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LIPIDOME FEATURES IN PATIENTS WITH DIFFERENT PROBABILITY OF FAMILY HYPERCHOLESTEROLEMIA
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Development of modern methods for metabolome assessment, such as gas chromatography-mass spectrometry, allows one to expand the knowledge about
the features of lipid metabolism in various clinical conditions. The study was aimed to investigate lipidome features in patients with different probability of family
hypercholesterolemia (FH). The study involved 35 patients: 15 men (42.9%) and 20 women (57.1%) with dislipidemia or early cardiovascular diseases which
manifested below 55 in men and 60 in women (average age of patients was 49.8 + 9.96). The family dislipidemia probability was evaluated using the Dutch Lipid
Clinic Network Score. In 10 patients the probability of FH was low (score 1-2), 22 patients had possible FH (score 3-5). Three patients had probable or definite FH
(score 6 in 2 patients, score 9 in one patient). Determination of molecular species of sphingomyelins, ceramides and sphingoid bases (sphingosine, sphinganine)
as well as galactosylceramide was carried out using gas chromatography-mass spectrometry. In patients with definite/probable FH the sphingosine level was
significantly higher compared with patients having low probability of FH (144.36 + 107.863 and 50.14 + 62.409 ng/ml; p = 0.01). In patients with FH, an increase
in the proportion of long chain sphingomyelin SM 18 : 1/22 : 0 as well as a significant increase in the level of long chain ceramides with C 20 : 1 and C 22 : 1 was
determined. Positive correlation of low-density lipoproteins and sphingosine level (r = 0.344; p = 0.047) together with negative correlation of high-density lipoproteins
(HDL), sphinganine (r = —0.52; p = 0.002), and galactosylceramide level (r = -0.56; p = 0.001) were detected. Thus, in patients with high probability of FH the
lipidome changes were observed, which could be considered the cardiovascular risk markers.
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OCOBEHHOCTU NIUMNOOMA Y BOJIbHbIX C PA3JTMYHON KITMHUYECKOW
BEPOATHOCTbIO CEMEMHOW MNEPAUNUAEMUA
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PagpaboTka coBpeMeHHbIX METOAOB OLEHKM METab0IoMa, TakMX Kak XpOMaTO-Macc-CrnekTPOMETPUS, MO3BONAET CYLLECTBEHHO PacLUMPUTL NPeacTaBNeHns
O NMNUAHOM OBMeHe B KOHKPETHbBIX KIMHUYECKMX cuTyaumsx. Llensto nccnepoBaHvst 6bi10 M3y4MTb OCOBEHHOCTV NMnaoma y GOMbHbIX C pasiuyHomn
BEPOSATHOCTBLIO cemelHon rnnepxonectepuHemunmn (CIXC). B nccnepgoBaHnn NpuHAnm yqactie 35 naumeHToB — 15 MyxxduH (42,9%) n 20 »eHwuH (57,1%) ¢
OVCIMMUAEMUEN NN PaHHMK CEPAEHHO-COCYANCTbIMN 3a60NeBaHNsMI, Pa3BMBLLMMICA B BO3pacTe A0 55 neT y MyxyrH 1 oo 60 net y >xeHwmH. CpegHuin
BO3pacT naumeHToB coctaBun 49,8 + 9,96 neT. BeposTHOCTb CEMENHOW AUCANMNAEMUN OLEHVBAIN MO KPUTEPUSM CETU FOANAHACKMX MAWOHBIX KAMHUK,
Y 10 naupeHToB BeposiTHOCTb CIMXC oueHvBanm kak HU3kyto (1-2 6anna), y 22 naumeHToB AmarHo3 paclieHvBann kak BepositHyto CIMXC (3-5 6annos). Y
3 mauveHToB MPUCYTCTBOBaNa BO3MOXHaA unm onpegeneHHas CIXC (2 naumeHta — 6 6annos, oguH naumeHt — 9 6annos). OnpeneneHrie MONeKyNsApHbIX
BUAOB CPVMHIOMUENNHOB, LiepamMmnaoB 1 COUHMOMAHBIX OCHOBaHWIA (COMHIo3nHa, ChUHraHnHa), a Takxke rafjakto3oLepammaa NpoBOAMAN METOLOM XPOMaTo-
Macc-cnexkTpomeTpuu. MaupmeHTsl ¢ onpeaeneHHoln/BeposTHon CIMXC nmenn [oCTOBEPHO 60Mee BbICOKUIA YPOBEHb CIMHIO3MHA MO CPaBHEHWIO C MaLMeHTamm
C HM3KOW KNMHM4Yeckon BeposaTHocTelo CIMXC (144,36 + 107,863 n 50,14 + 62,409 Hr/mn; p = 0,01). B cnyyae cemerHon CIMXC oTMedany yBenmyeHre fonm
ONMHHOLLENoYeYHoro cuHrommenHa SM 18 : 1/22 : 0 1 cylecTBEHHOE YBENMYeHWe YPOBHS LigpamMmaoB C AnMHHOM yrnepoaHoi uenbto C 20 011 C 22 : 1.
Bbina BbisBNEHa 3HAYMMAs NMPsiMast KOPPENALWS YPOBHS JIMMOMPOTEMHOB HW3KoM nnotHocTy (JTHIM) n cduHrosunHa (r = 0,344; p = 0,047) Hapsigy ¢ obpaTHbIMM
KOPPENALMAMI YPOBHS JIMMOMPOTEVHOB BbICOKOW nioTHOCTW (J1IBMM), cduHranvHa (r = =0,52; p = 0,002) n ranaktosunuepamuga (r = =0,56; p = 0,001). Takum
06pa3oMm, y NMaLMeHTOB C BbICOKON KIMHUYECKON BeposTHOCTEIO CIXC 6binn BbISIBNEHb! U3MEHEHWSI IMMMAOMA, SBASIOLLMECS MapKepaMn pricka CepaeyHo-
COCYONCTbIX OCNOXHEHWI.

KnioyeBble cnoBa: aTepoCKepo3, ceMenHas rmnepamnuaemms, COUHroMmenHbl, COUHrO31H, LiepaMunpl, MapKepbl prcka
®uHaHcupoBaHue: rpaHT PODIU 19-04-00870A «ChHUHIONMMNMAOMHBIN aHaIM3 MapKepoB CepaeyHO-COCYaMCTbIX 3ab0neBaHN».

NHdopmauus o Bknage aBTopoB: A. A. PoroxxrHa — otéop Matepuana, c6op faHHbix; J1. O. MUHyLLKMHA — aHann3 nofyHeHHbIX AaHHbIX, HAanMcaHne ctaTbu;
L. A. 3atenuymkoB — nnaHmpoBaHme paboTbl, aHamM3 faHHbIX, NoArotoBka nybnnkaumm; A. B. AneceHko — pykoBoguTenb npoekTa; Y. A. [ytHep, M. A. LLynuk,
O. A. Manowmukas n C. A. Cokonos — npobonoarotoBka, nposegeHne nabopaTopHbIx MCCNeaoBaHni, aHanma gaHHblx; V1. H. KypoukvH — aHanmns gaHHbIX.

CobniofeHne aTMYeCKMX CTaHApPTOB: MCcnegoBaHne ogobpeHo aTuydeckum kommutetom MBY3 «fopoackas knnHudeckas 6onbHuua Ne 51 [A3Ms» (npoTokon
Ne 02/19 oT 7 heBpansa 2019 r.). Bce naumeHTsl nogmmcany 4O6POBONLHOE MH(POPMUPOBAHHOE COMace Ha y4acTve B UCCNedoBaHNN.

><1 Ona koppecnoHaeHumn: MuHyLLknHa Jlapyca OnerosHa
dunesckuii 6-p, 36-19, . Mockea, 121601 ; minushkina@mail.ru

Crartbs nonyyeHa: 30.11.2019 Ctatba npuHATa K nevatu: 18.12.2019 Ony6nnkosaHa oHnaiiH: 26.12.2019

DOI: 10.24075/vrgmu.2019.090

m BULLETIN OF RSMU | 6, 2019 | VESTNIKRGMU.RU



Lipid metabolism disorders, including the hereditary ones, are
a key risk factor for atherosclerosis and its complications. The
development of newest metabolome investigation methods,
such as gas chromatography-mass spectrometry, allows one
to expand the knowlege about the features of lipid metabolism
in various clinical situations.

It was found that sphingolipids (sphingomyelins, ceramides,
sphingosine, sphinganine sphingosine-1-phosphate (S1P) etc.)
can play a significant role [1]. A change in the ratio of various
sphingolipids is detected in patients affected with certain
metabolic, genetic and autoimmune diseases (Fabry disease,
Niemann—-Pick diseases, Gaucher disease etc., some types of
epilepsy, migraine, Alzheimer's disease).

An active study of the lipidome features associated with
cardiovascular diseases is currently carried out. The prognostic
value of some lipid fractions, mainly ceramides, in acute
coronary syndrome has been revealed. The ratios of ceramides
C16:0,C20:0,C 24 :1 and their relationship k C 24 : 0 are
considered as possible risk markers.

The prognostic value of ceramides was evaluated in
prospective studies. The ceramides’ level was determined
in patients with acute coronary syndrome [2]. It was found
that the level of sphingomyelins, sphingosine, sphingazine-1-
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phosphate and ceramides can differ significantly in patients
with acute and chronic forms of coronary heart disease [3].

At the same time, the lipidome features in patients with
hereditary dislipidemia have not been studied. There are still no
convincing data on the dynamics of the level of sphingolipids
and ceramides against the background of lipid-lowering
therapy. There are only single cases of comparison of the level
of sphingolipids in patients without therapy and in patients
receiving the lipid-lowering therapy [4, 5].

The study was aimed to investigate the features of
sphingolipids in patients with different probability of family
hypercholesterolemia.

METHODS

The study was carried out at the City Clinical Hospital Ne 51 in
March-October 2019. Thirty five patients were surveyed. In the
group of patients under study there were 15 men (42.9%) and
20 women (57.1%), average age was 49.8 + 9.96. Inclusion
criteria: early manifestations of atherosclerosis (coronary heart
disease, peripheral artery disease or cerebrovascular disease
with the age of onset below 55 in men and 60 in women,
and/or dislipidemia (LDL > 4,9 mmol/l). Exclusion criteria:

Table 1. Lipids and sphingolipids level in patiens with different probability of family hyperlipidemia

Unlikely FH Probable FH Possible/definite FH
Parameters (n=10) (n=22) (n=3) i
1 3
TC, pmol/I 6.79 + 0.627 8.04 + 1.746 12.00 + 5.344 0.006
LDL, pmol/I 4.32 + 0.45435 5.40 + 0.973 7.24 +1.447 0.001
HDL, umol/I 1.52 + 0.431 1.45 + 0.457 1.15+0.578 0.713
TG, pmol/l 1.81£1.123 2.46 + 3.245 5.80 + 6.141 0.240
Sphingosine, ng/ml 50.14 + 62.409 83.59 + 70.774 144.36 + 107.863 *0.010 (g?c;gf):s 1and 3)
Sphinganine, ng/ml 0.752 + 0.3713 0.895 + 0.5841 1.663 + 1.4619 0.142
Galactosylceramide, ng/ml 55.48 + 29.867 66.60 + 43.291 76.95 + 25.626 0.473
Sphingomyelines
SM 18:1/16: 0, ug/ml 18997.6 + 13203.93 15407.2 + 7769.07 9557.6 + 2435.11 0.274
SM18:1/16 : 1, yg/ml 1893.9 + 714.16 1861.1 + 1642.95 2208.3 + 1071.19 0.432
SM 18:1/18: 0, ug/ml 3646.2 + 2447.91 3322.6 + 1981.05 2392.6 + 1758.81 0.629
SM 18:1/18 : 1, ug/ml 6138.8 + 4915.11 5605.4 + 2747.14 7240.6 + 3716.52 0.806
SM 18:1/20: 0, ug/ml 19573.6 + 9198.49 22693.9 + 15985.31 24874.3 £ 6191.24 0.525
SM 18:1/20: 1, ug/ml 55331.1 + 34643.17 55612.7 + 32720.49 45554.0 + 17549.55 0.924
SM 18:1/22: 0, ug/ml 6484.3 + 3692.833 7141.1 £ 2842.95 10927.6 + 4151.37 0.028
SM 18:1/22 : 1, yg/ml 407.4 £ 191.59 416.9 £ 211.78 478.6 + 143.01 0.721
SM 18:1/24 : 0, ug/ml 1759.7 + 1613.16 2155.4 + 1063.40 1728.0 + 337.634 0.328
SM 18 :1/24 : 1, uyg/ml 6095.1 + 3364.35 4835.2 + 2611.45 4711.3 £ 1018.43 0.569
Ceramides
C18:0, pg/ml 3.70 + 8.820 6.04 +9.740 0.018 + 0.186 0.513
C20:0, ug/ml 224.70 + 655.577 240.60 + 431.668 367.67 + 144.417 0.075
C20:1, ug/ml 85.10 + 124.969 98.00 + 229.133 698.67 + 1138.155 0.019
C22:0, ug/ml 149.60 + 347.728 75.96 + 71.642 221.33 + 170.365 0.100
C22:1, ug/ml 77.00 + 82.254 60.80 + 111.859 714.67 £ 1118.787 0.003
C24:0, ug/mi 587.80 + 200.069 737.96 + 354.259 782.00 + 357.669 0.598
C24:1, ug/mi 206.20 + 77.150 313.08 + 254.952 465.67 + 457.362 0.546
C18:0/C24:0, ug/ml 0.0043 + 0.00938 0.0079 + 0.01275 0.0000 + 0.00000 0.963
C24:1/C24:0, ug/ml 0.3678 + 0.13805 0.4600 + 0.35776 0.5124 + 0.29631 0.675

Note: Kruskal-Wallis test.
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acute myocardial infarction, acute stroke, diabetes mellitus,
secondary dislipidemia. The study did not include patients who
received lipid-lowering therapy at the time of the examination.

In the beginning of the study 16 patients had arterial
hypertension (45.7%), 10 patients had coronary heart disease
(28.6%) and one patient had peripheral artery disease (2.9%).
Nineteen patients (54.3%) had significant family history of
cardiovascular diseases. Nine patients (25.7%) smoked in their
past but stopped smoking before inclusion in the study, 8 patients
smoked at the moment of inclusion in the study (22.9%)

The familial hypercholesterolemia (FH) probability was
evaluated using the Dutch Lipid Clinic Network Score. In 10
patients the probability of FH was low (score 1-2), 22 patients
had possible FH (score 3-5). Three patients had probable or
definite FH (score 6 in 2 patients, score 9 in one patient).

Blood sampling for biochemical analysis and mass
spectrometry was performed on the day the patients were
included in the study (in the morning on an empty stomach, after
a 12-hour fast). Blood was taken from the cubital vein into sterile

Table 2. Blood lipids and sphingolipids in patients with family history and in patient

Vakutainer tubes. Serum was obtained by blood centrifuging
at a speed of 3000 rpm for 15 minutes. Parameters with the
following reference values were defined: total cholesterol (TC,
2.0-5.2 mmol/l), low-density lipoprotein cholesterol (LDL-C,
up to 3.3 mmol/l), high-density lipoprotein cholesterol (HDL-C,
0.91-1.56 mmol/l), blood serum triglycerides (TG, 0.50-1.70
mmol/l). To determine the parameters of serum, the CLIMA
MC-15 biochemical analyzer was used (RAL; Spain).

Lipids were extracted from plasma in accordance with
Bligh and Dyer Procedure [6]. Mass-spectrometry of molecular
species of sphingomyelins, ceramides and sphingoid bases
(sphingosine and sphinganine), as well as galactosylceramides,
was performed using the TSQ Endura Triple Quadrupole Mass
Spectrometer (Thermo Fisher Scientific; Germany) working
in the MMP mode. The pressure at the collision cell was 1.5
mTorr. The resolution on Q1 and Q3 was 1.2 Da.

Ceramides: fragmentation of the protonated and dehydrated
molecules was carried out at the energy of 25 eV down to ion
with m/z 264.4 Da, the dwell time was 25 ms.

s without family history

Parameters No family history (n = 16) Family history (n=19) p
TC, ymol/I 8.11 +£1.142 7.35 + 1.881 0.026
LDL, pmol/I 5.49 + 1.063 4.75 + 0.820 0.039
HDL, umol/I 1.63 + 0.352 1.832 £ 0.479 0.034
TG, pmol/l 1.91£1.119 2.57 +3.712 0.845
Sphingosine, ng/ml 65.31 + 55.298 82.37 + 84.841 0.021
Sphinganine, ng/ml 0.25 + 0.447 0.47 +0.612 0.062
Galactosylceramide, ng/ml 59.38 + 46.989 67.00 + 33.579 0.123
Sphingomyelines
SM 18:1/16 : 0, pg/ml 15812.5 + 8874.74 16142.37 + 10210.772 0.678
SM 18:1/16 : 1,ug/ml 1703.38 + 1153.149 2079.74 + 1637.244 0.635
SM 18:1/18: 0, ug/ml 3446.00 + 2012.195 3115.37 + 1651.906 0.942
SM 18:1/18 : 1, ug/ml 6066.06 + 4210.684 5388.68 + 2755.342 0.862
SM 18:1/20: 0, ug/ml 21605.00 + 6986.063 22197.89 + 18558.786 0.756
SM 18:1/20: 1, ug/ml 57836.31 + 37448.414 51584.74 + 29461.884 0.684
SM 18:1/22: 0, ug/ml 8366.13 + 3752.568 8090.74 + 2977.416 0.862
SM 18:1/22 : 1, ug/ml 387.56 + 224.592 441.26 + 183.190 0.672
SM 18:1/24 : 0, ug/ml 1809.31 + 983.979 2218.1 + 1409.971 0.584
SM 18:1/24 : 1, ug/ml 5398.19 + 2713.511 5094.32 + 2995.497 0.682
Ceramides
C18:0, pg/mi 6.31 + 10.163 4.58 + 8.946 0.213
C20:0, pg/ml 78.56 + 150.510 391.21 + 629.556 0.021
C20:1, pg/ml 57.38 + 108.836 121.32 + 257.882 0.010
C22:0, ug/ml 60.19 + 64.744 130.21 + 252.256 0.040
C22:1, ug/mi 47.75 + 52.003 77.16 + 133.153 0.252
C24:0, ug/ml 726.69 + 334.931 622.16 + 255.175 0.572
C24:1, ug/ml 324.25 + 264.550 247.05 + 181.903 0.457
C18:0/C24:0, ug/ml 0.0072 + 0.01166 0.0067 + 0.01235 0.323
C24:1/C24:0, ug/ml 0.4730 + 0.37832 0.4078 + 0.24104 0.872

Note: Mann-Whitney test.
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Sphingomyelines: fragmentation of the protonated molecules
was performed at the energy of 25 eV down to ion with m/z
184.1 [a, the dwell time was 25 ms.

Sphingosine and its deuterated standard (d7, Avanti; USA):
fragmentation of the protonated molecules was carried out at
the energy of 12.5 eV down to ions with m/z 264.4 and 259.3
Da respectively. The dwell time was 25 ms.

Sphinganine: fragmentation of the protonated molecule
was performed at the energy of 12.5 eV down to ion with m/z
266.4 [a, the dwell time was 50 ms.

Galactosylceramide d18: 1/18 : 0: [M + H]* ion with a mass
of 728.5 Da.

The following parameters of the ionization source were
used: heater temperature 300 °C, capillary temperature 340 °C,
sheath gas flow 45 arb, auxiliary gas flow 13 arb, sweep gas
flow 1 arb.

Sphingosine d7, sphinganine, sphingomyelin d18: 1/16: 0,
sphingomyelin d18:1/18: 0, ceramide d18: 1/16 : 0, ceramide
d18:1/18: 1, ceramide d18: 1/18: 0, ceramide d18: 1/24 : 1,
ceramide d18 : 1/24 : 0 and galactosylceramide d18: 1/18: 0
(Avanti; USA) were used as standards.

Chromatography

Chromatography was performed using the Ultimate 3000
system (Thermo Fisher Scientific; Germany) and Eclipse Plus
C8 column 3.0 x 150 mm (Agilent; USA), the particle size was
3.5 pm. The temperature was 50 °C, and the flow rate was
400 pl/min.

When determining sphingosine, ceramides and sphingomyelin,
the following mobile phases were used: phase A, water + 0.1%
(v.v.) formic acid, phase B, methanol + 0.1% (v.v.) formic
acid (0.7 minutes 55% of phase B, 100 % of phase B up to
6.7 minutes, 100% of phase B up to 12" minute, 55% of phase B
up to 1 =17" minute, 55% of phase B up to 13th minute).

When determining sphinganine, the following mobile phases
were used: dasa A, water + 0.1% (v.v.) formic acid, phase B,
50% methanol + 50% acetonitrile + 0.1% (v.v.) formic acid (1.5
minutes 20% of phase B, 100 % of phase B up to 3.2 minutes,
100% of phase B up to 6.7 minutes, 20% of phase B up to
7.7 minutes, 20% of phase B up to 10th minute).

Data processing

The relative content of ceramides was evaluated using external
calibration (method of standard addition). The Ceramide
Porcine Brain 860052P ceramide mixture (Avanti; USA) was

9F %

LDL (mmol/I)

0 50 100 150 200 250 300
Sphingosine (ng/ml)

Fig. 1. Correlation of LDL and blood sphingosine level
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used for calibration with 50% of Cer d18 : 1/18 : 0 and 20% of
Cer d18 : 1/24 : 1. The calculation was based on the sum of
peak areas of the MMP transitions MH*— m/z 264.4 Da and
(MH-H,0)"— m/z 264.4 Da.

When determining sphingomyelines, the Sphingomielin
Porcine Brain 860062P mixture (Avanti; USA) and
sphingomyelines d18 : 1/16 : 0, d18 : 1/18 : 0 (Avanti; USA)
were used for calibration. The sum of peak areas of the MRM
transitions MH*"— m/z 184.1 Da was used for calculation.

The sphingosine d18 : 1 content was determined by internal
calibration (internal standard method, the standard was D-erythro-
sphingosine d7, Sigma; USA) using the sum of peak areas of the
MMP transitions (m/z 300"— m/z 264.4 Da for non-deuterated
and m/z 307+— m/z 259.3 Da for deuterated sphingosine).

The sphinganine d18 : 0 content was determined by external
calibration (the standard was DL-erythro-dihidrosphingosine,
Sigma; USA) using the sum of peak areas of the MMP
transitions (m/z 302+— m/z 266 Da).

Statistical analysis

Statistical analysis was carried out using the SPSS software,
version 23.0 (IBM; USA). Quantitative variables were presented
as mean with standard deviation. All variables were checked
for compliance with normal distribution using the Shapiro-Wilk test.
The distribution of all quantitative variables was different from
normal. The significance of differences for two independent
samples was evaluated using the Mann-Whitney test, and
for three of more samples using the Kruskal-Wallis test. The
significance of correlations was determined using the Sperman
rank correlation test. The differences were considered
significant when p < 0.05.

RESULTS

Comparison of blood lipids and sphingolipids was carried
out in groups of patients with different probability of family
hyperlipidemia (Table 1).

Higher level of TC and LDL was observed in patients with
FH. In addition, in patients with FH, a tendency was observed to
sphingosine level increase compared with a group of patients
having a low probability of FH (p < 0.05).

In patients with FH, an increase in the proportion of long-
chain sphingomyelin SM 18 : 1/22 : 0 was noted, as well as a
significant increase in the level of long chain ceramides, C 20 : 1
and C 22 : 1. No significant differences of C 18 : 0/C 24 : 0 and
C 24 :1/C 24 : 0O ratios were revealed.

25 -

2.0

0.5

0.0

0.0 0.5 1.0 1.5 2.0 25 3.0 3.5
Sphinganine (ng/ml)

Fig. 2. Correlation of HDL and blood sphinganine level




Table 3. Correlation of blood lipids, sphingomyeline and ceramide levels
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TC, ymol/l TG, ymol/I LDL-C, pmol/l HDL-C, pmol/I
0.178 -0.104 0.084 0.162
SM 18:1/16 : 0, ug/ml 0.307 0.564 0.636 0.391
0.260 -0.171 0.093 0.045
SM18:1/16: 1, pg/ml 0.132 0.341 0.602 0.813
0.257 -0.140 0.278 0.236
SM 18:1/18 : 0, ug/ml 0.135 0.439 0.111 0.210
-0.139 -0.095 -0.202 0.077
SM18:1/18 : 1, pg/ml 0.426 0.597 0.251 0.686
0.363* -0.015 0.184 -0.110
SM 18:1/20: 0, ug/ml 0.032 0.934 0.297 0.561
-0.101 0.111 -0.098 0.334
SM 18:1/20: 1, pg/mil 0.562 0.540 0.581 0.072
-0.017 -0.313 -0.155 0.165
SM 18:1/22: 0, ug/ml 0.924 0.076 0.383 0.382
0.082 0.146 0.125 -0.187
SM18:1/22 : 1, pg/ml 0.642 0.419 0.481 0.321
0.048 -0.183 0.100 -0.254
SM18:1/24: 0, yg/ml 0.782 0.307 0.572 0.175
0.217 -0.297 0.148 0.046
SM 18:1/24 : 1 uyg/mi 0.210 0.094 0.403 0.809
0.104 -0.041 0.105 -0.104
C18:0, ug/mi 0.552 0.820 0.556 0.584
0.055 0.141 -0.003 -0.420"
C20:0, pg/mi 0.752 0.433 0.987 0.021
-0.177 0.447* -0.425* 0.525**
C20:1, ug/mi 0.310 0.009 0.012 0.003
0.015 0.342 0.049 -0.429*
C22:0, pg/mi 0.932 0.052 0.783 0.018
0.070 0.051 -0.094 -0.168
C22:1, ug/mi 0.689 0.776 0.598 0.374
0.475** 0.100 0.334 0.008
C24:0, ug/mi 0.004 0.579 0.054 0.965
0.558** 0.005 0.471* 0.296
C24:1, ug/mi 0.000 0.976 0.005 0.112

Note: r — Spearman rank correlation; * — p < 0.005; ** — p < 0.001.
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Fig. 3. Correlation of LDL and blood sphingosine level

We analyzed the relationship between the level of various
lipids and sphingolipids and the presence of a significant
family history in patients (Table 2). In patients with significant
family history, the higher level of sphingosine and significantly
higher level of ceramides C 20 : 0, C 20 : 1, C 22 : O were
observed.

Positive correlation of LDL and sphingosine level was revealed
(Fig. 1). In addition, it was possible to identify negative correlation
of HDL and sphinganin (Fig. 2) and galactosylceramide levels
(r = -0.56; p = 0.001). Correlation analysis of sphingomyelin
fractions level and ceramides with classical lipid fractions
is presented in Table 3. A positive correlation of the level of
ceramides C 24 : 0 and C 24 : 1 with the TC and LDL level is
noteworthy. For C 20 : 0 ceramide, a positive correlation with
the HDL and TG level and a negative correlation with LDL level
were revealed. Negative correlation of the C22 : 0 ceramide
level with the HDL level was determined.

We analyzed correlations between the level of classical lipids
and sphingolipids in patients having a significant family history
and in patients with no sifnificant family history. It is noteworthy,
that a positive correlation between the level of LDL-C and
sphingosine, revealed in the whole group, was of greater
strength in patients with a significant family history (- = 0.536;
p = 0.022). In patients with no significant family history, there
was a negative correlation between LDL-C and sphingosine
levels (r=-0.351; p = 0.048) (Fig. 3).

DISCUSSION

There are few studies of the sphingomyelins’ and ceramides’
profile in patients with family hyperlipidemia. The animal
model of family hyperlipidemia associated with LDL receptor
gene mutations demonstrated the significant increase of total
sphingomyeline and C18 : O ceramide in homozygotes [7]. In
our study we noted only the SM 18 : 1/22 : 0 fraction and
C20 : 1 ceramide increase.

It was shown that the level of ceramides is associated with
other coronary heart disease risk factors (obesity and insulin
resistance). It was believed that some ceramide fractions were
able to stimulate the synthesis of pro-inflammatory cytokines
(e.g., tumor necrosis factor) in case of increased consumption
of saturated fat with food [8]. In patients after bariatric surgery,
a decrease in the level of atherogenic sphinogomyelins and
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ceramides was observed earlier and to a much greater extent
than weight loss, which correlated with a decrease in coronary
risks [9].

[t was found that in oxidized LDL the content of total
sphingolipids and ceramides was significantly higher,
which could be an evidence of the role of sphingolipids in
destabilization of atherosclerotic plague and coronary heart
disease and other disorders’ complications manifestation [10].
Sphingosine causes aggregation of Cu?* peroxide vesicles and
accelerates LDL peroxidation, making them more atherogenic.
Long chain ceramides can serve as catalysts for said process.
Ceramides with chain length C6, C8, C10 do not possess such
activity. Sphinganine, on the opposite, blocks peroxidation
processes [11]. In our study we noted the significant increase
of sphingosine level in patients with definite family dislipidemia.
There were no significant differences in the sphinganine level in
patients with low and high probability of family hyperlipidemia.

ApoE gene polymorphism (2/3/4) is associated with the
increase of ceramide pathogenic fractions which may be
related with increased coronary heart disease risk in young
people [12].

The value of ceramides C16:0,C22:0,C24:0,C 24 : 1
in the carotid atherosclerosis pathogenesis in HIV patients
was shown. For the long chain ceramides C : 22 and C : 24 a
positive correlation with the TC and LDL level was determined
[13]. Positive correlation of sphingomyelines SM d16 : 0/28 : 5,
SM d18 : 1/24 : 1 and SM d18 : 1/16 : 0 with the TC and
LDL level was revealed in the animal model of dislipidemia
(ApoE-deficient mice). The level of said fractions in animals
with hyperlipidemia was elevated. Sphingolipides of such kind
are considered pro-atherogenic [14]. There is evidence that
oxidative stress and lipotoxicity are associated precisely with
an increase in the level of long chain ceramides, which, for
example, becomes apparent in patients with insulin resistance
[15]. In our study the SM 18 : 1/22 : 0 sphingomyeline was
increased in patients with definite/probable hyperlipidemia.
Positive correlations of blood cholesterol with ceramides C24 : 0,
C24 : 1 level were revealed.

Our study had a number of limitations: single site study,
small sample size, lack of data from large studies on the
epidemiological relationship between detected changes in lipid
component and cardiovascular events (heart attacks, strokes,
cardiovascular death).
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CONCLUSION

Patients with definite/probable FH demonstrate not only high
level of TC and LDL, but also the high level of pro-atherogenic
sphingosine, sphingomyeline SM 18 : 1/22 : 0, and long chain
ceramides (C 20 : 1, C 22 : 1). The revealed lipidome features
require further clarification of their clinical significance.
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