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Relationship of serum heat shock protein 27 and its phosphorylation with

the prognosis of patients with acute heart failure
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Abstract: Objective To explore the relationship of serum heat shock protein 27 (HSP27) and phosphorylated HSP27
(pHSP27) with the prognosis of patients with acute heart failure. Methods A total of 178 patients who visited the
Department of Cardiology of Fujian Provincial Hospital from December 2020 to June 2021 were included, including 40
patients in the control group and 138 patients in the acute heart failure group. The levels of serum HSP27 and pHSP27 were
measured by enzyme-linked immunosorbent assay. The occurrences of recent major adverse cardiovascular events (MACE),
including unstable angina, rehospitalization for heart failure, acute myocardial infarction, stroke, death, were observed during
follow-up. The relationships of HSP27 and pHSP27 with MACE were analyzed. Results The levels of serum HSP27 and
pHSP27 in patients with acute heart failure were higher than those in the control group (P<<0.05). A total of 138 patients
with acute heart failure were followed up for a median of 9 (P,s, P;; 6, 12) months. A total of 30 patients developed MACE,
including 10 cases of recurrent angina, 13 cases of re-hospitalization for heart failure, 2 cases of stroke, and 5 deaths. The
results of receiver operating characteristic (ROC) curve analysis showed that serum HSP27, pHSP27 and their combination
could predict the occurrence of MACE in patients with acute heart failure, with the area under the curve (95%CI) being

0.634 (0.524-0.745), 0.656 (0.534-0.779), and 0.720 (0.611-0.829), respectively. After adjusted for gender, age, eosinophil
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count, platelet count, and N-terminal pro-brain natriuretic peptide (NT-proBNP), multivariate Cox regression analysis
showed that high HSP27 (HR=1.009, 95%CI 1.003-1.016) and pHSP27 (HR=1.078, 1.037-1.139) were independent risk
factors for MACE. Kaplan-Meier analysis showed that the time of MACE occurrence in the high-level HSP27 and pHSP27

groups was significantly earlier than that in the low-level HSP27 and pHSP27 groups, and the cumulative survival time was

shorter in the low-level group (Log-rank, »*=6.915, P=0.009; 5’=13.760, P<< 0.001). Conclusions

Serum HSP27 and

pHSP27 levels are significantly increased in patients with acute heart failure. High levels of HSP27 and its phosphorylation

are closely related to the occurrence of poor prognosis.
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F 2 AN[E HSP27 KT 2t O ) 3 v 2R B 1 SRR T Rt
Hsp7 ik AP Bk 121@?52%& Wi (A% 9IS % 4 e I
(%) [#1(%) ] (kg/m®) (mmHg) (mmHg) [f51(%)] [%1(%)]
K- 80 70.99+13.55 49(61.3) 23.36+3.24 131.31420.92 75.78+14.41 20(25.0) 58(72.5)
AR 58 72.98+12.67 31(53.4) 23.9143.55 127.31+26.19 71.05+14.26 18(31.0) 43(74.1)
K UIE -0.877 0.840 —0.679 0.997 1.909 0.614 0.046
PlE 0.382 0.359 0.499 0.320 0.058 0.443 0.830
HSP27 %ﬁéﬁ Eéwﬂﬂjﬁfﬁc Efﬂ‘l%ﬁéﬂigﬂﬂﬁiﬂc %M‘%*Mjﬂﬁﬁiﬂ( 2T 4 LTS3 A0 S rm/J\ff)igiJr%éc
[#(%)] (X10°L) (X10°/L) (X10°L) (g/L) (%) (X10°L)
K 28(35.0) 6.70£2.19 4.40(3.25,5.75)  0.95(0.05,0.15)  122.78%23.76 13.90(13.02, 15.35)  199.70+77.57
K 21(36.2) 7.33+2.91 5.05(3.68, 6.33) 0.09(0.04,0.17)  120.57%£31.00 13.75(12.98, 15.55)  220.79+139.40
27Ut 0.021 —1.441 2 610.500 2 209.500 0.473 2213.50 -1.134
PlE 0.884 0.152 0.210 0.633 0.637 0.646 0.259
HSP27 ST T e k=R HDL-C LDL-C JLEF NT-proBNP CRP
(mmol/L) (mmol/L) (mmol/L) (mmol/L) (umol/L) (ng/L) (mg/L)
K- 3.844+1.09  0.97(0.77,1.40) 1.12+0.36 2294092 92.5(75.2,125.5) 3193(2007,6657) 9.37(3.47,21.65)
RKT 3.7241.09  1.12(0.80, 1.42) 1.0340.26 227+0.91 99.0(69.5,137.0) 4 114(2364,9 721) 13.60(3.91, 37.67)
2 UIE 0.602 2381.500 1.589 0.129 2 433.500 2 562.500 1062.000
PlE 0.548 0.400 0.114 0.897 0.624 0.166 0.200
HSP27 ACEI/ARB BAZARBELAGER 8 [ 32 A B P Mz bk IT225%) MACE
[51(%)] [$1(%)] [#1(%)] [(%)] [#1(%)] [#1(%)] (51(%)]
K- 53(66.3) 45(56.3) 51(63.7) 37(46.3) 53(66.3) 44(55.0) 11(13.8)
Rk 31(53.4) 29(50.0) 31(53.4) 19(32.8) 32(55.2) 29(50.0) 19(32.8)
KU 2313 0.528 1.480 2.538 1.744 0.337 7.141
PlE 0.128 0.467 0.224 0.111 0.187 0.561 0.008

A RS B VOB LA B AR 22 (X £5) Foms RFE RS S 87 22 AR 55193 BB LB (Py, Pos) 78 o HSP2TH #4
R E A 27K K P35 o8 130.31 pg/L) s HDL-C2W (= %% B IR 28 141 I [%1 85 ; LDL-C R {15 %% 3 I8 28 11 I [ 5 ; NT-proBNP2y 2 5 A uify i 1]
PR K B4 ;CRP N CI R 38 11 ;ACED I 45 5 9k 2% 57 e i 410 40 265 s ARBOA I 35 5% ik 22 32 IR BHL S 245 MACE N £ BN RO M4 00 o 6 H i
H il =& . HDL-C, LDL-CHlt 2% 445 ,

F 3 A pHSP27 7K1 2P0 ) 5 i 7 3 1 Bk 2k B k)

" e Tk UNEE =21 e EFIKRIE %A TR IR
pHSP27 B %) C151(%)] (kg/m?) (mmHg) (mmHg) C4(%) ] (%)
fKF 121 73.13+12.15 71(58.7) 23.41+3.30 130.93+22.71 7445+ 14.44 35(28.9) 88(72.7)
FKF 17 62.53+£16.58 9(52.9) 24.66+3.58 120.35+25.81 69.06+14.34 3(17.6) 13(76.5)
KUTE 3211 0.201 -1.058 1.769 1.444 0.950
PlE 0.002 0.654 0.293 0.079 0.151 0.399 >0.999"

MR SEI) AR by vk i G g e O I G | EA Ny = LTS AT S I/
pHSP27 [l(%)] (X 10°/L) (X10°/L) (X10°/L) (/L) (%) (X10°/L)
K- 42(34.7) 6.8942.57 4.50(3.55,5.70)  0.90(0.04,0.16)  121.54%27.03 13.60(13.00, 15.45) 203.804108.45
7K 7(41.2) 7514221 4.80(3.60,7.00)  0.11(0.06,0.28)  124.06+27.14 14.50(13.45,16.05) 242.47+101.30
K /UTE 0.272 -0.953 1 168.000 1 246.000 ~0.360 1221.000 ~1387
PlE 0.602 0.342 0.366 0.158 0.719 0.212 0.168

Job T Hm = H HDL-C LDL-C JUUEF NT-proBNP CRP
pHSP27 (mmol/L) (mmol/L) (mmol/L) (mmol/L) (umol/L) (ng/L) (mg/L)
K 3.77+£1.10  0.98(0.77,1.42) 1.1040.33 2.25+0.91 94.0(74.0,129.5) 3 373(2 171,7079)  9.90(3.60, 25.40)
KT 3914105  1.12(1.00, 1.35) 0.9940.24 2504095  122.0(69.5,145.0) 6 712(2 405, 12 415) 13.30(5.91, 24.58)
Ul -0.491 1 149.500 1.304 -1.049 1 145.500 1219.500 430.500
PE 0.624 0.300 0.195 0.296 0.448 0.171 0.645
ACEI/ARB BAZARBHAR ) RS2 RS B P2 bkt i 1225 MACE
pHSP27 [1(%)] (%)) (%) (%) (%) [1(%)] (%)
livie3 77(63.6) 63(52.1) 73(60.3) 48(39.7) 77(63.6) 64(52.9) 20(16.5)
KT 7(41.2) 11(64.7) 9(52.9) 8(47.1) 8(47.1) 9(52.9) 10(58.8)
/U 3.157 0.958 0.338 0.338 1.732 <0.001 15.673
PlH 0.076 0.328 0.561 0.561 0.188 0.997 <0.001

A A TR VTR A B RR i 22 (R 4s) R8s R A IE A 57 22 R 55 (11 5 VR L AP A2 30 (Pos, Poy) KR o pHSP27H
PR Ak R 5 2 27 (IR /K | /K -85 43.06 ng/L) s HDL-C o 85 % 32 i 2 14 0 [ B LDL-C oy {2 B NS 4K 1 JIE [ s NT-proBNP 2R 42 3 o i
i 1) B 4 K BT 4K ;CRP A C IR % 4R 141 ;ACELA Il 45 2 5K 22 44 3 B 40 1 25 ; ARB R I 45 7k 2252 K PEIF 2, MACE R 2R B0 M A 4, S BE &
F . Hih =& . HDL-C, LDL-CIt 241 . "% F Fisherk i 6 % .
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Fz 4 HSP27 L HBEER X 2.0 1 35 i FR 35 MACE 52 [ B 3 Cox 43 #7 (n=138)

Ap i B SE Wald x* P HR 95%CI
HSP27 0.009 0.003 8.736 0.003 1.009 1.003~1.016
pHSP27 0.076 0.021 13.225 <0.001 1.079 1.036~1.124

FE: HSP27 h #URFLER 4 27; pHSP27 M B R A VK T 8 (4 27; MACES 288 RO L 45 F /o WRF, MACE, J&=1, 75 =0; i 2275 & 455 4k
AT 5317
Fz 5 HSP27 K HBEERALXT 20 1 358 fR 35 MACE 2 9 2 [ 2 Cox 43 #T7 (n=138)

Arit B SE Wald x* P HR 95%CI
HSP27 0.009 0.003 7.695 0.006 1.009 1.003~1.016
pHSP27 0.083 0.024 12.153 <0.001 1.078 1.037~1.139

TR IE R LAY | G TR TR A A AL /N R T 48 R B 3 A i i ) PR B K T R (NT-proBNP) . HSP27 A # K 52 25 4 27; pHSP27 4 i 2

PR T H27; MACE E 8 RO L 3 1F . A, MACEX 4k, &

B AT MW

100 —— {&7KF HSP27 (n=80)

—— BKF HSP27 (n=58)

90 -

80

70 F

TERREHETER (%)

60 -

50

6 8 10 12
BEIHEIE ()
100 — {7k pHSP27 (n=121)
—— ZHIKFE pHSP27 (n=17)

@
o
T

N
o

TEREHEFE (%)
3

20

0 2 4 6 8 1.0 1.2
BeiRiE (B)
W HSP27 R #UKT0 85 1 27; pHSP27 MR AL VK v2 2K 1 27,
B 3 R~IE HSP27 1 pHSP27 7KK el ) 2538
BE N EAINL

3 W #

AR, RO LS s TR AT 9T & IR, RAE FF 9%
i B BN E AR . 200 T R O A B
TR E B R, R R BRI I T A e,
520 I A R B A A7 . Canakinumab 47T %8 74 il
¥ I i 45 S W 9% (the Canakinumab anti-inflammatory
thrombosis outcomes study, CANTOS) & B, <44 .yt g
g ok /D WE A0 ILBE 2E 22 38 (R B CRP =2 mg/L) A fE Be
O ST R R MAETS, I H A A 1Y, %0 5T B
WE T RAELE 2E.0 1l i EEAER, i AR T

=1, 7=0; ¥, =1, Zr=0; NT-proBNPIE 4T %f F 4% #e 5 3% 2272 1 LU iR

PLRIBITAE O M B R v g . HLARN OO ) 5
Uiy SE T GRUE VOIS Y ik IR ER, HL i 3R 2 & R R AT
Al B NUAAE, 26 B0 42 A 41 A P B 0 RN 1 41 i
3 T L s U O e JUL A 3 e 0 I R P 4
M B Ak R A 5 A O g3 F A 2 (damage-
associated molecular patterns, DAMP ) X} ] i /F tH 2 b7 ,
i 13 45 & Toll #£ 57 1A (Toll-like receptors, TLRs) , # i
Nod #5321 X% & pyrin 45 #9388 11 3(Nod-like recep-
tor family pyrin domain-containing protein 3, NLRP3) ,
T BUIAE 20 A - R, AT O WUAE K, firh & O
JLET 4 Ak A ai v 2310 g8 RE SR AE R0 DL i )
52 . U JIE S A v A RO A P, (L0 I 460 405 ) i B
R, SEUH AL RIS FFEAETE, RN B R AE
R A (para-inflammation) o @ & AEAR S TE A HARET
RS IR 2 e 0> 3 G5 A RV D B, 1717 48 6 %) Jg o0 L2
RN 4 L A0 5L o = AR AN R, B AT A2 R
F RIS BE R RGBT B Xt 7 08 1 1 e 25 W AE i
AL 5 FE AR I [R] B, RO I A8 A ) R B B R AE
Flo Fliser %5 % 3, 8 3 Y 4HIA T (1 B B L CRP,
A R0 R T a(tumor necrsis factor-a, TNF-o) £ FH 4
il /- % -6(interleukin, IL-6) ¥ ¥ 4 5l & X 21.1%.
13.6% Fi1 18.0%. Ohtsuka % "' fff 55 £ W1, B 22 1< HL i
FIAGE S TNF-o0 96 B 1) 0 5 BRI OC . T4k B2 il
2B S, 30 IL-6 Ml TNF-o S84 58 40 M I 1 19
ik, BE #% A T -«B(nuclear factor-xB, NF-xB) i& 2,
F 1 I 20 B AR Ak R AR AR ) ML R B Bh S &
IR, R Rz TR ER A2 ARTE BRI AT LA sk 555 200 e [ 285 B -1
(intercellular cell adhesion molecule-1, ICAM-1) . TNF-a.
IL-6 A1 %A 4% 41 Jifd i#4 £k 2 4 -1 (monocyte chemoattractant
protein-1, MCP-1) S5 R A\ Jit () Fe 1k, k200 LIS I 40
Jif f 3 g 11T

HSP27 1E I A ATP 14531 FEAR, 76 1158 - 1
LT PN B 4 1A AN R R B ) ik, 245 41 i X 4%
P LR N . HSP27 HYBERR AL 5 32 B 4% 22
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fi? 15(serine 15, serl5) . 22 & fiz 78(serine 78, ser78) F
24 4 1% 82(serine 82, ser82) . TEMLAE N BUOR AT
HWW%%F%E&H%WETﬁKﬁuME$WM
b, It kA 25 ke A, 2 530 S RAEHF . 5 It
HILEE 3 % i (phosphatidylinositol 3 kinase, PI3K)/ & H
¥ 1 B(protein kinase B, PKB, Akt) {5 5 i & fl p38 &
24 535 4k 8 1 P4 (mitogen-activated protein kinase,
MAPK) {55 518 #6215 5 HSP27 B R 1L A4 5 2245 538
%, HSP27 W R Ak 2 55 1l 45 9 Kz 40 I . ~F- T UL 4t
WA, K aER . W R AR R
pHSP27 Y B IR 1k 037 s 0 ser82. ANHIF 5% & BR, I 35
HSP27. pHSP27 /K -7E Stk 0 )1 32y & h I B &
XTREZH o I IRAF ST 38 Hh, 708 M0 ) 3 oty B T I 26
HSP27 /K F-F+Ei, 5 LVEF 6 AH 68 i 7% HSP27
A HBTEC ) 0l R B 1 kB R TR R AEAEH .

R Rl S 6 R IR, HSP27 78 0 7 5 8 /)N BB 7Y
HOR SRR VR T, 5 SRR A 5 B S0 Ak I IR 40 i U
ToHASE 2 BRI, SEAEASE & B HSP27 X MACE 9%
H HLAA NARE, & /KSF HSP27 Rl RE 5 R F - A& 4
FAOCITI8 212030 KRS K B AT HSP27 S J1 4
Wy MACE RYRAANSG, 5 HETBIS TS, —ﬁoH@m
FE0 132 A T R IERER, A e it — 2 oE .

ARWFFEIESE T HSP27 K meﬁu'@ﬁﬁ@
T K22 55, $8 HSP27 K H B R Ak vl BB 5% ) 2k
U 7 3 v B e 1 R K T o (BT AR A — 2 1Y R PR
PEE SE, ARG RO S, A2 R T AR A IROA Y
SRR A A R a5, X IR DA i R O =, BEAC
HVGAZ PR, FEAS B AN 5 FRUR, SR FH HL T Bl U7 2 U7 % Ml
i, AR AR R AR (1 P e ﬁ%f:,ﬁﬁﬁféﬁ WA i —
A BRI SIS K e R FEE

o RE FE O 7 5 vl 9 e o AR R B B AR
HSP27 K Hw MRk =5 T .0 L4 9 5E = i, =5 7K
HSP27 A fiE 5 B0 L S F 19 & AR A 54

o 2kt R B3 I W HSP27, pHSP27 7K
YU Tl E . E KO HSP27 K Hims e ik 548 B i G
B & A B YTA OC

S% Uk
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