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Abstract
Background: This study aimed at finding the diagnostic and prognostic possibilities of determining apoC-II, as a serological 

marker for MM in early gestation.
Methods and Results: The study included 182 pregnant women aged between 18 and 45 years at gestational age under 

11 weeks. All women were divided into 3 groups. Group 1 included 90 women with MM; Group 2 included 52 women with 
spontaneous miscarriage; Group 3 included 40 women without pathology (control group). Lipid metabolism disorders were 
diagnosed according to the Russian national recommendations of the VII revision(the Russian Society of Cardiologists [RSC, 
2020]), considering the European recommendations (2019). Proteomic analysis of the blood serum was performed using liquid 
chromatography-mass spectrometry. Abnormalities in the lipid profile, manifested as isolated hypercholesterolemia, and combined 
hypercholesterolemia with hypertriglyceridemia, were more common in patients with MM and spontaneous abortions: 62.2% and 
59.7% of cases, respectively, which correlates with the identified marker apoC-II in Group 1 and Group 2.

Conclusion: ApoC-II can be considered as the most promising serologic marker for MM in the early gestation period for 
women with dyslipidemia.(International Journal of Biomedicine. 2021;11(4):418-421.) 
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Introduction
Missed miscarriage (MM) is one of the unsolved problems 

in the Russian Federation.(1,2) Among the risk factors for MM, 
the leading place belongs to dyslipidemia and endothelial 

dysfunction, both in the maternal body, in the fetoplacental 
complex and in the arteries of the umbilical cord.(1,3) 

In a normal pregnancy, lipid parameters including total 
cholesterol (TC), triglycerides (TG), low-density lipoprotein 
(LDL), high-density lipoprotein (HDL) and phospholipid 
gradually increase starting in the 12th week of gestation and 
continue to do so throughout pregnancy.(4-7)

The accumulation of maternal fat depots and 
hyperlipidemia are the two principal changes in lipid 
metabolism during pregnancy.(8) Pregnancy is typified by 
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an increase in serum levels of TC and TG pushed by the 
rise in estrogen, progesterone and lactogen.(9)  Both TG and 
TC are essential for the development of the fetus. However, 
high levels of maternal TC and/or TG are associated with 
preterm birth,(10-12) pregnancy-induced hypertension,(13) 

preeclampsia,(14-16) and large for gestational age.(17-19)

Recently, the ABCD study showed that atherogenic 
lipid profiles during the first trimester confer an increased risk 
of adverse pregnancy outcomes including maternal morbidity, 
mortality, and preterm delivery.(20,21)

The role of dyslipidemia, manifested by abnormally 
elevated TC, TG, and LDL against the background of low 
HDL in the pathogenesis of MM in patients with recurrent 
miscarriage, has been shown in a number of studies.(22,23) 
Low HDL level can lead to vascular thrombosis and the 
development of hypoxia in the placenta.(24,25)

Apolipoprotein C-II (apoC-II) is the potent physiological 
activator of LPL; therefore, it plays a central role in the 
metabolism of plasma TG. LPL is the main enzyme that 
hydrolyses plasma TG on triglyceride-rich lipoproteins, such 
as chylomicrons and VLDL, and on HDL, particularly during 
fasting.(3) ApoC-II has also been shown to act as an inhibitor of 
LPL at higher concentrations,(26) although the mechanisms by 
which this activation and inhibition take place remain poorly 
understood. Palva et al.(24) showed that the decrease of LPL 
activity in the heart, along with the inhibitory effects of excess 
apoC-II, may contribute to the hypertriglyceridemia observed 
in apoC-II transgenic mice. Fornengo et al.(27) reported a 
case of drug-resistant hypertriglyceridemia in a patient with 
increased levels of apoC-II. To date, the mechanisms by which 
physiological levels of apoC-II activate and excess apoC-II 
inhibits LPL are not fully understood.

In the modern literature, there are few data on serological 
markers of MM, a lack which creates the prerequisites 
for conducting this study aimed at finding the diagnostic 
and prognostic possibilities of determining apoC-II, as a 
serological marker for MM in early gestation.

Materials and Methods
In the period from April 2020 to February 2021, 182 

pregnant women aged between 18 and 45 years at gestational 
age under 11 weeks were examined. All women were divided 
into 3 groups. Group 1 (Gr1) included 90 women with 
MM; Group 2 (Gr2) included 52 women with spontaneous 
miscarriage; Group 3 included 40 women  without pathology 
(control group [CG]).

Inclusion criteria were MM, spontaneous miscarriage or 
physiological pregnancy at gestational age under 11 weeks. 
Exclusion criteria were autoimmune diseases, infectious 
diseases, and diseases of the thyroid gland, including thyroid 
dysfunction.

Examination of patients included clinical methods, 
questionnaire survey, analysis of case histories, laboratory 
tests (clinical blood test, blood levels of TG, HDL-C, and 
LDL-C, urine test, and determination of antibody titer to 
the TORCH complex), and pelvic ultrasound. All women 
underwent an assessment of vaginal microcenosis and the 

quantitative and qualitative composition of the biotope of the 
cervical discharge. 

Lipid metabolism disorders were diagnosed 
according to the Russian national recommendations of the 
VII revision(the Russian Society of Cardiologists [RSC, 
2020]), considering the European recommendations (2019): 
TC >5,0 mmol/l; TG >1.7 mmol/l; HDL-C <1.2 mmol/l in 
females; LDL-C >3.0 mmol/l. 

Antibodies to thyroperoxidase (AT-TP) and 
thyroglobulin (AT-TG) in the blood serum were determined 
by ELISA using standard test systems from “CHEMA-
MEDIKA” (Russia).

 Proteomic analysis of the blood serum was performed 
using LC-MS.

The study was conducted in accordance with ethical 
principles of the WMA Declaration of Helsinki (1964, 
ed. 2013) and approved by the RUDN University Ethics 
Committee. Written informed consent was obtained from all 
participants.

Statistical analysis was performed using the Statistica 8.0 
software package (StatSoft Inc, USA). Kruskal-Wallis test was 
used to compare means of 3 groups of variables not normally 
distributed. A value of P<0.05 was considered statistically 
significant.

Results
For the analysis of potentially significant markers, we 

studied serological markers found in all 3 groups; in particular, 
we compared the ratios of protein concentrations in the study 
groups. If the concentration ratio of the investigated marker in 
the Gr1/CG pair was close to 1 or equal to 1, then the marker 
was considered nonspecific; if the concentration ratio of the 
investigated marker in the Gr1/Gr2 pair was close to 1 or 
equal to 1, then the marker was also considered nonspecific; 
however, if the studied ratio was close to 1 or equal to 1 in the 
Gr1/Gr2 pair and at the same time >1 in the Gr1/CG pair, then 
the marker was considered potentially specific. 

As can be seen from Table 1, the most specific 
serorlogical marker of MM may be apoC-II, since the ratio 
of its concentration was 2.468 in the Gr1/CG pair, 1.658 in 
the Gr1/Gr2 pair, and 1.489 in the Gr2/CG pair. For all other 
markers, differences between groups were less pronounced. 

Table 1.

The potentially specific serorlogical marker of MM

Group pair ApoC-II ApoC-IV Complement 
C5

Complement 
factor H

Gr1/CG 2.468 0.495 0.494   0.414 

Gr1/Gr2 1.658 0.579 0.373 0.399

Gr2/CG 1.489 0.823 1.324 1.035

P-value 0.00016 0.01324 0.00428 0.00119
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Moreover, the potential role of apoC-II was most pronounced 
in Gr1, which suggests that apoC-II may be the specific 
marker for MM. When the patients were divided into groups 
depending on the lipid profile, women with an impaired lipid 
profile, manifested as isolated hypercholesterolemia, and 
combined hypercholesterolemia with hypertriglyceridemia, 
significantly prevailed in gGr1 compared with the CG.

Abnormalities in the lipid profile were more common 
in patients with MM and spontaneous abortions: 62.2% 
and 59.7% of cases, respectively, which correlates with the 
identified marker apoC-II in Gr1 and Gr2 (Table 2, Fig.1). In 
the control group, abnormalities in the lipid profile were found 
only in 42.5%.

Conclusion
The results of our study show that apoC-II can be 

considered as the most promising serologic marker for MM 
in the early gestation period for women with dyslipidemia. 
It seems appropriate before planning a pregnancy to conduct 
an additional examination of women with dyslipidemia who 
show a high apoC-II value in order to predict the outcome of 
pregnancy.
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