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Roles of Matrix Metalloproteinases on Intracellular Staphylococcus
aureus Growth in Bronchial Epithelial Cell

Bo Ram Min, MD.', Young Mi Lee, M.S", Jae Seok Park, MD.', Won-Il Choi, M.D.', Kun Young Kwon,
MD?

Departments of 'Internal Medicine and Zpéll'/IO/O(., . Keimyung University School of Medicine, Daegu, Korea

Background: Staphylococcus aureus frequently colonizes and infects hospitalized patients. Respiratory infections
with Staphylococcus aureus are common in patients with compromised airway defenses. However the mechanisms
of 8. aureus invasion from colonization to the epithelium are unclear. Cell invasion by S. aureus would require
destruction of the extracellular matrix, which is believed to be the result of increased matrix metalloproteinases
(MMP) activity.

Methods: In this study, respiratory epithelial cells were infected with S, aureus. After removing the extracellular
bacteria by washing, the internalized bacteria in the cells were assessed by counting the colonized forming units
(CFUs). The cell adhesion proteins, dysadherin and E-cadherin, were evaluated by Western blotting. The MMPs
in the bacterial invasion were evaluated by pretreating the cells with GM6001, a MMP inhibitor,

Results: The internalization of S. aureus was found to be both time and dose dependent, and the increase in
MMP 2 and 9 activity was also dependent on the incubation time and the initial amount of bacterial inoculation,
The invasion of S aureus was attenuated by GMG6001 after 12 hours incubation with a multiply of infection
(MOD=50. The expression of dysadherin, a membrane protein, was increased in a time and dose dependent
manner, while the expression of E-cadherin was decreased.

Conclusion: MMPs may mediate the invasion of S aureus into epithelial cells. (Tuberc Respir Dis 2008,64.22-27)
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M £ E5E Aol e Hte dAdsk=d], ol2idk et

& B3} 48AIE oJufel] o] Fo|x| 7% ST}, wgh 2394

S S = 9T (Staphylococcus aureus)S QA A T ol Fets AT A AE U2 HY & 5 9len,

G HRE AAe oA, e Ae ek vk dFHezE ol Ht AYS AEI} ofele
[e]

Fask Aol &9k guAEe ovavy TS A9} ok
ofstAIY, 71l APgEel ol el B4} FRLEAFE AL 9 BAANZ LA glor, T
S PAZELT oF 557] gl E5 4 2§ (phagocytosis) | I3} A 2 HUake] AL el
Sk, 949 Bt 5B 7k B ) B M AEgo] Bk WA ok, BATwekte]

SAE Y L Fe T3t JoAEste] mAstE B

et ok
o <4y o

- 4 = -

Address for Correspondence: Won-Il Choi, M.D, & olFeRItaL deA glo {> TAER]D 713l theiM

Department of Internal Medicine, Keimyung University =z A3ER] kgit)

School of Medicine, 194, Dongsan-dong, Jung-gu, Daegu ) i _ _

700-712, Korea MMPs (matrix metalloproteinases)= A|¥E ¢ 7]

Ehr?;lj 3}21;150 f@?gszgzriix 82-53-250-7434 (extracellular matrix, ECM)2] T4 AE-S Ealgl= a4
Received: Dec, 13, 2007 2 dex k. olzst Alrzldy e MMpse] W
fccepted: Jan. 17, 2008 @S2} ofwidh o7k Aol Tie A7 vmlsit,

22




Tuberculosis and Respiratory Diseases Vol, 64, No. 1, Jan, 2008

w3k A Ee} AE Afole] o] &F(cell-cell junction)ol=
AZE ANz 72RA7)E FQ9 whilAe] dysadherint
E-cadherino] T}, AZe] THFP-S 2H31= dysadherin
2 E-cadherin®} w7 AL B2ke 31324 (down-
regulation) kL el QAR Aol ik M| ul
S HHE dFE Ak Al SFAER] 39 Al
A Atole] o] 5o Bisr} gukE Ao R ofPtEER,
B AFoMe sFAER Al A9 #-ste] o)y
gb child whg o) wWsks wastaal gt

B = 718A] 239 A|E(BEAS-2B) 2 S X Ot
o] Ysk= 713 dolir] Sl FuME W o A
ARt whe} ATt Fetro] wslel SFAE
9] dysadherin, E-cadherin®] ¥3} 2 MMPs2] ]S 2
HHEIL MMPso] S doli iz} gt}

o

—~

-

iy W

1. HE2[o} #Fet 4=

Tryptic Soybean Broth (TSB)HA]of| A E =t Sl
708} H2he AdEete] =21 F 37°C incubatorol|A] 16~
18AIRE &t vidatalct. vl i 5 gelehr] ¢
3 wjoFE TS 0.9% NaCloll 10812 3]418}9]aL, 3% TSB
o 1.5% ghdo] H7be wiAlell 3 widket 5 F<t I
SCFU/mDE SA3IATE o] 7 107 CFU/mlR A
= o thgh o] 21 Atk = (multiplicity of in-
fection, MODE 1 : 5, 10, 20, 50, 10002 3FSich.

2, MlzZuHs

713A] 23] M| 3221 BEAS-2B (American Type Culture
Collection, CRL-9609; Rockville, MD, USA)+= RPMI 1640
(10% fetal bovine serum, 1% antibiotics SHr)elA] ol l
oFatoltt, MEE 5x10° cells/wellZ AE 52 A4st
T 6 well A3 ulj%F ol AaL 5% CO;, 37°C Hig71o1A]
29 St wjerahslct

3. el SA(Internalization assay)

FAFTEUS BEAS2BAIE W= HYAI717] Sls)
BEAS-2B AIZE A 9 @Ao] gl= el A (invasion
medium) ol BjFEFATE Al U2 3 U7 S
TS MO (5, 10, 20, 50, 100) 0.2 Z}z} 2417 5<t
5% O} 37°C 2319 wie7elA iAol HEsk3l
o} o] ¥ gk ARE FF Al 10 mg/ml FE9

Gentamicing 373 vjjokl o 2 21 A& 5}e] BEAS-2B
Al gl e 5 AT Al 2 Z9dgh
A& gRlet] sl AUuiAR 4A7EE 1241F F3t
ekt

QA= A AT Tk PBS (phosphate-buffered sal-
ine)2 AH3FAIL 0.25% trypsin-EDTAZ 37°CellA] 55
AR & 4] Fefate] A2E B AlEE &
alal7] sl 1% Triton X-1002.2 37°CoA] 1587k vk
AFe, BalE AlEolA ek do] & gjlet] 9
3 0.9% NaCloll 10814 8]A415}e] 30 TSBeI| 1.5% gH o]
H7HE vl 247} 3gko 2 st wieket & CFU/mlE
e

4, MMP &AM 9| X{af

jus)
oo,

-/

39 AaAIl GME001” (Calbiochem, San Diego,
USA) 40 uMS BEAS-2BAI ] 40417 A X2l E & F,
& HFotL AZE wjdFete] CFU/mlE Sttt

5, Western blot analysis

Sl A (50 ug)S 10% sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-PAGE)=
28t U2, Trans-blot units AREsfe] Ha|d thi s
nitrocellulose membrane (NC)ol] Zo](transfer)3} St}
o] NCE 5% non-fat dry milk (0,1% Tween-20-S -3t
Tris buffered saline: TBS-T)Z A-29lA 147} blocking
&}al, dysadherin (abcam, Cambridge, UK), E-cadherin
(Takara, Shiga, Japan) 12} &AE 1:10000.8 3]A]3}c]
2ol 1ARE HRSAIZL F, NCE TBSTZ 108271 38] A
2310}, o] &, 22} gHA|(anti-goat, mouse IgG HRP-linked
antibody, Santacruz)Z 1:1,0000.2 3J]A4J3}e] 2204 1
AZE BESAIFT. M2 3 ECL detection kit (Amersham)
2 olgstel WaAo] it 54 WU we 2

6. Gelatin zymography

Azbe] gafAde] SH(MMP-2 & MMP-9)S &Hela}r]
sfel PAToRFS AAZ] BEAS 2BAIES] ujoke
(conditioned media)S YAl Egldte] AlE AL AA
3} Th2, 0.2% Gelatin (stock 2 mg/ml)o] $H+H 7.5%
SDS-PAGEZ. 7] J53Fth. o] ¥, gel2 2.5% Triton
X-1002.2 2083t 33] At develop buffer (IM
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Figure 1, Intracellular bacterial survival/replication of S. aureus. (A) 4 h, (B) 12 h,
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Figure 2, Differential expression patterns of MMPs in
BEAS-2B cells infected with S, aureus, Conditioned me-
dia were subjected to 7.5% SDS-PAGE with 0.2% gela-
tin and gelatinolytic activities of MMP-9 and MMP-2 were
determined by zymography as described in materials
and methods,
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Figure 3, Differential expression pattems of E-cadherin and
Dysadherin, Whole cell lysates was prepared and used for
E-cadherin, Dysadnerin, and actin Westerin blot analysis,
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Figure 4, Intracellular bacterial survival and replication of S, aureus in BEAS-2B cells treated with MMP inhibitor, GM6001

(40uM). (A) 4 h, (B) 12 h. *p<0.05 versus control,
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