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What is Research?

* Process of systematic inquiry
* defining problems, formulating hypothesis
* collection of data
 analysis and interpretation of the data
By using suitable methodologies

* Performed by wide range of scientists or researchers
with different education and training.
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Classification

Research

Why is this How can | use
important? / \ this?

Basic €—{—> Applied

e Original experimental and * Concerns mainly original

theoretical investigations investigations or improvements

upon the existing knowledge in

* Main objective to acquire the interest of scientific or
fundamental knowledge & industrial applications

understanding of facts

* No prior considerations for
specific applications
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Marthur-De Vre, R. The scope and limitations of a QA
system in research. Accreditation and Quality Assurance. Basic Sci
2000 5: 3-10 asic oclience




How important is basic research?

Clinical research builds upon the findings of basic
research.

E.g. Translation of the scientific knowledge into the
development of potential treatments.

BASICSCIENCERESEARCH TRANSLATION TO HUMANS TRANSLATION TO PATIENTS TRANSLATION TO PRACTICE TRANSLATION TO COMMUNITY
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https://victr.vumc.org/translational-research/, Accessed on October, 7th 2019



https://victr.vumc.org/translational-research/

Validity and Reliability of Data in
Research Laboratory

* Validity and reliability in a simple context:

An alarm clock ringing at 7:00 each
morning, but is set for 6.30.

Alarm clock is reliable—> consistently rings
the same time each day

But not valid 2 not ringing at the desired
time
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Are Research Data Valid and Reliable?
Examples from various sources
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Research on Drug Targets

* Researchers at Bayer could NOT reproduce 43 of 67 oncological
and cardiovascular findings reported in academic publications.

 Published in Nature Reviews Drug Discovery, 2011.

c  3(4%) 43 (65%)

5(7%)

B Inconsistencies
B Not applicable
[T Literature data are in line with in-house data
B Main data set was reproducible
| M Some results were reproducible

* Researchers at Amgen could NOT reproduce 47 of 53 landmark

oncological findings for potential drug targets.
 Published in Nature, 2012

Journal impact Number of
factor articles
>20 21

5-19 32
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Prinz F, et al. (2011) Believe it or not: how much can we rely on published data on potential drug targets? Nature Reviews
Drug Discovery 10, 712.
Begley CG, Ellis LM (2012) Drug development: Raise standards for preclinical cancer research.Nature. 483(7391):531-3




Clinical Trials Perspective

 Success rates for new development projects in Phase Il

trials have fallen from 28% to 18% in recent years.
e Published in Nature, 2011

Insufficient efficacy being the most frequent reason for failure
Limitations of the predictivity of disease models ?

Validity of the targets being investigated ?

|
DISCOVERY & CLINICAL TRIAL

PRE-CLINICAL

FDA
APPROVAL

PHASE| PHASE 2 PHASE 3
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Phase Il failures: 2008—2010. Nature Rev. Drug Discov. 10, 328—329 (2011)



http://www.nature.com/nrd/journal/v10/n5/full/nrd3439.html
http://www.nature.com/nrd/journal/v10/n5/full/nrd3439.html

Rise of the Retractions /f’

e Definition of retraction, An act of taking back,
withdrawing

“ s PybMed notices
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* In surveys, approximately 1-2% of scientists admit to
having fabricated, falsified or modified data or results
at least once.

Van Noorden R (2011). Science publishing: the trouble with retractions. Nature, 478, 26-28.
Fanelli D (2009). How many scientists fabricate and falsify research? A systematic review and meta-analysis of
survey data. PLOS ONE
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Attention in the Media
NEW YORKER

ANNALS OF SCIENCE  DECEMBER 13, 2010 ISSUE

THE TRUTH WEARS OFF

Is there something wrong with the scientific method?

By Jonah Lehrer December 5, 2010

the .
O n September 18,2007, a few an C

neuroscientists, psychiatrists,

company executives gathered in a h 2 - s -
o COIlfIZl‘eI:lCE room in grussels to hea Lles’ Damned Lles, and Medlcal SClence
Much of what medical researchers conclude in their studies is misleading,
startling news. It had to do with a ¢ exaggerated, or flat-out wrong. So why are doctors—to a striking extent—still
° drugs known as atypical or second- drawing upon misinformation in their everyday practice? Dr. John Ioannidis
antipsychotics, which came on the | has spent his career challenging his peers by exposing their bad science.

the early nineties. The drugs, sold v
J DAVID H. FREEDMAN NOVEMBER 2010 ISSUE

names such as ADIlify; SETOQUEL A1

had been tested on schizophrenics | B share
large clinical trials, all of which had IN 2001, RUMORS were circulating in Greek hospitals that surgery residents,

demonstrated a dramatic decrease i W Tweet eager to rack up scalpel time, were falsely diagnosing hapless Albanian

subjects’ psychiatric symptoms. As : Ermail immigrants with appendicitis. At the University of loannina medical school’s
had b i £ tl-. fastest teaching hospital, a newly minted doctor named Athina Tatsioni was
1a ecome one o 1€ Iastes —gl'OW

nsses. By 2001 Eli Tillvs Zvmrexe discussing the rumors with colleagues when a professor who had overheard

asked her if she’d like to try to prove whether they were true—he seemed to be
almost daring her. She accepted the challenge and, with the professor’s and
other colleagues’ help, eventually produced a formal study showing that, for
whatever reason, the appendices removed from patients with Albanian names
in six Greek hospitals were more than three times as likely to be perfectly
healthy as those removed from patients with Greek names. “It was hard to find
a journal willing to publish it, but we did,” recalls Tatsioni. “I also discovered



The Major Issue in Research
Laboratories

Many of the

published
methods do NOT ‘ Problems in
work in other Reproducibility

labs!
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Issues Causing a Lack of
Reproducibility in Research Labs

Inadequate reporting
of results

Poor statistical

Poor study design :
practices

Temporary Staff
Problems with (incl. Graduate

HCE S IR quality control (QC) students,

visiting scholars)

Immature research Pressure on
culture publication




Quality Control

However, in research
laboratories the culture
regarding quality control is
immature!




Any standards for Research Labs?

* Started with = to implement existing QA applications to non-
routine analytical work

widely argued that non-routine work does not fit easily into a highly
documented and formalized quality system

* A guide was produced in 1998 by a EUROCHEM and CITAC
working group to promote QA applications in R&D and non-
routine analysis.

Quality Assurance for
Research and Development
and Non-routine Analysis

A FOCYS
EuraChem 6 VALY FICAL r-:f ;;.afl‘/

W EYHIPE

CITAC @&

eability in Analytical Chemistry
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EURACHEM CITAC Guide 2 (1998) QA best practice for research and development and non-routine analysis, EURACHEM,
LGC, Teddington, Middlesex, UK



Structure of this guide:
e Activities are listed in a nested structure CITAC @

e Structure within a structure

Organizational Quality
Elements

Quality Assurance for
Research and Development
and Non-routine Analysis

Eurachem 6 it
W

Technical Quality

—p Applies to all layers of activities
within the organization

Elements

=P Technical activities of the
organization

=P Activities carried out for

Analytical Task

EURACHEM CITAC Guide 2 (1998) QA best practice for research and development and non-routine analysis, EURACHEM,

LGC, Teddington, Middlesex, UK

particular projects
or individual analytical tasks
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and Non-routine Analysis

Conclusions of this guide: S—
CITAC@

1. No single method of assessment stands out as being
the most suitable for monitoring the quality of non-
routine and R&D work.

2. Informal verification principles (self assessment, peer
review, visiting groups etc) could be made more

formal if required.

3. Research workers must have an appreciation of the
quality requirements of clients and quality must be
designed into every process.
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The Challenges




In 2000 MacDiarmid, Heeger, and
Shirakawa received the Nobel Prize in
Chemistry for the “discovery and
development of conductive

o Y 3 polymers”.
Alan G. MacDiarmid Alan J. Heeger

Professor at the Uiniversity of Pennsylvania, Professor Emeritus, Professor at the University of California
Philadelnhia. LSA. University of Tsukuba. lanan. at Santa Barbara. USA

and a Nobel medal in gold. NobelPrize.org. Nobel Media AB 2019. Sun. 20 Oct 2019.
<https://www.nobelprize.org/prizes/chemistry/2000/8956-and-a-nobel-medal-in-gold/>



Challenge: research environment

Symbiosis: the art of

* Beliefs in research community living together

e Such a quality system can restrict
the freedom of research and
motivation of researchers

The idea should be:
Add approved tools and techniques

Improve existing research approaches.

Merge quality assurance tools and techniques with research
Gain benefits and BUT not adversely affect the research.

 Complexity of the research
* Simple exploration of ideas
* Investigate specifically defined problems

There is somebody asking for the investigations and using the
results of these investigations.



Challenge : Many academics in research
are NOT familiar with guidelines

If academics do not know it, they cannot
teach it!




The Potential Solutions




Different stages of a research project

RESEARCH &
R&D

sc’E'}';f;f Obiectiven | T;E ggagg%EEETENCE Although the stages remain
Basic Concepts . Ezil%%ﬁ%t:sﬁ%%};n valiq for research; it s
Experimental Design, + Computerised Systems subjected to change based on
Planning. Resources el e the diversity of the
Calibration, Optimisation. procedures/methods,
10 Data treatment, Stutetical anaiysis|  © €Xtent of activities,
 Concopts I * nature of the objectives
I Inlaerpretationl, Discussion | 6
9 ‘ Reaievm‘r @W, EVIALU@ 7
OB e
ACIBADEM

Marthur-De Vre, R. The scope and limitations of a QA system in
research. Accreditation and Quality Assurance. 2000 5: 3-10
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Integrating quality into research

1. Quality of the objective
2. Quality of the research approach

4 Quality Criteria:
1. Reliability

2. Repeatibility
3. Reproducibility
4. Monitoribility

3. Quality of the results/scientific output

4. Quality of the researchers

Petit JC. The quality approach and fundamental research: working towards a constrcutive alliance (pat 11) 1999 Accred. Qual T
Assur

Robins MM, Scarll SJ, Key PE. Quality assurance in research laboratories. Accred. Qual Assur
. 2006 11: 214-223
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What are we dealing with in our
lab?
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MALDI-Mass Spectrometry Imaging

MALDI: Matrix-assisted laser
desorption/ionization

MALDI-MSI)

1 FFPE sample 2 Deparaffination, rehydration, 3 On-tissue digestion
sectioning antigen retrieval o, spraying/ spotting
sosto, 9

<% incubation

peptides

[~ proteins

digestion

@ methylene bridge /[l methylol group /Ml Schiff base

4 Matrix application 5 MALDI MS Imaging 6 MSI analysis
ionization MS acquisition o - A—
; localizations statistics identification
20,00, 2 - g _
i e |i> Mass analyzer @}( ). - 5 MS2
% osograyinglspotting T <L “H&E M
og%'ée%so"% 83 1 ...20000 MS N 8-
extraction 7 P A" ‘\ -7 A
Mtk 1,1 L = database
. 3 =
cristallization e ——— 5 . 4
4 el
T T A 11T ID

NIFTP

Thyroid Paranchyma

MALDI MSI of representative NIFTP lesion. (A) Tryptic
peptide profile of representative NIFTP lesion (up, red),
and its neighbor normal thyroid parenchyma (bottom,

blue).

Ucal et al. 2019 Peptide Profile of Noninvasive Follicular Thyroid
Neoplasm with Papillary-Like Nuclear Features (NIFTP) by MALDI Mass Spectrometry Imaging. Thyroid

THYROID

Valume 00, Number 00, 2019
@ Mary Ann Lisberl, Inc.
DOI: 10.1089Ay. 2018.0382

Peptide Profile Differences of Noninvasive Follicular Thyroid

Neoplasm with Papillary-Like Nuclear Features, Encapsulated

Follicular Variant, and Classical Papillary Thyroid Carcinoma:

An Application of Matrix-Assisted Laser Desorption/lonization
Mass Spectrometry Imaging

‘Yasemin Ucal! Fatma Tokat? Mete Duren ® Umit Ince ® and Aysel Ozpinar’

Representative thyroid tissue section

€ m/z1190.64

AUC: 0.996

AUC: 0.996

C) Representative ion image of m/z
1190.64 and its corresponding ROC curve (AUC = 0.99).
(D) Representative ion image of m/z 894.40 and its
corresponding
ROC curve (AUC = 0.99)



Quality Control in MALDI-MSI

Surgical Removal of Sample
Storage Conditions
Sampling Time

There are:

- i Sample Preparation
pre dana |YtICa I; i;z;tig:Lngg — Pre-AnaIyticaI
analytical, Washing

Enzymatic Digestion
Matrix Selection
Matrix Application

post-analytical phases

that are responsible for
different results generated
in MSI applications.

Mass Spectrometry
Data acquisition time
Mass Resolution
Detection efficiency
Contamination of the source
Laser Power
Detector Response

Preprocessing of the Data
Normalization
Spectra Smoothing
Baseline Subtraction
Peak picking
Correct peak integrations
Statistical Data Analysis

mmmmm) Analytical

mmmmm) Post-Analytical



What else?

* Lab books and protocols> DOCUMENTATION
understandable by others, ensure monitoribility of samples,
methods, results..

» Working duplicates/triplicates

* Technician vs Young researcher, Senior researcher vs Young
Researcher = Comparison of results

* Use QC samples

* Choose suitable QC samples = simple peptide mixture from
a single protein digest (e.g., bovine serum albumin (BSA),
enolase, cytochrome c) for MS-based applications
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What else? (cont’d)

 Lab instruments and devices
* Internal/external service
 Calibration
* Performance tests
* Keep logbooks
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More things to add:

There are some areas of research where
community standards could provide a
straightforward way to assess some issues
associated with reproducibility.




Data Sharing

1. Data need to be monitorible and accessible
2. Set as a requirement in publication

3. Peer review of the article can also take account of the
dataset

4. Data Journals are gaining attention (Data in Brief,
Scientific Data....)

Many leading journals are now working to adopt policies
to make public deposition of data and protocols a
prerequisite for publication
3 ACIBADEM
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Al-Sheikh-Ali AA, Qureshi W, Al-Mallah MH, loannidis JP. PLoS ONE. 2011;6:e24357.



Reward System for Reproducibility

e Research designs can be supported and rewarded (at
funding or publication level, or both)

* has careful documentation

* allows testing of repeatability and reproducibility, datasets
being made available to research groups that are
independent of the original group.

Funders should increase attention towards quality
and enforce public availability of raw data and
analyses
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loannidis JPA et al. Increasing value and reducing waste in research design, conduct, and analysis. Lancet 2014, 383:166-75



Standardized Reagents and Materials
in life science research

* The Global Biological Standards Institute (GBSI)

advances life science standards to enhance global
health.

e Cell Line Authentication

‘Since the 1960s, more than 400 widely used cell lines
worldwide have been shown to have been misidentified’

e Antibody Validation
e Antibody Validation Initiative

Lorsch JR, Collins FS, Lippincott-Schwartz 2014 Fixing Problems with cell lines. Science Mag



Initiatives....

* Open Science Movement =2 conduct freely
available, reproducible, and reliable science that
results in fewer erroneous science.

o Reproducibility Initiative (http://validation.scienceexchange.com)

Validation..

SCIENCE EXCHANGE »¢

Reproducibility Project:
Cancer Biology

About

The Reproducibility Project: Cancer Biclogy is a collaboration between the Center for Open
Science and Science Exchange to examine the replicability of cancer biology studies.

The key experimental findings from each of the 50 most impactful cancer biology studies
published between 2010-2012 are being replicated by experts from the Science Exchange
network, according to best practices for replication established by the Center for Open
Science.

The experimental protocol, materials, data, and results are being made openly available on
each study's project page on the Open Science Framework.
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Open Science Collaboration Forthcoming. Maximizing the reproducibility of your research. In: Lilienfeld SO,
Waldman ID, editors. , editors. Psychological science under scrutiny: recent challenges and proposed solutions.
New York (NY): Wiley.



http://validation.scienceexchange.com/

US Office of Research Integrity: https://ori.hhs.gov/

_ U5, Department of Health & Human Services £ www.hhs.gov
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https://ori.hhs.gov/

On-Going Education

* Continuing education of researchers at all career
levels

* Trainings regarding specific issues related to quality in
research

* Symposiums, e-learning tools, training courses for
researchers
* Laboratory leadership, mentoring
* Good research practice
* Data management, data presentation....
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Quality starts in the
mind!




Thank you for your
attention!




