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e
HI¥: AT S LE BT COPD B35 LG KAE R T RIBHRHIE, JF45& B M1/M2 RA4A14L, 48
¥} BPIFB4 7£ ELMEAN i M1/M2 AR B SR S S b (4 Y & oL, 2 COPD U Tt 1k 2 it
A5
itk LAIAREATHIIX 5 — NGBS Be COPD fgg 138 30 9] S A Bk # 30 1], REEIMIGHEAR,
SR FH IR S 2 W Bk 6r CELISAD A MLy {12 % St RAHSCH 5~ (IL-1B+ IL-6. TNF-a. IL-10. Arg-1
K TGF-B) /Ko 2 MEAMMAZ (cigarette smoke, CS) BXEHEZ M (lipopolysaccharide, LPS) i
S COPD /NRRBLAY, FF43 5147 BPIFB4 ik Rk s Bk T 7l, KA RT-qPCR 1 Western blot £ il
/N ZHZH BPIFB4 1335 K, i@ Mt Thaekr il . Micro-CT 494 [ HE BL A vPAili it D fig 5 it 20 24
PGRERE, R U U B ARSI /) UL FE e v ML/M2 B B At b9 284k, 455 ELISA il
IMEAH R RIE 77K, il Western blot 734t PI3K/AKT1 15 5l ¥ 8 H )31k . 3K THP-1 4
HEAT 3%CSE (3% MRNH 55 #2 8 ) 4bE, >R FH BPIFB4 i FRIASUTERCA PI3K i 5+1, i@
i Western blot £ | PI3K/AKT 15 ‘53 % 5C i 0 (1 R 1Kk 7K 7 19 A8 Ak, T3] ik 3 3 v =K 4 i A s
M1/M2 BSR40 Ll 284k, 45 & ELISA Rl Al 5¢ 20E K 57K ~F-.
gh.

1. SR AL, COPD A 3% i IL-1B. IL-6. TNF-a. IL-10 & TGF-BRIAKF1
BEFE (P<0.000D) , Arg-1 RikKTFRIEZEZES (P>0.05) .

2. 5 WT d/NRAEL, AAV9-BPIFB4 4 /)N i BPIFB4 mRNA J¢ & [ 3R ik KV 0 & F i,
AAV9-shBPIFB4 41K IE/KT-EE Tl (P<0.0001) . 5 CS #lt%:, CS+AAV9-BPIFB4 4l BPIFB4
mRNA K [k /KF i, 1 CS+AAV9-shBPIFB4 41/ R #EIAKF R (P<0.0001)

3. 5 WT 4L, CS 85 f5/NRIFRAE (F) EEFE (P<0.0000) , PRIERE (PEF) |
50%38 < BRI A IE (EF50) 2% N% (P<0.0001) , BPIFB4 il Rk B2 o3 IR ThREFE R,
ifii BPIFB4 iR — PN iithae i ® . 5 WT 4L, CS # #5405 BPIFB4 B ZH /)N B35 B A
IR JORELH IR A AT 4R

4. 5 WT 410k, CS Z&FE41/N] BPIFB4 RIA/KFEE T (P<0.0000) , M1 F1 M2 B EWR
S M L A 0, DA ML B ERRGE MBS TR R (P<0.0001) . 5 CS 4AAHEL, CS %##& /5 BPIFB4
DUERZ/INER ML B E WAt i be s S 3 19 0, 88 2 T s FLAH OG i 8 IR 7 TL-1B TNF-offl IL-6 FKIAK
P (P<0.0001) , CS %:7% /5 BPIFB4 i 3R M1 B E Mg 4 bbb, I i 35 PR AR & IR 7R IX
K (P<0.0001) « 5 WT HAHEL, CS FEFEH/NE A p-PI3K F p-AKT1 8 3R E K225 T 55
5 CS #HAHtL, CS #F5 /5 BPIFB4 JiE i — 23891 p-PI3K 1 p-AKT1 ¥ HRIEKF (P <0.05) ,
1M BPIFB4 i 21k 5. 2 PR B R Ak /K-F (P<0.05)

5. 7E PMA 35370401 THP-1 KI5 MO B B4 g, 5 NC 4UMHEL, CSE 4bPE 2141 s BPIFB4
FiLKFEZETIH (P<0.0000) , p-PIBK i HAFZXKFEETE (P<0.001) , M1, M2 BEIR



Y M Lb 5 25 25 TR (P<0.0001) 5 5 CSE ZHAHLEL, CSE+BPIFB4 TBAZH p-PI3K 1 p-AKT1 R
KRR TR (P<0.01) , CSE+BPIFB4 id R IAH p-PI3K /KFRK (P<0.05) . 5 CSE &# )5
BPIFB4 JUERZAHEL, N PI3K #0I7I/E, M2 24 ERE4iffa bt @) 2 & /> (P<0.0001) 5 7E CSE &
HJ5 BPIFB4 i ik % #FF, PI3K i 7] 4b # 5 M2 B 5 Wi 40 Md bt 5] % BPIFB4 i ik 4H F %
(P<0.05) -

zhig.

1. COPD #&E 82 4 0 i) 5 7 R 00 55 5 2 T 210 BPIFB4 K18 N A B4 il M1/M2 3R 3L K iy 2%
DIFASG, Horb M1 A B WA Le 5 389 oo 5

2. BPIFB4 i nl fgidid 4% PI3K/AKTI 15 5 s ERE4H i M1/M2 KA A0, L M1
BN EMAR R R, EdE M2 BUAHOGHT 2 IRV,  MTTTEAE COPD A% v
KA. 1B EH VR ; MI/M2RYE G40, BPIFB4; PI3K/AKTI



Abstract

Objective:This study aimed to characterize the expression profiles of serum inflammatory cytokines in
patients with chronic obstructive pulmonary disease (COPD) and, in conjunction with alterations in
macrophage M1/M2 polarization, to investigate the role and underlying mechanisms of BPIFB4 in
regulating macrophage phenotypic polarization and inflammatory responses. The ultimate objective was to
provide a theoretical basis for early intervention in COPD.

Methods: 1. A total of 30 patients with stable chronic obstructive pulmonary disease (COPD) admitted to
the First People’s Hospital of Kashgar and 30 age- and sex-matched healthy individuals undergoing routine
physical examination were enrolled. Serum samples were collected, and the levels of pro-inflammatory and
anti-inflammatory cytokines, including IL-1pB, IL-6, TNF-a, IL-10, Arg-1 and TGF-p, were determined
using enzyme-linked immunosorbent assay (ELISA).2. A COPD mouse model was established using
cigarette smoke (CS) exposure combined with lipopolysaccharide (LPS). BPIFB4 overexpression or
knockdown was achieved via AAV9-mediated intervention. The expression of BPIFB4 in lung tissues was
assessed by RT-qPCR and Western blotting. Lung function was evaluated using pulmonary function testing,
Micro-CT imaging, and hematoxylin-eosin (HE) staining. Flow cytometry was used to determine the
proportions of M1 and M2 macrophages in bronchoalveolar lavage fluid (BALF), while ELISA was
applied to measure serum inflammatory cytokines. Additionally, Western blotting was conducted to
analyze proteins involved in the PI3K/AKTI signaling pathway. 3. THP-1 cells were treated with 3%
cigarette smoke extract (3% CSE) and subjected to BPIFB4 overexpression or knockdown in combination
with a PI3K inhibitor. Western blot analysis was performed to detect changes in the expression levels of
key proteins in the PI3K/AKT1 signaling pathway. Meanwhile, flow cytometry was used to assess changes
in the proportions of M1 and M2 macrophages, and ELISA was conducted to determine the levels of
related inflammatory cytokines.

Results:

1. Compared with the healthy control group, the serum levels of IL-1pB, IL-6, TNF-a, IL-10, and
TGF-p were significantly elevated in patients with COPD (P<0.0001), whereas no significant difference
was observed in Arg-1 expression levels (P>0.05).

2. Compared with WT mice, BPIFB4 mRNA and protein expression levels were significantly
upregulated in the AAV9-BPIFB4 group and significantly downregulated in the AAV9-shBPIFB4 group
(P<0.0001). Compared with the CS group, BPIFB4 mRNA and protein expression levels were increased in
the CS + AAV9-BPIFB4 group, whereas they were decreased in the CS + AAV9-shBPIFB4
group(P<0.0001).

3. CS exposure significantly increased respiratory frequency (F) and decreased peak expiratory flow



(PEF) and expiratory flow at 50% tidal volume (EF50) in mice (P<0.0001). BPIFB4 overexpression
markedly improved these pulmonary function parameters, whereas BPIFB4 knockdown exacerbated lung
function impairment. Histological analysis revealed pronounced alveolar enlargement, inflammatory cell
infiltration, and fibrosis in both CS-exposed and BPIFB4 knockdown groups.

4. BPIFB4 expression was significantly reduced in CS-exposed mice compared with WT controls
(P<0.0001). Both M1 and M2 macrophage populations increased, with a more pronounced rise in M1
macrophages (P<0.0001). Compared with the CS group, BPIFB4 knockdown further increased the
proportion of M1 macrophages and elevated levels of IL-1p, TNF-a, and IL-6 (P<0.0001), whereas
BPIFB4 overexpression reduced M1 macrophage proportion and suppressed pro-inflammatory cytokine
expression (P<0.0001). Additionally, p-PI3K and p-AKT1 protein levels were significantly elevated
following CS exposure; BPIFB4 knockdown further enhanced their phosphorylation (P<0.05), while
BPIFB4 overexpression reduced it (P<0.05).

5. In PMA-induced THP-1-derived MO macrophages, compared with the negative control (NC) group,
BPIFB4 expression was significantly downregulated in the CSE-treated group (P<0.0001), while p-PI3K
protein expression was significantly increased (P<0.001). Meanwhile, the proportions of both M1 and M2
macrophages were significantly elevated (P<0.0001).Compared with the CSE group, BPIFB4 knockdown
further increased the protein expression levels of p-PI3K and p-AKT1 (P<0.01), whereas BPIFB4
overexpression reduced the level of p-PI3K (P<0.05).Compared with the CSE-treated BPIFB4 knockdown
group, the addition of a PI3K inhibitor significantly decreased the proportion of M2 macrophages
(P<0.0001). Under BPIFB4 overexpression conditions following CSE treatment, PI3K inhibitor treatment
resulted in a decreased proportion of M2 macrophages compared with the BPIFB4 overexpression group
(P<0.05).

Conclusion:

1. The exacerbation of inflammatory responses in COPD is closely associated with cigarette
smoke-induced downregulation of BPIFB4 and an imbalance in macrophage M1/M2 polarization, with a
more pronounced increase in M1 macrophages.

2. Upregulation of BPIFB4 may influence macrophage M1/M2 polarization via modulation of the
PI3K/AKT1 signaling pathway, suppressing M1-dominant pro-inflammatory responses while promoting
M2-associated anti-inflammatory effects, thereby alleviating COPD-related inflammation.

Key words: COPD; M1/M2 macrophages; BPIFB4; PI3K/AKT1
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(Abbreviation)
RNHE JEXL A4 HSC AR
COPD Chronic Obstructive Pulmonary Disease 2 BH 28 4 it 5 o
BPIFB4 Bactericidal/Permeability-Increasing oA B AR PR N S 2
Fold-Containing Family B Member 4 MIE) B R 4
CSE cigarette smoke extract T HHH 25 S B
THP-1 human myeloid leukemia mononuclear cells A Hi& & [ 1f1L955 #.4% 41 i
FEV1 Forced Expiratory Volume in one second — PP IR
FVC forced vital capacity F 73t &
IL Interleukin SPIS S
Arg-1 Arginase-1 F R -1
TNF-a Tumor necrosis factor o [liiblB T St
PCR Polymerase chain reaction A e =0 B
RT-qPCR Real-time quantitative polymerase SEHY 986 % & PCR
chain reaction
ELISA Enzyme-linked immunosorbent assay Pt I . 2 W P A
WB Western blot R 1 2 B S
FCM Flow Cytometry T A A
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(Introduction)

1.1 COPD RATIRZFINIR

P2 FHZE M it %%  (Chronic Obstructive Pulmonary Disease, COPD) & —Ff DAHF4E
PR BROGRFAE A PR A, Pl 3% PRI R AEE B, I S BURmRIAESR
021, HATEEIA Y, WAEP2 COPD ik EE I fEfa A .. KR E THEWZ P H
FHRORLAN R, ATRFEER R T RAE RN, I8 B RSB o BRI, = A SR
15 HH R B IORE A SRS L [RIRE /2 COPD 1 B B30 R 3, B a0 MR e 7 A= 1R A 2 A
L TV5 G s, By mr s s KBS T-21, AEM IR BANR I g5 (3 X, ERAH Rk AT
MR, WfE COPD AT IS N™IR . SEKVEH N, COPD CRUNEH = KEULJE
PR, o0 A L R o ™ B BB B4 JRIE N B EOK, COPD i fidH G NI E . 2018
FRERATHAHEERER, RE 20 5 &ELENEE COPD BRAEN 8.6%, & BH
fETHEIL 112; 12 40 2 KA EAFEF, BpRdt—2 a2 13.7%0), fimE N2k
WERERZSMAE 5T, COPD BIMATHERE W3 = T U .

HEERNE, AFRMIXAE COPD B R Lpm & KT 7 A A RO W S M 2 57
XEHBIIAGG  Z5F R RV S BT RIS B A S R R B VAR . B ad A Dy 3 IE 75
X 2 —, ZEIT AR A R SR R0, COPD B AEE,  H A 1 1 e
FRAR AR JCILAE R SH B E A X, T R AR MBI R R T U R Y
FEEL, 40 % K LA EARER COPD B mIE 17.01%, B m T 2EPEKP, X —
ZEFARN, MR ERAEPON KRR T e B HEAEH], (RIS e S B2 B AR R
AN eI DA T 55 8 B T I BOR T AT o JEEK, B I D eI SR (R1IR 2D 58
LA Z MR Z5 YR, COPD KW 5iR97 KPR DMEA Frie T, o B3
RERTF B —E g, EmEI M HGE. R, MR ARIKRE, COPD ))& 1181k
BEATYEZ,  H AT R = BE S A RBEL I L R R T T BT BB B A I R T T AR
P te e AR L AEAT 0 R B, @ YR R L D S E s B A
W3, ABAEIE G 3t FE Iy AT A AE — 2 SRR o SRBEAE T-HLA| G ANEMT. COPD I 701
FIp R R S A W, X AE e RESE BRI 1 R AT SRS HETR T SRS I R - IR,
FE 8 H 7019 BRI A9 SR eI IT OB o1 S B 27 1) o 3t — 0 B AR OC SC B A
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T, AT BT IR A LE VAR S ST 4R R, ARG HE T TSRO (1 i S SR 1 2
W

fl

1.2 COPD KIELXREE M/M2 BIEEMBR X

E LA (macrophages) 5545305 & COPD fifi M2 1 98 iF [ B 1) B ELRRFAIE 2
— o REMF TR, /£ COPD &3 R U8 IV #E 38 (bronchoalveolar lavage fluid,
BALF) VAKiiH A, B W i s & 35 2 3 hns-100 . 78 i A e i s vhr, LR 40
AJARE LA 53 AT A0 D RERFAE 2> v E R AT A (alveolar macrophages, AMs) Al[a] i B
W2 Bl Cinterstitial macrophages, IMs) [, AMs = B34 TRl s N, 7635 BRZNE vk
SRS Ry 98 9 S N R R HE B R A T IMs U 5 A TR TE] BT, AE S O B T A
HAFRASYERR S R T B H 2 W PSR B4R /e COPD Wk A2k e i 1% Fh Ty e
St MELWRE], RS 5 R R ARSI 4E R

T BRI DIRERT 2B, AMs AIZEAS [RIGA BT R T A AR A IR AN [F] 2 Y,
FE ML A (FHEEERD f M2 B CRBHERD B, M1 8B rE
5 S B 10 J RAE S Nh R AE E EAE N, HRHEE R IO S — S LA S B

(inducible nitric oxide synthase, iNOS) it I8 PR ZE A §-0.( tumor necrosis factor-o, TNF-a)+

HA%-1p Cinterleukin-1B, IL-1B) FIEA -6 (IL-6) 252 25 K F 1 = 3Rk 5 4ruiplio-121,
BEAEAE ALK W, (£ COPD & il ZH 43 R WP GE o3 iy, 22 P 48 IR 1 IR 2R Ak 7K1
T, X —IRAEZ T A A R, FRE— @R E ik M1 B E R4 i /e 18
PESRESERF R 2 5L . 3 — PSR I, 24 M1 BY B4R B RS AR S AT 23
i P 2 SE AT 5 7K T AR S T B, 900E SN FR) 3 e IR S T — e R () 2 A ke 34001, 5tk
A, M2 HMELEAAET gE M AT 588, Had k2 EREE-1 (arginase-1,
Arg-1) « AN FE-10 (L-10) KHEAAKFE B (transforming growth factor-B, TGF-B)
ERT, Z5RIEHIB LAHARERZSFE, A, XMIERIHFIEGRE R AR = X
CAM IR, 2 M2 B BRI AL T80 BRIRAS, JUHAE TGF-pK I m KA &
T, ATRefR R R A A A B e UURR, NI ZH 2L Ak, FF(F Rl D Rg it —
A%, {E COPD &g, BEWRANMINRACIRASAEAT I B S i) . M1 A B g 4 il
AR AL . BIELE S S 0L M2 B B B B A pr i i, AR AR T e
AR AT A & DRI FR B AE R R N o X — IR T, BRI ik Ak
JAE(E COPD e id # v Hof d 2w (14,

NEEAR A LR, ELR4E AR AL 5, e 32 M1/M2 SR8 B 230, #2009 2& COPD
18 11 FEORE RFLEAFAE S 20005 hn 3 i) B ML 2 — o REZRm i) M1 BUARAL, AT %
SONAIRYERE TG BROIRAS,  HE— 28 IR E RAE RS RIBRR s T M2 28 A0 i e 8 7



= AAFAFHEFMILL
e, AT BEHES T 4EALRERE IF I At D e T FE0051, Pk, B SR B R4 i M1/M2 R A
VIR HLEIRIER AT TE, X T 2 COPD & 2% (1 B AE A BB 3, [FI oy Bt A
B2 M T TSR BRI 1 v A B R KR

1 BI

fl

1.3 BPIFB4 AJ&EIE T PI3K/AKT1 B ESEIE M1/M2 BUE G 4HAR R BT (L

I 4 i MT/MI2 28 0 2 i i A Ay COPD A I J i 2 v ) S g 38 24 Lk 2 —,
FORPE I FRYS I 2 PS5 B Ao T I 4%, (EAT A7 AE K& v AR BRI 1 TR 3 R 3R . 2 T Uik,
A A A 1T Bl S 3R A i X @ AH G 9T, %) 3 /> COPD K R 3HAT 1 &4 B 77 &
NS BFEM . G55 EIR, BPIFB4 rs4339026 A>G 7 SR 48 5 M A\ COPD K
JRTSSE T TRV AF A S 25 A DG MR SR T, LA i A ik 78 b ) B AR A LT ANTE 2E
BPIFB4 (Bactericidal/Permeability-Increasing Fold-Containing Family B member 4) &P
Erwh S ER S ERZ —, T8 T EMRE R E R X, AN S S
YA I FEN T, BEAERF 7S R B, BPIFB4 (EARYVOIETHAE . Yoo 8 50 Rk
i S KT iy R PR S DS, B FLR B, LAV-BPIFB4 J8id 7% SDF-1/CXCR4
GBS AT, FEAEAR R (g A L B 2 1 ) M2 LR AR AL, A
TR ORE L4 RS E G W 7 427 BPIFB4 5 ELWRZH i M 1/M2 6 8 70 A7 35 47 A 5%,
{HHAE COPD 5 5t I B Mg 40 B B 40 A 0 A #4E F I FoAH OG5 Sl g sk = R4tk
Wt

AW FAEXT BPIFB4 5 COPD (3L #E SdAT ik vy, il i KEGG & & #r K3,
AKT1 Z 51 PBK/AKT 15 5@ B AE Horp R 0 B1EH - 1 — 22 M GEO %l FE IS 4R
COPD i35 5 1E 40 FEN B (1 3 AU IV el (BALF) B[RS Bs 347 2 5 0 AT,
HEREIR, S5IEwWXHRAMEL, WA COPD 41 AKT1 HIRIA/KTFEE i (P<0.05) .
BPIFB4 nJ i@ i PI3K A H RUiE AKTL A5 5@ i, [k e i s i i £70E . 65
T#, MR EHESBER ). Wi, AR, BPIFB4 5 P3K/AKT 55
T % AR ELAE AN AT Sk FEREAY, & B — @ M EH, $on —#F Z 8w
REAFAERE VR ) 0 RO B REAH BTG AL & — N 2 B A& R 10T 2, e S2 AR kg
WA EAN FHE SRR NG K. E2FESRBH, PIBK/AKT @i & H T
B R R A M T R A O R 1 R 21220, 7 B R A A 2 B SORE PR R 4 b B
MURFE, AU ERRGE M S TR 5 HEEPY, I R A HON AN R A RS
SRR BEAE SRS CALD BFFERIN, HMEFREIEF R (GSP) mliEd
TREM2/PI3K/AKT J&@ B {2 3t B MELHM i M1 [7) M2 B A, AT 2% LPS 5 510 ALY,
A, N PIBK/AKT 3@ 2% i M2 #l Ak v] ZE 58 505 I 41 4 AL HEFE , I iR 4 35 3% B
PI3K/AKTI 15 538 -5 E WG 21 it B Ak 2 D) A 26301,
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R ERTR, T BIRSLIG A5 AN S LA, FRATHEN BPIFB4 J& PI3K/AKTI {55 1@
I AT Bed I T B R AR M1/M2 RA A, dEsznn COPD W GEdERE . 2R, =3
Z AR R AN T — DR, Rk, A BERAF X —HLH], DAY COPD 3
(IS YT FR AR B AL S i BB AR H5 AN SE B0 S RF
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(Materials & Methods)

2.1 ST

2.1.1 i

I 2024 4F 12 F %2 2025 45 2 AT HLIX ZE — N REEBTWIE 38 E 1 COPD &
30 (5, FEEEAERE ST UCED, A 55 FA A 04 BREE 30 IR o0t iR . fg Fext i
Bk AR G, HEBR COPD S FUABAS VLB Z  Igd FH G ThRe 2R AH B« A
HARFIC R ATE 2 AR RS . MER. BMIL WO S8 RO EL AR 15 oL, DA T N 4LmT ek
B FREA T . BT NH BB RE .. AT s X s — AR
BB R HAt (BHES: [2025|1PLE 2R (500 5) .

2.1. 2 PANFNHEPRFRAE

COPD #HMIMNbrE: OFA MAVR LM AR, BB O fsiiss CT)
ToH A AT BRI IR AN IR 2 BRIt DhReFEbR: WASCAE Y 5K Canyb T iz
400pg) JERMMTIGE; FEVI/FVC <0.7, 2 NFFEESM2ZIR; O EEYLT
FROEW, T4 NS E; @BFENMIIREN E /T 24 /N B AR AR ATET
REDUET 12 h 4% AR B2 2B, KIET 4 h 15 A RR2 2 A Eh 77 L Ui ms aE 24
Y/

HeBrbritE: Q& FFCTE BN SCEY K TSNS L WA 2 4E4 . O
WA Bt ZE, BUAELE REN WP IR D R IR e 2 LA s ()M 58 W 2 - S0 R ) 2
SIRERERG#: @& IR SRR S ;. @ CHIS AT AL TR MR & ;
GOURIER B S RIEHEEFEE; ©BABHMEASZH (WA IR RERE) &
@i 2 JAN R R R 4 SRR H (AERERARZD .

2.1.3 LIS T4

36 HiFEFMENE BALB/c /N, (W E W AR G A ARERAF) HIET
SPF K ahWia s, 5 6 B EINT (BASIES: A202408300124) . Fi& s



