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MOLEKYLAR OFTALMOLOGI

(Fortiden)



Engang proteiner altid proteiner !

1994
Ph.D. "Fatty acid interaction with human serum albumin. Relation

to diabetes, obesity, valproate-treatment, and anticoagulant
therapy in surgery”.

1999:
Dr. med. "Reversible ligand binding to human serum albumin -

theoretical and clinical aspects".



De forskellige "omer”

ki Endoplastic Reticulum

l Transkription

Transkriptom

lTransIation

Prot
>1.000.000 oo
|
Omszetning af kulhydrat, fedt, protein, etc. Metabolom




Samme genom - forskelligt proteome




' . Human Ontogenese
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Gel-baseret differentiel ekspressions proteomik

Sammenligning af en gruppe af celler/vaev (Gruppe A)

med en anden gruppe af celler/vaev (Gruppe B)
Gruppe A versus Gruppe B
Ubehandlede celler versus Behandlede celler
Udifferentierede celler versus Differentierede celler

Normale celler versus Transformerede celler



Gel-baseret differentiel ekspressions proteomik

- Kgrsel af et antal geler (4-6) af forskellige grupper (A, B, etc.)
- Gelerne sglvfarves og terres
- Gelerne skannes pa densitometer skanner (maler absorptionen i hver pixel)

- Hver gel analyseres af 2D software (fx Melanie eller PDQuest) til detektion og
maengdebestemmelse af protein pletter

Salvfarvet gel Skannet gel Kvantificerede spots




Computerassisteret sammenligning af de to grupper

Gruppe A Gruppe B

- Detektion af differentielt regulerede proteiner (signifikante)
- Selektion af signifikante proteiner med et vist gendringsniveau (fx >2 gange)



Opreguleret protein i gruppe B




Nedreguleret protein i gruppe B
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Massespektrometer




Okuleere proteomstudier

Acute corneal rejection

Funding et al.

Acta Ophthalmol. Scand. 83, 31-39, 2005

Marker proteins for
keratoconus

Nielsen et al.
Exp. Eye Res.

Stem cell markers
Lyngholm et al.

Exp. Eye Res.

Cytokeratins

82, 201-209, 2006

87, 96-105, 2008

Lyngholm et al.
BMC Ophthalmol. 11, 3, 2011

Ocular proteomics in

general.

Vorum et al. Biol Proced Online. 12:

56-88. (Review). 2009.

Lebers amaurosis

Vorum et al.
Proteome. Sci. 5,5, 2007

Uveal melanomas

Coupland et al.

Invest. Ophthalmol. Vis. Sci.
51, 12-19, 2010

Retinal detachment

in rabbits

Mandal et al.
Mol. Vis. 17, 2634-2648 2011
(PhD-project finalized 2011)

Hyperclycemia
Mandal et al.
(in preparation) 2012

o - Lacrimal gland and eyelid

Vorum et al.
Ann. Anat. 193, 469-478, 2011



Okuleere proteomstudier

Corneal rejection
Funding et a/.

Acta Ophthalmol. Scand. 83, 234-239, 2005

Funding et al.

Acta Ophthalmol. Scand. 83, 234-239, 2005

Keratoconus

Nielsen et al.
Corne. 24, 661-668, 2005

Stem cell markers

Lyngholm et al.
Exp. Eye Res. 87, 115-121, 2008

Bath et al
Stem Cell Res. 10, 349-360,
2013

Bath et al
Plos One. 8, 64244, 2013

Bath et al
Mol. Vis 12, 797-803 2014
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AMD

Tlginis et Vorum
Acta Ophthalmol. 90, 487-488, 2012

Retinal detachment

in rabbits

Mandal et a/.
Acta Ophthalmol. 91, 333-334 2013

Mandal et al.
J. Ophthalmol. 15, 58304, 2015

Lacrimal gland tear film

Nielsen et Vorum
Ancta Ophyhalmol. 93, 658-662, 2015



Okuleere proteomstudier

Fuchs Endothel dystrophy

Poulsen et a/.
J. Proteom Res. 13, 4659-4667, 2014

Poulsen et a/.
Proteomics Clin. App/ . 8, 168-177, 2014

Cataract

Clemmensen et a/.

Graefes Arch. Clin. Exp. Ophthalmol.
225, 119-125, 2017

Cornea dystrophies
Poulsen et al.
FEBS. J. 285,101-114, 2018

Poulsen et a/.
J. Biol, Chem. 2, 11817-11828, 2019

Human cornea proteom
Dyrlund, Vorum, Enghild. J. Proteom Res..
11: 4231-4239, 2012.



Proteomanalyse af kammervaeske
ved cornea-transplantat afstadning




Paracentese




Forskellig proteinprofil
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Korrigerede spot volumes
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* 10 spots var
signifikant forhgjet:

Funding et al. Acta Ophtalmol Scand, 83: 31-39, 2005
Funding et al. Acta Ophtalmol Scand, 83: 234-239, 2005
Funding et al. Acta Ophtalmol Scand, 83: 379-384, 2005



Konklusion

« Kammervaeskens proteinsammensaestning
g&ndres under corneal afstgdning.

* Der ses en intraokuleer produktion af
, Som har en mulig gavnene effekt
pa den corneale rejektion.



Corneale limbale stamceller:
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4.Extract molecules from target cells.

Dyrlund, Vorum et Enghild. J Proteome Res. 11: 4231-4239. 2012.



TRANSLATIONEL OFTALMOLOGI

(Nutid)



Retinal veneokklusion



Formal

Identifikation af nye angrebspunkter

for behandling



Experimental retinal vein occlusion




Experimental
vein occlusion




Control




Experimental vein occlusion

Cehofski LJ, Vorum H et al. Exp. Eye Res., 2018
Cehofski LJ, Vorum H et al., Exp. Eye Res., 2015



Cehofski LJ, Vorum et al., J Ophthalmol, 2015
Cehofski LJ, Vorum et al., Exp Eye Res, 2015
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BRVO Kontrol

Cehofski LJ, Honoré B, Vorum H et al., Experimental Eye Research, 2016




BRVO vs. kontrol

Results

6XBRVO | [ . . 3700 proteiner

172 signifikant
&ndrede

6XKontrol

Cehofski LJ, Honoré B, Vorum H et al., Experimental Eye Research, 2015
Cehofski LJ, Honoré B, Vorum H et al., Experimental Eye Research, 2020



Aktiverede signalveje - BRVO

Ribosome
4 Proteins

Regulation of cytoskeleton
Complementent and coagulation 9 proteins

cascades, 4 proteins I

Arrythmogenic
right ventricular
cardiomyopathy

—— Citrate cycle
4 proteins

8 proteins

Leukocyte trans-
endothelial migration
4 proteins

Tight junctions Focal adhesion
4 proteins 7 proteins

Adherence junction
5 proteins

Cehofski LJ, Honoré B, Vorum H et al., Experimental Eye Research, 2015
Cehofski LJ, Honoré B, Vorum H et al., Experimental Eye Research, 2019
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Muller cell stress
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Anti-VEGF interventions

Intervention study - present study

Right retina - laser induced BRVO  Left retina - laser induced BRVO  Righteye-  Left eye - Dissection
anti-VEGF  0.9% NaCl

— Argon laser — Argon laser

C";))

1&1

) NOVARTIS

Ranibizumab

) mg/ml
Solution for injection/¢
87210

Cehofski LJ, Vorum H et al., Exp. Eye Res., 2016




Anti-VEGF behandling

Intervention study - present study

Right retina - laser induced BRVO  Left retina - laser induced BRVO Righteye-  Lefteye - Dissection
anti-VEGF 0.9% NaCl

— Argon laser —— Argon laser

AVASTIN® r——'

(bevacizumal) e

——

For Intravenous Use

100 mg
25 mg/ml.

AVASTIN”

(bevacizumab)

W

Cehofski LJ, Vorum et al., Mol. Vis., 2018



Anti-VEGF behandling

BRVO + aflibercept vs. BRVO + NaCl

BRVO - both eyes Aflibercept NaCl Angiography Dissection
(right eye, n = 7) (left eye, n =7)

— Argon laser Uy S % \ N
¥ \ )
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JEYLEA'}
.. (afibercept) Injection

{ forlntravitreal Injection CehOfSki LJ, Vorum H et al., Smeitted, 2019

5 2mg/0.05 mL
gl Single-use Vial
L Regeneron Pharmaceuticds?
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Ozurdex behandling

Experimental timeline

BRVO in both eyes Right eye - Left eye - Angiography Dissection
Dexamethasone No implant

Argon laser ) \\\ / »
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Cehofski LJ, Vorum H et al., Exp. Eye Res., 2018



BRVO + intervention

UstNo:1s 100mg /G
Ty 25 mg/ml .
- AVASTIN' 7—=
(bevacizumab) -,
) NOVARTIS For Intravenous ot e

Y G

[ R bevacizumab)
Solution for injection /¢

#7210

Regulering af

Ll andre signalveje

'\ E [
PMOES hegraenset

L For ntravitreal Injection

J 2me/0.05m.
v Single-use Vial

L Regeneron Pharmaceutials !

Nar retina pa 2 dage
Transthyretin stiger

Caveolin-1




KLINISK OFTALMOLOGI

(Fremtid)



Retinale Vaskulaere Okklusioner



Forekomst og dadelighed

RAO RVO

1 Park SJ, Choi N-K, Seo KH, Park KH, Woo SJ. Nationwide incidence of clinically diagnosed central retinal artery occlusion
in Korea, 2008 to 2011. Ophthalmology. 2014 Oct;121(10):1933-8.

2 Toft-Petersen AP, Muttuvelu D V, Heegaard S, et al. Correlation between retinal vein occlusion and cancer - a nationwide
Danish cohort study. Acta Ophthalmol 2018;96:800-3. doi:10.1111/a0s.13860.

3 Bertelsen M, Linneberg A, Christoffersen N, et al. Mortality in patients with central retinal vein occlusion. Ophthalmology
2014;121:637—-42. doi:10.1016/j.ophtha.2013.07.025



TROMBOSE - BLODPROP

Kolesterolaflejring
danner sar pa
indersiden af
blodare.

Blodlegemer
samler sig og
klaeber sammen
via fibrin markeret
som hvide
traddannelser.

Blodansamlingen
vokser sig stadig
storre for til sidst

at danne sa stor en
prop, at blodet ikke
lengere kan passere
(trombose).




EMBOLI - BLODPROP

En lesrevet trombosesektion fra den del af blodaren,
som er relativt bred i diameter, feres videre gennem
blodaren, der gradvist snavrer ind. Nar blodaren
bliver tilpas snzever, kiler sektionen sig fast, sa

b
b

odgennemstrgmningen stoppes. Denne form for

L
lodprop kaldes en emboli.




"EYE and HEART”

Branch retinal vein

Vortex vein
Choroidal venous plexus

Optic disk collateral vein
CRV CRA CSF

IOP = 10-22 mmH
¢ Ophthalmic Cavernous

vein sinus

Posterior \ Anastomosis
ciliary artery with angular vein

Cilioretinal Facial vein
artery

Ophthalmic
artery

Carotid artery

Superlcr vena cava

Right atrium




Vengs blodprop I nethinden

Ca. 19.000 danskere rammes hvert ar
af en veneblodprop i gjet

Pavirkning af hele synsfeltet tyder pa
blodprop i den centrale vene
Pavirkning af en del af synsfeltet tyder
pa blodprop i en grenvene i nethinden




Arteriel blodprop I nethinden

Ca. 400 danskere rammes hvert ar af
en arteriel blodprop i @jet

Mister synet pa del af synsfeltet

Iskaemi der svarer til det afficerede
omrade

Permanent synstab

Ingen behandling




Papers

Jrskov M, Vorum H, Larsen TB, Lip GYH, Bek T, Skjgth F. (2022) Clinical risk factors for retinal

artery occlusions: a nationwide case-control study. International Ophthalmology.

Jrskov M, Vorum H, Larsen TB, Lip GYH, Bek T, Skjgth F. (2022) Evaluation of risk scores as
predictive tools for stroke in patients with retinal artery occlusion: A Danish nationwide cohort

study. TH Open. (In press)

Jrskov M, Vorum H, Larsen TB, Lip GYH, Bek T, Skjgth F. (2022) Retinal artery occlusion as an

early indicator of macrovascular complications in diabetes. American Journal of Medicine.



Papers

Jrskov M, Vorum H, Bjerregaard Larsen T, Vestergaard N, Lip GYH, Bek T, Skjgth F. (2022). A

review of risk factors for retinal vein occlusions. Expert Rev Cardiovasc Ther.

Jrskov M, Vorum H, Larsen TB, Lip GYH, Bek T, Skjgth F. (2022) Similarities and Differences in
Systemic Risk Factors for Retinal Artery Occlusion and Stroke: A Nationwide Case-Control

Study. J stroke Cerebrovasc Dis.

Jrskov M, Vorum H, Larsen TB, Lip GYH, Bek T, Skjgth F. (2022) Similarities and differences in
systemic risk factors for retinal artery occlusion and retinal vein occlusion: A nationwide case-

control study. Int Ophthalmol.

Jrskov M, Nissen TPH, Vorum H, Larsen TB, Skjgth F. (2022) Positive prediction value of retinal
artery occlusion diagnoses in the Danish National Patient Registry: a validation study
(submitted).



De nationale sundhedsregistre

Lang tradition for registre

Ce e of Labour M Statistics Re y

Store maengder data

Danish Re: alformations
Damsh Re of Childhood Cancer; Melanoma Database

CPR-nummer
Fuld deekning - fra vugge til grav

2 ning Datab:

2009 Danish Sarcoma Database; Children’s Cancer Database; Neuro-Oncology Database

rDa

2014 nish Colorectal Cancer Screening Database




Registre brugt i dette projekt

Danish Registries

Danish Twin Reg!

Danlsh Registry of Cerebral Paresis

H 0 c Sta Suic
CPR-registeret ; -
Student Reg|<ter
_ : erative Group Da mploy fication Module

Landspatientregisteret

Laegemiddelstatistikregisteret

Danish Heart Registry; Acute Leukemia Registry; Rheumatology Database; Lung Cancer Database.
Bladder Cancer Databa:

Dahlsh Stroi:e Reg Heart ?a\\urerReg\str‘,‘ Scﬁ»zophrenrwa Da}abase L'_vmpho?na Détabase

D h Data f Reimbursed Pr ptions ) Anesthesia Database.
Dat
ot !

and Mammography dedical D

2009 Danish Sarcoma Database; Children’s Cancer Database; Neuro-Oncology Database
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Overordnet plan
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‘ Studie || Formal |




Kumuleret incidens

o)
o
c
o
o
3]
=
0]
2
=
L
5
£
S
@)

2 3 4
Time since idate (years)




Tak til
@REGION NORDJYLLAND
- 1 gode hander
¢

Svend Andersen Fonden ™
A~ 4

DET
OBELSKE
FAMILIEFOND

Herta Christensens Fond

Speciallege Heinrich Kopps legat

((‘ AALBORG THE VELUX FOUNDATIONS

UNIVERSITET VILLUM FONDEN 3¢ VELUX FONDEN




Tak til:

Bent Honoré, Professor, dr.med. Biomedicinsk Institut Aarhus Universitet

Lasse Cehofski Jergensen, OUH, 1. reservelaege, ph.d.

D jenafdelingen, Aalborg Universitets:

Anders kruse, ledende overleege, ph.d.
Carl Uggerhgj Andersen, overlaege
Chris Bath Sgndergaard, ph.d.-studerende

Aalborg Universitetshospital:
Torben Bjerregaard Larsen, Prefessor, overlaege, ph.d.




Tak til:

@jenafdelingen, Aarhus Universitets Hospital:
Niels Ehlers, Professor, emeritus, dr.med.

Toke Bek, Professor, ledende overleege, dr.med.
Jesper Hjortdal, Professor, overlaege, dr.med., ph.d.
Steen Fiil Urbak, Overlceege, ph.d.

Mikkel Funding, Afdelingsleege, ph.d.

Mikkel Lyngholm, Afdelingslege, ph.d.

Institut for Medicinsk Biokemi, Aarhus Universitet:
Seren Moestrup, Professor, dr.med.

Anders Nykjcer, Professor, ph.d.

Mona Hansen, Laborant

Kirsten Peterslund, Laborant

Inge Kjeergaard, Laborant




Tak til:

Kebenhavns Universitet:

Steffen Heegaard, professor, overlaege, dr.med.
Mogen Holst Nissen, Professor, Prodekan, dr.med.
Morten Dornonville de la Cour, Professor, dr.med.
Michael Larsen, Professor, overlege, dr.med.

Henrik Lund Andersen, professor, overlege, dr.med.
Torben Lykke Sgrensen, Professor, overleege, dr.med.
Jens Folke Kiilgaard, Professor overlege, ph.d.

Syddansk Universitet:
Jakob Grauslund, Professor, overleege, dr.med., ph.d.



Tak til:

PhD-studerende:

Tobias Holst Nissen
Nanna Vestergaard Azuz
Marie Drskov

Malene Krog

Gabriele Byskov

Danson Mutuvele

Marie Skallerup Andersen




Tak til:

Fanilie:

Mette og Emma



Et godt syn til alle - hele livet



