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Relationship between TIM-3 and NTN-1 levels and
the risk of recurrence of B-ALL"
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Abstract:Objective To investigate the relationship between serum T cell immunoglobulin mucin mole-
cule-3 (TIM-3) and netrin-1 (NTN-1) levels and the risk of recurrence of B-cell acute lymphoblastic leukemia
(B-ALL). Methods A total of 60 children with B-ALL were selected from January 1,2021 to January 1,2023.
According to the expression of fusion gene, the children were divided into fusion gene positive group (26 ca-
ses) and fusion gene negative group (34 cases). The blood routine,inflammatory factor levels, TIM-3 and its
ligand galectin-9 (Gal-9), NTN-1 and its downstream protein phosphorylated protein kinase B(pAKT) and
protein kinase BCAKT) levels were compared between the negative fusion gene group and the positive fusion
gene group at admission. The patients were followed up for 1 year and the recurrence of B-ALL was counted.
The difference of serum TIM-3 and NTN-1 levels between the children with recurrence and those without re-
currence was compared,and the correlation between the levels of TIM-3 and NTN-1 and recurrence was ana-
lyzed. Results Compared with before treatment,the levels of TIM-3 and Gal-9 in both groups decreased after
treatment,and the differences were statistically significant (P <C0. 05). Compared with before treatment, the
levels of TIM-3 and Gal-9 in both groups were decreased after treatment,and the differences were statistically
significant (P<C0. 05). The levels of NTN-1 and pAKT in fusion gene positive group were significantly higher
than those in fusion gene negative group,with statistical significance (P <C0. 05),but there was no statistical

significance in AKT comparison (P>>0. 05). In the follow-up period, there were 9 cases (34.61%) of recur-
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rence in the fusion gene positive group and 2 cases (5. 88%) in the fusion gene negative group. The recurrence

rate in the fusion gene positive group was higher than that in the fusion gene negative group,and the differ-

ence was statistically significant (P<C0. 05). The levels of TIM-3 and NTN-1 in recurrent children were sig-

nificantly higher than those in non-recurrent children, and the difference was statistically significant (P <<

0. 05). Multiple Logistic regression analysis showed that TIM-3 and NTN-1 were independent risk factors af-

fecting the prognosis of children (P<C0. 05). Serum TIM-3 and NTN-1 levels were positively correlated with

the risk of recurrence of B-ALL (r=0. 445,0. 437, P <0. 05). Conclusion

The levels of TIM-3 and NTN-1

are different in different types of B-ALL, which can reflect the risk of recurrence of B-ALL,and it is recom-

mended to pay close attention to them.
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PR BRI LB T R SR A
T AN [ 019 200 i 388 1% 2 R0 0 7 A2 0 2 R AE S8 38 10 0
FUE R R WUR AR AE W 2 5. B-ALL &% L]
BRER ZMESEBEMET TS E5HPY, T
21 i G BE BR AR 1 B 14> F-3 (TIM-3) & — Ff f )6 4%
() G 8 R A B 1T S W AE S B T 4 A b & B, L AE
B2 BR A0 6 | L A0 L AR R 4 A R I A R
ik HGE o 5 AR FLBEEE A R -9 (Gal- ) M B AEH .
VSR BhYE T MR T R G B I N T e R i
TR 5 2 Rl ST ORI 2 B R A G
o B F-TONTN-D 2 2R % 5 AR G R 2
— EAER REPFEE NTN-1 & H 2 R fE 35 &
RGEHL T WA Z RN IFAEFURE S 45
Pt S 22 b SRR v 258 SR L A MR A i T 1 A R AR
HaBrhlEEEEM, IS MM B H %A
R4S TIM-3 fil NTN-1 78 B-ALL [ 3 ik 1%
0 AR S 8 /0 AR EATTHE TN &2 & RS Ty T LA
e B, R AR50 B A8 o TR 5 M B-
ALL gL TIM-3 Fl NTN-1 K, %R &5
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1 BREFE

1.1 — %R BEHL 2021 4E 1 /1 1 H & 2023 4F 1
A1 BHABEZEM B-ALL 2L 60 FiI/E A5 £,
BOLALTE B 35 0 Lotk 25 B4R R 3~12 %, 1
(6.21F2.48) % i FE 3 N H ZE 5 4, F (3. 27+
1.16)4F,

1.2 A SHEBRFRUE  ARRAE: (1D FF G SCHKL9]
JUEE 20 IR B A0 B 3 s CALL) i2 Wi bR 5 (2)3~12
ZEIL; O ERZEIL, HEBRbRHE . (D & I HAh
IR L s (2D i BRI IE BB L (D RIZE R G
P L s (4) B I A M e 1 =B L

1.3 Kk

netrin-1; B-cell acute lymphoblastic leukemia

1.3.1 fAEEFEAN  fERILHABER . H =
JiE VU 2, TR PE 8 45 2R S BB LI B B8 I 2 mL, 23 8 A
A MY, Gl 3 Trizol 1 48 HUAH s RNA, ¥ §% 5% 15 3|
cDNA R H %% 8 i R A Wi 6% N (qPCRY AR X £
Foft 1 1 5 2 R ARG . qPCR R AR & 3t 25, 0
L, ChamQ Universal SYBR qPCR Master Mix 12. 5
pL, FUESIY 1.0 uL, TUESIHY 1. 0 uL, RNase-free
ddH,0 8.5 pL,cDNA 2.0 pL, A flf 32 A 45
TEL/AML1.BCR/ABL,TCF3/PBX1,E2A-PBX1,
1.3.2 BITHE A B ILB R EUE B | 41
YRR T, JF R CCLG-ALL-2018 fb 7 7 &,
28 d H—ANIRIT I, FE W AR T E S L 6 LY
i PR 7 Mgt 155 0 L MLV s A R B A R AT A T PEA
1.3.3  IMH HOK TR A A 58 PR BH A A 3
PR P S LA A B B s >R 4 JHE 25 I i K L, 38 5 BC20
4= [ 2 I 40 R I A CER DI T B A4 9 B 97 o T IE
BRSO 0 o 20152220196 #6100 A8 L 1 40 Mo 11 %1
(WBO) | MLZL 2 1 (Hb) /M8 (PLT) K-,
1.3.4 SIERF/KERI AE flA 5 A P LS
I R A7 2B LA B B SR 4R H 23 I8 % Bk L, = 7R
e 1 h BERE )2, B4R 1305 em, 2 500 r/min
2.0 10 min, B LW & TE .04 % ,12 000 r/min, 4
CL B G 10 min, B2 I35 91 5 2% 6 47 F — 80
CUkAE# . R B 5 A 95 W BfE 3t 36 32 (ELISA) £
T FRL I T TP 48 0 PR F A A 2 (1) -6 11-8  Jik
WIEH F o (TNF-o) K. T2 A B8 A B 4 5 2 10 il
RPUR AL T ELISA Mo, 85 £ F1 5, A I i A
ai FIBR I S AT 0 B . SRS KSR 45
Y, ik — MR I 2 k. YRR TSN Y% T
WEIEEE B E B0 RN 58 B, B S &R R R
N o I Ja s A AR R S Y KR OO R,
FEAR 4 A o il 26 TSR b TL-6 . TL-8 \ TNF-a /K-,
1.3.5 TIM-3/Gal-9 /KF-Kr il 78 fl A 3 P RH o
Bl 35 DR BA P 78 HROL DA B8 R YA T 45 SRR R AR R L
HREM 3 mL, EXHEHEOCETIMA 3 mL A4
I 3R A2 40 M 43 B8 W (Ficoll W) F 8 L 86 1M 5 s
FREh 2 ph W (PBS) ¢ 1+ 1 7 B J5 N A %58, 2l
2 000 r/min &.0> 20 min, B0 13.5 ecm. B0
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F 2% f 12 B0 A0 AN I N B 2 L R B ) B R
PAHMZE R TEEOE T MA 1 mL 2140 i 2405 7
UK F 2% 2 min J5iIA 8 mL PBS £ 11 246# .4 000 r/
min, #.0 10 min, 15 2] 8 LA R AMETTNE .. R
ELISA &l 8 LG I7 /i J5 TIM-3 K& Gal-9 /K. A
TIM-3 ELISA {5 &l A 35t (L) R A RA
A, A Gal-9 ELISA K500 & 0 1 _E 6k 520k ik
AR AF . BIELES% 1.3.3,

1.3.6 NTN-1.#m1bHE A% B(pAKT) & H %
fii BLAKT) KA A @il A L DA BH P il 3 A
AP B LT A BE Y6 97 45 R I ok 4 L5 86 1 3
mL, F R E 1 h BEE )2, #0135 ecm,2 500
r/min B0 10 min, B FiE®E TEE O0E T, 12 000
r/min,4 C, K E L 10 min, B JZ I3 3 0 2 4
21 —80 CukAi& M. KA ELISA &l B JLIGYT Al
J& NTN-1 7K, Ff 38 3o fo g B %F N'TN-1 Bz H Jig
H A pAKT AKT /K F #4709, 5256 25 B8 o 76 4i
M BTE NI A NP-40 A%, VKB 45440 F 24f# 10 min
LR M S 2 L G BCA K P e 2 s 3K 70 )
EE T, BRI RN 1090 B8+ o R R 4l R
VR W O P 58 e 1447 8 1 ERL 3K, A K I A R I AR
FE& 30 pg.80 V #5120 V [HJEHL Ik . 8 A T &b
THEY B 2 43 25 B IIG AR I455 1k FL VK . 400 mA fE I A5 14
TR OB R A R 2 L RS 5 Y i
BRI UEATH I 2 he, BSR4 CRUET K
NTN-1.pAKT AKT &7 76X B — it (1 X HAR T B
W% 11 000 F B I E 12 h, ffi ] TBST 2% vl
PRI 3 YK, BEK 10 min, SRJG S A M T AE X 9t
QX PURF BRI 12 3000 BB TP 2 h, Bl
JH TBST ZZ mh i e B 3 Y. R 10 min, F JH 3 5 4k
2 ROE (ECL) #1714k 2% & 6 B 3% . I FIH image
A AT B 0 E KBS RT .

1.3.7 BV TERILRITEM 1AENE 3 A H ik T
— IR A il sk B LRE DT I RS i s .
1.4 I 4EFR (1)t il G 3% D FH 4 4 il & 3
PR BA 20 E8 L AE A B BF A9 10 5 0 7K 57 4% R0 R 1
KL A5 WBC,Hb,PLT 7K & &b J& ift. 11-6 . 11-8 .
TNF-a /K5 (2) LB P B LTE ABE FNG YT I TIM-
3 K HECAR Gal-9 /K5 (3) Ho A W6 41 58 L AE A g filiG
JPJi NTN-1 R H T E A AKT B8 1k K5 (4)
L Ko M i & ok & & L TIM-3 . NTN-1 [y 7K
22 5 BT A G

1.5 SiitephbB R SPSS19. 0 48 4k 1 k47 %k
PEALH, %F TIM-3,Gal-9 ,NTN-1 /K23 %ok
SeHEATIE SRR 474 1E 40 A0 1Y 5 90 k) 4k 22 gk
705 2257 MER 06, 254 A IE A 20 A HLl o )y 22 5 4G
o AR AR S ST AR AR ¢ AL R 2 s &
7 s % Pk RN 15 O S5 T 00 R B A G e R
XP s, R H £ IT Logistic [ 54 % 43 BT B LTS

MR, P<<0.05 RREFHARIFE L.
2 % e
2.1 BILBtA LA 60 flE LA 26 # L
o I i R B SR 43, 44 90 4G HE Y BH 1
N #5 TEL/AML1 BH¥E 14 9] (23. 33%) . TCF3/
PBX1 PH#: 5 1 (8.33%). BCR/ABL BH ¥ 5
(8.33%) 1 E2A-PBX1 FH 2 (3. 33%) . #4 &
JULA Rl G 55 PR32 3K 1% D0 L F H 43 Dy Tl R BB P A
(26 i) Fl il & 5 D B PR 4 (34 6D .
2.2 PR ICE BLK R PR AE A BE R WBC,
Hb.PLT KF L&, ZR B L it 2 L (P>
0.05), WFEI1,

1 M4 WBC.Hb.PLT K ELLH (7 £5)

21 51 n WBC(X10°/L)  Hb(g/L)  PLT(X10°/L)
B AL IBEPEL 26 11.4544.15  92.3448.87  72.31+2.56
Rl 3L BATELL 34 10.2643.82 85.5647.19  75.834:4.89
t 1.152 4.717 3.049
P 0. 254 0.124 0.103

2.3 PHEHARGE B FOKFAREIN YA AE A BE I L6,
IL-8 . TNF-o KVl 22 5 ¥ gt it 2 3 L (P >
0.05), W% 2,

*x2 M4 1L-6 JL-8 , TNF-a /K FE tb 8 (x5 ,ng/L)

20 3 n 1L-6 1L-8 TNF-«
A IEHBHYEA 26 32.1442.05  92.3448.87  13.11£2.96
BhA LN BITEA 34 29.36+£1.22  85.56+7.19  12.2342.89
t 2.353 3.270 1. 157

P 0.102 0.124 0.252
2.4 WZH TIM-3.Gal-9 K-V LA mlG 2 P BH M 20

RITET TIM-3 1 Gal-9 7KF & 2 55 T b4 25 8 BH o
WL ERHG R E L (P<<0.05), SIRIFHTHRE . P
HIGIT S5 TIM-3 F1 Gal-9 /K- F R, 2 38 il 2
BF X (P<0.05), W% 3,

2.5 Pi# NTN-1.pAKT,AKT /Ko  flA 3k
R BHAE 43R 97 10 NTN-1 7K 5 3 5 T il & 3 5 B %
L, ESAGIFE L (P<<0.05); 5I8Y7RT L, P
HiRI7r e NTN-1 KPR ZRARIT¥E X (P<
0.05), UL 4, Hyg BNl g 1 o . fil A 3 X BH M 41
NTN-1.pAKT /K- 2 & F il & 2 PR, 2 5
H Gt L (P <<0.05), 1 AKT #2257 K51
FEX(P>0.05), WS,

2.6 B ERMAEKBIL TIM-3, NTN-1 KF L
B WA REHEATEAER DTS & 9 #] (34, 61%0)
BILAAREMAE K& 2 B (5. 88%) B IL. @l &
SR BHMEAE k% m TRl A LN M, 2 56 501
FREN(P<0.05), BA&HEJL TIM-3 . NTN-1 7K
FEmTARERERBIL, ERAZIS¥E L (P<<0.05),
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W3k 6,

2.7 TIM-3.NTN-1/K¥Y5 B-ALL & & KK % &R
SEBT AR BE DT IS AR OL R R AR PRI YR IT
& VAR i T ECRD I At s D BT kL, £ 58 Logistic 114

SPAT R, TIM-3  \NTN-1 J& 5% i 8L S /9 70 57 &
KPR & (P <<0. 05), IiF TIM-3,NTN-1 /KF5 B-
ALL & J& WK 5 1E A 5& (r = 0. 445, 0. 437, P <
0.05),

%3 AEEIL TIM-3,.Gal-9 K FELLE (2 +5,pg/mL)

TIM-3
Bl n

Gal-9

HITHT HIT IR HITHT

T

falt A 5 DR B 1 4 26
Fil A 5 R B 2 34

226.36+£23.05

160.21£19. 64

210.324£21.03

103.78£12.09

211.27+28.87

302.41+£30. 89

192.08414. 52

157.82410. 29

t 11. 990 9. 241 11.647 8.722
P <£0. 001 <£0. 001 <0. 001 <<0. 001
F4 FERFEE NTN-1AKELRE (T+s,pg/mL) FE A S2 BEL B T AR S AR R W AR B R 5 2
2 n ShIT BT R PRl FHE 4 5 L % B-ALL HUS % PIAH 56, 0 TEL/
ol 5 R B 4 26 242.18414.39  219.12413.75 AMLI [ #1 BCR/ABL1 Fil 4 3% A BH 2 B-ALL
il B PR A P 2 34 165.98+11. 29 89.17+2.71 LTS AR R N R BRI Sh . 2
, 10, 032 10, 168 5 A 4 I T 4 i g A U T ) s PR TR AR S ) )L B B-
P <0. 001 <0. 001 ALL R 53 J2 AU
AW I A AL Fe b LB 22 5%, WBC T+ &, 1fi
%£5 P NTN-1.pAKT.AKT %555 Hb F1 PLT FEAIC, S i B 56 2 58 1 43 1 #1173 52
KTt (o) S . BEAN, B-ALL SULR{R 56 400 P 7 K
g1 T Nt ART N FTHER L ALAE 1L-6 . 1L-8 Fl TNF-o, i 2675 4k 5 % 955 14
HEJEFI A Bk AT SN B VI AR OG ., (H P 8 LA B
FlAFEH YA 26 0.8240.03 0.6340.08 0.8940.03 B 1035 BT R 26 0 TR Tk T He B 22 5 e 46 2 i
FhAIENBAITEL 34 0.5140.10  0.2240.12  0.88240.04 S(P0.05), ELATTT e, R 76 1% 40 41 5 1 4y
f 498 Len 1163 BT A PR 5 010 22 0 D R ) SR 9 B-ALL 8 3 4R
P 0.014 0.002 0.352

W NTN-1.pAKT AKT Jy JK B {f .

*6 E4kRAEXREI TIM-3 NTN-1 7k
k% (x +5,pg/mL)

RgE| n TIM-3 NTN-1
2k 11 241. 88424, 09 279.47427.71
KER 49 176.98+17.79 189.19+17.75
t 10. 224 10. 303

P <<0. 001 <<0. 001

3 it e

F i 2 L 2 0 R W WL B R R 2 — . B
ALL S Az R JRAH G 19 75 =2 AL BIE 5 BE O lfe PR 42 3%
xR IT B, LE B-ALL B & NS KIHEE K, 4
FHUMI 26 s A 5 R A e A 5 AR o)
e SR . AT R AR PR A L D] . B0 R X L8
£ R R Py G (A B T 37 A A Bk 2R EG 7 45 4
AR T 51, 3 8 S 5 B A JEUAS il S B R TR BE
Rl TE — L TR OB Y RS R TN S D E A I
4 R R SR Pt B T AR AT AT LA A
PN IE 15 5 1 5 RIS PR 3 3K O 4%, 5 30 ML S o

TETEMIIAYT IR 5, T TIM-3 P 5 4 9 o) e 0 5 3%
YIRS BRAERT ST S Y, TIM-3 78 3L 5 o 45 S fih
g ik L, TIM-3 {5 538 B nT A o8 4 a5k it &
GIEEIRIT I O . AR BT 45 Rk B R L IR B
HIGITET TIM-3 Fl Gal-9 /K F 3% 5 T @l 4 3 K B
PR, 2 RA G L (P<<0.05), SIBY7 R,
BRI IR TIM-3 il Gal-9 /K3 F %, 22 54 481t
HE N (P<C0.05) . MR LA AN L TIM-
3 SHAEA Gal-9 #1 B AE I, & 42 3 41 1 A5 5 4 B
B L 3 3 ok B3 B L T 20 L R T AT 4 I Y
0 i DR K SF B . S B0 T 40 M 60 2 fiE RE 38 L 2 1T 1)
55 7 T 40X Bt g %) Gl g X — ik AR R 3 T
1575 441 7E S 928 W 0 ok e Bl IR 0 A R . R B
% TIM-3 5 Gal-9 Z [a] 9 A8 F.A4F H 7T g i b ek 3% B-
ALL JRI7 R Bk g3 kit (1) — S v e SR . 1 X
fil B 5 DA BH 1 R L 3R 97 SR s 7 3 — 2Bt Ak, DA
P HIR T ROR .

NTN-1 J&§ F #2517 I F Netrins F %, AJ
T 2 T E R v S 30RO NS A R 1 1R S
3 L A R AN R B A AR 2R R L PO T A
HE A A AR . AP R NTN-1 HA 358
P 1M 555 40 i 356 4 e 0 R o 5% B v 9 AR S, NTN-1
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A] e AT O AKT {55 38 B AR 2F 1 i 05 20 i A 3 5
5004k, S BURRE RE RN ZE AL T 51 & ALK 58
AKT FEY0 M N A5 5 % = vp i 5 2246 76 W IR IE L
Pe-3- 32 B VE FH T L AKT 9 3840 301 OF & A W
b PR 5 E A 0 BE PR G S ok B U YT 40 i 0 A L oy
A R T RO T A 2 R AR B R AR R B IS
K L,AKT 5% 34k 5 NTN-1 19 3235 25 5] M o6,
AT 245 S K B A Y BH R 4 NTN-1,pAKT 7K
TR ERTRARFNAMA . 2R ARITHFE X (P<
0.05),iX #&7/8 NTN-1 F£ikF# v gg 5 B LR e As
AR AKTESEE T XEEABRAES S T
B LR PR B LA AR 15 .

BILE K& B-ALL I RV IT 1Y 5 5 g5 14 Fn i 5%
PO HE BT B-ALL B LE & KK B A4 ) 2% 48 5
HAREEIGRME" . A4S R R, fla 3w
PHE2HAE o 3L % 9 ) (34. 61 %) H L, Al & 3%
R ZH 52 & 2 191 (5. 88 %) | L, fill A& 3k K PH M4 &2
EREGTAGHENAEA. ZRHRITHEL(P<
0.05), EEHBIL TIM-3.NTN-1 K FREEHTRE
KEIL.ZERABH G2 XL (P<0.05), #£/8 TIM-3
K NTN-1 7K F % #iil B-ALL &8 L& & K& B A &%
B 10 T 1 L 0k T BT S A I IR B
AT RS . AMPRADAEE — SRR Z A, kA
TFF 5T B R AR 5 AR G 4520, AT B 52 T 45 R 10 e 32 b 2R
1 3k 3 PR 2R AR i T DL v AE O A R AR
g g nl A5 B, R, AR BE SR G =2 X TIM-3 J&
NTN-1 7 B-ALL 1 % HAK 53 38 #% #1609 % A B
58, BLAR A 5T A BE 4 IR 1 5 I X B8 R R A
TIRE M AN E T 2R, KL PR 28 A8 | 3 0 a8t % I8 45 A B 1
R A ML 5 . X 26 R 2 AT BB N 2R A9 AR T A T Rk
FEA B, R, ROk M WE R B R AR &
B ELR L IRAS#HT TIM-3 K2 NTN-1 7£ B-ALL H1(
ARGy FHLE] BT 52 mi i 26 8 iy IR 4 R Il
IRIZ 6 A T B2 B AR 40

Zi LAk, JL#E B-ALL ##& # TMI-3 A1 NTN-1
KPR T 52 e AU EL AT — 2 B I PR 1B, T LA kg
BT AR T R TPt B S %

S % Uk
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