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The Role of Gene Polymorphisms rs1800629
TNFa and rs1800818 PDGFB in Relapses after
Surgical Treatment of Diabetic Maculopathy

Ponb nonnmopéunsma reHa rs1800629 TNFa v rs1800818 PDGFB
B peuunavBeax anabeTnyeckomn makynonaTtum
nocse XMPYypPruyeckoro neyeHms

Abstract

Analysis of the literature data indicated the possible role of gene polymorphisms rs1800629
(-308G/A) TNFa and rs1800818 PDGFB in the development of such complications of diabetes
mellitus 2 type (DM2T) as diabetic retinopathy (DR) and maculopathy (DMP), which suggested
the possibility of its connection to DMP relapses occurrence after surgery. The study included 313
patients with DMP (313 eyes) and initial (n=40), moderate or severe non-proliferative (n=92) and
proliferative DR (n=181) stages. Patients underwent posterior subtotal vitrectomy (PSV) (n=78);
PSV in combination with inner limiting membrane (ILM) peeling (n=85); PSV with ILM peeling and
panretinal laser coagulation (n=81); and PSV with ILM peeling and panretinal laser coagulation and
cataract phacoemulsification (n=69). Blood level of TNFa and PDGF-BB before surgical treatment
was determined by enzyme immunoassay, polymorphisms — by polymerase chain reaction. For
statistical procedures the Statistica 10 program (StatSoft, Inc., USA) was used. Our results and analysis
of literature data suggest that the pathogenetic factor contributing to DMP relapses after surgery is
a high content of TNFa in carriers of risk minor genotype A/A rs1800629. This genotype determined
the development of DMP relapses in 96.9% of its carriers. Carriers of the G/A heterozygote also
had an increased risk of relapses. The rs1800818 PDGFB was also associated with DMP relapses, but
carriers of mutant genotypes (T/C and C/C) were less at risk than carriers of ancestral T/T genotype.
The content of PDGF-BB was lower in the absence of relapses, which could explain the protective
effect of this polymorphism. Thus, it can be assumed that both TNFa and PDGF-BB are potential
targets for the development of targeted molecular therapy for DMP and its relapses after surgery.
Keywords: diabetic maculopathy, surgical treatment, recurrence, TNFa, PDGF-BB, rs1800629,
rs1800818.

Pe3slome

AHanu3 nuTepaTypHbIX JaHHbIX yKa3blBaeT Ha BO3MOXHYIO ponb nonumMopdusma reHa rs1800629
(-308G/A) TNFa v rs1800818 PDGFB B pa3sutiu 0CNoXXHeHUN caxapHoro aguabeta 2-ro Tuna (CA2) 8
Buae gnabetnuyeckon petuHo- (P) n makynonatum (M), 4To fAaeT BO3MOXHOCTb NPEANONoXUTL
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Ponb nonumopdusma rema rs1806629 TNFa 1 rs1800818 PDGFB
B peLavsax AmabeTnueckoin Makynonatum Nocne Xupypryeckoro eYeHns

X yuactve n B pa3sutum peunansos [IMI nocne xmpypru4eckoro BMeLaTenbCrea. B nccneposa-
Ve 66110 BKIOUYeHO 313 naumenTos ¢ MM (313 rnas) u HauanbHom (n=40), YMEPEHHON NN He-
nponudepatmeHol (n=92) n NponndepaTnBHoA ctagven [IP (n=181). NauvexTam 6bina nposeae-
Ha 3agHsAn cy6ToTanbHas BuTpaKToMMA (3CB) (N=78); 3CB ¢ MUAVHIOM BHYTPEHHEW MorpaHNyHON
mem6patbl (BMM) (n=85); 3CB ¢ nunurrom BINM u sTanom naHpeTUHaNbHOWN Na3epHON Koarynaunm
(n=81); 3CB ¢ nunuHrom BMM, 3Tanom naHpeTnHanbHoM nasepHow koarynsauum NCB, pakosmynbcu-
duKaLma KatapakTbl (n=69). YpoBeHb B kposu TNFan PDGF-BB 10 XMpypru4eckoro fie4eHus onpe-
LEeNAnn ¢ NOMOoLLbIo UMMYHOGEPMEHTHOTO aHanwn3a, NOAMMOP®U3M — C MOMOLLbIO MONNMEPA3HOA
LenHown peakuuu. ina CTaTUCTUYeCKnX VNCcCneaoBaHuiA NCNosb30Banace Nporpamma Statistica 10
(StatSoft, Inc., CLLA).

MonyyeHHble HaMW Pe3ynbTaTbl U aHanU3 NUTEPaTYPHbIX AaHHBIX NO3BONAIT NpPeanonoXnTb, 4To
naToreHeTMueckum GakTopom passutua peumansos [IMI1 nocne xmMpypruyeckoro sieueHua Ag-
NAETCA BbICOKWIA ypoBeHb copepxanus TNFa y HoCWUTenen reHoTUna MUHOpHoOro reHotrna A/A
rs1800629. TOT reHOTUN onpeaenvun passuTne peunameos JMI B 96,9% cnyuyaes. Hocutenu re-
Tepo3uroT G/A Take MMeNM NOBbILEHHbIA PUCK Pa3BUTUA PELIMAUBOB. MNonumopduam rs1800818
rena PDGFB Take 6bin CBA3aH ¢ pa3sutvem peumavsos [IMI, HO HocuTenu reHoTUnos (T/Cn /)
6biINM MeHee NoABEPXKEHbI PUCKY, ueM HocuTenn T/T-reHoTuna. CopepxaHue PDGF-BB 6bino Huxe y
NaLNeHTOB C OTCYTCTBUEM PELMANBOB, YTO MOTJIO 6bl OGBACHUTD 3alnTHOE [eAcTBMe 3Toro nonu-
mop¢m3ama. Takum 06pa3om, MOXHO NPeanoNoKuUTb, YTo n TNFa n PDGF-BB aBnsatotca noteHymanb-
HBIMU MULIEHSMU ANA pa3paboTKu LieneBoii MONeKynsapHom Tepaniu OMTI u ee peunanBeos nocne
XUPYpPruyeckoro BMellaTesnbCTea.

KnioueBble cnoBa: AnabeTnyeckan MakynonaTus, Xmpypruyeckoe nedeHue, peunamns, TNFa, PDGF-
BB, rs1800629, rs1800818.

® INTRODUCTION

One of the main complications of type 2 diabetes mellitus (DM2T) is
visual organ damage, in particular diabetic retinopathy (DR) and diabetic
maculopathy (DMP) [1-3]. Moreover, DMP does not develop in all cases of
DR: the frequency of DMP increases according to the severity of DR. Thus,
in non-proliferative DR (NPDR) the development of DMP occurs in 3-38% of
patients, in preproliferative — in 20-63%, and in proliferative DR (PDR) - in
more than 70%.

The importance of pro-inflammatory cytokines and, in particular, tumor
necrosis factor-alpha (TNFa) for insulin resistance formation is well-known
[4]. The molecular basis of this effect is the role of TNFain signal transduction
from the insulin receptor, namely, — inhibition of insulin receptor substrate
(IRS-1) phosphorylation and, accordingly, tyrosine phosphorylation, which
prevents further activation of PI3K/Akt- and Erk/MAP pathways of glucose
uptake [5, 6].

Genetic factors, in particular the polymorphic state of genes, contribute
to the emergence of DM2T and its complications [7-10]. Thus, a meta-
analysis conducted in Chinese Han population, which included 10 studies
(1425 patients with DM2T and 1116 controls), established the association of
minor allele A rs1800629 TNFa (OR=1.63; 95% Cl 1.17-2.25) and genotypes
according to the dominant model of inheritance (OR=1.47;95% C11.17-1.85)
[8]. A Brazilian study (745 patients with DM2T, including 331 people without
DR, 246 with NPDR and 168 with PDR) showed that the frequency of allele
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A rs1800629 TNFa was significantly higher in patients with PDR than in
patients without DR (p=0.035), and had an association with its development
(OR=1.82; 95% Cl 1.11-2.98) [9]. A systematic review of publications from
2000 to 2016 by G.I. Luna and al. (2016), drew attention to the contradictory
results of determining the association of rs1800629 TNFa with DM2T in
different populations, which, according to the authors, is related to their
ethnic differences, and justifies the need for such studies in each population
separately [10].

Also, the regulatory polypeptide - platelet-derived growth factor (PDGF),
which is a transmembrane glycoprotein with mitogenic properties - plays
an important role in DMP development [11-13]. The source of PDGF in
blood is a-granules of platelets, and in tissues — fibroblasts, smooth muscle
cells, astrocytes [14, 15]. PDGF-BB is produced by activated macrophages
and neoangiogenic endothelium and, unlike other isoforms that are rapidly
excreted from the cell, remains associated with it [16]. In hypoxia and ischemia,
PDGF-BB stimulates endothelial cell proliferation and neoangiogenesis,
increases capillary permeability [17]. Hyperglycemia can induce postreceptor
resistance to PDGFB by activating C-delta protein kinase (PKC-delta), MAP-
kinase and protein tyrosine phosphatase (SHP-1) and thus dephosphorylating
PDGFB receptor [18]. The latter phenomenon is associated with diabetic
intraretinal microvascular abnormalities (IRMA) [3].

The rs1800818 PDGFB (gene localization 22q13.1; Chr.22: 39244698
on GRCh38) is located in the intron of the five-bar-untranslated region (5'-
UTR Variant). It has been shown that in carriers of this polymorphism, that
have viral fever with thrombocytopenia syndrome, the blood PDGF-BB level
and mRNA expression were significantly reduced (p=0.015) [19]. It was also
determined that rs1800818 PDGFB was associated with three-year and
overall survival in patients, operated on colorectal cancer metastases and
having anti-VEGF therapy, which, according to the authors, is associated
with angiopoiesis and pericyte proliferation [20]. Significant activation
of PDGF-BB in DR, especially in its proliferative form, as well as analysis of
numerical experimental data with models of DR and DMP in knockout mice
on PDGFB genes or its receptor, suggest that this gene for DMP is of great
value [21, 22]. We have previously shown the determining role of PDGF-BB
for the formation of DMP relapses after surgery [11, 12].

Thus, these data indicated the possible role of polymorphisms
rs1800629 (-308G/A) TNFa and rs1800818 PDGFB in the development of
DM2T complications, in particular, DR and DMP, and indicated the need to
study the possible relationship of these polymorphisms with DMP relapses
after its surgical treatment in patients from the Ukrainian ethnic group.

B PURPOSE
To determine the association of rs1800818 PDGFB and rs1800818
PDGFB with DMP relapses after surgery.

B MATERIALS AND METHODS

The study included 313 patients with DM2T (313 eyes) with DMP and initial
(1st group; n=40), moderate or severe non-proliferative DR (NPDR; 2nd group;
n=92) and proliferative DR (PDR; 3-rd group; n=181), who were treated at the
Kyiv City Clinical Ophthalmological Hospital "Center for Eye Microsurgery",
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which is the clinical base of the Ophthalmology Department of the Shupyk
National Medical Academy of Postgraduate Education (Kyiv, Ukraine). All
patients underwent conventional ophthalmological examinations.The severity
of DR and DMP was established according to the International Clinical Scale
of the American Academy of Ophthalmology (2002) [3]. In this study, patients
received four types of surgical treatment. 78 patients underwent three-port
closed subtotal vitrectomy 25+. 85 patients underwent additionally internal
limiting membrane peeling during vitrectomy. In 81 patients, in addition to
these procedures, a stage of panretinal laser coagulation (PRLK) was performed.
In addition to all these interventions, cataract phacoemulsification (PhEC) was
performed in 69 patients.

The blood level of TNFa (Bender Medsystems, Austria) and PDGF-BB
(Human PDGF-BB Quantikine ELISA Kit; R&D Systems; USA) was determined
before surgery in all patients by enzyme-linked immunosorbent assay.
The color intensity of enzymatic reaction product was quantified on
Multiscan EX photometer, Thermo Electron Corp. (Finland). Analysis of
genetic polymorphisms was performed by real-time polymerase chain
reaction (PCR). In the first stage of the study, genomic DNA was isolated
from whole venous blood using standard reagents "PureLink® Genomic
DNA Kit For Purification of Genomic DNA"; manufacturer INVITROGEN
(USA). In the second stage, real-time PCR was performed using unified test
systems "TagMan Mutation Detection Assays" Life-Technology (USA) in the
automatic amplifier Gene Amp® PCR System 7500 (Applied Biosystems, Inc.,
USA). As control, 95 people of the same sex and age who did not have any
visual pathology, were involved.

Patients were examined at 1, 3, 6 months and 1 year after surgery. All
procedures were performed in accordance with the ethical standards of the
Declaration of Helsinki (as amended in 1964) and with the permission of the
Bioethics Committee. All patients gave informed consent to participate in
the study.

Statistica 10 (StatSoft, Inc., USA) was used for statistical processing of the
obtained data. To determine the nature of data distribution, Kolmogorov -
Smirnov and x-square tests were performed. The median (Me) and the
first and third quarters (Q1; Q3) of the variation series were used for
descriptive statistics of quantitative data. Comparison tables and Pearson’s
nonparametric criterion x-square were used to compare categorical variables.
In all cases, statistical evaluation of p<0.05 was considered plausible.

W RESULTS AND DISCUSSION

The DMP relapses frequency in general was 29.7%, by groups: in the
1st — 27.5%, in the 2nd - 22.8% and in the 3rd - 33.7% (p=0.180). According
to the literature, in patients with DM2T there was an increase in TNFa blood
level, which corresponds to the severity of the disease and its complications,
in particular - DR [23]. According to our data, blood level of cytokine before
surgery increased as the stage of DR progressed (Table 1).

In the 1st group of patients the content of TNFa exceeded the control 1.2
times (p=0.005). In groups 2 and 3, the cytokine level was 2.0 and 3.4 times
higher than in controls, respectively (p<0.001). The maximum level of TNFa
was observed in patients of the 3rd group who had PDR, the minimum - in
patients of the 1st group with the initial NPDR.
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Table 1
The content of TNFa in the control and patlent groups; Me (Q1; Q3)
‘Marker Control,n=95  |[1%,n=40 |2,n=92 39, n=181
15.95 ' 19.52 31.20 53.99
TNFa, pg/ml (9.95; 21.54) (16.30; 22.61) (25.39; 37.01) (42.31; 66.27)
H=315.79; p<0.001
27.55 27.81 45.28 61.72
PDGF-BB, ng/ml (20.18; 33.47) (22.09; 33.13) (38.99; 50.78) (56.85; 72.89)
H=321.09; p<0.001 '

Notes: H - intergroup differences according to the Kruskal — Wallis criterion (multiple comparisons); p - is the probability of
differences between intergroup comparisons (accepted if p<0.05).

When analyzing the relationship of TNFa content with the presence
or absence of DMP relapses in groups of patients, it was found that in
the 1st and 2nd groups in the presence of relapses the cytokine level was
significantly higher, especially in patients with initial NPDR (Table 2).

In group 2, the difference was less significant, while in group 3, the
situation changed: the median TNFa level was higher in the absence of
relapses. Analysis of the sample showed that the data distribution did not
differ significantly (p=0.062), and their ranges actually overlapped. Thus, the
increase in blood TNFa level is associated with the relapses presence only in
NPDR, in PDR there was no such connection.

Such preconditions determined the main task of the study - to establish
the connection of rs1800629 TNFa with the DMP relapses development
after surgical treatment (Table 3).

It was found that in patients with relapses the frequency of ancestral
genotype G/G was significantly lower than in patients without relapses

Table 2
The level of TNFa (pg/ml) depending on DMP relapses; Me (Q1; Q3)
Relapses. = 1" R TmmT R e H;p
24.09 34.89 4924 s
present (22.49; 25.32) (29.46; 40.22) (39.77; 65.56) e
(n=11) (n=21) (n=61) p<b.
17.76 29.98 5739 B ]
absent (15.12; 20.28) (23.17;36.89) (43.62; 67.08) H;(‘) %%?4'
(n=29) (n=71) (n=120) P,
U;p U=25.00; p<0.001 U=498.0; p=0.022 U=3038.0; p=0.062

Notes: H - differences by Kruskal — Wallis criterion (multiple comparisons); U - differences according to the Mann - Whitney
criterion (pairwise comparisons); p - is the probability of differences between intergroup comparisons (accepted if p<0.05).

Table 3
The effect of rs1800629 TNFa genotypes on the DMP relapses development
: | The pmenee of nhpns, nif) . ,
Genotypo‘ : OR . |95%
i present | absent o X ; P
G/G 5(0.054) 154 (0.700) 0.02 0.01-0.06
G/A 57(0.613) 65 (0.295) 139.7 <0.001 3.76 2.27-6.27
A/A 31(0.333) 1 (0.005) 109.50 14.65-818.23

Notes: n (f) - number and frequency; x* - Pearson’s chi-square criterion; p - is the probability of intergroup comparisons by the
criterion x?(accepted at p<0.05).
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(p<0.001). At the same time, the frequency of risky rs1800629 variants
(heterozygote G/A and minor homozygote A/A) under relapse conditions
was significantly increased (p<0.001).

Also a very interesting fact should be mentioned: among the studied
cohort of patients there were 32 with minor homozygous genotype A/A,
and almost all of them (31 people; 96.9%) in the postoperative period had
DMP relapses. This directly indicated the determinant of the minor genotype
A/A rs1800629 TNFa in the development of DMP relapses. The risk of DMP
relapses in carriers of the G/A heterozygote was 3.8 times increased (OR
3.76; 95% Cl 2.27-6.27); in carriers of the protective ancestral homozygote
G/G this risk was significantly reduced - 50 times (OR 0.02; 95% CI 0.01-
0.06). Therefore, the obtained results directly indicated the important role
of rs1800629 TNFa for DMP relapses formation after surgical treatment,
regardless of the DR severity.

The level of PDGF-BB in the groups also increased (see Table 1): the
maximum values were observed in patients with PDR, the minimum - in the
initial NPDR. The blood level of PDGF-BB in patients with PDR (3rd group)
exceeded the control value by 2.2 times (p<0.001). It was shown that the
level of PDGF-BB was significantly increased in the serum and vitreous of
patients with PDR compared with the control [21]. These data coincide with
ours, which proves the pathogenetic role of increasing the content of this
marker in DR.

Analysis of the relationship between PDGF-BB level before surgical
treatment with the presence or absence of DMP relapses showed (Table 4)
that in the presence of relapses, the PDGF-BB level in each group was
statistically significant (p<0.001 by Mann - Whitney test) higher than in the
absence of relapses (1.3-1.4 times).

Thus, it was shown, that, first of all, there is an increase in the blood level
of PDGF-BB in DMP in the presence of moderate and severe NPDR and, to
a greater extent, - PDR; and second of all, there is an association of DMP
surgical treatment relapses with the blood level of PDGF-BB before surgery.

The connection of rs1800818 PDGFB with the relapses DMP development
was further clarified (Table 5).

The frequency of ancestral homozygous T/T genotype in patients
with DMP relapses was significantly higher than that in patients without
relapses (3.0 times), while the frequencies of heterozygotes (T/C) and
minor homozygotes (C/C) were significantly lower (in 5.8 and 3.6 times,

Table 4
The level of PDGF-BB (ng/ml) depending on DMP relapses; Me (Q1; Q3)
Relapses gt 2 3™ H;p
34.40 59.71 76.46 .-
Present (32.75;40.35) (56.57; 64.02) (72.89; 82.96) g
(n=11) (n=21) (n=61) p<b:
2456 41.40 . | 5866 § ,
Absent (21.32;28.07) (38.34; 46.92) (54.96;61.71) s 13
(n=29) (n=71) (n=120) g ___
U;p U=14.00; p<0.001 U=23.00; p<0.001 U=12.00; p<0.001

Notes: H - differences by Kruskal — Wallis criterion (multiple comparisons); U - differences according to the Mann - Whitney
criterion (pairwise comparisons); p - is the probability of differences between intergroup comparisons (accepted if p<0.05).
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Table 5
The effect of rs1800818 PDGFB genotypes on DMP relapses development
: The presence of relapses, n (f)
Genotype OR 95% CI
present absent X e
/T 80 (0.860) 62 (0.282) 162.1 59.4-4423
T/C 9(0.097) 124 (0.564) 88.43 <0.001 0.03 0.01-0.07
C/C 4(0.043) 34 (0.154) 0.17 0.06-0.50

Notes: n (f) - number and frequency; x* - Pearson’s chi-square criterion; p - is the probability of intergroup comparisons by the
criterion x? (accepted at p<0.05).

respectively). According to Pearson chi-square criterion, such shifts had a
high degree of significance (p<0.001).

In our opinion, such results showed the importance of the minor allele C
for prevention of DMP relapses after surgical treatment. The risk of relapses
in C allele-carriers (genotypes C/C and C/T) were significantly reduced.
According to the obtained data, only in the studied cohort of patients,
38 people were the carriers of minor genotype C/C and almost all of them
(34 people; 89.5%) in the postoperative period had no DMP relapses. The
risk of DMP relapses in minor homozygote C/C carriers was significantly
reduced (5.9 times; OR 0.17; 95% Cl 0.06-0.50).

The results showed an association of rs1800818 PDGFB with DMP
relapses after surgical treatment and were consistent with the study that
showed that in rs1800818 minor allele carriers the blood level of PDGF-BB
and mRNA expression were significantly reduced (p=0.015) [19]. Therefore,
it could be assumed that rs1800818 PDGFB, which is located in the intron
of the five-bar-untranslated region (5-UTR), reduces mRNA expression and
PDGF-BB levels, which is manifested in minor allele C carriers. Given the
established protective role of this polymorphism for the occurrence of DMP
relapses, we can assume that C allele carriers have lower risk of relapses due
to relatively low content of PDGF-BB. The pathogenetic role of the latter for
the occurrence of DR and DMP is indicated by experimental and clinical
data, as well as the results of our previous studies [11, 12, 17, 21, 22].

Thus, it can be assumed that both TNFa and PDGF-BB are potential
targets for the development of targeted molecular therapy for DMP and its
relapses after surgery.

B CONCLUSIONS

1. Our results and analysis of literature data suggest that pathogenetic
factor that contributes to the DMP relapses after surgery is the high
level of TNFa in carriers of risk minor genotype A/A rs1800629 TNFa.
This genotype determined the development of DMP relapses in 96.9%
of its carriers. Carriers of the G/A heterozygote also had an increased risk
of relapses.

2. Thers1800818 PDGFBwasalso associated with DMP relapses, but carriers
of mutant genotypes (T/C and C/C) were less at risk than ancestral T/T
genotype carriers. The PDGF-BB level was lower in absence of relapses,
which could explain the protective effect of this polymorphism.
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