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Role of Hydrogen Sulfide in the Survival of Fibroblasts and Fibroblast-mediated
Contraction of Collagen Gel

Hyeon Jin Park, MD, Jae Woo Kim, MD, PhD
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Department of Ophthalmology, Daegu Catholic University School of Medicine, Daegu, Korea

Purpose: To investigate the role of hydrogen sulfide in the survival and collagen gel contraction of cultured human Tenon’s cap-

sule fibroblasts (HTCFs).

Methods: Primarily cultured HTCFs were exposed to 0, 100, 200, or 300 uM hydrogen sulfide (sodium hydrogen sulfide, NaHS)
for 2 days. Cellular survival was assessed by MTT (3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide) assay.
Degree of apoptosis was assessed with flow cytometry using annexin-V/propidium iodide double staining. To evaluate the effect
of NaHS on cellular transdifferentiation, HTCFs were stimulated with 5 ng/mL TGF-1 and the level of expression of a-smooth
muscle actin (SMA) mRNA was assessed using reverse-transcription polymerase chain reaction. The cells were embedded in

collagen gel, and the amount of gel contraction was measured.

Results: NaHS at 300 uM reduced HTCF survival (p = 0.013); NaHS at both 200 and 300 uM increased apoptosis in a dose-de-
pendent manner (p = 0.013 and p = 0.016). TGF-B1 increased the expression of a-SMA mRNA (p = 0.041); co-treatment with
100 M NaHS decreased TGF-B1-induced a-SMA mRNA expression (p = 0.039) and inhibited collagen gel contraction.
Conclusions: NaHS at high concentration reduced cellular survival and increased HTCF apoptosis. NaHS decreased TGF-3
1-induced increases in a-SMA mRNA expression and collagen gel contraction. Thus, hydrogen sulfide may suppress scar for-
mation by inhibiting HTCF transdifferentiation and contraction of collagen gels.
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Figure 1. Effect of NaHS on the survival of human Tenon's
capsule fibroblasts. Exposure to 300 uM NaHS decreased cel-
lular survival significantly compared to non-exposed control
(*p < 0.05). NaHS = sodium hydrogen sulfide.
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Figure 2. Effect of NaHS on the apoptosis of human Tenon's
capsule fibroblasts. Exposure to 200 or 300 uM NaHS in-
creased cellular apoptosis significantly compared to non-ex-
posed control (p < 0.05). NaHS = sodium hydrogen sulfide.
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Figure 3. Effect of 100 uM NaHS and 5 ng/mL TGF-B1 on the
survival of human Tenon's capsule fibroblasts. Exposure to
TGF-B1 increased cellular survival significantly (*p< 0.05).
Co-exposing 100 uM NaHS and TGF-B1 suppressed cellular
survival significantly compared to exposing TGF-p1 alone
("p < 0.05). NaHS = sodium hydrogen sulfide; TGF = trans-
forming growth factor.
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Figure 4. Effect of 100 pM NaHS and 5 ng/mL TGF-B1 on the
expression of a-SMA mRNA in human Tenon's capsule
fibroblasts. Exposure to TGF-B1 increased the level of a-SMA
mRNA expression significantly (*p < 0.05). Co-exposing 100
uM NaHS and TGF-B1 suppressed the TGF-B1 induced ex-
pression a-SMA mRNA significantly compared to exposing
TGEF-B1 alone ("p < 0.05). NaHS = sodium hydrogen sul-

fide; TGF = transforming growth factor; SMA = smooth
muscle actin.
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Figure 5. Effect of NaHS and 5 ng/mL TGF-B1 (T) on the con-
traction of collagen gels. At day 1 and day 2, exposure to 100
or 300 uM NaHS inhibited collagen gel contraction sig-
nificantly compared to exposure to TGF-B1 alone (*p < 0.05).
NaHS = sodium hydrogen sulfide; TGF = transforming
growth factor.
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gelrA7t dROMMES dED wHE A9 X0 0jxl= S

S goleAdt HiYE A Hed dR0IMZ MED Fefdl Ao £20] 0|Xl= Il CHol Yot DXt SFRAL,

CHART} B QX QFst MLO0FMIZZ0ll 0, 100, 200, 300 uM &3l4A(Sodium hydrogen sulfide, NaHS)0f 0|7t =& A7 MTT
(3—[4, 5—dimethylthiazol-2—yI]-2, 5—diphenyltetrazolium bromide assayS 0|&6t0d MZL| MES SHEIH 1L, annexin—V/propidium
iodide 0|5ZM & FMEZEMS 0/83I0d MZOAS] H=E ZFoIRICH HeEstol O0lxle Fefs YotE7] 5t 5 ng/mL
TGF-B12 2 X}=ot = a—smooth muscle actin (SMA) mRNAS| &3S reverse—transcription polymerase chain reaction2 Z A}t
oM HROINZE WY A Lo SUSIH +=dAAE AASHALE

Z1k 300 UM NaHSE= MROtM|IZe| MEZS ZAANZI2H(p=0.013), 200 uMZ} 300 UM NaHSE= MIZDALE F2|otA| SIHAIZICH
(p<0.05), TGF—B12 MIOIMIZOA a—SMA mRNAS| EISisS SIIAIZISH(p=0.041), 100 UM NaHSO| SA[0] =& A|Z! 42 a—SMA
mRNAS| Z&H0| ZAGA(0=0,039), WA Ao £=2 H|5IALY,

2! 3lrds IS0 HROIMZS MES ZHAANTIH METAS FLUSIALCH Eotei
2ol dANZIeH waH Ao £52 AXGIUCE MM Zatpie MROMMELL] MEO=
et 232 Mt Bredds dAAMTIE AES LEE Aoz M2E D
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