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Effects of Valproic Acid on the Survival of Human Tennon’s Capsule Fibroblasts
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Purpose: To investigate the effects of valproic acid on the survival of cultured human Tenon’s capsule fibroblasts (HTFBs).

Methods: Primary cultured HTFBs were exposed to 0, 0.25, 0.5, and 1.0 mM valproic acid with or without 0, 1.0, 2.5 pg/mL mito-
mycin C, and incubated for 5 days. Cell survival was assessed using an MTT (3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenylte-
trazolium bromide) assay and the degree of apoptosis was assessed by flow cytometry using annexin-V/propidium iodide double

staining.

Results: Valproic acid decreased the survival of HTFBs in a dose-dependent manner, and survival was further decreased by
adding mitomycin C to valproic acid. Both valproic acid and mitomycin C induced apoptosis of HTFBs. Valproic acid induced less

apoptosis than mitomycin C.

Conclusions: Valproic acid decreased the cellular survival of HTFBs and induced apoptosis. The antiproliferative effects of val-

proic acid were further enhanced by the addition of mitomycin C.
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w3 2 ol AK(valproic acid, 2-propylpentanoic acid, VPA)
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Tenon’s capsule fibroblasts, HTFB)o] tiajA %= o|2igt 2+
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B A= Y Institutional Review Board (IRB)9] 49
S WOl I(5M S CR-16-114) FA7|AALS whet A8
S9ict. 3442 sitsto] ThE ckaFolt kgl
UG 45A4] A expe] MupE =5 Hed AFE
Alste] AfrotrlES LA st WA Hle=td 223
F-g-ol(phosphate buffered saline, Gibco, Carlsbad, CA, USA)
o2 A ¥ 10%2] @7o] g Dulbecco’s modified
Eagle medium (DMEM, Gibco, Carlsbad, CA, USA)< Hjj
A2 5jo] 5% CO, HjoklolAl Arbkst etk AEA %
292 Aot A Held T 243 AskL v
F= ALt A2t HlFE Aol SRES A 0.05% tryp-
sirfEDTA (Gibco, Carlsbad, CA, USA)E ©]|-&3}o] A thuj

of ¥ o 1

e ekt Al Hli=d Ao EE 24 well B
wsto] 24017 53k dfevlo] ol AES 32
71 & wjx2 AAsk A 0, 2.5, 0.5, 1.0 mM VPA
(Sigma-Aldrich, St. Louis, MO, USA)o|| 2& 7tAo & 52
7 =2 A F T o]gl MMC (Kyowa Hakko Kirin, Shizuoka,
Japan)= 0, 1.0, 2.5 pg/mL®] FE2 THEO R 3]~
U VPASE BAl0] wE A7

MTT assay

Ao Aol st SvHe AZAVETH AEEA 0] 4
Atz £5] ol §ET gl WAAe] dFel MIT (G4,
S5—dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide,
Sigma-Aldrich, St. Louis, MO, USA) assay' = 0|23}t
b= )5t A ZO] Hjx|o] MTTE 7 welld 100 yL¥ 5
of5 F 4417 52 HAUOFE T B0 Holu
5 dimethylsulfoxide S Z} welld 0.5 mLA& o] 10& oA
SE b 96well HjOFRAIG 200 uLH §A EYYEA
(FLUOstar OPTIMA, BMG labtech, Offenburg, Germany)
2 570 nmo| A S FE=E S5t ofuf Ao HE A
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Annexin-propidium iodide (Pl) 0|ZYAME 0|25t &
M EAM(flow cytometry)

AEILALS) HES ARHom sl skl 489
kit (TACS Annexin V-FITC apoptosis detection kit, R & D
systems, Minneapolis, MN, USA)& Al8-3}9] Annexin-Ve}
Pl o|SHMS o] &3t Al 45 Al¥sisith EdAl
Aeak AES QUBRIT T A ARENOR ARG
T} 5 pl9] annexin V&} 1 pL o] PIE 100 pLo] A|EH &
Hof Yo & AF2ofA 1587t viFt th3- 400 pLo| -5
Mol A HEZHA 4L & AL EA7|(Gallios, Beckam
Coulter, Brea, CA, USA)E 0|83} fluorescence emission
530 nm&} 575 nmo| ] upgol A AZIAY] HEE &
7] S8l AT BAS ALk 2 AgRolA SAIE
BAS AP AT 1000002 Bheick

AR 3A A SAT ARl o] A2E o]-8&5HR

33] o] HkESto] AlFsHRTE 2e AR olA 2t
2 54 e ToE o] VPASE MMCe] e
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VPAZL EROIMZ S| MZE0] D|X|l= FE

VPAE 0.25 mM9] =5 oFgof =EEA o g
ool mlsto] Afobd2o] HES FolsHA AaAlH o
(»<0.05) MMC %JA] 1.0 ug/mL9] =R E {2514 A4
ol Z o] MR ZFAAHTHP<0.05) (Fig. 1). 1.0 pg/mL
MMCo =ZAX] Tg VPA] 3712 k=A% 79 MMCO
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Figure 1. Effect of valproic acid and mitomycin C on the sur-
vival of human Tenon's capsule fibroblasts. Both valproic acid
(V, mM) and mitomycin C (M, pg/mL) decreased cellular sur-
vival in a dose-dependent manner (*p < 0.05).
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gEo 8 w2 A|7] AL v|dle] VPAL] Bk of v]H5lo]
Az 2] YEo| 4t oH(Fig. 2) 2.5 pg/mL MMCo| =

24071 T VPAS] 3712 =E A1)
2ol Hldjste] gotilEe] Aol 7

5ol VPAS] &
7} 2319 thFig. 3).
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Figure 2. Additive effect of valproic acid (V, mM) on the sur-
vival of human Tenon's capsule fibroblasts when co-exposed to
1.0 pg/mL of mitomycin C (M). Valproic acid further de-
creased mitomycin C-induced reduction of cellular survival
significantly (p < 0.05).
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o] AFsHA =H, HAbE]= Al Plof GAH. whef
A AAFA 0] Aolgl Al ZE annexinV &40 Al PI &
73, MEILALS] 79~ annexin-Voll eF/golHA] Plof| &/
2, 1283 A2IARe] 9ol = annexin Vo] o] HA]
Plofl i Ao & Uepdri(Fig. 4).

VPAE 0.25, 0.5, 1.0 mM2] =50l|A Z}2F 7.76 (+ 1.10)%,
10.98 (£ 1.29)%, 9.6 (£ 0.67)%2] N|EIALE gulslgo
o], MMCL 1.0, 2.5 pg/mL2] =04 2k} 9.51 (+ 0.13)%,
19.63 (+ 5.34)%2] A|EIAIS GuI51ACK Table 1). VPAS}
MMC9| H-go] AlELIAte] u]X|= FFrS dobr] st
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Figure 3. Additive effect of valproic acid (V, mM) on the sur-
vival of human Tenon's capsule fibroblasts when co-exposed to
2.5 pg/mL of mitomycin C (M). Valproic acid further de-
creased mitomycin C-induced reduction of cellular survival
significantly (p < 0.05).

10° = ‘
iB1 |B2

10% 5

10’ E

10°~ B3 B4
3 e e
10° 10" 10° 10°

Annexin V FITC

Figure 4. Flow cytometric analysis of apoptosis using annexin-propidium iodide (PI) double staining. Cells in quadrant B1, B2, B3
B4 represent necrotic cells, late apoptotic cells, living cells and early apoptotic cells, respectively. (A) Exposed to 0.5 mM valproic

acid. (B) Exposed to 2.5 pg/mL of mitomycin C. Cell count =
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o] 1.0 ug/mL MMCo9] 0.25, 0.5, 1.0 mM VPAE F712 =
A7 A 42 1277 (= 1.44)%, 15.23 (= 0.06)%, 17.84
(= 8.5N)%= AEIALY] H=r} ZF7181%ch 2.5 ug/mL
MMCo9] 0.25, 0.5, 1.0 mM VPAE 712 =2A7] 39
o= VPAS] o] vestel ME A st Z715He
CH(Table 2).
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o] Z(histone deacetylases, HDAC)o]| o3t #3282 1}
Efo]?? FopA 2 o] A& ‘E‘i’f ofyeh" vt
d %S REE o] g3t AoA WA AA 2]
280t 7152 Ak A= L}E}‘HE}ZI
o|2|gk VPAS] tjofet 248 59| shubr AZIARE
et A W A FolA BeaA|ae] St o]

ZA10
o=

a3 AEIIAL AR5 Ao E_TLE]CHE}B’M’”
gkl VPAZL Afotilzel os) @) ko] ARgata gl
MMCol| 438 ghet 52 aats yeplchd Ay
VA 5 4 ARFAEAN e g oA 3
28 5 9 Btk olo] AREL A9 Hli=d Afot
Az EHOHHE F=A 22T} fEIAE Sulsli=x] oF
obi7] Sfsfe] 1 AEE ATk 1 23 VPAL

88 UEfglon] MMC o4 £
9 Lehsich, Ee MMCol 3585 VPA
o 27} AN %S AL o) Bl sl Ao
2 Ul MMCo| VPAS %
o ulgstel o gofat BEAAES

o 4 9lgitk. uleb MMCS} VPAE 85}
PEARIE B8 5 92 A0 A2,

MMC+= HTFBO| &5 A3tA17 )= &AL AlEARE
sl=gl® VPA 9A] A ZTAE 991519tk VPAL 0.5 mM
o] 5ol A AZILAE © wo| Furstged, 1L W

oA AREE 4= 9= VPAL HAH ] ol s
A VPAE 3}22]21-8-8 9J8t B o7 A183t 73-‘} 0.5 mM
o) 5k A

Ao

MMCE 279} 7] AZIAE o fusigon, 42
AR B Z7FAZATE EF MMCO] VPAS 3712 134
7 7% AELATL B9 27169002 MMCE VPAY
SRR o AspAZ Wk ofe AETAS

32 o 4 9tk MMCE THEE ARg3t 22

=z O
NES

_%75:._3} cyclm D2E E}/\] ‘?:_I'ﬁl/\]%]
9SS A e ok
o1 Ao S7HSH BAA 18 SUsHE B3k elshor”

Table 1. Results of flow cytometric analysis of apoptosis induced by valproic acid (VPA) and mitomycin C (MMC)

B1 B2 B3 B4
VPA 0.25 mM 0.04 + 0.01 1.04 £+ 0.20 91.25 + 1.24 7.62 + 1.01
VPA 0.5 mM 0.05 £ 0.01 1.05 £ 0.17 87.87 + 1.06 10.98 + 1.29
VPA 1.0 mM 0.08 + 0.01 1.45 + 0.01 838.91 + 0.66 9.51 £0.13
MMC 1.0 pg/mL 0.10 + 0.05 1.39 + 0.03 88.99 + 0.11 9.51 £ 0.13
MMC 2.5 pg/mL 0.15 £ 0.06 441 +0.37 75.75 + 4.92 19.63 + 5.34

Values are presented as mean + SD (%). ‘B1’ means ‘only propidium iodide (PI) stained (necrotic cells)’, ‘B2’ means ‘Annexin and PI stained

(late apoptotic cells)’. ‘B3’ means ‘unstained (live cells)’,

‘B4’ means ‘only Annexin stained (early apoptotic cells)’.

Table 2. Additive effect of valproic acid (VPA) on the apoptosis of human Tenon's capsule fibroblasts when co-exposed to mitomycin

C (MMC)

MMC (ug/mL) VPA (mM) % apoptosis* MMC (ug/mL) VPA (mM) % apoptosis*
1.0 0.25 12.77 + 1.44 2.5 0.25 10.14 + 0.94
1.0 0.5 15.23 £ 0.06 2.5 0.5 14.41 + 1.49
1.0 1.0 17.84 + 8.57 2.5 1.0 18.28 + 3.18

"Represent % apoptosis as mean + standard deviation.
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