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Abstract
Introduction: Collagen type I is a major structural component of human uterus. Recent studies have found that collagen type I turn-
over is altered in preeclampsia and imbalance occurs between collagen synthesis and degradation processes. This acts as a stimulus for 
abnormal changes in the concentrations of collagen type I derived products in circulating blood.

Aim: Having in mind the pathological collagen type I turnover in preeclampisa, the aim of the present study was to determine the levels 
of N-terminal propeptide of collagen type I (PINP), C-terminal propeptide of collagen type I (PICP): both markers of collagen type I 
synthesis and levels of matrix metalloproteinase-1 (MMP-1): marker of collagen type I degradation in sera of women with early-onset 
preeclampsia. 

Materials and methods: Thirty-two patients with early-onset preeclampsia were examined. The mean age of the patients was 
28.8±5.5 years; and the mean age of 22 age-matched healthy pregnant women was 28.5±6.0 years. The enzyme-linked immunosorbent 
assay (ELISA) was used for measuring serum levels of PINP, PICP and MMP-1. 

Results: There were no statistically significant differences between levels of PINP, PICP and MMP-1 in the sera of women with pre-
eclampsia and healthy pregnancies: 16.991 (15.41÷21.143) vs. 17.189 (15.805÷20.747) µg/L (KW=0.02; p>0.05), 10.929 (8.7÷13.937) 
vs. 11.474 (7.369÷11.932) µg/L (KW=0.026; p>0.05), and 2.097 (1.384÷2.923) vs. 2.589 (1.41÷4.533) µg/L (KW=0.238; p>0.05), respec-
tively. There were statistically significantly higher number of patients from the preeclampsia group than healthy pregnant women with 
BMI≥25 (23/32 vs. 4/22) and abnormal UAD (18/32 vs. 2/22) (p<0.05).

Conclusions: Our results did not show significant differences between serum levels of PINP, PICP and MMP-1 (markers of collagen 
type I turnover) in women with early-onset preeclampsia and healthy pregnancy. Further studies with more specific methods and larger 
sample size are required to assess changes in the serum levels of PINP, PICP and MMP-1 in early-onset preeclampsia.
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INTRODUCTION

Preeclampsia (PE) is characterized by the new onset of  
hypertension (≥140/90 mmHg) and proteinuria (0.3 g in a 
24-h urine sample) occurring after 20 weeks of gestation. 
PE complicates about 2%–8% of pregnancies worldwide.1 
It is a major cause of maternal and perinatal morbidity and 
mortality.2 

The human uterus is composed of a fibrous tissue 
framework consisting mainly of collagen types I and III 
(responsible for coherence and supportive strength of the 
uterus). Controlled collagenolysis and/or changes in col-
lagen cross-linking will be needed to meet the demand of 
the growing uterine content to expand. As the uterus grows 
during pregnancy, there is a high production and turnover 
of collagen proteins. In a normal pregnancy, the luminal 
diameter of the spiral arteries is increased, and the vascular 
smooth muscle is replaced by trophoblastic cells. 

Normally, collagen type I turnover is a well regulated 
process. Uterine extracellular matrix (ECM) turnover is 
characterized by a precise balance between collagen syn-
thesis and degradation. Matrix metalloproteinases (MMPs) 
favour collagen degradation, while their natural inhibi-
tors (TIMPs) suppress this process. Collagen type I syn-
thesis markers include N-terminal propeptide of collagen 
type I (PINP) and C-terminal propeptide of collagen type 
I (PICP).3 Matrix metalloproteinase-1 (MMP-1) is a col-
lagenase which “cleaves interstitial collagens I, II and III 
into characteristic 3/4 and 1/4 fragments but they can  
digest other ECM molecules and soluble proteins”.4 Products  
derived from collagen type I turnover - PICP, PINP (mark-
ers for collagen type I synthesis), along with MMP-1 
(marker for collagen type I degradation) can be determined 
in circulation (Fig. 1).5

Collagen type I turnover is impaired in preeclampsia 
and pathological changes are observed in the composition 
of human uterine ECM. They are the result from dysregu-
lation of collagen synthesis and degradation processes.6 
Therefore, PICP, PINP, and MMP-1 might be found in  
abnormal concentrations in circulating blood of patients 
with preeclampsia.7-9 

MMP-1, also known as collagenase-1, was the first 
MMP identified by Gross and Lapiere in 1962.11 “Humans  
express MMP-1 while rodents have two MMP-1 isoforms - 
namely, MMP-1a and -1b. MMP-1 cleaves both ECM and 
non-ECM substrates such as collagen, gelatin, laminin, 
complement C1q, IL-1β, and TNF-α, suggesting a crucial 
role in inflammatory and fibrotic responses”.12 MMP-1 
can also activate MMP-2 and -9, initiating an activation  
cascade. MMP-1 is an important member, which par-
ticularly degrades interstitial collagen and is abundant in  
tissues of the placenta and decidua.13 “The invasive capac-
ity of trophoblasts has been associated with their secretion 
of MMP-1. MMP-1 is an important member of the MMP 
family. The zymolytes of MMP-1 are collagen and metagel-
atin, which play major roles in trophoblast invasion”.14  

AIM

The aim of our study was to investigate changes in mar-
kers of collagen type I turnover in sera of patients with 
early-onset preeclampsia (between 20 and 34 gestational 
weeks) and to compare them with healthy pregnancy.   
Methodologically, our study was carried out in two parts. 
We measured first the N-terminal propeptide of collagen 
type I (PINP), C-terminal propeptide of collagen type 
I (PICP) reflecting collagen type I synthesis.15 After that 

Figure 1. Structure of type I collagen. Type I collagen is a heterotrimer composed of two α-1 and one α-2 left handed polyproline II like 
chains that are assembled into a right handed triple helix. “It is synthesized as a procollagen, containing both amino terminal (PINP) and 
carboxyl-terminal propeptide sequences (PICP), which are proteolytically cleaved by specific proteases (a disintegrin and metallopro-
teinase with thrombospondin motifs 2 [ADAMTS2] and bone morphogenetic protein 1 [BMP1], respectively) that recognize specific 
sequences in the N terminal cleavage sites, and for the C-terminal cleavage sites”.10    
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we determined the levels of matrix metalloproteinase-1 
reflecting collagen type I degradation. All markers were 
measured in sera of women with early-onset preeclampsia 
(between 20 and 34 gestational week) and in healthy preg-
nant women.

MATERIALS AND METHODS

Subjects

All patients were recruited from the Clinic of Obstetrics 
and Gynecology, at G. Stranski University Hospital in  
Pleven. Sera samples of subjects were taken from October 
2019 to February 2020. All procedures we followed were 
in accordance with the ethical standards of the committee 
on human experimentation (institutional or regional) and 
with the Helsinki Declaration of 1975, as revised in 2000. 
The study was approved by the local Ethics Committee. 
Informed consent from each participant was obtained too. 
The study group consisted of 32 patients with preeclampsia, 
the mean age of the patients was 28.8±5.5 years; and the 
mean age of 22 age-matched normal pregnancy controls 
was 28.5±6.0 (Table 1).

Study criteria 

● The inclusion criteria were as follows: Pregnant  
women with clinical symptoms and laboratory crite-
ria for early-onset preeclampsia (between 20 and 34 

gestational weeks); maintaining a current diet and 
exercise during the study; signing informed consent 
to participate in the study; lack of metabolic syndro-
me and/or diabetes mellitus; parameters of hyperten-
sion  (degree, stage, complications); presence/absen-
ce of risk factors; Presence/absence of target organs  
damage (brain, kidney, cardiac, ocular, peripheral); 
signed informed consent approved by the Ethics Com-
mittee at the G. Stranski University Hospital and the 
Medical University of Pleven.

● The exclusion criteria were as follows: diabetes, kidney 
and heart disease, signs of chorioamnionitis, presence 
of a fetus with a chromosomal abnormality.

 Diagnostic criteria for preeclampsia
 Preeclampsia is defined by hypertension in pregnan-

cy* and coexistence of one or more of the following 
new-onset conditions**:

* Definition and classification of hypertension in pregnan-
cy according to the 2018 European Society of Cardiology 
(ESC) Guidelines for the management of cardiovascular 
diseases during pregnancy.

 The definition of hypertension in pregnancy is based 
only on office (or in-hospital) BP values (systolic BP 
(SBP) ≥140 mmHg and/or DBP ≥90 mmHg) and dis-
tinguishes mildly (140-159/90–109 mmHg) or seve-
rely (≥160/110 mmHg) elevated BP, in contrast to the 
grades used by the joint ESC/European Hypertension  
Society Guidelines (ESH).16 

** Definition of new-onset conditions 
● Proteinuria
 Spot urine protein/creatinine >30 mg/mmol (0.3 mg/

mg) or >300 mg/day or at least 1 g/L (“2+”) on dipstick 
testing.

● Other maternal organ dysfunctions 
1. Renal insufficiency (creatinine >90 μmol/L; 1.02 mg/

dL); 
2. Liver involvement (doubling of serum transaminases 

and/or severe right upper quadrant pain); 
3. Neurological complications (eclampsia, altered 

mental status, blindness, stroke, or more commonly  
hyper-reflexia when accompanied by clonus and  
severe headaches when accompanied by hyper- 
reflexia and persistent visual scotomata); 

4. Hematological complications (platelet count 
<150 000/dL, DIC, and hemolysis).

● Uteroplacental dysfunction: Fetal growth restriction.
 Definition of early-onset and late-onset preeclampsia 

according to the International Society for the study of 
Hypertension in Pregnancy (ISSHP).

 Early-onset preeclampsia (EOP) is defined before 
34 weeks’ gestation, and late-onset preeclampsia (LOP) 
is defined after 34 weeks or later.17 

Blood pressure
Arterial blood pressure was measured using a standard 
aneroid sphygmomanometer, to the nearest 2 mmHg, in 
the dominant arm after at least 10-min rest in the supine 

Table 1. Clinical data of women with preeclampsia and normal 
pregnant women

Preeclampsia
Normal 
pregnant 
women

Maternal age 28.8±5.5 28.5±6.0
BMI≥25 23/32* 4/22
Gravida 2(2)** 3(2) **
Parity 1(2) ** 1(2) **
SBP (mmHg) 138±17* 116±14
DBP (mmHg) 81±10* 68±8
Past history of preeclampsia 1/32 8/22*
Family history of hypertension 11/32 19/22*
Chronic hypertension 1/32 0/22
Abnormal UAD 18/32* 2/22
Smoker 6/32 2/22
Number (n=32) (n=22)

 

BMI: body mass index; SBP: systolic blood pressure; DBP: diastol-
ic blood pressure; UAD: uterine artery Doppler; data are shown 
as the mean±SD; *p<0.05; **Data are expressed as median (inter-
quartile range)
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position. Blood pressure measuring was performed by the 
Riester blood pressure measuring tool - Type- Precisa® N; 
Ø 64 mm aluminium, single-tube, cotton hook cuff, adult, 
No.1362-104.

Electrocardiography
Electrocardiography (ECG) was performed for LVH as-
sessment (Sokolow-Lyon index >35 mm, or R in aVL ≥11 
mm; Cornell voltage duration product >2440 mm•ms, or 
Cornell voltage >20 mm in women.18 ECG was performed 
by a 12-lead ECG machine (Fukuda - Type - FX 8322).

Doppler of the uterine artery 
Flow velocity waveforms of the uterine artery were perfor-
med by ultrasound apparatus using an AB 2–7 MHz con-
vex abdominal probe. The mean pulsatility index (PI) was 
calculated. An abnormal Doppler of uterine artery result 
was diagnosed as a mean PI> the 95th percentile for each 
gestational age.19  

ELISA
Enzyme-linked immunosorbent assay (ELISA) was used 
for measuring the levels of PINP, PICP and MMP-1. They 
were measured in serum samples using enzyme-linked im-
munosorbent assay kits (RJ-HUFI00724, Human PICP/
Procollagen I C-Terminal Peptide, Reagent Genie) and 
(RJ-HUFI00840, Human PINP/Procollagen I N-termi-
nal Peptide, Reagent Genie); (1B-RK00340, Human Total 
MMP-1 ABclonal Technology) according to the manufac-
turer’s instructions. 

Statistical analysis

The results were analysed using Excel (Microsoft Corpo-
ration, Redmond, WA) and Statgraphics Plus (Manugis-
tics, Rockville, MD) for Windows. All results were descri-
bed in tables, graphs, numerical values (mean±SD, share  
indicators, and correlations). The level of significance was 
determined as p<0.05. In cases of a different from normal 
distribution, median was used (M), together with first and 
third quartile Q1 and Q3; (twenty-fifth and seventy-fifth 
percentile P25 and 75P).

Table 2. Serum levels of N-terminal propeptide of collagen type I (PINP), C-terminal propeptide of collagen type I (PICP) and matrix 
metalloproteinase- 1 (MMP-1) levels in women with preeclampsia compared with healthy pregnant women

Serum levels (µg/L) MMP-1 PINP PICP
Preeclampsia 2.097 (1.384÷2.923) 16.991 (15.41÷21.143) 10.929 (8.7÷13.937)
Normal pregnant women 2.589 (1.41÷4.533) 17.189 (15.805÷20.747) 11.474 (7.369÷11.932)
Comparison between groups (KW=0.238; p>0.05) (KW=0.02; p>0.05); (KW=0.026; p>0.05)

 
 

PICP: C-terminal propeptide of collagen type I; PINP: N-terminal propeptide of collagen type I; MMP-1: Matrix metalloproteinase- 
1; Data are expressed as median together with first and third quartile Q1 and Q3; (twenty-fifth and seventy-fifth percentile P25 and 
75P)

RESULTS

There were no statistically significant differences bet-
ween levels of PINP, PICP, and MMP-1 in the sera of wo-
men with preeclampsia and healthy pregnancies: 16.991 
(15.41÷21.143) vs. 17.189 (15.805÷20.747) µg/L (KW=0.02; 
p>0.05); 10.929 (8.7÷13.937) vs. 11.474 (7.369÷11.932) 
µg/L (KW=0.026; p>0.05) and 2.097 (1.384÷2.923) vs. 
2.589 (1.41÷4.533) µg/L (KW=0.238; p>0.05), respective-
ly (Table 2) (Fig. 2). There were statistically significantly 
higher number of patients with preeclampsia than healthy 
pregnant women with BMI≥25 (23/32 vs. 4/22) and abnor-
mal UAD (18/32 vs. 2/22) (p<0.05). 

DISCUSSION

Preeclampsia is one of the most common pregnancy di-
sorders. Early detection is paramount for risk stratification 
and prevention of further complications. There is growing 
evidence for involvement of uterine ECM in the preeclamp-
sia’s pathophysiology. Uterine collagen type I structure has 
been known to be altered in women with preeclampsia and 
imbalance occurs between the uterine ECM synthesis and 
degradation processes. This acts as a stimulus for abnormal 
changes in concentrations of PICP and PINP (reflecting 
collagen type I synthesis) along with MMP-1 (reflecting 
collagen type I degradation) in circulation.

Yamamoto et al.20 in 2001 and Kanagasabai et al.21 meas-
ured PICP and PIIINP by radioimmunoassay in maternal 
serum samples from patients diagnosed with preeclampsia 
at 32 weeks’ gestation or later and in controls from the same 
period of gestation. For PICP, 37 cases and 36 controls were 
studied; for PIIINP, 12 cases and 19 controls were studied. 
The authors found that maternal serum levels of PICP and 
PIIINP were mildly elevated in patients with preeclampsia. 
These markers are unlikely to be useful in the prediction of 
preeclampsia.

Anim-Nyame et al.22 found that C-terminal telopeptide 
of collagen type I (ICTP) and PICP increased progres-
sively in the normal pregnant and pre-eclampsia groups, 
but the rate of increase was significantly greater in the latter 
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(p=0.00002 and 0.0008, unpaired t-test, for ICTP and PICP 
summary measures, respectively). 

Yasumizu et al.23 measured serum PICP, ICTP, and  
osteocalcin in 17 full-term mother-infant pairs and 17 age-
matched nonpregnant women. “Serum PICP and ICTP 
of term women at the time of delivery were significantly 
higher (p<0.025, p<0.01, respectively) and serum osteocal-
cin was significantly lower (p<0.001) than in nonpregnant 
women. The ratio of PICP to ICTP was essentially the same 
for term and nonpregnant women. Serum PICP, ICTP, and 
osteocalcin were virtually the same in the umbilical arteries 
and vein. PICP, ICTP, and osteocalcin were much higher in 
fetal than maternal circulation (p<0.001)”.

Pathological collagen type I turnover was found in the 
aorta, uterus, and placenta of pregnant rats with reduced 
uterine perfusion pressure (RUPP). RUPP is one of the 
main pathophysiological signs of preeclampsia. “Mater-
nal blood pressure was higher and the litter size and pup 
weight were lower in RUPP compared with Preg rats. Gela-
tin zymography showed prominent uterine matrix metal-
loproteinases (MMPs) MMP-2 and MMP-9 activity that 
was dependent on the amount of loaded protein. At satu-
rating protein loading, both gelatin and casein zymography  
revealed two additional bands corresponding to MMP-1 
and MMP-7 that were greater in the aorta, uterus, and pla-
centa of RUPP compared with pregnant rats. Western blots 
and immunohistochemistry confirmed increased MMP-
1 and MMP-7 in the aorta, uterus, and placenta of RUPP 
versus pregnant rats. The levels of MMP-1 and MMP-7 
substrate collagen type I were greater in tissues of RUPP 
compared with pregnant rats”.24 

Guadalupe Estrada-Gutierrez et al. showed an increased 
expression of matrix metalloproteinase-1 in systemic ves-
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Figure 2. Serum levels of N-terminal propeptide of collagen type I (PINP), C-terminal propeptide of collagen type I (PICP) and 
matrix metalloproteinase-1 (MMP-1) levels in women with preeclampsia compared with healthy pregnant women. PICP: C-terminal 
propeptide of collagen type I, PINP: N-terminal propeptide of collagen type I; MMP-1: matrix metalloproteinase-1; Data are expressed 
as median.

sels of women with preeclampsia. Vessel expression of 
MMP-1 and circulating MMP-1 levels were increased in 
plasma of women with preeclampsia, whereas vascular  
expressions of collagen or tissue inhibitor of metallopro-
teinase-1 were down-regulated or unchanged.25 

Gupta et al. compared serum values of MMP-1, its na-
tural inhibitor TIMP-1, and their ratio in the second and 
third trimester of normal and pre-eclamptic pregnancy. 
Thirty females progressing to normal pregnancy were 
compared with 16 females who developed preeclampsia. 
MMP-1 and TIMP-1 concentrations were measured in  
serum samples (II and III trimester) of the females by  
enzyme linked immuno-sorbent assay. There was no sig-
nificant difference in the serum levels of MMP-1, TIMP-
1, and ratio of MMP-1 and TIMP-1 in pre-eclamptic and 
normal pregnancy females. There is a lack of alteration in 
the levels of MMP-1, TIMP-1, and their ratio during the 
progression of pre-eclampsia when compared with normal 
pregnancy.26 

Chun Lei Deng et al. measured by ELISA levels of MMP-
1 in maternal umbilical serum of women with preeclampsia 
and compared concentrations with normotensive pregnant 
females. MMP-1 levels were decreased in maternal umbili-
cal serum of patients with preeclampsia.27 

Preeclampsia complicates about 2%–8% of pregnancies 
worldwide. It is one of the most widely seen hypertensive 
disorders of pregnancy. PE is characterized by the new  
onset of hypertension (≥140/90 mmHg) and proteinuria 
(0.3 g in a 24-h urine sample) occurring after 20 weeks of 
gestation. PE is a major cause of maternal and perinatal 
morbidity and mortality. Despite that fact, it has not been 
fully studied yet.

Research findings about the role of PICP, PINP 
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and MMP-1 in preeclampsia demonstrate fluctuation.  
The studies20-23 show mild to moderate increase of PICP 
maternal serum levels in hypertensive disorders of preg-
nancy. MMP-1 serum levels have been reported to be  
increased in some studies24,25, non-significantly changed in 
another study26 or decreased in women with preeclampsia 
compared with healthy pregnancies27. Data about N-ter-
minal propeptide of collagen type I (PINP) serum concen-
trations in preeclampsia are insufficient yet. The thorough 
analysis of data of all available studies20-27 of collagen  
metabolism in preeclampsia shows that the extent of the 
elevation of PICP and MMP-1 was mild to moderate.  
Authors conclude that it is less likely that PICP or PIIINP 
levels, measured in the second trimester, would be predic-
tors of preeclampsia, although this remains to be tested. 

Variation in research data is available regarding the 
role of MMP-1 and PICP in preeclampsia.20-27 Possible 
reasons could be: (1) use of different laboratory methods 
for determination of serum collagen type I biomarkers 
like radioimmunoassay tests20-23, ELISA26,27 or Western 
blot24,25; (2) measurement of PICP, PINP and MMP-1 in 
different human specimens like blood serum and plasma 
in studies20-23,25-27 or using placenta samples.24 Interest-
ingly, almost all studies investigating collagen turnover in 
preeclampsia did not differentiate patients with early-onset 
preeclampia (≤34 gestational weeks) from patients with 
late-onset preeclampsia (≥34 gestational weeks) and their 
conclusions are not based on this differentiation. 

“Despite the active search of multiple potential preec-
lampsia biomarkers, the clinical efficacy of these markers 
has shown low predictive value. The exact biological role of 
collagen pre-eclamptic pregnancy is not well fully defined 
yet”.15 The current study was methodologically carried out 
in two parts: Firstly, measuring serum procollagen type I 
peptides concentrations PINP and PICP, hereby assessing 
collagen type I synthesis.15 After that, we determined levels 
of MMP-1, hereby assessing collagen type I degradation. 
These markers were determined in sera of women with 
early-onset preeclampsia (between 20 and 34 gestational 
weeks) and healthy pregnant women. Our study showed 
no statistically significant different serum levels of PICP, 
PINP and MMP-1 between women with early-onset preec-
lampsia (between 20 and 34 gestational weeks) and healthy 
pregnancies. 

Serum PICP levels in our investigation were against 
previous findings20-23, while MMP-1 levels were compliant 
with data of Gupta et al.26 PINP levels were not significantly 
changed between patients and controls. We suggest three 
possible reasons for this discrepancy. Firstly, we used ELISA 
for measurement of collagen type I biomarkers, while other 
studies used radio-immunoassay analysis and this makes 
comparison of results very difficult. Secondly, small sample 
size and probably ELISA method specificity and sensitivity 
are limitations of the current study design. Further studies 
with more specific methods like Western blot, immunohis-
tochemistry or immunocytochemistry and larger sample 
size might be required to assess changes in serum levels 

of PINP, PICP and MMP-1 in early-onset preeclampsia. 
Thirdly, changes in markers of collagen type I turnover are 
likely to occur at a very early stage of pregnancy. Therefore, 
to more precisely determine the extent of the association of 
these markers with early-onset preeclampsia, PICP, PINP, 
and MMP-1 levels should be determined in serial measure-
ments at various time points.

This study included small groups of subjects. History of 
preeclampsia and family history for hypertension were not 
exclusion criteria for both patients’ and controls’ groups. 
That is why all current participants were eligible. Subjects 
from the control group were randomly assigned. It appears 
that they frequently had history of preeclampsia (8/22) 
and family history of hypertension (19/22). Therefore, 
the healthy pregnant women in the current study were at 
higher risk and eligible for assignment as well. They were 
closely monitored during the whole investigation and we 
also followed them post-study. Their pregnancy outcomes, 
possible later hypertension development and other results 
were marked. We are still analyzing all these data, which 
will be used for future studies.

There is evidence that development of the maternal 
blood supply to the placenta is complete by the end of 
the first trimester of pregnancy week 14. Placenta is con-
sidered mature by 34 weeks. The current study included  
patients with EOP, because we aimed to determine chang-
es in serum collagen type I turnover markers after 20 and  
before 34 week. Moreover, literature data for similar studies 
measuring levels of PINP, PICP, and MMP-1 in samples of  
patients with preeclampsia are insufficient yet.

Placenta plays a key role in the mechanism of preec-
lampsia. “Although its pathogenesis is not clear, preec-
lampsia is clinically defined by the secondary features of a 
primary placental disorder. One of the major differences is 
that there is clear placental pathology with EOP while LOP 
placentas are usually normal to routine clinicopathological  
examination. Hence EOP and LOP both result from the 
same problem, malperfusion, which has very different caus-
es”.28 The possible pathology of EOP comprises lesions of 
uteroplacental malperfusion leading to placental ischemia, 
reduced uterine perfusion pressure, abnormal vascular 
and uterine ECM remodeling at the maternal fetal inter-
face.29 All these processes alter collagen type I metabolism.  
Collagen type I is a major structural uterine ECM compo-
nent. Its turnover is a well regulated process during normal 
pregnancy, but it is impaired in preeclampsia and patho-
logical changes are observed in the composition of human 
uterine ECM. Therefore concentrations of collagen type I 
markers in circulating blood are altered.

CONCLUSIONS

The current study was not able to demonstrate the effec-
tiveness of PINP, PICP and MMP-1 levels measurement 
in early-onset preeclampsia. This calls the need for larger 
and longitudinal investigations with more specific me-
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thods and serial measurements at various time points to be  
accomplished. This would allow more precise determina-
tion of the extent association of these markers with con-
current early-onset preeclampsia. Hereby, it would cla-
rify usefulness of PINP, PICP and MMP-1 as markers of  
early-onset preeclampsia development.
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Резюме
Введение: Коллаген 1 типа является основным структурным компонентом матки человека. Недавние исследования показа-
ли, что метаболизм коллагена 1 типа изменяется при преэклампсии и возникает дисбаланс между синтезом коллагена и про-
цессом его распада. Это стимул для аномальных изменений концентрации производных коллагена 1 типа в циркулирующей 
крови.

Цель: Принимая во внимание патологический обмен коллагена 1 типа при преэклампсии, целью настоящего исследования 
было определение уровней N-терминального пропептида коллагена 1 типа (P1NP), C- терминального пропептида коллагена 1 
типа (P1CP): оба маркера. для синтеза коллагена типа 1 и матричных уровней металлопротеиназы-1 (ММР-1): маркер дегра-
дации коллагена типа 1 в сыворотке крови женщин с ранней преэклампсией.

Материалы и методы: Обследовано 33 пациента с ранней преэклампсией. Средний возраст пациентов составил 28.8±5.5 
года; и средний возраст 22 здоровых беременных пациенток того же возраста составлял 28.5±6.0 г. Иммуноферментный ана-
лиз (ELISA) использовался для измерения сывороточных уровней P1NP, P1CP и MMP-1.

Результаты: Не было обнаружено статистически значимых различий между уровнями P1NP, P1CP и MMP-1 в сыворотках 
женщин с преэклампсией и нормальной беременностью: 16.991 (15.41÷21.143) против 17.189 (15.805÷20.747) µg/L, соответ-
ственно (KW=0.02; p>0.05), 10.929 (8.7÷13.937) против 11.474 (7.369÷11.932) µg/L (KW=0.026; p>0.05) и 2.097 (1.384÷2.923) про-
тив 2.589 (1.41÷4.533) µg/L (KW=0.238; p>0.05). В группе преэклампсии было статистически значимо больше пациентов, чем у 
здоровых беременных женщин с ИМТ ≥25 (23/32 против 4/22) и аномальным UAD (18/32 против 2/22) (p<0.05).

Заключение: Наши результаты не выявили статистически значимых различий между сывороточными уровнями P1NP, 
P1CP и MMP-1 (маркеры метаболизма коллагена 1 типа) у женщин с преэклампсией на ранней стадии и нормальной беремен-
ностью. Для оценки изменений сывороточных уровней P1NP, P1CP и MMP-1 при ранней преэклампсии необходимы дальней-
шие исследования с использованием более конкретных методов и большего объёма образцов.
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