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Effect of Chronic Benzalkonium Chloride Exposure on Senescence in
Trabecular Meshwork Cells
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Purpose: To determine the possible effects of chronic exposure of low dose benzalkonium chloride (BAK) on trabecular mesh-
work cells, and to characterize the pathways involved in the effects.

Methods: Trabecular meshwork cells were treated with 0.0005%, 0.00075%, 0.001%, and 0.0025% BAK for 10 minutes; then,
the cells were transferred to a new medium for 24 hours. This process was repeated three times. Cell survival was assessed us-
ing the MTT assay to determine the non-apoptotic BAK concentration. Senescence-associated (SA)-B-gal staining was per-
formed to compare quantitatively the cellular senescence of BAK-treated cells with the control group. Cells treated with BAK
were analyzed by western blot to determine whether the expressions of cell cycle regulators were affected.

Results: Two concentrations (0.0005% and 0.00075%) showed persistent cell viability and were chosen for further experiments.
After SA-B-gal staining, cells treated with 0.0005% and 0.00075% BAK showed 28% (+ 2.08), 37% (+ 2.08) increases in cellular
senescence expression, respectively, when compared with control cells (p < 0.05). To identify the molecular pathways involved
in cell cycle arrest via BAK, western blot analysis was performed on trabecular meshwork cells, resulting in decreased ex-
pressions of cyclin E/CDK2, and increased expressions of the upper stream control molecules, p53 and p21.

Conclusions: Chronic exposure to low dose BAK accelerated cell senescence through cell cycle arrest. Because senescent cells
of the trabecular meshwork can inhibit its outflow pathway function and ultimately worsen the glaucomatous process, long-term
usage of topical glaucoma medications containing BAK should be conducted with caution.
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A-8-5=A| *E(primary human trabecular meshwork cells,
HTM cells)+= ScienCell Research Laboratories 2 5-E] —Luj]

3 5% COE T3t 37°C uid7 oAl 2% S-EoFEA(FBS;
HyClone, Logan, UT, USA)Y} trabecular meshwork cell
growth supplement (TMCGS, ScienCell Research Laboratories,
Carlsbad, CA, USA)E 3Z33t Trabecular Meshwork Cell
Medium (TMCM, ScienCell Research Laboratories) 2.2 HJ|
stk

2. 2F=2x2|

Benzalkonium chloride (BAK, Sigma Aldrich, St. Louis,
MO, USA)®| A42Ql o] Hg5AZe] nXt s
= Slsky] sl HieF Aol dAb vt dirAEE
6 well plateo] 1.7x10° cells/mL= EZ23F & 5% CO,S 3t
3t 37°C w710l A 2441t FQF v Fstt). o] % HijA|
2 B9 AT 2% Seford YT A7Ha HjFe O 2 44
ZF vjoFst &, BAKE 0.00075%, 0.0005%% 101—‘} A g
sto] HiA| S A AT 2L Hjdds ES F 5% COoE
3 37°C H7]0MA 24417 &9t v sk ATt o]
2 33) Wkl
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3. Mz=dzE 5F

Azl AEol izt avte AxAYEN AlE=4 9
screening test@ O|-F% 31 Q= TAHANH O] U9 MTT
(3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bro-
mide, Sigma Aldrich, St Louis, MO, USA) assay & ©]-8-3}
oItk MTT assay= 96 well plated] 5x10* cells/mL& 23
3k 5, 5% CO & &-3-3F 37°C ujF7] oA 24A]17F F<7F ul
FFTE 1 3 BAKE A 23t Al29] ljx|of] MTT Ak
7+ well 20 pLA Eoi5F & 22|17k F9t x| ujokst uljoF
2 AlATE th2 dimethylsulfoxide (DMSO, Sigma Aldrich)
ZF wellg 100 LA €31, 108 ©]A} EE9] spectropho-
tometer (SpectramaxTM 340PC384 microplate photometer,
Spectra Max Molecular Devices, Sunnyvale, CA, USA)=
570 nmoll A FFEE SIS olu] A2 HE A=
MR g R RS oA ghe Hael vz
ol wlEgR e
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=SHE Ao A ERA 07 WS E]= B-galactosidase ]
e =457 Yo A9 senescence-associated f
-galactosidase kit (SA-B-gal, Cell Signaling Technology,
Danvers, MA, USA)S 0|83} 11 A ZAL A AlFE= A
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5. Western blot analysis

BAKZ} H2]® A=A ZE PRO-PREP™ (iNRON
Biotechnology Inc., Seongnam, Korea) 0.2 83|53t 5 I
ol A 308 ok HRSAIZ] 3, 13,000 rpmol|A] 105 9t
AR & A5HS At Bicinchoninic acid (BCA)
(Pierce™ BCA Protein Assay Kit, Pierce Biotechnology,
Inc., Rockford, IL, USA){ O & T3] 5 =H5 &
30 pg®] TlA-S: sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE)Z 2|3t H nitrocellulose
membrane (Pall Corporation, Port Washington, NY, USA)
o &%th Membranes -2 5% EAEFE ET
1X TBST (50 mM NacCl, 20 mM Tris, 0.05% Tween 20)=
£2]7(blocking) Rt %, 4°Cof| A A p53, p27, pl6 CDK2,
CDK4, cyclin D1, cyclin E (1:1,000, Cell Signaling Technology)
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2} B-actin (1:2000, Sigma Aldrich)2 overnight © 2 HF-3-A|
Zth A& 3, membrane2- horseradish peroxidase”} &2
3} mouse IgG A E+= 3 rabbit IgG &A)(1:2000, Santa
Cruz Biotechnology, Santa Cruz, CA, USA)%} ¥F-3-A171 F,
chemiluminescence Western Blotting detection kit (Pierce
Biotechnology, Inc.)& A3}t
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Figure 1. Cell viability was measuresd by MTT assay. BAK
decreased the survival of trabecular meshwork cells sig-
nificantly from concentrations 0.001% to 0.0025% (p <
0.05, “p < 0.001). Veh = vehicle; MTT assay = 3-[4, 5-di-
methylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide assay;
BAK = benzalkonium chloride.
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2. BAKO| ofst MRFMEL a0 O|X|l= &

6 well plateo] vljoFst Ad-3-5241 3o 0.0005%, 0.00075%
BAKE 1027t A 2|3t & wi2| & Al AL A2 v g
< 9, 24A7F wieFEtG o 2 1S 33] whEsHyI)
=3HE AFAIEZE SA-B-gale]l Qs F=A A E A
(Fig. 2). 34 dizol B8] BAKS X 0.0005%2}
0.00075%%5 A 2]gt oA Ad-fA22e] =37t S31E 9
31, 0.0005%0] v 0.00075% BAKE | 2|at Zoj|A] =3}
H AE7F 9% o FelsHAl S7HE A Thp<0.05) (Fig. 3).
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Figure 2. Senescence detection by senescence-associated (SA) p-galactosidase staining. Photograph of SA-B-gal positive senescent
trabecular meshwork cells (blue color) after being exposed to 0.0005%, 0.00075% of BAK. Both 0.0005% and 0.00075% BAK
showed concentration depedent increase of blue stained senescent cells compared to non-exposed control (X 200). Veh = vehicle;
BAK = benzalkonium chloride.
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Figure 3. Effect of BAK on senescence of trabecular mesh-
work cells. BAK concentrations more than 0.0005% increased

cell senescence significantly (p < 0.05). Veh = vehicle;
BAK = benzalkonium chloride.
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Figure 4. Effect of BAK on cell cycle regulator molecules of tra-
becular meshwork cells. B-actin, also known as a “housekeeping”
protein, acts as a loading control. (A) Expressions of cyclin E and
CDK?2 are decreased with 0.00075% BAK while expressions of
cyclin D1 and CDK4 seem to be unaffected. (B) The ex-
pressions of phosphorylated p53 and p21 show concentration
dependent increase with 0.0005% and 0.00075% BAK. BAK
= benzalkonium chloride; CDK = cyclin-dependent kinase.
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