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Two parts 

• Our own examples of research 
 
• What is Nanoinformatics, with implications for research 

and education 
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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 

• Muñoz-Mármol M, Crespo J, Fritts MJ, Maojo V. Towards the Taxonomic 
Categorization and Recognition of Nanoparticle Shapes. Nanomedicine. 2015 

 
• de la Iglesia D, García-Remesal M, Anguita A, Muñoz-Mármol 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 

 
• García-Remesal M, García-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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PubDNA Finder: searching 
automatically DNA sequences in 

the literature  BIRI: text mining 
for automatically 

creating inventories of 
bioinformatics 

resources 

Papers published in BMC Bioinformatics (2) and Bioinformatics (1) 



The Foundational Model of 
Anatomy (FMA) 

 

The Nanoparticle 
Ontology (NPO) 

 

Establishing 
links with the 
literature 



 
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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A corpus for nanotoxicity, with text mining purposes 
 

The purpose of this study was to review 
published dose-response data on acute 
lung inflammation in rats and mice after 
instillation of titanium dioxide particles or 
six types of carbon nanoparticles.

The purpose of this study was to review 
published dose-response data on acute 
<TARGET>lung</TARGET> 
<TOXIC>inflammation</TOXIC> in 
<TARGET>rats and mice</TARGET> after 
<EXPO>instillation</EXPO> of 
<NANO>titanium dioxide particles</
NANO> or six types of <NANO>carbon 
nanoparticles</NANO>

It extracts nanotoxicology-related 
entities from the scientific 
literature, in four different 
categories. We created a corpus of 
300 sentences manually selected 
from PubMed-indexed papers and 
annotated with relevant 
nanotoxicology entities 

García-Remesal M, García-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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Automated classification of Nanomedical Clinical Trials 

 
 
• A framework to identify clinical trials 

from clinicaltrials.gov involving 
nanodrugs, nanodevices and/or 
nanomaterials. 
 

• Based on supervised machine learning 
techniques. 
 

• High accuracy (over 0.95) 
 

 
Victor Maojo, UPM, June 2, 2016 

 



 
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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A corpus for nanotoxicity, with text mining purposes 
 

The purpose of this study was to review 
published dose-response data on acute 
lung inflammation in rats and mice after 
instillation of titanium dioxide particles or 
six types of carbon nanoparticles.

The purpose of this study was to review 
published dose-response data on acute 
<TARGET>lung</TARGET> 
<TOXIC>inflammation</TOXIC> in 
<TARGET>rats and mice</TARGET> after 
<EXPO>instillation</EXPO> of 
<NANO>titanium dioxide particles</
NANO> or six types of <NANO>carbon 
nanoparticles</NANO>

It extracts nanotoxicology-related 
entities from the scientific 
literature, in four different 
categories. We created a corpus of 
300 sentences manually selected 
from PubMed-indexed papers and 
annotated with relevant 
nanotoxicology entities 

García-Remesal M, García-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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Nanoparticle ontology for cancer (Thomas, Baker et al) 

Challenges: 
 
- Useful for cancer applications 

 
- But to create an useful 

taxonomy/ontology for 
nanoparticles themselves? 
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From the NPO 



Work on pattern classification and ontologies: Taxonomies of shapes 
and forms 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Shapes 
•1-D Shapes      
•2-D Shapes    

— 2-D Geometrical shapes   
o2-D Geometrical shapes with 
genus 0     

Circles    
Polygons    

Convex polygons   
oSquares 
oTriangles 
o… 

Non-convex polygons 
o2-D Geometrical shapes with 
genus 1 

—2-D Non-geometrical shapes 
•3-D Shapes  Victor Maojo, UPM, June 2, 2016 

 



What is reality? 

How to represent it through semantics in a computer? 

糖蛋白 

積分蛋白 

側鏈 

磷脂 

疏水區 

親水 

跨膜蛋白 

親水區 

流動鑲嵌膜模型 
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Gene ontology 

Glycoprotein 

Carbohidrate side chain 

Hydrophilic region 

Hydrophobic region 

Fluid mosaic membrane model 

Integral protein 

Phospholipid 

Hydrophillic 

Transmembrane Protein 

糖蛋白 
積分蛋白 

側鏈 

磷脂 

疏水區 

親水 

跨膜蛋白 

親水區 

流動鑲嵌膜模型 

Components of a 
cellular membrane, 
represented as 
concepts/classes in 
Gene Ontology 
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What a scientist (or anyone) must consider here as reality? 

©The Gene Ontology Consortium 
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Work on pattern classification and nano-ontologies 
 

From Pokropivny and Skorokhod 
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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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Approach 

• We examined representative nanotechnology papers to make an initial 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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Visual Taxonomy of shapes 
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Nanomedicine journal 
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2nd part 
 

Around various thoughts and topics for discussion about 
nanoinformatics, partially based on a comparison with 

other informatics disciplines 

Victor Maojo, UPM, June 2, 2016 
 



Elsevier book (Nanoinformatics: Principles and Practices) 
 

  
 
• 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) 
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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) 

 Terminologies and Standards 
 Ontologies and semantic search 
 Data Integration and Exchange 
 Systems’ interoperability 
 Data and text mining for 

nanotechnological research 
 Linking nano-information to computerized 

medical records 
 

 Basic and translational research  
 Modeling and Simulation 
 Imaging Informatics 
 Nanoparticle characterization 
 Networks of international researchers, 

projects and labs 
 Nanoinformatics Education 
 Ethical Issues 

 

“(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 
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Definition of Nano -  informatics 

Informatics: what is? 
 

Definition is 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 originally 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 is and 
isn'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 issue) 

 
Claude Shannon 

Victor Maojo, UPM, June 2, 2016 
 



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… 
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Grand challenges 

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

 

MI Pioneers at the ACMI dinner, 2015, SF 
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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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Academic problems? 

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 
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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 
applications 

Research Prototype  Mature Refined 

Information 
applications 

Concepts Research 
 

Prototype  
 

Mature 

Knowledge 
applications 

Concepts 
 

Concepts 
 

Research 
 

Prototype  
 

Scope of medical computing (Blum) 
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From knowledge to data 
 

 
And Nanoinformatics??? 
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Supporting organizations behind 

Programs began around 1980 

 A catalyzer of –informatics disciplines 
 Training programs since 1970 
 Thousands of trained people 
 Many positions available now everywhere 

Large infrastructures (NCBI 
for bioinformatics, IAMIS 
centers for biomedical 
informatics) 
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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 

It cannot easily resist a serious scientific analysis, but it was 
quite succesful at some time 
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Maojo V, Kulikowski 
CA. Note on Friedman's 
'what informatics is and 
isn't'. J Am Med Inform 
Assoc. 2013 
Dec;20(e2):e365-6. 
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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 
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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) 



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 
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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…) 
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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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Medical Informatics, Bioinformatics, 
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), 
ChI, PI… 
 
And now, Nanoinformatics, ie, NI  
 
 You got it??? 

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

(Note: Presented in 2009) 
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Many textbooks of Bio- and Medical Informatics published in the last 25 years 

Just a few examples. 
There are many more… 
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Societies: academic vs industry 
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Professional careers 

In medical informatics: 
 
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 

 

71 



Yes/No 
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 

Education: directions 
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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  

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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Conclusions 
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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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