EBIRERXZZEH  2026,47(6):56~63 DOI: 10.12259/j.issn.2095-610X.520260606
Journal of Kunming Medical University CN 53 -1221/R

SME MR Z AR AKT/mTOR & 518 B RIATE
&R ZE AR B E R R O E

KT, BB, wSHESY
(FRARSHFTPOCERTFRS L ERESH, AEEF KR EH 017010)

[F#Z] HIM R AKT/mTOR 553 [ 26 15 72 18 M B 28 ME It s /8 & h I F s (. J7ids e 2023
1A E 2024 F 6 A TERRZHTTH L E BEARERET R 20 6, B COPD(R-COPD) (i34 20 i K 2t
# COPD(AE-COPD) [ 20 il . JIr 45 BIF 5 6 G2 141 R 4 A0 Jo] e ok il B A, 43 8 JHL ot 3 K &1 J) ot B4 42 40 i
( peripheral blood mononuclear cells, PBMCs), >k H & & i #% 3¢ & & 1 5% ) )V (auantitative reverse transcriptase
polymerase chain reaction, qRT-PCR)# PBMCs H1 AKT/mTOR {5518 A 357K . RANSzad v, 60 A ifsi
&N B 40 M9 (human lung microvascular endothelial cells—5a, HULEC-5a) F1 Al 32 K4 [ 5 40 il (human bronchial
epithelial cells, HBE)Z» g% B2 . 7 404K 2 $2 U (CSE) 40 R AKT 40737 MK-2206 40, @it qRT-PCR. EH
B3R T G B B R 45- ZH A L AKT/mTOR {5 5B B335 5 SRS g S L5 32 5085, 4 & MK-2206
B HULEC-5a 4 fitd I & Y80 ARl 6 25 4 4 g s N A s THP-1 40 R A 4= B dn g p9 3% 32 fL b, @l
Transwell Y54 MRS RE J1 o 850 —dZiE MR F8 . FAE. G5 K& BMI ZREHITHE (P>
0.05). HlZh&EET M, AE-COPD #H FVC(72.08 £10.78, % pred.), FEV1(47.21 +11.32, % pred.) % FEVI/FVC(%,
58.67 = 11.68){% T R—-COPD #H Fl{g@tHE %] i 2H (P < 0.05). qRT-PCR ‘7%, AE-COPD i PBMCs H' AKT mRNA #l
mTOR mRNA %358 & F R-COPD 2 FfdEXF A2 (F= 1031, 13.23, P=0.001), AAMscEerP, HULEC-5a Al
HBE 41/l CSE 41 AKT/mTOR A mRNA K2 (R 5m T4 4], i MK-2206 4145 CSE 4 FF(P<0.05),
POLER TR, CSE 4 AKT/mTOR #5650 & TF i, MK-2206 41 0] W] . ik (F = 18.632., 17.853, P=0.000).,
Transwell 525K 7R, CSE 4 AW LT 4E 40 M [(391.31 £23.21)4 / #EF 1 A1 THP-1 E WE4HME [(411.25 32.65)
A REF ] BeE s T L, MK-2206 4H# CSE #9870 (F =24.389, 36.645, P=0.001). i AKT/mTOR {5
SIEBEAE COPD AN i) B, AKT #0115 MK-2206 FEMIk T AKT/mTOR {5 %38 #3235, AKT/mTOR {5538 ¥
FI 5 W i S 24 200 A 0 B 20 R o B AR A SRS . T REAE COPD e i F b 2 #E FH 2 H .
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Evaluation Value of AKT/mTOR Signaling Pathway
Expression in Peripheral Blood Mononuclear Cells in
Patients with Chronic Obstructive Pulmonary Disease

ZHANG Junjun, LIANG Zhen, PENG Yanfang
(Department of Respiratory and Critical Care Medicine, Ordos Central Hospital ,
Ordos Inner Mongolia 017010, China)

[ Abstract] Objective To investigate the research value of AKT/mTOR signaling pathway expression in
patients with chronic obstructive pulmonary disease (COPD) . Methods From January 2023 to June 2024, 20
healthy controls, 20 stable COPD (R-COPD) patients, and 20 acute exacerbation COPD ( AE-COPD) patients
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were recruited from the Central Hospital of Ordos City. Peripheral venous blood samples were collected from all

participants, with serum and peripheral blood mononuclear cells ( PBMCs) isolated. Quantitative reverse
transcription polymerase chain reaction (qRT-PCR) was employed to assess the expression levels of the AKT/mTOR
signaling pathway in PBMCs. In vitro experiments involved human lung microvascular endothelial cells (HULEC—-5a)
and human bronchial epithelial cells (HBE), which were categorized into control, cigarette smoke extract (CSE),
and AKT inhibitor MK-2206 groups. qRT-PCR, Western blot, and immunofluorescence techniques were utilized
to evaluate the expression of the AKT/mTOR signaling pathway in each group. Through conditional medium co-
culture experiments, HULEC-5a cell supernatant containing MK-2206 was introduced to the culture wells of lung
fibroblasts or THP-1 cell line—derived macrophages, and cell migration ability was assessed using the Transwell
method. Results  No statistically significant differences were observed in gender, age, weight, height, and BMI
among the three groups ( P > 0.05) . In terms of lung function, the AE-COPD group exhibited lower FVC
(72.08 £ 10.78, % pred.), FEVI (47.21 £ 11.32, % pred.), and FEV1/FVC (58.67 + 11.68, %) compared to
the R—COPD and healthy control groups ( P < 0.05). qRT-PCR analysis indicated higher AKT mRNA and mTOR
mRNA expression in PBMCs of the AE-COPD group relative to the R—COPD and healthy control groups (F=10.31,
13.23, P=0.001). In vitro experiments revealed that the CSE group had elevated AKT/mTOR mRNA and protein
expression in HULEC-5a and HBE cells compared to the control group, while the MK-2206 group exhibited lower
levels (P < 0.05). Immunofluorescence quantification demonstrated increased AKT/mTOR fluorescence intensity in
the CSE group and significantly reduced intensity in the MK-2206 group ( F = 18.632, 17.853, P = 0.000).
Transwell experiments showed higher numbers of lung fibroblasts [( 391.31 £23.21) cells/field] and THP-1
macrophages [( 411.25 +32.65) cells/field] in the CSE group, with the MK-2206 group displaying reduced
numbers compared to the CSE group ( F = 24.389, 36.645, P = 0.001). Conclusion AKT/mTOR signaling
pathway is upregulated during COPD exacerbation. AKT inhibitor MK-2206 reduces AKT/mTOR pathway expression
and may affect lung fibroblast and monocyte—derived macrophage migration, potentially playing a crucial role in
COPD exacerbation process.

[ Key words] Peripheral blood mononuclear cells; Akt/mTOR; Chronic obstructive pulmonary disease
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{55 AE COPD ANFEPBRM B RiLE S, 18
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SRR IEREAR 5 (3) 2P E B (AE-COPD) & X
g2 IR B E RE IR (PP IR AR . R e
UK . i L L R RR ) SORT A P R R LA B R R
HZEAD—FIERFFZE =3 d; (4)WAH L =20 /4
(B H WA x WARHAEEL).

HEBRARIE : (1) G I . g% . SR
Wi [ Jo P Mo 5 A i 3 e s (2) & 0™ E
BIIREAA . O v . BRI A BN
(3)3E 3 A H WA G . TR s sl fift 1 A e
HIFNATT 5 (4) K5 fhpen B sOIC IR & 58 UE 52
TMEEH .

XHRZE . AER . MRS s (=20 61/
4£) 5 COpD B ILEL; MfiZhRER: £ 1E % (FEV,/
FVC=70%, FEV,=80% Fli{H); Joi%H:flidBe
o SO LA S N B SRR S ASHE
¥4 SRR 22 W T s R B AR B 2R B s it o A
(2026-039), Frfy i K@ s Rl
1.1.2 #HASHEKRE T EE45)REmGMNE
1A AT PBMCs H AKT mRNA AT ik &)
RO TSE B0 25 i G*Power 3.1 #KAFITAAEA
e PSR R 2N E Y COPD(AE-COPD) 4]
5%} B 41 18] AKT mRNA 33k 25 5 (0 &0 0 5 0
1.2(Cohen's d), B&iE BEMEAKF o =0.05C38U),
g ALHE 1- B = 0.8, 19 & 41 i 75 e IR FEAS i
N 16 B, S5 SEPRIT A AL, AR AN A
COPD ZZfi# 9] & (R-COPD) 20 f4i] . 2tk i o 3]
7 (AE-COPD) 20 1] LA K %) B A2 10 20 1,

12 SMNEMBZARESE

H Ficoll-Paque PLUS #f & 5.0 35 M\ 2 mL 4p
JE A 4B A JE i B> #% 48 B ( peripheral blood
mononuclear cells, PBMCs), 4355 i i3 6 Wi e
VLRI A A1 % . B 10 pL 40 S 10 ul
0.4% S W IEE IR &, #8 3 min 5 B T
B, AN LB =95% MR A A s SR TR Al i
AR AEE . PL CD45 22 6P IR (BD Biosciences)
bricdifl, FCaififd (Accuri C6) 74T CD45* 4L
Hefil, Bk PBMCs 4l =90%. A ks 4i g 37 R
FTRAN, BEHRE -80°C KA KIITRAT .
1.3 ZHREEFRFA4bI2

AW I 4 N B 48 M ( human lung
microvascular endothelial cells—=5a, HULEC-5a) F1 A
Jilti 37 A8 I 2 4 il (human bronchial epithelial cells,
HBE) 4 H American Type Culture Collection (ATCC,
Manassas, VA, USA), ¥ HULEC-5a 40 & T &
A 10% K G G 4 1% (FBS) . EGF (10 pg/mL)
ME AL B (1 pg/mL) BYMCDB131 £ = %,

37°C, 5% CO, 1 }5i%% . HBE4MI/ETR i EGF (10
peg/ml) . F AL AT BN (1 peg/mL) Fl 10% fi 4 1L
1) M199 Bsgedbh A K, 37°C, 5% CO, 55,

Z: BB SCHR ) 8 B MR 00 25 S HU) ( cigarette smoke
extract, CSE) |, {#i ] 3R4F $rUESZFHAH (I 5
kentucky tobacco research center), B T FIWAE S
min PSE4REE, MHZHE 10 mL EMERFFEE bub—
bling Y4, £ 0.22 um JEFEITIE IS E X 100%
CSE, 248366 260 nm 41 %E OD {54
0.8+0.05, 4745 -80°C & 7. i Fl w7 B =
10% 24 (R BUEL ) il ¥ HULEC-5a 1 HBE 41
i 24 ho M ATCC WK Al AT 240 M, ZE7S N
10% FBS FSAF 4t 40 g A= K K19 DMEM 35 57 2
i FE . N ATCC I SE N L% THP —1 40 ffd
TEE A 10% 64 175 9 RMPI-1640 85 37 5 v 85
F%, HHERB RS A N ZRRER P IR (PMA, 100
ng/mL) F10.3% BSA W TCIMGEEEFRH A, K538 72 h,
T E VAL . K MK-2206 (1) fif 5 75 B 1
e WHEWIF, EF7E-20°C, FF7EH TSNS
95 Z i Sr BVAE AT e B SR AR R, 5 uM MK-
2206 AbFRANAE 24 W' SEEG A kXt BRZH CRARER) |
CSE 41 (10% CSE 4b#H ), MK-2206 41 (10% CSE+
5 pM MK-2206 4b B ),
14 TEFHRBEESEER(QRT-PCR)

{ifi F§ TRIzol Reagent (Invitmgen)%‘%ﬁl,‘é\RNA,
HR 5 U B 5 {d B TagMan microRNA 336 4% 5% i 7]
& 3 M-MLV ¥ % 5% i 57 & ( Applied Biosystems,
Foster City, CA, USA) & i & #FDNA (cDNA),
PCR 525K JH SYBR Green Ready Mix (14 [ Applied
Biosystems 24 ) ), Jf- 4% B DL G R 25 1F 2047
95°C 5min, 95°C 15 s Fl1 60°C 1 min ) 40 MG,
fifi i 2722 5 v 5E 7 AKT/mTOR {5 53 & % 1k,
GAPDH fE R P PEXT IR . BEAFE i —X 3 47,
ALEFEE 3K
1.5 RERK

M FH PBS R 2 YK, 10% FEE[E 5E 30 min,
Y ML 5 5% 4 13 1 & H 7E TBST 1 37°C I &
1h, 5 AKT (1 : 100, Santa Cruz Biotechnology)ﬂt‘ﬂ
mTOR(1 : 100, Santa Cruz Biotechnology) 7F 4 °C %
B, 37°C FRYURPUAIEE 1 h, 476-—25-
2R FHENE W (DAPT) e 15 min, PG B AU AR
MRS G(Axiovert 200 M ;. F/R28E], HREE, ),
1.6 ZEHENiEHE(Western blot) 43 %7

FRZAA0AE A PBS PRI 2 1K, FFFEAA 1 mmol/
L 7 H il gt 960 D 2R 11l 0 o TR A oK%
RIPA 28 il rp B8 (1 : 1005 Jbil A= ) H R BFSE
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B, WHERGE). AL 12000 r/min .0 20 min, [A]
W EIEW, fEH BCA S EIE G e s S EH,
HEFLEL 30 pg SR FITE 10% SDS — 58 74 i Ik i 58
Ry, RSB PVDE BEL, fF=IET, H5%
B 25 W5 HE TBS H % 1 0.05% B Tween—20( TBST)
HH 1 h, HAMNA—H(PLAKT, 1:1000; Ht
mTOR, 1 : 2000 At GAPDH(1 : 5000), ff] TBST
PR 3K, FH AR i S Ak a0 K A 1L S SR
IgG(1 : 20000; 37°C 40 min), FJ TBST ¥ 3 1%,
FH ECL W%, GAPDH 1E A%fid,

1.7 Transwell £ E1&

Transwell 5256 PEAk Al 2T 4 41 B A1 THP-1
FiWgE A0 i 5 R T 45 R R R a8 he )y,
M7 B 37 B vp o] £ ) 4 M BT 24 £L Transwell A
L AT 600 pL & 10% FBS MR 4L, K 5%
24 h 5, 4R 4% Z R R E, I 0.1% 45
mn S, TR AR ( x 200) ik, FEALIE
PE 6 MLEF, THEC AR A
1.8 HitZE a5

K HI SPSS 21.0 84 53#1, 4 Shapiro-Wilk
KB B IE G IES M, Levene 3856 1IF 7 22571k
FF6 E A0 A B DA 30+ AnifE 25 (X 25) RO,
PIZE A A ST FEAS ¢ K 3 s 2 2l IR) e i e PR 2=
ZAAT, A P<0.05 B LSD-t K 55 7E 17 P L
o THEUR B Pearson x? K50 A, HSHTIEL
AFFE R E 2 KB Bk Fisher B UIMER 2. UL
P<0.05 HZEFAGIEE L.

2 &R
2.1 COPD E2ESEMEBAZAIP AKT/mTOR

ESEBERIAKE
qRT-PCR FIEE [ B3 & % B 2H . R-COPD

211 AE-COPD 443 & () PBMC ' AKT/mTOR {55
58 B 235K . COPD H % St sz ik 3 1 5
GRHIE, AR R RE . B KR
B (BMID), H G R (FVe), % —FH s
# (FEV1), f 45 COPD #3% FVC. FEVI,
FEVI/FVC ZR7 A %it% 2 L (P<0.05), W 1.
AKT/mTOR {5 5 i #% 7 R—-COPD £ AE-COPD 4
Y mRNA FRA7KFIH 5 TXTIEZH (P < 0.001),
H AE-COPD By K35 KF- W] 2 & T R-COPD(P <
0.05), VLI 1,
2.2 CSE &4t AKT/mTOR 5 S BB RiAKT

A

TR COPD g EZ RN, 4% FkH
CSE %1% HULEC-5a 5%, HBE 40 2, 4R )5 il & 41
Jfg o AKT/mTOR {55 5 i % 3 35 (9 K F o qRT-
PCR IR HENIl s, SXF R4, CSE 4%
ik AKT/mTOR 15 5 # B+ 5 (mRNA K ) £k
KA B 2 T B (P < 0.001); i MK-2206 4 %[5 5
3 A G4 R R IR K3 CSE A FEIR (P <
0.001); fyER Y @ W~ , £ HULEC-5a Fll
HBE 4 ffd #, CSE 4 J5 AKT/mTOR /K ¥ Ft 7 ,
{H MK-2206 20 AKT/mTOR /K- [&A%, 2554 %
EE X (P<0.05), WK 2,
2.3 AKT/mTOR {5 5 i B& X3 A Bifi B £F 4 28 B #n

B 1% 20 B 1T 7% BU 82 1

Al AKT/mTOR 155 38 #§ %I 20 4T 4 40 it
AR FL B FE R, Transwell H546 I fili ol £F
YA THP-1 B g4 (kBB 1o B Al Ak
ZF 2 A1 A M0 P R £ 4 40 B RN SR A A, AR
PRI THP-1 35 im0 BE E g b o FE b A 748
RRER G, SXTHRAML, MK-2206 411
6T B 2T 4 40 f 50 02, THP-1 I 440 it
fi%, ZRAZIFEX(P<0.05), WA 3.

F1ZHBE-MREBLER(X+s, n=20)

Tab.1 Comparison of baseline characteristics among the three patient groups(X+s, n=20)

Wi H popitctcl R-COPDZH AE-COPD#| Fip P
A5 /%, n) 17/3 18/2 19/1 0.332 0.131
B (%) 58.1+5.8 56.5+7.2 59.6+ 6.0 0.234 0.232
& (kg) 653+12.3 63.5+14.2 61.8+11.8 0.134 0.287
£ (em) 169.3 + 8.3 167.8+9.3 168.2 +10.2 0.255 0.167
BMI(kg/m?) 228+3.6 223 +4.7 21.6+3.3 0.111 0.356
M 1iilE i (FVC, % pred.) 92.65+7.05 7527+9.55"  72.08+10.784* 7242  0.021°
FE—FH NS FE(FEV,, % pred.) 8234+6.57 5231863 4721+11.324% 9313  <0.001"
BRI/ H I (FEV,/FVC, %) 88.86+7.82  69.49+12.6 58.67+11.684%  —8.891 0.012"

*P <0.05; 5 R-COPDA %, AP < 0.05; 5% IR %5, *P < 0.05,
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Fig.1 mRNA expression levels of the AKT/mTOR signaling pathway in peripheral blood mononuclear cells of COPD

patients
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COPD J&—FgPE RAETEBR , HAZ LR EEHL
Ty S A GE A MR B4 Bk S0 I b Y
PEAEFAE10T, T AKT B9 2RI M5 COPD B3R
PER LG B DIAROC DY, AR 5E R & AKT/mTOR
{55 M AE COPD HVERT, & IWI% 18 I 76 50
e K 2 mE S R b BB A E, B R
5T O i 43 B 5 RE 20 e B 26 DI AR G, Ol LA
COPD i AL SO FE R T H0 s 4 At T SE 9044l o

AKT J&— P 2 SR/ 95 2 FR B 1 i, FLohBe
AR RIEMA KM ZME ST BRY
S S S, AKT 5 6810 IS & 2 1k
UM &, J& COPD % % o 72 iy il & A 12,
AKT/mTOR 553 6 AF Ay 4t A N OC 5 I 455 o 2%
FE COPD #HE ZHK S i e Az 0 A 8. i
R, AKT 25 COPD R GERM, Wil
ZARMACHEETL; A, 89 AKT AT Redfit—Fh
BB J7 2 BRI COPD %5 9 3% Ak ) 7™ 5 A% B2 1
R [a] U o A o e BN I B A A i
AKT/mTOR 15 518 % /£ COPD A& ifi 19 £ ik 5
SHRLHAR L 4, AE-COPD 4H TS MR ., X
Loz SR W] AP JE i A% 4 M h AKT/mTOR 15 538
ik MR RES 5 T COPD, JiHE AE-COPD,
BRI, AKT /& COPD [ —MAYTHE AL, AKT (4
il 71 AN 77 ] BEXT R YT COPD A .

AKT {5 16 19 — A~ 8 22 R i O 2 2 2R 1 UG
mTOR Hi% 4k, X &g TSC2 M ik & E 1y,

P N Ras [A]75 25 F (Ras homolog enriched in brain,
RHEB), 5l ZEHE A% mTOR, mTOR F
B E B B PE AE K 7 4H (eukaryotic translation
extension factor 4H, elF4) 8 &W1i—L FiiFiGEfk,
8 0 g & A, VR T 4 AR 00 R 0 ) 40 At O
T8l IR AT 5| & FUINE COPD Ay RAE i
P FERFSE or, mTORCL &AW EE S
BT AT B AT R MMP-9 2% 35 i fili 6 B 2 i
SRR AR, X5 COPD 3 il < B I8 A7 AE
TRTESCERNT . TEE WE AN A AL ) M, mTOR 3G
FIREDK B M1 AU fb, f2 HEAR R T KRB AL,
1M MK-2206 il Al i #5250 #2, 3X°h COPD 2k
TER A S e IR T AR AR TR R Y AR
CSE J}## HULEC-5a #1 HBE 40 i, & ¥ CSE 3
# ¥ T HLEEC-5a #1 HBE 4 Jfi b AKT/mTOR
15 53 % 1 R IR K, 1T AKT # i 51) MK-2206
FAR T AKT/mTOR {55 53 PR 5

P AAE , 1 B PR FRE & PR il 2T 4t f b
R AN E A AP PR A dE B R G i, A, 1
A BARZ A L ) 3 AN AR S AR 2 A i COPD fili it
Bt o5 — A EE AR AR Z B, AKT/
mTOR {55538 % 9 300 1 A7 25 B I 17 Al i 2 4t 4
MIFE VAR ER . 76 COPD nE W], AKT/
mTOR {5 518 B 75 1 11 [ € 1 il s 2 12 o 2 34 )
I RES S A e M S A IS . 2 T ik 2645
eI COPD 52 h A1 J i S A% 41 i b AKT/mTOR
T AR T, I A S il R AT 4 4
FIIE PR A% A AR BRI 4140, e &2 F COPD
K.
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Fig. 2 Effect of CSE on the expression levels of AKT/mTOR signaling pathway in vitro (n=3)

A: YLy HULEC-5a 1 HBE 41 i f AKT/mTOR {5 5

W mRNA 23k ; B: 8 F 5T B 3k 4G A 4% YL i) HULEC-5a Fil

HBE 4l AKT/mTOR {5 58 05 Mg i r b C: SOt BT I AKT/mTOR {5 5 1l 3Rk JoE oA s St

B3, *P<0.05; 5 CSE 41H#:, 4P<0.05,

RIFFAFAE—E SR RYE . (1) FEAR AT/
(REZH 20 91]), B 100 S 56 000 12 1550 2 A
RGEHAREEK,, RRTY K P OMHARRIE;
() RIATK IR, Toik M AKT/mTOR FRik
KF5 COPD 2 I 4 5 K s i OCHkE s (3K

ANV R F B — 4R CSE Al MK-2206, A5E4:
HEBR e BEAOmME RN, H AR IR R TG vk 5 A AR
RN 2 RAEIAEE 5 (4) RIRAIER AKT/mTOR
5 HAbAE 538 5% (40 MAPK . NF-« B)II3Z HAE,
HAE COPD i PplRIJEE WL AT o — 20 5% .



62 EWHER K%M hips://kyxuebao.kmmu.edu.cn %47 %

X Rl

r .

PN e

THP-1E W21

Nl ST A A S
(1x10° cells/mL)

500+

#
400+
3004
200+
A
100+
0-

X HRZH CSE4 MK-220641

ZNPEL (1x10° cells/mL)

ZNHEL (1x10° cells/mL)

MK-22064

"~
A
.

et

}

Y

MK-22062

(‘o.
A
;'* "

e "\, ,\} o)

THP-1E A

500 - (1x10° cells/mL)
#
400
300 -
A

200
100

0 -

Xt R CSEZ4H MK-220621

B 3 AKT/mTOR {5 S@EMEx ARhAK A4 Ml E MM ER RN (n = 3)
Fig.3 Effect of the AKT/mTOR signaling pathway on the migration of human lung fibroblasts and macrophages (n=3)
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