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What is in common between preeclampsia,
HPS70 and medieval headwear?

Part Il. Serum HSP70 in superimposed
preeclampsia: original study

O. K. Popel, D. O. Govsieiev
Bogomolets National Medical University, Kyiv

The objective: to investigate serum heat shock protein 70 (HSP70) concentration in pregnant women with chronic hyperten-
sion and superimposed preeclampsia. To assess the prospects of using HSP70 as a superimposed preeclampsia predictor.
Materials and methods. The original prospective cohort single-center observational study included 105 pregnant women
with chronic hypertension and 34 healthy pregnant women as a control group. Serum HSP70 was measured via enzyme-
linked immunosorbent assay.

The first measurement point of serum HSP70 was at 28 weeks of gestation, the second measurement point was at 36
weeks in case of absence of preeclampsia or at 29-35 weeks in case of preeclampsia. If signs of preeclampsia appeared
later than 36 weeks, additional HSP70 measurement was not performed.

Statistical analysis was conducted using EZR 1.55 software.

Results. In the study group (105 pregnant women with chronic hypertension), after delivery 30 patients had signs of
superimposed preeclampsia (superimposed preeclampsia subgroup) and 75 persons had no signs of superimposed pre-
eclampsia (chronic hypertension subgroup). In the control group (34 healthy pregnant women) 3 patients after delivery
had preeclampsia signs (preeclampsia subgroup) and another 31 had no signs of preeclampsia (healthy subgroup).
Serum HSP70 levels, obtained at the first measurement point (28 weeks) was statistically significantly different between three
subgroups: patients with chronic hypertension vs. patients with superimposed preeclampsia (p<0.01), healthy pregnant wom-
en vs. chronic hypertension women (p<0.0001), healthy persons vs. superimposed preeclampsia persons (p<0.0001).

Serum HSP70 concentrations at the second measurement point (36 weeks, or 29-35 weeks in case of preeclampsia) also
had a statistically significant difference for each pair of subgroups (p<0.001). Given the small number of persons in the
preeclampsia subgroup (3 women), it was not included in the calculations.

No statistically significant difference between serum HSP70 levels in the first and second measurement points was found
in healthy pregnant women subgroup. In the subgroup of pregnant women with chronic hypertension without super-
imposed preeclampsia complications, a statistically significant increased serum HSP70 concentration was found at 36
weeks compared to 28 weeks (p<0.0001). Even bigger growth of HSP70 levels compared to 28 weeks occurred in case of
joining preeclampsia to chronic hypertension (p<0.0001).

Conclusions. The data suggest an increased concentration of HSP70 in pregnant women with superimposed preeclampsia
compared to pregnant women with chronic hypertension of the corresponding term. Thus, it is possible to assume that
HSP70 plays a role in superimposed preeclampsia pathogenesis.

The increased serum HSP70 levels in pregnant women with chronic hypertension, compared to healthy pregnant women
of the corresponding gestational age was determined. Therefore, it can be argued that HSP70 has an influence on the
course of chronic hypertension during pregnancy.

No statistically significant dependance of serum HSP70 level in healthy pregnant women on gestational age was found.
The increase in the level of HSP70 in pregnant women with chronic hypertension with increasing gestational age is most
likely due to the progression of hypertensive disorders and/or related conditions. The highest HSP70 increase was ob-
served in pregnant women with chronic hypertension with the addition of preeclampsia.

The use of HSP70 as the only predictor of superimposed preeclampsia is not effective, given its non-specificity, but the
use of this indicator in combination with other markers is promising and requires further study.

Keywords: HSP70, heat-shock protein 70, preeclampsia, superimposed preeclampsia, chronic hypertension, pregnancy.

LLLlo cninbHOro mixx npeeknamncieo, HSP70 Ta cepegHbOBIYHUM Kanenioxom?
YacTtuHa ll. CuposatkoBuii HSP70 npu HaknageHin npeeknamMncii: opuriHanbHe JOCHAiAXKEeHHS
O. K. NMonens, 4. O. loBCceeB

Mema docnidncenns: BuBuennst Kouuenrpaiii heat shock protein 70 (HSP70) y cuposariii KpoBi BariTHUX i3 XPOHIYHOIO
rirepreHsi€io Ta HaKJIajeHo npeekiamicieio. OrninioBanns nepernekTuBu Bukopucranuss HSP70 B sikocti npeaukropa Ha-
KJIaZICHOIL IPEeKJIAMIICII.

© The Author(s) 2024 This is an open access article under the Creative Commons CC BY license

REPRODUCTIVE HEALTH OF WOMAN
PEIPOJIYKTUBHE 3/10POB' KIHK
32 Nel (72)/2024

ISSN 2708-8723 (print)
ISSN 2708-8731 (online)



HA gonomMmory niKAPHO-NMPAKTUKY

Mamepianu ma memoou. IIpoBesieHo opuriHajibHe TIPOCIIEKTUBHE KOTOPTHE OJHOIEHTPOBE 00CepBaIliiHe MOCTiIZKEHH S, 110
Bryovyasio 105 BariTHUX i3 XpOHiIUHOIO rinepTeHsi€eio Ta 34 3710poBi BariTHi y sikocTi KoHTposibHOI rpyti. Bmict HSP70 y cupo-
BaTIli KPOBI BU3HAYAJIN 34 JIOTIOMOT0I0 iIMyHO(EPMEHTHOTO aHAJIi3Y.

I[Tepma Touka mocuimxenus cupoBarkosoro HSP70 6yia obpana y 28 Tuxk, apyra Touka — y 36 THK Y pasi BiZicyTHOCTI mpe-
exsamIicii a6o y 29-35 Tuik y pasi IpueaHAHHS IPeeKIaMIIcii. SIKINo 03HaKU NpeekIaMIIcii 3'aBsineh nisHinre 36 Thx recra-
1ii, 7ogarkoBe Busnauenus smicty HSP70 re npoBoauin.

JlJist cTaTHCTUYHOTO aHaJIi3y 3aCTOCOBYBaJIH TiporpaMue 3abesnedenns EZR 1.55.

Pesyavmamu. 3 rpynu gocrimkers (105 BariTHHX i3 XpOHIYHOIO TiTlepTeH3i€o) micsist mosoris 30 TOPOILIb M O3HAKHT Ha-
Kyta/ieHol mpeekaamicii (MArpyna HakIaeHol mpeekaamIicii), 75 TOPOJIiIb He MaJin O3HAK HAKJIAEHO] TpeekaamIicii (miarpy-
na XpoHiuHoi rineprensii). 3 kouTposbHoi rpynu (34 3m0poBi BariTHi) micJs moxoriB 3 MOPOAiIIi Ma 0O3HAKY MTPEeeKTaMIICiT
(miarpymna npeexsamrcii), 31 mopominmsa He Masia 03HaK MpeekgaMIcii (TTArpyIa 310pOBUX).

¥ nepuiit Touni pocaizkenns (28 tuxk) cuposarkosi piBai HSP70 npogeMoHCTpyBain CTaTUCTUYHO 3HAYYIIY PI3HUIIO MixK
TPhOMA ITiITPYTIAMU: TIPY TIOPiBHAHHI BariTHUX i3 XpOHIUHOTO TillepTeH3ieio Ta HaKJIaJeHolo peekamIicieio — Ha pisni p<0,01,
3/I0POBUX BariTHUX i3 BaTiTHUMU 3 XpoHiuHOO TinepTensicio — Ha piBHi p<0,0001, 310poBUX BariTHUX i3 BariTHNMH 3 HaKJIa/e-
HOIO TIpeekJiamiciero — Ha pisai p<0,0001.

Cuposarkosi kontentparttii HSP70 y apyriii Tourti gocimkents (36 TH:K, a60 y 29—35 THK y pasi MpueaHaHHsT TPeeKTaMIIcii)
TAKOK MAJTM CTATUCTUYHO 3HAUYIILY PI3HUILIO 1T KOSKHOT napu miarpyn Ha pisai p<0,001. Iligrpymny npeeksiamricii, ypaxoByio-
Y1 MaJly YMCEJIbHICTD (3 MOPOIJLI), He BKIIOYAIN Y PO3PAXyHKH.

Y migrpyri 310poBUX BariTHUX He BUSBJIEHO CTATUCTUYHO 3HAUYIIUX 3MiH cupoBatkoBux piBHiB HSP70 y mepriii ta apyriit
TOUKAX JIOCIiPKeHHs. Y TATpyi BariTHUX 3 icHYI0UO0T0 paHilie rinmepTeHsi€ro, ika He YCKJIaAHNIACh HaKIaIeHOIO TIpeeKIaMII-
ci€to, 6yJI0 BUSIBJIEHO CTATUCTUYHO 3HAUYIIEe 3pPOCTaHHsI cpoBaTKoBOro piBHst HSP70 y Tepmini 36 Th:k 1mopiBHsHO 3 28 THIK
(p<0,0001). IIle Ginbure migsumenns pisasa HSP70 nopisusHo 3 28 Tuk ¢ikcyBain y pasi NpUEIHAHHS IIPeeKJaMIICii 10
xponiunoi rineprensii (p<0,0001).

Bucnoexu. Otpumani pe3y/abTaTi cBif4ath 1po nigsuiieny xonenrpaiio HSP70 y BaritTHux i3 Hak/1a/ieHOIO TIpeeKIaMIci-
€10 TTOPiBHSHO 3 BaTiTHUMU Yy BiIMOBiAHOMY TepMiHi 3 XpoHiyHOIO TinepTensieio. OTke, MOsKHA TTpUTYycTUTH yuacTh HSP70 y
maToreHesi HaKJI/IeHOI ITpeeKJIaMIICii.

YcTanoiieHO 3pocTanHs y cupoBartiii KpoBi piBHs HSP70 y BariTHUX i3 XpOHIUHOIO rillepTeH3i€io MopiBHAHO i3 CHPOBATKOBU-
MU PiBHSIMU Y 3/[OPOBUX BaTiTHUX Y Bi/MOBiiHMIT TecTamniitamii Tepmin. OT:ke, MoskHA cTBep/KYBaTH, 110 HSP70 Mae 3nauenms
y 11epebiry XpoHiuHOT TitepTeHsii i/ yac BariTHOCTi.

He 6yJ10 BUSIBJIEHO CTATHCTUYHO 3HAUY 11101 3asie;kHOCTI piBHst HSP70 y 310poBUX JKiHOK BiJl recTaiiiiHOro repMiHy. 3pocTaHHs
piust HSP70 y BariTHUX i3 XpOHIYHOIO TillepreHsieio npu 30ibleHHi TepMiHy recrailii 3yMOBJIEHO, CKOPIIIl 3a BCE, IIPOrPecy-
BaHHSIM TilEPTEH3UBHUX PO3Ja/liB Ta/ab0 cTaHiB, 3 UM 1noB’s3anux. Haiibiibur Bupasene migsuiienns smicty HSP70 cio-
cTepirasocsd y BariTHUX i3 XpPOHIUHOIO TilepTEeH3i€l0 IPU IPUEAHAHHI IIPEeKIAMIICT.

Bukopucranua HSP70 sk equroro npeankropa HakIageHoT TpeekIaMIIcii He € e(peKTUBHUM, YPaXoBYIOUH HOTO HeCTeInbiuHiCTb,

OJIHAK 3aCTOCYBAHHSI JIAHOTO MOKA3HUKA Y KOMIUIEKC] 3 IHIIMMI MapKepamMi TIepPCIIEKTHBHE Ta HOTPEOYE TTOATBIIOT0 BUBYEHHS.
Kmouoei cnosa: HSP70, heat shock protein 70, npeexiamncis, naxiadena npeexiamncis, Xponiuna zinepmensis, eazimuicmo.

hronic hypertension during pregnancy has become
more common in recent decades. For example, in the
United States of America (USA) in 1996, only 0.97%
of pregnant women had chronic hypertension, in 2008
~ 1.76% [1], in 2017 — 2.0%, in 2019 — 2.3% [2]. Today
chronic hypertension prevalence among pregnant women
varies from 1% to 5% depending on the region [3—6], it is
higher in low- and middle-income countries [6, 7].
Pregnant women with chronic hypertension have
an increased risk of preeclampsia development. 17-
50% of pregnant women with chronic hypertension are
diagnosed with superimposed preeclampsia, this number
varies significantly in different populations [1, 6, 8, 9, 10].
According to the results of a meta-analysis, which combined
795 221 pregnant women from 55 studies in the USA up
to 2013 year, 25.9% developed superimposed preeclampsia
(95%CI 21.0% - 31.5%) [5]. According to retrospective
study of the World Health Organization (WHO) database,
conducted in 2014 year, chronic hypertension was signifi-
cantly increasing preeclampsia risk, the adjusted odds ratio
was 8.32 (95%CI 7.13-9.72) [11]. Women in whom hy-
pertension progresses and secondary organ damage occurs,
have an increased frequency of preeclampsia development,
with secondary hypertension reaching 75% [1].
Superimposed preeclampsia is associated with a
greater number of complications for the mother, fetus, and
newborn [1, 3, 5, 9—12]. A further study of superimposed
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preeclampsia pathogenesis and search for its predictors is
required [13, 14].

Currently, the following processes are considered to be
part of preeclampsia pathogenesis: placental ischemia due
to disruption of cytotrophoblast invasion and spiral artery
remodeling leads to an imbalance of pro- and anti-angiogenic
factors, generalized endothelial dysfunction, excessive
inflammatory response and oxidant stress [14]. These
conditions, as well as hemodynamic stress, are triggers of heat
shock protein 70 (HSP70) overexpression [15].

Our meta-analysis, whichincluded 16 studies regarding
serum HSP70 levels, having a total of 751 patients with
preeclampsia and 719 healthy patients in the control
group (part I of the article), allowed us to conclude that
the HSP70 concentration in women with preeclampsia is
higher than in healthy pregnant women of corresponding
gestational age [15]. Studies of serum HSP70 in pregnant
women with chronic hypertension and superimposed
preeclampsia are scarce.

A. Molvarec et al. (2006) studied serum HSP70 levels
in pregnant women with hypertensive disorders during
pregnancy, including 20 patients with superimposed
preeclampsia [16]. A statistically significant difference was
obtained between serum HSP70 concentrations in pregnant
women with superimposed preeclampsia compared to
corresponding valuesin the group of healthy pregnant women.
Serum HSP70 levels in pregnant women with superimposed
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preeclampsia had no statistically significant difference
compared to corresponding levels in the preeclampsia and
gestational hypertension groups. The study had limitations
due to its power and case-control design.

However, a large number of scientists have paid much
attention to study of HSP70 role in hypertension [15,
17-23] and related cardiovascular diseases [24], including
atherosclerosis [25, 26], heart failure and ischemic heart
disease [27—-30], vascular disease [31].

HSP70 performs both chaperone functions and
has cytokine activity, leading to either immunogenic
tolerance or immunogenic reactivity depending on the
context [18, 19]. Therefore, HSP70 either enables the
body to adapt to hemodynamic stress or becomes involved
in the progression of hypertensive disorders.

Some works consider the possibility of immune
therapy during hypertension [23, 29—33]. This is interest-
ing because up to 15-19% of arterial hypertension cases
are cases of resistant hypertension — patients do not reach
arterial pressure target values despite medication com-
posed of three drugs of certain groups in maximum or
near-maximum doses [34—36]. Given the high frequency
of preeclampsia in pregnant women with chronic hyper-
tension and lack of treatment options for superimposed
preeclampsia other than delivery, even the appearance of
works in such direction looks perspective.

A prospective cohort single-center observational
study of pregnant women with chronic hypertension and
superimposed preeclampsia was designed and conducted
in Kyiv City Maternity Hospital No. 5 (KCMH No. 5) in
Kyiv (Ukraine). The initial hypothesis was that HSP70
levels in blood serum increase both in superimposed
preeclampsia and in pregnant women with chronic
hypertension.

Purpose of the study: investigation of serum heat
shock protein 70 (HSP70) concentration in pregnant
women with chronic hypertension and superimposed
preeclampsia. Assessment of the prospects of using HSP70
as a superimposed preeclampsia predictor.

MATERIALS AND METHODS

The study was conducted and presented based on
CONsolidated Standards Of Reporting Trials (CON-
SORT-Outcomes 2022) guidelines — part of Enhanc-
ing the QUAlity and Transparency Of health Research
(EQUATOR) system [37].

The study included pregnant women who were ob-
served and gave birth in KCMH No. 5 from March 1, 2021
to March 15, 2023.

Sample size estimation was based on the data of pre-
vious authors [16, 38—40], assuming a statistical power
of 80% and a significance level of p = 0.05, as well as
considering data on the prevalence of superimposed
preeclampsia and preeclampsia in the population [1-9].
In addition to HSP70, the study investigated the ratio
of fms-like tyrosine kinase-1 (sFlt-1) to placental growth
factor (PIGF), so the sample size was calculated for each
variable, the maximum of them was chosen as the required
size samples for research. Another 10% was added to the
required sample size to compensate for possible losses
during the study.

34

Therefore, the research group (chronic hypertension)
included 119 patients with essential chronic hypertension,
singleton pregnancies, without fetal malformations, at
24-28 weeks. Exclusion criteria were type 1 and type 2
diabetes, autoimmune diseases with potential vascular
complications, cancer, human immunodeficiency viruses
(HIV) or syphilis infection. The control group (healthy)
consisted of 38 pregnant women, enrolled in the study
at 24-28 weeks, with a singleton pregnancy without
extragenital diseases and obstetric complications at the
beginning of the study.

The main outcome in the chronic hypertension group
was the occurrence of superimposed preeclampsia. The
patient was diagnosed with chronic hypertension if arterial
hypertension existed before pregnancy or was recorded
at least twice before 20 weeks of gestation. The criteria
for arterial hypertension during pregnancy were systolic
blood pressure (SBP) of 140 mmHg and /or diastolic blood
pressure (DBP) of 90 mmHg. The same values of SBP and
DBP were chosen as arterial hypertension criteria before
pregnancy for the following reasons.

In 2017, the American College of Cardiology (ACC)
and the American Heart Association (AHA) began
implementing lower blood pressure targets in order to
reduce cardiovascular events and deaths [41]. The blood
pressure threshold for arterial hypertension diagnosis
was lowered: stage 1 arterial hypertension (stage 1 AH)
in case of 130-139 mmHg SBP, 80-89 mmHg DBP,
whereas the traditional definition of arterial hypertension
(SBP > 140 mm Hg, DBP > 90 mmHg) became stage 2
arterial hypertension (stage 2 AH) [41]. But currently,
the American College of Obstetricians and Gynecologists
(ACOG) guidelines for hypertension during pregnancy
do not use the ACC/AHA criteria [1, 42]. There is still
no evidence that arterial hypertension treatment and
aspirin prophylaxis reduces perinatal and maternal risk
in pregnant women with chronic hypertension who meet
the current ACC/ANA criteria for stage 1 AH, although
studies are being conducted [43—50]. Current guidelines
in Ukraine also still use the traditional classification
of arterial hypertension, and women were diagnosed
according to it before pregnancy [51, 52]. Therefore, in
our study, the term «chronic hypertension» was used
for pregnant women who meet the current ACC/ANA
criteria for stage 2 AH.

Pregnant women with chronic hypertension were
diagnosed with superimposed preeclampsia according to
ACOG recommendations either in the event of sudden
increase of initial blood pressure, which was previously
well controlled, need for antihypertensive therapy rapid
increase; the sudden proteinuria onset or an increase in
proteinuria present before pregnancy and/or in the first
trimester, or the occurrence of organ disorders [42].

The first measurement point of serum HSP70 was
chosen at 28 weeks. The second measurement point — at 36
weeks in the absence of preeclampsia or at 29- 35 weeks in
case of preeclampsia signs. If preeclampsia signs appeared
at 37 weeks or later, additional blood sampling was not
performed. Participants were excluded from the study if 2
blood samples of serum HSP70 were not obtained according
to the study protocol, or if before obtaining both samples,
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the pregnant woman had spontaneous labor, premature
rupture of the amniotic membranes, or premature delivery
for reasons unrelated to preeclampsia onset.

During the observation before the second serum
HSP70 sample was obtained, 14 pregnant women were
excluded from the study group due to premature rupture
of membranes (PROM), premature spontaneous delivery,
or delivery not associated with preeclampsia (8 patients),
or residence change as a result of the war (6 patients).
Losses were less than 5% of the calculated sample,
which is statistically insignificant. From control group 4
pregnant women were excluded before the second blood
sampling (preterm delivery, premature birth not related
to preeclampsia, change of residence). The schematic
representation of the study is presented in Figure 1.

Women refrained from eating for 8 hours before
blood sampling. Maternal venous blood from the medial
cubital vein was collected in standard tubes, centrifuged
at room temperature (10 minutes at 3000 rpm to separate
serum), serum was collected and stored in Eppendorf-type
microtubes at -40°C until analysis.

Serum HSP70 analysis was performed the day after
delivery of all women who participated in the study,
the obtained results had no influence on the choice of
management plan for pregnancy and delivery.

Serum HSP70 levels were measured by an enzyme-
linked immunosorbent assay ELISA Kit (Wuhan Fine
Biotech Co., Ltd., China, catalog number EH3242)
according to the manufacturer’s instructions. The
standard curve was 31.25 - 2000 pg/ml, sensitivity was
18.75 pg/ml. The optical density was measured at A=450
nm.

The research protocol was approved by the bioethics
committee of the Bogomolets National Medical
University (18.10.2021, Ne 150). Each pregnant woman,
who participated in the study, signed an informed consent.

Statistical analysis

The normality of continuous variables was checked
via Shapiro-Wilk’'s W test. The normal distribution
hypothesis of HSP70 was rejected (p<0.01 at both
measurement points for the superimposed preeclampsia
subgroup; p=0.016 and p<0.01 at 1 and 2 measurement
points, respectively, for the chronic hypertension sub-
group; p<0.01 and p<0.001 at 1 and 2 points, respectively,
for the healthy subgroup), so that, non-parametric
statistical tests were used. The Kruskal-Wallis test
(non-parametric ANOVA) was used to compare medians
in several groups and Mann—Whitney test was used for
multiple pairwise comparisons. For categorial variables
comparison Chi-square test was applied. Multivariate
logistic regression model was built with adjustment for
the following variables: maternal age, body mass index
(BMI), first birth, smoking status, newborn weight. Sta-
tistical analysis was carried out in the EZR 1.55 programs
[53].

Normally distributed data was presented as mean and
standard deviation, non-normally distributed data was
presented as median and interquartile range (Q1-Q3).
If the distribution of parameter differed from normal for
at least one subgroup, data for this parameter was consid-
ered as non-normal. Categorical variables were presented
as numbers and percentages.

Total patients (estimated sample size +10%)

study group:

1 point : ) i
119 pregnant women with chronic hypertension

28 week

—

control group:
38 healthy pregnant women

pregnant women,

excluded from the study group because of PROM, <

delivery due to reasons, not related to preeclampsia 29-35 weeks
8

pregnant women, who were excluded

from the study group because of residence change ]
6

\ 4

pregnant women,
excluded from the control group because of PROM,
delivery due to reasons, not related to preeclampsia 29-35 weeks
2

pregnant women, who were excluded
> from the control group because of residence change

study group:
105 pregnant women with chronic hypertension

2 point
36 week

control group:
34 healthy pregnant women

e a

oy

chronic superimposed
hypertension preeclampsia
subgroup: subgroup:

75 parturients 30 parturients
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subgroup:

preeclampsia
subgroup:

31 parturients 3 parturients

Fig. 1. Schematic representation of the study
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RESULTS AND DISCUSSION

After observation, the study group consisted of 105
pregnant women with chronic hypertension and the control
group of 34 healthy pregnant women. The study group (105
pregnant women with chronic hypertension) at the time
of delivery, had 30 parturients (28.6%) with superimposed
preeclampsia signs (superimposed preeclampsia subgroup),
75 parturients (71.4%) without superimposed preeclampsia
signs (chronic hypertension subgroup). As for control group
(34 pregnant women), at the time of delivery, 3 patients
(8.8%) developed preeclampsia (preeclampsia subgroup),
31 patients (91.2%) had no signs of preeclampsia (healthy
subgroup). Characteristics of patients in the study and
control groups are presented in Table.

A statistically significant difference in means of
maternal age at delivery was found between certain
subgroups: healthy vs. chronic hypertension (p<0.01),
healthy vs. superimposed preeclampsia (p=0.03). No
statistically significant difference in maternal age at
delivery between chronic hypertension subgroup and
superimposed preeclampsia subgroup was found.

The medians of BMI, recorded at the first visit dur-
ing pregnancy, in subgroups with chronic hypertension
and superimposed preeclampsia were higher than in the
healthy subgroup (p<0.0001). No statistically significant
difference in BMI median between chronic hypertension
and superimposed preeclampsia subgroups was found.

There was almost no difference between the relative
number of primiparas in the subgroups of chronic hyperten-
sion and superimposed preeclampsia (48% vs. 50% respec-
tively); the healthy control subgroup had 74.2% of primipa-
rous women. Comparison of three subgroups together gave
a statistically significant difference (p=0.04). Nevertheless,

subsequent multiple comparisons did not find any statistical-
ly significant difference. This suggests that sample of bigger
size must be used for investigation of primiparas proportions.

Childbirth in the superimposed preeclampsia subgroup
occurred earlier than in both chronic hypertension (p<0.01)
and healthy subgroups (p<0.0001), and chronic hypertension
subgroup had early labor than healthy subgroup (p<0.01).

During the evaluation of newborns weight, a statis-
tically significant difference was found in the average
weight between superimposed preeclampsia and healthy
subgroup (p=0.046).

Pregnant smokers were more common in the superim-
posed preeclampsia subgroup (16.7%) than in chronic hy-
pertension (4%) and healthy subgroups (3%). Three sub-
groups comparison found a statistically significant differ-
ence (p=0.04), however, multiple comparisons afterwards
gave no statistically significant difference.

The subgroup of preeclampsia was not analyzed due to
a small size (3 pregnant women).

For all pregnant women the assessed HSP70 concentration
wasabove the sensitivity limit of the laboratory test. Median levels
of HSP70 at 1 measurement point differed in three subgroups:
chronic hypertension 0.347 (0.293-0.382) ng/ml, superimposed
preeclampsia 0.390 (0.355-0.455) ng/ml, healthy 0.213 (0.194—
0.295) ng/ml (chronic hypertension vs. superimposed
preeclampsia p<0.01, chronic hypertension vs. healthy p<0.0001,
superimposed preeclampsia vs. healthy p<0.0001).

Median levels of HSP70 at the second measurement
point also had a statistically significant difference between
all pairs of subgroups at the p<0.001 level: chronic
hypertension 0.367 (0.316—0.410) ng/ml, superimposed
preeclampsia 0.429 (0.392-0.518) ng/ml, healthy 0.236
(0.192-0.313) ng/ml.

Clinical characteristics and serum HSP70 concentrations, study group (chronic hypertension subgroup and
superimposed preeclampsia subgroup) and control group (healthy subgroup and preeclampsia subgroup)

Study group — 105 parturients
Chronic Superimposed
hypertension preeclampsia
subgroup subgroup

Subgroups

Control group - 34 parturients

Healthy subgroup
n=31

Upper value of p

Preeclampsia
subgroup
n=3

n=75 n=30

Relative number of 71.4% 28.6% 91.2% 8.8%
parturients
Age (years)* 35.0(31.0-38.0) | 33.0(31.0-38.8) | 30.0(26.0-34.0) | 35.0(34.0-36.5) | <0.01 =0.03 NS
BMI (kg/m2)* 33.0(29.3-35.9) | 33.7(30.5-37.0) | 25.5(23.4-27.1) | 26.6(25.7-26.9) | <0.0001 | <0.0001 NS
Primiparas 36 (48%) 15 (50%) 23 (74.2%) 3 (100%) NS NS NS
Smokers 3(4.0%) 5(16.7%) 1(3.3%) 0 (0%) NS NS NS
Gestational age at 39.0 37.5 40.0 39.0
delivery (weeks)* (38.0-39.0) (36.0-38.8) (39.0-40.0) (35.0-39.5) <0.01 <0.0001 | <0.01
Fetal birth weight 3400 3170 3540 2960 NS ~0.046 NS
(grams)* (3025-3650) (2340-3645) (3195-3705) (2220-3205) '
HSP70, 1 point 0.347 0.390 0.213 0.366
(ng/mi)* (0.293-0.382) | (0.355-0.455) | (0.194-0.295) | (0.327-0.394) | <0:0001 <0.0001 } <0.01
HSP70, 2 point 0.367 0.429 0.236 0.467
(ng/mi)* (0.316-0.410) | (0.392-0.518) | (0.192-0.313) | (0.407-0.496) | <0-0001| <0.0001 }<0.001
Notes: *median, Q1 - Q3; NS - not significant.
a — Statistically significant difference between subgroups: healthy vs. chronic hypertension.
b — Statistically significant difference between subgroups: healthy vs. superimposed preeclampsia.
¢ — Statistically significant difference between subgroups: chronic hypertension vs. superimposed preeclampsia.
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C - chronic hypertension subgroup, 28 weeks
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E — superimposed preeclampsia subgroup, 28 weeks
F — superimposed preeclampsia subgroup, time when preeclampsia signs occurred.

Middle line: median; box: interquartile range; whiskers: 1.5%interquartile
range (1.5xIQR); points: outliers.

Fig. 2. HSP70 (ng/ml) in healthy subgroup (A, B),
chronic hypertension subgroup (C, D), superimposed
preeclampsia subgroup (E, F)

No statistically significant difference in HSP70 levels
between two related samples in the healthy subgroup at
28 weeks and 36 weeks was found (p=0.0502). In chronic
hypertension subgroup, the corresponding HSP70 levels
had a statistically significant increase in the period of 36
weeks compared to 28 weeks (p<0.0001). Superimposed
preeclampsia subgroup had even greater growth in HSP70
levels in compared to 28 weeks (p<0.0001).

A graphic representation of HSP70 levels in three
subgroups for control points 1 and 2 is presented in Figure 2.
Medians, 25th and 75th percentiles (Q1 and Q3) of HSP70
in ng/m, as well as whiskers, which determine non-outliers
range, and outliers. For healthy and chronic hypertension
subgroups, HSP70 concentrations are shown for 28 and
36 weeks. For the superimposed preeclampsia subgroup,
HSP70 levels depicted at 28 weeks and at the time of
preeclampsia signs occurrence are given.

Different models for superimposed preeclampsia predic-
tion in study group were built. ROC curve for prediction of
superimposed preeclampsia development in pregnant wom-
en with chronic hypertension based only on the HSP70
level at 28 weeks (Figure 3) had the area under the curve
(AUC) 0.696 (95% CI 0.587-0.806), with optimal cut-
off 0.354 ng/ml. This threshold had 76.7% sensitivity and
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Fig. 3. ROC curve for prediction of superimposed
preeclampsia in pregnant women with chronic
hypertension via HSP70 levels at 28 weeks

57.3% specificity. This suggests that the use of HSP70 only
as a predictor of superimposed preeclampsia at 28 weeks in
pregnant women with chronic hypertension is not enough
accurate. However, the results improve if used at 36 weeks.

The ROC curve for superimposed preeclampsia pre-
diction in pregnant women with chronic hypertension
based only on HSP70 levels in 29-35 weeks (Figure 4)
had an optimal cut-off 0.389 ng/ml with 80% sensitivity
and 66.7% specificity. The AUC for this model is 0.757
(95% CI 0.658-0.856). If the HSP70 concentration ex-
ceeded 0.389 ng/ml after 28 weeks in pregnant women
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Fig. 4. ROC curve for prediction of superimposed
preeclampsia in pregnant women with chronic
hypertension via HSP70 levels at 28-35 weeks
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Fig. 5. Multivariate logistic regression model for
superimposed preeclampsia prediction based on HSP70
(includes following variables: maternal age, BMI, giving a
second or more hirth, birth weight and smoking status)

with chronic hypertension, the probability of preeclamp-
sia development increased 4.24 times.

Next, a multivariate logistic regression model for
superimposed preeclampsia prediction based on HSP70 was
built, taking into account maternal age, BMI, giving a second
or more birth, birth weight and smoking status (Figure 5).
The AUC is 0.835 (95% CI 0.754 — 0.916), model has 86.4%
sensitivity and 67.3% specificity. The following variables
were not statistically significant: maternal age (0.053),
BMI (0.067), status of giving a second or more birth (-0.59).
However, HSP70 level (10.03), smoking status (2.75) and
birth weight (-1.39, in kilograms) variables were statistically
significant in this model. Therefore, another model was built
which includes only statistically significant variables.

The multivariate logistic regression model for prediction of
superimposed preeclampsiawithadjustment foronly statistically
significant factors (HSP70, smoking status, birth weight) is
shown in Figure 6. The AUC was 0.820 (95% CI 0.735-0.905)
with 85.3% sensitivity and 68.9% specificity. Taking into
account additional factors allows for increase in prediction
accuracy compared to models based only on HSP70.

In our study, serum HSP70 concentrations were high-
er in patients with superimposed preeclampsia compared
to healthy pregnant women and pregnant women with
chronic hypertension.

Researchers have repeatedly explored HSP70 level in-
crease in pregnant women with preeclampsia, however, they
considered patients without previous hypertensive disorders
[15]. Higher HSP70 production in preeclampsia is explained
by the response to hemodynamic stress and its participation
in the processes of generalized endothelial dysfunction, ex-
cessive inflammatory response, and oxidant stress [54, 55].

HSP70 was detected both in intracellular and extracellular
space [54]. HSP70 act inside cells as chaperones and work
as part of an integrated network that maintains the stability
of proteostasis [56, 57]. Under various factors’ influence,
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Fig. 6. Multivariate logistic regression model for
superimposed preeclampsia prediction based on HSP70
(includes following variables: smoking status, birth
weight)

cells secrete HSP70 into extracellular space. Living cells, in
particularendothelial cells, leukocytes, monocytes, neutrophils,
release HSP70 through exosomes [54]. Mechanisms of
exocytosis through an increase of intracellular Ca** have been
described [58]. Also, HSP70 is being released from necrotic or
apoptotic cells 59, 60]. Some fraction of HSP70 molecules are
integrated into cell membrane, which ensures a quick reaction
of HSP70 if necessary; also, these molecules can act as targets
for autoimmunity [24, 60]. In extracellular space, HSP70
stimulates the innate and adaptive immune system and works
as an active mediator of the inflammatory process [60—62].

Preeclampsia and superimposed preeclampsia have
similar pathophysiological mechanisms, preeclampsia
is associated with serum HSP70 levels increase [15].
Our study provides evidence that serum HSP70 increases
in pregnant women with preeclampsia, joined to chronic
hypertension, suggesting the involvement of HSP70 both
in the pathogenesis of preeclampsia and in the pathogen-
esis of superimposed preeclampsia.

Also, this study found an increase in HSP70 levels in
pregnant women with chronic hypertension compared to
healthy pregnant women.

HSP70 role in chronic hypertension is being studied
and discussed in scientific community. An increase in
HSP70 concentration was found in the serum and kidneys
of patients with hypertension [17-20, 63]. In experimen-
tal models HSP70 injection induced hypertension and
kidney damage [19]. There is data that patients with ar-
terial hypertension who have increased levels of HSP70
face are at higher risk of cardiovascular complications and
atherosclerosis [60, 61]. The results of certain works allow
to link HSP70 gene polymorphism with essential hyper-
tension [19]. The pathogenesis of these processes is still
being studied. Chronic arterial hypertension is accompa-
nied by hemodynamic disturbances, endothelial dysfunc-
tion, proatherogenic, proinflammatory and prothrombotic
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reactions, which close the circle and contribute to hyper-
tension increase [63, 64]. Therefore, the presence of men-
tioned disorders in pregnant women with chronic hyper-
tension can explain an increase of HSP70 level.

Our study found no statistically significant changes in
HSP70 levels with the gestational age increases in healthy
women, which is consistent with previous authors’ results [ 15].

Our study suggests that HSP70 levels grow in pregnant
women with chronic hypertension as gestational age increas-
es from 28 weeks to 36 weeks. This is, most likely, due to pe-
culiarities of pregnancy course on the background of chronic
hypertensive disorders and conditions related to them.

During normal pregnancy, changes in the cardiovascular
system functioning take place: heart rate increase, volume of
circulating blood increase, cardiac output increase and de-
crease in peripheral resistance, changes in blood pressure [65,
66]. These changes do not occur simultaneously. Heart rate
increase has a maximum at 34.1 weeks [67]. Mean arterial
pressure decreases at 12-18 weeks, then returns to its initial
value at 24-28 weeks with subsequent consistent growth in
its level until delivery [67]. The values of cardiac output,
heart rate, peripheral resistance and mean arterial pressure
showed an association with the presence of chronic arterial
hypertension in pregnant women [68, 69].

The endothelium tries to support the barrier function with
selective permeability, proper vascular tone, inflammatory
response level and maintenance of blood rheological prop-
erties state [70, 71]. On the background of several universal
disorders in the endothelium in pregnant women with chronic
hypertension, there is probably a hemodynamic stress progres-
sion as gestational age increases, which intensifies the primary
changes. This could explain serum HSP70 growth with gesta-
tional age in pregnant women with chronic hypertension.

The similarity of processes in the endothelium in hy-
pertensive disorders determines the response in the form
of HSP70 production. The highest HSP70 increase have
pregnant women with chronic hypertension in case of
joined preeclampsia.

The difference between cells response to chronic and
acute stress, the stress of different intensity is still yet
to be investigated [55, 72, 73]. There is a need to study
magnificent molecules that have a duality of localizations,
functions, and actions. Molecules with a wonderful figura-
tive name — chaperon — a medieval headdress, almost a

thousand years old hat, which is depicted in ancient paint-
ings, pages of old books and fairy tales. Chaperones are one
of the most ancient universal molecules that have not re-
vealed all their secrets to us yet.

Research on HSP70 in chronic hypertension during
pregnancy and superimposed preeclampsia is quite rare.
The strengths of this study was its planning as prospective
cohort type and sufficient number of patients. A limita-
tion of the study was the number of measurement points of
serum HSP70 during pregnancy. It would also be interest-
ing to study HSP70 levels at first trimester of pregnancy
and at full term in this cohort. We believe that work in
this direction will help clarify role of HSP70 in chronic
hypertension course during pregnancy and the superim-
posed preeclampsia development.

CONCLUSIONS

The data suggest that HSP70 is increased in pregnant
women with superimposed preeclampsia compared to
pregnant women with chronic hypertension of the corre-
sponding term, also demonstrate increased serum HSP70
levels in pregnant women with chronic hypertension com-
pared to healthy pregnant women of the corresponding
gestational age. Thus, it is possible to assume that HSP70
plays a role in superimposed preeclampsia pathogenesis,
and also that HSP70 has an influence on chronic hyper-
tension course during pregnancy.

HSP70 levels growth as gestational age increases
among pregnant women with chronic hypertension is
most likely due to the progression of hypertensive disor-
ders and /or conditions associated with them. The highest
HSP70 increase was observed in pregnant women with
chronic hypertension with the addition of preeclampsia.

The universality of reactions in the body could explain
the similarity of pathoanatomical processes in the endo-
thelium in preeclampsia, hypertension, diabetic angiopa-
thy, autoimmune diseases with blood vessel damage, car-
diovascular diseases.

The use of HSP70 as a single predictor of superimposed
preeclampsia is not efficient given its non-specificity, but
its use in combination with other markers is promising
and requires further study.

The authors declare no conflict of interest.

Information about the authors
Popel Olga K. — MD, PhD-student, Department of Obstetrics, Gynecology and Neonatology of Postgraduate Education,
Bogomolets National Medical University, Kyiv; tel.: (044) 331-36-90, (050) 560-35-48. E-mail: olgakpopel@gmail.com

ORCID: 0000-0002-3518-9814

Govsieiev Dmytro O. — MD, PhD, DSc, Professor, Head of the Department of Obstetrics and Gynecology N 1, Bogomolets
National Medical University, Kyiv; tel.: (044) 331-36-90. E-mail: kmpb5@ukr.net

ORCID: 0000-0001-9669-0218

BipomocTi npo aBTOpIB
Ilonens Oxpra KazumupiBua — acmipanTka, Kadenpa akynepcTsa, TiHEKOIOTi{ Ta HEOHATOIOTIT MiCAIAUTIIIOMHOT OCBITH,
Hauionanbuuii meauunnii yuisepcurer imeni O. O. Boromosbig, M. Kuis; Tesr.: (044) 331-36-90, (050) 560-35-48. E-mail:

olgakpopel@gmail.com
ORCID: 0000-0002-3518-9814

T'oscees /Imutpo OsnexcanapoBuy — J1-p Me/l. HayK, 1pod., 3aBisyBay, kadepa akyniepcrsa i rinexosiorii Ne 1, Harionasn-
Huil Mmeamananil yaisepeutet imedi O. O. Boromosbiis, M. Kuis; teu.: (044) 331-36-90. E-mail: kmpb5@ukr.net

ORCID: 0000-0001-9669-0218

REPRODUCTIVE HEALTH OF WOMAN
PEIPOJIYKTUBHE 3/[0POB'S KIHKI
Net (72)/2024

ISSN 2708-8723 (print)

ISSN 2708-8731 (online)

39



HA gonomMmory niKAPHO-NMPAKTUKY

1. American College of Obstetricians and
Gynecologists’ Committee on Practice
Bulletins—Obstetrics. ACOG  Practice
Bulletin No. 203: Chronic Hyperten-
sion in Pregnancy. Obstet Gynecol.
2019;133(1):e26-¢50. doi:  10.1097/
AOG.0000000000003020.

2. Ford ND, Cox S, Ko JY, Ouyang L,
Romero L, Colarusso T, et al. Hyperten-
sive Disorders in Pregnancy and Mortal-
ity at Delivery Hospitalization - United
States, 2017-2019. MMWR Morb Mortal
WKly Rep. 2022;71(17):585-91. doi:
10.15585/mmwr.mm7117a1.

3. Guedes-Martins L. Chronic Hy-
pertension and Pregnancy. Adv Exp
Med Biol. 2017;956:395-407. doi:
10.1007/5584 2016 81.

4. Jiang L, Tang K, Magee LA. A global
view of hypertensive disorders and
diabetes mellitus during pregnancy. Nat
Rev Endocrinol. 2022;18:760-75. doi:
10.1038/s41574-022-00734-y.

5. Bramham K, Parnell B, Nelson-Piercy
C, Seed PT, Poston L, Chappell LC.
Chronic hypertension and pregnancy
outcomes: systematic review and meta-
analysis. BMJ. 2014;348:92301. doi:
10.1136/bm;j.g2301.

6. Umesawa M, Kobashi G. Epide-
miology of hypertensive disorders in
pregnancy: prevalence, risk factors,
predictors and prognosis. Hypertens
Res. 2017;40(3):213-20. doi: 10.1038/
hr.2016.126.

7. Mills KT, Stefanescu A, He J. The glob-
al epidemiology of hypertension. Nat Rev
Nephrol. 2020;16:223-37. doi: 10.1038/
$41581-019-0244-2.

8. Olié V, Moutengou E, Grave C, De-
neux-Tharaux C, Regnault N, Kretz S, et
al. Prevalence of hypertensive disorders
during pregnancy in France (2010-
2018): The Nationwide CONCEPTION
Study. J Clin Hypertens (Greenwich).
2021;23(7):1344-53.  doi:  10.1111/
jch.14254.

9. Noubiap JJ, Bigna JJ, Nyaga UF, Jingi
AM, Kaze AD, Nansseu JR, et al. The bur-
den of hypertensive disorders of preg-
nancy in Africa: A systematic review and
meta-analysis. J Clin Hypertens (Green-
wich). 2019;21(4):479-88. doi: 10.1111/
jch.13514.

10. Li F, Qin J, Zhang S, Chen L. Preva-
lence of hypertensive disorders in preg-
nancy in China: A systematic review
and meta-analysis. Pregnancy Hyper-
tens. 2021;24:13-21. doi: 10.1016.
preghy.2021.02.001.

11. Abalos E, Cuesta C, Carroli G,
Qureshi Z, Widmer M, Vogel JP, et al.
Pre-eclampsia, eclampsia and adverse
maternal and perinatal outcomes: a
secondary analysis of the World Health
Organization Multicountry Survey on
Maternal and Newborn Health. BJOG.
2014;121(1):14-24. doi: 10.1111/1471-
0528.12629.

40

REFERENCES

12. Seely EW, Ecker J. Chronic hy-
pertension in pregnancy. Circulation.
2014;129(11):1254-61. doi: 10.1161/
circulationaha. 113.003904.

13.FuR, LiY, LiX, Jiang W. Hypertensive
Disorders in Pregnancy: Global Burden
From 1990 to 2019, Current Research
Hotspots and Emerging Trends. Curr
Probl Cardiol. 2023;48(12):101982. doi:
10.1016/j.cpcardiol.2023.101982.

14. Redman CWG, Staff AC, Roberts
JM. Syncytiotrophoblast stress in pre-
eclampsia: the convergence point for
multiple pathways. Am J Obstet Gynecol.
2022;226(2):907-27. doi:  10.1016/.
2j0g.2020.09.047.

15. Popel O, Govsieiev D. What is in com-
mon between preeclampsia, HSP70 and
medieval headwear? Part |. Serum HSP70
in preeclampsia: systematic review and
meta-analysis. Reprod Health Woman.
2023;(7):34-48. doi: 10.30841/2708-
8731.7.2023.292599.

16. Molvarec A, Prohdszka Z, Nagy
B, Kalabay L, Szalay J, Fist G, et al.
Association of increased serum heat
shock protein 70 and C-reactive protein
concentrations and decreased serum
alpha(2)-HS glycoprotein concentration
with the syndrome of hemolysis, elevated
liver enzymes, and low platelet count. J
Reprod Immunol. 2007;73(2):172-9. doi:
10.1016/.jri.2006.07.002.

17. Rodriguez-lturbe B, Pons H, Quiroz
Y, Lanaspa MA, Johnson RJ. Autoimmu-
nity in the pathogenesis of hypertension.
Nat Rev Nephrol. 2014;10(1):56-62. doi:
10.1038/nreph.2013.248.

18. Rodriguez-Iturbe B, Pons H, Johnson
RJ. Role of the Immune System in Hyper-
tension. Physiol Rev. 2017;97(3):1127-
64. doi: 10.1152/physrev.00031.2016.
19. Rodriguez-lturbe B, Lanaspa
MA, Johnson RJ. The role of autoim-
mune reactivity induced by heat shock
protein 70 in the pathogenesis of es-
sential hypertension. Br J Pharmacol.
2019;176(12):1829-38. doi: 10.1111/
bph.14334.

20. Rodriguez-lturbe B, Johnson RJ,
Sanchez-Lozada LG, Pons H. HSP70 and
Primary Arterial Hypertension. Biomol-
ecules. 2023;13(2):272. doi: 10.3390/
biom13020272.

21. Srivastava K, Narang R, Bha-
tia J, Saluja D. Expression of Heat
Shock Protein 70 Gene and Its Cor-
relation with Inflammatory Markers in
Essential Hypertension. PLoS One.
2016;11(3):e0151060. doi: 10.1371/
journal.pone.0151060.

22. Srivastava KCS, Chandra S, Narang R,
Bhatia J, Saluja D. Haplotype Analysis of
Heat Shock Protein70 Gene and Their As-
sociation with Essential Hypertension. Ann.
Clin. Exp. Hypertens. 2016;4:1041.
doi: 10.47739/2373-9258/1041.

23. Pons H, Ferrebuz A, Quiroz Y, Rome-
ro-Vasquez F, Parra G, Johnson RJ, et al.

Immune reactivity to heat shock protein
70 expressed in the kidney is cause of
salt-sensitive hypertension. Am J Physiol
Renal Physiol. 2013;304(3):289-99. doi:
10.1152/ajprenal.00517.2012.

24. Patnaik S, Nathan S, Kar B, Gregoric
ID, Li YP. The Role of Extracellular Heat
Shock Proteins in Cardiovascular Diseas-
es. Biomedicines. 2023;11(6):1557. doi:
10.3390/biomedicines11061557.

25. Nagai M, Kaji H. Thermal Effect on
Heat Shock Protein 70 Family to Prevent
Atherosclerotic Cardiovascular Disease.
Biomolecules.  2023;13(5):867.  doi:
10.3390/biom13050867.

26. Khandia R, Munjal AK, Igbal HMN,
Dhama K. Heat Shock Proteins: Thera-
peutic Perspectives in Inflammatory Dis-
orders. Recent Pat Inflamm Allergy Drug
Discov. 2017;10(2):94-104. doi: 10.217
4/1872213X10666161213163301.
27.Wan J, Zhang Z, Tian S, Huang S, Jin
H, Liu X, et al. Single cell study of cellular
diversity and mutual communication in
chronic heart failure and drug reposition-
ing. Genomics. 2022;114(3):110322.
doi: 10.1016/.ygen0.2022.110322.

28. Zhang Y, Wu J, Dong E, Wang Z,
Xiao H. Toll-like receptors in cardiac
hypertrophy. Front Cardiovasc Med.
2023;10:1143583.  doi:  10.3389/
fovm.2023.1143583.

29. Wang Y, Wu J, Wang D, Yang R, Liu
Q. Traditional Chinese Medicine Target-
ing Heat Shock Proteins as Therapeutic
Strategy for Heart Failure. Front Phar-
macol. 2022;12:814243. doi: 10.3389/
fphar.2021.814243.

30. Ranek MJ, Stachowski MJ, Kirk
JA, Willis MS. The role of heat shock
proteins and co-chaperones in heart
failure. Philos Trans R Soc Lond B Biol
Sci.  2018;373(1738):20160530.  doi:
10.1098/rstb.2016.0530.

31. de Oliveira AA, Nunes KP. An ad-
ditional physiological role for HSP70:
Assistance of vascular reactivity. Life
Sci. 2020;256:117986. doi: 10.1016/].
Ifs.2020.117986.

32. Nunes KP, de Oliveira AA. HSP70:
From Signaling Mechanisms to Thera-
peutics. Biomolecules. 2023;13(7):1141.
doi: 10.3390/biom13071141.

33. Liu MQ, Chen Z, Chen LX. En-
doplasmic reticulum stress: a novel
mechanism and therapeutic target for
cardiovascular diseases. Acta Pharmacol
Sin. 2016;37(4):425-43. doi: 10.1038/
aps.2015.145.

34. Judd E, Calhoun DA. Apparent and
true resistant hypertension: definition,
prevalence and outcomes. J Hum Hyper-
tens. 2014;28(8):463-8. doi: 10.1038/
jhh.2013.140.

35. Carey RM, Calhoun DA, Bakris GL,
Brook RD, Daugherty SL, Dennison-
Himmelfarb CR, et al. Resistant Hyper-
tension: Detection, Evaluation, and Man-
agement: A Scientific Statement From the

American Heart Association. Hyperten-
sion. 2018;72(5):53-90. doi: 10.1161/
HYP.0000000000000084.

36. Grassi G, Calhoun DA, Mancia G,
Carey RM. Resistant Hypertension
Management: Comparison of the 2017
American and 2018 European High
Blood Pressure Guidelines. Curr Hyper-
tens Rep. 2019;21(9):67. doi: 10.1007/
511906-019-0974-3.

37. Butcher NJ, Monsour A, Mew EJ,
Chan AW, Moher D, Mayo-Wilson EM,
et al. Guidelines for Reporting Out-
comes in Trial Reports: The CONSORT-
QOutcomes 2022 Extension. JAMA.
2022;328(22):2252-64. doi: 10.1001/
jama.2022.21022.

38. Hernandez-Pacheco JA, Rosales-
Zamudio Cl, Borboa-Olivares H, Espejel-
Nufiez A, Parra-Hernandez S, Estrada-
Gutiérrez G, et al. The sFit-1/PIGF ratio
as a triage tool to identify superimposed
preeclampsia in women with chronic
hypertension in emergency rooms. Preg-
nancy Hypertens. 2020;21:38-42. doi:
10.1016/j.preghy.2020.04.014.

39. Perni U, Sison C, Sharma V, Hels-
eth G, Hawfield A, Suthanthiran M,
et al. Angiogenic factors in superim-
posed preeclampsia: a longitudinal
study of women with chronic hyperten-
sion during pregnancy. Hypertension.
2012;59(3):740-6. doi: 10.1161/hyper-
tensionaha.111.181735.

40. Lou WZ, Jiang F, Hu J, Chen XX,
Song YN, Zhou XY, et al. Maternal Se-
rum Angiogenic Factor sFit-1 to PIGF
Ratio in Preeclampsia: A Useful Marker
for Differential Diagnosis and Progno-
sis Evaluation in Chinese Women. Dis
Markers.  2019;2019:6270187.  doi:
10.1155/2019/6270187.

41. Whelton PK, Carey RM, Aronow WS,
Casey DE Jr, Collins KJ, Dennison Him-
melfarb C, et al. 2017 ACC/AHA/AAPA/
ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/
PCNA Guideline for the Prevention, De-
tection, Evaluation, and Management of
High Blood Pressure in Adults: A Report
of the American College of Cardiology/
American Heart Association Task Force
on Clinical Practice Guidelines. Hyperten-
sion. 2018;71(6):13-115. doi: 10.1161/
HYP.0000000000000065.

42. Gestational Hypertension and
Preeclampsia: ACOG  Practice Bul-
letin, Number 222. Obstet Gynecol.
2020;135(6):237-60.  doi:  10.1097/
AOG.0000000000003891.

43. Mclaren RA, Atallah F, Persad WD,
Narayanamoorthy S, Gougol N, Silver
M, et al. Pregnancy outcomes among
women with American College of Cardiol-
ogy American Heart Association defined
hypertension. J Matern Fetal Neona-
tal Med. 2021;34(24):4097-102. doi:
10.1080/14767058.2019.1704250.

44. Slade LJ, Wilson M, Mistry HD, Bone
JN, Bello NA, Blackman M, et al. The

REPRODUCTIVE HEALTH OF WOMAN
PENPOJIVKTUBHE 3/IOPOB’A JKIHKI
Net (72)/2024

ISSN 2708-8723 (print)
ISSN 2708-8731 (online)



HA gonomMmory niKAPHO-NMPAKTUKY

2017 American College of Cardiology
and American Heart Association blood
pressure categories in the second half
of pregnancy-a systematic review of
their association with adverse preg-
nancy outcomes. Am J Obstet Gynecol.
2023;229(2):101-17.  doi:  10.1016].
2j0g.2023.01.013.

45. Darwin KC, Federspiel JJ, Schuh BL,
Baschat AA, Vaught AJ. ACC-AHA Diag-
nostic Criteria for Hypertension in Preg-
nancy Identifies Patients at Intermediate
Risk of Adverse Outcomes. Am J Perina-
tol. 2021;38(01):249-55. doi: 10.1055/s-
0040-1709465.

46. Bello NA, Zhou H, Cheetham TC, Mill-
er E, Getahun DT, Fassett MJ, Reynolds
et al. Prevalence of Hypertension Among
Pregnant Women When Using the 2017
American College of Cardiology/Ameri-
can Heart Association Blood Pressure
Guidelines and Association With Maternal
and Fetal Outcomes. JAMA Netw Open.
2021;4(3):¢213808. doi: 10.1001/jama-
networkopen.2021.3808.

47. Greenberg VR, Silasi M, Lunds-
berg LS, Culhane JF, Reddy UM, Par-
tridge C, et al. Perinatal outcomes in
women with elevated blood pressure
and stage 1 hypertension. Am J Obstet
Gynecol. 2021;224(5):521.e1-e11. doi:
10.1016/j.ajog.2020.10.049.

48. Sisti G, Fochesato C, Elkafrawi D,
Marcus B, Schiattarella A. Is blood
pressure 120-139/80-89 mmHg before
20 weeks a risk factor for hyperten-
sive disorders of pregnancy? A meta-
analysis. Eur J Obstet Gynecol Reprod
Biol. 2023;284:66-75. doi: 10.1016/j.
€jogrb.2023.03.011.

49. Porcelli BA, Diveley E, Meyenburg K,
Woolfolk C, Rosenbloom JI, Raghuraman
N, et al. A new definition of gestational
hypertension? New-onset blood pres-
sures of 130 to 139/80 to 89 mm Hg
after 20 weeks of gestation. Am J Obstet
Gynecol. 2020;223(3):442.e1-e7. doi:
10.1016/j.ajog.2020.06.019.

50. Banala C, Moreno S, Cruz Y, Boe-

lig RC, Saccone G, Berghella V, et al.
Impact of the ACOG guideline regard-
ing low-dose aspirin for prevention of
superimposed preeclampsia in women
with chronic hypertension. Am J Obstet
Gynecol. 2020;223(3):419.e1-e16. doi:
10.1016/j.ajog.2020.03.004.

51. Sadov'yak ID, Artyomenko W,
Dubossarska YO, Zhilka NY, Zhuk S,
Kaminsky W, et al. Evidence-based
clinical guideline. Hypertensive disor-
ders in pregnant women. State expert
center Ministry of health of Ukraine [In-
ternet]. 2021. Available from: https://
www.dec.gov.ua/wp-content/up-
loads/2022/01/2022_151_kn_giproziva-
gitn.pdf.

52. Netyazhenko VZ, Bozhko LI, Gid-
zinska IM, Volobueva 2V, Klymenko
LV, Korzh OM, et al. Evidence-based
clinical guideline Arterial hypertension.
State expert center Ministry of health of
Ukraine [Internet]. 2017. Available from:
https://www.dec.gov.ua/wp-content/up-
loads/2019/11/kn_artergipert.pdf.

53. Kanda Y. Investigation of the freely
available easy-to-use software ‘EZR’ for
medical statistics. Bone Marrow Trans-
plant. 2013;48(3):452-8. doi: 10.1038/
bmt.2012.244.

54. Jee B, Dhar R, Singh S, Karmakar
S. Heat Shock Proteins and Their Role
in Pregnancy: Redefining the Function
of «Old Rum in a New Bottle». Front Cell
Dev Biol. 2021;9:648463. doi: 10.3389/
feell.2021.648463.

55. Nakashima A, Cheng SB, Kusabiraki
T, Motomura K, Aoki A, Ushijima A, et al.
Endoplasmic reticulum stress disrupts
lysosomal  homeostasis and induces
blockade of autophagic flux in human
trophoblasts. Sci Rep. 2019;9(1):11466.
doi: 10.1038/s41598-019-47607-5.

56. Hu C, Yang J, Qi Z, Wu H, Wang B,
Zou F, et al. Heat shock proteins: Bio-
logical functions, pathological roles, and
therapeutic  opportunities. MedComm
(2020). 2022;3(3):¢161. doi: 10.1002/
mco2.161.

57. Rosenzweig R, Nillegoda NB,
Mayer MP, Bukau B. The Hsp70 chap-
erone network. Nat Rev Mol Cell Biol.
2019;20(11):665-80. doi:  10.1038/
s41580-019-0133-3.

58. Mo YQ, Nakamura H, Tanaka T,
QOdani T, Perez P, Ji Y, French BN, et
al. Lysosomal exocytosis of HSP70
stimulates monocytic BMPG expression
in Sjogren’s syndrome. J Clin Invest.
2022;132(6):152780. doi: 10.1172/
JCI152780.

59. Balogi Z, Multhoff G, Jensen TK,
Lloyd-Evans E, Yamashima T, Jaattela M,
et al. Hsp70 interactions with membrane
lipids regulate cellular functions in health
and disease. Prog Lipid Res. 2019;74:18-
30. doi: 10.1016/.plipres.2019.01.004.

60. Radons J. The human HSP70 family
of chaperones: where do we stand? Cell
Stress Chaperones. 2016;21(3):379-
404. doi: 10.1007/s12192-016-0676-6.

61. Costa-Beber LC, Hirsch GE, Heck TG,
Ludwig MS. Chaperone duality: the role
of extracellular and intracellular HSP70 as
a biomarker of endothelial dysfunction in
the development of atherosclerosis. Arch
Physiol Biochem. 2022;128(4):1016-23.
doi: 10.1080/13813455.2020.1745850.

62. Costantino W, Gil Lorenzo AF, Bo-
canegra V, Vallés PG. Molecular Mecha-
nisms of Hypertensive Nephropathy:
Renoprotective Effect of Losartan through
Hsp70. Cells. 2021;10(11):3146. doi:
10.3390/cells10113146.

63. Poznyak AV, Orekhova VA, Suk-
horukov VN, Khotina VA, Popov MA,
Orekhov AN. Atheroprotective Aspects
of Heat Shock Proteins. Int J Mol Sci.
2023;24(14):11750.  doi:  10.3390/
ijms241411750.

64. Katoh K. Effects of Mechanical Stress
on Endothelial Cells In Situ and In Vitro.
Int J Mol Sci. 2023;24(22):16518. doi:
10.3390/ijms242216518.

65. Morton A. Physiological Changes and
Cardiovascular Investigations in Pregnan-
cy. Heart Lung Circ. 2021;30(1):6-15.
doi: 10.1016/j.hlc.2020.10.001.

66. Macdonald-Wallis C, Silverwood RJ,
Fraser A, Nelson SM, Tilling K, Lawlor DA,
et al. Gestational-age-specific reference
ranges for blood pressure in pregnancy:
findings from a prospective cohort. J
Hypertens.  2015;33(1):96-105.  doi:
10.1097/HJH.0000000000000368.

67. Green LJ, Mackillop LH, Salvi D,
Pullon R, Loerup L, Tarassenko L, et al.
Gestation-Specific Vital Sign Reference
Ranges in Pregnancy. Obstet Gynecol.
2020;135(3):653-64.  doi:  10.1097/
AOG.0000000000003721

68. Guy GP, Ling HZ, Garcia P, Poon LC,
Nicolaides KH. Maternal cardiovascular
function at 35-37 weeks’ gestation: re-
lation to maternal characteristics. Ultra-
sound Obstet Gynecol. 2017;49(1):39-
45. doi: 10.1002/uog.17311.

69. Wright A, Wright D, Ispas CA, Poon
LC, Nicolaides KH. Mean arterial pres-
sure in the three trimesters of pregnancy:
effects of maternal characteristics and
medical history. Ultrasound Obstet Gyne-
col. 2015;45(6):698-706. doi: 10.1002/
uog.14783

70. Peng Z, Shu B, Zhang Y, Wang M.
Endothelial Response to Pathophysiologi-
cal Stress. Arterioscler Thromb Vasc Biol.
2019;39(11):233-43. doi: 10.1161/AT-
VBAHA.119.312580.

71. Cahill PA, Redmond EM. Vascular en-
dothelium - Gatekeeper of vessel health.
Atherosclerosis. 2016;248:97-109. doi:
10.1016/j.atherosclerosis.2016.03.007.
72. Somero GN. The cellular stress re-
sponse and temperature: Function, regu-
lation, and evolution. J Exp Zool A Ecol
Integr Physiol. 2020;333(6):379-97. doi:
10.1002/jez.2344.

73. Maiti S, Bhattacharya K, Wider D,
Hany D, Panasenko O, BernasconiL, etal.
Hsf1 and the molecular chaperone Hsp90
support a ‘rewiring stress response’ lead-
ing to an adaptive cell size increase in
chronic stress. Elife. 2023;12:RP88658.
doi: 10.7554/eLife.88658.

Cmamms naditiuira do pedaxyii 18.01.2024. — Jlama nepwozo piwenns 23.01.2024. — Cmamms nodana do opyxy 26.02.2024

REPRODUCTIVE HEALTH OF WOMAN
PEIPOJIYKTUBHE 3/[0POB'S KIHKI
Net (72)/2024

ISSN 2708-8723 (print)

ISSN 2708-8731 (online)

41



