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Airway epithelial cells increase macrophage chemotaxis
and inflammatory cytokine secretion
under hypoxic conditions
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ABSTRACT Objective: To investigate the effects of airway epithelial cells on macrophages chemotaxis and
inflammatory cytokine expression under hypoxic conditions.
Methods: Human bronchial epithelial cells (HBE) treated with different concentrations (0, 100,
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200, 400, 800 pmol/L) of CoCl, or transfected with HIF-1a siRNA were co-cultured with THP-
1-derived M1 macrophages or M2 macrophages. The chemotactic effects on macrophages were
analyzed by Transwell assay. The levels of TNF-a, IFN-y, IL-4, IL-13 and IL-10 in the supernatants
of macrophages were detected by ELISA, and HIF-1a or Cav-1 mRNA expression in HBE or
macrophages was detected by RT-qPCR.

Results: HBE cells promoted macrophages chemotaxis in a time- and concentration-dependent
manner. Compared to un-transfected group, the chemotactic ability of HBE transfected with HIF-
La siRNA was significantly weakened (P<0.01). Under the same culture conditions, the chemotaxis
of M2 macrophages was greater than that in THP1-derived M1 macrophages. The concentrations of
TNEF-a, IFN-y, IL-4, IL-13 and IL-10 in the supernatants of macrophages were increased in a time-
and concentration-dependent manner. The concentrations of TNF-a and IFN-y were increased
further after co-culturing for 8 and 12 h; while IL-4, IL-13 and IL-10 concentrations were increased
further during 24 h of co-culture. The levels of cytokines in the supernatants of macrophages co-
cultured with HBE and transfected with HIF-1a siRNA were significantly lower than those in un-
transfected cells (P<0.0S or P<0.01). The reduction of TNF-a or IFN-y was more obvious. The
expression of HIF-1a or Cav-1 mRNA in HBE or macrophages was increased in a concentration-
dependent manner after 8 or 12 h co-culture, which was significantly reduced when HBE was
transfected with HIF-1a siRNA.

Conclusion: Airway epithelial cells can enhance macrophages chemotaxis and pro-inflammatory
cytokines expressions under hypoxic condition. HIF-1a and Cav-1 may be the important mediators

in these processes.

airway epithelial cells; macrophages; chemotaxis; inflammatory factors
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1.1 #F#

AN B M EHBEW A VT 95 5F X A9
BHEARAF; NBZMBTHP- 114 B BT A
NAEWHEARERAE . CoCl,, A (phorbol
12-myristate 13-acetate, PMA)FI5E5iE FHEL DR T4
ﬁﬂ(fhuorescein isothiocyanate isomer I, FITC)JH’ZJ EES]ES|
Sigma/A F]; CD68HLIA K FE [E Santa Cruz/A F] /= fi ;
Alexa Fluor®R488g)ﬁ*fﬁﬁ§.IgG(H+L)m@ H 2 FE Life/\ 7
Hi A CD206 APCIY H 3 [E eBioscince/A ) ; RNATRHL
W& S iR & PrimeScript™ RT Master Mix
%ﬁPCRiﬁ%UﬁSuperReal PreMix Color43- 3l {16
PES ) TR E] L RiETaKaRaA A, TR A
R A RS 5ER Bl E T AR BR A R ™
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i R 25 AR B BR/AF]; TNE-a, IFN-y, IL-4,
IL-13, IL-10MGIR S BE M RN RE (ELISA) iR & T4
MIRBA P H AR B A A PR A A A A 56
BD Accuri/s A}/ it o OGEEEE T FIE S PCRIL ST
S [ 32 E Merinton/A 7] F1IBIO-RAD A H) .

1.2 Fi&
1.2.1 THP-148 3% I Fn il 10

P THP- LA 8BS 9% T % 10% 18 E seranallfi 4
[ﬂl?jﬁs(serana fetal bovine serum, SFBS) HJRPMI 1640F% 75
F, LUS.0x10° > /FLAS B4 LM TR, AL
WM 100 ng/mLINPMAREA TS0 k. 245, #17T
gD, W N UEE b CDes I
Yiiffd. EFB/THP-140 L FH 100 ng/mL PMAiS F:24 hi il
IL-4(20 ng/mL)}55772 hifi /b M2 E EAN I, i
1T R B
1.2.2 HIF-1a siRNA#%E 3

FEHBEAN L A & 514 % 19 10% SEBSHIDMEM
KR LLs.ox10°4 /fL i Fp 244l B o tlorh, 1F
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ZH. Homo-1216 siRNAZH . Homo-1553 siRNAZ
%ﬂﬁlipofectamine 30000 FH P U785 gy, F) HSZ it
FE HPCR(RT-qPCR) WA TLER AR, AR 45 1
FIG L5280 . siRNAJE A 751 . Negative control,
iIE X, $-UUCUCCGAACGUGUCACGUTT-3',
2 L, 5'-ACGUGACACGUUCGGAGAATT-3";
HIF-la-Homo-488, 1E X, 5-GGCGAAGUAA-
AGAAUCUGATT-3', X X, §-UCAGAUUCUUUA-
CUUCGCCTT-3'; HIF-la-Homo-1216, 1F X,

5'-GGCGAAGUAAA-GAAUCUGATT-3', Jx ¥,
5'-UCAGAUUCUUUACUUCGCCTT-3'; HIF-la-
Homo-1553, 1IFE X, §$'-GUAGCCUCUUUGACA-
AACUTT-3', ¥, $-AGUUUGUCAAAGAGG-
CUACTT-3',
1.2.3 HBEL B 4 4m o k35 55
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o 24 hE e TCINE 3 AR IR LA CoCL AR, 3K
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HBE+CoCl,(200 pmol/L)ZH, HBE+CoCl,(400 pmol/L)
2, HBE+CoCl,(800 umol/L)2H . 454 40 ffi% CoCLAL
#24 h, F5HLRIESSE ML SRS, 12
24 h, YK b E HBEAH L H T HIF-1a mRNAK
28 B AR ] T Cav-1 mRNAKGI ,  Wig 4 E W 41 it
T FH T 20 PR A

FRSLIGIE 52 CoCl, (800 pmol/L) FlHomo-488 siRNA
LI IS, BEREER A A M — 2 B HIE-
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WERE L, SRR 5ES e E VR LR SRS, 12
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A, Higt24 WR GG R . 5 e iM1EL
M2E BEARMELA1.0x10°4> / E R0 T Transwell L%, 5
PR T 24U 3G R HBEIL RS 578, 12824 h, HIEE
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RHBINE AL, BOFHME.
1.2.5 AR 20 i K547 B 74 20 JL.CD206 89 & A
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R, A SUL CD206%E VR IAYL (4, sk
YeIEE 30 mino, 1l FHAccuriCeii =04 A /3 #rCD206
MR35
1.2.6 RT-qPCRA M HIF-1a, CAV-1 mRNA#) & ik

P ) AR BUR RNA, E IR PEAARNA
SEREE . R SRR & A cDNA, E &
PCRIR | & U f7 E FqPCR, 27 % B M 83l .
B HEE3W ., PCRIIY : Homo-HIF-1a,
I, §$'-AGGCTACTTGTATCTTCTG-3'; JZ I,
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$'-CGTTGTGAGTGGTATTATTC-3'; Homo-Cav-1,
iEA, $'-CAGACAGCAAGCGGTAAA-3', JZ[f],
5'-ATGACGTGGTCAAGATTGA-3'; Homo-ACTB,
iETi, S-TAACGCAACTAAGTCATA-3', JZ i,
S TGAAGATCAAGATCATTG-3',
1.2.7 # @ # £ # TNF-a, IFN-y, IL-4, I1L-13,
IL-10K &

ELISAJ%IM % TNF-a, IFN-y, IL-4, IL-13, IL-10
WeRs, BRSNS U A R R EE T
B33 °h0.42, 030, 0.48, 0.90, 0.59 pg/mL.
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El1 THP-148f%E 5L
Figure 1 Immunofluorescence analysis of THP-1 cells

A: THP-1 macrophage group; B: Negative control group
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Figure 2 Relative fluorescence intensity of CD206 detected in macrophages

A: Negative control; B: M2 macropages
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Figure 3 Numbers of chemotactic macrophages co-cultured
with different concentrations of CoCl,-stimulated HBE
**P<0.01 vs 0 ymol/L CoCl, group
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Figure 4 Effects of different concentrations of CoCl,-stimulated HBE on the chemotaxis of macrophages
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Figure 5 Numbers of chemotactic macrophages co-cultured with different stimulated HBE at 12 h

A: M1 macrophages; B: M2 macrophages. *P<0.05 vs NC group
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Figure 6 Effects of different stimulated HBE on the chemotaxis of macrophages at 12 h
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Figure 7 Levels of TNF-a, IFN-y, IL-4, IL-10, and IL-13 in the supernatants of macrophages (n=3, x+s)
*P<0.05, **P<0.01 vs 0 umol/L CoCl, group
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Figure 8 Levels of TNF-a, IFN-v, IL-4, IL-10, and IL-13 in the supernatants of macrophages co-cultured with HBE under different
conditions at 24 h (n=3, xts)

*P<0.0S, **P<0.01 vs NC group
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Figure 9 Relative expression of HIF-1a mRNA in HBE cells and Cav-1 mRNA in macrophages co-cultured with different

concentrations of CoCl,
*P<0.0S, **P<0.01 vs 0 umol/L CoCl, group
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Figure 10 Relative expression of HIF-1a mRNA in HBE cells and Cav-1 mRNA in macrophages transfected with Homo-488 siRNA at

8h
*P<0.05, **P<0.01 vs NC group
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Jfd (tumour-associated macrophages, TAMs)I £ 2 fIL 44
DAL S P B, AT A RIEFER ARV
JEMCoCLAEIIT , WULERE] I e 20 i 0T Wik 200 i
B B A 225, JE R M2 B i fa A s T
THP 1Y 5430 B ML W 40 i (28 77 H 400 52 90 v h A
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TPMAE ML E RELRICCL3, CD163, CD206%
ik, RILCCL3ZE IR E LR E T, R R
MI1EBEAHHT) , $RIAIREE T, SENE VA iLE
feofeygag, I HBEMCEREE N, 320 B Al
J R M2 B W A ) OE R BRI, X E
JE B COPDE H B Ak R AR B B R S M2 E
W4 B Z AL 2 —

i 20 B 2 R tR AR T F BB OAR (555, 4
i R A AR DR 7 S I 40 1) e A A = AR 1k
Jrial, COPDAMENER#E 5 F TNF-a, IFN-v,
IL-4, IL-13, IL-107K°F-F+ 5 Jf 5 COPD T i Bl ZE#E
JE I A OED, RS TR AR R A TR A R
AWEFE TR AR 352 R G b A5 v A0
AHEL AN fl, - DRI V9 7 40 2 ) 7 B3 I 2 3 e 53 D
AEYE R oA S0 . A KB AR B
A5 B g gn i s g RO E mEA A g b 3
ZEE P Th1EM 1 E W3 4 A AH 5C 1) 41 i X F TNF-a,
IFN-v/K T8 s ERGR S b B £ 2 R B Tho sl
M2 WE4R AR & AYIL-4, 1L-13, IL-10430A48 £,
3 Fofr 441 L R 7 ) A% b R RE B T2 35 T B
5% (R A 3¢) WL 31 1) 5 e 401 i % 0 5 e 11%) s (]
#. CMITNF-a, IFN-yMIIL-4, IL-13, IL-10893%iX
A3 B S MIFIM2 B W 40 B A AL 1 F5 bR, TNF-a,
TEN-y 9K 5 e 20 A Ak o M1 R 85 ot ik — 20 4%
SR TNF-a, IEN-yHJARL, TMIL-4, IL-13MI1L-10(
M2 W 40 43 08 55 Ml Ak, $E s ZE AR AU Ol
T, BRI AR A AT R 20 i R A S A A i 1)
HR MR WAl E LA R IR, X
AJHEXT T 7E COPDYE g 1Y A4~ B BOWL £ 21 1Y AN [
PRF AR AL A R X, BRI S SO R
Hoe, FHCOPDAJEAMIE M E, KILACIRAER
AE R s S M2 B A i s th ke tl, R
ST aa oA R A | ) G N N 1 Y2
Yt Homo-488 siRNAFJHBEZH it Xt 5 Wk 21 Jito 4 it K 7
15 SOV I B85S, HAPTNF-a, IFN-y#ZIL-4,
IL-10, IL-13FEMCHE R, $E7R 78 s I A 1 ol
T, AIREA F T E N Th/ Th2 K SRS ) 1E
w, A 25 T HEZE COPDIR T 1 & J o

WL . HIB-1aH Cav- 178 i I I it adt
B EAEZEEH, WE SRS 508K RN
A7, HAHIF-1ai8 REAMHIIE b 5 40 A 5 KAk G gie 1
B, Cav-1IH 7 FRAZ A0 ML ) B EZ AL 701k 5 {H Cav-1XF
SNE KN IR 0] BEAE AN S | R 45 T 4
R =0 N I RN N S R €8 5 2 1 0 ol S
CoCL¥# % T, HBE4HMIHIF-1a mRNAZ ATE R
i, R, 52 AEEE R A B VS Cav-1 mRNAZRIA
WAEAR R (R BE3E N5 5% Y Homo-488 siRNA T I/ HBE

HIHIF-1a mRNAKTS, FEEE SR E W40 Cav-1
mRNAF AW B FEIL, I H 2L CoCLAIAHBEHLA
HEIH I B W4 Jfd Cav-1 mRNAFR A H, xLear{p
SEvEMELEE 4 L b an i e AR e
IR, FORMIVAIEE N S LR M HIF- 1a
4L 9] K a5 | 1) 5 % 5 200 i Cav- 182 3R 14
A fESE B MEAN AL . S A M R A R SR A
A B S BERRY 7S S W2 B I 40 Y Cav- 135534
M5 ZAERER A E 75 P TNF-a, IFN-yYWEEHN,
AP 5 BEA A 5% M Cav- 1855 [ W 4H i 12 48 20 it
A B R A —2, nTRE B T JRy B R AE 451
A0 D BE A S 22 SR b - I W i ] A2 2R 1
AEAEH, 1 E W40 Cav-1635 I X Al E 5 TNF-a
A A MY AR WA Cav- 1R Y Ak A K
%-ﬁ(transforming growth factor-, TGF-[;){JE‘%[H] , e
PEM2 RISk, R A B A TS, X AT
DU R E E BRI Y (1 2 ¢ ) h R 31 1) 5 4R 52 56 ]
FEAD B b Bz 20 175 S 85 5% 1 5 A0 e s T 2 34
o e FeRUSAL IR, 4R/ Cav-1 0] BE R A =535
P SN (T RA TS 22—

25 I, COPDASZ I E K 4 A g
2 it 1) 19 28 X5 75545 FI HIF-1a, Cav-1f93Rik L
VE, RE T A R R AR TRk Y e
(PR AR, DT AE SIE 18 PR RAE & A LR S i f v
HAETEZE.
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