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Apolipoproteins and lipoproteins

Dominiczak & Caslake, Ann Clin Biochem, 2011 - Van den Broek et al., Proteomics, 2017

Apolipoproteins govern lipoprotein metabolism
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Lipoprotein metabolism
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Lipoprotein metabolism in type 2 diabetes
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Lipoprotein metabolism in type 2 diabetes
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In contrast to LDL-lowering drugs (statins, iPCSK9), 

therapies targeting HDL and triglyceride plasma 

concentrations (fibrates) failed to demonstrate 

benefits in CVD outcomes.
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Apolipoproteins are powerful biomarkers of lipoprotein metabolism and CVD

Dominiczak & Caslake, Ann Clin Biochem, 2011 - Van den Broek et al., Proteomics, 2017 – Martson et al., JAMA Cardiol., 2021 – McQueen et al., Lancet, 2008.

Apolipoprotein

Phospholipids

Unesterified 
cholesterol

Esterified 
cholesterol

Triglycerides

Structural component of lipoproteins

Ligand for cell-surface receptors

Activator/inhibitor of specific enzymes

Apolipoprotein plasma concentrations 
predict ASCVD better than plasma lipids

SNPPTM
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Chronic hyperglycemia promotes the irreversible and non-enzymatic glycation of proteins

Schalkwijk & Stehouwer, Physiol Rev. 2019  - Hanssen et al., Diabetes Care. 2018 - Rodrigues & Chevalier et al., Clin Chem. 2025
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Chronic hyperglycemia promotes the irreversible and non-enzymatic glycation of proteins

Schalkwijk & Stehouwer, Physiol Rev. 2019  - Hanssen et al., Diabetes Care. 2018 - Rodrigues & Chevalier et al., Clin Chem. 2025

 High and fast reactivity of dicarbonyl intermediates vs. reducing sugar 

 Half-life of apolipoproteins = a few days

 ↑Methylglyoxal (MGO) plasma concentrations = ↑ risk of CVD in T2D

Days
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Blanchard et al., J Lipid Res, 2020

 MS enables the absolute quantification of apolipoproteins, the assessment of apolipoprotein turnover 

from stable isotope kinetic studies and the determination of specific polymorphisms.

MS MS/MS

Protein

Peptides

Trypsin proteolysis

System simplification Sample clean-up Peptide separation Peptide detection/characterization

Mass spectrometry-based proteomics (bottom-up)

Trypsin


Not specific, no PTM

PTM-related polymorphism

+X Da +Y Da

Trypsin

+Z Da, missed cleavage
No PTM
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Identification of a proteolytic peptide representative of apoB100 glycation by MGO

LDL MGO-glycated LDL
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MS-based proteomics

Trypsin
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 MGO primarily targets arginine to form MGH and CEA.
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MDPPRPALLALLALPALLLLLLAGARAEEEMLENVSLVCPKDATRFKHLRKYTYNYEAESSSGVPGTADSRSATRINCKVELEVPQLCSFILKTSQCTLKEVYGFNPEGKALLKKTKNSEEFAAAMSRYELKLAIPEGKQVFLYPEKD
EPTYILNIKRGIISALLVPPETEEAKQVLFLDTVYGNCSTHFTVKTRKGNVATEISTERDLGQCDRFKPIRTGISPLALIKGMTRPLSTLISSSQSCQYTLDAKRKHVAEAICKEQHLFLPFSYKNKYGMVAQVTQTLKLEDTPKINS
RFFGEGTKKMGLAFESTKSTSPPKQAEAVLKTLQELKKLTISEQNIQRANLFNKLVTELRGLSDEAVTSLLPQLIEVSSPITLQALVQCGQPQCSTHILQWLKRVHANPLLIDVVTYLVALIPEPSAQQLREIFNMARDQRSRATLYA
LSHAVNNYHKTNPTGTQELLDIANYLMEQIQDDCTGDEDYTYLILRVIGNMGQTMEQLTPELKSSILKCVQSTKPSLMIQKAAIQALRKMEPKDKDQEVLLQTFLDDASPGDKRLAAYLMLMRSPSQADINKIVQILPWEQNEQVKNF
VASHIANILNSEELDIQDLKKLVKEALKESQLPTVMDFRKFSRNYQLYKSVSLPSLDPASAKIEGNLIFDPNNYLPKESMLKTTLTAFGFASADLIEIGLEGKGFEPTLEALFGKQGFFPDSVNKALYWVNGQVPDGVSKVLVDHFGY
TKDDKHEQDMVNGIMLSVEKLIKDLKSKEVPEARAYLRILGEELGFASLHDLQLLGKLLLMGARTLQGIPQMIGEVIRKGSKNDFFLHYIFMENAFELPTGAGLQLQISSSGVIAPGAKAGVKLEVANMQAELVAKPSVSVEFVTNMG
IIIPDFARSGVQMNTNFFHESGLEAHVALKAGKLKFIIPSPKRPVKLLSGGNTLHLVSTTKTEVIPPLIENRQSWSVCKQVFPGLNYCTSGAYSNASSTDSASYYPLTGDTRLELELRPTGEIEQYSVSATYELQREDRALVDTLKFV
TQAEGAKQTEATMTFKYNRQSMTLSSEVQIPDFDVDLGTILRVNDESTEGKTSYRLTLDIQNKKITEVALMGHLSCDTKEERKIKGVISIPRLQAEARSEILAHWSPAKLLLQMDSSATAYGSTVSKRVAWHYDEEKIEFEWNTGTNV
DTKKMTSNFPVDLSDYPKSLHMYANRLLDHRVPQTDMTFRHVGSKLIVAMSSWLQKASGSLPYTQTLQDHLNSLKEFNLQNMGLPDFHIPENLFLKSDGRVKYTLNKNSLKIEIPLPFGGKSSRDLKMLETVRTPALHFKSVGFHLPS
REFQVPTFTIPKLYQLQVPLLGVLDLSTNVYSNLYNWSASYSGGNTSTDHFSLRARYHMKADSVVDLLSYNVQGSGETTYDHKNTFTLSYDGSLRHKFLDSNIKFSHVEKLGNNPVSKGLLIFDASSSWGPQMSASVHLDSKKKQHLF
VKEVKIDGQFRVSSFYAKGTYGLSCQRDPNTGRLNGESNLRFNSSYLQGTNQITGRYEDGTLSLTSTSDLQSGIIKNTASLKYENYELTLKSDTNGKYKNFATSNKMDMTFSKQNALLRSEYQADYESLRFFSLLSGSLNSHGLELNA
DILGTDKINSGAHKATLRIGQDGISTSATTNLKCSLLVLENELNAELGLSGASMKLTTNGRFREHNAKFSLDGKAALTELSLGSAYQAMILGVDSKNIFNFKVSQEGLKLSNDMMGSYAEMKFDHTNSLNIAGLSLDFSSKLDNIYSS
DKFYKQTVNLQLQPYSLVTTLNSDLKYNALDLTNNGKLRLEPLKLHVAGNLKGAYQNNEIKHIYAISSAALSASYKADTVAKVQGVEFSHRLNTDIAGLASAIDMSTNYNSDSLHFSNVFRSVMAPFTMTIDAHTNGNGKLALWGEHT
GQLYSKFLLKAEPLAFTFSHDYKGSTSHHLVSRKSISAALEHKVSALLTPAEQTGTWKLKTQFNNNEYSQDLDAYNTKDKIGVELTGRTLADLTLLDSPIKVPLLLSEPINIIDALEMRDAVEKPQEFTIVAFVKYDKNQDVHSINLP
FFETLQEYFERNRQTIIVVLENVQRNLKHINIDQFVRKYRAALGKLPQQANDYLNSFNWERQVSHAKEKLTALTKKYRITENDIQIALDDAKINFNEKLSQLQTYMIQFDQYIKDSYDLHDLKIAIANIIDEIIEKLKSLDEHYHIRV
NLVKTIHDLHLFIENIDFNKSGSSTASWIQNVDTKYQIRIQIQEKLQQLKRHIQNIDIQHLAGKLKQHIEAIDVRVLLDQLGTTISFERINDILEHVKHFVINLIGDFEVAEKINAFRAKVHELIERYEVDQQIQVLMDKLVELAHQY
KLKETIQKLSNVLQQVKIKDYFEKLVGFIDDAVKKLNELSFKTFIEDVNKFLDMLIKKLKSFDYHQFVDETNDKIREVTQRLNGEIQALELPQKAEALKLFLEETKATVAVYLESLQDTKITLIINWLQEALSSASLAHMKAKFRETL
EDTRDRMYQMDIQQELQRYLSLVGQVYSTLVTYISDWWTLAAKNLTDFAEQYSIQDWAKRMKALVEQGFTVPEIKTILGTMPAFEVSLQALQKATFQTPDFIVPLTDLRIPSVQINFKDLKNIKIPSRFSTPEFTILNTFHIPSFTID
FVEMKVKIIRTIDQMLNSELQWPVPDIYLRDLKVEDIPLARITLPDFRLPEIAIPEFIIPTLNLNDFQVPDLHIPEFQLPHISHTIEVPTFGKLYSILKIQSPLFTLDANADIGNGTTSANEAGIAASITAKGESKLEVLNFDFQANA
QLSNPKINPLALKESVKFSSKYLRTEHGSEMLFFGNAIEGKSNTVASLHTEKNTLELSNGVIVKINNQLTLDSNTKYFHKLNIPKLDFSSQADLRNEIKTLLKAGHIAWTSSGKGSWKWACPRFSDEGTHESQISFTIEGPLTSFGLS
NKINSKHLRVNQNLVYESGSLNFSKLEIQSQVDSQHVGHSVLTAKGMALFGEGKAEFTGRHDAHLNGKVIGTLKNSLFFSAQPFEITASTNNEGNLKVRFPLRLTGKIDFLNNYALFLSPSAQQASWQVSARFNQYKYNQNFSAGNNE
NIMEAHVGINGEANLDFLNIPLTIPEMRLPYTIITTPPLKDFSLWEKTGLKEFLKTTKQSFDLSVKAQYKKNKHRHSITNPLAVLCEFISQSIKSFDRHFEKNRNNALDFVTKSYNETKIKFDKYKAEKSHDELPRTFQIPGYTVPVV
NVEVSPFTIEMSAFGYVFPKAVSMPSFSILGSDVRVPSYTLILPSLELPVLHVPRNLKLSLPDFKELCTISHIFIPAMGNITYDFSFKSSVITLNTNAELFNQSDIVAHLLSSSSSVIDALQYKLEGTTRLTRKRGLKLATALSLSNK
FVEGSHNSTVSLTTKNMEVSVATTTKAQIPILRMNFKQELNGNTKSKPTVSSSMEFKYDFNSSMLYSTAKGAVDHKLSLESLTSYFSIESSTKGDVKGSVLSREYSGTIASEANTYLNSKSTRSSVKLQGTSKIDDIWNLEVKENFAG
EATLQRIYSLWEHSTKNHLQLEGLFFTNGEHTSKATLELSPWQMSALVQVHASQPSSFHDFPDLGQEVALNANTKNQKIRWKNEVRIHSGSFQSQVELSNDQEKAHLDIAGSLEGHLRFLKNIILPVYDKSLWDFLKLDVTTSIGRRQ
HLRVSTAFVYTKNPNGYSFSIPVKVLADKFIIPGLKLNDLNSVLVMPTFHVPFTDLQVPSCKLDFREIQIYKKLRTSSFALNLPTLPEVKFPEVDVLTKYSQPEDSLIPFFEITVPESQLTVSQFTLPKSVSDGIAALDLNAVANKIA
DFELPTIIVPEQTIEIPSIKFSVPAGIVIPSFQALTARFEVDSPVYNATWSASLKNKADYVETVLDSTCSSTVQFLEYELNVLGTHKIEDGTLASKTKGTFAHRDFSAEYEEDGKYEGLQEWEGKAHLNIKSPAFTDLHLRYQKDKKG
ISTSAASPAVGTVGMDMDEDDDFSKWNFYYSPQSSPDKKLTIFKTELRVRESDEETQIKVNWEEEAASGLLTSLKDNVPKATGVLYDYVNKYHWEHTGLTLREVSSKLRRNLQNNAEWVYQGAIRQIDDIDVRFQKAASGTTGTYQEW
KDKAQNLYQELLTQEGQASFQGLKDNVFDGLVRVTQEFHMKVKHLIDSLIDFLNFPRFQFPGKPGIYTREELCTMFIREVGTVLSQVYSKVHNGSEILFSYFQDLVITLPFELRKHKLIDVISMYRELLKDLSKEAQEVFKAIQSLKT
TEVLRNLQDLLQFIFQLIEDNIKQLKEMKFTYLINYIQDEINTIFSDYIPYVFKLLKENLCLNLHKFNEFIQNELQEASQELQQIHQYIMALREEYFDPSIVGWTVKYYELEEKIVSLIKNLLVALKDFHSEYIVSASNFTSQLSSQV
EQFLHRNIQEYLSILTDPDGKGKEKIAELSATAQEIIKSQAIATKKIISDYHQQFRYKLQDFSDQLSDYYEKFIAESKRLIDLSIQNYHTFLIYITELLKKLQSTTVMNPYMKLAPGELTIIL

Apolipoprotein B100

Apolipoprotein B48

~ 280 peptide candidates!!
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Identification of a proteolytic peptide representative of apoB100 glycation by MGO

LDL MGO-glycated LDL
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H2N~~K2833YLR*TEHGSEMLFFGNAIEGKSNTVASLHTEKNTLELSNGVIVKINNQLTLDSNTKYFHK
LNIPKLDFSSQADLR*NEIKTLLKAGHIAWTSSGKGSWKWACPRFSDEGTHESQISFTIEGPLTSFGL
SNKINSKHLR*VNQNLVYESGSLNFSKLEIQSQVDSQHVGHSVLTAKGMALFGEGKAEFTGRHDAHL
NGKVIGTLKNSLFFSAQPFEITASTNNEGNLKVRFPLR*LTGKIDFLNNYALFLSPSAQQASWQVSAR
FNQYKYNQNFSAGNNENIMEAHVGINGEANLDFLNIPLTIPEMRLPYTIITTPPLKDFSLWEKTGLKEF

LKTTKQSFDLSVKAQYKKNKHRHSITNPLAVLCEFISQSIKSFDRHFEKNR*NNALDFVTKSYNETKI
KFDKYKAEKSHDELPRTFQIPGYTVPVVNVEVSPFTIEMSAFGYVFPKAVSMPSFSILGSDVRVPSYTL

ILPSLELPVLHVPR*NLKLSLPDFKELCTISHIFIPAMGNITYDFSFKSSVITLNTNAELFNQSDIVA
HLLSSSSSVIDALQYKLEGTTRLTRKRGLKLATALSLSNKFVEGSHNSTVSLTTKNMEVSVATTTKAQ
IPILR*MNFKQELNGNTKSKPTVSSSMEF3460~~CO2H

Human apoB100: domains 4 and 5
 In the apoB100-to-LDLR interaction domain, 

MGH and CEA levels are positively correlated.

 Two peptides were detected in vivo (plasma) 

but only one (NR+54NNALDFVTK) has been 

validated for high throughput analyses.

Reimund et al., Nature, 2024 

 MGO primarily targets arginine to form MGH and CEA.

* Sensitive to other glycating agents
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Identification of a proteolytic peptide representative of apoB100 glycation by MGO
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Plasma levels of NR+54NNALDFVTK (called 

MGH-APOB) are increased in T2D patients 

and primarily detected in LDL particles.

❶ Ex vivo ❷ In vivo
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ApoB100 glycation by MGO reduces the hepatic catabolism of LDL

❶ In vitro ❷ Ex vivo

B
in

di
ng

, %

✱✱

✱

U
pt

a
ke

, %

✱✱✱
✱✱

✱

0 5 50 500
0

20

40

60

700

800

900

MGO, µM

nM

ApoB100

MGH-APOB

LDL-R

A
po

B
10

0
, µ

M

0 90 180

Binding, %

R = 0.07
p = 0.800

M
G

H
-A

P
O

B
, n

M



15

ApoB100 glycation by MGO reduces the hepatic catabolism of LDL
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ApoB100 glycation by MGO reduces the hepatic catabolism of LDL
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❹ In vivo in human (stable isotope kinetic study, B. Vergès)
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Association of MGH-APOB plasma concentration and incident CAD in T2D

HR per 1 SD adjusted for sex, age, BMI, uACR, eGFR, history of CAD, HbA1c and HDL-C

 MGH-APOB remains significant after adjustment for non-HDL-C, apoB100 and 

MGH-ALB : HR 1.16 [1.03 – 1.31]; p = 0.015

► To be replicated (in progress): DIABHYCAR, D.E.S.I.R.

► Longitudinal & prospective studies (S. Hadjadj, PJ. Saulnier, M. Wargny)
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Effects of lipid- or glucose lowering treatments

Effect of drugs capable of 
neutralizing MGO in progress
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General conclusion

Proteins are biomarkers for early disease detection. PTMs give key insights into organ dysfunction and 

cellular stress, but remain complex to analyse. Chronic hyperglycaemia, dyslipidaemia, and nephropathy 

alter PTM dynamics and some specific PTMs are implicated in the pathogenesis of chronic diseases.

Develop multiplexed assays to quantify diverse apolipoprotein proteoforms; focus on clinically relevant, 

functionally impactful biomarkers to improve CV risk stratification.

Bridge basic science with clinical application to clarify links between metabolic dysregulations, 

lipoprotein metabolism, and CVD.

Improve care for high-risk patients, identify novel therapeutic targets through apolipoprotein PTMs, 

consider PTMs as direct therapeutic targets in the future.

► Take-home message

► Future directions

► Translational approach 

► Ultimate goal
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