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The role of disorders of the endothelial function
in the development and progression
of diabetic distal symmetric polyneuropathy
depending on genetic factors
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Abstract. Background. The purpose was to examine indicators of endothelial functional status in patients with
diabetic distal symmetric polyneuropathy (DDSP) on the background of type 2 diabetes mellitus (DM), which de-
pends on the polymorphism of the endothelial nitric oxide synthase gene (eNOS). Materials and methods. One-
hundred and ten patients with DDSP on the background of type 2 DM were examined and composed the basic
group. The average age of patients was 54.2 years (from 38 to 72 years). The patients were distributed according
to DDSP severity: the first group consisted of 32 (29.1 %) patients with the initial manifestations of DDSP; the se-
cond group included 58 (52.7 %) patients with moderate degree; the third group consisted of 20 (18.2 %) patients
with severe DDSP. All patients underwent neurological examination using the scale of neuropathic symptomatic
and neuropathic functional counting. The endothelial function was investigated by the content of stable metabolites
of NO in the blood and the number of circulating endothelial cells in the blood. G894T polymorphism in eNOS gene
was detected by polymerase chain reaction. Results. According to the data, most patients (78.5 %) presented
with decreased amount of NO,-NO,".The number of desquamated endothelial cells was significantly increased
in all examined patients compared to control. Comparing endothelial function parameters depending on G894T
polymorphism in the eNOS gene, 43.6 % patients with a homozygous genotype for rare T allele were found to
have a significant reduction of NO,-NO, content compared to control group (p < 0.05). Conclusions. There were
significantly more pronounced disorders of the endothelial function in patients with moderate to severe DDSP on
the background of type 2 DM. The results of the investigation showed the probable effect of G894 T polymorphism
of eNOS gene on the formation of a phenotype predisposing to the development of microangiopathies.
Keywords: type 2 diabetes mellitus; distal symmetric polyneuropathy; endothelial dysfunction; G894 T polymor-
phism

Introduction logical studies have been conducted in our country re-

The World Health Organization recognizes diabetes
mellitus (DM) as a noninfectious epidemic. It is known
that the pathogenetic basis for the formation of vascular
complications of type 2 DM is the development of en-
dothelial dysfunction. In Ukraine, more than 1.3 million
patients are officially registered, and the amount of pa-
tients with type 2 DM is about 90—95 % of all cases of
diabetes mellitus (official data of the Ministry of Health
of Ukraine, 2013). The significance of this amount keeps
impressing. According to the results of certain epidemio-

cently, for each identified patient with type 2 DM there
are 2—3 undetected, which limits the possibility of early
diagnosis of the disease and prevention of its complica-
tions [1].

One of the most common and difficult things in the
treatment of diabetic complications is diabetic distal
symmetric polyneuropathy (DDSP). According to vari-
ous authors’ data, DDSP prevalence varies from 15.5 to
77.6 % in the absence of other causes of its occurrence
[2, 3].
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It is known that the clinical-diagnostic state of
DDSP depends on many factors, and the intensity of
manifestation of pathological changes is determined ge-
netically [4].

The understanding of the role of the endothelium in
the regulation of vascular tone and the mechanism of
disorders in this pathology suggests that the endothelium
becomes a direct target for damage. The leading role in
the formation of endothelial dysfunction belongs to the
damaging effects of hyperglycemia, which are connected
with non-enzymatic glycosylation of proteins, the polyol
pathway of glucose metabolism, and the ability of hyper-
glycemia to induce free radical oxidation [5—7].

Endothelial nitric oxide synthase (eNOS) in endo-
thelial cells increases the production of NO and cyclic
guanosine-3’,5’-monophosphate in the smooth muscle
cells, reducing the effect of vascular congestion caused
by phenylephrine and providing endothelial-depen-
dent relaxation in response to acetylcholine [8—11].
Taking into account the physiological role of eNOS
and data from previous studies, we hypothesized that
the study of the frequency distribution of the geno-
types of eNOS-G894T polymorphism in patients with
DDPS combined with type 2 DM will allow clarify the
pathogenetic mechanisms of the disease, and in the fu-
ture, molecular genetic data may be useful for justifying
the tactics of the management of patients with this pa-
thology.

The purpose of the study is to examine the indicators
of endothelial function in patients with diabetic distal
symmetric polyneuropathy on the background of type 2
diabetes mellitus, which depends on the polymorphism
of the endothelial NO synthase gene.

Materials and methods

One-hundred and ten patients with DDSP on the
background of type 2 DM were examined and composed
the basic group. The average age of patients was 54.2
years (from 38 to 72 years). There were 62 men and 48
women. The comparison group included 80 apparently
healthy humans aged from 32 to 56, including 36 men
and 44 women.

The patients were distributed according to DDSP se-
verity: the first group consisted of 32 (29.1 %) patients
with the initial manifestations of DDSP; the second
group included 58 (52.7 %) patients with moderate de-
gree; the third group consisted of 20 (18.2 %) patients

with severe DDSP. All patients underwent neurological
examination using the scale of neuropathic symptomatic
and neuropathic functional counting [12—14].

The endothelial function was investigated by the
content of stable metabolites of NO in the blood and
the number of circulating endothelial cells in the blood.
In this case, the amount of blood circulating endothe-
lial cells was determined by J. Hladovec method modi-
fied by N.N. Petrishchev et al. The content of stable
metabolities of NO in the blood (nitrites, nitrates) was
examined by the content of nitrite-anion (NO,~) and
the amount of NO,~, and nitrate-anion (NO,") in the
serum of venous blood using photocolorimetric method
of L.C. Green et al.

DNA was isolated from blood cells using the DNA-
sorb-B (AmpliSens, Russia). ENOS-G894T poly-
morphism was detected by polymerase chain reaction
(PCR). Allelic polymorphism was determined by gene
amplification, followed by Eco24I. Fragments of ampli-
fied DNA were separated using gel electrophoresis. DNA
was visualized using an ultraviolet emitter. The selection
of primers for amplification and subsequent sequencing,
as well as PCR analysis, was carried out according to
generally accepted world methods.

Statistical analysis was carried out using applications
MS Excel 2003, Biostat, Statistica 6. Probability of the
received data was calculated by the method of paired test
using Student’s t-test. The probable difference in the dis-
tribution of samples was determined according to the ¥?
criterion. Value of p < 0.05 was considered probable.

Results

According to the data, most patients (78.2 %) de-
monstrated a decrease in the amount of NO,"-NO,~,
which was detected in all patients with severe DDSP,
as well as in 47 (81 %) patients with moderate degree of
DDSP and in 17 (53 %) patients with initial manifesta-
tions of DDSP that indicated probable decrease in the
content of endothelial vasoactive substances with diffu-
sion properties along with the progression of damage to
peripheral nerves.

Table 1 demonstrates the comparative evaluation of
stable metabolites of nitric oxide in patients with type 2
DM depending on DDSP severity.

It was found that in the examined patients with initial
to moderate degree of DDSP, NO,~-NO," level did not
differ from that of healthy individuals; in those groups

Table 1. Indicators of the level of stable metabolites of nitric oxide and the number
of desquamated endothelial cells in the blood in patients with type 2 DM, depending
on the severity of diabetic distal symmetric polyneuropathy

TR Apparently healthy | Initial degree of DDSP | Moderate degree of DDSP Severe DDSP
persons, n = 20 (the 1<t group), n = 32 (the 2™ group), n = 58 (the 3 group), n = 20
En?é]}ll\log’ 24.870 + 4.240 19.760 + 3.855 17.080 + 4.538 ”'2162 2520
Blr%_lh 6.080 = 0.547 4.100 = 0.974 3'1,3:2*0%221 2'7p310<io9(555)76
S | omerw | RS s Py

Note: p,— significant difference compared to the control group.
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of patients, an increase in the relevant rate was observed
in 8 (25 %) patients of the 1% group and in 11 patients
(19 %) of the 2™ group.

That was due to the activation of the inductive NO-
synthase, which generates toxic to the cell following
an excess of NO with the rapid formation of peroxyni-
trite [11]. The patients with severe DDSP are likely to
have moderate decrease of NO indicators by 2.1 times
(p < 0.05) compared to the indicators in apparently
healthy individuals.

A decrease of this parameter was observed in patients
with moderate DDSP by 1.8 times (p < 0.05) and with
severe DDSP — by 2.2 times (p < 0.05) in a comparative
analysis of NO, level compared to control group.

It is known that the endothelium performs a barrier
function, participates in the regulation of vascular tone,
hemostasis, immune response and angiogenesis [ 15—17].
Restoration of the vascular wall, dysfunction, and des-
quamation of the endothelium occur due to various
pathological processes. The determination of the num-
ber of desquamated (circulating) endothelial cells in the
blood can be used as one of the indicators of damage to
the endothelium.

According to the results of our investigation, the
number of desquamated endothelial cells was signifi-
cantly increased in all examined patients compared
with THI, which also had a slight desquamation of en-
dothelial cells, that might reflect the process of cleans-
ing of intima from dead cells [13]. In patients with ini-
tial manifestations of DDSP, the number of endothelial
cells was 3.3 times (p < 0.05) higher, with a moderate
degree — 3.2 times higher (p < 0.05) and with severe
DDSP — 4.3 times higher (p < 0.01) compared to the
control group.

The role of ED in the development and progres-
sion of diabetic neuropathy was indicated by the estab-
lished inverse correlation between the concentration
of NO,-NO,~, NO,  according to NDS (r = —0.372;
p < 0.01 and r = —0.206; p < 0.01) and NSS scales
(r=-0.342; p<0.01 and r=—0.218; p <0.01).

Discussion

When analyzing the polymorphism, the length of
the restriction fragments allowed detect three genotypes
of eNOS-G894T polymorphism in analysed genomic
DNA samples. It was established that the genetically
determined risk for development of the pronounced
manifestation of DDSP in patients with type 2 DM
(p < 0.05) was associated with the presence of a ho-
mozygous genotype with a rare allele T in eNOS gene,
as most patients with this genotype had severe DDSP
(x> = 4.568; p = 0.033). In addition, the frequency of
the minor T allele in the basic group of the examined
patients was higher (47.2 %) compared to the compari-
son group (36.9 %).

The Table 2 presents frequency distribution of the
genotypes of eNOS-G894T polymorphism, depending
on DDSP severity: in patients with initial DDSP mani-
festations, the homozygous GG genotype of the eNOS
gene was found in 31.3 %, heterozygous GT —in 53.1 %,
and the homozygous genotype with a rare TT allele was
registered in 15.6 %. In patients with moderate severity,
genotypes were distributed as follows: GG — in 37.9 %,
GT —in46.5 %, and TT — in 15.5 %; in severe DDSP,
the homozygous GG genotype was observed in 50 %
of patients, the heterozygous genotype GT — in 15 %,
and the homozygous TT genotype for the rare allele was
found in 35 % of patients.

Table 2. Frequency distribution of genotypes depending on the polymorphism of the endothelial NO synthase
gene in patients with type 2 DM and severity of distal symmetric polyneuropathy

o . Patients with initial Patients Patients
R e Contro_l group, degree of DDSP, with moderate DDSP, | with severe DDSP,
to genotypes n =80 h=32 h =58 n=20
GG (n, %) 32 (40.0) 10 (31.3) 22 (37.9) 10 (50.0)
GT (n, %) 41 (51.2) 17 (53.1) 27 (46.5) 3(15.0)
T (n, %) 7(8.7) 5 (15.6) 9 (15.5) p7 (85.0)
,<0.

Note: p,— significant difference compared to IHI according to the criterion x°.

Table 3. Indicators of endothelial function in patients with diabetic distal symmetric polyneuropathy
on the background of type 2 DM according to the frequency distribution of genotypes depending
on the eNOS-G894T polymorphism

Distribution of patients according to genotypes Indicators
Indicators GT, GG, TT, of healthy individuals,
n = 31 n=25 n=14 n=20
- - 14.010 +2.128
NO,™-NO,~, pmol/I 19.020 + 4.255 18.630 = 4.718 p, <0.05 24.87 £ 4.240
- 3.800 + 1.072
NO,~, pmol/l 5.450 + 0.908 4.600 + 1.085 p, <0.05 6.080 + 0.547
. 12.680 + 2.508 11.000 + 2.880 16.870 £ 2.712
Endothelial cells, x 1041 p, < 0.01 p, < 0.01 p, < 0.01 3.900 = 1.375

Note: p, — significant difference compared to IHI.
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Table 3 presents a comparative estimation of NO
indicators in patients depending on the distribution of
genotypes. The amount of NO,-NO,~ varied as follows:
in patients with GT and GG genotypes, it did not differ
compared to the apparently healthy individuals. A sig-
nificant decrease in the content of NO,~-NO, by 43.6 %
(p < 0.05) was observed in patients with a homozygous
genotype for the rare allele as compared to the control
group, indicating a decrease in the content of endothelial
vasoactive substances with diffusion properties.

The indicators of NO,~ in the examined patients,
depending on the distribution of genotypes in patients
with GT and GG genotypes, did not differ from the con-
trol group, and in patients with TT genotype, its lowest
values were observed, which were decreased by 37.5 %
(p <0.05) compared to IHI.

Comparing the number of desquamated endothelial
cells in the basic group of patients, depending on the dis-
tribution of genotypes (Table 3), it was found that their
level was significantly increased in all subjects compared to
IHI: in patients with GT genotype — by 69.0 % (p < 0.01),
with GG genotype — by 64.5 % (p < 0.05), and in patients
with TT genotype the number of desquamated endothelial
cells was the highest and increased by 76.8 % (p < 0.01).

However, comparative assessment of this indicator in
groups of patients depending on the distribution of geno-
types did not detect probable differences.

Conclusions

1. Patients with moderate to severe distal symmetric
polyneuropathy on the background of type 2 diabetes
mellitus have more severe endothelial dysfunction by re-
ducing basal secretion of NO and a significant increase
in the number of desquamated endothelial cells in the
blood compared to patients with initial degree of poly-
neuropathy.

2. The obtained data indicate the potential effect of
eNOS-G894T polymorphism on the formation of a phe-
notype predisposing to the development of microangio-
pathies, with the replacement of guanine and thymine,
and as a result of glutamate replacement by aspartate in
the 298 position of the protein of endothelial NO syn-
thase. This leads to a decrease in NO and the develop-
ment of endothelial dysfunction, which is an important
pathogenetic section in the development of diabetic
polyneuropathy in patients with type 2 diabetes mellitus.

Conlflicts of interests. Authors declare no conflicts of
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3opivt I.A., MNatukoscebka H.B.

Bt Aep>kQBHUVVE HOBYAAbHUN 3AKAQA, YK QiHW «BYKOBUHCHKUU ASPXKQBHU MEANYHUN YHIBEpCUTET», M. YepHiBLj, YkpaiHa

POAb pO3ACAiB PYHKLIOHAABHOIO CTAHY €HAOTEAIIO B PO3BUTKY
i nporpecyBaHHi Aia6eTn4YHOI nepudepunyHoi
CUMETPUYHOT NOAIHENPONATii 3AAEXHO BiA reHeTUYHNX YUHHUKIB

Pesiome. Mema. OuiHka IOKa3HUKIB (DYHKIIOHAILHOTO
CTaTycy €HIOTEJiI0 Y XBOPUX Ha NiabeTU4Hy TnepudepuyHy
cumeTpuaHy nomiHeiponartito (JAITCIT) BHacmigoK IyKpo-
Boro miabety (LIJI) 2-ro Tumy 3agexHo Bif mMojaiMopdizMy
eHnoreniaibHoro reHa NO-cuHTazu (eNOS). Mamepiaau
ma memoou. Tlin crioctepexxeHHsIM TTepedyBasio 110 xBopux
Ha AIICII Ha i LIJI 2-ro tumy, gKi cdhopMyBaii OCHOBHY
rpyny. CepeaHiil Bik malieHTiB ctaHOBUB 54,2 poky (Bix 38
o 72 pokiB). Po3rnoaia namieHTiB 30iliCHIOBaBCS 3a TSXKIiC-
TI0 ATICIT: mepiry rpymy craHoBuian 32 (29,1 %) manieHTH
3 nmouatkoBumu Tiposisamu JAITCII; mpyra rpyma BKiIodana
58 (52,7 %) mailieHTiB i3 MOMIpHUM CTYTNEHEM; TPETS TPy-
ma — 20 (18,2 %) marieHTiB i3 Bupaxenum ctynenem IITCII.
YciMm naiieHTam mpoBeeHO HEBPOJIOTIYHUIA OIS 3a IIKa-
JIOI0 HEWPOTTATUIHOTO CUMIITOMATUYHOTO i HeMpOMaTUIHO-
ro (QyHKIiOHAJIBHOrO miApaxyHkKy. MOYHKIiOHAJIbHUN CTaH
SHAOTEeJIiI0 AOCTIIKYBaIU 32 BMIiCTOM CTiMKUX METaOOJITiB
okcuay azoty (NO) B KpOBi i1 YUCJIOM LIUPKYJIIOI0YUX EHIOTe-
nianpHUX KIiTiH y KpoBi. [Toaimopdizm G894T B reni eNOS
BUSIBJICHO 3a TOTTIOMOTOO MOJIiMEpa3Hoi JAHIIOTOBOI peakilii.

3opwm N.A., lNaLukosckast H.B.

Pe3yabmamu. 3TifHO 3 OTPpUMAaHUMM JAaHUMU, Y OiIbIIOC-
Ti mamienTiB (78,5 %) BigzHayayocsT 3MEHIIIEHHST KiJTbKOCTI
NO,™-NO,". Yncno necKBaMOBaHUX €HIOTEANIbHNAX KIITHH
OyJ10 BipOTiIHO 30iJbIIIEHE B YCiX JOCTIIKEHUX MalliEHTIB MO-
PiBHSIHO 3 KOHTPOJIbHOIO rpymnoto. [Tpu mopiBHSUIbHIN OLliH-
i eHJoTeialbHUX (PYHKIIIOHATBHUX MMapaMeTpiB 3aJIeKHO
Bix morimopdizmy G894T B reni eNOS BcTaHOBIEHO, 110 Y
XBOPMX i3 TOMO3UTOTHUM T€HOTHUIIOM IS pinkicHoi T amemi
crioctepiranocs BiporiaHe sHnxkeHHs BMicTy NO,"-NO,” —y
43,6 % (p < 0,05) ropiBHSHO 3 KOHTPOJIBHOIO TPYyIIO0. Bucho-
6xu. BcTaHOBJIEHI BipOrinHi nopyumeHHs QyHKLil eHA0TEi0
Yy XBOPHUX i3 TOMIpHMM i BUpPaXEeHUM CTyMeHEeM AiabeTMUHOI
nepudepuyHOi CUMETPUYHOI nostiHeipornarii Ha T1i LIJ1 2-ro
tuny. Pe3ynpTaTu nocCimKeHHS MiATBEpAWIU HMOBIpHUIA
BB moiMopdizmy G894T B reni eNOS Ha yTBOpeHHS
(eHOTHUITY, 1110 OOYMOBIIIOE CXUIBHICTh 10 PO3BUTKY MiKpO-
aHrionarii.

KiouoBi ciioBa: 1ykposuii miabet 2-10 THITY; AUCTATbBHA CH-
METpUYHA TTOTiHEHPOTIATis; eHIOTeMaTbHa TUCHYHKIIIS; TT0-
nimMopdizm rena G894T

BeicLuee rocyaapCcTBeHHOe y4ebHoe 3aBeAeHME YKPAUHbI «byKOBUHCKUK FOCYAQPCTBEHHbIN MEAVLMHCKUL YHUBEOCUTET»,

I. YepHoBupbl, YkpauHa

PoAb paccTponcts GyHKLMUOHAABHOIO COCTOSIHUS SHAOTEAUS B PA3BUTUUN
M NPOrpeccupoBaHuUn AnadéetTmyeckomn nepmdpepnyeckon
CUMMETPUYHOM NOAMHEMNPONATUN B 30BUCUMOCTU OT FreHeTUY4eCKUX PaKTOpPOB

Pe3tome. Ifeas. Ouenxa moxasateneil (yHKIMOHAILHOTO
cTaTyca SHIO0TeNUsl y O0JbHBIX JuabeTnueckoil nepudepuye-
ckoit cumMmerpuuHoit nonauHeiponarueit (AITCII) Bcaenct-
Bue caxapHoro auatdera (CJ1) 2-To Tuma B 3aBUCUMOCTH OT T10-
JuMmopdusma sHaoteauaibHoro reHa NO-cuHTasbl (eNOS).
Mamepuaast u memodsi. [lox HabmoneHreM Haxoauauch 110
oosibHBIX JTTCIT Ha done C0 2-ro tTuna, Kotopbie chopMu-
poBaJi OCHOBHYIO Tpymiry. CpemHuil BO3pacT MaliueHTOB CO-
craBisia 54,2 rona (ot 38 mo 72 net). PacnipeneneHue nanyveH-
TOB ocyuiecTBisuioch 1o Tsikectu JATTCIT: nepsas rpyrmmna co-
crostiia u3 32 (29,1 %) malmeHToB ¢ HaYaJIbHBIMU TTPOSIBJICHU -
smu JATICIT; Bropas rpymma Bkmodaia 58 (52,7 %) mauneHToB
C YMEPEHHOI CTereHbIo; TpeThs rpymmna — 20 (18,2 %) marm-
eHTOB ¢ BblpaxkeHHoM cteneHbio JITICII. Becem mamueHTam
MPOBENIeH HEBPOJOTMUECKUI OCMOTP TIO TTKajie HelpomaTu-
YECKOTO CUMIITOMATUYECKOTO U HEPOITaTHIecKoTo (hyHKIIM-
OHaJIbHOTO cyeTa. DYHKIMOHAIBHOE COCTOSIHUE SHAOTETHSI
HCCIIe0BAIM IO CONEPKAHUIO CTOMKMX METa0OIMTOB OKCHIA
azora (NO) B KpOBU U UMCITY HIUPKYTUPYIOLIMX SHAOTEIUATb-
HBIX KJIeTOK B KpoBu. ITomumopdusm G894T B rene eNOS
BBISIBJISLTU C TTIOMOILBIO TIOTMMEPA3HOI 1IeMHOI peakuuu. Pe-

3yasmamot. COTIIACHO MOJTYYEHHBIM JaHHBIM, y OOJBLINHCTBA
narueHToB (78,5 %) oTMeyasoch yMEHbIIEHWE KOJIMYeCTBa
NO,-NO,". Yucno necKBaMUPOBAHHBIX SHAOTETUAIBHBIX
KJIETOK OBLIO JOCTOBEPHO YBEJIMUYEHO Yy BCEX WCCIIEIOBaH-
HbIX TTALIMEHTOB B CPABHEHUU C KOHTPOJIbHOI rpynmoii. [Tpu
CPaBHUTEJIbHON OLIEHKE SHIOTEJMATbHBIX (YHKIMOHAIb-
HBIX [MapaMETPOB B 3aBUCUMOCTH OT nosumopbusma G894T
B reHe eNOS yCTaHOBJIEHO, UTO Y OOJIBHBIX C TOMO3UTOTHBIM
reHOTUIIOM ISl peakoii T aienn HabII0aa10Ch JOCTOBEPHOE
cHmxeHue conepxanusg NO,~-NO,” —y 43,6 % (p < 0,05) B
CpPaBHEHUM C KOHTPOJbHOM IPYIOii. Bboieodst. Y CTaHOBIICHBI
JIOCTOBEPHBIE HapyLIeHUsT (PYHKIIUUA SHAOTENUS] Y OOTBHBIX
C YMEPEHHOU U BbIPAXXEHHOW CTEMEHbIO N1MA0ETUUECKOM Te-
pudepryeckoil CUMMETPUYHON MoauHelponatuu Ha (GoHe
CJ1 2-ro Tuna. Pe3ynbrarhl McciieqoBaHUs TTOATBEPAUIN Be-
positHoe BiusHue monuMmopdusma G894T B rene eNOS Ha
o0OpazoBaHMe (PeHOTHUIIA, OOYCIOBIMBAIOIIETO CKIOHHOCTh K
Pa3BUTHIO MUKPOAHTUOTATUH.

KioueBbie €JI0Ba: caxapHblil 1uabeT 2-ro TUIA; UCTallb-
Hasi CHMMEeTPUYHAsI TIOIMHENPOTIaTHsT; SHIOTEINATbHAST IHC-
dynkius; nomumopdusm rena G894T
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