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Vascular endothelial growth factor gene insertion/deletion 
polymorphism is associated with Vitamin D level in Turkish 
patients with coronavirus disease 2019
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INTRODUCTION
Pathogens of the coronavirus family can infect both humans and 
animals. A novel coronavirus (nCoV) was recently identified, 
leading to severe pneumonia cases in the Chinese city of Wuhan 
at the end of 2019. With its rapid spread, it became a global 
threatening pandemic after causing an epidemic throughout 
China. The World Health Organization (WHO) designated 
the viral disease as COVID-19 (i.e., coronavirus disease 2019) 
in February 2020. The virus that causes COVID-19 infection 
has been renamed severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) to replace the previous name 2019-nCoV. 
The purpose of this review was to outline the three-phase clini-
cogenomic course of COVID-19 immune syndrome as iden-
tified in a recent bioinformatics study1.

Considering the pathogenesis of COVID-19, the infection 
starts with the binding of the virus to the angiotensin convert-
ing enzyme 2 (ACE 2) receptors expressed in various tissues, 
thus triggering an excessive immune response. Cytokine storm 

resulting from the overproduction of proinflammatory cyto-
kines has been associated with severe progression of COVID-19 
infection and organ damage. The pathophysiological mechanism 
of COVID-19 infection has not been fully elucidated, but the 
effects of genetic variations in genes in inflammation-related 
pathways on the course and severity of the infection are being 
investigated. In older adults and people with comorbidities, 
COVID-19 infection is more severe. COVID-19 infection is 
characterized by various symptoms such as fever, cough, short-
ness of breath, weakness, muscle aches, taste and smell disor-
ders, diarrhea, and headache. The results of studies on genetic 
variations show differences between populations2. The vascular 
endothelial growth factor (VEGF) family and its receptors are 
key regulators of angiogenesis and barrier function. The VEGF 
family consists of VEGF-A, PlGF, VEGF-B, VEGF-C, VEGF-D, 
and VEGF-E. The researchers detected elevated plasma levels 
of VEGF-A in the serum of COVID-19 patients, which were 
found to be correlated with disease severity3,4. VEGF-B levels 
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SUMMARY
OBJECTIVE: Coronavirus disease 2019 emerges as a disease caused by severe acute respiratory syndrome coronavirus 2. It is a systemic disease 

associated with vascular inflammation and endothelial damage. In this study, we aimed to investigate whether vascular endothelial growth factor 

gene insertion/deletion polymorphism is associated with coronavirus disease 2019 in the Turkish population. 

METHODS: The study included 179 participants (79 patients with coronavirus disease 2019 and 100 controls). DNA isolation was made from 

peripheral blood, and then the polymerase chain reaction analysis was performed.

RESULTS: When we analyze vascular endothelial growth factor gene insertion/deletion polymorphism in the study group, we found that the DD 

genotype and D allele were found to be statistically significantly different when compared to coronavirus disease 2019 patients with high vitamin 

D value (p=0.005 for DD genotype and p=0.006 for D allele) in the control group. In this high-level control group, when we analyze II+ID genotype 

versus DD, a statistically significant difference was also detected (p=0.007). 

CONCLUSION: As a result of the study, we found that DD genotype and D allele were associated with vitamin D level in Turkish patients with 

coronavirus disease 2019.
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did not appear to be altered in COVID-19, while VEGF-D 
level, which promotes angiogenesis and lymphangiogenesis, 
was lower in COVID-19 compared to healthy control5. Kong 
et al. identified high VEGF-D as the most important indicator 
of disease severity in a small cohort of COVID-19 patients6. 
Further studies are needed to clarify these contrast findings 
and the potential mechanistic role of VEGF-D in COVID-
19. Based on these findings, we aimed to investigate the rela-
tionship between VEGF gene insertion/deletion polymorphism 
and COVID-19 in the Turkish population.

METHODS

Study sample
This study included 179 participants (79 patients with COVID-
19 and 100 controls). The study was conducted with 79 patients 
who were diagnosed with COVID-19 and 100 healthy con-
trols in Samsun Education and Research Hospital between 
2021 and 2022. The University of Samsun Health Science 
Clinical Ethical Committee approved the study (the ethi-
cal number is GOKA 2021/10/18). All the participants were 
informed about the study and signed the informed consent 
form. Patients’ information was obtained and white blood cells, 
neutrophils, lymphocytes, platelets, C-reactive protein (CRP) 
(mg/dL), D-dimer (ng/mL), vitamin D (ng/mL), monocytes, 
prothrombin time, activated partial thromboplastin time, inter-
national normalized ratio, ferritin, and procalcitonin (PCT) 
values were recorded.

DNA isolation and polymerase chain  
reaction methods
DNA isolation was performed from 179 samples belonging to 
the patient and control groups. It was carried out from 2 mL 
peripheral blood sample taken into a tube with EDTA. After 
DNA isolation, a polymerase chain reaction (PCR) was per-
formed using primers. The promoter region of the vascular 
endothelial growth factor gene was amplified by PCR. For the 
reaction, 50 ng of DNA, 1 μM from each primer, 10 μM dNTP 
from each dNTP, 1.5 mM MgCl2, 0.2 units of Taq polymerase, 
and 10´ PCR buffer were placed into 25 μL total mixture. 
The PCR conditions were as follows: the initial denaturation was 
applied for 4 min at 94°, 35 cycles, and the denaturation was 
applied for 45 s at 95° and 45 s at 62°. Forward primers such 
as 5’-GCTGAGGATGGGGCTGACTAGGTA-3’ and reverse 
primers such as 5’-GTTT CTGACCTGGCTATTTCCAGG-3’ 
were used. Elongation was performed at 72° for 45 s, and the 
final extension was performed at 72° for 7 min. We visualized 

the amplification products on a 2.5% agarose gel. The amplified 
PCR product size of VEGF was the 228 bp fragments show-
ing the D allele and the 221 bp fragments showing the I allele. 
To check the results, 20% of the randomly selected samples 
were reworked and a 100% match was found.

STRING analysis
STRING database annotates the functional interactions between 
the proteins in a cell. In this study, VEGF protein interactions 
were evaluated.

Statistical analysis
The SPSS 20 program was used in the statistical analysis of our 
study. Chi-square analysis was used to calculate genotype dis-
tributions and allele frequencies. The OpenEpi program was 
also used for genotype distributions and grouped genotype and 
allele comparisons. In the statistical analysis results, the p-value 
>0.05 was accepted as statistically significant.

RESULTS
The mean age of the control group was 56.44±19.08 years, and 
the mean age of the patients was 55.84±13.82 years. In the 
patient group, the rate of women was 55.7%, while the rate of 
men was 44.3%. In the control group, the rate of women was 
32% and the rate of men was 17%. Table 1 represents the clin-
ical characteristics of COVID-19 patients. When the control 
group with normal vitamin D value was compared with the 

Table 1. Clinical characteristics of coronavirus disease 2019 patients.

Clinical findings of patients Mean±SD

White blood cells 9.48 (7.30)

Neutrophils 6.67 (6.25)

Lymphocytes 1.19 (0.73)

Platelets 244.40 (101.68)

C-Reactive protein (mg/dL) 81.03 (89.81)

D-dimer (ng/mL) 2.65 (5.71)

Vitamine D (ng/mL) 12.96 (6.26)

Monocytes 0.51 (0.35)

Prothrombin time 12.52 (1.54)

Activated partial thromboplastin time 24.15 (7.64)

International normalized ratio 1.10 (0.14)

Ferritin 533.50 (570.36)

Procalcitonin (PCT) 0.55 (2.01)

  Services 29 (36.7)

  Intensive care units 50 (63.3)
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patients (p=0.232), there was no statistical difference between 
genotype distributions and allele frequencies, but a statistically 
significant difference was found when compared with the con-
trol group with high vitamin D value (Table 2). The results 
of our study showed that the DD genotype and D allele were 
found to be statistically significantly different when compared 
to COVID-19 patients with high vitamin D value (p=0.005 for 
DD genotype and p=0.006 for D allele) in the control group. 
In this high-level control group, when we analyze II+ID gen-
otype versus DD, a statistically significant difference was also 
detected (p=0.007) (Table 3).

STRING analysis
By analyzing the VEGF protein with the STRING database, 
we found the predicted functional partners of the protein as 
follows: vascular endothelial growth factor receptor 3 (FLT4), 
vascular endothelial growth factor receptor 2 (KDR), neuro-
pilin 1, the membrane-bound isoform 1 (NRP1), vascular 

endothelial growth factor receptor 1 (FLT1), neuropilin 2 
(NRP2), hypoxia-inducible factor 1-alpha (HIF1A), high-af-
finity nerve growth factor receptor (NTRK1), cadherin 5 
(CDH5), fibronectin 1 (FN1), and fibroblast growth fac-
tor 2 (FGF2). The interaction network of these proteins is 
shown in Figure 1.

DISCUSSION
COVID-19, caused by SARS-CoV-2, has become a persistent 
health emergency since its outbreak in late 20196. Progression 
of COVID-19 often involves excessive pro-inflammatory 
cytokines and mediators7. VEGF, a key factor involved in 
vascular permeability and inflammation8, was found to be 
skyrocketed in the blood of COVID-19 patients and related 
to disease severity9.

Vitamin D regulates the immune modulatory mechanisms 
by decreasing the proinflammatory environment in vivo and 

Table 2. Genotype distribution and allele frequencies of coronavirus disease 2019 patients and control with high vitamin D level.

Bold values indicate that p<0.05 is statistically significant.

Vascular endothelial growth 
factor insertion/deletion

COVID-19 group
n=79 (%)

Control group
n=100 (%)

χ2  OR (95%CI) p-value

Genotypes

II 9 (11.4) 2 (4.1)

0.005ID 53 (67.1) 45 (91.8) 

DD 17 (21.5) 2 (4.1) 

II+ID:DD 62:17 47:2 7.275 0.157 0.007

DD+ID:II 70:9 47:2 2.058 0.333 0.151

Alleles

I 71 49
0.6227 0.4925–1.352 0.4301

D 87 49

Table 3. The distribution of the genotypes and alleles in coronavirus disease 2019 and control groups.

Vascular endothelial growth 
factor insertion/deletion

COVID-19 group
n=79 (%)

Control group
n=100 (%)

χ2 OR (95%CI) p-value

Genotypes

II 9 (11.4) 17 (17)

2.921 0.232ID 53 (67.1) 71 (71)

DD 17 (21.5) 12 (12)

II+ID:DD 63:17 88:12 2.814 0.5073 0.093

DD+ID:II 71:9 83:12 0.078 1.14 0.779

Alleles

I 71 105
2.001 0.7409 0.157

D 87 95
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increasing the secretion of anti-inflammatory cytokines. It has 
been reported that 25(OH)D deficiency, a physiologically quan-
tifiable form of vitamin D, is strongly associated with unfavor-
able clinical outcomes. Finally, no adverse effects of using high 
doses of vitamin D in COVID-19 and other circumstances 
have been reported10.

Overall, melatonin is an intriguing compound, not unlike 
vitamin D, which is pleiotropic in activity and responsive to 
light-dark cycles. From a scientific perspective, melatonin acts 
as a powerful antioxidant that can cross the blood-brain barrier, 
inhibit inflammation, and interact with the gut microbiome. 
From a clinical point of view, melatonin imbalance may indi-
cate “darkness deficiency” in much the same way that vitamin 
D may infer whether or not someone has a “light deficiency”11.

Soluble levels of a circulating form of the VEGF-A receptor 
are markedly increased in COVID-19 patients and correlated 
with disease severity2-4. Under normal conditions, this form is 
electrostatically bound to proteoglycans and thus sequestered12. 
Its elevated level could therefore theoretically be a result of dam-
age. Its overexpression has been well shown to promote endo-
thelial dysfunction, particularly during preeclampsia13. Dupont 
et al. reported that plasma levels (n=46) at admission to the 
ICU are associated with the need for mechanical ventilation, 
the need for vasopressor support, the development of severe 
acute kidney injury, and death14. However, unlike preeclamp-
sia, its high levels in COVID-19 are clearly not accompanied 
by a decrease in PlGF15,16. This finding is apparently very con-
sistent, as the rate remains low in pregnant women. It allows 

a good distinction between COVID-19 pneumonia and true 
preeclampsia and preeclampsia-like symptoms due to COVID-
1917. VEGF plays a primary role in maintaining the growth, 
development, and maintenance of a healthy circulatory system, 
thereby ensuring normal angiogenesis18. They bind with VEGFR 
and activate the endothelial cell. Alveolar immune regulation is 
important and is maintained by the integrity of the endothe-
lial barrier in lung tissue, which is crucial in patients affected 
by COVID-1919. Serum levels of VEGF have been found to 
be elevated in people affected by SARS-CoV-2. Based on these 
findings, we aimed to investigate whether VEGF insertion/
deletion gene polymorphism was associated with COVID-19 
and we found that the DD genotype and D allele was asso-
ciated with vitamin D level in Turkish COVID-19 patients. 
In COVID-19, neutrophils, monocytes, and macrophages 
become hyperactivation, and as a result, it shows that it can 
lead to dysregulation in the inflammatory response and cyto-
kine storm (Fernandes 2022)20-22. These changes have also been 
associated with an increase in various interleukins and VEGFs 
in COVID-19 patients. A large-scale study reports that vitamin 
D mechanisms also play an important role in these processes23.

CONCLUSION
In accordance with our results, it is previously reported that it 
has been hypothesized that sufficient vitamin D levels could 
prevent cytokine storm while promoting an adequate adap-
tive immune response in patients with COVID-19. In the 
literature, there are no studies about investigated relation 
between VEGF gene insertion/deletion polymorphism and 
COVID-19. Our results would provide important contri-
butions to the literature. Genetic polymorphisms are very 
important in the field of medicine and will allow for the dis-
covery of new treatment strategies and drugs as their mech-
anisms are understood.
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Figure 1. Interactions of vascular endothelial growth factor-A protein, 
according to STRING database predictions.
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