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‘Omics technologies are high throughput techniques that
make it possible to gather, in a single experiment, large
amounts of data about a specific type of molecules, such
as the three billion base pairs of the human genome, the
universe of proteins in a given tissue or a large collection
of metabolites. Examples of these technologies are next
generation sequencing, used for genomics and transcrip-
tomics studies, and

and metabolomics st . )
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potential indistinct results for patient care from highly
expressed genes and disease-causing variants [9, 39]. Un-
derstanding how genetic variations contribute to health
is one important aspect of precision medicine, where
additional approaches involve measuring levels of pro-
teins and metabolic products. By harnessing the power
of metabolomics, we need to profile a patient’s metabo-

Metabolomics: Searching for Insights to Understand Immunological Non-response to ART

I -

i

O
lCD4*T—ce\;s ~

4 CD4+/CD8+ T-cells ratio e
o @

Apoptosis and
immunosenescence

INR

Perturbation of
cytokine secretion

Residual viral replication

Gut dysbiosis

Viral supression by ART
Poor CD4+ T-cell recovery

&
v

Increased immune
. activation (Inflammation)
o

Altered frequencies of
immune regulators

N
Clinical consequences
« T Morbidity
« T Mortality

= 1 Inflammation
» Oportunistic infections

« Co-infections
« Cardiovascular diseas¢
« Cancers

Why is metabolomics
important in the INR study?
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Metabolomics involves the study of...?
O Lipids
O Alkaloids
O Amino acids
O Polymers

Sample preparation involves the following steps
O Extraction
 Processing
O Interpretation

To measure sets of metabolites, you can use
1 Targeted metabolomics
1 Untargeted metabolomics

NMR is more sensitive than MS
Q True
[ False

Metabolomics can help to improve healthcare
O True
O False

Metabolomics: Searching for Insights to Understand Immunological Non-response to ART
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What’s metabolomics?
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substance boundaries - what can be referred to as “multi-
omics” 2]. While the integration of genomics, metabolomics,
proteomics, transcriptomics, etc. s attractive, it is hardly
technically feasible with a single analytical platform. This is
primarily due to diverse physiochemical properties and
wide concentration ranges.
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«s that the concept of precision medicine is more than the

and the fact that the use multi-omics

approaches to achieve precision medicine in the clinic is extremely valuable but still in its infancy.

important?

Omics technologies are high throughput technigues that
make it possible to gather, in a single experiment, large
amounts of data about a specific type of molecules, such
as the three billion base pairs of the human genome, the
universe of proteins in a given tissue or a large collection
of metabolites. Examples of these technologies are next
generation sequencing, used for genomics and transcrip-
tomics studies, and n : o :
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Omics-based biomarkers: current status and potential
use in the clinic

Héctor Quezada®*, Ana Laura Guzman-Ortiz*", Huga Diaz-Sinchez’,
Ricardo Valle-Ries **, Jesis Aguirre-Hernandez -+

How to design a
metabolomics study?
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How is metabolomics used?
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What’s metabolomics?
Lipids

Metabolites

Amino acids
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Comprehensive, qualitative, and quantitative study of

low-molecular-weight molecules.

Examples of small molecules: sugars, lipids, amino acids,

fatty acids, phenolic compounds, alkaloids, vitamins and
many other types of molecules which are often the

building blocks for larger compounds.
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Why is metabolomics important?
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What is possible?

What appears to happen?

What makes it happen?

Metabolomics
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What has happened and is happening?
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Environmental
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Snapshot of the physiology of the

cell most closely related to the

phenotype.
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How to design a metabolomics study ?

Microbial phenolic
metabolites

Bile acids
Cholic acid, glycocholic acic,
taurochenodeoxycholic acid ...

Polar compounds
(GC semi-targeted)

(~100 molecules)
alanine, citric acid, d-fructose,
ethanolamine, galacturonic
acid, Glucose 6-phosphate,

glutamine, linoleic acid,
oxoproline, pyruvic acid,
serine, succinic acid, urea....

Lipid species
(~300 lipids)
Lyso-PCs, Lyso-PE,
triglycerides, cholesteroyl
esthers , sphingomyelins,
ceramides

Prostaglandins

Steroid hormones

Short Chain Fatty Acids

Butyric acid, isovaleric acid,

Acylcarnitines propionic acid, valeric acid...

Untargeted studies to identify a wide range of metabolites (profiling) to generate a hypothesis.

Targeted studies focus on a few specific metabolites when a hypothesis is already postulated.
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How to desigh a metabolomics study?

Biological matrix

u Blood Similar pipeline for Targeted and Untargeted metabolomics studies but
different handling and preparation depending on the study design (approach
Urine
selected and technique required).
Salive
Tissue

Adapted from San-Martin Breno Sena De, et al . Arch. Endocrinol. Metab. 2020; 64: 654-663
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How to desigh a metabolomics study?

, , , MS more sensitive and accurate and offer a high
Biological matrix
mass resolution than NMR
MS SPECTRUM
NMR
Blood )
u lactate, acetat,
. choline, glucosa,
— methionine
_ (G NMR SPECTRUM
Urine
ppm .
Salive sucinate, Tryptophan,
fumarate, acylcarnitines,
J\mA glutamate, serine valine
Tissue = /“J\M

Adapted from San-Martin Breno Sena De, et al . Arch. Endocrinol. Metab. 2020; 64: 654-663
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How to desigh a metabolomics study?

Biological matrix

Blood
TTTRRTIL
Urine | ’
Salive

Tissue

MS SPECTRUM
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Retention time

Data processing

Normalization
data

v Log transformation
v' Alignment

v" Scaling

v Peak detection

Statistical analysis

Multivariate
v PCA
v PLSA-DA
v' OPLS-DA
&
A )
-\ N
E ] I/\ @ \\I’//
Univariate
v ANOVA
v T-Test
v Linear Model

Biomarker discovery
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Feature
identification

Pathways
analysis

Adapted from San-Martin Breno Sena De, et al . Arch. Endocrinol. Metab. 2020; 64: 654-663
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How is metabolomics used?

For diseases Technologies for Biomarker Biomarker
v Risk assessment identification contribution evaluation
v' Screening v NGS, Genome v’ Identification of v' Safe and easy to
v'  Diagnosis annotation events measure
v Treatment v Transcriptomics v’ Develop a dose- v" Low cost of follow-up
v Prognosis v Proteomics: MS, response test
v Monitoring Protein chips.... v’ Determine variability v" Proven to treatment

v' Metabolomics: and effects to modify the
NMR, MS.... v Correlated events biomarker
with disease

irnpnna —_— O

ACADEMIC INDUSTRY CLINICAL
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o srcieten Metabolc.>n-1ics involves the study of...? Metabolite is a low molecular weight organic
4 L|p|ds. compound, typically involved in a biological
J Alkaloids process as a substrate or product
O Amino acids
O Polymers

Sample preparation involves the following steps
J Extractlgn Sample preparation usually includes collection,
O Processing
O Interpretation

storage, extraction and preparation

To measure sets of metabolites you can use
[ Targeted metabolomics Untargeted measures as many metabolites as

 Untargeted metabolomics possible from a range of biological samples.

NMR is more sensitive than MS
O True MS techniques are incredibly sensitive and accurate

O False and offer a high mass resolution

Metabolomics can help to improve healthcare
O True

To develop early-detection systems.
[ False P y Y
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Metabolomics in PLHIV Immunological Non-Responders (INR)
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Clinical consequences
« T Morbidity « Co-infections
» 1 Mortalit + Cardiovascular diseas . . L
o 1 Inflammation S Cancers * Multi-omics in HIV: searching insights to understand
» Oportunistic infections immunological non-response in PLHIV.

doi: 10.3389/fimmu.2023.1228795
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Metabolomics in PLHIV Immunological Non-Responders (INR)

DNA Cell function Cell signalling Tissue function
M © y & 4 INR

Environment Influence ‘

HIV-infected GENOMICS TRANSCRIPTOMICS PROTEOMIC METABOLOMICS Viral supression by ART
’ I ' Poor CD4+ T-cell recovery
What can happen? What makes hapglen?
] 155 protein in T cqjl
HLA-C CXCL12 2500 prOteinS in B gell
KIR  SLC2A1 i . .. . ..
DNA-seq M Multi-omics in HIV: searching insights to
| | understand immunological non-response
What appears to be happening? What has happened? in PLHIV.
llet-7d-5p miRNA 1T caspase-7 T Ether lipids 1 Acyl iti . .
T miRS80  1SAMDO LSGPPT  Loysteine doi: 10.3389/fimmu.2023.1228795
T miR-627 t IFI27 T VLDL 1 GlycA
T miR-138-5p TIFIT2 T glucose 1 GlycB
T miR-16-5 {PGC1a ! fumarate 1 aconitate
p
T miR-323-3p {MT-ND1 | malate 1 PCS
T NLRP3 4 MT-ATP6 T citrate TIS
TRELB {JUN NMR
RNA-seq LC-MS
Microarray LC-MS/MS
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METABOLOMICS
Scarpellini PLHIV with fail to increase CIM " T- Targeted MS/MS 40 acylcarnitines T Ether lipids
et al. cell count by at least 30% 19 prteinogenic 1 SGPPL
amino adds, B-oxidation
ornithine and
citrulline,
19 hiogenic amines,
the sum of hexoses,
76
phosphatidylchalines,
14 lyso-
phosphatidylcholines
15 sphingomyelins
Rodriguez- | pre-ART low nadir (<200 cells/pl) and NMR HDL non-HDL lipoprotein particde
Gallego et. | D4 T-cell count lower than 250 cells/ HDL-Chaolesteral T WLDL particles ("medium’ subclass)
al ul at 36 months on ART (bazeline HDL- TGs T ghicose
study). VLDL
VIDL-Cholesteral
VLDL- TGs
LDLHDL
Masip pre-ART low nadir (<200 cells/ul) and NMR HDL t large HDL-P
et al. CD4" Tcell count lower than 250 cells/ HDL-Chaolesteral 1 small HDL-P
wl at 36 months on ART (longitudinal HDL- TGs (increased from baseline levels, Rodrigues-
study). VLDL Gallego et. al)
VIDL-Cholesteral
VLDL- TGs
LDLHDL
(ian etal CIM " T-cell count rise after 2 years PLC-MS/ MS-ESI 125 lipids T Acylearnitines (MC, PC, OC, and 5C)
of < 100 or > 300 celle/l of ART. RP/UPLC-MS/ 68 amino acds associated with INR
MS-ESh+ 7 peptides
RPJ/UPLC-MS/ 14 cathohydrates
MS5-ESI- 12 cofactors and
vitamnins
9 nucleotides
& energy metahaolites
Ferrari CD4* T-cells <3500l receiving ART UPLC-MS/MS 125 metabalites t citrate, aconitate linolenate
et al. for 2 or more years ] nicotinamide, furmarate, malate and
phogphalipids
| amino acids (isoleucina, alalnina glycine. ..
Mystrim pre-ART low nadir (<200 cells/ul) and LC-MS technigue 200 metabaolites 1 levels of cysteine could be associated with
et al. rige in CDM ™ T-cells <50 cellsfyear in poar CD4+ T-cell recovery
the first 2 years following suppressive
ART.
Malo et al. CIM* T-cell count rises after 2 years NMR Flasma glycoprotein T levels of GlycA and GhycB associated with a
of < 100 or > 300 cells/jl of ART. pmofiles warse immunaological state.
1 levels of baseline glycoprotein concentrations
tend to respond less to ART.

Metabolomics: Searching for Insights to Understand Immunological Non-response to ART

DNA Cell function Tissue function

APe

Cell signalling

Environment Influence

HiV-infected GENOMICS  TRANSCRIPTOMICS PROTEOMICS METABOLOMICS
What can happen? What makes happen?
HLA-A CCRS 155 protein in T cell
Zﬂig g)c;gfm 2500 proteins in B cell
KR~ SLC2AT LC-MS/MS
DNA-seq

.
What appears to be happening? What has happened?

Llet-7d-5p miRNA T caspase-1

T miR-580 1T SAMD9 1 SGPP1 4 cysteine

T miR-627 T IFIi27 1 VLDL T GlycA

T miR-138-5p TIFIT2 T glucose 1 GlycB

T miR-16-5p 1PGC1a i fumarate 1 aconitate

T miR-323-3p 1 MT-ND1 1 malate 1 PCS

TNLRP3 1 MT-ATP6 1 citrate TIS

TRELB LJUN NMR

RNA-seq LC-MS

Microarray LC-MS/MS

1T Ether lipids 1 Acylcamitines

4MS
= 3 NMR

7 articles

v'Plasma/Serum samples
v'Identification of possible biomarkers

Viral supression by ART
Poor CD4+ T-cell recovery
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Metabolomics in PLHIV Immunological Non-Responders (INR)

48 weeks after ART

Metabolomics: Searching for Insights to Understand Immunological Non-response to ART

baseline
Controls
+ [ ]
>200 CD? T cellfpl > Immunological responders (IR)
® o \ (n=49) 'n‘ﬂ > 250 CD4* T cell/ul
Cases (n=36)
— <200 CD4" T cell/ul e o h
(n=49) ) Immunological non responders (INR)
s : 4 w? < 250 CD4" T cell/ul
HIV infected E)(Cll.:lded patients (n=13)
~100) without data
(n (n=2) )
) |
: #e” | E’-E
/ ._
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Identification
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altered

of molecular
in INR

condition (Preliminary results)
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20 metabolites

J, 7 metabolites

\

A e class

Sarcosine
Pyruvic acid

p-Cresol

Tyrosine
Arachidic acid
Inosine
Adenosine
a-tocopherol
Succinic acid
Glycerol
Lactic acid
Serine
Methionine
d-Fructose
d-Glucose

Palmitic acid

Behenic acid
Glycine
Octanoic acid
Thymine
Urea

Valine
Alanine

d-Sorbitol

Fructose 6-phospha

class

06 R
0.4 INR

0.2

-0.2

-0.4
-0.6

55 metabolites detected

27 significant metabolites between IR vs INR (Mann-Whitney test)

Metabolomics: Searching for Insights to Understand Immunological Non-response to ART

Scores Plot

Component 2 ( 23.2 %)
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Component 1 ( 12.9 %)

o IR
o INR
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/ Metabolomics in CD4* T Cells

55 metabolites detected

27 significant metabolites between IR vs INR (Mann-Whitney test)

e
Methionine L] ..
d-Fructose ] ﬁ
Behenic acid 1) [ | |
Palmitic acid 0 [ | |
Inosine ° [ | |
Arachidic acid e [ | |

Fructose 6-pho @
Serine @
a-tocopherol @
Octanoic acid @
Thymine @
Tyrosine o
2-hydroxypyrid @
Glycerol @
o

Adenosine

| | | | | I I
0.000 0.005 0.010 0.015 0.020 0.025 0.030

MeanDecreaseAccuracy

Metabolomics: Searching for Insights to Understand Immunological Non-response to ART

Overview of Enriched Metabolite Sets (Top 25)

Starch and sucrose metabolism 4

Amino sugar and nucleotide sugar metabolism o
Fructose and mannose metabolism 4

Fatty acid elongation -

Fatty acid degradation 4

Galactose metabolism

Cysteine and methionine metabolism -
Pentose phosphate pathway 4

Glycolysis / Gluconeogenesis

Biosynthesis of unsaturated fatty acids -
Neomycin, kanamycin and gentamicin biosynthesis
Fatty acid biosynthesis 4

Valine, leucine and isoleucine degradation -
Valine, leucine and isoleucine biosynthesis -
Pantothenate and CoA biosynthesis 4
Primary bile acid biosynthesis -

Glutathione metabolism 1

Porphyrin metabolism o

Purine metabolism A

Lipoic acid metabolism -

Glycerolipid metabolism 4

Arginine and proline metabolism A

Pyruvate metabolism A

Glyoxylate and dicarboxylate metabolism 4

Ubiquinone and other terpenoid-quinone biosynthesis -

@]
L ]
L ]
o
]
®
05 1.0 15 2.0 25

-log10 (p-value)

Enrichment Ratio

e 2
® 4
®s

P-value
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Metabolomics in CD8* T Cells

55 metabolites detected

Metabolomics: Searching for Insights to Understand Immunological Non-response to ART

11 significant metabolites between IR vs INR (Mann-Whitney test)

I N class class
110 metabolites I

0.6
INR

04 IR

Adipic acid

Palmitic acid

J 1 metabolites

0
Ethanolamine 0.2
Lactic acid 0.4
Thymine -0.6

Methionine

d-Threitol

Aspartic acid

d-Glucose

a-tocopherol

: IIIIIIIII

PC 2 (22.3 %)

o0 —

Scores Plot

PC 1(53.4 %)

o 0
N -
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55 metabolites detected
Metabolomics in CD8* T Cells 11 significant metabolites between IR vs INR (Mann-Whitney test)

Overview of Enriched Metabolite Sets (Top 25)

Arginine biosynthesis 4 .
Alanine, aspartate and glutamate metabolism A .
e
{2‘\‘k Histidine metabolism 4 ‘
Aspartic acid ® -. beta-Alanine metabolism 4 .
Nicotinate and nicotinamide metabolism 4
d-Threitol ] [ | | ®
Pantothenate and CoA biosynthesis 4 .
Lactic acid @ L[ i
High Galactose metabolism D P-value
Thymine °® .. Starch and sucrose metabolism 4 . 0.6
a-tocopherol °) [ | | Neomycin, kanamycin and gentamicin biosynthesis - O 0.4
. ) 0.2
- . Glycerophospholipid metabolism 4
Palmitic acid @ .. Y phospholip ) I 56
.. Ibiquinone and other terpenoid-quinone biosynthesis 4
d-Glucose (<] ; ;
I Tyrosine metabolism Enrichment Ratio
L . o1
Adipic acid * -. Phenylalanine metabolism . 2
Low
Ethanolamine @ -. Phenylalanine, tyrosine and tryptophan biosynthesis - . 3
Methionine Q .. Fatty acid biosynthesis 4
. Fatty acid elongation 4
Tyrosine | @ [ | |
Fatty acid degradation 4
I I I I I I Biosynthesis of unsaturated fatty acids o
-0.005 0.000 0.005 0.010 0.015 0.020 Pyrimidine metabolism
Cysteine and methionine metabolism 4
MeanDecreaseAccuracy

0.5 1.0
-logl0 (p-value)



Conclusions

/

CD4*T Cells

v’ Variability in CD4* T cell response

v Sugar metabolism and fatty acid

metabolism alteration

Impaired mitochondrial activity

Metabolomics: Searching for Insights to Understand Immunological Non-response to ART

CD8*T Cells

v Less differences in CD8* T cell metabolic

profile (11/55 metabolites)

v" Amino acid metabolism alteration
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Take home message

v' Metabolomics is the comprehensive, qualitative, and quantitative study of low-molecular-weight molecules.
v' Metabolomics can be targeted or untargeted depending on the aim of the study.
v Applications: Clinical biomarkers, identification of molecular pathways....

v' Metabolomics is a snapshot of the physiology of the cell most closely related to the phenotype.
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