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Abstract
The measurement of lecithin: cholesterol acyltransferase (LCAT, EC 2.3.1.43) activity is important in high-density lipoprotein
(HDL) metabolism study and cardiovascular disease (CVD) risk assessment. However, current methods suffer from complex
design and preparation of exogenous substrate, low reproducibility, and interference of cofactors. In this study, we developed a
simple and precise high performance liquid chromatography (HPLC) method for the measurement of LCATactivity. By using 7-
dehydrocholesterol (7-DHC) and 1,2-didecanoyl-sn-glycero-3-phosphocholine(10:0PC) as substrates, and an LCAT activating
peptide (P642) as activator and emulsifier, the substrate reagent was easily made by vortex. The substrate reagent was mixed with
serum samples (50:1, v/v) and incubated at 37 °C for 1 h. After incubation, the lipid was extracted with hexane and ethanol. With
a conjugated double bond and ultraviolet absorption, 7-DHC and its esterification product could be separated and analyzed by a
single HPLC run without calibration. LCAT activity was a linear function of the serum sample volume and the intra- and total
assay coefficients of variation (CV) less than 2.5% were obtained under the standardized conditions. The substrate reagent was
stable, and assay result accurately reflected LCATactivity. LCATactivities in 120 healthy subjects were positively correlatedwith
triglyceride (P < 0.05), fractional esterification rate of HDL cholesterol (FERHDL) (P < 0.0001), and negatively correlated with
apolipoprotein AI (apoAI) (P < 0.05) and HDL cholesterol (HDL-C) (P < 0.001). These results suggest that this method is
sensitive, reproducible, and not greatly influenced by serum components and added substances, and will be a useful tool in
the lipid metabolism study and the risk assessment of CVD.
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Abbreviations
CER Cholesterol esterification rate
CVD Cardiovascular diseases

FC Free cholesterol
FERHDL Fractional esterification rate of HDL cholesterol
HDL High-density lipoprotein
HDL-C HDL cholesterol
LCAT Lecithin/cholesterol acyltransferase
PC Phosphatidylcholine
P642 LCAT-activating peptide
RCT Reverse cholesterol transport
7-DHC 7-Dehydrocholesterol

Introduction

Lecithin: cholesterol acyltransferase (LCAT, EC 2.3.1.43) is a
key enzyme that hydrolyzes a fatty acid from phosphatidyl-
choline and transfers the fatty acid to unesterified cholesterol.
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This reaction is responsible for the formation of most of the
cholesteryl esters found in human plasma. LCAT is believed
to play a critical role in high-density lipoprotein (HDL) me-
tabolism and the reverse cholesterol transport (RCT), a pro-
cess that describes the HDL-mediated removal of excess cho-
lesterol from macrophages in the arterial wall and subsequent
delivery to the liver for biliary excretion. LCAT has been a
subject of great interest in cardiovascular disease (CVD) re-
search since its identification in 1962. However, the role of
LCAT in the pathogenesis of human atherosclerosis and CVD
is not yet understood [1]. Although CVD had been reported in
familial LCAT deficiency (FLD) [2] or fish-eye disease (FED)
[3] patients, in many cases, they did not develop clinically
apparent diseases despite of very low HDL-C levels [4, 5].
Relationship between LCATactivity and CVD in general pop-
ulations was explored and the results of some cross-sectional
and prospective studies were also controversial. Sethiet et al.
[6] compared CVD patients with age-, sex-, and HDL-C
matched non-CVD subjects and found that CVD patients
had significantly lower LCAT activity, and LCAT activity
was a potentially useful diagnostic marker for CVD.
Consistent with this result, lower levels of LCATactivity were
also observed in patients with acute myocardial infarction [7].
However, in various studies, it is demonstrated that an in-
creased LCAT is associated to CVD. An increase of LCAT
activity did not predict low incidence of cardiovascular events
[8] and even was reported to be associated with preclinical
atherosclerosis in patients with metabolic syndrome [9].
Tanaka and coworkers prospectively studied 1927 Japanese
individuals and followed up for 10.9 years, and the results
showed increased LCAT activity, measured as serum choles-
terol esterification rate, was a risk for coronary heart disease
and sudden death [10].Other studies found that LCATwas not
required for an efficient RCT and that low plasma LCAT con-
centrations or activities were not associated with increased
atherosclerosis [11, 12]. Some of these apparent differences
may be related to the multiple methods used for measuring
LCAT activity, and LCAT activities from different methods
and conditions may have different biological significance.

Serum LCAT activity could be measured by a variety of
chemical and radiochemical methods by using either endoge-
nous or exogenous substrates. The endogenous substrate
methods were represented by cholesterol esterification rate
in serum (CER) [13]or in apolipoprotein B-depleted HDL
(FERHDL), which had been measured by an isotopic assay
[14] or directly measure the decrease of free cholesterol [15].
Although both CER and FERHDL had been found to be asso-
ciated with traditional risk factors and are predictors of CVD
[10, 16], these methods were affected not only by LCAT
amounts and activity but also the serum endogenous lipopro-
tein components; thus, they might not represent the true activ-
ity of LCAT. The most commonly used LCAT activity assay
employed an artificial substrate, namely 14C-cholesterol

loaded liposome made with phosphatidylcholine (PC), the
LCAT activator apolipoprotein AI (apoAI) or LCAT-
activating peptide P642, and many other substances such as
2-mecaptoethanol (ME), bovine serum albumin (BSA),
lysophosphatidylcholine (LPC), and others [17–19]. These
methods are sensitive and have provided important means in
obtaining the majority of knowledge of LCAT mechanisms
and function; however, they have several limitations. The
preparations of the substrate are tedious always involving son-
ication or dialysis. Second, the various designs and complicat-
ed compositions of the enzymatic reaction systems do not
readily distinguish influences of the enzyme from those of
the substrate, cofactors, and products. Third, measurement of
sterol esterification by liquid scintillation is unsafe and is not
convenient in clinical laboratories. Therefore, to elucidate the
role of LCAT in HDL metabolism and CVD, a manageable,
accurate, and reproducible assay of LCAT enzymatic activity
is required.

In this study, we select 7-dehydrocholesterol (7-DHC) as
the cholesterol analogue, 1,2-didecanoyl-sn-glycero-3-
phosphocholine(10:0PC) as the acyl donor for the LCAT re-
action, and a synthetic peptide (P642) for the LCAT activator.
With conjugated double bonds, 7-DHC allows determination
of its esterification by a simple and highly precise two com-
ponent normalization method without the need of calibration
and internal standard. Compared to long-chain phosphatidyl-
cholines, the 7-dehydrocholesteryl decanoate product had a
relatively short retention time, thereby enabling a shorter
HPLC assay time. The apoAI mimetic peptide, P642 forms
stable lipid complexes that could effectively react with LCAT.
In addition, the assay reagent is stable, readily available, and
easily prepared. The application of this method on 120 healthy
patients verified that this method is simple and precise and is
essential for estimating the serum LCAT activity for clinical
significance in various diseases.

Materials and methods

Equipment, chemicals, and serum sample

The HPLC analyses was performed on a 1200 HPLC sys-
tem (Hewlett Packard, Waldbronn, Germany) consisting
of an isocratic pump, an autosampler, and an ultraviolet
detector controlled by the ChemStation. 7-DHC was ob-
tained from Sigma (St. Louis, MO, USA). PCs containing
carboxylic acid residues of 6 to14 carbon atoms (6:0PC,
8:0PC, 10:0PC, 12:0PC, and 14:0PC) were purchased
from Avanti Polar Lipids (Alabaster, AL, USA). P642
was obtained from SBS Genetech Co., Ltd. (Beijing,
China) as a custom synthesis of L-amino acids in the se-
quence PVLDLFRELLNELLEALKQKLK. HPLC-grade
acetonitrile, isopropanol, and n-hexane were purchased
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from Fisher Scientific (Pittsburgh, PA, USA). Other
chemical reagents were from Beijing Chemical Works,
China.

For method development, study of LCAT activities in
healthy volunteers, 120 apparently healthy subjects were re-
cruited and individual blood samples were taken and sera were
separated within 2 h of collection. Serum was aliquoted and
stored in − 80 °C until analysis. This study was reviewed and
approved by the Beijing Hospital Ethics Committee. All stud-
ied individuals were informed in writing of the intended use of
their samples and each provided written consent.

Optimization of enzymatic substrate and reaction
conditions

7-DHC, a 3β-hydroxysterol with conjugated double bond and
ultraviolet absorption, was chosen as the cholesterol mimetic
substrate. P642, a commercially synthesized peptide, was
used instead of apoAI as the LCAT activator. For selection
of a suitable phospholipid, the reaction substrates were pre-
pared by mixing 7-DHC and phosphatidylcholines with fatty
acid chain of 6–14 carbon atoms, respectively, and incubated
with a mixed serum sample for 1 h. To examine the effect of
the molar ratios of the substrates on serum LCAT activity, 7-
DHC and 10:0PC were mixed at a molar ratio of 1:2, 1:4, and
1:8, and incubated with a mixed serum for 0–6 h, respectively.
To determine the optimal P642 concentration, 7-DHC and
10:0PC were mixed at a molar ratio of 1:8, in the presence
of P642 at final concentrations of 0, 5,10, 20, 40, 60 and
80 mg/dL, and incubated with two serum samples at 37 °C
for 1 h, respectively. To determine serum volume, 0.5 mL of
the substrate solution was incubated with 0, 2.5, 5, 10, 15 and
20 μL serum sample, and incubated at 37 °C for 1 h. After
incubation, the above reactions were stopped by placing the
tubes into ice water bath, lipid was extracted by hexane and
ethanol, and the esterification rates of 7-DHC in each of the
experiments were analyzed by HPLC. In addition, the lipid
extraction efficiencies of 7-DHC and its ester were evaluated
by vortexing the reaction mixture with ethanol and hexane for
0, 2.5, 5, 10, 20, and 30 min and the recoveries of 7-DHC, 7-
DHC ester as well as 7-DHC esterification rates were com-
pared. Finally, to determine the time course of 7-DHC esteri-
fication, aliquots of serum samples were incubated with the
substrate reagent at 37 °C for periods of 0 (directly put into an
ice water bath), 1, 2, 4, 6, and 8 h, respectively, and esterifi-
cation rates of 7-DHC were measured. Esterification of cho-
lesterol in serum samples in the reaction system was also
measured by our previously reported HPLC method [15].

Preparation of the substrate reagent

The reaction substrate was prepared by combining 6 mg of 7-
DHC and 70 mg of 10:0PC, dissolved in 1 mL of ethanol.

Solvents were removed by evaporation under a stream of ni-
trogen. After adding 40 mg of P642, the dried mixture was
dispersed in 10 mL of 50 mmol/LTris-HCl buffer (pH = 7.5),
vortexed for 2 min, and a clear solution was obtained. The
solution was diluted with the same buffer to the total volume
of 100 mL to obtain a final 7-DHC concentration of
0.156 mmol/L and mole ratio composition of 1:8:1 for 7-
DHC/10:0PC/P642. The substrate solution was aliquoted
and stored at − 80 °C until use.

Measurement of LCAT activity

The LCAT substrate, serum samples, and quality control
samples (QCs) were thawed. 0.5 mL substrate was
aliquoted to the pre-cooled tubes in the ice water bath.
Ten microliters of the serum samples and QCs were added
to the tubes, mixed, and incubated at 37 °C water bath for
1 h. The tubes were then placed back into the ice water
bath and 0.5 mL of ethanol and 1 mL of hexane were
added. After vortexing for 20 min, an aliquot of 0.5 mL
of the hexane phase was transferred to another tube and
dried under a stream of nitrogen and reconstituted with
0.3 mL mobile phase (acetonitrile/isopropanol, 50:50).
Twenty microliters of the reconstituted solution was
injected onto a Nova-Pak C18 column (5 μm, 3.9 mm ×
150 mm), eluted with the mobile phase, and detected at
280 nm. The esterification rate was represented by the per-
centage of 7-DHC ester peak area in those of the sum of 7-
DHC and the ester. The LCAT activity was expressed as
nKat/L and was calculated by the following equation.

1 nKat=L ¼ C � V1� Rð Þ= V2� Tð Þ

C is concentration (nmol/L) of 7-DHC in the substrate re-
agent before the start of the reaction; V1 is the volume (L) of
the substrate;R is the fraction of 7-DHC ester after the reaction
(%); V2 is the volume of serum (L) in the reaction system; and
T is the reaction time (s).

Precision and stability of the LCAT substrate reagent

To evaluate the precision of the method, LCAT activities of
three serum samples were measured in three runs in triplicate.
Intro- and total run imprecisions were analyzed. To evaluate
the stability of the substrate reagent, LCAT activities were
measured after storage of the substrate for different time peri-
od at both 4 °C and room temperature (RT). Substrate reagent
was divided into 2.5 mL aliquots and stored at 4 °C for 0, 6,
12, 24, 48, and 96 h and at RT for 0, 2, 4, 8, 12 and 24 h,
respectively, and then LCAT activities of two serum samples
were measured in duplicate by using these substrates and the
results were compared.

A simple and precise method to detect sterol esterification activity of lecithin/cholesterol... 1787



LCAT activity in healthy subjects

The developed LCAT assay was applied to 120 apparently
healthy volunteers, 51 males and 69 females, aged from 19
to 72 years. Body weight, height, and blood pressure were
measured. Serum total cholesterol (TC), triglyceride (TG),
apoAI, apoB, and high sensitivity C-reactive protein (hs-
CRP) were analyzed by assay kits from Sekisui Medical
Technologies (Osaka, Japan) on a Hitachi 7180. LCAT mass
was measured by ELISA kit from BioVender (Brno,
Czech Republic) and FERHDL by our previously established
HPLC method [15]. The correlations between LCAT activity
and other continuous risk factors were assessed using non-
parametric Spearman correlation analyses. Statistical data
analysis was performed using the SPSS software, version 22
(IBM Corporation, Armonk, NY, USA). The reported P
values are two-tailed, and statistical significance was defined
at a P value < 0.05.

Results

Selection of the LCAT substrate

7-DHC is cholesterol like sterol with a conjugated double
bond and has maximum ultraviolet absorption at 280 nm.
HPLC chromatograms of 7-DHC and the esterification
product with 10:0PC before and after enzymatic reactions
are presented in Fig. 1, and those with other phosphati-
dylcholines are shown in the Electronic Supplementary
Material (ESM), Fig. S1. The results showed that before
incubation, no esterified 7-DHC was observed (Fig. 1a).
After incubation, 7-DHC and the respective esters could
be separated and detected. The retention times of 6:0PC,
8:0PC, 12:0PC, and 14:0PC esters were approximately
3.8, 4.8, 12.0, and 13.5 min, respectively. Compared to
10:0PC, the esterification rates of 8:0PC and 6:0PC were
lower, and the retention times of 12:0PC and 14:0PC es-
ters were longer; thus, 10:0PC was selected as the PC
substrate. UV spectra for 7-DHC and 7-DHC ester com-
plex as well as the LC/MS identification of 7-DHC ester
are shown in ESM Figs. S2 and S3, respectively. As
shown in Fig. 2, the 7-DHC esterification rate increased
with increased molar ratio of 10:0PC to 7-DHC. The re-
lationship between P642 and LCAT activity is presented
in Fig. 3, the result indicated that LCAT activities were
increased by P642 in the concentration range of 0–20 mg/
dL, but kept nearly unchanged at 20–80 mg/dL.
Therefore, the molar ratio of 7-DHC to 10:0PC of 1:8
and P642 concentration of 40 mg/dL were chosen in our
study. The final concentrations of 7-DHC, 10:0PC, and
P642 in the substrate reagent were 6, 70, and 40 mg/dL

(0.156, 1.238, and 0.152 mmol/L), respectively, with mo-
lar ratios of 1:8:1.

Fig. 1 HPLC chromatogram of 7-dehydrocholesterol and its esterifica-
tion products with phosphatidylcholines 10:0. 0.5 mL of LCAT substrate
was mixed with 10 μL serum sample and incubated at 37 °C for 0 (a) and
1 h (b), respectively. After incubation, lipid was extracted with hexane
and ethanol, evaporated, reconstituted with mobile phase, and analyzed
byHPLC, and both 7-DHC (1) and its ester (2) can be analyzed in one run
without the need of calibrators and internal standard. Chromatographic
conditions were as follows: column, Nova-Pak C18 (5 nm, 3.9 mm×
150 mm); mobile phase, acetonitrile/isopropanol (50:50); flow-rate,
1 mL/min; detection, ultraviolet absorbance at 280 nm

Fig. 2 Effect of different 7-DHC and phosphatidylcholine molar ratios on
LCAT activity. 7-DHC and 10:0PC were mixed at a molar ratio of 1:2,
1:4, and 1:8, respectively, in the presence of P642. 0.5 mL of the sub-
strates were mixed with 10 μL serum sample and incubated at 37 °C for 0
(in iced water bath), 1, 2, 4, and 6 h. After incubation, lipid was extracted
by hexane and ethanol, evaporated and reconstituted with acetonitrile/
isopropanol (50:50), and analyzed by HPLC. Means and error bars
(SD) of triplicate measurements are shown
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Serum volume, lipid extraction, and the enzymatic
reaction

The relationship between serum volumes and the esterification
rates of 7-DHC is shown in Fig. 4. Linear dose-response curve
was derived in the range of 0–20 μL serum samples. In this
method, the serum volume of 10 μL was chosen and the ratio
of the substrate to serum was 50:1. The efficiency of lipid
extraction was shown by ESM Fig. S4. The recoveries of 7-
DHC and 7-DHC ester as well as ratios were increased from 0
to 10 min vortex and then stabilized from 10 to 30 min vortex.

Therefore, 20 min vortex was sufficient for extraction of the
lipid and for the calculation of 7-DHC esterification. By using
the procedures described in this study, the time courses of two
individual serum samples was examined and the results were
presented in ESM Fig. S5. Moreover, the esterification of 7-
DHC and serum cholesterol was almost linearly correlated
(EMS Fig. S6), suggesting that 7-DHC esterification could
accurately reflect LCAT enzyme activity and was not signifi-
cantly affected by the endogenous serum lipids (ESMFig. S7).

Assay imprecision and substrate stabilities

Intra-run and total assay imprecisions of three individual se-
rum samples and two control samples are shown in Table 1.
For the individual samples, LCAT activity was measured in
three runs with triplicate measurements in each run. For the
control samples, LCAT was analyzed in 10 runs. The intra-
and total analytical imprecisions were less than 2.5%, demon-
strating an excellent precision. As shown in ESM Fig. S8,
LCAT activities of the serum samples did not change signifi-
cantly after the storage of the substrate reagent at RT for 24 h
and at 4 °C for 96 h (4 days), indicating good stability of the
substrate reagent.

Determination of LCAT activity in healthy volunteers

LCAT activities in 120 healthy subjects were normally dis-
tributedwithmean (± SD) values of 25.13 ± 7.44 nKat/L. No
significant difference was found between males (25.03 ±
7.35 nKat/L) and females (25.20 ± 7.55 nKat/L). As shown
inTable2,LCATactivitywaspositively correlatedwithbody
mass index (BMI, r = 0.284, P < 0.001), TG (r = 0.259,
P < 0.05), hs-CRP (r = 0.273, P < 0.05), while negatively
correlated with HDL-C (r = − 0.320, P < 0.001) and apoAI
(r = − 0.225,P < 0.05). In addition, significant positive asso-
ciations were observed between LCATactivity and FERHDL

(r = 0.521, P < 0.0001), measured by endogenous substrate
method in apoB depleted HDL fractions, and LCAT mass
(r = 0.503, P < 0.0001) measured by a commercial ELISA
kit (ESM Fig. S9).

Fig. 4 Serum LCAT activity as a function of serum volume. Various
volumes of fresh serum were used as specimen and incubated with
0.5 mL of LCAT reaction substrate at 37 °C for 1 h. The reaction
mixture was extracted with hexane and ethanol, evaporated,
reconstituted with acetonitrile/isopropanol (50:50), and analyzed by
HPLC. Means and error bars (SD) of triplicate measurements are shown

Table 1 Imprecision of the LCAT activity measurements

Serum Mean, nKat/L Intra CV, % Total CV, %

Pool 1 38.77 1.02 1.24

Pool 2 38.12 1.09 1.40

Pool 3 29.67 1.77 1.83

QC 1 25.34 2.24 2.47

QC 2 24.90 1.28 1.95

Fig. 3 Effects of P642 concentrations on serum LCAT activity. Ten
microliters of two serum samples was mixed with the reaction substrate
at a ratio of 1:50 (v/v), in the presence of P642 at final concentration of 0,
5, 10, 20, 40, 60, and 80 mg/dL, respectively, and incubated at 37 °C for
1 h. The reaction mixture was extracted with hexane and ethanol,
evaporated, reconstituted with acetonitrile/isopropanol (50:50), and ana-
lyzed by HPLC. Means and error bars (SD) of two runs each in duplicate
measurements are shown
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Discussion

Substrate components and the preparation process are im-
portant for LCAT activity measured by exogenous sub-
strates. The substrates of LCAT, cholesterol and phospha-
tidylcholine, are both water insoluble, so a liposome
needs to be prepared for LCAT reaction. These hydropho-
bic substrates will form phospholipid bilayer vesicles in
the aqueous phase with sterol intercalated throughout the
bilayer. LCAT reacts relatively slowly with such vesicular
substrate; therefore, the natural LCAT activator apoAI is
traditionally included in the mixture. Other substances
such as ME, BSA, and LPC, which have been confirmed
to have effects on LCAT activity [17–20], are also used
in most of the assays to further activate LCAT or stabilize
the substrate solution. In this study, the substrate solution
contained only a sterol, a PC, and P642, an inexpensive
and commercially reproducible substitute of apoAI. P642
has been demonstrated to form stable lipid complexes
and react with LCAT as efficient as reconstituted HDL
preparations formed from apoAI, PC, and cholesterol
[19–21]. Preparation of the substrate reagent was simple
and clear solution could be easily obtained by a brief
vortex for 2 min.

Both the reaction and detection of sterol esterification
are dependent on the forms of the sterol and PC used in the
substrates. Sterols of a wide range of structures and com-
position are accepted as substrates for LCAT esterification,
with a critical requirement of β conformation of the 3-
hydroxyl group [22]. The most commonly used assays em-
ploy substrate composed of isotopic 14C-labeled cholester-
ol as the LCAT substrate, and the reaction are detected by

the liquid scintillation counting [17, 19], which is unsafe
and not suitable for clinical applications. Other methods
use fluorescent sterol and sterol esterification is detected
by fluorescence reader [21]. Both liquid scintillation
counting and fluorescent measurement are not as precise
as chromatography measurement. In another variant,
LCAT is estimated by enzymatically or chromatographical-
ly measuring the decrease in unesterified cholesterol after
incubation of serum with liposomes [18, 23]; however,
large variations might occur because cholesterol measure-
ment needs to be performed twice and the changes of cho-
lesterol are too small. In our study, 7-DHC was selected for
the assay because of its ultraviolet absorption properties
with the expectation that as a 3β-hydroxy sterol it was
suitable for LCAT reaction [22]. By using 7-DHC as the
sterol substrate, it was possible to analyze both 7-DHC and
its ester by HPLC in one run without the need of calibrators
and internal standard. Although7-DHC and 10:0PC might
not be the physiological substrate for LCAT, and LCAT
had different ability to esterify 7-DHC and cholesterol,
our results showed that the esterification rate of 7-DHC
was almost linearly correlated with that of serum choles-
terol (r = 0.99) in the reaction system. The HPLC run time
was only 6 min, when 10:0PC was used as the phosphati-
dylcholine substrate. Using this artificial substrate LCAT
activity could be accurately reflected. The esterification
rate was calculated by comparing 7-DHC peak area to the
sum of 7-DHC and its ester, and LCAT activity was pre-
sented by the unit nKat/L, nanomolar of esterified 7-DHC
by 1 L of serum in 1 s incubation at 37 °C. Under the
defined conditions, the extent of 7-DHC esterification
was about 1%, which was much lower compared to the

Table 2 Correlations between
LCAT activity and other
cardiovascular risk factors in 120
healthy volunteers

Mean SD Median Correlations with LCAT activity

R P

LCAT, nKat/L 25.13 7.44 24.69

Age, years 42.53 15.11 42.50 − 0.267** < 0.05

BMI, kg/m2 23.11 3.24 22.76 0.284** < 0.001

SBP, mmHg 114.59 15.01 110.00 0.01 > 0.05

DBP, mmHg 74.51 8.16 75.00 0.04 > 0.05

apoAI, mg/dL 157 0.25 160 − 0.225** < 0.05

apoB, mg/dL 91 2.5 85 0.00 > 0.05

TC, mmol/L 4.71 0.99 4.54 − 0.13 > 0.05

TG, mmol/L 1.20 0.80 0.98 0.259** < 0.05

hs-CRP, mg/L 1.10 1.49 0.64 0.273** < 0.05

HDL-C, mmol/L 1.43 0.38 1.39 − 0.320** < 0.001

LDL-C, mmol/L 3.00 0.94 2.92 − 0.09 > 0.05

FERHDL
a 0.15 0.09 0.14 0.521** < 0.0001

LCAT massa, μg/mL 34.5 10.35 31.29 0.503** < 0.0001

a For FERHDL and LCAT mass, 80 cases were analyzed
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previous methods (10–30%) [17–19]. The low esterifica-
tion rate helped to minimize the effect of substrate con-
sumption and product inhibition.

Validation of the method demonstrated that, although
the reaction was not linear, the velocity did not change
significantly during the incubation period within 8 h.
LCAT activity was linearly correlated with serum volume
and LCAT amount. The intra- and total analytical impreci-
sions were less than 2.5%, which were much lower than the
previous reports by isotopic, enzymatic, and fluorescence
measurements [15, 17–19, 23]. The satisfactory precision
was achieved by the highly reproducible ultraviolet (UV)
detector and the direct comparison of the peak area of 7-
DHC and ester within one chromatogram without the need
of calibration. Moreover, the prepared substrate reagent
was stable at RT for 24 h and at 4 °C for 96 h (4 days).
We observed the two quality control materials to be stable
at − 80 °C for at least 1 year. The homogeneity and stability
of the substrate reagent also contributed to the high preci-
sion of the method.

Serum LCAT has been represented by LCAT activity (as
measured by the exogenous substrates), LCAT mass (which
strongly correlate with LCAT activity), and cholesterol ester-
ification rate (CER or FERHDL). CER and FERHDL have been
proved to be significantly correlated with atherosclerotic dys-
lipidemia [24] and are predictors of coronary heart disease
[16, 25]and sudden death [10], while the relationships be-
tween LCAT activity/mass and CVD are controversial. In
many of the previous studies, LCAT activity/mass were re-
ported to be significantly positively correlated with BMI
[26], TC [7, 8, 26], low-density lipoprotein cholesterol
(LDL-C) [7], and triglycerides [8, 9] and negatively correlated
with HDL-C [9, 26] or no correlations existed [7, 12].
However, opposite associations between LCAT mass/activity
and HDL-C were also reported [11, 27]. In the results of 120
healthy volunteers, LCAT activity was positively correlated
with BMI, TG, hs-CRP, and negatively correlated with
HDL-C and apoAI. This finding, along with some of the pre-
vious data, did not support the presumed concept that LCAT
was the driving force in HDL metabolism and RCT. In fact,
several recent studies in CVD patients indicated that LCAT
might be proatherogenic [8, 9, 12, 27–29], especially in wom-
en. Therefore, further investigation is required to establish the
exact role of LCAT in the development of atherosclerosis. In
addition, in agreement with the previous studies [26, 30], we
found LCAT activity was significantly positively associated
with both LCAT mass and FERHDL.

In conclusion, by using 7-DHC, 10:0PC and P642 as the
LCAT substrate components, an HPLC method for the mea-
surement of LCAT activity has been developed. This method
is simple, precise, and reliable and may provide an important
role in clarifying the exact role of LCAT in lipoprotein metab-
olism as well as risk assessment of CVD.
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