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Identifying a sound, impactful
research question

Question: What is the photoacceptor
for VIS/NIR light?

Courtesy of Dr. Janis Eells; from: Liang, H.L. et al (2006) Neuroscience. 139:639-649

Huang, Y.-Y., et al., (2009). Dose-Response, 7: 358–383.

Example: Unequivocal Identification of
the Photoacceptor for Vis/NIR Light
Isolated Cytochome c
Oxidase OR
mitochondria

Isolated
Mitochondria

Cell Lines

• Purchase or
prepare high-purity
CytCox
• Select buffers
• Interrogate with
light (which
wavelength?)
• Measure response

• Isolate
mitochondria
• Select buffers
• Interrogate with
Light (which
wavelength?)
• Measure
response

• Select Cell line
(primary cells or
cell line?)
• Determine proper
culture conditions
• Interrogate with
light (which
wavelength?)
• Measure response

The Research Continuum

Basic
Research

Translational
Research

Clinical
Research

Basic Research to Translational Research
 Early or preliminary studies to investigate feasibility,
mechanism
Cell Extracts
Biochemical Assays
(in vitro)

Cell culture
(in vitro, ex vivo)

Animal Studies
(in vivo, ex vivo)

Pros: ”simple”, defined
systems, defined
components, easily
controlled

Pros: use living cells
(primary vs. cell lines),
defined components, still
easily controlled

Pros: improved biological
relevance; benefit of
relevant biological
interactions, controllable

Cons: biological
relevance may be
questionable

Cons: may be more
unpredictable than cell
extracts/biochemical
assays; selection of cells
to be used; biological
relevance still
questionable;

Cons: model selection,
cost, results may be
unpredictable to due
biological/genetic
variability

Why are Preclinical Studies Important?
 Provide insight into possible benefit or risk to future clinical
studies
 Provide a foundation (i.e., preliminary data) upon which to
build funding proposals
 Generally, lower cost with less risk than clinical studies

Clinical Research
 Anecdotal observations
 Case Studies
 Clinical Studies
 Clinical Trials

History of Medicine

Trephining
 relieve intracranial pressure

History of Medicine

BloodBlood
-letting
 Transfusion,
Dialyses

History of Medicine

Lobotomy

 Relieve seizures

Stretching

 Move teeth, Heal fracture,
Physical therapy

Clinical Translation Process
Establishing New Therapies &
improving Standard of Care

Clinical
Phenotype
Fundamental Research on Disease Pathophysiology

Rahman S et al Oral Dis 2018, 24, 1, 261

Precision Medicine
Clinical
Observation

Mechanisms

Clinical
Practice

Clinical Translational Studies

Understanding Biological
Regulation

Control Clinical
Outcomes

What is TRANSLATIONAL RESEARCH?
THE endpoint: HUMAN health!

What is TRANSLATIONAL RESEARCH?
THE endpoint: HUMAN health!

How might this be done in
animals or humans?

Basic Science to Clinical Trial:
Alzheimer’s disease

Johnstone et al. Front. Neurosci., 11 January 2016 | http://dx.doi.org/10.3389/fnins.2015.00500

 First clinical study began recruiting in January 2018

Basic Science to Clinical Trial: Multiple Sclerosis
 C57BL/6 mice/MOG35-55
 670nm light treatment
 1x/day, 180 sec
 7 days treated/7 days
rest/7days treated
 75cm2 GaAlAs LED array (25-35nm
bandwidth)
 5J/cm2 (375 J daily total)
 12 mJ/cm2 (432 mJ total
energy) at level of spinal cord
 Disease course compared between
NIR-LED treated & sham-treated
animals
***Muili et al., PLOS One 2012, DOI: 10.1371/journal.pone.0030655

Treatment Protocol

***Muili et al., PLOS One 2012, DOI: 10.1371/journal.pone.0030655

Protective Mechanisms?

 Beneficial Factors

 With 670nm light

IL10

Increase

IL4

Increase

SOD2

Increase

 Pathologic Factors
TNFα

Decrease

IFNγ

Decrease

iNOS

Decrease

***Muili et al., PLOS One 2012, DOI: 10.1371/journal.pone.0030655;
Muili et al, 2013, DOI: 10.1371/journal.pone.0067358

Basic Science to Clinical Studies: Multiple
Sclerosis
 Ex vivo immune cells isolated from persons with MS and
healthy donors
 Investigating the effect of wavelength & dose on cytokine
production
 in vivo study in persons with MS investigating the effect of
photobiomodulation on muscle fatigue
 Exercise intervention
 Biomarkers of inflammation in serum samples

How do you define your question?
 Start with what you know!
 Determine the current state of knowledge
 What is understood of mechanism in your system?
 What is understood in related disease states?
 What is understood across the research continuum?
 Perform a literature search
Pubmed (https://www.ncbi.nlm.nih.gov/pubmed/)
Medline/Ovid
Clinical Trials (https://clinicaltrials.gov)

Defining your question?
 What is the next logical step to move the research forward?
 What is your own preliminary data telling you?
 How do discussion with colleagues or other research
presentations factor in?
 Consider the necessary steps to answer your question
 How long will it take you to perform the necessary studies?
 How much will your studies cost?
 What additional expertise to you need to perform the
studies to answer your question?

Finding Funding & Writing a
Proposal

Determining a Funding Source
 Identify a funding agency
 Government vs. foundation

 Understand the interests of the agency identified
 Government funding
National Institutes of Health (NIH) vs. National Science
Foundation (NSF)
 Foundation funding: typically targeted to a particular
disease state or related diseases or topics

Determining a Funding Source
 Understand who is eligible to apply for and/or receive funding
 Grants are usually formally awarded to the institution, on
behalf of the investigator
 “Principle Investigator” (PI)
 Postdoctoral fellows, students
 By invitation only?
 Understand the policies & procedures of your employer

Identify a funding opportunity
 Recurring opportunities
 Specific or unique opportunities
 Foundation or society newsletters
 Other services
Community of Science (COS) notifications
(https://pivot.cos.com)
https://www.sciencemag.org/careers/where-searchfunding
 Grants vs. contracts

Is it the right opportunity?
 What is the scope of funding?
 Pilot studies?
 Clinical studies? Clinical trials?
 Multi-year research grants
 Research centers, Program projects?
 Understand the requirements of funding
 When is the submission deadline?
 Do you need preliminary data?
 What type of studies will be funded (animal studies, human
studies, clinical trials)?

National Institutes of Health (NIH USA)
 Primary governmental funding agency interested in funding
biomedical & health-related research (www.nih.gov)
 Divided into 27 institutes & centers, each with their own
mission & interests
 Each institute/center further divided into sections, with
particular interests
 Each funding opportunity is managed by identified
personnel (Program Officers)
It is OK to call the Program Officer if you have any questions
about the funding opportunity or the suitability of for your
project for the Institute/Center or the identified opportunity

NIH Funding Mechanisms
 5 categories of funding opportunities
 Research (R awards)
 Training (T awards)
 Career development (K awards)
 Fellowships (F awards)
 Administrative supplements

 Parent announcements vs. program announcements vs.
Requests for proposals

NIH R awards
Mechanism
R01
(Research
Project Grant)

Key Factors
• Purpose: supports a discrete, specified, circumscribed
project in scientific areas that fall within the mission of the
participating NIH Institutes and Centers.
• Duration: 3-5 years Budget: typically ~200K-500K per year
• Preliminary data: Yes

• Purpose: supports discrete, well-defined projects that
R03
(Small Research
realistically can be completed in two years and that require
limited levels of funding.
Grant)
• Duration: 2 years
Budget: $50K per year
• Preliminary data: not necessarily, or minimal
R21
• Purpose: supports exploratory and developmental research
(Exploratory/
projects, providing support for the early/conceptual stages
developmental
of these projects. High risk/high reward
Research Grant • Duration: 2 years
Budget: no more than $275K total; no
more than $200K in a single year
• Preliminary data: Not necessarily

NIH R awards
Mechanism

Key Factors

R15
(Academic
Research
Enhancement
Award)

• Purpose: stimulate research in educational institutions that
provide baccalaureate or advanced degrees for a significant
number of the Nation's research scientists, but that have not
been major recipients of NIH support.
• Duration: up to 3 years Budget: up to $300K Preliminary data: Yes

R41/42
(Small Business
Technology
Transfer [STTR]
Grant

• Purpose: to stimulate a partnership of ideas and technologies
between innovative small business concerns and non-profit
research institutions through Federally-funded research or
research and development.
• Duration: 1 year [phase 1]; 2 years [phase 2]
• Budget: $100K [phase 1]; $1M [phase 2]; Preliminary data: Yes

R43/44
(Small Business
Innovation
Innovation
[SBIR] Grant)

• Purpose: stimulate technological innovation in the private sector;
strengthen the role of small business in meeting Federal research
and development needs; increase the commercial application
of Federally-supported research; foster and encourage socially
and economically disadvantaged small business concerns and
women-owned business concerns; and improve the return on
investment from Federally-funded research for economic and
social benefits to the Nation.

NIH Clinical Research Awards
CLINICAL RESEARCH (PHS 398 Definitions)
• Mechanisms of human disease,
• Therapeutic interventions,
• Clinical trials
• Development of new technologies.
1.Patient-oriented research - Research conducted with human subjects (or on material of
human origin such as tissues, specimens and cognitive phenomena) for which an investigator
(or colleague) directly interacts with human subjects.
Excluded from this definition are in vitro studies that utilize human tissues that cannot be
linked to a living individual.
Patient-oriented research includes:
1. Epidemiologic and behavioral studies
2. Outcomes research and health services research

NIH Clinical Research Awards
CLINICAL TRIAL

A research study in which one or more human subjects are
prospectively assigned to one or more interventions (which may
include placebo or other control) to evaluate the effects of those
interventions on health-related biomedical or behavioral outcomes.

NIH Clinical Research Awards
CLINICAL TRIAL
Clinical trials can be performed for a range of purposes including to assess the safety
and efficacy of an intervention or to understand the mechanisms that affect healthrelated biomedical or behavioral outcomes. For clinical trials performed for the purpose
of evaluating the safety and efficacy of an intervention, these trials typically proceed
through four phases:
Phase I Tests a new biomedical intervention in a small group of people (e.g. 20-80) for the first time to determine
efficacy and evaluate safety (e.g., determine a safe dosage range and identify side effects).
Phase II Study the biomedical or behavioral intervention in a larger group of people (several hundred) to
determine efficacy and further evaluate safety.
Phase III Study to determine efficacy of the biomedical or behavioral intervention in large groups of people (from
several hundred to several thousand) by comparing the intervention to other standard or experimental
interventions as well as to monitor adverse effects, and to collect information that will allow the interventions to be
used safely.
Phase IV Studies conducted after the intervention has been marketed. These studies are designed to monitor the
effectiveness of the approved intervention in the general population and to collect information about any
adverse effects associated with widespread use.

NIH Clinical Research Mechanisms

https://grants.nih.gov/grants/funding/funding_program.htm

NIH Clinical Research Mechanisms

https://grants.nih.gov/grants/funding/funding_program.htm

NIH Clinical Research Mechanisms

https://grants.nih.gov/grants/funding/funding_program.htm

Preparing Your Proposal
 Start early! It takes longer than think. Allow (minimally) 6-9 months to
write the grant
 Identify your team/key personnel as early as possible
 Be familiar with all deadlines & formatting requirements
 Is a Letter of Intent (LOI) required or recommended?
 Page limits
 Font/margin requirements
 Form requirements
 Are appendices allowed, and if so what can and cannot be
included in them
 Format of citations or bibliography
 What compliances pieces (IRB approval, IACUC approval, etc.)
are required with submission? If not required with submission,
when must they be submitted

Sections of a Grant: “The Science”
 Hypothesis & Specific Aims
 Research Plan
Background: Give sufficient background so that your reader
understands what your doing, why you are doing and why what
you propose is the next most logical step to move the science
forward; don’t you assume your reader knows!
Significance: Why is what you propose important; what will your
project add to the current state of knowledge
Innovation: How is your application innovate? Are the ideas
innovative? Is the approach innovative? Why should you be
funded to do this work?
Approach: How are you going address your hypothesis & specific
aims? Included rationale as to why each study is important;
include all controls and the methods by which you will address
your research question.

Defining the Science
 Hypothesis
 Specific Aims
 Experiments

The Hypothesis
 The hypothesis is a statement that predicts what is expected
to be the outcome of your studies
 The hypothesis defines the overall focus your proposal
 Question: Will PBMT improve muscle function in persons
with MS (PwMS)?
 Hypothesis: PBMT with VIS/NIR light will improve muscle
function in PwMS.
 A hypothesis should be:
 Clear and concise
 Testable

Specific Aims
 Define how you are going to test your hypothesis
 Completion of your aims will prove (or not!) your hypothesis
 Breaks your project into “sections”
 Typically 2-4 Aims
 Defines the scope of your study
 Related but independent
 Often supported by a brief rationale statement and a
“working hypothesis”
 Why does it make sense to do this, and what do you think
is going to happen?
 May include a brief statement of the approach to be used

Example: Specific Aims
Hypothesis: PBMT with VIS/NIR light will improve muscle function in PwMS.
 Aim 1. To determine the impact of PBMT on muscle fatigue in PwMS. This aim
will address the hypotheses: (a) Muscle fatigue or endurance will improve with
PBMT following an acute treatment protocol; (b) Sustained improvement of
muscle fatigue or endurance will be observed following PBMT in an extended
treatment protocol.
 Aim 2. To characterize central and peripheral physiological/neuromuscular
factors that mediate improvements in muscle fatigue resulting from PBMT. This
aim will address the hypotheses: (a) Improved muscle fatigue results from
increased mitochondrial oxidative “capacity”; (b) Improved muscle fatigue
results from increased central neural activation; (c) Improved muscle fatigue
is associated with increased maximal regional vasodilatation.
 Aim 3. To explore if regional PBMT can result in systemic anti-inflammatory
effects. This aim will address the hypotheses: compared to pre-intervention
expression (a) PBMT will result in down-regulation of pro-inflammatory
mediators; (b) PBMT will result in up-regulation of anti-inflammatory mediators.

Experiments or Studies
 Experiments/studies address the specific aims
 The experiments in each aim will “prove” (or not!) the
working hypothesis(es) associated with each aim
 Typically 1-3 experiments per aim
 Include enough detail that your reader understands what
you intend to do, but not so much that they could actually
perform the experiments
 Include all experimental groups (i.e., treated, sham), all
controls, the methods you will use, any other salient details
relevant to the experiment

The Investigative Team

Science is increasingly a Team Sport
 It is likely that you will not possess all the necessary expertise to perform
your study
 Be honest with yourself: given what you are proposing, where do
you need someone with greater expertise?
 Seek out ”a little help from your friends”
 PBMT studies
 An engineer: to define/determine light source parameters, dose
 A clinician with subject matter expertise to define the research
subject inclusion/exclusion parameters, treatment protocol
 A scientist to design mechanistic studies or define biomarkers,
select appropriate model systems and assays and determine
appropriate controls
 A statistician for assist in data analysis

Example: Pilot study to assess effect of PBMT
on muscle function in MS
 I am a PhD immunologist with expertise in animal models of MS and
limited experience in clinical studies. I am a recognized expert in the
application for PBMT in models of autoimmunity & neurodegeneration.
 My co-investigator is a PhD Exercise Physiologist with expertise in
exercise interventions and assessment of muscle function & fatigue in
MS patients
 He has the connections with the MS patient community necessary
to recruit research subjects
 One consultant is a physical therapist and recognized expert in the
application of PBMT for improvement muscle function
 Once consultant is an expert in sport medicine and PBMT dosing
 A statistician is formally identified and personnel on the grant. He was
involved in experimental design, randomization of research subjects,
and will be responsible for statistical analysis of all data

Study Personnel vs. Consultants
 Study personnel need to be present and actively involved in
performing experiments in order for the study to be successfully
completed
 Key personnel vs. study personnel
 Me: as the person with expertise in immunology of MS and the
application of PBMT to disease models. I am responsible for studies
in Aim 3 (To explore if regional PBMT can result in systemic antiinflammatory effects.)
 Exercise Physiologist: as the person with expertise in assessment of
muscle function, muscle fatigue (Aims 1&2)
 Statistician: as the person with expertise in randomization and
statistical analysis
 Consultants provide expertise to design or advise on experimental
design but will not be actively involved in performing the experiments

Publishing & Presenting Your Data

Why Publish?
 "No experiment is ever completed until it is published"
 To reach the widest audience possible with our results to
further the science

Where to Publish?
 Selecting a journal
 What is the relevance of your data?
 Instructions for (to) Authors
Scope
Instructions for formatting

 Impact factor
 Metric of papers published in journal vs. Number of
citations of those papers
 "Top-tier" journals
Science, Nature, Cell
 "Middle-tier" journals
Journals within the field

Our ‘new’ Journal……
Why publish in this forum?
1. Reputed and renowned EiC and Editorial Board
2. Excellent reviewers who understand PBM
3. Fast publication
4. Open access and online promotions

