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[ Abstract] Background Researching the pathological characteristics and components of cells in internal
limiting membrane of idiopathic macular hole (IMH) has an important clinical significance for the prevention of IMH.
However,the study results are still disputable. ~ Objective  This study was to investigate the histopathological
features of internal limiting membrane of IMH and the types of cells inside it, and explore the pathomechanism of
IMH. Methods Seven specimens of internal limiting membrane were obtained during the vitrectomy with IMH
patients in the Second Affiliated Hospital of Guangzhou Medical University from February 2012 to August 2013 under
the informed consent of patients. The histopathological examination was performed for the structural observation and
cellular identification of internal limiting membrane. The expression and location of glial fibrillary acidic protein
(GFAP), CD45 and CD44 in internal limiting membrane were examined by using immunochemistry and
immunofluorescence technology.  Results All the seven specimens showed continuous undulating membrane with
red staining. Two specimens appeared to be uniform in thickness and few cells were distributed in the specimens. The
internal limiting membranes were uneven in thickness in the other specimens with retinal pigment epithelial cells,

neuroglia cells, fibrocytes , macrophages and lymphocytes in them. Immunochemistry showed the positive expression of
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GFAP in the outer layer of the specimens. CD45 positive cells were detected in the internal limiting membranes, and

CD44 was detected in the inner layer of the specimens.

Conclusions

Few cells exist in the internal limiting

memranes of IMH. However, neuroglia cells and CD45 positive cells emerge in the internal limiting memranes of stage

3 or above IMH eyes, indicating the proliferation of cells and immuno-inflammation response exist during the IMH

development. The up-regulation of CD44 expression promotes inflammatory response of internal limiting memranes.

[ Key words]

Macula lutea/pathology; Retinal perforations/etiology; Internal limiting membrane/pathology,

cytology; Histocytological examination; Immunohistochemistry; Adhesion molecule/pathology; Humans; Idiopathic

macular hole

Hr & B2 L (idiopathic macular hole, IMH ) J&
— i 5 A WA R O B R P R, 3 B A B X R g
42k BRI AR IE FIAL ) T B, IMH 2 & A4
FEAE LN, ISR &A% 2 W . IMH 9 % 95 L il
IR 1 AN B, 22 807 35 0 R B B F R TR A A ) 45 4
RS AR I e I3 XoF 8 B0E DX AL 10 JEE 1) 4 ir L K% e 38 A 0 1
SIS 4 7 A= W VT D7 1) 1 48 51t 7 A B RE ALY 32
FRP . 1998 4F Gass'™ i T 5% B (RS R D)2k
AR UL, MR X — BT A= 1 B R U0 K 5 Py R
HEE 0 B R WM I R 1 3R 9T IMH B3 R X {H %X —
RIS IOV AR B IMH B 180 23 5~ BIL A, 100X i — [R) R
WFSEXT R IMH 39 % A BAT I R S Bl B A
DIEIFARB 2z 0, B A Ah B SG E HE )  fir
AIBIEFE (X IMH P 5568 o5 2L A JE 58 LA B 200 i
ST DA il . A WFSE s IMH 5 5 R AE
AT CD44 K CDAS A S 2 i 22 1T B 2R 11
TEJAE e G eI b K B ZAE T o AR5 v DU
£¢ IMH Py FUJRE ) 4 2005 B 2 R AE S 200 i 25 1l o3 2H R
JEMEE IMH o i it 2F 4 iR PE B (glial fibrillary acidic
protein, GFAP) .CD44 F1 CD45 gk,

1 #REHRE

L1 %R

1.1.1 —g 7k UdE 2012 422 A = 2013 428 H
T M BE BRI 27 B o 8 e IR PH T S AR D) R B 5
AR B A IMH 38 7 01 7 IR B9 9 AR A, JE
AR ST ~T75 B Hob 35 2 ), % S5 55 491 O BUR &
T, 8 EBCA 7 i MR A B R A 5 SECHR e 4 HR Dy T R
fL,3 IR VI RAL . ARATAT EAEA IR ST OCT A A R
K BUEBERTIE . HEBRARIME: (1) ML E#H . (2)F M)
PR AT I AR DG RSB AT P A | RO R SRR AL
5 78 LA % B BERAL AN AL B BE AR & . (3) A5k
(TS S Ok e G N TR N AT P
JIr A A 4 AT A R Y R

112 B2 R R R 800, 5% Kis b
LYW DAB B (15 T2 3 i 7 771 (L 1

AN D) 5 BTN CDA4 BT REPUIA (BT ik g S
s¢-53069) (R HT AN CD45 H 3 B PR (HUAK % 5 - se-
28369) (£ [H Santa Cruz 23 7)) 5 BPL AN GFAP FA 7T [
Podk (PUiA S5 :s¢-33673) PR FITC fric 4o (Pik
% 5 :F-9006) ([ Sigma A7) ;P PE Fric —H1 (4L
45 :715-075-151) (£ [ Immuno Research 2\ &]) ;1
L HRP fric — 4t (Hiik G5 :170-6516 ) ( 3L [F Bio-RAD
23w sHochest e (055 (JL s AR A I HOR G BR AW ) o
1.2

12,1 bRAUCSE R 4 A6 25 18 40 52 3 38 1k 170 81 B¢
B A SRR B OR o SR FH AR Y = 3 B ER S F $H S B 3
PRUIFIAR A rp (i P il 22 2% 18 0] B 385 44 I e Joe 1k 47 %
0, IR BERR 1 B9 0T Je th N I, 28 PBS ik s B A
PRI B 10% P 75 bR A 87 v, o B A (0 3, %
ZiYl o

1.2.2 IMH EIRNABRIRA K HLUR B A A
BT R W 2R B S min, 3k 3 %, JoK OB S min,
R %0 90% Z, % 2 min, 70% Z, B¢ 2 min, 7% 1 7K
2 min AR R G 4 min, FRAKHPYEL 30 s, R EZ
ARG O RE T B0 1% h IR OB 50 AE S s, A Sk oK o
Ue 1 mins B E 1% ZAKRE S ~ 10 s, FRIK 0Pk
1 min, ZEAE K FFYEYE 1 ming JHELHEE 30 5,95% £ WM
7K 2 min, 32 Y, oK £ PR K 2 min, — H R GE B
5 min, 33 Y, PPER B R, Ol U R R
1.2.3 el U4 2 K0 N FHIE AR A GFAP 1
Rk AU BRSOy k] 1. 2.2 B0, AR o B
3% H,0,7 % 10 s,PBS #PE , K 5 min, 3£ 3 Y ik
A MY 2 i ] 30 min, A —HT (1:100) ,4 CHEF
B, PBS EEVE, K S min, 223 W i HRP AR ic —
Pr(1:20), %I T #EOCHEF 30 min, PBS ¥, 41K
5 min, 33 K DAB B S s, 8K U IR AR R 4
1 min, ZE MK ph Yk 1 min;95% £ [ i 7K 2 min, 3
2K, oK BT K 2 min, = H % B]S min, 3t 3
Wo HPER R, B AU R Doy 0 OsE T WL IT A IR,
BRI HCS AN RIOLEF (40 5 R Be T ), B HLEFA S
ANLLE B2 A AR A R B 1



e gh IR B2 A 2015 4F 10 H 58 33 4555 10 8] Chin J Exp Ophthalmol, October 2015, Vol. 33, No. 10 . 917 -

1.2.4  Gieseot e @ LRI N A AR A CD4S il
CD44 3Rk A D) R LS T3k A 1. 2.2 &5, PBS
PEVE, B S min, 3E 3 0 NG AR i W = IR B
30 min, fi§HI—HT (1:100) ,4 CHEH LR, PBS E ik,
BEUCS min, 3E 3 Y NSEOE P (1:30) , F R il
JEWE 30 min, PBS Y, A K S min, JE 3 0 N
Hochest e (51 44 4% 30 s, B3 M & A, PO RMEL T
WL TR IR

2 HR

2.1 IMH R A G L 200 P~ R

7 ) IMH P 5 2 2080 5 34 262 1) o8 W)l I A 25
¥y, Ty A M SRR A — E RSk . IR AR - AL g
Jei AT L A B R AR AR 35 5 7S O 21 g R 25 4, B A
DR, PN SRR B PN R 3R T L SR S AR R
Jet, Al WAL AR M TR (B TA) o 3 P9 B R AR AR R JEE
BOME, N SR AR A A AL I AR I 4T A 4
N5 (I 1B) o 4 {0l P SRR S BT DL 22 /2 20 i 45
F o A S IR AR AR A5 A, A b, 3 N B JIR
A2 rP HICTE 70 A1 o 22 8 T 40 ML i 1 4 240 i 55 e 24 i
b UL 200 45, G o 4 A 20 I S AR A A I
5 0 20 6 Ay A W 200 M, 40 L PRI 40 A 2 R s i 2
A AR BRI S A BN B (T 1C,D)

[ ['eN
,-, ” ‘
. Y -
s ’ \ ‘.“
5 N )
100 um v/ ! M m !
o BN o iy O
¢ e — -
>/ 4 ~ = )
“ | R
J " ) - .'.v‘»‘;
q 9 Al
’ / l [ ] o ys
; S - - ‘ .. -""_‘\
¢ 4 - —" 5ot S %
oL 100
A ® U (D)
E1 IMHERAFRENAAREZWE(HE) A NRBHNERE

(ZEM) S8 55 AR LI (A7 D), AT D il 27 24 240 M 5 %)
(PR =100 pm) B A FBREHE EHL B ST, A D (B3 R =50 pm)
G JBERR L v T L 5 e 240 A 1 75 S ) Ao L0 40 i (R Sk ) (B R =
50 wm) DA SR AT IS L A (75 k) (B8R =100 pm)

2.2 IMH &R N FBE T GFAP Rk
IMH (5 N A4 200 807 7 A GFAP B E 41
JH, 2% B0 A 200 B 1 A A (0 e (0 R, 22 UL T P BB

WZE(E2),
P 1B\ 5
‘v v \ | ] e
P AY J
£
2

1 v a8, b
) el &guﬂ‘f o

B2 IMH K RBEHL GFAP L HALFRE (DAB, IR =
50 pm) A ERAMBRAS H AT DLECAE 9 GFAP FHEZ0 Y, 20 i B S AR
et (#53%) B bRA ] WWELZ 9 GFAP B4 ML (45 %)

2.3 IMH fHER N AR CD45 [ CD44 [ 33k Fi

7 158 BE N FERERRAS 4 ] CDAS Fak B, L4k
5, AR BE Hochest #54s, CD45 HfE Rk T4
JRIERESS K i (18 3A) , 53 A 3 1 JC CD45 ik, 7 #
RN A bR A 6 il ET L CD44 (RH MRS, B4
a5, A A% B Hochest #5 Yt . CD44 [H M 41 B 5 7E
Sy AN SR (B 3B) |, DL P A3 T B 40 A 22
T ok 8 YRCER: P SR 285 R AN A B 2O, R R R S
Jetm 1 AR DA BRI R A

100 pm
e

B3 IMHERAFREAARBERELEBRE(HAR =100 pm)

A:CD45 [HPEANME Y @ (FITC) 40 M BUTE ik T N AR 41 80 h (i
) B:CD44 FHYEANMY: (5 (PE) Py 5 P A 3 1o B4 240 g %5 2
(i 3%)

3 it

AW 5T T & 30 3 3 A U] R R 30 B 1 AL 2 L3 o g
TRUHR B N B g 3, BT LA M4 . Gandorfer 457
X 10 ) IMH g8 N 5t 21 20300 47 41 20 2 0 BRAG 7
I PR BN 5 M AR 4 S5 R A O B BE R
WP AETE AN B N 5 o ARBFSR T K BT ) IMH Py A
Ao 4 il N FERRECR , 4 B o3 2, BOIA R 9 A
T REAE AE 40 MO8 2k, 5 Mendrinos 25 47 38 A —
B H 52 0m 4T [ BF 98 45 A [, Schumann
21101 60 i 7 [/ B B IMH H 3 19 79 L IS 4L 40 1y
e BRAT A 1 22 I8 T 200 . 385 5 0/ 400 M A UL 2T 4 440
L0 i 32 TR E0 AR TR B o0 34 A R RS AT, HG v b 48 1
1L D B B S 0 e AT R i R A M. WS



. 918 - SIS IR B4R AR 2015 4E 10 H %6 33 %5 10 ] Chin J Exp Ophthalmol, October 2015, Vol. 33, No. 10

A, 78 IMH [ 49) 30 DA I 5 A8 v SR T il o e 3k 24
FL AT R TR, i 25 I I 400 i A UL 400 i T S A% 2
B b A A K T R AR DR T B R R R 9 4 O
B B Al o AS BT 0 51 4 >, B TMH R T 49 LA
b, I R ) BIF 9 2 R H A, IMH [ P B 4
2 v 4 i K AL D R RO Y

GFAP JZHHXT 43 T i £ 4 50 000 ~ 52 000 iy i)
2 E A, FEARTE T A2 4SBT I TN 2 i 22
JI5E T3 40 D P S P A T RR S L AR WS 4 R R B
IMH P L2 40 b 77 46 GFAP B4 40, 3iF 5247 1 22
JEE R 240 ML A7 o o 420 T O 400 L O 5 G AR 2 9 K e 22
BT, A 284 K DR A0 A 2T 2 40 i 2 K TR
T, B Y 2 T3 I e 2 A I 2 A K Y
VEH o 7E IE 5 P8 B v Miller 40 ff 5% 28 #2858 )2
LT i ] SD ST 1) e J 3] P SRR, o IR0 I S
AR S SR VE . 78 IMH JE BT , 90 BE P g Mller
240 B 110 28 5 JR 440 B T B A A4S R AV T 1 R TR
2N AR R B R R AE R

CD45 X R 4 M SL m B, iz AE7E T F 4 M Y
T, R A . CDA5 J& 4 i (5 5 14 5 10 S i oy
T 7R EL AR Y R B R DI RR IR T S S A e b L
AEEE L, AT, WL 2L N A 4
ZUp ] UL BCIE 3 AT 9 CD4AS BHE 40 i, iE W #F TMH. %
LI it #2 b i) B A 40 M S BEAL I 9 = 5, HLLL CD45
PHPE T bk B 4 M/ o F2 o FE B BE 2 LB B DL s , Ik
XL 200 i T LA R ot — 0 R 5 o R A B A 5 R
AT W0 R AN I A 28 i T 4 M 45 % i, o 90 A S TR 1
R E 98 A 2 7 A I WG 400 0 B A5 W D e . E R AT 5 A
A, HR PN 240 B ) S A R A AR IE A B 95 ) RE A Y
RSN U A R e S e | E 1 NE o NS e et - S T
BT AR S R R, CD4S BHPE T 46 M 7E IMH
TE I8 2 3 e vl R A

CDA44 2 — 7 21 M 3% 1] 125 JE 2 11, 7 B 88 L RORE IR
MAH RN A g b B ELEAEH, EVHEER,
CD44 Wi T R M40 M #a b Ui A8 F e 47, S 5 41l N
fH5H S %S AR 7RO T 4035 16, 305 A%
21 Y 0 i S5 20 A s A K TR R R A T, I AR
BB B> T, A CDA44 3 J2 B W4 T 00 I B R
— BT R IE R UL AN M CD44 R Kk AR BESE
EL L B, 7 B IMH A5 6 {5 A BB A 41 3 gk
CDA4 33 5 7 38 A 1k 33 35 A TR T R A 1) 400 o) g i g
LA SR — " WS A B, 08 A A R T R A
JEE A AR B 22 A B T AE TMIH P 55 5 Hb 240 i
B D MR B BE O ML B 20 s S A0 i 1) Y

PR AT, bt 2 P 5SS, B8 AT A A0 i o 2 14
T, 240 B K0 i 5 T £, CDA4 A Sy B I 4> T 7T g 5 1t
P A0 M R AT, A1 20 400 15 40 M O i I 2 Ok & 4 A
Fl. CD44 I 7T REZ: 5 9k U0 40 M F) 350 095 0 98 1 A J5 1
TR, I 298 b 220 Jsg Joic 40 I 1) 27 4 B 40 M 5 Ak, sk 41
LU B

L5 TR IMH 2 i B 5 R AR S B T AR Y
VIR 7 i B2 h0 J1 00 i P9 3 8 = 2 oy i 5 4t 20 i
EZE MM LI 2L B E N R A CD45 B T
AN HE A A RN B4y T CD44 fE N B b ik B
P, ATRES S IMH B & B f Kk RS R, T A BT 58 B
AR A B IMH EL A ) & 5 ML F 9% 1 15 10— 25 KR
AR IEL

2% Uik

(1] XUZEkr. SRk M. 2 B, J5T: AR TR Hffdt 1999 : 514-515.

[2] Yeh PT, Chen TC, Yang CH, et al. Formation of idiopathic macular
hole-reappraisal[ J ]. Graefe’s Arch Clin Exp Opahthalmol,2010,248(6) :
793-798. doi:10. 1007/s00417-009-1297 -x.

[3] Gass JD. Age-dependent idiopathic macular foramen. Current concepts
of the pathogenesis, diagnosis, and treatment[ J]. Ophthalmology, 1995,
92(5) :617-625.

[4] Passemard M, Yakoubi Y, Muselier A, et al. Long-term outcome of
idiopathic macular hole surgery[ J]. Am J Ophthalmol,2010,149(1) :
120-126. doi:10. 1016/j. ajo. 2009. 08. 003.

[5] skokar, R/hAe, JE 2 Lk S AR U0 0 A J5 A0 I I e T L IV 280 e
J5 K CD8 T bk L 4t 4 0 [ T] . BRBLF5E,2008,26 (10) : 751-754.

(6] VR AR g KB 53 CDA4ve 7 18 A 1 40 I I i 16 o i1 3
SE[T]. Wi IE 2% ,2006,28 (10) :795-797.

[7] Gandorfer A, Scheler R, Haritoglou C, et al. Pathology of the macular
hole rim in flat-mounted internal limiting membrane specimens[ J].
Retina,2009,29(8) : 1097-1105. doi:10. 1097/TAE. 0b013e3181aa8fb1.

[8] Mendrinos E, Tsilimbaris MK, Tsoka P, et al. Immunohistochemical
analysis of internal limiting membrane by confocal microscopy in a case
of stage 4 idiopathic macular hole[ J]. Eye,2010,24(6) :1121-1123.
doi:10. 1038/ eye. 2009. 258.

(9] AN, B AL, 00 3, 45 . A & 1 B Bk 284 L8 B4 i 5 1 7 I s 2
FRAERIRI LA [T S8 BE 24 4% 38,2002, 18 (4) :354-355.

[10]Schumann RG, Eibl KH, Zhao F, et al. Immunocytochemical and
ultrastructural evidence of glial cells and hyalocytes in internal limiting
membrane specimens of idiopathic macular holes[ J]. Invest Ophthalmol
Vis Sei,2011,52(11) :7822-7834. doi:10. 1167 /iovs. 11-7514.

[11]Chen H, Wu JP, Tzeng SE. Neuroprotection of glial cell line-derived
neurotrophic factor in damaged spinal cords following contusive
injury[ J].J Neurosci Res,2002,69(3) :397-405. doi;10. 1002/jnr.
10303.

[12]Lei H, Rheaume MA, Kazlauskas A. Recent developments in our
understanding of how platelet-derived growth factor (PDGF) and its
receptors contribute to proliferative vitreoretinopathy[ J]. Exp Eye Res,
2010,90(3) :376-381. doi:10. 1016/j. exer. 2009. 11. 003.

[13]Negi LM, Talegaonkar S, Jaggi M, et al. Role of CD44 in tumour
progression and strategies for targeting[ J]. Drug Target,2012,20(7) :
561-573. doi:10.3109/1061186X.2012.702767.

(W fs B A :2015-04-17)

(ARG XM KT





