DOI: https://doi.org/10.53350/pjmhs2023172645

ORIGINAL ARTICLE

Delta-Like Factor 1 Negatively Regulates Angiogenesis as a Target Gene
of MIR-126-5P after Indirect Revascularization Surgery in Patients with

Moyamoya Disease

LT COL AYYAZ HUSSAIN AWAN TI(M)!, HUSSNAIN MOHAMMAD BUKSH?, ALI ZAIN UL ABIDIN?®

!Associate Professor Ophthalmology, Akhtar Saeed Medical College Lahore
2Medical Officer Lahore General Hospital
3Assistant Professor King Edward Medical University

Corresponding author: Lt Col Ayyaz Hussain Awan TI(M), Email: ayyazhussainawan3@gmail.com

ABSTRACT

Introduction: Moyamoya disease (MMD) is a chronic cerebral hypoperfusion state with increased narrowing of the intracranial

internal carotid artery.

Objectives: The main objective of the study is to analyses the delta-like factor 1 negatively regulates angiogenesis as a target
gene of miR-126-5p after indirect revascularization surgery in patients with moyamoya disease.

Material and methods: This retrospective study was conducted in Akhtar Saeed Medical College Lahore during 2020 to 2021.
First, we compared the DLK1 expression in DM tissues from patient with moyamoya disease (n = 8) and unruptured aneurysms
(n = 8, control group). DM samples (1.0 x 0.5 cm) were collected from patients with moyamoya disease during revascularization
procedures. DM samples were harvested from the temporal part of the head and stored for further use.

Results: EPC markers CD31, VE-cadherin, and VEGFR-2 were strongly expressed in cultured cells, while hematopoietic
marker CD133 did not display remarkable expression, suggesting highly purified EPC isolation.

Practical implication: This study will be helpful in EC proliferation and angiogenesis.

Conclusion: It is concluded that DLK1, a target gene of miR-126-5p, negatively regulates EC proliferation and angiogenesis
and that downregulating DLK1 expression potentially promotes angiogenesis in chronically ischaemic brains.
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INTRODUCTION

Moyamoya disease (MMD) is a chronic cerebral hypoperfusion
state with increased narrowing of the intracranial internal carotid
artery. Treatments such as direct and indirect revascularization
surgery are used for patients with MMD. Encephalo-myo-
synangiosis (EMS) is a simple, indirect revascularization surgery
for younger patients with MMD, yet EMS can provide inadequate
collateral flow with a possible case of an ischemic stroke! 1. To
enhance angiogenesis in the brain cortex, EMS should be
combined with gene therapy. A previous study analyzed the results
from an indirect revascularization surgery combined with vascular
endothelial growth factor (VEGF) gene in the temporal muscle of a
rat with chronic cerebral hypoperfusion. In addition, the current
study examined the effect of combined gene therapy with VEGF
plus apelin during indirect revascularization surgery? 2. EMS
showed indirect bypass surgery for the hypoperfusion state after
bilateral common carotid artery ligation. Thus, angiogenesis in the
brain cortex progressed when EMS worked with gene therapy.
Other treatments for chronic hypoperfusion involve the use of limb
remote ischemic conditioning (LRIC). This method is
neuroprotective for white matter lesions after ischemia, but the
means it protects after chronic cerebral hypoperfusion is
unknown®. A recent study did find that PTEN/AKmTOR signaling
pathways were activated after LRIC.

Delta-like factor 1 (DLK1) is encoded by a paternally
imprinted gene on human chromosome 14 and mouse
chromosome 12 and is highly expressed during embryonic
development. DLK1 is synthesized as a membrane-bound
precursor that has a signal peptide, six epidermal growth factor
(EGF)-like extracellular repeats, a juxta-membrane region and a
short intracellular tail. Numerous of studies have demonstrated that
DLK1 plays a regulatory role in a series of mesoderm
differentiation processes, including adipogenesis, myogenesis and
osteo blastogenesis®. However, a few reports recently suggested
that DLK1 negatively regulates EC proliferation. Given that 1) both
our previous study and studies from other scholars demonstrated
that microRNA-126-5p (miR-126-5p) promotes EC proliferation)
bioinformatics analysis (both TargetScan and miRDB) indicated
the existence of a potential binding site between miR-126-5p and
DLK1, and 3) a relatively authoritative study suggested that
miR126-5p and DLK1 interact, we hypothesized that DLK1 inhibits

EC proliferation and angiogenesis in patients with moyamoya
disease as a target gene of miR-126-5p°.

Objectives: The main objective of the study is to analyses the
delta-like factor 1 negatively regulates angiogenesis as a target
gene of miR-126-5p after indirect revascularization surgery in
patients with moyamoya disease.

MATERIAL AND METHODS
This retrospective study was conducted in Akhtar Saeed Medical
College Lahore during 2020 to 2021. First, we compared the DLK1
expression in DM tissues from patient with moyamoya disease (n =
8) and unruptured aneurysms (n = 8, control group). DM samples
(2.0 x 0.5 cm) were collected from patients with moyamoya
disease during revascularization procedures. DM samples were
harvested from the temporal part of the head and stored for further
use. All fresh samples were used for quantitative real-time
polymerase chain reaction (QRT-PCR), frozen in liquid nitrogen
and stored at -80°C. Quantitative PCR (QRT-PCR). TRIzol reagent
(Invitrogen, Guangzhou, China) was used to isolate total RNA from
HUVECs or DM tissues, and the Advantage RT-for-PCR Kit
(TaKaRa, Otsu, Japan) was used to perform reverse transcription
with U6 serving as the endogenous control. Briefly, sections were
fixed with 4% paraformaldehyde in phosphate-buffered saline
(PBS) for 5 min at room temperature, permeabilized, and blocked
for 30 min with 0.1% Triton X-100 and 1% bovine serum albumin.
Statistical Program for Social Science (SPSS) version 22.0
was used for all statistical analyses. The data are presented as the
means + standard deviations (SDs).

RESULTS
EPC markers CD31, VE-cadherin, and VEGFR-2 were strongly
expressed in cultured cells, while hematopoietic marker CD133 did
not display remarkable expression, suggesting highly purified EPC
isolation.

The overall mortality rate after the surgery was 9.89% (9/91).
As we observed that both EMS and EMS combined with EPC
treatment resulted in amelioration of microcirculation impairment
after BICAL, we further performed the rotarod test to assess
functional outcome in these 2 groups after BICAL.
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Figure 1: Characterization of human umbilical cord blood-derived late
EPCs. A Late EPCs expressed endothelial markers CD31, VE-cadherin, and
VEGFR-2, but did not express hematopoietic marker CD133 by
immunofluorescence staining. The cell nuclei were counterstained with
Hoechst 33,342. A negative control was incubated with a secondary
antibody only.
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Figure 2: DLK1 inhibits EC proliferation and angiogenesis in vivo
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Figure 3: Representative TEM images of vacuoles and TJs in each group.
Red arrows indicate vacuoles, green arrowheads indicate intact TJs, and

blue arrowheads indicate abnormal TJs. Scale bar = 1 pm. Quantitation of
the number of vacuoles per 10 mm of vascular endothelium in each group.

DISCUSSION

DLK1 can negatively regulate anastomosis formation after indirect
revascularization surgery. We previously discovered that
performing the EMS procedure on 2VO rats could successfully
induce angiogenesis in the ischaemic brain covered by TM tissue
(the same mechanism as the EMS effect on patients with
moyamoya disease) and that the angiogenesis induced in the rats
peaked in the 4th week after the EMS procedure’. Therefore, we
used the 2VO+EMS rat model to determine whether DLK1
regulates angiogenesis in chronically ischaemic brains after
indirect revascularization surgery (i.e., EMS)® Four weeks after
establishment of the rat model and TM transfection, TM-covered
brain tissue was analysed; compared to the control group, the Lv-
DLK1 group had significantly higher expression of DLK1 and
significantly lower expression of both eNOS and CD31 (an EC
marker). These in vivo expression patterns of the abovementioned
cytokines were consistent with the in vitro findings regarding the
DLK1/eNOS pathway?®. In addition, the TEM results revealed that
DLK1 exerted a negative effect on EC repair and angiogenesis
(more vacuoles and fewer intact TJs in the Lv-DLK1 group).
Furthermore, the MWM test was performed to determine whether
the increase in angiogenesis induced by DLK1 downregulation
could improve the impaired cognitive function caused by chronic
ischaemia®®. The cognitive improvement in the shDLK1 group was
significantly more extensive than that in the control group.
Therefore, we can infer that the DLK1/eNOS pathway, which is
downstream of miR126-5p, negatively regulate anastomosis
formation in the ischaemic brain after indirect revascularization
surgery**3,

CONCLUSION

It is concluded that DLK1, a target gene of miR-126-5p, negatively
regulates EC proliferation and angiogenesis and that
downregulating DLK1  expression potentially  promotes
angiogenesis in chronically ischaemic brains.
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