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Effects of Platelet-rich Plasma on Ocular Surface in Patients with Dry Eye
Syndrome: Clinico-experimental Analysis
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Purpose: To evaluate the effect of platelet rich plasma (PRP) on ocular surface damage caused by hyperosmotic conditions us-
ing retrospective clinical and experimental analyses.

Methods: Eighty eyes of moderate dry eye syndrome patients who had no responses using conventional treatments were in-
cluded in the study. Before and 1, 3, and 6 months after the use of autologous PRP, the visual acuity, intraocular pressure, tear
break-up time (TBUT), ocular staining score (OSS), and ocular surface disease index (OSDI) were compared. The changes in in-
flammatory factors of ocular surface cells were analyzed using a corneo-limbal epithelial cell culture and a hyperosmotic stress
experimental model.

Results: Using retrospective clinical analyses, in 64 eyes (80%) after the use of autologous PRP, the symptom scores and symp-
toms were significantly reduced in the OSDI questionnaire when compared with the symptom scores and symptoms before
treatment. The TBUT and OSS, which were objective indicators showed a significant increase of TBUT and significant decrease
of OSS in 68 eyes (85%) and 72 eyes (90%), respectively. The expression of inflammatory factors such as interleukin-1, tumor
necrosis factor-a, metalloproteinase (MMP)-1, and MMP-3 decreased in corneo-limbal epithelial cells under hyperosmotic con-
ditions when PRP was added.

Conclusions: The use of autologous PRP showed significant improvement before and after treatment in the TBUT, OSS, symp-
tom scores and symptoms, and OSDI. In addition, anti-inflammatory effects were demonstrated in hyperosmotic models simulat-
ing dry eye syndrome. Therefore, autologous PRP could be used effectively for the treatment of moderate dry eye syndrome.
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e oo FH 49 EE gFol Al 49 e wAE
W o] ool gl A9 thelA Alistec

Ak PRPS) A2E Sio) BAhite] Bolg 7o 5 50 mL
8-S AZ5Fo] 1.4 mL anticoagulant citrate dextrose sol-
ution -§-Ho] FoIQl= g AP ol YL 1027k 200 g&
2 o4 2ot ¢ EelE @Yo ASHe Tty
oz Festal gejaldae] Aol 20%= 3Askgith A;
o|Ao] o3t Hletal A9 HallS |95 dFulE 3YUR
=9 & 25 5 mL ¥ &% A7t PRPE U0l
Sokeh AR A7EA] -20°C W HAstal AR Al B
sho] 201 4°C YAfare] Hyste s shelch

= A= 7)Eel AR F¢tat TlEo] At
PRPE 19] 63] IS}, 217} PRP AME o] Qliee
7} EEuko] HIE ooli 7| 9 BE FA}= 27} PRP
b AT ARG F 1,3, 6742 A, oot -Eutu A
ZHtear break-up time, TBUT), Z 29 £ 34X H4=

[
(ocular staining score, OSS) & <t H A 2LX]4(ocular
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surface disease index, OSDI) AEZA} A5 v A5}
b

= o]
AIE gobEy] flof 2 koA 715 71SAt
o 7tuk§ X % 218 Phosphate buffered
saline (PBS)o]A 21 dJH= th2 03 cm F=9 7|2
A A2 3 22 collagease/dispase (0.1 U/mL collage-
nase; 0.8 U/mL dispase, Roche, Mannheim, Germany)o] &
7hA Aol Flek 1 the #2lE %95 PBSof|
3 Trypsin-EDTA (0.25% Trypsin with EDTA 4Na) (Gibco
BRL, Gaithersburg, MD, USA)o]] 21l 37 Coj| 4] 205 Z<t
vfjoFs}o] fetal bovine serumES Wil £3HA|7] & 155 =90t
okt 5= FUt}. Cell stainer (40 pm; BD Falcon TM,
Bedford, MA, USA)olA &S 2] & th3 &84l
A Wi A2E 7tttk okl Ml EZ+= defined kera-
tinocyte-SFM (serum-free keratinocyte medium) (Gibco in-
vitrogen, Carlsbad, CA, USA)o| Zo]4] type 1 bovine col-
lagen©] F¥ % plastic dish (Iwaki Glass, Tokyo, Japan)©]
A R
HljoFE Zhuk-g-HAF A SEE(growth for 12-14 days, about
4-5x105 cells/well)2 defined keratinocyte-SFMo]| 4] HJjoF
slo] AEHAE F7] Ao type 1 bovine collageno] &
H 6-well plateof] 2SIt} 37] 2424e] vix|E F 17]= df
Z1(defined keratinocyte-SFM) .2 313l YHZ| 279
10% PRPS = 5 408 FHoll 1702] #iz]of] 90 mM sodium
chlorideE ¢ 312-500 mOsM H $]2] hyperosmolar stress
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<, A= AASHL Alizo A= RNAE 2|3t

Z}7} thE hyperosmolar stress- WS Zbak-g X AR A £
=9 total RNA+= trizol (Invitrogen, Carlsbad, CA, USA)S
ARESEo] Eefstley. WA HiFE AlzoA HigAS Al
At T trizols gol AlZuE &aliskqith. ZL2]al trizol
9] 1/109+F 1-bromo-3-chloropropane-2 il 733}A| 4
2ol 2 F 3027 ¥4 #2)d4°C, 13,000 rpm)7h
AN A tubeZ A Th Isopropanol2 ArZ-oH 1}
oFo g YojE & 4°Co| A overnightdlo] 3057k
2](4°C, 13,000 rpm)3t & A3H-e w2 A
S 75% ethanol2 3 HZE & L} opx|eto g DEPC
(diethylpyrocarbonate)-H20¢]| <] 3 NanoDrop ND-1000
(Thermo, Waltham, MA, USA)S 2 As}ch

ARAF E3a A A4 H-S(Reverse Transcription-Polymerase
Chain Reaction)= total RNA 1 pg, Oligo dT 2 pLe} & vol-
ume®] 20 pL7} EA E(pure water)S 41 & 70°Co|| A
108 J= Er 2E cDNAQ| JHAE &elsly| ¢k
B-actin primer= PCRE 331l ©] PCR2 ¢cDNA Akz 1 L,
5Xbuffer 5 puL, MgCI2 (25 mM) 2 pL, dNTPs (2.5 mM)
2 pL, primer pair 0.5 pL (forward 0.25 + reverse 0.25),
Taq DNA polymerase 0.125 pL, &E(pure water) 14.375 pL
2 HolA| STk 7 Y] L OCSH MC-1%,
primer ¥F$ &% 11 72°C-15, 72°C-105-0.2 A8t
o} 12]31 Z} primero]| Al B-actin® 59°Cof|A] 29 cyclesS
A)8Y3} 31, interleukin-1 (IL-1)-2 56°CoJ|A] 25 cycles, tu-
mor necrosis factor-o. (TNF-a)= 56°Co]|4] 35 cycles, ma-
trix metalloproteinase (MMP)-1, -3-2 55°Coj|4] 35 cycles
2 ARt

A7 A5 BE H|wLst7] 915k paired ttestE 085}
Fom, p-value7} 0.05 mIVkel ghs SAIA 2 [-ofsith
3 71Fshgck Apao] gt BAHS 24 95 SPSS
version 20.0 (IBM Corp., Armonk, NY, USA)& o|-&3}%it}.
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Pt AdPL 552 + 6.544|F o, Ht =
6.65 = 0.597)0] k. 7)) ALg F0%
162t 4] 0.1% sodium hyaluronate (Hyalein
mini”; Santen Pharmaceutical Co., Ltd., Osaka, Japan), 0.05%
cyclosporine (Restasis®; Allergan Inc., Irvine, CA, USA), 3%
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Diquafosol sodium (Diquas”; Santen Pharmaceutical Co.,
Ltd.)2, 169t 4] 0.1% sodium hyaluronate, 3% Diquafosol
sodium=, 16994 0.1% sodium hyaluronate, 0.05% cy-

closporine2, 122194 0.1% sodium hyaluronate2- T=©.
2, 891of|A] 0.18% sodium hyaluronate (Kynex2"; Alcon Korea,
Seoul, Korea), 0.05% cyclosporine=, 494 0.18% sodium
hyaluronate, 0.05% cyclosporine, 3% Diquafosol sodium-Z,
491o)| A 0.18% sodium hyaluronate, 3% Diquafosol sodium
<, 4%t A 0.1% sodium hyaluronate, 3% Diquafosol so-
dium, Solcoseryl eye gel (Solcorin ophthalmic gel®; Hanlim
Pharm. Co., Seoul, Korea)& 37 #<2t Z0]It(Table 1).

A}7F PRP ARE A39] Al ok, TBUT, OSS % OSDI
A Table 20 e ATt Qlgre A7 A% &
et xjo|2 Wolx] oFprhp=0.05). TBUT 85% (802k
S 68%hollA F7tslalon, A& A 345 £ 1.89F00A4 X
21709 T 5.03 = 1.902(p<0.001), X2 374Y & 6.03 +
1.942(p<0.001), A& 6712 & 625 + 1.97Z(p<0.001)=
Olu] QA S718FATE 0SS+ 90% (80%F = 72¢h oA 2
A5t o, X7 A 4.55 £ 312004 AR 17]¢E 5 2.63
+ 2.30 (p<0.001), X & 37§ & 2.43 + 2.82 (p<0.001), Z|
=2 671 3 2.28 £ 2.31 (p<0.001)Z &ju] QA 743K
t}. OSDI == 80% (80%t 5 64204 axs}glom,
Z7® A 5213 £ 25.84904 A& 17| X 41.21 £ 23.39
(p<0.001), 2|7 37§Y 3= 40.11 + 23.01 (p=0.008), X & 67}
Y & 40.58 + 26.88 (p=0.040)2 2ju] A AL =
ol ofahe gt glolen, e xjol|A PRPE};
o S WEEA o

Table 1. Demographic and clinical data of patients

Characteristic Value
Age (years) 55.20 + 6.54
Sex
Male 14 (25)
Female 42 (75)

Accompanying diseases

Diabetes mellitus 10 (17.86)
Hypertension 5(8.93)
Sjogren’s syndrome 16 (28.57)
Systemic lupus erythematosus 7 (12.50)
Thyroid disease 6 (10.71)
Behcet's disease 1(1.79)
Benign prostatic hyperplasia 1 (1.79)

Chronic renal disease 1(1.79)
None 12 (16.67)
Eye drops used together
0.1% sodium hyaluronate 64 (80)
0.18% sodium hyaluronate 16 (20)
3% diquafosol sodium 44 (55)
0.05% cyclosporin 44 (55)
Solcoseryl eye gel 4 (5
Follow-up periods (months) 6.65 + 0.59

Values are presented as mean + standard deviation or number (%).
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Zhak 3 Rodu | o) gk PRPE] S+ ERlsh At 4
& AFERLSoll Al 10% PRP7} uljekellol] H7hel Zhdkg
TN ZfA] IL-1, TNF-0, MMP-1, MMP-32] ZE 1
A drdo] Z7HEIgich dut ek 28] RS
HOFS ] H|3| IL-1- 435 + 0.872 HHalo] Z7lE|glon

2 1.85 + 039, MMP-3-2 1.84 = 0.7, TNF-0= 2.19
+ 0432 77 wrgo] F7bEglek sHAYE 10% PRP7} 3
7he AFESoA Q] Zut A mA s iRt ]
3 IL-1 0.29 + 0.082 d&o] 7haE gl on, MMP-1<
1.39 + 0.67, MMP-32 1.61 + 0.54, TNF-0= 1.44 + 02&
7tz diglo] A AFEQrste] gHol| nlel o]59] o]
HasAY fARsHTE 53] IL-1= 4 tiztol H]sjA
oF 30% o= o] FAEQIthFig. 1).
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Figure 1. The relative gene expression of inflammatory mark-
ers: IL-1, MMP-1, -3, TNF-a in three different groups of hu-
man limbal epithelial cell. The second group with adding 10%
PRP was showed significant increase of inflammatory markers
IL-1 and TNF-a. However, in the third group under hyper-
osmolar condition with 10% PRP, the gene expression of in-
flammatory marker was decreased into below or normal level.
IL-1 = interleukin-1; MMP = matrix metalloproteinase; TNF-a
= tumor necrosis factor-a; PRP = platelet rich plasma. *p <
0.05, Mann-Whitney U test.

Table 2. Changes of tear film, cornea and conjunctival fluorescein stain, and symptom after autologous platelet-rich plasma therapy

in all patients with dry eye syndrome

1 month after

3 months after 6 months after

Variable Before treatment p-value* p-value* p-value*
treatment treatment treatment

BCVA 0.72 £ 0.27 0.72 £ 0.29 0.898 0.74 + 0.28 0.299 0.73 + 0.27 0.678

IOP (mmHg) 14.83 + 3.84 14.73 + 3.46 0.777 14.55 + 3.82 0.486 14.40 + 4.01 0.302

TBUT (seconds) 3.45 +1.89 5.03 +£1.90 <0.001 6.03 + 1.94 <0.001 6.25 + 1.97 <0.001

0SS 4.55 +3.12 2.63 +2.30 <0.001 243 +£2.82 <0.001 228 +£2.31 <0.001

OSDI 52.13 +25.84  41.21 + 23.39 <0.001 40.11 + 23.01 0.008 40.58 + 26.88 0.040

Values are presented as mean + standard deviation.

BCVA = best corrected visual acuity; IOP = intraocular pressure; TBUT = tear break up time; OSS = ocular staining score; OSDI = Ocular

Surface Disease Index.
*Paired 7-test.
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