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[ Abstract] Objective To investigate the ultrastructural and biomechanical properties of the internal limiting
membrane (ILM) in high myopic macular hole (HM-MH) eyes. Methods ILM specimens were peeled from 14
eyes with HM-MH from August to December in 2017 ,and 16 eyes with idiopathic macular hole (IMH) in the same
period were served as a control. Specimens were detected by immunofluorescence, transmission electron microscopy
(TEM) and atomic force microscopy ( AFM). This study followed the Declaration of Helsinki, and was approved by
the Ethics Committee of Zhongshan Ophthalmic Center.  Results The immunofluorescence staining results showed
that collagen IV was mainly distributed on the vitreal side and laminin on the retinal side of ILM in both groups. TEM
findings revealed that the thickness of ILMs in the HM-MH group was (1.01+0.17) pm, which was significantly
decreased compared with (1.92+0.21) um in the IMH group (t=12.880,P<0.001). The stiffness of the ILMs in
the HM-MH group was (2. 86+0.33) MPa,which was significantly higher than (0.88+0.23)MPa in the IMH group
(t=-12.650,P<0.001). The stiffness of the ILMs in the HM-MH group was positively correlated with the axial
length (r=0.832,P<0.001). Conclusions Compared with IMH,the thickness of ILMs from HM-MH patients is
thinner and the stiffness is higher,which contribute to a deep understanding of the pathogenesis of HM-MH.
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Table 1 Comparison of the baseline data
between the two groups

N . F i 51 FRORBE M4 K
il HA R . ) . .
(meanzSD, % )" (%/%,n)" (mean+SD,D) (mean=SD ,mm )
IMH 21 16 58.25+5.87 7/9 0.28+0.78 22.77+0. 68
HM-MH 4 14 52.71£8.93 4/10 -13.07+6.91 29.05+2. 66
¢ 2.030 - 7.690 -9.150
P 0.052 0. 466 <0.001 <0. 001

T (ST REAS K 8" Fisher B UIMER M) IMH 4 5 M 0 B 2
fL s HM-MH : 55 B 35 41 5 B 4 AL

Note: (*:independent sample ¢ test;”: Fisher exact probability) IMH:
idiopathic macular hole ; HM-MH : high myopic macular hole
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IMH 21 9 {5l (HM-MH 24 8 {5 py 5 54 7325 5 fis 8 Aol 5k
e, B g an s N A RE TS R AR 8 2. 5% 1%,
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Figure 1
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BH1 SEEANFAERERALER (HFR =20 um, xX200)
(Alexa Fluor 594) , 4L [ I T 5 2% 8, %€ 5% ( FITC)

was prominent in the retinal side of ILMs ( FITC)

myopic macular hole
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55 IMH 419 SRS AR L, (2 HM-MH 25 Py 5

BREEEA

T S T Y T B A TR R 4L 8 50
IMH : 5 e A 8 B 2R AL s HM-MH 55 52 30T 1R

Immunofluorescence of the ILMs in two groups ( scale bar = 20 um, X 200)

Collagen IV stain was prominent in the vitreal side of ILMs( Alexa Fluor 594) , whereas laminin stain

IMH : idiopathic macular hole; HM-MH : high
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71N PR B L R R A R P R B JRE B 43 5 kg (1. 010, 17)
(0.59+0. 08) 1 ( 1. 58+0. 12) pwm , ¥ W A% F IMH 21 14
(1.92+0.21) ,(1.06+0. 13) F1 (3. 04=0. 42) pm, 2= 5 ¥4
GuitaEE (¥ P<0.001) (£ 2),

0.5 pm
—

(S =
B2 IMHAS HM-MHANREEHBFEMETBREHEN
|/ OAIMH AN F PR (PR =0.5 pm, x18500) "] WL %
RALHYJZ R 05 s IV LR R AR BT 2 R 2 BT AR A5 A, A
TN T A TG L L T AT — s R AR B HM-MH 4 4y 5t
R A5 # (AR R =0.5 wm, x18 500)  HM-MH 41 5 7t I 8 faf 285 44
55 IMH 28 Py SR AE L, HEHE C:B R (AR R = 200 nm,
X46 000) T UL A B 24 5 I AR 45 44

Figure 2 Ultrastructural observation of ILM in the IMH and HM-
MH groups by transmission electron microscopy A The
ultrastructure of ILM in the IMH group (scale bar=0.5 pwm,x18 500)
Polymerized laminins and cross-linked collagen IV fibers made up the
ILM, the vitreal side of the ILM was smooth while the retinal side of the
ILM was wavy  B:The ultrastructure of the ILM in the HM-MH group
(scale bar=0.5 um, x18 500)
the IMH group,with a decrease in thickness C:Enlarged image of figure
B (scale bar =200 nm, X46 000 )

ILM was clearly confirmed

The structure was similar with that in

The homogeneous meshwork of the

%<2 IMH 45 HM-MH 4R/ 7 EE E Lt % (mean+SD , pm)
Table 2 Comparison of the internal limiting membrane
thickness between the two groups( mean+SD, um )

13 o RR2E SCUNCE RRAH

) % 5L LI B R 2
IMH 4 9 1.92+0.21 1.06=0. 13 3.0420. 42
HM-MH 2] 8 1.01x0. 10 0.59=0. 08 1.58+0. 12
2 12. 880 11.510 12. 660
P <0.001 <0.001 <0. 001

T CMSTAEAS e K000 ) IMHL: 5 e M 8 BE 2R AL, s HM-MH 355 B2 3 H 35

PERAL

Note : ( Independent sample ¢ test) IMH: idiopathic macular hole; HM-

MH : high myopic macular hole
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AFM i 45 S 8 7%, HM-MH 41 Py 5L 55 e IV 7Y i
JRAR H R AR FOR WS T AR, IV R U
PR AE AL B R R T B 4141 (1 3) . HM-MH
IR 1 FRAE D (2. 86+0.33) MPa, B i K F

IMH 2411 (0.88+0.23) MPa, 2 R A S il 2% 3 X (1=
-12.650,P<0.001) ,

269.1 nm

§ ~194.9 nm

0.0 Height Sensor 5.0 pm

8 405.9 kPa

0.0 Height Sensor 5.0 pm
B3 —f HM-MH E& K} 57 HE AFM &M E A5 ST
IV R i JEUAE 1 BT FE e AL e TR R, R sk 5 BL g {H TR
ZE MR WY 2 19 45 HDIRES C.DMT i B4 3R o, IV 2
JEE IR 1 BT A R AL A A R e v TR I 44 D:3D &R A LA B
JIE e 14 B BT AETE 3 93 A FEAT
Figure 3 Typical presentation of AFM measures in a patient with
HM-MH A :Hight sensor mode showed that the thickness was high in

B: Peak Force Error mode

C. DMT

Modulus mode showed that the Young’s modulus was high in the region

the region where collagen IV was located
demonstrated the rolling state of the surface of collagen IV

where collagen [V was located D :The morphology and distribution was

seen in the 3D mode

2.4 KU1 IR 5 IR A B Y AR DG M 43 A

HM-MH 2 Py 5B A7 ERAE 5 il 1< B2 22 ) A T A
X (r=0.832,P<0.001) ,{H IMH 2] PN 54y A it S HR
il BE G BA R A OGHE (r=0.104,P=0.825) (&1 4) .

L5 3.5
o —~ .
f:; H’-ﬂ
= £
= 1of ; = 30f . .
= L R :
w 0.5f = 2.5
E o |’ (5
0.0—s . gob—s

210215 220 225 23.0 23.5 240 26 28 30 32 34 36

4 FBHANREGRES SR E K E X SR B (Pearson 28
PEAHSCIHT) A IMH 4P B4 9 A7 (R o 55 IR Al TG W3 I A0 G Pk
(r=0.104,P=0.825,n=7) B:HM-MH £ P 5 I # [C % 42 5 iR 4h
KBS B IEA 2 (r=0.832,P<0.001,n=6)
Figure 4 Correlation scatter plot of Young’s modulus and axial
length of ILMs in the two groups ( Pearson linear correlation analysis)

A :The Young’s modulus was not significantly correlated with the axial
length in the IMH group (r=0.104,P=0.825,n=17)
modulus was positively correlated with the axial length in the HM-MH
group(r=0.832,P<0.001,n=6)

B: Young’s

3 e
PN S B 07 T BT A 5 L ) A 28 I Bz 2 T Y —
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