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Inhibitory effect of IFN-y on proliferation of neuroblastoma
cells and clinical significance of SULT2B1 protein expression in
neuroblastoma tissue
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ABSTRACT Objective: To elucidate the inhibitory effect of interferon-y (IFN-vy) on the proliferation of
neuroblastoma cells and the protentral gene signature of IFN-y and the relationship between the expression
of gene signature of IFN-vy in the neuroblastoma cells and its adverse prognosis, and to clarify the effect
of IFN-y and its gene signture in the neuroblastoma. Methods: The SK-N-BE(2) (proto-oncogene N-MYC
amplification type) and SH-SY5Y (proto-oncogene N-MYC non-amplification type) neuroblastoma
cells were selected and treated with different concentrations (0, 500, 750, 1 000 and 1 500 pg'Lfl) of
IFN-v for 24 h, followed by cell proliferation assays using cell counting kit-8 (CCK-8). Transcriptome
sequencing was then performed to identify the gene signature of IFN-vy. Additionally, the tissue
microarrays from 23 cases of neuroblastoma and 6 cases of normal adrenal gland samples were collected,
immunohistochemistry (IHC) analysis was used to to detect the expression of gene signature of IFN-7y.
Based on the expression levels of gene signature of IFN-vy, the samples were divided into SULT2B1
low and high expression groups. The correlation between the expression of gene signature of IFN-vy and
poor prognosis of the patients was analyzed. Results: The CCK-8 assay results showed that as IFN-y
concentration increased , the proliferation of SK-N-BE (2) cells was significantly inhibited ( P<C0.01),
with inhibitory rates of SK-N-BE(2) cells in four groups were 6.73%, 6.77%,7.67%, and 9.19%,
respectively. In contrast, the proliferation rate of SH-SY5Y cells were significantly increased with the
increase of TFN-vy concentrations (P<C0.01), and the proliferation rates of SH-SY5Y cells in four groups
were 46.80%, 79.19%, 70.30%, and 72.33%, respectively. Transcriptome sequencing identified
hydroxysteroid sulfotransferase 2B1 (SULT2B1) as a potential gene signature of IEN-y. The IHC analysis
results showed the expression amount of SULT2B1 protein in neuroblastoma tissues was increased. The
clinical data analysis results revealed significant differences in age (Z=—2.618, P=0.018), lymphnode
metastasis (y*=4.439, P=0. 035), and distant metastasis (y*=5. 856, P=0.016) between low and high
SULT2BI1 expression groups. Conclusion: IFN-1y can inhibit the proliferation of SK-N-BE (2) cells
while promoting the proliferation of SH-SY5Y cells. SULTZ2B1 is a potential gene signature of IFN-y, and
its expression is upregulated in neuroblastoma tissue. SULT2B1 high expression is significantly associated with
poor prognosis in the neuroblastoma patients.
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YIRS A RE R, HY 8 Al i
FE A= 28 VE il 28 B 40 B 10 R R TS e OC B AR
A5, T4 E y (interferon-y, IFN-y) & [[ A+
YLK, T2 2 PP 40 M 7™ AE i AR 25 P A 2 80 240
LT, TEAN MR PO 25 A g2 1 42 v e ol
YEM o LT A EAZ 40 35 A) 363K TFN-y 19 40 g %
I Z & IFN-y 52 & 1 (IFN-y receptor 1, IFNGR1)
Jfmea B IEN-y {55, Bt IFN-y BE A] 68 & 45 5t i g
YERT, 76326 SR o nT REAE i iR & A . R4
FUR Y BIFSE 1 0 . TFN-y A0 il f 28 1 240 it o
N M G GE , JF Al R PR TR (80 Moo, R
T TEN-y X i 28 B 40 I 8 09 75 1 2 75 5 N-MYC
B OCHE M AN . A B ST 32 AR TEN-y X A A
N-MYC 3 B #ft 2 Bf 40 M8 09 VE T, O Jl ik 5 s 21
W o3 A Hod A o L, LA 38 1) TFN-y i6 7
ATF N-MY C 73 B o 2 bR A g R 4R 1 2 %5
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1.1 & . 2Z2E MNFMNE SK-N-BE (2) 4
A SH-SY5Y 4 gy {4 & A i ( Bi) AWHEARMK
A RS, ol 2 B 240 R IR D E 5 B B IR 22U B
W F VS 2 TP ARG R A MR A IR R, TFEN-y I
F At s SOBM N B e A IR A R, 10 -85 R
VRV TR T R A0 A T #Ral5R & 8 (cell counting
kit-8, CCK-8) iy A 4t 5t = AR R AT BR A A
Ji 4= 1 ¥ W A 26 | CLARK 2 &, MEM Al Opti-
MEM i [ 3% E Gibco A H], TRIzol & RNA #2 Bt
R BT R A R A IRA T, bRk
2% [ P B 5L % B B 2B1 (transcriptome sequencing
identified  hydroxysteroid
SULT2B1) ZwkEdiikily B RN R H#E R EYH AR
FHBRA . HBS-1096A g br A W [ 1 i 48 4% 2 9
FHEARA R, 25 A HA Nikon AR, CO,
1 V& 55 72 48 W B 35 [ Thermo Fisher Scientific 22 7 ,
I TAEG I A TN 2R SEARARAH

1.2 @3 SK-N-BE (2) A2 &k 40
Y Jf 15 35 5 DMEM/F-12 40 10 % & 48 1L 7% A1 1%
T-BET R ; SH-SYSY A28 B 240 it 83 40 i 15
FEH K MEM FF-12 % L BIHR A, JER I 10% fR
AAMmiE . 1% H-HEE. I ELTFAER. 1%
L -3 S I e A1 1 %6 VA1 I 7 4 o

1.3 CCK-8#k#n & it 2 m B m i ik
&M I CCK-8I M & Ul W kA7 525 . #% 2 Fh
i 25 B 0 B R A0 B D B AL 1< 10T 1 2 BE 43 i) il

sulfotransferase 2B1,

T o6 FLAN ML EE TR b, BELL 6 AN A IR L . o s
FIG A 0, 500, 750, 1000 11 500 pg-L "y
IFN-y b B 24 h, DA A IFN-y fL Ry 5t B4l . il
FHEEFR A 5E 450 nm A& FLWOEEE (A) i, IFid
SRR o DA AL A M A (B AR R A0 I G B 0 L TR
20 6 14 5 R R B AT R . ARG A R = (SRRl
AfH—XTHRZH A () /X BRAL A X 100%, 21 ML 4D
il = (1— 520 AMH/ X B A1) X 100% .
1.4 2#Av 2B miEmiassZamFron ¥
2R Y KIEFR, 3l HME A 44 100 mm - 1L 44
Mo, EEFRANMLSY R 24, ROXFREZH AT IFN-y 2 (hn
AMEEE R 750 pge L " IFN-y &b B ), FE 2§28 2 F 1L
Ab PR AS hJE W B A, B R R 2% vh i (phosphate
buffered saline, PBS) ¥4 )5 I TRIzol i 1) W 41
JfL, W 20 R RNA, X 40 i A7 % Sk Al I .
LB 2 e S R RN 2 R KR,
Mr 22 S 4% %0 (fold change, FC), Llllog,FC|>1H
P<<0.05F M 025 57 FikFH .
1.5 % % 4 %R 4 % 3 (immunohistochemistry,
IHC) # ® 24 41 &% % SULT2B1 &% & 2 &k ¥ i
P22 B A0 R AN OE B B RSN R (b E R R
AR e AR A R AR A 23 4 2 B
4 098 2L 4URN 6 B E K B DR S, KA A E
T HEF 49 60 CH# F- 30 min, &1 0.1 mmol-L7'Z
T VY 2 TR 5% vhs T LR b E AT R B
3% KA K V5 W BEL VI P V1 o SR AR D i IS L R B R
BT OB R F, @] PBS b vk . VI AR
BTEETI0% LFEmE S, B&%E 30 min,
PBS ZZ ml o o A3 B I — Bt 5 AT R
ARG, FKYE. WK, BBRE R BEA
SO R 7 S Y 73
1.6 SULT2B1Z @ & Z&KF5HiP2EmEEE
FHEAFTHOXZ L EREHCERA)S,
K FH G 53 B 311000 2 45 b g 20 200 R RO % A
(integrated optical density, 10D) LBt SULT2B1
FEERBKT . BT MEHLI0D PAifE, Haz
BEZN P98 5 % 4 SULT2B 1k 35 4 A1 SULT2B1
RIS, B 2 B E IR R A O, AL dE
AR PR L T A5 R R R A B AR I
1.7 %3t %454 K SPSS 23. 05 4k kit 47
Giil 243 Mr . SK-N-BE (2) HI SH-SY5Y 4 Jfd 3
B 2 A R ROR R 41 2 SULT2B1 8 [ # ik K
IR IERG, VhotsFm, 2410 A K%
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2 & B
2.1 ARBAKREIFN-y A T A4 %5 28 j0 B
Mg E AR CCK-8ERMARER. SXHA

1.6
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PR AL (P<<0.018% P<C0.001), 2 it 17 i
RO AN 6.73% . 6.77% . 7.67% F19.19%; 5
XPREZH (O pg-L7') M, &4 SH-SYSY 4 jifd 3
B WS PR TR (P<T0.01), 2 i 43 5 R 43 1)
9 46.80% . 79.19% . 70.30% H172.33%, H
750 pg- L IFN-yfEH G, SH-SY5Y 41 jitd 3 i %

e WIEL,

Hk . .
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A: SK-N-BE(2) cells; B: SK-SY5Y cells. "P<C0.01, "P<C0.001 vs 0 pg-1. " IFN-y group.
B 1 CCK-8il# 4 SK-N-BE(2) 408 (A)F1 SH-SYS5Y 40 8 (B) H 7 ¥ 4
Fig. 1 Proliferation activities of SK-N-BE (2) cells (A) and SH-SY5Y cells (B) in various groups detected by CCK-8

method

2.2 IFN-yAREZELEZ  YEX A IFN-y 4
2R AN, B SELH DY IS o0 A IEN-y SR 258 44, 1
P& N-MYC JE 9" 4 5 SH-SY5Y 4f Jfl 75 TFN-y 1F J1]
FRHRAZESER, R EBR: IFNy/EHE,
156 4~ 22 S L K & SH-SYSY 40 M fr f A1 9, o
11743 FH . ¥ SK-N-BE (2) #1SH-SY5Y 4

IFN-y+SK-N-BE(2) vs SK-N-BE(2)

VA
Q

IFN-y+SH-SYS5Y vs SH-SY5Y AN

IFN-y+SH-SY5Y
vs SH-SY5Y
specific differential
genes

A

SH-SYS5Y vs SK-N-BE(2)

FN-y+SH-SY5Y Vs

IFN-y+SK-N-BE(2)

AT 22 R HERR 5, SH-SYSY 4 i iy IFN-y
TE 51 & #2255 B B $§ SULT2BI,
LOC254028, HLA-F-AS1, PARPI15HF1LINC02574
&, H b SULT2BI 2 5 fif # fic K (log,FC=
7.652 4, P,=0.0002), ffE %k [FN-y 3 K &
%% SULT2B1, WK 2,

IFN-y+SH-SY5Y
vs SH-SY5Y(UP)
specific differential genes

(15. 3%)

B

IFN-y+SH-SY5Y
vs SH-SY5Y(UP)

A':Venn diagram of differentially expressed genes in four groups; B: Venn diagram of differentially expressed genes in two groups.

Bz IFN-yR2RESAMAMRERERKTBA

Fig. 2 Venn diagrams of differentially expressed genes in cells in various groups after IFN-y exposure
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2.3 THC ¥R 284 RHFAPIFN-yLAHE £
SULT2B1 % & & & H o R THC 3278 #i 2 40
JH9R3 A RN OE B IR 2H 21 e NS524001 Hp A T

100 pm : : 20 um( 100 pm 20 um

A B

SULT2BlIHEHFRKEN, 481 E8R: SE®S L
MREAZIILES, Mg i 4 41 SULT2B1 &
MR ETE. WK S,

'« 2 _729_“14_61
C D

A ,B:Normal adrenal tissue; C,D:Neuroblastoma tissue.

E3 HCEAMMW 24 EEALAMIERS ERALA P SULT2BIEAKNERS

Fig.3 Expression of SULT2BI protein in neuroblastoma tissue and normal adrenal tissue detected by IHC method

2.4 SULT2BI1 % @& &= & & & AV 2 5 9 I 78
B W KR IE AR AR VGBI A B B A R 21 21
i SULT2B1 & F R A A IODE, 3T 10D Hh {7 i
W 23 191 b 28 B 4 Jf R AR AT 43 SULT2B1AIRER A4

(n=11, 10D=19.82+4.33) HI SULT2BI i %
K4l (n=12, 10D=35.17£5.70), SHLEBH KL
AR s IR A B H R AR 4%, Hp

A BT, BE R R AR A R R
MR mAREHBE P MNERRLSE,
6N BAERI 6 BL ek, Hirh AL SR R Ak A
% ; SULT2BURERBH S m KL HBEFR (Z=
—2.618, P=0.018) . WM& BIE N (Y=
4.439, P=0.035) FZib#BIENR (=5 856,
P=0.016) #HAME2ER, WEI.

F1 2HME AR B E R
Tab.1 Clinical characteristics of neuroblastoma patients in two groups

Characteristic SULT2B1 low expression group(n=11)  SULT2B1 high expression group(n=12) t/Z/y P
Age (year) 4(1—20) 4.5(2.5—17) —2.618 0.018
Gender 0.434 0.510
Male 4 6
Female 7 6
Lymphnode metastasis 4.439 0.035
Yes 0 4
No 11 8
Distant metastasis 5.856 0.016
Yes 0 5
No 11 7
10D 19.8244.33 35.17£5.70 —7.681 <0.001
3% it P, BORAARRIZM R A2 L, JF b2t
2R R S — LA R W R . B B 20 M 96 RR T R R B AR T T

A S BRI R R e R A TR
I SR B AIF A T I LR B A L o 2 B 2 R A
HEIR T 52 BR T Wb 98 e 5 P LT 2 P T E R
SHURFIRIT BUS MR R 2E L s, HETE 3k
FHEPH T 1 22 B8 20 R )36 T 7 T8 0 e R S A BR

WFFE ' Wow . AR M B TFN-y al #0 i A b 25 £
21 Jf 963 40 P Bk ACN Fl SK-N-BE2 (¢) #4%%, I filh
EHBETRM () Maiistb. RPFREE R ER .
Bifi 5 IFN-y ¥ FE 48 i, SK-N-BE (2) 4 ifg 3% 5 %
B B A, SH-SYSY 4if 4% i 5 W g 7+ 5 o IFN-y
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J — P LA A i R R B iR R O M Y 40 R A
T AT R R e M Ay T, R T M 4 i
FETT IWCAR LRI 2, WIWERE 2, 3-XUM% G 1. %
B — LA 4 B . FAS (CD95) Ml FAS I &
(FAS ligand, FASL) Rk, M B il 4t i s
BEN A . BEAh, IFN-y 7 SK-N-BE (2) 4f i fn
SH-SYS5Y 4 Jitd v (1 25 5 %00W 38 7] fig 5 N-MYC ¥~
BRI SCHE . R Y WR . IFN-y oladE i 2 fpOR
[ AL 5 N-MYC B [5]175 S 0f 28 R 40 i 988 40 it
T 1R KX CD95 # ik i, fE#F CDISL A7
MIAEIEAET s 2R 270 45T BAK I Bax 554 8 1245
F o 3% Al fE & N-MYC " 38 B 20 g oh TF N-y 1 1 41
i 54 B ¥ AE ML o T 7E N-MY C 3E B 34 AL 41 i
., TFN-y A fgE o A (5 5 38 2% 42 2 200 i 346 7
WEge ™ F£ W . IFN-y Al 3@ i Janus 3 B (Janus
kinase, JAK) -{F 5 f& & % 3¢ #0067 (signal
transducer and activator of transcription, STAT) i
it A by b R o I RA BRI B - WS N A N
PE— R IFN-y %} SH-SY5Y 40 Jid 4% 58 ¢ 244K 34
PR

A B 530 3 B SR A A A3 BT, AR A 2 B 2 YRR
Jig A % TFN-y (W 36K & 4 SULT2BI, 358
P25 B 40 R 2H 40 SULT2B1 2 11 35 34 K S W i
o I PRFFAE GRS 7R . 5 SULT2BLIRER
KA E, SULT2BI & ik 41 (8 35 & A bk 45 5%
B Fm b 5% % LU ) T8 55, #2278 SULT2B1 & 3R ik Af
fig 5 b 2 BE AR Y R R HiLJS A 6. SULT2BLJE
F SULT2HK K, T 195 kKB 13 Xk,
Ak — F B 2 [ W R R Ak R N oG B
SULT2BI1 3 H F 2 4% SULT2B1a f1 SULT2B1b
2FP IR TR, 25 A Ak S 6 R Ak e A I 2 i 1
B R Y, FERTAIMR . R FLAR. B . B AIBG
BAFEZMAL Rl RE D R KW
SULT2B1 1] 8 J& — i 7 14 25 W 98 5% 4% o 98 A 7k
Y, S8 WEARRBUSHC. BT IES: @ik
SULT2B1 AT 10 il 2 iz Ji: 40 A0 00 % 1 A 138 . 40 g
KGR T i 250, JLALH T AR S A AR B e AR
HZ & 1 (oxidized low density lipoprotein receptor
1, OLR1) /e-MYC/SULT2BL{5 Sl A 5. WF
87 & Bl . BAK SULT2B1 A )0 il A B9 8 9
SKOV3 4 a5 . iE# Mz 28 6e 11, A i 40 i )
T FRWFSE YW SULT2B1 0] fig 78 il i & A= Fl
R R AR HEE T, Pt JF AR HE M SULT2B1 (1)

25 ) AT R XA 1 AE G b g kS A B X, AR
M, HAiSET SULT2BI 78 #f 28 M £F 40 it e ob i
FH AR WS, ok i — 2 R 5T DL A L 2 AR T e
FE FBLE

Zi BTk, IFN-y Al fii il SK-N-BE (2) 4}l
WagE, R SH-SYSY 4 e 3% 5% , #27% IFN-y 1] g
A AN [ 3 A% R g 2 B 2 Bk 0 B R A B i B, A
DRI K 7E S5 22 52 50 vp i — 2D IR A58 L 2R R 5
WL . ARBFIEZ5 R KM . SULT2B1 7] §8 /& IFN-y
FIFE R4, SULT2B1 7E i 281 41 A 783 40 i v 3
RIS T, HOHOE ROk S R B A R R
BN R HUS A RBE, 78 SULT2B1 0] GEJ& # £ B
2 M9 1) — > B UG R hR B .
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