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Scientific Literature Review: ??

A scientific literature review is a critical account of what has
been published on atopic by accredited researchers.

DCU
It may be: SS&D

DCU Student
Support &
Development

« A stand-alone assignment
« An introduction to an essay, report, thesis, etc.

» Part of research/grant proposals




Scientific Literature Review:

Writing a literature review will:

Improve your topic knowledge

* Provide new insight on your topic to others

« Demonstrate your literature searching abilities

« Demonstrate your critical analysis skills

« Demonstrate your communication/writing skills

...your lecturer will be marking you on these skills!
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Scientific Literature Review:

A scientific literature review is not:
* An English essay... use scientific writing!

A summary of each research article that you read

« Based on personal opinion or biased towards your opinion

« A chronological history of events in your research area
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Scientific Literature Review: ??

What is the purpose of a literature review?

DCU
SS&D

DCU Student
Support &
Development




Scientific Literature Review:

What is the purpose of a literature review?

Communication and advancement of scientific knowledqge!

Scientific knowledge is not static: reviews help scientists to
understand how knowledge in a particular field is changing
and developing over time

There is a significant output of scientific publications —
literature reviews save time for the scientific community

Literature reviews can lead to new scientific insights and

highlight gaps, conflicting results and under-examined areas
of research
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Scientific Literature Review: D/7?

A scientific literature review should:

Provide a clear statement of the topical area (scope)

DCU
SS&D

* Provide a range of research on the topic — and not just the DCU Student

“good” datal pupport &

Development

« Critically analyse a selected topic using a published body of
knowledge (backed-up arguments)

» Provide an indication of what further research is necessary

 Identify areas of controversy in the literature
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Scientific Writing! D/Z

...IS writing about scientific topics aimed at specialists in
a particular field

. o . DC

Assume the reader is familiar with the research/topic area SSgD

but not with the specifics of your review... 5 Student
Support &

Development

l.e. your lecturer
your Principal Investigator

peer-reviewers (journal articles, research papers, book
chapters, grant proposals)

Use precision, clarity and objectivity!




Scientific Writing!

1. Be precise!

Ambiqguities in writing cause confusion and may prevent a

reader from grasping key concepts of your review...

Use precise concrete language, no ambiguity
eg ‘correlated’ # * ’

Exclude similes/metaphors (and humour!)

Be quantitative wherever relevant (stats, numbers etc.)
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Scientific Writing! —
2. Be clear!

Concepts in the sciences can often be complex; without

clarity the reader may be confused or misled DCU
SS&D
: . . . DCU Student
» Simple language — no unnecessary “frills” (distractions) Support &

Development

 Pay attention to sentence structure, grammar

Your reader will be interested based on the science
only... make it easy for them to access!




Scientific Writing!
3. Be objective!

Any claims that you make need to be based on facts, not
intuition or emotion

» Passive voice — focus is on the literature!

« Avoid assumptions or sweeping statements

« Be aware of research limitations and refer to these in
the review

bcd

DCU
SS&D

DCU Student
Support &
Development




How to Write a Scientific Literature
Review?

Reviewing the literature requires four stages:

1. Problem formulation - Which topic is being examined and
why? What aspects will be included/excluded? Define your
scope

2. Literature search - Identifying relevant research

3. Critical analysis — Criticise the experts; identify conflicting
evidence, assumptions, errors and misconceptions

4. Evaluation — which authors are most convincing and provide
the most significant scientific contribution? Have_| conducted a
fair and objective literature review?
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1. Problem Formation ?4?

Ask yourself questions like these:

* What useful reviews are missing or not up to date in my

research area? DCU
SS&D
« What new review topic would be useful to scientists? ket

Development

* |s there a specific aspect of this topic that my literature
review might help to define?

eg. critically comparing different methodological approaches,
contrasting evidence, assessing therapeutic potential, etc.

 What is the scope of my literature review? Be specific




Literature Searching...

1. Online Research (basic) — Background Information

Wikipedia (gasp!)
Relevant “background” websites (eg. university websites,
company websites, associations eg. American Heart Association)

YouTube, TED Talks

. General Literature Search — Literature Overview

Google Scholar/Books
PubMed

...find other relevant literature reviews in the area to see what
has been done/what is needed

. Specific Literature Search — The Detall

Library databases e.g Web of Science
“Advanced search” tool in Google Scholar/PubMed
Identify key references for each topic of your review

ocl)

TIP: Use the
Library!

Library staff
are always
there to help
if you have
guestions on
literature
searching.




3.

Critical Analysis

In assessing each source, consideration should be given

to:

Provenance - Author's credentials? Are the author's
arguments supported by evidence?

Objectivity - Is the author's perspective fair? Is contrary
data considered? Is information ignored to prove the
author's point? (bias)

Persuasiveness — Is the author’s data convincing?

Value - Does the work contribute in a significant way to
an understanding of the field?

...this involves CRITICAL THINKING!
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What is critical thinking? 0/7?
Cottrell (2016):

“The process of looking at ideas and information critically,
taking nothing for granted, but questioning accuracy,
motivation and inferences, and seeking new understanding,

connections and insights.” DCU
SS&D

DCU Student
Support &
Development

l.e. weighing up the evidence and arguments for or
against something, and coming up with your own
informed opinion.




Ask questions! /)?

“There is DC
« “Is that really true? evidence on
 How do you know? both sides”

« Show me the evidence.

- Is that evidence reliable?” %
DCU

SS&D

ECU St;uél(ent
. . u or
Recognize Assumptions DeF\)lglopment

Keys to
CRITICAL Evaluate Arguments

THINKING

Draw Conclusions

Red Model based on the Watson-Glaser™ Critical Thinking Appraisal

at www. ThinkWatson.com
—



http://www.thinkwatson.com/

Critical Thinking... D/7?

Move from Description to Analysis!

DCU
SS&D

Description — reproducing information
DCU Student

« Summarising texts - accepting details, results etc. DippoIt &

Development

Analysis — deconstructing information in order to:
« Challenge assumptions; perspectives

« Show limitations in studies, exceptions to cases

« Highlight under-examined aspects of research




Key aspects of critical thinking ?4?

|dentify evidence to back-up AND challenge key points

« Detecting inconsistencies and mistakes in authors’ reasoning DCU
SS&D
« Detecting bias, premature conclusions, lacking evidence gf#g;ggem

Development

» Distinguishing between fact and opinion

« Evaluating conflicting opinions/research

« Suggesting new or different solutions

« Constructing your own arguments and opinions




: =)
What should | be asking? Dc/z

Why is the author choosing to use the evidence presented?

» Is there a hidden agenda? (eg. financial gain)

- Are the sources reliable and objective? DCU
SS&D

* |s there bias present? DCU Student
Support &

Development

» Have all of the points been cited?

 Is there information missing?

» Are there conflicting opinions/conclusions? .

And most importantly....

Do | agree with these opinions/conclusions?




Critical Thinking... /7?

D

Critical Thinking is the key to a good grade...

DCU
...don’t be afraid to criticise the experts and SS&D
show your understanding of the topic! Support &

Development

This is the most important aspect of a good literature
review!




4. Evaluation and Interpretation

What conclusions can | make from the most convincing
literature? What are my opinions/arguments?

Also evaluate your own interpretations...

Have | made a well-informed decision? How good was
my information seeking? Has my search been wide
enough to ensure all relevant material is included? Has it
been narrow enough to exclude irrelevant material?

Have | critically analysed the literature | use?

Instead of just listing and summarizing research, do |
assess them, discussing strengths and weaknesses?

Have | cited and discussed studies contrary to my
perspective to form a well-balanced argument?
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Coherent Scientific Literature Reviews

Aim for:;

 Clear and cohesive essay that integrates the key details
of the literature and communicates your point of view

» Tackle one key point at a time
» Use subheadings, especially in long reviews

« Check the flow of your argument for coherence (logical
order?)

...this is all about STRUCTURE!
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Scientific Literature Review: D/7?

How to structure a scientific literature review?

* Introduction: An overview of the topic under consideration,

along with the objectives of the literature review. DCU
SS&D
. " . ) . DCU Student
- Main body: Critical analysis, evaluation of topically relevant Daobo rent

research/data; Break into sub-headings

« Conclusion: Summarise the key points from your review

Word count:

Introduction = 10%
Main Body = 80-85%
Conclusion = 5-10%




Before you start writing...

1. Brainstorm/plan your review

Allow 10% of your word count for each Introduction and
Conclusion

What are the key aspects of your review?

2. Decide on the number of “topics” you will address based
on your remaining word count (80%)

Of the most interesting/relevant topics... how many can you
address in the allowed word count? Prioritise!

3. Choose your topics

Scan the literature, make sure there is enough information out
there for you to complete a coherent, critical summary of each
chosen topic
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1. Introduction ??

It is usually easier to write this after the main body...

Introduce your topic by highlighting the core scientific facts that
are well backed up and widely accepted

BROAD
Highlight the importance of the review — are you assessing
potential clinical relevance? Gap in research area? New
perspective?
What is the core aim of this review? To compare and contrast

conflicting evidence? To identify under-examined aspects of the
topic?

SPECIFIC

Tell the reader what you are going to talk about... list your

topics in order!
— u




2. Writing the Main Body

Group research topics according to common elements and
back up main points with research

Focus on recent data where possible — scientific fact
changes/develops over time!

Summarize individual studies or articles with as much or as
little detail as is relevant — detail denotes significance!

Tackle one key point per paragraph so as not to overwhelm
the reader

Use sub-headings to group your topics
Use diagrams, figures, tables where appropriate
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Tackle 2-3 key points per section... ?7

INTRO Go from the broad to the specific. Introduce the general topic, why it is
an important area, then state what you will specifically do to investigate
10% of word it further.
count
SU b = | Section 1
. Sub-point 1 Sub-point 2 Sub-point 3
headings
DCU Student
Section 2 Support &
Sub-point 1 Sub-point 2 Sub-point 3 Development
Section 3
Sub-point 1 Sub-point 2 Sub-point 3

CONCLUSION Go from the specific to the broad. State the conclusions you can draw
from the points you’ve made in the essay, and connect this learning to
10% of word the general topic. End by posing a question for future research in the
count field.




...one key point per paragraph! ??

1. Topic Sentence

« Start each topic with a strong “umbrella” sentence introducing
your key point

DCU
SS&D

DCU Student

2. Supporting Sentences

» Provide context, examples or data Support &

Development

« Each point backed up with a source/reference
» Use “linker” words to introduce similar points
« Opposing data should also be considered

3. Concluding Sentence

* Include summary sentences at end of paragraphs... why this
information is relevant

« May link to following paragraph




1. Writing the Main Body =)

www.smart-words.org

Agreement / Addition / Similarity

The transition words like also, in addition, and, likewise, add information, reinforce
ideas, and express agreement with preceding material.

in the first place again moreover

not only ... but also to as well as

as a matter of fact and together with
in like manner also of course

in addition then likewise
coupled with equally comparatively
in the same fashion / way identically correspondingly
first, second, third uniquely similarly

in the light of like furthermore
not to mention as additionally
to say nothing of too

equally important

by the same token

DC

Opposition / Limitation / Contradiction

Transition phrases like but, rather and or, express that there is evidence to the
contrary or point out alternatives, and thus introduce a change the line of reasoning

(contrast).

although this may be true but although

in contrast (and) still instead
different from unlike whereas

of course ..., but or despite

on the other hand (and) yet conversely
on the contrary while otherwise

at the same time albeit however

in spite of besides rather

even so / though as much as nevertheless
be that as it may even though nonetheless
then again regardless
above all notwithstanding
in reality

after all




Critical Phrases... '?7

http://www.phrasebank.manchester.ac.uk/

Introducing questions, problems and limitations: theory or argument

The main weakness with this theory is that ...

The key problem with this explanation is that ...

However, this theory does not fully explain why ...

One criticism of much of the literature on X is that ...

However, there is an inconsistency with this argument.

A serious weakness with this argument, however, is that ...

One guestion that needs to be asked, however, is whether ...

Smith’s argument relies too heavily on qualitative analysis of ...
Smith's interpretation overlooks much of the historical research ...
Many writers have challenged Smith’s claim on the grounds that ...
Smith’s analysis does not take account of X, nor does he examine ...

It seems that Jones” understanding of the X framework is questionable.
The existing accounts fail to resolve the contradiction between X and Y.

Identifying a study’'s weakness
ying Y One of the limitations with this explanation is that it does not explain why...

Smith fails to fully define what ...

Jones fails to acknowledge the significance of ...

the author overlooks the fact that X contributes to Y.

what Smith fails to do is to draw a distinction between ...

the paper would appear to be over-ambitious in its claims.

another weakness is that we are given no explanation of how ...

no attempt was made to quantify the association between X and Y.
the main weakness of the study is the failure to address how ...

the study fails to consider the differing categories of damage that ...
the research does not take into account pre-existing ... such as ...
the author offers no explanation for the distinction between X and Y.
Smith makes no attempt to differentiate between different types of X.

(However,)




2. Main Body: Figures/Tables

Aim for one key figure/table per section; this can be to:
- illustrate a complex concept
- summarise a large body of relevant data
- describe the order of a process (flow diagrams)

Legend below image/figure and above table

Always refer to figures/tables in text... direct the reader to them
(as seen in Figure 1; as summarised in Table 1)

Provide a detailed legend... each figure + legend should stand
In its own right without the review text

Figures and tables provide a break for the reader and a
chance to understand and reflect on key concepts!
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Writing the Conclusion ??

» Maintain the focus established in the introduction SPECIFIC

« Summarise major research contributions to the scientific field
(most convincing data) and make your point of view clear

» Point out major flaws/gaps/inconsistencies in research

» Highlight potential future studies

» Provide closure so that the path of the argument ends with a
conclusion of some kind

NOTE: A literature review in a thesis or dissertation usually
leads to the research questions that will be addressed.... 4t
Year students!




Additional Sections.... /)?

Usually, a short ABSTRACT (approx. 200 words) is required
before your literature text to summarise the topics, main
findings and conclusions from your review

This tells the reader exactly what your review contains so that DCU
they can make an informed decision - if it is relevant or not - SS&D
before reading the full text

TABLE OF CONTENTS - show the reader where to find the
relevant information

ACKNOWLEDGEMENTS - acknowledge any funding
bodies/research groups that contributed to the review writing
process

CONFLICT OF INTEREST - you must declare if the primary
interest of your review may be affected by any secondary
Interests (personal benefit)




Revising & Editing

Voice — passive voice? Target audience?

Cohesion — sentence length/clarity?

Criticality — clear critical thinking?

Referencing — have | referenced where appropriate?

Grammar — Grammarly!
Mechanical issues — sentence length, spelling, punctuation

Ask peers/family members — get second/third/fourth opinion!
Read out loud - Claroread
Give yourself a break — Fresh eyes!

YOU HAVE PUT IN SO MUCH TIME ALREADY....
....MAKE IT PERFECT!!!
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Referencing

It is essential to credit published papers for work mentioned
in your manuscript...

* In-text
* Reference List/Bibliography — what is the difference?

“atherosclerosis has been claimed to be an independent risk factor for
cardiovascular death (Detrano et al., 2008)”.

Detrano R, Guerci AD, Carr JJ, Bild DE, Burke G, Folsom AR, Liu K, Shea S,
Szklo M, Bluemke DA, O'Leary DH, Tracy R, Watson K, Wong ND, Kronmal
RA. Coronary calcium as a predictor of coronary events in four racial or ethnic
groups. N Engl J Med 2008. 358:pp1336-1345.

Harvard referencing guide.... All available
CiteThemRight.... from DCU
Zotero referencing manager... Library website

Mendeley/RefWorks — other options

Do the library workshops!!
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Referencing

Figures/Tables:

In-text citation in the figure legend after description

May need to ask for permission from the publisher — be
careful! (is the image copyrighted?)

If figure is adjusted: “image adapted from [source]”

MAKE SURE YOU REFERENCE THE SOURCE MATERIAL
(original research paper, where appropriate) and NOT A
REVIEW OF THE RESEARCH

Except when you are referencing another reviewer’s
opinion/critique etc.

Avoid plagiarism... use quotation marks for direct quotes +
“in-text” citation

Use “in-text” citation only to reference ideas/opinions/indirect
guotes

=

D

DCU
SS&D

DCU Student
Support &
Development




Example: Published Review.

Vacular Prarmacology 82 { 2016) 300

Contents lists avalable st ScienceDirect

Vascular Pharmacology

Jjournalhomepage: www .elsevie

Concise, iInformative title

E Harperetal / Vsl Pharmacslogy &2 (2016) 3040 )

leveds of OPG have been positively comrelated with CAD [80] and periph-
erd vasculardisease [81] whils Omiland and co-workers have highlight-
o its potential use as a predictor of heart failure and long term martality
in patientswho suffer from acute coronary syndromes [82]. Most recent-

ly, Higgins and col have and serum
- ated with inhuman ca-
PG is a proposed inhibitor of VSMC

84). increased circulating OPG levels
jmenon to tackle pro-inflammatory

Vascular calcification in type-2 diabete€’and cardiovascular disease:
Integrative roles for OPG, RANKL and TRAIL

Emma Harpcr" Hannah Forde **, Colin Davenport ", Keith D. Rochfort %,
Diarmuid Smith °, Philip M. Cummins *

2 Schoolof Bisshemkgy, Dubli Gty Univesity Clamevin, Dublia & keind
Dublin §, belend

© Commay lmustsr, University Callegr Dublin, Dulin & Telond

@

ARTICLE INFO ABSTRACT

Atide Moty

Receiva! 16 Novernber 2015

Receiva in revised form 1 February 2016
Azepaat 21 Februsy 2016

Available anlme 24 Februay 2016 J

£ the man g

Vascular cak ification (VC). a disorder that causes blood vessel hardening and dysfunction, &s a significant
risk factor for type-2 diabetes mellitus (T2DM), which invariably manfests asociated cardiovascular
complic ations. Ak hough mcclmnu effects of VC have been well-documented, the precise cellalar events
of VC are only now coming to light. Current research

models indicate thaA\VC likely nmolmumnng pathways traditionally associated with bone remad el

T T2DM. by murine modds
forexample, it has been shown that OPG levels increase shortly after in-
duction of diabetes |66}, with a simiar trend noted in dinical studies.
Many studies have significantly correlated serum OPG elevation with
worsening CV burden in T2DM, indluding CAC [85], carotid intimal-
medial thickness | 85, hypertension [87], coronary /peripheral arterial
discase [88) and mic complications
[89] Elevated OPG has also been shown to invariably predict coronary
artery VC progression in diabetics, and furthermore can be used to pre-
dict future CV events [90.91 | Rinally, 22012 study into advanced carotid
atherosclerosis illustrated that a history of diabetes and CAD (among
other diseases) could independently predict drculatory plasma OPG
levels [92) Therefore, it is highly likely that serum OPG concentration
may constitute an important and specific OVD biomarker in T2DM.

7.2. RANKL

Despite strong evidence supporting a rolke for OPG as a T2DM/CVD
biomarker, dinical investigations focusing on RANKL have proven
much more divisive, with varying clinical observations across the
T2DMCVD spectrum, It has been damed for example that drculating

T ling, such as the LTRAIL signalling system. In this respect. receptor activator of NF-w8 ligand
orc (RANKL) promotes VC Wt osteoprotegerin (OFG) acts as 3 RANKL decoy receptor to block this effect,
RANKL events that contrast withige In,

Vasculs cdcfcaion Moreover, evidence suggest!

TRAL akernat ive decoy ligand for

Short abstract — 200 word

n with either advanced camtid ath-
Inedial thickness | 86] Mmr«rrlly
INKL have be i

than those who did not, indicating that this ratio may be used to predict
heart failure in acute Ml patients [96). TRAIL levds have also inversely
predicted all-cause mortality in patients with advanced heart fElure
[97]. In other research, Mori and co-workers reported that serum
TRAL levels were significantly lower in CAD patients, and wereinverse-
ly assocated with CAD severity independently of other coronary risk
factors [ 98], while Volpato and colleagues found a significant inverse
relations hip between baseline serum TRAIL levels and all<ause CVD
mortality [99]. Kawano and co-workers (2011 ) have also previously re-
ported that serum TRAIL levels were significantly and inversely correlat-
eod with carotid intimal-medial thickness in a subset of T2DM patients
with macrovascular diseases [100]. Notwithstanding these observa-
tions, inconsistendies between study findings are also evident from
the literature. In this regard, O'Sullivan etal. found no change in TRAIL
levels in T2DM subjects | 78], whilst Galeone et d. detected high levels
of TRAIL in cakified aortic valves, as well as elevated levelsofcirculating
TRALinthese CVD patients compared to control subjects [101]. Thebal-
ance of clinical evidence however suggests that serum TRAIL levels may

1 Sub-headings

dent understanding gfthe precise molecular and cellular mechanisms
involved, in conjugfftion with a lack of human clinical studies. It is
ic pathways involving OPG, RANKL and TRAIL rep-
resent potential Serapeutic targets for interference of the cakification

id siaya kry ke in the development of an effective
/ ) has been limited. theanti-caldfic effects

klerotic lesions |83 | With respect to
e reported that dreulating RANKL
lan in control subjects [86], whilst
Hino change in plasma RANKL levels
Ky, the authors tified an inverse

of OPG/ L. as well as the pro-calcific effects of RANKL, have been
consid by some authors in the context of generating targets for VC
intes ion, and are disasssed below:

b total RANKL and CACAiglycerides

Type2 didates meliais review, we cond uct 2 timely exal
apeutic perspectives Our objectives
osteogenic and vascular calcificatiol
RANKL, and TRAIL. Extensive in vierf
findings highlighted; and (1) to exy
pathology. In this regard, a clear foc Su l I I I I lar
wlarly atherosc kerosis) will be mainf
Contents
L Invaduction . Pp—— . A
2 o ~ the role of and osteockxsts 3
1 Vaxulircalafiation (VC) n
4 VC—ORG, RANKL and TRAIL
S VC—invoo sudies
6 VC— invivo studies
7. VC-dinialresarch . |

71, oG
Tole IR R o 5w s e e e N L S AP i B P A TS S R TR A e e
73 TRAL

BRreEse ey

Abdeeuaton: BMP. bone moepho g
direse; EC endotielalcell. GLP-1RA.
erin; RANK, rcepir ectvamt of mxles (o
'!AI. oy l-(nns Baor

Table of Contents

f Ildd&us evmmhlrwx'mﬂdm!(L Harper).

hep e doieng] O 10165aph 2006.02.003
15371891 O 201 6 Ehevier Inc. AN rights reserved.

n m has also been reported that RANKL
expression is upregulated and localized to areas displaying medial ane-
ral clldfication in patients with Charcot neuroarthropathy [41], whilst
soluble RANKL (SRANKL) has also been positively co-assocated with
wdl-known biomarkers of heart falure [94] Interestingly, akhough it
may not have intrinsic diagnostic value, Mohammadpour et al. have
proposed the OPG: RANKL serum concentration ratio as a biomarker
for CAD. In their ischemic coronary disease study cohort, they noted 2
significant correlation between O KLand CAC [95 | Overall how-
ever, based on these recent ciinical fi a definitive role for RANKL
as a serum biomarker for T2DM/CVD remias incondusive.

73.TRAL

in CVD., Secchiero and co-workers have found tha)
TRAIL are decreased after acute myocardial infal
lower TRAIL levels are independently associated
of cardiac death in the year following patient di:

tions consistent with the vasoprotective anti<.

&1LR OFG theropy

Unsurprisingly, in view of its mechanism of action, OPG admin-
istration has been suggested as one potential treatment option (or
VC [102). OPG functions to pi asteod. and
in bone, whilst also having a paradoxical function in preventing
osteochondroblastic calafication within the vasculature, thus resulting
in a context-spedfic dual protective function. In support of this, numer-
ous murine studies have illustrated that OPG deficiency tends to
increase the extent of VC and cardiovascular complications, and prom-
isingly, a recombinant OPG fusion protein ( Fc-OPG) has been shown
10 inhibit VC in an animal study [84]. In this latter study, Idir ™'~ mice
were fed an atherzenic diet abo! Fc-OPG administration; caafi-

D&

dent
&

mnent

et G000 Paragraph length to
clearly analyse key topics

previously postulated from & vitro and animal studies, Furthermore,
due todevated OPG and decreased TRAILin acute Mi patients. these re-
scarchers proposed that the ratio between OPG/TRAIL may have poten-
tial use as a biomarker, as this balance was significantly asodated with
CAD. In support of its efficacy as a biomarker, follow-up patients who
developed heart failure had a significantly elevated OPG/TRAL ratio

Due to the cross-over in molecular mechanisms between bone mor-
phogenesss and VC itispossible that a second prospective treatment for
VCccudhe adapted lromnrmllye)umrg nslzopamss therapy [102).

> 15 is 3 systemnic skelet: in level of bonere-
‘oruwn is greater than that of bone formation, leading to continuous




Example: Published Review.

£ Harperet ol / Vasca b Parmacslagy &2 (2016) 3040 B 36

=

£ Horper etal / Vascular Phasnacology &2 (2006) 3040

fully ddineated, and dlongside these reports, additional studies point to
the involvement of three specific glycoproteins; OPG, RANKL and
tumour necrosis factor-related apoptosis-induding ligand (TRAL), The
following sections will examine the evidence for involvement of these
gycoproteins within the VC process, including proposed celllarmech-
anisms arising from in vt and animal study models.

4 VC —~ OPG, RANKL and TRAIL

Thereare tothe VCsi cas-
cade, desaribed in detail by Sage and colleagues | 40), many of which are
related to bone morphogenesis. There is growing evidence that the
OPG/RANKL/RANK signalling axis is central to VC manifestation [37]
RANKL actively promotes the calcification process in vascular cels by

a vasoprotecrive e for TRAIL, possibly through pleiotropic dfectson
vascular gene expression and/or an ability to mediate RANKL signalling;
contrastingly, however, some competing theories point to a potential
role for TRAIL as an inducer of cakification. As its mame suggests,
TRAIL is an apoptosis-indudng protein of the TNF ligand superfamily,
and is thus far known to be expressed by immune and vascular cells
[4546) TRAIL is a type-l transmembrane protein with the abily to
bind five different receptors found on numerous cell types, as well as
ac inaldomain that canakso be ¢ the cell surface tore-
lease a soluble form Two TRAIL receptors (DR4 and DRS ) have a cyto-
plasmic death domain, whilst two decoy receptors (DeR1 and DeR2)
lack a functional death domaing thus TRAL-induced apoptosis viz DR4
and DRS is antagonized by the competitive inhibitory effect of DeR1
and Ddtz OPG ansn an addhmal dccoy receptor for TRAIL (and

inducing osteoblastic activity [27]. RANKL, wh

a cells (ECs), can bind to the RANK receptor to promote pathological
diferentiation of healthy VSMCs into calcified VSMCs with an osteoblas-
tic phenotype | 27,4142} In this respect, RANKL is upregulated in caki-
fied VSMCs [42) md hu been shavm to exert its wo<akmuuon
xtions thmough agh N

Thus, when serum
entiation process
medial antenal wal

ize RANKL. an
anti-calcific eﬂ«t
RANKL and OPG ap
cddification to thos}
ing bone remodell

Informative/relevant
image and figure legend

) OPG h, function ({e.inaddi-
tion toits ability to block RANKL-nmcm akﬁaam) by virtue of its
ability to block TRAIL ling [47]. TRAIL and
its P have been in vascular a and smooth

rmsdtulls, aswellas bo( h halllhy and |mnd arterial vull 1381 how-
L

has yet to be fully understood.

Interestingly, a third regulatory protein, TRAIL been shown to
interact with OPG and RANKL during modulation Bf the VC process
|44]. although its precise functions in this context Jre poorly defined.
In this regard, an emerging hypothesis within the Viffield has proposed

HEALTHY

Intima (EC Layer)
Media (VSMC Layer)
Adventitia

Fig 2 Vascular calaficaton. In the vaculatare, the EC monol ayer red ses haseline leveds of sol uble RANKL OPC,

the vascular system, a Bt which be inexpl, the ap-
parent contradictions in TRAIL mnnm Overall, there is evidence to
suggest that TRAIL has substantive yet diverse functional roles within
the vasculature, both dependent on and independent of OPG and
RANKL.

CALCIFIED
VESSEL 'f s

RANKL

Pro-Calcific Gene Upregulation

Advanced Mineral
Dopositon

VSMCs, binds RANKLin the

bone degradation and ultimately resulting in low bone mass and fragility
[ 106}, Denosumab, a human monocdonal antibody for RANKL, is one of
the latestapp options for is {102,107 al-
though its effects on VC have not yet been fully assessed. Mimicking
the natural actions of OPG, Denosumab binds and neutralizes RANKL
(but not TRAIL), attenuating its osteodastic effects and allowing os-
teoblastic build-up of bone to ensue [108). As RANKL promotes
osteochondroblastic activity in VSMCs, anti-RANKL therapy could
theoretically function to reduce the extent of caldfication in the vas-
culature. In support of this theory, it has been demonstrated that
Denosumab reduced aortic calcium levels I in a
model of osteoporosis [109], but contrastis
ing human study completed to date has 1
therapy on aortic calcification progressior
[ 110} Itis possible that this dis parity is du
cification measurement, as Samelson and
quantitative method (lateral spine X-rays))
tative measurement of aortic calcium depd
and co-workers. Furthermore, this study w|

ertrial initialy to assess the effe

(2363 of 7808 patients). The therapeutic potential of anti-RANKL therapy
for the treatment of VC therebre avaits further dinical investigation.

83. TRALL adminisrution

Althoush i

h

been suggested |99), there have been no human clinical investigations
conducted to date that address the potential of TRAL for the treatment
of VC As noted however, rcnnbnml'ﬂlkl.admmsmnmmhpoﬁ e

dubm:mn‘hahtmsl'ownm 5

671 whilst TRAL dek rotects

legend

reduce ath pro-

ing diabetic vasaul

Clear summary table and

on bone mineral density in osteoporotic postmenopausal women

Table 1

o the VC Key: CAC, coromary agery Gl
activaze of nuckar (saor kppa-bets Fgnd: TZOM, type-2 disbetes meliass;
smacth masde crll. *Denosumeb can be cdassified 23 beth 20 OPCRANK!

ays, it is impossible to gnore the potential therapeutic impact 3

GLP-1RA, gha agon -Khke pegtide- | recrpior 2goni & OPG, asteaprotegern: RANKL recrjtor
mour necrosts L or-relaed apopo siind udng lgnd: VG vasal x cald ficgion; VMG vaadar ’
2ed and 0 o asis thetzpy.

extracelular space, preventing RANKL intetaron with membeane bound RANK an the VSMC surface. Thi, phenotypic heratan of the VSMC Liyer i prevented, resulting in 3 hedthy
mon clksfied vend (left) Alerngively. when sokible RANKL levels are ligh, VSMG Gt secete sdicmt chwnhuhrm RANKL interacts with RANK on the VSMC
wrface, forming 3 RANKRANKL complex tha initiste VSMC trans. Nivl actvaon actvity and procala fic ger

finally resulting in advanced minerdl deposition and cakeification within e VSMC medial iyer (right). EC. endoshelial cell; VSMC, vascular smooth musde ol RANK receptor
xvator of nudear Bctor kppe-& RANKL, receptor ativator of nudear factor kappa-B gand; OPG asteoproteges o NFrB, nudear factor kapps-&

Therspy Mode of scson f Reslts to date Relferences
OPCRANKUTRAL 1 ted therapies
Dencsamab® Neutralizes RANKL prevens Decreased m1c VC in 3 murme study: no eflect on 18] (110]
phenatypic wansbrmaion of akification in 3 human sub-amalysis of 3 larger trial
vasculx celie
Recombimunt OPG Thergpy Neutralizes RANKL prevens Inhibited WC in 2 murine study. 184]
phenatypic anshrmaion of
vasculx cells
TRAL Administraéon Unclex Reduced atherosclersis progression in 2 marine {671 1111)
model; protected agams dubetic vasculir injpry in 3
2 modd.
Osroporons s thetapies
Risphon phorates P k akificagion in 3 rat model; conficting [131napns)
telease fram bone; inkibits o yitd datain human sudies
nucleagian and propagation.
Teripazasde Upregul ges circulating Decreased vilve ckifcason in murme studies 6]
cancentrations of o teopontin, 3
caldficaion inhibior.
Cadiovasculx disease therapies
Statims Prevent dyslipidemia and Protective effects on VC in arat modek; conflicting (17 8] a2
inflammation, risk Gcwors for VC. datain human studies
Endohelin receptor agonists Reduces hypertension, 2 rik factor Sgnificantly reduced VC in 3 zat model f126]
for VC
Interlesiin. iy Reduces inflanmation, a rik factor Atetuawed akifica8onin 2 mrise sodel nay
far VC
T20M therapies
Exenatide (G 1RA) Enhaars ghcawe dependent msdin Ateruated VOMC cakfication in vero: no i vive [12¢4)
secretion to reduce T20M symptoma. studies completed to date.
Liraghudde (GLP1RA) Enhances ghicose dependent indin d i inone 1128)
secretion to reduce T20M symptoms. obmervational study b dat.
Chwomic kidney disexse therapies
Phonphute binders D L reduaed 1]
of phasphate. with
binders.
Calcmimetics Lower circullating calcium levels Reduced martality in uremic rats; reduced VCin [130]]131]]132]
humans in combi nution with low-dase vitamin D.
Vitamm D receptor agonints Mechanism not fully understood. but Snificantly reduced sortc akiiation in 2 murine 133}
show to incresse o wopontn model
expression.
Vitamin K Upregul ges producion of MCP, Prevented anerid caksficason in 2 rat model; slowed [134]1138)
which binds cdcumicms. the progression of CAC in healthy older adlts with
pre-existing CAC i one buman stady.
Sodium thicmslate Chelates cdcum reduces Prevented cakificaion in 3 uremic rat model; 113611137 [138]

nflgnmation

ncertan f sitble fr VC treatment in humans
Recognized weatment for calophylais
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of other emerging concepts for manipulating VC, some of which are
related to asrent treatments for osteoporasis, CVD, and chronic kidney
disexse (CKD) [102] Firstly, ke Denosumab, bisphosphonates (pyro-
phasphate sabgs ) are a successful osteoporosis treatment that have
been considered as a potential VC therapy option due totheir nhib-
itory effect on hydmxyapatite aystal formation {112} Although an-

proteins may prove di i useful as

that may be employed to stratify patients with respect to VC severity
- from newly diagnosed T2DM sufferers to individuaks with more
well established T2DM and pre-existing CVD complications. In addition,
the potential of these glycoprotansas molecular targets for treating VO
alongside currently existing therapies forogeoporosis, (VD and (KD, is

imal studies have shown promise | 113}, human studies
bisphosphonates and caldfication have rcvnled muud results
[114.115]. Add 1t de, 3 rec
human parathyroid hormone also employed for osteoporasis treat-
ment, has been shown to reduce VCin kdir™'" mice [ 116] although
to the best of our knowledge. no teriparatide studies in humans have
emerged inthe kterature to date. Due to overlap in the molecular mech-
anisms involved in oﬂzogtrrss and calcfication, it is likely that further
, existing may
&d inthe of an off for VC.

Sutins, which have been routindy employed to lower blood choles-
terol and prevent vascular complications associated with CVD and
T2DM have also been considered a5 a potential treatment option for
VC inview of their inherent pleiotropic pwpemrs [IOIL Inms mp(xl
studies thus far h
patients were shown to have reduced aortic \nrnm.n in .m carly investi-
gation [117), and more recent studiies have illustrated a protective influ-
ence of statins on VCinrats [ 118]. Additionally, statins have been shown
toreduce levels of pro-cakific serum RANKL [119] and to increase anti-
caldfic serum OPG [120]. Elsewhere, it has been daimed that statins do
not affect aortic stenosis with cakification [ 121 ], while a recent study
has suggested that statins actually promote coronary atheroma calafi-
cation [122]. Further investigation is clearly warranted in order to
resolve this ongoing debate and determine if the pleiotropic effects of
statins can successfully reduce VC.

Additionally, Glucagon-Like Peptide-1 Receptor Agonists (GLP-
1RAs), a new class of injectable glucose-lowering drugs which function
through the ncaretin system in the gut, are currently employed in T20M

and exhibit effeas [123).
Recently, Zhan and colleagues examined the effect of exenatide, a
GLP-1RA, on VSMC calcification in vitro. Their results illustrated an
atenuation of osteoblastic differentiation and calafication of VSMGs in
both a time- and dose-dependent manner, dongside a decrease in the
expression of RANKL It was concluded that exenatide can inhibit

/NFeB signalling pathway [124)
GIP-1RAs as a promising future

Concluding with key it e e o
points and future work S

the gmiarity in cakification-driven pll.hﬂ‘!‘l’rﬂ\ the range olcxxsmg
therapies for OXD including phosphate binders, cakimimetics and vita-
min K. may also have promise in the devdopment of a successful VC
treatment [102} The extensive list of potential VC therapies, nduding
rmechanism of action and experimental results to date, are summa-
below as arranged into their respective groups (Table 1),

10. Condusions

There is currently a strong need to fully define the molecular mech-
anisms the and progr of VC, amajor
risk factor for T2DM and CVD, in order to develop appropriate therapeu-
tic approaches. Research emerging through &1 vitro, in viw, and dinical
studies now indicates that OPG, RANn and TRAL, rquhmry glycopro-
teins typically with of
relevance to the process o'VC I( is likely that some or all of these

attracting attention, as within the sdentific
Sterature.
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