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Abstract. Due to inconsistent results of APOE vari-
ants in the survival of pregnancy we investigated the
potential relationship of APOE rs7412 and rs429358
with pregnancy loss (PL) in Bosnian women. We en-
rolled 154 women with PL. The minimum week of
miscarriage was 6, while the maximum was 28. As a
control group, an equal number of mothers with at
least one live-born child was included. All women
were recruited from the Institution of Health Protec-
tion of Women and Motherhood in Sarajevo, Bosnia
and Herzegovina. Genotyping was performed by re-
al-time PCR at the Department of General Phar-
macology and Pharmacoeconomics, Pomeranian Me-
dical University. The prevalence of genotypes E2/E3,
E2/E4, E3/E3, E3/E4, E4/E4 in the group with and
without PL were: 14.3 %, 1.3 %, 70.8 %, 12.3 %,
1.3 %, and 13.6 %, 1.3 %, 70.1 %, 14.3 %, 0.7 %,
respectively. The frequency of the E4/E4 genotype in
women with 1-2 and 34 PL compared to women
without PL did not differ significantly between those
three groups (P value = 0.0712). The frequencies of
alleles €2, €3, €4 in the group with and without PL
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were: 6.8 %, 85.1 %, 8.1 % and 7.5 %, 84.1 %, 8.4 %,
respectively, and did not differ significantly. We con-
clude that our study does not confirm rs7412 and
rs429358 as a potential risk factor for PL in the stud-
ied group. To elucidate the relationship between PL
and variants of the APOE gene, studies with a larger
sample size and placental histomorphology and ge-
netic diagnosis are required.

Introduction

Pregnancy is a physiological state linked to an in-
creased level of cholesterol, hypercoagulability and
thrombosis on the one hand, and decreased fibrinolysis
on the other hand. It is estimated that the frequency of
pregnancy loss (PL) is about 10-25 % of all clinically
recognized pregnancies, wherein the reasons for about
50 % of them are unidentified (Pabinger, 2009; Jaslov et
al., 2010; Williams and Broughton Pipkin, 2011).

An increasing body of evidence suggests that PL and
recurrent PL (RPL) may be caused by both environmen-
tal and genetic factors (Chin et al., 2013; Kusturica et
al., 2014; Mahmutbegovic et al., 2017; Sugiura-Oga-
sawara et al., 2017). In a successful course of pregnancy,
among many factors of homeostasis, the balance between
inflammatory agents and anti-inflammatory cytokines is
essential (Vassiliadis et al., 1998). Baitsch et al. (2011)
and Jacobs et al. (2016) drew attention to the role of
APOE gene variants as a potential marker linked to mis-
carriages and thrombophilic agent. Several authors re-
port that APOE regulates the mechanisms of cell death
by modifying inflammatory responses, and carriers of
allele €4 have reduced concentration of IL-10 in the plas-
ma and attenuated anti-inflammatory activity (Baitsch et
al., 2011; Zhang et al., 2011; Jacobs et al., 2016).
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It is known that in subjects with €4 alleles compared
to subjects with the €2 and €3 alleles, higher plasma
LDL concentrations are observed. In this context, in
early stages of pregnancy the elevated plasma lipid lev-
els may contribute to the thrombus formation by accu-
mulating in the intima of blood vessels, whose endothe-
lial cells have been activated by inflammatory cytokines
(Asagri et al., 2013). At a later stage, the formation of
thrombus in placenta vessels reduces placental blood
flow and oxygen supply to the foetus, leading to the
death of the trophoblast cells and PL (Jeddi-Tehrani et
al., 2011). On the other hand, it should be noted that cho-
lesterol, as a precursor of steroidogenesis, plays a cru-
cial role in the survival of pregnancy (Frye et al., 2011).
The presence of the €4 allele is linked to decreased affin-
ity of APOE for LDL receptors, which leads to decreased
absorption of cholesterol from the bloodstream, and this
in turn can lead to disturbances in production of steroid
hormones and PL (Ozornek et al., 2010).

As we mentioned above, there are several possible
molecular mechanisms for the relationship of the APOE
variants and pregnancy loss, such as formation of throm-
bus in the placenta vessels, disturbance in the balance
between inflammatory and anti-inflammatory cytokines,
and disturbance in steroidogenesis. However, the results
on the relationship of APOE gene variants and PL in a
few European and worldwide populations are contradic-
tory, and the data linked to the consequences of APOE
variants for PL in the population of Bosnia and Herze-
govina (B&H) is non-existent. Therefore, we decided to
assess whether the presence of alleles €2, €3, £4 linked to
three isoforms of APOE defined as APOE2 (cysl112,
cys158), APOE3 (cys112, argl158), and APOE4 (argl12,
arg158), respectively, may be linked to PL in Bosnian
women.

Material and Methods

Subjects

All women were recruited from the Institution of
Health Protection of Women and Motherhood in Sara-
jevo, B&H. The estimated population of Sarajevo is
369,534, while 3,867,055 inhabitants live in B&H, where

women constitute about 50 % of the population [http://
www.{zs.ba/eng/population.htm, Census 2013th official
data. Accessed 15 January 2018]. Twins and women with
any serious illness (including hepatic, pulmonary, renal
disorders and cancer) were excluded from the study.

According to the definition of the American Society
of Reproductive Medicine (ASRM), PL represents
spontaneous abortion of an embryo or foetus before the
20th week of pregnancy or a situation when the foetus
weighs less than 500 grams or measures less than 25 cm,
and RPL when two or more failed pregnancies take
place (Practice Committee of the American Society for
Reproductive Medicine, 2008).

We recruited 154 women with PL, mean age 33.0
(£ 5.4) years, 121 (78.6 %) had at least one live-born
child, and all included pregnancies were anembryonic.
The minimum week of miscarriage was 6, while the
maximum was 28. One hundred and fifty-four healthy
controls with no history of PL and at least one live-born
child, mean age 31.4 (£ 6.7) years, were selected from
among local residents using the same exclusion criteri-
on as for patients.

Data of obstetric history, weight, week of miscarriage,
and number of successful pregnancies by trimester of
PL are shown in Table 1.

All procedures performed in the studies involving hu-
man participants were conducted according to the stand-
ards of the Declaration of Helsinki (1975, revised 2000).
The study was approved by the Local Ethical Com-
missions: Sarajevo, B&H and Szczecin, Poland (deci-
sion ref. Nos. 10-1285-03-14 and KB-0012/175/17, re-
spectively). Informed consent was obtained from all
individual participants included in the study.

DNA extraction and genotyping

Genomic DNA from buccal swabs was extracted us-
ing QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Ger-
many), and for genotyping we used the TagMan SNP
Genotyping Assays (Applied Biosystems, Foster City,
CA), as we previously reported (Adler et al., 2014, 2017).

Statistical analysis

All tests were performed using the R CRAN statisti-
cal software (version 3.4.2) (R Core Team, 2017). P <

Table 1. Group characteristics according to the trimester of pregnancy loss

1 trim. 2" trim. 1%+ 2™ trim.*
N=118 N=21 N=15
Age (years + SD) 32.8(£5.4) 33.5(x4.7) 33.3(+3.7)
Weight (kg) 74.3 (£9.5) 72.2 (£9.8) 73.1 (£6.7)
No. of pregnancy losses (average/range) 159 (1.3/1-4) 30 (1.4/1-3) 31 (2.1/1-3)
Average week of pregnancy loss (SD) 9.1 (£1.6) 18.1 (£3.7) 13.5(5.6)
Min. week of miscarriage 6 13 13
Max. week of miscarriage 12 24 28
No. of successful pregnancies (average/ range) 172 (1.5/0-5) 24 (1.1/0-4) 18 (1.2/0-5)

*women with both first and second trimester losses
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0.05 was considered statistically significant for all anal-
yses. The function Hardy-Weinberg equilibrium (HWE).
y? for three alleles from package genetics was performed
(Warnes et al., 2013). The distribution of genotypes was
determined in women with 1-2 PL and 3—4 PL and with-
out PL, and comparison was made by the Kruskal-Wal-
lis test and Fisher’s exact test.

Results

The prevalences of genotypes E2/E3, E2/E4, E3/E3,
E3/E4, E4/E4 in the group of women with and without
PL were: 14.3 %, 1.3 %, 70.8 %, 12.3 %, 1.3 % and
13.6 %, 1.3 %, 70.1 %, 14.3 %, 0.7 %, respectively,
while in none of both groups of women the E2/E2 geno-
type was noticed. The frequency of alleles €2, €3, €4 in
the group of women with and without PL was: 6.8 %,
85.1 %, 8.1 % and 7.5 %, 84.1 %, 8.4 %, respectively
(see Table 2). All analysed genotypes in women with
and without PL were in agreement with HWE (P value =
0.747 and 0.949, respectively).

The frequency of the E4/E4 genotype in women with
1-2 and 3—4 PL compared to women without PL did not
differ significantly between those three groups (P value
=0.0712) (see Table 3).

Discussion

In European populations, the distribution of €2, €3
and €4 alleles of the APOE gene ranges from 4.0 % to

13.5 % for €2, 70.0 % to 89.7 % for €3 and 6.3 % to
20.8 % for €4 allele, with the Bosnian population fitting
into this pattern perfectly (Adler et al., 2014). The re-
sults suggest that the €2 allele is linked to low reproduc-
tive efficiency and the €3 allele to the high one (Corbo et
al., 2004; Li et al., 2014). Jacobs et al. (2016) described
the relationship between the presence of the maternal €2
allele and small for gestational age linked to decreased
foetal growth in women with lower circulating choles-
terol levels, while Gelfand et al. (2013), linked the &4
allele to perinatal arterial ischemic stroke. As pregnancy
is a hypercoagulable state, it is not surprising that the
additive effect of €4 allele superimposed on this state
increases the risk of clotting (Vora et al., 2009; Winter-
mark et al., 2010). Unfortunately, the relationship of
these mechanisms with PL is not entirely clear yet.

Two meta-analyses, both including women with RPL,
the first 2090 and the second 975 women, have found an
association between the €4 allele and increased risk of
RPL (Meng et al., 2013; Li et al., 2014).

In our study the distribution of €4 allele found in
women with PL was 8.1 % (N = 154) and was compara-
ble to Ozdemir’s results for Caucasians women with
RPL, included in a meta-analysis by Meng et al., 7.9 %
(N =3246) (Ozdemir et al., 2012; Meng et al., 2013). In
the presented study we did not confirm the possible link
of €4 allele to PL, while Ozdemir et al. (2012) found
such a relationship in their group of women. Higher ¢4
allele distribution, 11.4 % (N = 136) and 12.3 % (N =
69), was reported in Turkish and American women with

Table 2. Distribution of allele and genotype frequencies of the APOE gene in women with and without PL

| Women with PL, N (%) | Women without PL, N (%) | P value | OR (95% CI)
Genotypes
E2/E2 0(0) 0(0) ND ND
E2/E3 19 (12.3) 21 (13.6) 0.866 0.892 (0.432-1.831)
E2/E4 2(1.3) 2 (1.3) 1 1 (0.072-13.956)
E3/E3 112 (72.8) 108 (70.1) 0.705 1.135 (0.672-1.992)
E3/E4 19 (12.3) 22 (14.3) 0.738 0.845 (0.412-1.721)
E4/E4 2(1.3) 1(0.7) 1 2.009 (0.1104-119.451)
Alleles
€2 21(6.8) 23 (7.5) 0.871 0.900 (0.450-1.792)
€3 262 (85.1) 259 (84.1) 1 1 (0.649-1.540)
e4 25(8.1) 26 (8.4) 1 0.959 (0.544-1.691)

*ND — not determined

Table 3. Carrier of allele in women with miscarriage by the number of PL and women without PL

Women with

1-2 or 34
Carrier of alleles (from genotypes) PL (N) Sum Women without PL (N) | P value OR (95% CD
€2 carrier (E2/E3, E2/E4) 19 2 21 23 0.871 0.899 (0.450-1.792)
€3 carrier ( E2/E3, E3/E3, E3/E4) 136 14 150 151 1.000 0.746 (0.107-4.489)
€4 carrier ( E2/E4, E3/E4, E4/E4) 22 1 23 25 0.875 0.906 (0.465-1.759)
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RPL, respectively (Goodman et al., 2009; Meng et al.,
2013). In both studies the €4 allele was a risk factor for
RPL.

Similar values were reported in Czech women with
PL and RPL, 10.8 % (N = 334) and 11.8 % (N = 76),
respectively (Rynekrova et al., 2012). However, in that
case, the relationship between the €4 allele and PL and
RPL was not found. With the higher distribution of &4
allele (17.8 %), Korkmazer et al. (2013) did not confirm
the association of A POFE with RPL in Turkish women as
well. However, it should be noted that the group with
RPL consisted of only 45 women.

Studies on the relationship of €4 allele with RPL were
also carried out in non-Caucasian populations, such as
two Iranian populations reported by Asagri et al. (2013)
and Poursadegh Zonouzi et al. (2014), in both of which
data support the association of the &4 allele with RPL.

APOE plays a crucial role in atherosclerosis and neu-
rogenic disorders by participating in the lipid metabo-
lism and mechanisms of cell death and by modifying the
inflammatory response (Danesh et al., 2004). The &4 al-
lele of APOE gene is linked to low IL-10 concentra-
tions, which has been shown to be crucial for successful
pregnancy (Chaouat et al., 1996; Tziakas et al., 2006).
On the one hand, the proinflammatory status linked to
APOE variants may explain the relationship between
the &4 allele and RPL; on the other hand, the lower con-
centrations of APOE in the plasma with consequential
lower tissue levels may also cause reproductive distur-
bances.

Yalcintepe et al. (2015) reported very interesting re-
sults, where €2 and &4 (both P < 0.0001) alleles had
higher frequency in spontaneously aborted foetal mate-
rials in comparison to their mothers. In this context, it
would be interesting to conduct research on a larger
sample size, including both parents and the placental
histomorphology diagnosis of the lost pregnancy. Un-
fortunately, only one such report exists.

Conclusions

Overall, the current study is the first report on the re-
lationship of APOE rs7412 and rs429358 variants and
PL in Bosnian women. Our results indicate that the
APOE variants do not contribute to PL risk in this popu-
lation. We concluded that subsequent studies with a
larger sample size and the placental histomorphology
and genetic diagnosis are required to elucidate the mech-
anisms underlying the relationship between PL patho-
genesis and variants of the APOF gene.

Disclosure of conflict of interest

The authors declare that they have no conflict of in-
terest.

References

Adler, G., Valjevac, A., Skonieczna-Zydecka, K., Mackic-
Djurovic, M., Parczewski, M., Urbanska, A., Salkic, N. N.

(2014) Frequency of CCR5A32 allele in healthy Bosnian
population. Bosn. J. Basic Med. Sci. 14, 150-154.

Adler, G., Adler, M. A., Urbanska, A., Skonieczna-Zydecka,
K., Kiseljakovic, E., Valjevac, A., Parczewski, M., Had-
zovic-Dzuvo, A. (2017) Bosnian study of APOE distribu-
tion (BOSAD): a comparison with other European popula-
tions. Ann. Hum. Biol. 44, 568-573.

Asagri, N., Akbari, M. T., Zare, S., Babamohammadi, G.
(2013) Positive association of apolipoprotein E4 polymor-
phism with recurrent pregnancy loss in Iranian patients.
J. Assist. Reprod. Genet. 30, 265-268.

Baitsch, D., Bock, H. H., Engel, T., Telgmann, R., Miiller-
Tidow, C., Varga, G., Bot, M., Herz, J., Robenek, H., von
Eckardstein, A., Nofer, J. R. (2011) Apolipoprotein E in-
duces antiinflammatory phenotype in macrophages. Arte-
rioscler. Thromb. Vasc. Biol. 31, 1160-1168.

Chaouat, G., Menu, E., de Smedt, D., Khrihnan, L., Hui, L.,
Assal Meliani, A., Martal, J., Raghupathy, R., Wegmann, T.
G. (1996) The emerging role of IL-10 in pregnancy. Am. J.
Reprod. Immunol. 35, 325-329.

Chin, J., Heuser, C., Eller, A., Branch, D., Nelson, L., Silver,
R. (2013) Leptin and leptin receptor polymorphisms and
recurrent pregnancy loss. J. Perinatol. 33, 589-592.

Corbo, R. M., Scacchi, R., Cresta, M. (2014) Differential re-
productive efficiency associated with common apolipo-
protein E alleles in postreproductive-aged subjects. Fer-
til. Steril. 81, 104-107.

Danesh, J., Wheeler, J. G., Hirschfield, G. M., Eda, S., Eiriks-
dottir, G., Rumley, A., Lowe, G. D., Pepys, M. B., Gudna-
son, V. (2004) C-reactive protein and other circulating
markers of inflammation in the prediction of coronary
heart disease. N. Engl. J. Med. 350, 1387-1397.

Frye, C. A., Hirst, J. J., Brunton, P. J., Russell, J. A. (2011)
Neurosteroids for a successful pregnancy. Stress 14, 1-5.
Gelfand, A. A., Croen, L. A., Torres, A. R., Wu, Y. W. (2013)
Genetic risk factors for perinatal arterial ischemic stroke.

Pediatr. Neurol. 48, 36-41.

Goodman, C., Goodman, C. S., Hur, J., Jeyendran, R. S., Cou-
lam, C. (2009) The association of apoprotein E polymor-
phisms with recurrent pregnancy loss. Am. J. Reprod. Im-
munol. 61, 34-38.

Jacobs, M. B., Harville, E. W., Kelly, T. N., Bazzano, L. A.,
Chen, W. (2016) Maternal apolipoprotein E genotype as a
potential risk factor for poor birth outcomes: The Bogalusa
Heart Study. J. Perinatol. 36, 432-438.

Jaslow, C. R., Carney, J. L., Kutteh, W.H. (2010) Diagnostic
factors identified in 1020 women with two versus three or
more recurrent pregnancy losses. Fertil. Steril. 93, 1234-
1243

Jeddi-Tehrani, M., Torabi, R., Zarnani, A. H., Mohammadza-
deh, A., Arefi, S., Zeraati, H., Akhondi, M. M., Chamani-
Tabriz, L., Idali, F., Emami, S., Zarei, S. (2011) Analysis of
plasminogen activator inhibitor-1, integrin 3, p fibrino-
gen, and methylenetetrahydrofolate reductase polymor-
phisms in Iranian women with recurrent pregnancy loss.
Am. J. Reprod. Immunol. 66, 149-156.

Korkmazer, E., Ustunyurt, E., Tekin, B., Cilingir, O. (2013)
Study on potential role of apolipoprotein E in recurrent
pregnancy loss. Exp. Ther. Med. 5, 1408-1410.



Vol. 64

Apolipoprotein E Variants and Miscarriage 69

Kusturica, J., Rakovac-Tupkovic, L., Kulo, A., Rakanovic-
Todic, M. (2014) Prenatal care: What supplements do we
advise pregnant women? Folia Med. Fac. Med. Univ.
Saraev. 49, 14-22.

Li, J., Chen, Y., Wu, H., Li, L. (2014) Apolipoprotein E (Apo
E) gene polymorphisms and recurrent pregnancy loss: a
meta-analysis. J. Assist. Reprod. Genet. 31, 139-148.

Mahmutbegovic, E., Marjanovic, D., Medjedovic, E., Mah-
mutbegovic, N., Dogan, S., Valjevac, A., Czerska, E.,
Pawinska-Matecka, A., Madlani, A., Adler, G. (2017) Prev-
alence of 1691G>AF5,20210G>A F2, and 677C>T MTH-
FR polymorphisms in Bosnian women with pregnancy
loss. Bosn. J. Basic Med. Sci. 17, 309-314.

Meng, H. X., Qi, M. G., Y1, Y. Y., Liu, Y. P. (2013) Associa-
tion between apolipoprotein E gene polymorphism and the
risk of recurrent pregnancy loss: a meta-analysis. J. 4ssist.
Reprod. Genet. 30, 1547-1552.

Ozdemir, O., Yenicesu, G. 1., Silan, F., Koksal, B., Atik, S.,
Ozen, F., Gol, M., Cetin, A. (2012) Recurrent pregnancy
loss and its relation to combined parental thrombophilic
gene mutations. Genet. Test. Mol. Biomarkers 16, 279-286.

Ozornek, H., Ergin, E., Jeyendran, R. S., Ozay, A. T., Pillai,
D., Coulam, C. (2010) Is apolipoprotein E codon 112 poly-
morphisms associated with recurrent pregnancy loss? Am.
J. Reprod. Immunol. 64, 87-92.

Pabinger, 1. (2009) Thrombophilia and its impact on pregnan-
cy. Thromb. Res. 123, S16-21.

Poursadegh Zonouzi, A., Farajzadeh, D., Bargahi, N., Farajza-
deh, M. (2014) Apolipoprotein E genotyping in women
with recurrent pregnancy loss: an in silico and experimen-
tal hybrid study. Gene 549, 209-213.

Practice Committee of the American Society for Reproductive
Medicine (2008) Definitions of infertility and recurrent
pregnancy loss: a committee opinion. Fertil. Steril. 89, 1603.

R Core Team (2017) R: a language and environment for statis-
tical computing. R Foundation for Statistical Computing,
Vienna, Austria. URL https://www.R-project.org/

Rynekrova, J., Kasparova, D., Adamkova, V., Fait, T., Hu-
bacek, J. A. (2012) Analysis of the potential role of apoli-
poprotein E polymorphism in genetic predisposition to spon-
taneous abortion. Am. J. Reprod. Immunol. 67, 179-183.

Sugiura-Ogasawara, M., Omae, Y., Kawashima, M., Toyo-
Oka, L., Khor, S. S., Sawai, H., Horita, T., Atsumi, T., Mu-
rashima, A., Fujita, D., Fujita, T., Morimoto, S., Morishita,
E., Katsuragi, S., Kitaori, T., Katano, K., Ozaki, Y., Toku-
naga. K. (2017) The first genome-wide association study
identifying new susceptibility loci for obstetric antiphos-
pholipid syndrome. J. Hum. Genet. 62, 831-838.

Tziakas, D. N., Chalikias, G. K., Antonoglou, C. O., Veletza,
S., Tentes, I. K., Kortsaris, A. X., Hatseras, D. 1., Kaski, J.
C. (2006) Apolipoprotein E genotype and circulating inter-
leukin-10 levels in patients with stable and unstable coro-
nary artery disease. J. Am. Coll. Cardiol. 48, 2471-2481.

Vassiliadis, S., Ranella, A., Papadimitriou, L., Makrygianna-
kis, A., Athanassakis, I. (1998) Serum levels of pro- and
anti-inflammatory cytokines in non-pregnant women, dur-
ing pregnancy, labour and abortion. Mediators Inflamm. 7,
69-72.

Vora, S., Shetty, S., Khare, M., Ghosh, K. (2009) Placental
histomorphology in unexplained foetal loss with thrombo-
philia. Indian J. Med. Res. 129, 144-149.

Warnes, G. with contribution from Gorjanc, G., Leisch, F.,
Michael Man, M. (2013) Population Genetics. R package
version 1.3.8.1. https://CRAN.R-project.org/package=ge-
netics

Williams, P. J., Broughton Pipkin, F. (2011) The genetics of
pre-eclampsia and other hypertensive disorders of pregnan-
cy. Best Pract. Res. Clin. Obstet. Gynaecol. 25, 405-417.

Wintermark, P., Boyd, T., Parast, M. M.. Van Marter, L. J.,
Warfield, S. K., Robertson, R. L., Ringer, S. A. (2010) Fetal
placental thrombosis and neonatal implications. Am. J. Peri-
natol. 27, 251-256.

Yalcintepe, S., Ozdemir, O., Hacivelioglu. S. O., Akurut, C.,
Koc, E., Uludag, A., Cosar, E., Silan, F. (2015) Multiple
inherited thrombophilic gene polymorphisms in spontane-
ous abortions in Turkish population. Int. J. Mol. Cell.
Med. 4, 120-127.

Zhang, H., Wu, L. M., Wu, J. (2011) Cross-talk between apoli-
poprotein E and cytokines. Mediators Inflamm. 2011,
949072.



