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Mal Cell Proteomics. 2018 Mar;17(3):431-441. doi: 10107 4/mcp RAT7.000121. Epub 2017 Dec 27.

Development of Multimarker Diagnostic Models from Metabolomics Analysis for Gestational
Diabetes Mellitus (GDM). IF:5.236, 2018
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Pie chart displays metabolite types and subtypes The OPLS-DA scores plot shows the groupings of control
measured in our research (blue), and GDM (red) subjects based on all metabolite
profiles.
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Fold change plot of metabolites (GDM/control).
Fold change plot of (A) free fatty acids, (B) bile acids and (C)

other metabolites.
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Moded Variables included in the model ALIC (95% CI) o value
Metabolites
1 MN-acetylaspartic acid, 2-Oxo-4=-methylvaleric acid, G16:1 (cis=7), 0.740 (0.680=0.79% <0.001
6, 7-diketal CA
2 M-acetylaspartic acid, alanine, G16:1 (cis=T), 6.7-diketoLCA 0.740 (D.681=0.800) --0D.001
3 M-aceblaspartic acid, 1-monooleay| glyceral, C16:1 [si=-T), 0.738 (D.673-0.798) =0.001
6, 7-diketal CA
4 M-acebdaspartic acid, C16:1 (cie-T), &, T-dikatol CA 0.732 (DET20.793) =D.001
5 M-acebdaspartic acid, 1-monooleoyl glyceral, &, 7-diketalCA, 0.722 (D.661=0.TE3) <0D.001
2-gxo-4-methylvaleric acid
i M-aceblaspartic acid, 1-monoolaoy| glyceral, C16:1 [ziz-T), 0.721 (D.661=0.781) =-0.001

2=gxo=-d=methylvalenc acid
BMI and matabolites

7 BMI, 2-oxo-4-mathylvaleric acid, n-acetylaspartic acid, 6,7-diketoLCA  0.744 (0.685-0.803) =0.001
B8 BMI, 2-axo-d4-methylvaleric acid, n-acetylaspartic acid, C16:1 (cis-7) 0.743 (0.685=0.802) =20.001
2] BMI, 2-oxo-4-mathylvaleric acid, C16:1 (cis=T), 6, 7-diketolLCA 0.740 (0.681=0.800) -=-0.001
10 BMI, n-acetylaspartic acid, alanine, C16:1 (cis=7) 0.740 (0.681=0.728) =0.001
11 BMI, n-acatylaspartic acid, 1-monoolaoyl ghycerol, C16:1 (cis=7) 0.740 (0.681=0.799) <-0.001
12 BMI, n-acatylaspartic acid, C16:1 (cis-T) 0.732 (0.672-0.721) <0.001

BMI, biochamical markers
and matabolites

13 BMI, RBP4, n-acetylaspartic acid, C16:1 (cis-7) 0.751 {0.693-0.809)  <0.001
14 BMI, Cys C, n-acetylaspartic acid, 6, 7-diketoLCA 0.749 {0.691-0.808)  <0.001
15 BMI, ChE, n-acetylaspartic acid, C16:1 (cis-7) 0.748 {0.690-0.806) <0.001
16 BMI, Cys C, n-acetylaspartic acid, C16:1 (cie-7) 0.747 {0.689-0.805)  <0.001
17 BMI, Cys C, RBP 4, n-acetylaspartic acid 0.743 (0.683-0.803)  <0.001
18 BMI, Cys C. n-acetylaspartic acid 0.731 (0.671-0.792)  <0.001

"o = 0.001 from ROC analysis.
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, 08 o 0.8 o 0.8 , 08
£ Model 1: 27 Model 2: 2 Model 7 £>° Model 8:
% 04 AUC (95% Cl):| 04 AUC (95% CI): | 2°*] [/ AUC (95% Cl): v 04 AUC (95% ClI):
02 0.740 (0.680- 02 0.740 (0.681— 02, /' 0.744 (0.685- 02 0.743 (0.685-
~0799) [ 0.800) )% 0.803) , / 0.802)
0 02 04 06 08 10 0 02 04 06 08 10 4 02 04 06 08 1.0 s 02 04 06 08 10
1-Specificity 1-Specificity 1-Specificity 1-Specificity
E F
1.0 5, 1.0]
08 0.8 4
g 0.6 g 0.6 #
g Model 13: g ~ Model 14:
% 04 AUC (95%Cl): | & 04 AUC (95% CI):
02 0.751 (0.693- 0.2/ 0.749 (0.691—
0.809) 4 0.808)
9 02 04 06 08 10 0 02 04 06 08 10
TaBLE IV
PPV and NPV calculations of multimarker models. PPV, positive predictive value; NPV, negative predictive value
it 5% prevalence 10% prevalence
Model Sensitivity (%) Specfcly P P
(%) PPV (%) PPV (%)
1 71.0 7.7 1.7 21.8
2 794 63.0 101 19.3
7 66.4 5.4 12.5 23.1
8 69.5 73.2 12.0 22.4
13 2.5 .7 11.9 22.2
14 67.2 6.1 12.9 23.8
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PROGRESSION OF LIVER DAMAGE I

HEALTHY LIVER

FIBROTIC LIVER

CIRRHOTIC LIVE LIVER CANCER

A healthy liver is able to perform
its normal functions effectively,
e.g. aiding digestion and
breaking down harmful drugs
and poisons.

PE

Continuous inflammation of the
liver caused by hepatitis C can
lead to fibrosis - the formation
of scar tissue within the liver.

- HUAYINHEALTH

Extensive scarring can block Hepatitis C is a leading cause of
the flow of blood through the liver cancer - the formation of a
liver and cause liver function to malignant tumour in the liver.

deteriorate over time - this is
called cirrhosis.



A Large - scale, multicenter serum metabolite biomarker
identification study for the early detection of hepatocellular

carcinoma IF:14.079, 2017 pze

Ping Luo. Peiyuan ¥in. Rui Hua., Yexiong Tan. FZaifang Li. Gaokun Qiu. Zhemnyu Yin., Xingwang Xie. FL

1T AL
HMiaomei Wang., Wenbin Chemn. Lima Zhou, Xiaolim Wang., wamnli Li. Hongsong Chen. Ling Gao, XXim Lu,
Tanmngchum W B, Hongyans Wans e, Jumncgil MNiu BN, GQuUowWangs >u S
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1448 participants enrolled
from 6 clinic centers

l

NC(31), Cir(41), HCC(36)

" Discovery set (n=108)

!
LC-MS-based

Pseudotargeted analysis

i

Multivariate analysis

v

Univariate analysis
$
Biomarkers candidates

v
[ Testset(n=684)
NC (160), Cir (;?3)- GSC(73)

LC-MS-based
Pseudotargeted analysis

+
Univariate analysis

N
Binary logistic regression
.

!
_ Validation set (n=656)

'NC (99), CHB (150), Cir (143), ICC(25),
S/HCC (37/155); Confiols (32~ Cas& (82)

L2 = —
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Potential biomarkers

+
LC-MS\based Targeted anjalysis

|
‘ +

cohort 1n=572) cohort 2 (n=84)

model » model
establishment application
u g

model evaluation

kR B

elibrary.wiley.com/doi/full/10.1002/hep.29561
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Score plots of principal component analysis (PCA) based on the combinational data of
ESI+ and ESI- modes from the discovery set (A) and the test set (B).
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Discovery set
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R 3 W5 7E FRIHCCAE MR A —s tepl

C b <0.058&FDR <0.05

VIP1>1  VIP2>1 HCC vs. NC HCC vs. Cir

BTESRITIh

(A) Partial least squares discriminant analysis score plot based on NC, Cir, and HCC groups
in the discovery set. (B) Venn diagram displays variables with VIP values >1 on two
principal components (VIP1 and VIP2).
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%1.5« - gm. YIETl_JéﬂﬁIJE,Jtt?FﬁEP (HCC VS

0N | M| NC, HCC vs Cir, S-HCC vs NC,

ol R IE PRl s-HCC vs Cin) BEEEMES;
NC Cir HCC — O 2

E GCA HBESE: EAEIERBIEEE T, RFFHHE
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g’ T 8 logisticEl)3 74T, =& H2/8

i E i N

¢ e B B 0 == O P 77 B S W=
NC Cir HCC NC GSC Cir S-HCC HCC NC ICCCHB Cir HCC

(A) Trp (D) and GCA (E) in the discovery, test, and validation sets, respectively. *P < 0.05,
**P < 0.01, and ***P < 0.001 when compared with NC/controls, respectively; #*P < 0.05,

\ (® — #P < 0.01, and ##P < 0.001 when compared with HCC, respectively.
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TABLE %. Results of Measurement of the Serum Metabolite Panel, AFF, or Both in the Diagnosis of HOC
Discovery Set Test Saf Validation Sat (Cohor 1)

ALIC Sensifivity  Specificity ALC Sansiivity  Specificity ALIC Sansilivity  Specificity
{25% CI) (%) (%) (25% CI) (%) (%) {25% CI) (%) (%)

HICE versus non-HOE
2-Meio 0851 a8.5 iR {.936 a6.6 857 O.ETS 916 T22
{0.914-0.3859) (051 740.955) (0LE4E-0 B05)
HIGE versus Cir
2-Meto 0830 889 824 0.8492 a6 T84 0807 821 B2 8B
{0.871-0.538) (08560 95 (0. TE3-0.861)
AFP 0657 G61.8 56.1 0.725 56.4 T84 LG50 50.4 T3z
Al . N SN I -H- 1| & 4 i&
1. RIHIERIZEIRE gER 47 [X

77HCCSHEHCC;

- 2. X SHCC5Cirgy4e fIELAFPIR ;
| 3. X9S-HCC5Cirky3BELLAFPE 4T .

(0E20-0.915) | | (0u666-0.661) 1
E-HOC wersus (CHE ond Cir

2-Meio — — — — — — T 806 63.8
(0UBES- 0BS5S

AFP —_ — — —_ — — il 556 Tha
(0UE 1 4-0.508)

2-Meio+ AFP — — — — — — QuE01 G6.7 Tha
(0. TF22-0.878)

I Abbreviatisms: ClL, confidence mterval; 2-Meta, serum metabalite Fl.nd.
" T~ | -
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>

Test set

Discovery set
100 100 100 100

iE2s42H . AFPRAME
(AFP<20 ng/ml)
FHCCFas-HCC
BE, KiEins

AR B B2 A

MRS AE

0 i d
(all) _(AFP+) (all) _(AFP-) @ll) (AFP*+)  (all) (AFP-)  (all) (AFP-)
Cir HCC Cir HCC S-HCC 8 O . 6%*” 74 . 5 % o

Diagnostic accuracy(%)
Diagnostic accuracy(%)
Ly
o

__ Hh\E: AFPAE
0'2\:\:?!;“ HCC*HS—HCC:%%;
4 + efa RN . o H- .

KigmZniE R 2
— - g e
CHB&CH “HCe S-HCC 90.5%#F075.0%

Diagnostic accuracy(%) o
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TABLE 3. Performance of Serum Metabolite Panel, AFP, or Both in Prediction of HCC by Year Before Clinical Diagnosis in h E=RA
Cohart 2 of the Validation Sct ENDlAE SN
1 Year Belore 1.5 Years Belore 2 Years Before 2.5 Years Belore 3 Years Belore _ 0.4 validation set 2
(n=10x2) (n=16x2) n=28x2 (n=37x2 (n=42 x 7 %m 1 year before
240l s '
AIC 0.738 0.689 0.647 0.635 w 0.2
(95% Cf) (0.567-0.920) (0.550-0.828) (0522:0.773) (0.513-0.751) E e
Sanshivity (%) 75.0 75.0 703 7.4 8 o1 "
Spacificity (%) 6B 57.1 514 4716 —
P Control Pre-HCC
AC 0.740 0.674 0.633 0619 0.622 HBBfisth
(95% Cf) (0.518-0.962) (0.482-0.866) (0.482 -0.783) (0.489-0.750) (0.500-0.745) o Vinlidation sat 2
Sansifivity (%) 400 175 286 210 262 1 year before
Spacificity (%) 100.0 938 96.4 973 976 g 20- .
2-Melo&AFP =
AC 0.880 0.789 0.742 0.726 0.721 i 10-
(95% Cf) (0.723-1.037) (0.618-0.961) (0.610-0874) (0.608-0.844) (0.610-0.833) ‘E .
Sansifivity (%) 60.0 GRE 843 64.9 4.3
I:'—
Spacificity (%) 100.0 875 186 784 7186 c—@mtrﬂ ey Tr

Abbreviations: Cl, confidence interval; 2-Meta, serum metabolite panel.
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Deaths per 100,000

130.05 71210
7— Source: WHO
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ar disease around the world per, based on 2012 WHO data.



Circulation 2018 Feb 20: 137(8) 841-853 PMID: 29459470 O‘D
doi- 10 1161/CIRCULATIONAHA 117 029468 IF: 18.881, 2018

Metabolic Predictors of Incident Coronary Heart Disease in Women
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Table 3. Validation of Metabolites Among Men and Women in PREDIMED

All CVD* (N=980, 230 cases) CVD Men Only* (139 cases) CVD Women Only* (91 cases)

Metaholite Interaction by Sex P Value
Hazard Ratio (95% CI) P Value Hazard Ratio (95% Cl) P Value Hazard Ratio (95% CI) P Value

C34:2 Hydroxy-PC 1.40 (1.15-1.70) 0.0008 1.16 (0.90-1.51) 0.26 1.79 (1.30-2.46) 0.0004 0.013

C36:4 Hydroxy-PC 1.36 (1.12-1.66) 0.0002 1.14 (0.86-1.48) 0.366 1.67 (1.22-2.29) 0.0015 0.026

Glutamate 1.48 (1.22-1.80) 0.00009 1.39 (1.04-1.34) 0.024 1.64 (1.19-2.24) 0.0022 0.32

Glutamine 0.84 (0.64-1.11) 0.22 0.83 (0.59-1.19) 0.32 0.79 (0.50-1.26) 0.33 0.65

o CHD 1 16 55 14 A0 £ 14 138 47 PRED IMED 5236 LA iR 90 45 SR & vk, SR
TP BRI 7 Y B A DU H 8RB 4, HA R E R, C34: 2825
PC 1 C36:4¥2FPCHIMAEIE INCHD XS . 3R 5 L MECHDFEE TR AT
Kk, EHEFREAERFLEZEMRK.




4. R 5= 7E SLEZ W H BI1E A

« RAMAEMAE (SLE) —MLA=4E B HHUANIFERI18 1 B & R iER
YRR, FRTERPLME, Bihplzin:o;

- RRERR, FHIAABME. 2R, BEMRRR RN & ik,
- ImRIZWHRSE IR KR I B 5 prides il

—y
1. Genes
= 4
—_— 2. Abnormal 4. Inflammation 5. Damage ® eooo
\\—C:‘f‘;-j Immune Response SCFA @< o000
n— o
. . —_— o~
HLAD2 5.8 e Vitamins XH« <
MBL <= ~a /@ 3 y Ami id ° - X&X o=
Feh 2n.58.28 ‘<‘ / > { mlra | s .&.— «.:. P
_1 —
= P ® ° )(&)< cooo
gl'lc'::N122 N ."'@»\ < Chr. inflam. | ® e S -
\,:\\77 /}/ w Chr. oxid. ’F\:i:‘ © . ) 0000
Environment C3a — -, . o
[Defective &-- - Gut microbiome
suppressive ﬁ
networks | ~ Rash
. ;:sgr:'::gs Renal Failure
: Artherosclerosis
EPIGENETIC CHANGES U '(-:ilugczie"'a Pulm fibrosis
(DNA hypomethylation, 3. Autoantibodies Carditi Stroke
mIRle& i Immune Complexes Claorl’ﬁlnl; Damage from Rx
el 9 Etc. Etc.
?Infection R
Others Source: J.T. DiPiro, R.L. Talbert, G.C. Yee, G.R. Matzke, B.G. Wells, L.M.
ENDER _ Posey: Pharmacotheraphy: A Pathophysiologic Approach, 10th Edition, www.
Female predisposes

— sspharmacy.com
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= 7Y

VIP>1,p<0.05 RiEHMIBITHESEHF

Fe Metabolite 3% p VIP  Change Z5MR#

1 Proline JER % 0.002 2.08 Up RERA
2 L-Tyrosine LB 0007 179 Up [ERW
3 L-Methionine L- R 0.015 1.63 Up HERA G
4 L-Asparagine L-R&BEREER 0.037 140 Up KERG
5 DI-Pipecolinic acid 2-WRHE R 0.033 143 Up KERA G
6 Glycyl-L-Proline HEBHER 0.014 164 Up KERMAB
7 D-Ala-D-ala D-H&BE-D-H & 0022 154 Down  SEHEEAH
8 L-Carnosine L-LAk 0.010 1.72 Up REBC
9 Xanthurenic acid HIRRR 0.004 190 Up AR
10 Kynurenic acid R PR TR 0025 151 Up RERA G
11 Lauryl diethanolamide Jp 3 e A 0.028 148 Down  AERHER(RE
12 1,2-Dioleoyl-Rac-Glycerol 1, 2-—jHRZE-Rac-Hi 0004 190 Up AR
13 MG 22:6 H—E 0.049 133 Up v AR AR
14 MG 16:5 Hih—7g 0.018 159 Up v A AR
15 SQDG 26:5 0.005 1.87 Down  HilAg Bt
16 lysoPE 16:0 ¥ B RE T 2 BE i 0.025 151 Up HhBEAR AR
17 lysoPC 22:5 V5 53 P TR A 0.002 205 Up HhBEAR AR
18 PG 27:2 B AR BEH 0.000 250 Up H B AR
19 Adenosine JRE 0.001 2.12  Down M & AR 1
20 Adenosine 5'-Diphosphate 5 — — B R HF 0.002 2.06 Down  Em&{Rig
21 Trigonelline B P AR 0.043 136 Down  #AERMAH
22 Thiamine pyrophosphate  fEBEREIRIEER 0.033 1.43 Down  #E4=FALH
23 Mucic acid RV 0.030 1.46 Down  HAth

23N EFREE, 151,

8 1



DL

HUAYINHEALTH

ZF R YRITRE S

! iy

K2 SLEHMHCHZEEZE R E

& B

MNAMNFAMNG HOSFIT Al

class class
3 HC
1,2-Dioleoyl-Rac-G SLE
2
PG 272
1
Glycyl-L-Proline
o
Kynurenic Acid 2
lysoPC 225 2
Proline -3

L-Carnosine

MG 165

lysoPE 160

MG 226
DI-Pipecolinic Aci
Xanthurenic Acid
L-Methionine
L-Tyrosine
L-Asparagine
Lauryl Diethanolam
D-Ala-D-Ala

Mucic Acid
Trigonelline
Adenosine
Thiamine Pyrophosp
SQDG 265

Adenosine 5-Dipho



ARGHERE 1T P<0. 1

N s " A
- __‘Ammoar:.yl {RNA biosyrithesis 43 MﬁRNAéE% = EJZ‘

. Thiamine metapolism R B 2= 4G 15
FH Metaboanalys3.0

itrogen metabolism > $i1¢5(¢%7§'1—%i§q%
@ vt R T T 1 i31iB
” Tryptophan metabolism @ﬁ@ﬁgj ﬁﬂf’ =523

TPt IR EE .

N ,Cyanoaml o acid : E ; ” [i‘ “:jﬁj

R O
| x._/} \

0.00 0.02 0.04 0.06 0.08 0.10

-log(p)
4

Pathway Impact

B3 SLEAMHCH I =R BB 1




Fe(E 2 A2 W S RE VP

5 Metabolite HX 4 AUC  Sensitivity Specificity
1 PG 27:2 e P L H 0.787  84.4% 65.4%
2 Adenosine R 0.748 71.9% 73.1%
3 Proline R R 0.755  75.0% 73.1%
4 Adenosine 5- 5 —REERE 0.732  59.4% 80.8%
Diphosphate
5 lysoPC 22:5 Y5 538 s Tk AL 0.754  81.2% 69.2%
6 Xanthurenic acid IR 0.716  68.7% 73.1%
7 1,2-Dioleoyl-rac-glycerol 1, 2-=HERE- Rac-H 0730  75.0% 76.9%
8 SQDG 26:5 0.716  62.5% 80.8%
9 L-Carnosine L-ALAk 0.715  59.4% 84.6%
10  L-Tyrosine L-BR =R 0.671  46.9% 92.3%
11  Glycyl-L-proline H = B = R 0.681  78.1% 61.5%
12 L-Methionine - 0.653  53.1% 80.8%
13 MG 16:5 HH—EE 0.632  96.9% 34.6%
14  D-Ala-D-Ala D-WEBt-D-WEM 0.695 81.2% 57.7%
15  Kynurenic acid RIRER 0.686  68.7% 73.1%

EE VIP>1RET15 M Ri#ITROCHZ 4 #r, AUCY0. T,
HTIRSICHERMEE, BISNERREWHITEIS R, FiE
tHPG27: 2FNRERHENEREDR .
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Fecal Metabolomics and Potential
Biomarkers for Systemic Lupus
Erythematosus

Qiong Zhang ", Xiaofeng Yin ', Haifang Wang ', Xing Wu?=, Xin Li’, Yao Li', Xiaohe Zhang’,
Chen Fu', Haixia Li"™ and Yurong Ciu ™3

' Laboratory Medicing Canfar, Nanfang Hospital, Southan Medical Liniversity, Guangzhow, Ghina, © Longses Siomeadical
Caovporation, Guangzhou, China, ¥ Huayin Medical Laborafory Canter Co., Lid., Guangzhowu, China

The role of metabolomics in autcimmune diseases has been a rapidly expanding area
in researches over the last decade, while its pathophysioclogic impact on systemic
lupus erythematosus (SLE) remains poorly elucidated. In this study, we analyzed the
metabolic profiing of fecal samples from SLE patients and healthy controls based
on ultra-high-performance liquid chromatography equipped with mass spectrometry
for exploring the potential biomarkers of SLE. The results showed that 23 differential
metabolites and 5 perturbed pathways were identified between the two groups, including
aminocacyl-tRMNA biosynthesis, thiamine metabolism, nitrogen metabolism, tryptophan
metabolism, and cyanocamino acid metabolism. In addition, logistic regression and ROC
analysis were used to establish a diagnostic model for distinguishing SLE patients from
healthy controls. The combined model of fecal PG 27:2 and proline achieved an area
under the ROC curve of 0.848, and had a good diagnostic efficacy. In the present
study, we analyzed the correlations between fecal metabolic perturbations and SLE
pathogenesis. In summary, we firstly illustrate the comprehensive metabolic profiles of
feces in SLE patients, suggesting that the fecal metabolites could be used as the potential
non-invasive biomarkers for SLE.

Keywords: feces, metabolomics, biomarker, systemic lupus erythematosus, liquid chromatography, mass
spectrometry

INTRODUCTION

Systemic lupus erythematosus (SLE) is an autoimmune disease with persistent inflammation that
affects multiple organ systems, characterized by high morbidity and low guality of life. The
etiological factors and pathogenesis of SLE are still not completely understood (1). However, a
lat nf evidenires snooest that the ot mirrahinme takss an immnrtant role in inflammatore and
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