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* Our own examples of research

* What i1s Nanoinformatics, with implications for research
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Thousands of citations in nano, but...

what about “Nanoinformatics”, by searching
Pubmed and the ISI Web of Science?
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“Nanoinformatics” in Pubmed: just 24 hits after 7+
years...
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“ Others

® Maojo et al

Some of my informatics colleagues think that
nanoinformatics is my weird creation!!
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Recent publications on nanoinformatics

*  Muiioz-Marmol M, Crespo J, Fritts MJ, Maojo V. Towards the Taxonomic
Categorization and Recognition of Nanoparticle Shapes. Nanomedicine. 2015

* de la Iglesia D, Garcia-Remesal M, Anguita A, Munioz-Marmol M, Kulikowski C,
Maojo V. A machine learning approach to identify clinical trials involving nanodrugs
and nanodevices from ClinicalTrials.gov. PLoS One. 2014 Oct 27;9(10):e110331

* GQGarcia-Remesal M, Garcia-Ruiz A, Pérez-Rey D, de la Iglesia D, Maojo V. Using
nanoinformatics methods for automatically identifying relevant nanotoxicology
entities from the literature. Biomed Res Int. 2013:;2013:410294.
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A “resourceome’: Inventories of resources across medical, bio
and nanoinformatics
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BIRI: text mining

creating inventories of

for automatically

bioinformatics
resources
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PubDNA Finder

PubDNA Finder: searching
automatically DNA sequences in
the literature

soquences of nucleic acids.
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Developing a nanotoxicity searcher

Genexol-PM (Samyang), consists of
nanoscale micelles containing
Paclitaxel, the chemotherapeutic
mitotic inhibitor. These micelles were
given to patients with advanced tumors
that were refractory to other typical
drugs. In 42% of the patients the cancer
was stabilized and all patients tolerated
a higher drug dose by using
nanoparticles

(Example from Kim et al, 2010, NEJM)

2|
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9
The Nanoparticles Toxicity Searcher is a public online hable index of bioinf developed at the Biomedical
Informatics Group. Information describing the has been icall d from the li and indexed using Natural
Language and Text Mining techniques. The index is ically updated by analyzing new papers to discover the Toxicity of

Nanoparticles. If you cannot locate a resource or have any suggestion, just contact us by email.
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therapeutic nanoparticles.
16520530 Boron containing macromolecules and nanovehicles as delivery agents for 200610313
neuntron capture therapy.
18855703 Current dendrimer applications in cancer diagnosis and therapy. 2008/10/15
18853769 Effect of silver oxide nanoparticles on tumor growth in vivo. 2008/1015
18853515 Nanoparticles of biodegradable polymers for cancer treatment. 2008/10/10

Molecular targeting and treatment of an epidermal growth factor receptor- 2007/02123

1238 positive glioma using horonated cetuximah.

18647015 Highly efficient drug delivery with gold nanoparticle vectors for in vivo onamae
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A corpus for nanotoxicity, with text mining purposes

It extracts nanotoxicology-related

The purpose of this study was to review entities from the scientific
published dose-response data on acute literature, in four different

lung inflammation in rats and mice after categories. We created a corpus of
instillation of titanium dioxide particles or 300 sentences manually selected
six types of carbon nanoparticles. from PubMed-indexed papers and

annotated with relevant
nanotoxicology entities

The purpose of this study was to review ] s ithds o At
Identifying Relevant N icology Entities from

published dose-response data on acute Garcia-Remesal M, Garcia-Ruiz A, the Literatre

<TARGET>lung</TARGET> Pérez-Rey D, de la Iglesia D, Maojo V. irsacis

. . . Using nanoinformatics methods for
<TOXIC>|nflammat|on</TOXIC> In automatically identifying relevant

<TARGET>rats and mice</TARG ET> after nanotoxicology entities from the
<EXPO>instillation</EXPO> of literature. Biomed Res Int.
<NANO>titanium dioxide particles</ Seltene sy

NANO> or six types of <NANO>carbon

nanoparticles</NANO>

Victor Maojo, UPM, June 2, 2016



Automated classification of Nanomedical Clinical Trials

nano & non-nano CTs
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Nanoinformatics: Developing a nanotoxicity searcher

Genexol-PM (Samyang), consists of
nanoscale micelles containing
Paclitaxel, the chemotherapeutic
mitotic inhibitor. These micelles were
given to patients with advanced tumors
that were refractory to other typical
drugs. In 42% of the patients the cancer
was stabilized and all patients tolerated
a higher drug dose by using
nanoparticles

(Example from Kim et al, 2010, NEJM)
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9
The Nanoparticles Toxicity Searcher is a public online hable index of bioinf developed at the Biomedical
Informatics Group. Information describing the has been d from the li and indexed using Natural
Language and Text Mining techniques. The index is ically updated by analyzing new papers to discover the Toxicity of

Nanoparticles. If you cannot locate a resource or have any suggestion, just contact us by email.

Search by Nanoparticle/Target FREE TEXT Search
Nanoparticle: |paclitaxel Name: [
Tt o |

Se%ch Start New Search

Search Results

10837545 Selective boron drug delivery to brain tumors for boron neutron capture 2000006105
therapy.

18283847 Next gent?rahon adol.mve immunotherapy—human T cells as carriers of 2008/02/20
therapeutic nanoparticles.

16520530 Boron containing macromolecules and nanovehicles as delivery agents for 200610313
neutron capture therapy.

18855703 Current dendrimer applications in cancer diagnosis and therapy. 2008/10/15

18853769 Effect of silver oxide nanoparticles on tumor growth in vivo. 2008/1015

18853515 Nanoparticles of biodegradable polymers for cancer treatment. 2008/10/10
Molecular targeting and treatment of an epidermal growth factor receptor-

1238 positive glioma using horonated cetuximah. Al
Highly efficient drug delivery with gold nanoparticle vectors for in vive onamae

18647018
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A corpus for nanotoxicity, with text mining purposes

It extracts nanotoxicology-related

The purpose of this study was to review entities from the scientific
published dose-response data on acute literature, in four different

lung inflammation in rats and mice after categories. We created a corpus of
instillation of titanium dioxide particles or 300 sentences manually selected
six types of carbon nanoparticles. from PubMed-indexed papers and

annotated with relevant
nanotoxicology entities

The purpose of this study was to review i oot Nethods o i
published dose-response data on acute thettestue
<TARGET>lu ng</ TARGET> Garcia-Remesal M, Garcia-Ruiz A, Eif'-?ﬁ e A R e
. . . Pérez- j P A
<TOXIC>inflammation</TOXIC> in Siei b de g B Yool e
. Using nanoinformatics methods for e ey

<E)(PO>insti||ation</E)(PO> of nanotoxicology entities from the
PP e . literature. Biomed Res Int.

<NANO>t|t§n|um dioxide particles</ 2013010304

NANO> or six types of <NANO>carbon

nanoparticles</NANO>
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Nanoparticle ontology for cancer (Thomas, Baker et al)

OWL object property No. of times used in
class-level associations
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From the NPO
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Work on pattern classification and ontologies: Taxonomies of shapes
and forms

Shapes
1-D Shapes
*2-D Shapes
— 2-D Geometrical shapes
02-D Geometrical shapes with
genus 0
=Circles
=Polygons
eConvex polygons
oSquares
oTriangles
s
=Non-convex polygons
02-D Geometrical shapes with
genus |
—2-D Non-geometrical shapes
*3-D Shapes
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Biomedical Ontologies: Toward

Scientific Debate

V. Maojo"; J. Crespo™; M. Garcia-Remesal’; D. de la Iglesia®; D. Parez-Rey'";

C. Kulikowski?

"Biomedical Informatics Group, Universidad Poltecnica de Madrid, Madkid, Spain;
"Department of Computer Science, Rutgers University, New Jersey USA

Keywords

Blomedical ontologies, biomedical Infor-
matics, spatial ontolagles, artificial intelli-
gence, mathematical morphology

Summary

Objectives: Biomedical ontologies have been
wery suceessful in structuring knowledge for
many different applications, recelving wide-
spread praise for their utility and potential.
Yet, the role of computational ontologes in
scientific research, as opposed to knowledge
management applications, has not been ex-
tensively discussed. We aim to stimulate
further discussion on the advantages and
challenges presented by biomedical ontol-
ogles from a sclentffic perspective.
Methods: We review various aspects of bio-
medical ontologles going beyond their practi-
calsuccesses, and focus on some key sclentific
questions in two ways. First, we analyze and
discuss current approaches to improve bio-

Cortespondence to:
Victor Macio
Biomedical Informatics Group

medical ontologies that are based largely on
classical, Aristotelian ontological models of
reallty. Second, we raise various open ques-
tions about biomedical ontologles that
require further research, analyzing in more
detall those related fo visual reasoning and
spatial ontologies.

Results: We outline significant scientific Is-
sues that blomedical ontologles should con-
sider, beyond current efforts of building prac-
tical consensus between them. For spatial on-
tologles, we suggest an approach for building
"“morphospatial” taxonomies, as an example
that could stimulate research on fundamental
open ssues for blomedical ontologles.
Conclusions: Analysis of a large number of
problems with biomedical ontologies sug-
qests that the field is very much open to alter-
native interpretations of current work, and in
need of sclentific debate and discussion that
canlead tonew ideas and research directions.

Methods Inf Med 2011; 50: 203-216
doi: 10.3414/ME10-05-0004
received: November 14, 2010

Focudad denformitica
Universidad Politécica e Madid
Boatila el Morte

28660 Madrid

Spain

Emait maojp@fiupmes

accepted: anuary 12, 2011
prepublhed: March 21, 2011

“modulates the activity of a caspase, any ofa
group of cysteine proteases involved in
apoptosis” [4]. With the above one can de-
fine facets (propertics of relationships), in-
stances (individuals belonging to a dlass),
formal axioms, rules, functions, proce-
dures, ontology mappings and other means
of manipulating the elements of an ontol-
ogy. In addition, inheritance in computa-
tional ontologies allows properties asso-
ciated with a higher level (more en-
compassing) clas to be inherited by s sub-
classes. Over the past years, computational
ontologies have been implemented using
different ontology mark-up schemas and
languages with the goal of transitioning the
existing WWW into the Semantic Web [1].
These include RDE RDF Schema, OIL,
DAML+0OIL or the Web Ontology Language
(OWL) - a“de facto” current standard [5].
In addition, “upper ontologies” are used to
describe general concepts that are shared
across various knowledge domains, with the
idea of supporting semantic interoperability
between different ontologies at lower levels.
Thereare several upper ontologies, each one
differing greatly in terms of their users,
topics, focus and ontological foundations
[6]. Examples include the Basic Formal
Ontology (BFO) (7], the Descriptive Ontol-
ogy for Linguistic and Cognitive Engineer-
ing(DOLCE) 8], Generalized Upper Model
(GUM) [9], OpenCye [10], Process Speci-
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What is reality?
How to represent it through semantics in a computer?
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Gene ontology
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Components of a
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represented as
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What a scientist (or anyone) must consider here as reality?

Plasma Membrane Structural Components
Glycoprotein

Carbohydrate -
Hydrorhlllc Side Chain Figure 1
Region ntegral
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©The Gene Ontology Consortium

Victor Maojo, UPM, June 2, 2016



Work on pattern classification and nano-ontologies

Fullerites, ? — 94 | skeletons layer skeletons sols, colloids,
clathrates, & o y of fibers, buildings, smogs, 4
powder skeletons, fog nanotubes honeycombs, foams heteroparticles composi
25. 3D10 Z22224126. 3D11 27. 3D20 28. 3Dp21
skeletons of ooo = 14 |skeletons of S&XZ22s | intercalates, ross-bar-layer
fibers-powders PG © heterofibers: skeletons of layer-fiber
LA 97 Inanotubes layers and powders skeletons
29. gp22 30. 3D30 4131. 3D31 32. 3D32 friction 4 =
opals, membranes, pairs, contacts, e

heterolayers dlsgelrsmns, PhC, fiber interfaces, cavities,

pariucies pores < ®& d” [composites, 2 :

; fullerenes in matrix wavgguides grain boundaries
33. 3D210 4 & & 34. 3D310 35. 3D320 1[36. 3D321
composites | membranes powder-layers| d &l | layers-fibers-
of layers, £ + impurities, composites | composites in
fibers and powder-fiber matrix, VCSEL e

particles in métrlx

composites

From Pokropivny and Skorokhod

Victor Maojo, UPM, June 2, 2016



Classifications of nanoparticles

Pending: categorization and nomenclature of nanoparticles

Descriptions of morphological and spatial properties are consistently
reported in the nanotechnology literature (observed and measured using
various microscopy techniques).

Knowing the shapes and forms of nanoparticles can be a necessary
component of future classifications of nanoparticles
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Taxonomy of shapes of nanoparticles

Shape-Preserving Watershed
Shape-Preserving regions
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Approach

*  We examined representative nanotechnology papers to make an 1nitial listing
of the terms used to describe shapes of nanoparticles and nanomaterials
composites

*  Most common terms in 2D and 3D shapes: rings or graphene patterns
(hexagon), elliptical compounds and cells (ellipse, circle, plate), and the
projections of crystals in the form of polygonal shapes (rectangles, squares,
triangles) or similarly for spheres, rings, cubes, column, wires, rods, etc.
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Table 81 — List of 2D shape terms extracted from the analyzed nanotechnology literature.

Shape Terms Dim ASP % ASP TA % TA
Hexagon hexagon, hexagonal 2D 13 37,14% 55 20,15%
Ellipse ellipse, elliptical, elliptic, ellipses 2D 7 20,00% 50 18,32%
Circle circle, circular, circles 2D 15 42 .86% 35 12,82%
Rectangle rectangle, rectangular, rectangles 2D 5 14,29% 29 10,62%
Square square, squared, squares 2D 8 22.86% 22 8,06%
Plate nanoplate, nanoplates, plates 2D 3 8,57% 20 7,33%
Triangle triangle, triangular, triangles 2D 8 22.86% 18 6,59%
Platelet platelet, platelets 2D 7 20,00% 15 5,49%
Pentagon pentagon, pentagonal, pentagons 2D 2 5,71% 8 2,93%
Spiral spiral 2D 5 14,20% 8 2,93%
Ribbon ribbon 2D 3 8.57% 6 2,20%
Rhombus rhombus, rhombic, rhombuses 2D 2 5,71% 4 1,47%
Octagon octagon, octagonal 2D 1 2,86% 1 0,37%
Polygon polygon, polygonal 2D 1 2,86% 1 0,37%
Quadrilateral  quadrilateral 2D 1 2,86% 1 0,37%
TOTAL 273

ASP: Appearances in studied papers; TA: Total appearances.
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‘. Figure S1 — Taxonomic hierarchy of 2D shapes. Both Ellipse and Polygon subclasses are derived from
the general 2D Shape class. As a particularization of Ellipses, the Circle is derived. Under Polygon class we
have considered three, four, five, six, eight, and ten-sided polygons (respectively as Triangle, Quadrilateral,



[Table 52 — List of 3D shape terms cxtracted from the analyzed nanotechnology lterature.

Shape Terms Dim ASRP %o ASP TA %% TA
Sphere sphere, spherical, spheres 3D 28 &0, (0% 356 25,500
Tube tube, tubular D 25 T1.43% 250 18,62%
Helix helix, helical, helices, helixes b ] 22 B6% 98 7.05%
Ring fng. rings, ringlike 1] 12 34,200 ] 6,11%
Cube cuhe, cubic, cubes 3D 14 40, 00%; g1 5.82%
Column colymn, columnar, columns 3 3 257% T3 5,250
Cylinder cylinder, cylindne, eylindrical 3D 11 31,43% 67 4 B2%
Ellipsoid cllipsoid, ellipsoidal, ellipsoids 3 [+ 25 T1% 62 4 46%
Rod o, rods, roditke 3D 12 34,20% 61 4 39%
Cape cage, cages 1] 7 20, (0% 34 2.44%
Disk disk, disks, discoidal 2D ] 22 B6% 31 2,23%
Ociahedron octphedron, octahedeal ik 5 14 209 28 2.01%
Pyramid prramid, pyramidal, pyramids Efb] 5 14,29% 25 1,80%
Spheroid spheroid, spheroidal, spheroids 3 T 20, 0% 24 1,73%,
Tetrahedron tetrabedron, tetrahedral L 7 20, 060 21 1,51%
leosahedron 1cosghedonn, icosahedral 3 & 17, 14% 16 1.15%
Oblate ohlate 3D 5 14,2005 15 1,085
Polyvhedron polybedron, polvhedral D 5 14 2005 10 0, 72%
Backbone backbone, backbones 3D 4 11,43% g 0,65%
Cone cone, conical, conle, concs ik 5 14,29% T 0,50%
Meedle needle, needles 3D E] B.57% & 0,43%
Dodecahedron dodecahedron, dodecahedral 3 3 4,57% 5 0,36%
Prolate polatn. 3b 3 8.57% 5 0.36%
Barh barhed 3 2 5,71% 4 0,20%
Flake flakz 3D 1 2 B6% 3 0,22%
Parallelepiped parallelepiped. parallelepipeds ETh] 1 2 B6% 2 0, 14%
Torus torus, ton 3D 1 2 86% 1 0,07%
Prickle prickle, prickles 1] 1 2 B6% 1 0,07%
Spike spike 3D 1 2 B6% 1 0,07%
Spindle spindle 3D 1 2 86% 1 0,07%
TOTAL 1391

ASP: Appearances in studied papers, TA: Total appearances.
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Figure S2 — Taxonomic hierarchy of 3D shapes. In this case, the most general 3D Shape class derives
in five main subclasses: Cone, Cylinder, Ellipsoid, Polyhedron, and Toroid. Under Ellipsoid subclass
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Table 54. Example of the classification of nanometer scaled elements according to their shapes

Nanometer scaled element Shape Visual class Description

Zinc oxide (I}
Gold Nanopamicles {2, 3}
Fullerenes (4

e b 30 shape whose boundaries are
i I (s bt
ip;__i 2::;554[—;:;: -:I'-I.I:}TCE (6] .-:"'r aszuLe ) equidistant to a center in all

= SR Sphere e directions. Also, a 31 shape

{:lllga:qa:can-a_i':pn'l}'pcpndc L 1 .._r’/l generated by rotating a circle around
dentrmesy (1) st its diamerter
Alkancthiolate (B}

Rhodium nanoparticle {9}

Carbon nanombes {2-8, 10-25}

Silica nanombes {6, 13)

Lipid nanotubes (3} 3
Peptide nanotubes (3, T) Tube IU
A TIOZZn nanotabes (270

Boron nitride nanombes {7)

30 shape formed by a evlinder
hollowed along its axis

Mesoporous silica nanoparticles

{13}
Metal nanoparticle-block
C,':_'pD]:"mE_TE (6) . I 3D shape enclosed by two parallel
51 nanovwires {6, 11, 14, 25) o : Pt ; :
: F T 2 i o Cylinder coaxial circles and the surface that
5432 / Zn5 FCdS / Ninanowires e -
{an joins both circles
Ultra-thin alumina mask nano-
patterned cylinders (2)
Polystirene nanoparticles (13, 26) Regular oval shape, traced by a poin:
Dendrimers {27) moving in a plane so that the sum of
Ap nanoparticles (9] 1 its distances from two other points
Pt nanoparticles (9) Ellipse i {foci) is constant, or resulting when a
cone is cut by an obligue plane that
does not intersect the base. (Oxford
Dict.)
7 v ticles {2
-E.uld.‘.\ ARApRELE =20 s 3D shape generated by any planar
5i, Ni nanoparticles {2) Ring = i X i
o E e closed surface rotated around an axis
Inia™ (2} (Toroid) e i :
that docs not intersect it
Wanometer-sized DMNA structure
{15)
Mg (16}
Nall {16} Cube Parallelepiped whose faces are all
Ao nanoparticles (16} S UATES

Pt nanoparticles {9)
Mo nanoparticles {25])
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C D

Figure S5 — SPW applied to a natural image of blood cells. A. Original image; B. Image gradient; C. Markers on
the original image (original image Has been lighten for a better understanding); D. Recognized inner circle.
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Figure S6 — SPW applied to a set of synthetic images with equilateral triangles as constraining regions. A.
Original image with markers; B. image gradient (normalized); C. SPW without allowing rotations to constraining
regions; D-F. SPW allowing rotations to constraining regions.
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Figure 89 — SPW method applied to a
single ZnO nanostructure. A. Original
image with markers. Reprinted
(adapted) with permission from (46).
Copyright (2006) American Chemical
Society; B. Image gradient
(normalized); C. Results of the SPW
method; D. Results of & standard
watershed method; E. Area differences
(in black).
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Figure S10 — SPW method applied to a
gold nanosphere. A. Original image
with markers. Reprinted (adapted) with
permission from (29). Copyright
(2006) American Chemical Society. B.
Image gradient (normalized); C.
Results of the SPW method; D. Results
of a standard watershed method; E.
Area differences (in black).
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Figure S11 — SPW method applied to a
double ZnO nanostructure. A. Original
image with markers. Reprinted (adapted)
with permission from (46). Copyright
(2006) American Chemical Society; B.
Image gradient (normalized); C. Results
of the SPW method; D. Results of a
standard watershed method; E. Area
differences (in black).
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Figure S12 — SPW method applied to a
triple ZnO nanostructure. A. Original image
with markers. Reprinted (adapted) with
permission from (46). Copyright (2006)
American Chemical Society; B. Image
gradient (normalized); C. Results of the
SPW method; D. Results of a standard
watershed method; E. Area differences (in
black).
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Figure S13 — SPW method applied to S- Figure S14 - SPW method applied to S-

FIL PEGDA particles arranged as 200 FIL PEGDA particles arranged as 400 nm
nm triangles. Reprinted (adapted) with pentagons. Reprinted (adapted) with
permission from (47) Copyright (2008) permission from (47) Copyright (2008)
Elsevier. A. Original image with Elsevier. A. Original image with markers;
markers; B. Image gradient (normalized); B. Image gradient (normalized); C.
C. Results of the SPW method; D. Results of the SPW method; D. Results of
Results of a standard watershed method; a standard watershed method; E. Area
E. Area differences (in black). differences (in black).
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Figure S15 — SPW method applied to
three carbon nanospheres. Reprinted
(adapted) with permission from (48)
Copyright (2005) Elsevier. A. Original

Figure S16 — SPW method applied to
well-separated 50 nm Mo nanoparticles.
Reprinted (adapted) with permission
from (49)(49)(49)(merged) Copyright
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Visual Taxonomy of shapes
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Abstract

The shape of and is a d:

h ic that has been shown to influence a number of their

propertics and effects, p 1

1y for i 1 Thei

related with this feature of nanoparticles and nanomaterials

is, therefore, crucial m exploit and foster in existing and future rescarch in this arca. We have found that descriptions of morphological and

spatial prop. are T in the and in general, these morphological propertics can be observed
and measured using various mlcmscopy techniques. In this papcr we outline a of particle shapes to
nanotechnologists® d-:scnplmm and tomul geometric concepts that can be used to address the p of i 1zati We
employ an image bel ing to the th 1 phol ficld, whlch is capable of identifying shapes in images
that can be used to (semi-) P images.
© 2014 Elscvier Inc. All rights reserved.
Key words: icle shapes; T Image Watershed
Shape is a fund. I ch istic of 1P of One of the ﬁxslanu-np's for claslfvmb namsn‘uclunxi materials
living beings and entities such as viruses, cells, bacteria, organs, was made by Gleiter.® who i 7 of
and, from an atomic persy . of molecules and ! ds and the di ionali of T This
cules, which includ icles. R i lhemer app h wa: ded by Pokropivny and Skorokhod.,” bini
haracteristics of particles to medical appli such as drug the di ionality of the y ds. Similark Tnmaliaw
delivery capabilities, adsoryp or the i of “nano- d the devel of a “periodic table™ of; and
drugs™ havc shown to be mﬂumwd by the shape !hcy present.'—* mnormucnak including \hapc and “size™ as two characteristics.
A l and p F in ! is the Given |.h: variability of these morphospatial characteristics of
gorization and 1 of icl Toaddn:s P and iall "knowmgthcshmamlfam
this problem, two essential criteria ha\c been id of icles can be a P of future
uniqueness -so we can know exactly what materials we are classifications of; nanupamtlr_\ mdmald indiscerning mechanisms
talking about- and equivalence -to indicate if two materials are for their o 5 in env
essentially the same one. The develop of new by design requires
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zori of ials based on their mechanisms
of action. These mechanisms of action depend on a range of
particle properties such as size, shape, crystal structure, reactivity,
electronic band structure, toxicity, or affinity to biomolecules, etc.,
in ucklmon to the properties of lhc media in which they are
di C ly. any categs ion effort should accom-
mod-’llc annotation and mappungs wnh respect to additional
M . there is a need for the research
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2nd part
Around various thoughts and topics for discussion about

nanoinformatics, partially based on a comparison with
other informatics disciplines
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Elsevier book (Nanoinformatics: Principles and Practices)

e Chapter 2 Nanoinformatics Program Essentials
(Victor Maojo and others)

* Genesis of informatics in education (Victor Maojo and others)

* Model curricula for informaticians (Victor Maojo and others)

-> Marty Fritts and Casimir Kulikowski (IEEE, ACMI, AAAS Fellow, NAM
member)
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Failed survey in ACMI (American College of Medical Informatics)

o

Methods of Information in Medicine Symlposium on
».Biomedical Informatics: Confluence of Multiple Disciplines
Heidelberg, June 9 —June 11, 2011 :

Methods ete Methods archive

Compl

of Information now available online!

in Medicine

Victor Maojo, UPM, June 2, 2016



Nanoinformatics

* It cannot be considered just as the development of informatics applications for
nanotechnology or nanomedicine

* Nanoinformaticians:

* People who reason and solve problems at the intersection between nano areas
and informatics —but reasoning is quite different at both sides

* «Brokers» between informaticians and nanotechnologists

* Emphasis should be centered on deep scientific issues, not just applications
(e.g., ontologies, databases)
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Nanoinformatics: possible topics (after Chapter 1 of the Elsevier book)

“(Biomedical) nanoinformatics refers to the use of informatics techniques for analyzing and
processing information about the structure and physico-chemical characteristics of
nanoparticles and nanomaterials, their interaction with their environments, and their
applications for nanomedicine” (adapted from a Marty Fritts paper or presentation)

Topics
% Terminologies and Standards ¢ Basic and translational research
% Ontologies and semantic search % Modeling and Simulation
% Data Integration and Exchange ¢ Imaging Informatics
% Systems’ interoperability *» Nanoparticle characterization
% Data and text mining for ¢ Networks of international researchers,
nanotechnological research projects and labs
% Linking nano-information to computerized “* Nanoinformatics Education
medical records % Fthical Issues
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Definition of Nano - informatics

Informatics: what 1s?

Definition 1s not really so important, but to define the components, objectives,
challenges, training, etc of the area

Three main components: Science + Engineering + Art (too early for nano?)
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Informatics

“Informatics” derives from the German “Informatik”, the Russian “Informatika” and the
French “informatique” —which combines “information” + “automatique”. One concept
lies at its core: information. is meant by information is not so obvious: it can convey a
wide range of meanings:

*  The concept of information as orlgmally proposed by Szilard to provide an answer
to the famous “Maxwell’s demon” thought experiment in physics.

* The engineering or communications and coding theory sense that Shannon used to
defined the term, where “information” is associated with the concept of entropy —
also from physics.

*  Other meanings of scientific information, such as, for instance, the information that
is associated with molecules —e.g., binding—, with particles and sub-particles —
quantum information— or with other biological entities like cells, tissues, organs,
etc. This can refer to how DNA codes biological information—which is basically
known— or how this information is translated and transmitted to higher levels of
biological aggregation and function through living cells such as human neurons —
which is as yet unknown. As Shannon himself realized and stated, his (syntactical)
theory was not relevant to capture the characteristics of biological information:

*  Broad societal and colloquial uses of the concept information, such as referring to
the news, signals, stimuli, data + meaning, etc, seen from different social,
economic, historical, or political or technological perspectives, defined, usually,
quite vaguely.

Maojo V, Kulikowski
CA. Note on
Friedman's 'what
informatics 1s and
1sn't". Journal of the
American Medical
Informatics
Association. 2013
Dec;20(e2):e365-6.
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Information in computers and nature

Communication (Information) theory
cannot be applied to biology as to
engineering (Shannon, who knew a
bit about this 1ssue)

Claude Shannon
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Focus?

MI: focus is the patient (simple and broad, but a convincing statement)
Bioinformatics: focus around genes (people and living beings)

Focus of nanoinformatics? Nanoparticles’ physics, enginnering,
interactions, toxicity, delivery, dynamics, applications...

Victor Maojo, UPM, June 2, 2016



Grand challenges

=

Electronic == —.-
Health Recaords .

—

Advantages: no shortage of costumers (potential
target equal to the world’s population)

Focused on medicine and biology, whereas
nanoinformatics addresses various fields
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Medical informatics: grand challenges

There were many (extract
knowledge from data and texts,
modeling medical reasoning,
creating unified terminologies,
medical decision making, standards
for interoperability, point-of care
devices, etc)

MI Pioneers at the ACMI dinner, 2015, SF

Maybe the most relevant one is to
build a personalized, universal
Electronic Health Record (but this
1s mostly a Engineering and social
challenge, not purely scientific)
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Biology fundamentals (of bioinformatics)

DNA - RNA - Protein

Crick’s dogma of biology (under scrutiny in the last decade) made genomic research
affordable when technology was ready and led later to establish the basis of the Human

Genome Project
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The Buck and the Big Bang

As stated by Bruce Blum, a software engineer and medical informatics pioneer, at an
early stage medical informaticians decided not to pursue grand scientific challenges (the
ones that could lead to Nobel prices) but systems that could lead to recover large
investments (e.g., medical records, laboratory and hospital information systems)
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MYCIN was an early expert
system that used artificial
intelligence to identify
bacteria causing severe
infections, such as
bacteremia and meningitis,
and to

recommend antibiotics, with
the dosage adjusted for
patient's body weight — the
name derived from the
antibiotics themselves, as
many antibiotics have the
suffix “-mycin®. The Mycin
system was also used for
the diagnosis of blood
clotting diseases.

Academic problems?

MYCIN EXPERT SYSTEM

How Helpful Are Expert Systems In Medical ? 20, Apr 2013

PRESENTED BY NIPUN JASWAL

MYCIN was never actually
used in practice. This wasn't
bacause of any weaknass in its
performanca. As mentioned, in
tests it outperformed members
of the Stanford medical sc!
facuity. Some observers
ethical and legal issues related
1o the use of computers in
medicine — if a program gives
the wrong diagnosis or
recommends the wrang
therapy, who shoukd ba held
responsible? However, the
greatest problem, and the
reason that MYCIN was not
used in routine practice, was
the state of technalogies for
system integration, espacially
at the time it was developed

Some classical
research, very
(academically)
succesful, were not
focused on real
(clinical) problems
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Up-to-date in technology?

BMI has been (usually) behind the state of the art regarding computer
science/informatics methods and tools

Industry prefers a conservative approach

Example with MUMPS, a fourth generation language, only used by a few banks,
companies and (many) hospitals

Many ancillary systems (and particularly data) must be preserved

1967

MUMPS programming
language is created
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From knowledge to data

Emphasis in bio and medical informatics was placed from the 1960s to 1980s in
knowledge-based systems

Shift to data-centered systems after 1980s

| 1950s 1960s 1970s 1980s

Data Research Prototype Mature Refined
applications

Information Concepts Research Prototype Mature
applications

Knowledge Concepts Concepts Research Prototype
applications

Scope of medical computing (Blum)
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From knowledge to data

And Nanoinformatics???
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Supporting organizations behind

&  National Large infrastructures (NCBI
= a Center for for bioinformatics, IAMIS
L - Blotechn-ology centers for biomedical

mpr— NCBI Information informatics)

Commission

Programs began around 1980

=

NATIONAL
LIBRARY OF
MEDICINE

= A catalyzer of —informatics disciplines

= Training programs since 1970

= Thousands of trained people

= Many positions available now everywhere
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Initiatives: example (NLM)
Pilot study grants for Integrated Advanced
Information Management Systems (IAIMS)

From one Call:

* The National Library of Medicine provides IAIMS grants to health-related institutions and
organizations that seek assistance for projects to plan, design, test and deploy systems and
techniques for integrating data, information and knowledge resources into a comprehensive
networked information management system that serves the organizations clinical, research,
educational and administrative needs

* The long-term goal of NLMs IAIMS program is a comprehensive and convenient
information management system, one that brings useful, usable knowledge to action settings
in health care, education and research. Particular emphasis is placed on organization-wide
and trans-organizational mechanisms that enable the easy flow of information between
arenas of action, such as between health care and education, or between health-related
organizations, such as from a community clinic to a hospital or public health department.

* Since 1984, NLM has provided IAIMS grants to academic health sciences centers to build
networks and organizational mechanisms for information management. In its first two
decades, the emphasis of IAIMS was building organizational mechanisms and infrastructure
that were largely internal to academic centers. Technological advances and widespread
access to the Internet make it possible now to shift the emphasis of IAIMS from building
these capabilities to using them. The IAIMS challenge for the 21st century is to involve all
kinds of health-related organizations in using local and national networks to acquire,
manage, and deliver knowledge in a way that binds it to effective action.
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Search for central theories of informatics

(Friedman, 2009)

It cannot easily resist a serious scientific analysis, but it was
quite succesful at some time
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CORRESPOMDEMCE

Note on Friedman's ‘what
informatics is and isn't’

Fredman's article “What informatics is
and isn't’,' presents a2 necesary and
1.1'm¢:'|3- mz]w-i af the field of informatics.
After defining some of it charmcersitios,
training needs and ako examples of what
it dsn't, the auwthor re-introduces what he
ha called “the fundamental theorem of
ﬁ]fnmal‘ii:i']—nﬁ;dnaﬂ_\' formulated  for
bimedical  informate—tha  perons
m]'.rpqrrmsl 'Ir_\- information tm]'rm:-h:-gy will
be beter than the same pesons perform-
ing the ame k wnassed. Fgue 1
shaws it graphically

Bath the theorem and the pictune have
become well known in the biomedical
informatics field. However, while an inter-
esting, thought-provoking  exendse, this
'p'rl:rpqxﬂ] about ‘what informatcs & and
Bt faces several scentific vulnerabilities,
i v bed below

THE TERM “INFORMATICS”

The term finfirmate’ dedves from the
German Informank’,  the Rusdan
Tnformatika’ and the French ﬁrﬁ)‘rrmtqux o
which combines ‘information’ with “auto-
mmatique’. One comept Bes at 18 cone: indor-
mation While it is clear how ‘nformates” is
semantically Bnked to “nfommaton’, what 15
meant }v_v information 15 not so obvious: it
cam comvey 2 wide range of mean ngg:

# The CcOonoept of information & ori-
ginally  proposed by Seland o
pn:r\'idz an anewer to the famous
‘Maxwell's demon’ thought experi-
metit in p]\}:ém.

b The engineering or communcation
amnd u:-dinﬁ t]'bm:'ry sense  that
Shannon used to defined the term,
in which Snformation’ & ssodated
with the concept of entropy—also
froam phos e

# Other meanings of scentific informa-
o, such & for imtance, the nfor-
mation that %  msocaed  with

molecules, for example, binding, with
'purlidm and :iu‘lrprh‘dmﬂu.lmum
information—aor with other biokmgriceal
entities sudh 2 ix:“i, 1imi, ANmgAns,
ete. This can nefer to how DINA cndes
biokspical informadon, which & basde-
ally bawowery, oor horw this information &
translaied and ransamited to higher
leveb of Wokageal agpregadon and
function through hving celk such =
Towrman TEUMIS, whch & = yet
unknown. A Shanmon himself nea-
lized and staed hs Embactcal)
theory was not relevant to captune e
chamcten st af Tbonbongpical
information. *

F Broad sodetal and colloguial uses of
the concept informaton, such =
mfering to  the news, spnals
stimuli, data plus meaning, ete, seen
from different wscial, economic, his-
torical, or poliveal or techmol ogeal
perspectives, defined, wanlly, quite
vaguely

Without a standand meaning of nfor-

mzlicm. it 15 difficul—or imm:ﬂ'ue—m
esablish a definition of informatices that
can oover the SO0 e af its wes from such
an informational perspective.

YULMERAEBILITIES OF THE
'FUNDAMENTAL THEOGREM OF
INFORMATICS

The fundamental theorem faces 2 number
of vulnerabilities :

# It & not really about 2 fundamental
sclentific iswe, nor dos it provide a
formal  foundation  for  sdentific
inguiry. This contrass with examples
suwch & Shannon’s  infommation
theory—mcluding it theorms—
which, u:iing entmopy o qu.nnif'_\'
channel  capacty, provided  the
formal foundations for sgnal coding
anad comm et on.

B It somaot a ﬂ'bmm:m as m mathe matks
or logie, which Memiam—Webster
online define as: “a) a formula, prop-
osition, or sttement in mathemanics
or loge deduced or to be deduced
from ather formulas or poopos dons,
(b) an ddea acce pred or proposed a5 a
demonsirable 1Tuﬂ'|, often a5 a part of

Figure 1 Friedman’s “fundament theoram of informatics’.'

ageneral theory' Friedman's isa chal-
k'n@dme, intutive }wpq:oﬂbc-:i. bt mot
really a theorem, = it can be neither
deduced nor  demonstrated  —nor
Faabsi fresc.

It & mot about informatics iself. If
were, it would address and explain
an  intringde  concept  melated o
'h'lfm'rn:l'k:s. such = 11:-55&, b=t
1 ol on, o, et
\ﬂ'ru.]'l coulkd ht}p drwll:rp mew the-
ones, methods or products specific
L] 'infu'rrmiics. but & her mstead
focused om the operatonal wse of
informatics by people.

b The propmed ‘fundamental theomem’
implies some kind of Turinghike test,
inchuding condidons for s apslicabd-
ity, amd esperimentally messurable
aartooimes: b demonsrae s validing, [t
an be consdered too genenl, and
-m'l;ﬁnu:-mf'umim'inpm'ﬁur

b Compeer inerscton & handly =
mnri'mgu:-u:i x5 the Flnel:mrnu]
theorem' suggesis. Harvard's S hoshana
Zuboff' presciently  deserbed  how
commnpurters ingmodicd by orgrandetions
lacketreg gorsind inckormation maodels, and
srially  welladaped  monogement
gruchres (oben by persons lacking
xlnqnj.c skillk or umlrrmlilm af
infrmation procese) can hurt, mather
than improve work proces efficency
] et verness.

L3 Cu'rnputrni Tl:]]rirlg L 'im]'.rms:i:w or
inappropriste models of economic,
ti.']\mﬂngicl] and m:-e.'ii:-h:-xicl] comndi-
fons frequently detract from ngelli-
et human 'pcrﬁ:-rmm. For
creative artitic endeavors, such =
wriﬁrw the value added ]w N -
e can be gquestonable, = per
Mobelit Virgs Llea: ‘the mone
intelligent our computer &, the
durmibeer we will be'

THE "FUND AMENTAL THE OREM'
FICTURE

Figure 1, obviously metphorical in
‘adding together' very different entibes
like a human brain and a compouter, brings
to mind the sncuns from John Von
Me wiranm }l'im:x]f," on the fundamental

T wed lefrm Ausoc Moot 011 @opright 2013 by American Medical Informatics Association. 1

Maojo V, Kulikowski
CA. Note on Friedman's
'what informatics is and
1sn't. J Am Med Inform
Assoc. 2013
Dec;20(e2):€365-6.
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Problematic examples

Some philosophers entered the area of biomedical ontologies stating that these
should follow Aristotelian assumptions (since ontology is an area of classical
philosophy!)

The argument (or phallacy, for some) suceed, and many ontologies follow such
direction

Original Articles

© Schattauer 2011

Biomedical Ontologies: Toward

Scientific Debate

V. Maojo'; J. Crespo’; M. Garcia-Remesal’; D. de la Iglesia’; D. Pérez-Rey’;

C. Kulikowski?

'Biomedical Informatics Group, Universidad Politacnica de Madrid, Madrid, Spain;
“Department of Computer Science, Rutgers University, New Jersay, USA

Keywords

Biomedical ontologies, biomedical infor-
matics, spatial ontologies, artificial intelli-
gence, mathematical morphology

Summary

Objectives: Biomedical ontologies have been
very successful in structuring knowledge for
many different applications, receiving wide-
spread praise for their utility and potential.
Yet, the role of computational ontologies in

medical ontologies that are based largely on
classical, Aristotelian ontological models of
reality. Second, we raise various open ques-
tions about biomedical ontologies that
require further research, analyzing in more
detail those related to visual reasoning and
spatial ontologies.

Results: We outline significant scientific is-
sues that biomedical ontologies should con-
sider, beyond current efforts of building prac-
tical consensus between them. For spatial on-

“modulates the activity of a caspase, any of a
group of cysteine proteases involved in
apoptosis” [4]. With the above one can de-
fine facets (properties of relationships), in-
stances (individuals belonging to a class),
formal axioms, rules, functions, proce-
dures, ontology mappings and other means
of manipulating the elements of an ontol-
ogy. In addition, inheritance in computa-
tional ontologies allows properties asso-
ciated with a higher level (more en-



[HI
STRUCTURE

SCIENTIFIC

REVOLUTIONS

THOMAS S. KUNN

Something new? No...

“It is, I think, particularly in periods of
acknowledged crisis that scientists have
turned to philosophical analysis as a
device for unlocking the riddles of their
field. Scientists have not generally needed
or wanted to be philosophers. Indeed,
normal science usually holds creative
philosophy at arm s length, and probably
for good reasons.”. (Thomas S. Kuhn,
1962)
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Without paradigms (i.e. central
theories, exemplars, solid
objectives, clear vision,
scientific debate), will be
absorbed by other areas (BMI
for nanomedicine) or just
technical staff for
nanotechnologists

Medical Informatics and Bioinformatics:
Integration or Evolution through Scientific

Crises?

V. Macjo', C. Kulikowski?

'Biomedical Informatics Group, Arfificial Inelligence Lab, Universidad Politecnica de Madrid, Spain
"Department of Computer Science, Rutgers University, New Jersey, USA

Summary

Objectives: To ontribute o new perspective on recent
investiguians infa the scentific foundotions of medicol
informatics (MI) and bicinformatics (B1). To suppart
effoats thot could penerate synengies and new reszarch
directions.

Methods: Wl ond B ore compored ond conmosted from
a philasaphy of sdence perspective. Historice] exomples
from M and BI ore cnalyzed bosed an contrsting
vizwpoints about the evalution of sciensific disciplines.
Results: Our onalysis supgests that the scentific ap-
proaches of M ond Bl involve different ossumptions
and foundations, which, together with kargely non-
overlopping communities of reseorchers for the two dis-
ciplines, hove led to different courses of development.
We indirnte how their respective opplicotion domuins,
medicing, ond biology moy hove contributed fo thess
differences in development.

Conclusions: An onalysis from the point of view of the
phiksophy of stience is chomcderistic of established
stientific discplines. From a Kuhnian perspeciive,

buth disciplines moy be entering a period of scientific
crisis, where their foundutions ore questioned ond
where new ideas (or porndigm shifis) ond o progressive
resennh progromme ore needed to odvonce them
stientifizally. We discuss research directions ond trends
buth supparting and challenging integration of the
subdisciplines of MI and Bl into @ unified fihd of
hiomedical informatics (BMI), centered around the
evolution of informotion cybemefics.

Keywords

Medical informatics, bininformotics, philsaphy of
stience, paradigm shift, scientific crigs, slution
Methods Inf Med 2008, 45: 47482

Methods Inf Med 5/2006

1. Introduction

The rapid completion of the Human Ge-
nome Project and the many other successes
in genomics and proteomics have radically
changed the role of computational methods
in biology over the past five years. Bioin-
formatics (BI) 1s emerging as a discipline
which encompasses a wide range of -
formatics methodologies, essential to solv-
ing biological problems at the molecular
and cellular levels. Its success is reflected
by: 1) BI publications and tools being rou-
tinely cited for contrbuting to research
results in the major biological journals; 2)
funding agencies mntensely supporting Bl
projects; 3) Bl research groups dramatically
expanding m industrial and academic pro-
grams; and 4) the impact of major BI scien-
tific journals rapidly increasing. Much of
the promise of Bl is influenced by expec-
tations that these computational and in-
formatics tools will lead to deeper under-
standing of human health and the treatment
of disease, which is expected to come from
the more integrated perspectives of evol-
utionary, population, environmental, and
systems biology [1].

Yet, how real are these expectations for
Bl in the near future? Some recent articles
[2, 3] suggest that genetics 1s stll far from
showing which genes play significant roles
n most human diseases — and whether and
how they play such roles. Whereas the ob-
Jectives and methods needed for the Human
Genome Project were ambitious but well-
focused, considerable complexity and more
widely distributed research efforts are en-
visioned in follow-on projects and programs
that attempt to map the difficult pathway
from genotype to phenatype [4].

Victor Maojo, UPM, June 2, 2016

In contrast to Bl, medical informatics
(MI} is a more established discipline, with
roots which can be traced back to the 1950s.
It evolved from a myriad of computational
applications in climcal and academic medi-
cme, ranging from the very practical inter-
facmg of advanced mstrumentation and
chinical information programs, to the formal
computational modeling of logic and uncer-
tainty in medical decision makmg [5, 6]. By
the 1970s medical information systems of
many types became wide-spread and MI
emerged as a discipline that integrated the
diversity of research, practice, and edu-
cational software and hardware toals and
methodologies  which proliferated. The
emergence of the Internet and the web in the
1990s completely changed the dynamics of
the field making an abundance of hetero-
geneous, biomedical mformation widely
available. MI researchers have responded
with an ncreased focus on data and knowl-
edge standardization, mteroperability and
management. At the same time, problems of
quality of information content, responsibil-
ity for, and security of the distributed net-
worked medical information raises issues
unique to health care. Duning the course of
MI's development, there has been an on-
going debate about whether M1 1s more of
a science, art, or engineering discipline
[7-10]. This kind of debate 1s not uncommon
as disciplines evolve, and the much younger
field of B has only recently begun to ex-
penience them [11, 12]. The emergence of
BI has increased the debate about the direc-
tions and future research agenda for both
fields, and whether they are likely to be inte-
grated within a commen framework of bio-
medical mformatics (BMI), asan increasing
number of MI professionals shift their re-
search and academic interests towards BL

Received: lonuory 27, 2005; owepted: October 10, 2005



Disciplines appear, succeed...but may disappear soon, too

Cybernetics vanished because it dispersed into too many issues,
some of them not scientific (e.g., psychocybernetics, social,
control of the mind), and the lack of previous geniuses (von
Neumann, Pitts, Shannon, Wiener...)

PSYGHO-
GYBERNETICS

JOINTHE MILLIONS WHO ARE
ADDING MORE YEARSTO LIFE—AND MORE
LIFETOTHEIRYEARS—WITH THE REMARKABLE

DISCOVERIES INTHIS BOOK!

MAXWELL MALTZ,

- ARENOWNED
DOCTOR'S

SIMPLE. SCIENTIFIC

AND REVOLUTIONARY

PROGRAMFOR

Al
HEALTH AND SUCCESS

Victor Maojo, UPM, June 2, 2016



Name of the discipline

(Bio)medical computing, computers in medicine, etc. in the 1950s and 60s
Medical informatics in the 1980s
Biomedical informatics around 2000

Proposals now for “data science”

Computational biology since the 1960s
+ Bioinformatics around 1995
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(Note: Presented in 2009)

Hopefully, there is room for another
-informatics area (or even discipline)

1IS179-012 www.imagesource.com

@ical Informatics, Bioinformatib

Biomedical Informatics, Health
Informatics, Clinical Informatics,
Clinical Bioinformatics, Translational
Bioinformatics, Public Health
Informatics, Genome Informatics,
Dental Informatics, Nursing
Informatics, Imaging Informatics,
Neuroinformatics, Molecular
Informatics, Chemoinformatics,
Pharmainformatics

i.e., MI (a), BI, BMI, HI, CI, CBI, TBI,
PHI, GI, DI,NI (a), II, NI (b), MI (b),
Chl, PI...

And now, Nanoinformatics, 1e, NI

You got it??? /
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Many textbooks of Bio- and Medical Informatics published in the last 25 years

Texibook in
Health Informasiics

Medical
Informatics

Edward H. Shortliffe
James ). Gimino Editors

Biomedical
Inforqatics

J.H. van Bemmel

Computer Applicationsin
Health Care and Biomedicine

PRINCIPLES OF Introduction to AP N “ :-Ie]e(althca;_re
BIOMEDICAL ioi ; € AN
INFORMATICS Bioinformatics %) Sl ‘ L m

Arthur M, Lesk

Anna Tramontano

BIOINFORMATICS
FOR BIOLgGISTS HANDBOOK OF

INFORMATICS

for Nurses & Health onals
3

Just a few examples.
There are many more...

EDITED BY

VINER and RON SHAMIR
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Societies: academic vs industry

EUROPEAN FEDERATION
MEDICAL INFORMATICS

/N\MIN

INFORMATICS PROFESSIONALS. LEADING THE WAY.

)WEFI\/II

INTERNATIONAL

SOCIETY FOR transforming healthcare through IT

COMPUTATIONAL
:l[e]Ke]c) ¢

N\CMI

INFORMAETICS FELLOWS. LEADING WITH DISTINCTION.

Em B |EEE Engineering in
Medicine & Biology Societ
: ICIne IAOgY 20CIety
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Professional careers

Clinical Informatics Subspecialty for

Physicians in the US: ; : :
y In medical informatics:

Rationale, Current Status, and Future Directions

1960s: logicians, mathematicians
and engineers

1970s: computer scientists

1980s: physicians, nurses,
pharmacists, etc

Now a medical subspeciality

In bioinformatics, a mixture of
computer scientists and biologists
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Terminologies

@ SNOMED

NTERNAT

LOINC®

Logical Observation Identifiers Names and Codes

Medical

Subject
Headings
x

&DICOM

Digital Imaging and Communications in Medicine

INTERNATION &L

A service of the U.S. National Library of Medicine | National Institutes of Health
e UMLS Termlnology Services
{ e edl
| je Sy em

UTS Home  Applications SNOMED CT Resources Downloads Documentation UMLS Home




Education: directions

| veNo_

Nanoinformatics as an independent discipline or area, with a solid future
for prospective students? If yes, then:

Graduate programs (BS, MS, PhD, joint programs in two areas)
Training research programs
Intensive courses (1-2 weeks)

On-line programs (1-12 months, 1 week)
MOOCs
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Curriculum

Areas:
* Basic nanotechnology (topics needed to be included)
* Informatics (programming, data structures, databases, algorithms, networks, artificial
intelligence, Web engineering, data science, etc)
* Others: Scientific methodologies, start-up creations, study designs,
manuscript writing...
Candidates:

* Nanotechnologists (physicists, engineers, biologists)
* Informaticians (computer scientists, engineers)

*  Others? (in biomedical informatics, there is even a bunch of philosophers...)
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Academic

@ HARVARD | BiOMEDICAL INFORMATICS

DBMI Invites Faculty Applications
We are adding "nodes" at the assistant. associate and full professor levels—all tenure

Own departments or high-level units?

It took almost 50 years to top universities such as Stanford or Harvard to create specific

departments (although training programs were created 30+ years ago)
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We’ve got a long road ahead (for the area and the book), so
let me avoid to extract conclusions now!

Thanks!
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