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[HE] BH HIEHABMREF2Cm (protein phosphatase 2Cm, PP2Cm ) i3 K Pp2cmiTT 8R4 B 4 e (0 8] % BR
(Staphylococcus aureus, S. aureus) J5 FLEAN I 9 5E T3k 2 S AE VLG . ik @It 5E (adenovirus, Ad) F 4
Raw264.7/)N BRE W 41 3R 537 T Pp2.omJE DR R XS L Wit 240 0 8 RE PR . 20 38 58 A T~ R TolIF: 5244 ( Toll-like receptor,
TLR)fF 5 MR . ZRMuAL B S 44, WHEAd-Curldl . Ad-Pp2emil. Ad-Ctrl+S. aureusZl FIAd-Pp2em+S. aureus?fl . 4¥
TR I AT R AR 25 (Ad-Cel) BT X Pp2cm ik 5 ) B 88 (Ad-Pp2cem) , e IS8l Y 46 00 (5 A 4 BR TR 1EA T R AE 15
o SEATPOERE H R A W EE UV (real-time fluorescent quantitative polymerase chain reaction, RT-qPCR) %l i SR 5L K
Fa(tumor necrosis factor-alpha, TNF-a) , FHZlIfi/1 2 1B (interleukin 1 beta, IL-18) . TLR2, TLR4, Toll¥f3Z (&5 4 (Toll-
like receptor adaptor protein, Tirap) FIfEHE4> 4k K788 (myeloid differentiation factor 88, Myd88) K #ik, & H EN il i
(Western blot) $ AR Kl PP2Cm#E FH %35, Cell Counting Kit-8(CCK-8) 2l & 20 JfL 18 5, 3 =X 4 M A AG 0 40 B 9 7=
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Ad-Ctrl4 B AR MAR L, Ad-Pp2emA EL WG4 TLR2, TLR4 ., Tirap FIMyd88K: [N Fk /K VT, 2 %A 5178 X (P<
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[ Abstract] Objective To investigate the effect of silencing protein phosphatase 2cm (Pp2cm) gene on the
expression of inflammatory factors in macrophages infected with Staphylococcus aureus (S. aureus) and the mechanisms
involved. Methods  The effects of Pp2cm knockdown on inflammatory factors, proliferation, apoptosis, and Toll-like
receptor (TLR) signaling were analyzed in RAW 264.7 cells, a murine macrophage cell line, transfected with adenovirus
(Ad). The cells were divided into four groups, including Ad-Ctrl group, Ad-Pp2cm group, Ad-Ctrl+S. aureus group and
Ad-Pp2cm+S. aureus group. Cell transfection was achieved by separately introducing control adenovirus (Ad-Ctrl) or
adenovirus targeting the Pp2cm gene (Ad-Pp2cm) and inflammation or the absence of inflammation was induced by
applying or not applying S. aureus. The expression of tumor necrosis factor-alpha (TNF-«), interleukin-1p (IL-18), TLR2,
TLR4, Toll-like receptor adaptor protein (Tirap) and myeloid differentiation factor 88 (Myd88) was determined by real-
time fluorescent quantitative polymerase chain reaction (RT-qPCR). PP2Cm protein expression was determined by
Western blot. Cell proliferation was determined by cell counting kit-8 (CCK-8) assay and cell apoptosis was measured by
flow cytometry. Results The expression of Pp2c¢m gene and PP2Cm protein was downregulated in the Ad-Pp2c¢m group
when compared to the Ad-Ctrl group, with the diference showing statistical significance (P<0.05). When compared to
those of the Ad-Ctrl+S. aureus group, macrophages in the Ad-Pp2cm+S. aureus group showed significantly increase in the

TNF-a and IL-1f gene levels (P<0.01). Furthermore, the Ad-Pp2cm group demonstrated elevated gene expression levels of
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TLR2, TLR4, Tirap and Myd88 in macrophages when compared to the Ad-Ctrl group, with the difference showing

statistical significance (P<0.05). There were no statistically significant differences in cell apoptosis and proliferation

between the Ad-Ctrl and Ad-Pp2cm groups. Conclusions

Silencing Pp2cm gene promotes the inflammatory response

of macrophages to S. aureus infection. Moreover, the TLR pathway plays an important role in the inflammatory activation

of macrophages.

[ Key words] Staphylococcus aureus

2RUBE IR (type 2 diabetes mellitus, T2DM ) fB & 4 B
A BRTE (Staphylococcus aureus, S. aureus) FRY R E T
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L0 240 R 04 988 IR AE I T a(tumor necrosis
factor-alpha, TNF-a) Fl 1 4fiff1 /- % 1B (interleukin 1 beta,
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f FHPBS 5k 40 B J PR 50 KB ¥, 2 )5 B HIPBSH
B B Raw264.7/NRE LR (ATCC, £ H), £
T 10%FBS, 1% ~ 2% §E 4 R FYDMEMH 15 5%, 7 IR E
V37 C . ARBITEU5 % — A AR 1) 1 R A FL R 3%, 4

Protein phosphatase 2Cm

Toll-like receptor

1~2 dfef—k. s HAd-CtrlZl . Ad-Pp2cm
2| Ad-Ctrl+S. aureusZl F1Ad-Pp2cm+S. aureust . 433l
TEAH L In AT BB BE (Ad-Cerl) BUET X Pp2em B A Y
P 2 (Ad-Pp2cm ) , 55 FH BN 4 2 €038 2 SR T 0 A 7
RAETE T
1.2

DMEM = #3577 5 (HyClone, SE[H), a4 1174 (FBS,
Biological Industries, £ [E ), F %% % (HyClone, £H),
PBSZE i1 (PBS, biosharp, H1[H), Trizol(Vazyme, H1[H),
HiScriptQ RT SuperMixi® 7l & (Vazyme, #1[H ), SYBR
Green PCR mix(Bio-rad, 5[ ), Cell Counting Kit-8Zf /]
0L (CCK-8, Beyotime, H1[E ), RIP A% fi# ik
(Beyotime, ), & HEFHN 7 (Roche, Hit:), LBREF
W (Sigma, HA), Ji =X 98 145 07 & (4A Biotech,
SNEEDE
1.3 HHREER

R IR B (5 PR, PP ) X Raw264.7/) B I
AN ZR Pp2em BE N FEAT AR . AL B F22x 100/ £L, 42
e flii . 57724 h)5 R Y 5 % (multiplicity of
infection, MOI) =150/l A Ad-Ctrlal# Ad-Pp2cm}i 5
48 h, TR SR I FARYE 73 21 BEAT AL B, e 7 447 5
UESE

®1 BRESHEFT

Table 1 Adenovirus vector sequence

Gene Vector Target sequence

Pp2cm  hU6-MCS-CMV-EGFP  CCTAGCATCAAGTACGGCAAA

Ctrl hU6-MCS-CMV-EGFP  TTCTCCGAACGTGTCACGT

1.4 IHRATERESEHEXRE (real-time
fluorescent quantitative polymerase chain reaction, RT-
qPCR ) #il)

oAb B P A0 2 B 13 IS HPBSTR e 21K, 3Bk |
WHJEMA0.5 mL Trizol, TR AJWLHE T 1.5 mLIC[H#
EPE . Z RS minfm MILA0.1 mLE {7, i 240 e dik &
15s% F T EWIKIRE, ZACE3 min, 784 °C. 13000xg
E5.0015 min, W KA E 5 —ASEREEPE H, IIASE
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VE. FRRELD, ¢ 10, SR T8 R oK E &, A
AR KRN AYE BE J , FTHiScriptQ RT SuperMixisFl
B DNAAR . [ HISYBR greenif1TRT-qPCR. 5|4
FFAN L2, K Ad-Ctrl+S. aureusZ F1Ad-Pp2cm+S.
aureus? ) TNF-a 5IL- 13 H F ik, Ad-Ctrldl | Ad-
Pp2ecm1ffiPp2cm, TLR2, TLR4, Tirap5Myd88Kk K %
ik. LAGAPDHNWNZ:, ¥ 3L K ARikfk, IF4 5 b A
Xof - Xof HE 4 B A5 B A (LA Ad-Cerl 4l sk Ad-Ctrl+S.
aureust] TR EECH) 6

& 2 RT-qPCR3|#1F 73
Table2 RT-qPCR primer sequence

Gene Primer sequence (5'-3') Product length/bp

GAPDH F: AGGTCGGTGTGAACGGATTTG 123
R: TGTAGACCATGTAGTTGAGGTCA

Pp2cm F: AAGTACGGCAAACCAATTCCC 132
R: GACTGCGAAGTATAGCACCTC

TNF-«  F: CCCTCACACTCAGATCATCTTCT 61
R: GCTACGACGTGGGCTACAG

IL-1p F: GCAACTGTTCCTGAACTCAACT 89
R: ATCTTTTGGGGTCCGTCAACT

TLR2 F: GCAAACGCTGTTCTGCTCAG 231
R: AGGCGTCTCCCTCTATTGTATT

TLR4 F: ATGGCATGGCTTACACCACC 129
R: GAGGCCAATTTTGTCTCCACA

Tirap F: CCTCCTCCACTCCGTCCAA 100
R: CTTTCCTGGGAGATCGGCAT

Myd88  F: TCATGTTCTCCATACCCTTGGT 175

R: AAACTGCGAGTGGGGTCAG

GAPDH: glyceraldehyde-3-phosphate dehydrogenase; Pp2cm: protein
phosphatase 2cm; TNF-a: tumor necrosis factor-alpha; IL-1f: interleukin 1
beta; TLR: Toll-like receptor; Tirap: Toll-like receptor adaptor protein;
Myd88: myeloid differentiation factor 88.

L5 FZHITEERNPP2CmER

IXAd-Ctrl4d] B AN -5 Ad-Pp2em B WA, 54k
PR A0 25 B 10 S FHPBSTT e 20, WA 4 T°1.5 mL
EPAE, W2 i A 5 2 P 0 1 70 B0 SRR A, o 28
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[, M4 CHEE — P, kR —di(Cell
Signaling, £ E) W E 1 h, IEUE/E L. PP2Cmitfk
(Proteintech, 1 : 1000), GAPDH(Servicebio, 1 : 1000) .
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PBSUE ¥, B0 WO 4 i, AR 48 1500 & i B, 1
annexin-binding buffer® &, M XE 40 L% B )5, W BEA i,
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JIHA1x annexin-binding bufferi® &, i F X ANAEA S4BT
ATk ] /a
1.7 4HREE F14&
HUAd-CtrlZH B W4 5 Ad-Pp2emH F W40 i, 115
JE R T 96 fLMR, 1 B 25 LI B0 & i Tk B,
H CCK-8 IR 2N B~ fL e, IR 96 fLAR B 137 “C1H
TSRS i 2 h, PRI (BioTek, 2 ) 5:ill450 nmi
KAOGEE(E . AHMIE I IE L T OB R
1.8 SHitEFHiE
JI A AR LA X + s 7R o Al PR O i) XU £46x 3
AT E] LL AR, P<0.05 A ER A RITHE L,

2 #R
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(P<0.05) (¥l1)
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Fig 1 Effect of adenoviral vectors on the expression level of PP2Cm in
macrophages
A, Expression of Pp2cm mRNA (n=3 per group); B, expression of PP2Cm
protein (n=3 per group). MOI=150; " P<0.05.

2.2 Pp2cmEFEFRIE N E WA TNF-a5 IL-1 3R %

5 Ad-Ctrl+S. aureus?l B WEANAEAA L, Ad-Pp2em-+S.
aureusZH B EANNEL D TNF-a 5 IL-1B5E I ZRIA K- T, 22
AR L (P<0.01) (E2)
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Fig 2 Effect of Pp2cm knockdown on the expression of inflammatory factors and TLR receptors in macrophages

n=3 per group; " P<0.01,” P<0.05.

2.3 Pp2cmEFEFRIEMNE AR TLR2 S TLR4K) R 1%
5HAd-CurlZ EEZHAEAH L, Ad-Pp2emZH B REAH I

TLR25 TLRAFER FIh KV T imi, 22 A Geit 738 L(P<

0.05)([&12)

2.4 Pp2cmE FRHRIE N E LA Tirap 5 Myds8&kik
5 Ad-Ctrl4H M b, Ad-Pp2emH 5 W40 Tirap

Myd88IE R kKT i, 2254 e it L (P<0.05)

(E2).

2.5  Pp2cmE FEFHR AN 2500 B k40 AR T FnigsE
ZERNE3, Ad-Cerldl B RE A5 Ad-Pp2emH B g

20 LAY A M R T2 S T g i S, B R AN A A 20 i 4

FZER TG T8 X

Ad-Ctrl Ad-Pp2cm
15
105 Ql QZ 105 3 Ql Q2 ®
« < 5 E100F re¥s -3
Lr‘ﬁ 104 u"x 104 F T 10 F T '.—‘: [ v
b b g S
S S = - Sl
2 10 210t 2 H 3
> % s 5t o Or
[5) L >
w9 1 < s
i Q4 Q4 &
5 5 0
010> 10° 10' 10 010> 10° 10* 10° Ad-Cul Ad-Pp2em Ad-Ctrl Ad-Pp2em
(A ) FTTC-A FTTC-A (B )

[ 3 Pp2cmE FERLR 3 B M4 AE AR T R
Fig 3 Effect of Pp2cm knockdown on the proliferation and the apoptosis of macrophages

A, Apoptosis of RAW 264.7 macrophages was determined by flow cytometry (n=3 per group); B, cell proliferation of RAW 264.7 macrophages was determined by

CCK-8 (n=4 per group).
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