5300 3300560l Lsdgoobm Mbogzgdlo@gdo

bgbsfgMol Mmzegdoo

60bm 3mdsbody

9968053090 LObEMMTO JoEHIMsgdEHOL
3°0m m39MH0M9dYe JoMmmYEo 3m3MEo300lL
353096¢90ddo

9900030601 MgEMMOL 5350980EM0 boGolbols
3mb3M390wo@ HoMragbowo olgMEsgool

330™MIBIMGO

mdoobo, 2020



BsdOmdo  JgbHEgdeos 3000 B30 osbol  Lsdgoobem
6039MLOE GO, 30bo3s ,BokgdOL LodgoEobm 39b@® dbgms“-U,
Lobs3MHOL M350l GMMZbMo 396E®OLS s LOBYL3MMOL Mgserol
33093000 0BLEHOEMEHOL dsBYdbY.
La89350gHe byerddegsbyargdo:
by 05053500, 890003060L 393609M9dsMs MIBHMMO,
5300 $H30005b0L LodgoEobm
60390L0E 9GOl 3OHMRILMEO
20090 BoBms 9903060l d93609Mgdsms MJEH™MO,
6099 30596 Mboz9MLOGYEHOL
9mf399900 36GMBgLOMOO
006 5760, 890003060L MdEH™G0, LobasdMGol

3500l 33093000 0bLEGHOGHWEHOL
3605390

MB0EosHHo Mm3cbgbGgdo:

99050 0350 9903060 393609M9dsms MJEHMOO,
d0olol bybgedfogm
15990E0bM MboggMLoEYEHOL dBHMmzglmMo
50059 3MGHMGMIZ0(0  BOMEMFOOL PMIBHMMO,
005l Lobgdfogm mboggdlodgdol
9390 36MmxgLmO0
0065006 BmHs830@o  dgozobol 3gEbogHgdoms mgd@m®o,

5300 $H3000560L LodgoEobm
60396L0GHIGHOL SME0MYOMWO 3GMRILMEOO

obgM G300l 330 G905 2020 Heol 29 md@EmddgmL bon-
b9 ©53000  330wosbols  bob.  LsdgoEobm  »boggMLo@gdol
bo3mbx39gMgbgom sMdsBdo (0159, Mdowolo, wwdEosbsl J 13/

d.300mE9wob J. 6)
533MM9B9M9GH0 ©o0H30s 2020 Herols 15 mgd@madgmb.
Lfsgeomaro dogsbo 056050 3sB6sdg



6596030 Dm0 EsLILOSMYdS

360 gdols 5@ moromds

938BME0s309M0  LobE®®Io  [omBmoEgbL  Sls3ob
39300 ©593500905L, OHMIgwog Jbmgeoml  JolIEHd0m
30@0MbMmd00 505d056msb 43b309gds. oo BLEO gogc39egds
Lodoomnggermdo  3bmdos, mwdgs  MBMICIMNEWMYGO0  ©S
39BLS3MM9d0m ffobs Fmbs33900L JoMMygdo Msbbdwgdosb,
O0md  ob  doewosh  BJoMmos  35BH9MOJBHOM 935 O
353096()90d0. 9dLBM0s30IM0 LObEMMAo MOl  Yz9Ww sy
9dodg oM g0930L JoHYHO 35BHMJGOL JoOMROOL POMU.

99b8M0s30M0 LObEMMAo HILOSMYdS FOBIOOWXYHO
99bGH®SEIM@MOHO  503mm0gMHgdol  3039MH3OMEYJ30000  ©d
3OO 53MFMN0MIO00  M35¢ol Fobs  Imbs3zzgomols
Lbgoobbgs  bLGOMIEGHMgddo. Tolo 3500MYgbgbo  v3bMdOS.
3939 MEbmdos, M5 99doboBdgdom  bgds  dgmEso
9JbRBME0530MM0 2o 30mdol  gobgomsmgds  Lob®mdom
Q553590 353096GHs  Boffoerdo. 53 GHo30L  deov3mds
9600-9OHM0 Y39oby ddodgo d0dobs®g Bm®mTss, Bogargds
9939000905690 3mblgMZsGH M 93MboEMdSL,  LHMoRs©
3MMaMaB0MGOL 5 oM LoFOMMIOL SOOI JoOMYOE
Bo69390L.

9JbBmosgom®o  Lob®™mdl  bdoMs  Lbgsolbgs
LoLEBQIMEO 9935 JISL  ©9393006909b.  2obLIMOOIdOM
L5y M90MoLOLEHYIMOOLOLbEIsMM3M3560 3s0MEMYy0gdo,
MHMYMOH0EsS 3ol 0993099M0 9935090, Fom3sMEOmdol
06xomdBHo s (396090OMILIMMG0 935 ds. 50
Q055350090 90mb 393006 blbosb 99LBME05309M0
6030009693900l LolbdsMP39doL  39EegdTdo  Rowsygdom,
Mol 9909350053  dgLoderms  E0ME39L  LolbardsME3gdOlL

3



JsbEGOMOMdS @O Qobg0maEgl  0dgdos  Lbgoolibgs
O56mdo.

965350 33e0935  F0momgdL  9JLBMOS30MO
Lob®MIol 49693036 HoBMTs3wMdsBY. 3bMmdOos, GH™I
obo 2930 (39wgds Lbzoalibgss Lbgoslbgs 3m3mo3osdo s
d9@Pows 93b3090s oo MRIBNMMO SMYRSE0S. 306039000
39693037960 5639600 s0dmBgboe odbs 2007 {gwb, 0dgs
50539 339358 9B396s, MM gl 30IMOHROBIGd0 Fglsdwrms
X 960OmM9 0600300090303 9923b309L. 9990 2odmB0bsMy,
3H505, HM3 Fbmwmo gOHmo 3960l 3mEwodmezoBdgdo 396
096905 9JuzMmEosgomcmo Lobmmdols s 9JugmEoszomMo
3og3mdol 25dmadfjzg30 dobYHo. Tglodsdobo, b Lozombo
9m0893bm 33093900 LoFoMHMYBL.

33930l do®bsbo

33930l dobBsbl fo6dmopqbos 39339Lfogws
99bBME05:30OHOLOBEOMIOL Y3965 3oEIMSEOLJoMGMYOOL
©OML  259m3wgboer  LoMMMEIOLS s  JIOMMNME)0JdDY,
o939 @oba39LLbEg®ms  dobo  930YFOMEMAOMMHO O
9300096930300 3sbsliosmgdwgdo s 3538060 LoLE9INE
LoLbEdoM3M356 9350JOJIMB JoMMZgen 3530963 90d0.

33930l sdm336980

®  Jgbfogwoe 0dbsl  gdligmeroszo®o  Lob®mdol
3930391905 35¢)9Mgd@ob Igmbg 3530963900

®  Jgbfhogwoe 0dbsl  guBmEos3omEo  yarswg3mdols
3930391905 35¢9Mgd@ob Igmbg 353096¢3)90d0

¢ 2960bsBOzOML  gbBmeosgom@o  bLob®mdol
3933060L0L3H9IOLOLbEdsMM3M356 99350 9dYdSD



®  a3bobsbogdmlb LOXL1, CACNAlA, POMP, SE-
MA6A, TMEM136, RBMS3 and AGPATI 96900l
3modmOmx0Hdgdol  393d000  9JLBMEOS30E
LobOMIN6

®  a9bobsbogdmlb LOXL1, CACNAlA, POMP, SE-
MA6A, TMEM136, RBMS3 and AGPATI 96900l
3m@odmOmx0Hdgdol 3930000  9JLBME0S30E
AW 30235L0b

6596030l dggbogHmemo Losberg

Lodomzggrmdo o6& dm03m3z90s 3300939,  OHMIYE03
395835905 9JuBMEOos30MH0  LOBE®MIOL 253 9bsls
3939M5JBHoL  JoOMMa05Dg. 9O M0l dgbfiagarowo  dobo
93000930 My0s 5 LObEOMB0 {sdMfi3gEo JoMmeyomewo
3996039960 LOODMEYJd0, S1g3g MM GdJO0, OMIWGdOE3
99b8M05:30096 LOBEOMIMSE sGHOL 353806 T0.

w0 BHYMGMMST0 3936005 331939, MHMIYOE OO MdL
3955356mL 9dLEBME0s3099M0 LobEM®AOL 35300600 Lbgswolbgs
LoLEBIME  LoLbEAsMP3MZ9D  ZoMEMYOsLbsb, I3
390093990 439 33¢0935L bLbgoabbgs 593b. gl bygombo sbgzg
56 I9gbHog3w0ws 90bo3e JoMm3gegddo.

Wwo@gMsGHMMmsdo  sbggg 89305 obgmo  33w939,
MOmdgros  9Juxamwosgo®o  Lob®™dol 496930396
LoHgoLgdL Loz MBL, MMI3s Yzgws s3@memo LOXL1 ggbols
3m@0odm®R0Hdgdol  Igbogzeom 0RsMPWgds. J0HIOO35©
0doby, M3 53 960l 3mEwodmOzoHdgdo I60d36gwm3zbs
BOOL LObEMMAOL  PobgzoMsMgdOL MOLZL, dsmmygbgbm@o
3995603900 5mblbgEos s, Gglsdsdolis, gl Logombog MBEOM
M35 Igbogarsls byFoMmMYdL.



6530030l 3053303 IEMo OMYOMEYdS

50bodbmo Bsdmm@do 30639000 930090 MB5S
Lodomggermdo  9duxzmeoszo®o  BLob®mMIoL  35@9ModEol
JormGa05Hg  293wgbol  obsoliosmgdols. B396  35535L9dm
ol 3930061 249bobbEdsMmO3MS  35MMEMYOJOMNID, MO0
©35DMBGHM®D  WOoGIOGHMMSTo  sOLYdIro  Bbgsolibgs
Lobol  dmlsDMgdgd0. o3  Y3zgweby d60d3bgwmgzsbos, qu

300390 33009359, MMIJ0E HsL0sMYAL 9JLBME O30
LobEOMIOLS s Es)3mIol 9gbgBH03M Lafyolgdl gmbozme

JoO»39w9dd0, Mo3 360d369em3560 fobyssadmeo bodoxos
50 Mo gMdOL 3500MYgbgbol dglfogerol 3GmEglido.

653630 53GMBIG0S

BodOMIoL  936MMds30s  Fgas  3awobogzs  ,Bobgdol

b539O30bM (396EH® dBgM“-do 2020 ol 29 ogarobl.

LOEOLYOGHIGOM  ToboErgdo s Y00  dmbligbgdwmen

ogbs:

1. 39-13 LogMHsdmOoLM bsdgEOEObM 3MEGO3EMdN©
3Mmb6x396M9630s%bY, Botewols  Mbogg@Lodgdo, 24-25
Bmgddg6o 2016, 3650073 3Bro™3, Bgbgmo

2. L5JoOM39wMb MBMSETMEMPMS SbMEo0sooLs (GOS)
©5 930308 MBMOWIMEMAmS  SbmEoszool (SOE)
39-2 9hHOMdwog 3mbacmglby, 10-12 ogbobo 2016,
0d00obo, byJoMO Nz

3. 936M™30L 39)5M5g@obs (N 95836530090
JoOEgd0L Lobmpsmgdol (ESCRS) 34 30bacmqliby.
10-14 bgdGH9ddgMo, 2016, 3396353960, 60

4. L5JoOHM39wML MBMSEITMEMYMS SbME0s300Ls (GOS)
©5 936306 MBMIWIMWMYmS sbmEosEgool (SOE)



99-3 9OHMdE03 3mbaMgldy, 30 0g3bobo - 1 0gwolo,
2018, 0d0obo, bogsGrmzgem

5. 936m30l 3939M5gGobs (N 695605300
JoO69g00L Lobmysmgdol (ESCRS) 36 30ba6mqliby.
22-26 bydB99dgmo 2018, 3965 53LEHMOS

LyEOLYOGHSE0M BIIOMIOL 0MA3w03 9dmd39YbgdMEos
3 BAYGH0S @5 3 mgBobo, Loz SLObYEos OLYOESEOOL
doMH0msO 89093900, o3 99gbsdsdgds 53500980M0 batrobbol
9060 39d0b ©qdmEgdols s 0bLEMWYJ300L dmmbmgbgdl.

330935 9LEOWMWES Fms OMLMIZ39Erol LodsGmzgermls
96m36Mmo  bsdgsboghHm  gmbool  dogH  ABsOLFIM0E0
LoMobBH™ 30mgdBHol PhD 2016_39 x3s6e0gddo. 95@emdsls
31600 BmbL IbsmsFgMHobm3zob.

©olIOAE00L BAHGXIHTOS 5 FmErmwmds

©OoLYO G305 FGLEMEYdME0S 0byEOLwE 9bsBY, GgPqds
8  Bofoobasb:  9gLogowo,  WoGMsGHMMOoL  dodmbowngs,
33€2930L 3sboers s 39mEJR0, 33e930L 89©93I00, 89gagdoL
3obbowgzs,  ©sli3369%0,  3MOJBHo3wo  M93m3gbsizogdo,
3990yg9bgdmEo  @o@gmo@Gmol Loos. bsdMmdo dmoiEsgl 93
3396UL, 0MLEGHO0MYdMWos 10 LyHsmom ©s 15 gbGowoom.
o BYMSGHIOS dmoEogl 134 Fystremb.

33930l ©obs0bo

B30bL  Joge  GoMImgdmwo  33wg3s  ogm  dgdombggge-
3MbGHMOOL GHodob. 330g30L boba®madwogmds 4 fgwo.

33093530 BsGOMIE0 0gm 93GMMOL doge  3oBoGad@ob
3900 m39M0M9d0Mwwo  3530963900. 3530963900  s0ym 2

7



X3IBOQE.  L533@930  XpIBO  899©0bs  gugmeosgoto
Lob®mdol dJmbyg 35309639005, MMIgarms dmMol godmoym
99bBME 053000 s 3maol ddmby 353096(3)gd0L 39X 3MIRB0.
Lo3mbEMMEm x50 9950080698 35309639005, OMIGELMS3
99b8BME05:3099MH0 LOBEOMTO 56 IPILEYIMOI.

90037600 056bAMDS

33930l gozmMo  dbodg  Fgxzslgder  odbs  iz300m
A30w0sbol  Lob.  bogzgdLoGgBHol gmzmeo  3mdolool

9096. 33t93580 BsMIOIITS Y39ms 35:3095G3s mafigMs bgwwo
06300MH30M900 M56LAMBOL [gMHowMdOm BMMISL.

33€930L 3gomEgdo

3393580 BsgMonm d3L ,,BoRmgdol LsdgwoiEobm 396@®
39M5“-d0 933™MOL F0gm 35BMJGHOL godm M3gHoMYdEO
353096)900. 3530963901 MBHMYdIMPI”  BEIBIOEHMEO
MBOOEIMEMAO0MMO0 3393900,  OMIWgdoE  IMOE3S
3 BHMOMIBOSIGHMIGGHO0SL,  39M5GHMIYGHO0sL,  Ibg3gEmdOL
L0dob300l goblsBMzML, BHMbMIgEHMmOsl, d0mIozMMLZM305L,
B IMLZM3000, 9Jmd0mdgGHOosL. 300330 9OOo
3960099305 HOMEIdMEO  2eov3moL  OsFbMLEG0MgdOL
99000b393580. 9JuBME053099M0 LOBEOMIOL OPFBMLEOMYdS
bg0MEs 0MmI0ZOMIZM300L EOML ol 300 bg 96 dOMEOL
§0bs 398LWWsBY 9JLBRME0s30IM0 5030xMGOgdOL s5TMBIBOL
1593d39DBY.  9JLRMEWOSEOMEMO  AesY3MIOL  OOYBMBO
0ldgdMs 50606 (33¢0EGdGOMb ghHmo, dbg3gEMdOL
69630L 36O 0Ol ETsboll0smMYdGO (330 gd 0L sdMBgbols

990bg935d0. 3530963900, OHMAWIGOLSE  IYLEGHVIOID
bLobE®MIoL  sOLYGdMdS,  BsgPM3bgb  Lozzwrgy xR0,

8



MHm3qedos 29dmogm 9JuBMmEos30eMo yersmzmdol ddmbgms
939X 2B0. LBo3MbGHMMEMm ¥R 2ogHm0sbbyb dbmerm
3939M53dBHob  oogbmBol dJmbg  3530963900. sdmMobzol
360G 9009950 0MZ3WGIMOS ©9390EH0LS S bgmzoL Mo
33030l osbmbo.

g39ws 35309631 MEGHIM©IdM©s Lolbeol OHvEGHobmwo
booBgdo s  Fomo  xobIOMYEMdOL  BYMToMmGMdS
339LYIMES BMPsO 3OMBOEOL gdodols JogH. TsEHJOOm
90993 GHOMIMOO0MYMIB0S G9M9dM©d 0965393EH0b
390509430 GH0wwgdom, LsFoMmmgdol Jobgwzom. s00bodbgdmos
LobBIMOO  3MIMOBOEMOYd0,  OHMIgdoE,  99dyma
dgLfsgroe  ogbs  GHOML3YIGNWIR  9wodHOMbYo
9mb5(39900 dsBob Log3mdzgEby.

g39ws  353096@L  BoBHeMm®s  B93093MEBOB03O3E00
@5 bgemgbm®o  dOHMmEol  083esbGogos  LEsbsME Mo
3900M©Om, OHMIYE0E IMEO3WS M 356M5396GHIBL, doMoms
2.75 88-056 956533900L, M35 Hg39@) J9B3LYIMEM9gILoLL,
33539999 bogols@osl Infiniti go3mdsbdsboom (Alcon, USA),
36303500 M0 35BYdoL FmE0Egdsly 00096995, 0MmeEn-0l
00835635300l 5 FH0EMdGOOL obwM35L BOBOMEMYOWEO
blbosmom  00d0d0MYd0m.  dogsob  30(O™ 900l
d9000b393590 250M0YygbgdMms 0MHOL-M9GHMJGHMM GO0, dMMEOL
¥ MJlsgool  EOHML  0BEHMOZIBLMWMOO  OZOGdO O
39830l MHgGHModBH™MOMgd0. 30608 0mygdol 360dzbgermgsbo
050bol Gg8mbggz5d0, ™35¢0 MRYIOMPS 9%93099M0 QS
099399005 535@JO0M0 BsMIY35 0-0l 033 b E 30030l
139 5Bg BoJLsEgoOm.

36939530 s19Y3)  300gd©Oom 53¢ 3966
Lolbel, GMIgeog 0bsbgdms dsgozs@do EDTA-U 990339
Lobx 5693d0. 39693039600 33¢0g30Lm30L Jolors 0aB369dM®
L0bge3MMOlL M350l 3393000 0BLEOEGHMGHOL 249bgE03WO

9



@3dMOSGHMO0530.

Mlumina  OmniExpress  9036BR03900L  BsdwYsEgd0m
bgdmEs 396mdol LOHMo 33wg3s - Genome-Wide Asso-
ciation Study (GWAS). 53 3Mm3gbobomgol godmoyggbgdmes
B03900, HMIWIO0E ©IBIMOVIE0s 5MOBMOOm J03MML Mo
09OGHowom,  GmIwgdoz  99go3o3b  ©b3-ol  gPHNXSFZ056
3653396 GHIOL. gl 73MT96EHIO0 50Ol gbmATo sGOLYdE™
©b63-0l BMsABEHJOOL Fglodsdolos. Lo33w930 353096GgdOL
Lolbwosh  Joomgdm©s  IbsGHMMoMgdmo  ©bBI-ob
3M5a3963H00, OMIMYd03  ©0GbJdM©s  F03MMB039dbY.
3003w9d96GHoMmwo  xoF3900lL  ddolb  d9dgy,  B03gdbyg
bgdmEs  ©bd  3m0dgMsbols s Famedglggobom
dmb0dbmo 693w gmEGH0gdol  ©o@9bs, MOL 9IS
0963 0ddbgdms LObmMgHBMHO ©HI-0b X9F3900. BMmbodbsyero
Bm3wgm@Hogdol  6s0gdol  B3sboMmgds  bgdm®s  owsero
M9BMEmEo0l  IJmby  sbgMol  LsdMewgdom, GMIgEos
b6 3m0dmOHBoBIGOOL 0©YbEHO0TBOEFOMYO.

bAoBoLGH03NMo 565¢ro®o

9mb5(399900L  LASGHOLEH03MOO 53853905  BoBHIMS
LGOGHOLEH03MO0 3OMYMTs R-0b Lsdrsergdom. godmygbgdren
0d6s  @MmoLBH03MMO  MYaMglool sbsewobo, x2 (3oMHLmbol
30Mgdoom), OR  95%-05b60  Lo®fdmbem  0b@EgMHzseom.
3m0dmOHR0HBIYd0, MM gosFocdgl P < 5 x 10-8-U,
90Rbgme 04696 9JuBMmEos30mE LObEOMIMIB SbmEocMgdmEo
396905c.

10



33930l 89gagdo

9Jugmmosgo@o  bobEmmdols  gsgmgbs  35BOMogBHOL
Johniyosy - 33030l g3oEylomermyon®  Bsfoedo
BogMomm 533HMmMob 8096 3539Mgd@obL godm m3gMmocmgdmewo 863
35309630, Lodwowm sbs30m 74(+3.7) fgaro. 353096¢gd0ol 43%
395009069L Joe0gdds, beagom 57% 95853539009 9JLBRME0s30MMO0
Lob®mdol IJmbg bryer 310 (36%) 35309630 00IbEHOTBOEFOMS,
L0653 13%-b 50FMohbs 9JLBRME0sE30 MO s 3mTs. 553-
35 353096335 99500005 LogMbEMMEM YXama0.

gbMowo 1. 353096900l ©IMaGmsGoo dobsliosmgdangdo,
MHMAE9OLSE 93GHMMOL F0ge BorgBoM©om B53M9dMELOR0IE0s

X3IBO 85853530 Jocwo

X530

863

492 (57 %)

371 (43 %)

XFS

310 (36%)

139 (44.8 %)

171 (55.2 %)

XFS dbemgnme

270 (87%)

117 (43 %)

153 (57 %)

XFG

bogmbE M

40 (13%)

553 (64%)

22 (55 %)

255 (46 %)

18 (45 %)

298 (54 %)

gbco  2-80  dm39dMeos 3530963900l Mromgbmdo,
MOMIgEmsbsz  90bodbs  Lbgosbbgs  Lobob  3gdbozmMo
LOOMMWYJd0  B530M98L0G0Is300L  MML. gl gbMHowo
dmo3o3L Gmama Lozzwg3o, dBg3g LO3MBbGHOME™  xamzol
353096390L. y4z9w sy bdoMo LoMmmg 0ym MSLOMIbsM
90M05Hg0 3530963 900L 17%-80, 3060l 0mgqdols Lolmlidg/
©050bo - 15%-00, doeosh ©®3s 96 doewosh gofitrm Hobs
153560, M3 9O MEGdS FB53093l0B03Zs30sL 8 s 9%-Jo,

11



d9L50530LSE. B5BHIBOMO  JoMMEYoEo  BsbodEs309d0,
OMAMO0355  06BHMOZORLMEMOO  Broegdoly o JoRLMEOoL
9AHO5IGHMMJO0L  25dmyggbgds, LoFoMm gobs dgdmbggzgdol
osbemgdom  15%-8o. {obs 30BHMgdBHmaos Bom@Gostos 10
3530963l

3bMoo 2. 3530963900, MMIGMsbs3 B3m9FEbOBOISE00L
@OML 500b0dbs 39db039H0 LoMmIggdo

boGommg 65020096mds %
3ofiom yee 151 17
gobob 009900b 129 149
bobYLEY/ EOIEOBO

0635 Hobos bygsbo 62 7.2
30f6m fobs Lsgsbo 80 9.3
06¢Ms35g8LbmeMo G3semo CTR 121 14.9
CTR @5 3583Lw9@0ob GgEeagdmemgdo | 6 0.7
§obs 304 MgdBmdos 10 1.2

12



05303505 1.35:30963900, H0IGdM 653353099 b0B0sE300L
@OML 500b0dbs 397db039MH0 LoMmIEggdo

% 3530963900

18
16
14
12
10

8

6

4

2

0 0.7 .21

Q\)Q %{—}% e{\O& ’ 6\\0‘2} ‘\% oo\é) &0@*
> \Q\ ‘?*& @ ’\\2\ &
& Q © N &
9 & R & N N
% & & R ¢
< < x& C S
NG < ¥ & X2
(\0 Q\*Q o N ?5‘
19 NE Q&
“
BN

09-3 @gbMowbs s 09-2 ©ooyMsdsby  65B3969000
063H5M39MH530I0 F9OMMWIIFI0 35G9MIGHOL JoMeaool
©OML.  bYdgboghMm,  M3gMoMGdMEo  353096@gd0L
dbmwmE 1.2%-30 sbOMEEs 39900 99Ia0m s LsFoMHm
39bs 353 gO00 JoHMMHRO0MOo Bo6g3s. dMMEOL Bsbmol
Q5390235 s Fobolgd®mol oM3™s, 1939 M3obs JogLmwrol
903935 ©R0JLOMES  353096@gd0L  1%-do. JwrobozwGo
©5 dH939MI0MO  Fodmliagergdols Jgueligds o3 bsdGmdols
d0BbL 96 FoMIMoygbs, B39  35535B9d0  FbMEM©
9393939 bog035300L F9gdbozwme dbstgl.

13



3bMoo 3. 3530963900, HMIWGPIMB§ B539FbOBOIsE00L
@OML 500b0Tbs oM MEgdgd0

39OMIdS ©5mE9bmds %
G0l BoBmol ©o356My35 10 1.2
3060Lgd®ob oMz 7 0.8
3965 358LwEOl sMM393S 11 1.3

3939300 ome-0b gm0
3 < 9 ? 10 1.2
0033@sbEsgoom

©053™535 2. 35309631900, HMIYm0bs3 B3MIFMlogozszool
@OML 500b0Tbs YoMmNMEgdId0

% 353096900
1.4
1.2
1
0.8
0.6
0.4
0.2
0
Capsular Bag Loss Vitreous Loss Posterior Capsular Aphakia with
Tear Secondary Scleral

fixation

99900930 06@®5m396M530990 $9dbozmmo LoMmyagqdo
Q5 OO 909d0 0465 65bsbo gdugmeoszom®do Lobo®mdol

9Jmbg 35309639030 LozmbGHMmmm  ¥amBMsb FgsMgdom:
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30060m a0 138 (51%) 9dugzmeosgom®o bLobo®mdols ddmbg
35309639000, 13 (2.3%) -0ob {obsomdgy. (p<0.05, OR 43.4, 95%
CI 23.842 to 79.099). 3060l omggdol Lobwlidg/oseobo 121
353096330 (39%), 8 (1.4%) 3bGHOMW ™Mb Fgs0gdom (p<0.05,
OR 56.1, 95% CI 26.836 to 117.4). 53 ©935651369¢» 990mbgz939ddo
50060869005 M350l gooEb0wo goodsbowo ¢Msg3dgdo.
do0sb ®MTs Fobs Lozsbo gagbgs 41 (13%) Lozzwgg s 21
(3.7%) L5 3MbEHMMM X 3BOL 3530963 d0. (p<0.05, OR 1.29, 95%
CI 2.671 to 7.99553). 50 8oamdsgmdsl bogmbEMmmerm xazdo
d9@fows sbars domoo dom3os. dgmeégl dbGmog, 30H6OH™
bo3960 3Jmbs 49 (16%) Lo33¢9g3 s 31 (5.5%) LH3MbGHGME™
0bog0U (p<0.05, OR 3.8, 95% CI 2.363 to 6.127).
399306569 3060l 00900l s 0DBOL IMEMEMBOIB,
033wsbGHoMdMeE 0dbs 96 Fbmewm@ 0bEHMSIIRLMW GO
6350900 (121 353096¢)0, 39%) 6 G35wgdo s 3ox3LvEol
9B BHMM9d0 (5 35309630 — 2%). LogmbEGOME ™ KxaMzdo
M350 35dmygbgder  odbs 8 Fgdmbggzsdo  (Ig@fows
353006905  GHM5305L), bmem  OgBMoBHMOmgd0  dbmem
1 990mbggzsdo (p<0.05, OR 56.1, 95% CI 26.836 to 117.422) s
(p<0.05, OR 10.6, 95% CI 1.233 to 91.214), dgbsdsdobs. §obs
30369dAH™A05 BsBHIMS 9 d0MHOMI©O s 1 LH3MbGHGME™
XdMBoL 35309631 (OR 19.3795% CI 2.442 to 153.762). gL
9dmbs399900 dm399mE05 39-4 3bOOELS s 39-3 OYMTsDY.
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gbomo 4. 33J603960 LoOmMggdo  JGJLRMOSE0IOO
Lob®mdol Igmbg s X 9BIMMIW 3530963 9dd0.

BoGorerg Cases Controls
P OR (95% CI)

N=270 (%) | N=553 (%)
30f6m 3935 138 (51) 13 (2.3) <0.05 | 43.4 (23.842 t0 79.099)
30obob omggdols
bolblisg/osemobo 121 (39) 8 (1.4) <0.05 | 56.1(26.836 to 117.4)
635 Gobs byzsbo 41 (13) 21 (3.7) <0.05 | 1.29 (2.671 to 7.99553)
8ofitm obs bagabo 49 (16) 31(5.5) <0.05 | 3.8(2.363t06.127)
060693587 aHo oo CTR | 191 (39) 8 (1.4) <0.005 | 56.1 (26.836 to 117.422)
CTR 5 3o8LEmols
Goodontdo 5(2) 1(02) <0.05 | 10.6 (1.233t0 91.214)
§obs go@®addmados 9(3) 1(0.2) <0.05 | 19.37 (2.442 to 153.762)

©053M33> 3. $9d6039M0 Lo ggdo  gJLBME0sE30MGO
Lob®mdol IJmbg s X sBIMMIE 353096¢)9dd0.

% 3530963900
60 51
50 39 39
40
30
20 13 16
7 S5 3
10 - . 5 L - Sl ekl
0
R : L S
N S & & S fou
2 N ¥ o A <&
& Q Q < N &
N & O ¥ $
NG S & R )
2 S i R
o(‘\)\ N Na 5 &
AS ° &
C)
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0OHMEol  Bsbmol  G9bsbmbads 396  dmbgMbos
9JbBMEos30m@o  Lob®™mdol ddmbg 9 (3%) 3s309bGT0,
d0bolgdmol M3  IxodloMs 6  (2%) 330gb®do.
Lo3mb@mMEm  ¥3Mx30©sb dbmwmo 1 35309bEGHdo0 dmbs
398LbMwols @s 3oboligdMol 39635, 93 353096 965869BT0
3Jmbs 495@ b0 GHMogds (p<0.05, OR 19.37,2.442 to 153.762)
s (p<0.05, OR 13.8, 95% CI 1.53 to 106.63), dgLsdsdolsc. 50
353096356 B6I1935 LGS 5BII00M OO OI0PIRTS OMEN-
ol 083wsbBs30s L3wgMsby godbsgoom. Mbws 900b0dbmU,
MOmd 3639 353096BL 133930 KAMNBOWIL sWb0dbIOdM©S
dgmombg bomolbols 4s30Lx39M0 35G9MSJGS, M3 3dd0bs3osdo
99bBME0s30MM LObEOMIMNB, [oMmMoAIbL yz9wsHy o
LoOMIEGL 3539MOJEHOL JoMMyosdo.

3b65 Lob®M™IoL IJmbg 353096ET0 ILOIES M3GME0S
55353000 (3%) 909000 1 (0.2%) &HM930we 35@5M9dEHolbmsb
99bBME0530900L 4560909, OHMYMOE Bgdmm oym s0bodbmeo
(p<0.05, OR 10.6, 95% CI 2.442 to 153.762). «3565 3oggLwyerol
390935 IxzodLoMES  JOMNBIoMO  MoMmEgbmdol  353096&d0
6039 X3MRBd0, 35BLH3939d5 LEHOGHOLEH0ZMNM® LOOFIMbM o6

0Ym. 439es 999mbz9g35d0 0mer 033esbEoMmos bvyenzmlido s
535390000 JoOMMA0vI0 Bo6930L Lo FOMHMYS 56 OTYIGS.
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gbMomo 5. 25MHMgdgdo  9JuBME0s30Mo  LobMMIol
9Jmbg s xsbdGMg 353096390d0.

Cases Controls
23900 gd> N553 P value | OR (95% CI)

N=270 (%)

(%)

dGemeols BsBorols ©s35M35 9(3) 1(0.2) | <0.005 |19.37 (2.442 to 153.762)
80bolsgdeols EowgHs 6(3) 1(0.2) <0.005 | 13.8 (1.53 to 106.63)
113965 358l EsG©393s 6(2) 5(0.8) |>0.05 |2.5(0.767 to 8.386)
585305 0me-ob  dgmMsEo
B3 B000 9(3) 1(02) |<0.05 |19.37 (2.442 to 153.762)

©O053M585 4. MM gdgd0  gJbBmEos30GO  Lob®™mdol
99mb9g s xobAMMg 353096390T0.

%
3 3 3

3
2.5 >

: “1
1.5

1
0.5 2 2 y

Capsular Bag Loss  Vitreous Loss Posterior Aphakia with
Capsular Tear  Secondary Scleral

fixation

adbgmosgoncmo  Lobp®mdo  @©>  bobdgdnmo

bolbeds®mgmgsbo ©s935¢0gdgd0 — 33930l o3 bsfjoerdo
Bogronm 236 553500900 o 250 xsbdOmgmo 35309630,
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borgom  sbogom 76 (+6.1) fgwo. 0500 ©IIMAMSBOLICO
9oboliosmgdgdo Im3gdeos 3bGow 2-do.

gbMowo 6. 353096900l ©IFMYGMIBoo dobsliosmgdangdo,
MHMAg0msbs dglfogerow 0dbs gJugmeosgowm®mo Lobp®™adol
LoLEBYIME LOLbbEIIsMMZM3D 59350YdJOMSE Jog3d0MO.

RJIBO X300 05353530 Joawo
XFS 236 108 (46 %) 128 (54 %)
XFS bmmmno 205 ( 87%) 91 (44 %) 114 (56 %)
XFG 31 (15 %) 17 (55 %) 14 (45 %)
3M6@GMmmo 150 76 (30 %) 174 (70 %)

Bggbo  33wg30b  Bgogyoe oG admgargboes
36003690m3560 sbm30s30s 9JLBME0s306 LobGOMALS s
3O G9MH0M 30390GH96B0sl Jmeol, 00d3s B39b s©dmzsh0bgo
369305 LobEOMALS s Mol 039O 935 IJOSL
dme0ol.  9JurmEoszommo  Lob®M™MIoL  sMLYOMds  80%-0m
BOHOs 30-0L Gobzl (p=0.02, OR 1.8; 95% CI: 1.141 to 2.763).
31939 o050 0ym dom3sMmodol 0bgsmd@ol Molgo (p=0.05,
OR 1.8; 95% CI: 0.99 to 3.604) ©5 (396090MM™M35L3w9W SO0
9dmg3gbgdol Molzo (p=0.01, OR=3; 95% CI: 1.254 to 7.37). xsddo
LoLbEdsMV3M3560 3500MWMY0gOOL Qo630MaMgdoL Boligo 53
X3MIRBd0 0gm 25mOMm3s90weo (p=0.0002 OR=3; 95% CI: 1.454 to
3.327) (gbMogro 3).

19



gbogo 7.

99bBM0s30M0

Lob®mdol

LoLEBHYIE LOLbbEEAsMMZM36 5535039 SE

SbmE0530s

Cases Controls P value OR (95% CI)

N-236 N=250
30© 62 (26%) 41 (16%) 0.02 1.8 (1.141 to 2.763)
300 ©> 8o 27(11%) | 16(6%) 005 1.9(0.99 t0 3.604)
oBbmA0/Ho8 | 19 (8%) 7 (3%) 0.01 3 (1.254 10 7.37)
X530 81(34) 48(19) 0.0002 22 (145410 3327)
©O053M585 5. 9dbgmmoszon®o  LobE®MM®AoL  SLME0sEOs

LoLEBHYIE LOLbEPAsMM3MZ6 5350YdJOME

99bBMmeosgom®o  bLobo®mdo,

IHD

i,

Stroke/TIA

Total

Hm Cases M Controls

aJbgegrosgogo Lobemdol 3gbydozs — 306000300
3393590 Bsronemo ogm 139 353096@0 Lodrsm sbsgom 73.7
(+ 6.4) fowo, 73 3530960 (56%) 0gm Joano, bawm 59 3s3096@¢0
(44%) ogm 05053530. 114 (86%) 3530963 Jmbs dbmermo

bogom

14%-80 d9pa3b300s

99LBME0530MM0 o3t ds. Lo3MbEMmMEM Xm0 G95000bs
199-05 353096309, MMIgemsg 56 3Jmbosm glrmeosgom@o
Lob®™Iob M09 360bo3 Mo 60odsbo. 130 (65%) 353096E0 0ym
Jowo s 69 (35%) 353096BH0 0gm 358535:30. ©YIMYMIR0O
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3sbollosmMgdgd0 dm399wwos b 4-8o.

gb®omo 8. 2969303196 33093580 BsGMMWO 353096390l
9955300 Fobolinsmgdgdo

XRs00 05953530 Jowo
XFS 132 59 (44 %) 73 (56 %)
XFS 8bormeme 114 (86%) 49 (43 %) 65 (57 %)
XFG 18 (14 %) 10 (55 %) 8 (45 %)
3m6@OmEmo 199 69 (35 %) 130 (65 %)

LOXL1-ob bsdo 3560560 0dbs JoOomgger obwogowgddo
0©96GH0R03E0MgdMwo: 152165241, 154886776 (R141L) oo
rs8042039 (G153D). 3063900 5Mob  0bGHOHMbMwo, bmem
©6sMRg60 mE0 M0l gaHmbmMo 35M0s6EJd0, HMIWgdos
99%-000 09bGHMMbo 5M05b Yz9wsDg RsOOMO 36MdoO
rs1048661 o 153825942 30003 B0bBIgdoLy. d9-5 3bGowdo
303909905 Bomo 5 gdoLs s 3gBMBH039d0L SbM(305(300
99bBME 05306 LOBOMIMNSB.

rs2165241 A sgogerol  bobdoGg  860d369ermaboo
396Lb3930090Mm©s  JoMOMOEO @S LOIMBBHOMW™M X BOL
353096¢90d0 (p=0.0001) @5 ol S535©JOOL gob30msEIGdOL
Mol3L BOPOs Momddol 4-xqé (OR=3.8; 95% CI 2.6339 to
5.5802). oli 99350090 ms 83%-30 33b30gdms. dsmo 70%
0y® 3mdmBodm@H0, Mo doom MHoLIL 6-x96 BOHos (p=0.0001;
OR=5.7; 95% CI: 1.9518 to 16.5321). 39 9O mBoam@9ddo Molgo
0bMHYdmEs 4.5-x96 (p=0.0001; OR= 4.5; 95% CI: 2.8199
to 7.2454). Loob®gMgbms, GmI xsbdMmgwo 0bwozogdol
momgdol 60%-do dga3zbgzs 1s2165241-L dsworo  Golgol
3CGE0 s 500 gLsTgE0 0gm 3MIMBOYMEO.

21



rs4886776-0l G sergwo 3093 RO 39 Mol
SbMEOMS. 030 8923H3005 V95350090 90%-T0. G 5¢EgW b
SLME0MOYdMES  5-%96H  oBO@OWO 59350 JOOL  MHoLZo
(p=0.0001, OR=5.2; 95% CI 3.2732 to 8.2217). LyobEHgeglics, GHrd
39396OMBogMGHIMH0 5999330000905 56 DBOHEOL 53500900
3963000009008 GOL3ZL, bmwm  3mdnboymGdo - bMob
&ob3L 10-x96 (p=0.0001; OR=9.2; 95% CI 5.4476 to 15.7981). G
GO RIBIOMIE0 553056900l  dglodgdo, bmerm  dsmo
Bobgz960 goberom 3mdmbogym@o.

o3 899b9ds rs8042039-0L G serganls, ob 9JugmE0s30GO
Lob®®dol  Asbgz0msMgdol Mol  BOEoOEs  5-x96
(p=0.0001; OR=4.9; 95% CI 2.6378 to 9.3135). 50 99dmbg935d0
39396OMBogMmGHJO0 56 0Y369b AsBM©Ooo MHolizol J39d, bemeom
300mbBoym@GHMOHo  ©599933000M9d0L  Fgdmbgzgzsdo  Molgo

0BMEIOMEs 6-%96O. G sEgmo 23b3J0Ms  KIBIG Yo
060030009000 80%-80 s 35000 dgl5dgEO 0Ym 3mIMBoYMEO.

22



gb®omo 9. LOXLI 960l oegmgdolbs s 296m@EH03gdol
bME05305 9JuBRME0s30E LOBOMIMIB.

Controls % XFS %
0/
SNP (n=199) (n=132) Pvalue | OR (95% CI)
152165341
Allele A 58.5 82.6 0.0001 | 3.8 (2.6339 to 5.5802)
G 415 174 0.0001 | 0.2 (0.1387-0.3576)
Genotype | AA 32.2 68.2 0.0001 ] 5.7 (1.9518 to 16.5321)
GA 52.7 28.8 0.0001 | 4.5 (2.8199 to 7.2454)
GG 15.1 3 0.0001 | 0.2 (0.0313 to 0.2781)
Total 64/105/30 90/38/4
(AA/GA/GG) | (AA/GA/GG)
154886776
Allele 64.8 90.5 0.0001 | 5.2 (3.2732 to0 8.2217)
A 35.2 9.5 0.0001 | 0.2 (0.1216 to 0.3055)
Genotype | GG 32.7 81.8 0.0001 | 9.2 (5.4476 to 15.7981)
GA 64.3 174 0.19 4.1 (0.4846 to 34.2232)
AA 3 0.8 0.0001 | 0.1(0.0165-1.1782)
65/128/6 108/28/1
Total
(GG/GA/AA) | (GG/GA/AA)
rs8042039
Allele G 80.9 95.4 0.0001 | 4.9 (2.6378 to0 9.3135)
A 19.1 4.5 0.0001 | 0.2 (0.0286 to 2.0209)
Genotype | GG 64.8 91.7 0.0001 ]5.9(3.0168 to 11.8102)
AG 32.2 7.5 0.16 4.1 (0.4846 to 34.2232)
AA 3 0.8 0.0001 | 0.2 (0.0233 to 1.6544)
129/64/6 121/10/1
Total
(GG/GA/AA) | (GG/GA/AA)
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©053™535 6. LOXL1 9dbgmeos3o®mo bobo®mdol 8Jmby o
X 96O 3530963 9dd0

10

9 +=0—+ —0—1r52165341 Allele A

8t L 2 —8—r52165341 Genotype AA
7 F + Genotype GA

6 ¥ - rs1048661 Allele G

5 —— —@— rs1048661 Genotype GG
4 L 2 —&— Genotype GA

3 — i~ —@— 158042039 Allele G

2 —— —8— 58042039 Genotype GG
1 g —@— Genotype AG

0 5 10 15 20 25 30 35 40

B396 sLg39 dmg5bEOBIm 6 Lbgs 9bol 0EIBbEHOBOGFOMGdS,
Oym©03ss CACNAILA 154926244, POMP rs7329408, TMEM136
rs11827818, AGPATI rs3130283, RBMS3 1512490863 oo SEMA6A
rs10072088.

50 249699096, dbmermeo SEMA6A, POMP s CACNALA
50dmPbs 9JlBME0s30O LObEOMIMLD 3503d0MT0. SEMALA-I
G swgwo, MHMIJo3 BogMMoMmgdl  o@gMo@esdo, 56
50dmMPBBS 93500 90LMSE 393d06MHT0 Jorcen 3m3Ms305d0,
05390  LoMobgm  50dmBbs A swgwo. dobo  Lobdomg
360036gcrmgboco  dgBHo  ogm  xsbdGoge 060300936
9909M9000 (p=0.001). ol 53500900l 25630maMgdol MOLIL
BM©os 80%-00. 0ol 935090 Mwms 81%-do Tga3b3s,
3msb  65% oym  3mImboym@o.  39GHgOMBoyMEGHNIO
©50993300069008  Jgdmbggzsdo  MHobzo  0HBOEIOM©S
2-x96 (p=0.001; OR = 1.8; 95% CI: 1.2676 to 2.6973), bmwm
30mBoymEGHMOHO ©59993300MJd0LIL - 4-xg6 (p=0.001; OR=
4.0; 95% CI: 1.1531 to 13.9903). LsobEHgMgLMs, GMI A SegE0
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3923b3005 X 96300090 3530963 9d0L 70%-80 s G500 Bobggzsto
0y 3mImboym@o.

POMP-0l 9s@seo ®oligol ddmbg A sergero 899a3b30s
5535090 wms  dbmwm 16%-30. ol ©55350gd0L  GHOLL
BMH©os 60%-0m (p=0.005; OR= 1.6; 95% CI: 0.9931 to 2.5634).
393 90MB0aMmGH9080 25HBMOWO MHob3o 96 5©00bodbs, bmerm
3m0mboym@gddo GoL3o 0BOIdMEs 70%-00. xBIGMgE
353096390do A sego 9923b3s 10%-80 s dsmo dbmermo
0.5% oym 3mdmBogym@o.

o3 999bgds CACNAIA-L, G sengeo 503mBbs dowowo
MoL3oL  F5@SMYOgo. ol ssbErmgdom 20%-do 9gazbgzos
OMamO3  xbIOMgWw, 1939 ©9935JOIEY  5©05bgdT0
©5 dbmmE 3mIMBodMmEGHOO  ©sd9d330M0s  50ImPbs
LoGoL M. MHoL30 0HBMEIdMEs 3-x 96 (p=0.05; OR= 3.15; 95% CI:
0.9275 to 10.6658). 390092900 fo®dmyqgbogros dg-6 sbMogdo.

Figure 7. POMP, SEMA6A and CACNAIA 94bgmosgom®do
Lob®™MIol dJmby s xs6IMMIW 35309639dd0

10

9 +—0—+ —@— SEMAGA Allele A

8 o+ —@— Genotype GA
Genotype AA

POMP Allele A

—&— Genotype AG

—@— Genotype AA

—@— CACNA1A Allele G

—&— Genotype AG

—&— Genotype GG

0 5 10 15 20 25 30
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gb®ogo 10. POMP, SEMA6A o5 CACNATA 396900 sengangdolbs
5 396Mm3H03900L sbME0530S 9JLRME0s30E LOBOMIMSB.
Controls % | XFS %

SNP (n=199) (n=132) Pvalue | OR (95% CI)
SEMAGA-
rs10072088
Allele A 70.4 81.4 0.001 1.8 (1.2676 to 2.6973)
29.7 18.6 0.001 0.5 (0.3299 to 0.8166)
Genotype GA 423 325 0.002 1.9 (1.2246 to 3.0316)
AA 49.2 65.2 0.004 4.0 (1.1531 to 13.9903)
GG 8.5 2.3 0.004 0.2 (0.0715 to 0.8672)
Total 98/84/17 86/3/43
(AA/GA/GG) | (AA/GA/GG)
POMP-
157329408
Allele A 9.8 14.8 0.04 1.6 (0.9931 to 2.5634)
90.2 85.2 0.05 0.6 (0.3901 to 1.0069)
Genotype AG 18.6 28 0.7 1.5 (0.0937 to 24.3786)
AA 0.5 0.8 0.05 1.7 (1.0217 to 2.8713)
GG 80.9 71.2 0.05 0.6 (0.3483 to 0.9788)
161/37/1 94/37/1
Total
(GG/AG/AA) (GG/AG/AA)
CACNAIlA-
154926244
Allele G 21.21 18.34 0.4 1.2 (0.8122 to 1.7690)
A 78.8 81.7 0.4 0.8 (0.5653 to 1.2313)
Genotype AG 42.3 325 0.7 1.08 (0.6801 to 1.7043)
GG 8.5 2.3 0.05 3.15 (0.9275 to 10.6658)
AA 49.2 65.2 0.05 0.3 (0.0938 to 1.0782)
40/84/8 65/130/4
Total

(AG/AA/GG) | (AG/AA/GG)

sbsMBgbo Lodo aqbol TMEMI136 rs11827818, AGPATI1
rs3130283, RBMS3 1512490863 33cng30Lsl, 65039 3530060
99880530996 LOBEOMIMNL b56sHO 56 0dbs. WO EIMsEHMSTo

9399990 Fooeo  MHOoL3OL  seErgegdo  dga3b3ws  MHMYMO3
X 96O, 55939 953500 JOM 35(30963H0T0 LB Mgdoo 10-
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15%-80 @5 85096 953500900 49630ms6Md0L dMTsB)Yd o
030 56 50dMBb..

3b®ogwo 11. RBMS3, TMEM 136 and AGPAT1 396900l scngergdols
5 2960mE03900L sbME05E0d 9JBBME0530YIM LOBEOMIMIB.

Controls % | XFS %
0/
SNP (199) 132) Pvalue | OR (95% CI)
RBMS3-
1512490863
Allele A 9 10.7 05 1.2 (0.6797 to 1.9400)
91 89.3 05 0.8 (0.5155 to 1.4712)
Genotype | GA 17.1 19.8 05 1.2 (0.6956 to 2.1274)
AA 05 08 08 1.5 (0.6797 to 1.9400)
GG 82.4 79.4 0.8 0.7 (0.4701 to 1.4376)
Towl | 3416461 104/26/1
(GA/GG/AA) | (GA/GG/AA)
TMEM136-
1511827818
Allele G 15.58 15.38 0.9 1.01 (0.6587 to 1.5637)
A 84.4 84.6 0.9 0.9 (0.6395 to 1.5182)
Genotype GA 27.1 27.7 0.7 1.004 (0.6175 to 1.6327)
GG 2 15 0.7 1.3 (0.2370 to 7.2730)
AA 70.9 70.8 0.8 0.7 (0.6125 to 1.6193)
ol | PY/14V4 36/92/2
(GA/GG/AA) | (GA/GG/AA)
AGPAT1-
153130283
Allele A 6.3 83 03 1.3 (0.7478 to 2.4600)
C 937 917 03 0.7 (0.4065 to 1.3372)
Genotype | CA 12.6 16.7 03 1.3 (0.7352 to 2.5456)
cC 87.4 83.3 03 0.7 (0.3928 to 1.360)
AA 0 0
ol | S¥1414 36/92/2
O% | (CA/CC/AA) | (CA/CC/AA)
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890003 9093bg 30933 0gbs BgImmbLYbgdIEo
3969%0L 3538060 gJLBMEOS30YO Q599 3MAoLMb. SLME0sE0S
Bsbsbo 04bs 898ga0 296900l 3mE0dmMHBobIGomsb: LOXLI,
SEMAG6A s POMP.

LOXL1 rs2165241-0L A seogerol blobdotg 36093690 m3bso
o050 0ym XBIOmMgE 0b03009dd0  9JuBME0s30MEO
30 3030L 3Jmby 3530963 9dmb Fgsmgdom (p=0.0002) s ob
553500900l 35630056900l MOL3ZL 4-x96O BOos (OR=4.5;
95% CI 1.7464 to 12.0506). ol 9933b305 ©95350Jd)cms 83%-
40 o 35000 70% 50dMBbs 3mIMDoyMmEHO 5.5-%9M 45BOOO
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bbgs 996900l 3930060 9JLBMEPOSE0YE Qs 3TSLSD
Bsb5bo o6 0gbs. Bz9b 51939 9935050900 969G 03O0 Imbs3gdgdo
9JbBMmEos3omMo  LobE®®Iolbs s 9JLBMEOSE0OO
3o93mdol dJmbg 35:30963H9dL FmE0L, M3 SGE gMmo a9b0
oM 5©IMBBs A5 3mdol  29630m5Mgd0L  Jowowro  MoLgol
053oM909w0. by 5©0obodbml, ®md yow3mdol dJmbg
353096900l J39% B0 Ls3dsm@ 306y 0ym, Tglsdsdols,
B3960 890092900 dglsdems 56 sLoboggl O LryESML.

31



3°0bogngs

IJbBe0530296G0 bobGmdols 3sgargbs 35695GsgAol
JoOHr305%g

Bg0bo 33935 LodoMm3zgwmdo  30M39W0  I(3009WMBSS
090bs, O™ Jgx358IL 9JLBME0s30IM0 LOBEOMIOL Qo3 9bs

3939M5dBob  JoOmMaool  2sdmbogagdby.  B396  Boomemo
©530b5bgm, Mmd Bgzgbo 3530963900l momgdol dgmobywl
3Jmbs 30(6m 3999, sbEMgdom 39943LgL 50gbodbgdss
3060L 0900l LobLE g S OSWODBO, F500 3Jo0YEL - 5506
30060m 96 doosh ®ds Hobs Lozsbo, Moz JodwmGyolmzol
36039369cm3560 bgerolidgddergero 3sd@MMm9d0s. Momddswbs,
9 BogBHMMJd0 doe0sb bdoMms 93b3090s GOPNOOMNMS©, M3
300093 MIBROM 3OOl JoMHMaol Loddql.

@oGIMGYT0 353V 333900, GMBegdog SLY3)
509096 53 Lo30bYdL 9JLBME0s30IM0 LobEMmMAoL dJmby
353096)90d0.  9JbBMos30Mo  Lob®mdo  FoMdmowygbl
360033690m356 Molz 3ogBHmOL obgmo dymdstgmdgdolbm3zol,
MHMAMM0355 3060l 0mygdol osobo (OR 6.89), dGMEOL
00630l b0 (OR 9.49), 0b@®sm39Ms0wewo dombo (OR
2.15). 96Hm-90m0 33¢9308 Jobg30m, brdsli;msb dgsdgdom,
99b8Mwos30mm0  LobE®MAol dJmby 3s53096@9dd0 dg3MO©
bdoGo oym dgmmby bodolbol 35@s0odds (P = 0.001) s 630-
b9 65300930 ©0sd9EGHMOL s 1353093MELOG0ZSEO0L MU
(P < 0.001). 06@®5m39653090 256MHMgd9d0L LobdoMy, 30
50 33930l dobg30m, 56 goblibgeggdm®s BogmbEHMmmem
X2B0LY6 (2.9% s 1.9%, P = 0.29).

31939 9MLYdIMBL 33093900, MMAEGOOE W39bs JoxLEoL
5M©3930L LObJoMYL 553519096 9JuBM0s30MO LobM™AoL
9Jmbg s M3Jmby  353096(3)9000. Lbgoolbgs 3393990l

32



dobg30m, MoL3o 0BOIds 6-XJMOE 30 9350V
353096390d0. B396 ©5089 3530060 993565 3583LEIOL MM3930L

LbobdoMgls o  9JugmEosgome  Lob®®Al dmeMol 396
50dmz0h0bgm. B39l d9dmbggzsdo 53 gommEgdol Lobdomy
56 95blbgo30gdM®s MG XQMBL IMMOL. 03039 93GHMEMIO0
5060365396 3965 JoxgLMol WM3930L  I60d36gEMm3bsco
390306090 LobdoMgl, o0d Fgdobgzg3zgddo,  OHMOILSE
b9wm3bm®o dGMmEol 033esb@oaos bogdmos 99903 gremo
MMl dMEM 3350MBEOL dm(30¢gd53Y.

d0boligdMol  om3zGs, o3 JMM-gOHmo Y439wsbg 9dody
3YODMEGOSs  39BHMadBHOL  JoOMa0sdo, WOoEIMSGMSTo
o3bEMmgdom d9dmbggzgdol 4%-0o a3b3wgds. 93GH™MgdOL
Md9gBHLMds 58 oY gdsl 9JuBMEoszoMGo Lob®m™adol
9Jmbg 35309639030 5fygds, Mo SBY3g sxgoduotMs B3zgbL
33w935890.

290030bs6g 0Josb, ®mA B3z960 3530963900l dglsdgol
50960369%s  9JbgmoszoMo  Lob®mdo, dEYMISMGMdS,
Mmdgwoi  96093690m3bs  9MMMEdL  JoMHMA0L o
Lo FoMHMGOL  JoOHHROL oL 335C0R0E0YIOMOIL, Fgodergds
00d35b, MM B39bL 399496580, gl IYMIoMgMds 36033690356
{69bL Go63Mop9bL 35¢)5M0dEHoL JotMrmMaosdo.

99bBMos30MM0  bogmgMgdol  5©0dmBgbsd  Lbgsolibgs
m656m380, MHMYMOHOES B0WE3900, 30000, 39560, d96obggdo
5 613 005356005, LobbEIds®M3900, §o@mBmdzs 303mmgbs
090l dglobgd, ®md gJurmwoszom®o bobMmdo Tgbsderms
0535330609090 0gmb Bb3zssLb3Zs LOLEBHIFMOO 9350YdJdOL
239BOOE  MHoLIMb. Bmads  Jerobozm®ds 33353 dbg39
035659905 ABgogLo 3530060l sOLYdMDS, MMz bbgs 33¢g39dd0
9B 56 EOILEME. oooms, Citiric-oby s 3MeEga9d0L
339359 963965, M3 9JuBMmEos30Mm@o Lob®Mdol dJmby
353096()90d0 39365 BA0M0s 4ol 0d930IMO H5350JOOL

33



2393M39w9ds. Abgogbo dgwgao sB39bs French-ol 33w93905G,
boog 9bg3g bsbobo 0gdbs 3938060 FsMHOMTOMIS0m00LS S

5mMGHOL 96936MH0BTgd0lL LobJoMmglmb. domEgls dbMog Abysgbo
3930060900 56 593w gbogms Emiroglu-bs s Tarkannen-ol
33w9390d0. 3500my9bgHBm0o 997oboBdgdo MEbmdos, mIdEe
050gb0dg gbs 9oL 6535(5M©930.  9JLBMEOSE30MEO
6030096905 MH™Mm3Yds JBMMGomdol domdgdm, 5M©393L
BM3om®  dsBogrme  gddMsbsl o ol Bwbsosl.
dgmMgl  dbM0g, LogdomE dw0gho  35HMmIMbLEHMOIEGMMOU,
96Mmmgob-1-0b  IMds@Ggdmwo  3mb3gb@®mozos  Lolberdo
003936  LoLbEEdsMP3gdOL 39000l GESLEBHOMOMDBOL
05939009058 s M7HBoLEIBEGHMOOL BOEL7. 3mImoLEHI0bol
dm3539do mby, Moz s1939 SLMEFOMEYdS JJLBRMWOSE30ME
LobEOMIMIB8, 51939 dgloderms 0f)393gL Lobbeds®mM39d0L
30000900l gEaliGoIOHMIOL ©OJ390009dL. oS 5Toby, o3
09996039080  FoBH®ods  I9BHoM3OHMEHJ0obsBYdol ©s oo
063000@ ™Mol MO390 3mTgmbESBoi  Tgbodgrms
05353091 OHMEL. yzgws gb BogBHMOmo gOHmo©, dgbodgrms
BMHoIL LOLbbEIJsMmM3M3560 O5350GdGOOL  ob30MdOL
o3l 9JLBME0530MO LobE®MIol IJmbg 3530963Hg0do0.
0936M3s  33e9350 9B3965 9JlgMos30Mo  LobMm™MAol
3933060 (3969065006 039d058mb. Yuksel-050 056553 M69ds
353603 M-M9BMbsBLYIEo 33¢0g30L Logdzgu by 5dMsBobals,
Omd  G30bolb  0gme  b0ogmogmqdsdo2-xghH wRM®m bJoMs
33b390s 0d930vM0 390900 9JuBME0s30MHO LobMMIoLs
5 awo3mdol  dJmbg 35309639000 30MY  xSBIGMYW
0bogogddo. Akarsu-bl 3309350 obg9bs  360d369gwm3zbsco
593900900 EM3WYOHMYMOIR0MWO  GHMIBLIMB0SMEO
35659930900,  bemeoem  Rittland-8s  s0dmsbobs,  H™I
99bBME0s30MM0 Lob®mdol dJmby 35309639000
36033690m365055 oBMO0 d()3539 396906M35L 3 sHIO

34



9m3w9bgdol Moo X sbIMMYE 50580569056 FgoMgdom. gl
9mbs399900 9gdmbgzgazs B39bo 33e930L F9gaqdL.

Lobbeds®gmgzsbo  3mIMOBdOEMdYdOL  Asbg0msMgdol
bmLGo 999doboBdgdo  9JugmEoszomdmo  Lob®mdol djmbg
353096()90d0  FgMLHogwgwos, mdEs  M0dgbodg  bob
39605MM09b.  9bMmMgoswMHo YR IOoL  QoMTgIm
994bBME053009M0 Bogmogcgdgdols 539999906 900L
0909390  06OHE393s oo Bm®Ioerm@o  dsBowMo
39306560 LEGHOMJEHMOS s FLodsToLO® BbI309i5. TgMMgL
dbcmog, o9 b030m09Mm90900L  53MIMW0MYds do0sh  dwog®
350Mm3mbLEGHMOJGHMO  9bMmmMgwob-1-;sb  ghms, of393L
LolbEdsM 3900l 3900 gdOL  GEsbBOWMOMBOL 390Gl
@5 M®9BoLEBHIBEGHMOOL BOELL. oIS 5FoLs, 98 353096GJOOL
Lolberdo mJbosEOO LEAMGLOL o6 3gMHYdOE ooy, SB939
©M039705 BoBHModl 9o m3mm@gobsbgdols s domo
063000@™M00L B6J3053. Y39es BYIMMZ0E0 BoJBHMEOO
d9L5dEMS 535dMdOIL MMl 9JuBME0530wOO Lob®OMIoL
LolbdoM3M3zs60  3MIMOHBIOEMOJOOL  Jsmmmygbgbdo s
M3 939wy 9609369wmgzs60s, (3939 Lobberds®mzmgzsbo
9396930l 356300569d5d0.

Dma0ghmo  3e0060399H0  330930L96  A9BLb3s39d0m,
B396 396 3bsbgo 3938060 9JuBM0s30H LObEMMALS s
3030 3039603H96B0osl dmeMol, mdss B39b bsdzows
50dmzohobo 3603369 mzsbo  SbmE0sEos  9JuBMEos30G
LobE®MALs s 0LYM  B535JOJOL  TMEOL,  OMAMOOEGS
3710l 099909900 9935090, oM 39ME0wdol 0bxgsMIEH0 s
396906M35L39wsMMo  dmzwgbgdo. B39 96 g3dmbs s
35309639go0L M 39MPOMLWMYOMEMO 330093900l Bodo®mgdols
U390 gds. B396ds 930gdoMmEMA0MMTs 33009358 sB396s, HMA
9L 3530963900 LoFoMmgdgb Bmyso 3MMBowol gJodol dog®
M3 39 I9035¢gMMHGMOSL.

35



8969035 s dgbsderm domenmgonio GggsboDiyéo

9988ME05309M0 LObEOMIOL J;35M0 JobslinsmgdgEOs
03500l Bbgosbbgs  LEHM®MIBHMOIOTo  3o0MEMYOEHO
B0BOOEM-3M5bMsmmwo  Bogm0gMHgdgdol MM Zgds.
9L R0BOOWIOO 99009909 360390356996/
303360 MEgobmeo 3033gqsgdolsb, (3 9gd03
13960396GHMo  ©sdwol dodsmo doeosh MHgHbolEgbEwos.
obobo 99039396 0Lbgm BgMTEEJOL, MMAMMOES 3EsbBYMobo,
353M0dl  I9BOMm3OHMEGH0bsBgdo o LOXLI. 553500900l
56O 1EBO0gdbY bgds LOXL1-ob 30390300309,
boeem  dmy30069000,  LogoMsmom,  3MI3gbLoGmOmIeo
3030360 M©YI30o.

0m3gds, MMI mommb LOXLI gows 560 s6sbfim®o
0290 gdols o gbdzool  dJmby  9JugmeEroszomGOo
Lob®MIol OML s s1Y39 bgds oo OO MmIMEIbMdOM
Q303905 3MGHJM0BoLmZ0L. LimMgo dolo s39dwwgdols
3590 00 bgds M9HoLEIbEHMEo 3OHMEIMobol Jodsro.

DmPod, 9MLFMOO  BEGHOIGHMOMOL dJmbg  3oEgdL
9659096 3MHMEHJolMIGd0 o X MYIOOL  SME Mool
bobFgdsdo  Boomwo  ggMdgbBgdo, mwdzs  dsbsdY,
MXOIOO0 3OCMIL ©IBIIEHOL 49FMLHMOGOL Bo3gBmbgdols
LosdMogdom. mw30 b 9gdobobdo  MIggams, oS
239055Y0M Y05 30GMBMT0, 3MMEHGLMIOL Lo gdom
obOIWgws. ™30 gb  d9gdeboBdog Mdggyms, bgds
oo 2oOdYPOWYDS  MXMYOYIMY  LbogmEgdo, Lowsg ol
398U Y, 080BIMZ0L, HMA IMbgl JolO OBMLMIgdol
L53OEgOOm EOIS.

L3060 ms, Mmd LOXLI-ob ©gxgddmdo Lobmgbo

@5 Jobo IOl F9mdegdermds I3l Logdzws
99bBMmEos3omem  Lob®mAl.  33¢09390ds  oh3gbs, GMI 53

36



MM ©9539dGHWM0s 3MEHMRBIRMLMIGOoLs s WoDBMBMIgdOL
AGObL3MOEGH0MYOOL  IBmiEgbo. ol Bod@o, Mmd LOXL1
AOBL3MOEGH0MYdS  OBMBMIGO0L3ID, F0MOmMgdL 0dsDy,
6™, 59 3G90 {obsdmEmdgo dgdsbodgdom 396 begds dolo
3905003 M9ds. 51939 ©IBIJBHWM0S B3gMMbYdOL RBMBJ305a,
M5B9z  90mmomgdl om0 FJO0sGHMMOL,  3EoLBHIMObO,
QOO M5MmEIbMO0m  IRMHM3Gds3.  TYLoAEGdg0s, (™I
30MGHJobmdgdoz 390 bgebgdgb LOXL1-olb ©odwsl s o0
36m3qLgddo, LmeMg POMP gqbols 3w@sEosl  dglbsdwms
3Jmbgl Gmero.

POMP 960 5300©006090L 360Hmg@golemdol  dmadfoggdol
BOWSL, MMIGoE 3OMEHILMIOL domYgbgHdos LoFoMm. J
3owob 3969¢03900 ©IBIIHO, L53OIRME dobo Frbjgoob
©533900905L  0fi393L,  FgIRI@ 396 bEYds  ©IBIIOVOO
LOXL1-ob o 51939 @o3mm™m300  9JuBM0s30M0
6030009693900Lgsb  Jumgzogdol  goliyBmoggds.  Lberglids
3319399, 03mbm3olBmdodon®mo  sboserobols  Lodwswgdoom,
oB39bs, ®md POMP-l 9096 3m©0Mgdo  3owol  ©mby
3d600369em3bogss 05939000900 99bBME0s30MM0
Lob®mdol IJmbg M3z5cgddo BYIMOE FoOLLS O (300G
bbgmendo.

9990090 Lox39bYHO H05bg0MEo 3Owgdol
@©5dmol  3Mm3gbdo  SMOL  SMEGHMEBOP0s, OMITOL  OMLSE
3 BHMBombemdol boboo  35x3LvEoMgdmEo  3ows gefydol
@0oHBMLMIsL. FgMHfydol 3GmEgldo dmbsfowgmdgb 3m@gbEosw-
593000900 35¢30w9dol sObgdo. 53 sHbgdol gHm-9Mo
©MIgbL  53m©omgdl CACNAIA 960. ©599gb0dg 3309350,
0l939, Mmamm3 B396ds, 9B39bs, ™I gl g9bo SLmEoM©Ids
99b8Mos309M0  LobEOM®AOL  Q9b30mEMmGOOL  FMToE O
o390, MYMMHOMEsE, LHMmOg oBMBMIstmsb dgmfydols
3639900l SMBLFMMO  B0dEObsMYMds  Tgodwgds  0gml

37



99LBME053099MH0 5030gMYOOL IAMMZ9dOOL JOM-9MHMO bo.

6500096009 3309359 1939 963965, MM 9JLBMEOsEOIO
39030 Foo0s 39 30wdol  3mbEIbGHMmOE0s.  JowEowmadl
21939 OO MO 5938 BOdGOEObOL domygbgHdo. IgmMgl
adbem0g, 35 30dol Bogergdmdols O™, 130dM0wobo d93Go©
05030350 296030l 3OHMEIMWODL. 5d9sb 25dmaobsty,
090dwgds  30395M0M©OM™, ™I 35¢30dol  EIMPZYE
30gmbGoBLog dgod3b msgolbo  fzwowmo  9Jugmeos3owmeo
6030009690930l oMHM39d5d0.

©OILEEIMOOm, )30 dol 39630056M9dOL GOMIWIMNO
3bmdoo ®ol3-535dBHMM0s dmds@Hgowo mzsedos §b6g3s.
390000656y 0dosb, GMI sdswo (6930l Bmbby sbgzg
3005MOEIVs EoI3md> @ 91939, WgzgoMIPYo  {bgzoL
0099595350, 85063 3OHMYMHgLoMGAL  dbg39wMdoL  bgm3z0L
3GHOMB0Y,  LOZ9MOMOMS, MMI  bgoMMEYAbgMszool  Lbgs
39956039003 dmbodgdbos.

X969O Mg 6yo®™bgddo 35¢E0do dse0sb 8936 3MM3gLL
5929 0MgOL, 0lYYOL, HMYMEOOES Jegd@Mo Logbswrol
396960060935 s gows399s, JRABMEoGHMbO ™) MYRGOHIIO
093o0mwobdo.  Jowaondo  sbg3g Mgl 3MM3gLgdoL
00 3pL3o©L, MMmIWgdoE  9YE30WdI0s  ©IBOMHOYEHOL
396300000900Lm30L,  BgoOMbgdOL  AsIMBgboLNZOl o
LoBORLYOO el OIOMBOLMZOL.

dmm  OML  630MHMYRIBIME0I0 535009090
390030300 0905 I>05b 330 9B .. 35300l
©OQ3IIC  IXOIQT0Es > IXOIEPOY  38gmbiebL
139380609096 0olgom  6yoMMYagbgM30ME 55350090 JOLS,
MHMAMOM0355 5¢3390996M0L, 356306LMmbols s 356¢)0byEHMbOL
055350090900. ©599b0dg 08d305m0 BgoMHMPYYIbgMs30IO
Q553500905 9939 9393006M9ds 3Mb3ME Mo CACNATA-L
3G5305L. gugbos 89-6 3030l L30bM39MHYdgW MO SESJLOY,

38



99-2 3030 930DMEIMO 5B5gdL0S O MK IbMMO 39803900
353030. 630MM©9969MH5300L gOHm-9MHm0 dmogsmo dgdsbobdo
bPmOgo  3ow3omdl 993530060905,  HMIOL OO
50Mgbmdom dgliges 3oGHMbmemdo of)393L oGH™LIgEgEoL
©93655305L  39L35Hgdol  5gdBH035300L  Fboom. 33193903
9B3965, ®md CACNALA 3500965L Jumgzgowdog gdudemHgloMgds,
dgLodsdolso 3ol slig3g Fglsdems 3Jmbogl 2963390 Mo
6906M©9296965300L 3MME9L80 9JLBRME 05300 Jarswg3mdol
QOMU.

B39605 33009350 583965, ®MI LOXL1-0b rs2165341, rs4886776
o5 158042039 356056390l Fo@99deqdl dbodzwgwmgbso
5J300  dm3sBHgdo  gbBMmEos3omo  Lob®mMdols s
33 dol 49630056900l GolZo. 51939, g dEYMI>MIGMOGOO
bmE0Mgds CACNA1A rs4926244, POMP 157329408 os SEMAGA
rs10072088 296900l 3m@0dmOB0HIGOMH. oo dob30maMgdols
d9gLsdenm d99o60Bdqd0 gobboraros bggoom.

B3gbo  33wgzob  BgboyEzsl  eddmewpgbos
9bBME0530MM0  asm3mdol dJmby 353096@gd0L  doerosb
353505  J39x9x80. 939 o0 bEIdmEs Lob®™mIol ddmby
3530963900b 5330603905 0b53035d0. Tglodsdobo, MiEbmdOS
39691300000 JOMEIN Y] 5MS 5T 353096HIOL s 3T
OMM5563530Md5d0. Gglods30Lo® 53 39X 3 IBOL F9IMYGO0
3Wo93mdol 56FJMbg 35309639096, Jglsderms 56 doy3zgnm
9500 BYOIMO.

39



3365

40

99LBME053099H0 BLOBEMMAOL FogzM(39egds FoOOS
@5 0950099BL  39BoGogd@BHol  godm  Lom3gMsEom
35(3096()900l dgLsdgU.

9JLBME0530MM0 o3 ds 23b3WYdS 35EIMOIBHOL
3990 BoM3gM30M 3530963g00L 4.6%-30.
99bBME0s30MM0 Lbob®Omdom Q55350090
353096¢490d0, 3353093 LOG0Is300L O,
39bLO3MmMEgdom  oworos  obgmo  BHgdbozméo
LOOMMWYGd0  OMPMOOES  0bGHMIM3YMOE0IO
900, 30bol omgagdol LoLLEg s OsEODBO
01939, OLYMO FIOHMMEGDIO0, MMAMMO35S dOMEOOL
Bobonol 396335,  0boLgdMOlL  O3MS, 585300
©s  gobdgmegdomo  Bs6g3900lL  LoFoMmgds, o3
JoOWMEOHOLAYD BoLO335¢0R0E30IOMBIL FMOMbMZL.
B3963s 3309350  @OOILEHMMS  3obsdgMm™M3Y
Lodgo30bm WO BHIOSGHOOL AbyBOYdS
9JbBMos306H  LobEOMALy s LOLEGYING
LoLbEdsM3M396 535009BYGOL FMMHOL SLM(30SE0SDBY:
00 593500905 mMs  3MIMMOOEMdS  La®fjdmbm
050505 35BH9M3JBHOM 535G M 00 XyMRdo,
6Hmdgedos 3LEHOHYdS 99bBME0s30M0
Lob®mdo.

99b8ME0530MM0 LOBEMOMAOL IMIs@JorEro MHob3o
SbME0MEYds 0bYMO 9gbgdoL 3mME0IMOFBOHBIGOMID,
Mymomo@3ss of LOXL1, CACNAIA, POMP, SEMAGA,
boem TMEM136, RBMS3 s AGPAT1 g96900L
30dMOR0BIJOM6 35380600 56 ILEIMYdS.
9bBME0530MM0 2530l IMTsBgorIeo MHoblo
SbME0MmEYds 0LYMO gHgdOL 3ME0IMOBOHBIGOMIb,



MOmammoigss of LOXL1, POMP, SEMAG6A, bmem
CACNAI1A, TMEM136, RBMS3 s AGPAT1 296900l
3m0dmOR0HIYO6 3530060 56 ILEHIOYDS.

365J303wo G93m3gbsgogdo

1.

390030bs6g 9JbBMmEos30m@O LobEMMAol BoGo™
3930399000  JoMmzgw 35309639030, dow0sb
96009369 m35605 MM 393339, M90S 15300
53090 04658 8d0dY ot gd9gd0 s JowHgIe
09651 ogdlodocMo dbg39wMmd0M Fodmliogergdo.
390m30bseg  0Josb,  OHMI 4593500 9dY
JoOmGaome  Bs6n390L  Fgboderms  sbargl 096
ddodg A5 gd9d0, 930 YdJ0s BosbL3zgz™m
LoLEBYF5d 9JuBMEOS30MEMO LobM™mdo gobobomls
OMamO3 099363 MOHo  Foddmemo  BsMgzol
5L9BJM9dS.

3939M5JBHOL  JoMMagdl, MmIgemsi Loddg odzm
99bBME0530M0 Lob®MAoL dmby 3530963906
mbs  dmgmbmzgdm©am  Fopswro  JoMmGA0IO
3350008035(300.

994b8M053009M0 LOBEEOMIOL o0 J93M(EIYdS
B30bL  d399965d0  dmombm3zl  TgB  YIMOELYOSL
LoMmgboIbEH™ s CME 36 ©5990d0.

399030bsty 99bBMos30M0 Lob®mdobs
©>  pwor)3mdol  3m33egdun®o  agbadogn®o
9949603900056, (I gd03 O9LEOIMO0M
d9bPogaroo 96 9GOL,  9ME0EgdIE0s  SLYMO
3530963900L bdoMo dmbo@mMobyo s s 3mdstby
130M0b0bYO bdomo Mzsedos iB930L 3MbEHGMEOL s

41



dbg39w™dol 6yMz0L 3M0ol dgg3sligdol yBoom.
B39bo 33wg3> d0momgdL IBO™ s> 33EwgzgdoL
59930 9deMdsll  9JuBMEos30MH0  Lob®M™dols
@5 LolbdsM®3M3560  3smMEMA09d0L  353d06M0L
d9Lsbgd o 515939 MBMSEITMEMAGOOL MOl Tgbobgd
50 55350090900l  369396300Ls @S I3MEBIMdOL
3b9ddo0.

©obgME3300L 093D 353mg399b69dvye 633MMBMS oo

42

1.

N.Kobakhidze, G. Chichua, S. Tabagari, C. Khor, T. Aung
- Genetic Markers of Exfoliation Syndrome in Georgian
Population GOS and SOE second Joint Meeting 10-12
June, 2016 Thilisi, Georgia - Oral Presentation
N.Kobakhidze, G. Chichua, C. Khor, T. Aung - Genetic
Markers of Exfoliation Syndrome in Georgian Population
- 36th Congress of ESCRS, 10-14 September, 2016, Co-
penhagen, Denmark - Poster

N.Kobakhidze, S. Tabagari, G Chichua - Genetic markers
of exfoliation syndrome in Georgian population - 13th
International Postrgraduate Conference, Hradec Kralove,
Czech Republic, Nov 24-25, 2016

Aung T, Kobakhidze N, Chichua G, Tabagari S, et al. - Ge-
netic association study of exfoliation syndrome identifies
a protective rare variant at LOXL1 and five new suscepti-
bility loci. Nat Genet. 2017;49(7):993-1004. doi:10.1038/
ng.3875

N.Kobakhidze, G. Chichua, S. Tabagari, C. Khor, T. Aung
- Genetic Markers of Exfoliation Syndrome in Georgian



Population GOS and SOE third Joint Meeting 30th June —
Ist July, 2018, Tbilisi, Georgia - Oral Presentation
N.Kobakhidze, G. Chichua, C. Khor, T. Aung - Genetic
Markers of Exfoliation Syndrome in Georgian Population
- 36th Congress of ESCRS. 22-26 September, 2018 Vienna
Austria - Presented Poster

N.Kobakhidze, S. Tabagari, G Chichua - LOXL1 Gene
Variants in Association with Exfoliation Syndrome in
Georgian Population Georgian Medical News , N1 (286)
Jan 2019

N.Kobakhidze, S. Tabagari, G Chichua - New Genetic
Markers Associated with Susceptibility to Exfoliation
Syndrome in Georgian Population — Georgian Medical
News , N9 (294) Sep 2019

43






David Tvildiani Medical University
Copyright

Nino Kobakhidze

Exfoliation Syndrome in
Georgian Patients Undergoing
Cataract Surgery

Thesis of Dissertation for the PhD Academic Degree
in Medicine

Thilisi 2020



The PhD research was performed at David Tvildiani Medical Univer-
city, Chichua Medical Center Mzera, LLC and Singapore Eye Research
Institute.

Research supervisors:

Sergo Tabagari MD, PhD, Professor, David Tvildiani
Medical University

George Chichua MD, PhD, Associate Professor,
New Vision University

Tin Aung MD, PhD, Professor, Singapore
Eye Research Institute

Oficial Experts/Oponents
Merab Dvali MD, PhD, Professor, Thilisi State
Medical University

Adam Kotorashvili ~ PhD, Invited Professor, Ilia State University
Tinatin Zurashvili =~ MD, PhD, Associate Professor David Tvildiani
Medical University

The dissertation defence will be held on October 29 2020 at AM/

PM at David Tvildiani Medical University Conference Hall (13 Lju-
bljana/6 M. Chiaureli str. 0159, Tbilisi, Georgia).

The dissertation can be obtained at Daphne Hare Medical Library, Da-
vid Tvildiani Medical University.

The thesis was distributed on October 15 2020.

Scientific Secretary of the University Mariam Vachnadze



Relevance of the Problem

Exfoliation Syndrome (XFS) is an age-related disorder affect-
ing millions of people worldwide. The exact prevalence of this con-
dition in Georgia is not known but ophthalmologists and especial-
ly anterior segment surgeons agree that it is extremely common
among cataract patients. XFS is a major cause of most of the techni-
cal issues leading to most severe complications encountered during
phacoemulsification.

Exfoliation syndrome is characterised by the production and
progressive deposition of abnormal fibrillary extracellular materi-
al in ocular tissues. The exact aetiology and pathogenesis of XFS
is not known. The same is true for exfoliation glaucoma (XFG),
which develops only in third of XFS patients. XFG is characterized
by more aggressive clinical course, more resistance to conservative
treatment and early need of surgical intervention as compared to
other glaucoma types and is associated with significantly increased
risk of blindness.

Nowadays, XFS is already considered as systemic disorder,
however it’s clinical relevance is still almost exclusively studied
with regard to the eye. The literature about the association of XFS
with cerebrovascular and cardiovascular diseases is controversial.
According to the study of Gokce et al. XFS is characterised by a ten-
dency of increased thickness of carotid intima and increased renal
artery resistance. Based on the meta-analysis results of the existing
literature, it was concluded that XFS is also associated with elevated
risk of vascular diseases, such as aortic aneurisms, coronary heart
diseases and cerebrovascular diseases.

As mentioned earlier, the mechanisms of disease development
are not known to date, though many studies point to genetic fac-
tors. Of special interest is the fact that not all XFS patients develop
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glaucoma, meaning that the underlying factors may be different.

Given that Georgians have their own unique genetic ancestry, it

is important to evaluate the relevance of the scientific data to our

population.

The Aim of the Study

The aim of this work was to study the burden of XFS in cata-

ract surgery, to identify the epidemiology and genetic markers of

XFS and XFG among Georgian patients, as well as to define the

association of the syndrome with systemic vascular conditions.

The Objectives of the Study

48

To study the prevalence of XFS in Georgian patients un-
dergoing cataract surgery.

To study the prevalence of XFG in Georgian patients un-
dergoing cataract surgery.

To identify systemic vascular conditions associated with
XFS.

To study the association of polymorphisms of LOXLI,
CACNA1A, POMP, SEMA6A, TMEM136, RBMS3 and
AGPATI1 with XFS in patients undergoing cataract sur-
gery.

To study the association of polymorphisms of LOXLI,
CACNA1A, POMP, SEMA6A, TMEM136, RBMS3 and
AGPATI1 with XFG in patients undergoing cataract sur-

gery.



Scientific Novelty of the Study

This is the first attempt to characterize XFS in Georgian pa-
tients undergoing cataract surgery. We evaluate its burden on
phacoemulsification and its outcomes. We also evaluate these pa-
tients for their risks of vascular comorbidities in order to compare
with very inconsistent literature on this topic. Most importantly,
for the first time in Georgia, we characterize the genetics of XFS for
better understanding mechanisms of its development.

Practical Value of the Study

Given the high prevalence of XFS in Georgia, cataract surgeons
often have to deal with serious issues during phacoemulsification.
Often times XFS is overlooked by general ophthalmologists and
many patients seek for surgery later in the course of disease. The
letter factor is also the cause of under-treatment of many glaucoma
patients, later referral to specialized eye care centres often results
in worse outcomes. The presence of XFS is not considered as reli-
able reason for faster approval of surgery by Georgian health care
and insurance systems, again leading to belated interventions. This
study is an important first step forward in improving our results in
cataract surgery and glaucoma care.

Approbation of the work

The dissertation thesis was approbated at Chichua Medical
Center Mzera on July 29 2020. The results were presented at:
1. 13th International Postrgraduate Conference, Hradec
Kralove, Czech Republic, Nov 24-25, 2016
2. 36th Congress of ESCRS. 22-26 September, 2018 Vienna
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Austria - Presented Poster
3. GOS and SOE second Joint Meeting 10-12 June, 2016
Thilisi, Georgia - Oral Presentation
4. GOS and SOE third Joint Meeting 30th June — 1st July,
2018, Thilisi, Georgia - Oral Presentation
Three published abstracts and 3 papers fully describe the re-
sults of the work. This is in accordance with the University requir-
ments for PhD academic degree.
We acknowledge The Shota Rustaveli National Science Foun-
dation for support under grant project PhD 2016_39.

Dissertation Structure

The work is written in English and consists of 8 parts: Intro-
duction, Literature Review, Materials and Methods, Results, Dis-
cussion, Conclusions, Practical Recommendations and References.
It contains 93 pages, is illustrated with 10 Figures and 15 Tables.
The list of literature consists of 136 sources.

Study Design

We performed a case-control study. The duration of the study
was 4 years. We included patients undergoing cataract surgery by
the author. One group of patients comprised XFS cases with a sub-
group of XFG cases. The control group included individuals with
no signs of XFS.

Ethical Approval

The ethical approval of this study was obtained from David
Tvildiani Medical University Ethics Committee. All study proce-
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dures were adherent to principles stated in Declaration of Helsinki
on Biomedical Research Involving Human Subjects.

Materials and Methods
Study Population and Design

Eight hundred sixty-three self-reported Georgian subjects re-
ferred for cataract surgery were recruited between 2015 and 2019
at an ophthalmology tertiary care center “Chichua Medical Center
Mzera” LLC. After signing informed consent patients underwent
detailed ophthalmic examination, including autorefraction, ker-
atometry, visual acuity check, tonometry, slit lamp examination,
A-scan or biometry for IOL calculations, Humphrey 24-2 perime-
try, optic nerve head (ONH) and retinal evaluation. Subjects with
XFS exhibited deposits of exfoliation material on pupillary margin
or lens capsule upon slit lamp examination. Subjects with glauco-
ma had characteristic changes of ONH, including increased vertical
cup-to-disc ratio, retinal nerve fiber layer thinning, neuroretinal
rim notching or hemorrhages. Patients over age 60 with evident
XFS were included into the case group which was further subdivid-
ed into XFS only and XFG subgroups. The control group comprised
patients over age 60 with no evidence of exfoliations and glaucoma
upon clinical examination. Patients having uveitis and either pri-
mary open angle or neovascular glaucoma were excluded from the
study.

All patients underwent standard blood tests and health eval-
uation by the general practitioner (GP) before surgery including
Complete Blood Counts (CBC), blood glucose levels, infectious dis-
eases, including hepatitis B and C, HIV and RPR. Electrocardiogra-
phy (ECG) was also performed if needed as determined by the GP.
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Non-ocular comorbidities like diabetes, hypertension, ischemic
heart disease, myocardial infarction (MI) and stroke were noted.

Cataract Surgery

All patients were scheduled for standard phacoemulsification
with IOL implantation. The surgeries were performed by two sur-
geons of our center (only in cases where genetic study was done).
The standard procedure involved the formation of two side-ports
and a 2.75 mm main incision, a continuous curvilinear capsulor-
hexis, phacoemulsification with Infiniti phacomachine (Alcon,
USA) with Ozil handpiece, bimanual removal of cortical material,
IOL implantation and wound closure with hydration. In cases of
very small pupils, iris retractors were used to improve visualiza-
tion. In cases of capsular instability capsular tension ring (CTR) was
implanted to support the lens, capsular hooks were also used when
extreme subluxation was observed. In cases of extensive zonular in-
sufficiency, the eye was left aphakic and subsequent IOL implanta-
tion with scleral fixation was scheduled. In cases of vitreous herni-
ation, thorough anterior vitrectomy was performed before wound
closure.

Genetic Study

All subjects underwent blood sampling preoperatively. We
collected 5 ml of peripheral blood and refrigerated in EDTA-coat-
ed tubes before use. All samples were sent for genetic studies to
the genetic laboratory of Singapore Eye Research Institute. DNA
extraction was performed using a DNA extraction kit according to
manufacturer’s protocol.

Principal-component (PC) analysis was performed to assess
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the degree of genetic stratification and population substructure for
all samples. PC scores were calculated form a set of unlinked mark-
ers. Genetic outliers were excluded from the study. The PC plots
were generated using the R statistical software package.

Genome-Wide Association Study (GWAS) was performed us-
ing [llumina OmniExpress Microarray. The process involved DNA
typing chips containing a microscopic array of tiny beads covered
with single-stranded DNA fragments, synthesized to correspond to
different SNPs of human genome. The beads were incubated with
previously denatured and fragmented DNA from test subjects. After
binding of complementary DNA strands, the beads were incubated
with labeled nucleotide mixtures and DNA polymerase to elongate
synthetic DNA strands. The labeled nucleotides fluoresced with
different colors on the beads making them glow differently. The
chips were scanned with high-resolution laser making it possible
to identify which alleles were present and whether the person was
heterozygous or homozygous for the particular SNP. More than
680 000 SNPs were analyzed for association to XFS.

Statistical analysis

Association between SNPs and XFS was tested using logistic
regression analysis. SNPs surpassing P < 5 x 10-8 in the GWAS dis-
covery stage were considered associated with XFS. Statistical anal-
ysis of our case—control association study was performed using a x2
test (Pearson correction). Relative risk association was estimated by
calculating odds ratios (OR) along with 95 % confidence intervals
(CIs). p < 0.05 was considered statistically significant. R statistical
software version 2.9.0 was used for analysis.

53



Results
XFS Burden in Cataract Surgery

Eight hundred and sixty-three patients with mean age of
74(+3.7) years undergoing cataract surgery by the author during
year 2019 were included into the epidemiological study. Three
hundred and seventy—one (57%) were female and 492 (43%) were
male. Two hundred and seventy patients were diagnosed with XFS,
117 (46.8%) of them were male and 153 (53.2%) were female. For-
ty individuals had XFG, 22 (55%) were male and 18 (45%) were
female. Five hundred and fifty-three patients had no evidence of
XFS. Two hundred and ninety-eight (54%) of them were female
and 255 (46%) were male (Table 3).

Table 3. Demographic characteristics of patients undergoing cat-

aract surgery at Chichua Medical Center Mzera performed by the
author.

Groups Male Female
Total 863 492 (57 %) 371 (43 %)
XFS 310 (36%) 139 (44.8 %) 171 (55.2 %)
XFS only 270 (87%) 117 (43 %) 153 (57 %)
XFG 40 (13%) 22 (55 %) 18 (45 %)
Controls 553 (64%) 255 (46 %) 298 (54 %)

Table 4 and Figure 2 show the total number of patients in gen-
eral, having technical issues during phacoemulsification. The most
common difficulties were inadequate mydriasis, encountered in
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17% of all patients, zonular laxity/dialysis in almost 15%% of cases
and either hyper-deep or shallow anterior chamber, complicating
cataract surgery in 8 to 9% of cases, respectively. Additional surgi-
cal manipulations, like CTR and capsular hook use, were necessary
in around 15% of all patients. Anterior vitrectomy was performed
in 10 patients.

Table 4. Total number of patients having technical difficulties
during phacoemulsification.

Difficulty Number of Patients % Patients
Small Pupil 151 17
Zonular Laxity/Dialysis 129 14.9
Hyper-deep Anterior Chamber 62 7.2
Shallow Anterior Chamber 80 9.3

CTR 121 14.9

CTR with Capsular Hooks 6 0.7
Anterior Vitrectomy 10 1.2

55



Figure 2. Percentage of all patients having technical difficulties
during phacoemulsification.
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Table 5 and Figure 3 illustrate overall intraoperative compli-
cation rate in phacoemulsification. Fortunately, only 1.2% of all
patients had unfavorable outcomes needing additional surgery.
Capsular bag and vitreous loss, as well as posterior capsular rupture
were encountered in around 1% of all patients. Follow-up and eval-
uation of clinical outcomes was beyond the scope of this work. We
only evaluated the technical part of phacoemulsification.
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Table 5. Total number of patients having intraoperative complica-
tions during phacoemulsification.

Complications Number of Patients % Patients
Capsular Bag Loss 10 1.2
Vitreous Loss 7 0.8
Posterior Capsular Tear 11 1.3

Aphakia with Secondary Scleral
10 1.2
fixation

Figure 3. Percentage of all patients having intraoperative complica-
tions during phacoemulsification.

% Patients

1.4
1.2
1
0.8
0.6
0.4
0.2
0
Capsular Bag Loss Vitreous Loss Posterior Capsular Aphakia with
Tear Secondary Scleral
fixation

The following intraoperative technical difficulties were ob-
served in patients with XFS in contrast to normal controls. Small
pupil was seen in 138 (51%) XFS vs 13 (2.3%) normal patients
(p<0.05, OR 43.4, 95% CI 23.842 to 79.099). Zonular laxity/dial-
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ysis of varying degrees was encountered in 121 patients (39%) in
contrast to 8 (1.4%) normal individuals (p<0.05, OR 56.1, 95% CI
26.836 to 117.4). This was mostly attributable to previous ocular
trauma. Hyper-deep anterior chamber made surgery technically
difficult in 41 (13%) XFS patients as opposed to 21 (3.7%) patients
without exfoliation material seen in the anterior chamber struc-
tures (p<0.05, OR 1.29, 95% CI 2.671 to 7.99553). In the letter pa-
tients, high myopia was the reason of excessive chamber depth. On
the other hand, 49 XFS (16%) patients had shallow anterior cham-
bers in contrast to 31 (5.5%) of normal individuals (p<0.05, OR 3.8,
95% CI 2.363 to 6.127).

Depending on the extent of zonular dialysis, either capsular
tension rings (CTRs) alone (121 patients, 39%) or CTRs together
with capsular hooks (5 patients — 2%) were used to stabilize the
XFS lenses during surgery. In normal individuals CTRs were im-
planted in 8 cases, additional capsular hooks were needed in 1 pa-
tient (p<0.05, OR 56.1, 95% CI 26.836 to 117.422) and (p<0.05, OR
10.6, 95% CI 1.233 to 91.214), respectively. Anterior vitrectomy
was performed in 9 vs 1 case (OR 19.3795% CI 2.442 to 153.762).
The data are presented in Table 6 and Figure 4.
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Table 6. Technical difficulties observed during phacoemulsification
in XFS vs normal patients.

Cases Controls
Difficulty/Complication No553 P value | OR (95% CI)
N=270 (%)
(%)
Small Pupil 138(51) | 13(23) |<0.05 |43.4(23.842 to 79.099)
Zonular Laxity/Dialysis 121(39) |8(1.4) |<0.05 |56.1(26.83610 117.4)

Hyper-deep Anterior Chamber 41 (13) 21(3.7) <0.05 1.29 (2.671 to 7.99553)

Shallow Anterior Chamber 49 (16) 31(55) |<0.05 |3.8(2.3631t06.127)
CTR 121(39) | 8(1.4) |<0.005 |56.1(26.836t0 117.422)
CTR with Capsular Hooks 5(2) 1(02) [<0.05 |10.6(1.233t091.214)
Anterior vitrectomy 9(3) 1(0.2) <0.05 | 19.37 (2.442 to 153.762)

Figure 4. Technical difficulties observed during phacoemulsifica-
tion in XFS vs normal patients.
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Capsular bag was lost in 9 (3%) XFS patients, vitreous loss was
also observed in 6 (2%) XFS cases. This is in contrast to one case of
traumatic cataract without XFS where both capsular and vitreous
loss was observed (p<0.05, OR 19.37, 2.442 to 153.762) and (p<0.05,
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OR 13.8, 95% CI 1.53 to 106.63), respectively. The letter patient
was left aphakic and underwent subsequent IOL implantation with
scleral fixation. It should be said that all 9 XFS cases had brown sub-
luxated cataracts which is the hardest technical situation in cataract
surgery.

Nine XFS patients (3%) vs 1 (0.2%) normal individual ended
up aphakic, necessitating secondary IOL implantation with scleral
fixation (p<0.05, OR 10.6, 95% CI 2.442 to 153.762). Posterior cap-
sular tears were observed comparably in both cases and controls in
6 and 5 patients, respectively. There was no statistically significant
difference in both groups. IOLs in all of them were placed into the
sulcus, therefore none of those patients needed any additional sur-
geries. (Figure 5 and Table 7).

Table 7. Intraoperative complications observed during phacoemul-
sification in XFS vs normal patients.

Cases Controls
C o

Complication N353 P value | OR (95% CI)

N=270 (%)

(%)

Capsular Bag Loss 9(3) 1(0.2) <0.005 | 19.37 (2.442 to 153.762)
Vitreous Loss 6(3) 1(0.2) <0.005 | 13.8 (1.53 to 106.63)
Posterior Capsular Tear 6(2) 5 (0.8) >0.05 2.5 (0.767 to 8.386)
Aphakia with Secondary Scleral

9(3) 100.2) | <005 |19.37 (2.442 to 153.762)
fixation
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Figure 5. Intraoperative complications observed during phacoemul-
sification in XFS vs normal patients
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XFS and Systemic Vascular Diseases

Two hundred and thirty-six patients with XFS were studied
for systemic vascular associations of XFS (Table 8). One hundred
and eight (46%) of them were male and 128 (54%) were female.
Mean age was 76 (+6.1) years. Two hundred and five patients (87%)
had XFS only and 31 (13%) patients were diagnosed with XFG. The
control group comprised 250 patients without evidence of exfolia-
tion material upon clinical examination. Seventy-six (30%) patients
were male and 174 (70%) were female. Mean age was 70 (+5.1).
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Table 8. Demographic characteristics of XFS patients and controls
studied for systemic vascular associations

Groups Total Male Female
XFS 236 108 (46 %) 128 (54 %)
XFS only 205 ( 87%) 91 (44 %) 114 (56 %)
XFG 31 (15 %) 17 (55 %) 14 (45 %)
Controls 150 76 (30 %) 174 (70 %)

We did not observe any significant association of XFS with
arterial hypertension, though we did see clear correlation with its
vascular complications. XFS patients were more prone to develop
Ischemic Heart Disease (IHD). Sixty-two XFS patients were diag-
nosed with IHD vs 41 individuals in control group. The presence
of XFS conferred about 80% increased risk of IHD (p=0.02, OR 1.8;
95% CI: 1.141 to 2.763). The risk of MI was also significantly elevat-
ed in patients with XFS with p=0.05, OR 1.8; 95% CI: 0.99 to 3.604.
Significant association of XFS was also observed with Cerebrovas-
cular Disease (CVD) including the history of both strokes and tran-
sient ischemic attacks (p=0.01, OR=3; 95% CI: 1.254 to 7.37). When
looking at vascular events in general, we found doubled risk in our
XFS patients (p=0.0002 OR=3; 95% CI: 1.454 to 3.327) (Table 9 and
Figure 6).
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Table 9. Vascular comorbidities in cases and controls

Cases Controls
P value OR (95% CI)
N=236 N=250
IHD 62 (26%) 41 (16%) | 0.02 1.8 (1.141 to 2.763)
IHD with MI 27 (11%) 16 (6%) 0.05 1.9 (0.99 to 3.604)
Stroke/TIA 19 (8%) 7 (3%) 0.01 3 (1.254 to 7.37)
Total 81(34%) | 48 (19%) | 0.0002 2.2 (1.454 to 3.327)

Figure 6. Vascular comorbidities in cases vs controls
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Genetics of Exfoliation Syndrome

One hundred and thirty-two patients with XFS were included
in the genetic study (Table 10). Seventy-three patients (56%) were
female and 59 patients (44%) were male. Mean age was 73.7 (+ 6.4)
years. One hundred and fourteen patients (86%) were diagnosed
with XFS only, 18 patients (14%) had XFG. The control group com-
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prised 199 patients without any clinical evidence of XFS or XFG.
One hundred and thirty control patients (65%) were female and 69
patients (35%) were male. Mean age was 70.8 (+ 7.3) years.

Table 10. Demographic characteristics of XFS patients and controls
involved in the genetic study

Total Male Female
XFS 132 59 (44 %) 73 (56 %)
XFS only 114 (86%) 49 (43 %) 65 (57 %)
XFG 18 (14 %) 10 (55 %) 8 (45 %)
Controls 199 69 (35 %) 130 (65 %)

We identified tree LOXL1 variants in Georgians: rs2165241,
rs4886776 (R141L) and rs8042039 (G153D). The former is an in-
tronic, whereas the letter three are exonic variants. The letter two
correlate with widely reported rs1048661 and rs3825942, respec-
tively, showing 99% identity. The results are shown in Table 11.

The frequencies of widely reported high-risk allele A of
rs2165241 were significantly different when comparing cases and
controls and associated with XFS (p=0.0001) and they did increase
disease susceptibility to approximately 4-fold (OR=3.8; 95% CI
2.6339 to 5.5802). It was present in 83% of affected individuals,
almost 70% of them were homozygous, carrying 6-fold increased
risk of disease development (p=0.0001; OR= 5.7; 95% CI: 1.9518
to 16.5321). Heterozygotes had 4.5-fold increased risk (p=0.0001;
OR= 4.5; 95% CI: 2.8199 to 7.2454) compared to normal individ-
uals. Interestingly, high-risk allele of rs2165241 was observed in
almost 60% of healthy individuals. About a third of them were ho-
mozygous.

For rs4886776 SNP observed even higher risks associated

64



with G allele, which was present in 90% of affected individuals. It
conferred 5-times increased risk of XFS compared to normal con-
trols (p=0.0001, OR=5.2; 95% CI 3.2732 to 8.2217). Interestingly,
we did not find statistically significant differences with heterozy-
gotes, whereas in homozygotes, the risk was increased up to 10-fold
(p=0.0001; OR=9.2; 95% CI 5.4476 to 15.7981). The G allele was
present in two thirds of healthy individuals and half of them were
homozygotes.

The same is true for the G allele of rs8042039. It conferred up
to 5 times increased risk of XFS as compared to healthy subjects
(p=0.0001; OR=4.9; 95% CI 2.6378 to 9.3135). GA carriers did not
show any increased susceptibility, whereas GG carriers did, with
p=0.0001; OR=5.9;95% CI 3.0168 to 11.8102. The G allele was pres-
ent in 80% of normal controls, two thirds of them carried GG gen-
otype (Figure 7 and Table 11)

Figure 7. LOXL1 in XFS vs healthy subjects.
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Table 11. Allele and Genotype Frequencies of three LOXL1 variants

in XFS and healthy subjects

Controls % | XFS %
()
SNP (n=199) (n=132) Pvalue | OR (95% CI)
152165341
Allele A 58.5 82.6 3.8 (2.6339 to 5.5802)
0.0001
G 415 17.4 0.0001 | 0.2 (0.1387-0.3576)
Genotype | AA 32.2 68.2 0.0001 | 5.7 (1.9518 to 16.5321)
GA 52.7 28.8 0.0001 | 4.5 (2.8199 to 7.2454)
GG 15.1 3 0.0001 | 0.2 (0.0313 to 0.2781)
Total 64/105/30 90/38/4
(AA/GA/GG) | (AA/GA/GG)
154886776
Allele G 64.8 90.5 0.0001 | 5.2(3.2732 t0 8.2217)
A 35.2 9.5 0.0001 | 0.2 (0.1216 to 0.3055)
Genotype | GG 32.7 81.8 0.0001 | 9.2 (5.4476 to 15.7981)
GA 64.3 17.4 0.19 4.1 (0.4846 to 34.2232)
AA 3 0.8 0.0001 | 0.1(0.0165-1.1782)
65/128/6 108/28/1
Total
(GG/GA/AA) | (GG/GA/AA)
18042039
Allele G 80.9 95.4 0.0001 | 4.9 (2.6378 to 9.3135)
19.1 4.5 0.0001 | 0.2 (0.0286 to 2.0209)
Genotype | GG 64.8 91.7 0.0001 |5.9(3.0168 to 11.8102)
AG 32.2 7.5 0.16 4.1 (0.4846 to 34.2232)
AA 3 0.8 0.0001 | 0.2 (0.0233 to 1.6544)
129/64/6 121/10/1
Total
(GG/GA/AA) | (GG/GA/AA)
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We also identified six genes previously reported in associa-
tion to XFS: CACNAI1A rs4926244, POMP rs7329408, TMEM136
rs11827818, AGPAT1 rs3130283, RBMS3 rs12490863 and SEMAGA
rs10072088. The results are shown in Table 3.

Among six genes studied, SEMA6A, POMP and CACNAIA
were found to be associated with XFS in our population. Previously
reported allele G of SEMAGA did not confer any risk in our patients,
by contrary, allele A was associated with the syndrome. A allele fre-
quencies of SEMAGA were significantly different when comparing
cases and controls and associated with XFS (p=0.001). It did increase
disease susceptibility by 80%. It was present in 81% of affected indi-
viduals, 65% of them were homozygous. Heterozygotes had almost
2-fold increased risk (p=0.001; OR= 1.8; 95% CI: 1.2676 to 2.6973),
whereas, homozygotes had the risk of disease development up to 4
times higher (p=0.001; OR=4.0; 95% CI: 1.1531 to 13.9903) than nor-
mal individuals. Interestingly, allele A was found in up to 70% of
normal individuals and half of them were homozygous.

High-risk allele A of POMP was found only in 16% of XFS
cases. The likelihood of disease development rose up to 60% in af-
fected individuals (p=0.005; OR= 1.6; 95% CI: 0.9931 to 2.5634).
Heterozygotes did not show any increased risk of disease develop-
ment (p=0.7; OR=1.5; 95% CI: 0.0937 to 24.3786) and homozygotes
had up to 70% (p=0.06; OR= 1.7; 95% CI: 1.0217 to 2.8713) higher
risk when compared to individuals who were not carrying a high-
risk allele. Normal individuals carried allele A in 10% of cases and
only 0.5% of them were homozygous.

We identified allele G of CACNA1A as high-risk. It was pres-
ent in about 20% of both affected and normal individuals and only
the homozygotes carried an increased risk of disease development
up to 3 times (p=0.05; OR=3.15; 95% CI: 0.9275 to 10.6658) (Table
12 and Figure 8).
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Table 12. Allele and Genotype Frequencies of POMP, SEMAGA and
CACNAIA variants in XFS and healthy subjects

Controls % | XFS %

SNP (n=199) (n=132) Pvalue | OR (95% CI)
SEMAGA-
rs10072088
Allele A 70.4 81.4 0.001 1.8 (1.2676 to 2.6973)
29.7 18.6 0.001 0.5 (0.3299 to 0.8166)
Genotype GA 423 325 0.002 1.9 (1.2246 to 3.0316)
AA 49.2 65.2 0.004 4.0 (1.1531 to 13.9903)
GG 8.5 2.3 0.004 0.2 (0.0715 to 0.8672)
Total 98/84/17 86/3/43
(AA/GA/GG) | (AA/GA/GG)
POMP-
137329408
Allele A 9.8 14.8 0.04 1.6 (0.9931 to 2.5634)
90.2 85.2 0.05 0.6 (0.3901 to 1.0069)
Genotype AG 18.6 28 0.7 1.5 (0.0937 to 24.3786)
AA 0.5 0.8 0.05 1.7 (1.0217 to 2.8713)
GG 80.9 71.2 0.05 0.6 (0.3483 to 0.9788)
161/37/1 94/37/1
Total
(GG/AG/AA) (GG/AG/AA)
CACNAIlA-
154926244
Allele G 21.21 18.34 0.4 1.2 (0.8122 to 1.7690)
A 78.8 81.7 0.4 0.8 (0.5653 to 1.2313)
Genotype AG 42.3 325 0.7 1.08 (0.6801 to 1.7043)
GG 85 2.3 0.05 3.15 (0.9275 to 10.6658)
AA 49.2 65.2 0.05 0.3 (0.0938 to 1.0782)
40/84/8 65/130/4
Total

(AG/AA/GG) | (AG/AA/GG)

68



Figure 8. POMP, SEMAG6A and CACNA1A in XFS vs healthy subjects
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For the other three genes tested (TMEM136 rs11827818, AG-
PAT1 rs3130283, RBMS3 rs12490863) we did not observe any sta-
tistically significant differences in allele frequencies. Previously re-
ported high-risk alleles were present both in controls and affected
individuals in 10-15% of cases respectively and they did not confer
any risk of disease development. The results are shown in Table 13.
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Table 13. Allele and Genotype Frequencies of RBMS3, TMEM136
and AGPATT1 variants in XFS and healthy subjects

Controls % | XFS %
SNP (n=199) (n=132) Pvalue | OR (95% CI)
RBMS3-
rs12490863
Allele A 9 10.7 0.5 1.2 (0.6797 to 1.9400)
91 89.3 0.5 0.8 (0.5155 to 1.4712)
Genotype GA 17.1 19.8 0.5 1.2 (0.6956 to 2.1274)
AA 0.5 0.8 0.8 1.5 (0.6797 to 1.9400)
GG 824 79.4 0.8 0.7 (0.4701 to 1.4376)
Total 34/164/61 104/26/1
(GA/GG/AA) | (GA/GG/AA)
TMEM136-
rs11827818
Allele G 15.58 15.38 09 1.01 (0.6587 to 1.5637)
A 84.4 84.6 09 0.9 (0.6395 to 1.5182)
Genotype GA 27.1 27.7 0.7 1.004 (0.6175 to 1.6327)
GG 2 15 0.7 1.3 (0.2370 to 7.2730)
AA 70.9 70.8 0.8 0.7 (0.6125 to 1.6193)
Total 54/141/4 36/92/2
(GA/GG/AA) | (GA/GG/AA)
AGPAT1-
rs3130283
Allele A 6.3 8.3 0.3 1.3 (0.7478 to 2.4600)
C 93.7 91.7 0.3 0.7 (0.4065 to 1.3372)
Genotype CA 12.6 16.7 0.3 1.3 (0.7352 to 2.5456)
CC 87.4 83.3 0.3 0.7 (0.3928 to 1.360)
AA 0 0
54/141/4 36/92/2
Total
(CA/CC/AA) | (CA/CC/AA)
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We then tested our results in a subgroup of exfoliation glauco-
ma cases. The frequencies of high-risk allele A of LOXL1 rs2165241
were significantly different when comparing cases and controls and
associated with XFG (p=0.0002) and it did increase disease suscep-
tibility to more than 4-fold (OR=4.5; 95% CI 1.7464 to 12.0506).
It was present in 83% of affected individuals, almost 70% of them
were homozygous and had 5.5-fold increased risk of XFS (p=0.0002;
OR=5.5;95% CI: 1.8747 to 16.0444). Heterozygosity conferred 4.5-
fold increased risk (p=0.0001; OR= 4.5; 95% CI: 2.8199 to 7.2454)
compared to normal individuals.

For rs4886776 SNP G allele was the high-risk one. It was pres-
ent in 84% of affected individuals. It conferred 3-times increased
risk of XFG compared to normal controls (p=0.0001, OR=2.9; 95%
CI 1.1815 to 7.0891). As with XFS we did not find statistically sig-
nificant differences with heterozygotes, whereas in homozygotes,
the risk of XFG was increased up to 6 times (p=0.003; OR=5.7; 95%
CI 1.9934 to 16.7152).

As for rs8042039, G allele was present in all of the affected
individuals and all of them were homozygous. Figure 9 and Table
14 show the data.
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Table 14. Allele and Genotype Frequencies of LOXL1 SNPs in XFG

vs healthy subjects

Controls %
% (n= 0,
SNP (n=199) XFG % (n=18) | Pvalue | OR (95% CI)
LOXL1
152165341
Allele A 58.5 83.3 4.5 (1.7464 to 12.0506)
0.0002
41.5 16.7 0.0002 | 0.2 (0.0830 to 0.5726)
Genotype AA 32.2 72.2 0.0002 | 5.5 (1.8747 to 16.044)
GA 52.7 22.2 0.0002 | 4.5 (2.8199 to 7.2454)
GG 15.1 5.6 0.0002 | 0.2 (0.0623 to 0.5334)
Total | 64/105/30 13/4/1
(AA/GA/GG) (AA/GA/GG)
LOXL1
154886776
Allele G 64.8 84.2 0.001 2.9 (1.1815 to 7.0891)
A 35.2 15.8 0.001 0.3 (0.1216 to 0.3055)
Genotype GG 32.7 73.7 0.003 5.7 (1.9934 to 16.7152)
GA 64.3 21 0.5 1.8 (0.4846 to 3.2232)
AA 3 53 0.0001 | 0.1(0.0185-1.1778)
65/128/6 14/28/1
Total
(GG/GA/AA) (GG/GA/AA)
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Figure 9. LOXL1 SNPs in XFG vs healthy subjects
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Among other six genes studied, only SEMA6A and POMP
were associated with XFG in our population. Allele frequencies of
SEMAGA were significantly different when comparing cases and
controls and associated with XFG (p=0.04). High-risk allele A in-
creased disease susceptibility more than 3 times (p=0.04; OR= 3.4;
95% CI: 1.2676 to 2.6973). It was present in 86% of our patients,
65% of them were homozygous. Heterozygotes had twice increased
risk (p=0.002; OR= 1.9; 95% CI: 1.2246 to 3.0316), whereas, homo-
zygotes had the risk of disease development up to 4 times higher
(p=0.002; OR= 3.6; 95% CI: 1.1474 to 11.3402) compared to con-
trols.

High-risk allele A of POMP was found in 22% of XFG cases.
The likelihood of disease development rose up to 3 times in affected
individuals (p=0.02; OR= 2.7; 95% CI: 0.9931 to 2.5634). Heterozy-
gotes showed 3-fold increased XFG risk (p=0.05; OR= 2.7; 95% CI:
0.0937 to 24.3786) and homozygotes had up to 11 times (p=0.05;
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OR=11.6; 95% CI: 0.6972 to 194.5768) higher risk when compared
to individuals who were not carrying a high-risk allele (Table 15
and Figure 10).

Table 15. Allele and Genotype Frequencies of SEMA6A and POMP
genes in XFG and healthy subjects

SEMAGA-
1510072088
Allele A | 704 86 004 | 3.4(1.1663 to 9.7455)
297 14 004 | 0.2(0.1026 t0 0.8574)
Genotype | AA | 492 652 0.002 | 3.6 (1.1474 to 11.3402)
GA | 423 325 0.002 | 1.9 (1.2246 t0 3.0316)
GG |85 23 0.004 | 0.2 (0.0715 t0 0.8672)
GG |85 23 0.004 |02 (0.0715 t0 0.8672)
98/84/17 14/3/1
Total
(AA/GA/GG) | (AA/GA/GG)
POMP-
157329408
‘Allele A |98 2 002 | 2.7(0.9931 to 2.5634)
90.2 78 002 | 0.4(0.3901 to 1.0069)
Genotype | AA |05 5.6 003 | 11.6 (0.6972 to 194.5768)
GA | 186 334 0.05 | 2.7 (0.0937 to 24.3786)
GG | 809 61 0.05 | 0.4(0.3483 t0 0.9788)
161/37/1
Total 11-06-01
O | (GG/GA/AA) 06-0
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Figure 10. SEMAGA and POMP genes in XFG vs healthy subjects
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For other genes studied we did not observe any statistically
significant differencies between normal individuals and unaffected
subjects. We also tested the data of XFG patients against XFS indi-
viduals but we did not find any gene to increase disease susceptibil-
ity. Though the XFG group was quite small and therefore could not
reflect the whole picture.
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Discussion

Our study is the first attempt in Georgia characterizing the
burden of XFS on cataract surgery. As we could clearly see, one
fifth of all our cataract patients had small pupils and varying de-
grees of zonular laxity, one tenth of them had either deep or shal-
low anterior chambers, making surgery difficult. Of course, these
conditions frequently coexist, further complicating the surgeon’s
task to safely and effectively perform the procedure.

There are studies characterizing these issues and compli-
cations among XFS patients. Scientists report a significant risk of
zonular dialysis (OR 6.89), intraoperative miosis (OR 2.15), and
lens luxation (OR, 9.49) in patients with XFS. Our study showed
even higher risks of these issues. According to Aravind XFS study,
these patients are more likely to have a nuclear opalescence grade
of more than 4 (P = 0.001), and to have a pupil size of less than 6
mm (P < 0.001) when compared with controls. The same authors
report no statistically significant risk of intraoperative complication
rates - 2.9% and 1.9% in the XFS and control groups, respectively
(P =0.29), which is also consistent with our results.

There are also studies comparing the rates of posterior cap-
sular tears during phacoemulsification in these two groups. Differ-
ent studies report up to 6 times increased risks in XFS groups. We
did not find any significant association of posterior capsular tears
with XFS. In our case the rates did not differ between two groups.
The same authors improved outcomes in cases of early IOL implan-
tations before removal of last quadrant of the nucleus, therefore
protecting the posterior capsule.

Vitreous loss, one of the most severe complications of cataract
surgery is reported in around 4% of surgical patients and this com-
plication is related to XFS in most of them, also very similar to our

76



findings.

Considering that more than a third of our cataract patients
have so many special considerations intra- as well as postoperative-
ly, it can be said that XFS definitely is a huge burden for anterior
segment surgeons in our country. This fact indicates that surgeon
experience is of utmost importance when dealing with XFS cases.

The detection of XFM in several visceral organs, such as
lungs, gall bladder, liver, kidney, skin, meninges, heart and blood
vessels, has led to hypothesis that XFS can be associated with in-
creased risk of different systemic comorbidities, most importantly
vascular ones. Some clinical studies have suggested these associa-
tions too, but others have not found any correlations. For example,
according to the investigation of Citiric et al., the prevalence of
coronary artery disease is significantly higher in patients with XFS
than in normal individuals. French at al. showed that the risk of
IHD was 70% higher and the risk of MI was almost doubled in
XFS patients compared to controls. These results are very consis-
tent with our findings. On the other hand, Tarkkanen et al. also
evaluated IHD in glaucoma patients with or without XFS, finding
no significant association. No link between XFS and XFG to IHD
has been found by the study from Emiroglu et al. It should be noted
though, that the age group evaluated by this study was significantly
younger than ours, hence the results.

Many studies have also reported the association of XFS
with cerebral ischemia. Yuksel et al. showed doubled prevalence
of white matter ischemic areas in patients with XFS as well as XFG.
Akarsu reported significant reduction of transcranial Doppler pa-
rameters in XFS patients, while Rittland showed that XFG patients
had significantly higher risk of acute cerebrovascular events as
compared to normal controls. These findings are very consistent
with ours, reporting tripled risk of stroke/TIA in XFS patients.
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The exact underlying pathogenic mechanisms of vascular co-
morbidities in XFS patients are not known, though several path-
ways have been suggested. XFM accumulation around endothelial
cells may disrupt their normal basement membranes and lead to
impairment of their function. On the other hand, these deposits,
together with increased concentration of a very powerful vasocon-
strictor, endothelin-1, may lead to decreased elasticity of vascular
walls and therefore, increased resistance. Increased homocysteine
levels, associated with XFS may also play the role in degradation of
elastic structures of the vascular walls. Moreover, oxidative stress
markers have also shown to be increased in the aqueous humor, as
well as in the serum of XFS patients. The imbalance of MMPs and
their tissue inhibitors have been revealed by several investigators.
All these mechanisms may be associated with vascular comorbidi-
ties of XFS and most importantly, may lead to acute vascular events.

In contrast to other clinical studies, we did not observe an
association between XFS and arterial hypertension but we did see
the correlation with IHD and acute cardiovascular and cerebrovas-
cular events. We did not have the opportunity to thoroughly in-
vestigate our cataract patients for other quantitative biochemical
risk factors of these events. Therefore, our investigation was only
epidemiological, suggesting, that XFS patients need closer attention
and monitoring by general practitioners.

The hallmark of XFS is the accumulation of pathological
fibrillo-granular material in different structures of the anterior seg-
ment of the eye. XFM is produced by many types of cells, such as
ciliary epithelial cells, epithelial cells of the lens, trabecular and
corneal endothelial cells and all cell types of the iris. Interestingly,
it is also produced by extraocular cells, such as fibrocytes, vascular
cells, and muscle cells and is deposited in various organs like liver,
brain, heart, lungs and skin, hence the association of XFS with sys-
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temic disorders, like transient ischemic attacks, stroke, myocardial
infarction, atrial fibrillation, inguinal hernias and pelvic organ pro-
lapse.

The fibrils are composed of highly glycosylated proteoglycan/
glycoprotein complex which is very resistant to enzymatic cleav-
age. Its amorphous protein core includes basement membrane com-
ponents, like laminin and fibronectin, elastic fibers, such as fibril-
lin-1 and elastin. It also contains enzymatically active components,
such as metalloproteinases, the extracellular chaperone clusterin,
and the cross-linking enzyme LOXLI. The letter is the key enzyme
of elastogenesis and elastic fiber homeostasis. It is an extracellu-
lar copper-dependent amine oxidase that catalyses the first step in
the formation of crosslinks in collagens and elastins. A highly con-
served amino acid sequence at the C-terminus end possesses amine
oxidase activity, whereas the N-terminus is poorly conserved and
may have additional roles in developmental regulation, senes-
cence, tumor suppression, cell growth control, and chemotaxis to
each member of the family. In early stages of the disease, increased
synthesis of elastic fiber components coincides with upregulation
of LOXL1, which participates in the abnormal cross-linking and
misfolding of the newly synthesized extracellular matrix. This ulti-
mately leads to the aggregation and accumulation of exfoliation de-
posits. Interestingly, in advanced stages of the disease, LOXL1 ex-
pression is downregulated, possibly by compensatory mechanisms,
as the protein accumulates in the extracellular space.

It has been suggested that in XFS LOXL1 itself is misfolded and
dysfunctional. Its N-terminus domain exists in a highly disordered
state and a substantial amount of it is found to be processed for deg-
radation by autophagy. As shown in multiple studies, LOXL1 gene
has several variants which are associated with XFS. The proteins
coded by these defective genes have multiple disorder probability
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domains which supposedly result in misfolding of the enzyme with
alteration of its function and resistance to cleavage.

In general, misfolded, denatured and damaged proteins are de-
graded by proteasomes and autophagy systems of the cells. If the
synthesized protein is defective, the first response is the upregula-
tion of chaperones in attempt to fold the proteins properly. If this
mechanism fails, the protein is dislocated to the cytosol, where it
undergoes ubiquitination, marking it for degradation by the prote-
asome. When the proteasome is dysfunctional, the damaged pro-
teins are shuttled out of the cell. This mechanism appears to be pro-
tective in short-term, while in long-term, the result is a build-up of
dysfunctional materials. If the damaged proteins escape these two
lines of defense, they become encapsulated into autophagosomes,
eventually to be degraded by lysosomes.

It can be suggested that the combination of a defective syn-
thesis of the LOXLI1 protein resulting from LOXL1 gene variants
and the inability to degrade LOXL1 containing protein aggregates
produces XFM. Studies have demonstrated that XFS cells fail to
properly transport lysosomes and autophagosomes to the perinu-
clear area, where autophagic clearance takes place. Also, it has been
shown that the clearance process is very slow in XFS. The fact that
LOXL1 is directed to lysosomes, suggests that previous defense
lines are defective. This could mean that chaperones fail to refold it
and some studies have found clusterin, the mediator of chaperones
to be upregulated in XFS. Also, supposedly, proteasomes fail to de-
grade LOXLI and here the role of POMP mutation, found in XFS
patients, comes into play.

POMP gene encodes proteasome maturation protein, a short-
lived maturation factor required for proteasome biogenesis. It
recruits newly synthesized subunits of the enzyme and targets
them to endoplasmic reticulum for final assembly and maturation.
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POMP-mediated mechanisms allow for efficient organization of
the assembly process of this complex protein. Genetic defect in
POMP protein supposedly, causes alteration of its function and loss
of efficiency in proteolytic processes leading to XFM accumulation.
Aung et al. recently reported that immunoblot analysis showed
significant reduction of POMP protein in the iris and ciliary body
specimens, obtained from XFS eyes in comparison to con-trol eyes.

As discussed previously, next step in removing damaged pro-
teins from the cells is autophagy, involving the formation of an
isolation membrane around the protein which further forms the
double membraned autophagosome, which then fuses with endo-
somes and lysosomes. The fusion process is mediated by P/Q volt-
age-dependent calcium channels. These channels consist of sever-
al subunits, one of them being a conducting pore forming subunit
al, encoded by CACNAI1A gene. The studies, including ours, have
shown that mutation of this gene is related to XFS susceptibility.
The reason for that theoretically could be a decrease in fusion abil-
ity and thus in autophagic capacity, leading to XFM accumulation.

Experimental and clinical studies have demonstrated that ab-
errations in normal proteolytic processes in the cells contribute to
the pathogenesis of several neurodegenerative disorders, which are
associated with pathologic aggregation of proteinaceous materials
and are collectively called aggregopathies. These include Alzhei-
mer’s disease, Parkinson’s disease and Huntington’s disease. These
age-related aggregopathies show various degrees of genetic linkage
to nonsynonymous single nucleotide polymorphisms, which result
in a single amino acid substitution in a coded protein. This does not
seem to largely affect protein function but may increase misfolding
rates for the polypeptide chains during synthesis.

Previous electron microscopy studies on human XFS eyes
showed the presence of high calcium concentration in direct asso-
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ciation with aggregating XFS fibrils. It has been demonstrated that
calcium plays a role in maturation of a precursor fibrillin and in
stabilization of fibrillin molecules and microfibrils. It has also been
shown that fibrillin is significantly more susceptible to proteolytic
degradation in the absence of calcium. Thus, it can be hypothesized
that altered function of a calcium channel could lead to alterations
of calcium concentrations that may facilitate the formation and sta-
bilization of XFS aggregates.

In a recent study, the immunofluorescence microscopy anal-
ysis showed positive CACNAIA immunoreactivity in the differ-
ent structures of the human eye. These included ciliary body, iris,
anterior lens epithelium, optic nerve glia and vascular endothelial
cells. In the retina, strong diffuse CACNA1A staining was seen in
the photoreceptor inner segments (IS), inner nuclear layer (INL)
and outer nuclear layer (ONL) and nerve fiber layer (NFL). On the
other hand, the eyes affected by XFS showed only focal and patchy
immunostaining of the IS, ONL, INL and NFL. Interestingly, co-lo-
calization of CACNA1A and LOXL1 was observed only in the ep-
ithelium of the ciliary processes. The XFM in XFS eyes showed
LOXL1 positive staining with negligible CACNATA immunoreac-
tivity. These findings suggest that these proteins could contribute
to disease development in different ways in different sites.

Nowadays, elevated IOP is considered only as a risk factor,
not an etiologic one for glaucoma development, as normal tension
glaucoma represents about 50% of glaucoma diagnoses. It is well
known that optic nerve atrophy still goes on despite lowering IOP.
These observations suggest that other reasons of neurodegeneration
should be looked for.

In healthy neurons, Ca2+-dependent processes influence dif-
ferent cellular functions, like generation and transmission of elec-
trical signals, membrane trafficking, exocytosis and intracellular

82



respiration. Calcium also activates a cascade of events that result in
gene expression and that are essential for dendritic development,
neuronal survival, and synaptic plasticity.

Calcium theory of neurodegenerative diseases has recently
gained popularity. Defective intra- and extracellular calcium ho-
meostasis, besides defects in autophagy, was observed in neurode-
generative disorders, like Alzheimer’s disease, Parkinson’s disease
and Huntington’s disease. Several neurodegenerative diseases have
also been linked to mutations of CACNA1A. These include spinoc-
erebellar ataxia type 6, episodic ataxia type 2, and familial hemi-
plegic migraine with aura and transient hemiplegia. An important
mechanism of axonal loss neurodegenerative disorders is increased
influx of extracellular Ca2+, which triggers degradation of cytoskel-
eton through activation of intracellular enzymes, namely caspases.
As mentioned previously, immunohistochemical studies have
demonstrated CACNAIA staining in retinal cells, including nerve
fiber layer. Theoretically, defective calcium homeostasis, associated
with defects in this gene could be one of the factors, associated with
neurodegeneration in glaucoma too.

Very interesting findings have recently been published by
Shiga et al. Using GWAS they identified new susceptibility loci for
Primary Open Angle Glaucoma. Interestingly, seven loci, including
LOXL1 were exclusively present in Japanese POAG patients as com-
pared to other multiethnic groups. They excluded XFS from their
cases, but found a significant association of LOXL1 rs1048661 with
POAG susceptibility. The authors suggested that defects of elastin,
a major component of extracellular matrix of the lamina cribrosa,
could contribute to its structural deformity. It is well known that
RGC axons are most vulnerable as they pass through the lamina
cribrosa plates unmyelinated. Therefore, their structural integrity
could be compromised, leading to the development of glaucoma.
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Our study showed significant susceptibility to XFS and XFG
in patients carrying rs2165341, rs4886776 and rs8042039 variants
of LOXL1. We also found increased risk of disease development
in individuals, carrying CACNAI1A rs4926244, POMP rs7329408
and SEMAGA rs10072088 genes. The rest of examined genes did
not show any statistical significance when compared with normal
controls. The possible ways these defective genes could contribute
to XFS are described above.

The limitations of our study included very small group of XFG
patients. Another limitation was the lack of long-term follow-up
of XFS patients. This means that we do not know if any of these
patients would develop XFG with time, therefore comparing a sub-
group of XFG patients with XFS only individuals might not give
correct results.
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Conclusions

1. The prevalence of XFS is high and affects more than a
third of Georgian patients undergoing cataract surgery.

2. XFG is encountered in 4.6% of Georgian patients under-
going cataract surgery.

3. Technical difficulties (small pupil, zonular laxity/dialysis)
and complications (capsular bag loss, vitreous loss, apha-
kia with the need of IOL fixation) are encountered sig-
nificantly more frequently during phacoemulsification in
patients with XFS, necessitating advanced surgical skills.
These issues are mainly seen in patients with higher grade
cataracts.

4.  Our study confirmed the results of other studies, show-
ing the association of XFS with systemic vascular diseas-
es: comorbidity is significantly more prevalent in cataract
patients with XFS.

5. Increased risk of XFS is seen in carriers of LOXL1, CAC-
NA1A, POMP, SEMA6A, SNPs, whereas TMEM136,
RBMS3 and AGPAT1 SNPs are not associated with in-
creased risk of this condition.

6. Increased risk of XFG is seen in carriers of LOXL1, POMP,
SEMAG6A SNPs, whereas CACNA1A, TMEM136, RBMS3
and AGPAT1 SNPs are not associated with increased risk
of this condition.
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Practical Recommendations
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Given the high prevalence of XFS in Georgian patients, it
is very important general ophthalmologists and cataract
surgeons to determine adequate timing of phacoemulsi-
fication and recommend earlier interventions for safer
surgery and better outcomes.

Due to the fact that delayed cataract surgery in XFS pa-
tients may potentially lead to severe complications, the
health care and insurance systems should consider XFS as
a relevant factor in determining the timing of interven-
tion.

Cataract surgeons dealing with XFS patients are required
to have advanced surgical skill in order to safely and ef-
fectively perform the procedures.

The epidemiology of XFS in our country indicates the
need deeper learning of this topic in our residency and
CME programs.

Given the complex genetic mechanisms of XFS and XFG
development, which are not exactly determined to date,
frequent IOP monitoring and optic nerve head evalua-
tions should be performed by general ophthalmologists
in order to prevent irreversible blindness in these pa-
tients.

The association of XFS with systemic vascular diseases
found in our study, shows the need of early referral to
general practitioners for closer monitoring.

Our research demonstrates the need of further studies in
the field of XFS and systemic vascular diseases and the
role of ophthalmologists in disease prevention and treat-
ment.
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