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Abstract

Purpose

Diabetic retinopathy (DR) is the most frequent microvascular complication in patients with
diabetic mellitus (DM). Excessive formation of reactive oxygen species and mitochondrial
dysfunction in retina suggest the possible role of mitochondrial variability on DR. We aimed
to test for association of mtDNA haplogroups with occurrence and progression of DR in 361
Slovak diabetic patients.

Methods

3897 diabetic patients were included in the project in which clinical ocular examination was
carried out for all participants. 361 patients, based on the presence of DR (G-RET - DR
present within first 7 years since DM diagnosed, G-CON — no signs of DR after 17 years of
DM) were selected for mtDNA haplotype determination by HV1 region sequencing to test for
association with DR occurrence and progression.

Results

Based on clinical examination in 3897 patients we observed strong association of retinopathy
with type 1 DM (p=0.00001) and association with type 2 DM when development of
retinopathy within first 7 years of diabetes was considered (p=0.005). While no difference of
DR occurrence was observed between males and females, strong association of DR with
males was identified in G-RET group (p=0.0001). While mitochondrial haplogroup
distribution did not significantly differ between G-RET and G-CON groups, indication of
association of haplogroup HV (p=0,044) and M (p=0,033) with severity of DR was observed.
This observation need to be replicated in further studies due to small sample size, however.
Conclusions

Mitochondrial haplogroups HV and M are supposed to be implicated in DR progression with

further studies needed.
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Introduction

Diabetic retinopathy (DR) is one of the most common complication of diabetes
mellitus (DM) and is leading cause of vision loss in diabetic patients and working adults in
developed countries. Prevalence of any type of diabetic retinopathy, vision threating
progressive forms of proliferative diabetic retinopathy (PDR) and diabetic macular edema
(DME) in diabetic patients is as high as 34,6%, 7,0% and 6,8%, respectively.*

Increased circulation of blood glucose through vessels during diabetes results in micro
and macro vascular damage,” which is amplified by hypertension and dyslipidaemia as risk
factors associated with arise and progression of the disease.** Multiple biochemical pathways
and cellular mechanisms might explain diabetes driven complications, with some of them
being studied the most like polyol pathway flux, increased advanced glycation end-products
(AGEs) formation, protein kinase C activation signaling pathways or increased oxidative
stress, reviewed in Sharma et al., (2019).°> Ongoing inflammation, vascular occlusion and
oxidative stress upregulate factors like vascular endothelial growth factor (VEGF), insulin-
like growth factor (IGF), angiopoietins (Ang-2), tumor necrosis factor (TNF) and lead to
progression of diabetic retinopathy.® Hyperglycaemic milieu creates conditions for increased
glucose auto-oxidation and/or initiation of metabolic abnormalities which leads to formation
of reactive oxygen species (ROS) thus creating excessive free radicals environment which is
supposed to have the central role in the pathogenesis of retinopathy.®

Mitochondria is a significant source of reactive oxygen species which production is
elevated in hyperglycaemia and resulting in damage to macromolecules and mitochondria

dysfunction.”® Genetic variability of mitochondrial DNA, driven by higher mutation rate in
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mitochondria and defined in distinct matrilinear mtDNA haplogroups, is assumed to be
phenotypically mostly neutral, however there have been several studies that shown
association of certain mitochondrial haplogroups with various complex disorders.®°
Considering the role of mitochondria in diabetic retinopathy there have been published studies
such as Bergman et.al. (2017), who described connection of haplogroup H to severity, but not
prevalence of diabetic retinopathy, or Mitchell et al. (2017), who stated modifying effect of
mitochondrial haplogroups U and UK on proliferative diabetic retinopathy in patients with
type 2 diabetes.*? On the other hand, one of the latest studies declared, that haplogroup H
have no association with diabetic retinopathy in large Caucasian sample.™

The opposite findings of these studies led us to test the distribution of mtDNA
haplogroups, based on HV1 region sequencing, in 361 Slovak patients with type 1 (T1DM)
and type 2 (T2DM) diabetes considering the type of diabetes, sex, disease duration and degree

of retinal damage.

Material and methods

Patient samples

During DIARET project (ITMS: 26240120038) 3897 diabetic patients’ samples were
collected and deposited in DNA bank with deidentified clinical data. Of these patients, two
smaller clinically distant groups of patients were selected for further genetic study based on
retinopathy occurrence in relation to diabetes duration. The first group (G-RET) consisted of
129 patients with diabetic retinopathy developed in less than seven years after DM diagnosis,
while the second group (G-CON) consisted of 232 patients with diabetes duration for at least
17 years but no signs of diabetic retinopathy so far.

The ophthalmological examination was performed at the time of the project for all

patients enrolled in the study. Considering the degree of retinopathy progression, NPDR was
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considered as mild when one or both eyes were affected with presence of microaneurysm
and/or retinal hemorrhages, while severe NPDR was considered when presence of more than
2 indicators (microaneurysm, hemorrhages and soft exudates, extensive intra-retinal
hemorrhages in 4 quadrants, intra-retinal microvascular abnormalities and/or phlebitis in more
than 1 quadrants) were present at least on one eye. PDR and DME were considered as severe
complications.

The study was conducted according to the principles outlined in the Declaration of

Helsinki and written informed consent was obtained from all patients.

Mitochondrial haplogroup identification

Mitochondrial hypervariable region | was amplified using HOT FIREPol® DNA
Polymerase (Solis BioDyne, Estonia) and specific primers (upon request). Sequencing
analysis of amplicons was performed using BigDye™ Terminator v3.1 Cycle Sequencing Kit
and fragments were analysed using ABI Prism 3130x| Genetic Analyzer (Life Technologies,
USA). Alignment to the reference sequence (NCBI NC 012920) and variants identification

allowed for haplogroup assignment using Haplogrep2 classification tool.**

Statistical analysis

Chi-square test was used to analyze characteristics of the whole set of 3897 diabetic
patients considering sex, age, type of diabetes in relation to retinopathy progression and
diabetes duration. Chi-square test was applied also for comparisons of mitochondrial
haplotypes and/or haplogroups distribution between selected two clinically distant groups of

patients.

Results
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3897 diabetic patients (53,3% women) of slovak (93%), hungarian (5.9%), czech
(0.49%), and roma (0.33%) nationality with deindentified clinical data were included in the
project. 10,09% of patients suffered from type 1 diabetes with the average age of diabetes
onset and duration of disease at the time of the study 25.9/14.78 years, while in type 2
diabetes patients it was 53.19/8.47 years, respectively.

For the subsequent genetic analysis we selected two groups of patients, denoted G-
RET and G-CON, depending on the presence of DR in relation to the diabetes duration. 129
(33,3% women) patients in G-RET group were characterized with maximum of 7 years from
DM diagnosis (average 4.29y) and presence of retinopathy, while 232 (57,14% women)
patients in G-CON group suffered from diabetes for minimum of 17 years (average 22,5y)
without any clinical signs of DR (Table 1).

In the whole group of patients diabetic retinopathy was found to be significantly more
often in T1DM patients (p<0.00001), and with reverse association observed after G-RET/G-
CON selection (p<0.0005). Diabetic retinopathy was not associated with gender in all
patients, however selection based on disease duration and retinopathy prevalence (G-RET/G-

CON) showed diabetic retinopathy to be present more often in males (p<0.0001) (Table 1).
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Table 1. Prevalence of diabetic retinopathy in relation to DM diagnosis duration and

gender
All patients N (%0)
T1DM T2DM p- value Female Male p- value
DR 128 (34.87) 529 (16.2) 363 (17.46) 355 (19.53)
0.00001 0.096
Without DR 239(65.13) 2738 (83.8) 1716 (82.54) 1463 (80.47)
Selected groups of patients depending on extreme values
G-RET 9 (15) 120 (39.87) 43 (24.57) 87 (46.77)
0.0005 0.0001
G-CON 51 (85) 181 (60.13) 132 (75.43) 99 (53.23)

Based on observed mitochondrial HV1 sequence variation in 361 analyzed patients we

identified 161 haplotypes belonging to 56 subhaplogroups (Fig. 1). Due to low sample

numbers in groups we combined identified haplotypes into 10 common subhaplogroups. The

most common haplogroup H allowed us to analyze samples of this group in separate H1

(8.86%), H2 (18.56%), HV (8.31%) and other H (15.24%) subhaplogroups. The rest of

haplotypes belonged to subhaplogoup UK (19.95%), T (9.97%), J (7.2%), joined N-others (I,

W, X, Y, N) (6.65%), M (3.32%) and R-others (R8, R9, R14) (1.94%). Distribution of these

10 haplogroups did not show any statistically significant (chi-square) difference between G-

RET/G-CON groups (Fig.2A).
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Figure 1. Occurrence of 56 mitochondrial subhaplogroups identified in 361 DM patients divided into
two groups: G-RET - patients with retinopathy within 7y of DM, and G-CON - control group of DM without

retinopathy after 17y of DM.

Since we observed association of sex with prevalence of the retinopathy in G-RET/G-
CON groups, we tested for the association of mitochondrial haplogroups with DR status
within individual sex groups separately. None of analyzed haplogroups was significantly
associated with presence of DR complications in relation to sex.

Further, we tested haplogroup distribution for association in relation to the severity of
DR. Patients with DR were divided into 2 groups based on severity of retinopathy,
considering clinical presentation of retinopathy according to clinical ocular examination at the
time of the study described in material and methods section. Similar distribution of
haplogroups with no statistical difference in both (severe, mild) groups were observed, except
for HV and M haplogroups (p=0,044, and p=0,033, respectively) which indicate the possible

association of HV and M haplogroups with DM progression (Figure 2B).

% G-CON
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Figure 2. Proportion of observed haplogroups in retinopathy G-RET (black) and control - without
retinopathy G-CON (hatch black) groups of DM patients (A), and proportion of observed haplogroups in G-RET

patients divided into mild (black) and severe (hatch black) DR subgroups (B). P values from chi-square test are

presented, with significant p values bolded.

Discussion

Diabetic retinopathy is one of the most common causes of acquired blindness in
middle age population with prevalence to vary between 10-61% in patients with known
diabetes and between 1.5-31% in newly diagnosed diabetes in various populations.> Sex-
gender differences in the onset of diabetic complications, such as DR, seem to be independent

risk factor according some studies, while others showed no statistically significant
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difference.’®*® The disease heterogeneity, selection criteria, number of patients analyzed, and
etnicity in various studies may be responsible for such conflicting observations. Prevalence of
DR in group of 3897 patients present in this study was 18.4% with observed difference
between sexes only when considering the onset of DR with respect to the duration of diabetes.
The presence of DR in male and female patients did not reveal significant difference in all
patients (Table 1), however strong association of DR with males was seen in patients with
retinopathy diagnosed within 7 years since the DM onset (p=0.0001).

Various studies considered the prevalence of diabetic retinopathy in relation to the
type of diabetes.”® In our observation, diabetic retinopathy was found to be present
significantly more often in TIDM (34.87%) patients compared to T2DM (16.2%) when
compared in all 3897 patients (p<0.00001), which is in agreement with other studies, such as
Matuszewski et al. (2020).%° Interestingly, there was seen a strong reverse association after G-
RET/G-CON selection (p=0.0005), showing that diabetic retinopathy in TLDM usually do not
develop within first years of DM diagnosis, but later in decades.?

As a causal link between high glucose levels and metabolic abnormalities observed in
DR are considered ROS, which originate at higher rate in elevated glucose environment.
Damage to the retinal mitochondria during ROS driven pathogenesis of DR leads to decreased
copy number of mtDNA, transcription of mtDNA encoded genes, and subsequent
mitochondrial dysfunction.?? While ROS are constantly produced by mitochondria and
mitochondrial dysfunction is seen in DR pathogenesis, mitochondrial genetic variation
became the subject for possible implication in the onset and progression of DR. Even though
the association of mitochondrial haplogroups to various disorders has been studied for long
time and to date many studies observed association of different haplogroups as risk or
protective factors in pathogenesis of different diseases, studies focused on the association of

mitochondrial haplogroups to the diabetic retinopathy are rare. Several studies linked diabetic
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retinopathy with one or other haplogroup but the results are inconclusive. While Kofler et al.
(2009) observed association of T haplogroup with CAD and DR in T2DM patients, Achilli et
al. (2011) identified relationship between DR in T2DM and haplogroup H.?*%*

In this study we attempt to assess the possible association of mitochondrial
haplogroups to the onset and progression of DR in analysis of two clinically distinct groups of
DM patients. Mitochondrial haplotypes were determined based on HV1 region sequences in
129 DM patients with DR developed within 7 years since DM diagnosis (G-RET group), and
232 DM patients without any signs of DR despite of at least 17 years of DM duration (G-
CON group). In these 361 patients we identified 161 haplotypes belonging to 56
subhaplogroups. Due to low numbers in these subhaplogroups, samples were combined into
larger, common haplogroups. As expected the most represented haplogroup was haplogroup
H (51,97%), the most common haplogroup in Europe, which was identified in 51.16% of G-
RET and 50.86% of G-CON group. This allow us to analyze samples belonging to H
haplogroup in separate H1, H2, and HV sub-haplogroups. The rest of haplotypes belonged to
other H, UK, T, J, N-other (I, W, X, Y, N), M and R-other (R8, R9, R14) haplogroups. None
of haplogroups showed significant difference in distribution between the two groups, not even
after stratifying samples by sex. These findings are in agreement to those in study by Liu et al.
(2019) which was carried out on 2935 Caucasian DR patients with neither of haplogroups H1,
H2, UK, K or JT being associated with any type of DR (NPDR, PDR or DME)."?

In the study by Bregman et al. (2017) severity but not prevalence of the disease was
associated with mitochondrial haplogroups when haplogroup H was associated to be a risk
factor for and haplogroup UK to be protective against proliferative diabetic retinopathy (PDR)
among Caucasian DR patients.! This study characterized connection between mitochondrial
haplogroups, duration of diabetes and HbA;c, and identified haplogroups as risk factors for

proliferative DR. The assumption is that in cells of patients with haplogroup H there is
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increased ROS production as result of high glucose level and / or reduced ability to manage
elevated oxidation stress leading to vascular damage in retina and damage to the
mitochondria. These effects could be worsen by long duration of diabetes but also due to
metabolic memory phenomenon. This phenomenon describes the fact that mitochondrial
damage could progress even after re-institution of good glycaemic control. Considering
mentioned factors it can be assumed that patients with haplogroup H may be more sensitive to
the effect of prolonged diabetes and poor glycaemic control.*>® To test the association of
mitochondrial haplogroups with DR severity, we stratify DR patients into two groups based
on severity of clinical retinal findings to mild and severe according to Alghadyan 2011.%°
Clinical ocular examination was carried out at the time of the study so we can exclude various
evaluation criteria changing over time. Similar distribution of all haplogroups in (severe,
mild) DR groups of patients were observed, except for HV and M haplogroups, for which
indication of weak association predetermines HV as protective (p=0,044) and M as risk factor
for severe retinopathy (p=0,033). However, we must point out the limitation of this indication
that lie in the small sample size of patients in groups: HV (12 patients out of 78 in mild and 0
patients out of 51 in severe DR group) and M (0 out of 78 in mild and 6 out of 51 in severe
DR group). As mentioned before by other studies, the problem with small numbers of patients
identified for some haplogroups greatly limits the approach and depends on demographic
factors, distribution of haplogroups, study design and sample size. Nevertheless, these

observations might be considered and tested in further studies.
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