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Angiotensin-converting enzyme DD
genotype, angiotensin type 1 receptor CC
genotype, and hyperhomocysteinemia
increase first-trimester fetal-loss
susceptibility
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Complications of pregnancy have been found to be related with thrombophilic polymorphisms that explain about 30% of obstetric
complications. We evaluated the angiotensin converting enzyme (ACE) and the angiotensin type 1 receptor (AT1R) gene
polymorphisms in the renin—angiotensin system (RAS) as possible risk factors for fetal loss. Fifty-nine women with a history of
three or more first-trimester fetal losses and 70 healthy women with a history of normal pregnancies were enrolled in this study.
Thrombophilic factors, ACE insertion/deletion (I/D) and AT1R A1166C polymorphisms, prothrombin G20210A and factor V
Leiden mutations were analyzed. At univariate and multivariate analysis, a significant association between ACE DD and AT1R CC
genotype and fetal loss was observed. The effect of the ACE DD genotype on the risk of fetal loss was higher in AT1R C allele
carriers. The prevalence of hyperhomocysteinemia (Hcy) (defined as baseline plasma levels higher than the 95% percentile; cut-off,
10.5 pmol/l per 1) was significantly higher in women with fetal loss, and an association between Hcy and fetal loss was detected. All
patients showed normal antithrombin, protein C, protein S, and plasminogen activator inhibitor-1 (PAI-1) values. The presence of
one risk factor not associated with others was found in 33 out of 59 patients (56%); ACE DD genotype was the most prevalent risk
factor. Our results identify new possible predictive markers for fetal loss in RAS polymorphisms and Hcy. Large-scale studies are
warranted to attribute clinical relevance to these polymorphisms as risk factors for complicated pregnancies. Blood Coagul
Fibrinolysis 11:657-662 (© 2000 Lippincott Williams & Wilkins.
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Introduction

Obstetrical complications such as severe pre-eclamp-  elucidated, but they have recently been associated
sia, fetal growth retardation, stillbirth and fetal loss ~ with abnormal placental vasculature [1] and distur-
contribute to maternal and fetal morbidity and  bances of hemostasis [2]. The renin—angiotensin
mortality. The causes have not been completely  system (RAS) is one of the main factors regulating
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blood pressure, fluid and electrolyte balance. Placen-
tal and fetal membranes are important production
sites of the angiotensin converting enzyme (ACE)
and angiotensinogen (AGT), and contain high con-
centrations of angiotensin II receptors [3]. In addi-
tion, angiotensin II may increase the production and
secretion of the plasminogen activator inhibitor-1
(PAI-1) by endothelial cells [4]. ACE may also
increase platelet function because ACE inhibitors
have been shown to reduce platelet aggregation in
humans [5].

An insertion/deletion (I/D) polymorphism in the
ACE gene has been associated with serum ACE
activities: subjects with DD ACE genotype had
higher levels than those with the ACE II genotype,
and intermediate levels were observed in heterozy-
gote ID [6]. In pregnancy-induced hypertension,
elevated serum ACE activity was found [7-9], but
no effect of ACE gene polymorphism on pregnancy
outcome or the incidence of pregnancy-induced
hypertension has been found in Caucasian women.
In a series of Caucasian women with pregnancy-
induced hypertension, a significant association of
pre-eclampsia with the AGT M235T polymorphism
has been observed. No data are available on the
A1166C polymorphism in the gene encoding for the
angiotensin II type 1 receptor (AT1R).

A higher prevalence of thrombophilic polymorph-
isms such as factor V (FV) Leiden mutation and
factor II (FII) G20210A mutation has been reported
in women with fetal loss, pre-eclampsia, abruptio
placentae and fetal growth retardation [10,11]; how-
ever, genetic thrombophilic polymorphisms account
for about 30% of obstetrical complications [12].

In this study, we have evaluated RAS ACE and
AT1R polymorphisms as possible risk factors for
pathological pregnancies and for their possible con-
tribution to the occurrence of fetal loss.

Materials and methods

From April 1998 to March 1999, we enrolled 59
consecutive women with a history of fetal loss
referred to the Prenatal Medicine Unit of the
University of Florence. Women fulfilled the follow-
ing inclusion and exclusion criteria. Inclusion criter-
ia were three or more first-trimester (7—12 weeks of
gestation) fetal losses. All were in good general
health without previous history of venous or arterial
thromboembolic disease, fetal growth retardation
and abruptio placentae. The exclusion criteria were
hypertension, previous pre-eclampsia, diabetes mel-
litus or thyroid dysfunction, the presence of
congenital malformations or chromosomal abnor-
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malities in the fetus, recent cytomegalovirus infec-
tion or drug abuse during pregnancy and essential
thrombocytemia [13].

They all underwent a thorough investigation that
was negative for potential causes of fetal demise
including fasting glucose, basal follicle stimulating
hormone (FSH), luteinizing hormone (LH) and
estradiol levels on day 3 of a natural cycle, thyroid-
stimulating hormone (TSH) and prolactin levels, and
antinuclear factor. Screening tests for antiphospholi-
pid antibodies included lupus anticoagulant sensitive
activated antithromboplastin time, thromboplastin
titration index, diluted Russel Viper Venom test, and
immunoglobulin (Ig)G and IgM anticardiolipin and
antiff2-glycoprotein I. If one of these assays was
positive, the patient was not included in the study
The control group consisted of 70 healthy women
matched for age, gravidity and smoking habits with
a history of normal pregnancies.

All the subjects of the patient and control groups
were Caucasian women from Central Italy (Tus-
cany). Personal and familial history of thromboem-
bolic disease was determined by interviewing
patients and controls. Both cases and controls were
not pregnant at the time of investigation, and were
not taking oral estroprogestinic preparations during
the study. Six out of 59 patients had taken the pill
before the index pregnancy. Informed consent was
obtained in all cases and controls.

Peripheral venous blood samples were collected
from the antecubital vein, with minimal stasis, in
vacutainer tubes containing 0.129 mol/l sodium cit-
rate, the final blood/anticoagulant ratio being 9 : 1.
The samples were centrifuged at 600 X g for 10 min
at 4°C, and the supernatant was drawn off and
immediately stored at —80°C until analysis.

Mutations of the FV and FII gene were analysed
as previously described [14,15]. The FV gene muta-
tion was detected by polymerase chain reaction
(PCR) amplification of genomic DNA followed by
digestion with the restriction enzyme Mnl I. The
G20210A mutation of FII gene was detected by
PCR amplification with a mutagenic primer: the
amplified fragment was digested by Hind III.

Antithrombin (AT) and protein C (PC) activities
were determined with an Electra 1000C coagulation
analyser using the chromogenic commercial kit
(Antithrombin III, Protein C; DADE, Diidingen,
Switzerland). The normal range was 80-120% for
AT and 60-130% for PC. Protein S (PS) activity
was measured by the clotting method with an ACL
300 Research coagulation analyser (Instrumentation
Laboratory Company, Milan, Italy) using a com-
mercial kit (Protein S; Instrumentation Laboratory).



The normal range was 55-130%. PAI-1 activity
(control range, 3—15 IU/ml) was determined accord-
ing to Chmielewska et al. [16], using a commercial
kit (Spectrolyse (fibrin); Bio-Pool, Umea, Sweden).

The plasma levels of total homocysteine (free and
protein bound) were determined by high-perform-
ance liquid chromatography (LKB 2248 pump;
Pharmacia, Uppsala, Sweden) and fluorescence de-
tection (Waters 474, Italy Waters, Vimodrone (MI)
Italy). Median and range of control women were 7.5
and 3-15 umol/l per |, respectively.

ACE and AT1R polymorphisms were analyzed
after genomic DNA extraction from peripheral
blood leukocytes using a QIAmp Blood Kit (QIA-
GEN, Hilden, Germany). The ACE I/D poly-
morphism was genotyped according to Rigat er al.
[17]. DNA was amplified with 5% dimethylsulf-
oxide (DMSO) in the reaction mixture at an anneal-
ing temperature of 60°C in order to reduce the
incidence of mistyping ID as DD. Moreover, each
DD genotype was subjected to a second PCR
amplification without the 5% DMSO at an anneal-
ing temperature of 67°C and using a primer pair that
recognizes the insertion-specific sequence. These
modifications were made to reduce underestimation
of heterozygotes [18]. The A1166C polymorphism
of the AT1R gene was identified by PCR amplifica-
tion and restriction fragment length polymorphism
analysis, using primers and PCR conditions as
described by Katsuja er al. [19].

Statistical analysis

Statistical analysis was performed by using the
program Statistica 6.0 (StatSoft Italia s.r.l., Vigonza
(Padova) Italy) for IBM. The ACE and ATIR allele
and genotype frequencies in patients and controls
were obtained by direct count. The genotype dis-
tribution and allele frequencies between groups were
compared by the y? test. Association between
variables was tested using Fisher’s exact test or the
x? test. The estimate of odds ratios (OR) was
obtained by univariate regression analysis. Multiple
regression analysis was used to evaluate the influ-
ence of ACE, ATIR, FV genotype and homocys-
teine levels on the occurrence of fetal loss. The
Hardy—Weinberg equilibrium for genotype distribu-
tion was estimated by the y? test. P <0.05 was
considered statistically significant.

Results

The characteristics of patients and controls are
presented in Table 1. The ACE and ATIR genotype
distribution was compatible with the Hardy—Wein-

RAS genes and hyperHcy in early fetal loss

Table 1. Characteristics of study groups

Patients (7 = 59) Controls (7 = 70)

Age (years) 31 (23-40) 32.5 (21-41)
Gravidity 3 (3-5) 2 (2-5)
Smoker (%) 14 15

Values represent the median, with the range in parentheses.

berg equilibrium. The genotype and allele frequen-
cies of RAS genes are shown in Table 2.

ACE D allele frequency was significantly
(P =0.013) higher among women with fetal loss
than in the control group (65 versus 50%). A
significant association between the ACE DD geno-
type and pregnancy loss was observed [OR(DD/
ID + II) = 2.26, 95% confidence interval (CI)=
1.09-4.67; P =0.03]. The difference of ACE I/D
genotype distribution between cases and controls
was not statistically significant (P = 0.07).

The ATIR C allele frequency was higher in
women with fetal loss (40 versus 28%; P = 0.04),
and the genotype distribution was significantly dif-
ferent between cases and controls (P = 0.005). An
association between ATIR CC genotype and fetal
loss [OR(CC/AC + AA)=5.62, 95% CI=1.75-
18.08; P = 0.002] was observed.

The effect of the ACE DD genotype on the risk
of fetal loss was higher in AT1R C allele carriers.
The OR for fetal loss associated with the ACE DD
genotype varied from 1.69 (95% CI=0.57-5.05;
P =0.34) in subjects without the C allele (AA

Table 2. Distribution of renin—angiotensin system genotypes and
allele frequencies

Patients Controls

(n=159) (n=70) P value
ACE genotype
DD 28 20 0.07
1D 21 30
II 10 20
ACE allele frequency
D 0.65 0.50 0.013
I 0.35 0.50
AT1R genotype
CC 15 4 0.005
AC 17 31
AA 27 35
ATI1R allele frequency
C 0.40 0.28 0.04
A 0.60 0.72

ACE, Angiotension converting enzyme; AT1R, angiotensin type
1 receptor.
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homozygotes) to 2.81 (95% CI=1.03-7.61;
P =0.04) in AT1R C allele carriers (AC heterozy-
gotes and CC homozygotes).

Six out of 59 (10%) women with fetal loss were
positive for FV Leiden mutation (heterozygotes or
homozygotes). The prevalence of FV Leiden tended
to be higher in patients than in controls, although
this did not make statistical significance (Fisher
exact test; P =0.14) (Table 3). No difference was
found in the prevalence of either FII G20210A
mutation or PC, PS and AT deficiencies between
patients and controls (Table 3).

High PAI-1 levels were seen in 6% of controls
and in 10% of patients. The difference in percentage
of high PAI-1 levels between controls (6%) and
patients (10%) was not statistically significant (Fish-
er’s exact test; P =0.51). No significant association
was found between ACE DD and ATIR CC
genotype and PAI-1 plasma levels (Fisher’s exact
test; P = 1.00 and P = 1.00, respectively).

Twelve out of 59 patients (20%) had homocys-
teine plasma levels higher than the 95% percentile.
We observed a significant difference in the preva-
lence of hyperhomocysteinaemia between women
with pregnancy loss and control subjects (Fisher’s
exact test; P =0.016) (Table 3), and an association
between hyperhomocysteinemia and fetal loss
[OR =421, 95% CI—1.28-13.88; P —0.02] was
detected.

In 14 out of 59 patients and in 31 out of 70
controls, none of the tested risk factors was found.
The presence of one risk factor not associated with
others was found in 33 out of 59 patients (56%);
ACE DD genotype was the most prevalent risk
factor. Figure 1 reports the number of patients with
each of several different risk factors, singly and in
combination.

By multiple regression analysis, ACE DD and
ATIR CC genotype and hyperhomocysteinemia
were found to be independent risk factors for fetal

loss (Table 4).

1 risk factor

15+

2 or more risk factors

104

Number of patients

Figure 1. Number of patients with one or more thromboembolic
risk factors. Hcy, Hyperhomocysteinemia; FVL, factor V Leiden.

Discussion

This study is the first report demonstrating that
RAS gene polymorphisms are associated with first-
trimester fetal loss. ACE DD and ATIR CC
genotypes account for more than 50% of fetal loss,
whereas a thrombophilic condition accounts for
about 10% and hyperhomocysteinemia for 20%.
However, we observed that the ATIR C allele
increases the risk associated with the ACE DD
genotype, showing a synergistic effect on the occur-
rence of fetal loss, as previously described for
coronary disease [20,21].

Tamura et al. [7] evaluated the role of ACE I/D
polymorphism in pre-eclampsia, but the ACE DD
genotype was not found to be a risk factor for
pregnancy-induced hypertension. In this study, we
found not only that the ACE gene polymorphism
plays a significant role in the risk of first-trimester
fetal loss, but also that a polymorphism in the gene
encoding for angiotensin II type 1 receptor is
associated with the risk of fetal loss. The multiple
regression analysis provided evidence of the ACE
DD and AT1R CC genotypes as independent pre-
dictors of fetal loss.

The RAS plays an important role in the regulation

Table 3. Risk factors for fetal loss considered in the present study

Patients (n =59)  Controls (n = 70) P value
Factor V Leiden mutation 6 (10%) 2 (3%) 0.14
Hyperhomocysteinemia 12 (20%) 4 (6%) 0.016
Factor II G20210A mutation

Protein C deficiency

Protein S deficiency -
Antithrombin deficiency -

1(1.7%)

1(1.4%) 1.00
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Table 4. Odds ratio for fetal loss: results of the univariate and of the multivariate logistic regression analysis

Univariate logistic regression analysis

Multivariate logistic regression analysis

Variables Odds ratio 95% CI P Odds ratio 95% CI P
ACE DD genotype 2.26 1.09-4.6 0.03 2.37 1.58-3.15 0.03
ATIR CC genotype 5.62 1.75-18.08 0.002 5.63 4.41-6.84 0.006
Factor V Leiden mutation 3.85 0.75-19.85 0.14 2.34 0.44-4.24 0.38
Hyperhomocysteinemia 4.21 1.28-13.88 0.02 6.09 4.86-7.32 0.005

In the multivariate model, odds ratios for each variable are adjusted for the three other variables. CI, Confidence interval; ACE,

angiotension converting enzyme; AT1R, angiotensin type 1 receptor.

of vascular fibrinolytic balance [22]. The ACE is
strategically positioned to regulate the balance of the
fibrinolytic elements by producing angiotensin II
[22]. Angiotensin 11, in addition to being a potent
vasoconstrictor and to promoting smooth muscle
cell proliferation and intimal thickening, may in-
crease plasma PAI-1 levels in humans [23]. This
latter effect might constitute a link between the RAS
and vascular placental occlusion, although in the
present study we observed high plasma PAI-1 levels
in few patients. A further mechanism by which
ACE can influence an occlusive tendency in placen-
tal vasculature is the release of tissue factor; Soejima
et al. [24] demonstrated that the administration of
ACE inhibitors significantly affects plasma tissue
factor levels and, in an in vitro study, Nishimura et
al. showed that angiotensin II increases tissue factor
mRNA expression by cultured endothelial cells [25].

Recently, several reports demonstrate that throm-
bophilic polymorphisms are associated with an in-
creased risk of spontaneous fetal loss, and that the
combination of thrombophilic polymorphisms fur-
ther increases the risk of unexplained fetal loss [10].
In this study, the prevalence of FV Leiden mutation
in patients with a history of complicated pregnancy
is lower than that previously reported by other
studies and by ourselves [10,11,26]. This may be due
to the investigation of second- and third-trimester
fetal loss, whereas in this study we included only
first-trimester fetal loss. The lack of association of
FII G20210A mutation and fetal loss is in keeping
with previous studies [10,11]. However, given the
small size of the samples examined, the results
cannot be considered conclusive.

Finally, this study adds further weight to the role
of hyperhomocysteinemia in fetal loss, as suggested
by the Hordaland Homocysteine Study [27] and by
the association between MTHFR 677TT and preg-
nancy loss [10].

In conclusion, our results identify new possible

predictive markers for fetal loss in RAS gene
polymorphisms and in hyperhomocysteinemia.
Large-scale studies are warranted to attribute clinical
relevance to these polymorphisms as risk factors for
complicated pregnancies.

References

1. Shanklin DR, Sibai BM. Ultrastructural aspects of
preeclampsia. Placental bed and uterine boundary
vessels. Am J Obster Gynecol 1989; 161: 735-741.

2. Infante-Rivard C, David M, Gauthier R, Rivard GE.
Lupus anticoagulant, anticardiolipin antibodies, and
fetal loss: a case—control study. N Engl | Med 1991;
325: 1063-1066.

3. Alhenc-Gelas F, Tache A, Saint-Andre JP, Milliez J,
Sureau C, Corvol P, Menard J. The renin—angiotensin
system in pregnancy and parturition. Adv Nephrol
Necker Hosp 1986; 15: 25-33.

4. Vaughan DE, Lazos SA, Tong K. Angiotensin II
regulates the expression of plasminogen activator
inhibitor-1 in cultured endothelial cells. A potential
link between the renin—angiotensin system and throm-
bosis. | Clin Invest 1995; 95 (3): 995-1001.

5. Keidar S, Oiknine ], Leiba A, Shapira C, Leiba M,
Aviram M. Fosinopril reduces ADP-induced platelet
aggregation in hypertensive patients. | Cardiovasc
Pharmacol 1996; 27: 183—-186.

6. Rigat B, Hubert C, Alhenc-Gelas F, Cambien F,
Corvol P, Soubrier F. An insertion/deletion poly-
morphism in the angiotensin I-converting enzyme
gene accounting for half the variance of serum enzyme
levels. J Clin Invest 1990; 86: 1343—1346.

7. Tamura T, Johanning GL, Goldenberg RL, Johnston
KE, DuBard MB. Effect of angiotensin-converting
enzyme gene polymorphism on pregnancy outcome,
enzyme activity, and zinc concentration. Obster Gy-
necol 1996; 88: 497—-502.

8. Ward K, Hata A, Jeunemaitre X, Helin C, Nelson L,
Namikawa C, et al. A molecular variant of angiotensi-
nogen associated with preeclampsia. Nat Genet 1993;
4: 59-61.

9. Lee MI, Bottoms SF, Sokol R], Todd HM. Angioten-
sin converting enzyme activity in hypertensive preg-
nancy. J Perinat Med 1987; 15 (3): 258-262.

10. Brenner B, Sarig G, Weiner Z, Younis ], Blumenfeld

Blood Coagulation and Fibrinolysis 2000, Vol 11, No 7 661



C. Fatini et al.

Z, Lanir N. Thrombophilic polymorphisms are com-
mon in women with fetal loss without apparent cause.

Thromb Haemost 1999; 82: 6-9.

11. Kupferminc M], Eldor A, Steinman N, Many A, Bar-
Am A, Jaffa A, er al. Increased frequency of genetic
thrombophilia in women with complications of preg-

nancy. N Engl | Med 1999; 340: 9-13.

12. Brenner B, Sarig G, Weiner Z, Younis ], Blumenfeld
Z, Lanir N. Thrombophilic polymorphisms in women
with fetal loss (Letter). Blood 1998; 92 (suppl 1): 558a.

13. Beressi AH, Tefferi A, Silverstein MN, Petitt RM,
Hoagland WC. Outcome analysis of 34 pregnancies in
women with essential thrombocythemia. Arch Intern

Med 1995; 155: 1217-1222.

14. Bertina RM, Koeleman BP, Koster T, Rosendaal F,
Dirven RJ, de Ronde H. Mutation in blood coagula-
tion factor V associated with resistance to activate

protein C. Nature 1994; 369: 64—67.

15. Poort SW, Rosendall FR, Reitsma PH, Bertina RM. A
common genetic variation in the 3’-untranslated re-
gion of the prothrombin gene is associated with
elevated plasma prothrombin levels and an increase in

venous thrombosis. Blood 1996; 88: 3698—3703.

16. Chmielewska J, Ranby H, Wiman B. Evidence for a
rapid inhibitor to tissue plasminogen activator in

plasma. Thromb Res 1983; 31: 427-436.

17. Rigat B, Hubert C, Corvol P, Soubrier F. PCR
detection of the insertion/deletion polymorphism of
the human angiotensin converting enzyme gene

(DCP1) (dipeptidyl carboxypeptidase 1) (Letter). Nucl

Acids Res 1992; 20: 1433.

18. Ribichini F, Steffino G, Dellavalle A, Matullo G,
Colajanni E, Camilla T, et al. Plasma activity and
insertion/deletion polymorphism of angiotensin I-con-
verting enzyme. A major risk factor and a marker of
risk for coronary stent restenosis. Circulation 1998;

97: 147-154

19. Katsyja T, Koike G, Yee TW, Sharpe N, Jackson R,
Norton R, et al. Association of angiotensinogen gene
T235 variant with increased risk of coronary heart

662 Blood Coagulation and Fibrinolysis 2000, Vol 11, No 7

20.

21.

22.

23.

24.

25.

26.

27.

disease. Lancet 1995; 345: 1660—1663.

Tiret L, Bonnardeaux A, Poirer O, Ricard S, Mar-
ques-Vidal P, Evans A, er al. Synergistic effects of
angiotensin-converting enzyme and angiotensin-II
type 1 receptor gene polymorphisms on the risk of
myocardial infarction. Lancet 1994; 344: 910-913.
Fatini C, Abbate R, Pepe G, Battaglini B, Gensini F,
Ruggiano G, et al. Searching for a better assessment of
the individual coronary risk profile: the role of
angiotensin-converting enzyme, angiotensin II type 1
receptor and angiotensinogen gene polymorphisms.
Ewur Heart | 2000; 21: 633—-638.

Vaughan DE. Fibrinolytic balance, the renin—angio-
tensin system and atherosclerotic disease. Eur Heart |
1998; 19 (suppl G): G9-G12.

Ridker PM, Gaboury CL, Conlin PR, Seely EW,
Williams GH, Vaughan DE. Stimulation of plasmino-
gen activator inhibitor in vivo by infusion of angio-
tensin II. Evidence of a potential interaction between
the renin-angiotensin system and fibrinolytic func-
tion. Circulation 1993; 87 (6): 1969-1973.

Soejima H, Ogawa H, Yasue H, Suefuji H, Kaikita K,
Tsuji I, et al. Effects of enalapril on tissue factor in
patients with uncomplicated acute myocardial infarc-
tion. Am J Cardiol 1996; 78: 336—340.

Nishimura H, Tsuji H, Masuda H, Kasahara T,
Yoshizumi M, Sugano T, et al. The effects of
angiotensin metabolites on the regulation of coagula-
tion and fibrinolysis in cultured rat aortic endothelial
cells. Thromb Haemost 1999; 82: 1516—1521.

Mello G, Parretti E, Martini E, Mecacci F, La Torre
P, Cioni R, et al. Usefulness of screening for con-
genital or acquired haemostatic abnormalities in wo-
men with previous complicated pregnancies.
Haemostasis 1999; 29:197-203.

Vollset SE, Bjorke-Monsen AAL, Irgens LM. Plasma
total homocysteine and previous pregnancies: the
Horland Homocysteine Study. Proceedings of the 2nd
International Symposium on Homocysteine (Ab-
stract). Netherlands | Med 1998; 52: 554.



	Introduction
	Materials and meth—ods
	Statistical analy—sis
	Results
	Discussion
	References

