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Agenda

Background / Motivation
Natural language processing
Case studies
Recommendation
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Clinical Trials

NCT00848042 (2009) - Pilot Study of
AurolLase(tm) Therapy in Refractory and/or
Recurrent Tumors of the Head and Neck
NCT01679470 (2012)- Efficacy Study of AuroLase
Therapy in Subjects With Primary and/or
Metastatic Lung Tumors

NCT02680535 (2016) - MRI/US Fusion Imaging
and Biopsy in Combination With Nanoparticle
Directed Focal Therapy for Ablation of Prostate
Tissue

NCT02217228 (2014) - Pivotal Study of Sebacia
Microparticles in the Treatment of Acne Vulgaris
NCT02758041 (2016) - A Study to Evaluate
Sebacia Microparticles in Patients With
Inflammatory Acne Vulgaris



€ — C | [Jicon.rice.edu/virtualjournal.cfm

[C O N INTERNATIONAL COUNCIL .
ON NANOTECHNOLOGY nanoEHS

A partnership for nanotechnology stewardship and sustainability )

) S ') 1CON Web & News ) Virtual Journal ‘® Everythin
WRICE «BGBEN |

| Join Us_|_About_|_Newsroom | Working Groups_|_Projects | _Resources | Virtual Joural_|_Events_|_Homs |

© College of Engineering S e

This site will not be updated after September 30, 2014.
Please contact research@rice.edu for any inquiries.

e EHS

VIRTUAL JOURNAL

The Virtual Journal of Nanotechnology Environment, Health and
Safety

A collection of papers addressing diverse aspects of nanotechnology/nanomaterials and
risk, co-edited by Jo Anne Shatkin and Warner North, has been published in the November
2010 issue of the journal Risk Analysis, Perspectives on Risks of Nanomaterials and
Manotechnologies: Advancing the Science (Volume 30, Number 11, November 2010). The
ten papers address a breadth of topics and offer perspectives on communications,
toxicology, risk assessment. Several papers summarize the deliberations of a 2008
workshop on nanotechnology and risk sponsored by the Society for Risk Analysis. Other
papers discuss risk governance for nanomaterials and alternative approaches. These papers
have been added individually to the Virtual Journal.

—

Tools:

« Advanced Search
« Browse

o By Author

e By.Journal

e By Date

o Latest Additions
Analyze Database
Backgrounders
More Information
Latest Rated Papers

Recent Virtual Journal
Issues:

July 2015

June 2015

May 2015

April 2015
March 2015
February 2015
January 2015
December 2014
November 2014
October 2014
September 2014
August 2014



Database of Quantum Dot In Vivo Studies

Table 1s sortable by heading. Click on heading title (in gray) once to sort by that heading in ascending order, twice for descending.

For a copy of the corresponding Excel sheet and Endnote library, please email nal(a)rice edu.
Feel free to email any comments/suggestions or if you would like your study added to the database.

Thank you for visiting!
Link>
Model -
N. rticl
Syst anopa e
BALE/c mice | CdSe/ZnS
jadnole cdSe/Zns
embryo
nude mice CdSe/ZnS
Shiducy CdSe/ZnS
Dawley rats
BALB/c mice | CdSe/ZnS
Rats Cdse
nude mice CdSe/ZnS
BALB/c mice | CdSe/ZnS
nude mice CdTe/CdSe
nude mice QD
nude mice CdSe/ZnS
nude mice CdSe
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Average NP Size

MN/A, 550 & 625 nm (em)

10-15 nm

9, 14 nm

10 nm

N/A, 606, 635, 645, 653nm (em)

N/A, 582 nm (em)

10-15 nm

N/4, 520 nm (em)

15-20 nm

N/4, 608 nm (em)

N/&, 510 nm (em)

4-8 nm

Concentration
100-200 mg / 0.1-0.2mL
2.3 M
1-20 pM
2.5 uM
50-500 pmol / 50-200 pL
62.5 pg/mL

20 nM

2 pL of 5x107 cells / mL
QD exposed cells

400 pmol
35 pmol
10 pmol

250 pmol

Exposure
Duration

5, 20 min

1hr

1s

3 hr

1-3 hr

24 hr

24 hr

2 hr, 1-7 days

3-4 min

3s

5 hr

3 hr

Results
coming
soon

coming
soon

coming
soon

coming
soon

coming
soon

coming
soon

coming
soon

coming
soon

coming
soon

coming
soon

coming
soon

coming
soon

Author

Akerman

Dubertret

Larson

Lim

Ballou

Derfus

Gao

Hoshino

Kim

Levene

\foura

Ballou

Year

2002

2002

2003

2003

2004

2004

2004

2004

2004

2004

2004

2005



Portable In Vitro Exposure Cassette

e Adapts a 37 mm filter cassette

* Encloses a cell culture insert

* Allows for continuous aerosol flow
« Maintains 37° C, >80% RH
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Lewinski N, Secondo L, Ferri J, Process Safety Progress, 2019.
E e Secondo L, Wygal N, Lewinski N, Journal of Visual Experiments, 2019.




Inter-laboratory comparison

C ALI Exposure )
Systems
Rat \‘ Chamber Surface
Flow \ X

Profile / / »
Charging

Direction
ALI Area

Deposition Efficiency

Temperature Humidification

\

A

Aerosol Pre-

Repeatability >\ Conditioning

»
»

Sources of Variability
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LDH response
(fold increase)
(@) —

o Ul =~ U1 N O

0.001 1 m Silver
Deposited Dose (ug/cm?)

A Zinc Oxide

—

A
A

0
8
6 ‘
4

A A

IL-8 response
(fold increase)

2 g A AI

[ | "I |
0 i 4

0.001 0.1 10
Deposited Dose (ug/cm?)

) Secondo L, Liu N, Lewinski N. Critical Reviews in Toxicology, 2016



Inter-laboratory comparison

0.001
L WST-8
Alamar Blue
0.0008 ® Giemsa colony formation
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° @ wvis
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o
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10k . 5 100k 2 ™
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Characterization practices

Supplier/Method ercent
Concentration phance
Solubility s
Stability
Purity 80%
Shell Composition
Zeta Potential
Surface Area 60%
Crystallinity
Core Composition 40%
Shape
Agglomeration
Hydrodynamic Diameter on
Particle Size Distribution
Particle Diameter 0%
2008 2010 2012 2014 2016 2018




From articles to knowledge

In collaboration with Dr. Bridget Mclnnes (Computer Science, VCU)

- Towne
(]
=
g i
Web Entity Relationship Evidence Summarization Indirect
Search Extraction Extraction Clustering Correlation

College of Engineering 11



( ) BEILSTEIN JOURNAL OF NANOTECHNOLOGY

Using natural language processing techniques to inform
research on nanotechnology

Nastassja A. Lewinski' and Bridget T. Mclnnes ™2

Review

Address: Beilstein J. Nanotechnol. 2015, 6, 14391449,
1Department of Chemical and Life Science Engineering, Virginia doiz10.3762/bjnano 6.149

Commonwealth University, Richmond, VA, USA and 2Department of

Computer Science, Virginia Commonwealth University, Richmond, Received: 30 March 2015

VA, USA Accepted: 11 June 2015

Published: 01 July 2015

College of Engineering
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eg. ZnO: C0043491:Zinc Oxide nanoparticles: C1450054:Artificial Nanoparticles
doses: C0178602:Dosage over: n/a 1.0: n/a yg/cm?: C1631160:Microgram/cm2 were:
n/a necessary: n/a to: n/a produce: n/a biological: C0205460:Biological responses:
C0871261:Response process in: n/a aerosol: C1112870:Aerosol Dose Form studies:
C0947630:Scientific Study

Semantic

Information Information

l' Syntactic

VCU College of Engineering
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Reported nano NLP systems

Exposure Biological DATA
Response

Tech
Perceptor

Text Mining
Framework

| NanoPort I Nano

Mapper Fabrication 8

Characterization

Algorithm SYSTEM
Class COMPOMNENTS

College of Engineering e 14
————_ Lewinski N, McInnes B. Beilstein Journal of Nanotechnology, 2015



Named Entity Recognition

System Corpora (annotation) NLP tools Results
NanoDevEx NaDev — 2 articles on YamCha (parser), System
(2010-2016) nanodevices GPoSSTL (POS tagger) F-score =0.71
(Xconc Suite)
NEI Miner 94 articles from ERDC ABMiner (NLP toolkit) System
(2012-2016) Environmental Laboratory F-score = 0.81
Nano Toxicity 654 PubMed abstracts Abner (NER), Mallet (NLP  System
Searcher (2013) toolkit) F-score = 0.91
NanoSifter (2014) 100 PubMedCentral articles ANNIE (GATE module) System
on dendrimers (GATE) F-score = 0.91

College of Engineering |




% ooryg  |Dataomg 8 . 77 [DewPaint — G| Samplestructure
Samole No ca] Proaram 15504 — B Amaads (W on Oindiy L3B
Mame BN RTR
Purpose
ol Al s | florads [aom k5 """'r
L o0 Gadg t‘y’/
[ SRR L i b AR AR b S bt e ]
Sumpls struoture Gac Sour MO Sauwce [T
SHe |TMGe | TMA oD SBY BT WRANE Tl A
GI:‘;‘:':" IMDM’E:‘A:/ B LY A T —————— .
r — T s 270 Mestr B mster 5 C | s || Sampte 30 114 PrOgrER) M g sik O 1 m Gada
( ]% l?'lf[fc s 0 soou| >0 socu] 6, Tisoou scou| ||
N it 2wt b T i | ": =
© g| joovsool s psoou] 5 n9soom| o, b % stew ?"-'... KLAL Take ALTRARS DAY 63 TRANILLEI
(2) -tk | 7527 B .,.,,un:. T .
| FECM| B 00|
Wn"’f 1 P —-w"[‘empe]-at“re Conirol | Semple vca [renp— ) uns»mx ‘ Wil
N « | Arrses &, pkccu seeu] (@ seewl eneul | s T -~ = — T
(3)] 1 Gwbe 4827 30 =, aggbun]  ws| 26 L s Tewp | Tame | L Tt 5 Tarp Tap. Tt
qr-mi snnu arrul | | Hewm Hewre 4 Hewier
<— Temperature Control | e | w ot v
socu| O Lscou| 0 fascom| 16 Soo SCCu £ jpae =l ] L ] = o
@) |l w  em w97 ] | oje | [ | T =
Temperature Control | Py [ e s == — ez
sCou| 0, Josca sooW| {0 soom == 1 { = ”_\ 1 "\ = ':_\ T ':.\ T & '.‘.\. 1 '- I
8) i e e s I e e - A== ==
sooM seou| oM socM seoM| | 1 T el i g | | 1 a1
e | ate | atm st I [nov ey 3 * © L e s e P L
oo o SCCM " =T . L 325 . N wrul - = (-1
Same as Above aa | atn] patiats J - - oy ™ - 78 i -
x| el £nou o) Roeet] L] Beow| @ — | ™ T ) T wr T I T I
| L | am| o atim) B o . : “'_ - 1 "_ 1 _""_ -
o ol LY SCou SOOM| SCCH BooM BOCM| - o e = AL LA in LR L LA LU =
b o | At wm wtm| 1 i y = = e = A =
Samgle Tetal i 5 | - | o mra . - e -
WGy oy B rlB-, | MO carrior heater [ 5 g SLM | | = sal sl = = =
~[ » Gas carrier g STSLM 1 ) e "_W ‘_"" :" :_” ‘_“
- Gounter 2 058 A rewiicnia
Marna %
;.W Ao [e0t) ety el AR - 304 F@{/oﬂ
- . v 4 - .
- S Figure 3: Screenshot of the SA-MOVPE experiment
FEHR ey
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Automation

Publication workflow Curation workflow

PDF of peer-reviewed paper
from scientific journal

B e, l ____________ o

Data formatting \ Manual data extraction

For publication in the literature Conversion to electronic format

Publication process ‘ Data curation

Submission and review Data validation and publishing

|

Data available through database portal
A scientific journal and open registry

PDF of peer-reviewed paper
For scientific journal

Tropsha et al. Nature Nanotechnology 2017

College of Engineering e 17



Nanoparticle Synthesis

*  Run experiments and record procedure and results in
Microsoft OneNote

Search (Ctri=E)

Each Trial (%) Add Page

[

Run1-1:5 (Au:Cu) PC
Run 7 - 1:5 (Au:Cu) PC (pH
New Runs Overview
INA | Run1-pH3PC

Run4 - pH3 PC
Run7-pH 3 PC
Run 2 - pH 3 PC

e==Run 1 (Trial 1 Day 1)
= Run 1 (Trial 1 Day 2)
=== Run 1 (Trial 2)

e RUnN 4

L Carmel «  [uibiponepet | (Cu ) | Mised AutufC |

Run 1 - 1:5 (Au:Cu) PC

i, T~ Termpriass, Each Project

Fun PCioRA_RP _pH T

01 D45 3 X5
7 01 oo 7%
3 01 124 11 W0
4 05 0a5 7 W0
5 05 006 11 5
6
?
]
)

Intensity (arb. Units)

05 124 3 %0
1 045 11 W

o

s msw 287 387 487 5 687
Wavelength (nm)
1. Started off by preparing the steck sohutions for the precursar (PC] by needing:
—— ] 100 miL of 0.25 MM of HAuCl:

10 mL 1.25 mM of CuS0s

.. College of Engineeri

ng —
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International Journal of Nanomedicine Dove

3

ORIGINAL RESEARCH

An annotated corpus with nanomedicine and
pharmacokinetic parameters

Nastassja A Lewinski'
Ivan Jimenez'
Bridget T Mclnnes?

'Department of Chemical and
Life Science Engineering, Virginia

Commonwealth University, Richmond,

VA, Department of Computer
Science,Virginia Commonwealth

This article was published in the following Dove Press journal:
International Journal of Nanomedicine

12 October 2017
Number of times this article has been viewed

Abstract: A vastamount of data on nanomedicines is being generated and published, and natural
language processing (NLP) approaches can automate the extraction of unstructured text-based
data. Annotated corpora are a key resource for NLP and information extraction methods which
employ machine learning. Although corpora are available for pharmaceuticals, resources for
nanomedicines and nanotechnology are still limited. To foster nanotechnology text mining
(NanoNLP) efforts, we have constructed a corpus of annotated drug product inserts taken from
the US Food and Drug Administration’s Drugs@FDA online database. In this work, we present

19



Engineered Nanomedicine Database (END)

Mesagesl & Rbsicet NALsmi... @'Fumm.m_l

[ sets [ar Ust stack | coref Eﬁw]gjﬂlﬂ”ggj vl
G =

11 DESCRIPTION b - Orighal masioups
|Feraheme. an iron replacement product, is a non-stoichiometric magnetite (superparamagnetic iron oxide) ': ::‘:e ——
coated with polyglucose sorbitol carboxymethylether. The overall colloidal particle size is 17-31 nm in .
diameter. The chemical formula of Feraheme is Fe587408752-C11719H1868209933Na414 with an ¥ DemmE
apparent molecular weight of 750 kDa. & Cmax
|Feraheme Injection is an aqueous colloidal product that is formulated with mannitol. It is a black to reddish ¥ Company

brown liquid, and is provided in single use vials containing 510 mg of elemental iron. Each mL of the sterile | Core Compositon
colloidal solution of Feraheme Injection contains 30 mg of elemental iron and 44 mg of mannitol, and has F .

low bleomycin-detectable iron. The formulation is isotonic with an osmolality of 270-330 mOsm/kg. The ~ z :;mt::
product contains no preservatives, and has a pH of 6 to 8. ie—

12 CLINICAL PHARMACOLOGY [ Molecilar Weight
12.1 Mechanism of Action
Feraheme consists of a superparamagnetic iron oxide that is coated with a carbohydrate shell, which helps ¥ Particee Diameter

to isolate the bioactive iron from plasma components until the iron-carbohydrate complex enters the M famatiie
reticuloendothelial system macrophages of the liver, spleen and bone F (EREaEGaNar
Reference ID: 3716604 - g e

Type | set| start| €nd | 1d | Features I U.S, Patent

Trade Name _ke;- 18322 15_::3u_ 7:3 {safe.rege)mlmei— AT ,l > ® X 2l |F Volume of Distribution
Adverse Reaction |key | 18404/18417 932/() M tmax

T — T I T o =l

T S — — — | —

Surface Coating |key | 1864418683 934 4] w [ Case [Regexp [~ Whole [ Hghights

Partide Diameter key | 18724|18732| 935/{} >

1 |Suwparamag'ven: iron oxide j_] LH

[394 Annotations (1 selected) Select: [ A e e | New |

Document Editor | Initialisation Parameters | Relation Viewer |

GATE Features:

Runs on Windows and
MacOS

Off the shelf tools (e.g.
ANNIE) built-in

Disadvantages

e Differences in files
between Windows and
MacOS

Relationship annotations
only by using a taxonomy

20

____""Lewinskim,_![menez I, Mclnnes B. International Journal of Nanomedicine, 2017



brat Example Annotated Document

/Feraheme_NAL_SS brat

09 11 DESCRIPTION

LOTEL

magnetite

(superparamagnetic iron oxide) coated with polyglucose sorbitol carboxymethylether.
11 The overall colloidal particle sizeis 17-31nm  in diameter.

12 The chemical formula of Feraheme is Fe587408752 C11719H1868209933Na414 with an apparent molecular weight of 750 kDa.

tradename| inactiveingredient|
12 Feraheme Injection is an aqueous colloidal product that is formulated with mannitol.

°14 It is a black to reddish brown liquid, and is provided in single use vials containing 510 mg of elemental iron.

anoparticle Ractiveingredient
15 Each mL of the sterile colloidal solution of Feraheme Injection contains 30 mg of elemental iron and 44 mg of mannitol, and has low bleomycin-detectable iron.
?16 The formulation is isotonic with an osmolality of 270-330 mOsm/kg.
17 The product contains no preservatives, and has a pH of 6 to 8.
18 12 CLINICAL PHARMACOLOGY
19 12.1 Mechanism of Action

20 Feraheme consists of a superparamagnetic iron oxide that is coated with a carbohydrate shell, which helps to isolate the bioactive
& reticuloendothelial system macrophages of the liver, spleen and bone marrow.

from plasma components until the iron-carbohydrate complex enters the

CU

y Sl I‘Ilj' ==

College of Engineering https://github.com/NanoNLP/medaCy_dataset_end 1




Engineered Nanomedicine Database (END)

# entity # entity # entity

instances instances instances

2161 active 47 auc 29 volume of
ingredient distribution

89 core 49 clearance 2283 dose
composition

50 molecular 41 cmax 1192 route of
weight administration

854 nanoparticle 65 elimination half | 6689 adverse

life reaction

7 particle 56 plasma half life 1396 indication
diameter

62 surface coating 30 tmax

[ Physico-chemical |l Pharmacokinetic |l Exposure [l Biological response
characteristics parameters

22

Lewinski N, Jimenez |, McInnes B. International Journal of Nanomedicine, 2017



Nano-entity recognition

Feature Generation Component Machine Learning Component

Training
data

/ ¢

i
| sw |
- E

OVCU College of Engineering 23



Evaluation

Physico-chemical characterization Pharmacokinetic parameters Exposure Biological response

m QOur system
= Stanford NER
,00 \o° e &o

N
N ,00 ,00(\
L
-\%‘ &

1
0.9
0.8
0.7
0.6
0.5
0.4

0.3
0.2
0.1
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Nanomedicine Design

* Scenario 1 —synthesis planning

Given information:

ve Tissue targeting molecule

PEG
Polymer

New small molecule drug

Desired target tissue New drug

College of Engineering - "“‘---——--_____________ 25



APl subset

DOX logP = 1.27 DOClogP =2.4 PAC logP =3

? e 5o

5H5

0 : OHO
CL, SRaATLS
NH, o ©

82 papers — 172 synthesis methods
168 batch, 4 flow

College of Engineering 26



Method distribution

double emulsion

Polymer precipitation
|
I’,
= : | '
4 ) l.‘\
4 i
/;:' - o

dialysis

covalent binding

Wang et al. Nanomaterials 2016 5
g ® o Confined Impingement Jet I ‘ G l
£ a ?LL-.- é . 1€-D) Miser g
‘ AVt I 7o) W y
‘ ; i | - ammonium sulfate grac
- solvent extraction/evap

Solvent diffusion

syringe pump
Stabilizer
nanoprecipitation

Magnetic stirrer bar

A

Hydrophabic drug & copolyme:
9 water miscible organc solent
e 1)

ﬁ * mymm “".‘

1 o msomaconn
Water

VWA -Amphiphic Block
Copoiymer

p * Laminar Flow Direction
P )
=
o Vortex and Turbulence
U = ID
Us™> —
¢  Turbulent Jet
=
27

Drug + polymer in
organic solvent
L o:o
e .. L
Continuous phase Q A
Pl T .  Recovery of Lim et al. ACS Nano 2014
Micro/

roll-to-roll PRINT

Jog and Burgess J Pharm Sci 2017

sinale emulsion

» . College of Engineering
Wang et al. Nanomaterials 2016




Preliminary findings

400 A 2
B0 -
o L]
5% T s * e S Blue = PLGA
S R °* * ° | Red=PLGA-PEG
5, . * oo s
Qo L]
E 200 - ° . e % }.
& °* o e s "
g 150 4 88— i - . °° <
£ \ s o .'.Jo!
100 ® o L ]
'.o' “3. 0"’0 o . ° .
0 -4 e - s s
@
0 2 © & M 100

Encapsulation_efficiency_(%)
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Nanomedicine Design

e Scenario 2 — formulation suggestion

‘i_ VCU College of Engineering
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Framework for Intelligent Nanotechnology Discovery

Repository | Natural Language Proc

— =k ﬂ"@ --
Nanoinformatic: 1
ubas ‘,
“ Chemical Synthes
ec ronic a r - '
oteboo o

f Unexplored materials .

Experimental validation

VCU College of Engineering
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Recommendation

* Nanotechnology shared task or challenge
— BioCreative
— Text Analysis Conference (TAC)
— National NLP Clinical Challenge (N2C2)

College of Engineering |
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