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Abstract

Objective: To investigate the regulatory mechanism of p38f in macrophage inflammatory responses,
a murine pcDNA3.1-N-3 x Flag-p38f eukaryotic expression plasmid was constructed and trans-
fected into RAW264.7 cells to establish an experimental model. Lipopolysaccharide (LPS) stimula-
tion was used to study the biological functions of this recombinant plasmid in terms of cell prolifer-
ation, apoptosis, and pro-inflammatory cytokine expression. Methods: The p38f gene was amplified
by PCR to construct the p38f eukaryotic expression plasmid based on the pcDNA3.1 framework.
Purified target fragments were recombined in vitro using EcoRI/Xhol restriction sites and trans-
formed into bacterial competent cells. After restriction enzyme digestion, sequencing, and compar-
ative analysis, the recombinant plasmid was transfected into LPS-stimulated RAW264.7 cells. West-
ern blot, qRT-PCR, EdU assay, and ELISA were employed to assess its effects on LPS-induced prolif-
eration, apoptosis, and secretion levels of inflammatory mediators such as tumor necrosis factor-a
(TNF-a), interleukin-6 (IL-6), and interleukin-1p (IL-1f). Specifically, Western blot analyzed apop-
tosis-related protein expression, qRT-PCR elucidated transcriptional regulation, the EAU assay
measured DNA synthesis activity, and ELISA quantified inflammatory cytokine secretion. Results:
Restriction enzyme digestion and Western blot confirmed the successful construction and expres-
sion of the pcDNA3.1-N-3 x Flag-p38p plasmid. The EdU assay revealed that 24 h after LPS stimula-
tion, cell viability in the p38f overexpression group was significantly lower than in the empty vector
control group. Western blot and qRT-PCR results demonstrated that the p38f overexpression group
exhibited higher expression of the pro-apoptotic protein Bax and lower expression of the anti-apop-
totic protein Bcl-2 and proliferating cell nuclear antigen (PCNA) compared to the control group (P
< 0.05). Additionally, Western blot and ELISA showed that transfection with pcDNA3.1-N-3 x Flag-
p38pf significantly upregulated the expression of TNF-q, IL-6, and IL-18 in RAW264.7 cells compared
to the control group (P < 0.05). Conclusion: p38 inhibits LPS-induced proliferation and promotes
apoptosis in RAW264.7 cells while upregulating the expression of inflammatory mediators such as
TNF-a, IL-6, and IL-1.
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1. 5|

YT A 5 1 T I p38p S 2 2R I AL B I (MAPK) p38 WK iR i —ANTEAY, 22 34 R AL
BB 11 (MAPKL1D) 4 [1]-[3]. p38B fE N (oI fa#E. M. AFAE. S8l SBH. BPE. RIaIAR
MRS A RIS, HEERIEE W RAEE S @B IEEH, 5ARA— LRGSR, B, B
S G BEVEBIR 58 51 ) JORE I R A7 8 3035 QIR L] [4] [S]o Mrvsa AL P A7 £ SOAE 4 AN JEOE A 5 (A p A
T AR 758 RS REAH DG SONE IRFIE 2 —, 18 2% i 18 o (2 g e 4 M e S B 5 A I AR
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T TR M (R 22 e ) DA AR R RS 4 H AR R I R P R R OGRS E 6] AR AR RGN
BRI IR AT, B R AE AN A7 5T IE B R AR AR IO A AWk A PR 2 A e, A Reil i o W 2
PR % N+ 2 S5O R E[7] [8]. WEFLRM, FAEEMN(E 54 2B, p38 MAPK i@ 24 1415 Mg
AHOCHH M = A B RORE A R EYE S 3R0K,  BLHE MR SR JE Kl - (tumor necrosis factor-a, TNF-a) 41/
-6 (interleukin-6, IL-6). HZIfUA 2-18 (interleukin-1p5, 1L-18)%%, M/~ -5 b # 4GB B i P44k ) F
i ke FE[6] [9] [10]. Fi % i (Lipopolysaccharide, LPS) /2 % % R 14 B AN A 5 B2 i 43, 3@ k4
SRR BV 40 B 2R T Toll #£324K(Toll like receptors, TLRS)/ S NF-xB 20 S 80, il R AR RA I &
FRCSREI, BETT 55 A SR ) R A R R [11] . MeR AT LPS il iR B 41 i 52 RAW264.7, BN ARA %
AE SN SR, WU R p38s IIThRE . ASKURAs il p38p 1L RIL KL, HEJT p38p Xf LPS
B RAW264.7 AR b (R s R, QUFEIETE . T A SORE B S BRI R2 )

2. MMEHE
2.1, SEHAAHL

RAW?264.7 4tk (% B R #2553 BitrAr): i FIiE Gl Gibco 2#]): DMEM BEFREE(ILATR
R ITEAA RA T): p38s HUIR(LI AR 5 E M RHE AT A 71); Western blot k7l £ TRIzol Rragent
RNA SR8 (-5 Beyotime 2 71): ECL fL2% UAIC E ARAERS 4012 2545 LA 71): MO T
HEJRHU(E B NEST Z471); PVDF BECIE 2 R R A IR A ) TNF-o AR, 1L-6 56K 1L-18 BUfh(E
W=IE VAR R A H); Lipofectamine 2000 iX77)(3¢E Invitrogen /A#]): EcoRI. Xhol A 1IHE(3E E
Axygen A 7]): ELISA 7l GBI £ 24 A]).

22. Bk

2.2.1. p38p ¥ FRIE AL E S5 E
T PCR FARY 1 p38p E[H, ¥ TiEZE pcDNA3.L AR L sahefi s, 7 pcDNA3.1-N-3 x
Flag-p388 FLAZKIA TR . 2 WU EFVII0IE 5 2346 b 5 FO ) 25 B AR A BR 2 =] 58 i DNA W % 58

2.2.2. p38p W FRIXB ARSI 574H

¥ RAW264.7 41fiaf% 1 x 10° NALRIE RN 6 FLIEFRIR P 4k S8 3%, R 40 Mo s B Ji5 3k A7 5% Yt
1Eo HI%HRESY: K AWB(E 2 ng pcDNA3.1-N-3 x Flag-p38p Jii ki ff) 250 uL DMEM }:37:3£) 5 B ¥
(% 5 pL Lipofectamine 2000 g5 /4] 250 pL DMEM £5 37570 51 T A% Fe s EP & h# & 5 min J5, &
iR . & 20min ERE G, HHEBRE 6 fLBCh A @897 % 2mL. 4L 6 h 5 s ekt
Frbk, RERIEFE 24 h TR EER0I o ARSEEG 4 R DY AN EAT 0 e A0 AT e SRt REZH . e Rp et 7% 2 A
RBATAEMT AL, LPS fIl¥4H: M\ 100 ng/mL LPS Bl Ab ¥, 258kt IR ZH: 100 ng/mL LPS H3# +
pcDNA3.1-N-3 x Flag #5855 4y, p38p ik #ik4l: 100 ng/mL LPS #l# + pcDNA3.1-N-3 x Flag-p38 &
BRI G

2.2.3. Western Blot S24&

SERAIALFE S, WRFE 6 FLARCH I 3, ] PBS ZEiHEAT 3 YRBRETE . INATRYA ) RIPA 24
R 1% PMSF & (IREHIHI), 7EVK DRRAIA, BOOREURE . (I BCA WX & (ARE A AT 52
BT, MEERKE. 4 12% SDS-PAGE &8 F K2 B )5, TE1E E FIAL(200 mA) s 1 T i U i
60 min, fHEH ARG ERIEHE PVDF K. S ENSE RS & 5%BNEGR i) TBST H IV T2 s 2 h
J&, TBST fEFER BT 3 WRIAIREVES (BRI 10 min), FFAEMNE)—Hith 4ACHE IR, —PRBIIRE D
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514 p38 (1:500), TNF-a (1:1000), IL-6 (1:1000). IL-1 (1:1000)- Bcl-2 (1:1000). Bax (1:1000) PCNA (1:1000).
RSP SS, 5 HRP BB P1(1:5000) T EiRIFE 1 he FERIEVE 3 IREFRIFEPUIA, KH ECL fb2k
TG ST R AR i LEBCR AR, I 45 R34 L p-actin Hi44(1:5000)1F N 28 H X

2.2.4. EdU #&3)

K FH i R A B 2 i SR AL T e 5 K RAW264.7 BZl IR0, LA 1 x 105ANFL I 25 B B2 Rl T 96
FLEEFER . 7E 37°C. 5% CO fHIRIEFRA IR E 12 h 5, &L EdU 7, 462:0%E 2 h
SERRAN TR AR L . FFIHEEFRAE, PBS iEVE 2 M. BEFLINA 50 uL 4% 2% 5 H R [ 2 [ 2 30 min, £ PBS
BV S AT IEEAL AL TR . BEFLINNE 0.5% Triton X-100 ) PBS ¥ 100 pL, =i ALFE 15 min J& 35,
PBS &Yk 3 . [7] %L Click-iIT™ & M2, T 2B B 30 min, B 54NN 1 pg/mL DAPI #%
Peii iR 10 min. 28 PBS JEUEE AR O6 BB N RAEE S A EHR, 0G5 %E = EdU FHEARE
$/DAPI BH PG I 24

2.2.5. RNA $2EH1 qRT-PCR
I RNA i S B B RNA. W54 cDNA, 7 StepOnePlus™ S 5 't iE &
PCR £4iHittAT HFRIERY 1 . HFRIER R IEK T8I AACt %35, BL g-actin 15 NN S AT AL IE

2.2.6. ELISA B2 fE B FRY 57 3k

Kb F XA KM RAW264.7 FHAELL 1 x 108 ANFLRIEEER T 6 FLEEIRM, 0 Bk e 34k
(pcDNA3.1-N-3 x Flag)fil p384 id %A # /A (pcDNA3.1-N-3 x Flag-p38p), 6h J& F A% 100 ng/mL LPS
FERREIRAE, dREEWEE 24h. ZOERFRE, WCEMRERE B0 B FIEW, M S ELISA 1T
EERAERE AT I A I 2OREAT BT TNF-o IL-6 A1 IL-18 FOIREE .

23. G ESWITE

AW FE B A SR 32K SPSS 20.0 et AR AT RS0 HT, TFEBIRIYLL I8 £ FriEET (x £
S)FR, MEH] t AL AT PRI AE A SR L, e A DR 3R 5 22 0 W AT 2 AL IRV HE B, R KT i
N a=0.05 (RUl), P<0.05F5E NZERLE.

3. &R
3.1. p38p B RIAFR BRI SI8E

4T 4% pcDNA3.1-N-3 x Flag-p38p HAZKIA kL, ik PCR Ay 1 H I EE R H B . # pcDNA3.1-
N-3 x Flag # A5 H §) A Be4: EcoRI/Xhol MV G 4lifk, @il T4 DNA EREEA @ BT R, ik TGL
RZ M. BEHLIEEL 8 AN F 5w B VA AT A IR G 55 37, B R FH TR AL 100 G pE B 2 ik . 22
EcoRI/Xhol S IH6E k7~ : pcDNA3.1-N-3 x Flag-p38p B 4L F ki sht e . Wi 1 s, BAtEmpEs
BRI Ik M, RTINS TR AL E R R AT, SN A BN — B bk
S PRSI E VIR IG TR R B A e e, AT T LA (i I 2GR AR R A F])EAT DNA JF 41 .
3.2. pcDNA3.1-N-3 x Flag-p38p Bk BRIAYFIA T

9 7 43 pcDNA3.1-N-3 x Flag-p38p JiikifE RAW264.7 ZH i ik 2%, K H Western blot A
BEAT R KR I o 45 SR R 5 HERNT B LA B, LPS J 34 vh p38p 25 [ ik /K & T (P < 0.01);
T FRILH ) p38p B AR B T Yo AR IR (P < 0.01). %45 %1 pcDNA3.1-N-3 x Flag-p38p
LR ST RE MRk, WL 2.
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M1. M2: DNA Marker

Figure 1. Restriction enzyme digestion verification of the pcDNA3.1-N-3 x Flag-p384 recombinant plasmid
1. pcDNA3.1-N-3 x Flag-p38p3 E 4R Bk FOEEHI 6 E

B-actin [ - e em— QJ 42Kd

LPS - + + +
pEGFP-C1 = - - +
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B mm Normal
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Figure 2. Protein expression of the pcDNA3.1-N-3 x Flag-p38 recombinant plasmid. A: Western blot detection of the protein
expression of the pcDNA3.1-N-3 x Flag-p384 plasmid; B: Histogram of p384 protein expression. Compared with the basic
control group: *P < 0.05; compared with the empty vector control group: P < 0.01.

[& 2. pcDNA3.1-N-3 x Flag-p388 E4HRKIMNE A TFIE. A:Western blot 430 pcDNA3.1-N-3 x Flag-p38p FRKIMIE R R
i%; B:p38p BMEFIEHIRE; SEMITERALE: P <0.05; S=HMAIRALLER: "P<0.01,

3.3. p384 X RAW264.7 4ARE5E A 5200

T K pcDNAS3.1-N-3 x Flag-p38p i #i % 4% J& 4 RAW264.7 41 M 34 FE v M 52, SR A EdU Je 6
TR 25 R EIR, AHECT LPS R A B AN B2, p38p ik ik EAU BHPE4H i 2 B fa [
K, ZRBEAGIE L (P<0.01). XERMLE LPS HIBIW A0 S S, p38A B ik ny i it $1 v i 4% 241
i A IR A0 RAW264.7 ZH A B8 5% 1, WIS 3.

3.4. p38p Xf RAW264.7 {HBUET AR

N T A pcDNA3.1-N-3 x Flag-p38 ki e 4 RAW264.7 52040 Jo X AU M I8 T 52, 7%
F qRT-PCR Al Western blot £l Bcl-2. PCNA 1 Bax ) mRNA FlIZE F/K AN RisE. 458 ExR, M
BT LPS RIS Je S #ifA R 4, p38p i RILHPUM T T Bel-2 MFEKFEEAFLE TIRHEP <
0.01), RFET:HT Bax MFREEN LI FREP < 0.01). [N, MFEAREY PCNA IFRIETRZHMH| (P <
0.05). iZZE PRI LFRIE p38p AlIEIL T Bel-2/Bax “F1lif L INHI A B (3R, ik LPS %1
RAW264.7 4T, WK 4.
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Figure 3. Detection of cell proliferation activity by EdU assay
[l 3. EdU SRR ARARIETE R 1T

A BcI-ZL- e D ‘26Kd

Bax
P ——

B-actin . e -— ‘42Kd

LPS = + o+ +

pEGFP-CI = - - +
pEGFP-C1-p38 = - + -

4=

B - e mm Normal
o
? ” =1 LPS
g 3
g B3 pEGFP-C1-p38p
< 2 . o =3 pEGFP-C1
z — *
€
Q *
2 1
kot
Q
©
Bax PCNA Bcl-2
2.5=
C s mm Normal

g 2.0 —— =3 LPS
& is = 2 B pEGFP-C1-p38B
o ol ok
£ " - =3 pEGFP-C1
g_ 1.0 =
(]
2
£ 05+
[7]
o

Bax PCNA Bcl-2

*, A% P <0.05, P<0.01.

Figure 4. Expression of apoptosis-related proteins after transfection with pcDNA3.1-N-3 x Flag-p38/ recombinant plasmid.
A. Western blot detection of apoptosis-related protein expression; B. Analysis of mMRNA levels for Bax, PCNA, and Bcl-2; C.
Analysis of protein levels for Bax, PCNA, and Bcl-2

4. pcDNA3.1-N-3 x Flag-p388 E4H R EATHAERNRIE. A Western blot #MPATHXERAMIKIE; B.
Bax, PCNA #1 Bcl-2 ) mRNA 7K£4534fr; C. Bax. PCNA 1 Bel-2 (WERKFESHT
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3.5. p38p ¥t RAW264.7 RS SEN R FBIERIR NG

A Tl pcDNA3.1-N-3 x Flag-p384 Jii #i4% 44 J5 xf RAW264.7 4 fd 2 5 v 2 = E A, R gRT-
PCR AR E B HT B R AR (TNF-a. 1L-6. IL-18)H mRNA #3%7KF, Western blot 48 AH 5 5 (9 it
KibgE. GRER: 5EEMESIRAMLL, p38s L RIAHH K TNF-o 1 IL-6 FIFREFEY FiH(P <0.001,
P<0.01). IL-15 ] mRNA 5% AFRIATR 2B (P <0.01). XRE RAW264.7 4t b, p38p
) 3 R 3o 20k S 25 BRI R A IR 5 TNF-ain 1L-6 B2 IL-18 (OSSR I0E 5 M oh 70iis, LISl 5.

A TNF- | s s S s | 26Kd

IL-10 | #Hs SN S s | 35Kd

LPS = + + +

pEGFP-C1 = - - +
pEGFP-C1-p38 = - + -

. mm Normal
] —
@ 4- 2 ke = LPS
@ i
‘5 s ” = pEGFP-C1-p38B
) - —
< sk ok = pEGFP-C1
o
£ 27
2
5 14
[
o
IL-1B IL-6 TNF-a
C 1.5=
Hm Normal
* _xk = LPS
1.0 = pEGFP-C1-p38pB
= w2 = pEGFP-C1

0.5+

Relative protein expression

IL-18 IL-6 TNF-a
*, IR P <0.05, P<0.01, P<0.001,

Figure 5. Expression of inflammatory factors after transfection with pcDNA3.1-N-3 x Flag-p384 recombinant plasmid. A.
Western blot detection of the expression of inflammatory factors; B. Quantitative analysis of the mRNA levels of TNF-«, IL-
6, and IL-1p; C. Quantitative analysis of the protein levels of TNF-q, IL-6, and IL-18

[& 5. pcDNA3.1-N-3 x Flag-p384 E4H AL LG KERE FRIFRIE. A Western blot %M AREE FRIFKIE; B. TNF-a,
IL-6 #1 IL-18 &9 MRNA KEEES#7; C. TNF-an IL-6 F IL-18 OB AKEEE DT

3.6. p384 X RAW264.7 4RSS AES T R 43 i B 2N

N TR pcDNA3.1-N-3 x Flag-p384 A% RAW264.7 L 4RE A R 70 b i i 4, i
ELISA VAR FiE i R 2 PP o S5 R ER: BT 8o AL, p38p ik RIAH 11 TNF-a B
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I E(P<0.01); 1L-6 I IL-1p ()73 WA7K 1t J51 02 e 7 A 0 HRZH T v (P < 0.05) . X R B 7E RAW264.7
i, T EIE p38s EIENLHE TNF-an 1L-6 2 IL-18 25 RA R IA RS 70, W4 6.
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Bl Normal

40— = LPS
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Figure 6. Detection of the levels of inflammatory factors in the supernatant after transfection with pcDNA3.1-N-3 x Flag-
p384 recombinant plasmid by ELISA

[& 6. ELISA %% pcDNA3.1-N-3 x Flag-p38p E4H kst /g L& h 2 EE FRI7K
4. ¥1ig

22 ZLF AL ER SIS p38 KR RATAE T KA AEM A h — K EENE S FEEE, ENLRREL
B A (MAPK) Z A o il B, ETE 500 VA 22 R Rd 4 A Jg rp B R A PRI 4F R 46 32 R [12].
WFFCUESE, 7E BRI A 3 6 SR S SE 38 7R SR AR B LPS UG, p38 MAPK i itk i 2 A A
T, AREEZ PR 2 A T IR IA[13] [14]. p38p 1T RE I ELIE T IS MAPK AP-K2 Fll ATF-2 %5 R UM 7
YA G M SR R, (R AT R I MSKL 38 % 20 98 E KT R R S 8 [15] [16]. AR%E A& 2 Fh AR SN
P FR AR, SRR AR S R 2 SR PO, LU E B e O . IR ERESE[17].
AHF T B K p38p ik FIA kL, AL LPS i S 1 RAW264.7 EWNGEAN M JOERRY, /R HAE RAW264.7
I 2 i ) Ty R TR A I 5

SEIGHE EoR, p38p ik ik B NH] LPS i S AIAN A FE(EAU FHIE S R %, P<0.01). 2 THLHIHF
R, qRT-PCR 1 Western blot 46 57 ki 5% e e 4R AR T- M B AR L, 45 R R p38p i Rk fig
VR TR G EE A Bax HIERIA, MBI A O B Bel-2 I EEAR G EE 1 PCNA IRk, i
B RAW264.7 IMBMTE T sbsh, %R R R I I &Rt . Western blot 4145 8o p38p i Fik
fEAH A 2 E KT TNF-an IL-6 AT IL-18 8 FI3RIAKF B ELISA 45 BSR4 big A 9858 K745
W BET S, BRI p38p WL EE T - W XURAEIE R N o LA S AU 4 AT, p38s Kt
RAW264.7 £ 3 2 3L R 1 42 45 = 405 RAW264.7 411 48 5 02 2t HE 0 T2 R 7] B3 TNF-a.
IL-6 J% IL-18 5542 2 40 M A 1~ 1) 40 WA 7K SF- o I FEDRE SRIA7E RAW264.7 g fifarf 23 “ G580 - P4 T3
S - SRE IR () =R .

IR p38B TE N M () 7 T ThRE R e Az B B, (H'E 2 5 40 M i AL FNRaRe Ry I 7, 52 e 40
XHAST FBOT R, FE 25 Ff iig 2 B v B U FE1E T, LA p38B AL s i 25 4l 9 ik R ¥ 1) 3R
RN, A JG SRE S R IR TT R A T B B (18] A 7R SEFL R B (e TR R, X R
R RS FRRHE 0] p38p4 T 3E e B B4 R S e A B A HE IR TR L, E AT RS R B A AE SN T i SRAH
FLFIRIE R o ARARRFFAFAE— € R, SRIRRIAY R TR S 3R 1Y) RAW264.7 UMl R, 6k = 7EJ5 AR E
H AN S A 1 R B S AR ik — P IGHIE s LR, ARAE T R LI p38p 1Az M 4 - B AR T T AN 1) NF-xB
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A AP-1 {5 58, RIRNMEAT p384 45 T2 (AL SR K T/ 4%, R RE4E <07 B 1 TS md A P AL ),

xw]

REFEWE T EIBIEZ R . FI38, p38p 15 HAM IV (41 p38ar) HYAZ LA FI AR B B, 15 oAl MAPK i@ %

F (U ERK . INK) B2 SR A P BE P AEAME RN o S5 2RI FO 1 7. 2 S L VPN AR 3R, AR AR R 30
FERIR ISR p38F MR A DhRE, IRl A RS R R AR A, T RRSHESE R p38s HIZIN T
TS SR HEEIR AR -
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