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Nanotechnology: Applications in
Medical Devices
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Chairman and Professor,

Department of Nanomedicine
Houston Methodist Research Institute, Houston

HMRI
Department of Nanomedicine

Houston Methodist
Research Institute
- Hospital Based
- 8-year old
- Conceived for translational

research
- In the heart of TMC
- from its inception focused on:

Cutting-edge technologies
Service to the community

Department of Nanomedicine

Total Personnel: 120

Faculty:13

Research Associates, PhD: 29

Graduate & Undergraduate Students: 45

Research Assistants: 26

Admin Staff: 7

nDS – nanochannel
Delivery Systems

Multistage Vectors for
Targeted Drug Delivery

Proteomic Chip
Diagnostics

Microfluidics V-chips
Lab on a chip - Cell

analysis and molecule
Detection

Tissue Regeneration -

Smart Polymers for
drug and cell delivery

Nanotechnology Platforms
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Required: Constant Administration

The Need for Alternative Drug
Delivery Strategies
The Need for Alternative Drug
Delivery Strategies

Conventional
Administration

Required: Controlled Kinetics

 Constant Release Rate

 Improved efficacy.

 Multiple Injection

 Low efficacy

 Large drug doses

 Side effects

 Poor quality of life

 Controlled Release Profile

 Enabling Chronotherapy.

 Reduction of the drug dose.

 Reduction of side effects

 Improvement of quality of life

Toxicity

Therapeutic Range

Diminished Activity

Nanochannels
No Need for complex systems

Interrupt

Re-activate

Increase

Opportunity: Fluids at the nanoscale do not follow
continuum-based laws of mass transport

We can leverage hindered-diffusion, electro-osmosis,
ionic concentration polarization and surface tension
driven transport for the control of fluid flow

Constant
mass transport

No Pumps No Valves

Diffusion Electrokinetic Transport

Objectives

development of silicon based
nanochannel membranes for:

1. Passive and Active release
of molecules, drug and
nanoparticles form implants, over
extended period of time.

2. Cell Transplantation

nDS1 Constant Release
Concentration-driven transport

nDS2 Active ad-hoc Release

Electrokinetic transport

nDS NanoGland

Cell Transplantation

Nanochannel Delivery
Systems
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Nanochannel Membrane

Grattoni, Fine et al. Lab Chip, 2010
Grattoni et al. Pharma. Res., 2010

in vivo Constant Release of Drugs
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(3.6 nm nanochannels)

RhoA is a GTPase that a role in T-cells
immune response by promoting
structural re-arrangments such as
formation of focal points and actin fiber
regulation which are critical for
movement of T cells during rejection
processes Role in Chronic Rejection

Constant Release of RhoA Inhibitor
Abrogates Chronic Rejection in
Heart-Tranplanted Rats

In vitro constant release rate of Rho A inhibitor

Ghobrial, Li, Grattoni, Kloc
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Remotely Controlled Drug Delivery

Implantable Sensor-
Drug Delivery Network

RF-Remotely Controlled
nanochannel Delivery System (nDS2)

BatteryBluetooth Circuit

Membrane housing Drug Reservoir

Click to edit Master title
style
Point of Care Diagnostics
Lidong Qin Group Research

Lab Chip 2015
Anal. Chem. 2015

Trends Biotechnol. 2014
Angew. Chem. Int. Ed. 2014

JACS 2013
Nat. Commun. 2012

PNAS 2015
J. Immunol. 2015

PNAS 2014
JACS 2014

Sci. Rep. 2012

Cell Mechanics and
Deformability

Sci. Adv. 2015
Sci. Rep. 2015
Sci. Rep. 2013

PNAS 2012

Point of Care
Biomarker Analysis

High-Throughput
Single-Cell Analysis

Angew. Chem. Int. Ed. 2015
Sci. Rep. 2015

Integr. Bio. 2015
JACS 2014

Angew. Chem. Int. Ed. 2013

Cell Migration and
Invasion
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Proteomic Nanochip
for Low Molecular

Weight Protein
Detection:

Silicon Nanoporous
Substrates

Peptide
enrichment

Albumin
66431 Da

Apo-AI
28000 DaHg

Elution

Serum

Wash 1

Wash 5

Click to edit Master title
style

Name Date

Nanotrap-Enabled, Functional
Mechanism-Based Method for the
Early Diagnosis in Cancer Diseases

Proline(Pro) Hydroxyproline (Hyp)

Prolyl hydroxylase

To discover the new biomarkers
for early diagnosis and prognosis

To reveal the enzymatic network
in tumor microenvironment

To track the chemical reaction
in tumor progression
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Multi-Stage Drug
Delivery System:

Mesoporous Silicon
Microparticles



POF 2015

6

Pathway to Clinical Use –
Commercialization Partner

Department of Nanomedicine

Houston Methodist Research Institute

• Mauro Ferrari, Ph.D
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