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Abstract: In this study, the effect of benzo[a]pyrene (BaP) on chaperone-mediated autophagy (CMA) in a
simulated hypoxia environment was observed and the relationship to heat shock protein 90 (HSP90) was clarified.
With HSP90 inhibitor geldanamycin (GA) and HSP90« silenced, the mRNA and protein expression of hypoxia-
inducible factor-1a (HIF-1a), HSP90, heat shock cognate protein 70 (HSC70), and lysosomal associated protein 2A
(LAMP-2A) of A549 cells on hypoxic environment by BaP were tested. Alkaline comet experiment, immunofluo-
rescence y-H2AX focus experiment, quantitative real-time PCR (gqPCR), and Western blot analyses were used to
clarify the relationship between the DNA damage of different concentrations of BaP in A549 cells and the mRNA
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and protein expression of CMA-related factors. The results show that hypoxia can promote the expression of
MRNA and protein of CMA-related factors in A549 cells. This study found that BaP has an inhibitory effect on
CMA under the hypoxic environment. The inhibition or silencing of HSP90 will enhance the inhibitory effect of
BaP on CMA. In a normoxic environment, BaP causes DNA damage and promotes CMA.

Key words: hypoxia; benzo[a]pyrene; chaperone-mediated autophagy; hypoxia inducible factor-la; heat

shock protein 90; DNA damage
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AT ShRNA BRI i %, #5046 h J5 e, 4k 2597
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X-100) % K€ - 10 min 3% ¥ 3 ¥ (&KX 5 min). {#i
JFH 2 137 5 PR = i 3 FA1 30 miin, BN p-H2AX Hi 4 5F
T4 cCUKFE I B 1k % )5, PBST i ¥ 3 X (X 5 min),
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Table 1  Primer sequences. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; HSP90: Heat shock protein 90; LAMP-2A: Lysosomal
associated protein 2A; HIF-1a: Hypoxia inducible factor-1a; HSC70: Heat shock cognate protein 70

Gene Primer Sequence

GAPDH Forward primer 5-CACCTTCTACAATGAGCTGCGTGTG-3'
Reverse primer 5-ATAGCACAGCCTGGATAGCAACGTAC-3'

HSP90 Forward primer 5'-GGATCCAGTCCTGAGGAAACCCAGACC-3'
Reverse primer 5-TCTAGATTAGTCTAGTTCTTCCATGCG-3'

LAMP-2A Forward primer 5-TATGTGCAACAAAGAGCAGA-3'
Reverse primer 5-CAGCATGATGGTGCTTGAGA-3'

HIF-1a Forward primer 5-TGACTGTGCACCTACTATGTCACTT-3'
Reverse primer 5-GGTCAGCTGTGGGTAATCCACTC-3'

HSC70 Forward primer 5-CAGGTTTATGAAGGCGAGCGTGCC-3'

Reverse primer

5'-GGGTGCAGGAGGTATGCCTGTGA-3'

[ ZHAH HE, CoCl, (200300 #1400 pmol-L7) A ff HIF-1a
[y mRNA L AT+, B2 5 BA S %8 L (P<
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i #4 AT HIF-1o () mRNA 25K P, HER A
Gt 5= L (P<0.001), H A 4E H 24 h i, HIF-1a [
mRNA % ik & & (K 1B).
2 BREXS HIF-1as HSP90, HSC70 1 LAMP-2A %34
REA

FEBE RS T, B qPCR AT Western blot v2: 6 i
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FILGO . SR EIR, 55 A A R, B ZH 9
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RILEW RN, 25 BA g1 4% 5 X (P<0.001, P<
0.05), & B {22 CMA KA (E12).
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HSC70 1 LAMP-2A Rk HI 52

AW FL A TE BaP X 4H i AN i f 5 14 A IR =
T, MBI CMA 520, 3@ ik MTT 72 & 3 BaP 7
0~10 pmol-L* & B 36 [l 4, 1 FH I 8] 24 H1 48 h X}
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Figure 1 The mRNA expression level of HIF-1a in A549 cells after CoCl, at different concentrations and at different times. A: The HIF-
1a mRNA expression in A549 cells treated with 200, 300, and 400 umol-L* CoCl, after 24 h of continuous exposure to hypoxia compared
with the solvent control group; B: The HIF-1a mRNA expression after CoCl, was acted at a concentration of 300 umol-L* for 0, 12, 24, and

48 h.n=3,x+s. "P<0.001
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Figure 2 The mRNA and protein expression of HIF-1a, HSP90, HSC70, and LAMP-2A under hypoxic environment. A: The representative
Western blot results of HIF-1a, HSP90, HSC70, LAMP-2A, and GAPDH under hypoxia and normoxia; B: The statistical results of A; C:
The mRNA expression of HIF-1a, HSP90, HSC70, and LAMP-2A under hypoxia and normoxia. n = 3, x +s. "P<0.05, *"P<0.001
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Figure 3 Different concentrations of BaP in hypoxia environ-
ment could affect the proliferation of A549 cells within the concen-
tration range of 0-10 umol-L* in 24, 48, and 72 h. Bap: Benzo[«]
pyrene
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7E 12 h BRI, 2 5 B Giit % & L (P<0.001), [F it
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% FH ABA49 4 i A4 i G S A 85 )5, BaP 45 4 40
A EE, HIF-1a. HSP90. HSC70 AT LAMP-2A ] mMRNA
M B RIA R RC, 2 7 B A St %8 L (P<0.05);
BaP + GA 415 BaP 41l Lk, HIF-1a. HSP90.HSC70 Al
LAMP-2A 1] mRNA 1 85 5 £ 18 & %, 257 B A4t
TR X (P<0.05). Lik&E KB, BaP #l#| CMA 5
HSP90 7 5%, HSPOO 11| 71/ 184 i 1 BaP #1 ] CMA [
H (E5).

T TR e ) B AH T R, 4 SRR B AR N
Bt DNA J7 55 B 1H 1 TP 25 K 4 5 17 471 56 42— 2K, 1
E R 1) B 20 SR IE A . B FH qPCR V2460 I % e 20
Ji KL 24 F148 h J5 i) A549 41 it ) HSP90a mRNA 3
ik, #&5E control 21 HSP90a mRNA FEis & N 1. it
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Figure 4 Different concentrations of BaP were given to A549 cells under hypoxia to influent the expression of HIF-1a, HSP90, HSC70,
and LAMP-2A. A: The representative Western blot results of HIF-1a, HSP90, HSC70, LAMP-2A, and GAPDH under different concentra-
tions of BaP under hypoxia environment; B: The statistical results of A; C: The mRNA expression of HIF-1a, HSP90, HSC70, and LAMP-

2A under different concentrations of BaP in a hypoxia environment. n = 3, x +s. "P<0.05
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Figure 5 Under hypoxic environment, BaP and GA were added to A549 cells to detect the expression of HIF-1a, HSP90, HSC70, and
LAMP-2A. A: The representative Western blot results of HIF-1a, HSP90, HSC70, LAMP-2A, and GAPDH in A549 cells administered with
BaP and GA under hypoxia environment; B: The statistical results of A; C: The mRNA expression of HIF-1a, HSP90, HSC70, and LAMP-
2A in A549 cells given BaP and GA under hypoxia. n = 3, x £ s. "P<0.05. GA: Geldanamycin
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247148 h J, sShRNA 41 5 control 41 HL 35, 26 3% 5 FEAIK,
Z= S BA g2 5 X (P<0.05), [A] 1 % B HSP90«
A TR Yt 24 h AT 5 S92 5 (96).
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Figure 6 HSP90a mRNA expression in A549 cells after 24 and
48 h transient transfection of plasmid. n = 3, X + 5. “P<0.05

F 3 T Bk HSP90a [ AB49 4 fifll, BaP 4l 5 48 1 4.
F EE, HIF-1a HSP90. HSC70 il LAMP-2A ] mRNA
MEARBEERMK, 25 BFH g1 %2 X (P<0.05);

i (E17).
5 MMHEE LI DNA B ZLIER

Pt R RE R AEEANE T, RS T
BaP (5%} 6 2H JC 46 2 41 i, L4 2 5 0%; 4 43 il 45
F 0.1.1 F1 10 umol-L f) BaP I, H ¥ B R 7 % N
13.02%.22.34% 1 31.03%. 4iit 45 R KW, % BaP
WRBERG I, FoH 2l 2 90 (&18).

TE D6 2 UBE T B AN R BE R B 30 /M R 48 g, 47
Bréh SR X B 4 AS49 2 il 75 AN 45 T BaP i, AL BT
WE AN E 6 R4, P34 KN 0 um; 73 5l4 T
0.1.1 A110 umol-L ) BaP I}, #i )2 40 g (1)1 13 4 2 K
JE 43 910N 26.36.29.09 A1 31.74 um, BN % BaP I /& 1
o, SF e A EE B . K BRI T S
Br, 45 5 2R BaP (0.1 pmol-L?) 415 BaP (1 umol-L?)
B LG22 F (P>0.05); BaP (1 umol-L?) 415
BaP (10 umol-L™*) A b, B A 4l %% % 7 (P<0.05);

BaP (0.1 umol-L™) %45 BaP (10 pmol-L™) 4 s, A
Gt % H (P<0.001). 45 KRB, & BaP ik & 44
T, 4t R A RS- 2 4 K PR A S o, 6 R X 4 i
DNA FLE K 2485 B2 IH 2 38 0 (&19).
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Figure 7 The expression of HIF-1a, HSP90, HSC70, and LAMP-2A after giving different concentrations of BaP to HSP90-silenced A549
cells under hypoxia. A: The representative Western blot results of HIF-1a, HSP90, HSC70, LAMP-2A, and GAPDH after adding different
concentrations of BaP to HSP90«-silenced A549 cells under hypoxia; B: The statistical results of A; C: The mRNA expression of HIF-1a,
HSP90, HSC70, and LAMP-2A in HSP90-silenced A549 cells in hypoxic environment after adding different concentrations of BaP. n = 3,
X +s. "P<0.05
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Figure 8 In the normoxic environment, the tailing phenomenon produced when A549 cells were given different concentrations of BaP.
A: The tailing situation without BaP; B-D: The tailing situation when BaP concentration is 0.1, 1, or 10 pmol-L™* in normoxic environment,
respectively. White arrow represents tailless cells, and the yellow arrow represents the cells that produce tails. Scale bar, 100 um; E: The

tailing rate of A549 cells was shown at different concentrations of BaP under normoxia
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Figure 9 Under normoxic environment, different concentrations of BaP act on A549 cells, and the comet length of the tailing cells. A: The
comet length of the tailing cells without BaP; B - D: The comet length of tailing cells with BaP at 0.1, 1 or 10 umol-L*; E: The summary
results of comet tail length of tailing cells at different concentrations of BaP. n = 3, x + s. ns: No significance; “P<0.05 vs BaP (1 umol-L™)

group; *##P<0.001 vs BaP (0.1 umol-L™) group
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Figure 10 Under normoxic conditions, the number of y-H2AX
focal points in the nucleus of A549 cells were statistically analyzed
when BaP of different concentrations was applied. Different con-
centrations of BaP act on A549 cells and the number of focus
points of y-H2AX at each concentration. n = 3, x = s. ““P<0.001 vs

BaP (1 umol-L™) group; **P<0.001 vs BaP (0.1 umol-L*) group
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Figure 11  Under normoxic conditions, the mRNA and protein expression levels of HSP90, HSC70, and LAMP-2A in A549 cells with
different concentrations of BaP were detected. A: Western blot results of HSP90, HSC70, LAMP-2A, and GAPDH in A549 cells under
normoxia after administering different concentrations of BaP; B: The statistical results of A; C: The mRNA expression of HSP90, HSC70,
and LAMP-2A after administration of different concentrations of BaP to A549 cells under normoxia. n = 3, x + s. "P<0.05, *"P<0.001
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