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Effects of Human Serum on Human Corneal Epithelial Cells in Vitro
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Purpose: To investigate the effect of human serum on corneal epithelial cells.

Methods: Changes of corneal epithelial cells were evaluated after 1, 4, 12, and 24 hours (hrs) of exposure to various concen-
trations of human serum (3, 5, 8, and 16%). Cellular metabolic activity and the extent of cellular damage were measured. Effect
of human serum on cell migration was also examined. Concentration of procollagen type-I COOH-terminal peptide (PIP), epi-
dermal growth factor (EGF), and laminin after exposure to human serum was further observed.

Results: In every concentration of human serum, metabolic activity of the corneal epithelial cells temporarily decreased at 4 hrs
of exposure and recovered to baseline levels afterward. With the same exposure time, there was no statistically significant differ-
ence in metabolic activity between the human serum-exposed group and the control group. Cellular toxicity of human serum ex-
hibited a time- and dose-dependent relationship. Cellular migration was observed after 24 hrs of exposure to 5% concentration
of human serum and after 12 hrs of exposure to 8% and 16% concentration of human serum. The PIP, EGF, and laminin titers

increased in time- and dose-dependent manners.

Conclusions: Human serum does not decrease the metabolic activity of corneal epithelial cells as the concentration and ex-
posure time increase, but it can induce cytotoxicity. Considering cellular migration, a serum concentration of 5% or higher should

be used.
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AA
Zidfo] &/4k& oy ZFa Al A L= epidermal growth
factor (EGF) F+= transforming growth factor beta (TGF-b)
S AR AN AFE Fa AL A6k 2
A B AupduAze] 23 4 B olsol dadh

EGF, TGF-b, fibronectin, insulin-like growth factor 1, sub-
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Dispase II (Boehringer, Mannheim, Germany)of &7} 95%
air - 5% CO7F 5= 37C wheprlel 1417F Helsts)
o} o]& 5EZF 1,00083 3]A4x(revolutions per minute,
pm)oflA ZHetu A2 skt

Zip S 2t oh3 Al JAES FRAIA Alx
£ X2 3 Dulbecco's modified Eagel’s medium (DMEM:
Gibco BRL, Rockville, MD, USA)9]| 10% fetal bovine se-
rum (FBS: Gibco BRL, Rockville, MD, USA), 20 ng/mL
EGF (Gibco BRL, Rockville, MD, USA), 100 units/mL
penicillin (Gibco BRL, Rockville, MD, USA) ! 100 ug/mg
streptomycin (Gibco BRL, Rockville, MD, USA)& Z3}35}
= 35 mm 3719 %Z vj9F HA|(Corming Incorporated,
Corning, NY, USA)Z 274 95% air - 5% CO,7} &45+=
37C whprlolAl AR} vesloic. wekole ) 2-3net
WASIAT. A= 7] 18219 ool
(confluent growth) = ich. 771 HH v wix|E &5
A| A%t 3 Dulbecco’s phosphate buffered saline (D-PBS:
Gibco BRL, Rockville, MD, USA)© 2 3} B A|AsIL 10&
7F 0.25% trypsin-0.002% ethylenediamine tetraacetic acid
(EDTA: Irvine Scientific, Santa Ana, CA, USA)E #2|5}¢]
NIZE wig HA=RE Z2Iskch AlZ7F s AlollA
3] o EH 1027+ 400 rpmoflA] Zp oA 2E A4
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=gt F, ASH2 AASL 22 22 Hig
2] A7} 2ghE woFlS oF 1 mL YaL A4S
S 9F 2 mL H7HAA AEE THA] el 1 AE

E 3ol = 24|tl(Second-passage) ZFHAFE| A E7L AR
9l.om, Coulter counter2 A3 =& =43}l ujjoFoo]
kAku] A 5x10° cell/mL7}F BEE 264171 TS 96 well
plateol] 200 pLA EZF319ich o] ¢1d| AL F71517]
2 37C, 95% air - 5% CO,2] HjoF7]ofA] 1 mL wfjoFelz}
A 24471 v eFsto] AlE7} well 2] viete] QERFE 4= 9l
5 gk oln Al =7 YR wwek 79 QA Y &
AE Ao oJgt mulrt A7 4= 9lod, wiR|ollA] Zhdt
Abs] M7} 80-90% A= RS Wi7hR] 4-52 Aw HjoFA]
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MIZO| CHAt EME EAM: MTT Assay

A it BHES Aa oz 2457] 918 colori-
metric tetrazolium salt MTT (3-[4,5-Dimethylthiazol- 2-yl]-
2,5-diphenyltetrazolium bromide) (Sigma, St. Louis, MO,
USA) 89085 0|83 MTT assayS Al&stAek! MTT as-
say’= A} 5L 712 AlE U vjEREo} Fdol o
=2 9] tetrazolium salt”} formazan SHEZ vHlH]E=
25 o83t Aor, AES it BYE s FHEE
o[ gsto] SATHE WAlolt

wjoFEl ZFRAE A ZE 4x10° cells/well?] HE2 96
well plateo] & -, 3hte] 5 PATHES 24417+ 7]
itk o]% AIEE-LS 150 mLo] DMEMS £33t 3, 5, 8,
831 16% Q1A Ao 1, 4, 12, 18|11 24417 59 =
Z3190th 1% o|F D-PBSZ 23] A X3 T 24417 A%
M|z k7ol gof vt thE MTT assayS A AISHIL:
AT} Ut Whles AN 2E st 5, 9l
A dRof =E3 AT ahe g tfETtol| Al balanced
salt solutione ZIHAFTH|3Eof| WEA|7] & A|E A} &
HEg St

Az FF=E 46| flsl Al A =EH Al
9] vjR|o] 5 mg/mL FX=2] MIT solutionS 100 puL A
7kste] dEulE YR plateS 71 & 37C o)A 44]7F
Fob AegHeeh o|F DPBS §AOR AH 7
DMSO (Dimethyl sulfoxide: Sigma, St. Louis, MO, USA,;
Cat. D-5869)2 100 uL o] A4 2057+ B50] E3H4]
7)1l automatic plate reader (Molecular Devices, Sunnyvale,
CA, USA)Z 570 nmo| X FFE=E SH5IATh Al A}
PHEDE 2 well] FHE A0S 27 welld] T3
T AR U MEE 5, 7 well o] S8 =/t 2 well 9
Y0002 e ek ol FYES 33) W)
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1 p<0.05¢] A5 folsict Briskiet”

ME =M 2AM: MAMELS A(lactate dehydrogenase,
LDH) assay

Lactate dehydrogenase assay~= A|3ZZ U] LDH7} AJZ
o2 FEH & FHske Witk Alax ujek Al
LDHO] £4j AlzHe] 42 daisi 0|2 Fof Al
549 Ar=E geld 4= Stk LDH assayS 918l vl
ZHRAT N ZE 4x10° cells/well2] =2 96 well plated]
He %, sie] 22 WAGHES UA2S Zld, ofF
ZurAI N ZE 3, 5, 8, 18T 16% 522 Q] A

=

37C 2x9] or&-2A el A CytoTox 96, a nonradioactive
cytotoxicity assay kit (Promega, Madison, WI, USA)E ©]
£l SAsIT 2GS 2= balanced salt solution®]]

S A2 E ARE-EEl e, 490 nm o o] A
Z7ke] WS 2Aeto] Al e Bw Aols
wlsioich BE Ad@ dEe 247 107 sere
Zopps) MES Aoz A8 sh9lon, B LDH o
712 AbEsto] gl xtike] FAISHA R HlaLE sl o)
o IYES 33 uhEste] 2} HES B AEE 2H
P2 L51o] Kruskal-Wallis testS ©]-8-5l0] EAIgHd o=
BAsHgom pe0.05el AE folslet Bolssck”

Procollagen type | COOH-terminal peptide (PIP),
Laminin, 12|11 EGFe &%

Q1A Do) A Aot e QRS vAl= =
Qroby] Slal, AALEIE BAelA S e she Ao
2 od#l Alx2e]71d Bl Qx=H PIPS laminin,*" 1
2|31 JAQ1AF % EGF ] WS gholsigich 2t welld
1x10* cells/mL 2] ZFFAFI] A EE 24 well plateo] A& & 4
A AL S555] ujRt ohs BiAlE A|lAStAL D-PBSE of§
sko Az F 3, 5, 8, 123 16%9] 1A Aol 1, 4, 12,
TEIT 24A17F B9t Wit o]F AZele Ajska
D-PBSZ 13] N3t & 41413 DMEM HjA| & H7}sfe] 24
AZE uheFet B S AF skl -80°Coll Hakslglet AlEs2
0.5% Triton X-100, 1 mM EDTA, 1 mM phenylmethyl-
sulfonyl fluoride (pH 7.2)7} 335 PBS 0.5 mLE F%3}0]
-80°Coll Bsllet. 7 wiegulA|e} A|E32E2] PIP, Laminin
9 EGF9] &%+ Enzyme-Linked Immunosorbent Assay
(ELISA) kits (Takara, Tokyo, Japan)2 A]3j3}%iT).
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Scratch—Wound Assay
Zupg o] 4 sl oA o] AL G
rotH 7] J3f Scratch-Wound Assay”} AJS&| it ZpabA)
HAZE 24 well plateo] 4> & Hj¢fsto] ol =Es}
, 5x10° cell/wello] EEE 9471 TS 6 well plated]
500 uL& Ao} 37°C, 95% air - 5% CO,2] Hjk7|o] 4] HioE
SF3AL}. Subconfluence]| =gt Zupdul A 22 HjZ]of 100
WL S5 ZO2 Fof ATHAE W F Wolal HEE A
sk7] Q18 50 xS AASKL Tt FEEG, 5, 8, 11
2]aL 16%)9] Al @7 B thxto] 1, 4, 12, 1231 244)3F
Ot =2 A FLE RS 25 balanced salt solution®] =
29 U ES ARSI, 2 5 o et du
(inverted-contrast light microscope) O 2 A7} A3 2| &
A7) Rpoz Aot Solos AR Hsiact. A 2
7]+ Image J software (US National Institutes of Health,
Bethesda, MD, USA)2] ROI managerE ©]-83t0] =431
ou), At UL BAS ISP S Sl
versatile magic wand toolS ©|-83}o] ZFEA I A3 9] TijH|
HES ol A 292 A4S 7 A dele] B 4
mzage] AEaE AN HAS Sa) eIl 3
bol 217 242 108] o] 1 FRS ol
AE] WS Kruskal-Wallis testS o]-g-51o] BA|5H4 07
&
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=)7] 93okeHp=0.05, Fig. 1). BU 8% wolA
W AR W2 AE g} TR HslE BRES A,
5%} 8%2] Q1A B EOIARE e B 24N7h G2t
HlE Al BHE 27170 2R Iip<0.01, Fig. 1),
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MTT assay
*
120
100 %
o1hr

< 60 o4hr
=~ a12hr
w24hr

Control H-serum 3%  H-serum 5% H-serum 8%  H-serum 16%

Figure 1. The absorption rate of the water-insoluble formazan
dye in corneal epithelial cells. Metabolic activity of the cor-
neal epithelial cells temporarily decreased at 4 hrs of exposure
and recovered to baseline levels afterward. With the same ex-
posure time, there was no statistically significant difference in
metabolic activity between the human serum-exposed group
and the control group. *p < 0.05 (Kruskal-Walis test, in-
tra-group comparison). hr = hour(s).

LDH assay
¥
14 ¥
¥ ¥
12 ¥
1 ¥
_ ¥ ¥ O1hr
_g 0.8 ¥ O4hr
5 ¥ ¥ b o12hr
3 08 24 h
] r
¥
04 ¥
02
0
Control H-serum3%  H-serum 5%  H-serum8%  H-serum 16%

Figure 2. Lactate dehydrogenase (LDH) assay results. LDH
titers of cultured corneal epithelial cells exposed to human
serum. ¥: Significant changes (p < 0.05, Kruskal-Walis test)
compared with the control group. hr = hour(s).

o] Bkl E]Qlek(Fig. 2). LDH 43|k =% Al7te] Z7Ho]
whel, el QA @HO) SEk Skl whet 71k
PAE B ATHFig. 2).

MEZLI7| & 2 It 2 MEQIXte| Ha}
A BE b |
7 EE PIPS} EGFS
Aol =58 ﬂ‘#@uﬁlio 42 o oFo] PIPY} EGFS
W& 519 ch(Fig. 3A, B). PIP= Q1A &3 9] Z7}9}
loll tigt =3 AlZFo] S7iRtel whet A&A o2 Frtet
th Laminin®] 73-<, 8%2} 16% =E9] QA Ao =
28 PRl 1A S0 o) ol
4202 Sels T, 5% SEel oY BAe] A%
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AR, 3% SR ARBHE A%
ollAfok 24 2lrkFig. 30).

d 24A7HA

A 3=
gzt 3% SE R BHO| A wF MR
ol 21ot 4] sisto] WAL gek 5% 2 o

A dAHo] AL 24X 7ol Aof LAFH o g 2olEl ZpAb
S&o] T ﬁﬂ o), 8%%} 16% 5% QA o] A
2AIZHRIEE S-0l8t Zhak A} 3]Eo] 3w o] 24A)7H)
T E ol B4 o] A|&E G Table 1, Fig. 4).
16% lnEA 14 @Ho] wZg ZhaAatuA|Le] A ok
olx] Aol ART} = A|7to] Zr}slo| uleh
o] 8- R GITH(Fig. 4).
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I ﬂﬂi mi
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|

Control

O1hr @4hr@12hr @24 hr

Figure 3. Procollagen type | COOH-terminal peptide (PIP),
Laminin, and epidermal growth factor (EGF) titers of cul-
tured corneal epithelial cells exposed to human serum. The
PIP (A), EGF (B), and laminin (C) titers increased in time-
and dose-dependent manners. hr = hour(s).
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Table 1. Comparison of the cell migration assay after exposure to human serum

Control H-serum 3% H-serum 5% H-serum 8% H-serum 16 %

1h Acellular Zone (number of pixels) 19,782 + 258 21,685 + 229 19,834 + 257 23,105 + 251 16,751 + 250

12h Acellular Zone (number of pixels) 14,660 + 349 10,915 + 136 10,927 + 304 13,126 + 245 4,315 + 159
p-value 0.25 0.06 0.12 0.04 <0.01

24 h Acellular Zone (number of pixels) 10,465 + 259 9,014 + 244 5,547 + 236 4,315 + 121 945 + 111
p-value 0.06 0.07 0.04 <0.01 <0.01

Acellular Zone: values are mean + standard deviation. p-value: Kruskal-Wallis test (1 h vs. tested h).

h = hour(s).

Control

H-serum 3%

H-serum 5%

H-serum 8%

H-serum 16%

Figure 4. Scratch assay of corneal epithelial cells after exposure to human serum. Cellular migration was observed after 24 hrs of
exposure to 5% concentration of human serum and after 12 hrs of exposure to 8% and 16% concentration of human serum. hr =

hour(s).
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