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W, T J5 47 Western blotting 6 11l 411 fits J&] 1940 45 14 25 (3 3 & 0 1 B F 1A (cyclin-dependent kinase inhibitor 1A, P21) f ik K,
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[Abstract] Objective- To explore the function and mechanism of branched-chain amino acid (BCAA) catabolism in lung cancer cells. Methods-Small
interfering negative control (siNC) and small interfering branched-chain keto acid dehydrogenase kinase (siBCKDK) were transfected into non-small cell
lung cancer cells H1299, A549 and HCC827 by instantancous transfection. The expression of BCKDK, branched-chain keto acid dehydrogenase el, o
polypeptide (BCKDE1a) and its phosphorylation in siNC group and siBCKDK group were detected by Western blotting. The proliferation activity of the
above two groups of cells was detected by CCK-8 assay. The above three kinds of cells were cultured in culture medium containing 0, 100, 200 pmol/L
BT2 (3, 6-dichlorobenzo[b]thiophene-2-carboxylic acid), respectively. The expression of BCKDEla and its phosphorylation were detected by Western
blotting. The proliferation activity of 0 umol/L BT2 group and 200 umol/L BT2 group was detected by CCK-8 assay. The cell viability of siNC group and
siBCKDK group, 0 pmol/L BT2 group and 200 pmol/L BT2 group in H1299 and A549 cells was calculated by trypan blue staining. Cell number at
different phases of cell cycle was detected by propidium iodide staining. Cyclin-dependent kinase inhibitor 1A (P21) expression was detected by Western
blotting. Results-In H1299, A549 and HCC827 cells, compared with siNC group, expression of BCKDK and phosphorylation of BCKDEla in
siBCKDK group were down-regulated, and the proliferation activity was decreased (all P=0.000). Compared with 0 pmol/L BT2 group, the
phosphorylation of BCKDEla was down-regulated in H1299, A549 and HCC827 cells in both 100 umol/L BT2 group and 200 umol/L BT2 group, but
more obviously in 200 umol/L BT2 group. The cell proliferation activity in 200 pmol/L BT2 group was decreased compared with that in 0 umol/L BT2
group (all P=0.000). There was no significant difference in the cell viability of H1299 and A549 cells between siBCKDK group and siNC group, 200
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umol/L BT2 group and 0 pumol/L BT2 group, but GO/G1 cell cycle arrest occurred (all P<0.05) with the expression of P21 increasing. Conclusion-
siBCKDK and BT2 can promote the dephosphorylation of BCKDE1a and accelerate the catabolism of BCAA, which may inhibit the proliferation of lung

cancer cells by up-regulating P21 and blocking cell cycle.

[Key words] branched-chain amino acids (BCAA); lung cancer; cell proliferation
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N i g AR /N AR i 8% (non-small cell lung cancer,
NSCLC) Fi K%, Hp NSCLC (5 Lt 80%~85% H i # Y
SAFAEAFARAN L 20% '

Y BEEFEMR (branched-chain amino acid, BCAA) &
— R RIS A R LT E IR, WG E R . e A
MR AGAETR 3 M, fEFLahh, BCAA Higild gk
B, 32 Bk B B2 B A B (branched-chain keto acid
dehydrogenase, BCKDH) /& BCAA 43 fiff A 15 1% B2 1 il
F—H 2N U S AW, A S22 3 S B R
RS Ela (branched-chain keto acid dehydrogenase el ,
a polypeptide, BCKDEla) B2 Ak i1 5 o 1T S ik 1l 1%
i & B i B (branched-chain keto acid dehydrogenase
kinase, BCKDK) ] #2ft BCKDEla, F#{ik BCKDH 15
PE, T BCAA Y 53 i AQi5F . BCKDK ) il 5] ——
3,6- " F-2- R IFBEMMRIR (3, 6-dichlorobenzo[ b]thiophene-
2-carboxylic acid, fAi#KBT2) J& Tso %5 ' J& #if)—Fp il a)
BCKDK (/N 4y, HAEB A2 i BCKDEla
Bk, DAGEDE BCAA BSMA Gl .

P21 X mj p21™"°r' @ CDKNIA (cyclin-dependent
kinase inhibitor 1A) **', J2 & 3] 8 F AR S0 1l A 5
(cyclin-dependent-kinase inhibitor, CKI) % i Wl 51 2
I A RO A B R R, AT e 0 24 e A
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dependent kinase, CDK) i £ ffu J&1 4] & A BHAE 7
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£, Mayers %5 ¥ & B ME 45 1R (pancreatic ductal
adenocarcinoma, PDAC) [ Il 3 o' BCAA /KF-Ft i ,
L5 2R R 198 R 98 12 W KU 18 Jin A ¢ . Ericksen 45 & )
BCAA 1973 i AR e T b g ], ELs F i i AR 2 ]
AR TE JHF P ged B9 08 B . Li 5 R B AE /N BRURE R I 2K
PDAC " BCAA % Z i /K V- B @ Fhiey , (75 b 83 &4t J
BCAA MHE UG I, M AERFZp R0 . iR bF5E
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1.1 AN Fin s S )

A549, H1299, HCC827 4fl k34 F 3 AU Hs 57
WISESEEE . EEARAH . B-actinPifk (HIHAE AR A
BR 7\ 7 ), #% M2 ft BCKDEla (P-BCKDEla) i I&
(Bethyl, 3%[H), BCKDK #if& . BCKDEla#ifk (Santa
Cruz Biotechnology, %[ ), P21 $iif& (Cell Signaling
Technology, [ ), CCK-8ifkf|& [AH A bkl (L)
HBRAF ], SR Al (0.4%) (dba SRR AR
HIRAT), WALHLE (propidium iodide, PI) (Sigma, 3%
E ), /MT # RNA (small interfering RNA, siRNA) .
BCKDK 1) /N + #t RNA (small interfering BCKDK,
siBCKDK, J¥ %} 5'-CUGACUUUGUCGGCAUCAUTT-
3') (i B R 5 E AR BRAFIE ), Lipo 2000 #4¢
i # (Invitrogen, 3EE), Ba4-1L7E (fetal bovine serum,
FBS). DMEM}5#% (Gibeo, J2[), RPMI-1640 15575k
(RS A YR R A FRA ), BCKDK /N1l
#175BT2 (Caymanchem, M),

1.2 AfEs g

F37C. 5% CO,fEIREEF=AE T, SRH & 10% FBS
) DMEM 55 32 5%+ A549 I HCC827 MM EAT 5 3%, R
% 10% FBS ) RPMI-1640 3557 5L 4T H1299 4l i 4785 5% .
TE WA AR, 3 2~3 dHEAT 1 IRAEAR.

1.3 4IAb B K 4y &l

WA F BRI G 1A 3 A i iR (1~2) x10°
PRI, B8 3R AL, OsiRNAFEYY . R4l BE
AR5, #4288 Lipo 2000 B B 4545 75 25 B 47 % Y A
W o W 2 40 M 2 G T SO 3 9 sINC, A 340 20 448 Jif 2 e
SiIBCKDK ., 41 48~72 hm, WA 4niE AnsE A iUn
SRS, QBT2 40 : FR40fNGREAE KIS, H#h &
0 wmol/L BT2, 100 wmol/L BT2. 200 wmol/L BT2 9% 57
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1.4 BCKDK #i%. BCKDElo L ik K FA5

I3 B4R 25 sINC . siBCKDK % YL ) H1299 . A549
HCC827 41 Ml , T % 2 2% vh £k % W& (phosphate buffer
saline, PBS) HWIEUE, 15 I AN A 2L ff i i 47 78 7 24
it o WSCAR 2L T Y 40 MM T 100 CHNFA 10 min, H5F
4 °C'F 12 000xg #5.0> 10 min, H iR A E FIRES . R
FHBCA I & 22 2 R Stk B, ELRD 3RS WLzl
EULII . S, R R VR I A Y S — TR B Y B
Fedh, 178 RENE: (Western blotting) #&:, HAK
BRS M AERAE, U4 4E B-actinHiiA& . BCKDK 4t
& . P-BCKDEla #i /& . BCKDEla Hi1K . 43 il it £ £
0 pmol/L BT2, 100 pmol/L BT2., 200 wmol/L BT2 &b
R 3FA MR 1, 4T Western blotting #5:1] BCKDE la
SRR ALK, ELAAA I 5 R R Ay

1.5 A% SGE Jy ksl

@ ¥ % Y« sINC. siBCKDK J& ) H1299. A549.
HCC827 4l /3l 4% I8 2 000 A ALUEA TR, e S AN AL
BEATEEFR o QK L3k 3 Fh 4 L 53 51144 BE 2 000 A/AL#EA T Fp
e (ESANEAS), FFARnEAKE, Eihs
0 wmol/L BT2. 200 wmol/L BT2 3537 ILAkEG4% . 404
F0. 24, 48, 2h . QKM AFLINA 10 pL
CCK-8¥ik, WA 2 hja MmOt EE(E [D(450 nm) ], If
DA TR] A B AR b . WO B8 S A A s T Al i A= R il 2k
AR BEZ IR CCK-8 i H & U BT .

1.6 ANMLIE A

B H1299, AS49 A I 1 10° UEAT R, % & 34
FAL . FRAm MG RE A K, Sl iscn T Aab 3 OFE g
siNC., siBCKDK. @447 0 pmol/L BT2, 200 wmol/L
BT2 (5353 . T 37 CHH IR B FR40 h 4k 2 55 55 48~72 h.,
G SBT3 S A A AR, R A A 1 mL 4 R
W, 50.2% G IERIE (SEH PBSH 0.4% & M i VA 4%
PR URRRE) HEATIRS) (HRoh 1 s 1) H20 nL 4R
BRI AT A, H Countstar H 3 40 g 31803 3k
I8, Gt am s Rt el . BAKE RS % &
YR

1.7 SRS 1A Il i B 1) o5 LG B2 P21 B 1 ¥ Al
B H1299. AS549 i 043531 4% HR 4> 10° A/ ML EF TR A o
FEam s BE A K F5, AT an T AR R . D% 4L siNC
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SiIBCKDK ., @4 k355 0 wmol/L BT2, 200 pmol/L BT2 i}
Bigekk, T 37 CHERBEFRA h 555 48~72 he 3ol
WA I FH 2R R 70% 1) OB e ik, =il TR
PLHFATRE Y0 15 min. TS5, FH 02X 20 M {SORS- Ak 40
J FE AN TR B B 4 e 5 b, SR A FLowJo v (10.6.2) &
430 20 e JE B O L iR T R AAE ], FE7E GraphPad Prism 8
R e W N [ = E ) AR s AN I SR NI

A2 sINC, siBCKDK ¥ YL H1299 . A549 7
MR P, LA S48 0 wmol/L BT2, 200 wmol/L BT2 kb B
MY 2 Al B, 115 4T Western blotting KU P21 1)
Feik, FLOARKI A BRI Ri

1.8 Hil*FJiik

K ] GraphPad Prism 8 %R {1} X 5 45 %5 418 i 47 48 11 43
Wi A 2Bk xts R, 21 AR ST AR AR ¢ 46 560
HEATHES . P<0.05 TR E R BA G

2 B#R

2.1 Western blotting 1 illl siBCKDK *f NSCLC 4l Jifl 1}
BCKDK # ik X BCKDE1a i MRk 1) 5% i)
S Western blotting #5128 siNC . siBCKDK 5545 3
P NSCLC 41 it /[ BCKDK [ 2 35 Fll BCKDE 1o 5 2 k. 7K
Fm AR, B (B D) Wos, 5 siNC 4l M,
siBCKDK #1 BCKDK 1Y 7K °F- 32 | W] & 40l 5 [E i,
BCKDK J# i) BCKDE 1 o B R AL K 7547 BH f T

2.2 CCK-8 il siBCKDK %} NSCLC MIHILfE J1 i35

K CCK-8 A6 28 siNC |, siBCKDK %% 3t Ji % 3 Fif
NSCLC 4l )38 A RE J1 (52 . 255 (1812) Wos, 76
WiFe 72 hivh, 5 sINCAHLL, siBCKDK 4111 241 ff 34 58 W
W RFE (34P=0.000) .

2.3 Western blotting £illl BT2 X} NSCLC 4il}fi BCKDE1a

AL AP

K 1 Western blotting % K il BCKDK /N 43 #0 #1 51
BT2 %t 3 #1 NSCLC 4l it 1 BCKDE 1w 8 FR AL AU R0 . 45
W(E3) W, #EHI299 410, A% T 0 wmol/L BT2
ZH, 100 pmol/L BT2 4 . 200 wmol/L BT2 #1 # BCKDEl«
TR A 24k, H BCKDE Lo R ALK A B R i
TEAS49 4fiffl . HCC827 4iffirfr, AH%ALT 0 wmol/L BT24H,
100 pwmol/L BT2 41, 200 wmol/L BT2 41 "' BCKDE 1« B ik
A IR R 2
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Note: A-C. Expression levels of BCKDK protein and BCKDEla phosphorylation in H1299 cells (A), A549 cells (B) and HCC827 cells (C) treated by siBCKDK.
1 siBCKDK %f NSCLC 4iff1# BCKDK % H %% % BCKDE 1o B§ER 1L /K T #9540
Fig 1 Effect of siBCKDK on BCKDK protein expression and BCKDE1a phosphorylation in NSCLC cells
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Note: A—C. Growth curves of H1299 cells (A), A549 cells (B) and HCC827 cells (C) after BCKDK was knocked down by siBCKDK. VP=0.000, compared with the siNC group.

2 siBCKDK 3t NSCLC 40t 58 &t 71 B9 52 0
Fig 2 Effect of siBCKDK on proliferation of NSCLC cells
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Note: A—C. Expression of BCKDE la phosphorylation in H1299 cells (A), A549 cells (B) and HCC827 cells (C) after BT2 treatment.

B3 BT2 Xt NSCLC 4 A+ BCKDE1a BEER 1L 7K T §9 520
Fig 3 Effect of BT2 on phosphorylation of BCKDEla in NSCLC cells

2.4 CCK-8 450 BT2 %} NSCLC 245 G )1 955w
S CCK-8 B 46l BCKDK /N34 3 BT2 % 3 Fif
NSCLC 40 il 54 5t RE s py 52, 4558 (&14) &ox, ¥
H1299 40 ffl 3% 2% 72 h B, 200 wmol/L BT2 #H #H % F
0 pwmol/L BT2 4 (4N fifis s R /1 .35 F % (P=0.000); 7F
AS49 4l fifd . HCC827 4l fifd 1, 200 wmol/L BT2 LI A% T
0 wmol/L BT2 41445 RE 11 7R R (3.P=0.000).

2.5 Gy KI siBCKDK 8% BT2 % NSCLC 2l 7%
ESpA0
I3 BRI 5 W s e (46 I siBCK DK 5 BT2 % NSCLC
AR R Zm . 458 (K5) B, £ HI1299 4ifEHd,
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SiIBCKDK #H Ml % T siNC A1 4l L (i 16 K L 2 %, H
200 wmol/L BT2 #H 5 0 wmol/L BT2 £H 1% 1 3 [] 2% R IR TG
Giib s 7E AS49 4 b, siBCKDK H1200 wmol/L
BT2 7R A 5 M 4 L 1) 3 22

2.6 WAANMEA K siBCKDK 5% BT2 % NSCLC 4il L& 15]
(§pEAT]
F A AR Z 0, 200 wmol/L BT2 1 siNC.,

SiIBCKDK AL B J5 H1299 . A549 40t () 4 e 51 389, IF15
Sb T R AN TR B B A B o bl . B AR o, 7E H1299
40 1 (5l 6A. B) Il A549 40 g (€ 6C. D) i,
200 wmol/L BT2 1% 0 wmol/L BT2 417E GO/G1 1 4 ity Lt
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A B C
H1299 cells A549 cells HCC827 cells
1.5 4 it 1.5 -
-e- 0 umol-L™" BT2 group -e- 0 umol-L™" BT2 group -~ 0 umol-L™" BT2 group
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710 ® z £ 10
s | = @
=3 [=3 (=3
w w w
N N N
Q 05 Q Q 05
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t/h t/h t/h

Note: A—C. Growth curves of H1299 cells (A), A549 cells (B) and HCC827 cells (C) after BT2 treatment. “P=0.000, compared with the 0 wmol-L™' BT2 group.
E4 BT2Xt NSCLC 4B 5EAE 11 AR
Fig 4 Effect of BT2 on proliferation of NSCLC cells

H1299 cells H1299 cells
100 - ) 100 ©)

X S
z E
:Fg 50 :’; 50
= =
2 3
0 0
siNC group siBCKDK group 0 umol-L™" 200 umol-L™
BT2 group BT2 group
C D
AS549 cells AS549 cells
100 _® 100 [ @
x c
z 2
g s0f E S0
& E
i) =
e 8
0 - - 0
siNC group siBCKDK group 0 pmol-L™ 200 pmol-L™
BT2 group BT2 group

Note: A/B. Cell viability of H1299 cells treated with siBCKDK (A) or 200 pmol-L™" BT2 (B). C/D. Cell viability of A549 cells treated with siBCKDK (C) or 200 pmol-L™
BT2 (D). "P=0.0811, “P=0.477, compared with the siNC group; ®P=0.226, “P=0.175, compared with the 0 umol-L™" BT2 group.

5 siBCKDKEBT2Xf NSCLC 4R A& =M F

Fig5 Effects of siBCKDK or BT2 on the survival rate of NSCLC cells

B e R, AT S WA AN AR LU 49 R B, siBCKDK 1358 wmol/L BT2 #Jl il BCKDK J&, BCAA 43 fi# £ 351 it
SINC 41t AR IR [F] #a e NSCLC 4 ffd v P21 /KPR 5Em . 4528 (K 7) W, 18
H1299 4 ffl 1 Jz A549 4l ffs 1, siBCKDK 41 FH %% F siNC
2.7 Western blotting £illl siBCKDK 5% BT2 X} NSCLC 4i ZH . 200 pmol/L BT2 ZH AH#Z T 0 wmol/L BT2 ZH i) P21 7K
TP P21 K F- 1 53 Wi FXIA i B
K i Western blotting i | £& siBCKDK % 4% 5§ 200

@
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Note: A/B. Cell percentage of H1299 cell cycle at different stages after BT2 (A) or siBCKDK (B) treatment. C/D. Cell percentage of A549 cell cycle at different stages after
BT2 (C) or siBCKDK (D) treatment. "P=0.000, “P=0.031, compared with the 0 pwmol:L" BT2 group; *P=0.015, compared with the siNC group; “P=0.008, “P=0.030,
compared with the 0 wmol+-L™ BT2 group; “P=0.025, “P=0.021, compared with the siNC group.

E 6 siBCKDK BT2 %} NSCLC 481 8 i34 1
Fig 6 Effect of siBCKDK or BT2 on cell cycle of NSCLC cells
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Note: A/B. Expression of P21 in H1299 cells treated with siBCKDK (A) or 200 umol-L™" BT2 (B). C/D. Expression of P21 in A549 cells treated with siBCKDK (C) or

200 pmol-L"' BT2 (D).
7 siBCKDK BT2 % NSCLC 4Rt P P21 3% 7k F i %0
Fig 7 Effects of siBCKDK or BT2 on expression of P21 in NSCLC cells
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HARFE BCAA 1 43 f AR A il 40 B b 9 T e, AR
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