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W WG AN . ELISA. qRT-PCR il Western blot &l & Bi, HSF~BEFEAE /)N BRI AT ZE 4L (K 8 115 C eakak
- AT R E AN, RS bEnd.3 M4 N ANMI A SE B 25 SR B, HSFUMRIARZHE (LPS) A SAE AT C£ik, HSFI
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YEH .

KR PRSI, MERAE, EERC, B, S

FESES R363, R563 DOI: 10.16476/j.pibb.2022.0091
WRFEAE (sepsis) &1 10" HUR YL SF A R AE e M T RERY 2K AL MEBERE & A2 & St ft rp HE 2L

TN, ROV RS RS E DI RERERT A —FhEl e B A fb 2 — . YRR RS , kg
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PARFTEN T 1 (heat shock factor 1, HSFI) &
PR —FhEE LG SR T, AR ORI S S vy 55
R RE R B TR . A A AT
WE5E W7, HSFL /N RN 2 3R IE B A B 0
PHER, HSFLiELE FEBR TR 1 70 9215, 41
il P9 25 I SO I R TR iR A R IR R
B, WA B ARAE RN M, R DL I
PN AEVE IR . AR -10 S5 2 R 908 N 7
[RFeIk 1 R N B R IMURE /N BRI 2 28 B B .
HSF 1M MeEEAE & A % i A v i 2 A (R
XoJ Il 25 45 1. 1) A 25 LA B A 4 1 H AT A 3R
Ao I, AW B AERRTT HSF1 & 7l i i35 ik
BRAE /N BRI L 1 DT X /DN GRS 31—
AP VR, LASDIH% 75 HSF1 78 MeREAE BE 1l D) fE
T AV FH B CHIL

1 #M#ERFE

1.1 SEIeENY

SEgR/INERCA HSFT BRI EER (HSF177) AR
R (HSF1) /R, rh 98 9% 2R TR 6 T e A2
=25t Ivor J Benjamin 2 2008 ¢ v R A A
BRAE R Si e s b A sE iR, SPREL, Zead/Mi
LD R M L Ok A BCFR A, AR ELA A
HSF17FIHSF1™ /N, P AR S [R) S5 DT L,
e, AW 8~12 5, 1A 20~25 g. SRS
B p R RS G S G B2 51 2 At
1.2 MRITEBEILFFLAR (cecal ligation and
puncture, CLP) #&/NRARSEEE

/N Bl CLP 52 56 A5 B 4 57 2 2% SC ik O 2 if
frimsl, BRI . BCHSFI-MTHSF1T7 /N,
5 2% SEaEREE /N R, T8 2 R /N BRUE
M T 4 3 1 5 F IR B B R L2 29 0.5 ~ 1 em,
FETEEREPREEWE, fFE5EE A5
13 b ZELR 25 FL, B 21 SEHHESN 1/3 Ah25T B Xt
AL, FEHBE PR B AV LULAIE 25 FL AL i
W, XM, RJEETES 1 mlE R K
TR S5 SRIRZET, BN AYARTL LRI KT e 7
JERLTRY AN )
1.3 MmigsEAREMLE

O MEZERE R ML . AEZERIRT, ARG TonA
PR (3.8%FFEBEmREN, 1:9), #BUMKIF LT
HIE ARG . IMEAEA S BIFE 4°C, 1000 g, &5
U015 ming MAEAR ST BUHFREM AR bR 0T 4%
fR I RE S E-80°C R8T, FHTIRSEsi .

1.4 /IMEATELAREZMNE

/N SR AE , AR GRSy i 4, BT
4% Z B IPEE [ 5 24 h, Sk . BT, B
ARSI E YIRS ~ 5 um B R R, YR FE
TR IS, A SO BE Y £ BE K AR B 2R AR K
Y, 73K (hematoxylin, H) MARZL (eosin, E)
K YL 5,5 ~ 15 min, % HIEVE . WOk K,
THIREW JE R B . HE Y5 144U
ATt B P S SR AR e T
S FREE T LRI W2 S O R
1.5 FhELRE/FEL (wet/dry ratio, W/D) il

SR JFH il 2 29 388/ i S 000 A A7 /0N B il 7K i
FERE . /NERTE CLP J5 AT B[] S B b 58, FF
Fafi R — MG 2R E RE ), Mg 47 80°C
Thn#k24 h, LIRS T EIFHE WD LA
1.6 ALREERLE

FE R[] B[] A5 b B8 CLP B0 /NER . 7 BIVER
feliti, FH4% Z R WEE 2 24 h, AMEIE,
HAYIE A4 um Y . SPRIBE)E, 5% =
MG AW, FHEACE 20 min, B, IAPLE4E
E/AEE AR —P0 (1200, Abcam), 4°C T
ROCIFF 8. A FITC LI EHi i 1gG (1 : 250,
Abclonal) M 2¢Y6 91, 37°CEYEIFH 1~1.5 h,
bt St w s Rl E o 2Ot ME (25
MIDI 45250, %A F]) #EA7EIGRE .
1.7 qRT-PCR

i FH TRIzol®i 5] (Invitrogen Thermo Fisher,
%) B IO 2 g0 i R B RNA, &
PrimeScript i 4% S¢ [ (TaKaRa, HZAS) FIFEHLS]
Wy 306 5 5k i cDNA . 2K FH Applied Biosystems 7500
PCR Y #% #E47 PCR RV o N 2514 h . THAR 14
95°C 30 s; A1 95°C 555 1B K AE{H 60°C 34 55 40
MG . TE 60°CI B 2GR 2 . gRT-PCR A5
YWirsl k. EHABC (Pro C) L5, 5'-
ATCTGTGACTTCGAGGAGGC-3', FiiEs#, 5'-
ATTGTTCACCCGACAGTCCT-3'; B-actin | JiF 51
Y1, 5-CATTGCTGAC AGGATGCAGAAGG-3', F
Ws1¥, 5'-TGCTGGAAGGTGGACAGTGAGG-3',
L 278 SC SRR AR MR mRNA FUARN A
1.8 FEgBLRm M Finie (ELISA)

N RER MG, SEEP4°C, 1000 g, B0
15 min, WS b3 B3 T8 9 KR EP 45 T
BCA & H & ot fl 3G L 8 1 i C (APC) (CSB-
E09914m, b)) M, Jrikdie i) &
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1.9 ZEBRENTEE (Western blot)

Al 21 2 240 i Hh 4 5 1 B 1 TR i 28 SDS-
PAGE LKA, $5 855 PVDF B)5, 5% 4~ W54
Wb (TBST Bl ) B M 2h, IMAEHEC
(1:1000, GeneTex) #B-actin (1 : 2500, Cell
Signalling Technology) ik, 4°CHFH IR . MA
FH 5% BSA ECHIAUAI R 3T, FIRFERME 1.5 h,
TBST PefE 3 kG i T b # & ik mf, 455 R
Imaged FART EUG AT 1t 530 HT -

1.10 JREHIERIREL

ZH NG AL R HSF1 ik pcDNA3.1(+)/HSF1(+)
(mHSF1) #1125 3844 JFi ki pcDNA3.1 (+)/HSF1-wt i1
Fiii+- Pharmaceuticals S.A. ¥ Richard Voellmy 4 +-42
fit . 5 1 C 4K Bk pGL3-ProC-wt  (ProC-wt,
-621~—1bp) FIZEAL ik pGL3-ProC-mut (HSE1-
mut, —584~-577 bp &4%) MYRAEH i AE YA R
TREAFISER, W25 R E T A BT 51 A E
Sk, FORAEEC (D6950-01, Omega) R FKid
B0 T, HEBUS AR -20°C P76k, T IR%:
S
111 ZHpi%E BRYIREX

bEnd. 3 4 il 7F 41 it 5% 5% ML rh 43°C $4b 2
60min "' o 4l i K% & 14 B (20126ES50,
Yeasen) #ZDATABRMAT: MEUCEE T .08,
76 20 M 0 ¥ TP 4% 45 20 wl il A & PMSF (i 7] A
200 plo ferm ERIZLRIES s, 582/ BAn it
UE, VKW 10 ~ 15 min. 0 A BRI AR A 4R R B
(GAFIB) 10 ul, fem s BIZLATGES s, 7K 1 min,
W R R R IES s, 4°CE L, 12 000 ~
16 000 g, 5 min, 2B L&, JIA T PMSF B
C 50 plo f R ZLRE 15 ~ 30 s, TERBTRITHL
DUVE, BEFKd, AR 1~ 2 min P 2090 e
15~30s, 454230 min, #RJ5, 4°C, 12 000 ~
16 000 g #5.0> 10 min, 7 BIWEHC B3 (40 iE A% &
) 25 —TAME.OE . BCA VLK Kk
W I I 7 RV FH sk -80°CUR A4 H
112 ‘ApatEsrinig

bEnd. 3 40 MY 7E & 10% &9 iG 25 1L 3% (FBS)
(Gibco, Thermo Fisher Scientific) [ 5 ¥ DMEM
(Gibco, Thermo Fisher Scientific) 157 5ErhgEf 7%
FRo MRS , T4 K IR HITE 70% ~ 80% iE
740 M %% 4y, ffi H Lipofectamine®3000 Reagent
(L3000015, Invitrogen) #E47 o740 BIFEGL

113 BERBEXKIBITR
mobility shift assay, EMSA)

H 4 26 15T C A 87 X B9 HSE 2 Jp 4k q 7
BT I R AR ) TRREOR A )6 A% H IR IR ST
(RLAEPRICREE . SE P IREF IS HRET) (3R 1)
EHECHEMTRES (B hyst)
T . S'-ctggtcctgagetgaGAAGTTTCagacaacagcattt-
3", EMSA {fi ] EMSA i 7 & (20148, Thermo
Fisher Scientific) #4F, JrkZ B T =, M
HERCR A ZR - B AL WG 25 6 W Ak 2 2O
YIRS A= W 2 AR iC B DNAL 8 i 5% 52 56 i FH Hit
HSF1Hifk (ab2923, Abcam) 2 pl il A F) 5z I 4
1,

(electrophoretic

Table 1 Pro C probe sequence

Probe Probe Sequences (5'-3")
Labeled probe F Biotin-ctggtcctgagetgagaagtttcagacaacagcattt
Labeled probe R Biotin-aaatgctgttgtctgaaacttctcagctcaggaccag

Competitive probe F ctggtcctgagetgagaagtttcagacaacageattt

Competitive probe R aaatgctgttgtctgaaacttctcagetcaggaccag
Mutant probe F ctgatcctgagetgageagtgtcagacaatageagtt

Mutant probe R aactgctattgtctgacactgctcagetcaggatcag

114 MRAEEHREEFELE

bEnd.3 40 i3 1 7% 54 24 fL#R . JH 500 ng
Ji C e 4 J A BORE . 500 ng mHSF1 5k a5 25 4% 4
JEi ki pcDNA3.1 1 20 ng N 2 Jfi 7 pRL-TK 4% 4
(L3000015, Invitrogen) 48 h, fdi 2%
LR IRF & (E1910, Promega) #EATHRME,
I i ] SynergyHI ¢ i #5 {X  (BioTek) 437 ki
D H e LA ok e S i 50 9O R L
PR,
115 Sit=aih

WS I PR, ] SPSS21.0 Fll GraphPad
Prism7.0 AT 412450 M o Kl DA Bl br i 22 3%
INo PPN LLRCR ] ek iy, 240 AR ] ANOVA
PR Ty 22081, #RJ5 >k F Bonferroni 5 J5 K 55
(Bonferroni post hoc test) . DA P<0.05 R ~A St
E5- 9

2 & R

2.1 HSFUBEMREE/NRH SRR G

56 R CLP i /N R BEAE B A, 7EAN[A]
(R ERF [1] 5 W05 CLP Ji5 /)N BRUB ZH 2005 BT A8 22 A8 1k
HE Qe 25 B EK W], CLPJ5, /NRIATHSUH I T
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Fig.1 Effects of HSF1 on the morphological changes in lung tissue of mice with sepsis

(a) HE staining detected morphological changes in the lungs of septic mice; (b) lung tissue damage score; (c) lung tissue wet/dry ratio. #P<0.01, vs

HSF1"* control; **P<0.01, vs HSF1"* CLP; n=6.

2.2 HSF1MERRERE/NFBAEE I K EL LR D B
I 44 B /2 B

M DB S8 2 MR REAE A — > B 2 R AR
2R, AT T MR/ BRI B T e, A
T /NE CLP J5 BE MG AR 19284k o 1% Ak 3K 43 B 1L 7%
fifg B[]
APTT) FIEE I i )5 BF 8] (prothrombin time, PT)
S S AT LAAREE I D RE Y BE ZERIFR bR, 43 s By
U5 B 1 R e T e 25 AL A AMIE MR e I R A DI RE R
Bl Z5RW/R, CLPARJG12h 24 h, /NELAPTT
MPT ¥ T, HSFI 4B B AL F HSF1 4, Ml
WEESRITFES (Kl2a, b). 451K, M
SERAESG, BRSPS, ST R SRR
DA, WU HSF1 XHEE M AR s r= A T
AR o T A T R e 20 5 e 135 T i)
FEbRA, MAFYEER R MR T 5 A 2 S I
Yy, TEBEIMSFE R P DM /MRS TE AR e
MFEEEH, MuRrIEsSa4iEn (8 TR
AHEFVIRR 2, i, WEE T MREEAE /N2
guh At () MR, HEURiEd g 1L

(activated partial thromboplastin time,

~ (Kl2c, d), 7ECLPJ5 12 h, BPA]Rgs)/ Ui
HAPALTHEER (JF) T, 24 hihZ#ien s,
HSF1"2H /N UAH b HSF1 4l 4F 4 & 1 () i
WL, ULIARRERRE /NI EE N RS, K
WAEEA (F) JE, MMImfedt T e
B, R, U] HSF1 ABAZ M i s
NI AR LR R () TR G e d e
it 43 o
2.3 HSFLEGIEEZEHRCHRIELEMSE N
R M Th RE FE 1S

AP RTIE LS R e B, HEAR
C 7E HSF17~#H Fl HSF 1740 PN 75 2 I AE /) BRUASEAY op
FEAERH 225 20 28 HSF1F HSF 1" i &
i /)N SR I3 S-SR B 41 22 i mRNA FIEE A 5,
B C ik, 450 &M, CLPJFIMHK P
HECAKYETHE, FARE 12 ik 8 &g,
HSF17 /)y Bl 3% v 9 85 (1 B € K F B W Al
HSF1"/NE (Kl 3a) . WREEAEERS 24 h, /N
ZH 41 R 1 5T C mRNA FIEE 150K - 3 R,
Hopr HSF/ BB KT HSF /N (I 3b, ¢
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Fig. 2 Effects of HSF1 on the coagulatory function and pulmonary microthrombosis in septic mice
(a) Activated partial prothrombin time (APTT); (b) prothrombin time (PT); (¢) immunofluorescence observation of fibrin/fibrinogen deposition in the
lung tissue of septic mice; (d) fluorescence quantitative analysis of fibrin/fibrinogen. #P<0.05, ##P<0.01, vs HSF1"" control; *P<0.05, **P<0.01, vs
HSF1"* CLP; n=6.
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Fig. 3 Effects of HSF1 on the gene expression and protein expression of activated protein C in plasma and lung tissue of
septic mice
(a) Activate protein C (APC); (b) gqRT-PCR detection of protein C mRNA level in lung tissue; (c) Western blot detection of protein C protein level in
lung tissue. #P<0.05, ##P<0.01, vs HSF1"* control; *P<0.05, vs HSF1"* CLP; n=6.
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Effects of HSF1 on protein C mRNA and protein expression level in LPS—stimulated bEnd.3 cells

mRNA (a) and protein (b) levels of protein C in bEnd.3 cells after LPS-stimulated HSF1 interference; mRNA (c) and protein (d) levels of protein C in
bEnd.3 cells after LPS-stimulated HSF1 overexpression detection. #P<0.05, ##P<0.01, vs HSF1 control+PBS; *P<0.05, **P<0.01, vs HSF1 control+

CLP 12 h; n=>3.

2.5 HSFLEE FEAZERRCHERRIPIRSENR
£t I TH BE PR AT

HSFI/E Rk F, FESHEEN G T
HSE U4 G e st . FIHAEYE RS
A3 M R BUAE R 15 C A 8l 7 X A7 4E HSF1 45 & It
(HSE) (& 5a, b), M HSF1 A REME i 5 8 15
CJAshF XA HSEs 454, LM E B CHY
5k o iz FH EMSA FIUZE S 28 Bl i 4 356 D] S 3 4
5% HSF1 J& 5 PR 25 11 0 C 154 5% . EMSA L6 2%

RE/R, HSFIA DL HES G EH R CH 7 IX
HSE1 (-584~-577bp) ([&5¢c). A, WHOEER
it BE PRSI B s, HE5E 2 mHSF1 BOR I ProC-
wt il 5 RIS , PEOGHE R R . SR, LR
YL mHSF1 JFokL il ProC-mut J45 FORL IS , 98GR
I EREAL, 5 EMSA SR —3% (BI5d). LIL
S5 RUESE T HSF1AE 8 H T C 1Y A 31X 38 5 HSEs
gh4y, AT B4 B PR 5T C RSG5

b = = )
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-584~-577
. a_ 3 Oligonucleotides core sequences for binding
/ h Exon HSE consensus nGAAnnTTCnnGAAn
gaagtttc
HSEL1 of Pro C promoter aGAAgtTTCagacaaca
HSE localization in protein C promoter
© (d)
Nucleoprotein = + + + +
Labeled probe + + + + +
Mutant probe - - - -+
Competition probe = - - + - o .
Anti-HSF1 - - + - - Relative light unit (RLU)
HSEl 0 0.5 1.0 1.5
Supershift — . -584~-577 pcDNA3.1+ProC-wt
LUC
HSF1-HSE complex —» - o = # mHSF1+ProC-wt
3 pcDNA3.1+ProC-mut
- - - x LUC

1 2 3 4 5

mHSF1+ProC-mut

[

Fig. 5 HSF1 directly upregulates protein C transcription

(a, b) HSE analysis in the promoter region of protein C gene; (c) EMSA result of the binding of HSF1 to HSE in the promoter region of protein C;

(d) dual-luciferase reporter gene assay to evaluate the effect of HSF1 on the transcriptional regulation of protein C gene. **P<0.01 vs pcDNA3.1+

ProC-wt; #P<0.05 mHSF14+ProC-mut vs mHSF14+ProC-wt; n=3.
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WRBERE AL 2%, el kR, sEse
o AERARARAE BE B ™ e RERE N B BT 1 900
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JHeREIE A A e R R P B B L R, e
hE K 235 B IIRE AL ) YRR EEAE K AR BT,
BEIM RGOS, AR BEM SR, I/ MRIEFE
WD, U IE R, MCEAE SR DIC, BERTRE
PR I 1) I AR ZE I B RE B R L RIS 5 501
T A M AR T Y, TR E IR
AL T HSF1 s B /D BRUAY CLP A AL, JIESE T
HSF1 38 2 2 5 -9 il e S e B 1l R G s . DA
PRI BRUME B RE T SO 45, IR BT RIESE T HSF1
I B VR ER B C A Syt e e B I T RE 2R
ALAEZIER /R

ARAIF 5T R Y J& CLP sh¥ B | %A AL 5 4
ARSI REIE, E A RIS I REAE 1Y 42
B AERLIY DO AR R B SR L, IR T
HSF1 78 8RS YK X R g B R e, )F
WML T HSF1 2 ES 5 T Mcg e a2, 4120
PR ZE R WK, HSF B /)N B e s A o B0 28
ZUP 0 v b B AR RN RO IR L B Il AH DG 38 AR

APTT. PT U RHAHL R e i (J7) it
BUBLBe T e fe , /D RUBEIN RGeS, ik T
EEM AR, FEGUASTE AL, TN T izl
2L (1) g R S RD T RE B4, Lo PR AR AL AE
HSF17-41/N B b A HSFT /N B i, 36 B
HSF1 25 T MREEE (& i35G AL 2, 1 B HSF1
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HSF1 Attenuates Coagulatory Dysfunction and Protects Mice From Acute Lung
Injury by Upregulating Protein C in Sepsis”

WANG Hao"*”, LI Tao", XIAO Gui”, LIU Mei-Dong"*?, LIU Ke'*¥, ZHANG Hua-Li"*?,
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Abstract Objective To explore the mechanism of heat shock factor (HSFI) alleviating coagulatory
dysfunction in sepsis and protecting mice from acute lung injury. Methods In this study, a mouse model of
sepsis was established by cecal ligation and puncture (CLP). We tested the coagulation indexes and pathological
changes in the lungs of mice. Protein C expression was detected by ELISA, qRT-PCR and Western blotting. The
expression level of protein C was observed by inhibiting or enhancing the expression of HSF1 by plasmid
transfection, and the mechanism of HSF1 regulating protein C transcription was explored by bioinformatics,
EMSA and dual luciferase reporter gene experiments. Results In the mouse model of sepsis, we discovered that
the coagulatory activity of the HSF™~ mice was significantly enhanced and the lung injury was aggravated after
CLP, compared with the HSF1"* mice. ELISA, qRT-PCR and Western blot showed that the expression level of

" mice was lower than that in the wild-type mice in sepsis. In

protein C in the plasma and lung tissue of the HSF
vitro studies also demonstrated that HSF1 interference inhibited lipopolysaccharide (LPS)-induced protein C
expression, while HSF1 overexpression enhanced protein C expression in bEnd. 3 vascular endothelial cells.
Further bioinformatics analysis indicated that the protein C promoter region contains HSF1 binding element
(HSE). EMSA and dual luciferase reporter gene experiments showed that HSF1 bound to the HSE in the promoter
region of protein C, thereby directly upregulating protein C transcription. Conclusion This study revealed that
HSF1 was involved in acute lung injury in sepsis mouse model. HSF1 alleviated the coagulatory dysfunction in

sepsis by directly upregulating protein C transcription, thus playing a protective role in mouse lung tissue.
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