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Progress on ionomics of complex diseases
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Abstract: lonomics is a new multidisciplinary scientific field for investigating the composition and distribution of all chemical elements
in specific biological systems as well as their variations under different physiological and pathological conditions. It combines both
high-throughput techniques for element profile measurement and bioinformatic methods, which provides new ideas for obtaining a
systems-level understanding of biological utilization and functions of these elements. More and more results of researches suggest that
ionomics has important theoretical and practical values in etiological study, early diagnosis and screening, and therapeutic strategy
selection for complex diseases. In this review, we focus on current advances in the ionomic studies of several complex diseases, which
may help further understand the effect and important properties of individual elements, as well as their dynamic ionomic networks in

the occurrence and development of diseases.
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Collection and classification of biological
samples (tissues, body fluids, etc.)

|

!

[ Sample preprocessing ]

il

‘ High-throughput ionome measurement (ICP-MS, etc.) ]

1!

Statistical analysis
» Data normalization;
>

Analysis of differentially changed elements (t test,

Wilcoxon rank sum test, etc.);

>

Others: principal component analysis, clustering, etc.

il

lonomic network analysis

» Construction and analysis of elemental correlation network;
» Analysis of changes of elemental correlation.

il

|

Construction of ionome-based models for classification or prediction of
phenotypes (neural network, support vector machine, decision tree, etc.)

|

!

Performance evaluation ]
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Fig. 1. Schematic diagram for ionome measurement and data analysis.
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RER T2D LB Sk kR 2 ot R & &, KW,
AR R E S, TS 86 BEANEL B PR,
ifj Flores % B 447 7 52 4 8] T2D H 3% I 35 A1 R i
14 FhCE TR TG OL, B ORI TR A
Z (A S PUMEAE FH PT e -5 0 PR FF RCRE 2 e AH %
B¢ilt, Badran 28 MO R A M 0 B, RS MR
RS o3 M 2 R OTIEIR AN AL T AEYN T2D B
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Table 1. lonomic results for several complex diseases

Diseases Population Tissue Increased elements Decreased elements Ref.

Diabetes

T2D Mexico Serum Al, Cd, Cu, Mn, Hg, Ni Cr, Co, V [37]
Urine Cr, As, Cu, Zn Cd, Co, Pb, Mn, Mo, Ni, Se

T2D Russia Hair K, Na, Hg Ca, Mg, Zn, Co [39]

T2D Egypt Serum Cu Zn, Se, Fe, Mn, Cr, Mg, As [40]

T2D Norway Blood Cd, Cr, Fe, Ni, Ag, Zn Br [41]

2D China Plasma Cu, P, S Mg, Cr, Se [44]

T2D China Urine Ni [45]

T2D China Plasma V, Cr, Mn, Cu, Zn, As, Se, Sr, Pd, - [46]

Cd, Cs, Ba

TID Italy Blood Cu, Cr [47]

Gestational diabetes Italy Placenta  Se Cd [48]

Neurodegenerative diseases

AD Sweden Plasma Mn, Hg Co, Se, Cs [50]
CSF - V, Mn, Rb, Sb, Cs, Pb

AD Spain Serum Al, Fe Mn, Zn, Se [52]

AD Turkey Nail - Mn, Fe, Cu, Zn, Cd, Hg [53]
Hair Na, K Al, Mn, Fe, Co, Cu, Cd, Hg, Pb

PD Italy Serum Ca, Mg Al, Cu [56]
Urine Ca, Fe, Si -

PD India Serum K, Mg, Cu, P Al, S, Fe, Zn [57]

PD Ttaly CSF - Co, Cr, Fe, Pb, Si, Sn [33]

PD China Plasma Fe, Se Zn [58]

ALS Italy Blood Mn, Se, Al As [59]

Cancers

Prostate cancer China Hair K, Fe, Cu, Se Mg, P, Ca, Cr, Mn, Zn [60]

Non-small cell lung cancer  Turkey Hair Au, Bi, Ca, Co, Cr, Cu, Ga, Hg, K, Ag, Be, Cd, Fe, Zn [61]

Ni, Rb, Sb, Sc, Ti, V

Pancreatic cancer Spain Toenail Cd, As, Pb Se, Ni [62]

Laryngeal cancer Poland Hair/nail ~ Cr, Cd, Pb Ca, Mg, Cu, Fe, Mn, Co [63]

Breast cancer USA Urine Cu, Pb - [64]

Some other diseases

Periodontal diseases Poland Saliva Cu, Mg, Mn - [66]

End-stage renal disease Ukraine Blood B, AL V, Cr, Mn, Zn, Sr, Cd, Ba, Pb Ni, As, Se, Rb [67]

T2D: type 2 diabetes; T1D: type 1 diabetes; AD: Alzheimer’s disease; PD: Parkinson’s disease; ALS: amyotrophic lateral sclerosis.
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FHEIRAT VRS A2 2 N H L (1 P 3R AT 14 4
LRGN, 15 AD. PD. F AR AL ZE
Y5 22 A8 AL E (amyotrophic lateral sclerosis, ALS) %5,
ZA AT F LI FU R, MPERAT MR Y
KA. RESHMETRNBEEXILAEEZRER Y,
T 32 A IR AD A PD A G 1) B - 4L At
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AD & F e H 23T A R, FEERINID
VAU I TN K i 21 £ 57 s IR NS B e
PAR AR FIAT N4, i RE 4 KRB, Gerhardsson
% BRI ICP-MS Kl 1 173 49 AD 3% F1 87 43
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Gonzalez-Dominguez %5 P i@ i 4> #rfg FE N . B
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AD B MIME B 2, B RERT 7R K R AR
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