs emit
light at specific wavelengths, improving energy efficiency and reducing operating
costs. Manufacturing advances, including microfluidics and 3D printing, have
significantly boosted QD production scalability and cost-effectiveness, strengthening

market competitiveness.
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Key Findings

Quantum Dot (QD) display technology is fundamentally transforming the value
proposition within the screen technology market through its superior image quality and
significant improvements in energy efficiency. Specifically, QD-OLED displays offer a
more vibrant and saturated color gamut compared to conventional white OLED panels,
delivering an unparalleled visual experience. This technological advancement provides
substantial benefits to consumers in terms of both image quality and sustainability,

establishing new standards for next-generation displays.

Technical and Development Details

e Superiority of QD-OLED Technology: QD-OLED combines blue OLED emitters with
red and green quantum dot color converters. By utilizing blue light as the source,
quantum dots convert it into pure red and green light, generating highly accurate
primary colors. This approach eliminates light loss issues inherent in traditional OLEDs
that use color filters, achieving a wider color gamut (DCI-P3 coverage over 90%),
higher peak brightness, and superior color accuracy. Importantly, it maintains the

perfect contrast native to OLED while providing vibrant colors.

e Enhanced Energy Efficiency: Quantum dots possess high quantum efficiency,
converting input light energy into light of specific, narrow wavelengths. This property
enables QD displays to consume less power at the same brightness levels compared
to traditional LED-LCD displays. Improved energy efficiency not only directly reduces
display operating costs but also contributes to longer battery life for portable devices

and helps decrease environmental impact.

¢ Advances in Manufacturing Technology: Innovations in the QD manufacturing

process have dramatically improved its cost-effectiveness and scalability.

o Microfluidics: Precise control over chemical reactions in micro-channels has
enabled the mass production of high-quality, uniform QDs. This reduces the cost

of QD materials and improves manufacturing yields.

o 3D Printing Technology: 3D printing with QD inks allows for direct, high-
precision patterning of QD layers onto display panels. This simplifies the
manufacturing process and facilitates the design and production of displays with

more complex QD structures.



Background and Industry Context

The display market is constantly driven by the demand for higher resolution, more
vibrant colors, greater contrast, and superior energy efficiency. While conventional LCD
and OLED technologies each have their strengths, they have faced limitations in terms of
color reproduction, brightness, and cost. Quantum dot technology emerged as a new
alternative to overcome these challenges. Major manufacturers like Samsung Display and
LG Display are significantly investing in QD-OLED technology, rapidly increasing its

presence in the high-end display market.Future Outlook

Quantum dot display technology is expected to continue its evolution. Further
improvements in QD material stability, wider adoption of cadmium-free QDs, and
continued optimization of printing technologies are projected to further reduce
manufacturing costs. This could lead to the proliferation of QD technology not only in
the high-end but also in the mid-range market. In the future, adoption is expected to
expand across diverse applications such as wearable devices, automotive displays, and
augmented reality (AR)/virtual reality (VR) headsets, forming a new ecosystem for display
technology. QD technology will continue to revolutionize how we consume visual

content.

Source: https://cxotechmagazine.com/how-quantum-dot-displays-are-redefining-value-in-the-screen-
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#10 Cell Membrane-Coated Nanoparticles
Revolutionize Diabetic Wound Healing with Controlled
Release and Extended Circulation for Chronic Wounds

Published August 07, 2026 PMC International

| overview

Cell membrane-coated nanoparticles (CMNPs) are emerging as an innovative and
promising drug delivery platform for diabetic wound healing. CMNPs enable
controlled and sustained drug release, significantly extending circulation half-life
compared to conventional drugs, thereby enhancing therapeutic efficacy. Despite
biological barriers hindering nanomedicine carrier accumulation at disease sites,
multifunctional nanoparticles embedded in scaffolds are being explored to overcome

this, promising new treatments for chronic wounds.
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Key Findings

Cell membrane-coated nanoparticles (CMNPs) are emerging as an innovative and
promising platform for drug and therapeutic agent delivery in modern medicine, with
particular attention focused on their application in diabetic wound healing. CMNPs not
only enable controlled and sustained drug release but also significantly extend their
circulation half-life in vivo, holding the potential to improve therapeutic outcomes for

chronic wounds that have been challenging to treat with conventional methods.

Technical and Clinical Details

¢ Cell Membrane Coating Mechanism: CMNPs are nanoparticles cloaked with isolated
membranes from biological cells such as platelets, red blood cells, or cancer cells. This
cellular membrane confers biocompatibility, immune evasion capabilities, and specific
targeting characteristics derived from the original cell. For instance, nanoparticles
coated with platelet membranes can accumulate at damaged vascular sites, which

may be advantageous for wound healing.

e Controlled and Sustained Release: CMNPs encapsulate drugs within the
nanoparticle core, with the surface cell membrane acting as a protective layer,
preventing drug degradation and ensuring stable release. This design allows drug
concentrations to be maintained within the therapeutic window for extended periods,

reducing dosing frequency and maximizing therapeutic effects.

e Extended Circulation Lifetime: Bare nanoparticles tend to be rapidly cleared by the
immune system in the body. However, coating them with cell membranes helps
disguise the nanoparticles from host immune responses, dramatically extending their
circulation half-life. This is crucial for increasing the opportunity for drugs to reach

target sites and reducing systemic toxicity.

e Application in Diabetic Wound Healing: Diabetic wounds are notoriously difficult to
heal due to multiple interacting factors such as chronic inflammation, reduced blood
flow, and bacterial infections. CMNPs can potentially deliver anti-inflammatory
agents, antimicrobials, and growth factors locally and sustainably, addressing these

inhibitory factors and promoting wound closure.



Background and Industry Context

Diabetic wounds represent a serious complication affecting millions of patients
worldwide, sometimes leading to amputation in severe cases. Conventional treatments
have faced challenges due to difficulties in local drug delivery, systemic side effects from
widespread drug distribution, and rapid degradation of drugs at the wound site.
Nanomedicine is anticipated to offer new tools to overcome these challenges.
Specifically, the development of biomimetic nanomaterials is a critical direction for

improving the in vivo behavior of drugs and enhancing therapeutic efficacy.

Future Outlook

While CMNPs hold great promise in diabetic wound healing, several challenges remain
for clinical translation. One of the most significant is overcoming biological barriers,
particularly factors that hinder efficient delivery and accumulation at the wound site. To
address this, approaches involving embedding multifunctional nanoparticles into
biocompatible scaffold materials like hydrogels are being explored to enhance retention
at the disease site and maximize drug efficacy. Further research into the safety, efficacy,
and scalable manufacturing processes of CMNPs could lead to innovative treatments

that offer new hope to patients suffering from chronic wounds.

Source: https://pmc.ncbi.nlm.nih.gov/articles/PMC13135139/
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#11 Organ-on-Chip Platforms Accelerate Nanoparticle
Drug Development, Validating Toxicity Reduction and
Targeting with Human Physiologically Relevant Models

Published July 31, 2026  AIP.ORG USA

| overview

Organ-on-chip (OoC) technology promises to significantly accelerate nanoparticle-
based drug development by overcoming the long-standing challenge of insufficient
human physiological relevance in traditional models. By recreating physiologically
relevant microenvironments with human cells in microfluidic channels, OoC enables
more accurate study of nano-bio interfaces. This allows high-precision evaluation of
nanomedicine efficacy and safety for improved drug release, reduced toxicity, and

enhanced targeting, ultimately boosting new drug development success rates.
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Key Findings

Organ-on-chip (OoC) technology holds immense potential to bring about revolutionary
advancements in nanoparticle-based drug development. By replicating the complex
human physiological environment, which has been challenging to reproduce in
traditional animal or in vitro models, OoC systems—comprising human cells within
microfluidic channels—enable more accurate assessment of drug pharmacokinetics and
pharmacodynamics at the nano-bio interface. This is expected to allow more efficient
validation of improved drug release, reduced toxicity, and enhanced targeting for

nanoparticle therapeutics, thereby accelerating the development process.

Technical and Development Details

¢ How Organ-on-Chip Works: OoC devices are micro-scale platforms designed to
mimic the minimal functional units of biological tissues or organs. Microfluidic
channels and chambers are constructed on silicon or polymer chips, within which
specific human cells (e.g., lung, liver, intestinal cells) are cultured. These cells are
supplied with nutrients via microfluidic flow that mimics blood circulation or tissue
fluid dynamics, allowing them to function in a physiologically relevant environment.

By linking multiple organ models, systemic interactions can also be reproduced.



e Application to Nanomedicine Development:

o Pharmacokinetic Assessment: OoC can evaluate the absorption, distribution,
metabolism, and excretion (ADME) profiles of nanoparticles under more human-
like conditions. This allows detailed analysis of nanoparticle blood circulation half-

life, accumulation in target organs, and distribution to non-target organs.

o Improved Toxicity Evaluation Accuracy: OoC enables highly sensitive and
precise evaluation of the toxic effects of nanoparticles on specific organ cells. With
greater human translatability than traditional animal experiments, it can reduce the

risk of unexpected toxicity in clinical trials.

o Targeting Optimization: OoC allows systematic study of how nanoparticle surface
modifications, size, and shape influence targeting efficiency to specific cells or

tissues. This facilitates the design of more effective and less toxic nano-drugs.

o Modeling Biological Barriers: Key biological barriers that impede drug delivery,
such as the blood-brain barrier and intestinal barrier, can be recreated on OoC to

evaluate how efficiently nanoparticles traverse these obstacles.

Background and Industry Context

Nanoparticle-based drug delivery systems hold significant promise across many medical
fields, including cancer therapy, infectious diseases, and gene therapy, due to their high
targeting capabilities and potential for reducing side effects. However, in vitro cell
cultures and animal models often fail to fully reproduce the complexities of human
physiology (e.g., immune responses, hemodynamics, cell-to-cell interactions), leading to
numerous promising nanodrugs failing during clinical development. OoC technology has
the potential to overcome this "translation barrier" and dramatically increase the
accuracy of preclinical drug evaluation, thereby reducing the time and cost of new drug

development.



Future Outlook

While OoC technology is still in its early stages of development, its potential is
enormous. Future advancements will likely include the development of multi-organ chips
capable of reproducing even more complex physiological functions, and the integration
with Al and machine learning for advanced data analysis. This is expected to create a
more seamless bridge from in silico design of nanoparticle drugs to rapid validation on
OoC and subsequent clinical trials. OoC holds the potential to become a new ethical and
efficient standard in broad drug development processes, not just nanomedicine, and will

be an indispensable tool for realizing personalized medicine.

Source: https://www.aip.org/scilights/organ-on-chip-platforms-poised-to-accelerate-nanoparticle-drug-

development
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#12 Anticancer Nanomedicine Design Paradigm
Questioned: EPR Effect Overreliance Leading to Clinical
Translation Failures Analyzed, New Strategies Proposed

Published August 04, 2026  ACS Publications  USA
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| overview

Conventional design criteria in anticancer nanomedicine, such as increased drug
accumulation via the EPR effect in tumors and reduced toxicity through prolonged
circulation, have not consistently translated to enhanced efficacy in human clinical
settings. Many promising nanomedicines excelling in preclinical models fail to achieve
favorable clinical translation in human cancer patients. This review critically analyzes
the flaws in these design criteria and proposes new directions for future
nanomedicine design, paving the way for more effective anticancer nano-drug

development.
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Key Findings

In the field of anticancer nanomedicine, a fundamental challenge has emerged:
conventional design paradigms—specifically criteria like increased drug accumulation via
the Enhanced Permeability and Retention (EPR) effect in tumors and reduced systemic
toxicity through prolonged circulation—have not directly correlated with improved
efficacy in human clinical settings. Many promising nanomedicine candidates, despite
demonstrating excellent results in preclinical models, face a "translation barrier," failing
to achieve anticipated clinical benefits in human cancer patients. In response, this review
critically analyzes the shortcomings of existing design criteria and proposes new
directions, advocating for a paradigm shift toward developing more effective next-

generation anticancer nano-drugs.

Technical and Clinical Details

e Overreliance on the EPR Effect: The EPR effect describes the phenomenon where
nanoparticles selectively accumulate and are retained in tumor tissue due to its leaky
vasculature and impaired lymphatic drainage. However, it has become evident that
the extent of the EPR effect in human tumors differs significantly from mouse models
and exhibits substantial heterogeneity among patients. Consequently, nanoparticle
designs solely relying on the EPR effect are considered insufficient for efficient drug

delivery to human tumors.

¢ Limitations of Prolonged Circulation and Toxicity Reduction: The strategy of
extending nanoparticle circulation time in the body to increase drug-to-tumor
exposure while reducing systemic drug exposure to normal tissues (and thus toxicity)
has, apart from a few successful cases, often not translated into anticipated clinical
benefits. It is suggested that merely prolonging circulation time does not necessarily

lead to effective drug accumulation in tumors.



e Root Causes of Translation Failure:

o The heterogeneity of human tumors (e.g., vascular structure, interstitial pressure,

extracellular matrix composition) is far greater than in in vitro or animal models.

o Complex interactions between nanoparticles and biological systems (e.g., immune
system, reticuloendothelial system) can unpredictably affect pharmacokinetics and

safety.

o Differences in disease progression, drug concentrations, and dosing regimens

between preclinical models and human clinical settings.

Background and Industry Context

Cancer remains a leading cause of death, making the development of more effective and
safer therapies an urgent priority. Nanomedicine has attracted substantial research
investment due to its high potential. However, despite decades of research, only a few
anticancer nano-drugs, such as Doxil and Abraxane, have reached clinical application,
and their efficacy has not dramatically surpassed existing small-molecule drugs. This
review underscores the importance of learning from past failures as the nanomedicine

field formulates new research strategies.

Future Outlook

Future anticancer nanomedicine design must move beyond an over-reliance on the EPR

effect and adopt more multifaceted approaches. Proposed new directions include:

e Enhanced Active Targeting: Modifying nanoparticle surfaces with ligands that

recognize tumor-specific receptors or antigens to promote active cellular uptake.

¢ Modulation of the Tumor Microenvironment: Developing nano-drugs that alter the
tumor microenvironment to a therapeutically advantageous state, for example, by

activating immune cells, reducing interstitial pressure, or normalizing vasculature.

e Theranostics: Integrating diagnostic (imaging) and therapeutic functions to enable
real-time monitoring of treatment efficacy and personalized therapeutic strategies

based on individual tumor characteristics.

¢ Synergistic Combination Strategies: Developing combination therapies that
maximize synergistic effects with other treatment modalities, such as immunotherapy,

radiation therapy, and chemotherapy, rather than relying solely on nano-drugs.



Through these new approaches, nanomedicine holds the potential to bring about a true

revolution in cancer treatment.

Source: https://pubs.acs.org/ancac3/article/14/10/12281/884267/What-Went-Wrong-with-Anticancer-

Nanomedicine
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#13 Frontiers in Nanotechnology Publishes Latest Open

Access Research on Nanobiosensors, Gene Editing, and
Nano-Vaccines

Published August 05, 2026  Frontiers in Nanotechnology International

| overview

The open-access journal "Frontiers in Nanotechnology" has published cutting-edge
research across various applications of nanoscale science and engineering in
medicine, environment, and industry. Recent articles report on nanobiosensors for soil
and plant health monitoring and enhanced gene silencing and CRISPR/Cas9 editing
via charge-modulated peptide/nucleic acid complexes. Research on gold
nanoparticles and cannabidiol oil-derived nanoemulsions affecting oxytocin-induced
uterine contractions is also included, highlighting nanotechnology's innovation in

diverse fields.
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Key Findings

"Frontiers in Nanotechnology," an international open-access journal specializing in
research, has announced numerous groundbreaking studies on the application of
nanoscale science and engineering. These studies highlight nanotechnology's innovative
role in medicine, environmental science, and various industrial sectors. Particularly
noteworthy are advancements in nanobiosensors for environmental monitoring, novel
nanoplatforms for enhancing gene editing efficiency, and the application of

nanomaterials to explore new pharmacological mechanisms.

Technical and Research Details

¢ Nanobiosensors for Soil and Plant Health Monitoring: This research demonstrates
that biosensors utilizing nanoscale sensing elements can detect environmental health
indicators such as soil nutrient levels, pollutants, pathogens, and plant stress
responses with high sensitivity and in real-time. This enables more rapid and precise

interventions in precision agriculture and environmental protection.

e Enhanced Gene Silencing and CRISPR/Cas9 Editing via Charge Modulation: The
precise control over the charge characteristics of peptide/nucleic acid complexes has
been shown to significantly improve the intracellular and nuclear delivery efficiency of
therapeutic nucleic acids (e.g., siRNA, sgRNA). This technology provides a new
platform for reducing off-target effects and enhancing the therapeutic efficacy of

gene silencing and CRISPR/Cas9 genome editing.

¢ Impact of Gold Nanoparticles and Cannabidiol Oil-Derived Nanoemulsions on
Oxytocin-Induced Uterine Contractions: This study discovered that gold
nanoparticles and nanoemulsions derived from cannabidiol (CBD) oil exert specific
pharmacological effects on oxytocin-induced uterine contractions. This suggests the
potential to develop new nanomedicine approaches for treating pregnancy-related

complications and gynecological diseases.

e Other Research: The journal also regularly publishes research on various aspects of
nanotechnology, including nanomaterial synthesis, characterization, energy storage,

catalysis, water treatment, and diagnostic imaging.



Background and Industry Context

Nanotechnology harnesses the unique phenomenon where material properties
dramatically change at the nanoscale, holding the potential to overcome the limitations
of conventional technologies. In recent years, applied research in nanotechnology has
rapidly progressed across diverse fields such as medicine, environment, agriculture, and
information technology, accelerating the translation from basic research to practical
applications. Open-access journals, in particular, play a crucial role in promoting
collaboration between academia and industry and accelerating the innovation cycle by

facilitating rapid and wide dissemination of research findings.

Future Outlook

The research presented in "Frontiers in Nanotechnology" indicates that nanotechnology
will continue to contribute to solving a wide range of societal challenges. Specifically,
nanobiosensors are poised to revolutionize real-time diagnostics in environmental
monitoring and healthcare, while gene-editing technologies will expand treatment
options for intractable diseases. Furthermore, the pharmacological applications of
nanomaterials could pave the way for developing new drugs with fewer side effects.
While challenges such as safety evaluation, manufacturing costs, and scalability need to
be overcome for these technologies to be widely adopted, interdisciplinary collaboration
and sustained research investment are expected to enable nanotechnology to bring

immeasurable value to society.

Source: https://www.frontiersin.org/journals/nanotechnology
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#14 Redox-Responsive Theranostic Nanoplatforms
Targeting Tumor Microenvironment Revolutionize
Cancer Diagnosis and Treatment

Published August 05, 2026 MDPI  Switzerland

| overview

Redox-responsive theranostic nanoplatforms, leveraging unique biological features of
the tumor microenvironment, are gaining attention as an innovative approach to
integrate cancer diagnosis and therapy. These nanoparticles respond to tumor
microenvironment signals—such as reactive oxygen species, glutathione gradients,
hypoxia, and proteasome dysfunction—to deliver diagnostic imaging and therapeutic
agents within a single system. Gold nanoparticles, owing to their excellent
physicochemical properties, have established a unique position as promising
materials in cancer theranostics, accelerating the realization of personalized cancer

treatment.
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Key Findings

Theranostic nanoparticles, which integrate diagnostic imaging and therapeutic delivery
into a single nanoplatform, represent a transformative paradigm in oncology
nanomedicine. Particularly, redox-responsive nanoplatforms, which cleverly utilize the
unique biological features of the tumor microenvironment (e.g., reactive oxygen species,
glutathione gradients, hypoxia, proteasome dysfunction) to control drug release and
diagnostic signals, are garnering significant attention. Gold nanoparticles, due to their
superior physicochemical properties and biocompatibility, have established a unique

position as one of the most promising materials in the field of cancer theranostics.

Technical and Development Details

e What is Theranostics: Theranostics is a portmanteau of "therapy" and "diagnostics,"
aiming to simultaneously diagnose, treat, and monitor treatment response for a
diseased lesion using a single formulation or system. This enables personalized

medicine tailored to individual patient disease characteristics.

e Redox-Responsive Mechanism: The tumor microenvironment in cancer is
characterized by a significantly different redox potential compared to normal tissues.
For example, cancer cells often have elevated glutathione concentrations and
increased levels of reactive oxygen species (ROS). Redox-responsive nanoplatforms
are designed to sense these glutathione or ROS gradients, change their structure, and
specifically release encapsulated anticancer drugs. This "smart" release mechanism
allows for maximizing drug concentration at the tumor site while minimizing off-

target toxicity.

¢ Proteasome Targeting: The proteasome is a complex involved in intracellular protein
degradation, and its dysfunction is frequently observed in cancer cells. Nanoplatforms
that release drugs in response to proteasome dysfunction offer a novel therapeutic

strategy exploiting cancer-specific metabolic abnormalities.



e Advantages of Gold Nanoparticles: Gold nanoparticles (GNPs) are extensively
studied in the theranostics field due to their excellent optical properties (surface
plasmon resonance), facile surface functionalization, biocompatibility, and low
toxicity. GNPs can be utilized as contrast agents for CT imaging and are also
applicable in therapeutic modalities such as photothermal therapy and photodynamic
therapy. By combining these functions with redox responsiveness, GNP-based
theranostic platforms become powerful tools integrating precise cancer diagnosis and

effective treatment.

Background and Industry Context

Despite the development of groundbreaking new drugs, cancer treatment still faces
challenges such as delayed diagnosis, drug resistance, severe side effects, and post-
treatment recurrence in many patients. Theranostics aims to address these challenges
and holds the potential to dramatically improve treatment outcomes through earlier and
more accurate diagnosis, personalized therapy, and real-time monitoring of treatment
efficacy. Nanoparticle designs that directly leverage the characteristics of the tumor
microenvironment, in particular, are attracting significant attention from academia and

the pharmaceutical industry as a strategy to target cancer's "Achilles’ heel."

Future Outlook

Redox-responsive theranostic nanoplatforms represent an extremely promising direction
in personalized cancer medicine. Future research will focus on validating the long-term
stability, safety, and clinical efficacy of these systems in vivo. Furthermore, the
development of multimodal nanoplatforms combining multiple responsive mechanisms
and design optimization utilizing artificial intelligence (Al) is anticipated. If these
technologies are introduced into clinical practice, next-generation cancer treatments will
be realized, enabling early cancer detection, precise imaging diagnostics, and maximum
therapeutic efficacy while minimizing side effects, significantly improving patient

prognosis and quality of life.

Source: https://www.mdpi.com/2624-845X/7/3/18
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#15 Bioengineering Approaches in Nanomedicine
Delivery for Myocardial Infarction Overcome
Challenges in Targeting and Biocompatibility

Published July 30, 2026 ~ American Heart Association Journals  USA

| overview

Nanomedicine, utilizing synthetic nanoparticles and extracellular vesicles as primary
delivery platforms, is emerging as a promising strategy for cardiovascular disease
therapy, including myocardial infarction. However, it faces challenges such as
insufficient cardiac targeting, low retention at injury sites, and biocompatibility
concerns. Various bioengineering approaches are being employed to overcome these
limitations, with engineering solutions to enhance nanocarrier performance actively
discussed, proving crucial for developing more effective and safer ischemic heart

disease treatments.
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Key Findings

Nanomedicine is gaining significant attention for its innovative potential in treating
cardiovascular diseases, such as myocardial infarction. While delivery platforms based on
synthetic nanoparticles and extracellular vesicles are particularly promising, they face
several technical challenges, including insufficient efficient targeting to cardiac tissue,
inadequate retention at the injury site, and concerns regarding long-term
biocompatibility. To overcome these limitations, various bioengineering approaches are
being developed, and engineering solutions to enhance nanocarrier performance are

actively researched and discussed.

Technical and Challenge Details

¢ Advantages of Nanomedicine in Myocardial Infarction Treatment: Nanomedicine
holds the potential to specifically and sustainably deliver therapeutic agents (e.g.,
growth factors, genes, anti-inflammatory drugs) to damaged heart tissue post-
myocardial infarction, thereby suppressing inflammation, reducing fibrosis, and
promoting myocardial cell regeneration. This approach is expected to maximize

therapeutic effects while minimizing systemic side effects.
¢ Key Challenges:

o Insufficient Cardiac Targeting: In fast-flowing cardiac tissue, nanoparticles face
difficulties in efficiently reaching and specifically binding to the injured site. Rapid

clearance from systemic circulation also reduces targeting efficiency.

o Low Retention at Injury Site: Even once nanoparticles reach cardiac tissue, they
tend to be rapidly washed away by the pulsating heart environment and blood
flow. This makes it difficult to maintain drug concentrations within the therapeutic

range.

o Biocompatibility Concerns: Prolonged retention of nanocarriers in vivo can lead
to unforeseen biocompatibility issues, such as inducing immune responses or

cellular toxicity. Given the heart's high sensitivity, safety is paramount.



e Bioengineering Approaches: To address these challenges, several engineering

strategies are being explored:

o Surface Functionalization: Attaching targeting ligands such as peptides,
antibodies, or aptamers to nanoparticle surfaces enables specific binding to

receptors on cardiomyocytes or inflammatory sites, enhancing targeting efficiency.

o Stimuli-Responsive Release: Designing smart nanocarriers that release drugs in
response to specific biological cues at the infarct site (e.g., hypoxia, pH changes,

enzyme activity) enables on-demand drug delivery.

o Integration with Scaffold Materials: Embedding nanoparticles within
biocompatible polymer scaffolds, such as hydrogels, enhances physical retention

of nanoparticles at the injury site and allows for sustained drug release.

o Utilization of Extracellular Vesicles (EVs): EVs are naturally derived nanocarriers
with low immunogenicity, excellent biocompatibility, and inherent targeting
capabilities, making them promising for next-generation nanomedicine delivery

systems.

Background and Industry Context

Myocardial infarction remains a leading cardiovascular disease with high morbidity and
mortality worldwide. Existing treatments often result in insufficient recovery of cardiac
function, creating a strong demand for novel therapeutic strategies. Nanomedicine, in
conjunction with advances in regenerative and precision medicine, is positioned as a
frontier area with the potential to address these medical needs. Advances in
bioengineering, in particular, hold the key to optimizing the design and function of

nanomaterials.Future Outlook

While bioengineering approaches to nanomedicine delivery for myocardial infarction are
still in their early stages, their innovative potential is immeasurable. Future work will
necessitate the development of more sophisticated multifunctional nanocarriers, real-
time monitoring combined with in vivo imaging technologies, and large-scale preclinical
and clinical trials to evaluate long-term safety and efficacy. As this research progresses,
more effective and safer nanomedicine therapies are expected to emerge, suppressing
post-myocardial infarction cardiac dysfunction and promoting cardiac repair and

regeneration.



Source: https://www.ahajournals.org/doi/10.1161/ATVBAHA.126.324247
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#16 Virus-Inspired Nanoparticles Revolutionize Drug
and Gene Delivery, Overcoming Biological Barriers and
Enhancing Cell-Specific Targeting for New Therapies

Published August 07, 2026 PMC International

| overview

Virus-inspired nanoparticles are emerging as a promising strategy for advanced drug
and gene delivery. Viruses exhibit exceptional efficiency in overcoming biological
barriers, targeting specific cells, and inducing robust immune responses. This nano-
delivery system carries drugs, imaging agents, and quantum dots internally, while
functionalizing its outer surface with targeting ligands, enabling highly cell-specific
delivery. This approach holds the potential to accelerate the development of more

effective and safer therapies for intractable diseases.
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Key Findings

Virus-inspired nanoparticles are drawing significant attention from the scientific
community as an extremely promising strategy for advanced drug and gene delivery.
These biomimetic nanoparticles emulate the inherent capabilities of natural viruses to
overcome biological barriers, efficiently and specifically target certain cells, and induce
robust immune responses. By encapsulating diverse cargoes (such as drugs, imaging
agents, and quantum dots) within their core and functionalizing their outer surface with
specific targeting ligands, these systems achieve unparalleled cell-specific delivery,

paving the way for the development of next-generation therapies.

Technical and Development Details

e Biomimicry of Viruses: Over billions of years, viruses have evolved sophisticated
mechanisms to efficiently invade host cells and deliver their genetic material. Virus-
inspired nanoparticles artificially reproduce the structural and functional
characteristics of viruses (e.g., capsid stability, binding to cell surface receptors,
endosomal escape mechanisms) to harness their superior delivery capabilities for

therapeutic applications.

e Overcoming Biological Barriers: Delivering drugs and gene therapies to target sites
in the body faces multiple biological barriers, including the blood-brain barrier, cell
membranes, and endosomes. Virus-inspired nanoparticles are designed to effectively
bypass or overcome these barriers, significantly improving the in vivo bioavailability

and efficacy of therapeutic agents.

¢ Enhanced Targeting Capability: Similar to how viruses infect specific cells, virus-
inspired nanoparticles achieve highly cell-specific delivery by presenting ligands (e.g.,
peptides, antibody fragments, aptamers) on their surface that recognize specific
receptors overexpressed on target cell surfaces. This minimizes off-target effects of

drugs and maximizes therapeutic efficacy.

e Cargo Versatility: These nanoparticles can encapsulate or bind various therapeutic
cargoes, including small-molecule drugs, nucleic acids (siRNA, mRNA, plasmid DNA),
proteins, imaging agents (fluorescent dyes, quantum dots), and even inorganic

nanoparticles used for photothermal or photodynamic therapy.



e Control of Immune Response: While viruses naturally induce immune responses,
virus-inspired nanoparticles can be designed to have low immunogenicity or,

conversely, to function as nanovaccines that actively stimulate immune responses.

Background and Industry Context

Traditional drug delivery systems, particularly non-viral carriers, have faced challenges in
delivery efficiency and targeting capability compared to viral vectors, despite their higher
safety profiles. Viral vectors, on the other hand, show high efficiency but come with
safety concerns like immunogenicity and risks of insertional mutagenesis. Virus-inspired
nanoparticles emerged as a hybrid approach to bridge this gap, combining the high
delivery efficiency of viruses with the safety advantages of non-viral carriers. This field
holds the potential to bring about transformative changes in a wide range of medical
applications, including cancer therapy, gene therapy, and infectious disease

vaccines.Future Outlook

Research into virus-inspired nanoparticles is advancing rapidly, and the development of
even more sophisticated "smart" nanodelivery systems is expected. Specifically, there will
be progress in developing nanoparticles with functionalities that respond to multiple
stimuli (e.g., pH, temperature, light) for drug release, or capabilities for self-assembly and
disassembly in response to specific biological events. Furthermore, design optimization
using Al and machine learning is projected to accelerate the development of efficient
and safe virus-inspired nanocarriers. For clinical translation, long-term in vivo safety
evaluation, scalable manufacturing processes, and coordination with regulatory agencies
are essential. Overcoming these challenges holds the potential to deliver

groundbreaking therapies for intractable diseases.

Source: https://pmc.ncbi.nlm.nih.gov/articles/PMC13196398/
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#17 University of Cambridge Develops 16,933 PPI
Cadmium-Free Quantum Dot Manufacturing Tech for
Ultra-Realistic AR/VR Displays

Published August 07, 2026  University of Cambridge UK

| overview

Researchers at the University of Cambridge developed a new manufacturing
technique that overcomes fundamental barriers in ultra-small quantum dot (QD) pixel
production. This breakthrough enabled cadmium-free QD pixels as small as 600x900
nanometers (equivalent to 16,933 pixels per inch), making it one of the highest
resolution electroluminescent QD pixel arrays demonstrated to date. This paves the
way for brighter, sharper, and more immersive ultra-realistic displays for future

augmented reality (AR) and virtual reality (VR) applications.
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Key Findings

A research team at the University of Cambridge has developed a novel manufacturing
technique that overcomes a long-standing fundamental barrier in the production of
ultra-small quantum dot (QD) pixels. This innovative approach enabled the creation of
incredibly small pixels, just 600x900 nanometers in size, using cadmium-free quantum
dots. This resolution, equivalent to 16,933 pixels per inch, represents one of the highest
resolution electroluminescent QD pixel arrays ever demonstrated, marking a significant
breakthrough for enabling ultra-high-quality, hyper-realistic displays for future
augmented reality (AR) and virtual reality (VR) applications.

Technical and Development Details

e Overcoming Fundamental Manufacturing Barriers: Previously, it has been
extremely challenging to stably and densely manufacture fine quantum dot pixels.
Specific technical hurdles included precisely patterning QD layers, preventing
crosstalk between individual pixels, and maintaining high luminous efficiency. The
Cambridge research developed new patterning and integration techniques that

circumvent these challenges, making ultra-small QD pixel arrays a reality.

¢ Use of Cadmium-Free Quantum Dots: While some quantum dots contain toxic
cadmium, this study utilized cadmium-free QDs, which have a lower environmental
impact. This is critically important for applications in consumer products, addressing

both safety and sustainability concerns.

¢ Ultra-High Resolution: The pixel size of 600x900 nanometers achieves an
unprecedented resolution of 16,933 pixels per inch (approximately 6,600 pixels per
millimeter). This pixel density is roughly 10 times that of current smartphone displays
and about 3 times that of high-resolution VR headsets. Such ultra-high density
completely eliminates the "screen-door effect" (where gaps between pixels are
visible) in AR/VR devices, providing users with a completely immersive visual

experience.

¢ Electroluminescence: This technology is based on electroluminescent QD pixels that
emit light when electrically excited. This negates the need for backlights, enabling

very thin form factors, high contrast ratios, and fast response times.



Background and Industry Context

AR/VR technology is a next-generation computing platform with promising applications
in diverse fields, including entertainment, education, healthcare, and industrial training.
However, the limitations of display technology have been a significant barrier to its
widespread adoption. To deliver truly immersive experiences, ultra-high-resolution
displays exceeding the resolution of the human eye (retinal resolution), wide fields of
view, and high brightness and contrast are essential. This research offers a definitive
solution to this challenge, potentially accelerating the commercialization and

proliferation of AR/VR devices.Future Outlook

This breakthrough from the University of Cambridge opens a new frontier for AR/VR
display technology. Future efforts will focus on further optimizing this manufacturing
technique and validating its scalability. If mass production becomes feasible and
manufacturing costs are reduced, these ultra-high-resolution QD displays could be
incorporated into AR glasses and VR headsets within a few years. This would dramatically
enhance the realism and immersion of AR/VR content, transforming user experiences.
Furthermore, this technology holds potential for other micro-display applications, such

as wearable devices, miniature projectors, and medical displays.

Source: https://elec.eng.cam.ac.uk/news/new-cambridge-breakthrough-could-make-ultra-realistic-ar-

and-vr-displays/
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#18 Nanomedicine Revolutionizes Epilepsy Treatment
by Enhancing Blood-Brain Barrier Permeation,
Targeting Neuroinflammation and Gut-Brain Axis, and
Innovating Seizure Prediction and Suppression with
Theranostics

Published August 01, 2026  PubMed (Journal of Controlled Release) International




| overview

Nanomedicine is being re-engineered as a novel strategy to overcome the limitations
of conventional pharmacotherapy for intractable epilepsy, which is characterized by
unpredictable seizures and cumulative complications. Leveraging nanocarrier
advantages, it aims to improve blood-brain barrier (BBB) permeation, expand
targeting to non-neural drivers like neuroinflammation and BBB dysfunction,
modulate metabolism, and alter the gut-brain axis. Furthermore, the development of
theranostic nanoplatforms integrating real-time epilepsy monitoring and closed-loop
intervention promises innovative treatments for more effective seizure prediction and

suppression.
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Key Findings

Epilepsy is a major neurological disorder characterized by unpredictable seizures and
cumulative neurological complications that often persist despite conventional
pharmacotherapy, significantly impairing patients' quality of life. Nanomedicine is being
re-engineered as an innovative strategy to overcome the limitations of existing
treatments for this intractable disease, leveraging the unique advantages of nanocarriers.
Particular attention is focused on improving blood-brain barrier (BBB) permeation,
expanding targeting to non-neural drivers such as neuroinflammation and BBB
dysfunction, and developing theranostic nanoplatforms that integrate real-time

monitoring with therapeutic intervention.

Technical and Development Details

¢ Improved Blood-Brain Barrier (BBB) Permeation: Many antiepileptic drugs are
limited in their ability to reach the brain due to the BBB's stringent defense
mechanisms. Nanocarriers, owing to their minuscule size and surface functionalization
(e.g., attachment of BBB-penetrating peptides or receptor-targeting ligands), can
more efficiently traverse the BBB and directly deliver drugs to pathological sites within
the brain. This allows for achieving necessary drug concentrations in the brain while

reducing systemic dosage and thus systemic side effects.

e Expanded Targeting to Non-Neural Drivers: The onset and progression of epilepsy
involve complex interactions beyond neuronal hyperexcitability, including
neuroinflammation, BBB dysfunction, and metabolic dysregulation. Nanomedicine can
locally deliver drugs targeting these non-neural pathophysiological factors,
potentially addressing the root mechanisms of the disease and yielding broader

therapeutic effects.

e Metabolic Modulation and Gut-Brain Axis Alteration: A close relationship exists
between the gut microbiome and brain function (the gut-brain axis), with evidence
suggesting that abnormalities in the gut environment can influence seizure frequency
in epilepsy. Nanoparticles can efficiently deliver agents that modulate the gut
microbiome or regulate metabolic pathways, potentially opening new therapeutic

avenues.



¢ Development of Theranostic Nanoplatforms: Theranostic approaches, integrating
diagnosis (imaging) and therapy, hold the potential to revolutionize epilepsy
treatment. Nanoplatforms are expected to function as "closed-loop intervention”
systems that monitor biomarkers indicative of impending seizures in real-time. Upon
detecting an imminent seizure, the nanoplatform would automatically and
controllably release encapsulated antiepileptic drugs, thereby suppressing seizures

early and enhancing patient safety.

Background and Industry Context

Epilepsy is a common neurological disorder affecting approximately 50 million people
worldwide, with about one-third of patients unable to achieve complete seizure control
with existing antiepileptic drugs. Patients with intractable epilepsy, in particular, suffer
from unpredictable seizures, long-term cognitive impairments, and side effects from
antiepileptic medications. The advancement of nanomedicine offers a significant
opportunity to overcome challenges in drug delivery to the brain and develop new
therapies that target the multifaceted pathophysiological mechanisms of epilepsy.Future

Outlook

The strategic re-engineering of nanomedicine for epilepsy treatment represents a
critically important direction for future research and development. Specifically, the
development of smart nanocarriers that efficiently traverse the BBB and target specific
cells or pathophysiological processes is expected to accelerate. Furthermore, theranostic
nanoplatforms enabling real-time monitoring and closed-loop intervention hold the
potential to revolutionize seizure prevention and treatment. If these technologies are
introduced into clinical practice, more personalized treatments tailored to individual
patient needs will become possible, significantly improving the quality of life for epilepsy
patients. Validation of long-term safety and in vivo efficacy will be key to future clinical

translation.

Source: https://pubmed.ncbi.nim.nih.gov/42542250/?
utm_source=FeedFetcher&utm_medium=rss&utm_campaign=None&utm_content="1JGmIQAFk1rxWC3KXlbgg
QUS5JPXSd2sSA-L&fc=None&ff=202608030710358v=2.20.0.post5+40e1b98
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#19 Multimodal Nanomaterials for Prostate Cancer
Theranostics Advance, Integrating Precision Diagnosis
and Therapy with PSMA-Targeted Platforms

Published August 06, 2026 International Journal of Nanomedicine (IJN) International

| overview

Research into multimodal nanomaterials for prostate cancer (PCa) theranostics is
progressing, offering versatile platforms that integrate molecular imaging, biomarker
detection, targeted drug delivery, multimodal therapy, and treatment response
evaluation. Particularly, prostate-specific membrane antigen (PSMA)-targeted
nanoplatforms are highlighted as representative systems for achieving precision
medicine in PCa. This approach holds significant potential to improve treatment

outcomes.
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Key Findings

The application of multimodal nanomaterials is making significant strides in the field of
prostate cancer (PCa) theranostics, which integrates diagnosis and therapy. These
innovative nanomaterials provide a comprehensive and precise approach to PCa by
enabling molecular imaging, biomarker detection, targeted drug delivery, the integration
of diverse therapeutic modalities, and the assessment of treatment response, all on a
single platform. Notably, nanoplatforms targeting prostate-specific membrane antigen
(PSMA), which is highly expressed in PCa cells, are gaining prominence as representative

systems for PCa theranostics due to their high specificity.



Technical and Development Details

¢ Functionality of Multimodal Nanomaterials: Multimodal nanomaterials integrate

multiple functions into a single nanoparticle, enabling advanced medical applications

not achievable with single-function nanomaterials. Key functions in PCa theranostics

include:

(¢]

Molecular Imaging: Incorporating functional particles compatible with various
imaging modalities such as fluorescence, MRI, CT, and PET, they contribute to early
detection, staging, metastasis detection, and treatment planning for PCa. PSMA

targeting allows for specific visualization of cancer cells.

Biomarker Detection: These platforms also function as nanosensors capable of
highly sensitive detection of trace PCa biomarkers in blood or urine (e.g., PSA,
circulating tumor cells), aiding in improving diagnostic accuracy and monitoring

treatment efficacy.

Targeted Drug Delivery: Anticancer drugs or gene therapeutics are specifically
delivered to PCa cells via PSMA. This reduces systemic side effects and maximizes

drug concentration at the tumor site.

Multimodal Therapy: By integrating multiple therapeutic modalities such as
photothermal therapy, photodynamic therapy, radiation therapy, and
chemotherapy into the same nanoplatform, synergistic therapeutic effects are
aimed for. For example, PSMA-targeted nanoparticles loaded with photosensitizers
and anticancer drugs can attack cancer through both laser irradiation and

chemotherapy.

Treatment Response Evaluation: Imaging capabilities embedded within the
nanoplatform allow for real-time monitoring of tumor changes and drug
accumulation post-treatment initiation, enabling objective assessment of

therapeutic response. This allows for prompt adjustment of treatment plans.

¢ Importance of PSMA Targeting: PSMA is a protein highly expressed on the surface

of PCa cells, with limited expression in normal tissues, making it a very attractive

target for PCa diagnosis and treatment. Attaching PSMA-recognizing ligands

(antibodies, small molecule ligands) to the nanoparticle surface achieves high

selectivity and specificity for PCa cells.



Background and Industry Context

Prostate cancer is one of the most commonly diagnosed cancers in men, and early
detection and personalized treatment strategies are key to improving prognosis.
However, traditional diagnostic methods (PSA testing, biopsy) have limitations, and
current treatments often come with significant side effects. Nanomedicine, particularly
theranostics, is emerging as a cutting-edge approach to overcome these challenges and
realize "precision medicine" based on the unique characteristics of each patient's cancer.
PSMA targeting is already progressing in clinical applications with small-molecule
radiopharmaceuticals (e.g., PSMA-PET), and its application to nanomaterials further

extends its scope.

Future Outlook

Research into multimodal nanomaterials for PCa theranostics is expected to advance
rapidly. Key challenges will include ensuring long-term safety, stability, and scalability of
manufacturing processes in vivo. In the future, these nanoplatforms are anticipated to be
introduced into clinical practice, combining early and accurate PCa diagnosis, targeted
minimally invasive therapy, and real-time monitoring. This integration is expected to
dramatically improve treatment outcomes and significantly enhance patient quality of
life. PSMA-targeted multimodal nanoplatforms will play a central role in the

advancement of personalized medicine.

Source: https://www.dovepress.com/engineering-multimodal-nanomaterials-for-prostate-cancer-

theranostics--peer-reviewed-fulltext-article-1JN
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#20 Lipid Nanoparticles (LNP) Establish Success in
COVID-19 Vaccines as Cutting-Edge Technology
Essential for mRNA, siRNA Delivery

Published August 06, 2026  Inside Therapeutics International

| overview

Lipid nanoparticles (LNPs) are a cutting-edge nano-drug delivery system designed to
protect and efficiently deliver nucleic acids, particularly mRNA and siRNA, to target
cells. Through the success of COVID-19 mRNA vaccines, LNPs have established their
position as the most clinically advanced non-viral system for nucleic acid therapies.
Their composition, specifically the balance of ionizable lipids, phospholipids,
cholesterol, and PEGylated lipids, significantly influences stability, encapsulation

efficiency, and biodistribution, proving key to LNPs' broad therapeutic applications.
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Key Findings

Lipid nanoparticles (LNPs) have been established as a cutting-edge nano-drug delivery
system, specifically designed to protect and efficiently deliver fragile therapeutic
molecules like nucleic acids, especially mRNA and siRNA, to target cells. This technology
globally demonstrated its value through the dramatic success of COVID-19 mRNA
vaccines, and now holds the position as the most clinically advanced non-viral delivery
system for nucleic acid therapeutics. The precise design of LNP composition is key to its

exceptional performance.

Technical and Development Details

¢ Fundamental Function of LNPs: Nucleic acid drugs (mRNA, siRNA, DNA, etc.) are
prone to degradation by nucleases in vivo and face difficulties in directly crossing cell
membranes. LNPs encapsulate these nucleic acid molecules within a lipid bilayer,
thereby protecting them from degradation and enabling efficient delivery into cells,
particularly into the cytoplasm. This significantly enhances the in vivo stability and

bioavailability of nucleic acid therapeutics.

e Success in COVID-19 mRNA Vaccines: For COVID-19 mRNA vaccines (e.g.,
Pfizer/BioNTech and Moderna), the strategy of encapsulating mRNA encoding the
SARS-CoV-2 spike protein within LNPs was adopted. These LNP-based mRNA
vaccines demonstrated extremely high efficacy and safety, contributing to the
containment of the pandemic. This success clearly showed that LNP technology is
effective in large-scale clinical applications, significantly opening pathways for future

nucleic acid drug development.



¢ Key Components of LNPs: The composition of LNPs significantly influences their
physicochemical properties and biological performance. They typically consist of four

types of lipids:

o lonizable Lipid: This is the core component of LNPs. It becomes protonated and
positively charged in acidic environments (e.g., within endosomes), binding to and
stabilizing nucleic acids. It also facilitates fusion with the endosomal membrane,
enabling the release of nucleic acids into the cytoplasm. This is the most crucial

functional lipid for LNPs.

o Phospholipid: Provides structural stability to the LNP and helps form the lipid
bilayer. Dipalmitoylphosphatidylcholine (DSPC) is commonly used.

o Cholesterol: Adjusts the rigidity and stability of the LNP and also plays a role in

promoting fusion within endosomes.

o PEGylated Lipid: A lipid conjugated with a polyethylene glycol (PEG) chain, which
forms a hydrophilic layer on the LNP surface. This prevents the adsorption of
blood proteins (opsonins), thereby extending the LNP's systemic circulation time

and preventing rapid clearance by the immune system.

Background and Industry Context

The field of nucleic acid therapeutics holds promise for treating a wide range of diseases,
including cancer, genetic disorders, and infectious diseases. However, their clinical
application has long been hindered by the lack of suitable delivery systems. While viral
vectors are efficient, they raise concerns regarding immunogenicity and safety. LNPs, as
non-viral carriers that overcome these challenges, have, after decades of research,
rapidly established their technological maturity and clinical utility through the success of
COVID-19 mRNA vaccines. This stands as a landmark event in the history of drug

discovery.Future Outlook



LNP technology will continue to evolve as a central platform for nucleic acid therapeutic
development. Key research and development directions will focus on LNPs with
enhanced targeting capabilities for specific organs or cells, high-efficiency LNPs that are
effective at lower doses, and the establishment of scalable manufacturing processes with
reduced costs. Applications are anticipated across broad areas such such as cancer
immunotherapy, regenerative medicine, and gene editing therapies (e.g., CRISPR/Cas9),
positioning LNPs as a crucial key to realizing next-generation personalized medicine.

Further evaluation of long-term safety and immunogenicity remains important.

Source: https://insidetx.com/resources/reviews/complete-guide-to-understanding-lipid-nanoparticles-

Inp/
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#21 Lipid Nanoparticles (LNP) Overcome Nucleic Acid
Respiratory and Gastrointestinal Mucosal Delivery
Barriers, Opening New Avenues for Disease Treatment

Published July 31,2026 MDPI  Switzerland

| overview

Lipid nanoparticles (LNPs) are playing a crucial role in significantly enhancing the
effectiveness of nucleic acid delivery to respiratory and gastrointestinal mucosa. LNPs
have emerged as an effective strategy to overcome multiple delivery barriers that
impede nucleic acid clinical translation, specifically enzyme degradation, low cellular
uptake, endosomal entrapment, and rapid systemic clearance. Precision tuning of LNP
composition optimizes their physicochemical properties and delivery efficiency,
opening new avenues for gene therapy and vaccine development against respiratory

and gastrointestinal diseases.
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Key Findings

Lipid nanoparticles (LNPs) are making groundbreaking advancements in the delivery of
nucleic acid therapeutics to respiratory and gastrointestinal mucosa. Conventional
nucleic acid therapies have long been hampered in clinical application by multiple
biological barriers, including enzymatic degradation, low cellular uptake, endosomal
entrapment, and rapid systemic clearance. However, LNPs have emerged as an effective
strategy to overcome these challenges, dramatically improving the stability and
bioavailability of nucleic acids, and thereby accelerating the development of new

treatments for respiratory and gastrointestinal diseases.

Technical and Development Details

¢ Nucleic Acid Delivery Barriers: Nucleic acids (mMRNA, siRNA, plasmid DNA, etc.) need
to reach the cytoplasm or nucleus to exert their therapeutic effects, but they face

several barriers during this process:

o Enzymatic Degradation: They are easily degraded by nucleases present in blood

and cells.

o Low Cellular Uptake: Being negatively charged, they have difficulty crossing the

negatively charged cell membrane.

o Endosomal Entrapment: Even if taken up by cells, they often become trapped in

endosomes and are subsequently degraded by lysosomes.

o Rapid Systemic Clearance: Bare nucleic acids are quickly cleared from the

bloodstream by the kidneys and liver.



¢ LNP Mechanisms for Overcoming Barriers: LNPs are precisely engineered to

address these barriers:

o Protection: The lipid bilayer physically encapsulates nucleic acids, protecting them

from enzymatic degradation.

o Cellular Uptake: lonizable lipids become positively charged in the acidic
environment of endosomes, promoting fusion with the endosomal membrane and

facilitating the release of nucleic acids into the cytoplasm.

o Extended Circulation Lifetime: PEGylated lipids prevent opsonization, thereby

extending the LNP's residence time in the bloodstream.

e Application for Mucosal Delivery: Respiratory and gastrointestinal mucosa
represent important administration routes for local infections and inflammatory
diseases, as well as systemic conditions. LNPs hold promise for efficiently delivering
nucleic acids to the lungs as inhalable agents and to the gastrointestinal tract as oral
agents. This offers non-invasive treatment options beyond injections, enhancing

patient convenience.

Background and Industry Context

The therapeutic potential of nucleic acid drugs has been widely recognized following the
success of COVID-19 mRNA vaccines. However, systemic administration via injection has
been the predominant route, and local, non-invasive delivery to mucosal tissues like the
respiratory and gastrointestinal tracts has remained a significant challenge. Mucosal
tissues are often primary sites for disease onset, and successful local delivery offers the
advantage of reducing systemic doses, minimizing side effects, and maximizing
therapeutic efficacy. LNPs are positioned as a critical technology enabling progress in
this field.Future Outlook



Advancements in LNP-mediated nucleic acid delivery to respiratory and gastrointestinal
mucosa will profoundly impact future disease treatments. Specifically, the development
of gene therapies and RNA vaccines for respiratory diseases such as asthma, chronic
obstructive pulmonary disease (COPD), and cystic fibrosis, as well as gastrointestinal
diseases like inflammatory bowel disease (IBD) and colorectal cancer, is expected to
accelerate. Further optimizing LNP composition, enhancing mucosal barrier permeation,
and conducting clinical trials to assess long-term safety and in vivo efficacy will be key
future challenges. Overcoming these hurdles will position LNP-based mucosal delivery
systems as a crucial tool for providing non-invasive and effective new treatments to

patients.

Source: https://www.mdpi.com/2306-5354/13/8/884
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#22 Nanomaterials Electrochemistry: Complex
Characterization from Atomic to Interface Scales
Essential for Advances in Materials Science and
Electrochemistry

Published August 04, 2026  ACS Nano USA

| overview

The electrochemical response of nanomaterials results from complex phenomena
spanning multiple length scales, from atomic features to nanoscale morphology,
phases, interfaces, and porosity. Since nanomaterials are inherently heterogeneous,
structurally complex, and prone to change under operating conditions, rigorous
material characterization is essential to ensure the reliability of electrochemical
measurements. This deep understanding accelerates the development and
optimization of high-performance nanomaterials across diverse fields, including

energy storage, catalysis, and sensing.
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Key Findings

The electrochemical response of nanomaterials is not merely the sum of simple material

properties; rather, it is determined by the complex interplay of phenomena spanning

diverse length scales. These range from atomic-level local features to nanoscale

morphology, crystalline phases, interfacial structures, and even the overall porosity of the

material. Given their inherent heterogeneity and structural complexity, nanomaterials

often undergo dynamic changes under operating conditions. Therefore, extremely

rigorous and multifaceted material characterization is essential to ensure the reliability

and reproducibility of electrochemical measurements.

Technical and Analytical Details

¢ Impact of Multi-Scale Properties: The electrochemical performance of

nanomaterials is intricately influenced by factors such as:

o

Atomic-level features: Surface atom orientation, defects, and doping directly

affect electron transfer rates and adsorption properties.

Nanoscale morphology: Shapes like nanoparticles, nanowires, and nanosheets
significantly influence specific surface area, exposure of reaction sites, and charge

transport pathways.

Phases and Interfaces: The presence of different crystalline phases and interfaces
between dissimilar materials (heterointerfaces) can enhance charge separation

efficiency and catalytic activity.

Porosity: The internal pore structure of materials affects electrolyte permeability
and mass transport rates, directly impacting the performance of batteries and

capacitors.

e Heterogeneity and Dynamic Changes: Nanomaterials are often heterogeneous, with

individual nanoparticles or regions exhibiting varying properties. Furthermore,

dynamic changes, such as surface structural alterations, phase transitions, and

material reconstruction due to redox reactions, occur during electrochemical

processes. To accurately capture these changes, in situ characterization techniques are

indispensable.



¢ Importance of Rigorous Characterization: To obtain reliable electrochemical data,
comprehensive characterization combining structural and compositional analyses
(e.g., Scanning Electron Microscopy (SEM), Transmission Electron Microscopy (TEM),
X-ray Diffraction (XRD), X-ray Photoelectron Spectroscopy (XPS), Atomic Force
Microscopy (AFM)) with electrochemical methods (e.g., cyclic voltammetry,
electrochemical impedance spectroscopy) is required. Technologies for real-time

monitoring of surface and chemical state changes are particularly crucial.

Background and Industry Context

Electrochemistry underpins many foundational technologies in modern society, including
batteries, fuel cells, electrolyzers, sensors, and corrosion protection. Nanomaterials, with
their immense specific surface area and unique quantum size effects, hold the potential
to dramatically enhance the performance of these electrochemical devices. However, a
complete understanding and optimization of the complex behavior of nanomaterials
require precise characterization and a deeper grasp of fundamental scientific principles.
This review emphasizes the importance of interdisciplinary approaches, with materials

scientists and electrochemists collaborating to address these challenges.Future Outlook

The field of nanomaterials electrochemistry is expected to advance rapidly. In particular,
the integration of single-nanoparticle electrochemistry, in situ/operando characterization
techniques, and data analysis using theoretical computational chemistry and machine
learning will progress. This will enable the elucidation of nanomaterial electrochemical
behavior from the atomic level, leading to the design of more efficient and stable next-
generation energy storage devices, catalysts, and sensors. This research will provide the
essential foundation for realizing sustainable energy systems and high-performance

electronics.

Source: https://pubs.acs.org/ancac3/article/doi/10.1021/acsnano.6c08511/5243584/Nanomaterials-

Electrochemistry-Insights-for?searchresult=1
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#23 India's Department of Science & Technology
Extends "Nano Mission" to Drive Nanotech R&D

Published August 01, 2026  Scheme Kosh / Department of Science & Technology (DST) India

I OVERVIEW

India's Department of Science & Technology has announced the continuation of its
National Programme on Nano Science and Technology, known as the "Nano Mission,"
strategically bolstering the nation's nanotech R&D landscape. The program provides
comprehensive funding for institutional research projects, groups, and centers of
excellence, prioritizing peer-reviewed proposals for both fundamental and applied
research. This sustained government backing is poised to accelerate India's
emergence as a global leader in nanotechnology and foster innovation across critical

sectors.
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Key Findings

The Department of Science & Technology (DST) of India has confirmed the continuation
of its ambitious National Programme on Nano Science and Technology, popularly known
as the "Nano Mission." This strategic initiative is designed to provide sustained and
systematic support for nanotechnology research and development activities across India.
By channeling funds to research institutions, universities, specialized research groups,
and select Centers of Excellence, the program aims to significantly accelerate innovation

and capacity building within India's nanotechnology sector.

Technical / Clinical Details

The Nano Mission encompasses both basic and applied research in nano science and
nanotechnology. It places a strong emphasis on funding high-quality, peer-reviewed

research proposals in areas such as:

e Synthesis and characterization of novel nanomaterials with tailored properties.

e Fundamental understanding of nanoscale phenomena in physics, chemistry, and

biology.
e Development of new devices and systems leveraging nanotechnology principles.
e Applications across diverse sectors including healthcare, energy, environment,

agriculture, and information and communication technologies.

Beyond direct research funding, the program also contributes to strengthening India's
research infrastructure, nurturing a new generation of skilled researchers, and fostering

international collaborations to broaden its impact and reach.



Background & Context

Launched in 2007, the Nano Mission is a flagship initiative of the Government of India,
conceived with the national objective of positioning India as a global leader in nano
science and nanotechnology. Over its operational period, the mission has successfully
generated numerous research breakthroughs and patents, substantially contributing to
the enhancement of India's scientific and technological prowess. The recent decision to
extend the mission underscores the government's recognition of past achievements and
its commitment to fostering continued growth and development in this critical

technological domain.

Strategic Significance & Outlook

The continuation of the Nano Mission is expected to further boost India's international
competitiveness in nanotechnology. Through targeted funding and human resource
development, the program is set to drive the creation of new industries and the high-
tech transformation of existing ones. The strategic convergence of nanotechnology with
other critical areas like Artificial Intelligence, semiconductors, and renewable energy
holds immense potential for generating innovative solutions that address both economic

growth and pressing societal challenges.

Source: https://vertexaisearch.cloud.google.com/grounding-api-
redirect/AUZIYQAgxsKznaoglofFjv2R7J9RgGTILaFfOLr6cBvaowhx4EygrsKt-X5jFpu8jM_cWiOQyt7jThr-
QwDTqus7v6VrdUfJWrIDsz9nSS48DWj5ZUS6DCesCrOv6c057sSE8oXThgqsuUfRHKNOIAEEKB5Z6CzkgsYmKZLxLgc
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#24 EU-Japan Centre for Industrial Cooperation
Announces Business Mission for European Companies
to Enter Japanese Market via nano tech 2026 Exhibition

Published August 05, 2026  Facebook (EU-Japan Centre for Industrial Cooperation) Japan

| overview

The EU-Japan Centre for Industrial Cooperation has announced a business mission for
European companies to directly access Japan's advanced materials market by
exhibiting at "nano tech 2026" in December 2026. This initiative aims to create
business opportunities for European nanotechnology companies in Japan's
technologically sophisticated market. The Asia Pacific nanomaterials market is
dominant, with Japan leading due to its technological prowess and high per capita
electronic equipment usage. This effort is poised to strengthen industrial ties between

Japan and Europe and accelerate innovation in nanomaterials.
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Key Findings

The EU-Japan Centre for Industrial Cooperation has announced a "Nanotech Business
Mission" scheduled for December 2026, offering European companies a direct pathway
into Japan's advanced materials market. The core of this mission involves participating
companies exhibiting at "nano tech 2026," one of the world's largest comprehensive
nanotechnology exhibitions. The initiative aims to facilitate networking, technological
exchange, and the generation of concrete business opportunities with key Japanese
industrial players and research institutions. This program is expected to serve as a crucial
bridge for introducing innovative European nanotechnology into the Japanese market,

thereby deepening industrial cooperation between the two regions.

Technical / Clinical Details

"nano tech 2026" covers a broad spectrum of nanotechnology-related fields, including
nanomaterials, nanomanufacturing, evaluation technologies, bio-nano interfaces, and
the integration of Al, 10T, and materials informatics. European companies will have the
opportunity to present their high-performance nanomaterials, precision processing
technologies, and nanomedicine solutions to diverse Japanese industries such as
automotive, electronics, robotics, and healthcare. Japan, in particular, represents a
market with extremely high demand for high-performance nanomaterials, driven by its
high per capita usage of electronic equipment and proactive investment in advanced
technologies. Beyond booth exhibition, mission participants will engage in individual
matchmaking with potential Japanese partners, market seminars, and company visits to

explore concrete possibilities for technological collaboration and business alliances.



Background & Context

The Asia Pacific region is the fastest-growing market for nanomaterials globally, and
Japan, with its technological superiority and continuous investment in R&D, is a critical
driver leading this growth. Japan has been at the forefront of nanotechnology for many
years, with nanomaterials becoming indispensable components in many of its
foundational industries, including automotive, consumer electronics, and
semiconductors. The EU-Japan Centre for Industrial Cooperation has consistently
organized business missions across various sectors to strengthen industrial relations
between Europe and Japan. This specific nanotech mission aims to combine the
strengths of both regions in advanced materials to foster new value creation and

enhance global competitiveness.

Strategic Significance & Outlook

This Nanotech Business Mission will serve as a vital route for European companies
seeking access to Japan's highly sophisticated technological market. Successful
participation could significantly boost the presence of European nanotechnology firms in
Japan, leading to long-term partnerships and investment opportunities. Conversely,
Japanese companies stand to benefit by integrating innovative European technologies,
accelerating their own product development and solution offerings. Close cooperation
between Japan and the EU in nanotechnology is expected to promote international
innovation and potentially influence the establishment of global industry standards and

the development of new markets in the future.

Source: https://www.facebook.com/EUStartups/posts/japans-advanced-materials-market-may-feel-
difficult-to-enter-but-the-nanotech-bu/1468163588671579/
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#25 UK Team Achieves 73% Capacity Retention in
Lithium-Sulfur Batteries After 500 Cycles with LiCl-
Modified MXene Nanosheets

Published August 04, 2026  The Royal Society of Chemistry UK
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| overview

A UK research team has demonstrated superior performance in lithium-sulfur (Li-S)
batteries using intercalation-modified MXene nanosheets as separators. Specifically, a
battery incorporating LiCl-modified MXene (L-MXene) achieved an initial capacity of
1076.9 mAh g™" at 0.2C and maintained an impressive 73% capacity retention after
500 cycles at 1C. This breakthrough significantly enhances the catalytic activity and
trapping efficiency of lithium polysulfides, leading to improved rate performance and
excellent cycling stability. The technology holds substantial potential to accelerate the

development of next-generation high-energy-density batteries.
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Key Findings

A significant breakthrough in enhancing the performance of lithium-sulfur (Li-S) batteries
has been reported by a UK-based research team. Their study demonstrated the
exceptional stability and efficiency of intercalated MXene nanosheets when used as
separators in Li-S batteries. Remarkably, a battery fabricated with LiCl-intercalated
MXene (L-MXene) achieved a high initial discharge capacity of 1076.9 mAh g™" at a rate
of 0.2C, and, crucially, retained an impressive 73% of its initial capacity after 500 cycles at
a fast 1C rate. This represents a substantial overcoming of the traditional challenges
associated with the cycle life and rate performance limitations of conventional Li-S

batteries.

Technical / Clinical Details

The research team focused on the unique properties of MXene materials, particularly
their high electrical conductivity and porous structure. By modifying the MXene
nanosheets with different intercalating agents, they successfully suppressed the
problematic "shuttle effect” of lithium polysulfides (LiPSs) and optimized the interactions
between the electrolyte and electrode materials. The intercalated MXene enhanced the
adsorption and catalytic conversion efficiency of LiPSs, effectively trapping them within
the separator layer. This mechanism mitigates the loss of active sulfur material and
improves the electrode reaction kinetics during high-rate charging and discharging. The
success of L-MXene highlights the importance of balancing both chemical stability and

electrochemical activity in separator design.

Background & Context

Lithium-sulfur batteries are considered a promising next-generation battery technology
due to their theoretically much higher energy density compared to existing lithium-ion
batteries. However, practical implementation has been severely hindered by several key
challenges, including the LiPSs shuttle effect, volume expansion of the sulfur electrode,
low conductivity, and limited cycle life. The MXene nanosheet separator technology
presented in this study offers a viable solution to these major hurdles, potentially
accelerating the commercialization of Li-S batteries for applications in energy storage,
electric vehicles, and drones. MXene materials are currently a subject of intense global

research due to their superior properties for next-generation battery technologies.



Strategic Significance & Outlook

This groundbreaking achievement marks a significant step towards the
commercialization of lithium-sulfur batteries. Future research is expected to focus on the
scalability of the L-MXene separator manufacturing process, cost-effectiveness, and
long-term reliability. Further exploration of other intercalating agents and MXene
composite materials may also lead to the development of even higher-performing Li-S
batteries. If commercialized, this technology could significantly extend the range of
electric vehicles and improve the efficiency of renewable energy storage systems,
contributing substantially to a sustainable society. For researchers and investors, MXene-

based battery technology continues to be a highly attractive and promising field.

Source: https://pubs.rsc.org/tc/article-pdf/13/20/10103/10191967/d4tc05447d.pdf
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#26 Canada's Nova Graphene and Premier Graphene
Affiliate Partner to Enter North American Ballistic
Protection Market with Graphene Composites

Published August 07, 2026  Graphene-Info.com / Streetinsider Canada

| overview

Premier Graphene's subsidiary, HGI Industrial Technologies, has formed a joint
venture with Canada's Nova Graphene to develop and commercialize graphene-
enabled ballistic protection products for the North American market. This partnership
combines HGI's graphene production IP with Nova Graphene's expertise in ballistic
protection technologies, including active research contracts with Defense Research &
Development Canada. Initial target markets include personal, vehicle, marine, and
architectural ballistic protection systems, leveraging graphene's high strength and

lightweight properties for next-generation protective materials.



| N DEPTH

Key Findings

HGI Industrial Technologies, an affiliate of the graphene pioneer Premier Graphene, has
announced the formation of a strategic joint venture with Canada-based Nova
Graphene. This partnership is aimed at the development and commercialization of
innovative graphene-enabled ballistic protection products, with a primary focus on
penetrating the rapidly growing North American market. The joint venture will synergize
HGI's advanced intellectual property in graphene production and manufacturing
capabilities with Nova Graphene's extensive expertise in ballistic protection technologies,
including ongoing research contracts with Defense Research & Development Canada
(DRDQ).

Technical / Clinical Details

Graphene, renowned for its extraordinary strength, lightweight properties, and superior
ballistic characteristics, holds immense potential as a next-generation material for
ballistic protection. This joint venture will leverage HGI's proprietary graphene
manufacturing processes to develop high-performance graphene composite materials
designed to enhance Nova Graphene's existing ballistic protection technologies. Nova
Graphene has already been actively researching, through its DRDC contracts, how
graphene-based materials can contribute to significant weight reduction and improved
protection compared to conventional ballistic materials. The products slated for

development are intended for a wide range of applications, including:

¢ Personal Ballistic Protection Systems: Lightweight body armor for military

personnel and law enforcement officers.

¢ Vehicle Ballistic Protection Systems: Enhanced protection for armored vehicles and

aircraft.

e Marine Ballistic Protection Systems: Improved defensive capabilities for naval

vessels and coast guard boats.

¢ Architectural Ballistic Protection Systems: Security enhancements for critical

infrastructure and facilities.

These products aim to utilize graphene's atomic-level structural integrity to deliver

thinner, lighter, yet more robust protective solutions.



Background & Context

The global ballistic protection market is steadily expanding, driven by geopolitical
tensions, the persistent threat of terrorism, and the increasing demand from military and
law enforcement agencies for lighter and higher-performance equipment. Traditional
ballistic materials, such as Kevlar, ceramics, and steel, are effective but present challenges
in terms of weight, flexibility, and cost. The introduction of graphene as a nanocomposite
material offers the potential to overcome these limitations, dramatically improving both
protective performance and operational efficiency. Canada has a strong foundation in
advanced materials research and defense technology development, making this
partnership a strategic move to translate its technological capabilities into commercial

success.

Strategic Significance & Outlook

This joint venture holds the potential to bring disruptive innovation to the North
American ballistic protection market. Should graphene-based ballistic products be
successfully introduced, they are expected to have a significant impact across military,
law enforcement, and civilian security sectors due to their superior lightweight properties
and protective performance compared to conventional materials. The collaboration with
DRDC, in particular, serves as a crucial validation of product reliability and performance.
Looking ahead, this technology is anticipated to find applications beyond ballistic
protection, extending into aerospace, automotive, and construction—sectors that
demand high-strength, lightweight materials—thereby potentially accelerating the

growth of the entire graphene industry.

Source: https://www.graphene-info.com/premier-graphenes-hgi-industrial-technologies-forms-ballistic-

protection-joint
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#27 NIST Scientists Identify and Correct Pervasive
‘Dimming Effect' Error in Nanomaterial Measurements

Published August 06, 2026  Mirage News USA
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| overview

Scientists at the U.S. National Institute of Standards and Technology (NIST) have
identified a common error, the ‘dimming effect,' in nanomaterial measurements and
developed a practical mathematical correction. This error can lead to misleading
insights into how tiny objects' properties depend on their size, impacting analyses in
drug delivery and current flow in nanoscale wires. The NIST team's correction method
reveals the true behavior of these materials, enabling more reliable data analysis
across various applications. This achievement significantly enhances the accuracy of

metrology foundational to nanotechnology research.
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Key Findings

Scientists at the U.S. National Institute of Standards and Technology (NIST) have
successfully identified a pervasive measurement error, termed the "dimming effect,”
commonly encountered in the data analysis of nanomaterial measurements. Crucially,
they have also developed a practical mathematical correction method to address this
issue. This groundbreaking achievement allows for a more accurate understanding of
how the properties of nanoscale objects truly depend on their size, moving beyond
potentially misleading analytical results. The developed correction is poised to enhance
the reliability of data analysis across a wide range of nanotechnology applications,
including the analysis of nanoparticle behavior in drug delivery systems and the

understanding of current flow in nanoscale wires.

Technical / Clinical Details

The "dimming effect” refers to a phenomenon where smaller nanoscale objects often
appear dimmer or exhibit lower signal intensity in measurements compared to larger
ones, even when their intrinsic properties should scale differently. This effect frequently
arises from the optical systems, detection principles, and light-nanomaterial interactions
inherent in measurement techniques such as optical microscopy and spectroscopic
analysis. The NIST research team mathematically modeled how this dimming effect
influences the interpretation of measurement data, particularly conclusions related to
size dependency. Their developed correction method quantitatively removes this effect,
allowing for the accurate determination of the true size dependence of intrinsic
nanomaterial properties, such as fluorescence intensity, absorption cross-section, or
scattering characteristics. This precision enables more accurate performance evaluations
in various applications, including the kinetics of drug release from nanoparticles, the

sensitivity of biosensors, or the optical properties of quantum dots.



Background & Context

The rapid advancement of nanotechnology heavily relies on the ability to perform
accurate measurements at extremely small scales. However, nanoscale materials exhibit
quantum and surface effects distinct from their bulk counterparts, making their
measurement and characterization inherently complex. Historically, measurement errors
like the dimming effect have not always been adequately accounted for in many studies,
leading to uncertainties in data interpretation and challenges in reproducibility. National
standards organizations like NIST are mandated to provide accurate measurement
standards that form the foundation for scientific research and industrial technological
development. This latest achievement is a crucial contribution to improving data quality
in the nanotechnology sector, facilitating more efficient research and development, and

enabling the creation of reliable products.

Strategic Significance & Outlook

The mathematical correction method developed by NIST is expected to be widely
adopted across the nanomaterial research community, thereby improving data reliability
and enhancing the comparability of research outcomes. This will likely accelerate the
process from the discovery of new nanomaterials to their practical application. Accurate
nanomaterial characterization is particularly indispensable in the medical and
environmental sectors, where safety evaluations, quality control, and regulatory
compliance are paramount. This technology could also be integrated into fields
leveraging Al for materials design and automated high-throughput screening, playing a
vital role in shaping the future of nanotechnology. Researchers, engineers, and investors
will be able to make more informed decisions based on more trustworthy data, further

advancing the societal implementation of nanotechnology.

Source: https://vertexaisearch.cloud.google.com/grounding-api-
redirect/AUZIYQFzvXKr7ifly7QCqdZzh4cCYJaYOQAon1CQh8NnKBb-x-
0760FROhoo1mY1sRniB4K68000IMrQKjsXy6_Jzp2t6z28bxRIgOfIWTvI0wCabh_B2hmpy6164zfIL-
_Q3cM7sfDfBgV4iukHXxVEb4LrDP 1fcfc5Yp9q5qtD-COfCF2e5_fmaDKo3TyGP9UMMZg
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#28 German Journal Small Publishes Review

Summarizing Recent Advances of Layered Ti;C,T,
MXene for Electrochemical Energy Storage

Published August 06, 2026  Small (Wiley-VCH)  Germany

| overview

The German scientific journal Small has published a review article summarizing recent
advances in Ti3C,T, MXene for electrochemical energy storage applications. This
comprehensive review covers MXene's use in diverse battery systems including
supercapacitors, lithium-ion, sodium-ion, and lithium-sulfur batteries. MXenes
combine unique properties like metallic conductivity, a plastic layer structure, and
hydrophilic surfaces, making them promising materials for enhancing battery
performance by providing more active interfaces and improved ion/charge transport

kinetics. This overview highlights future directions for next-generation energy storage
devices.
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Key Findings

A comprehensive review article has been published in the prestigious German scientific
journal "Small," summarizing the latest advancements in the electrochemical energy
storage applications of layered Ti;C,T, MXene. The paper meticulously details how
MXene materials possess the potential to significantly enhance the performance of a
wide array of next-generation battery systems, including supercapacitors, lithium-ion
batteries, sodium-ion batteries, and particularly lithium-sulfur batteries. The unique
combination of metallic conductivity, flexible layered structure, and hydrophilic surfaces
inherent to MXene is identified as a key factor in boosting the efficiency and stability of

energy storage devices.

Technical / Clinical Details

The review article elaborates on the mechanisms by which Ti;C,T, MXene functions as an
electrode material and contributes to energy storage performance. MXene, with its two-
dimensional layered structure and surface functional groups (T,), exhibits superior

properties in the following aspects:

e High Metallic Conductivity: Accelerates electron transfer within the electrode,

enabling high-rate performance.

e Plastic Layer Structure: Accommodates structural changes during ion

intercalation/deintercalation, leading to excellent cycling stability.

e Hydrophilic Surface: Promotes good contact with electrolytes and optimizes ion

transport pathways.

¢ Abundant Active Sites: The surface functional groups act as active sites for redox

reactions, enhancing specific capacity.

Owing to these characteristics, MXene is garnering attention not only as an electrode
material but also as a conductive additive and a modifier for separators. It provides more
active interfaces and improves the kinetics of ion and charge transport, thereby

enhancing the overall performance of batteries.



Background & Context

Amidst rising global energy demands, the development of high-performance and
sustainable energy storage devices is an urgent imperative. There is a growing need for
materials that can surpass the limitations of existing lithium-ion batteries across various
applications, including electric vehicles, renewable energy grids, and portable electronic
devices. Since its first synthesis at Drexel University in 2011, MXene has rapidly become a
subject of intense research as a next-generation material due to its unique properties.
Compared to traditional graphene and other 2D materials, its metallic conductivity and
abundant chemical sites demonstrate significant advantages in the energy storage field.
This review systematically organizes a vast body of research, serving as an important

milestone that defines future directions for research and development.

Strategic Significance & Outlook

This review article re-emphasizes that MXene is one of the leading candidate materials
for next-generation electrochemical energy storage devices. Future research will likely
focus on further optimizing MXene synthesis methods, developing scalable
manufacturing processes, and improving interfacial stability with electrolytes.
Additionally, advancements in composite materials with other active components and
optimization of material design using machine learning are expected. Through these
efforts, MXene-based batteries and supercapacitors are anticipated to achieve higher
energy density, power density, and longer lifespans, contributing significantly to a
sustainable energy society. For investors and researchers, MXene continues to be an

attractive field offering innovative opportunities.

Source: https://sci-hub.red/10.1002/smll.201703419
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#29 Novel CuAu Alloy Electrocatalyst Achieves Biomass
Upgrading and Green Hydrogen Production at Ultralow

Voltage of 0.45V

Published July 30, 2026  EurekAlert!  USA
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| overview

Researchers have developed a CuAu alloy electrocatalyst enabling efficient biomass
upgrading and bipolar hydrogen production at an ultralow voltage of 0.45 V. The
optimized Cuo.25Aug.75 catalyst demonstrated excellent performance in electrocatalytic
oxidation of 5-hydroxymethylfurfural (HMF) to 5-hydroxymethyl-2-furancarboxylic
acid (HMFCA), achieving 94.5% HMFCA yield and 98.6% HMFCA Faradaic efficiency.
This breakthrough offers a promising route for green hydrogen production and
value-added chemical synthesis, significantly contributing to the development of a

sustainable chemical industry.
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Key Findings

Researchers have successfully developed a groundbreaking CuAu alloy electrocatalyst
capable of simultaneously achieving high-efficiency biomass upgrading and bipolar
hydrogen production at an unprecedented ultralow voltage of just 0.45 V. This optimized
Cuo.25AuU.75 catalyst demonstrated exceptional performance in the electrocatalytic
oxidation of 5-hydroxymethylfurfural (HMF) to 5-hydroxymethyl-2-furancarboxylic acid
(HMFCA), reaching a remarkable HMFCA yield of 94.5% and an extremely high Faradaic
efficiency of 98.6%. This technology offers a dual benefit: producing high-value
chemicals from renewable biomass resources while also generating green hydrogen

sustainably.

Technical / Clinical Details

The developed CuAu alloy electrocatalyst achieves its high activity and selectivity
through a synergistic effect between copper and gold. Specifically, the particular
composition ratio of Cug.2sAuo.75 was shown to provide optimal catalytic sites for both
HMF oxidation and the hydrogen evolution reaction (HER). Alloying enabled fine-tuning
of the electronic states and atomic arrangements on the catalyst surface, optimizing the
adsorption energy of reaction intermediates. This significantly enhanced the selectivity
from HMF to HMFCA while efficiently promoting hydrogen generation via water splitting.
Conventionally, HMFCA synthesis from HMF required high temperatures, high pressures,
noble metal catalysts, or high voltages. The innovation lies in this new catalyst's ability to
drive the reaction under mild conditions and ultralow voltage, drastically reducing the

overall energy consumption of the process and lowering its environmental footprint.



Background & Context

Achieving a sustainable society necessitates reducing reliance on fossil fuels and
producing energy and chemicals from renewable resources, a pressing global challenge.
Biomass, owing to its abundance and carbon-neutral properties, is gaining attention as a
critical feedstock for future chemical and energy industries. However, processes for
synthesizing biomass-derived chemicals and producing green hydrogen have historically
faced challenges related to high energy costs and efficiency. Electrocatalytic
technologies like this research are key to overcoming these hurdles and accelerating the
transition to a biomass-based circular economy. HMF is an easily obtainable platform
chemical from biomass, and HMFCA is a high-value compound with applications in

pharmaceuticals, polymers, and fuel additives.

Strategic Significance & Outlook

The discovery of this CuAu alloy electrocatalyst will significantly impact both green
hydrogen production and biomass upgrading sectors. Future research will likely focus on
the catalyst's long-term stability, scalability, and applicability to various types of biomass
feedstocks. Furthermore, its potential for application to other biomass-derived platform
molecules is anticipated. If commercialized, this technology could accelerate the
decarbonization of the chemical industry, contribute to the widespread adoption of
hydrogen as a sustainable energy source, and offer economic benefits by reducing the
production cost of high-value chemicals. For researchers, engineers, and investors, such
electrocatalytic materials will be a focal point in shaping the future of clean energy and

sustainable chemistry.

Source: https://www.eurekalert.org/news-releases/1134959
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#30 Advances in Nanotechnology for Cancer

Immunotherapy: Smart Nanoparticles and Synergistic
Combination Strategies Enhance Therapeutic Efficacy

Published August 07, 2026  PMC (Journal: Biomaterials)  Global

| overview

A review highlights advanced nanotechnology for enhancing cancer immunotherapy,
addressing challenges like low efficacy in solid tumors and severe side effects.
Nanoparticles are leveraged for precise therapeutic delivery, controlled release, and
amplification of immune responses. The paper details smart nanoparticles responsive
to tumor microenvironment signals and nanovaccines co-delivering tumor markers
and immune boosters. Nanotechnology holds significant potential to evolve

immunotherapy into a more effective and safer treatment modality.
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Key Findings

A comprehensive review has been published detailing the latest advancements in
nanotechnology aimed at significantly boosting the efficacy of cancer immunotherapy.
This review elaborates on how nanoparticles are being strategically utilized to overcome
major challenges in conventional immunotherapies, such as low response rates in solid
tumors and severe systemic side effects. Nanotechnology enables precise targeting and
controlled release of therapeutics to tumor sites, coupled with specific and potent
amplification of host immune responses, thereby contributing to substantial

improvements in cancer treatment outcomes.

Technical / Clinical Details

The review article emphasizes specific applications of nanotechnology, including:

e Smart Nanoparticles: These are engineered to precisely release encapsulated drugs
within tumor cells in response to specific signals from the tumor microenvironment
(e.g., low pH, high reducing conditions, elevated temperature, or presence of specific
enzymes). This approach minimizes off-target effects while improving drug

bioavailability.

¢ Nanovaccines: These incorporate tumor-specific antigens alongside immune-
stimulating agents (adjuvants) into nanoparticles, enabling efficient delivery to
antigen-presenting cells. This induces robust anti-tumor immune responses,

facilitating the elimination of cancer cells.

¢ Synergistic Combination Strategies: Nanoparticles serve as versatile platforms to
combine immunotherapy with other therapeutic modalities, such as chemotherapy,
radiation sensitizers, or gene therapy agents. This allows for simultaneous action of

multiple treatment mechanisms, generating synergistic anti-tumor effects.

These strategies hold the potential to overcome resistance to immune checkpoint
inhibitors and transform 'cold’ tumors (those with poor T-cell infiltration) into 'hot'

tumors (those conducive to T-cell infiltration).



Background & Context

While immunotherapy has revolutionized cancer treatment, its benefits are still limited to
a subset of patients, and response rates remain low, especially in advanced solid tumors.
Furthermore, systemically administered immunotherapeutic agents can cause severe
adverse events resembling autoimmune diseases. Nanotechnology is recognized as a
powerful tool to overcome these challenges by precisely delivering drugs to the target
site and controlling their release. The field of nanomedicine has seen remarkable
progress over the past few decades, with numerous nanoparticle-based drugs in clinical
trials validating their therapeutic potential. Pharmaceutical and biotechnology
companies are heavily investing in the convergence of nanotechnology and

immunotherapy to develop next-generation cancer treatments.

Strategic Significance & Outlook

The advancements in nanotechnology outlined in this review provide a roadmap for the
evolution of cancer immunotherapy into more effective and patient-friendly treatments.
Future research will likely focus on developing more sophisticated multifunctional
nanoparticle systems that can respond to complex tumor microenvironments,
establishing long-term safety profiles, and expanding applications in personalized
medicine. The optimization of nanoparticle design using machine learning and Al will
also be key to accelerating progress in this field. The integration of nanotechnology and
immunotherapy holds the potential to significantly improve cancer patient survival rates
and quality of life, remaining a compelling frontier for researchers, engineers, and

investors alike.

Source: https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQH7h-
HWgO4PJOwWOBHC_AOUZH4U-
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6IA5L)5s8DiIO3Wp94iwp
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#31 MGU Innovation Foundation Offers Grants and
Incubation Support for Nanotechnology Startups

Published August 01, 2026  IncorpX India

| overview

The MGU Innovation Foundation, the business-innovation arm of Mahatma Gandhi
University, provides grant programs and incubation support for startups across
various fields, including nanotechnology. This program offers business-planning
assistance, access to seed capital, industry partnerships, and structured training to
translate inventive ideas into scalable companies. This initiative is expected to
strengthen India's nanotechnology ecosystem and foster innovation by emerging

enterprises.
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Key Findings

The MGU Innovation Foundation, which serves as the business-innovation arm of
Mahatma Gandhi University, continues to offer comprehensive grant programs and
incubation support for startup companies across diverse technological domains,
including the critical field of nanotechnology. This support program is designed to
elevate promising research outcomes and innovative ideas into tangible products or
services, fostering their growth into scalable businesses. The Foundation plays an
indispensable role in the development of India's nanotechnology ecosystem,
contributing significantly to the nurturing of companies that will drive the next wave of

technological innovation.

Technical / Clinical Details

The support provided by the MGU Innovation Foundation is multifaceted:

e Business Planning Assistance: Expert guidance on market analysis, business model
development, financial planning, and other aspects crucial for building a strong

foundation for startup success.

e Access to Seed Capital: Providing funding opportunities for early-stage startups to
advance their research and development and to build prototypes. This serves as a

vital stepping stone for attracting further private investment.

¢ Industry Partnerships: Facilitating collaborations with key players in industry and
established companies, supporting technological synergies, market access, and

accelerated product development.

e Structured Training: Educational programs designed to cultivate specialized
knowledge (e.g., intellectual property management, marketing, legal affairs) and

leadership skills essential for commercializing innovation.

In the nanotechnology sector, projects at various stages, such as the synthesis of novel
nanomaterials, design of nanodevices, nanomedical applications, and environmental
remediation technologies, are eligible for support. A critical function of the Foundation is

to bridge the gap between laboratory-born ideas and their eventual market introduction.



Background & Context

India is committed at a national level to promoting innovation in science and
technology, with nanotechnology being positioned as a crucial strategic area for
economic growth and addressing societal challenges. The government and academic
institutions are actively working to build an ecosystem that links research outcomes to
commercialization, and organizations like the MGU Innovation Foundation are central to
this effort. This strengthens the support system for startups to overcome the "valley of
death" between scientific discovery and societal implementation. India, with its rapidly
growing technology market and abundant young talent, is establishing itself as a new

innovation hub in the field of nanotechnology.

Strategic Significance & Outlook

The MGU Innovation Foundation's sustained support is expected to further accelerate
the creation and growth of nanotechnology-related startups in India. This will lead to the
introduction of new high-value products and services into the market, contributing to
economic diversification and job creation. In the long term, these startups have the
potential to gain international competitiveness, solidifying India's position as a global
leader in nanotechnology. For researchers, entrepreneurs, and investors, the MGU
Innovation Foundation's programs will serve as a vital platform for seizing growth

opportunities in India's nanotechnology sector.

Source: https://www.incorpx.io/grants/providers/mgu-innovation-foundation
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#32 Canadian Government Designates Nanotechnology

as R&D Priority, Offers Over 1500 Grant and Loan
Programs

Published July 30, 2026 Canada.ca Canada

| overview

Canada's Business Benefits Finder lists over 1500 support programs, including grants,
loans, and tax credits, with nanotechnology designated as a key research and
development (R&D) focus area. These programs aim to support various project
phases, from R&D to demonstration. This comprehensive support system is designed
to foster innovation and commercialization in Canada's nanotechnology sector,
contributing to national economic growth and enhanced international

competitiveness.
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Key Findings

The Canadian government, through its Business Benefits Finder, provides over 1500
support programs, including grants, loans, and tax credits, explicitly designating
nanotechnology as a critical research and development (R&D) priority area. This strategic
approach aims to establish a comprehensive support system that facilitates the smooth
progression of innovative nanotechnology projects from fundamental research stages
through demonstration phases and ultimately to commercialization. By doing so, Canada
seeks to bolster its international leadership in nanotechnology and drive economic

diversification and sustainable growth.

Technical / Clinical Details

The R&D support programs for nanotechnology offered by the Canadian government

cover a wide array of technological areas and project types:

¢ Synthesis and Application of Novel Nanomaterials: Development of high-
performance materials for aerospace, automotive, medical, energy, and

environmental sectors.

¢ Nanodevices and Systems: Creation of high-performance sensors, miniaturized

electronic devices, and nanomedical diagnostic and therapeutic systems.

¢ Nanotechnology Safety and Regulation: Assessment of environmental and health

risks of nanomaterials, standardization, and addressing ethical challenges.

¢ Manufacturing Processes and Scale-Up: Development of efficient and sustainable

manufacturing technologies for nanomaterials at commercial scale.

These programs provide researchers in universities, small and medium-sized enterprises
(SMEs), and large corporations with the necessary funding, expertise, and networks to
fully unleash the potential of nanotechnology. Particular emphasis is placed on
supporting demonstration projects and pilot plants to bridge the gap towards

commercialization.



Background & Context

Globally, nanotechnology is recognized as a key technology for economic growth, the
creation of new industries, and the resolution of global challenges. The Canadian
government has long acknowledged the importance of this field, designating
nanotechnology as a priority area within its national R&D strategy. With abundant
natural resources and a high standard of education, Canada possesses strengths in areas
such as nanomaterials science, nanobiotechnology, and nanoelectronics. The
government's proactive support aims to build a foundation for domestic research
institutions and companies to maintain and enhance their international competitiveness

and succeed in the global market.

Strategic Significance & Outlook

The Canadian government's strategy of prioritizing nanotechnology in R&D is expected
to continue and deepen in the future. This will likely lead to the creation of numerous
nanotechnology-related startups within Canada and generate new employment
opportunities. Furthermore, Canada's role in global supply chains could be strengthened.
Investors will find attractive long-term growth potential in Canadian nanotechnology
companies that receive strong government support. This comprehensive support system
is expected to play a crucial role in establishing Canada as one of the world's leading

innovation hubs in the nanotechnology sector.
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#33 US National Science Foundation Invests $150
Million in 12 Regional Innovation Engines to Accelerate
Quantum, Biomanufacturing, and Grid Modernization

Published Published July 31,2026  [RBA. BUR=2—R U —X XIFAFEHKK] USA

| overview

The U.S. National Science Foundation (NSF) is investing $150 million in 12 new
Regional Innovation Engines, initially providing $15 million over two years with
potential expansion to $160 million over a decade. These engines are designed to
accelerate critical technologies like quantum computing, biomanufacturing, and grid
modernization, with nanotechnology playing a foundational role. The initiative aims
to strengthen regional economies, foster talent development in emerging sectors,

and secure U.S. technological leadership.



| N DEPTH

Background

In an era of intensifying global competition, the U.S. government has prioritized
accelerating domestic technological innovation and strengthening supply chain
resilience as a national strategy. The NSF's "Regional Innovation Engines" program is a
central pillar of this strategy, aiming to re-establish U.S. technological leadership by
designating specific regions as hubs for technology development and talent cultivation.
Such substantial federal investment is expected to attract additional private sector
funding, significantly contributing to job creation and economic growth in emerging
industrial sectors. Nanotechnology, being a cross-cutting discipline that supports
innovation in semiconductors, healthcare, energy, and many other industries, has its

strategic importance further underscored by this initiative.

Key Findings

The U.S. National Science Foundation (NSF) has announced a significant investment in 12
new "Regional Innovation Engines" aimed at securing America's technological leadership
and revitalizing regional economies. As part of this initiative, an initial $15 million will be
awarded over two years, with the potential for the total investment to expand up to $160
million over a decade. These Engines will focus on accelerating national critical
technology areas, including quantum computing, biomanufacturing, and grid
modernization. Nanotechnology is identified as an essential foundational technology

that will play an integral role across all these domains.

Technological Focus

The NSF's "Regional Innovation Engines" program is designed to bring together diverse
stakeholders—universities, industry, state and local governments, and non-profits—
within specific geographic regions to build innovation ecosystems focused on the

following key technological areas:
¢ Quantum Computing: Developing next-generation computational capabilities to
revolutionize fields such as materials science, cryptography, and drug discovery.

e Biomanufacturing: Technologies that merge biotechnology and engineering to

biologically produce pharmaceuticals, materials, and fuels.



¢ Grid Modernization: Strengthening and enhancing the resilience of electrical
infrastructure through smart grid technologies, renewable energy integration, and

advanced energy storage solutions.

In each of these sectors, nanotechnology serves as a foundational enabler, facilitating
new functionalities and performance enhancements by controlling material properties at
the atomic and molecular scales. Examples include superconducting nanostructures in
quantum computing, precision cell manipulation using nanoparticles in
biomanufacturing, and high-efficiency nanomaterial batteries in grid modernization.
Each Engine will leverage its region's unique strengths and expertise to address specific

technological challenges and drive innovation.

Strategic Significance & Outlook

The NSF's total investment of $150 million in "Regional Innovation Engines" is set to
powerfully drive innovation and growth in critical U.S. technology sectors over the next
decade. Successful Engines are expected to establish their respective regions as
international centers of excellence in specific technological domains, contributing to the
global innovation ecosystem. For nanotechnology researchers, engineers, and investors,
this program will create opportunities for groundbreaking technological development
and commercialization that will drive future growth. This initiative further strengthens the
U.S.'s position to maintain its advantage in advanced technology fields and lead the next

generation of innovation.
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#34 MDPI Research Demonstrates MXene-Coated
Germanium Nanoparticles Enable High-Performance
Binder-Free Lithium-lon Battery Anodes

Published August 06, 2026 MDPI  Switzerland

| overview

Recent research published in MDPI demonstrates the development of a high-
performance binder-free lithium-ion battery anode utilizing MXene-coated
germanium nanoparticles on nickel foam. The MXene coating alleviates germanium's
mechanical instability during charge-discharge cycles and enhances charge-transfer
kinetics. This MXene@Ge@NF electrode retained a reversible specific capacity of
789.8 mAh g™ after 100 cycles, showing significantly improved lithium-storage
performance compared to conventional germanium-based anodes. This

breakthrough marks a crucial step toward realizing high-energy-density batteries.
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Key Findings

New research published in MDPI has demonstrated the development of a high-
performance, binder-free lithium-ion battery anode by strategically placing MXene-
coated germanium nanoparticles on nickel foam. This innovative MXene@Ge@NF
electrode exhibited superior lithium storage capabilities, retaining a high reversible
specific capacity of 789.8 mAh g™ after 100 cycles. This achievement successfully
addresses the long-standing challenges of cycle stability and rate performance inherent
in conventional germanium-based anodes. The MXene coating was shown to effectively
mitigate the mechanical instability of germanium, which typically arises from volumetric
changes during lithium insertion and extraction, and significantly enhance charge

transfer kinetics within the electrode.

Technical / Clinical Details

The core of this research lies in leveraging the excellent conductivity and structural
stability of MXene (Ti;C,T,) to maximize the performance of germanium (Ge)
nanoparticles as an anode material. Germanium is highly promising for next-generation
lithium-ion batteries due to its theoretically higher lithium storage capacity
(approximately 1600 mAh g™') compared to graphite. However, it suffers from a
significant volumetric expansion (up to 300%) during lithiation/delithiation reactions,

leading to electrode degradation and potential short circuits.
The research team overcame these challenges through the following mechanisms:

¢ MXene Coating: A thin layer of MXene coated on the surface of germanium
nanoparticles physically suppresses the volumetric expansion of germanium during

electrode reactions, maintaining structural integrity.

e Enhanced Charge Transfer Kinetics: The high metallic conductivity of MXene
efficiently streamlines electron transport pathways between germanium

nanoparticles, improving high-rate charge-discharge capabilities.

¢ Binder-Free Structure: Directly forming the MXene@Ge composite on nickel foam
eliminates the need for binders, reducing internal electrode resistance and

maximizing the active material loading density.



This composite material design successfully achieved both high capacity retention and

excellent cycling stability.

Background & Context

With the increasing demand for electric vehicles and portable electronic devices, there is
a global imperative to develop lithium-ion batteries with higher energy density and
longer lifespans. While current commercial lithium-ion batteries primarily use graphite
anodes, their theoretical capacity limits are being approached. Alloy-type anode
materials like silicon and germanium hold great promise due to their high theoretical
capacities, but their significant volumetric expansion has been the major barrier to
commercialization. Combining 2D materials like MXene with these high-capacity
materials is opening new avenues to overcome conventional challenges and accelerate

the practical application of next-generation batteries.

Strategic Significance & Outlook

These research findings represent a critical breakthrough for the further development of
high-energy-density lithium-ion batteries. Future efforts will likely focus on the long-
term stability, scalability of large-scale production, cost-effectiveness, and performance
evaluation of the MXene@Ge@NF anode in actual battery cells. If commercialized, this
technology is expected to significantly contribute to extending the range of electric
vehicles, shortening charging times, and improving the efficiency of renewable energy
storage systems, thereby fostering a sustainable society. Researchers, engineers, and
investors will undoubtedly monitor the future advancements of this MXene-germanium

anode technology closely.

Source: https://www.mdpi.com/2079-4991/16/15/969
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#35 Chinese Research Boosts CO; Electrocatalytic
Reduction Efficiency by 120% with 2D POM@MOF
Composites Featuring Asymmetric Sites, Achieving
94.2% FE

Published August 01, 2026  Chinese Journal of Structural Chemistry  China

| overview

Chinese researchers have designed a 2D silver-based polyoxometalate (POM)@metal-
organic framework (MOF) composite material that significantly enhances the
efficiency of CO, electroreduction. The Ag-TPT-SiW12-2 composite, featuring
asymmetric bifunctional sites, achieved a CO Faradaic efficiency exceeding 90% over a
wide potential range, peaking at 94.2% at -1.0 V. This represents a 120%
improvement compared to a similar composite, establishing a new paradigm for
high-performance electrocatalyst design. This technology holds substantial

implications for CO, valorization and clean energy production.
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Key Findings

A research team in China has successfully designed a novel 2D polyoxometalate
(POM)@metal-organic framework (MOF) composite material featuring asymmetric sites,
which dramatically improves the efficiency of CO, electroreduction. Their developed
silver-based Ag-TPT-SiW12-2 composite demonstrated outstanding performance,
achieving a Faradaic Efficiency (FE) for CO production exceeding 90% across a broad
potential range, and reaching a remarkable peak of 94.2% FE at a potential of -1.0 V. This
achievement represents a 120% improvement in CORR efficiency compared to similar
composite materials, establishing a new paradigm for the design of high-performance

electrocatalysts and marking a significant advancement in CO, valorization technologies.

Technical / Clinical Details

The core of this research lies in the clever composite material design that synergistically
combines the advantages of POMs and MOFs. MOFs, with their tunable pore structures
and high surface areas, facilitate reactant access to catalytic active sites. POMs, on the
other hand, function as active sites in electrocatalytic reactions due to their diverse redox
properties and polynuclear structures. The research team integrated POMs within the
MOF structure to create "asymmetric bifunctional sites" within the composite. These sites
provide an optimized environment for CO, molecule adsorption and activation, and for
stabilizing the reaction intermediate (*COOH), which is the rate-determining step for
CO;RR. Specifically, while silver nanoparticles are known for high selectivity in CO, to CO
reduction, the asymmetric sites in this composite further enhance silver's catalytic activity
and suppress undesirable side reactions (like hydrogen evolution reaction), leading to

exceptionally high CO selectivity.



Background & Context

With the worsening global warming crisis, CO, electroreduction technology, which
captures atmospheric CO, and converts it into useful chemicals or fuels, has become an
urgent priority for achieving a sustainable society. However, CO,RR requires activating
the thermodynamically stable CO, molecule and competes with the hydrogen evolution
reaction from water, making the development of catalysts that achieve both high
selectivity and efficiency a long-standing challenge. The combination of POMs and MOFs
is a promising approach for creating new types of hybrid catalysts that leverage the
benefits of both, garnering global attention. Specifically, 2D structures are advantageous
for enhancing electrocatalyst performance by providing high surface area and short-

distance charge transport pathways.

Strategic Significance & Outlook

The discovery of this groundbreaking Ag-TPT-SiW12-2 composite material opens new
avenues for research in the field of CO, electroreduction. Future research will focus on
the long-term stability, durability, and scalability of the catalyst for large-scale
production. Additionally, exploration of composite materials using other types of POMs
and MOFs, and applications to the synthesis of other high-value carbon compounds, are
anticipated. If commercialized, this technology could provide a crucial foundation for
efficiently utilizing industrial CO, emissions and producing carbon-neutral fuels and
chemicals. This would significantly contribute to mitigating global warming and building
a sustainable, resource-efficient circular economy. For researchers, engineers, and
investors, such electrocatalytic materials will be a key element in shaping the future of

clean energy and environmental technology.

Source: https://cjsc.ac.cn/cms/issues/1033
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#36 European Union Invests €2.5 Million in Horizon

Europe Project 'VitaliTE' to Achieve Scalable 3D
Bioprinting of Clinically Sized Tissues

Published Published July 31, 2026  CORDIS (European Commission)  Europei#&
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| overview

The European Union's Horizon Europe program has committed €2.5 million to Project
VitaliTE, a pioneering initiative focused on achieving scalable manufacturing of
clinically viable tissues through advanced 3D bioprinting and engineered living
matter. By integrating nanotechnology, nanomaterials, and a bottom-up tissue
engineering approach using granular and micromaterials, VitaliTE aims to overcome

critical hurdles in regenerative medicine and unlock new treatment paradigms for
patients.
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Background: Bridging the Gap in Regenerative Medicine

Tissue engineering and regenerative medicine offer revolutionary approaches to repair
or replace tissues and organs damaged by failure, trauma, or disease. However, the
scalable and cost-effective manufacturing of functional human tissues with clinically
relevant sizes and complexities has remained a significant barrier. While previous
research has successfully produced relatively small tissue structures, manufacturing
larger, more complex tissues with intricate elements like vascular networks and nerve
innervation requires further technological innovation. Recognizing this challenge, the
European Union, through flagship programs like Horizon Europe, strategically invests in
high-risk, high-reward R&D to strengthen its scientific and technological capabilities and

enhance the health and well-being of its citizens.

Project VitaliTE: An Integrated Approach to Scalable Bioprinting

The European Union has committed a substantial investment of €2.5 million to Project
'VitaliTE' through its Horizon Europe program. The primary objective of this
groundbreaking project is to enable the scalable fabrication of clinically relevant, viable
human tissues by integrating advanced 3D Bioprinting with engineered living matter.
VitaliTE is poised to make significant strides in regenerative medicine by incorporating
cutting-edge research in nanotechnology and nanomaterials, utilizing a bottom-up
tissue engineering approach, and leveraging granular and micromaterials to create

complex biological structures.

VitaliTE aims to achieve its ambitious goals by synergistically integrating multiple

innovative technologies and approaches:

¢ 3D Bioprinting: This technique involves precisely depositing 'bioinks' — formulations
containing cells, biomaterials, and growth factors — layer by layer to construct
biological tissues. It is crucial for replicating complex biological structures and

forming functional tissues with high fidelity.

e Engineered Living Matter: This involves designing materials that are responsive to
physical, chemical, and biological stimuli, leveraging living cells and tissue
components. This approach aims to mimic or enhance the intrinsic characteristics of

tissues functioning within the body.



¢ Nanotechnology and Nanomaterials: The project utilizes nanofibers and
nanoparticles as advanced scaffold materials to promote optimal cell growth,
differentiation, and subsequent tissue formation. It also explores incorporating
nanostructures that can act as embedded sensors or targeted delivery systems,

further improving tissue integration and functionality.

e Bottom-Up Tissue Engineering: This strategic approach constructs larger, more
intricate tissue structures from individual cells or pre-formed cell aggregates. This
methodology is essential for fabricating large, functional tissues equipped with vital

vascular networks and complex hierarchical arrangements.

o Utilization of Granular and Micromaterials: Employing micro- and nanoscale
materials as sophisticated cell scaffolds is key to mimicking the native in vivo
microenvironment, thereby optimizing cell-material interactions and promoting

robust tissue formation.

The fusion of these advanced technologies is expected to resolve the dual, persistent
challenges of scalability and clinical utility in biological tissue manufacturing, pushing the

boundaries of what is possible in regenerative medicine.

Strategic Significance & Future Outlook

The VitaliTE project holds the potential to be a game-changer in the field of regenerative
medicine. If successful, its implications could be broad and transformative, including the
manufacturing of artificial organs, the development of sophisticated in vitro models for
drug screening and disease modeling, and advancements in personalized medicine
tailored to individual patient needs. Specifically, scalable tissue manufacturing
technology is crucial for alleviating critical organ donor shortages and expanding viable

treatment options for patients suffering from severe diseases or extensive trauma.

Future research will meticulously focus on evaluating the in vivo functionality, long-term
safety, and seamless integration of the manufactured tissues within living systems,
meticulously paving the way for eventual clinical trials. This project serves as an
exemplary case of how the convergence of biotechnology, materials science, and

nanotechnology will profoundly shape the future of medical treatments and patient care.



Source: https://cordis.europa.eu/project/id/101266635
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#37 Solidion Technology Accelerates High-Performance
Battery System Development with US Government
Grants, Unveils Products for Al Data Centers and Space
Applications

Published August 06, 2026  Cision / Solidion Technology Inc.  USA




| overview

Solidion Technology Inc. announced significant balance sheet improvement, increased
revenues, and several strategic developments. The company received U.S. Army STTR
Program grants for advanced fiber-based electronic battery systems using coaxial
carbon nanotube (CNT) yarn architecture, and U.S. Department of Energy (DOE)
grants for carbon-nanosphere material synthesis. Solidion also unveiled its PEAK
Series UPS battery system for Al data centers, leveraging a high-performance 5500
silicon-carbon anode cell, and its Generation Extreme-Climate Battery (Gen-ECB)
platform for space applications using graphene's thermal conductivity. These
achievements position the company as a leader in diverse high-performance battery

markets.
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Key Findings

Solidion Technology Inc. reported substantial improvements in its financial health and
increased revenues, alongside announcing several significant strategic developments.
The company secured two major grants from the U.S. government: one from the U.S.
Department of War/Army STTR Program for developing advanced fiber-based electronic
battery systems utilizing coaxial carbon nanotube (CNT) yarn architecture, and another
from the U.S. Department of Energy (DOE) for carbon-nanosphere material synthesis.
Furthermore, Solidion unveiled two groundbreaking new products: the PEAK Series UPS
battery system for Al data centers, powered by a high-performance 5500 silicon-carbon
anode cell, and its Generation Extreme-Climate Battery (Gen-ECB) platform for space
applications, which leverages graphene's exceptional thermal conductivity. These
announcements collectively position Solidion Technology as a potent force driving

innovation across diverse segments of the next-generation battery market.

Technical / Clinical Details

The technical details and applications underpinning Solidion Technology's

announcements are as follows:

¢ Fiber-based Electronic Battery Systems: With the U.S. Army STTR program grant,
Solidion is developing fiber-based batteries using coaxial CNT yarn architecture. This
technology has the potential to revolutionize wearable devices and military
applications requiring flexibility, lightweight characteristics, and high durability. The
high conductivity and mechanical properties of CNTs break through the limitations of

conventional battery designs.

e Carbon-Nanosphere Material Synthesis: The grant from the U.S. Department of
Energy (DOE) supports the development of advanced carbon-nanosphere material
synthesis technologies, aiming for high-efficiency and stable battery performance.

This directly contributes to enhancing anode material capabilities.



e PEAK Series UPS Battery System for Al Data Centers: To meet the demanding
power requirements of Al data centers, Solidion introduced an uninterruptible power
supply (UPS) system featuring high-performance 5500 silicon-carbon anode cells. This
system offers rapid charging, extended lifespan, and high energy density, contributing
to stable operation and improved operational efficiency of data centers. Silicon-

carbon anodes boast higher energy storage capacity than traditional graphite anodes.

¢ Generation Extreme-Climate Battery (Gen-ECB) Platform for Space Applications:
The company unveiled an extreme-environment battery platform leveraging
graphene's superior thermal conductivity. This solution provides stable performance
under harsh temperature conditions, such as those in space, making it crucial for
power supply in satellites, probes, and lunar bases. Graphene optimizes internal

battery thermal management, enhancing safety and longevity.

These technologies represent the cutting edge of nanomaterials science translated into

practical, high-performance battery solutions.

Background & Context

The global battery market is experiencing unprecedented growth, driven by demand
from sectors such as electric vehicles (EVs), Al data centers, and space exploration. There
is a particularly high demand for batteries with elevated energy density, fast-charging
capabilities, extreme environment resilience, and lightweight characteristics. Solidion
Technology, leveraging its expertise in advanced materials science centered on
nanotechnology, is providing innovative battery solutions that address these diverse
market needs. Securing U.S. government grants indicates the national strategic
importance of Solidion's technologies, serving as a strong vote of confidence in its future

growth.



Strategic Significance & Outlook

Solidion Technology's financial improvements and new product announcements clearly
indicate its emergence as a key innovator in the battery industry. Continued support
from the U.S. government, combined with strategic product launches targeting high-
growth markets like Al data centers and space applications, will significantly expand the
company's future revenue and market share. Specifically, its high-performance silicon-
carbon anode technology and graphene-enhanced thermal management solutions hold
the potential to set new standards for next-generation battery technologies. Investors
will closely watch how Solidion Technology's diverse range of high-performance battery

solutions contributes to advancements in energy storage and cutting-edge technologies.

Source: https://vertexaisearch.cloud.google.com/grounding-api-
redirect/AUZIYQEMJEydC4DUNEky3605llcgrDCmLeUMYDyliLgNRhMIBdzAGgwPIvu0Alk7aYORIgeZuZ5s0zC7hjr
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#38 Drexel Symposium Highlights Injectable Self-
Healing Hydrogels for Therapeutic Treg Induction and
Strategies to Mitigate LNP-Induced Inflammation

Published Date unknown  Drexel University ~ USA
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| overview

A symposium at Drexel University showcased the development of injectable self-
healing granular hydrogels optimized for inducing therapeutic regulatory T cells
(Tregs), with modified B7x demonstrating dose-dependent Treg expansion in vitro.
The event also emphasized the critical need to manage potential inflammatory
responses caused by lipid nanoparticles (LNPs) to broaden their application in
inflammation-related diseases. These advancements represent significant progress in
immunotherapy and nanomedicine, offering new therapeutic avenues and addressing

key challenges in immune modulation.
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Key Findings

At the Immune Modulation and Engineering Symposium hosted by Drexel University,
researchers presented advances in developing injectable, self-healing granular hydrogels
optimized for the induction of therapeutic regulatory T cells (Tregs). In vitro studies
revealed that modified B7x embedded within these hydrogels dose-dependently
increased Treg populations. Furthermore, the symposium highlighted the imperative of
effectively managing inflammation potentially induced by lipid nanoparticles (LNPs)—
highly efficient carriers for intracellular mRNA delivery—to expand their therapeutic

utility in a wider range of inflammation-related diseases.

Technical / Clinical Details

The presented injectable hydrogels are engineered to induce Treg cells in vivo, with their
self-healing and granular properties promising stable and uniform distribution within
tissues post-injection. Modified B7x molecules incorporated into the hydrogel promote
the proliferation and activation of Treg cells through specific signaling pathways, thereby
inducing immune tolerance. In vitro experiments confirmed a dose-proportional increase
in Treg cell populations with increasing B7x concentration, suggesting potential

applications in suppressing autoimmune diseases and transplant rejection.

While LNPs have demonstrated widespread efficacy, notably in COVID-19 vaccines, they
have also been reported to induce inflammatory responses. The symposium addressed
the importance of elucidating the mechanisms of LNP-induced inflammation and
developing nanotechnological approaches to mitigate it, such as LNP surface
modifications or novel lipid compositions. Successful control of these inflammatory
responses would significantly expand the potential of LNPs as delivery systems for
mMRNA and siRNA-based therapeutics in a broader spectrum of inflammation-related

conditions, including autoimmune diseases, allergies, and cancer immunotherapy.

¢ Treg-Inducing Hydrogels: Self-healing granular hydrogels with modified B7x

demonstrate dose-dependent increases in Treg cell populations.

¢ LNP Challenges and Solutions: Strategies are being developed to manage LNP-

induced inflammation to broaden applications in inflammation-related diseases.



Background & Context

Advances in immunotherapy represent one of the most promising fields in modern
medicine. Specifically, technologies that control Treg cells offer a potentially
revolutionary therapeutic approach for diseases involving excessive immune responses,
such as autoimmune disorders, organ transplant rejection, and allergies. Current
treatments often involve systemic immunosuppression with high risks of side effects.
Nanomaterials that locally or selectively induce Tregs could provide safer and more
effective alternatives. Moreover, mRNA therapeutics are a leading next-generation
modality, and ensuring both the safety and efficacy of their LNP delivery systems is

crucial for future drug development.

Strategic Significance & Outlook

These research efforts have the potential to usher in a paradigm shift in the treatment of
immune-mediated diseases. Treg-inducing hydrogels open new avenues for inducing
disease-specific immune tolerance, offering less toxic therapies for autoimmune
conditions and transplant medicine. For LNPs, the focus will accelerate the development
of next-generation systems that enable efficient nucleic acid delivery while minimizing
inflammation. These nanotechnology-based approaches are also expected to contribute
significantly to personalized medicine, eventually leading to widespread application as
precision therapeutics for a diverse array of diseases. Pharmaceutical and biotechnology
companies are likely to accelerate partnerships and investments to translate these

technologies into clinical applications.

Source: https://drexel.edu/biomed/research-and-design/overview/IMES2024%20abstracts/
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#39 Compliance.ai Reports Over 11,000 New

Regulatory Documents Added in Last 7 Days, With 50
Final Rules Taking Effect Soon

Published August 05, 2026  Compliance.ai USA

| overview

Compliance.ai announced the addition of 11,906 new proposed and final regulatory
documents to its platform in the past seven days, reflecting a rapidly evolving
regulatory landscape. The U.S. has recorded 1,558 enforcement actions in the last 30
days, with 50 final rules set to take effect in the coming week. This trend underscores
the critical importance for companies, particularly those in emerging technology
sectors like nanotechnology, to implement robust compliance strategies to manage

legal risks and ensure business continuity amidst constant regulatory shifts.
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Key Findings

Compliance.ai, a leading compliance intelligence platform, has reported the addition of
an astonishing 11,906 new documents, including proposed and final rules, to its
database within the past seven days. This surge in regulatory activity highlights
intensified oversight by U.S. regulatory bodies and evolving compliance demands across
a broad spectrum of industries. Notably, 50 final rules are scheduled to take effect in the
next seven days, emphasizing the urgent need for companies to adapt swiftly to these

changes.

Technical / Clinical Details

Compliance.ai's system employs advanced Al and machine learning technologies to
gather, analyze, and categorize vast amounts of regulatory documents issued by federal,
state, and international regulatory agencies in real-time. This capability enables
organizations to quickly identify and respond to regulatory changes pertinent to their
specific industry or thematic area. The 1,558 enforcement actions recorded in the U.S.
over the last 30 days clearly indicate proactive engagement from regulators against non-

compliance, substantiating the increasing legal risks faced by businesses.

e New Document Additions: 11,906 proposed and final regulatory documents added

in the last 7 days.

e Enforcement Actions: 1,558 enforcement actions recorded in the U.S. over the last
30 days.

e Upcoming Rules: 50 final rules scheduled to take effect in the next 7 days.

These metrics underscore that the regulatory environment is evolving at an
unprecedented pace, making manual monitoring increasingly inadequate. The adoption
of Al-powered compliance solutions is rapidly becoming an essential requirement for

operational efficiency and risk mitigation.



Background & Context

In today's business landscape, regulatory complexity is increasing, and the speed of
change is accelerating. Particularly in cutting-edge technology sectors such as
nanotechnology, Al, and biotechnology, technological innovation consistently outpaces
regulatory frameworks, leading to the frequent introduction of new guidelines and
regulations. Businesses must adhere to these regulations at every stage, from product
development and market entry to ongoing operations. The heightened regulatory
activity reported by Compliance.ai underscores the necessity for companies to adopt a
more strategic approach to compliance management, leveraging technological solutions

for greater efficiency.

Strategic Significance & Outlook

This dynamic regulatory environment is set to further accelerate the growth of the
compliance technology (RegTech) market. Platforms like Compliance.ai will become
indispensable tools for companies to anticipate regulatory changes and respond
proactively. It is expected that many organizations, including nanotechnology firms, will
increase their investment in Al-driven compliance solutions to strengthen risk
management frameworks and ensure rapid adaptation to regulatory shifts. This will
create new business opportunities and foster a more robust and efficient compliance
ecosystem. Furthermore, enhancing regulatory transparency and predictability is

expected to stimulate innovation and economic growth across industries.

Source: https://www.compliance.ai/available-regulatory-content/
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#40 Novel siRNA Drug SRN001 Targeting Amphiregulin
via SAMiIiRNA Platform Demonstrates Favorable Safety
in Phase 1 Trial

Published Date unknown PMC (PubMed Central) International
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| overview

A Phase 1 clinical trial for SRN0O1, a novel siRNA drug targeting amphiregulin
delivered via the SAMIRNA platform, confirmed favorable safety and pharmacokinetic
profiles. Notably, subjects experienced no symptoms indicative of Infusion Related
Reaction (IRR) or elevations in cytokines, even without premedication. This outcome
highlights SRN0O1's potential as a highly safe and effective gene-silencing
therapeutic for diseases involving amphiregulin, such as inflammatory disorders and
cancer, paving the way for its continued development as a next-generation siRNA

treatment.
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Key Findings

SRNOO01, a novel siRNA drug engineered to target amphiregulin utilizing the SAMIRNA
platform, has demonstrated an excellent safety profile and favorable pharmacokinetics in
its Phase 1 clinical trial. A standout finding from this study is the complete absence of
symptoms suggestive of Infusion Related Reaction (IRR) or significant cytokine elevations
in subjects, even without premedication. This represents a pivotal achievement in
addressing one of the primary concerns associated with the administration of nucleic

acid therapeutics.

Technical / Clinical Details

SRNOO1 is designed as a small interfering RNA (siRNA) molecule that specifically silences
the expression of the amphiregulin gene. Amphiregulin is a critical growth factor
involved in cell proliferation, survival, and inflammation, and its overexpression is
frequently observed in various cancers and inflammatory diseases. The SAMIRNA (Self-
Assembled Micelle-like siRNA) platform is a proprietary technology that enables siRNA
to self-assemble into nanoparticle-like structures, thereby optimizing siRNA's in vivo

stability, intracellular delivery efficiency, and immunogenicity.

The Phase 1 clinical trial was conducted in healthy volunteers to evaluate the safety,
tolerability, and pharmacokinetics of single and multiple doses of SRNOO1. Key results

from the trial include:

¢ Non-Induction of IRR: No signs of IRR or cytokine release syndrome, which are
common concerns with nucleic acid drugs, were observed, even in the absence of
premedication. This suggests that the SAMIRNA platform effectively suppresses the

immunogenicity of siRNA.

e Favorable Pharmacokinetics: SRNOO1 exhibited the anticipated pharmacokinetic
profile, confirming its stability in vivo and appropriate concentration maintenance in

systemic circulation.

o Safety: No serious adverse events were reported, indicating an overall high level of

tolerability.

These findings strongly support SRNOO1's potential as a safe and effective therapeutic

option for amphiregulin-related diseases.



Background & Context

siRNA-based nucleic acid drugs offer a groundbreaking approach to treating diseases by
silencing the expression of specific genes. However, siRNA molecules are prone to
degradation by nucleases and face challenges in penetrating cell membranes.
Furthermore, delivery systems like lipid nanoparticles (LNPs) have raised concerns
regarding potential immunogenicity. Self-assembled nanoparticle technologies, such as
the SAMIRNA platform, have been developed to overcome these challenges and
maximize the therapeutic potential of siRNA. Amphiregulin's deep involvement in the
pathogenesis of various diseases, including cancer, psoriasis, and inflammatory bowel
disease, makes targeting its expression a critical strategy for addressing significant

unmet medical needs.

Strategic Significance & Outlook

The positive Phase 1 safety data for SRNOO1 is expected to significantly accelerate the
development of amphiregulin-targeting siRNA therapeutics. Future plans will likely
include Phase 2 clinical trials for specific cancer types where amphiregulin is
overexpressed (e.g., non-small cell lung cancer or colorectal cancer) and for
inflammatory diseases. The immunogenicity-suppressing effects of the SAMiRNA
platform could also be applied to the development of other siRNA drugs, potentially
enhancing the safety and efficacy of next-generation nucleic acid medicines. SRNOO1 is
poised to bring new hope to patients suffering from these challenging conditions as a

truly innovative therapeutic agent.

Source: https://pmc.ncbi.nlm.nih.gov/articles/PMC13112037/
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