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Immune response to lysine adducts in atherogenesis
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It has been shown that 1,4-dihydropyridine-type malondialdehyde (MDA)-
Acetaldehyde (AA)-lysine (M2AA) adducts are formed during atherogenesis. Previously, we detected an
increase in antibody against M2AA in the blood in atherosclerosis-prone ApoE ko mice. We
hypothesized that the combination of AA, MDA, and lysine could lead to the formation of additional
immunogenic adducts other than M2AA. In the present study, the reaction product of AA, MDA, and
6-aminocaproic acid (6-ACA, a lysine analog) was fractionated by HPLC. Interestingly, we found that
the titers of antibodies against all of the fractionated products were increased in the blood of
ApoE ko mice, indicating the existence of multiple immunogenic epitopes in the reactant of MDA, FA,
and 6ACA. From this, we believe that evaluating serum titers of natural antibodies against various
complex MDA-AA-lysine adducts could be used as a biomarker for metabolic syndromes.



@)

LDL LDL

2 MDA
LDL B-100 MDA LDL
MDA CHz(CHO):
MDA MDA
LDL MDA-LDL
MDA MDA
AA 1,4-dihydroxypyridine M2AA
(3) M2AA
M2AA MDA-
ApoE
ApoE
M2AA A M2AA
MDA AA ACA
B
A ApoE
M2AA
% M2AA AA MDA
"o P !\:\:;ﬁiﬁ_\é\’;zn:nocaproic acid 6ACA
O}\/\/\/N = ( ) 37 7
HPLC-DAD M2AA-6ACA
MDA
1 M2AA-6ACA 4 11,3.3-
TMP
M2AA M2AA-6ACA
BSA
M2AA-6ACA BSA MAA-6ACA-BSA M2AA-6ACA
BSA EDC (1-Ethyl-3-[3-dimethylaminopropyl]carbodimiimide hydrochloride)
ELISA
M2AA-6ACA-BSA ELISA M2AA 96
IgG - HRP; IgM -HRP; IgG1
-HRP TMB
450nm
ApoE
Xianwen Yi
ApoE ko
-70
B M2AA MDA-AA-
M2AA A AA MDA
6ACA 37 7 HPLC-DAD
1,1,3,3- TMP
beta-methoxyacrolein 5
HPLC-DAD 1,1,3,3-
TEP MDA AA 6ACA
MDA
AA MDA 6ACA A AA MDA 6ACA
37 7 HPLC-DAD 9



AA MDA 6ACA 9 BSA
A
(0-4.5%)
I DT A Sig=26014 Ref=off (NACAMR A AT
™ A ApoE
s M2AA
\5W€ LDL
e LDL
o o B s LDL
' ;ﬁgMM% BRI RN
[
PC
(6) PL
EO6
IgM Ldlir
2 M2AA-6ACA PC
— ‘ﬁ MDA
M—M— }—O—P—o—(CHz)Qﬁ(CHg)S A MDA MDA
/ \ y/ | AA
T|W © M2AA
BSA M2AA
PC ApoE
ApoE&iB= 7 X 3M(IgG) M2AA AA MDA
:-‘: +M2AA <PC . 6ACA 37 7
4 MDA TMP
§ 0.8 . ‘ AA MDA 6ACA
] gi . M2AA-6ACA HPLC-DAD
02 |, M2AA-6ACA
0 . . . . M2AA-6ACA
0 0.001 0.002 0.003 0.004
Dilution rate of serum MZAA GACA
ApoERIBZ 7 Z 3M (IgM) i
17 JM28A .PC BSA M2AA-6ACA
0.8 . PC
E 0.6 . PC BSA
S o4 . Biosearch Technologies
BEPTY M2AA-BSA PC-BSA 96
0 |28 ELISA
0 0.001 0.002 0.003 0.004 ApoE
Dilution rate of serum 3 M2AA IgG
ApoER{BY Y X 3M (IgG1) IgM
g::: «M2AA +PC . (3) ApoE 3 PC
_ 01 M2AA
2 008 R . IgG IgM IgG1
8 0.06 PC
= 0.04 .
0.02 {,°
0 T T T "
0.001 0.002 0.003 0.004
Dilution rate of serum MZAA PC
M2AA  PC
M2AA PC ApoE M2AA 4
ApoE S
M2AA LDL




7 PC ApoE

B M2AA MDA-AA- 9GMZAA
14
A M2AA 12
_10
M2AA MDA-AA- 508
5 0.6
AA MDA TMP o ﬁ m
6ACA 0
BSA 96 wt 3M ApoE 3M wt 4M ApoE AM  ApoE 5M
ELISA ELISA
M2AA " 1gN-M2AA
1.2
1F83 IgG o
PC s
EO6 i;o.s
IgM 0.4
wres | ][] [ l
M2AA 7 6 00 wit 3M ApoE 3M wt 4M ApoE 4M  ApoE 5M
M2AA 1F83
ApoE
EO6 P'(\:AZAA M2AA
ApoE
(0-54))
ApoE o]
MDA«
(Tep) = BCE1 :
AA MDA TMP : )
6ACA M2AA
MDA
(tmp)
T™MP
MDA TMP B-
B-MA MDA |
5 1,1,3,3- | (ER)
TEP MDA
TEP B-
B-EA B-MA |
B-EA MDA  ACA
AA MDA 6ACA MDA/AA/6ACA
B-MA B-EA
AA MDA TMP
6ACA AA MDA TEP
6ACA Retention time HPLC-DAD
AA MDA 6ACA
ApoE

(1) Domingues RM, Domingues P, Melo T, Pérez-Sala D, Reis A, Spickett CM. Lipoxidation
adducts with peptides and proteins: deleterious maodifications or signaling
mechanisms? J Proteomics. 2013;92:110-31.

(2) Holvoet P, Collen D. Oxidation of low density lipoproteins in the pathogenesis of
atherosclerosis. Atherosclerosis. 1998;137 Suppl:S33-8.

(3) Shimomoto T, Collins LB, Yi X, Holley DW, Zhang Z, Tian X, Uchida K, Wang C, Horkkd



1)

)

(4)

(®)

(6)

(@)

S, Willis MS, Gold A, Bultman SJ, Nakamura J. A purified MAA-based ELISA is a
useful tool for determining anti-MAA antibody titer with high sensitivity. PL0oS One.
2017: 21;12(2):e0172172.

Robertson AK, Zhou X, Strandvik B, Hansson GK. Severe hypercholesterolaemia leads
to strong Th2 responses to an exogenous antigen. Scand J Immunol.
2004:59(3):285-93.

Marnett LJ, Tuttle MA. Comparison of the mutagenicities of malondialdehyde and the
side products formed during its chemical synthesis. Cancer Res. 1980;40(2):276-82.
Que X, Hung MY, Yeang C, Gonen A, Prohaska TA, Sun X, Diehl C, Maatta A, Gaddis
DE, Bowden K, Pattison J, MacDonald JG, Yla-Herttuala S, Mellon PL, Hedrick CC, Ley
K, Miller YI, Glass CK, Peterson KL, Binder CJ, Tsimikas S, Witztum JL. Oxidized
phospholipids are proinflammatory and proatherogenic in hypercholesterolaemic mice.
Nature. 2018;558(7709):301-306.

Kato R, Mori C, Kitazato K, Arata S, Obama T, Mori M, Takahashi K, Aiuchi T, Takano T,
Iltabe H. Transient increase in plasma oxidized LDL during the progression of
atherosclerosis in apolipoprotein E knockout mice. Arterioscler Thromb Vasc Biol. 2009
Jan;29(1):33-9.

Nakamura J, Kawanishi M, Okada T, Yagi T, and Kunugita N. Blood Titers of Antibody
against Complex Malondialdehyde-Acetaldehyde-Lysine Adducts as a Biomarker for
the Very Early Stage of Metabolic Syndromes, Such as Atherosclerosis.

SOT (2019)



