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Placental pathology is accompanied by the activation of apoptosis in the trophoblast and the subsequent increase in the
concentrations of microvesicles containing placental (or fetal) DNA accumulating in the maternal blood. Fragments of fetal
DNA stimulate the release of nuclear and/or mitochondrial DNA fragments by neutrophils. Therefore, one can expect that
complicated pregnancies will be characterized by the dramatic elevation of total cell-free DNA (cfDNA) levels in maternal plasma.
The aim of this work was to study the dynamics of plasma cfDNA concentrations and the activity of DNase |, an enzyme
involved in the elimination of cfDNA from the bloodstream, in nonpregnant and pregnant women. Our study recruited 40 healthy
nonpregnant women, 40 women with uncomplicated pregnancies and 35 women with the intrauterine growth restriction (IUGR)
of the fetus. We did not observe the elevation of the total cfDNA concentrations in the patients with complicated pregnancies.
Moreover, cfDNA concentrations in their plasma were even lower (though this difference was statistically insignificant) than in
healthy pregnant and nonpregnant women. The median values of cfDNA concentrations in the group of healthy nonpregnant
women were 75.5 ng/ml; in the group of healthy pregnant women, 78.0 ng/ml; and in the patients with [UGR, 42.1 ng/ml.
At the same time, we observed a significant increase in DNase | activity in the plasma of women with [IUGR. The median DNase |
activity in the groups of healthy pregnant and nonpregnant women was 3.0 and 3.4 |U/ml, respectively. In patients with different
grades IUGR of the fetus this parameter was as high as 6.3 IU/ml (o < 0.001). Increased DNase | activity in the plasma of women
with complicated pregnancies indirectly suggests a transient elevation of circulating cfDNA levels. Our study shows that the
high level of activity exhibited by the cfDNA elimination system impedes the analysis of cfDNA concentrations in complicated
pregnancies and skews its results. However, if cfDNA, DNase | activity and the cfDNA/DNase | ratio were all taken into account,
it could be possible to develop a tool for the monitoring of cell death in the mother throughout the entire pregnancy.
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YPOBEHb BHEKJIETOYHOW AHK N AKTUBHOCTb AHKA3bI | MPU
HOPMAJIbHOW 1 OCNO>XHEHHOW BEPEMEHHOCTU

K. T. ABetucosa' = C. B. KocTiok?, 9. B. KocTiok?, E. C. Epwosa?, I'. B. LLImapuHa?, H. H. Beliko?, [. C. CnmpuaoHoB!,
M. A. Knumerko', M. A. Kypuep'

"Kadhenpa akyLLepcTsa v 'HEKOMOrN, NeavaTpUHECKIin (hakynsTeT, POCCUCKIIN HaLWIOHAbHBIA MCCNEA0BaTENbCKNIN MEAVILIVMHCKII YHBEPCUTET MeHn H. . Miporosa, Mocksa
2 [labopatopus MonekynspHol éronorumn, Meanko-reHeTUHecKnin Hay4Hbli LeHTp, Mocksa

[Mpn naTonorun nnaueHTbl MPOUCXOAUT akTUBauWs anornTOTUHECKMX MPOLECCOB B TpodobnacTe, YTO COMpPOBOX/AAETCS
MOBbILLIEHNEM B KPOBOTOKE MaTepy KOHLIEHTPALI MYKPOBE3VKY, copepalLix nnadeHtapHyto JHK (unn OHK nnoga). dparmeHThb!
[OHK nnopa cTvmynmpytoT BbIBPOC HeNTpoduniaMmn y4acTkoB SAepHON n/nnnm mutoxorapransHon JHK. Takum obpasom, npu
OCIIOKHEHHON 6EPEMEHHOCTN CNEAYET OXUAATL 3HAYUTENBHOMO YBENUYEHUS OBLLEN KOHLIEHTPaUMN BHYTPUKNeTouHoM JHK
(BxkOHK) B nnaame matepu. Lienbto paboTbl 66110 MCCneaoBanHe COBMECTHbIX M3MEHEHMIN KOHLEHTpaLmn BkOHK 1 akTMBHOCTU
O[HOIO 13 KOMMOHEHTOB cucTeMbl anuMmnHaumn BkHK 13 kpoBoToka — depmenTa [HKasb! | B nnasme HebepeMeHHbIX 1
GepeMeHHbIX >XeHLLMH. B 1cenenoBanHm nprHuMani yqacTvie 40 300p0oBbIX HEOEPEMEHHbIX XXEHLLIH, 40 6epeMEHHbBIX XEHLLIH
C HOpMaUIbHO MPOTeKaoLLIEN BepeMeHHOCTHIO U 35 MaUMEHTOK C BHYTPUYTPOOHOM 3aaep»kol pocTa nnoga (B3PI). Mbi He
OBHaPY>XMM MOBbILIEHNST YPOBHS CymMapHO BkIHK y MauUmeHToK ¢ OCNoMHEHHOM BepemMeHHOCTHIO. Boree Toro, KoHUeHTpaLmst
BkHK B nnasme nauneHToK Oblna Aaxe HWKe (CTaTUCTUHECKN HE3HAYMMO), YEM COOTBETCTBYHOLLIME MOKas3aTenv B rnnasme
300P0BbIX 6EPEMEHHBIX 1 HEOGEPEMEHHBIX >KEHLLMH. TaK, 3HaYeHWe MednaHbl KoHueHTpauuy BkOHK B rpynne 300poBbix
HeOEPEMEHHBIX XEHLLIMH COCTaBMO 75,5 HI/MR, B rpynne 300P0BbIX OEPEMEHHBIX XXEHLLIMH 3TOT Nokadatesb focTturan 78,0 H/mi,
y naumeHTok ¢ B3PI oH 6bin paBeH 42,1 H/MN. B TO >ke Bpemsi Mbl 0OOHaPY»XMM JOCTOBEPHOE MOBbILLEHNE aKTUBHOCTA
[OHKa3b! | B nnaame »erumH ¢ B3PI, MeapaHa akTtveHocTv [JHKa3bl B rpynnax 300poBbix 6epeMeHHbIX 1 HebepeMeHHbIX
YKEHLLVH cocTaBuna cooteeTcTBeHHo 3,0 1 3,4 IU/Mn. Y naumeHTok ¢ B3PI pasnuyHo CTeneHu TsShKecT 3TOT rnokasaTtesb
nocturan 6,3 IU/mn (p < 0,001). MoBblweHHas akTneHocTb [JHKa3b! | B mnasme »eHLWWH ¢ natonorieit 6epeMeHHOCT KOCBEHHO
CBUAETENbCTBYET O TPAH3UTOPHOM MOBBILLEHNN Y HUX YPOBHA LMpKypytoLLen BkHK. onydeHHble pesynsraTbl NOKa3biBatoT,
YTO BbICOKUI YPOBEHb aKTUBHOCTU CUCTEMbI 3nMMmHaLImM BKOHK 3aTpyaHAET v CKapkaeT pesynsraTthl aHam3a KOHLEHTPaLmN
BkOHK npu 6epemeHHoCTI, 0cobeHHO npu natonorun. OfHaKo eCnn y4uTbIBaTb TpW NMokasatens — KoHLeHTpaumo BkOHK,
akTBHoCTb [HKasb! | 1 otHoweHne BkHK/OHKasa |, To B nepcnexTiBe MOXHO paspaboTaTtb CUCTEMY MOHUTOPUHIA YPOBHS!
rmbenu KNETOK B OpraHnM3Me MaTtepu Ha MPOTSHKEHUW BCEro nepropa 6epemMeHHOCTU.
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The presence of DNA in human blood plasma and serum was
discovered as early as 1948, a few years before the structure of
this molecule was figured out [1]. This type of DNA went by the
name of circulating or cell-free DNA (cfDNA) [2]. In 1997 fetal
cfDNA was detected in the blood plasma of a pregnant woman
[3]. The discovery of fetal cfDNA in maternal plasma and serum
inspired the development of noninvasive methods of prenatal
screening for genetic abnormalities in the fetus [4]. Today, it
has become possible to sequence the entire fetal genome from
cfDNA circulating in the maternal blood [5].

Cell-free DNA analysis is not solely used to screen for genetic
defects in the fetus; among its other applications is monitoring
for pregnancy complications, such as preeclampsia and
miscarriage [6-8]. Here, the idea is not to look for an individual
mutant gene but to measure total cfDNA concentrations in
maternal blood or the concentration of fetal cfDNA alone. The
primary source of fetal cfDNA in maternal blood is thought to
be necrosis and/or apoptosis of placental cells [9].

It is important to note that while taking these measurements,
researchers tend to ignore the regulatory processes causing
cfDNA concentrations to decline. Growing cfDNA levels
associated with increased cell death signal the cfDNA
elimination system to activate and clear excess cfDNA from the
bloodstream. Dropping cfDNA concentrations are observed in
patients with chronic conditions accompanied by increased cell
death, such as cardiovascular disorders [10] and occupational
exposure to radiation [11].

Previously, we investigated the dynamics of cfDNA
concentrations and the activity of DNase I, an enzyme
involved in the elimination of cfDNA from the bloodstream, in
the plasma of nonpregnant women and women with normal
and complicated pregnancies [12] Our findings were not
consistent with the literature. Firstly, cfDNA levels in the women
with normal and complicated pregnancies did not exceed
the values demonstrated by the controls (according to the
literature, in both healthy and complicated pregnancies cfDNA
concentrations are expected to surge [13]). Secondly, the level
of DNase | activity was twice as high in the participants with
complicated pregnancies. This phenomenon had not been
described previously by other researchers. Considering the
obtained results, we decided to conduct another research
study with a special focus on the clinical characteristics of
healthy nonpregnant and pregnant women.

METHODS

The study recruited 1175 women aged 22 to 40 (the mean
age was 32 + 4 years) residing in Moscow, Russia, and
coming from the same social stratum. Inclusion criteria varied
depending on the group: group 1 included healthy nonpregnant
female volunteers (medical students and clinical residents;
n = 40); group 2 consisted of healthy women > 37 weeks
of uncomplicated pregnancy (n = 40) who had previously
given birth to healthy children with no signs of hypoxia or
underweight; group 3 consisted of women with complicated
pregnancies, miscarriages, placental insufficiency, intrauterine
growth restriction of the fetus (IUGR), chronic hypoxia of the
fetus, or thin uterine scars (> 30 weeks of gestation, n = 35).
Exclusion criteria were not applied. Blood samples of healthy
nonpregnant women were collected between days 10 and
15 of their menstrual cycles. This study was part of the PhD
dissertation and was approved by the Ethics Committee of
Pirogov Russian National Medical Research University (Protocol
159 dated November 21, 2016). The recruited women gave
informed consent to participate.

Fetal development

Fetal development was evaluated by ultrasonography: a few
biometric measurements were taken, including the biparietal
diameter, thoracic and abdominal circumferences, and femur
length. If the measured sizes were showing a 2-week lag
behind the population average [14], the patient was diagnosed
with grade | lUGR; a 2-4-week lag, grade Il IUGR; more than a
4-week lag, grade Il IUGR. The final diagnosis was established
postpartum based on the newborn’s weight. The reference
interval lay between the 75" and 25" percentiles; grade |
IUGR corresponded to the 2"-10" percentiles; grade I, to
the 103" percentiles; grade lll was below the 3th percentile
[15]. We also calculated the weight-to-height ratio: the value
of >60 suggested normal growth; grade | IUGR corresponded
to the range from 55 to 60; grade Il IUGR, to 50-55; grade
Il lUGR was below 50. Fetal cardiac function was evaluated
by cardiotocography (CTG) and Doppler ultrasonography of
the uterine, umbilical and fetal blood flows. Ultrasonography
was performed on Voluson 530 MT (Kretztechnik; Austria) and
Voluson E8 (General Electric; USA) equipped with three different
transducers: RIC 5-9 D (4-9 MHz), C1-5D (2-5 MHz), and RAB
4-8 D (2-8 MHz). CTG was done using the GE Corometrics
(250CX) fetal monitor (USA).

Special assays

Fragments of circulating cfDNA were isolated from 1 ml of
heparinized blood plasma samples by phenol extraction.
Blood cells were pelleted by centrifugation at 400 g for 10 min.
The obtained plasma was mixed with 10% sodium lauroyl
sarcosinate, 0.2 M EDTA and a standard 0.075 mg/ml RNase
solution (Sigma; USA) and incubated for 45 min. Then it was
treated with a standard 0.2 mg/ml proteinase K solution
(Promega; USA) and left to sit for 24 h at 37 °C. Following 2
cycles of washing with a saturated phenol solution, the DNA
fragments were pelleted by adding two volumes of ethanol
and 2 M ammonium acetate. Then the pellet was washed
twice with 75% ethanol, dried and dissolved in water. CfDNA
concentrations were measured by fluorescence on LS-55
(Perkin Elmer; USA) using the Pico Green fluorescent probe
(Sigma; USA).

DNase | activity in blood plasma was measured using
a technique proposed in [16]. Briefly, the substrate for
DNase | (Sintol, Russia) is a 30 b.p. long double-stranded
oligodeoxyribonucleotide described by the formula R6G - ACC
CCC AGC GAT TAT CCAAGC GGG - BHQ1. The sequence of a
model substrate is not critical. On its 5'-end the oligonucleotide
is tagged with fluorescent 5(6)-carboxyrhodamine; on its 3'-
end it contains the fluorescence quencher BHQ1. As the
endonuclease continues to hydrolyze phosphodiester bonds,
the emitted fluorescent signal intensifies. In our experiment,
we added 10 pl of blood plasma to 90 pl of the solution for
DNase | containing 10 mM HEPES, pH 7.5, 20 mM MgCl,,
5 mM CaCl,, and 3 pM of the oligonucleotide. The reaction went
on for 1 h at 37 °C. Fluorescence was recorded using a plate
reader (EnSpire; Finland). DNase | activity was calculated from
a calibration curve showing a correlation between fluorescence
enhancement and the concentration of a standard DNase
| sample (Sigma; USA) in the solution. DNase | activity was
expressed in arbitrary units: 1 unit = 1 ng/mli, i.e. it shows an
increase in the substrate fluorescence resulting from the activity
of DNase | taken at a concentration of 1 ng/ml (1 h 37 °C). At
least three parallel measurements were taken for each sample.
The relative standard error of measurement was 5%.
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The data were processed in StatPlus 2007 (Statistical
Graphics Corp.; USA); the Mann-Whitney U-test was applied.

RESULTS

In group 2 consisting of women with uncomplicated
pregnancies fetal cardiac function scored from 7 to 10 points
on the Fisher scale; the aortic blood flow was 180 to 260 ml/min;
the umbilical blood flow was 86 to 140 ml/min per 1 kg of the
fetus’s weight. In group 3, 28 of 35 women demonstrated
poorer fetal cardiac function (4 to 7 points on the Fisher scale);
the aortic blood flow was 120 to 174 ml/min; the umbilical blood
flow was 60 to 86 ml/min per 1 kg of the fetus’s weight. The
data obtained from the patients with grades I, Il and Il IUGR are
presented in Table 1. The most pronounced impairment of fetal
cardiac function was observed in the patients with grades |l
and Il [UGR. In the participants with grades Il IUGR, circulation
disorders manifested as uteroplacental and fetoplacental
blood flow abnormalities. Grade Il IUGR was characterized
by fetoplacental blood flow disorders, such as the absent or
reversed diastolic flow in the umbilical artery or aorta, and the
abnormal uterine blood flow. In the patients with grades Il and
I lUGR fetal cardiac function scored less than 7 points on the
Fisher scale; their diastolic flow in the umbilical artery or aorta
was either reversed or absent and the uterine blood flow was
abnormal.

Concentrations of cfDNA in the healthy nonpregnant
participants (Table 2) varied from 11 to 123 ng/ml (the median
value was 75.5 ng/ml); in uncomplicated pregnancies the figures
ranged from 2 to 347 ng/ml (the median value was 78 ng/ml),

Table 1. Characteristics of patients with IUGR of the fetus

ORIGINAL RESEARCH | GYNECOLOGY

and in IUGR this interval was from 1.2 to 595.7 ng/ml (the
median value was 42.1 ng/ml). The Mann-Whitney U-test did
not reveal significant differences between the groups (o > 0.05).
Nine samples (22.5%) representing groups 2 and 3 had cfDNA
concentrations falling above the reference interval established
for nonpregnant women (123 ng/ml). Interestingly, unlike the
nonpregnant participants, the pregnant women demonstrated
a wider variability of cfDNA concentrations. The variation
coefficient was 0.42 for group 1, 0.87 for group 2, and 1.37
for group 3.

Perhaps, a decline in cfDNA concentrations was largely
caused by the increased activity of the components constituting
the system of cfDNA elimination from the bloodstream. One
of the factors affecting cfDNA elimination is the activity of
DNase | in blood plasma, an enzyme responsible for cfDNA
hydrolysis. In our study the activity of this enzyme (Table 2) in
the nonpregnant participants varied from 1.1 to 5.9 IU/ml (the
median value was 3 IU/ml); in normal pregnancies, between
0.6 and 14.8 IU/ml (the median value was 3.4 IU/ml); in IUGR,
between 3.9 and 14.3 IU/ml (the median value was 6.3 IU/ml).
The Mann-Whitney U-test did not reveal any significant
differences between groups 1 and 2 (p > 0.05). However, the
group of patients with complicated pregnancies significantly
differed from the group of healthy nonpregnant (p < 10~) and
healthy pregnant women (o < 107 in terms of DNase | activity
in blood plasma. So, the blood plasma of pregnant women with
IUGR shows higher levels of DNase | activity in comparison with
healthy pregnant and nonpregnant women. In 18 (51.4%) of
35 pregnant women from group 3 DNase | activity was high;
in contrast, high DNase | activity is not typical for nonpregnant

Patients with grade | IUGR Patients with grade Il IUGR Patients with grade IIl IUGR
n=11 n=13 n=11
. 220 150 p1 122 p1 P2
Blood flow in the aorta
(154; 254) (126; 180) 0.0002 (120; 142) 0.0001 0.0005
. - . 110 80 64
Blood flow in the umbilical vein (82: 120) (64: 86) 0.0001 (60: 68) 0.0001 0.0002
Reversed diastolic flow in the umbilical B 1(7.7%) 1 6 (54.5%) 0.0124 0.0233
artery or aorta
Preterm labor - 3(23.1%) 0.2228 4 (36.3%) 0.0902 0.6591
Preeclampsia - 3(23.1%) 0.2228 7 (63.6%) 0.0039 0.0953
) 8 6.5 5
Scores on Fisher scale 7:9) ©:7) 0.0001 (4.5: 6) 0.0001 0.0002
’ 40 38 37
Gestatinoal age, weeks (38: 41) (36: 41) 0.0397 (30: 40) 0.0008 0.0084
’ 2,790 2,520 1,720
Weight of the fetus, g (2,630: 3,030) (2,350; 2,650) 0.0001 (600: 2,270) 0.0001 < 0.0001
. 48 47 43
Height of the fetus, cm (47: 51) (46 50) 0.0221 (29: 47) 0.0002 0.001

Note: results are presented as median values (the maximum value + the minimum value); p1 is the p value indicating the difference from the group of pregnant patients
with grade | lIUGR; p2 is the p value indicating the difference from the group of pregnant patients with grade Il IUGR.

Table 2. Concentrations of plasma cfDNA and the activity of DNase | in healthy nonpregnant women and women with normal and complicated pregnancies

Healthy nonpregnant women Healthy pregnant women Pregnant women with IUGR of the fetus
n=40 n=40 n=235
75.5 78 p1 42.1 Pl P2

Concentration of cfDNA, ng/ml (11.0;123.0) (2.0; 347.0) 0.59 (1.2;595.7) 0.316 0.258
. 3 3.4 6.3

DNase | activity, 1U/ml (1.1:5.9) (0.6; 14.8) 0.088 (3.9; 14.3) < 0.001 < 0.001
. 20.5 25.9 8.4

cfDNA/DNase | ratio (6.5: 101.8) (0.3: 112.4) 0.889 (0.1 152.7) <0.001 0.002

Note: results are presented as median values (the maximum value + the minimum value); p1 is the p value indicating the difference from the group of healthy nonpregnant
women p2 is the p value indicating the difference from the group of healthy pregnant women.
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healthy women. In group 2 increased DNase | activity was
observed for only 4 (10%) of 40 pregnant women (p = 0.0002;
Fisher’'s exact test applied).

Table 3 shows the correlation between cfDNA
concentrations and the level of DNase | activity. The group
of healthy nonpregnant women demonstrated a moderate
but statistically significant negative correlation between these
two parameters (R = 0.37; p < 0.05). The pregnant women,
especially those with complicated pregnancies, demonstrated
a weak correlation between cfDNA levels and DNase | activity.

The subgroups of patients with different grades IUGR did not
differ significantly in terms of the studied parameters. However,
cfDNA concentrations and the ratio of cfDNA to DNase | activity
strongly tended to grow with the severity of IUGR (Table 4).
The analysis revealed that only 4 (16.7%) of 24 patients with
grades | and Il IUGR had high cfDNA concentrations not
observed in nonpregnant women, whereas there were as many
as 6 women (54.5%; p = 0.041, Fisher’s exact test applied)
in the subgroup of 11 patients with grade lll IUGR who had
elevated cfDNA levels. Moreover, when comparing the cfDNA/
DNase | ratio between the patients with different grades IUGR
and the controls, significant differences were observed only for
the patients with grades | and Il IUGR (p < 0.001). The patients
with grade Ill IUGR had the same cfDNA/DNase | ratio as the
healthy pregnant and nonpregnant participants (Tables 2, 4).

DISCUSSION

Concentrations of maternal cfDNA strongly correlate with the
amount of placental cfDNA [17]. It is known that only a small
fraction of maternal cfDNA circulating in blood comes from solid
organs such as the liver or kidneys; the rest originates from
hematopoietic cells. For example, differentiating erythroblasts
are a stable source of low molecular weight cfDNA fragments.
Rapid elevation of cfDNA levels in the circulation in pathology
or following physical effort is caused by the activation of
neutrophils that release extracellular traps containing nuclear
and/or mitochondrial DNA [18].

CfDNA has an impact on many cells in the body. Circulating
DNA can contribute to oxidative stress, stimulate the synthesis
of anti-inflammatory cytokines and induce aseptic inflammation
[19]. CfDNA-containing extracellular traps released by activated
neutrophils attract platelets and significantly increase the
risk of thrombosis [18]. The body defends itself against the
negative impact of excess cfDNA by activating the system of

Table 3. Spearman’s correlation between cfDNA concentrations and DNase | activity

its elimination from the bloodstream. A part of this system is the
activity of endonucleases present in human blood. DNase | is
the main blood endonuclease that hydrolyzes phosphodiester
bonds in DNA strands. Accumulation of single-strand breaks
entails double-strand breaks, thus producing low molecular
weight cfDNA fragments. These fragments can be easily
eliminated through the kidneys. Healthy nonpregnant women
participating in our study demonstrated a moderate but
statistically significant negative correlation between the amount
of cfDNA in blood plasma and the activity of DNase |. It looks
like this activity is the major factor responsible for the elimination
of cfDNA fragments from the bloodstream. Women with
uncomplicated pregnancies and patients with [IUGR showed
no correlation between DNase | activity and cfDNA levels.
Placental pathology is accompanied by apoptosis in the
trophoblast with the subsequent increase in the concentration of
microvesicles with placental cfDNA in the maternal blood stream.
Trophoblast microvesicles, in turn, stimulate the release
of web-like nuclear and mitochondrial DNA strands (netosis)
by neutrophils. Therefore, one can expect that complicated
pregnancies will be characterized by the dramatic elevation of
total cfDNA levels in maternal plasma. However, in the course
of this work we did not observe an increase in total cfDNA
concentrations in pregnant women with IUGR. Moreover,
plasma cfDNA concentrations were lower (insignificantly,
though) in complicated pregnancies than in healthy pregnant
and nonpregnant women. At the same time, we observed a
statistically significant increase in DNase | activity exerted in the
plasma of pregnant women with IUGR, which indirectly suggests
a transient elevation of circulating cfDNA levels in patients with
complicated pregnancies. Perhaps, a substantial increase in
total cfDNA levels circulating in the plasma of pregnant women
with IUGR triggers the activation of protective mechanisms, of
which DNase | is particularly important, promoting elimination
of excess cfDNA from the bloodstream. The majority of our
patients with grades | and Il IUGR had moderate placental flow
defects (Table 1) that led to a moderate and possibly transient
increase in cfDNA levels rapidly eliminated from the blood stream
by activated DNase |. Those patients had low cfDNA
concentrations, highly active DNase | and a low cfDNA/DNase
| ratio. The majority of patients with grade Ill IUGR underwent
rapid accumulation of cfDNA in plasma which the elimination
mechanisms failed to handle. Those patients had increased
cfDNA concentrations, highly active DNase | and a high
cfDNA/DNase | ratio. Besides, excess cfDNA in the circulation

P
Healthy nonpregnant women -0.39 <0.05
Healthy pregnant women -0.28 > 0.05
Women with complicated pregnancies -0.18 >0.05

Table 4. Levels of cfDNA and DNase | activity in patients with different grades IUGR

Patients with grade | IUGR Patients with grade Il IUGR Patients with grade Il IUGR
n=11 n=13 n=11
Concentration of cfDNA, ng/ml (8.0??6?0.7) (7_8;72651 1) 0,:1 . R 210539%7) 0211 > 02254
DNase | activity, U/ml (4_152':;_1) (3_97;"?:‘_3) 0.183 (3_95;"?;_0) 0.793 | 0.271
cfDNA/DNase | ratio (0.;?8.2) (O.;;O-;;A) 0.817 (0_11;81'552_7) 0.325 | 0.271

Note: results are presented as median values (the maximum value + the minimum value; p1 is the p value indicating the difference from the group of patients with
grade | IUGR; p2 is the p value indicating the difference from the group of patients with grade Il IUGR; * represents p < 0.01 indicating the difference from the groups

of healthy nonpregnant and pregnant women.
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aggravates placental flow defects and increases the risk of
poor pregnancy outcomes.

Our study demonstrates that high activity of the cfDNA
elimination system impedes the analysis of cfDNA concentrations
in pregnancy, especially if the latter is complicated, and
skews results. This could be the reason why the literature is
very controversial on the dynamics of cfDNA concentrations
in pregnancy. However, if all of the three parameters (cfDNA
concentrations, DNase 1 activity and the cfDNA/DNase | ratio)
are taken into account, the development of a tool for cell death
monitoring throughout the entire pregnancy becomes possible
(such tests could be done once in a trimester, for instance).
These parameters provide information on cell death and the
performance of the cfDNA elimination system composed of
DNase | and other components that have a role in pregnancy. If
such tests revealed increased DNase | activity during a certain
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