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Introduction

Simultaneous quantification of apolipoproteins A-l,
E, and J in human plasma by LC-MS/MS for clinical
application to diabetes mellitus complicated with
cardiovascular disease

Pengfei Li, © 2 Yuting Cong,t® Wen Zhang,* Lefeng Wang,© Lulu Ren,? Xin Li,°
Song Yang,? Zhiyong Zhang,© Guoging Li** and Lihong Liu*®

Apolipoproteins (Apos) play an important role in regulating plasma lipid concentration. Complex disorders
of Apos are highly related with diabetes mellitus, cardiovascular and other diseases. Direct measures of
lipoprotein fractions for risk assessment suffer from inaccuracy in the dyslipidemia and pathological
states. Therefore, a reliable precise assay will be of high clinical utility. LC-MS/MS methods with multiple
reaction monitoring modes have proven suitable for multiplexed quantification. We aimed to develop
a simple, cost-effective and amenable LC-MS/MS assay for quantification of ApoA-I, ApoE and ApoJ in
human plasma. Standards were constructed from substitute matrix and proteotypic peptides for external
calibration and corresponding stable isotope labeled peptides were added as internal standards to
remove matrix effects. Analytical validation of the assay included the assessment of linearity, accuracy
(RE: —3.02% to 5.32%), intra-assay precision (RSD: 2.50% to 6.56%), inter-assay precision (RSD: 0.78% to
6.68%), spiking recovery rate (accuracy: 87.17% to 112.71%), matrix effect (accuracy: 88.03% to 114.87%),
and reproducibility and repeatability of sample preparation (RSD: 1.95% to 7.26%). The performance of
proteotypic peptides ApoA-I, ApoE and ApoJ was sufficient for triplex quantitation within a linear range
from 16.26 to 1626.41 pmol mL™%, 1.03 to 103.35 pmol mL™! and 0.86 to 86.46 pmol mL™! respectively.
For all quantified peptides, the determination coefficient (R?) was >0.997. Besides, the validated LC-MS/
MS method has been successfully applied to the quantification of plasma samples in diabetes mellitus
and cardiovascular diseases. We anticipate that this assay may provide an alternative method for future
clinical applications.

value for the prevention, diagnosis and treatment of eye
diseases.® Similarly, apolipoprotein J (ApoJ, also called clus-

Apolipoprotein (Apo) is the protein part of plasma lipoproteins
and is generally divided into Apo A, B, C, D, E and J families. The
main functions of Apos are maintaining lipoprotein structure
and lipid transport, participating in lipoprotein metabolism
and regulating many biological functions.® Apolipoprotein A
(ApoA) is an important component of plasma high-density
lipoprotein, which has the effect of removing tissue lipids and
anti-atherosclerosis effects. Apo A-I is suggested to be a new
cardiovascular disease (CVD) risk factor in recent publica-
tions.>* Apolipoprotein E (ApoE) is also a determinant of CVD
risk and atherosclerosis,>” but still with clinical application
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terin) is widely distributed in various tissues of the human
body. In addition to transporting lipids, Apo] is also involved in
complement regulation®'® and its plasma levels are associated
with post-myocardial infarction (MI),* hepatic insulin sensi-
tivity impairment' and survival of heart failure.”” Our study
demonstrated that ApoJ ameliorated endothelial dysfunction in
diabetes by suppressing mitochondrial fragmentation and it
might be used as a potential biomarker to predict diabetes
mellitus complicated with cardiovascular disease.*

Although apolipoproteins have been becoming ideal candidate
biomarkers of CVD,"*" CVD risk is still assessed by traditional
HDL and LDL or non-HDL cholesterol concentrations and stan-
dardized clinical immunoassays. Due to the complexity of dyslipi-
demia, multiple target proteins should be analyzed simultaneously
for more accurate assessment, however there are only a few stan-
dardized immunoassays for clinical testing.* During the last years,
liquid chromatography tandem mass spectrometry (LC-MS/MS)
methods with multiple reaction monitoring (MRM) mode have
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been widely used in targeted quantitative proteomic analysis which
can greatly reduce the background noise and improve the sensi-
tivity, specificity and precision."**® Compared with traditional
immunological methods, MRM method shows great advantages in
terms of accuracy, selectivity, reproducibility, sensitivity, and
quantitative linear range, and multiple proteins can be analyzed
from small sample volumes within one run.**'*>

application assays for protein quantification
requires stringent criteria for accuracy and precision.*® To
improve the specificity and to ensure the analytical perfor-
mance of target Apos, only one unique peptide of each apoli-
poprotein was chosen for quantitative purpose. There were two
transitions for each selected proteotypic peptide for qualifica-
tion and quantification separately. Besides, stable isotope
labeled peptides as internal standards were introduced to
ensure the accuracy and precision.

In this report, we developed and validated a novel LC-MS/MS
method with MRM mode for triplex quantification of serum/
plasma ApoA-I, ApoE and Apo], including a reliable sample
preparation protocol for simultaneous quantitative analysis of
medium to high abundant Apos and various validation steps
toward clinical application. We anticipate that this assay may
provide an alternative method for future clinical applications.

Clinical

Materials and methods
Materials and reagents

Synthetic unique peptides and stable isotope labeled peptides as
internal standard (SIL-IS) with the purity greater than 95% were
purchased from Synpeptide Co., Ltd (Shanghai, China). ApoA-I
(human-recombinant, expressed in E. coli, with the purity
greater than 97%, Cat. # SRP 4693), ApoE (from human plasma,
with the purity greater than 95%, Cat. # SRP 6303), ApoJ (human-
recombinant, expressed in HEK 293 cells, with the purity greater
than 92%, Cat. # SRP 6464), were all purchased from Sigma
Aldrich (St. Louis, MO, USA). BSA (Bovine serum albumin) was
purchased from Saiguo biotech Co., Ltd (Guangzhou, China).
Urea, DTT (DL-Dithiothreitol), IAA (iodoacetamide), FA (formic
acid), TFA (trifluoroacetic acid) and ammonium acetate were all
purchased from Sigma Aldrich (St. Louis, MO, USA). Trypsin (Mass
spectrometry grade, Cat. # V5280) was purchased from Promega
(Madison, WI, USA). Acetonitrile (HPLC grade) was purchased
from Thermo Fisher (Waltham, MA, USA). Oasis PRIME HLB
cartridge (10 mg) was purchased from Waters (Milford, MA, USA).
Deionized water was used in all of the experiments and was
purified with a Milli-Q system (Millipore, Milford, MA, USA).

Preparation of calibration standards, quality control samples

Synthetic unique peptides standards and SIL-IS stock solutions
(1 mg mL™") were prepared in 0.1% FA in acetonitrile/water (1 : 4,
v/v). Each synthetic unique peptide standard was diluted with
tryptic digestions of BSA (prepared by the same method as
“Sample preparation” to final concentration of 75 ug pL™ %) as
substitute matrix to prepare a series of mixture of standard
solutions (STDs) and quality control (QCs) solutions. A similar
stock solution of SIL-IS was diluted to give a mixture of 1 ug mL ™"
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IS working solution. 200 uL STD and QC solutions were added 20
uL IS working solution to prepare calibration standards and
quality control samples. The concentrations of STDs and QCs
were 16.26/1.03/0.86, 32.53/2.07/1.73, 81.32/5.17/4.33, 162.64/
10.34/8.65, 325.28/20.68/4017.29, 813.21/51.68/43.23, 1626.41/
103.35/86.46 and 48.78/3.09/2.58, 243.96/15.50/12.97, 1301.13/
82.68/69.17 pmol mL " for ApoA-I/ApoE/Apo], respectively.

Sample preparation

Sample preparation was based on typical procedures for quantita-
tive proteome analysis and preparation steps were adjusted
accordingly* as illustrated in Fig. 1 and 2 pL plasma sample was
dissolved in 96 pL denaturing buffer 1 (50 mM NH,HCO; and 8§ M
urea, pH = 8.0). 2 uL DTT (1 M) was added to reach the final
concentration of 20 mM and the solution was then incubated in
a 60 °C water bath for 1 h. Then add IAA to reach the final
concentration of 40 mM, followed by incubation in the dark at room
temperature for 40 min. 700 pL buffer 2 (50 mM NH,HCO;, pH =
8.0) was added to make the concentration of urea be 1 M, then 6 pg
trypsin was added and the solution was incubated in a 37 °C water
bath for 14 h. 10 uL FA was added to quench the digestion. 20 uL IS
working solution (1 ugemL ") was added and then the solution was
desalted by Oasis PRiIME HLB cartridge. The solid phase extraction
was washed using 1 mL 0.1% TFA aqueous solution for three times,
and eluted using 0.5 mL 0.1% TFA and 80% acetonitrile solution for
twice. The elution was lyophilized and then redissolved by 200 pL
0.1% FA for MRM analysis by LC-MS/MS.

LC-MS/MS conditions

LC-MS/MS analysis was performed on an Shimadzu 20AD series
LC system (Shimadzu, Kyoto, Japan) coupled to a SCIEX QTRAP
5500 mass spectrometer (Sciex, Toronto, Canada) equipped
with a TurbolonSprayTM source. Chromatographic separation
was performed on Phenomenex Aeris WIDEPORE XB-C18
column (150 x 2.1 mm, 3.6 um) with an injection volume of
10 pL. Mobile phase A consisted of 0.1% formic acid in water
and mobile phase B consisted of 0.1% formic acid in acetoni-
trile, delivered at a flow rate of 0.5 mL min~'. Column heater
compartment was set at 40 °C. The gradient elution program

2 pL Plasma

2uLDTT
96 uL Bufferl

Solid Phase Extraction

[ Wash with 1 mL 0.1% TFA for three times |

0.74 mg IAA

i@\

[ 25°C.40 min | [ Elute with 0.5 mL 80% ACN/0.1% TFA twice |
0.7 mL buffer2
Evaporated to dryness
6 uL 1 mg/mL Trypsin —— [ Redissolved with 200 uL 0.1% FA |
e [10 uL injection for LC-MS/MS analysis |
10 pL FA ML injection for LC- analysis
20uL1S

Fig.1 The sample preparation procedure for quantification of Apos in
human plasma.

© 2022 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d2ra02840a

Open Access Article. Published on 06 June 2022. Downloaded on 2/11/2026 9:47:51 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

View Article Online

RSC Advances

Table 1 MRM transitions, collision energy, declustering potential and cell exit potential of each unique peptides and its ISs

Analytes Q1 Charge Product ion Q3 DP CE CXP
ApoA-1 peptide 616.0 M + 2H]* Quantifier 819.6 120 30 17

616.0 [M + 2HP*" Qualifier 932.6 120 29 21
ApOE peptide 484.9 M + 2H]* Quantifier 588.3 110 29 13

484.9 [M + 2H]*" Qualifier 489.3 110 27 13
Apo] peptide 772.3 M + 3H]*" Quantifier 507.9 160 29 12

772.3 [M + 3H" Qualifier 650.9 160 23 14
ApoA-1 peptide-IS 620.0 M + 2H]* Quantifier 827.6 140 29 17
ApoOE peptide-IS 489.9 [M + 2H]** Quantifier 598.4 110 30 13
Apo] peptide-IS 775.0 M + 3H]** uantifier 511.9 150 28 11

poJ pep

was as follows: 0-0.5 min, 5%B; 0.5-4.5 min, 5-90%B; 4.5-
5.5 min, 90%B; 5.5-5.6 min, 90-5%B; 5.6-8 min, 5%B.

The analytes were detected by the mass spectrometer with
MRM in the positive ion mode. Source gas parameters were
optimized as follows: ionspray voltage of 5500 V, temperature of
550 °C, ion source gases 1 and 2 were both 60 psi, collision gas
was set to medium, and the curtain gas was set to 40 psi. For
MRM transitions, collision energy (CE), declustering potential
(DP), and cell exit potential (CXP) were manually optimized as
shown in Table 1. The system control and data acquisition were
performed in Analyst software version 1.6.2.

Assay validation

Specificity was investigated by analyzing tryptic digestions of
BSA. Linearity was evaluated by linear least-squares regression
with a 1/x* weighting using internal standard of duplicate
calibration curves. Lower limit of the measuring interval (LLMI)
was defined as the lowest concentration on the calibration curve
which the signal to noise (S/N) was greater than 10. Carryover
was assessed by analyzing double blank samples immediately
after the highest calibrator samples. Accuracy and precision was
evaluated by analysis of QC samples. Intra-assay accuracy and
precision was determined at three concentration levels (low,
medium and high) from six consecutive runs. Inter-assay
accuracy and precision were assessed over three separate days
with six replicates per day. Matrix effect was evaluated through
the consistency between BSA matrix and human plasma.”
Spiking recovery was evaluated by spiking known standards into
six different human plasma at low and high level concentra-
tions. To assess the reproducibility and repeatability of the
method, five replicates of five randomly picked plasma samples
were tested. Since Apos were quantified by synthetic unique
peptides in this study, we need to investigate the efficiencies of
trypsin digestion (ETyp) to calibrate the test results of Apos. We
prepared standard solutions of Apos, and conducted enzymatic
hydrolysis according to the sample treatment process, tested
the actual concentration, and investigate the enzymatic hydro-
lysis through the ratio of the actual concentration to the theo-
retical concentration.

Patients and clinical study design

This study was reviewed and approved by the Research Ethics
Committees in Beijing Chaoyang Hospital with the ethical

© 2022 The Author(s). Published by the Royal Society of Chemistry

approval number 2015-study-163. Informed consent was ob-
tained from each participant. This study was designed as a case-
control study. All the subjects were recruited from Beijing
Chaoyang Hospital, whose clinical information was collected in
December, 2019-Jun, 2020. And the stenosis severities of coro-
nary lesions were assessed by coronary angiography (CAG). MI
diagnosis is based on the assessment of symptoms, analysis of
the surface electrocardiogram and serum biomarkers. The term
acute myocardial infarction should be used when there is acute
myocardial injury with clinical evidence of acute myocardial
ischaemia and with detection of a rise and/or fall of ¢Tn values
with at least one value above the 99th percentile URL and at
least one of the following: Symptoms of myocardial ischaemia;
New ischaemic ECG changes; Development of pathological Q
waves; Imaging evidence of new loss of viable myocardium or
new regional wall motion abnormality in a pattern consistent
with an ischaemic aetiology; Identification of a coronary
thrombus by angiography or autopsy. Diabetes was defined if
the participants reported having been diagnosed with type 2
diabetes mellitus (T2DM) by a physician and also reported
meeting at least one of the following criteria: (1) fasting glucose
=7.0 mmol L™ %; (2) oral glucose tolerance test =11.1 mmol L™ *;
(3) use of antidiabetic medication. Subjects were excluded if
they had any of the following: smoking or drinking addiction
history within five years, liver or kidney dysfunction, psychiatric
disorder, substance abuse disorder, recent acute surgery oper-
ation, a central neurological condition, pregnant female, or any
other conditions which were concerned could interfere with the
final result altering the lipid pattern.

According to CAG results and myocardial infarction diag-
nosis, diabetes diagnosis, total of 67 subjects were divided into
four groups. Group 1 (DA, T2DM with MI, n = 19), CAG positive
(three branches lesion, and at least one branch showed 90%
stenosis severity or worse), myocardial infarction positive, and
diabetes positive. Group 2 (D, T2DM, n = 11), CAG negative or at
most one branch showed 50% stenosis, myocardial infarction
negative, and diabetes positive. Group 3 (M, MI, n = 15), CAG
positive (three branches lesion, and at least one branch showed
90% stenosis severity or worse), myocardial infarction positive,
and diabetes negative. Group 4 (C, Ctrl, n = 22), CAG negative or
at most one branch showed 50% stenosis, myocardial infarction
negative, and diabetes negative.

All the blood samples were obtained by peripheral venous
puncture and collected into tube coated with anticoagulant

RSC Adv, 2022, 12, 16763-16771 | 16765
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(EDTA). A total of 3 mL blood would be collected at the same
time of CAG operation, but before the contrast media injection.
The collected blood samples were immediately centrifuged at
1750 g for 10 minutes at room temperature, then the superna-
tants were aliquoted into siliconized Eppendorf tubes and
stored at —80 °C until use.

Results and discussion

Selection of unique peptides and optimization of LC-MS/MS
conditions

For many years, basic and clinical researchers have taken
advantage of the analytical sensitivity and specificity afforded by
mass spectrometry in the measurement of proteins. Clinical
laboratories are now beginning to deploy these work flows as
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well. For assays that use proteolysis to generate peptides for
protein quantification and characterization, synthetic stable
isotope-labeled internal standard peptides are of central impor-
tance.”® Target protein sequences were searched using UNIPROT
tool (https://www.uniprot.org/) and in silico theoretical unique
peptides for tryptic digestion of ApoA-I, ApoE, and Apo] were
analyzed by Skyline software. Combined with preliminary anal-
ysis of tryptic digestion of target proteins or human plasma by
liquid chromatography-high resolution mass spectrometry (LC-
HRMS), most of the unique peptides were excluded which
could not be used for quantification purpose due to their
molecular mass and size, the existence of unstable amino acid
residues and posttranslational modifications (PTMs), as well as
bad behavior of enzymatic hydrolysis efficiency and/or ionization
efficiency. Finally, to ensure the analytical performance of each
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Fig.2 The representative MS/MS spectra of (a) ApoA-I peptide (R.QGLLPVLESFK.V), (b) ApoA-I peptide-IS (QGLLPVLESFK* (**Cg, °N5)), (c) ApoE
peptide (R.LGPLVEQGR.V), (d) ApoE peptide-1S (LGPLVEQGR* (M Ce, °N,)), (e) ApoJ peptide (R.VTTVASHTSDSDVPSGVTEVVVK.L) and (f) Apod

peptide-1S (VITVASHTSDSDVPSGVTEVVVK* (*3Cg, 1°N.)).

16766 | RSC Adv, 2022, 12, 16763-16771

© 2022 The Author(s). Published by the Royal Society of Chemistry


https://www.uniprot.org/
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d2ra02840a

Open Access Article. Published on 06 June 2022. Downloaded on 2/11/2026 9:47:51 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

analyte, only one unique peptide of each apolipoprotein was
chosen for quantitative purpose that was not present in any other
known human proteins. The sequences of unique peptides of
ApoA-I, ApoE, and ApoJ] were R.QGLLPVLESFK.V,
R.LGPLVEQGR.V, and R.VITVASHTSDSDVPSGVTEVVVK.L
respectively. The stable isotope labeled peptides QGLLPVLESFK*
(*3Cs, N,), LGPLVEQGR* (**Cs, Ny, and
VTTVASHTSDSDVPSGVTEVVVK* (*Cg, '°N,) were synthesized as
internal standard for quantitation.

MS conditions were optimized using the synthesized peptide
standards, and MS/MS spectrum of three unique peptides and
their ISs were shown in Fig. 2. MRM transitions, collision
energy, declustering potential and cell exit potential were listed
in Table 1. Phenomenex Aeris WIDEPORE XB-C;5 column was
chosen which could improve the separation. Representative
chromatogram of digestion of BSA, standards in digested BSA
and digestion of human plasma (Fig. 3) showed excellent
separation with optimization of gradient.

a
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Fig. 3 The representative chromatograms of (a) digestion of BSA
(double blank sample), (b) standards in digested BSA, and (c) digestion
of human plasma.
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Selection of substitute matrix and matrix effect

Due to the presence of endogenous Apos in human plasma,
a suitable alternative matrix can effectively improve reliability and
accuracy of the method. In particular, the introduction of surrogate
matrix can also maximally reduce the adsorption effect of proteins
and peptides. The same matrix type of other species is usually
a priority option, such as rat or mice. However, it is of difficulty to
obtain rats or mice plasma in clinical tests. Instead, the feasibility
of tryptic digestion of BSA as an alternative matrix was investigated
in this paper. The representative chromatograms of tryptic diges-
tion of BSA an alternative matrix showed excellent specificity and
selectivity (Fig. 3a). The consistency between tryptic digestion of
BSA and human plasma was further evaluated. Six human plasma
samples and BSA matrix sample were mixed in three different
levels (4 : 1; 1: 1; 1 : 4 v/v). The matrix effect was assessed by the
equation S = R/T. R = area ratio (analyte/IS) of mixed sample, T =
theoretical value of BSA matrix sample x proportion + area ratio
(analyte/IS) of plasma sample x proportion.

The consistency was modest for all three peptides in different
ratios of matrix and human plasma, spanning from 88.03% to
114.87%, and also met the acceptance criteria of <15% deviation
with the CV from 2.56% to 11.19%. The influence of the assay
matrix effect was detailed in Table 2. For all results within the
acceptable range, our BSA matrix and human plasma had a high
degree of consistency, which suggested matrix effects of BSA has
a very limited effect on accuracy and precision.

Assay validation

The linearity of the assay was evaluated by regression analysis,
and the correlation coefficient R* values were 0.9978, 0.9989 and
0.9978 for ApoA-I, ApoE and ApoJ peptide respectively. All seven
calibrator levels in duplicate resulted in excellent linearity for
three peptides over the range 16.26-1626.41 pmol mL ™" of
ApoA-I peptide, 1.03-103.35 pmol mL™ ' of ApoE peptide and
0.86-86.46 pmol mL " of Apo]J peptide. Eight replicates of LLMI
sample revealed high sensitivity with 4.37%, 10.39% and 7.83%
RSD of ApoA-I peptide, ApoE peptide and Apo] peptide respec-
tively. Moreover, carryover was only observed of Apo] peptide
with 1.96% of LLMI well below the 20% standard. Intra- and
inter-day accuracy (as relative error, RE) and precision (as RSD)
were both <10% (Table 3) indicating the method is reliable and
reproducible. Furthermore, the reproducibility and repeat-
ability of sample preparation method was confirmed by evalu-
ating of five extra human plasma samples in five replicates each
with CV < 8% for each peptide (Table 4). In cases of both high
and low addition concentrations, spiking recovery rate, ie.
accuracy of six random human plasma samples spiking analysis
was 100.82-112.71%, 96.81-109.19%, 87.17-112.08% for ApoA-I
peptide, ApoE peptide and Apo]J peptide respectively. The effi-
ciencies of trypsin digestion (Ery,) were 48.07 & 7.77%, 67.23 +
9.78%, 55.11 + 4.32% for ApoA-1, ApoE and Apo], respectively.

Application to clinical samples

The characteristics of four groups are shown in Table 5. Values
are presented as mean + standard deviation. The superscript

RSC Adv, 2022, 12, 16763-16771 | 16767


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d2ra02840a

Open Access Article. Published on 06 June 2022. Downloaded on 2/11/2026 9:47:51 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

View Article Online

RSC Advances Paper

Table 2 Matrix effect evaluated through consistency between BSA matrix and human plasma

Matrix : Plasma

Analyte (concentration of matrix) (v:v) Average (%) RSD (%) Matrix effect (%)
ApoA-I peptide (813.21 pmol 4:1 100.77 2.56 97.63-104.89
ranl) 1:1 99.77 4.92 91.87-104.93
1:4 103.00 3.25 96.48-105.32
ApOE peptide (10.34 pmol mL ™) 4:1 98.05 11.19 88.03-114.87
1:1 101.80 6.75 93.80-111.20
1:4 99.72 4.32 93.64-104.74
Apo] peptide (17.29 pmol mL ") 4:1 98.55 6.12 91.33-109.87
1:1 97.67 6.44 90.69-108.18
1:4 96.64 5.66 91.52-107.34
Table 3 Intra- and inter-day accuracy and precision
Concentration (pmol mL ™) Precision (RSD%)
Analyte Nominal Mean found Intra-day Inter-day Accuracy (RE%)
ApOA-I peptide 48.78 51.38 4.46 3.83 5.32
243.96 254.99 2.60 2.70 4.52
1301.13 1326.98 3.15 2.11 1.98
ApOE peptide 3.09 3.00 6.56 3.47 —3.02
15.50 15.22 4.11 3.16 —1.83
82.68 81.16 2.50 0.78 —1.84
ApoJ peptide 2.58 2.68 5.92 6.68 3.85
12.97 13.25 3.28 2.97 2.15
69.17 70.89 3.47 2.77 2.48

letter indicates significant difference between groups at P < T2DM with AMI group had higher fasting plasma glucose
0.05, respectively, according to ANOVA analysis. There was no  (FPG) compared with control group, patients in T2DM group
significant difference on ages among groups. Patients in had higher LDL-C compared with control group, patients in

Table 4 Reproducibility and repeatability of sample preparation method

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Average (pmol Average (pmol Average (pmol Average (pmol
Analyte Average (pmol mL ') RSD (%) mL ") RSD (%) mL™") RSD (%) mL ") RSD (%) mL ") RSD (%)
ApoA-I peptide 639.71 3.38 564.08 5.81 720.61 4.56 737.07 7.26 496.44 4.41
ApOE peptide 10.22 4.76 9.20 4.23 7.83 5.50 13.04 5.88 14.22 6.28
Apo] peptide 26.32 3.36 25.91 1.95 25.23 4.88 27.22 6.02 25.23 4.65

Table 5 Baseline characteristics of subjects participated in the study®

Variable T2DM with AMI T2DM AMI Control

N (male/female) 11/8 5/6 11/4 10/12

Age (years) 64.11 + 2.47 61.55 + 3.703 63.13 + 2.71 62.32 + 2.29
FPG (mmol Lfl) 9.11 + 0.70%** 5.81 £0.71 5.61 + 0.36* 4.79 + 0.14
TC (mmol Lfl) 4.45 + 0.26 4.11 4+ 0.25 4.57 £ 0.27* 3.85 £ 0.16
HDL-C (mmol Lfl) 0.90 + 0.05 0.92 + 0.06 1.11 £+ 0.09 1.07 £+ 0.08
LDL-C (mmol L") 2.29 + 0.89 2.90 =+ 0.24%* 2.92 + 0.30* 2.38 £ 0.59
TG (mmol Lfl) 1.99 £+ 0.19 1.59 £ 0.17 1.62 £ 0.25 1.57 £ 0.25
SBP (mmHg) 137.8 + 4.18 138.6 + 3.28 124.1 + 4.03 135.9 & 4.11
DBP (mmHg) 76.32 £+ 2.47 77.82 + 3.92 75.67 £ 3.16 79.73 £ 2.84

“ Abbreviations: FPG, fasting plasma glucose; TC, total cholesterol; HDL-C, high density lipoprotein; LDL-C, low density lipoprotein; TG,
triglyceride; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Fig. 4 The concentrations of Apos from the 67 subjects of the four groups. Group 1 (DA, T2DM with Ml, n = 19), CAG positive (three branches
lesion, and at least one branch showed 90% stenosis severity or worse), myocardial infarction positive, and diabetes positive. Group 2 (D, T2DM, n
= 11), CAG negative or at most one branch showed 50% stenosis, myocardial infarction negative, and diabetes positive. Group 3 (M, MI, n = 15),
CAG positive (three branches lesion, and at least one branch showed 907% stenosis severity or worse), myocardial infarction positive, and diabetes
negative. Group 4 (C, Ctrl, n = 22), CAG negative or at most one branch showed 50% stenosis, myocardial infarction negative, and diabetes

negative.

AMI group had higher FPG and LDL-C compared with control
group.

All the plasma samples collected from the 67 subjects of the
four groups were tested by the established LC-MS/MS method
and the concentrations of peptide (Cpeptiae) were obtained. The
concentrations of Apos (Capos) Were assessed by the equation
CApos = Cpeptide X MApos/Mpeptide/E"Iyp- MApoA-I =30759.94 g Mil;
Mpor = 36132.76 g M ', Mapoy = 52462.01 g M, Mapoa-ipeptide
= 1230.71 g M, Mapopeptide = 968.55 § M, Mapojpeptide =
231418 g M.,

The validated LC-MS/MS method is suitable for the quan-
titative determination of Apos in plasma. The concentrations
of Apos are shown in Fig. 4. For ApoA-I and Apo], diabetes
mellitus groups were significantly higher than diabetes mel-
litus complicated with myocardial infarction group, myocar-
dial infarction group and control group. Diabetes mellitus
complicated with myocardial infarction group was signifi-
cantly lower than control group for ApoA-I. There was no
significant difference among the four groups for ApoE. It can
be seen that diabetes significantly increased the concentra-
tions of ApoA-I and ApoJ. However, when complicated with
cardiovascular disease, the functions as apolipoproteins in
HDL played greater role that proved why the concentrations
altered in diabetes mellitus complicated with myocardial
infarction group. Meanwhile, The sample size form 67
subjects of the four groups was too small, there might be
systematic bias.

Deficiency and improvement

According to the needs, the three Apos apoA-1, ApoE and Apo]
were quantified simultaneously by LC-MS/MS. In the actual
clinical works, Apos mainly include apoA-I, apoA-II, apoB, apoC-
I, apoC-II, apoC-II1, ApoE, ApoJ etc. Some of the above Apos have
been tested in the hospital laboratory department, and others
have not been explored in this study due to standard proteins,
peptides and characteristic peptides. The follow-up can be
carried out according to the needs of the work.

© 2022 The Author(s). Published by the Royal Society of Chemistry

Another disadvantage of this research method was that only
one unique peptide for quantitative analysis was selected for
each Apo. In order to further improve the accuracy, it was rec-
ommended to select at least two characteristic peptides for
detection in future work. It is usually better to quantify different
peptides and show good consistency of results obtained across
different peptides.>”

Conclusions

In conclusion, MS-based clinical diagnosis is a valuable tool for
improving detecting of the molecular basis of certain disease.
Here, we have developed a sensitive LC-MS/MS method with
MRM for triplex quantification of serum/plasma ApoA-I, ApoE
and Apo]J. Sample preparation method reduces the amount of
plasma samples to 2 pL. This triplex assay has been demon-
strated that each peptides and quantification transition for
ApoA-1, ApoE and Apo] could be determined simultaneously
without interference. LLMI of target ApoA-I, ApoE and Apo]
reaches 16.26, 1.03 and 0.86 pmol mL™*. Therefore this new
assay would provide a major advantage for ApoA-I, ApoE and
Apo], and may provide an alternative method for future clinical
applications.
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