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Analysis of microRNA expression profile of monocytes in children
with recurrent B-ALL and primary B-ALL*
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Laboratory of Children's Major Disease Research, Kunming, Yunnan 650228, China]

Abstract: Objective To screen differentially expressed microRNAs between children with recurrent B-ALL
(acute lymphoblastic leukemia) blood and primary B-ALL blood. Methods Mononuclear cells from children
with B-ALL newly diagnosed and recurrently diagnosed were isolated, and nucleic acid was extracted for HiSeq
sequencing. Differentially expressed microRNAs are screened out. In addition, candidate gene and signaling
pathways associated with them were predicted. Results There were 20 differentially expressed microRNAs in the
recurrent/primary group, 10 up-regulated and 10 down-regulated, in which has-miR-30a-3p, has-miR-30a-5p, has-
miR-30c -2-3p, has-miR-139-5p, has-miR-99b-5p showed significant difference. The enriched candidate target gene
functions mainly focus on cell component and protein binding. Conclusion Recurrence is a difficult problem in the
treatment of childhood ALL. The study investigated the differences between recurrent and primary childhood ALL

at microRNA level, which provides a data base for the pathological mechanism of ALL and explores new targets for
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SR A M (acute lymphoblastic leukemia,
ALL) 2 T 506 S 4 HE b U0 20 B 7 38 1l 2H 40 7 1
BT AR A A L UNE A A — i 1 R GE M s B T
o AR TP AN AR A S e SR, 43k 2k Bk
AL L% ( B—cell acute lymphoblastic leukemia, B-ALL )
FZ20ME T Ik T 48 M %% ( T—cell acute lymphoblastic
leukemia, T-ALL ), &1t RnHrf 80% i B-ALL", ALL
BRI AR B LT <5 2 K >50 %, Hih 80%
JLE", ALL BILIRITIE AT 5288, 5 AR N]A
#| 80%, it TR ALL Ji3% 30% ~ 40% 7] 3 -5/
FER L RGN, TR R AT 2 M 24
[, AT SRAFAERR o ALL LIS SIRIT IR 2 Kk, 4k
MG 22 TG 450, BT LARERIRI T E S HR1E,
DIKHI R 58 R EBERMZESR, XSIGRGTT A EE
MRS E X,

MicroRNA ( miRNA ) 1EH3ESAS RNA 43, #]
DATE G SR S e A s kR ik, S 54000
HIEARIG ), dRMisEmapmi & 4d . B, KR
WESE miRNA REAE 52 00 3 1 40 H B4 50 Fk LA B 22 Fof Jieb g
ARG SE SR TS, 5 IR PIAOC . 7E B-ALL
o, T miR-3173 Rk A S 2R AR O 2 e
HEA0 Y 3= P, miR-196b 7£ B-ALL 2 T-ALL
IRk, A LLE 45 C-mye $E 3R 3'- 5t 4
P [HBY, miR-196b/miR—1290 fig i i 1845
ALL RS R KK FAGEN -3 WKL, 25

R AT Y fER A SRR e (2 ¢ 11)
(p21 = q23)HIMFEAM (11 : 14 X q24 : ¢32)B-ALL

H miR-125b @ F ik, 5 A ME A & A B A e Y,
SEA GRS HT R, miR-125b 5 L2 ALL 478 4
R 22 AR SRR LT T SRR BTG . miR-
16 KB FARE, ST AEFEMENES
4, AIVER T-ALL A5 1 F8 /R ks ™ TRl LA
9%, ZF miRNA 25 ALL (L0, BRZEWH4E
SRR, BB S HURHE " (HIR BAa X ) L# B-ALL
W& RN e B3 IR 1 A AN i miRNA 63k i 22
SEREST, I 22 57 A A miRNA AT B8R I IR
TR BIREAR o7 RN W5 (0 B8 b

1 ARSI

— g F
KA 3 19] & B-ALL[ #1 & 2H( EX1 ): EX1 1.EX1 2,
EX13]. 3#l% % B-ALL & [ K41 (EX2): EX21,
EX2 2., EX2 3] J 3 BTG IR a5 L2 [ X B2
(‘control ) : control 1 ( NS815619 ). control 2 ( NS706165 ).
control 3 (NS596963 ) | 4N & Ifil. ALL 437 5% FH 2 ffd
LG PER TSN . ISWrhriEih e i Ris / 4
HEMRCLAAR LE] = 20%, B3 BIZ IR WHO 2016 his3
b, TP R 2 S B0 UMAR . TR - 4
RN —, M/, i s R e, T
WA 5 AZRBIESANE , 8 W18 & IR 5 et
JRAE - M WAL 1 ~ 34, FRaE® : CD19',
AN Mt )5 -DR (HLA-DR ) *. A 3 Jid 48 A%
MR W (TdT) *. cCD79a’. & R SWitriE . OF
BEIF AR LN + ZIFER AL >5% ~ <20%, 2t
HIRIRYT 1 PR AR R e T 2% My ; QF
BEJEHAIR AN + SFER D A0HE >209% & 5 OBESNA
MAFAEMIEE  AHP =FZ AR k.
12 Ak
1.2.1 3 ml EDTA $T&E I o i A S5 R R
Ficoll 43 5 ¥ ( f& [¥ Sigma 2% 7], 10771), 1400 t/min
B0 20 min, B L, PR EGBENSZAMZE, H
D-Hank's ¥ (dtatE BRI A RAH, S10724) ¥
% . 1050 t/min B5.0> 5 min, HE 1%, BOR/4EEE
TR FEER K PG TN AN A LT A B RCR . AR
FBA N Trizoll FE#K €I /RBHE () HIRAH],
15596-026] 1&5] Ja PrRAr- TR IR 7K AE 25 ]

122 AP ZEE  E Trizol 28R40, KA
s / AR/ B DNA FI RNA, WHUKAZ 5 5 s
IRAJUUIE RNA, 75% LPBEEPES 2 IRFRAS LA RNA
LI HEEHLIK AT RNA BEFFREES, Nanodrop [ FEER Gl
JRBHE (HE) AR F 1R 0D260/0D280 FHAA .
{87 ] Small RNA Sample pre Kit ( H1E I3 Hlumina A
FRAF], RS200-0012) ##EESCHEE, Qubit] FEBR KK
B (FpE) AFRRA A ] i RNA ¥, Agilent 2100
[ZHERRHEC P E A FRA R PRI RNA 884,
FALBEAT HiSeq K .
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EREAR, 45 )k 5 KAk B IR ELAHM T v LS microRNA SRAA %M

1.3 FitFEH*

eIl O B N LR IR R R, 25
¥ %1 (reads). FbX} (mapped) FIIN 5 A9 25 &
ST, RIS RN sSRNA AT FRZEFNE R 00,
Hr, FJH miR Evo—v1.1 73T K1 miRNA £, #4 miR
Evo—vl.l Fil miR deep2-0-0-5 i | # miRNA, 2% 7
PRI HT TR T 51 35045 (Y DESeq2", #E— 20
T K—means/SOM 2 253 #7r. #|H miRanda. PITA F
RNAhybrid B SEATHLEE R T, 4R )58 i GO™ il
KEGG" #4T & 840 HT . Student—t K55 115 A R AE 4
& SH S, FA Y E S MR — S5 A Y
FEAS, i DESeq R package ( 1.8.3 ) XJAR[RZH #1722
SRIBHT. P1ESE A Benjamini—-Hochberg 751547
BRIE, P <0.05 NESAGIFE X,

R

EAERZAS mIRNA #3045 R

X0 P AR 9 i s B R A T A I B A
18 ~ 35 nt [ sSRNA, 5 miR Base B4 e rh 4 & 10 [
FPHNIEATELAT, FRAFVCEL A sRNA {5 B, A48 toxt
A miRNA BBUA, miRNA RijfA&, sRNA Fi2%, sRNA
A, BeASSEFINE A miRNA BEAA (mature ) F1
Hif& (hairpin ) % novel miRNA ( #iAYFER P miRNA )
BCAVAFIRTAR B W3 1.

2

2.1

£ 1 LTFH miRNA EFHHIFE < miRNA
Y] e Novel Novel
miRNA miRNA miRNA  miRNA
FEAS AR HirfA RRAR GIEES
(Mapped  (Mapped  (Mapped ( Mapped
mature ) hairpin ) mature ) hairpin )
et 1657 1334 146 152
WIEH1(EXT 1) 964 852 47 54
WEH2(EX12) 1113 967 69 79
VI 3(EXT 3) 1163 1005 66 77
ERHA1(EX21) 1053 933 54 57
HEH2EX22) 1127 994 78 87
SRMA3(EX23) 1181 1016 76 87
Control 3
( NS596963 ) 846 740 39 43
Control 2
(NS706165 ) i 723 38 39
Control 1 735 678 37 41

(NS815619)

2.2 £ miRNA BfiEiE

B-ALL i 2 5 %) IR A1) miRNA FiR15 A7 76 2
o G TS miRNA £isE (B8 miRNA KO8
miRNA ), FFHEH 755 reads B4 #A (transcripts
per million, TPM ) HTEAEH LM (A
A : BA— miRNA reads 38 x 10% & reads %% ), SEACHE
miRNA (k5 , HRHE TPM B5EE4M , S REA LA
FERARILE 1A 3BT Pearson AHIC R EF-J7,
R WS ER 2H NI ST REAR TR B R R A AR G, 45
WIREFLNY 3 AT AEA AR R R (I 1B ),
Hor, XHRZH M R’>0.922, & R4 R™>0.886, ¥k 4
[ R*>0.896 ( 1.00, 5644 ;0.70 ~ <1.00, = BEAR G
0.40 ~ <0.70 FEEAIL 5 0.10 ~ <040, fREMHE ; <
0.10, fl55EICHE ).

i F 2% A EL (fold change ) FAS IF J5 19 7K F
(#ZIEJ5 Padj / Qvalue ) PPAGTFZHFEAS Z ] miRNA 1)
FikZH, Tkl 250 miRNA, 255 B/ EX1 VS
control, 173 miRNA 3, 193 miRNA T, EX2 VS
control, 176 miRNA &, 201 miRNA FifEl, [FERZE
#Z3FIEM miRNA, {H/& EX1 vs EX2, 10 miRNA _Fif,
10 miRNA T, fEfEREZES (WK 2),

AL HABIETAH 3 MEAR (PR, ER4.
XTREZH ), EPAEY)sEES, FrARYERESS P <0.05 1Y
FAFTHERAT 20 25 R FIA0M miRNAs, Hrh2: 785
KA 5 4 miRNA 43 54 has—miR-30a-3p, has—miR-
30a-5p, has—-miR-30c-2-3p, has-miR-139-5p, has—
miR-99b-5p. ULk 2,

2.3 =% miRNA %7

I FH 9 5 L A0 X R 2 22 ] %) 1 EL 5 T A miR
BRI RAER AN I FEA T TPM (H, #E17)20CRSE
AT (WL 3A ). K522 5% miRNA #7581, 2l 2
5 miRNA 4EBE, SR HFEA A miRNA 22573834
&£ (WE 3B ),

24 EHEEWMNEEESH

MRAEIE N DI RE R IR R, G5B TSI
25 53638 miRNA JEIL R (L0 IE ), 3K Gene
Ontology & £/ W45 R (W% 3), 253K miRNA
XA SR B R AR A T . AN S R
SRS N 02 I 1 O g s o

GhE 3 PR [ A pzEit fE (BP). 4L
(CC). 4rFHige (MF) ], %5 EX1 VSEX2, K5
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TPM density distribution Pearson correlation between samples

3 controll - 0 oses o7e 07 0878 087
NS706165- 0778 o7t 0724 0748 o701 nese
. NS596963- amt am? aris 078 oser oes R
Exn
2 % :E""*‘ EX23 082 poes 087 1.0
[ exs
!/_.E”' EX22 0887 0701 0878 0.9
b ifjexaz 0.8
B | EX21 078 0758 072
N | o 0.7
1 Y i*s‘“'* EX13 074 0T oTe
EX12
EX11 0B
’ D DD DS
S S SEFLILESs
log10 ( TPM+1) =

A

A BEABHRN miRNA 1 logl0 (TPM+1) {8, HABFRFXTIE logl0 (TPM+1) BYSEHEE; B: REARKR SHAAARZ T HFER Y loglO (TPM+1) o

1 #7& mRNA RiZ2 TPM ZEL R mEHEXE
EX1 VS EX2 EX1 VS control EX2 VS control
25
40
20 40
20 type
o type = : wup: 173 —~ type
=15 up: 10 e © " down: 193 30 .up: 176
= +down: 10 — f;“ : . down: 201
£ 10 20 £20
o ' T
5 -
. S
50 25 00 25 50 -50 25 00 25 50 =50 =25 00 25 50

log , (fold change )

log , (fold change )

log, (fold change )

BEALARAER miRNA Rk REEUE ML, HAebrfa miRNA 225 A4t B UM E, & MR miRNA, 6. 2RISR
X miRNA, 206 FIHNZESASIFE N miRNA, S0 T2 R 5 U miRNA,
B2 % miRNAANLE

F2 mMRNARIZERDHER (HI15)

sRNA EX1 readcount EX2 readcount Log2 AL A% P1H BIEJE Y P AH
has-miR-30a-3p 52.790246 499.766637 -3.1165 1.3095¢28 7.4117e-26
has—miR—-30a-5p 1114.982975 10 472.623854 -2.9947 5.3004e15 1.5e-12
has-miR-30c-2-3p 1.2679210 109.840907 -4.3355 2.5493e11 4.8096e-09
has-miR-139-5p 546.558824 22.454908 3.2442 9.0356e07 1.0228e—4
has—miR-99h—5p 4053.329157 234.223653 3.1013 7.6603607 1.0228e—4

1: sRNA (small RNA ) 29/ RNA; readcounts 3 FF 57 o HH B A B0

R ¥ EIE R ThRE Ry CC, /DECh BP A1 MF ( LI 4 ),
R KEGG A HUEdEE, 3T LA &%=
57235 miRNA Xf N e 3, & 4EAY Pathway Hij 4

AALIERCSE . AMPK {5 Sl H &R / 2% /
HARRCH . mTOR {5 Zil %, [HAIESH P E2E 5
TGt (& 4),
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Cluster analysis of differentially expressed sANA

— EX1 VS EX2 EXT VS control

EX2 VS control

£9696SSN
S9T90LSN

B
A: AEFERFEFRE miRNA, 3 OFEREEE miRNA; B: KERFEZ LA SIS miRNA B, &R FRA A 2 A3
A2 miRNA M

=

B3 ZRFRikmiRNA EREEEN
£3 HRmPEREHEERER Gene Ontology E£5IK (BT 5)

GO : 0005737 415 LN 6.8749¢-47 1.4596e—42
GO : 0044424 AR5 gL 5.8918e-46 6.2545e—-42
GO : 0005515 EALH 53 F Uik 3.9017e-45 2.7612e-41
GO : 0005622 LN YIRS 2.1021e-44 1.1157e-40
GO : 0044444 ST ER 53 YIRS 9.7178e-37 4.1264e-33
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g
=
% =
g
1ll
e
= / j {;{*‘: __déf,,é ', n
EX2 VS control
ABAR A RERNIZ term T IAAGERSEHE 5E BRI ASBIOR o e T e L A i 0 366 PR ) L
4 EEIEERE GO EEERE
R4 FEMERKEGG EEUHEEER (814)
25 D JEREL i p=w 9ISk e P{H KIEJR P&
BEACH Hsa00051 14 32 0.001 0.3407
AMPK {553 % Hsa04152 25 104 0.019 0.8947
HR&R 1 2B | AR Hsa00260 12 40 0.027 0.8947
mTOR {5538 &% Hsa04150 16 60 0.027 0.8947
3 it HIEZ5 T AR &N . didgeitsr#r 397 6] ALL

ALL BRI R R 2R L 22 50 F A F 55
MERA AR, HEHIERIAT UM T A £, JLE ALL
BT R . (AR—HME L, BILRAITL
RO BIEAT, EEIET. 55k, WA miRNA =
5448 DNABSE . JREERi . &R . wmadf. 40
MusesE . AMRIA T AR AR, BESY ALL &R
' miRNA @9 /E L6 B AT & 2 . miRNA 7] LA
i ALL 43 BRI A G 413l i X b T-ALL il
B-ALL 1) miRNA ik 0L, G SRA5 AN [F) ) S Pk ik
E 406 P9 LG 0 2% 5 6 38 miRNA™ . [RIIE, A ST 4R
AR miRNA P2 X434 W 2 MRS & % A0 ALL
HZERE ", X B-ALL, AL 16 L
RARNFE, TR B A B 4 F#AR (miR-326 ), A<
W 5T 38 1 X)L & F) & (5 miRNA Rk, 40ir
miRNA 75 &1 ALL i 5 i 22 784k, &3 20 4
2 53RIAN miRNA, AT REAIHIE A5 X 505 & A &
ALL BE WAL S Sy s AR pL I A 5T B
BT

BRI LIAN, miRNA 5 ALL B985 & B Al R 1A
JP UM, TESh B AL, 355K miR-125b
Ber/Abl filt G SE R BE AT /N BRUE IS ™, 4878 miRNA

ILE BFHE AR 5P AT RCR AU miRNA k1500,
K miRNA 525997 302 [ 3 ) 60k " Ao &
M, BEREFENYRBEEZFFRIENS5 P miRNAs :
has—miR-30a-3p, has—-miR-30a-5p, has—miR-30c-2-
3p, has—miR-139-5p, has—-miR-99b-5p. Hd, miR-
30a HEUFSZAE ALL FRFI MYC &2 MYBL2 J8 5L A A 42
FHE M, miR-30a-5p £ FLIRIE . s AR /N4 i
il v ) S 63, S MRRRAE ) & R AR ARCR M,
$&7R miR-30a 7] LAVE A IR 6 7 B9 A5 12 4 5 . miR-
139-5p 7£ 86 2 [ I % A1 T-ALL 32 1k 52 2] 31 1,
AT BEAE S Jie 3 i 2 A 97 A MY, I H miR-30a Al
miR-139-5p ¥ 7E M h 2 5 P53 (55 iy 4 =
AWESE 45 0 W%, B-ALL & % 41 5% % 40 h miR-
30a Fl miR-139-5p (25 5%k, $#&RE K B-ALL i
P53 15 538 % v] 58 & 4% B B AE . has—miR-30c-2-
3p Ml has—miR-99b-5p 5 [ Ifil 5 #H OC 0 Bif 5% i 18 4
A, ATRESE R BRAG MARL ZH I 1 i PR I 3 miR-99b
VR, AE 1 SRR PP A G RIS Hh & IS 2R i
i miR-30c T "7, 45 A AR R miR-30c
H miR-99b K38 FAEW) & A K 2 22 [A) e HE el g
PE/R T BETE B-ALL & & 18] 43 31 & #5400 ) sl A1 ik
1EH
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ERENAR, &5 - Bk SE K2V B kUM 0 S LSPAZ A microRNA FRiA M7

25 53R miRNA {52 #ESE PR AR P 4 5 1B %
X RRALANA AL S50 R AR & B RAF e 225, {H
HERRE, 2EA5P) RAMPFEEELN GO Z4
SERPLR K H B T AR sy or 2. RE kS
WIEWIE RS, IR . AN . iR 2
HEMMES T REZ A Ak, RN, RIS e
i) A L TS I R 2 —, AR & R4 5400 & 4
IE] 1) 2 S USRI A 5 R ok R v R FE AR A ™
454y LKBI-AMPK-mTOR {5538 4 76 815 40 f R a6
AR SEFERNA T o R P E AR I RTIAR S A e ™,
RIfE%FIE P >0.05, HIHJE#%E miRNA Z2ALAEECRT 2,
AIHEN 2 5 B-ALL (& &, (0 B AR R4 1E H
Tt — R IT . AR, XWE K B-ALL 541 %
B-ALL 9 X IR, K R B8 fEAf M 30 ALL &AL
PR AL, I 2% 5 3R 5K miRNA M miRNA 7K
Vo8 B-ALL HyBFFe it 178 2l
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