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ABSTRACT This project explores the use of a gas selective resistive type sensing technology to detect and quantitate
nitric oxide (NO) in exhaled breath for diagnostic purposes. The goal of the project is to develop a technique for
personalized monitoring of the fraction of nitric oxide (FeNO) in exhaled breath, with the long term objective of
prevention or control of airway diseases, such as asthma. FeNO is a known biomarker for measuring airway
inflammation and the technology studied in this project provides an effective and practical means to quantitate NO
levels in breath in a relatively simple and noninvasive way. This work involves the use of single crystal metal oxide
nanowires that are expected to improve the detection threshold of NO-selective sensing nanoprobes by at least two
orders of magnitude down to the few ppb level and below. A sensor microsystem is being developed that quantifies the
gas sensor response to generate and display an accurate measure of the NO concentration in a single exhaled breath. The
design of independent component analysis (ICA) algorithms, to enhance the gas discrimination and improve the
robustness of the sensor response, is one of the objectives of this project. The implementation of the ICA algorithms and
readout circuitry incorporating baseline tracking in mixed-signal VLSI will lead to a low-power autonomous system-on-
chip solution for the measurement of gas concentrations from a handheld gas-measuring unit. The head space from cell
cultures that have been stimulated to generate NO and CO are being used, along with breath-simulating samples, to
assess the performance and reliability of the NO-breathalyzer. The same studies help to understand the biochemistry of
NO production in response to inflammation.  The expected outcome of this work is a smart health breath analysis tool
that will empower the individual who may be susceptible to airway diseases to stay healthy and that provides a means
for self-monitoring of early signs of illness in the home, instead of the hospital setting in which monitoring would
require the assistance of health care professionals. The new tools being developed for personalized diagnostics should
be easily employed by the lay public to promote their health and well-being. Furthermore, the device will be especially
suitable for use by a wide range of compromised individuals, such as the very elderly, young children and otherwise
incapacitated patients. This project will engage students, including underrepresented groups in research activities in an
interdisciplinary field spanning nanomaterials, sensor nanotechnology, microelectronic device fabrication and diagnostic
instrumentation, biophysics and biochemistry, and ultimately nanomedicine. Interactions with National Laboratories and
the medical diagnostics industry are anticipated. These interactions are expected to lead to the translation of the
technology embodied in the NO-breathalyzer resulting from this work in the laboratory to the marketplace. The results
of this work will be disseminated through publications, presentations, outreach events and multimedia products to be
posted on the project web site.
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* http://commcgi.cc.stonybrook.edu/am?2/publish/Gener
al_University News 2/SBU_Researchers Win_NSF
_Award for Asthma Breath Analyzer shtml

* http://www.insidescience.org/content/cellphones-
detecting-asthma/980
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Background and Introduction

tection and discrimination of signaling metaboltes (d1
exhaled breath, and their measurement In trace concentrations

ease markers) in 3 complex

Measuring the low concentrations of analyte molecules In breath &s a major chal
pectfictty to 2 given gaseous chemical

Objective: to develop 3 stand-alone selective chemical detection sensor array micr
thatwould operate as 3 robust and reliable personal breath analyzer.

By controlling the microstructure of nanocrystalline metal oxde films of orsoasto
employ oxide polymorph phases that are sensitive to only 3 ific class of gaseous
analytes or ific to a singl < have been derved. Selective NO, ammonia,
and acstone breath analyzer prototypes have been produced,
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Readout techniques are required o addres:

inherent properties of the sensor, particularly:

- their large bas: orders of magnitude higher than the
actualsensor re

- largevariabiity of base resistance acros:

sors

~ the drift In base resistance over time ata differentrate across

Readout System Architecture

Sensor baseline re

ance range: 1k ~ 100MQ
0.05% ™ 10% of sensor

nce change detectable

Total dynamic range: 16648

tracks the chang tance with 3 change In gas concentration. As most of th
sensor current from the baseline resistance Is compensated by IDAC, the required resolution
of the current ADC s significantly reduced. By adjusting the digttal input value of the two D/&
converters, the interface circultcan be both power effective and highly accurate.

Circuit Implementation

A. Incremental AY ADC

The defta-sigma ADC used in the s
cument integrator, comparator and
gle-bit D/A converter.
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The ADC has two scales,
according to the Input curre:

selected by € and C”
range. =1

The ADC achieves 13 bit resolution.

The sampling frequency of the ADC Is set to 100 Hz,
which comresponds to the low-changing gas def
environment.

B. Segmented current-steering DAC
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Simulation Results

A. System Sensitivity Simulation

B. Power Consumption Simulation
tance change rato: 10%
tance: 1K0~100M0O
cument vaniation

st input current
Error rate <0.045%

Maximum Power: 113w
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C. ADC Simulation
Input current range: £18n4A Iny

D. DAC Simulation
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Conclusion
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the gas sensor and guarantees error rate less than 0.045% at the pows
the order of 100uW.
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A Human Cell-Based Model of Airway NO Production in Response to Inflammatory Stimuli:
A Source of NO in Exhaled Breath to be Detected by a Hand-Held Device
Sanford R. Simon', Katarzyna Sawicka', Elizabeth Roemer', Milutin Stanacevic? and Pelagia Irene Gouma®
Departments of Biochemistry', Pathololgy”, Electrical and Computer Engineering?, and Materials Science and

RATIONALE
The ultimste goal of our projedt funded by the Smart Hesith and Wellbeing program of the
Nationsl Science Foundstion is to develop a hand-held device to detect niric axide (NO) in
exhaled bresth as a quantitative indicator of inflammation in the lungs and sirways, as well as in

n
Stony Brook University, Stony Brook, NY 11794

STIMULATION OF A543 CELLS WITH CYTOKINES

AMODEL OF ARWAY INFLAMMATION

STIMULATION OF A543 CELLS BY MINERALS

more distant sites throughout the body. NO is formed in human airway cells inresporsetodred A 5C
stimulation by foreign particulates as well as the presence of oytokines released from remote
tissues thst reach the sinway cells through the bloodstream. The presence of NO that diffuses
out of stimulsted sirwsy cells has been used as a sumogste biomarker of asthma. In this
exploratory project, we are wsing humean sinway cells in cultre to generste NO rather than 4
entering dredlly into clinical trials with human subjects. Wemaintain & human alveolar epithelial
cellline in chambers Fomwhich the above the cells can be collected for injection intc
our hand-held NO detectar. The agents we are employing fo Tigger NO relesse from the sirway (M) 40
cells have been implicated in ssthma attacks in patients, providing a rationale for our model, _
MATERIALS AND METHODS o
HUMAN CELL LINE £ x
10 uoesoent)
We deted the generation of ROS in AS49 cells exposed to mineral parficulstes using the
no i 1a TNF« IFN-y u. 1p L1 TNFa =16
cytokines TNF-e [FN-p 1PNy THF-o
(%

The AB49 callline was estsblished by George Todard's laboratary fom a patient with lung cancer
in 1972 and charscterized ss having charsdteristics of Type Il slveolsr epithelisl cells (Lisber et

al. 1976).

We culture AS49 cells cbtsined from the American Type Culture Collection as monoleyers in

Ham's F-12K medium in the presence of 10% fets| bovine serum.
CULTURE METHOD

b —|;

[ epithetium monolayar

s previously reparted by George's laborstary (Kwon et sl., 2001), AS49 cells release levels of
NO in response to 8 cockisil of inflsmmstory ytokines that are sbout five times those relessed
by cells cultured in cytokine-free medium. Circulsting levels of these cytokines are slso known to
be elevated in patients experiencing an esthmatic sttack or suffering from exacerbations of
dieases marked by systemicinflammstion. If these patients treathe intoa myler bag, the expired
sif can bes ubsequently anlyzed for NO using Isborstory instruments. A more convenient strategy
1o facilitate increased patient compliance and better data collection is based on the hand-held
device we sre now developing, which can be employed to monitor such patients st home o
workplace.
STIMULATION OF A543 CELLS WITH MINERAL POVWDERS
A MODEL OF ENVIRONMENTAL AND OCCUPATIONAL ASTHMA

FRAMBOIDAL PYRITE [Fs$) OLVINE (Mg:Fe$0.)

Airwsy epithelisl cells can siso be stimulsted by direct exposure o duss with different minersl
compasitions. Iron-contsining miner sls, such s pyrite and olivine, are present industs genersted
by mining cperations, floods that lesve quantities of minersk-rich mud and sitt, and detxis arising
from constucion or demolition sites. These dusts have been reported to Frigger exacer bations
of asthma in populstions exposed 1o the mineral pariiculstes, a5 hes ocaurred in New Orlesns
sfter Huricane Katrina and in New York City sfier theWorld Trade Center collapse.

Weh of sinway epithelium to mineral dusts by incubating
AB49 cells with finely ground samples of pyrite and olivine. Before quantitsting relesse of NO by
these cells, we demonstrated that the minersl dusts induce other biomarkers of an inflammstory
resporse. A relisble biomarker cf inflammstory sctivation of AB49 cells i the generstion of
Rective Oxygen Spedes (ROS) that typically accompanies NO produdion.

ROS Generation by A549 Cells with Katrina Samplos
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To approximste the air-liquid interface which lines the surface of human sirways in vivo, we plste
the cells onto endosed polystyrene rectangular ¥sys (326 mm x 205 mm; €32 o) with parts B
collect either the culture medium or the stmosphere sbove the monalsyers (NuncCell Factary).
Asimilar design hes been employed by the laborstory of S.C. George st U.C. kvine(Kwon etal.,
2001; Jisng and George, 2011) to detect release of NO fom AS49 cells in response to the
inflammstory cytokines Interleukin 1-@ (IL-18), Interferon-y (IFN-y, and Tumor Necresis Factara
(TNF=a).

Supported by NSF Award I1S-1231767, SHBE:Type | (EXP): Personalized Asthma Monitor

Detecting Nitric Oxide in Breath, P.l. Goums, Frindpal Investigstor, SR. Simon and M

Stanacevic, Co-Pk

We willusethese same incubation conditions 10 expose AS49 cells cultured in NuncCell Factory
units to pyrite and clivine and collect the hesdspsce stmos phereto be injected info our hand-held
NO detection device.
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Year 2 (2013-2014)

Intellectual Property related to the scope of the project:
Selective Nanoprobe for Olfactory Medicine:

e US patent 8485983, issued 07/16/2013
Inventors P.I. Gouma and S.R. Simon
http://www.google.com/patents/US8485983

e US patent 8758261, issued 06/24/2014
Inventors P.I. Gouma and S.R. Simon
http://www.google.com/patents/US8758261




Targeted Application: Asthma Monitoring

Application:

* Nitric Oxide (NO) breathalyzer for monitoring of airway diseases (such as asthma)

* consumer product, personalized monitoring of fractional nitric oxide concentration
(FENO) in breath, home use

* Competition: three FDA approved devices for hospital use only costing $S$Ss

Biomarkers: Validation:

» Key biomarker: NO in breath * Sensor tests measuring NO

e measuring FENO measures airway concentrations ranging from
inflammation **** 300ppb to 1ppm have been carried
* NO is detectable in exhaled air out using synthetic air mixtures

in significant amounts: from 0.2-1 ppm in
the upper respiratory tract; and 1-30

ppm at the nasal level

* Both the American Thoracic Society (ATS)
and the European Respiratory Society (ERS)
have published guidelines for the
measurement of FENO

****R.A. Dweik et al, “Am. J. Respir. Crit. Care Med, 184, pp. 602-615, 2011.
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Personalized Asthma Monitor

Outcome: Scientists in New York develop a hand-held
device for measuring nitric oxide concentrations in a
single exhaled breath that could be used effectively by
families in the home at least once each day without the
need for constant supervision by medical professionals.

Impact/Benefits: The data to be generated by the NO-
breathalyzer may potentially refine approaches for
medical management of children with asthma and to
adjust their medications before they have an
exacerbation.

Explanation: Diagnosis and management of asthma in
children is an especially challenging problem for health
care delivery teams. Nanowire NO-selective gas sensors
and advanced micro-chip technology detects gas
molecules at part per billion concentration, in a single
breath, and such devices can be used frequently by
young children in a home setting so that their asthma
does not compromise their social and educational
progress, and remains under control at all times.




