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HE . BRI 5 ks K (BNP) & @ A% —6(IL—6) \ #F 64K 2Rk RNA BPTE(circRNA BPTE)
RN I & 9% (COPD) &bk e & 80 8% 69 F A KT, AR EZ TG e9TRMIE, Fik  #®IR2021 5
5 A—2023 45 A & M 42 S R4 A8 69 118 48) COPD S bt hn & 1 8 % (LM hm E 20 ), % IR B #1315 80 4
COPD #4 % # % & (8. 52 #40) Fo 80 ) 42 B AR A (XTIRLE ), HL4R 3 20 275 BNP, IL—6#n circRNA BPTF #)
Rk EZF . MR EAEL 275 BNP, IL—6 42 circRNA BPTF 8948 %0, 5 Al % B & — 4% Logistic =2
A5 COPD &Mk mEHEFZFE R RGERREZ, jFilidgXEd THERHIE (ROC) &L 3FH BNP,
IL—6 #= circRNA BPTF )G 69 FRM ML, R ZWmEHa | A H24 &F BNP, IL-6. circRNA
BPTFARXT & ik 8393 TR (P <0.05), &M E MM L3 & FAZMM(P<0.05), RARSELEL 0F
BNP.IL—6.circRNA BPTF £ i 48 % (r,=—0.733,-0.918 ##—0.926, 3 P <0.05), % B % — & Logistic = J2 5 #7
B MLV [ OR=55.649(95% CI:10.429,296.939) ] . APACHE I 3% & [OR=1.213(95% CI: 1.020,
1.444) ] | Charlson &~ 4 45 4> 3[ OR=81.696 (95% CI:15.888,420.076) ] \PCT &K F[ OR=4.629 (95% CI:
1.198,17.888) ] \BNP & 7K -F [ OR=1.025 (95% CI:1.009,1.042) ] \IL—6 & 7K F [ OAR=1.429(95% CI:1.021,
1.999) J#= circRNA BPTF & 7K -F [OAR:20.942(95% CI:2.772,158.200) |52 COPD & P in & 21 8 5t 6 £ e
B # (P <0.05), ROCWE LR KW, fih BNP.IL—6.circRNA BPTE BA-FM & wh & T @42 4 0.943(95% CI.:
0.875,1.000) , SR HE A 91.79%(95% C1:0.861,0.972) , 45 F1E 2 94.7%(95% C1:0.924,0.969) . Z5if i if BNP,
IL—6 #= circRNA BPTF #) % ik 55 COPD &t e & 4 Bkt 0mth B £ E A TE Etn £, THEAA G TG
FAEEDAFED
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Abstract: Objective To investigate the levels of serum brain natriuretic peptide (BNP), interleukin-6 (IL-6),
and extracellular vesicle-derived circular RNA BPTF (circRNA BPTF) in patients with acute exacerbation of chronic
obstructive pulmonary disease (COPD), and to assess their predictive values for the prognosis of patients. Methods
Between May 2021 and May 2023, 118 patients experiencing acute exacerbation of COPD were selected from
Changzhou Maternal and Child Health Care Hospital as the acute exacerbation group. Additionally, 80 patients in the
stable phase of COPD were included as the stable phase group, and 80 healthy adults undergoing routine checkups
during the same period were selected as the control group. Differences in the expressions of serum BNP, IL-6, and
circRNA BPTF among the three groups were compared, and the correlations between the disease severity and serum
levels of BNP, IL-6, and circRNA BPTF were analyzed. Multivariable regression analysis was utilized to identify
risk factors for poor prognosis in patients with acute exacerbation of COPD, and predictive values of BNP, IL-6, and
circRNA BPTF for the prognosis were assessed through the receiver operating characteristic (ROC) curve analysis.
Results The levels of BNP, IL-6, and circRNA BPTF were found to be higher in both the acute exacerbation group
and the stable phase group compared to those in the control group (P < 0.05), and those in the acute exacerbation
group were even higher than those in the stable phase group (P < 0.05). The disease severity was negatively
correlated with the serum levels of BNP, IL-6, and circRNA BPTF (r, = -0.733, -0.918, and -0.926, all P < 0.05).
Multivariable Logistic regression analysis indicated that grade III and IV pulmonary function [OAR = 55.649 (95%
CI: 10.429, 296.939) ], high APACHE II scores [OAR = 1.213 (95% CI: 1.020, 1.444) ], Charlson Comorbidity
Index > 3 [OAR = 81.696 (95% CI: 15.888, 420.076) ], and high levels of PCT [OAR = 4.629 (95% CI: 1.198,
17.888) ], BNP [OAR =1.025 (95% CI: 1.009, 1.042) ], IL-6 [OAR = 1.429 (95% CI: 1.021, 1.999) ], and circRNA
BPTF [OAR =20.942 (95% CI: 2.772, 158.200) ] were independent risk factors for death of patients with acute
exacerbation of COPD (P < 0.05). ROC curve analysis showed that the area under the curve of the combined
detection of serum BNP, IL-6, and circRNA BPTF for predicting the poor prognosis of patients with acute
exacerbation of COPD was 0.943 (95% CI: 0.875, 1.000), with a sensitivity of 91.7% (95% CI: 0.861, 0.972), and a
specificity of 94.7% (95% CI: 0.924, 0.969). Conclusion The serum levels of BNP, IL-6, and circRNA BPTF are
closely related to the disease severity and prognosis of patients with acute exacerbation of COPD, and can serve as
effective prognostic biomarkers.

Keywords: chronic obstructive pulmonary disease; acute exacerbation phase; serum brain natriuretic peptide;
interleukin-6; extracellular vesicle-derived circular RNA; BPTF; prognosis

P M BH ZE P il %5 0§ (chronic obstructive
pulmonary disease, COPD) 2 14 fill 5 ] J& COPD i 72
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AR, & AR VAR S WS TR A, 1T ik
#} IK (brain natriuretic peptide, BNP) | [ 40 ifi /i & -6
(interleukin-6, 1L-6) . 4k W {& 3 [k RNA BPTF
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2023 4F 5 7 N 15 IE 4 DR 4 B i if B9 118 45 COPD
PR AR (2ot B 2H) #0180 44 COPD £2 7€
W (R e WA MR BSR4 o o CTR] 0 A B
80 1l fi FE AR K L AE Sy Xof R4 . i AR it : OFF &
e 1 BE ZE TR il B 1296 4 B (2021 AR T hi) )™
COPD (12 B b7 HE[8]; @ 21 il 2 1 J8 35 745 5 AH ¢
W bR e s B 8 AT 58 8 1 iim IR B8 RE K Bl D5 12
o HEBRBRE : OFF7E ™ S0 BB T DI RE 7
I P s @0 1A N2 S e M RNA T
@G I A bR ™ g2 ok 4 B AL T B B A 5
@TCTEBL A BT SR T 22 . ABEST 3R A5 BE B
BE 27 A P 2R DY eIt o

1.2 &

120 WERIORDI S IR RRE BYAR IS RS R
e A BILAME il D RE 23 2 | 2 A B 2 RS
it FER B PE A 1T Cacute physiology and chronic health
evaluation Il , APACHE 1II )", Charlson & Jf %iE 38
U MO RE 3 9 - 2 BROCHR12], A A SRS
Pk S 5 1 R AR K25 B (forced expiratory
volume in one second, FEV,) 5 H 1 i 15 & (forced
vital capacity, FVC) Z < 70% , W2 Wi b S 2 BR .
WA FEV, 5 5 b s e ARy 4 . T 2
K FEV,% =8 0%, 1l %N FEV % 50% ~ < 80%, 1l %%
HFEV,% 30% ~ < 50% , N 24 FEV %< 30%. FEV,
5 FVC I 38 3 il 2 B AL AT

122 S E R B ABEHTRE S mL ik
I, ff HPTEEE 7E 4 C KM AR AF . 3 000 r/min &5
0 10 min 3 85 1ML, R F L AR TR A= 977 A RS
"] BK-400 H 3l fk A= Ak 2 B AR T B & F (rotal
protein, TP) | I % 1 (Albumin, ALB) . & 8 C )2 v &
H (high—sensitivity C—reactive protein, hs—CRP) . [& 45
2 J& (Procaleitonin, PCT) . BNP , IL-6 /K F . 2% FH #
M J5E ST B AT BR 22 F BG-800A Ifil /<. 43 B Al
i B, J 5 (poten’[ial of hydrogen, pH ) B K T E AR
43 % (partial pressure of carbon dioxide in arterial blood,
PaCO,) o R RN 4 301 A W) B A BR 2 W) 42 i
2 3T BRSP4 B 5 (white blood cell count,
WBC) , 15 i Hkr 48 /8K B 48 i L AEL (neutrophil to
lymphocyte ratio, N/L ) HAH .

1.2.3 i A R A B4k RN (reverse transcription
polymerase chain reaction, RT—PCR) # M circRINA
BPTF 89 Rk R 23 BRAR A T 4l HBOR & I e ik o

5 ml, SR R BEIE A 4 T AR PR w1 b A 12 B
TR B 4 I I i A A A L ek T TR g e £
AR FF F OB AR AN MR TR A . Tl
RNApure Hipure RNA i 71 &5 M A 5 44 v 2 B
RNA, ¥ #% 5% 2 ¢DNA, #£47 RT-PCR i . 4734 5%
F:95 CHAENE2 min, 94 CAEPE20 5,60 CiE Kk 34 s,
HASADPER , SIWFHN R R 22 %HE
DO ST g

&1 RT-PCR3I#F7%!

JE 51975 KE/bp

IEM]: 5'-CCTGTGATCCTACACCCAGAAA-3' 22
RNA BPTF

R Ii]: 5'-TCCTCCTCCTTCTACTCCTTCT-3" 22

1EM]: 5'-AATCCCATCACCATCTTC-3' 18
U6

JIi]: 5'-ACCCTCTTCTCATACTTC-3' 18

1.3 BEHRSE

COPD 2V E W S8 2 B DT 148, 19 H il Bl 7
T G3AH BTTREV 1K, 0 sk BB W A AR .
KAEFET N TR AN R BT R R & AR BTN Bl
R4r.
1.4 GFHitERE

Bl o B % B SPSS 27.0 e itk F . i ORE
DAAEL = ARt 22 (x + ) Fon, WECH ¢ K50 5 TH509%
BHLAR (%) KR, BT xR 565 A1 OGP 20 B
Spearman % ; 2 A & — it Logistic [ 0 £ 7Y 43 Hr
COPD 2 PE i = 1) A8 25 15 A B 09 fa 6 DR 2% 5 ok
R4.3.2 B R 22 i 32 1 # T AERFAE (receiver operating
characteristic, ROC) i £k . P <0.05 b 2 5 A 412

2 ZR
2.1 34AIMmi&BNP.IL-6.circRNA BPTF {831 &%
=&

SUPE o A RS E A | X BRIV BNP
IL-6 . circRNA BPTF AH X 36 ik i L #8, 2807 22 04,
S G E L (P<0.05), atEmEg fa
SE W4 13 BNP L IL—6 . circRNA BPTF #H X 26 ik 2 1
1 T BR AL (P <0.05) , 2cPE i S 3 240 24 i A e 11
(P<0.05), W2,

e 22 .
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%2 34MiEBNP.IL-6.circRNA BPTF#EXtRZEELE (x+s)
21571 n BNP/(pg/ml.) 11.-6/(pg/mL.) circRNA BPTF
SZinmina 118 193.64 + 32,282 17.40 + 42772 1.58 +0.22%%
Fa s e 80 178.29 + 30.477 6.79 + 1.68% 1.06 +0.14%
X FRZH 80 36.87 £ 6.93 3.15+0.94 0.57 £0.09
F{H 900.057 624.751 864.268
P1H 0.000 0.000 0.000

T OSRHIEL A, P<0.05; @5k W4 L, P<0.05,
22 ERTEERE
BPTF g48 <M

Spearman AH GV 73 BT 45 R WY, 9 )™ B R

5 1n & BNP. IL-6. circRNA

5 1L 3 BNP. IL-6, circRNA BPTF & i 4] 56 (r=
-0.733.-0.918 F1-0.926 , 4 P=0.000) . VLK 1.

300 . 300 300
o % @ .. y L °
" . h '?}.. ° b '.
3 200 3 200 F il E 200
3 ot "Kx E o AR s
= °s . " ' = ° } 2 w °
-~ L] = PY . L e [ ]
% 100 F . T ii’\; 0% £ 100 o, NN
0 1 1 1 0 m L 0 1 1 1
XML FaEig AtEm Xt IR ZH %%Zzﬁﬁﬁéﬂ 2Em XL RasEdiE S
iR CEE| Ex K e iCE|
PIps T FEE YIS FE YIS E

&1

2.3 COPDE2MmMEHEEMERNRNWERES

ARG B U7 45 S o, AR A B 0 TS A B 4
RIBCT 4 (24 1) FAEAFA (94 1)) o SET-H 5 A A7
HAEPER] AR R A BIHLAGE S WBC L N/L,

TP . ALB .hs—=CRP .pH . PaCO, J7 Tfi FL#X , 28 X t K 6
ERM TG FE L (P>0.05) . WT-H5EFH

EIR B2 E 5 % BNP.IL-6.circRNA BPTF B4 X 148 = B

TE i T RE 42 9% . APACHE 11 ¥4} . Charlson & 3 JE 48
. PCT .BNP .IL-6 . circRNA BPTF J7 i %5 , 22 55 3
AHitEE L (P<0.05); SET- AP ae I IV 4%
It \APACHE I $¥f-43 . Charlson & JFAEFE 80> 3 /5 b .
PCT. BNP. IL-6. circRNA BPTF ¥ & T 4= 17 41 .
W3,

x3 RTASEFAHIGKFHESH

o . ) (%) @ﬂ_?—@/ Wite 51(%) HRWMEES 1#1(%)
| s (%, x+5) < 104E > 104E = o

FET-4H 24 16(66.67) 8(33.33) 73.82 % 6.74 10(41.67) 14(58.33) 6(25.00) 18(75.00)
2y =27l 94 65(69.15) 29(30.85) 7237 +5.92 48(51.06) 46(48.94) 17(18.09) 77(81.91)
X2/ tH1H 0.055 1.041 0.676 0.583
P1H 0.815 0.300 0.411 0.445
- fiti2hie % (%) APACH_E I Charlson & IFAEEEL (%)  WBC E x 10°L, 1:1/L TIi/(g/L,

I .14 Il IV %% P (xxs) <3 >3 xts) (x£5) x*s)
FET-4 7(29.17) 17(70.83) 23.57 +3.12 9(37.50) 15(62.50) 11.78 +3.63 2526+504 5474 +7.62
A 61(64.89) 33(35.11) 17.92 +2.68 82(87.23) 12(12.77) 10.92 +2.98 2385+4.42  56.18+7.48
X/ HE 9.994 8.91 26.799 1.205 1.355 0.839
P 0.002 0.000 0.000 0.231 0.178 0.403
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FETEH 29.92 +5.37 60.43 +9.28 1.35+0.58 734+0.15 82.18+20.56 23834 +3822  14.83+2.35 1.86 +0.38
HAFH 31.28 +3.29 58.29 +7.15 0.68+042  730+0.13 84.71+2598  187.19 +29.88 11.29 +1.98 1.02 +0.24
X/ A 1.567 1.228 6.422 1.303 0.443 7.053 7.519 13.429
P1H 0.120 0.222 0.000 0.195 0.659 0.000 0.000 0.000

2.4 COPDRMMEHEETEARMSERS T

L COPD 21 I e 0 8 35 A8 T2k A A28 o (A A=
0,5812=1) KN ZR o Hrrh 22 R G it 5 L
AR aE % (1T  Mg%=0,10.1VH=
1) APACHE Il #¥ 43 (52 MI{H ) | Charlson 5 Jf-fiF 45
(<3=0,>3=1) PCT(SEM{H) . BNP (L MAE) |
IL-6 ( SEUAE ) . circRNA BPTF (5248 , #4722
F—J Logistic [A1F 4347 , 2558 Wow - i ThBE T L IV 2%

[OR=55.649 (95% CI:10.429,296.939)]. APACHE 1I
FE 4> B[O R=1.213 (95% CI: 1.020, 1.444)]. Charlson
4 3F 0 18 B> 3 [ 0 R=81.696 (95% CI: 15.888,
420.076)]. PCT 1% 7K F- [ O R=4.629 (95% CI: 1.198,
17.888)]. BNP 15 7k F [ O R=1.025 (95% CI: 1.009,
1.042)]. 116 75 7K [ 0 R=1.429 (95% CI: 1.021,
1.999) |7l circRNA BPTF 25 7K “F-[0R=20.942 (95% CI
2.772,158.200) /& COPD 214 in & W J 30 T 1 fs
K& (P<0.05), W4,

&4 COPDRMMEMBEWEFRIEEE M Logistic TS

Nl Zrfig s34 4.019 0.854 22.130 0.000 55.649 10.429 296.939
APACHE I #4 0.193 0.089 4.747 0.029 1.213 1.020 1.444
Charlson 5 FFHEFR L 4.403 0.835 27.776 0.000 81.696 15.888 420.076
PCT 1.532 0.690 4.936 0.026 4.629 1.198 17.888
BNP 0.025 0.008 9.054 0.003 1.025 1.009 1.042
IL-6 0.357 0.171 4331 0.037 1.429 1.021 1.999
circRNA BPTF 3.042 1.032 8.692 0.003 20.942 2.772 158.200

2.5 Imi& BNP.IL-6.circRNA BPTF 3 COPD &
N EHA B & S RO FRAE
ROC i £k 45 5 W , 1fiL 3 BNP . IL-6 . circRNA

AUC) 4 0.943 (95% CI: 0.875, 1.000) , & 2% 4 K
91.7%(95% CI1:0.861,0.972) , 455444 94.7%(95% CI.;
0.924,0.969) ., WLFE5HIK 2,

BPTF ¢ & 7 i il £ 7 10 #X (area under curve,

%5 IniEBNP.IL-6.circRNA BPTFFiill COPD & nEH 2 & TS 1 R HWRIBE 4T

BNP 206.010 pg/mL 0.589 83.3 0.759 0.908 75.5 0.712 0.799 0.822 0.718 0.926
IL-6 13.175 pg/mL 0.580 75.0 0.663 0.837 83.0 0.792 0.868 0.851 0.768 0.934
circRNA BPTF 1.430 0.707 75.0 0.663 0.837 95.7 0.937 0.978 0.921 0.858 0.984
=HEE - 0.863 91.7 0.861 0.972 94.7 0.924 0.969 0.943 0.875 1.000
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1.0 — =
08f |
% 0.6 | )—f{ BND
= 04f 16
— circRNA BPTF
0.2 — Ao
SHL
0.0 Ml A
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1-FE5

2 1mi%BNP,IL-6.circRNA BPTF $iiltl COPD
2MEMERBETERRE ROC Mk

Wit

COPD J2& — Bl LA 3t 52 B AT R AE i FR 1R 1Y
2 2R, L AR SAL R B S = TE T e 4 4
HERE SN | A8 AR G in R S E A, X s it
LR 5 80R0GE ez AR B 1 38 i, i 51 &
- 152 PRIME RS AS e 80% T R COPD 2k Jin o 441
T HE T R B R R R R, S B R
AE™ ALBANO 4EU"IHF 5 45 JL SR WA A 55 15 Y W1 1y
KIMBRFERECOPD K BAMEMEENRZ —, X
S 355 Y Wy e 38 3 45 RCIE b R R ) Be R R <
T 8 0E B, fE HE COPD HEJ o 3% — B Be 1 6 i I
IO 8 5, Bl SR A N B S T N A B R
A, IR B i AP T BEvEGR . RLI, COPD &
PRI EE 1 A BT B 1k R i — 2P B O,
B R A AL B e R B R AR A e R
P03 F1 D RE A R RIE COPD 8 35 75 2 vk i &
Ji ] B A2 T S i A BRALC A7 R 6 4 B R T R
R AR G R A A R A 2 R B ) S 45 R K
G g AT ARPRAR ™, 78 COPD 2t 1, Ifs
PRUTAS FbR 74 52 56 25 K A 5 1 FH T W I 1, 76
S0 i A Ak R A R e 2 R D 1 R A PR .
FENIAE N 4 O A= e PN A N REE 7 R s 7/ DO R
COPD 2P Jin = 199 £ 2 1 5 0392 W R 30 )5 Al Bl A5
It g EE2U L3 BNP L IL—6 ., circRNA BPTF 1£ Jy
S WU XA IO 35K L A E DR A I A1 [ 3 TR A A
AW, 7E COPD 2 i & 1 8 2 v i AR Ak vl fig 5
™ R R R T A G

AW 5T AS [A] 25 9] 1M 7 BNP . IL—6 . circRNA BPTF
AT AR 22 5, R W COPD 2Pk i = 391 5 9 9
Rt 8 I AH LU, A P9 AR E S g R I A A A
fin. 7E COPD 2t s 3, Hhy 38 48 AE fin ) 148

BRI KN R A TR TL-6 K- T, 4 0 4 B
PRE LN P SCAS SEPIRIE 58 e B AE COPD 2Pk
B, TR A A S, fEE sIL-6R 1Y 77 A
X Ff 42 1 T mTOR & 4 4K 1 (mTORCI) |
STAT3 %5 & 4%, 16 ikt = B 45 & IL-6R (mIL-6R ) 1) 21
Ji 7 A AKORE L AT RE S COPD AH G 14 Jili 34 48 9 9 1%
Ao TRIEE, A AN R B ARE S %O IR 1) i 1Y 71

200 ] R T 200 IE R B N, I i % BNP /K
SFF R, cireRNAs 76 5 988 45 Bl 5 2 fp
SR IR R X B A B A K IR A
PE FE T BRI I HRBTE A OCHEVE ] o cireRNA
BPTF >y 24 ffu 17 385 RN 45 43 1) 7 P b 7 . ZHANG 5512
W52 & P, circRNA BPTF 38 1 # [i] miR—384 1F [f1]
2 LIN28B 3R ik , GRS LRI = 7 9 W 75 5 19 A 05 e ok
PN Bz 41 G A7 9 I 540 AR AR L . AR T S PO 9%
KN, BPTF 5 22 1Ky Jili B 96 188 TS AN B 1946 4
b 5 R A R A 2% T A A T DDA G
R AW bR A T B e COPD £k Jin 5 40 8 3
Pneya ) 1 S RN (1= E [ N O RA B B VN7 18T
BNP . IL-6 . circRNA BPTF 55 %< 9% ™ = 2 FE 2 71 AH
5, 1] RE 4 7% 3K 26 A W A A5 W AE COPD iff Ji2 v 473
SR, 11615 90 M R o0 IR 7, 70 5 0 7 0
AT BB PR Sk G 88 I 28T TR A 5 e M R R o
BF, AT A BT 440 D B R 9 R S 5 4 SR ML A4 B0
S ECHIK AR T B . BNP AR O 7 38K A i )3
Yy, e 0 JUE 7 FR A0 00 3 R (ELIE e 1 Ak
FLC WIE Dy 8 1 — 20 3 vy, 3R 5K AT fE 32 2 R .
circRNA BPTF [ 3% 3k 15 95 ™ B A J3 12 S AH G,
B S5z e 7 2 i 7 100 240 M 7 38 R 48 40 4 5 A B0
SO T AR S A AR S AL A4 At T
O, AH G S AR 2, R BOLR K TR, -
RIS E T PRI — B, BXORP R DG TT fE
JZ B COPD i J& ixf i vh A= Wb sk 3R ik 1 s A 22 4k
A 25 () A B P BLH . AR B SR 45 R KB, COPD
SHMEHEERATEAR S ZMEEMC, 4
FEIGTHEE T . IV 2% . APACHE 11 %43 &5 . Charlson 4 3f:
JiE $8 #0=3, LA J L3 PCT . BNP (116 . circRNA BPTF
KT o Hrh Bl ThBE I | IV 2% Sz e 6 25 il 350 208 <,
VAR A Ty fi o 2 B AR, SR W46 R R A — Ak
e B8 B9 XUBG TH ™Y . APACHE. T PE 2 A 2tk
Az LIRS RN T FEE AR A WS B T T4
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TrEEHEE SR A EMZ R T IREZHRN
AU T e, B A B = A FE 2%, Charlson 65 I iE
T8 =3 KR BE AT Z2 M Yy B E 5 JTIE
A 10 IR AR E Y g e A ER HE T 52 e 9 SR
PCT 7K SF-AE A 4 P B G R 2R G 1 A 19 A5 b 7
W, 7E COPD Stk Jin = 109 (8 25 T v, B 4k o8 77 76 B
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