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Summary

The objective: to investigate the changes of serum markers of collagen in patients with
various forms of atrial fibrillation (AF). Methods: C-terminal propeptide of type | collagen
(CTTP-I), C-terminal telopeptide of type I collagen (CTTC-I), matrix metalloproteinase-1, and
tissue inhibitors of matrix metalloproteinase | were used as markers of collagen synthesis. The
study group included 70 persons, the control one — 20. Results: The levels of CTPC-I and
CTTK-I in patients with AF were significantly higher compared with the control group (91 £ 27
ng/ ml, 67 £11 ng/ ml, p <0.001 and 0.38 £ 0.20 ng / ml, 0.25 + 0.08 ng / ml, p < 0.001,
respectively). The level of CTPA-I in patients with persistent and chronic forms of AF was
significantly higher (105 + 28 ng / ml and 126 + 26 ng / ml versus 80 = 21 ng / ml, p < 0.001)
compared with paroxysmal AF patients. Patients with persistent and chronic forms of AF
showed significantly lower level of matrix metalloproteinase-1 (MMP-1), however, the level of
tissue inhibitor of matrix metalloproteinase-1 (TIMP-1) was increased in comparison with
patients with paroxysmal AF (09.67 £ 4.41 ng / ml, 11.90 + 4.79 ng / ml against 14.98 £ 6.28 ng
/ ml, p =0.03 and 187 + 49 ng / ml, 155 * 45 ng / ml against 130 £ 38 ng / ml, p < 0.001,
respectively). The level of TIMMP-1 was significantly lower in the control group compared with
patients with paroxysmal, persistent and chronic forms of AF (102 + 15 ng / ml, 130 + 38 ng /
ml, 155 + 45 ng / ml and 194 + 49 ng / ml, respectively, p < 0.001). Conclusions: Serum levels
of type I collagen markers are significantly different between healthy people and patients with
AF. Moreover, these markers also differ depending on the form of AF. It can be assumed that the
intensity of extracellular synthesis and degradation of type | collagen may be related to the
severity and type of AF.
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3MIHA NO3AKJITUHHOI'O MATPUKCY Y MAIIEHTIB 3 PIBHUMU ®OPMAMHU
®IBPUJISLIT MEPEJACEPID

Iopsiumii O. B., I'o:kenko A. L., Jleuenko O. M., I'opsiua A. B.

YxkpaiHcbKHii HAYKOBO-I0CTITHUIbKHI iHCTUTYT MeIMIIMHH TPAHCIIOPTY,

Opnecbka o0/1acHa KJIiHIYHA JiKapHS

Pe3rome

Mera: Hamu Oyn0 JOCIIDKEHO 3MIHY CHPOBATKOBUX MapKepiB KOJIareHy y Malli€HTIB 3
pi3HuMu popmamu idpumnsauii nepeacepap (PII). Meroau: Sk mapkepu CHUHTE3y KojareHy
BUKOpHUCTOBYBanuca C-tepMminanbHuil nmponentu konareny I tumy (L{TTIK-I), C-repminanbuuii
tenonentun konareny [ tunmy (LITTK-I), marpukcha wmetamnonporeiHasza-I, 1 TKaHHHHI
1HT10iTOpH MaTpukcHOi Mertautonpoteinasu 1. JlocmimkyBany rpymy ckiam — 70 oci0,
KoHTpoJIbHY — 20.

Pesyabratu: PiBenp I[TIIK-I 1 ITTK-I y mamientisB 3 ®II OyB 3Ha4yHO BUIIE B
MOPIBHSHHI 3 KOHTPOJIbHOIO Tpymoto (91_x 27 ar/mi., 67 £ 11 ur/ma, p < 0,001 1 0,38 + 0,20
Hr/mi, 0,25 + 0,08 ur/mi, p < 0,001, Bignosigao). Pisers L[TIIK-I y nmarieHTIB 3 mepcucTyO4Y010
Ta xpoHigHOtO (hopmamu DII 6y 3HauyHO BHie (105 £ 28 Hr/mi 1 126 + 26 ar/mu npotu. 80 £ 21
Hr/mi, P < 0,001) B mopiBHSHHI 3 TAIlIEHTaMH 3 TApOKCU3MalIbHOIO opmoro DI, V marieHTiB 3
MEePCUCTYIOUOI0 Ta XpoHIuHOIO opmamu DIl Bin3HAuaBCs 3HAYHO HUKYUK PIBEHb MATPUKCHOT
Metauionpoteinazu-1  (MMII-1) mpore piBeHb TKAaHWHHOTO 1HTiIOITOpa  MAaTPUKCHOI
MetauionpoTeinazu-1  (TIMMII-1) OyB migBUIEHWH B TIOPIBHAHHI 3 TAaIlllEHTaMH 3
napokcuzmanbHo PIT (09,67 + 4,41 ur/mn, 11.90 £ 4,79 ar/ma npotu 14,98 + 6,28 Hr/mi, p =
0.03 1 187_%= 49 ar/mn, 155_£ 45 ar/mu npotu 130_+ 38 mr/mi, p < 0.001, BignoBigHO). PiBeHb
TIMMII-1 OyB 3HayHO HIKYE B KOHTPOJIbHIN Tpymi B TMOPIBHAHHI 3 TNAallieHTaMu 3
MapOKCU3MAIBbHOIO, TIEPCUCTYIOUO0I0 1 XpoHiuHOKO (opmamu DIT (102_% 15 wr/ma, 130 % 38
ur/mi, 155+ 45 ur/min i 194 £ 49 wr/mo, Bignosigao, p < 0,001). BucuoBku: CHpOBaTKOBHIA
piBeHb MapkepiB KojareHy | Tumy 3HauHO BIIPI3HAETBCS MDK 3J0POBUMH JIIOJBMH Ta
narienTamu 3 @II. binbi Toro i Mapkepu TakoX BiIPi3HAIOThCA B 3a1eKHOCTI Big popmu DII.
Mo>kHa NPUIYCTUTH, 110 IHTEHCUBHICTb MMO3AKIITUHHOTO CUHTE3Y 1 erpajaaiii konareny I tumy
MOke OyTH MOB'sI3aHa 3 TSHKKICTIO 1 Tuiom OI1.

Kuro4oBi cjioBa: ChIBOPOTOYHBI MapKep KOJLIareHa, puOpM/LIALUA Npeacepani,

KJIEeTOYHBIA CHHTE3.



N3MEHEHHUE BHEKJIETOYHOI'O MATPUKCA Y TAIMEHTOB C
PA3JIMYHBIMUA ®OPMAMMU ®UBPULIAINNA ITPEJICEP U

Topsumii A. B., I'o:xkenko A. U., Jlesuenko A. H., 'opsaiua A. B.

praI/IHCRHﬁ Hay‘-lHO-I/ICCJIe}IOBaTeJII)CKHﬁ HHCTUTYT MEAUILIMHBI TPaHCIIOPTAa,

Onecckad 00J1acTHAs KIMHHYECKas 00JbLHHALA

Pe3rome

Llens: HamMu OBUIO HCCIIEOBAHO WM3MEHEHHME CHIBOPOTOUYHBIX MapKEpOB KoOJIJIareHa y
MAlMEHTOB C pa3iuyHbIMU Qopmamu ¢ubpusauuu npeacepauit (PI1). Memoow:: B xauecTBe
MapKepoB CHHTE3a KOJulareHa MCHoJb30Baiuch C-TepMHUHANBHBIM MponenTH Kojiaresa | tuma
(LITIK-I), C-repmunaneubiii  Tenonentun kojutarena [ tuma (I[TTK-1), wmarpukchas
MeTajylonpoTenHasa- [, W TKaHeBble WHIHMOUTOPHI MATPUKCHOM MeTayuionpoTenHassl .
Uccnenyemyto rpymny coctapmm — 70 denoBek, KoHTposibHYI0 — 20. Pe3yabTaThl: YPOBEHb
HTIIK-T u HTTK-I y nmaruentoB ¢ ®II Ob11 3HAUUTETHHO BBIIIE 10 CPAaBHEHUIO C KOHTPOJBHOU
rpynmno# (91 + 27 ur/mn., 67 = 11 ar/mn, p < 0,001 u 0.38 + 0,20 ar/mi, 0,25 + 0,08 ar/mi, p <
0,001, cootBerctBenHO). YpoBeHb L[TTIK-I y mamueHTOB ¢ MEPCUCTHPYIOMIEH U XPOHUYECKON
dbopmamu DIT Opu1 3HaunTENBHO BBIIIE (105 + 28 Hr/Mn u 126 = 26 Hr/mu npotus. 80 + 21
Hr/mi, P < 0,001) mo cpaBHEHHIO ¢ TAIMEHTAaMH ¢ TTapokcu3MabHOU popmoit PII. Y marueHnToB
¢ mepcuctupyroneid u xponudeckoid Gopmamu DIl ormedancs 3HAYUTENBHO OOJiee HUBKUUN
YPOBEHb MATPUKCHOM MeTrautonporenHasbli-1  (MMII-1) omgHako ypoBEHb TKaHEBOTO
MHTrUOMTOpa MaTpuKCcHOW MertamutonporenHassl-1 (TUMMII-1) ObuT MOBBINIEH B CPAaBHEHHUH C
nanueHTamu ¢ napokcusmanbHor @I (09.67 £ 4.41 ur/mn, 11.90 £ 4.79 ur/mn npotus 14.98 +
6.28 ur/ma, p = 0.03 u 187 £+ 49 ur/mn, 155 £ 45 ar/mn npotus 130 £+ 38 ur/mu, p < 0,001,
cooTBeTcTBeHHO). YpoBeHb THMMII-1 Obl1 3HaYUTENbHO HUXKE B KOHTPOJIBHOM TpyIle B
CPaBHEHMHU C MALMEHTaMU C MapOKCU3MAIbHON M MEPCUCTUPYIOIIEH U XPOHUYECKOH dopmamu
OIT (102 £ 15 vr/mn, 130 £+ 38 ar/mi, 155 £+ 45 ar/mi u 194 + 49 Hr/min, COOTBETCTBEHHO, P <
0,001).

Bwvi6oobr:  ChIBOPOTOYHBIN ypOBEHb MapKepoB KojuareHa | Tuma 3Ha4YUTEIHHO
OTJIMYAETCA MEXAY 3A0pOBbIMU JItoapMH U nanueHtaMu ¢ @II. boniee Toro 3t Mapkepsl Takxke
OTIUYarOTCcsl B 3aBUCUMOCTH OT (opmbl DII. MOXHO NPEANONOKUTh, YTO HHTEHCUBHOCTD
BHEKJIETOYHOTO CHHTE3a U JIerpajalu KojuiareHa | Tuma MokeT ObITh CBsI3aHHA C TSKECTHIO U
tunom OII.

KiroueBrble ci10Ba: CHIBOPOTOYHBINH MapKep KoJlIareHa, puopuuisnus npeacepaui,



KJIETOYHBIH CHHTE3.

Background. Recent studies have shown a significant increase in the level of collagen
deposition in the atria in patients with AF, unlike patients who are on sinus rhythm (SR) [1-3].
Preliminary experimental and clinical data suggested a feedback between the presence of fibrosis
in biopsy samples and the presence of arterial hypertension (AH). It was further shown that such
markers differ in patients with hypertension and without it, studies of their connection with
hypertrophy or other echocardiographic parameters have also led to contradictory [5,6].

Collagen type 1 is the most common collagen product of cardiac fibroblasts [7 ]. We have
estimated the amount of fibrosis in patients with paroxysmal, persistent and chronic isolated
forms of AF using enzyme immunoassay [4]. The level of MMP-1 and TIMP-I was also
evaluated.

Materials and methods. The study was approved by the ethical committee of the Odessa
Regional Hospital. It was consistent with the principles set forth in the Helsinki Declaration. All
patients signed an informed consent to participate in it.

96 outpatient patients aged 24 — 78 y. 0. with isolated AF were included into it with AF
without clinical or echocardiographic signs of cardiopulmonary disease, including AH.
Arrhythmia was considered to be paroxysmal with a duration of less than 24 hours and a
persistent duration of at least 3 months until the moment of inclusion. Chronic form of AF was
called a rhythm disorder for more than one year, resistant to drug therapy. Forms of AF were
determined according to the leadership standard of the European Society of Cardiology, 2016
[8]. The control group consisted of 24 patients with no history of AF.

Exclusion criteria: conditions associated with elevated serum marker of myocardial or
tissue fibrosis, such as liver disease, renal dysfunction, pulmonary fibrosis, extensive wound
surfaces, metabolic bone diseases, malignant neoplasms, connective tissue diseases, chronic
inflammatory diseases, recently suffered infectious diseases and surgical interventions, age over
80 y.o. or presence of an implanted pacemaker / implantable cardioverter defibrillator (ICD).

During the study, in the patients of the study and control groups serological markers of
type | collagen, the echocardiographic size of the LA and the LA ejection fraction (LAEF) were
compared. To control the frequency of ventricular contractions, diltiazem and beta-blockers were
used. All AF patients received antithrombotic treatment.

At the time of blood sampling, all patients had AF. Blood samples were collected during
a clinical trial and immediately placed on ice and centrifuged for 1 hour. Samples were stored at
-80 ° C until analysis.

The serum levels of TIMP-1 and MMP-1 were evaluated using enzyme immunoassay



with laboratory kits (Human Biotrack, Amersham Biosciences, USA). The level of CTPK-I type
was determined using enzyme immunosorbent assay with kit (Metra CICP, Quidel, USA), while
CTTC-1 was measured using an Elecsys B-CrossLaps / serum assay (Roche Diagnostics,
Mannheim, Germany). The measurement was performed by staff blinded to the clinical
information about the patients’ condition. Inside and inter-test coefficients of variation were < 8
% and < 10 %, respectively.

Statistical analysis. The data obtained were processed statistically using the Statistica 6.1
computer program. Quantitative signs with a normal distribution are presented as M + ¢ (mean *
standard deviation), with an abnormal distribution — in the form of a median and interquartile
range (Me). To identify the existing differences in ordinal characteristics, the non-parametric
Mann-Whitney test was used. Correlation analysis was performed using the Spearman R test for
quantitative values. At p < 0.05, differences were considered statistically significant. The study
design is represented by an open controlled one.

The results.

Patients. The initial clinical and demographic characteristics of the study population are
presented in Table 1. Group | comprised 24 patients with paroxysmal AF, Group Il — 26
patients with persistent AF, Group 111 — 22 patients with chronic AF and Group IV (control) —
24 AF-free patients. There were no significant differences in gender (p = 0.40) or age (p = 0.058)
between the AF groups and the control group. Patients with persistent and chronic form of AF
had lower levels of left ventricular ejection fraction (LVEF) (p = 0.038) and larger sizes of LA (p
< 0.001) compared with patients with paroxysmal AF and the control group.

Serum collagen markers. The results obtained are shown in Table 1.

Table 1
GENERAL CHARACTERISTICS OF PATIENTS
lgr,n=24 Igr,n=26 | Illgr,n=22 | IVgr,n=24 p
Age, y.0. 62.45 £ 13.17 64.44 +13.81 67.88 +£13.31 63.65 + 13.34 0.025
Sex, m/f 16/8 19/7 15/7 17/7 0.621
LVEF, % 55.39 +£3.32 53.65 + 3.27 51.65 +3.27 60.09 £ 3.2 0.227
LA, mm 36.23 + 3.87 43.47 +4.52 4557 £4.75 37.45 + 3.68 <0.001
BMI, kg/m2 27.32+£1.64 27.65+1.73 2791 +1.71 26.85+1.42 0.919
SBP, mm Hg 137.35+11.90 | 138.59+12.52 | 138,59+ 12,52 | 131.75+ 10.03 0.079
DBP, mm Hg 84.74 £4.34 83.91+£4.35 83.91+£4.35 83.75+£4.55 0.633
CTPC-I, ng/ml 78.74 £20.13 | 104.05+26.47 | 109.76 + 31.37 | 68.31+12.16 <0.001
CTTC-I, ng/ml 0.36 +£0.17 0.40 +0.19 0.44+0.21 0.27+0.11 0.016
MMP-1, ng/ml 13.89 +£5.34 11.87 +4.79 10.90 +4.91 12.53 +6.16 0.033
TIMP-1, ng/ml | 131.51+36.92 | 149.63+43.71 | 155.90 +45.86 | 103.61 + 14.96 <0.001

Values are expressed as mean + SD. Subsequent analysis showed that, 1) the age and

diameter of LA differed significantly between control patients and patients with persistent AF; 2)




CTPC-I in persistent AF patients differed significantly compared with patients with AF
paroxysmal form and control group patients (Fig. 1).
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Fig. 1. The level of CTPC-I1 in patients with AF.

3) the level of CTTC-I was significantly different in patients of the control group and
patients with various forms of AF (Figure 2);
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Fig. 2. The level of CTTK-I in patients with AF

4) the level of MMP-1 was significantly different in patients with persistent, chronic and

paroxysmal forms of AF (Figure 3);
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Fig. 3. The level of MMP-1 in patients with AF.

And 5) the level of TIMP-1 was significantly different in all intergroup comparisons

(Figure 4).
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Fig. 4. TIMP-1 level in patients with AF.

Patients with persistent and chronic forms of AF had lower levels of MMP-1 (p = 0.026),
but higher levels of TIMP-1 (p = 0.013) compared with patients with paroxysmal AF (Table 1,
Fig. 3, 4). Tissue inhibitor of matrix metalloproteinases-1 was significantly lower (p < 0.001) in
control subjects as compared with the studied patients (Fig. 4). The plasma MMP-1 level did not
differ significantly between the studied patients of different groups and the control group (Fig.
3).

Finally, in all AF patients, taken together, a positive correlation between the levels of
CTPC-I, TIMP-1 and the size of the LA (r = 0.635, p < 0.001 and r = 0.563, p < 0.001,



respectively) (Fig. 5), was observed, whereas the relationship between the levels of CTPC-I,
TIMP-1 and LVEF is weakly expressed (r = -0.234, p = 0.05, br = -0.278, p = 0.020,
respectively). A positive correlation was observed between the levels of MMP-1 and LVEF (r =
0.30, p = 0.012), whereas there was an inverse relationship between the levels of MMP-1 and the
size of the LA (r = -0.615, p < 0.001). Logistic regression analysis showed that age, sex, size of
the LA, the level of collagen markers TIMP-1, MMP-1, age and CTPC-1 are associated with the
presence of AF (Table 2).

Table 2

STEP-BY-STEP LOGISTIC REGRESSION ANALYSIS, PREDICTORS OF AF

Variable Ratio 95 % confidence
interval (CI)

TIMP-I 1.18 1.07-1.29 0.002
MMP-I 1.76 1.27-2.27 0.001
Age 1.16 1.06-1.34 0.005
CTPC-I 1.07 1.003-1.14 0.037

Discussion

Patients who initially have paroxysmal AF often progress to persistent AF and ultimately
the process becomes chronic. Although the exact pathophysiological mechanisms are poorly
understood, it is believed that persistent AF arises from atrial remodeling [9,10]. However, pure
electrical remodeling cannot explain the development of sustainable AF [10,11]. Atrial fibrosis
may be involved as a factor with a slower course involved in this process [3, 12, 13].

In this study, we demonstrated an increase in CTPC-1 and CTTC-I in the group of
patients with AF, taken as a whole and compared with patients on SR. Interestingly, that patients
with persistent and chronic forms of AF had the highest serum CTPC-I concentrations, whereas
patients with persistent, chronic, and paroxysmal AF had no differences in CTTC-I levels. Thus,
CTPC had a gradual growth from the control group to the group of patients with paroxysmal,
persistent and then to the permanent form of AF was demonstrated; however, this connection
was not observed in CTTC-I, presumably, the intensity of extracellular degradation of collagen
type | was insufficient to compensate for it increased synthesis, which led to an increase in
fibrosis in patients with persistent and chronic forms of AF.

In addition, in patients with chronic and persistent forms of AF, the levels of MMP-1
decreased, while levels of TIMP-1 increased compared with paroxysmal AF patients. The level
of TIMP-1 was also higher in patients with paroxysmal AF than in the control group. In addition,
a lower level of MMP-1 was observed in the control group than in paroxysmal AF, but higher

than in patients with persistent and persistent forms of AF (although the differences did not reach




statistical significance). This seems paradoxical, but it can be the result of the activation of
MMP-1, which depends on the nature of the stimulus and differs in acute and chronic stimulation
[14]. Thus, paroxysmal AF can lead to a sharp overload of pressure or volume, activating the
MMP-1 system, which is then compromised by prolongation and stabilization of the stimulus.

Another interesting finding was that the levels of CTPC-I and TIMP-1 correlated
positively with the diameter of the left ventricle and are inversely related to LVEF, whereas in
patients with AF with larger sizes of LV and lesser LVEF, it is likely that the arrhythmia is
longer there were lower levels of MMP-1.

Since only patients with isolated AF were involved in our study, we can assume that the
above mentioned changes were associated with the arrhythmia itself, and not with the presence
or absence of any concomitant factor with a progressive increase in fibrosis from paroxysmal to
chronic AF. In addition, enhanced fibrosis, especially in patients with the chronic form of AF,
may also be causative in both initiating and maintaining AF.

Study limitations and clinical implications. Collagen serum markers are not specific for
the heart. In addition, we did not confirm our data using atrial tissue biopsy data or coronary
sinus sampling. However, we have made every effort to exclude subjects with conditions
associated with the formation of fibrosis from the study.

Serial measurements of collagen indices after SR recovery for assessing potential
temporal changes in collagen levels are not available, although these data would certainly be a
valuable addition to our study and could confirm our results.

And finally, a small sample of patients does not allow to draw serious conclusions
regarding the relationship between systemic fibrosis and AF. So, further research is needed.

Conclusions.

Serum markers of type I collagen can provide a non-invasive method of documenting and
monitoring the extent and mechanisms of myocardial fibrosis in patients with AF, as well as
assessing pharmacological measures for treating this arrhythmia. However, it is necessary to
further study and conduct randomized studies to determine the exact role of fibrosis in the
formation of AF and assess the clinical importance and value of biochemical monitoring of the
level of collagen in this clinical situation. Although cardiac biopsy is the gold standard for
documenting and monitoring myocardial fibrosis, non-invasive methods offer an alternative view
of solving this problem, which may be more widely used.
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