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Göz

•GİRİŞ
•KORNEA
•SKLERA
•UVEA
•İRİS
•SİLİYAR CİSİM
•KOROYİD
•İRİDOKORNEAL KÖŞE (ANGLE)
•LENS
•VİTRÖZ
•RETİNA
Retinanın 10 Tabakası
RPE Hücre Tabakası (RPE)
Fotoreseptör Hücre Tabakası (FR)
Dış Limitleyici Membran (DLM)
Dış Nükleer Tabaka (DNT)
Dış Pleksiform Tabaka (DPT)
İç Nükleer Tabaka (INT)
İç Pleksiform Tabaka (IPT)
Gangliyon Hücre Tabakası (GHT)

Retinal Sinir Lifleri Tabakası (RSLT)
İç Limitleyici Membran (ILM)

•RETİNA’NIN HÜCRELERİ
•Retinal Pigment Epitelyumu (RPE)
•Fotoreseptör Hücreler

Rodlar ve Konların yapıları
Rodlar ve Konların Morfolojileri

•Bipolar Hücreler
•Horizontal Hücreler
•Amakrin Hücreler
•Gangliyon Hücreler ve İntraoküler Optik Sinir
•Nörogliyal Hücreler
•GÖZ KAPAKLARI
•LAKRİMAL BEZLER VE DRENAJ SİSTEMİ
•KONJUKTİVA
•RETİNAL HASTALIKLARIN TEDAVİSİNDE YENİ TEKNOLOJİLER

Gen Terapisi
Hücre Terapisi
İndüklenmiş Retinal Rejenerasyon

•KAYNAKLAR

GİRİŞ

İnsanlarda gözün ortalama çapı 23.5-25 mm’dir. 
Göz küresi’nin en dışında gözün yapısal bütünlü-
ğünü sağlayan kornea ve sklera vardır. Kornea ve 
sklera arasındaki geçiş bölgesi limbustur. Limbu-
sun posteriyorunda, gözün üç ana tabakası bu-
lunur.

Gözde bulunan üç ana tabaka dıştan içe doğ-
ru:

•	 Dış fibröz tabaka (Kornea ve Sklera),
•	 Orta vasküler tabaka ya da Uvea (İris, Silyar 

Cisim ve Koroyid),

•	 İç nörosensor tabaka (RPE ve Nörosensör Re-
tina).

Saydam olan lens, iris’in posteriyorunda yer-
leşiktir ve görülen açıklığı, pupil olarak adlandı-
rılır.

Gözün içerisindeki boşluklar ise:

•	 Ön kamera: Kornea ile iris arasında kalan boş-
luktur.

•	 Arka kamera: Anteriyorda iris ile posteriyorda 
ise lens ve vitröz boşluğun anteriyor yüzü ile 
komşudur; aköz sıvı ile doludur.
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rejeneresyon ile gangliyon hücre aksonunun be-
yine doğru uzayabilmesi de denenir (Lim ve ark). 
Kesilen retinal gangliyon hücre aksonunun, uy-
gun gen, küçük molekül veya nöronal aktivite ile 
uyarıldıklarında beyine doğru aksonal uzantılar 
yaptıkları görülür (Lim ve ark.; Sun ve ark; Laha 
ve ark).

Bu methodun deneysel başarı oranının düşük 
olmasından dolayı, gelecekte yapılacak olan ça-
lışmalar, bu methodun klinikte tedavi yöntemi 
olarak kullanılıp kullanılamayacağını belirleye-
cektir.

KAYNAKLAR

Ali R.R., Reichel M.B., Thrasher A.J. ve ark. Gene transfer 
into the mouse retina mediated by an adenoassociated 
viral vector. Hum. Mol. Genet 1996; 5:591–94.

Alvarado J.A. and Murphy C.G. Outflow obstruction in pig-
mentary and primary open angle glaucoma. Archives 
of Ophthalmology 1992;110(12):1769–78.

Alward W.L. Biomedicine: A new angle on ocular develop-
ment. Science 2003; 299(5612):1527-8.

Ambati J., Atkinson J.P., Gelfand B.D. Immunology of age-re-
lated macular degeneration. Nat Rev Immunol 2013; 
13:438–51.

Belmonte C., Acosta M.C., Gallar J. Neural basis of sensation 
in intact and injured corneas. Experimental Eye Resear-
ch 2004; 78:513–25.

Bobrow J.C., Beardsley T.L., Jick S.L. ve ark. Lens and cata-
ract: Basic and clinical cataract course. San Francisco: 
American Academy of Ophthalmology 2014; 2:35-37.

Burgoyne C.F. and Downs J.C. Premise and prediction-how 
optic nerve head biomechanics underlies the suscep-
tibility and clinical behavior of the aged optic nerve 
head. Journal of glaucoma 2008; 17:318–328.

Chen Z., Sun J., Li M. ve ark. Effect of age on the morpho-
logies of the human Schlemm’s canal and trabecular 
meshwork measured with swept‑source optical cohe-
rence tomography. Eye (Lond) 2018; 32(10):1621-28.

Chirco K.R., Sohn E.H., Stone E.M. ve ark. Structural and mo-
lecular changes in the aging choroid: implications for 
age-related macular degeneration. Eye 2017; 31(1):10-
25.

Coca-Prados M. The blood-aqueous barrier in health and 
disease. J Glaucoma 2014; 23:36–38.

Cotsarelis G., Cheng S.Z., Dong G. ve ark. Existence of 
slow-cycling limbal epithelial basal cells that can be 
preferentially stimulated to proliferate: implications on 
epithelial stem cells. Cell 1989; 57:201–9.

Coudrillier B., Pijanka J., Jefferys J. ve ark. Collagen structure 
and mechanical properties of the human sclera: analy-
sis for the effects of age. J of Biomechanical Enginee-
ring 2015; 137(4):041006.

Coudrillier B., Boote C., Quigley H.A. ve ark. Scleral anisot-
ropy and its effects on the mechanical response of the 

optic nerve head. Biomech. Model. Mechanobiol 2013; 
12(5): 941–63.

Da Cruz L., Dorn J.D., Humayun M.S. ark. Five-year safety 
and performance results from the Argus II retinal 
prosthesis system clinical trial. Ophthalmology 2016; 
123:2248–54.

Dhouailly D., Pearton D.J., Michon F. The vertebrate corne-
al epithelium: from early specification to constant re-
newal. Developmental Dynamics 2014; 243:1226–41.

Di Girolamo N. Moving epithelia: tracking the fate of mam-
malian limbal epithelial stem cells. Prog. Retin. Eye Res 
2015; 48:203–25.

Dua H.S. The conjunctiva in corneal epithelial wound hea-
ling. Br J Ophthalmol 1998; 82:1407–11.

Eiraku M., Takata N., Ishibashi H. ve ark. Self-organizing op-
tic-cup morphogenesis in three-dimensional culture. 
Nature 2011; 472: 51-6.

Eldred K.C., Hadyniak S.E., Hussey K.A. ve ark. Thyroid hor-
mone signaling specifies cone subtypes in human reti-
nal organoids. Science 2018; 362(6411): pii: eaau6348.

Espana E.M., Romano A.C., Kawakita T. ve ark. Novel enzy-
matic isolation of an entire viable human limbal epithe-
lial sheet. Invest Ophthalmol Vis Sci 2003; 44:4275–81.

Flannery J.G., Zolotukhin S., Vaquero M.I.  ve ark. Efficient 
photoreceptor-targeted gene expression in vivo by 
recombinant adeno-associated virus. Proc. Natl Acad. 
Sci. USA 1997; 94:6916–21.

Forrester J.V. and Xu H. Good news–bad news: the Yin and 
Yang of immune privilege in the eye. Front Immunol 
2012;3:338.

Foster A. and Resnikoff S. The impact of Vision 2020 on glo-
bal blindness. Eye (London) 2005; 19(10):1133-5.

Garana R.M., Petroll W.M.,  Chen W.T. ve ark. Radial kera-
totomy II: The role of the myofibroblast in corneal 
wound contraction. Invest Ophthalmol Vis Sci 1992; 
33:3271–82.

Goldman D. Müller glial cell reprogramming and retina re-
generation. Nature Reviews Neuroscience 2014; 15: 
431–42.

Gottanka J., Johnson D.H., Grehn F. ve ark. Histologic fin-
dings in pigment dispersion syndrome and pigmentary 
glaucoma. Journal of Glaucoma. 2006;15(2):142–51.

Hertz J., Qu B., Hu Y. ve ark. Survival and integration of de-
veloping and progenitor-derived retinal ganglion cells 
following transplantation. Cell Transplant 2014; 23, 
855–72.

Humayun M.S., de Juan E Jr., Dagnelie G. ve ark. Visual per-
ception elicited by electrical stimulation of retina in 
blind humans. Arch. Ophthalmol. 1996; 114, 40–6.

Humayun M.S., Weiland J.D., Fujii G.Y. ve ark. Visual percep-
tion in a blind subject with a chronic microelectronic 
retinal prosthesis. Vision Research 2003; 43:2573–81.

Jacobson S.G., Cideciyan A.V., Ratnakaram R. ve ark. Gene 
therapy for Leber congenital amaurosis caused by 
RPE65 mutations: safety and efficacy in 15 children and 
adults followed up to 3 years. Arch. Ophthalmol 2012; 
130:9–24.

Jager R.D., Mieler W.F., Miller J.W. Age-related macular de-
generation.N. Engl. J. Med. 2008; 358:2606–61.



Göz19. BÖLÜM

511

Keeley F.W., Morin J.D., Vesely S. Characterization of col-
lagen from normal human sclera. Exp Eye Res. 1984; 
39(5):533-42.

Kessel L., Andresen J., Erngaard D. ve ark. Indication for ca-
taract surgery. Do we have evidence of who will benefit 
from surgery? A systematic review and meta-analysis. 
Acta Ophthalmol 2016; 94: 10–20.

Kim E.C., Doh S.H., Chung S.Y. ve ark. Direct visualization of 
aqueous tear secretion from lacrimal gland. Acta Oph-
thalmologica 2017; 95(4):314-22.

Koizumi N., Okumura N., Kinoshita S. Development of new 
therapeutic modalities for corneal endothelial disea-
se focused on the proliferation of corneal endothelial 
cells using animal models. Experimental Eye Research 
2012;95:60–7.

Komai Y. and Ushiki T. The three-dimensional organization 
of collagen fibrils in the human cornea and sclera. In-
vest Ophthalmol 1991;32(8):2244-58.

Kutoglu T., Yalcin B., Kocabiyik N. ve ark.  Vortex ve-
ins: anatomic investigations on human eyes.  Clin 
Anat 2005; 18(4): 269–73.

Laha B., Stafford B.K., Huberman A.D. Regenerating optic 
pathways from the eye to the brain. Science 2017; 
356:1031–34.

Lavker R.M., Tseng S.C., Sun T.T. Corneal epithelial stem cel-
ls at the limbus: looking at some old problems from a 
new angle. Exp. Eye Research 2004; 78:433–46.

Ledford H. FDA advisers back gene therapy for rare form of 
blindness. Nature 2017; 550:314.

Leske MC, Heijl A, Hyman L, Bengtsson B, Komaroff E. Fac-
tors for progression and glaucoma treatment: the early 
manifest glaucoma trial. Curr. Opin. Ophthalmology 
2004; 15:102-6.

Li J., Tripathi R.C., Tripathi B.J. Drug-induced ocular disor-
ders. Drug Saf 2008; 31: 127–41.

Li W., Hayashida Y., Chen Y.T. ve ark. Niche regulation of cor-
neal epithelial stem cells at the limbus. Cell Research 
2007; 17: 26–36.

Lim L.S., Mitchell P., Seddon J.M. ve ark. Age-related macu-
lar degeneration. Lancet 2012; 379:1728–38.

Lim J.H., Stafford B.K.,  Nguyen P.L. ve ark. Neural activity 
promotes long-distance, target-specific regenerati-
on of adult retinal axons. Nat. Neuroscience 2016; 
19:1073–84.

Liu Y.C., Wilkins M., Kim T. ve ark. Cataracts. The Lancet 
2017; 390(10094):600–12.

MacLaren R.E., Pearson R.A., MacNeil A. ve ark. Retinal re-
pair by transplantation of photoreceptor precursors. 
Nature 2006; 444:203–7.

MacLaren R.E. Cone fusion confusion in photoreceptor 
transplantation. Stem Cell Investigation 2017; 4:71.

Maguire A.M., Simonelli F., Pierce E.A. ve ark. Safety and ef-
ficacy of gene transfer for Leber’s congenital amauro-
sis. N. Engl. J. Medicine 2008; 358:2240–48.

Mandai M., Watanabe A., Kurimoto Y. ve ark. Autologous 
induced stem-cell-derived retinal cells for macular de-
generation. N Engl J Med. 2017; 376(11):1038-46.

Marfurt C.F., Cox J., Deek S. ve ark. Anatomy of the human 
corneal innervation. Experimental Eye Research 2010; 
90:478–92.

Mills J.O., Jalil A., Stanga PE. Electronic retinal implants 
and artificial vision: journey and present. Eye 2017; 
31:1383–98.

Naitoh H., Suganuma Y., Ueda Y. ve ark. Upregulation of 
matrix metalloproteinase triggers transdifferentiation 
of retinal pigmented epithelial cells in Xenopus laevis: 
a link between inflammatory response and regenera-
tion. Developmental Neurobiology  2017; 77(9):1086–
100.

Nakano T., Ando S., Takata N. ve ark. Self-formation of optic 
cups and storable stratified neural retina from human 
ESCs. Cell Stem Cell 2012; 10: 771-85.

Olson R.J. Cataract surgery from 1918 to the present and fu-
ture—just imagine! Am. J. Ophthalmol 2017; 185:10–3.

Ovando-Roche P., Georgiadis A., Smith A.J. ve ark. Harnes-
sing the potential of human pluripotent stem cells and 
gene editing for the treatment of retinal degeneration. 
Curr. Stem Cell Reports 2017; 3:112-23.

Park C.Y., Marando C.M., Liao J.A. ve ark. Details of the 
collagen and elastin architecture in the human limbal 
conjunctiva, tenon’s capsule and sclera revealed by 
two-photon excited fluorescence microscopy.  Invest. 
Ophthalmol. Vis. Science 2016; 57(13):5602-10.

Pearson R.A. , Barber A.C., Rizzi M. ve ark. Restoration of 
vision after transplantation of photoreceptors. Nature 
2012; 485:99–103.

Planul A. and Dalkara D. Vectors and gene delivery to the 
retina. Annu. Rev. Vis. Sci. 2017; 3:121–40.

Rada J.A., Achen V.R., Penugonda S. ve ark. Proteoglycan 
Composition in the Human Sclera During Growth and 
Aging. Invest. Ophthalmology Visual Science  2000; 
41(7):1639–48.

Rohen J.W. Scanning electron microscopic studies of the 
zonular apparatus in human and monkey eyes. Invest. 
Ophthalmol. Vis. Science 1979; 18(2):133-44.

Roska B. and Sahel J.A. Restoring vision. Nature 2018; 
557(7705):359–67.

Rossi G., Manfrin A., Lutolf M.P. Progress and potential in 
organoid research. Nat Rev Genet 2018;19(11):671-87.

Rozsa A.J. and Beuerman R.W. Density and organization of 
free nerve endings in the corneal epithelium of the 
rabbit. Pain 1982; 14:105–20.

Russell S., Bennett J., Wellman J.A. ve ark. Efficacy and sa-
fety of voretigene neparvovec (AAV2-hRPE65v2) in pa-
tients with RPE65-mediated inherited retinal dystrop-
hy: a randomised, controlled, open-label, phase 3 trial. 
Lancet 2017; 390:849–60.

Sasai Y. Grow your own eye: biologists have coaxed cells to 
form a retina, a step toward growing replacement or-
gans outside the body. Sci. Am. 2012; 307: 44-9.

Sato T., Vries R.G., Snippert H.J. ve ark. Single Lgr5 stem cells 
build crypt-villus structures in vitro without a mesen-
chymal niche. Nature. 2009;459(7244):262-65.

Schwartz S.D., Regillo C.D., Lam B.L. ve ark. Human embryo-
nic stem cell-derived retinal pigment epithelium in pa-
tients with age-related macular degeneration and Star-
gardt’s macular dystrophy: follow-up of two open-label 
phase 1/2 studies. Lancet 2015; 385:509–16.

Shaheen B.S., Bakir M., Jain S. Corneal nerves in health and 
disease. Survey of Ophthalmology 2014; 59:263–85.



Histoloji 

512

Shapiro M.S., Friend J., Thoft RA. Corneal re-epithelializa-
tion from the conjunctiva. Invest Ophthalmol Vis Sci 
1981; 21:135–42.

Shimizu T., Hara K., Futa R. Fine structure of trabecular mes-
hwork and iris in pigmentary glaucoma. Albrecht von 
Graefes Archiv für Klinische und Experimentelle Opht-
halmologie 1981; 215(3):171–80.

Silva D.N., Oriá A.P., Araujo N.L. ve ark. Morphological study 
of the eye and adnexa in capuchin monkeys (Sapa-
jus sp.). Kumar A, ed. PLoS ONE 2017; 12(12):e0186569.

Spry P.G., Sparrow J.M., Diamond J.P. ve ark. Risk factors for 
progressive visual field loss in primary open angle glau-
coma. Eye (London) 2005; 19:643e651.

Stevens G.A., White R.A., Flaxman S.R. ve ark. Global pre-
valence of vision impairment and blindness: magnitu-
de and temporal trends, 1990-2010 . Ophthalmology 
2013; 120(12):2377-84.

Sumako K., Hiroaki S., Masayuki Y. ve ark. Remodeling of 
epithelial cells and basement membranes in a corneal 
deficiency model with long-term follow-up. Laboratory 
Investigation 2015; 95:168–79.

Sun F., Park K.K., Belin S. ve ark. Sustained axon regenerati-
on induced by co-deletion of PTEN and SOCS3. Nature 
2011; 480:372–375.

Tam L.C.S., Reina-Torres E., Sherwood J.M. ve ark. Enhance-
ment of outflow facility in the murine eye by targeting 
selected tight-junctions of schlemm’s canal endothelia. 
Scientific Reports 2017; 7:40717.

Tan D.T., Dart J.K., Holland E.J. ve ark. Corneal transplantati-
on. Lancet 2012; 379:1749–61.

Tanna P., Strauss R.W., Fujinami K. ve ark. Stargardt disea-
se: clinical features, molecular genetics, animal models 
and therapeutic options. Br. J. Ophthalmology 2017; 
101:25–30.

Touchard E., Heiduschka P.,  Berdugo M. ve ark. Non-vi-
ral gene therapy for GDNF production in RCS rat: the 
crucial role of the plasmid dose. Gene Therapy 2012; 
19:886–98.

Treuting P., Wong R., Tu D. ve ark. Comparative anatomy 
and histology. Sciencedirect 2012; 395–418.

Tsai R.J., Sun T.T., Tseng S.C. Comparison of limbal and 
conjunctival autograft transplantation in corneal sur-
face reconstruction in rabbits. Ophthalmology 1990; 
97:446–55.

Venugopalan P., Wang Y.,  Nguyen T. ve ark. Transplanted 
neurons integrate into adult retinas and respond to li-
ght. Nature Communucations 2016; 7:10472.

Vinson J.A. Oxidative stress in cataracts. Pathophysiology 
2006;13: 151–62.

Voelker R. First artificial iris ok’d. JAMA 2018; 320(1):23.
Wallman J., Wildsoet C., Xu A. ve ark.  Moving the reti-

na: choroidal modulation of refractive state.  Vision 
Res 1995; 35(1): 37–50.

Wan C., Li F., Li H. Gene therapy for ocular diseases medita-
ted by ultrasound and microbubbles. Mol. Med. Rep. 
2015; 12:4803–14.

Wan J. and Goldman D. Retina regeneration in zebrafish. 
Curr. Opin. Genet. Development 2016; 40:41–7.

Wang S., Kugelman T., Buch A. ve ark. Non-invasive, focused 
ultrasound-facilitated gene delivery for optogenetics. 
Scientific Report 2017; 7:39955.

Watson P.G. and Young R.D. Scleral structure, organisation 
and disease. A review. Exp Eye Res. 2004; 78(3):609-23.

Wein F.B. and Levin L.A. Current understanding of neuropro-
tection in glaucoma. Curr Opin Ophthalmol. 2002; 
13(2):61-7.

WHO. Visual impairment and blindness. 2014. http://www.
who.int/mediacentre/factsheets/fs282/en/

Yao K., Qiu S., Wang Y.V. ve ark. Restoration of vision after 
de novo genesis of rod photoreceptors in mammalian 
retinas. Nature 2018; 560(7719):484-88.


