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ABSTRACT

Al-SADEQ,DUAA,W., Masters of Science: June : 2018, Biomedical Sciences
Title: The Expression of Retinal miRNA Evoked by Hyperglycemia ahkittier
Adiponectin Treatment in Human Retinal Endothelial Cells

Supervisor of Thesis: Nasser M. Rizk.

Background: Diabetes mellitus is a chronic metabolic disease resulting in
microvascular complications including diabetic retinopathy (DR). Adiponectin (ApN) is
an adipokine hormone, and recent studies demonstrated that ApN could ameliorate
critical biological process involved ithe pathogenesis of DR. MicRibonucleic acids
(miRNAs) have been documented as novel biomarkers and are increasingly considered as
molecules with significant modulatory actiohim: To characterize the miRNA profile
and expression imuman retinal erathelial cells HREC9 exposed to hyperglycemic
conditions (HG) and illustrate the effect of adiponectin on miRNA expression and related
pathways in HRECs exposed to HKBethods: HRECs were treated with high glucose
(30mM) for 96 hours duration followed k@adiponectin (30ug/ml) for 24 h. Total RNA
was extracted from HRECs. The gene panel array for both adhesion and angiogenesis
molecules were performed using commer&alR Profiler PCRarrays. Furthermore, we
utilized thesmall RNA sequencing for microRNA expression profilioafjthe HRECSs.
Results: HG treatment increases the expression of different-kvelivn adhesion and
angiogenesis genes as well as predicted miRNAs involved in these pathways, which was

counteracted by PN. RNASeq for miRNA profiling revealedl3 differentially



expressed miRNAB HRECs exposed to H@iR-146a5p was differentially expressed

in HRECs treated with ApNAnalysis pathway linked the significantly changed miRNAs
induced by HG to essential pattlays such as hypoxia signaling, inflammation, and
oxidative stress.Conclusion: HG induces expression of various adhesion and
angiogenesis genes. UsiRNA-Seq technology caaccuratelyidentify dysregulated
mMIiRNA profiles in HG retinal cells.MiR-146a was upregulated @diponectinwhich

targetsdifferent pathways involved in DR genesis.
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1. INTRODUCTION

Diabetic retinopathy (DR) is a severe visihmeating disease that results from
microvascular abnormality due to hyperglycer(tts) (1). There are two types of DR:
non-proliferative diabetic retinopathfNPDR) which is the early stage amuloliferative
diabetic retinopathyPDR), which is the late stag€l). Since retinal cells have a high
oxygen demand, hyperglycemia initiates the angiogenesis mechanism to increase blood
flow in theretina(2). Therefore, the production of the vascudadothelial growth factor
(VEGF) is augmented3). The overexpression of VEGF and angiogenesis in retina
results in the formation of atypical and dysfunctional retinal vessels. These \egsels
then break and lediood andfluid in the retinal area. @sequently, this causes macular
edema, retinal detachment and then vision loss and blin(fjess

One of the central regulators of angiogenesis and response of endothelial cells to
VEGEF is the micro RNA (miRNA)MIRNAs have been documented as novel biomarkers
and areconsideredas molecules with significant modulatory action in many different
biologic processeq5). These are small nesoding RNA molecules thahegatively
regulate genexpressiorand therefore play a role in disease processes. Numerous studies
showed the relationship between miRNA and the regulation of angiogenesis. In a recent
study, low level of miRL5a in diabetic retina upregulated the expression of VBGir
retinal cells(6). MiR-15awas identifiedas a critical regulator of prangiogenic as well
as preinflammatory pathways.

Currently, PDR is treated with surgical interventions and laser treatments.

However, they are considered as invasive and of lkme#icacy (7). Since VEGF



productionis increasedn DR, anttVEGF therapy has been proven to be effective in
treating pathologic neovascularization in &. Similar to laser treatments, aMEGF

could be consideredggressiveand its potential effects on the vessel as well as-long
term safety are still under evaluati¢f). Adiponectin (ApN) is a natural hormone
produced in adipose tissue is highly expressed in healthy individuals and could be
affected by pathological status. For instance, a study reported that ApN concentrations
were lower m type 2 diabetes patien{$0) and that the severity of DR associateavith

low ApN concentrations indicatings potential role in DR pathogenesis. The data of the
recent work conducted in our lab demonstrated that ApN could ameliorate | critica
biological process involved in the pathogenesis of DR such as the oxidative stress, barrier
function, and the inflammatory pathway. Based on this evidencd)ypethesizethat
miRNA could be involvedas critical regulators in the pathogenesis and response to
adiponectin administratiofm.his study aimedo elucidate the involvement of miRNAS in

the pathogenesis of microvascular complications of the human retinal endothelial cells
and response to adiponectin usingitro cell model. This was followed by an analysis to
explore their gene expression patteffsreach this goal, we, usedNR-Seq techniques

with bioinformatics, to screen for miRNA andagsan RT-PCR array of angiogenesis
gene panel to predict the modysregulated miRNA involved in angiogeneditiman
Retinal Endothelial Cells (HRECWere exposedo hyperglycemia conditions for 24
hours and 96 hours followed by ApN treatment to investigate the profiling and expression

of miRNAs and functional pathwaysvolved in the pathogenesis of DR.



2. LITERATURE REVIEW

2.1Epidemiology ofDiabeticRetinopathy

Diabetes mellitus (DM) isa worldwide disease that is prevalent in abb80
million people (11). This diseaseas characterizedoy an imbalance between insulin
production, insulin need anthebody d6s ability to Wsuln t he
hor mone is produced. bWhbncéel kel b Bhe paha
by the immunesystemithis results intype 1 diabetes. The etiology of this attack is still
unknown, yet genetic factors are believed to plagignificantrole. In ype 2 diabetes,
the pancreas produces enough insulin. Howetere isan insulinresistance caused by
either a receptor binding problesn adefect in insulin signaling inside the targetsdls.
Both types result in high glucose in thieod (hyperglycenia). Consequently, maintained
hyperglycemia leads to altered microvascular function and a broad spectrum of
irreversible complications such as diabetic neuropéitBy and DR which is considered
one of the most DMeriouscomplicationg13).

DR is the breakdown attinalvasculature due tpersistenhyperglycenma (1). It
is considered the leading cause of blindness and vision impairment among people
worldwide. DRis rankedas the fifth most common cause of moderate to severe visual
impairment(14). In 2012 apooled analysi®f 35 population studies estimated that 93
million people have diabetic retinopathy worldwide and that PDR is prevalent in 7.5% of
diabetic patient$15). Therefore, screening for DR remains essential for early diagnosis
and preventing blindnesfl6). In a recent systematieview aimed to measure the

prevalence of ageelated eye diseases in Iranian populatDR in at least one eye was



prevalent in 2.7% of the total participar(ts7). The prevalence of DR was 2.5% and
2.8% in men and women respectively. Statistics showed that the difference between
genders was not statistically significgdi8). The highest prevalence of DR was 21.4%
and was in the age group of0i 74 years Many studies havdeen performecdand
estimated that DR is 36.93.6% prevalent in type 1 diabetes in WA and Europg19-

21). A study conducted intaly, included 1,321 diabetic patits with DM whowere
examinedfor DR, showed that DR was prevalent in 26.2% of the particip&223
Interestingly, the results showed that DR prevalemes significantly associatedith
diabetes duration. For instance, PDR was more prevalent after 20 years of diabetes. In the
Middle East and Asiarcountries, the prevalence of DR type 2 diabetes haseen
intensively studiedince type 1 diabetes has lowecidencein these populations. Most

of these countries reported theevalenceof DR to range between 1223.0% (23, 24)
However, Singaporéad a higher DR prevalence (33.9%) than other Asian countries
(25). Moving to Gulfregion, Saudi Arabia also reported a high DR prevalence (36.8%)

(26).

2.2 Pathogenesis @fiabeticRetinopathy
Hyperglycemia and hypoxia are the primary triggers of changes in retinal blood
flow (27-29). The Pericytes provide didity for retinal vessels and control the
proliferation of endothelial cells. In DR there will bel@ss of pericytes, increased
vasculampermeability,and endothelial dysfunctia30). Over time, there will banduced
release of different angiogenic growth factors including VEGF. VEGF has a central role

in retinal neovascularization and could lead to diabetic macular e@@&harhere are



three receptors for VEGF, where VEGFRIexpressg on macrophages and monocytes,
VEGFR2 is expressed in vascular endothelial cells, while VEGFR3 in lymphatic
endothelial cellgf32). VEGFA stimulates the proliferatio of endothelial cells through
VEGFR2induced activation of different pathwayBesides VEGFA promotes vascular
permeability by activating its receptor on the endothelial cells through two principal
mechanisms: the temporary opening of paelular jundions and formation of trans
cellular poreq33). Still, the signaling transduction pathway is not well undersi{@4dl
Increasd vascular permeabilitywill cause macular edema by loosening the tight
junctions between the endotheli al loosenl | s
the fluids will leak outinto the surrounding areaausingretinal tissue to swell.In
addition the retinais protectedoy the inner bloodetinal barrier (BRB). During NPDR,
BRB breals-down and blood constituents leak into the eye refdfg. Over time, high
blood glucose will damage the retinal blood vessels and consequently will result in
blurred vision. If this conditiois left untreated, DR could cause blindnéss

DR is classifiedinto two types: NPDR or prBR and PDR(36). NPDR is
characterizedy alow numberof pericytes surrounding retinal capillaries and thickened
basement membrarig). This thickening of basement membrane may lead tde¢héhof
vascuar cell and vessel instabilit}?DR is the more advanced stage of the disedsse
there will be hypoxia and formation of new fragile blood vesggly. The leakage of
thesevesselsin the vitreous will cloud the visiorAlso, retinal detachment could occur
due to thdormationof scar tissue and the development of glaucoma which represent the
primary cause of worldwide irreversible blindne@8). The buildup of fluid in the front

part of theeye increases intraoculgsressure that can damage the optic n€B®. In



2015, a metanalysis of 4pooled studieseported thatelative risk of glaucoma is 1.48
in DM patients compared to those without diab¢t€y. Moreover, thancreasedelative
risk of glaucomawvas positively associatexith the diabetes duratio@l).

Hyperglycemia could contribute to both microvascular and macrovascular
complications due to several biochemical changes and consequently lead (#2)DR
These changes include the disruption of various metabolites production such as
inflammatory cytokines, vasoactive agents, growth factor as well as adhesion molecules
(43). The development of retinal leukostasis, which is the adherence of mgelowed
cells to the retinal endothain, will cause the secretion of proteolytic enzynigss will
result in further damage leading to capillaries occlusion and focal ischddiad5)
Consequently, all these disruptions will increase the blood flow and vascular permeability
and finally promote inflammation and pathologic angiogen@€s

Hyperglycemia induces vascular damage through the activity of three major
pathways: PKC pathway, advanced glycation end product formation (AGE) pathway and
the hexosamine pathway. These biochemical pathways become activated ine¢heeores
of an increased level of fructo$ephosphate and glycolytic metabolites glyceraldehyde
3-phosphate(47). Once activated several inflammatory and proangiogenic factors
including VEGF, basic fibroblast growth fact@dr (bFGF), angiopoietins (ARB),
interleukin6 and tumor necrosis factor (TNF) will be upregulated.addition these
pathways will result in increadenflammation, oxidative stress, and vascular dysfunction
and eventually increased vascular permeability then occlusion, and local is¢i8jnia

As mentioned previously, ischemia will initiate the angiogenedise retinal cell§49).



2.3 DiabeticRetinopathyand Angiogenesis

Angiogenesis is the process of forming new blood vessels preexisting
vesselsVarious conditions couldrigger angiogenesis such as tissue hyp¢x®. The
process starts by vasodilation of blood vessels due to nitric oxide and an increase in
vascular permeability induced by VEGF. Then, separation of pericytes and breakdown of
basement membrankroughthe action of matrixnetalloproteinase@VMPs) (51). After
that, endothelial cells will migrate to the site of injury. These cells will proliferate and
remodel into capillary tubes. Although angiogenesis is an essential biological process, it
is a featue of various diseases such as cancer, diabetic retinopathy, glaucoma and
macular degeneratio(b2, 53) Angiogenesis is considered the fundamental cause of
more than 70 diseas€s4) and DR is an ischemic complication caused by angiogenesis

in theavasculaarea of the ey€s5).

2.3.1 Signaling?athwaysand Molecules Involveth Retinal Angiogenesis

Retinal angiogenesis is the firmmmonstage ofvariousblinding disorderg56).
There are different signaling cascades of cellular and molecular processes which are
involved in angiogenes@sndare critical for cell growth and survivéd7). Some of these
pathways, such as Phosphoinositid&iBase (PI13K), produce biological molecules
which affect angiogenesis of retinal ves4&8, 59) The angiogenic pathway is initiated
when a growth factobinds to the receptor of tyrosine kinase leading to receptor
dimerization. Consequently, itactivates lipid kinase PI3K which will then convert
membrane lipid PIP2 to its active form PIf&®). As a consequence, this williitiate Akt

pathway whichpromotescell growth via protein synthesis and reduces cellular death by



inhibiting FOXO activity (61). The PIK3CA gene, which is a component of BIBK
pathway, is positively correlated with the expression of VEHBE). VEGF protein
stimulates migration and proliferation of endothelial cells. It promotes vasodilation by
indirectly stimulating production of nitric oxide which is a potent vasodilgig3).
However, ovetexpression of VEGF has been proved to cause diabetic macular edema
(64). It is producedn the retina at &igherlevel thanaverageamounts which results in
the formation of weak and leaky blood vesgéb).

Increase in ROS level will cause cellular oxidative stress and leads to
inflammation which is the etiologgf most of the diabetic complicatioli€6, 67) There
is a crosdalk between different biochemical pathways that contribute to DR
pathogenesis. Hyperglycemia causes an increased flgxets cycle and increases in
cytosolic Nicotinamide Adenine Dinucleotide (NADK®§8). Consequently, the number
of electrons will increase in the mitochondaad more ROS will be producé@9). ROS
influence the activation of theF-a Bpathway whichis activatedin inflammation(70).
In addition, several studies showed that adhesion molecules are upregulated during
inflammaton and have further impact inRDpathogenesié/1, 72) The binding of white
blood cells to InteCellular Adhesion Molecule 1 (ICAM) located on the surface of
endothelial cells is a characteristic of inflammation. Several stimuli including VEGF and
oxidative stress trease the expression of ICAMas well as Vasculatell Adhesion
Molecule (VCAM) (73). For instance, a study conducted on diabetic mice lacking the
ICAM-1 gene or its ligand did not develop leukostasis, and thiere no pericyte loss,
degeneration of the capillaries iocreased permeabilit§74). As the number of adherent

leukocytes increases, more damage will occur to the hiewahtbarrier (75). A study



showed that the breakdown of blecetinatbarrier and leukostasis significantly
decreased after administration of leukocyte fiomeassociated antigeh (LFA-1)
antagonist in diabetic ra{g6). All these alterations lead to endothélilysregulation and

progression of DR.

2.3.2 Angiogenesisactors

The expression of various angiogenic factors could contribute to the DR
pathogenesis. Baskebroblast growth factor (bFQFRs a retinal endothelial mitogen that
stimulates endothelial proliferation cells and promotes macrophage and fibroblast
migration to the affected aré@7). It hasbeen showithat stimulation of angiogenesis by
FGF2 causeadverse effecissuch as atherosclerogig). For instance, a study aimed to
guantitate the level of bFGF in the vitreous of 36 patients vétious retinatonditions
including PDR showed that eight patients had elevated HE@H, and of these eight
patients, six had thactive proliferative digase(79). Results suggested that vitreous
specimens from PDRapients had increased bFGF level and this could be evidence of
active proliferative retinopathyin another study, researchers aimed to investigate the
significant role of bFGF anglateletderived growth factor (PDGF) in proliferative
vitreoretinopathy (NR) pathogenesig80). A total of 38 vitreous specimensere
includedin the study. Results revealed that both cytokines concentratiems elevated
in PVR. It was concludedthat both bFGF and PDGHight be involved in PVR
pathogenesis.

Angiopoietins are vascular growth factors that haignificant role in the

processes foangiogenesig81). Until today there are four known angiopoieti(&2).



Angiopoietinl has aole in promoting endothelial cell survival as well msstabilizing

the interaction of endothelial cells with neighboring c@I8, 84) It hasbeenshownthat
angiopoietinl can block the effect of vascular permeability by VEGF in vivo. For
instance, in a studysing diabetic rat model, angiopoietih reduced both bloarktinal
barrier breakdown and vascular endothelial injuAlso, it suppressed diabetic
retinopathy developmer85). On the other hand, angiopoiefinis upregulatedby retinal
ischemia VEGF, and hypoxia and is expressed in the angiogenic pr¢86s8). It helps

in thedevelopment andtructuralmaturation of the newly formed blood vels4&9).

Another growth factor thategulatescell growth and has a significant role in
angiogenesis is PDGF which is involvedambryonicdevelopmentangiogenesiscell
proliferation and migratior{90). Simiar to VEGF, ovefexpression of PDGF could be
related to severaliseasesFor instance, a study conducted in Gregioeed to elucidate
the correlation between the level of PDGF isoformeig e 6 s vi tr e(®us wi tt
Results showed that levels of all PDGF isoforms in vitreous as well as VEGF were
significantly higher in the PDR group compared to contidolsaddition PDGFAA and
PDGFBB were correlateconsiderablywith PDR sewerity. In another study aimed to
investigate the role of PDGAB isoform in the angiogenetic process in 23 patients with
PDR and PDGFAB concentration was measur€a). Results showethat that PDGF
growth factor has a vital role in the PDR pathogenesis and a synergistic effect in
collaboration with other growth factors such as VEGF and tumor necrosis factor alpha
( TNFU) .

There are two classes of transforming growth factors: transforming growth factor

alpha (TGFU) and transfo-bminghgyowtchi tatce
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pathway for cell proliferationdifferentiation,anddevelopment. Some literatuseiggests

that TGFb1 gene has a role in the devel opment
(93). For instance, a study showed that high T6E | i® feuadin ischemic retinal

vein occlusion(94). Netins are agroup of proteins that were first discoveredn
nematodg95). They are involved iraxon guidanceand vascular developme(®5). A

study aimed to examinthe role of VEGF and netrifh in the pathogenesis of retinal
angiogenesis wher&8 patients, 10 PDRatients,and eight nonPDR patients, were
included(96). After measuring the level of VEGF and nettirin the vitreous fluid and
serum of the patients, was concludedhat both, VEGF and netrh, were elevated and
could have a significant role in pathological retinal angiogenesis. Similarly, another study
proved this conclusion where nettinhas been shown to contributetheangiogenesis

and inflammatory diseasecinding diabetic retinopath{b5). Increased level of netrh

in the retinahas provento be a preangiogenesis factor of retinahgiogenesisinder

hypoxic conditian (97).

2.4 MicroRNAs

2.4.1 Biology of miRNA
The interest in MIRNA has grown exponentially over the last deeamits role
in human diseaséds being studied intensivelyniRNAs have long evaded the attention
of scientific community because of their small size and how the changes in miRNAs
expresion are correlatedvith gene expression and involve both biological and
pathological process€98). miRNAs are short noncoding RNAs ranges betweerP28

nucleotide base$enes that code for miRNAse containedn nucleus DNA (Figure 1).
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MiIiRNAs are firstly transcribed by RNA polymerasedhdthe product is called primary
mMIiRNA that forms a hairpin loop structure. The doustianded miRNA will be
recognized by DGCR8iGeorge syndrome critical region genedtein and with the
association of DROSHA enzyme; primary miRNA wile cutinto smaller precursor
MiRNA (premiRNA). Eventually, premiRNA will be exported to the cytoplasm by the
help of Exportin 5 enzyme. PreniRNA will then be recognizedby Dicer enzyre,
endonuclease protein, which willeavethe stemloop and forms a short doubfranded
mMiRNA molecule called miR:miR*duplex. Next, an Argonaute protein, Ago Il, interacts
with Dicer to unwind miRNA and one strand will be released (passenger strand) and
degraded. The remaining strand (guide strand) interacts with Ago Il and other proteins to
form RNA Induced Silencing Complex (RISC). It can be guided to its tawgeactivate

one or multiple genesmiRNA inactivates messenger RNAs (mRNAs) which are
necessary for translating the genetic information into proteins. This inactivation could be
cutting the mRNA which will be further destroyed by the cell or by inhibiting the
translation. In this case, RISC complex prevehesribosome subunits from binding. In
both casesthe geneis silencedsince mRNA will notbe translatednto a protein(99).
mMiRNAs dysreglation can have critical consequences in llbenanbody and causes

many diseases such as heart diseases and ¢200gr
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2.4.2 Functions of miRNA

To date, there are more than 2,500 reported miRNAs in hu(i@t$ miRNAs
have asignificant rolein facilitating many biological processes and pathophysiological
stress responses by regulating gene expregdio?). For instance, miRNAgontrol a
wide range of processes in cardiovascular disease such easlavasmflammation,
electricalremodeling, myocardial remodeling and lipid processi@Q). In addition it
can act as a biomarker for platelet reactiyt93 104) A study conducted on zebrafish,
using knockout gene strategy, revealed the role of miRNA in developmental processes.
The studyconcluded the highly expressed IR0 family members in zebrafish zygotic
suggesting its role in development and ogenesis(105). Similarly, another study
revealed that miB75 has a role in the secretion of hormones sinc&ai highly
expressedin the pituitary gland of zebrafish embry(E06) Further, both mi372 and
mir-373 target LATS2, which is a tumor suppressor gene, thus inducing tumorigenesis
(107). These show that miRNABave a role in physiological as well as pathological
processes. Therefore, the therapeutic manipulation of miRNA is the future treatment

choice for several humatisorderg108).

2.4.3MiRNA andRetinal Angiogenesis Associatiorto Stressn Diabetic Conditions
Recently, miRNAs havebeen recognizedas factors that control retinal
angiogenesig109). For instance, a study conducted by Italian team identified some
miRNAs thatwere upregulatedn agerelated macular degeneration (AMD) patients.
Results showed that miR46a, miR126, miR34a, miR27a, miR-23a,and miR-9 were

upregulatedi n AMD pat i €1} ©OO6 thes etmeu hand, miR55 was
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downregulated Similarly, another study showed that wiR6 level significantly
decreased I n PDR patientsd6 s@XluThhe stiwynpar ed
concluded that there might be association between miR26 and thaliabeticvascular
complications, particularly with PDRComparedtoNPDR and controjsthe levels of

miR-181c, miR21, and mRL 179 wer e significantly highe
(112) Beside upregulation or downregulatioh miRNAs, recent studies showed that

some mMiRNAs could regulate pathological angiogenesis. For instance, whefltiR
interactswi t h 3NJUTR of VEGFA mRNA, it -A@lB) d supr
Based on this, a study aimed to elucidate the mechanism e#b@iRargeting VEG-A

in mice model. The study showed that R0 was highly expressed within two weeks

after birth and suppressed VE@Fexpression113). This suggests that mir10 could

prevent retinal angiogenesis and hence a potential treatment for retinal angiogenesis in

the future. CD146 israendothelial biomarker that functions as areceptorto VEGF

receptor 2 ands upregulatediuring pathological angiogeneqi$14). A study showed

that miR329 inhibits CD146 and act as a novel negative regulator of angiog€hbsjs

When CD146is upregulatedjt promotes tube formation and migration of endothelial

cells. Results revealed that m829 reduced pathological angiogenesis in mice by
suppressing the expression of CD146 on blood vessels. Therefosas proposedhat

miR-329 might be a future therapeutic tool to treat angiogenic dis€bbés
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2.5 Adipokine, DiabeticRetinopathy andmiRNA

The adipokines areell signalingproteinswhich are secreted bgdipose tissue
They include metabolic regulators, angiogenic proteins and inflammatory mediators such
as leptin, adiponectin, omentin, retin@nd visfatin (115). A recent study aimed to
identify the correlation between serum omeditinconcentrations and the retinal
circulatory parameters in type 2 diabetic patients showed that oriecbncentration
was positively related to the retinal blood fl§®#16). The study concluded that increased
omentinrl concentrations in plasma mighe associatedith high retinal blood flow in
type 2 diabetic patients witkarlystage ofDR. Another study enrolled 204 diabetic
patients to evaluate the omenfitevelsin both serum and vitreous of DR patie(itd7)
Patientswere dividedinto four groups: control, without DR, NPDR, and PDR. Results
showed t hat viRréB apdaserune omestid levels were significantly
decreased compared to all other groupsaddition NPDR patients had reduced level of
vitreous omentifl compared to patients without DR. Interestingly; levels of both
vitreous and serum omentinin the control group was significantly higher compared to
t he three di ab e twassuggesieahat davalopnient gnd seuepitg of DR t
are positively correlatedith the serum/vitreous omentinratio (117).

Adiponectin (ApN) is a novel modulatdor vascular diseases and could be
involved in the pathogenesis of DRO0). For instancea study aimed to measure the
concentration of plasma ApN in type 2 diabetic patiemdto investigate the existence
of an association between ApN and the severity of diabetic retinod@A total of 74
patients were involved in the study and compared with a control group consisted of 54

healt hy subjects. Results revealed that Ap
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diabetic patients than in control group. Moreover, there wassaaociation between the
ApN concentrationsand the severity of DR. This suggests that adiponectin could be
involved in the pathogenesis of DR. Similarly, another study concluded that ApN
suppresses human coronary artery endothelial cells migration whitimslated by
VEGF. This shows that adiponectin may have a regulatory role in vascular processes
associated with diseases including atherosclerosis and diai€i®s Other studies
showed that there is an assoioatbetweenthe risk of obesityrelated cancers such as
prostate, breast, and colon cancer and decreased serum ApN14¥1420) Since both
miRNAs and ApN level have a role in DR, the association between themimstddied

to understand their effect in angiogenesis pathway.

2.6 CurrentDiabeticRetinopathyTreatment @tions

The current treatment choices for DR are unpleasant, costly anddimseming
for the patient(121). One of the current options is laser treatment which bhags
intensitylight. The beam of lighis directedinto the eyedo remove and prevent abnormal
blood vessels from leaking within the ey#22) Laser treatments for diabetic eye
diseases cabe classifiedinto two types: photocoagulation laser, whishalso called
focal laser treatment, amqghnretinalphotocoagulatior§123). Focal laser treatment is the
standard option to treat diabetic macular eddi#d) It slows or stops the abnormal
blood vessels from leaking in the vitreous. However, ftlwal lasercould also damage
the healthy retinal tissugl25). Panretinal photocoagulation (PRP), atsdled scatter
lasertreatment, is one of the options to treat PQARG) The doctor uses laserto treat

the peripheral retina where diabetic changes are causing damage. The procaasees
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abnormal blood vessels to shrink and prevent further growth of new blood @d23)ls
However, more than one PRP procedure may be necessary. Since laser treatments cannot
restore lost vision, patents should maintain regej@examination tdreat any diabetic

eye changes as soon as are detedtechddition laser treatmentloes not show a
significant improvement in visual sharpness awksnot last for an extendecdperiod

(127). Thereforepthertreatment tools were introduced.

VEGF protein, as mentioned previously, has a central role in the formation and
healthygrowth of blood vesselg3). Overexpressiomf VEGF causethe formation of
damagedblood vessels which leaks fluid into the eye. AntNWEGF drugs are highly
effective and target VEGF thus preventing the growth of the abnormal blood vessels
(128). This decreases fluid leakage in the macula and reduces edemamgrosing
vision. For instance, recent data suggest that\@aGF is an alternative treatment for
PDR than using PRI8). Decreasedliabetic macular edem@ME) onset rate, less
peripheral visual field loss arfdwer vitrectomies over two years are all benefits of using
anttVEGF treatment than PRIBser(1). However, antVEGF drugs have broad effect
and could prevent the 1growth of healthyblood vessels in the ey@29). It is not the
best choice of treatment for patients who cannot follow up and comply with regular
injection regimen to prevent the recurrences of PDR. MoreoverY&@iF injectionsare
invasive,andonly 50% of DME patients respomdfectivelyto the tratment(1).

Long-acting steroids areomeof the potential diabetic eye treatments that have
been usedfor DR induced by macular edem@30) Corticosteroidstarget the
inflammatory cascade and show a significant improvement in vascular complications

(131). However this treatment is associated witimitations and adverse events including
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a high incidence of cataracts and increased intraocular pregd3@. Most of the
currently availableherapiesincluding theementioned previously, are invasive amdy

be failleading tdblindnessn the advanced stad@33). Therefore, new treatment choices
are requiredor the early stageof DR. It was provernthat ApN, among the adipokine
family, has a role in regulating the retinal circulatid34). A recent study showed the
significant effect of adiponectin in counteracting the effect of hyperglycemia and
redudng the pathophysiogical progression of DR135) It improved the barrier
dysfunction of retinal cells and reduced apoptosis, ROS production, and leukocyte
adhesion in adiponectimeated cells compared to hyperglycemic HRECs. Therefore, the
effect of adipokines, especially adipotiec in improving the altered retinal
microcirculation could prevent the development and progression of DR.

Several mechanisms and pathways are involved and cause diabetic retinopathy.
Therefore, we hypothesize that miRNAs may contribute to the pathogerid3R. The
primary goal of this study is to portray theffect of ApN onmiRNA expression using
angiogenic gene paneland related molecular pathways in HRE€xposed to
hyperglycemia.Further,to correlate such specific miRNA with the biological process

involved in DR.
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3. SIGNIFICANCE,HYPOTHESISAND OBJECTIVES

The current research sgnificantas it helps to increase our knowledge about the
role of miRNA in the pathogenesis of DR as well as the changes in HRECs exposed to
diabetic conditionsThis, in turn, could aid the developnent of a novel therapeutic
approach for diabetic retinopathy. Understanding the role of miRNvg help to
identify new biomarkes to be usedor DR diagnosis. One of the main challenges in
developing therapys that o® miRNA has multi targets and one transcript is regulated
posttranscriptionallyby many epigenetic phenomena, such as methylation, and multiple
miRNAs (5, 136)

Here we have identified that ApN could improve the endothelial dysfunction of
HREC exposed to diabetic conditioinsvitro. Therefore, we propose the identification of
small regulatory molecules like miRNA that is differentially expressed in chronic
hyperdycemia and altered by adiponectin treatment could help in understanding the
pathogenesis of H@duced endothelial dysfunction and pathways involved in such
mechanisms and how can ApN improve such abnormahty. hypothesizebased on
previous data on HREExposed to adiponectin, that ApN in a dose of 30ug/ml, could
ameliorate the endothelial dysfunction of HREC exposed to hyperglycemia via different
mechanisms. Thesmechanismanclude: reduction obxidative stress, antipoptotic,
antrinflammatory, reduiion in nitric oxide productionreduce adhesion molecules such
p-selectin and improve the barrier functid85). To test this hypothesisve screened for
the wellknown angiogenesis and adhesion geaeels Data obtained from the screening

assaywould help inthe identification of themost significantmiRNA involved in DR
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pathogenesis. Furthermore, we used the advanced technology of small RNA sequence
analysis to portray all miRNAs significantly clgad in hyperglycemia and its
perturbations after adiponectin application. Such R¥fuence gave the chance to
detect all possible miRNA using the latest version 22 of miRNA base, and not only
selected specific panels as utilized in microarray chip teabsigrollowing that, we used

the bioinformatics as a tool, to search for the targets (genes, and pathways) for that
significant differentially expressed miRNA to highlight its role in DR pathogenesis.

The objectives of the study are the followings:

1- Screenfor the genes and miRNAexpressedin high glucose condition
compared to normoglycemistate using in vitro model of HRECs. In
subsequent experiments, expostoglucose could be of short duration and
long duration to portray and detect any change irgéree panels and predicted
mMIiRNA.

2- Screen genes and miRNA in hyperglycemic cells treated with adiponectin as a
therapeutic tool to ameliorate the genesis of DR as shown in previous-data
Analyze the selected differentially expressed miRNA and evaluaterdie by
in Silico analysis to indicate its functional roles through analysis of the
significant pathways involved in DR pathogenesis.

Gathering data from these objectives could help to answer the research question of the

current study.
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4. MATERIAL AND METHODS

4.1 Material and Reagents

In the current study, four differeitRECs vialswere used, representing different

biological samples. Reagents used in the study are shown below in (Table 1).

Table 1: List of reagents used in the study

Item Company

Catalogue number

Human Retinal Microvascular Cell System Corporation
Endothelial Cells (HRMECS)

passage

Complete Classic Medium Kit witl Cell System Corporation
Serum
Culture Boost Cell System Corporation

CompleteSerumFree Medium Kit Cell System Corporation

with RocketFuel

Cat#ACBRI 181

470-500

4CB-500

Certificate No: SF

470-500-R
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CSC Attachment Factor Cell System Corporation 4Z0-210

CSC Passage Rea Cell System Corporation Certificate No: 420

800
CSC Cell Freezing Medium Cell System Corporation Certificate No: 420
705
BAC-OFF® ANTIBIOTIC Cell System Corporation 4Z0-644
TONIC
Trypan Blue stian (0.4%) Gibco (Life Technologies 15256061
TRIZOL® reagent Thermo Fisher Scientific, Ref N0:15596026
Waltham, Massachusetts
United States
Phosphate Buffered Saline (PBS) Gibco (Life 10-010-023
pH 7.4
Technologies)
Glucose (5 and 30 mM) Sigma G-7021
Human gAcrp30/Adipolean Peprotech 450-21-500UG
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Table 2: List of kits

ltem Company Catalogue number
mirVana miRNAIlsolation Kit Thermo Fisher AM1560
miRNeasy Mini Kit Qiagen 217004

High capacity RNAto- cDNA kit Applied Biosystems by 4387406

thermos fisher scientific
Agilent RNA 6000 Nano Kit Agilent Technologies,

Waldbronn Germany.

RT2 SYBR® Green ROX qPCR QIAgen

Mastermix

50671511

330520

TagManE Gene Exrf Applied Biosystems by 4369016

Mix thermos fisher scientific

Extracellular Matrix and Adhesion QIAgen
Molecules RT2 Profiler PCR Array
Angiogenesis RT2 Profiler PCR QIAgen
Array

Human Cytokine/Chemokine Millipore
Magnetic Bead Panel 96 Well Plate

Assay

PAHS013Z

PAHS024Z

HCYTOMAG-60K-

PX29
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Table 3: List of instruments

Item

Company

Cataloug number

The I nvitroge-n
based Cytometer

NanoQuant Plate on TECAN
Infinite 200 PRO microplate
reader.

Thermocycler (Gene Amp®,
PCR System 9700)

2100 Bioanalyzer system

Mi-Seq Systems

Life Technologies
Corporation, USA.

Life sciences, Switzerland

Thermo Fisher

Agilent Technologies,

Waldbronn Germany

Hlumina

T10796

Infinite 200 PRO

NanoQuant

G2943CA

SY-411-9001DOC
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Table 4: List of softwares

Item

Company

GraphPad Prism 7

FastQC

DEseq2

XMAP® Technology

GraphPad Software, Inc.

Babraham Bioinformatics

Bioconductor

LuminexCorporation
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4.2 Study Design
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Figure 2: Study Design and workflow
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4.3 Methods

4.3.1Human Retinal Endothelial Cells Cell Culture

Cryopreserved passage 3 HRECs were rapidly thawed in a water battCat 37
thencomplete classic media was immediately added and centrifuged for five minutes
at 1000 rpm. Cells were then plated in the flask after the addition of complete media
with one ml of antibiotidPenStrepand incubated in 5% GOncubator at 37°C until
confluercy. After 24 hoursof growth, the mediavas changedbllowed by every 48
hours afterward. The cells were grown and passaged tH@and then used for the
study to minimize variability.

Cell countwas performedbefore culturing or suloulturing HRECs usig Trypan
Blue. A volume of 10c¢l cel | s uanglesresli oonf a c
this mixture was loaded on to hemocytometer and counted under a microscope. Cells
were countedn the middlesquareas well as the four cornequaresandthe bdow
formula was used to retrieve the total number of cells:

(Total number of cellsounted / 5(humber of squares)®(dilution factor)
x10,000

The cells have al so bebased Cytometetn éhdcumesti ng T e
study, at least threbiological replicates with three independent experiments were

conducted.
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4.3.2 HRECs Treatment

Table 5: Groups treatment and duratigkbbreviations: s refers short exposure 24 hours,

and | refers to long exposure for 96 hours

Group Treatment Treatment Duration
NG-s Normal media (5mM glucose) 24 hours
HG-s Media with 30mM glucose 24 hours

HG+ApN-s Media with 30mM glucose and 24 hours

30ug/ml of adiponectin
ApN-s Normal media (5mM glucose) with 24 hours

30ug/ml of adiponectin

NG-I Normalmedia (5mM glucose) 96 hours
HG-I Media with 30mM glucose 96 hours
HG+ApN-| Media with 30mM glucose with 96 hours

30ug/ml of adiponectin
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Cells were grown on a 6 well plate @mplete classic mediaas changed after
24 hours of growth then by every 48 hours thereafter. Upoi85%b of cell
confluency,HRECswere serum starved by replacing the complete classic maitthia
serumfree media for 6 hours. TherlRECswere treated with different treatment
groups for 24 and 96 hour&roup one is the Normal Glycemia/Control (NG) which
containedstandardccomplete media and mM of glucose. Group two iBigh glucose
(HG) where Dglucoseto a final concentration of 30mMvas added taegular
complete media. Group threehgyh glucose andadiponectinHG+ApN) where D
glucose(30mM) andApN (30pg/ml)were addedo thecomplete conventionahedia.
The last group is ApN30pg/m) was addedo thenormalcomplete media for 24 h.
Experiments wer@erformed with three technical replicates for egobup of three
different biological replicates. The following groupere studiedafter 24hoursand
96 hours of exposure to, normal glucose and high glucose followedApiX

administration for further 24h

4.3.3 Gene Expression Analysis

4.3.3.1 RNA Extraction

Total RNA was extracted from treated HRECs usimBNeasy Mini Kit Qiagen.
Briefly, cells in each wellwere homogenizeih 700ul with QlAzol lysis reagent.
Cells were then incubated for 5 minutes at room temperature then transferred to
mi crocentr i f ug etal tvaumeaod chlordforml wia® added to each

microcentrifuge tube andvas shakervigorously. Microcentrifuge tubewere then
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incubatedfor 3 minutes followed by centrifugation at 12000xg for 15 minuteS@t 4
Afterward, the aqueous layewas recoveredn new 1.5 ml Eppendorf tubes. A 1.5
volume of 100% ethanol was added to each armEmix thoroughly. Then, samples
were transferm@ to anRNeasyMi n i spin column and centr.i
minute at room temperatur8eriesof washing stepsvere followedas instructed by
the kit manual. After that, 60ul of RNadece waterwas used to elute the RNA.
Finally, RNA was quantifiecat absorbance 260/280 nm using NanoQuant Plate on
TECAN Infinite 200 PRO microplate reader. The quality of RNA was measured
using the 2100 Agilent Bioanalyzer.

For mi RNA extraction, miwagasedheremhe RNA |
samplewas lysedin a denguring lysis buffer that inactivates RNases and stabilizes
the RNA. AcidPhenol Chloroformwas used to extract the lysate and removes most
of the debris and cellular componentsis resulied in semipure RNA sample that
was purified using glassiber filter. RNAwaswashed several times and then eluted

in a low ionic strength buffer

4.3.3.2 cDNA Preparation

High Capacity RNA to cDNA kit was used to convert the RNA to cDNA. A
1000ng of total extracted RNAvas usedin this process. The reaction mixture
consisted of a total volume 20ul with the following volumes of each component per
reaction: 10¢l of 2X RT Buffer, 1. 0¢l of
and quantity suf f-free waen tReuweotrangciptidn redttioo| e a s e

was performed usin@hermocycler(Gene Amp®, PCR System 9700) according to
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the following cycles: incubation at 37 for 60 minutes, stopping the reaction by

heating at 9%C for 5 minutes followed by a hold stage &4

4.3.3.3 Quantitative Reatime PCR

Quantitative RTPCR was achieved using Applied Biosystem 7500 Real Time
PCR system to quantitate gene expression using TagMan Gene Expression Master
Mi x (Applied Biosystem, USA). A todal vol

of different components as shown in Table 4.1.

Table 6: RT-PCR Reaction Mix

Component Vol ume per rea:
2x Master Mix 5
20X Primer 0.5
Nucleasefree water 0.5
cDNA sample 4
Total 10
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Table 7: Oligonucleotide sequences used inRTR

Gene Primer Sequence
VEGFA IDT (Hs.PT.56a.1149801.9)
ADIPQR1 Hs01114951
ADIPQR2 Hs0022610
b-actin Hs99999903

4.3.3.4 RTProfiler PCR Arrays

RT? Profiler PCR Arrays are &6-well plate that includes preloaded SYBR
Greenoptimized primer of thgpathwayand diseasespecific gene panelUsing the
RT? Profiler PCR arrayallows obtaining highly reliable and accurate expression
analysis of the desired panki.addition RT? Profiler PCR Arrays can be modified to
contain aspecificpanel of genes ohterest tailoredo thespecific research interests

(137).
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Table 8: RT? Profiler PCR Arrays Reaction Mix

Component Vol ume (elL)
2X RT2 SYBR Green Mastermix 1350
Nucleasefree Water 1248
cDNA sample 102
Total 2700

In this study, both human angiogenesis and extracellular and adhesion molecules
PCR arrays were used to study the angiogenesis and adhesion genes in HRECs
exposed to HG anttereafteiby adiponectin treatment. The Human angiogenesis RT?
Profiler PCR Arrayincludes 84 genes related to angiogenesis. It also includes
receptors, growth factors, adhesion molecutbgmokines as well as proteases and
their inhibitors that have a role in the angiogenesis process. Similarly, the Human
Extracellular Matrix and Adhesion Molecules RT2 Profiler PCR Array profile 84
genes involved in celtell and cellmatrix interactiong138). Adhesion molecules
play a role in attaching the cells to glycopingseand proteoglycans to maintain the
cell shape, structure, and function. Under tilmgmal physiological condition, the
extracellular matrix (ECM)s involvedin cell growth, division, differentiation, and
migration. However, pathological conditions resin remodeling of ECM and

changes in the expression of cell adhesion molecules on the cell s(t&&e
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Human Extracellular Matrix and Adhesion Moléesi RT? Profiler PCR Array
contain a variety of ECM proteins such as matrix and metalloproteinases, basement
membrane constituents, integrins, selectins;adiiesion molecule family members,

and cytoskeleton bridging proteins such as catenins. The g¢nef both human

angiogenesis and adhesion molecules amegdistedn Appendix 3.

4. 3.4 Multiplex ELI SA by Luminex

Cytokines are a group of soluble proteins tnag¢diate the communication
between cells and regulate their activitidgl0) They also regulate wide range of
processes such as hematopoiesis, proliferatiod,inflammation. Therefore, measuring
cytokine concentrations @ fundamentaapproach to study these processes @ be
usedas a diagnostic tool for infectiofi41). Luminex technology is based on multiple
analyte profiling usingmicrospherebeads thatre 5.6 microns(142). Each micrebead
has specific dye concentration resulting in timquespectral signature which allows for
identification. Therefore, several bead sets can be combined within the assay allowing for
multiplexing up to 100 tests in a single reaction volume. The surface cheuwrfigtrg
micro-beads allows chemical coupling of captueagentssuch as oligonucleotis,
receptors, antibodies or peptides. Assays are carried outvwre®@late with up to 100
tests per well. Based on the principle of flow cytometry, Hegh fluidics will cause the
suspended micrbeads to line up in a single filgrior passing through the detection
chamber. Therefore, each midbead will be measured discretely. Multiplexed results are
detected using Luminex system. In the pressnotly, Luminex was used to identify

specific cytokine, IE6, involved in inflammatory regmse.
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Briefly, 96well plate was washed with 200ul wash buffer and incubated 10
minutes on ashakerto clean all wells. Standard with differenbncentrationscontrol,
andsampleswvas then addetb wells. Each bead vial contains specific markealyteof
interest that need to be detected. A 150ul from eachwaaladdedto a mixing bottle
with the addition of 2550ul bead diluentn order toreach a total volume of 3000ul.
Adding multiple conjugated beads to each sampleeld@fpobtaining multiple resutper
sample Beads were iredwell then pipeted (25ul) in each well with 25ul of the culture
supernatant (conditioned media) and incubate®@t @vernight on shaker 50000rpm.
Next day the platevaswashed without discarding ¢wsing the beadsThis is achieved
by using amagnetic holder that will attract all beads and prevent their loss while
washing. Conjugatevas thenadded and incubated onshakerfor 1 hour at room
temperatureThis wasfollowed by addition ofStreptavidinPhycoerythrinincubationfor
30 minutes at roontemperatureln order toremove unbound antibodies, thate was
placed on the magnetic holder and theshedthree times. Aotal volume ofl50 pL of
Sheath Fluidwas added and then the platgas runon Lumi nex 200E.
calculated by Xpotent 3.1 software and expressed in pdhis technology reduces
time; cost and labor effortomparedwith other traditional methods and has high

sensitivity and specificity143).
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4.3.5 Library Preparation and miRNA Sequencing

Beforesequencing it is crucial texaminethe RNA quality,so as RNA degrarded
not interfere with the results. A total of 1ug of total RNA was used to generate the NGS
Library. miRNA was extracted from total RNA and library was prepared using
NEXTflex Small RNASeq Kit v3 (BiooScientific). The adapter was ligatedodh ends
of the miRNA fragments followed by reverse transcription to cDNA. Adaptors are
essential in this process since they hybridize complementary primers in the cDNA reverse
transcription and hybridize to flowcell oligos prior bridge amplification during the
sequencig process. Each library was quantified and run for quality control using the
Agilent Bioanalyzer High Sensitivity Kit in order to avoid over clustering while
sequencing. In addition, each library was normalized to 2nM, to ensure that the pool has
an equalepresentation of each library. Then an equal volume of each normalized library
was pooled into one tube for final loading into the lllumina MiSeq instrument. The
adaptor sequence will hybridize with the oligonucleotides on the surface of the flow cell.
DNA polymerase, as well as particular nucleotides with fluorescent terminator caps, will
be added to the flow cell too. DNA polymerase will add only one nucleotide with
fluorescent terminator cap each round. Once nucleotide added, fluorescent emitted will
be detected by a camera and store the data as reads. Library preparation, quantification,
barcoding as well as miRNA sequencing were conducted al Weihell Medicine
Qatar.

Different bioinformatics softwares were used to assess the miRNA sequence as
shown in the workflow (Figure 2). These include FastQC for quality control, SHRIMP

for aligning the reads, an@ package for analyzing the
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expr essi o fMarga menésyos differentially expressed miRNAs and related

pathways \ere identified using the gene ontology and KEGG pathway analysis.

mi RNAseq re
(. fastg. ¢

Quality Co
Fast QC

Adapter Tri
cutadapt

Read Alignment
SHRi MP
Referenceni GB8&AB meg e(rhss a)n

Mature Count Extracti
R package: GenomicAIlignment

PCA for Group An
R package: prcom

mi RNA Differenti al E x
R pachBAReq?2

Figure 3: Workflow of miRNA sequencing analysis
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4.3.6 StatisticaAnalysis

For in vitro studies, &h experiment was independently repeated three times from
three different biological samples. Therefore, values in the figaresexpresseds the
mean of the experiments with standard deviat@&mup differencesvereevduated using
ANOVA foll owed by Tukeybds post hoc test
two-tailed P < 0.05wvas considered sufficient to reject the null hypothesis. Statistical
analyses were conducted using GraphPad 7 for Windows (Version 6 r&pft@ean
Diego, California) and Microsoft Excel 2013 (Microsoft Corp., Redmond, ).
differential expressed miRNA, ttwait off value for pvalue was 0.005ndthe-2 log fold

change to 2 was selected.
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5. RESULTS

5.1 CellViability and Treatment
Cell morphology, viability, and count were monitored to study the effect of
hyperglycemia on HRECs and adiponectin administration on the hyperglycemic HRECSs.
At day 0 HRECs were seeded in 75%dtask. Using inverted microscope at power 10X

cell morphologyand confluencyvasmonitored (Figure 3A and 3B).

10x 10x
A B

Figure 4A: Cells adherent to the Figure 4B: Cells adherent to the
culture olate confluent about %0to culture plate with 100% confluency

Figure 4C: Cellsafter trypsinazation
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Cell viability is anessentiabarameter irverifying the health ofHRECs culture and to
assesshe toxic effect of treatment during the experimélitis was achievedy using

Tal i E -Hased QymmeteThe average cell count of all experiments, inclgcine
replicates, ranged from 2x8@ 4x1C¢ cell/ml with average size 313um. Cell viability

was assessduly calculating the number of live and dead cells. Results showed that HG
decreasedhe HRECs viability significanthlcompared with the normoglycemicontrol)
group while ApNtreated HRECs had increased the cell viability compared with HG
cells. HG group had 15.8% lower cell viability compared to the normoglycemic with a
significant Rvalue <0.0001, while HG+ApN group had 4% lower cell viability coraga

to the control group with a significant\Rlue 0.0235. Comparing HG with HG+ApN
group, there was a significant decrease (12%) in cell viability in HG withale
<0.0001. For dead cells, HG had 440% increase in the number of dead cells compared to
control with a significant Pralue <0.0001, and 244% increase compared with HG+ApN
group with a significant ®alue <0.001 (Figure 4). Furthermore, normoglycemic cells
treated with adiponectin and HRECs with mannitol as an osrootitroldid show any
significant difference in the count of living and dead cells with-taited p values >0.05

(Figure 4A and 4B).
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Figure 5: Effect of high glucose and adiponectin on cell viability. Graph A represents the
percentage of the live cells. Graph B represents the percentage of the dead cells. The cells
treated with 5.5mM glucose, 30mM high glucose, 30mM glucose and adiponectin
(30ugml), and normoglycemic cells treated with adiponectin (30uM) and mannitol
(25mM) as an osmotic control. The data presented as means (SBEY) ioti8pendent
experiments, analyzed by Om&ay ANOVA with posthoc Tukeramer multiple
comparisons test betweeardividual groups. Tweailed p-value is significant ap<0.05.

* P <0.05 and **** P <0.0001.
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5.2 Quality of RNA and miRNA extracted from the treated HRECs

The number of cells before the extraction ranged between 1 and 1.5 million cells.
After extraction, the quality of extracted RNA and miRNA was assessed before
proceeding with gene expression and RNA sequencing. Such quality assays are critical in
all subsequent analysis and data interpretation. The extracted RNA concentration, purity,
and inegrity were assessed. All samples had RNA Integrity Number (RIN) between 8.5
and 10 out of 10 and 206/280 ratio of -8 as shown in Figure 4. Furthermore, the
concentration of MIRNA and percentage in small RNA was evaluated as shown in Figure

6, indicatng good percentage ranging betweer38%.
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Figure 6: Total RNA quality results by 2100 Agilent Bioanalyzdhe Agilent report
includes an electropherogram, RNA integrity number (RIN), and RNA concentration.
RIN is a scale range between 01@, where 0 represent degraded RNA sample and 10

represent highly intact RNA.
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Figure 7. miRNA quality results by 2100 Agilent Bioanalyzefhe Agilent report
includes an electropherogram, RNA integrity number (RIN), and RNA concentration.
RIN is ascale range between 0 to 10, where O represent degraded RNA sample and 10

represent highly intact RNA.
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5.3 Effect of Adiponectin Treatment on Adiponectin Receptors Expression

The effect of ApN on HRECSss exertedthrough its receptors, AdipoR1 and
AdipoR2. Determining the expression of ApN receptorsng RFPCR, could help in
understanding the mechanism of ApN in DR pathogendsijdoR1 was significantly
decreased in HG group by 0.73 fold compared to NG gratlp Rwalue <0.001, while
the expression of AdipoRihcreasedsignificantly in HG+ApN (1.9 folds) compared to
hyperglycemic cells with Ralue<0.0008Similarly, AdipoR2 showed the same
expression pattern where the expression of AdipoR2 increases sighificaHG+ApN
compared to hyperglycemic cells withvRlue<0.001. Furthermore, HG downregulated
the expression of AdipoR1 and AdipoR2 in HRECs by 0.73 and 0.65 fold change
respectively.Using the gPCRthe expression of the two receptovere upregulatedn
HG-treatedwith adiponectin and, AdipoR1 mRNA expression increased by 1.86 fold
changes than AdipoR2mRNA expression in ApN treated HG cells witdlu<0.0001

(Figure 7).

47



©
(=]
<
©
ey
S 2.5- .
- kol Bl AdipoR1
O .
S 2.04 mE AdipoR2
c
°
b 1.59 * ok k
(7]
2 |
o -
=< 1.0
Lu * *
()
c 0.5 * %
()
o
o i
> 00
© NG HG HG+ApN
()
x
Groups

Figure 8: Gene expression analysis by RCR for adiponectin receptor 1 (AdipoR1)

and adiponectin receptor 2 (AdipoR2) mRNA in HREC. HG group treated with high
glucose concentration (30mM) for 24 hours and HG+ApN with both high glucose
concentration (30mM) and ApfBOug/mL). Barsshowthe data presented as means with
astandarddeviation of three independent experiments analyzed byvageANOVA and

posthoc multiple comparison tests. Ttedled Pv al ue i s si gniFbéri cant
AdipoR1, *** HG is significantly different from the control group, and after ApN
treat ment ( POO. 00 1)HG anB biG+ApA dyiioyps &R signifitahtly b o t h

different from the control group (P<0.01).
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5.4 Effect of Adiponectin on InflammaticaandVEGFA mRNA Expression

The expressio of inflammatory biomarker H6 in HRECs cells under high
glucose as well as adiponectin treatment conditweas examinedThe level of 1-6 was
significantly increased ifG groupcompared to NG with Ralue <0.001 and decreased
significantly in HG grop treated with ApN compared to HG group by 1.5 folds with P
value0.0135 (Figure 8). Also, there wasignificantincreasan IL-6 level in HG+ApN

compared with NG (Ralue 0.0018).

IL-6
800 7
* x x *

600
S

—~ 4004
(@)
o

200 1

0-

NG HG HG+ApN
Groups

Figure 9: IL-6 cytokine in the supernatant of HRECs (conditioned media) after different
treatments using multiplex ELISAhe data presented as means (SD)-4fiBdependent

experiments, analyzed by Om&ay ANOVA with posthoc TukeRramer multiple
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comparisons test between individual groups. faied pvalue is significant ap<0.05.

* P <0.05, ** P <0.01and ** P <0.001.

The expression of VEGFA mRNA after high glucose treatment significantly
increased compared to NG with-{Blue 0.0025) (Figure 9Xowever the VEGFA
expression significantlyeducedafter ApN treatment to HG cells {\alue <0.0001).
Similarly, the expressiowas significantly decreaseaa HG+ApN group compared to NG
(P-value 0.0031)Although ApN decreased the expression of VE&R high glucose
treated cell, it increased the expiiessof VEGFA in ApN-treated HRECsHowever,

these finding are at gene expression level and need to be examined at protein level.
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Figure 10: Gene expression analysis by fRfCR for VEGFA mRNA in HREC. The
data presented as means (SD) ef Bidependent experiments, analyzed by -@ag
ANOVA with posthoc TukeyKramer multiple comparisons test between individual
groups. Twetailed pvalue is sigificant atp<0.05. ** P <0.01, *** P <0.001 and ****P

<0.0001
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5.5 Analysis of mMIRNA Expression

5.5.1 RTPCR Profiler
RT-PCR profiler plates were used to screen for adhesion and angiogenesis genes
commercially provided by the company. The array consists of 84 genes of
adhesion/angiogenesis. Using thes fold regulation cut off the results of HG+ApN
group was compared thiHG. There was downregulation of most of the adhesion as well
as angiogenesis genes (Figure 10 and Table 9). For each panel of the identified DEG, a

list of mMIRNAS regulating the up and downregulated gevespredicted (Table 10).
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A. HG groupcompared to HG+ApN after 24 hours treatment (Adhesion molecules gene

panel)

Log10 (Normalized Expression H&Ngroup)

4 3 2 1 0 1 2

w

Log10 (Normalized Expression HG grpup

Upregulated @ Unchanged @ Downregulated

Figure 11: The scatterplotcompares the normalized expression of each gene on the array
between the two selected groups by plotting them against one another to visualize
substantial gene expression changes. The central line indicates unchanged gene
expression. The dotted lines indie thechosenfold regulation threshold. Data points

beyond the dotted lines in the upper left and lower right sections meet the selected fold

regulation threshold.
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Table 9: The list of theadhesion genes ovandunderexpressedh HG+ApN groupvs.

HG group
Gene Gene ID Fold Change
VCAM1 P19320 29.76
SELL P14151 -20.57
ITGAL P20701 18.60
COL8A1 P27658 -13.55
COL12A1 Q99715 -12.43
ECM1 Q16610 -10.16
ADAMTSS Q9UP79 10.08
MMP14 P50281 -9.67
ITGB2 P05107 -9.10
THBS3 P49746 -9.04
CTNNB1 P35222 -8.33
COL16A1 Q07092 -8.27
MMP8 P22894 7.66
COL6A2 P12110 -7.28
CDh44 P16070 -7.23
ITGAL P56199 -7.00
COL1A1 P02452 6.63
TIMP1 P01033 -6.53
ITGB4 P16144 -6.42

54


http://www.uniprot.org/uniprot/P16144

Data represent the changes in gene expression by fold changes. The red color indicates
upregulation, and the black with minus value indicates downregulation. The gene symbol

name symbol and its gene Hde provided

Adhesion Genes

407

201

Fold Change

-20 1

Figure 12: Adhesiongenes oveandunderexpresseih HG+ApN groupvs. HGgroup
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Table 10: The list of miRNAs regulating adhesion genes under and-exmessed in

HG+ApN vs. HG group

Under- Expressed Genes

Over- Expressed Genes

miRNA Name Target Genes

mMiRNA Name

Target Genes

hsamiR-1304-5p ITGAL

hsamiR-330-3p CTNNB1

hsamiR-9-5p ITGB4
hsamiR-519b3p ITGB4
hsamiR-519¢3p ITGB4
hsamiR-519a3p ITGB4

hsamiR-449b5p COL12A1

hsamiR-449a COL12A1

hsamiR-34c¢5p COL12A1

hsamiR-101-3p COL12A1

hsamiR-4235p THBS3

hsamiR-590-3p

hsamiR-23a3p

hsamiR-23b-3p

hsamiR-11783p

hsamiR-519b3p

hsamiR-519a3p

hsamiR-519¢3p

hsamiR-203a

hsamiR-2185p

hsamiR-944

hsamiR-193a5p

VCAM1

ITGAL

ITGAL

VCAM1

ADAMTSS

ADAMTSS

ADAMTSS8

ADAMTSS8

COL1A1

COL1A1

COL1A1
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hsamiR-587

hsamiR-34a5p

hsamiR-526k5p

hsamiR-374a5p

hsamiR-431-5p

hsamiR-298

hsamiR-214-3p

hsamiR-374b5p

hsamiR-1244

COL12A1

COL12A1

CTNNB1

MMP14

COL12A1

COL12A1

CTNNB1

MMP14

COL12A1

hsamiR-577

hsamiR-1433p

hsamiR-516a3p

hsamiR-371a5p

hsamiR-548d 3p

hsamiR-1533p

hsalet-7g-5p

hsalet-7i-5p

hsalet-7d-5p

COL1A1

COL1A1

COL1A1

COL1A1

COL1A1

ADAMTSS

ADAMTSS, COL1A1

ADAMTSS, COL1A1

ADAMTSS, COL1A1
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B. HG group compared to HG+ApN after 24 hours treatment (Angiogenesis panel)

Loa10 (Normalized Expression H&Naroun)

3 2 1 u] 1§ 2
Loa10 (Normalized Expression HG arbu

Upregulated @ Unchanged @& Downregulated

Figure 13: The scatterplotcompares the normalized expression of every gene on the
array between the two selected groups by plotting them against one another to visualize
substantial gene expression changes. The central line indicates unchanged gene
expression. The dotted lines iodte the selected fold regulation threshold. Data points
beyond the dotted lines the upper left and lower right sectiomeet the selected fold

regulation threshold.

58



Table 11: Angiogenesigienes oveandunderexpresseih HG+ApN vs. HGgroup

Gene
Symbol
ADAM17
AGT
AGTR1
ALOX5
ANGPT1
APOE
BCL2
BCL2L1
CALCA
CCL2
CCL5
CX3CL1
EDN2
EDNRA
FGF1
ICAM1
IL11
F3

FAS

Gene ID

P78536
BOZBE2
P30556
P09917
Q15389
P02649
P10415
Q07817
P06881
P13500
P13501
P78423
P20800
P25101
P05230
P05362
P20809
P13726

P25445

Fold
Regulation
-2.66
-2.26
-2.26
-2.26
-5.93
-5.96
-2.72
2.65
-3.20
248.06
-2.26
-5.08
-2.26
-6.05
-2.26
4.20
-2.26
-2.26

-3.31

Gene
Symbol
MMP9
NPPB
NPR1
OCLN
PF4
PLG
PTGIS
PTGS2
SELE
SELL
SELPLG
THBD
TNF
VCAM1
KLK3
IL1B
IL3
FASLG

IL7

Gene ID

P14780
P16860
P16066
Q16625
P02776
P00747
Q16647
P35354
P16581
P14151
Q14242
P07204
P01375
P19320
P07288
P01584
P08700
P48023

P13232

Fold
Regulation
-2.26
-2.26
-3.58
-11.37
-2.26
-2.26
-2.26
2.96
14.79
-2.50
5.99
2.36
-2.26
5.97
-3.53
-2.26
-8.96
-2.26

-2.26
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Figure 14: Angiogenesisgenes oveland underexpressedn HG+ApN group vs. HG

group
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Table 12: miRNA regulating angiogenesis genes undedoverexpressedn HG+ApN

vs. HGgroup

Under- Expressed Genes

Over- Expressed Genes

miRNA Name

Target Genes

mMiRNA Name

Target Genes

hsamiR-23a3p
hsamiR-23b-3p
hsamiR-889-3p
hsamiR-149-5p
hsamiR-1533p
hsamiR-122-5p
hsamiR-767-3p
hsamiR-448
hsamiR-1455p
hsamiR-224-5p
hsamiR-568
hsamiR-204-5p
hsamiR-211-5p
hsamiR-520g-3p
hsamiR-98-5p
hsalet-7g-5p
hsalet-7f-5p
hsalet-7¢-5p

hsalet-7i-5p

FAS
FAS
OCLN
EDNRA
ANGPT1
OCLN
NPR1
BCL2
ADAM17
ADAM17
BCL2
ANGPT1, BCL2
ANGPT1, BCL2
ANGPT1
FAS
FAS
FAS
FAS

FAS

hsamiR-374b5p
hsamiR-374a5p
hsamiR-26b-5p
hsamiR-1297
hsamiR-26a5p
hsamiR-590-3p
hsamiR-381-3p
hsamiR-513b5p
hsamiR-300
hsamiR-1305
hsamiR-377-3p
hsamiR-11783p
hsamiR-767-5p
hsamiR-101-3p
hsamiR-1286
hsamiR-576-3p
hsamiR-144-3p
hsamiR-1827

hsamiR-1433p

CCL2

CCL2

PTGS2

PTGS2

PTGS2

VCAM1

SELE

PTGS2

SELE

SELE

SELE

VCAM1

SELE

PTGS2

ICAM1

PTGS2

PTGS2

PTGS2

PTGS2
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C. HG group compared to NG after 96 hours treatment (Angiogenesis panel)

Comparing HG group treated for 96 hours with high glucose to NG group, there
was anup-regulationof many angiogenesis genes as shown the scatter plot below. A
significant increase was shown in adhesion G prateupled receptor B1 (ADGRB1)
gene as it reched 470 fold change aslicatedin the heatmap (Figure 15). After ApN
treatment, there was a decrease in the fold changp-m@gulatedyenes in HG group but

still not as NG level (Figure 13).
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Figure 15: The scatterplotcompares the normalized expression of each gene on the array

between the two selected groups by plotting them against one another to quickly visualize
substantial gene expression changes. The central line indicates unchanged gene
expression. The dotted lines indicate the selected fold regulation threshold. Data points
beyond the dotted lines in the upper left and lower right sections meet the selected fold

regulaton threshold.
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Table 13: List of theangiogenesis genes owardunderexpressedh HG groupvs. NG

groupafter 96 hours treatment

Gene Gene ID Fold Gene Gene ID Fold
Symbol Regulation Symbol Regulation
ANG P01019 3.36 THBS2 P35442 -21.23

ADGRB1 014514 470.51 HGF P08581 4.65
CCL11 P51671 2.12 IGF1 P05019 2.22
COL4A3 Q01955 2.46 IL1B P01584 -2.14
CXCL1 P09341 -2.23 PLG P0O0747 4.21
CXCL9 Q07325 6.58 IFNG PO1579 3.45
EGF P01133 4.53 PROK?2 Q9HC23 -3.10
FGF1 P05230 14.93

Data shows that most of the angiogenesis gesees upregulateth HG group compared
to control. This supports that high glucose condition could induce different pathological

changes including angiogenesis in HRECs.
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Angiogenesis Genes in HG vs. NG after 96 hours treatment
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Figure 16. Angiogenesisgenes oveland underexpressedn HG groupvs. NG group
after 96 hours of treatment. Of note, ADGRB1 gene had 470.51 fold change and could
not be plottednthis graph as it will shift all other genes expression down and make the

graphchallengingto visualize.
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Figure 17: The Heat Map provides a visualization of the fold changes in expression
between the selected groups for every gene iautagy in the context of the array layout.
The table provides the fold regulation data used for the map as well as the comments

associated with each one.

66



Table 14:miRNA regulating angiogenesis genes under and-expressed in HG vs. NG

group

Under- Expressed Genes

Over- Expressed Genes

miRNA Name

Target Genes

mMiRNA Name

Target Genes

hsamiR-101-3p
hsamiR-591
hsamiR-182-5p
hsamiR-8855p
hsamiR-891b
hsamiR-23a3p
hsamiR-23b-3p
hsamiR-374a5p
hsamiR-5983p
hsamiR-374b5p
hsamiR-922
hsamiR-641
hsamiR-524-5p
hsamiR-520d5p
hsamiR-30b-5p
hsamiR-30a5p
hsamiR-30d-5p
hsamiR-30e5p
hsamiR-30¢5p

hsamiR-96-5p

PROK2
THBS2
THBS2
PROK2
THBS2
PROK2
PROK2
PROK2
THBS2
PROK2
THBS2
CXCL1
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D. HG+ApN group compared to HG after 96 hours treatrp®ngiogenesis panel)
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Figure 18: The scatterplotcompares the normalized expression of every gene on the
array between the two selected groups by plotting them against one another to quickly
visualizesubstantiabene expression changes. The central line indicates unchanged gene
expression. The dottethés indicate the selected fold regulation threshold. Data points
beyond the dotted lines in the upper left and lower right sections meet the selected fold

regulation threshold.
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Angiogenesis Genes in HG+ApN vs. HG
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Figure 19: Angiogenesisgenesover and underexpressedn HG+ApN group vs. HG
groupafter 96 hours of treatment. ADGREEne had173.39 fold change and cout
be plottedon this graph as it will shift all other genes expression down and make the

graphchallengingto visualize.
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Figure 20: The Heatmap provides a visualization of the fold changes in expression
between the selected groups for every gene in the arthg rontext of the array layout.
The table provides the fold regulation data used for the map as well as the Comments

associated with each one.
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