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W OE: HH HITAMEIRAEAE (ACT) B35 I it e -8 - Wi % 57 IR 7 40 (BHLHE40) | 22 2 R # 11 i
I K% E R 1 (SERPINEL) | JIR 48 25 30 J5U /i B(BLVRB) 7K 5 Hi 25 30 ok AE A Ak (CAS) R BE 3T I 75 1 G
Ao Ak HEFE 202344 H—20244F 8 A HRHSTTEE — & g (LA T WK A B ") WA I 112 61 ACT RS (WF5E4L) , 5
T A A 68 308 o e R (A ARG 149 110 B 3 A kg o R AL . ARl HB 3 30 s ik P b 2 A TR (IMT) 25 21 K st 4 R
TPy 22 I ATE B 4H L 38 I AR , 52 I A BERR4H o AU DAk 4% 5 o JE e B I 5T 20 58 3 P 1) 68 Bl 4l A
e R0, 44 I A TG A R4, F ELISA ¥ %2 BHLHE40 SERPINE1 BLVRB 7E ACI £ 34 1L 3& H 19 2235 7K
3 Z K &K Logistic [B1H 23 1 ACT 5 A B AG K & s ROC T £k 43 #f BHLHE40 . SERPINE 1, BLVRB At il il i {5 .
LR G A, AF9E A B TS BHLHE40 .SERPINEL .BLVRB 7K F- B i 7H55 (P<0. 05) ; 5 1F % 20 % [, 14 5
2l BEHLA B I BHLHE40 \SERPINE1 \BLVRB 7K B &7, HLBEHeA i 35 5 T 345240 (P<0. 05) 5 5 HilE R 4T
A HE, UG AS KLALINS BHLHE40 .SERPINE 1 BLVRB 7K J NTHSS #¥-43 B  $2 155 (P<0. 05) 5 46 ACT &, 1M 35
BHLHE40, SERPINE1, BLVRB 7K ¥ FF i , NIHSS ¥F 43 42 5 2 H W5 AN B 19 & K F 2 (P<0.05) ; BHLHE40,
SERPINE1,BLVRB I [, #Ui ACI 15 A K A9 AUC K 0. 939; B A& T AUC A F 5080 500 (7 {1543 51 4y 3. 804,
3.197.3.240,P<0.05), £ ACIEH % BHLHE40 . SERPINET . BLVRB /K- V-1, = A 5045 R AR G,
TRSE UG A RZ R R 28 5 A I AT A RCHE T X ACTAR K s A8 T 2L A
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Serum levels of basic helix-loop-helix transcription factor 40, serine protease inhibitor family E member 1, and
biliverdin reductase B in patients with acute cerebral infarction and their association with the degree of carotid
atherosclerosis and short-term prognosis SONG Yuanyuan, BAO Xixi, HAO Aijing, YAN Hongjuan. (Second Depart-
ment of Geriatrics, Handan First Hospital, Handan 056000, China)

Abstract: Objective  To investigate the serum levels of basic helix-loop-helix transcription factor
40 (BHLHE40), serine protease inhibitor family E member 1 (SERPINE1), and biliverdin reductase B (BLVRB) in pa-
tients with acute cerebral infarction (ACI) and their association with the degree of carotid atherosclerosis (CAS) and short-
term prognosis. Methods A total of 112 ACI patients who were admitted to our hospital from April 2023 to August
2024 were enrolled as study group, and 110 healthy individuals who underwent physical examination in our hospital were
enrolled as control group. According to intima-media thickness (IMT) , the patients in the study group were further di-
vided into normal group with 22 patients, thickening group with 38 patients, and plaque group with 52 patients; based on
the results of prognostic evaluation, the patients in the study group were divided into good prognosis group with 68 patients
and poor prognosis group with 44 patients. ELISA was used to measure the expression levels of BHLHE40, SERPINET,
and BLVRB in the serum of ACI patients. Multivariate logistic regression analysis of risk factors for poor prognosis in ACI;
ROC curve analysis of the predictive value of BHLHE40, SERPINE1, and BLVRB. Results Compared with the control
group, the study group had significant increases in the serum levels of BHLHE40, SERPINE1, and BLVRB (P<0. 05).
Compared with the normal group, the thickening group and the plaque group had significant increases in the serum levels
of BHLHE40, SERPINE1, and BLVRB, and the plaque group had significantly higher levels than the thickening group
(P<0.05). Compared with the good prognosis group, the poor prognosis group had significant increases in the serum lev-
els of BHLHE40, SERPINE1, and BLVRB and a significant increase in NIHSS score (P<0.05). The area under the
curve (AUC) for the combined prediction of poor prognosis in ACI using BHLHE40, SERPINE1, and BLVRB was
0.939; the AUC for the combined prediction was superior to that of individual predictions (Z=3. 804, 3.197, 3. 240, P<
0.05). Conclusion Elevated serum levels of BHLHE40, SERPINE1L, and BLVRB in ACI patients are associated with
disease severity and prognosis; the combined use of these three markers has some value in predicting poor outcomes in ACI

patients.
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2 M ik 15 5E (acute cerebral infarction, ACI) 42 fixi
M. 45 %% A (cerebrovascular disease, CVD) 5 WL 2
—, BRI ot g B S AR g RS, R 2 HIChE AR ™
AR A A ACT Y Dt R 35 2R e ZE B A P iR
A P ZE . ACTI R 3 BUR R JET M
FARAAR m  gdk ot ok T ER M tn™) . gl ik
9K BEAE AL (carotid atherosclerosis, CAS) J& ACT & )
IR I CAS Z) P BE P AE Forp & 5 F 2 A
P ARG AR S Ay T2 B T 30 8 kA s e A8
5 I BE B 2% TR 28 A0 0 5, DADFEA 250 30 ik B B 2
745 7] BB 7S T BRI V5 T 3 BUA RN SE , (H X 27
BARE—E R BRAE . i AW A i 2 A7 52
VG TR0, BT LA 53 1Y LS
PRI CAS HEATHE B2 B HA 14y F i L

REAE 52 3 W, Bl B8 6 - B - R e 7 i 1A 1 40
(basic helix-loop-helix family member e40, BHLHE40)
Z: 5581 e IUOBE PR EE T A48 1 T U240 B ) 5 Ak A
W PRI A 30 ook A R AR Y K A2
RIS, SRR RN, ACLE # LiE
v 22 g R A 1 A0 ) R 2805 E 51 1 (serine pro-
teinase inhibitor family E member 1, SERPINE1 JE7IRYN
KT, HS R B A I R 3530 ik o R )2 TR
BEAH G, 3275 SERPINEL W] REAE — & R HE 1 e T
BE CAS Y HE AL . WEE & B, IR 4% 2538 i
i B (biliverdin reductase B, BLVRB) 7E & JiE AR
CAS S Y BEL R e 4, O HAE T KLY
SEE IR B Dk s S8 LT bt WL B KO T
SK M, H AT Bk = 3¢ T BHLHE40, SERPINET
BLVRB 5 ACI f 35 CAS ™ & 2 & K 7 J5 9 4 O¢
5% o B, A BF SRR DU OACT BB OE I T
BHLHE40 , SERPINE1 . BLVRB /K °F , 43 #r H 5
CAS ™ 5 2 i S 3l 09 101 i A DGk o

1 #RERZE

1.1 BERA 4

e B 2023 4F 4 H —2024 4F 8 A P K i 4 —
P2 e (LAR ) AR A Be ) Wieif B9 112 i) ACT AR
(BFFE2H ) | 3k 45 W] 0] T A Bt 43 32 4t R AR A6 119 110
151] AT 1% A DT C 1) £t B A2 i E A X Bl . I
T H W EEAE B, B AR AR PR SR AR, A T
B HTh 22 5 G HEE L (P>0.05)

gy A bR - DACHIZ Wi 75 & B St sl 4
i A= iz e g m )L, IF B Sk B CT O MRI A5 5248
2R AR SC, A5 G A N A2 AR i 5 Q0 IR i
12 @AFE IS >40 %, Il R 5k 52 48 5 @ & s i) 1] <
48 h, HEBRARE: O A Z MR F W R E ;QOF
G 5 1M K A A 1] 2 5 B A G i e 0
I E I RE S @ A AR R M R
I s A 1 B0E LR R
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1.2 ik

1.2.1  —fgepbicdE AR iRz i3
() — B TERE ARG AR IS MRS RS EC(BMD) | I
JE HEDRIR SO B R A BE 24 h PN SE [ [ 37
TERFGE B AR TP 2 (NTHSS) "B E4y  HAl =R (TG) .
SRR (TC) K% AR 8 A [ BE(LDL-C) /& % B

R HAREEE(HDL-C) JB K C U H (hs-CRP) %

1.2.2 Il # BHLHE40 .SERPINE1 . BLVRB 7K
TERI AR ABEES 2 K Rt AR AR 2
KO TESERE T REZIKH 5 ml # KA,
#E 30 min J5 , 3 000 r/min 50> 10 min, 32 B F 3
W, I HARAEAE-20 CRYFREE b, ELISA B 46
H 2% 1% BHLHE40 . SERPINE1 . BLVRB /K |,
VB 20 B AR R 50 & i W 5 kA7 o Pir AR &
BHLHE40 ( % %5 : ZC-55885) . SERPINEI ( 1% %5 :
E0532h) \BLVRB (%% 5 : ab313513) 43 %y [ I ¥
W AR A R AR R U SR A R
7] S 22 [H Abcam 23 7], Multiskan FC i b A% ( F€ 2k
I RBHE AR AR T E)

1.2.3 CASH KA APBE 48 h LN 5 ik
21 5 Jok P R A, R L RORITE EnVisor 235 1
AT, E U RN Sk w6, S ER R L RSk
BT AT X, AU S0 sh ik L #08h k g AL |
1PN Bl ik B SN Bl Jik , A N AR B ik P i 2
i) JE & (intima-media thickness, IMT) . R & & #
IMT 25 5%, % #iF 55 4 58 3% b i 22 19l g A DE & 4
(IMT<1.0 mm) , 38 fil 44 A 3 JE 20 (1. 0 mm<IMT<
1.2 mm), 52 40 A BEHZH (IMT>1. 2 mm) ,

1.2.4 WKV TREREIRT A, HRH
HLE k192 1 07 kAT 190 d 1Y RSkl VT, OF
FH 2 K Rankin 5 2 (mRS) " AL 5 o AR 4 mRS
PEAK5 5T 2043 R 4 - TG R 4521 68 9] (mRS 3
I3 :0~243) , Ba A B4 44 4] (mRS P43 : 3~6 43 ) o
Bifi 17 3 P9 TCAE T 95 191 ( mRS=6 41 ) .

1.3 GEilseorik

B AL TR SPSS 22. 0 8 F kAT . ISR}
DL E o B IE 3Rk, DR 5 K g E 1 7 4 1)
LG T B IR M AE S A1, FH (as) SR 3636, F
SEREAR K EA TP AE LU A, S 2R T 224l A T
Z 4 L, FH SNK-q 6 5 47 #F — 20 i O e84
K H Z & Logistic 144341 ACIHf5 A R fa [k A
%, ROC 142+ #T BHLHE40 .SERPINE1 .BLVRB Y
AN E . P<0.05 FnERFEAGITFE L,

2 & B

2.1 XF M4l . #F 5 4 I 3 BHLHE40,
SERPINE! .BLVRB /K- 4%

5555 MR 41 He A, BF 5% 4 R If VS BHLHE40,
SERPINE1.,BLVRB /KA i 5 (P<0. 05) (WL 1),



XS R AR 2026 4E 3 )] 43k 3

*x1 A XEBAEIME BHLHE40 .SERPINEL .BLVRB 7k F

Lk i’i(iis )
BHLHE40 SERPINE1 BLVRB
215 n
(pg/ml) (ng/ml) (ng/ml)
X BE 2 110 72.54+7.83  6.95+0.73  104.85+10. 97
boiw kil 112 83.25+8.91  8.67+0.88  125.01x12.83
8 - 9.507 15.835 12.573
Py - <0. 001 <0. 001 <0. 001

22 IECHE A MEE A B H A R
BHLHE40 ,SERPINE1 ,BLVRB 7K %} [t

5 IEH H R LG, B R A B B 4 R T
BHLHE40 . SERPINE1 . BLVRB /K¢ 11 & J+ v , HLBE
Hedl 3w TR (P<0. 05) (WL#£2) .

R2 EEAH EEA BIHEEEMFEBHLHE40 SERPINE]

BLVRB 7K -3 bk (x5 )
BHLHE40 SERPINE1 BLVRB
215 n
(pg/ml) (ng/ml) (ng/ml)
IE#HH 22 76.67+7.69  7.94+0.81  115.12+11.85
R 38 81.68+8.28"  8.48+0.86°  122.51+12.67"
BEHe2H 52 87.19+8.91%  9.12+0.93"  131.02+13.76™
FiA - 12. 905 15.103 12.542
PiH - <0. 001 <0.001 <0. 001

- HIER A, " P<0. 05, 53R R, P<0. 05,

2.3 ACIHUR AN R R0

PRZHAEARRS M0 BMLL & IUE AEPRI Jeb Lo
K TG TC.LDL-C .HDL-C hs-CRP H4%, 22 A A
AL R (P>0.05), S5 RAFHE, BEAR
#1117 BHLHE40 SERPINE 1 . BLVRB 7K 5z NTHSS
PR (P<0. 05)(IL43).

3 ACIEETEARHIERZES T (x+s)
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2.4 ACIFJS A B B9 XU R 2

PLACT B RO (FiE A =1, il 5 K 45=0)
Jy A 75 &, ) BHLHE40. SERPINE1. BLVRB.
NIHSS P43 H A8 5, >R 2 A & Logistic 70 BTk ,
5 B oR , fE ACI & & B, Il 7 BHLHE40,
SERPINEL . BLVRB 7K *F- F & , NIHSS ¥ 43 42 = J&
TG AN B fa s R 2 (P<0.05) (W3 4) .

x4 ZERE Logistic 5T ACLEE TR R B E =

[ERA BIH  SE  Waldy> PfH OR 95%CI

— WG R BUSRR4 N
(n=68) (n=44)

NIHSS 53 (47) 5.55+0.58  8.71+0.92 22.314 <0.001

BHLHE40 (pg/ml)  79.06+7.97  89.72+9.08  6.543 <0.001

SERPINE1 (ng/ml)  8.23+0.87  9.36+0.94  6.504 <0.001

BLVRB (ng/ml) 118.75+11.92 134.68+13.69 6.513 <0.001

BHLHE40 0.881 0.257 11.748 <0.001 2.413 1.458~3.993
SERPINE1 0.978 0.268 13.316 <0.001 2.659 1.573~4.496
BLVRB 0.795 0.236 11.342 <0.001 2.214 1.394~3.516

NIHSS 43  0.682 0.205 11.071 <0.001 1.978 1.324~2.956

2.5 Ifil ¥ BHLHE40. SERPINE1, BLVRB %
ACI TGN KA 0 4 (8

BHLHE40 . SERPINE1 ., BLVRB 1.t J B¢ 4 fif
H, S ACT & 35 5 A B 19 AUC 43 54 0. 818,
0. 825.0. 839.0. 939; I A FiL il AUC K T b 71
(Z 18 4% 5 Ky 3.804. 3.197. 3.240, P<0.05) ( W,
Kl1.%5).

ROCHh 2k
1.0
—— BHLHE40
—— SERPINEI
0.8 —— BLVRB
— BA
— BEL
0.6
i
4]
=
0.4
0.2
0.0 J
0.0 0.2 0.4 0.6 0.8 1.0
14557

K1 i BHLHE40 .SERPINE1 . BLVRB /KX ACI & )5 A B
TR ROC i<k

#5 M7 BHLHE40 .SERPINE] .BLVRB 7K Ext ACIFUE A
RIMAE ROCER

At URE RESRE HUNTE AUC
(%) (%)

95%CI 2%
EEE

BHLHE40 75.18 80.76 87.42pg/ml 0.818 0.734~ 0.550
0. 884

SERPINE1 75.73 76.41 8.79 ng/ml 0.825 0.741~ 0.521
0. 890

BLVRB 78.00 84.24 131.99ng/ml 0.839 0.758~ 0.632
0.902

A 88.09 90.65 - 0.939 0.878~ 0.767
0.976
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3 4t i

i 7 RS R B T B G R B EOAER
A2 B B E BRI £ 2 1, ACLE
— Bl R R 28 2R G A A s AR R LI 2
RIS CASJ2: ACHIR T B [, 1 CAS BEH 2 Hof5
FL R B ERAR , CAS B2 720 7 72 I BELUBIT A 1L 35
I 22 A P i R A R IT AR R ACTIY
TRITHUS T B R ) T Bk s e AN AL AR i A4 D)
B AR, 5 K 22 85 8 34 475 o] R T s 7™ 3 Ak AT
7=, LDL-C BB PR L 8 a0 e 1 531 RN A 1
PR PEA CAS 1 ACT R E R Gefa b R & . Sk
M, 3 () PRATE5E 2 B, 3 6 AL 455 fE [ R 36 H e Xt
ACT 95 IRV, 47 — 5 B2 B IO F0LAG , 10 AS R/ A E
JZHSEBUR HETON 7 . 5T CAS R ACT kA5 bR
) B Bl L B P B ACT HR 3 CAS By /™ H A%
BE T R GEVEAR UG |, 8 BT IR A B AR 17 18 A B
B 48 S PRS2t 4 100, DA SEZE CAS HE R, %
ARG B0 0 L A8 2 & e UGS, o) T3 S 2 B AR Iy
PR&E Jey AT BB L,

BHLHE40 /& 58 7 G0 75 R AE A B e g
WP EZEFATHN T, S5 2R LY TR,
AU A8 oA R TR Li
52 220, BHLHEA40 ] g3 i3 9845 PHLDA 1 [ 5% 5%
S 100 o) 240 R A5 05, 2 T B Lk AR o P R A
BHLHE40 AT 68 J2& A< 2 W 5 Ao ke 1t -FH- 08 3 A G 43+~
B By 7 92 0 A e IR . B IR 5 450 IR 9T
B, BHLHE40 7 2 UM PR (B 1y de 5 0 vy, 5
AS [ R IR YA O, w2 BUBE BRI I & CAS 1Y
EEE A . XuSE VST UESE , BHLHE40 /Y i 2635
AT S kT Vi UL AT B A 3 1 4R A BRI 46 40
PR OE =SV @ e = K A IA ) &) 1B 4 7 L)
K B HESh T S KR RERE AL B R R . ARTFAR
K, ACI 3 135 BHLHE40 %35 /K7 B & 7 i,
T 0 B 5 CAS ™ B FE N g T W TS A
Koo ARG REAAF IS5 AN, BHLHEAO =5 8 k34
T KT LA ) 36 AR A BT R 5% 4 R T
B IK , IR S8 PR R SRS P SRE SN, 1 — 2 E
T ACLERE CASII LR

SERPINE1 /2 —F 75 2 i 20t B 5 s o= A= 1
A, B AT PR A0 R /N | R A S LA
JH ST 2 0 A L 4 i 400 L R LA i
AR BT AR5 R SERPINE L 5 R T
J BB A A AT TR A RS . A
WS IE 5L, & /K 9 SERPINEL /] RE 3 1 ki 2 Bt B
21 2R 0E 0 40 M RS, e HEBEBR 2, R I S BUR
A P AR T 7% A B2 IMT 384 52 | 5] % ACT )% CAS7,
ACIF M7 SERPINE ik /K V- 7, Hoot s
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RS CAS ™ EEFE B M B I A TS o S5 A G .
I SERPINE 1 38 25 9 /b B B £ 4 Mg 11 48 el i 432 1710
{RIEBEH L, S 3508 H R Y AR TR 5 B IMT 34
5 ACI J CAS K JRAH

BLVRB J2 M. £7 AR e A v i) SR ity , e i 21
EIIE=N TR S 2 S ey 4 N ]
BLVRB WA = ZAE iR LR BB BLRIR >, BFFTIESE,
BLVRB 1] 5 [fit 21 2 2 Cihid A2 v 4L TR HMOX 1
HHEAEH, I shbkskAERs 1 /N FRER kS I CD68
FH A A4 i DX s rpasd 2k, T4 2 sl Bk o A i £k
BEH A5 0L T A R BB PN+ I ) 2 A2 AT
FRAE RN, ACTHRAA LY BLVRB &1k L, 583
CAS ™ S AH DG, HoKE T e ACTIER S il
Ja AN BRI ST fa B8 R 2 AR A BB AR A 5 235 R4
BLVRB 5 M 21 2 5 A AR OCEE AR EAE ], 7 R
H PEE A DX s it Rk AR T AR B kR R
AL BER B LA AR B S CAS YR R

AW 5% ROC it 26 43 r 45 R Woon , i
BHLHE40 .SERPINE1 . BLVRB /K *F- B¢ 512 Wi ACI 7l
Ja AN R AUC & TR AR SR i2 Wy, R W] = FH B A
FLA S 1 T aRE . AL 2 T 43871 , BHLHE40
A 3 2 0 0TV LA L 3R AU A Ak S S e v 2
S kR RERE AL R ; SERPINE 1 38 3+ Ja /D B He 41
A E 4 B 8 A 175 T B B S i AR 2 IR TR A5
BLVRB 7] 5 1l 21 28 73 A A OC & U AH BAE 7
0 200 DX 35 et 3k A1 0 B e Ay A 1 A TR 1
= H MR IR 25 CAS I L&A Kk e, H
I56 A5 KGN ] B 4 T Bz W ACT R Bh DKk FE RS AL bur-
den KA D REFAT RS o PRIk , 645 ARG 00) mT o 4 T
S B FR I A AR IR A, Rl DR 43 2 48 3 SORS ME T
PP HERL AR

2 b rid , ACT 5 IS BHLHE40 . SERPINE
BLVRB £ iA/KF % LiH, =& K FE2E1L 5 CAS ™
R MR T B WUS UM OC . RS R L
A G R BB, SR, AR SEATAFAE—
SRR, e BEARE AR AN, HoA BRI BESE
AT REAFFE LB 1y, WF 9T 45 SR AR SR A AT
Ff g — 2 B8 4IF s Ho ¥k, K % BHLHE40 , SERPINE
BLVRB ZE47 80 25 Wi, JC 76 1A HAe 5 s 10 e aod 72
AR S TS YOG R 8 = AL R
T ICHR T, B = (AR50 20 B 52 56 5% Sl WA 1 (1) B 4%
Bk, UL, G St 5 R AR G TR 2 i
EPE NI ST, T IRG SEAR A8 08 S s A A Ak W
PE— 25 B0 IE = 3 BCA TN B RS AN mT S TR e
3 o A S B TR AR AR B Bkoks A Ak S ACT &
AR TR B A AL, LAY A7 I R B AL RS o i XL
B PEAS T EL G AT
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