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Staphylococcus aureus is a major human pathogen that is associated with various types of local and
systemic infection. Staphylococcal protin A (SPA), a highly expressed surface component of S.
aureus, may have a role in virulence such as activating inflammation and interfering with immune
clearance. We examined the effect of recombinant SPA on inflammatory response in human HaCaT
keratinocytes. The recombinant SPA protein was prepared using the pET-28a Vector System in
Escherichia coli. The expression of pro-inflammatory related adhesion molecules and cytokines in
HaCaT cells incubated for 6, 12, and 24 h with SPA (2 pg/ml) was analyzed by comparative
RT-PCR or ELISA. The expression of E-selectin, ICAM-1, MCP-1, IL-6 and IL-8 was significantly
increased in HaCaT from 6 to 24 h after treatment with SPA. SPA showed the effect on the
adhesion-promoting ability of U937 monocytes to HaCaT cells. Our data demonstrate that SPA
stimulates inflammatory response of HaCaT cells, implicating an important factor for exacerbation
of skin inflammation of immunologic disease.
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Table 1. Primer sequences used in this study

Target gene GenBank accession no. Sequence of primer PCR product size
s o SACIOCOMGTIGCT
N o st vos ST
1L M4 RP: $-CAGGGGTGGTTATTGCATCT. Y 2300p
s moses  ISAIOCTICOMATONGIONTS oy,
W e EIICGCGGGGET iy
GAPDH NMOO0H6 G TGGTCATOAGTCCTTCY 54p
Za ol AsAEEe] &S 8ET 5 A3UHFig. 1A, B).
olelgh vk ofEn el Sxje] MW K90 PES
°|

OIEL|u|RH 2txie| HHEL0|N ZXSHHol 2MS & UTS HoFEr)h B3k Az AEste i ’é"]o}&] of=
SHl Sz e algo| Zigdol oISt HEHES =gl iy izl _:_7:‘.01]/\1 AT B
olEyH R gxle] v WH ZZS H-E G448 2A% Staphylococcal protein A (SPA)2] F4H-3F W3S _L%_}?:]'Q-i
A Az izl Bl epidermis regionol A EF4] # o}EV IR fxpe] wRA A G Y] 7Y
(hyperplasia)©] dold A& 1T = U7, HHOZHE] o oJa FFHEol o HUSS FRIT 5 UXATHFig. 1C, D).

Fig. 1. Haematoxylin-Eosin (H-E) stain and Immunohistochemisty of SPA in S. aureus-infected human AD patients. The result
of H-E stain shows hyperplasia in S. aureus-infected human AD patients (B) compare with control (A). The number of SPA
immunoreactive region in patient skin (D) is increased compare to control (C). SPA immunopositive region are detected in
epithelium and indicated as arrow. Control: normal human skin.
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Fig. 2. Generation of recombinant SPA protein in E. coli strain BL21/DE3. (A) Construct of pET28a-SPA expression vector.
(B) Agarose gel electrophoresis of pET28a-SPA digested with BamHI and Xhol. (C) 12% SDS-PAGE of the purified

recombinant SPA protein. M: size marker.

=5 SPA CHIHE! xjjx}

pET-28a WY EA|2H]S o] 88t A3 SPA ©Hd
< A7) A S, aureus TFONA genomic DNAE ¥
23}l PCR W3-8 53| spa 734 =22 A3 3 pET-
28a WM E ] AU3INLL, ASE L BamHIZ Xhol S *E]
slo] AJE spa FAAE RIS Fig. 2A, B). pET28a-
SPA LEWEE E. coli strain BL21/DE3°] &&AA|7)111
E4% 1904 1 mM IPTGE #71sle] A= SPA Tl ds
ZEAZTE Ni-NTA agarose gel (QIAGEN)S ©]-83}]
AR & 12% SDS-PAGEES 3 2}016@35&1 AT}
SPA o] AHFHoz A oo 3olg 2=
AATHFig. 20).

6‘]-—%%0& un ¥t 3 100-2000 ng/mH = %ﬁ ZHE?}
SPA THlAS Eojsla] 24-48A)7F HYFE & WST-1 assay
= AAEITE B Rdul A Eel thEk SPAL] A|E
215 A3} 100-2000 ng/ml<] FEolX= SPAC] 23 w5t
A AEFAHLS A HEEHA LkthAEs PIAA). o]
23 A= 2 ug o]3}te] FEoA+= SPAY} FHAFI A E ]
SA A B AZAA A FFE PIRA G2 o]t

2 SPA CHHZEI0 I "E‘?.; LHI|M[Z 2 DR AmM=Ee]| o

HES0]| 0|kl 2S&4
SPA”} %%M*ﬂ;i_ X dFHREol WA= EHE A
317] 918114 HaCaT Zdu|A| o] 2 pg/mle] T2 A%
3 SPA ©lAS quz‘s}oﬂ 6, 12 B 24A7F wjet &
RT-PCRE &3] ¢ % F21ZQ] E-selectin 2 ICAM-1
i A}O]Eﬂ 2] MCP-1, IL-6 & IL-8¢] &3-S
215} TKFig. 3). L A3 SPA 28] 6, 12 2 24A]7to] A
Z3d B22RIAQ] ICAM-1 2 E-selectin mRNA & 9]
AeA F7HAL, FFTE AO|EFRI)I MCP-1, IL-6
IL-8 mRNAS] ¥ 3t JAeA F7lgivhe AMS &)
3 TKFig. 3). IL-6 ¥ IL-89l| tigh ELISA #4& F3lXM=
SPAE A3 FRATAFENA 12 L 247170 IL-6 L
IL-8 ©hlde] wrdo] AAHA F7sitke 2o IRl
thFig. 4). o|2i3F ZH=L SPA7} Aol 5wl M| Lol A
AZ7E BZAZHICAM-1 L E-selectin) &} Ate]|EFIQ] (IL—6
7 IL-8)9] WS FIMA S AT A
HojgErh

o ES
=H
==

SE gt R Mo

SPA7} H|AIT|M|ZEL} CHei17io] & l.% | chst SS2M

SPA7} BEAIA 29} Gl prke] Rl g E5S
BA317] 9814, 1x10°7)2] HaCaT J]—r”ﬁ]*ﬂ_ﬁ_oﬂ 2 pg/ml
o] T AZF SPA THAES Fodle] 31T Bk WhSA|
21 F 4x10°709) U937 T TS FH7lsle] 4412k § 77\17] =
HaCaT 37/ ujA|3ol] F2E U937 @elge] 5 ZA43
Gt AZF SPA ©ES 1Y 2 2 Fot A3 gy

O



A

E-selectin

ICAM

MCP-

IL-6
IL-8

GAPDH

-1

1

Intensity
N w

[y
T

@z
[
=
=
)
[}
o}
&
(¢}
=N
e
=
=3
o,
=]
>
=2
1o
ol
i=)
ox
i)
X,
<
1o
o2
olN
e
ole
ml
A=)
[9%)
S
(98]

O Control O SPA-6h @SPA-12h @ SPA-24h

il

o

E-selectin ICAM-1 MCP-1

Fig. 3. The effect of recombinant SPA protein on the expression of pro-inflammatory response-related adhesion molecules
(E-selectin and ICAM-1) and cytokines (IL-6, IL-8 and MCP-1) in HaCaT keratinocytes by RT-PCR analysis. (A) SPA
treatment (2 pg/ml) for indicated times (6, 12, and 24 h) increased the expression of E-selectin, ICAM-1, MCP-1, IL-6 and
IL-8. B. Band densities in each lane were evaluated semi-quantitatively by scanning densitometry. Data are representative of
three independent experiments with similar results. Results are ratios of E-selectin, ICAM-1, MCP-1, IL-6 and IL-8 mRNA
normalized to GAPDH mRNA expressed as means+SD. *p<0.01 compared with the control value as determined by one-way
ANOVA statistical analysis
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Fig. 4. The effect of recombinant SPA protein on the expression of IL-6 and IL-8 protein in HaCaT keratinocytes by ELISA.
SPA treatment (2 pg/ml) for indicated times (12 and 24 h) increased the expression of IL-6 and IL-8 protein. The results are
representative of three independent experiments with similar results. Data are expressed as means+SD. *p<0.01 compared with
the control value as determined by one-way ANOVA statistical analysis.
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O Control ESPA (2 pg/m) |
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Fig. 5. Quantitative adherence assay of U937 monocytes to
HaCaT keratinocytes. U937 monocytes were seeded onto
HaCaT keratinocytes after treatment with SPA (2 pg/ml) for
1 and 2 days and then incubated for 3 h. The number of
adherent U937 monocytes to HaCaT keratinocytes was
determined by cell counting. HaCaT keratinocytes after
treatment with SPA showed a significant increase in the
numbers of attached U937 monocytes. Data are representative
of three independent experiments with similar results. Results
are the mean+SD of triplicates. *p<0.01 compared with the
control value as determined by one-way ANOVA statistical
analysis.
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