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Abstract

e Corneal neovascularization (CNV) is a common cause
of corneal diseases, but there is still no effective drug or
treatment. At present, the common methods cannot
inhibit the growth of CNV completely, cannot last for a
long the therapeutic effect time, and there are also
serious side effects, so the specific treatment of CNV
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inhibition is still being explored. The pathogenesis and
treatment of CNV are the current research hotspots. CNV
area is an important indicator to evaluate the efficacy of
drugs and treatment regimens. There are multiple
methods to develop CNV, including ink perfusion,
immunofluorescence staining and so on, in recent years,
optical coherence tomography (OCT) technology is also a
potential new method. This article reviews the developing
methods of CNV, hopes to provide a reference for the
study of CNV.

e KEYWORDS:.
immunohistochemistry;
perfusion imaging

corneal neovascularization; imaging;

endothelial  cell markers;

Citation: Xu D, He YX, Wang RQ, et al. Imaging methods of
corneal neovascularization. Guoji Yanke Zazhi(Int Eye Sci) 2019319
(8):1330-1333

03lF

AEBRAETR A R AN 5 0L R A3 A A S R
I s R G0 2T AL T B i e IR A . ELZE R 21
AR A RS 00 A ] £R R PN AE i ﬁlﬂ%?ﬁﬁzﬂum
( corneal neovascularization, CNV) Kt i, H Hﬁ?%?ﬁ 4]
Jrik nigE AT e s I el Jiyr ikt A HEE
TE— L FAg CNV B2ER MR R) 8, OF A R
JH, RIEXS CNVRE S PR30 61 0036 97 7 R TE AR KR R
CNV 251 M7 F R DB, E 2= R R
Yo7 TSR v, CNV 9 T8 AR 5 1 25 W) sl BB 9T 7 &
BORIFIR A B S 2% CNV B 3808 W7 1Y) 52 5 6 i o
ERNE, HATE X CNV B H kA B RlEE h
PELHBUL L DB AT W72 A5 R (optical coherence
tomography , OCT) &, 4% 35t CNV Eﬁﬁ?ﬁﬁ?fl;/#%{ﬁ,
ST 5 T s LR A REXT J5 2k A A 52 ke 2]
—EMZEEH,
1 BEFER

FH RS RIXT CNV 35 52 7T DL S PR i R 14, AT 45
EIE R UL & 2/ W ey - ARSI U DS R TR €
FeAR AT LR (H I J'Cmfr"ﬁl%?%@]ﬂ')@f%ﬁﬁ%fﬁ,ﬁ
PERER 5@%&*5’]7}% WO AR 3% 4R
BT YRR O HAEX UL AT = 4R
1.1 WREMW D¢ V6 ZE 4N (fluorescein sodium) 43 F 2 H
CoH,, 04,40 T2 332D, FIHIZEE R Xt CNV 5% 2
Sk Z " RN AR, B 20
TE, DO R AR IR AN 6 CNV e W 2%
SR I R GO, T EAS 5L
IR, R Z 0k B B AL R RO A5, BAE
W TR A A e A . AL GEVL A, F IS 4 1)
IIAE G ML ab G 5, (B R (1) /& , 7F Bandamwar



Int Eye Sci, Vol.19, No.8 Aug. 2019 http.//ies.ijo.cn
Tel:029-82245172 85263940 Email :1JO.2000@ 163.com

SRR R R B R PN B A0 A T LA, R
o T L AN s SR FU A TG B rh AR i Y
5o N AP (hyper—fluorescence)
1.2 BIBRE LR W55 2% (indocyanine green) [ 4k 220N
C,H, N,NaO, S, , 2> T i 775D, AR, I b ik 5
M3 A A BRI Y R4 A (R it 8 04 /s ok
AN, HATHE RS T SRS B A s, AT R T R
(R A & AT LA i HR PN 5 480 J2 R R X EE R, AT s 2K B
JiAE , AESEPRERIE A | T LUK I AR A R IR
BT AN L B FIRR G a7 SN R AR
2, TWEIE I EE R A B, AT — e
AR ALY, A SCRRARTE , 15| SR R I S A T L 1Y
Tk, I HiB e a5 Bl & AR B RUR i R A 4
FIEAG
1.3 FAXIKE IR (Evans blue) s — Fft ) 2 44
B 4y F R 960.8D A4y F R €, H,, N Na,0,,S,
AEATT b2, & M AR AR AW I P f 4
JRLASE A 1M P R A A2 A, H S i R R R T R
PRI il Dl o i ik s MRS, BEEWAERET
B, VO RSO T e 6, REUERE , R 5
PER 5 FRIWMRAE A% e R REE Y,
2 eFHETFHERGEA

SAPRIT ML CNV S — Tl UL 0 5 8 14 05 1%, i
A XHITAR CNV A A IR0 1547400 25 W05 RIS 40 7, 7
SIS Wy A ) T 28 o P s My LW B A
AT AH P RS 20 082 R0 9 A T B, S A R )
OCT'™™' | IR IC (0B WA 0, R AR T 6 b AT R, o
LRI AN, FEIRRLR A AR AT IR AEA 1
EAMEE . HE RS TRt R AR
PG CNV a8 0] DLARAS I He: | 0045 o AR A% o B0 d . A
L3R Yo, X Ff JG 75 ol FH o 52 300 ) O 12k T BAOPRE 4%
PR S WK, 18 BE T A 5 HidB B A, OTC H AR T
1991 4EPER 1 XHIR RS % SoarbE R fe 2t Ve L 78
ARAIRK K2 1],
3 =itiEE

KEBRIERERRIBEAR GO | 7] 260 = o R sl ik AR B R
IKAEAE CNV AR (' P A i — BN SR — AR B ER KR
B B €SB THE A AT I TR Ve AR Bk
S VKA & U, 40 B R S I e EL R D) 1 fof o i AR
- 1T AR H UL T I AR, T RS 4 B
TR 1 A ) T AR A T I, DT AR ARG i A 5 . MU
Trhh B T (0 1 Bl S8 Y ¢ BB I A W e [ %2 %07
gt ZAE I Bt SE R A R IR EE R A
AR (BRI RO Z BN T O vk IR R R AT
R, - H— 2o gl /N I 48 mT RE A BE 58 4, iE
THE AL BEIE T RSB S
4 REHANFELRE

AR HE Y rib el BIL A BAR T Z M
H L BErE— R X CNV E47 36 A W22 {0 Mk L) ik
SEXTIFST RS A0 1 75 0K o i e g L Bk g o
RABE 5 S PR AE AR B LAY, BEXT CNV 5 L iFE 1T
PR R IES, HAT, S L Rz 4 AE 0 PR Fh 2 2
2 BONE M EEYUAS CD31,.CD34 VTR T4, 4%
B A1 A58 4 /R A U, I FLAEAS [ SCk b i 2
FIRRIC I B AR IC RN AEAE 22 50

ATMERNEERKEF MM EKKEF (vascular
endothelial growth factor, VEGF) BE#% J| # 1 45 A 384 A= | {2
AT P Bz 20 M AR B, T AE CNV P B2 40 it T s 20 555K
CAHME £ VEGF 16 CNV Ha] L g ey 2H 41
A 2F e o PG A ok, T U I A5 A A I R4 AL, BH 1 4 21
Hh] LA EE G RI0RE (L 43 2 M AN A 2 B
4.2 CD31 {45 B9 bR ic A0 I 5 28 B % I s w1 F
CD31 PEAT R L. CD31 & il /M P Bz 40 i 26 Ff 2 -
BAT ATE ST A R DA R TF B 4 2 ILAE PN e i L e 225k
EH WERCY . L5 PR B G U AR A B e
FrifE, SV F b g, He 6 o 35 48 M 5 7R ol /DN 19 3 A= 1
BN EE CD31 B HIE AR S WAL R
HSRANME Y S SRR 25
4.3 CD34 CD34 j& b8 AL BT, 7F Z2 PP 4 i 3=
TATYS AT 2k A0 HGBE AN At | 1 5 4 | 335 ot 400 BE RN PN B2 4
M, BRSNS P e 4 3k 1 LR JE i A £
BRIME L, WILPT CD34 YL@ fe ks b FAH # 7R
T/INERY A R S B I A8 A DR S A A R R I A
CD34 & P Bz 20 M 43k 1 3 3 S0 M AR A 9, Bt CD34 X
B N R e B E R N R TR, CD34 B T e
T FE RS X R R AR, A R A T e B
RN R bric ™,
4.4 CD105 CDI05 At T CD34 Fil CD31, H I Hfa &,
WA T B R SR L {H CD34 F1 CD31 X IE H i 45 & 48
Pe@BORE Y CD105 X s i 45 ELA 55 55 0 Ay il
FARFER B TCFR A, (H 38 ) PN B 40 e B SRk
I, BN S ML A2 LAY T SEAR R Y WA R,
CD105 J2& 42 (g A 1A A BRAR B8 (HASE T 15 8 A9 L
LA
45 VIEF VA 12— b IE H 41 4L A 7Y Bz 40 g vh
WEBNEEN A A, S5 00 M e E 5 SR bR ic B A
IS PN 2 ) Jason ZEF5E & B, CNV 1N 2 40 i fig
FEAEVIIA T, 3 H g RO R
4.6 Weibel-Palade /MME&  Weibel —Palade /M ( Weibel -
Palade body, WPB) & PN K¢ 2 Jfd (1) 4 2% , %oF 1E 8 1 1 Fl 48
NI S R O s W - = b (IR SR e | (1 oA
F¥(Von Willebrand, vWF) ,vWF J&—Ffh 2 RIAHE A, fig
2 5%E0, 75 N Bz 400 L/ INVBORT B AZ 4i it b 2k,
4.7 JG-12 8 JG-12 (U M4 N K A a2 —Fh
NBRBTR BE KT P ) S SE BT, BE R RCHb A I A
DA P R TR SRR T CNV, B 41 LA PN 2 il
AN R T A
4.8 Ki67 Ki67 =—FZNE AT, SAIA 255 KR
Y FERR G WM AN R B B Be XA Rk e E
2R — PRz 8 A 3G A AR I, PR AT DL Ki67
G RELL UL ZERAG T CNV P B2 20 34 5 175 50 2% £ R
P 200 B P 40 A v T DL A R
A9 EEH HE M (nestin) EN T 40MR, & —F b a]
EA, S 5B REMN Y YRR, EE AR
TR L, HILHEE AR B TH A LA S
ANAE . YT CNV [R5, AP E A Pk e R 5
PEIRN , Br LA FH S8R BRGNS R 5
5 RE

CNV 5217 AR 2 RS i F2 B AN [m] O s X
ZEAT DU FH 24 BR KT HE Y2 €0 % 5 75, RS 400022 mT LA ik

1331



EfRRRIZE  209FE8H F19% F8H
B83E.029-82245172 85263940

http://ies.ijo.cn
BB {578:10.2000@ 163.com

PP PO OB F O A T W2 A S, HE
BEE R 1 & e, W52 O i 2 R A0 U S Ry
S B s A S L 2 AN A B, OCT 1 73 B 5 i 2
BB SFREE— PR T, H TS AT BE 2 Th R B
A CNV BYRE S PEAR G W, AR SCHI 91 28 1 75 12 R 22 Al )
W TIHEREME . ORI UN CNV ()
TN B 2 BB A5 00, 4% i e € 5 T K5 100 8GR AR AT, 76
FEABELE CNV S0 BE 22 4 52 | X 46 [ {14 i — 20 1Y
WH5E.,

SE 3k

1 Belghmaidi S, Hajji I, Ennassiri W, et al. Management of corneal
neovascularization prior to corneal transplantation; Report of 112 cases. J
Fr Ophtalmol 2016;39(6) :515-520

2 Romano V, Steger B, Brunner M, et al. Method for Angiographically
Guided Fine — Needle Diathermy in the Treatment of Corneal
Neovascularization. Cornea 2016;35(7) :1029-1032

3 Kim RY, Chung SK, Kim MS, e al. Effects of Combined
Photodynamic Therapy and Topical Bevacizumab Treatment on Corneal
Neovascularization in Rabbits. Cornea 2016;35(12) ;:1615-1620

4 Wu H, Dai X, Li H, et al. Effect of minocycline on vascular
proliferation after corneal alkaline burn; A mechanism study. Cancer
Biomark 2017[ Epub ahead of print ]

5 Thompson DS, Henriquez MF, Scime EE, et al. Confocal laser induced
fluorescence with comparable spatial localization to the conventional
method. Rev Sci Instrum 2017;88(10) ;103506

6 Kotsolis Al, Killian FA, Ladas ID, et al. Fluorescein angiography and
optical ~ coherence  tomography  concordance  for  choroidal
neovascularisation in multifocal choroidtis. Br J Ophthalmol 2010; 94
(11) :1506-1508

7 Nagai N, Ju M, Izumi—Nagai K, et al. Novel CCR3 Antagonists Are
Effective Mono — and Combination Inhibitors of Choroidal Neovascular
Growth and Vascular Permeability. Am J Pathol 2015; 185 (9 ).

2534-2549

8 Bandamwar KL, Papas EB, Garrett Q. Fluorescein staining and
physiological state of corneal epithelial cells. Cont Lens Anterior Eye
2014;37(3) :213-223

9 Glasgow BJ. Fluorescence lifetime imaging microscopy reveals
quenching of fluorescein within corneal epithelium. Exp Eye Res 2016;
147:12-19

10 Agrawal RV, Biswas J, Gunasekaran D. Indocyanine green
angiography in posterior uveitis. Indian J Ophthalmol 2013; 61 (4):

148-159

11 Qiu F, Matlock G, Chen Q, et al. Therapeutic Effects of PPARalpha
Agonist on Ocular Neovascularization in Models Recapitulating
Neovascular Age —Related Macular Degeneration. Invest Ophthalmol Vis
Sci 2017;58(12) :5065-5075

12 Zhao W, Guo MX, Xiang DM, et al. Effects of pericytes on the
leakage of rat corneal neovascularization. Zhonghua Yi Xue Za Zhi 2013;
93(27) :2164-2166

13 Albert DM, Neekhra A, Wang S, et al. Development of Choroidal
Neovascularization in rats with Advanced Intense Cyclic Light—induced
Retinal Degeneration. Arch Ophthalmol 2010;128(2) :212-222

14 Ang M, Cai Y, Shahipasand S, et al. En face optical coherence
tomography angiography for corneal neovascularisation. Br J Ophithalmol
2016;100(5) :616-621

15 Huang D, Swanson EA, Lin CP et al. Optical coherence tomography.
Science 1991;254(5035) :1178-1181

16 Wang H, Wang Y, Xue C, et al. Angiogenesis in tissue—engineered
nerves evaluated objectively using MICROFIL perfusion and micro— CT
scanning. Neural Regen Res 2016;11(1) :168-173

1332

17 Xue S, Gong H, Jiang T, et al. Indian—Ink Perfusion Based Method
for Reconstructing Continuous Vascular Networks in Whole Mouse Brain.
PLoS One 2014;9(1) ;10

18 Feinberg RN, Noden DM. Experimental analysis of blood vessel
development in the avian wing bud. Anat Rec 1991;231(1) .136-144
19 Basilio-de—Oliveira RP, Pannain VL. Prognostic angiogenic markers
(endoglin, VEGF, CD31) and tumor cell proliferation ( Ki67) for
gastrointestinal stromal tumors. World J Gastroenterol 2015;21 (22) .
6924-6930

20 Afshar Moghaddam N, Mahsuni P, Taheri D. Evaluation of Endoglin
as an Angiogenesis Marker in Glioblastoma. Iran J Pathol 2015;10(2) .
89-96

21 Weijer R, Broekgaarden M, Krekorian M, et al. Inhibition of hypoxia
inducible factor 1 and topoisomerase with acriflavine sensitizes perihilar
cholangiocarcinomas to photodynamic therapy. Oncotarget 201657 (3) .
3341-3356

22 Polley MYC, Leung SCY, McShane LM, et al. An International Ki67
Reproducibility Study. J Natl Cancer Inst 2013;105(24) :1897-1906

23 Kim EK, Kong SJ, Chung SK. Comparative study of ranibizumab and
bevacizumab on corneal neovascularization in rabbits. Cornea 2014; 33
(1):60-64

24 Badescu A, Georgescu CV, Vere CC, et al. Correlations between
Her2 oncoprotein, VEGF expression, MVD and clinicopathological
parameters in gastric cancer. Rom J Morphol Embryol 2012553 (4):
997-1005

25 Friedlander LT, Hussani H, Cullinan MP, et al. VEGF and VEGFR2
in dentigerous cysts associated with impacted third molars. Pathology
2015;47(5) :446-451

26 Desch A, Strozyk EA, Bauer AT, et al. Highly invasive melanoma
cells activate the vascular endothelium via an MMP - 2/integrin
alphavbetaS—induced secretion of VEGF-A. Am J Pathol 2012;181(2) .
693-705

27 Bertz S, Abee C, Schwarz—Furlan S, et al. Increased angiogenesis
and FGFR protein expression indicate a favourable prognosis in bladder
cancer. Virchows Arch 2014;465(6) :687-695

28 Uras N, Oguz SS, Zergeroglu S, et al. CD31 and Factor VIl in
angiogenesis of normal and pre —eclamptic human placentas. J Obstet
Gynaecol 2012;32(6) :533-536

29 Miyata Y, Mitsunari K, Asai A, et al. Pathological significance and
prognostic role of microvessel density, evaluated using CD31, CD34, and
CDI105 in prostate cancer patients after radical prostatectomy with
neoadjuvant therapy. Prostate 2015;75(1) :84-91

30 Deliu IC, Neagoe CD, Bezna M, et al. Correlations between
endothelial cell markers CD31, CD34 and CDI105 in colorectal
carcinoma. Rom J Morphol Embryol 2016;57(3) ;:1025-1030

31 Litwiniuk M, Niemczyk K, Niderla — Bielinska J, et al. Soluble
Endoglin ( CD105 ) Serum Level as a Potential Marker in the
Management of Head and Neck Paragangliomas. Ann Otol Rhinol
Laryngol 2017;126(10) .717-721

32 Mineo TC, Ambrogi V, Baldi A, et al. Prognostic impact of VEGF,
CD31, CD34, and CD105 expression and tumour vessel invasion after
radical surgery for IB—1IIA non-small cell lung cancer. J Clin Pathol
2004;57(6) :591-597

33 Miyata Y, Sagara Y, Watanabe S, et al. CD105 is a more appropriate
marker for evaluating angiogenesis in urothelial cancer of the upper
urinary tract than CD31 or CD34. Virchows Arch 2013;463(5) :673-679
34 Ota S, Yamada N, Ogihara Y, et al. High plasma level of factor VIII .
an important risk factor for venous thromboembolism. Circ J 2011;75

(6):1472-1475



Int Eye Sci, Vol.19, No.8 Aug. 2019 http.//ies.ijo.cn
Tel:029-82245172 85263940 Email :1JO.2000@ 163.com

35 Akdur NC, Donmez M, Gozel S, et al. Intravascular papillary
endothelial hyperplasia: histomorphological and immunohistochemical
features. Diagn Pathol 2013;8.167

36 Lim JC, Ko KI, Mattos M, et al. TNFalpha contributes to diabetes
impaired angiogenesis in fracture healing. Bone 2017;99.:26-38

37 Al-Debasi T, Al-Bekairy A, Al-Katheri A, et al. Topical versus
subconjunctival anti — vascular endothelial growth factor therapy
(Bevacizumab, Ranibizumab and Aflibercept) for treatment of corneal
neovascularization. Saudi J Ophthalmol 2017;31(2) :99-105

38 Lin L, Chen YS, Yao YD, et al. CCLI8 from tumor — associated
macrophages promotes angiogenesis in breast cancer. Oncotarget 2015;6
(33) :34758-34773

39 Maric — Bilkan C, Flynn ER, Chade AR. Microvascular disease
precedes the decline in renal function in the streptozotocin — induced
diabetic rat. Am J Physiol Renal Physiol 2012;302(3) :¥308-315

40 Chrastina A, Valadon P, Massey K, et al. Lung Vascular Targeting

Using Antibody to Aminopeptidase P: CT - SPECT Imaging,

Biodistribution and Pharmacokinetic Analysis. J Vasc Res 2010;47(6) :
531-543

41 Maiga S, Allain G, Hauet T, et al. Renal auto — transplantation
promotes cortical microvascular network remodeling in a preclinical
porcine model. PLoS One 2017;12(7) :10

42 Wang LW, Qu AP, Liu WL, et al. Quantum dots —based double
imaging combined with organic dye imaging to establish an automatic
computerized method for cancer Ki67 measurement. Sci Rep 2016;
6:20564

43 Bock F, Onderka J, Rummelt C, et al. Safety profile of topical VEGF
neutralization at the cornea. Inwvest Ophthalmol Vis Sci 2009;50 (5) :
2095-2102

44 Rusu MC, Hostiuc S, Loreto C, et al. Nestin immune labeling in
human adult trigeminal ganglia. Acta Histochem 2013;115(1) ;86—-88

45 Matsuda Y, Hagio M, Ishiwata T. Nestin: a novel angiogenesis
marker and possible target for tumor angiogenesis. World J Gastroenterol

2013;19(1) .42-48

1333



