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[Abstract] Objective To investigate the change of autophagy level of bone marrow nucleated red
blood cell (RBC) in patients with myelodysplastic syndromes (MDS). Methods Fifty- four MDS
patients and thirty-three controls were enrolled in this study. The mitophagy were observed by transmission
electron microscopy (TEM). The level of autophagy-associated protein LC3B in GlycoA* nucleated RBC
was measured by flow cytometry. The expressions of ULK1 and mTOR mRNA in GlycoA" nucleated RBC
were measured by real-time PCR. The expression of the mitochondrial outer membrane protein TOM20 in
GlycoA™ nucleated RBC was detected by Western blot. Results  Autophagosomes or autolysosomes were
scarcely observed by TEM in MDS patients. The expression of LC3B in GlycoA" nucleated RBC in high-
risk MDS patients (0.22+0.12) was significantly lower than that in normal controls (0.43+0.22,P<0.001),
and lower than that in low-risk MDS patients (0.40+0.16, P=0.001). The expression of AMPK [0.26
(0.60) ] in GlycoA" nucleated RBC in high-risk MDS patients was significantly lower than that in controls
[1.00(2.07), P<0.017). The expression of ULK1 mRNA in GlycoA" nucleated RBC in high-risk MDS
patients [0.27 (3.31) ] was significantly lower than that in controls [1.07 (4.41), P <0.017]. The level of
mTOR mRNA in GlycoA" nucleated RBC in high-risk MDS patients [ 1.82(3.74) ] was significantly higher
than that in controls [1.26 (1.38), P<0.017]. The level of LC3B in GlycoA * nucleated RBC was
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negatively correlated with the HGB (r=0.529, P=0.009) in high-risk MDS patients. The expression of
mitochondrial outer membrane protein TOM20 in high-risk MDS patients was 9.42 +4.42. Conclusion

Autophagy is impaired in nucleated RBC of MDS patients.

[Key words] Myelodysplastic syndromes; Autophagy; Anemia
Fund program: National Natural Science Foundation of China (81170472, 81400088); Application
Foundation and Frontier Technology Research Program of Tianjin (14JCYBJC27200, 09JCYBJC11200);

Tianjin Major Anticancer Research Program (12ZCDZSY17900)

HBERE A S H 2R A AE (MDS) & — 4 53 o
B T8 I T A M , AR — R RBE R G
I 48 B & B S5 R B KU 1) 20 MBS R T I s
(AML) AL, 27 1l 2 MDS fe 8 WL RedR ', o6
W — B R A AT 1 — A5 =X S AR
X E WEWFFE IR, & 3 A Wi — P S ZE LGS
o P 2 I, FERLAAR A 7 85 A S s A o S ) R A
TWEAER™ o B W A - il A i 1 A S 1 b e
it 20 N A3, A A A2 AR I SR AR RN AR TR AT B 1Y)
FEEES, FRATEEA X MDS 535 6 2% 41 i
F I T AT 95 245 SRR I T REXT MDS i {43
YER'® . A, A1 T MDS & B A
FZLT AN 1 WEAE MDS %% 1M & s pL ] R VR, B4R
BT

w5 7%

1. 9 : A 2015 4 7 ] & 2016 4F- 7 H FBHIGR
) 54 {5l MDS & M BF7E %t 4, Horb 53 30 441, 4 24
], hALAERA 60.5(27~79) % . Hi211E 2008 WHO 12 7
S BUGRUE , MEVE TE BT I (RA) 2 1], ME 141 Fh vk 41
8/ (RND L5 METE PR 3% 1A PR R AL 401 21 448
(RARS)5 il , 35 1 1l 240 iy /0 1 2 R & & =
(RCMD) 15 1] , e 1 52 IR A7 AR 4 it 3 22 1 /Y
(RAEB-1)7 15l ,RAEB-2 23 {3l , 5q-454 A 1451 ; 54 4]
BE AT T Y R T o B, Fovh 18 i) 4% L 5
W, f045+8.-6.-2.-5.~7 .50~ . 70— .20q-%% . %[
B 15 B4 2R 40 (IPSS) f& 16 B 43 )2, I8 3 9]
Hife-1 2561 fE-2 17 6 R a9 il . Kk fE S
-1 8 SO AHXHIRfE AL B b fe-2 5 @ fa e SO AH
XF e dl o X B AL 33 1], i A fs Pk it/ Al ik /b
SiE 24 1), 455 S Pk 1 40 B s i 9 ], Herp B 13 491
4 205, TP ARIS 52(24~74) % B9 7 R E T
RGeS B ZS 51 2L, A BIF 5% X 4 242 8 1155 [
=

2. 1% I R B LA A 2T A R AR 1 e
HUMDS H 5 i B BE 5 ml, 23 B B SR 240 i

(BMMNC) , Z B SCHR [ 7 ] 5 il & L B bR A, R
H 37 H-600 i 5 LG TSR

3. Vi 220 AR G GlycoA' AT 1% 4141 it LC3B
(e 35 U BE TR 400 ul, IFZ e, PBS UE 31K,
iz B A (0 P 158 B0 45 GlycoA % [a] U % IR (35 [
BD A w77 k) 23 S A Falcon 4, &4 th 2 S A
R PRSI A4 1M 50 pl, YR AT, 4 CREOEIEE 15
min, IILABE AR A 100 wl, 4 “CEEGIFE 5 min, filA
VM ZE 1 ml, 25 IR 8OE 10 min #2140 00, 8503
Y, AR RS B 40 l, Bl 5 hil A LC3B-PE, 4 °C
WEEIEE 15 min, PBS P 2 ¢, I it 40 M A A T
ViRl

4, SPEREER 73108 GlycoA A % LT 40 i . B 400
%3 € BMMNC 3% 10 pl, PBS PR 1 34k, 4
1x107 N4 R A 20 pl GlycoA RERRILAA , 4 “CHiE
B 15 min, LA 1~2 ml 2% vk 46 17K, 500 pl 22 v
VR AN B, R E SRR T S I S S R M U
RN, AU UEAN AL vk F] 95% L I

5. real-time PCR £ {lll AMPK . ULK1 il mTOR
KL 3k /K- B GlycoA B BE 41k 1A A% 41 20 i,
TRIzol 42 HUS RNAFEA B RNA 74 il v B
K4l I B % SYBR® Premix Ex Taq 30 %4 s iR 7 &
( H 7K TaKaRa 2> 7] 77 i ) Ui B 5 i cDNA. 5147
G e AR T A T AR A A B FI T 90 4
MER A= MR BR A F A G, LA GAPDH N 2
SIYIFEN L 1o R 45 :95 C 305,95 C5s,
60 °C 34 s, 50 G ¥F . i H] 7500 Real-time PCR
% (3 [E Applied Biosystems 23 7] 7= i ) FUR A4 04T
A B 1 2o Hr , SRy 4 i 26 45410 CAE
T 45 2 [R) AR A 2 o ) A5, R ik i LA 27 H
PR,

6. Western blot ¥ £ jill TOM20 & H % ik : 7€
GlycoA i BR43-1% 1Y A 4% 2141 g i A 150 wl 21 g
SRR, T vk b 2% 30 min, BLORECEME . M
BRI 3 3 g/l RE SR 4 LA 5x EAESE i, 1
17 SDS-PAGE., HLyk & % [, H1+% 50 o/L AR Wik



-434-

AR 225 2017 455 4538 45 50 Chin J Hematol, May 2017, Vol. 38, No. 5

A TBST 2% mhii 4141 1 h, A 5% 4= W3 % B i) — it
(TOM20: %t A 1gG 1:1 000; P Z:B-actin: Fahi A
1gG 1:500) ,4 CHFF id & . TBST PR 3K, Bk
10 min, AA AR i S AL Y B AR 10 1 BT CRRPT A
1:1000) 52 1 h, TBST ¥4 37K, A% 10 min, fk
%6k 5, ChemiDoc TM XRS* 45 4 i 14 1Y
RRES

3. it ep A B . 0 SPSS 21.0 Si it #5447
ST AT G IEA S A BT ORI Y B il 2 R
7, ) OBCR R R 2 250 BT, R L 22
FFHUR I LSD R 5, J7 268552k H Tamhane’s T2 5
B s ANFF A IEAS 20 A B3 OB R 5 (Y 437
[B] 1) Fe 7, 2R 18] b 45 R F Kruskal-Wallis H K56 , 21
DA LB R S K ME S 0.017, A EHE S BT
% FH Pearson #H GG 1

& R

1. 3% 5 e BEWLEE MDS H 38 R 2T 40 1 W
e - FRATT X 5 6] MDS 3% I 5 ) % R 4] BB
GlycoA B LL AN MIFEAT 1 B A5 14 /Y 43 B , MDS
SBEN T WLE [ WA R F R AR S5 AL (8 1), 42
7N F WA [ W AT BT . i TR R
PR TP .

2. MDS 8 # A L4l LC3B 33k : A% =i i
ZH (23 451) ) ARXHIE G 40 (21 151] ) MDS H 3% Kexf iR 4
(22 151]) GlycoA 1 % £1 4 Jifd LC3B ik 7K V43l A
0.22+0.12.0.40+0.16 } 0.43+0.22, 4[] lb 4% 25 S+ 4
il 5 L (F=9.882, P <0.001) , #— 4% T LSD
R B8 AT R A EL A, A R fE 4 LC3B /K- i 1K

TXFHRAL (P < 0.001) S AHXH IS 41 (P=0.001) , AH X}
SG2H LC3B /K55t R4 b4 25 S o gt 22 L
(P=0.577) ., #&/<AHX =i G20 MDS 3 GlycoA™f
FZLT 40 LC3B ik /K P AL

3. MDS H# & A #% 21 4 i AMPK , ULK1 }%
MTOR mMRNA %X : Kruskal-Wallis H #5645 H i &
2, X REZH AR AE 2 A = fa 4 R 3 A A% 2 20
Jfi AMPK . ULK1 &% mTOR mRNA 4 [a] b 45 2% 5+ 3
F G532 5 X (AMPK: =9.710, P=0.008; ULK1:
£=14.303, P=0.001; mTOR: 4*=6.019, P=0.049) ,
— LW LR R, AR S A A AMPK  ULK1
mRNA B A% T %F B8 4 (P {f #) <0.017) , mTOR
MRNA B i = T4 B4 (P < 0.017) .
T2 OB BER AW LA F R GlycoA T B 4T 40 i
AMPK .ULK1 } mTOR mRNA X FE35 7K - Ho 45 [ 46
T SR I A ERN

4151 1%k AMPK ULK1 mTOR
Xt HRAL 33 19,1.00(2.07) 23,1.07(4.41) 21,1.26(1.38)
AXHEfE4] 28 20,0.71(2.15) 21,3.93(5.86) 15,0.50(0.84)
AXEfE4l 26 17,0.26(0.60)° 14,0.27(3.31)* 18,1.82(3.74)*
7H 9.710 14.303 6.019
Pl 0.008 0.001 0.049

TE AR L1 IPSS 20 JZARSE  H fE-1 14 MDS [, HH0T i
i 410 1PSS 412 1 f6-2. B i ) MDS 8% . * 5 A IR H e P <
0.017;" S ARG LA, P < 0.017

4. MDS 235 A #2041 Jifd LC3B /K F- 5 2 1l ™
T RE 0 AH DG« 23 1) KE %o i A 2H R A A% LT A0 i
LC3B /K ¥ 5 HGB £ 1E A ¢ (r=0.529, P=0.009)

L SEWDSERE R PCREIYFS

FEH L5 1 (5—3) L1 (5 —3) P (bp)
AMPK TTGAAACCTGAAAATGTCCTGCT GGTGAGCCACAACTTGTTCTT 113
ULK1 ACAGAGACCGTGGGCAAGT CGACCTCCAAATCGTGCTT 109
mTOR GCAGATTTGCCAACTACC CACGGAGAACGAGGACA 207
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