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Abstract

Objectives: In the current study, we synergistically evalu-
ated vascular endothelial growth factor (VEGF) gene
expression levels and signal peptide-CUB-EGF domain-
containing protein 1 (SCUBE1) gene expression levels in
diabetic patients without retinopathy, non-proliferative
diabetic retinopathy (NPDR), and proliferative diabetic
retinopathy (PDR).

Methods: 94 blood samples from 26 healthy controls, 29
non-DR, 22 NPDR, and 17 PDR patients were collected in
sterile EDTA tubes. Total RNA was obtained from these
samples without waiting and then converted to cDNA. The
expression levels of the VEGF and SCUBE1 genes were
determined by quantitative real-time polymerase chain re-
action (qPCR).

Results: SCUBEI1 gene expression levels were 2.15 (p=0.015),
1.75 (p=0.799), 2.37 (p=0.037) times higher, and VEGF gene
expression levels were 1.71 (p=0.023), 1.75 (p=0.012), 1.85
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(p=0.031) times higher in the non-DR, NPDR, and PDR groups
compared to the control group, respectively. VEGF gene
expression levels were significantly higher in participants
with HbAlc levels >5.7% compared to those with <5.7.
SCUBE1 and VEGF gene expression levels were significantly
higher in participants with fasting plasma glucose (FPG)
levels 2126 mg/dL than those with <126 mg/dL.
Conclusions: As a result, SCUBE1 gene expression levels
are higher than VEGF gene expression levels, especially in
the PDR group. Therefore, SCUBE1 may contribute to the
pathology of DR just like VEGF by generating angiogenesis.
However, we believe there is a need for experimental animal
model studies with DR examining SCUBE1 gene expression
levels in tissue samples.
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Introduction

Diabetes mellitus (DM) is a chronic disease that is common in
the world and causes morbidity and mortality. As time
progresses, the prevalence of DM increases significantly,
mainly as a result of the increased incidence of type 2 DM [1].
The increase in oxidative stress and hypercoagulation in the
pathophysiology of DM is an important factor in the occur-
rence of vascular pathologies in diabetes patients [2]. Tissue
hypoxia due to microvascular damage plays an important
role in forming complications such as diabetic retinopathy
(DR) [3]. DR is an important complication of DM that con-
tinues to be the cause of preventable and treatable vision
loss all over the world. The clinical detection of vascular
abnormalities in the retina diagnoses DR. It is divided
into two groups: non-proliferative (NPDR) and proliferative
diabetic retinopathy (PDR) [4]. Hypoxia caused by micro-
vascular occlusion in retinal tissues leads to the release of
vasogenic mediators such as vascular endothelial growth
factor (VEGF) and thus to abnormal vascular pathologies [5].
Therefore, VEGF levels in ocular structures and serum have
been the subject of research in various studies in the liter-
ature [6, 7]. The relationship between VEGF gene expression
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level and DR has been known for many years [8-10]. More-
over, patients with DR are cured with treatment strategies
that reduce VEGF protein levels. Although successful results
are obtained with this treatment, some patients do not
experience treatment efficacy because of the side effects of
anti-VEGF therapy [11].

Signal peptide-CUB-EGF domain-containing protein 1
(SCUBEY) is a cell surface glycoprotein expressed in platelets
and endothelial cells [12]. This protein plays an important
role in vascular biology and thrombus development [13].
Studies show that SCUBE1 can be influential in the formation
of endothelial dysfunction, hypoxia, and vascular damage
[12, 14]. SCUBEL1 is highly expressed in platelets and has also
been defined as a thrombosis marker today [15]. It is claimed
that inhibition of the SCUBE1 protein protects mice from
thrombosis, and strategies targeting this protein are prom-
ising in the prevention of thromboembolic events [16].

Although some studies have revealed the role of VEGF in
the development of DR, data on the effect of SCUBEI in
thrombosis, endothelial dysfunction, and vascular biology in
the development of DR are very limited.

In the light of the information above, we evaluated VEGF
gene expression levels, a previously proven marker in the
literature, and SCUBE1 gene expression levels, which we
believe may be related to the pathology of DR in terms of
synergistic effects in PDR, NDR, and type 2 DM patients. To
our bhest knowledge, there is no study in which the expres-
sion levels of these two proteins are evaluated together in
the development of DR. Additionally, we investigated both
VEGF and SCUBEL1 gene expression levels in terms of HbAlc
(<5.7 and =5.7%) and FPG (<126 and >126 mg/dL).

Materials and methods

This is a prospective controlled study. Patients with diabetes who had
been followed up on at the Nigde Training and Research Hospital
Endocrinology and Metabolism Diseases Polyclinic for at least 10 years
were included in our study. The patients were evaluated for retinopathy
by fundus examination in the ophthalmology clinic. Patients diagnosed
with DR were divided into NPDR and PDR patients. Patients with retinal
microaneurysms, intraretinal microvascular anomalies, hard and soft
exudates, and intraretinal haemorrhages were included in the NPDR
group. In addition to these findings, patients with neovascularization on
the disc or retina, pre-retinal or vitreous haemorrhage, and traction
bands were included in the PDR group. Those with any retinal disease
other than glaucoma, uveitis, and DR, as well as those with hyperten-
sion, diabetic nephropathy, coronary artery disease, carcinoma, any
organ failure, polycystic ovary syndrome, ulcerative colitis, inflamma-
tory diseases, pregnancy, any renal disease, and autoimmune systemic
diseases such as rheumatoid arthritis, were excluded from the study.
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The study group consisted of 29 non-DR, 22 NPDR, 17 PDR patients,
and 26 healthy participants. In addition, our study examined VEGF
gene and SCUBE1 gene expressions in terms of HbAlc and FPG levels.
Patients have had diabetes for over 10 years. Over time, HbAlc values
fell below 6.5%, which is the diagnostic criterion for diabetes, because
some patients were compliant with treatment. However, even if the
treatment has been successful, exposure to high glucose concentra-
tions for a long period of time before treatment may cause the devel-
opment of diabetic retinopathy in patients [17]. The prediabetes limit
value of 5.7% was chosen for HbAlc in order to see the change in
SCUBE1 gene expression levels, especially with the decrease in plasma
glucose regulation and treatment-related HbAlc value. In addition, a
value of <5.7% for HbAlc was used as evidence of the absence of
prediabetes and diabetes while selecting participants from healthy
volunteers. For this reason, study groups were divided into 2 groups in
terms of HbAlc values as <5.7 and 25.7% and FPG levels as <126
and 2126 mg/dL, and gene expression levels between groups were
examined.

Biochemical measurements

Our study measured FPG spectrophotometrically in the
Roche Cobas C701 (Roche, Germany) device. The within run
CV% value (for mean (glucose mg/dL)=59) is 0.5 and the
within run CV% value (for mean (glucose mg/dL)=344) is 0.7.
The between day CV% are (for mean (glucose mg/dL)=137) is
1.2 and the between day CV% are (for mean (glucose mg/dL)
=95.1)is 1.1.

HbA1lc was measured by the HPLC method in the Variant
II Turbo Biorad device. The within run CV% value (for mean
(HbA1c%)=6.2) is 0.82, the within run CV% value (for mean
(HbA1c%)=12.5) is 0.54. The between day CVs% are 1.68 and
2.51 respectively.

RNA extraction and cDNA synthesis

A 5 mL blood sample was taken into a sterile EDTA tube to
isolate total RNA from all participants in the study groups.
Total RNAs were isolated from the whole blood of all the
groups by using a FavorPrepTM Blood/Cultured Cell Total
RNA Purification Mini Kit (FAVORGEN BIOTECH CORP.),
according to the instructions of the manufacturers. The RNA
samples’ concentration and quality were determined using a
microplate spectrophotometer (Epoch, Biotek, USA). RNA
samples of appropriate quality and quantity from each
participant were reverse transcribed into cDNA using a
Thermo Fisher Scientific RevertAid First Strand cDNA
Synthesis Kit (Thermo Fisher Scientific Inc., Denmark)
according to the manufacturer’s recommendation.
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qPCR for SCUBE1 and VEGF

qPCR was performed on a Rotor-Gene 6,000 real-time PCR
instrument (Qiagen, Doncaster, Australia) using RealQ Plus
2x Master Mix Green without ROX TM (Amplicon | PCR
Enzymes & Reagents, Denmark) according to the manufac-
turer’s specifications as mentioned in Tables 1 and 2. GAPDH
(glyceraldehyde-3-phosphate dehydrogenase) was used as
housekeeping genes for accurate quantitative RNA expression
in real-time qPCR technique.

We used melting curve analysis to confirm the
specificity of the PCR products. For the expression analysis,
replicates above the 35-cycle threshold (Ct) were excluded
from the assay.

Diagnosis of DR

A biomicroscopic fundus examination with a 90° lens was
used as the primary method to diagnose DR after pupil
dilation. Fundus photography and fundus fluorescein
angiography were used when necessary. Fundus fluorescein
angiography was not performed in all patients. Background
DR is a stage of retinopathy without neovascularization
characterized by microhemorrhages, punctate hemorrhages,
and exudates. PDR is characterized by neovascularization
in the disc or within one disc diameter of the disc and/or
neovascularization anywhere in the fundus. The staging was
done accordingly.

Table 1: Preparation of the reaction mix for gPCR.

Component Volume
RealQ plus 2x Master mix green 7.5 L
Specific forward and primers (10 pM) 0.6 pL
Specific reverse primers (10 pM) 0.6 pL
cDNA 1L
Nuclease free water 5.3
Total volume per sample 15 pL

Table 2: Three-step PCR program.

Cycle Temperature Duration of cycle
1? 95 °C 15 min
40 95 °C 15s

60 °C 30s

72°C 20s

?For activation of the TEMPase hot start enzyme.
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Statistical analysis

SPSS version 22 (SPSS, Inc., Chicago, IL, USA) was used for
statistical analysis. In the study, the distribution of the
groups was determined with the Kolmogorov-Smirnov
test. One-way ANOVA, Kruskal-Wallis assessed differences
between groups, and paired comparisons were performed
with Tukey t-tests. A p-value of <0.05 was considered statis-
tically significant. The qPCR data were evaluated by the AACt
method, and ANOVA and Student’s t-tests were used. The
relative quantification of the gene expression levels was
determined by the AACt method using the RT2 profiler
RT-PCR array. The sample size was determined by the G*
Power 3.1.9.4 program (a=0.05, actual power=97%, Power
(1-B err prob)=0.95 for SCUBE1 and VEGF, (a=0.05, actual
power=95%, Power (1-B err prob)=0.95 for HbAlc).

Results

The baseline characteristics of the study groups were given
in Table 3.

As seen in Table 4, no significant difference was found
between the study groups in terms of mean age and gender
distribution (p=0.798). It was observed that both FPG and
HbA1c levels were significantly higher in the non-DR, NPDR,
and PDR groups compared to the control group (p=0.001).

As a result of the analysis, a remarkable increase was
observed in the expression levels of both SCUBE1 and VEGF
genes in the non-DR, NPDR, and PDR groups compared to the
control group. Compared to the control group, SCUBE1 gene
expression levels in the non-DR, NPDR, and PDR groups were
2.15 (p=0.015), 1.75 (p=0.799), 2.37 (p=0.038) times higher, and
VEGF gene expression levels were 171 (p=0.023), 1.75
(p=0.012), 1.85 (p=0.031) times higher, respectively (Figure 1).

Table 3: Baseline characteristics of the study groups.

Control Non-DR NPDR PDR p-Value
group group group group
(n=26) (n=29) (n=22) (n=17)
Gender, 13/13 17112 11/11 11/6 0.736
F/IM
Age,year 513+9.94 583+872 61.7+7.34 5832 + <0.001°
9.81
FPG, mg/ 83.24+7.20 17711 = 1903+ 156.54 + <0.001°
dL 56.9 75.4 75.71
HbA1c, % 555+03 84+214 9.42+204 8.03+ <0.001°
235

FPG, fasting plasma glucose. Results are expressed as mean + SD with 95%
confidence intervals. HbA1c, hemoglobin A1c. *Statistically significant
(p<0.05). F, female; M, male.
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Table 4: List of primers used for qRT-PCR.

Gene Primer sequence (5’ — 3’)
SCUBE1 FW GTGCCCTATGTCACCTACGAT
RV GAACATCTCCTTGGATTCCTGG
VEGF  FW CCTCCGAAACCATGAACTTT
RV TTCTTTGGTCTGCATTCACATT
GAPDH FW Optimized and spesific PCR primers were used. (Qiagen

RV QuantiTect primer assays; Cat. No: Q700079247

FW, forward primer; RV, reverse primer.

In addition, VEGF and SCUBE1 gene expressions were
examined in terms of HbAlc and FPG levels by forming two
groups. Participants with HbAlc levels of >5.7% had signifi-
cantly higher levels of VEGF gene expression than those with
<5.7% (p=0.029). In addition, although it was not statistically
significant, an increase in SCUBE1 gene expression levels
was found in the group with high HbAlc levels (p=0.12).
When the study group was divided into 2 groups as those
with FPG levels 126 mg/dL and those with 2126 mg/dL,
SCUBEL1 gene expression levels were found to be 2.07 times
higher in participants with FPG levels 2126 mg/dL compared
to participants with FPG levels <126 mg/dL (p=0.048).
Although not statistically significant, a slight increase in
VEGF gene expression levels was detected in the group with
FPG levels >126 mg/dL group, compared to the control group
(Figure 2).

Discussion

In the present study, the possible importance of SCUBE1 and
VEGF gene expression levels in the pathogenesis of DM and

FOLD CHANGE
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DR in non-DR, NPDR, and PDR patients was discussed. Our
first remarkable finding was that VEGF gene expression
levels were significantly increased in both the Type 2 DM
group without diabetic retinopathy and the NPDR and PDR
groups compared to the healthy control group. In addition,
the increase in SCUBE1 gene expression level was statisti-
cally significant merely in the type 2 DM and PDR groups
compared to healthy controls. We believe that our study will
be a guide for further genetic studies and the development of
different treatment strategies for DR, as it is the first study in
which both SCUBE1 and VEGF gene expressions were eval-
uated together in NPDR and PDR groups.

VEGF plays a role in the pathophysiology of many eye
diseases, such as DR, by causing pathological angiogenesis,
and anti-VEGF agents are used in the treatment of some eye
diseases [18-20]. These agents are now commonly used as a
treatment strategy for DR patients. Despite the fact that
anti-VEGF agents have demonstrated significant clinical
benefits in DR patients, some patients have not shown the
expected visual improvement [21, 22]. The reason for this is
unknown, but different responses to anti-VEGF agents in
patients with DR may be related to genotypic differences [23].
In addition, the occurrence of various side effects as a result of
long-term anti-VEGF treatment reveals the need for different
treatment strategies for the inhibition of angiogenesis [24].
Therefore, the application of different combined treatments
with different markers may be even more effective [25-27].

In our study, we examined the gene expression levels of
both SCUBE1 and VEGF, which are likely to be effective
through similar and different mechanisms in the patho-
genesis of DR. As a result, we found that the changes in both
VEGF and SCUBE1 gene expression, especially in the PDR
group, increased in parallel with each other.

B SCUBE]
D VEGF

Figure 1: Comparison of SCUBE1 and VEGF

T2DM

NPDR

gene expression levels in non-DR, NPDR, and
PDR groups compared to the control group.
*p<0.05.

PDR
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Figure 2: Comparison of SCUBE1 and VEGF gene expression levels
according to FPG (A) and HbA1c (B) levels. FPG, fasting plasma glucose;
HbA1c, hemoglobin Alc. *p<0.05.

In a recent study in which serum VEGF, apelin, and HO-1
levels were examined in non-DR, NPDR, and PDR groups, it
was determined that serum VEGF levels were higher in the
NPDR and PDR groups compared to the control group. In the
study, serum VEGF levels were reported to be associated
with DR progression. In addition, it was suggested that the
combined use of VEGF, apelin, and HO-1 levels in both
diagnosis and treatment would be beneficial in the contin-
uation of the study [28]. On the other hand, Burgos et al.
reported that there was no correlation between VEGF gene
expression levels in blood and vitreous fluid in patients with
PDR. It has also been claimed that VEGF levels in the vitreous
fluid are produced by the tissues surrounding the eye [29]. In
another study, it was reported that VEGF gene expression
levels in blood and vitreous fluid were correlated with each
other [30]. In a study examining plasma VEGF and VEGF
receptor levels, it was found that increased VEGF receptor
levels and plasma VEGF levels were associated with the
severity of DR in patients with type 2 DM [31]. Yang et al.
recently published a study in which serum VEGF levels in the
DM, NPDR, and PDR groups were examined. It was observed
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that serum VEGF levels were higher in both the PDR
and NPDR groups than in the DM group [32]. In our study,
significant increases were observed in all NPDR, PDR, and
non-DR groups compared to the control group, and it was
found that the increase rates were almost similar in all three
groups. The absence of healthy controls in Yang et al.’s study
and the investigation of VEGF levels in serum and protein
levels may be the reason for the partial difference in the
findings obtained from our study. In addition, the fact that
VEGF gene expression was higher in patients with FPG >126
and higher in patients with HbA1c levels above 5.7% in our
study suggests that the expression of this gene is probably
caused by high plasma glucose and/or impaired plasma
glucose regulation.

Although there are some studies examining VEGF levels
in non-DR and DR patients, there is no study examining
SCUBEL1 gene expression levels, which have important roles
in thrombosis, angiogenesis, and vascular biology, in NPDR
and PDR subgroups. Studies examining serum SCUBE1 levels
have shown that this protein is mostly elevated in acute
vascular events [33]. It is also known that SCUBE1 levels are
associated with angiogenesis and inflammation [34-36].
Angiogenesis is a crucial mechanism in the pathogenesis of
diabetic retinopathy, and blocking angiogenesis is extremely
important for treatment [32, 37]. In a study examining
the serum SCUBE1 level in microvascular complications of
diabetes such as DR and diabetic nephropathy, it was
reported that although SCUBE1 levels were increased, they
were not statistically significant. In addition to this, it has
been indicated that there was a positive correlation between
serum SCUBE1 and FPG levels [38]. In our study, we determined
that it was 2.07 times higher in patients with high FPG (=126 mg/
dL) than in the group with low FPG (<126 mg/dL) (p<0.05).
Although it was not significant, we also found that SCUBE1
expression was higher (1.89 times) in patients with HbAlc
levels >5.7% compared to patients with HbAlc levels <5.7%.

In another recent study, serum SCUBE1 levels were
found to be significantly higher in patients who developed
DR compared to those who did not, and it was suggested that
SCUBEL1 could be used as an early diagnostic marker in
patients who developed DR. In addition, there was an
opinion to investigate the role of this marker as a predictable
factor in the progression of NPDR to PDR [39]. It has been
suggested that inhibition of the SCUBE1 protein protects
mice from thrombosis and that treatments including SCUBE1
protein inhibition may be effective in preventing thrombo-
embolic events [15]. We observed a significant increase in
SCUBEL1 levels in the non-DR and PDR groups. Although
there is no obvious difference between these increases, we
found that the highest increase was in the PDR group. It
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seems not surprising that SCUBE1 levels, which are also
involved in angiogenesis, increase more in PDR, where
neovascularization is dominant in its pathophysiology.

As a result of our study, while VEGF and SCUBE1 gene
expression levels were significantly increased in non-DR,
NPDR, and PDR patients compared to the control group, no
significant difference could be detected among the non-DR,
NPDR, and PDR groups. Herein, the fact that SCUBE1
expression levels are higher than VEGF gene expression
levels, especially in the PDR group, can be considered an
important finding due to being an advanced level DR of PDR.
Based on these results, we can report that, apart from VEGF,
the SCUBE1 molecule may contribute to the pathology of DR.
For this reason, treatment strategies that reduce SCUBE1
levels or combine treatments can be developed for patients
who do not benefit from treatment strategies that reduce
VEGF levels. However, in this regard, we believe that there is
a need for studies of experimental animal models with DR
that examine the relevant genes in tissue samples.

Limitations of the study

Although our study was well planned, it had some limita-
tions. The number of patients can be increased. In addition,
examining the expression levels at the tissue level is very
important for understanding the activities of SCUBE1 and
VEGF genes on tissue and their contribution to the pathology
of diabetic retinopathy. In our study, only circulating
expression levels were examined. For this reason, tissue
expression levels could be examined.
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