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Introduction
The International Diabetes Federation (IDF) estimated 

the global population with diabetes mellitus (DM) to be 
463 million in 2019 and 700 million in 2045. More than 
95% of people with diabetes have type 2 DM (T2DM) 
[1]. Diabetic retinopathy (DR) and diabetic macular 
edema (DME) are the two most common ophthalmic 
complications of T2DM and leading causes of blindness in 
the working-age populations [2, 3].

DR is an inflammatory disease associated with 
hyperglycemia, and causes cell apoptosis, neurodegeneration, 
oxidative stress and neovascularization [4].

Toll-like receptors (TLR) are a family of pattern 
recognition receptors (PRR) responsible for the initiation 
of inflammatory and immune responses [5, 6]. TLR4 
identifies both endogenous and exogenous ligands and 
is associated with various physiological and pathological 

pathways in the body. Due to hyperglycemia, TLR4 
expression increases in diabetic retina, which activates 
various pathways leading to DR.

High mobility group box 1 (HMGB1) is a danger 
associated protein pattern receptor which can sense high 
glucose as a stressor [7, 8]. This results in increased 
inflammation through nuclear factor kappa beta (NFkB) 
with the involvement of the pathological pathway 
HMGB1/TLR4/NF-κB. The treatment of experimental 
diabetes with TLR4/NF-κB inhibitors has been reported 
to improve the morphology and biochemistry of retinal 
damage [9–11].

A genetic factor has been implicated in the 
development of ophthalmic complications of T2DM 
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Background: Genetic susceptibility is a factor in the development of ophthalmic 
complications in type 2 diabetes mellitus (T2DM). There are differences between 
polymorphisms of toll-like receptor-4 (TLR4) in terms of their association with 
microvascular complications of T2DM.
Purpose: To assess the association of TLR4 rs1927911 polymorphism with diabetic 
retinopathy (DR) and diabetic macular edema (DME) in T2DM.
Material and Methods: This study involved 81 type 2 diabetics (81 eyes) with both DR 
and DME and 50 type 2 diabetic controls (50 eyes) having normalized carbohydrate 
metabolism and neither DR nor DME. TLR4 rs1927911 genotypes were investigated 
by real time polymerase chain reaction (PCR) using Gene Amp® 7500 PCR System 
(Applied Biosystems, Foster City, CA) and TaqMan Mutation Detection Assays (Life 
Technologies, Carlsbad, CA).
Results: TLR4 rs1927911 polymorphism was associated with DR and DME (р = 
0.021), and the risk of these complications was lower (OR = 0.42; 95% CI, 0.23–
0.77) in allele A carriers than in ancestral allele G carriers. rs1927911 genotype 
distribution was significant by Pearson chi-square test under a dominant model (GG 
versus GA+AA; χ2 = 6.38; р = 0.012; OR = 0.37; 95% CI, 0.18-0.76). After patients 
were stratified by the stage of DR and the severity of DME, significant differences 
with regard to genotypes were observed only in proliferative DR and severe DME. 
Carriers of the heterozygous genotype and minor genotype AA showed less severe 
glycemia, lower HbA1c, and smaller central retinal thickness and total retinal 
volume than carriers of the ancestral genotype GG; this corresponded to less severe 
carbohydrate metabolism abnormalities and less severe retinal damage.
Conclusion: Pro-inflammatory pathways involve TLR4 under hyperglycemic 
conditions. Given the role of TLR4 in the mechanisms triggering the immune response, 
it may be supposed that the activity of these pathways is reduced in carriers of 
rs1927911 polymorphism, and it is this that causes reduced diabetic retinal damage.
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[12–14]. Attention was given to the association of TLR4 
polymorphisms and the risk of DR while considering the 
role of TLR4 in the development of DR [14–16]. Zhang 
and colleagues [15] and Buraczynska and colleagues 
[16] found TLR4 polymorphisms to be associated with 
increased risk of cardiovascular disorders and DR in 
T2DM, whereas Manolakis and colleagues [17] found that 
these polymorphisms provide protection against T2DM.

The purpose of the study was to assess the association 
of TLR4 rs1927911 polymorphism with DR and DME in 
T2DM.

Material and Methods
This was a prospective cohort case-control study. One 

hundred and thirty one patients with T2DM (131 eyes) 
were involved in this study. Of these, 81 had both DR and 
DME, and 50 (controls), neither DR nor DME. Patient age 
ranged from 53 to 85 years, and mean age was 65.7 ± 0.83 
years. There was no significant difference between groups 
in terms of gender distribution: the percentages for women 
and men were 52.0% and 48%, respectively, for controls 
and 45.7% and 54.3%, respectively, for patients with both 
DR and DME (р = 0.495).

Approval for the study was obtained from the Bioethics 
Committee. The procedures followed were in accordance 
with the ethical standards of the Helsinki Declaration of 
the World Medical Association, European Convention on 
Human Rights and Biomedicine (1977), relevant provisions 
of WHO’s Constitution, Council for International 
Organizations of Medical Science, International Code of 
Medical Ethics (1983), and Ministry of Health Order No. 
690, dated 23 September, 2009. Informed consent was 
obtained from all participants.

Patients involved in the study had T2DM and had no 
previous history of attending a tertiary eye care institution. 
Carbohydrate metabolism was assessed by measuring fast 
blood glucose and glycosylated hemoglobin A1c (HbA1c) 
levels.

Patients underwent an eye examination which included 
visual acuity assessment, static Humphrey perimetry, 
refractometry, intraocular pressure (IOP) measurement, 
slit lamp biomicroscopy, ophthalmoscopy with Volk 
90D lens and Goldmann three-mirror lens (Volk Optical, 
Mentor, OH) and fundus photography (the ETDRS seven 
standard fields) [18]. In addition, swept-source optical 
coherence tomography (OCT) (Topcon DRI OCT Triton 
plus, Tokyo, Japan) was used to take 7 x 7 mm 3D Macula 
Map scans in all patients.

DR severity was graded as per the 2002 guidelines of 
the American Academy of Ophthalmology. Patients with 
DR were divided into three groups based on examination 
results: group 1 of 10 patients with mild non-proliferative 
DR (NPDR); group 2 of 33 patients with moderate or 
severe non-proliferative NPDR; and group 3 of 38 patients 
with proliferative DR (PDR). The control group comprised 
50 patients (50 eyes) with T2DM, a disease duration of no 
longer than 5 years, normalized carbohydrate metabolism, 
DR0 (i.e., no DR) and no DME.

The presence of DME was based on (a) an increased 
retinal macular thickness in the ETDRS subfields 
compared to the upper limit of normal for patient's age 
and gender and (b) the presence of intraretinal fluid on 
OCT scans. The retinal thickness deviation map (a graph 
comparing patient’s deviation with normative age-matched 
database) was generated, with orange and pink pixels on 
the map indicating increased retinal thickness reported in 
percentiles. OCT images of good quality (with OCT image 
quality score > 40 were included in the analysis).

DME severity was graded as per the 2003 guidelines 
of the American Academy of Ophthalmology.  DME0 (no 
DME) conformed to retinal images with normal macular 
thickness in all nine ETDRS subfields (green coded) in the 
absence of intraretinal fluid on OCT scans. DME1 (mild 
DME) conformed to increased macular thickness (orange 
or pink coded) in ETDRS subfields 7, 6, 8 and 9, and normal 
macular thickness (green coded) in ETDRS subfields 1-5, 
in the absence of intraretinal fluid in ETDRS subfields 1-5. 
DME2 (moderate DME) conformed to increased macular 
thickness (orange or pink coded) in ETDRS subfields 2-5, 
and normal macular thickness (green coded) in ETDRS 
subfield 1. DME3 (severe DME) conformed to increased 
macular thickness (orange coded) in ETDRS subfield 1.

In addition, central retinal thickness (CRT, µm) and 
total retinal volume (TRV, mm3) were assessed.

TLR4 rs1927911 genotypes were investigated by real 
time polymerase chain reaction (PCR) using Gene Amp® 
7500 PCR System (Applied Biosystems, Foster City, CA). 
Genomic DNA was extracted from venous blood samples 
using PureLink Genomic DNA Kit for Purification of 
Genomic DNA (Invitrogen, Carlsbad, CA). Mutation 
detection was performed using TaqMan Mutation Detection 
Assays (Life Technologies, Carlsbad, CA). Genetic studies 
were conducted at the Research Institute of Experimental 
and Clinical Medicine, Bogomolets National Medical 
University (director, Cand Sc (Med) Iu.G. Klys).

Statistical analyses were performed using MedStat and 
MedCalc v.15.1 (MedCalc Software bvba). In the course 
of genetic data analysis, we analyzed the general table for 
cases and genotype and allele frequencies. Thereafter, we 
analyzed the frequency differences indicating the effects 
of genotypes and alleles on the development of the disease 
[19]. Odds ratio (OR) and 95% confidence interval (CI) 
values were considered for the statistically significant 
difference related to the association with T2DM. Logistic 
regression models were built. The presence of DR and 
DME of any stage (predicted dependent variable Y=1, 81 
cases) or the absence of DR and DME (predicted dependent 
variable Y = 0, 50 cases) was used the output variable.

Results
The genotype distribution among patients included 

in the current study was similar to that reported for 1000 
Genomes Project Phase 3 (http://www.internationalgenome.
org/) (χ2 = 2.96; р = 0.228). The project determined 
genotype frequencies of TLR4 rs1927911 in individuals 
of the European population of the European population, 
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and found the frequencies of the ancestral GG genotype, 
heterozygous GA genotype, and minor homozygous AA 
genotype to be of 0.547, 0.394 and 0.060, respectively, 
versus 0.626, 0.313 and 0.061, respectively, in our studies. 
In addition, the allele distribution among patients included 
in the current study was similar to that reported for 1000 
Genomes Project Phase 3 (χ2 = 1.48; р = 0.224). The project 
found the frequencies of ancestral allele G and minor allele 
A to be of 0.744 and 0.256, respectively, versus 0.782 and 
0.218, respectively, in our studies. Therefore, the results 
for the control group conformed to the results of 1000 
Genomes Project Phase 3 for the European population in 
terms of the genotype and allele distributions for TLR4 
rs1927911.

The ancestral GG genotype was significantly more 
frequent, whereas the heterozygous GA genotype and 
minor homozygous AA genotype were significantly 
less frequent in type 2 diabetics with DR and DME 
compared to type 2 diabetic controls (р = 0.021; Fig. 1). 
Correspondingly, the minor A allele was significantly less 
frequent in type 2 diabetics with DR and DME compared 
to controls (р = 0.005).

Therefore, it may be hypothesized that the rs1927911 
polymorphism is associated with ophthalmic complications 
of T2DM. In this connection, we determined the effects of 
rs1927911 allele and genotype frequency distributions on 
T2DM and their associations with the disease (Table 1). 

The Hardy-Weinberg equilibrium was met for rs1927911 
in the controls and cases (χ2=0.52; df=1; p=0.471 and 
χ2=1.30; df=1; p=0.254, respectively).

rs1927911 polymorphism was found to be associated 
with the disease (χ2 = 7.72; p = 0.021). In addition, the 
minor homozygous AA genotype was associated with 
a decreased risk (OR = 0.39; 95% CI, 0.18-0.86) of 
the disease. Correspondingly, the minor A allele was 
associated with a decreased risk (OR = 0.42; 95% CI, 0.23-
0.77) of the disease, too. Therefore, the presence of the A 
allele could be considered as a protective factor against 
ophthalmic complications in T2DM.

Type 2 diabetic patients with the minor A allele had 
a 2.4-times decreased risk of developing ophthalmic 
complications compared to type 2 diabetic patients with 
the G allele.

Moreover, dominant and recessive models were 
compared (Table 2).

rs1927911 genotype distribution was significant by 
Pearson chi-square test  under a dominant model (GG 
versus GA+AA), but not under a recessive model (χ2 = 
6.38; р = 0.012 and χ2 = 1.18; р = 0.278, respectively). This 
finding confirmed an association between the presence 
of the minor allele A in type 2 diabetics and diabetic 
ophthalmic complications. Therefore, in type 2 diabetics, 
rs1927911 was a factor associated with the protection 
against such ophthalmic complications as DR and DME.

Fig. 1. Genotype and allele frequencies for TLR4 
rs1927911 in type 2 diabetic controls and type 
2 diabetics with both diabetic retinopathy (DR) 
and diabetic macular edema (DME).  Differences 
between groups in terms of genotype and allele 
frequencies were significant (Pearson Chi-square 
test; p = 0.021 and p = 0.05, respectively). The 
ordinate displays frequencies (f), and the abscess 
displays genotypes and alleles. Note: GG, GA, 
and AA, genotypes of TLR4 rs1927911;  G and A, 
alleles of TLR4 rs1927911; T2DM, a group of type 2 
diabetic controls; T2DM+DR+DME, a group of type 
2 diabetics with both DR and DME

Table 1. Effects of rs1927911 genotype and allele frequency distributions on the development of diabetic ophthalmic 
complications and the association of rs1927911 genotypes with the disease  

Genotypes and 
alleles

T2DM+DR+DME,
n (f)

T2DM,
n (f) χ2 p OR 95% CI

G/G 58 (0.72) 24 (0.48)

7.72 0.021

Reference

G/A 20 (0.25) 21 (0.42) 0.25 0.05–1.12

A/A 3 (0.04) 5 (0.10) 0.39 0.18–0.86

G 136 (0.84) 69 (0.69)
7.26 0.007

Reference

A 26 (0.16) 31 (0.31) 0.42 0.23–0.77

Notes: T2DM+DR+DME, a group of type 2 diabetics with both DR and DME (cases); T2DM, a group of type 2 diabetic controls; 
n (f), number and frequency of carriers of a certain genotype or allele; χ2, Pearson Chi-square with adjustment for continuity; 
p, significance of difference between groups; OR, odds ratio; 95% CI, ninety-five percent confidence interval for odds ratio
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Thereafter, this association was checked with patients 
stratified by the stage of DR (Table 3) and the severity of 
DME (Table 4). Significant differences (р < 0.001) with 
regard to both genotypes and alleles were observed only in 
PDR (Table 3) and severe DME (Table 4).

We found relationships of rs1927911 genotypes with 
carbohydrate metabolism characteristics and retinal OCT 
characteristics (Table 5).

In the presence of DR and DME, blood glucose and 
HbA1c levels were 1.8 times and 1.4 times, respectively, 
increased in diabetic carriers of rs1927911 GG and GA 
genotypes, and these differences were significant (p < 
0.001).

Of note that both blood glucose and HbA1c levels were 
higher in homozygous compared to heterozygous carriers 
of these variants, which could reflect a greater effect of the 
ancestral G allele in the former carriers than in the latter 
carriers. Correspondingly, the presence of the minor allele 
corresponded to less severe carbohydrate metabolism 
abnormalities.

A Kruskal-Wallis one-way analysis of variance found 
no effect of rs1927911 genotypes on blood glucose and 
HbA1c levels in the absence and in the presence of DR 
and DME (p > 0.1).

CRT and TRV were 1.8 times and 1.4 times, 
respectively, larger in the presence of DR and DME than 

in the absence of DR and DME in carriers of any genotype, 
and these differences were significant (p < 0.001). Of note 
were substantially (1.7-1.8 times) and significantly (p < 
0.001) larger CRT and TRV in wild homozygous carriers, 
whereas in heterozygous and minor homozygous carriers 
with ophthalmic complications, the CRT was the same or 
even smaller than in those without these complications. 

Table 2. Effects of rs1927911 genotype frequency distributions on the development of diabetic ophthalmic complications 
(dominant and recessive models of inheritance)

Genotypes T2DM+DR+ DME, n (f) T2DM, n (f) χ2 p OR 95% CI

Domi-
nant

G/G 58 (0.72) 24 (0.48)
6.38 0.012

Reference
G/A+A/A 23 (0.28) 26 (0.52) 0.37 0.18–0.76

Rece-
ssive

G/G+G/A 78 (0.96) 45 (0.90)
1.18 0.278

Reference
A/A 3 (0.04) 5 (0.10) – – 

Notes: T2DM+DR+DME, a group of type 2 diabetics with both DR and DME (cases); T2DM, a group of type 2 diabetic controls; 
n (f), number and frequency of carriers of a certain genotype or allele; χ2, Pearson Chi-square with adjustment for continuity; 
p, significance of difference between groups; OR, odds ratio; 95% CI, ninety-five percent confidence interval for odds ratio

Table 3. RLR4 rs1927911 genotype and allele frequency distributions in patients stratified by the stage of diabetic retinopathy 
(DR)

Genotypes and 
alleles

Групи хворих за стадіями ДР, n (f)
Controls

(DR0)
Group 1

(mild NPDR)
Group 2

(moderate or severe NPDR)
Group 3
(PDR)

G/G 24 (0.48) 5 (0.50) 23 (0.70) 30 (0.79)
G/A 21 (0.42) 3 (0.30) 10 (0.30) 7 (0.18)
A/A 5 (0.10) 0 (0.20) 0 1 (0.03)

р - >0.999 0.174 0.036
G 69 (0.69) 13 (0.65) 56 (0.85) 67 (0.88)
A 31 (0.31) 7 (0.35) 10 (0.15) 9 (0.12)

р - >0.0999 0.087 0.010

Note: n (f), number and frequency of carriers of a certain genotype or allele; p, significance of difference (Chi square with 
Bonferroni correction); NPDR, non-proliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy

Table 4. RLR4 rs1927911 genotype and allele frequency 
distributions in patients stratified by the severity of diabetic 
macular edema (DME)

Genotypes
Groups of patients stratified by the severity 

of DME, n (f), n (f)
No DME Mild DME Moderate DME Severe DME

G/G 24 (0.48) 6 (0.40) 12 (0.54) 40 (0.91)
G/A 21 (0.42) 6 (0.40) 10 (0.45) 4 (0.09)
A/A 5 (0.10) 3 (0.20) 0 0)

р - >0.999 0.915 <0.001
G 69 (0.69) 18 (0.60) 34 (0.77) 84 (0.95)
A 31 (0.31) 12 (0.40) 10 (0.23) 4 (0.05)

р - >0.999 0.915 <0.001

Note: n (f), number and frequency of carriers of a certain 
genotype or allele; p, significance of difference (Chi square 
with Bonferroni correction)
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In the presence of ophthalmic complications, TRV was 
less substantial in heterozygous and minor homozygous 
carriers than in wild homozygous carriers.

A Kruskal-Wallis one-way analysis of variance found 
effects of rs1927911 genotypes on CRT and TRV in the 
presence of DR and DME (p < 0.001). Both CRT and 
TRV were lower in heterozygous carriers and especially 
in minor homozygous carriers. Therefore, rs1927911 
polymorphism contributed to a reduction in diabetic 
retinal damage.

No significant relationship (p > 0.4) was found 
between rs1927911 polymorphism and IOP for this sample 
of patients.

Univariate regression analysis found DR and DME to 
be associated with rs1927911 genotypes (Table 6).

A reduction (р = 0.019) in the risk of developing DR 
was found in rs1927911 AG genotype carriers (OR = 0.39; 
95% CI, 0.18–0.86) compared with GG genotype carriers. 
Fig. 2 shows a receiver operating characteristic (ROC) 
curve for this test.

An area under curve (AUC) of 0.62 (95% CI, 0.53–
0.71) indicated a mild association between rs1927911 and 
the risk of DR. The test sensitivity and specificity were 
71.6% (95% CI, 60.5%–81.1%) and 52.0% (95% CI, 
37.4%–66.3%) for the optimal cut-off point (rs1927911 
GG). 

Therefore, TLR4 rs1927911 polymorphism was found 
to be associated with such ophthalmic complications of 
T2DM as DR and DME (р = 0.021), and the risk of these 
complications was lower (OR = 0.42; 95% CI, 0.23–0.77) 
in allele A carriers than in ancestral allele G carriers.

Discussion
Our findings are in agreement with those by Xu and 

colleagues [20], who found an association between TLR4 
four polymorphisms (including rs1927911) and DR in 
Chinese patients with T2DM. DR is shown to be regulated 
by inadequate activation of members of the immune 
system [21]. TLR4 is a key mediator of innate immunity, 
and genetic changes in TLR4 support inflammation under 
hyperglycemic conditions.

It is possible that carriers of the minor allele A at 
rs1927911 are less susceptible to the development of 
pro-inflammatory retinal changes implemented through 
HMGB1/TLR4/NF-κB, a pathological signaling circuit [7, 
8]. Hyperactivity of this component of innate immunity 
activation is likely to be a protective factor against 
ophthalmic diabetic complications.

This hypothesis was confirmed by the findings of the 
present study, with carbohydrate metabolism abnormalities 
and retinal damage being less severe in carriers of the 
heterozygous genotype and especially carriers of the 
minor AA genotype. In addition, the risk of DR and DME 
was lower in carriers of these genotypes compared to 
carriers of the ancestral GG genotype (OR = 0.37; 95% 
CI, 0.18–0.76).

This explanation of the role of rs1729911 
polymorphism is in agreement with findings of a study 
by Seidel and colleagues [22] who generated diabetic 
endothelial cell specific and Müller cell specific TLR4 
knockout mice to determine cell specific actions of TLR4 
in the retina. Diabetic Cdh5-Cre TLR4 mice, PDGFRα-
Cre TLR4 mice, and TLR4 floxed mice were evaluated 

Table 5. Effects of rs1927911 genotypes on carbohydrate metabolism characteristics, CRT, TRV and IOP

Characte-
ristic Group

Genotypes
Н р

G/G G/A A/A

Glucose, 
mmol/l

T2DM 4.80±0.77 4.81±0.59 4.79±0.68 0.38 0.826
T2DM+DR+DME 8.48±3.38 7.52±1.97 5.87±1.08 2.43 0.297

р* <0.001 <0.001 0.099

HbA1c,%
T2DM 5.42±0.36 5.3±0.45 5.38±0.43 1.16 0.558

T2DM+DR+DME 7.40±0.78 6.96±0.66 6.70±0.72 4.53 0.103
р* <0.001 <0.001 0.653

CRT, µm
T2DM 239.6±13.4 235.7±14.0 224.2±19.1 3.49 0.174

T2DM+DR+DME 438.9±111.6 245.6±52.9 178.3±20.6 44.1 <0.001
р* <0.001 0.254 0.036

TRV, mm3
T2DM 5.91±0.57 5.69±0.60 5.56±0.59 2.88 0.236

T2DM+DR+DME 10.41±2.16 8.60±1.99 7.18±0.37 16.9 <0.001
р* <0.001 <0.001 <0.001

IOP, mmHg
T2DM 14.92±2.59 14.71±2.65 17.0±2.92 2.96 0.221

T2DM+DR+DME 15.29±3.70 14.05±3.22 18.67±3.51 4.74 0.091
р* 0.523 0.609 0.445

Note: H, Kruskal-Wallis statistic; p, statistical significance of intragroup differences; p*, statistical significance of differences 
between groups (Mann-Whitney test); T2DM+DR+DME, a group of type 2 diabetics with both DR and DME (cases); T2DM, 
a group of type 2 diabetic controls
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for retinal permeability, neuronal damage, and numbers of 
degenerative capillaries, all changes commonly observed 
in diabetic retina. Global loss of TLR4 reduced diabetic 
retinal inflammation, protein level of key inflammatory 
mediators and vascular endothelial growth factor levels. 
In addition, global loss of TLR4 reduced retinal capillary 
permeability and retinal neuronal and vascular damage in 
diabetic endothelial cell specific TLR4 knockout mice.

Fu and Liu [23] injected streptozotocin (STZ) into 
wild-type and TLR4 knockout mice to induce diabetes and 
investigate the role of TLR4 in DR. Deletion of TLR4 in 
diabetic mice significantly improved DR compared to wild-
type mice, as judged by the enhanced thickness of retinal 
tissue. Furthermore, TLR4-dependent NF-kB pathway, 
inflammatory cytokine release and the expressions of 
VEGF and glial fibrillary protein (GFAP), which were all 
remarkably stimulated in STZ-injected wild-type mice, 
were inhibited in STZ-injected knockout mice.

In a study by Wang and colleagues [24], TLR4 
was detected in CD31-labeled human retinal vasculae 
endothelia and its expression was markedly increased in 
fibrovascular membranes from DR patients and in retinal 
vascular endothelial cells of mice with STZ-induced 
diabetes. The expression of TLR4 and interleukin (IL)-

Table 6. Univariate logistic regression analysis of the risk of diabetic retinopathy (DR) and diabetic macular edema (DME) in 
carriers of different rs1927911 genotypes

Independent variable Model coefficient, 
b±m

Significance of the 
difference of the OR from 

1, p
OR (95% CI)

rs1927911
G/G Reference
G/А -0,93±0,40 0,019 0,39 (0,18–0,86)
A/A -1,39±0,77 0,070 0,25 (0,05–1,12)

Note: CI, confidence interval; DME, diabetic macular edema; DR, diabetic retinopathy; OR, odds ratio 

Fig. 2. Receiver operating characteristic (ROC) curve for 
predicting the risk of diabetic retinopathy on the basis of 
TLR4 rs1927911 genotypes 

1β was enhanced by high glucose in cultured human 
microvascular endothelial cells and was inhibited by TLR4 
siRNA knock-down and TLR antagonist.

TLR4 plays a crucial role in the inflammation and 
apoptosis of retinal ganglion cells (RGCs) cultured in 
high glucose in rats with STZ-induced diabetes [25]. 
The administration of TAK-242, an inhibitor of TLR4, 
inhibited inflammation (via four TLR4 downstream 
signaling molecules MyD88, NF-κB, TRAF6, NLRP3), 
pro-inflammatory cytokines (IL-1β, IL-18) and apoptosis 
of RGCs.

Pro-inflammatory pathways involve TLR4 under 
hyperglycemic conditions; the above supposes that 
the activity of these pathways is reduced in carriers 
of rs1927911 polymorphism, and it is this that causes 
reduced diabetic retinal damage. The hypothesis requires 
experimental confirmation in future studies e.g., on 
cultured retinal endothelial cells and RGCs in carriers of 
different genotypes of rs1927911.

The findings of these future studies will have an impact 
on the research of the efficacy of TLR4 inhibitors [9–11, 25].

Conclusion
First, TLR4 rs1927911 polymorphism was associated 

with DR and DME (р = 0.021): the minor A allele was 
associated with a decreased risk (OR = 0.42; 95% CI, 
0.23-0.77) of the disease.

Second, rs1927911 genotype distribution was 
significant by Pearson chi-square test under a dominant 
model (GG versus GA+AA) (χ2 = 6.38; р = 0.012; OR 
= 0.37; 95% CI, 0.18-0.76). After patients were stratified 
by the stage of DR and the severity of DME, significant 
differences with regard to genotypes were observed only 
in PDR and severe DME.

Third, carriers of the heterozygous genotype and 
minor genotype AA showed less severe glycemia 
and lower HbA1c, CRT and TRV than carriers of the 
ancestral genotype GG; this corresponded to less severe 
carbohydrate metabolism abnormalities and less severe 
diabetic retinal damage.

Finally, a reduction in the risk of developing DR (р = 
0.019) was found in rs1927911 GA genotype carriers (OR 
= 0.39; 95% CI, 0.18–0.86) compared with GG genotype 
carriers.



ISSN 0030-0675 (Print); ISSN 2412-8740 (English ed. Online); Journal of Ophthalmology (Ukraine) - 2024 - Number 1 (516)

26	 	  

References
1.	 Teo ZL, Tham YC, Yu M, Chee ML, Rim TH, Cheung N, et 

al. Global Prevalence of Diabetic Retinopathy and Projection 
of Burden through 2045: Systematic Review and Meta-
analysis. Ophthalmology. 2021 Nov;128(11):1580-1591. 
doi: 10.1016/j.ophtha.2021.04.027.

2.	 Ixcamey M, Palma C. Diabetic macular edema. Dis Mon. 2021 
May;67(5):101138. doi: 10.1016/j.disamonth.2021.101138.

3.	 Rykov S, Chugayev D. Diabetic macular edema in diabetic 
retinopathy and type 2 diabetes mellitus and content of 
L-selectin in the blood. Ophthalmology. Archive of Ukrainian 
Ophthalmology. 2023;11(1):24-29. doi: 110.22141/2309-
8147.11.1.2023.313

4.	 Wong TY, Cheung CM, Larsen M, Sharma S, Simó R. 
Diabetic retinopathy. Nat Rev Dis Primers. 2016 Mar 
17;2:16012. http://doi.org/10.1038/nrdp.2016.12.

5.	 Bayan N, Yazdanpanah N, Rezaei N. Role of toll-like 
receptor 4 in diabetic retinopathy. Pharmacol Res. 2022 
Jan;175:105960. doi: 10.1016/j.phrs.2021.105960. Epub 
2021 Oct 28. PMID: 34718133.

6.	 Aghamiri SH, Komlakh K, Ghaffari M. The crosstalk among 
TLR2, TLR4 and pathogenic pathways; a treasure trove for 
treatment of diabetic neuropathy. Inflammopharmacology. 
2022 Feb;30(1):51-60. doi: 10.1007/s10787-021-00919-3.

7.	 Steinle JJ. Role of HMGB1 signaling in the inflammatory 
process in diabetic retinopathy. Cell Signal. 2020 
Sep;73:109687. doi: 10.1016/j.cellsig.2020.109687.

8.	 Nebbioso M, Lambiase A, Armentano M, Tucciarone G, 
Bonfiglio V, Plateroti R, Alisi L. The Complex Relationship 
between Diabetic Retinopathy and High-Mobility Group 
Box: A Review of Molecular Pathways and Therapeutic 
Strategies. Antioxidants (Basel). 2020 Jul 26;9(8):666. doi: 
10.3390/antiox9080666.

9.	 Wang Y, Tao J, Jiang M, Yao Y. Apocynin ameliorates 
diabetic retinopathy in rats: Involvement of TLR4/NF-κB 
signaling pathway. Int Immunopharmacol. 2019 Aug;73:49-
56. doi: 10.1016/j.intimp.2019.04.062.

10.	Fang M, Wan W, Li Q, Wan W, Long Y, Liu H, Yang X. 
Asiatic acid attenuates diabetic retinopathy through TLR4/
MyD88/NF-κB p65 mediated modulation of microglia 
polarization. Life Sci. 2021 Jul 15;277:119567. doi: 
10.1016/j.lfs.2021.119567.

11.	Shu X, Hu Y, Huang C, Wei N. Nimbolide ameliorates the 
streptozotocin-induced diabetic retinopathy in rats through 
the inhibition of TLR4/NF-κB signaling pathway. Saudi 
J Biol Sci. 2021 Aug;28(8):4255-4262. doi: 10.1016/j.
sjbs.2021.06.039.

12.	Gu C, Lhamo T, Zou C, Zhou C, Su T, Draga D, et al. 
Comprehensive analysis of angiogenesis-related genes and 
pathways in early diabetic retinopathy. BMC Med Genomics. 
2020 Sep 29;13(1):142. doi: 10.1186/s12920-020-00799-6.

13.	Wong YH, Wong SH, Wong XT, Yap QY, Yip KY, Wong LZ, 
et al. Genetic associated complications of type 2 diabetes 
mellitus. Panminerva Med. 2022 Jun;64(2):274-288. doi: 
10.23736/S0031-0808.21.04285-3.

14.	Rykov S, Ziablitsev S, Mogilevskyy S, Panchenko Iu, 
Biliaeva O, Lavryk N. The Role of Gene Polymorphisms 
rs1800629 TNFα and rs1800818 PDGFB in Relapses 
after Surgical Treatment of Diabetic Maculopathy. 
Ophthalmology. Eastern Europe. 2020;3(10):285-292. doi: 
10.34883/PI.2020.10.3.015.

15.	Zhang Y, Li H, Wang C, Lv H, Fu S. Toll like receptor 4 
gene Asp299Gly polymorphism increases the risk of diabetic 

microvascular complications: a meta analysis. Diabetol 
Metab Syndr. 2022 Jun 7;14(1):79. doi: 10.1186/s13098-
022-00849-2.

16.	Buraczynska M, Zukowski P, Ksiazek K, Wacinski P, Dragan 
M. The effect of Toll-like receptor 4 gene polymorphism 
on vascular complications in type 2 diabetes patients. 
Diabetes Res Clin Pract. 2016 Jun;116:7-13. doi: 10.1016/j.
diabres.2016.04.002.

17.	Manolakis AC, Kapsoritakis AN, Tiaka EK, Sidiropoulos A, 
Gerovassili A, Satra M, et al. TLR4 gene polymorphisms: 
evidence for protection against type 2 diabetes but not for 
diabetes-associated ischaemic heart disease. Eur J Endocrinol. 
2011 Aug;165(2):261-7. doi: 10.1530/EJE-11-0280.

18.	Early Treatment Diabetic Retinopathy Study Research 
Group. Grading diabetic retinopathy from stereoscopic color 
fundus photographs – an extension of the modified Airlie 
house classification: ETDRS report № 10. Ophthalmology. 
2020 Apr;127(4S): 99-119. http://doi.org/10.1016/j.
ophtha.2020.01.030.

19.	Gur’ianov VG, Liakh II, Parii VD, Korotkyi OV, Chalyi OV, 
Tsekhmister IV. [Analysis of the results of medical studies 
using EZR (R–statistics) software: Biostatistics training 
manual]. Kyiv: Vistka; 2018. Ukrainian.

20.	Kyiv: Vistka;2018
21.	Xu Y, Jiang Z, Huang J, Meng Q, Coh P, Tao L. The 

association between toll-like receptor 4 polymorphisms and 
diabetic retinopathy in Chinese patients with type 2 diabetes. 
Br J Ophthalmol. 2015 Sep;99(9):1301-5. doi: 10.1136/
bjophthalmol-2015-306677. Epub 2015 May 6. PMID: 
25947554.

22.	Singh K, Kant S, Singh VK, Agrawal NK, Gupta SK, Singh 
K. Toll-like receptor 4 polymorphisms and their haplotypes 
modulate the risk of developing diabetic retinopathy in type 
2 diabetes patients. Mol Vis. 2014 May 27;20:704-13. PMID: 
24883015; PMCID: PMC4037533.

23.	Seidel A, Liu L, Jiang Y, Steinle JJ. Loss of TLR4 in 
endothelial cells but not Müller cells protects the diabetic 
retina. Exp Eye Res. 2021 May;206:108557. doi: 10.1016/j.
exer.2021.108557.

24.	Fu H, Liu H. Deletion of toll-like receptor 4 ameliorates 
diabetic retinopathy in mice. Arch Physiol Biochem. 2023 
Apr;129(2):519-525. doi: 10.1080/13813455.2020.1841795.

25.	Wang L, Wang J, Fang J, Zhou H, Liu X, Su SB. High glucose 
induces and activates Toll-like receptor 4 in endothelial cells 
of diabetic retinopathy. Diabetol Metab Syndr. 2015 Oct 
13;7:89. doi: 10.1186/s13098-015-0086-4.

26.	Hu L, Yang H, Ai M, Jiang S. Inhibition of TLR4 alleviates 
the inflammation and apoptosis of retinal ganglion cells in 
high glucose. Graefes Arch Clin Exp Ophthalmol. 2017 
Nov;255(11):2199-2210. doi: 10.1007/s00417-017-3772-0.

Disclosures 

Received 04.10.2023
Accepted 05.02.2024

Disclaimer. The authors declare that the opinions 
expressed in this article are their own and do not reflect 
the official position of the institution.

Conflict of interest: none.
Sources of support: none.


