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Scholars, Students, Libraries, Educational Institutions, Research centers and
the industry are main stakeholders that benefitted greatly from this
knowledge  dissemination. @ OMICS International also  organizes
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OMICS International is a pioneer and leading science event organizer, which
publishes around 500 open access journals and conducts over 300

Medical, Clinical, Engineering, Life Sciences, Pharma scientific conferences all
over the globe annually with the support of more than 1000 scientific
associations and 30,000 editorial board members and 3.5 million followers to
its credit.

OMICS International has organized 500 conferences, workshops and
national symposiums across the major cities including San Francisco, Las
Vegas, San Antonio, Omaha, Orlando, Raleigh, Santa
Clara, Chicago, Philadelphia, Baltimore, United
Kingdom, Valencia, Dubai, Beijing, Hyderabad, Bengaluru and Mumbai.
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Trauma Injury 2>

* One of the leading causes of morbidity and
mortality worldwide?

* Leading cause of death for people under 452

* Has significant personal, social & economic
Impact

R. Lozano, M. Naghavi, K. Foreman, S. Lim, K. Shibuya, et al., The Lancet, 2012, 380, 2095-2128.
E.

1.
2. E. G. Krug, G. K. Sharma and R. Lozano, American Journal of Public Health, 2000, 90, 523-526.
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Profile of Combat Trauma

Higher risk of mortality3

" Nature of wounding
agents

= Multiple wounding
= Persistence of threat
= | imited resources

" Delayed access to
definitive care

3. Champion, H. R.; Bellamy, R. F.; Roberts, C. P.; Leppaniemi, A., J Trauma Acute Care Surg, 2003, 54 (5), S13-519. >
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Mechanism of wounding

Bullet
23%

Fragment
62%

Other 6%

Burn 6%
Blast 3%

Site of primary injury

Extremity
26%
Soft
tissue
47%

Abdomen
8%

Chest 4%

Neck 2%
Face 6%

Multiple
Head 2% 5%

Prevalence of penetrating trauma in combat injuries



NUS Secondary Complications
After Injury

* Complex network of changes?®

* Can affect organs far from site
of injury

* They can be:

— Normal physiological changes
that proceeds uncontrolled>

— Pathological changes

4.S. Sevitt, Injury, 1972, 4, 151-156.
5. S. Sevitt, The Lancet, 1966, 288, 1203-1210.



NUS Traumatic Hemorrhagic
Shock (THS)

* Loss of blood - Deficiency of O, reaching the
organs leads to shock

* Triggers severe metabolic derangements & the
complex inflammatory response

* Can lead to the development of Systemic
Inflammatory Response Syndrome (SIRS)
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Inflammatory Response
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Local Response

Cytokines

N

Macrophages « === Endothelial Cells

Paracrine/ Autocrine Activation

J 1

Amplification/ Loss of homeostasis

Inflammatory response

4
L 0]
4
L ]
¢

STAGE 1

Controlled
inflammatory
response

/

Systemic Inflammatory
STAGE3  Response Syndrome (SIRS)

STAGE 2

out of control
Y e I I

Multiple Organ Dysfunction Syndrome (MODS)

Davies, M. G.; Hagen, P. O., British Journal of Surgery, 1997, 84 (7), 920-935.

EECaC

Multiple organ dysfunction
syndrome (MODS).
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GENOMICS — TRANSCRIPTOMICS — PROTEOMICS —> METABOLOMICS =—-—PHENOTYPE

Genes MmRNAs Proteins Metabolites

~ 20,000 > 108 > 107 ~7,800

Metabolomics v
* Comprehensive analysis of all metabolites®

* Closer to the phenotype as compared to the other
“Omics” levels

5. Fiehn, O., Plant Mol. Biol. 2002, 48 (1-2), 155-171.
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MULTI-PLATFORM APPROACH

* No single instrument to cover the
whole metabolome

* Use of complementary platforms
to maximize metabolite coverage | |

Metabolomics

MS-based NMR

Coupled to capillary
electrophoresis

(CE-MS)

Coupled to gas
chromatography

(GC-MS)

Coupled to liquid
chromatography

(LC-MS)

Flow injection or
Direct injection MS

J

11
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BNUS  LC-MS and NMR in

of Singapore

Metabolomics
NMR LC-MS
Advantages Advantages

* Minimal sample preparation
* Simple analysis
* Specificity

Disadvantages
* Low sensitivity

* Overlapping signals for
complex mixtures

* High sensitivity
* High selectivity

Disadvantages

 Some metabolites may not
be ionized effectively into
MS vacuum

12
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Objectives &

1) Use NMR and LC-MS to obtain a comprehensive profile of
the metabolic changes in a simulation of combat trauma
injury in a porcine model

2) Correlate metabolite changes with cytokines and reported

protein markers of organ-specific injury
» |ldentify potential biomarkers of Systemic Inflammatory Response
Syndrome (SIRS) and organ-specific injury
» |dentify metabolites that can modulate inflammatory response

13
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Injury Protocol
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Induce

Blood Sampling

anaesthesia, intubation &
instrumentation

Before Trauma After Trauma

Before Sham After Sham

Trauma

Sham

(Before Trauma/ Sham)

30 minute

shock period

Low

e d

Combat Injury Simulation Phase

Blood Sampling

(After Trauma/ Sham)

6. Cho, S. D.; Holcomb, J. B.; Tieu, B. H.; et al., Shock 2009, 31, 87.

14
7.Wong, Y. C.; Lai, Y. Y.; Tan, et al., Shock 2015, 43 (2).
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Plasma sample

Add saline 10% D,0 with
DSS (NMR standard — 4,4-
dimethyl-4-silapentane-1-
sulfonic acid))

1. Protein precipitation with ice-
cold methanol
2. Centrifugation

Plasma-NMR
ST solventlsolutlon

l l NMR Analysis

HILIC LC-MS Aliquot RPLC-MS Aliquot
lVacuum centrifugation J/Vacuum centrifugation

Dried extracts Dried extracts

lReconstitution lReconstitution

HILIC LC-MS analysis RPLC-MS analysis

(QTOF MS) (QTOF MS)

Data Extraction &
Analysis

15
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Data Processing & Analysis —

Data Pre-processing Multivariate Univariate
& Extraction Analysis Statistical Analysis
e XCMS Online for LC-MS e Principal Component e Wilcoxon-Mann-
data Analysis (PCA) Whitney Test using
* Chenomx for NMR- e Orthogonal Projection Metaboanalyst on fold
Binning & Profiling to Latent Structures- change (FC) values
Discriminant Analysis
- ‘ . (OPLS-DA) ) - )
Correlation Metabolic Pathway Metabolite
Analysis & Analysis Identification
Correlation ) * Metaboanalyst e LC-MS Data- search of
Network Analysis Metlin, Lipidmaps, HMD

B, MassBank databases

e NMR Data- Chenomx &
literature search

- " o ’ N 16/

e Spearman correlation
e Cytoscape
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After Sham — No significant changes.
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== NMR: PCA Analysis

| Samples 9 @
O

9
] A_fter Traum @
@
L

I After Sham
.AﬂerTraJma
. Before Sham

E=fore Trauma

t[7]
e

t[1]
RZX[1] = D.454 RZX[2] = D.192 E1lip=se: Hotelling's TZ {95x)
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NUS LC-MS Analysis -

OPLS-DA Score Plots

I_:] Before Sham - Before Trauma
- After Sham - After Trauma

""?u-uq,u.-s:;m.s ) f _HILIC LC-MS (-)

NATIONAL
LABORATORIES
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LC-MS Analysis -
Significant Features

TIME

Group:
CT- Combat Trauma
SH- Sham

Time:
1- Before Sham/Trauma
2- After Sham/Trauma

Heatmap shows that
significant features
can be clearly divided
into two groups: those
that increase after
trauma and those that
decrease

22
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Red boxes: increased after injury,
Blue boxes: decreased after injury

Methylated nucleosides

PAs, PCs, PEs, Pls, & amino acids Sat’d & Unsat’d Fatty
PGs, SM, Cer Acids, Oxo & Hydroxy

Fatty Acids

Neg HILIC

Neg RPLC
Organic Acids Fes [
Uric Acid
Ascorbic Acid 10 27

Hippuric Acid
Purines & Pyrimidines

Inosine
Guanosine
Hypoxanthine

Amino Acids

L-Cystine

Choline

L-methionine
S-Adenosylmethionine

Adenosine
5’-CMP
Thymidine
Uridine

\ Cytosine

* 112 unique metabolites for different LCMS modes
e 26 metabolites detected in more than one mode
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B Pathway Analysis >

Main pathways affected after injury

Total Hits Raw p -log(p) Holm FDR Impact
Cmpd adjust
Glycerophospholipid 39 9 0.0010 6.899 0.023 0.003 0.363
metabolism
Purine metabolism 92 7 0.0050 5.295 0.068 0.008 0.046
Pyrimidine metabolism 60 6 0.0006 7.461 0.014 0.002 0.210
Sphingolipid metabolism 25 3 0.0000 10.254 0.001 0.001 0.304
Arginine and proline 77 3 0.0024 6.039 0.048 0.006 0.146
metabolism
Cysteine and methionine 56 3 0.0328 3.418 0.262 0.042 0.159
metabolism
Glycerolipid metabolism 32 2 0.0001 8.831 0.004 0.001 0.204

Phenylalanine metabolism 45 2 0.0004 7.728 0.011 0.002 0.032

24
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Networks

Recognition of inter-dependence of pathways - Networks
“Omics” platforms used to determine correlations and

networks

25
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Correlation Analysis

* Explanation of relationships or interactions
* Novel insights into biological mechanisms
* Easier visualization of associations

26
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Correlation Analysis

Metabolites showing correlations with inflammatory and organ damage markers

Metabolites Ang-2
LDL -0.172
2-amino-6-0x0-2,4-hexadienoic acid 0.054
4,7,10,13,16-docosapentaenoic acid -0.112
Adrenic Acid 0.060
Eicosadienoic Acid -0.093
Glutarylcarnitine 0.236
LPC(20:3/0:0) 0.151
LPC(22:5) 0.126
PA(18:1(92)/0:0) 0.379
PC(18:1/0:0) 0.033
PC(18:2/0:0) -0.082
PC(18:3(9Z,127,152)/0:0) -0.028
PC(20:4/0:0) -0.120
PC(20:5(52,82,117,147,172)/0:0) -0.142
PC(22:4(72,10Z,13Z,162)/0:0) 0.161
PC(22:6/0:0) -0.134
SN-Glycero-3-phosphocholine 0.096
Deoxyguanosine 0.380
Guanosine 0.288
Inosine 0.299
Succinoadenosine 0.383
Uric Acid 0.082
1-Methylguanosine 0.169
1-methylInicotinamide 0.345
1-methyluric Acid
3'-0-Methyladenosine
3'-0O-Methylguanosine
Thymine
Uridine
Arginine
Citrulline
Cysteine-Homocysteine disulfide
L-Cysteinylglycine disulfide
L-Cystine 0.367
L-methionine 0.232
N1-acetylspermidine 0.225
S-Adenosylmethionine 0.088

Color of the cells indicates the significance of the correlation. Red: p < 0.05, Green: p < 0.01, Blue: p <0.001. 27
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Correlation Network

» Network connections show correlations
among metabolites
» Thicker lines indicate stronger correlations

28
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Correlation Network G

Red: up-regulated,
Blue: down-regulated

TINUS -
%

* Highly inter-connected
correlation network

* Systemic nature of metabolic
response

* Metabolic response intricately
interwoven with inflammatory
response 29
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Sub-network

1-methyluric acid (1-MURIA) is the
product of the metabolism of 1-
methylxanthine.

1-methyluric acid is linked to:

. 1. Oxidative stress

2. Apoptosis due to GTP depletion

3. Highly activated inflammatory response
cv.vs (increased methylation)

* 1-methyluric acid may be a good marker of
ischemic myocardial injury.

* Generation of 1-methyluric acid may also
be a protective mechanism as it was found
to be an effective free radical scavenger

H*, H,0 NH,* H,O Ribofuranose 0,,H,0 H+, O,”

1-methylguanosine —>1-methylxanthosine , 1-methylxanthine , _ 1-methyluric
Guanosine Xanthine Xanthine Oxidase Acid

Deaminase Nucleosidase

Pi o-D-ribgse-1-P H*, H,0 NH,* 0,, H,0 H+, 0,”

1-methylguanosine _ 1-methylguanine _ 1-methylxanthine : : 1-methyluric
Guanosine Guanine Xanthine Oxidase Acid 30

Phosphorylase Deaminase
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Sub-network

Kim1

* Based on correlation matrix, succinoadenosine (SUCADE) was found to be highly correlated to both KIM-1 and
NGAL.

* Asub-network was then generated based on highest correlations of succinoadenosine in order to better see its
association with NGAL and KIM-1.

* Sub-network shows both purine metabolites and cysteine-methionine pathway metabolites.

* Most of them are strongly associated with NGAL (inflammatory) and have less association with KIM-1 (renal).

* This could be an indication that they are more associated with inflammatory response than with renal injury.
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Purine Biosynthesis
Observations * Inhibition of ADSL enzyme leads to
* Elevation of succinodenosine after formatic;n of Succinzaslen;)sine
* ATP production is inhibite
trauma [oeee ]
* Inhibition of ADSL activity m_,r * Since ATP and GTP co-regulate each
«  Down-regulation of ATP production . other, GTP production is also affected
= | \ :7—4 Ratonanmn | —

Guanme

[ nwane [ adene | seoe

Doven-regulated

32
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(S-AME) Sub-network

cvi vs ‘ cv.ars

* Up-regulation of methylated purines as well as up-regulation of other metabolites indicates that S-
adenosylmethionine-homocysteine methylation cycle is highly activated after truama.

* Thereis also an observed up-regulation of formation of H,S whereas formation of glutathione conjugate of
Prostaglandin A1 (S-HPGA1-GLT) was observed to be down-regulated.

* This could be due to decreased availability of glutathione as its formation is being sacrificed in favour of
increased rate of H,S formation, oxidation of L-cysteine to disulfide form (L-cystine) and re-methylation of

homocysteine for methylation cycle.
33
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"™ Cysteine-Methionine pathway™

* Metabolites in
/—\ BN S.AME sub.

network are also

reflected in this
Acceptor
*":.:::::':,:‘:::::‘"* pathway
T | enCele * Correlation
network
(CysHomocys generated
Disulfide)
l S-Adenosyl-L-homocysteine reﬂ ectS a Ctu a I
biological
Cystathionine p FOCQSSES

Tau"ne — — Pv'uvate
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Sub-network

Cy.Ys * S-adenosylmethionine (S-AME) and L-cystine
A ovey _ (CYSTN) are both highly correlated with
g inflammatory markers.
@ P / * Given the association of these pathways with
NL‘PN N‘Dao‘os o inflammatory response, involvement of these
. / // ) 4 metabolites in organ injury sub-networks reflects
o @ ’ /'-‘/CRP effects of systemic inflammary response
MME_/\’ syndrome (SIRS) and its role in development of
W organ failure.
* Therefore, regulation of these pathways may
potentially be relevant in treatment of traumatic
nosns S = P hemorrhagic shock.

Associations of S-AME (A)
and L-Cystine (B) with the
inflammatory markers.

PAI-1 3 5
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Summary

* Correlation network analysis gave new insights
into the metabolic and inflammatory response
to traumatic hemorrhagic shock

* Potential renal and myocardial injury markers
were identified

* Cysteine-methionine pathway is highly
associated with inflammatory response and
development of organ failure

36






We welcome you all to our future conferences of
OMICS International

Please Visit:

www.metabolomicsconference.com
www.conferenceseries.com
http://www.conferenceseries.com/clinical-research-conferences.php
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